
 

                 
 
August 15, 2018 
 
Bryce Bird, Director  
Bill Reiss  
Thomas Gunter  
Environmental Planning  
Utah Division of Air Quality  
PO Box 144820 Salt Lake City, UT 84114-4820  
 
via email: bbird@utah.gov  

breiss@utah.gov  
thomasgunter@utah.gov  

 
 
Re: Comments on Section IX, Part H of the Utah State Implementation Plan  
 
Dear Mr. Bird, Mr. Reiss, and Mr. Gunter,  
 
Thank you for this opportunity to comment on Section IX, Part H, Emissions Limits and 
Operating Practices, of the Utah State Implementation Plan addressing the Salt Lake 
nonattainment area, including comments on “best available control technologies” (BACT) for the 
region. I compiled these comments on behalf of Western Resource Advocates, the Utah Chapter 
of the Sierra Club, and HEAL Utah.  
 
Included first is a legal analysis by Ms. Joro Walker of WRA that discusses background and 
considerations that we believe the Director and the Utah Division of Air Quality (UDAQ) staff 
must apply to their analysis of Section IX, Part H. There are numerous actions supported by 
language within the Clean Air Act and its implementing regulations that we believe have not 
been appropriately considered in staff analyses of sources throughout the Salt Lake 
nonattainment area 
 
Second, attached to this comment letter is a technical report providing review and comment on 
the proposed BACT analyses that have been submitted to the UDAQ and on UDAQ’s draft 
BACT analyses and proposed emission limits. This technical report was prepared on behalf of 
the undersigned parties by Victoria R. Stamper, an independent air quality consultant and 
engineer with extensive experience in implementation of the Clean Air Act, including 
evaluations of best available control technology for various sources. A copy of Ms. Stamper’s 
curriculum vitae is included as Attachment A to the Technical Report. As detailed in the 
Technical Report, there are numerous deficiencies in the BACT analyses for sources within the 
Salt Lake PM2.5 nonattainment area, including, among other things, failure to consider all 
available control technologies in a “top-down” analysis, failure to evaluate the lowest emission 



  

rates with the control technologies evaluated, failure to follow EPA’s Control Cost Manual in 
determining annualized costs, and failure to impose appropriate requirements to ensure the level 
of pollutant control deemed to be BACT. Because of these flaws, UDAQ’s proposed BACT 
determinations and emission limits are not truly reflective of a thorough evaluation of BACT for 
most of the facilities in the nonattainment area. 
 
Importantly, the legal analysis and the technical report are to be read in concert, as each supports 
the analysis in the other. 
 
 
Commenting Organizations  
 
HEAL Utah promotes clean air and renewable energy, and protects public health and the 
environment from nuclear and other toxic threats. Representing more than 20,000 members, 
HEAL has a long track record of achieving positive change in the state by mobilizing local 
communities, promoting science-based public policy and legislation, and strategically working 
with regulatory agencies.  
 
The Utah Chapter of the Sierra Club works to protect Utah’s wild places, wildlife, and waters, as 
well as the people and communities who depend on them. Our activism and advocacy are based 
on our strong grassroots networks, citizen-based leadership, and the guidance and skillsets of 
professional staff support. With over 5,600 members, and growing, we work to protect public 
lands, promote renewable energy, and support initiatives that promote clean air 2 strategies. We 
maintain a presence at the Utah Legislature to advocate on the full spectrum of environmental 
issues and amplify the voices of our members.  
 
Western Resource Advocates is a regional non-profit conservation organization headquartered in 
Boulder, Colorado with programs and staff spanning the intermountain west, including Utah. 
Our mission is to protect the land, air and water of our region, using law, science, economics, 
advocacy, education, and action. To this end, we work to curb climate change and achieve 
environmentally sustainable management of energy, land, and water resources.  
 
The organizations’ interest in the present matter is based on the public health crisis that exists as 
a result of severe and frequent spikes in PM2.5 air pollution that occur in northern Utah. These 
acute, and often long-lasting episodes of high concentrations of PM2.5 jeopardize the health and 
well-being of northern Utah’s residents and visitors.  
 
Sincerely, 

 
Jessica Reimer 
Policy Associate 
HEAL Utah 
 
 



  

Legal Analysis of Section IX, Part H, Emissions Limits and Operating Practices, of the 
Utah State Implementation Plan 
 
 
I. Background 
 
The Director Must Derive and Implement BACM. 
 
As the Director of the Utah Division of Air Quality and the Division (collectively “Director”) 
acknowledge, they must derive and implement “best available control measures” (BACM) for 
the Salt Lake City Nonattainment Area (Salt Lake NAA). See 81 Fed. Reg. 58010, 58080 (Aug. 
24, 2016) (“A Serious area attainment plan must include provisions to implement BACM on 
sources in a Serious nonattainment area, as provided by section 189(b)(1)(B), no later than 4 
years after reclassification.”). The Salt Lake NAA was reclassified as a serious nonattainment 
area on May 10, 2017 for failing to attain the 24-hour PM2.5 National Ambient Air Quality 
Standard (NAAQS) by the moderate attainment date of December 31, 2019. 82 Fed. Reg. 21711 
(May 10, 2017). BACM includes “best available control technology.” 81 Fed. Reg. at 58080 
(“Section 189(b)(1)(B) refers only to BACM, but the EPA has long interpreted this term to 
include BACT[.]”). 
 
The Director’s BACT Review Must be Robust and Must Lead to a Defensible Emission 
Unit Specific Limitation. 
 
The BACT review process required for a serious SIP will be, at a minimum, as rigorous as that 
required under the Prevention of Significant Deterioration (PSD) program. As EPA explains: 
“BACT determinations for PM2.5 NAAQS implementation are to follow the same process and 
criteria that are applied to the BACT determination process for the PSD program.” 81 Fed. Reg. 
58081. Indeed, to be consistent with longstanding policy applied to PM10 nonattainment areas, 
serious SIP BACT is “more stringent” than PSD BACT: 
 

The BACT under the PSD program applies only in areas already meeting the NAAQS, 
while PM10 BACM applies in areas which are seriously violating the NAAQS. The 
difference in policy goals, arguably, suggests that the PM10 BACM control standard 
should be more stringent than that for PSD BACT . . . [I]t is reasonable to use the 
approach adopted in the PSD BACT program as defined in section 169(3) of the Act as 
an analogue for determining appropriate PM10 nonattainment control measures in serious 
areas, while at the same time retaining the discretion to depart from that approach on a 
case-by-case basis as particular circumstances warrant. 

 
Id., fn. 160 (citations omitted). 
 
BACT is defined, first and foremost, as an emission limitation. For example, Utah law specifies 
that BACT is: 
  

an emissions limitation…based on the maximum degree of reduction for each air 
contaminant which would be emitted from any proposed…modification which the 



  

director, on a case-by-case basis, taking into account energy, environmental, and 
economic impacts and other costs, determines is achievable for such…modification[.] 

 
Utah Admin. Code r.307-401-2.  
 
The goals of BACT emission limitations are: “(1) to achieve the lowest percent reduction, (2) to 
protect short-term ambient standards, and (3) to be enforceable as a practical matter.” Utah 
Chapter of the Sierra Club v. Air Quality Board, 2009 UT 76, ¶ 4, 226 P.3d 719 (citing EPA, 
New Source Review Workshop Manual, B.6-.9). “Once the BACT is selected for a new facility, 
an emission limitation based on that control technology is also imposed as part of BACT.” Id.; 
NSR Manual B.56 (“BACT emission limits…must...demonstrate protection of short-term 
ambient standards (limits written in pounds/hour) and be enforceable as a practical matter 
(contain appropriate averaging times, compliance verification procedures and recordkeeping 
requirements).”).  
 
To determine the emission limit that represents the maximum achievable reduction in air 
pollutants, BACT “review is often conducted using the five-step ‘top-down method,’ which in 
essence requires the applicant to adopt the most stringent control technology, unless it can show 
that the technology is not achievable due to energy, environmental, or fiscal impacts.” Id. As the 
Utah Supreme Court explained, BACT analysis begins with the identification of all available 
control technology options for each regulated pollutant. Sierra Club, ¶ 4 fn.2 (citing NSR 
Workshop Manual B.6-9); IR002477-78. “In effect, the reviewer must consider lower emitting 
processes and practices [and] add-on controls[.]” Id. Then, based on a “documented 
demonstration,” the “reviewer eliminates technically infeasible options.” Id. The control 
technologies are next ranked by “effectiveness” based on “based on efficiency, emission rate, 
and emission reductions.” Id.  
 
Starting with the most stringent technology, the “reviewer” next “objectively” evaluates the 
economic, environmental, and energy impacts, “both beneficial and adverse,” of the 
technologies. Id. Only if this analysis “proves” that the first ranked technology is inappropriate, 
is that technology eliminated and the next most effective alternative evaluated. Based on this 
process, the most effective, achievable technology is proposed as BACT. Id. 
 
BACT Must Lead to an Emission Unit Specific Emission Limit. 
 
EPA has consistently required that BACT analysis lead to an emission limitation for each 
emission unit. As the Environmental Appeals Board held: 
 

As reflected by Draft NSR Manual, the current EPA policy is that “each new or modified 
emission unit (or logical grouping of new or modified emissions units) subject to PSD is 
required to undergo BACT review.” Draft NSR Manual at B.10.” 

 
In re: General Motors, Inc., 10 EAD 360, 382 (EAB 2002). See also In re: Masonite Corporation, 
5 EAD 551, 557-8 (EAB 1994) (footnote omitted) (“In a BACT determination, the Region must 
give consideration to each individual emissions unit or pollutant emitting activity 



  

subject to review. New Source Review Workshop Manual at B.4.”); In re: Knauf Fiber Glass, 
GMBH, 8 EAD 121, 129-30 (EAB 1999) (“The first step in the BACT selection process involves 
identifying and listing all ‘available’ control options. NSR Manual at B.5. The term available is 
used in its broadest sense under the first step and refers to control options with a ‘practical 
potential for application to the emissions unit’ under evaluation. Id.”). 
 
The NSR Manual further states that BACT analysis must be undertaken for each emission unit: 
 

The BACT requirement applies to each individual new or modified affected emission unit 
and pollutant emitting activity at which a net emissions increase would occur. Individual 
BACT determinations are performed for each pollutant subject to a PSD review emitted 
from the same emissions unit. Consequently, the BACT determination must separately 
address, for each regulated pollutant with a significant emissions increase at the source, 
air pollution controls for each emissions unit or pollutant emitting activity subject to 
review. 

 
The Draft NSR Workshop Manual at B.4.1 
 
Utah’s BACT rule also provides that BACT analysis applies to specific “emission unit[s].” 
 

If the director determines that technological or economic limitations on the application of 
measurement methodology to a particular emissions unit would make the imposition of 
an emissions standard infeasible, a design, equipment, work practice, operational 
standard or combination thereof, may be prescribed instead to satisfy the requirement for 
the application of best available control technology.  

 
Utah Admin. Code r.307-401-2 (emphasis added).  
 
BACT Includes Any Feasible Technologies that Can Be Partially or Fully Implemented by 
December 31, 2019. 
 
The Director must require the adoption of any otherwise qualifying BACT if it can be fully or 
partially implemented within 4 years after an area is reclassified as a serious NAA. 81 Fed. Reg. 
at 58080 (“A Serious area attainment plan must include provisions to implement BACM on 
sources in a Serious nonattainment area, as provided by section 189(b)(1)(B), no later than 4 
years after reclassification.”). In this context, “implement” includes either partial or full 
implementation. Id. (“A state must identify those technologically and economically feasible 
control measures and technologies that it can implement fully or partially within 4 years of 
                                                
1 While BACT provisions in CAA and EPA regulations often use the term “facility” or “source,”  
federal regulations use “emissions unit” in some contexts. For example, 40 C.F.R. § 52.21(j)(3) 
states: “(3) A major modification shall apply best available control technology to each regulated 
NSR pollutant for which it would result in a significant net emissions increase at the source. The 
requirement applies to each proposed emissions unit at which a net emissions increase in the 
pollutant would occur as a result of a physical change or change in the method of operation of 
the unit.” 
 



  

reclassification of its Serious PM2.5 nonattainment area.”). The Salt Lake City NAA was 
reclassified in as a serious NAA in May 2017. 82 Fed. Reg. 21711. Four years after May 2017 is 
beyond the serious attainment date of December 2019. Therefore, the Director must impose any 
BACT measure that can be fully or partially implement before December 2019. Id. at 58085 
(“Where the earliest date that a measure can be implemented is beyond the 4 year mark 
following reclassification to Serious, the measure may still be needed as an “additional feasible 
measure” if the 4 year mark occurs before the Serious area attainment date.”).  
 
BACT Represents the Maximum Reduction of Emissions Achievable. 
 
BACT is “the maximum degree of emission reduction achievable… considering energy, 
economic and environmental impacts and other costs.” 81 Fed. Reg. at 58081. “BACM must be 
more stringent than the “reasonably available control measures” [RACM] the Director has 
previously applied in the Salt Lake NAA: “‘[B]est’ control measures should represent a more 
stringent and potentially more costly level of control. The level of stringency generally refers to 
the overall level of emissions reductions of a control measure or technology, or of such measures 
and technologies combined.” Id. “BACM puts a ‘greater emphasis on the merits of the measure 
or technology alone,’ rather than on ‘flexibility in considering other factors,’ in contrast to the 
approach for determining [reasonably available control measures] RACM and RACT.” Id. at 
58081.  
 
BACM is “Generally Independent” of Attainment. 
 
In contrast to RACM, BACM/BACT are “generally independent of the attainment.” Id. at 58081 
82; id. at 58082 (“interpreting the Serious PM2.5 nonattainment area BACM/BACT requirements 
to be “generally independent” of attainment is consistent with the structure and substance of the 
CAA”). “BACM/BACT measures for Serious areas are not solely limited to those measures 
needed for expeditious attainment under this final rule.” Id. at 58020. Thus, the Director must 
derive and apply BACM independently of any need to show that the measure contributes to 
attainment. This is because the “robust emission reduction programs” required by BACM 
independent of attainment “are needed to bring about expeditious attainment and public health 
protection of citizens in these nonattainment areas.” Id. at 58082. “[I]nterpreting BACM/BACT 
to be generally independent of the attainment needs of a Serious PM2.5 area will ensure continued 
progress toward attainment for those areas with more difficult air quality problems.” Id. 
 
Measures Adopted in Other States Are Assumed to be Technologically Feasible. 
 
Repeatedly, EPA has underscored that measures adopted in other nonattainment areas are 
assumed to be BACM and BACT: “A state must at a minimum continue to consider as potential 
BACM any technologically feasible control measures or technologies implemented by similar 
sources.” Id. at 58085; see also id. at 58084 (“[O]ther states across the country are important 
sources of information about control measures.”). This is true even if those measures are costly. 
Id. at 58087 (“[A]ll states with Serious areas need to consider implementing BACM and BACT-
level measures that have been implemented in other states, even if those measures incur higher 
costs.”). Indeed, a measure adopted in another state is presumed to be BACT and “where a given 
control measure has been applied in another NAAQS nonattainment area (for PM2.5 or other 



  

pollutant), the state will need to provide a detailed justification for rejecting any potential BACM 
measure as technologically infeasible.” Id. at 58085. 
 
BACT Will Be More Expensive than RACT. 
 
States need to consider emission reduction measures with higher costs per ton when assessing the 
economic feasibility of BACM and BACT controls (and, where applicable, additional feasible 
measures) as compared to the economic feasibility criteria applied in their RACM and RACT 
analysis…for the same nonattainment area.” Id. at 58085. Indeed, in assessing BACM, the 
Director may not give economic feasibility significant weight and must meet a particularly 
rigorous showing of economic infeasibility before rejecting a technologically feasible control. Id. 
at 58085 (“EPA maintains that while the economic feasibility of a control measure is as 
important as its technological feasibility under the RACM and RACT determination process, 
economic feasibility is a less significant factor in the BACM and BACT determination process. 
In other words, a state must apply a higher standard for eliminating a technologically feasible 
control measure from further consideration as BACM due to cost alone.”). 
 
The Director Must Also Consider Control Technologies that Have Not Been Implemented 
Elsewhere. 
 
To derive and impose BACT, the Director must consider even those feasible technologies that 
may not have been adopted by other states. “[A] state may not automatically eliminate a 
particular control measure merely because other sources have not implemented the measure. In 
other words, a state must continue to consider technologically feasible measures that have not 
been implemented by similar sources but that can nonetheless effectively reduce emissions from 
the source category in question at a cost that is not cost prohibitive.” 81 Fed. Reg. at 58085. 
 
 
II. Specific Comments 
 
BACT for the Salt Lake NAA Is Not Legally Sufficient. 
 
Despite these rigorous requirements, the Director failed to derive and implement BACT for 
major sources in the Salt Lake NAA, relying chiefly on technology and practices adopted as 
RACM/RACT. In so adopting RACM/RACT as BACT and failing to require legally sufficient 
BACT, the Director has not: 1) showed that he has developed and imposed emission-unit-
specific emission limits that represent the maximum achievable reductions of emissions of PM2.5 
and PM2.5 precursors; 2) produced a complete review of technology adopted in other states and 
for other similar facilities and emission units; 3) established why technologies adopted in other 
states and for other facilities and emission units are not technologically or economically feasible; 
4) applied BACT’s “higher economic costs” analysis; and 5) provided objective data to support 
his contentions.  
 
The Director Improperly Relies on NSPS as BACT for the Refineries. 
 



  

In addition, the Director relies heavily on New Source Performance Standards (NSPS) as BACT 
for the Salt Lake NAA refineries. However, by rule, the refinery NSPS, 40 C.F.R. 60.100a to 
109a (Subpart Ja) reflects “best demonstrated technology” that is available and cost-effective 
for all refineries in the nation. 73 Fed. Reg. 35838, 35839 (June 24, 2008). Thus, the NSPS do 
not rise to the level of BACT – particularly without a robust analysis as to why more restrictive 
controls and emission limits adopted elsewhere are not warranted. As EPA’s and Utah’s BACT 
Rule make clear, NSPS necessarily provides the floor for a BACT emission limitation. New 
Source Review Manual, B.12 (“NSPS simply defines the minimal level of control to be 
considered in the BACT analysis.”). A defensible FCCU BACT emission limitation, therefore, 
starts with Subpart Ja and considers more rigorous controls that those imposed by Subpart Ja. 
 
The Director Failed to Require Adequate Reporting and Recordkeeping Requirements. 
 
Section 172(c)(6) in subpart 1 of the Clean Air Act requires nonattainment SIPs to “include 
enforceable emission limitations, and such other control measures, means or techniques . . . as 
well as schedules and timetables for compliance, as may be necessary or appropriate to provide 
for attainment.” 42 U.S.C. § 7502(c)(6). To this end, an adequate SIP provision must 
“definitively state the recordkeeping and monitoring requirements appropriate to the type of 
sources being regulated. The recordkeeping and monitoring requirements would have to be 
sufficient to enable the state or the EPA to determine whether the source is complying with the 
emission limit on a continuous basis.” 81 Fed. Reg. at 58133. “[A]ppropriate stationary source 
emissions monitoring requirements, like the control measures with which they are associated, are 
a fundamental element of an approvable SIP.” Id. at 58140. 
 
To meet this goal, a SIP monitoring provision “must” include electronic “[r]eporting and record 
retention requirements,” including mandates for “retaining monitoring and test data in an 
electronic form” and “periodic electronic reporting of information as needed to the compliance 
office.” Id. Reports sufficient to show continuous compliance with emission limits should be 
“made available online so that the general public can readily access the information without the 
need to submit Freedom of Information Act (FOIA) requests to the EPA.” Id.; see also id. at 
58135 (“EPA agrees that electronic reporting and public access to information is important.”). 
Rather than requiring adequate and regular record and reporting requirements as part of the SIP, 
the Director proposes SIP provisions that: 1) authorize the source to maintain compliance records 
that are not available to the public; 2) allow the source to take years to report failures to meet SIP 
terms and conditions; and, 3) fail to require sufficient recording keeping and reporting to 
establish continuous compliance, often mandating instead only that the source report non-
compliance. See id. at 58140 (“Stationary source emissions monitoring…entails collecting and 
using measurement data (or other information) from individual stationary sources to demonstrate 
compliance with emissions standards, to assess process or control device performance, or to 
verify work practices.”); Sierra Club v. Air Quality Board, 2009 UT at ¶ 4 (determining that 
BACT emission limitations must be “enforceable as a practical matter.”). 
 
The Director Does Not Impose the Short Term BACT Emission Limits Necessary to 
Address the Failure to Attain the 24-Hour PM2.5 NAAQS. 
 



  

The Salt Lake City NAA has failed to attain the 24-hour PM2.5 NAAQS by the serious attainment 
date. The 24-hour PM2.5 standard – or “short-term” standard – is intended, by law, to protect 
“against health effects associated with short-term PM2.5 exposures, especially in areas with high 
peak PM2.5 concentrations.” 80 Fed. Reg. 15340, 15347 (March 23, 2015) (emphasis added). 
EPA determined that the 24-hour PM2.5 NAAQS is necessary to “provide[] increased public 
health protection, including the health of at-risk populations which include children, older adults, 
persons with pre-existing health and lung disease and persons of lower socioeconomic status, 
against a broad range of PM2.5-related effects that include premature mortality, increased hospital 
admissions and emergency department visits, and development of chronic respiratory disease.” 
Id.  
  
Only short-term emission limits – with averaging periods of 24 hours or less – are adequate to 
prevent short-term spikes in air pollution. NSR Manual B.56 (“BACT emission 
limits…must...demonstrate protection of short-term ambient standards (limits written in 
pounds/hour) and be enforceable as a practical matter (contain appropriate averaging times, 
compliance verification procedures and recordkeeping requirements).”).  
 
As the Utah Supreme Court explained, the goals of BACT emission limitations are: “(1) to 
achieve the lowest percent reduction, (2) to protect short-term ambient standards, and (3) to be 
enforceable as a practical matter.” Utah Chapter of the Sierra Club v. Air Quality Board, 2009 
UT 76, ¶ 4, 226 P.3d 719 (citing EPA, New Source Review Workshop Manual, B.6-.9). Here, in 
addition to other longer-term emission limitations, limits that are averaged over periods of 24 
hours or less are a necessary component of a SIP that addresses violations of the 24-hour PM2.5 
NAAQS. Limitations averaged over periods longer than 24 hours – such as 7 days, 30 days or 
365 days – do not prevent sharp increases in emissions over the short-term and thus do not 
sufficient protect the 24-hour NAAQS.  
 
As EPA explained when it commented on Utah’s Moderate PM2.5 SIPs, “[u]nder a long-term 
limit, emissions from a source can spike during a short-term period.” EPA Region 8 Comments 
on Utah’s Proposed [Moderate] PM2.5 State Implementation Plans and Technical Support 
Documents at 8 (Oct. 30, 2014). The agency expounded that, for example, “[a]n emission limit 
expressed as a 30-day average allows significantly higher short-term emissions that can impact a 
short-term standard such as the 24-hour PM2.5 NAAQS.” Id. at 24.  
 
Short-term emission limitations, as averaged over a period of 24 hours or less, are also necessary 
to reflect BACT – “the maximum degree of emission reduction achievable… considering energy, 
economic and environmental impacts and other costs.” 81 Fed. Reg. at 58081. Without analysis 
in the record, the Director cannot show that an emission limit averaged over a period longer than 
24-hours and therefore allows short-term spikes in emissions is indeed BACT when compared to 
a short-term emission limit that prevents short terms spikes. See Sierra Club v. Air Quality 
Board, 2009 UT at ¶ 4 (determining the goals of BACT emission limitations as being: “(1) to 
achieve the lowest percent reduction, (2) to protect short-term ambient standards, and (3) to be 
enforceable as a practical matter.”). 
 
The Director’s Reliance on Plant-Wide Caps is Unlawful and Lacks Record Support.  
 



  

As explained above, adequate BACT analysis must lead to an emission limitation for each 
emission unit.2 Therefore, the Director’s reliance on plant-wide caps to represent a BACT 
emission limit is contrary to the law. Rather, the Director must undertake BACT analysis for 
each emission unit and derive a defensible emission limit for that unit. That emission limit must 
represent the maximum achievable reduction of emission from that unit and must be practically 
enforceable. Without emission unit specific analysis and corresponding emission limits, the 
Director’s BACT fails to establish that limits he adopted as BACT reflect “the maximum degree 
of emission reduction achievable[.]” 81 Fed. Reg. at 58081. Rather than meeting the 
requirements of BACT, the Director has in several instances proposed plant-wide caps without 
providing any explanation or documentation showing how those caps represent BACT. As a 
result, the Director’s BACT fails to comply with the law. 
 
Even if it were permissible to rely on source-wide caps in Subpart H, to comply with BACT, the 
Director must determine, based on record evidence, unit-specific emission limits reflective of 
BACT and only then use those emission limits and any unit-specific capacity factors to develop 
plant-wide caps that reflect BACT. The record must reflect that this analysis complies with 
BACT, including by providing adequate documentation. However, the Director has not provided 
this documentation and analysis and so fails to explain how his proposed source-wide caps 
reflect unit-specific BACT controls and/or corresponding emission limitations. Thus, there is an 
unlawful disconnect between the controls and emission limits proposed by the sources and the 
plant-wide caps the Director has adopted purportedly as BACT.  
  
Further, there must be an explicit and specific enforceable measure included in Subpart H for any 
emission factor used to establish (and/or to be used to establish compliance with) a plant-wide 
cap. For example, in cases where the Director has imposed plant-wide caps that include fugitive 
dust emissions from roads, compliance with which is going to be based on assumed emission 
factors, any assumptions for PM emission factors from roads must be tied to specific enforceable 
measures such as the frequency of road sweeping and/or the quantity and frequency of water or 
chemical dust suppressant application. As discussed in the attached technical comments, the 
control efficacy of these types of measures for fugitive dust is based on the frequency of 
application (as well as the quantity (i.e. amount of water or dust suppressant applied per area of 
road). If the permit or rule is vague – for example, if it requires only the watering of roads “as 
needed to minimize fugitive dust” – the accuracy of the emission factors used in developing 
emission caps, and in determining compliance with those caps, is highly questionable and fails to 
comply with the law.  
 
The Director’s BACT Analysis for Fugitive Dust Emissions is Inadequate. 

                                                
2 Only if “the director determines that technological or economic limitations on the application of 
measurement methodology to a particular emissions unit would make the imposition of an 
emissions standard infeasible, a design, equipment, work practice, operational standard or 
combination thereof, may be prescribed instead to satisfy the requirement for the application of 
best available control technology. Such standard shall, to the degree possible, set forth the 
emissions reduction achievable by implementation of such design, equipment, work practice or 
operation, and shall provide for compliance by means which achieve equivalent results. Utah 
Admin. Code r.307-401-2. 



  

 
BACT applies equally to sources of fugitive dust.3 However, the Director’s BACT review for 
sources of fugitive dust is not legally sufficient. Initially, there is nothing in the record to show 
that the Director objectively evaluated all the factors outlined in EPA’s five-step, top-down 
method. Sierra Club, ¶ 4. fn.2 (citing NRS Manual B.6-9). In addressing fugitive dust, the record 
does not contain adequate documentation, a list of available technologies, a ranking of controls 
based on their effectiveness and efficiency and achievable emission rates and reductions or the 
consideration of their economic or environmental impact. Id. The Director’s analysis fails to 
establish that the controls he adopted as BACT for fugitive dust reflect “the maximum degree of 
emission reduction achievable… considering energy, economic and environmental impacts and 
other costs.” 81 Fed. Reg. at 58081. As a result, there is no record of evidence to show that the 
Director undertook a defensible BACT analysis that actually represents the most stringent 
technology and the maximum reduction of emissions achievable. Utah Admin. Code r.307-401-
2; Sierra Club ¶¶ 4, fn.2, 47-48. 
 
As the legal requirements applicable to Utah’s proposed Fugitive Dust Rule, which must be 
BACM, are likewise applicable to the Director’s determination of the BACT necessary to control 
fugitive dust from sources included in Subpart H, we hereby reference and incorporate the 
comments we filed addressing the inadequacies of the Fugitive Dust Rule proposed as part of the 
Provo Nonattainment Area Serious PM2.5 SIP. Those comments, attached hereto, set forth 
BACM/BACT controls adopted by other states that are BACT for the purposes of Subpart H and 
therefore that must be adopted by the Director as representing BACT for Utah’s serious SIP. 
 
All SIP Emission Limits for PM2.5 Must Include Emission Limits for Both Filterable and 
Condensable PM2.5 . 
 
All Subpart H controls on direct emissions of PM2.5 must include emission limits on both 
filterable and condensable PM2.5. “For sources that are required to adopt a new or revised direct 
PM2.5 emissions limit as part of the attainment demonstration (including, but not limited to, for 
RACT, BACT, or MSM), the state must specify PM2.5 emission limits in its SIP that include both 
filterable and condensable emissions.” 81 Fed. Reg. at 58141. “In addition, compliance testing 
requirements for those sources must include both measurement of filterable and condensable 
emissions.” Id. Thus, where the Director has failed to include emission limits, monitoring, 
recordkeeping and reporting for both filterable and condensable PM2.5, he has failed to comply 
with the law. 
 
The Director Has Failed to Require Adequate Monitoring for the Purposes of Ensuring 
Compliance with BACT Emission Limits. 
 
EPA has explained that to meet Clean Air Act requirements, a serious SIP must include adequate 
monitoring that ensures continuous compliance with any emission limitation or other BACT 

                                                
3 To the extent that the Director purports to rely on fugitive dust control plans – existing or 
otherwise – to constitute BACT for Subpart H sources that emit fugitive dust, this approach is 
inappropriate. Subpart H must specifically set forth all emission limits and/or work practices, 
operational standards or similar means of control applicable to the Subpart H sources.  



  

control. SIP imposed controls must be “enforceable,” 42 U.S.C. § 7502(c)(6) (“plan provisions 
shall include enforceable emission limitations”), and “measurable,” and “include periodic source 
testing, monitoring or other viable means to establish whether the source meets the applicable 
emission limit.” 81 Fed. Reg. at 58133. For an adequate SIP, the “monitoring requirements 
would have to be sufficient to enable the state or the EPA to determine whether the source is 
complying with the emission limit on a continuous basis.” Id. Moreover, because frequent 
monitoring is a critical element of an emission limit that reflects the maximum emission 
reduction, the Director must undertake the analysis necessary to show that the frequency of 
monitoring he proposes reflects BACT. 
 
Frequent monitoring serves to increase the accuracy of emission inventories, to identify 
appropriate control measures and to reduce emissions. 80 Fed. Reg. 15340, 15453 (March 23 
2015). “[A]ppropriate stationary source emissions monitoring requirements, like the control 
measures with which they are associated, are a fundamental element of an approvable 
implementation plan.” Id. For example, EPA has found that improved monitoring can provide 
information that allows a source to take “corrective action that could potentially reduce 
emissions up to 15 percent[.]” Id. Similarly, more frequent monitoring “could yield potential 
stationary source emissions reductions of up to 13 percent.” Id. Thus, adequate monitoring is a 
critical component of a SIP intended to ensure that the Salt Lake City serious NAA will meet the 
24-hour PM2.5 NAAQS as expeditiously as practicable, see e.g. 42 U.S.C. § 7513(c)(1) & (c)(2). 
 
In commenting on the 2014 PM2.5 SIPs, EPA expressed significant concern about the sufficiency 
of the infrequent monitoring of PM2.5. SIP emission limits. E.g. EPA Region 8 Comments on 
Utah’s Proposed PM2.5 State Implementation Plans and Technical Support Documents at 7, 9-10 
& 12 (Oct. 30, 2014). EPA emphasized that adequate monitoring is a crucial component of an 
acceptable SIP, id. at 12 (“Implementation includes adequate monitoring, which must be in the 
SIP.”), and that stack testing once every three to five years is, on its face, inadequate to show 
continuous compliance, id. at 9-10 (“We are concerned with stack test frequencies longer than 
one year. Please explain why these test frequencies are sufficient to ensure continuous 
compliance with the limits.”), and requested that the Director explain why the specified 
monitoring was adequate to support modeling, establish RACT and demonstrate attainment. Id. 
at 7 (“[W]e suggest that the UDAQ…clarify and provide more detail…in SIP sections and/or 
RACT evaluations” to explain “how and why…frequency of monitoring/ testing…(continuous, 
daily, monthly, etc. for monitoring; once per year, 3 years, 5 years for stack testing)…[is] 
considered valid to support modeling and attainment”).  
 
The Director’s current BACT analysis fails address EPA’s concerns and to include consideration 
of the adequacy of the monitoring provisions associated with the particular Subpart H emission 
limitations. Plainly, where the Director must derive BACT, a more rigorous mandate than 
RACT, he must do even more to ensure the Subpart H monitoring requirements reflect BACT 
and ensure continuous compliance. Indeed, in many instances the Director proposes to require 
stack testing as infrequently as once per every three years and sometimes once every five years. 
At the same time, he fails to establish how such infrequent stack testing can ensure continuous 
compliance with the Subpart H emission limitations and so meet the requirements of BACT. As 
a result, the Director’s BACT analysis and Subpart H are not adequate. 
 



  

The Director Has Failed to Demonstrate Why CEMS Is Not Feasible. 
 
In several instances, the Director has not required CEMS to ensure compliance with Subpart H 
emission limits, although CEMS is a feasible method for monitoring emissions of PM2.5, SOX and 
NOX. EPA is clear that directly enforceable emission monitoring is preferable wherever feasible. 
81 Fed. Reg. at 58133 (“Directly enforceable emission measurements, such as PM CEMS, are 
preferred wherever feasible.”). The Director has failed to show why CEMS is not feasible. After 
all, CEMS is a critical element of a BACT emission limit and must reflect the maximum degree 
of emission reductions. Where CEMS has been determined to be feasible in analogous situations 
and has been applied as BACT, the Director is required to adopt this monitoring requirement or 
explain why CEMS does not constitute BACT and why alternative monitoring methods are 
adequate to ensure continuous compliance with the corresponding Subpart H emission limitation.  
 
The Director Should Consider Applying BACT to U.S. Magnesium. 
 
Because U.S. Magnesium, a major source located just outside and to the west and therefore often 
upwind of the Salt Lake NAA, emits significant levels of PM2.5, the Director should consider 
imposing BACT or other emission limits on the source. Under the Clean Air Act, “[a] state has 
discretion to require reductions from any source inside or outside of a PM2.5 nonattainment area 
(but within the state’s boundaries) in order to fulfill its obligation to demonstrate attainment in a 
PM2.5 nonattainment area as expeditiously as practicable[.]” 81 Fed. Reg. at 58080. Indeed, if it 
is necessary to secure emission reductions from U.S. Magnesium in order to show expedited 
attainment, the Director is required to mandate emission reductions from sources outside the Salt 
Lake NAA, such as U.S. Magnesium. Id. (“A state may need to require emissions reductions on 
sources located outside of a PM2.5 nonattainment area if such reductions are needed in order to 
provide for expeditious attainment of the PM2.5 NAAQS.”). 
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June 18, 2018 
 
 

Bryce Bird, Director 
Bill Reiss 
Thomas Gunter 
Environmental Planning 
Utah Division of Air Quality 
PO Box 144820 
Salt Lake City, UT 84114-4820 
 
via email: bbird@utah.gov 

breiss@utah.gov 
thomasgunter@utah.gov 
 

Re: Comments on Provo Nonattainment Area BACM Analysis 
 
Dear Mr. Bird, Mr. Reiss and Mr. Gunter, 

 
Thank you for this opportunity to comment on the draft “best available control measures” 
(BACM) for the Provo Nonattainment Area.  I make these comments on behalf of HEAL Utah, 
Utah Physicians for a Healthy Environment, the Utah Chapter of the Sierra Club and Western 
Resource Advocates.  As discussed with you, we will submit these and further comments on 
BACM analysis for the Salt Lake City Nonattainment Area and the submission of these 
comments – in the context of the Provo Nonattainment Area -- in no way prejudices those 
comments or your review of those comments.   
 
Commenting Organizations 
 
HEAL Utah promotes clean air and renewable energy, and protects public health and the 
environment from nuclear and other toxic threats. Representing more than 20,000 members, 
HEAL has a long track record of achieving positive change in the state by mobilizing local 
communities, promoting science-based public policy and legislation, and strategically working 
with regulatory agencies. 
 
The Utah Chapter of the Sierra Club works to protect Utah’s wild places, wildlife, and waters, as 
well as the people and communities who depend on them. Our activism and advocacy are based 
on our strong grassroots networks, citizen-based leadership, and the guidance and skillsets of 
professional staff support. With over 5,600 members, and growing, we work to protect public 
lands, promote renewable energy, and support initiatives that promote clean air  
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strategies. We maintain a presence at the Utah Legislature to advocate on the full spectrum of 
environmental issues and amplify the voices of our members. 
 
Utah Physicians for a Healthy Environment is the largest community service organization of 
health professionals in the state of Utah.  The organization and its members are health 
professionals, toxicologists, biologists, chemists and engineers dedicated to protecting the health 
and well-being of the citizens of Utah.  
 
Western Resource Advocates is a regional non-profit conservation organization headquartered in 
Boulder, Colorado with programs and staff spanning the intermountain west, including Utah.  
Our mission is to protect the land, air and water of our region, using law, science, economics, 
advocacy, education, and action.  To this end, we work to curb climate change and achieve 
environmentally sustainable management of energy, land, and water resources.  
 
The organizations’ interest in the present matter is based on the public health crisis that exists as 
a result of severe and frequent spikes in PM2.5 air pollution that occur in northern Utah. These 
acute, and often long lasting episodes of high concentrations of PM2.5 jeopardize the well-being 
of northern Utah’s residents. 
 
The Director Must Derive and Implement BACM. 
 
As the Director of the Utah Division of Air Quality and the Division (collectively “Director”) 
acknowledges, it must derive and implement “best available control measures” (BACM) in the 
Provo Nonattainment Area (Provo NAA).  See 81 Fed. Reg. 58010, 58080 (Aug. 24, 2016) (“A 
Serious area attainment plan must include provisions to implement BACM on sources in a 
Serious nonattainment area, as provided by section 189(b)(1)(B), no later than 4 years after 
reclassification.”). The Provo NAA was reclassified as a serious nonattainment area on May 10, 
2017 or failing to attain the 24-hour PM2.5 National Ambient Air Quality Standard (NAAQS) by 
the moderation attainment date of December 31, 2019.  82 Fed. Reg. 21711 (May 10, 2017).  
 
BACM Represents the Maximum Reduction of Emissions Achievable. 
 
BACM is “the maximum degree of emission reduction achievable… considering energy, 
economic and environmental impacts and other costs.” 81 Fed. Reg. at 58081.  BACM must be 
more stringent than the “reasonably available control measures” [RACT] the Director has 
previously applied in the Provo NAA: “‘[B]est’ control measures should represent a more 
stringent and potentially more costly level of control. The level of stringency generally refers to 
the overall level of emissions reductions of a control measure or technology, or of such measures 
and technologies combined.” Id. “BACM puts a ‘greater emphasis on the merits of the measure 
or technology alone,’ rather than on ‘flexibility in considering other factors,’ in contrast to the 
approach for determining [reasonably available control measures] RACM and RACT.”  Id. at 
58081.   
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BACM is “Generally Independent” of Attainment. 
 
In contrast to RACM, BACM is “generally independent of the attainment.” Id. at 58081-82; id. 
at 58082 (“interpreting the Serious PM2.5 nonattainment area BACM/BACT requirements to be 
‘‘generally independent’’ of attainment is consistent with the structure and substance of the 
CAA”).  “BACM/BACT measures for Serious areas are not solely limited to those measures 
needed for expeditious attainment under this final rule.”  Id. at 58020.  Thus, the Director must 
derive and apply BACM independently of any need to show that the measure contributes to 
attainment.  This is because the “robust emission reduction programs” required by BACM 
independent of attainment “are needed to bring about expeditious attainment and public health 
protection or citizens in these nonattainment areas.” Id. at 58082. “[I]nterpreting BACM/BACT 
to be generally independent of the attainment needs of a Serious PM2.5 area will ensure continued 
progress toward attainment for those areas with more difficult air quality problems.”  Id. 
 
Repeatedly, EPA has underscored that measures adopted in other nonattainment areas are 
assumed to be BACM:  “[O]ther states across the country are important sources of information 
about control measures.”  Id. at 58084.  This is true even if those measures are costly.  Id at 
58087 (“[A]ll states with Serious areas need to consider implementing BACM and BACT-level 
measures that have been implemented in other states, even if those measures incur higher 
costs.”).  Indeed, a measure adopted in another state is presumed to be BACM and “where a 
given control measure has been applied in another NAAQS nonattainment area (for PM2.5 or 
other pollutant), the state will need to provide a detailed justification for rejecting any potential 
BACM measure as technologically infeasible.”  Id. at 58085. 
 
BACM Will be More Expensive than RACM. 
 
States need to consider emission reduction measures with higher costs per ton when assessing the 
economic feasibility of BACM and BACT controls (and, where applicable, additional feasible 
measures) as compared to the economic feasibility criteria applied in their RACM and RACT 
analysis…for the same nonattainment area.”  Id. at 58085.  Indeed, in assessing BACM, the 
Director may not give economic feasibility significant weight and must meet a particularly 
rigorous showing of economic infeasibility before rejecting a technologically feasible control. Id. 
at 58085 (“EPA maintains that while the economic feasibility of a control measure is as 
important as its technological feasibility under the RACM and RACT determination process, 
economic feasibility is a less significant factor in the BACM and BACT determination process. 
In other words, a state must apply a higher standard for eliminating a technologically feasible 
control measure from further consideration as BACM due to cost alone.”). 
 
BACM for the Provo NAA Is Not Legally Sufficient. 
 
Despite these rigorous requirements, the Director failed to derive and implement BACM for the 
Provo NAA, relying chiefly on regulations and measures adopted as RACM.  The Director has 
repeatedly maintained that his RACM analysis and measures were sufficient.  However, in so 
contending, the Director has not: 1) showed that he has developed and imposed measures for 
every sector that represent the maximum achievable reductions of emissions of PM2.5 and PM2.5 
precursors; 2) produced a complete review of measures adopted in other states; 3) established 
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why measures adopted in other states are not technologically or economically feasible in Utah; 4) 
applied BACM’s “higher economic costs” analysis; and 5) provided objective data to support its 
contentions. 
 
The Fugitive Emissions Rule is Not BACM. 
 
The Director has not provided sufficient evidence or analysis to support his contention that 
Utah’s Fugitive Emissions Rule, Utah Admin. Code R307-309, is BACM.  The Director claims, 
based on mere assertion, that “[t]here are no current opportunities for additional program 
revisions that would lead to further emission reductions.”  Provo BACM at unnumbered 8. 
The Director seems to claim, without any supporting data or explanation, that the Utah rule is the 
most stringent rule in the nation, or as stringent as any rule in the country because it regulates 
sources as small as one-quarter acre and implements “BMPs.”  Provo BACM at unnumbered 7-9.   
 
This is not adequate to determine BACM or support a BACM conclusion.  Rather, the Director is 
required to assess the emission reductions achieved by the various state rules and compare those 
reductions to the emission reductions achieved by the Utah rule.  Further, to justify his BACM 
conclusion regarding “BMPs,” the Director must actually compare those BMPs to Utah’s rule.  
Finally, the BACM analysis is incomplete because it “summarizes” the Director’s review 
without actually providing that analysis, leaving the public in the dark as to the Director’s 
thinking. 
 
Moreover, Rule 309 is not BACM.  The comments attached and incorporated herein – written in 
response to the Director’s RACM analysis of the rule and focused chiefly on fugitive dust – 
remain relevant to the Director’s BACM review and establish that other states have adopted 
regulations that are more stringent than the Utah rule.  These rules also meet the further BACM 
mandates of enforceability, recordkeeping and reporting, while the Utah rule is not enforceable 
and lacks recordkeeping and reporting requirements sufficient to meet BACM.   
 
Other States Reduce Fugitive Emissions to a Greater Degree and Otherwise Meet the 
Requirements of BACM. 
 
Finally, the following rules are more stringent than Utah’s rule because they impose more strict 
emission limits on sources of fugitive dust: 
 
� California’s South Coast Air Quality Management District prohibits visible dust beyond 

the property line of the source and requires BACM.  Rule 403(d)(1)(A) and (d)(2).1 
� Maricopa County prohibits visible dust beyond the property line of the source. Rule 310 

at 303.1(a).2  

                                                       
1 http://www.aqmd.gov/docs/default-source/rule-book/rule-iv/rule-403.pdf?sfvrsn=4 
2 https://www.maricopa.gov/DocumentCenter/View/5354/Rule-310---Fugitive-Dust-from-Dust-
Generating-Operations-PDF?bidId= 



 5

� Clark County, Nevada prohibits a dust plume that extends 100 yards or more, 
horizontally or vertically, from the point of origin and requires best available control 
measures. Rule 94.11.2 and 94.9.3 

� Washoe County, Nevada prohibits visible fugitive dust emissions lasting more than 5 
minutes in any hour.  Rule 040.030, Section C.4  

 
Each of these rules is more stringent than the Utah rule as it puts a stricter emission limit on 
fugitive dust.  Each rule also complies with BACM because it is enforceable.  Therefore, the 
Director must adopt the most stringent of these rules or provide a defensible reason for not doing 
so.  The Director must also adopt a fugitive emissions rule that requires recordkeeping and 
reporting sufficient to allow the public to monitor and enforce compliance with the rule. 
 
The Director Failed to Consider Building Codes as BACM. 
 
Considerable NOx emissions reductions can be achieved through building codes.  Yet, the 
Director failed to even consider measures adopting more rigorous building codes as BACM.  
According to a 2018 report published by the American Council for an Energy-Efficient Economy 
(ACEEE), energy efficiency measures, including those established within building codes, can be 
a significant source of emissions reductions.5  
 
There is also precedent for these measures to be included within state implementation plans 
(SIPs) themselves. For example, according to the report, the “Texas Commission on 
Environmental Quality claimed credit for emissions reductions accruing from building energy 
codes of 0.72 tons per day of NOx in the 2005 Dallas-Fort Worth Increment of Progress SIP 
revision” (263 tons/year).6  In its SIP approved in 2013, “Connecticut included energy savings 
and avoided NOx emissions from the Connecticut Energy Efficiency Fund Projects from 2003–
2008 in its 8-hour ozone SIP.”7  In addition, Louisiana's SIP approved in 2005 “included 
efficiency upgrades for 22 municipal buildings in Shreveport. The estimated energy savings 
resulted in reductions of 0.041 tons of NOx per ozone season-day.”8 The report also states that 
Utah has the potential to see emissions reductions up to 1000 tons for annual SO2 emissions, 
annual PM2.5 emissions, and ozone-season NOx emissions achieved through implementing 
energy efficiency programs and updating building codes. 
 
Utah currently has only adopted the 2009 IECC residential building codes, and did not adopt the 
full suite of the most recent 2015 standards. Thus there are improvements that could be made 
through implementation of the most recent standards.9 
 

                                                       
3 http://www.clarkcountynv.gov/airquality/regulations/Documents/SECT94_07-01-04.pdf 
4 https://www.washoecounty.us/health/files/air-
quality/Current%20Regulations/040%20Prohibited%20Emissions_Mar%202017.pdf 
5 http://aceee.org/sites/default/files/publications/researchreports/h1803.pdf 
6 Id. 
7 Id. 
8 Id. 
9 https://le.utah.gov/~2016/bills/static/HB0316.html 
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The Director Did Not Consider California’s More Stringent Regulation of Non-Road 
Mobile Sources.  
 
Non-road mobile source emissions are a considerable source of NOx and VOCs and to a lesser 
extent PM2.5.10  Emissions of pollutants from this sector could be even greater, as Utah has based 
its inventory on projections rather than actual data.  However, rather than explore means for 
reducing emissions from non-road mobile sources, the Director concludes that Utah should 
merely rely on existing federal regulations.  Provo Non-Road Mobile Sources BACM.  This 
approach is inadequate to meet BACM. 
 
The California Air Resources Board has adopted the “In-Use Off-Road Diesel-Fueled Fleets 
Regulation,” 13 CCR sections 2449, 2449.1 and 2449.2.11  The Rule reduces diesel particulate 
matter and oxides of nitrogen emissions from in-use (existing) off-road heavy-duty diesel 
vehicles in California.  Such vehicles are used in construction, mining, and industrial operations.   
The California Rule achieves this goal by requiring fleet operators to meet a progressively more 
stringent combined PM and NOx standard, or to reduce emissions through technology upgrades 
such as retrofit or replacement. The Off-Road Regulation was initially approved by CARB on 
July 26, 2007 and was subsequently amended in December 2010.  
 
EPA has determined that the Off-Road Diesel Rule constitutes the strictest regulation of non-
road mobile sources and results in NOx reductions of 7.5 tons per day by 2023.  81 Fed. Reg. 
12637, 12638 & 12641 (March 10, 2016); see also 83 Fed. Reg. 8403 (February 27, 2018).  Any 
state may adopt a California non-road vehicle standard.  Clean Air Act 209(e)(2)(b), 42 U.S. 
Code § 7543(e)(2)(b).  
 
The Director does not mention or analyze California’s Non-Road Rule.  As a result, his BACM 
analysis is not complete.  To meet BACM requirements, the Director is obligated to assess the 
emission reductions to achieved by California’s program and determine the economic feasibility 
of the application of the Rule in Utah.  Under the Clean Air Act, the Director may not ignore 
such a promising means of achieving reductions of PM2.5, NOx and VOCs in a serious 
nonattainment area. 
 
The Director Did Not Consider California’s More Stringent Regulation of On-Road Mobile 
Sources.  
 
For the same reason his BACM fell short of the law relative to non-road mobile sources, the 
Director’s on-road BACM review is incomplete.  In 2012, CARB adopted the LEV III 
amendments to California’s Low-Emission Vehicle (LEV) regulations. These amendments 
include more stringent emission standards for both criteria pollutants and greenhouse gases for 
new passenger vehicles and have consistently been adopted into various California SIPs.12 
 

                                                       
10 https://deq.utah.gov/legacy/pollutants/p/particulate-matter/pm25/serious-area-state-
implementation-plans/posted-inventories.htm 
11 https://www.arb.ca.gov/msprog/ordiesel/ordiesel.htm 
12 https://www.arb.ca.gov/msprog/onroad/onroad.htm 
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The Clean Air Act allows California to seek a waiver of the preemption which prohibits states 
from enacting emission standards for new motor vehicles.  Any other state can choose to adopt 
California’s more stringent standards, Clean Air Act 177, 42 U.S. Code § 7507, and many have 
done so, incorporating these provisions into their SIPs.  E.g. Motor Vehicle Mfrs. Ass'n of U.S. 
Inc. v. Jorling, 181 A.D.2d 83, 87 (1992). 
 
Moreover, California is the largest zero-emission vehicle market in the country. Electric and 
plug-in hybrid vehicles made up 3.6 percent of the state’s overall car sales in 2016, and rose to 
nearly 5 percent in 2017.  Nine other states have adopted similar zero-emission vehicle sales 
requirements, based on the California program.  By imposing a sales requirement for zero 
emission cars, California is telling manufacturers they can’t have anything coming out of the 
tailpipes. 
 
As with California’s Non-Road Rule, the Director does not mention or analyze California’s On-
Road Rule.  As a result, his BACM analysis is not complete.  To meet BACM requirements, the 
Director is obligated to assess the emission reductions to achieved by California’s program and 
determine the economic feasibility of the application of the Rule in Utah.  Under the Clean Air 
Act, the Director may not ignore such a promising means of achieving reductions of PM2.5, NOx. 
SO2 and VOCs in a serious nonattainment area. 
 
The Director Can Do More to Address Emissions from Wood Burning. 
 
While the state recently applied for and received $13 million from EPA for Targeted Airshed 
Grants to address wood burning measures, which will help reduce emissions from wood 
combustion, we believe more can be done to educate the public on why burning wood is harmful 
to public health, especially during inversions. Fairbanks North Star Borough’s Moderate PM2.5 
SIP determined public education and outreach programs for wood combustion to be RACM 
(III.D.5.7-3 and III.D.5.7-12).13 We believe this should have been implemented under Salt 
Lake’s Moderate PM2.5 SIP, and think that it could be determined BACM for the Provo NAA.  
 
In 2015, Sacramento implemented a program evaluation of its “Spare the Air” campaign, and 
was able to estimate emissions reductions as a result of the campaign. A similar program 
evaluation could be applied to wood-burning curtailment public outreach program; or, more 
broadly, could be applied to voluntary and mandatory action days to better understand the 
efficacy of these efforts and how to improve them.14 
 
In addition, it is unclear whether the current level at which mandatory burn bans are called (25 
µg/m3) is as strict as necessary to qualify as BACM. San Joaquin Air Quality Management 

                                                       
13 http://dec.alaska.gov/air/anpms/comm/docs/fbxSIPpm2-5/III.D.5.07-Control_Strategies-
Adopted_09.07.16.pdf  
14 http://www.sparetheair.com/assets/SurveyPDF/Final%20Report%20-
%20Final%20Detailed%20Summary%20of%20the%202015%20Spare%20The%20Air%20Eval
uation.pdf 
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District has set their limit at 20 µg/m3 in its moderate PM2.5 SIP (Rule 4901.5.6.), and is 
considering a stricter limit for its serious PM2.5 SIP.15 
 
Thank you for the opportunity to comment on the proposed BACM for the Provo NAA and for 
all you do to improve and protect air quality in Utah. 

 

 
JORO WALKER 

 

                                                       
15 http://www.valleyair.org/rules/currntrules/r4901.pdf 
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Technical Report 
 

Review of the Utah Division of Air Quality’s Determinations of Best Available Control 
Measures (BACM) Including Best Available Control Technology (BACT) for the Salt Lake 

Serious Nonattainment Area PM2.5 State Implementation Plan (SIP) 
 
 

August 14, 2018 
 

 
This Technical Report provides review and comments on the affected companies’ 

analyses and the Utah Division of Air Quality’s (UDAQ’s) proposed determinations of Best 
Available Control Measures (BACM) which include Best Available Control Technology 
(BACT) and for its Salt Lake serious PM2.5 nonattainment area.1  UDAQ issued draft BACM 
determinations for public review and comment in June of 2018.2   A state is required to 
determine and implement BACM including BACT on sources of direct PM2.5 emissions and 
PM2.5 precursors located in any area designated as a serious PM2.5 nonattainment area.  40 
C.F.R. §51.1010(a).  The state must identify the most stringent measures for such sources 
required in any SIP or used in practice to control emissions in any state.  Further, the state must 
reconsider and reassess any measures previously rejected by the state in developing the moderate 
area SIP.  40 C.F.R. §51.1010(b)(2)(i) and (ii).  The state may make a demonstration that any 
measure identified is not technically or economically feasible to implement in whole or in part 
by 5 years after the applicable attainment date for the area.  40 C.F.R. §51.1010(b)(3).   EPA has 
stated that there is no “de minimis” thresholds for determining applicability of BACM/BACT, 
that BACT/BACT are generally independent of what is needed to attain the NAAQS (in contrast 
to reasonable available control measures (RACM).”  81 Fed.Reg. 58,080-83 (Aug. 24, 2016). 

 
Comments on the proposed BACT3 evaluations for selected sources and emissions units 

or groups within those sources are provided below.   
 
I.  Review of BACT Analyses for Rio Tinto Kennecott Sources 
 

The following provides comments on UDAQ’s proposed determination of BACT for the 
Rio Tinto Kennecott Utah Copper (KUC) facilities,4 as well as on the company’s submitted 

                                                             
1 This Technical Report was prepared by Victoria R. Stamper.  Ms. Stamper is an independent air quality consultant 
and engineer with extensive experience in the Clean Air Act implementation including evaluation of best available 
control technology (BACT) and best available retrofit technology (BART).  Ms. Stamper’s Curriculum Vitae is 
included as Attachment A. 
2 See https://deq.utah.gov/legacy/pollutants/p/particulate-matter/pm25/serious-area-state-implementation-
plans/control-strategies.htm#staff-reviewed. 
3 The comments in this report generally refer to all the emissions control analyses as BACT analyses, even though in 
some cases the controls discussed are best available control measures rather than control technologies.  “Best 
Available Control Measures” include BACT by definition, pursuant to 40 C.F.R. §51.1000.   
4 July 1, 2018, Utah Division of Air Quality, PM2.5 SIP Evaluation Report – Kennecott Utah Copper LLC-BCM 
and Copperton Concentrator, Utah PM2.5 Serious SIP, Salt Lake City Nonattainment Area, DAQ-2018-007709 
(hereinafter referred to as “UDAQ BACT Report KUC BCM and Copperton Concentrator”). 

https://deq.utah.gov/legacy/pollutants/p/particulate-matter/pm25/serious-area-state-implementation-plans/control-strategies.htm#staff-reviewed
https://deq.utah.gov/legacy/pollutants/p/particulate-matter/pm25/serious-area-state-implementation-plans/control-strategies.htm#staff-reviewed
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BACT analysis.5  In general, both UDAQ and KUC failed to provide documentation to verify 
that the most stringent measures for reducing PM2.5 or PM2.5 precursor emissions adopted in 
any SIP or used in practice were considered.  Further, KUC failed to rank control technologies 
from most effective (or lowest achievable emission rate) to least effective.   
 
A.  BACT for PM2.5 from In-Pit Crusher at Bingham Canyon Mine 
 
 UDAQ and KUC identified fabric filters as the top control technology for direct PM2.5 
emissions from crushing operations.6  According to KUC’s April 2017 BACT submittal, the in-
pit crusher at KUC is already equipped with a baghouse and is subject to a 0.002 grains per dry 
standard cubic foot (gr/dscf) limit and that it was established by UDAQ as BACT for the BCM 
in 2011.7  However, UDAQ’s June 2018 BACT analysis states that the KUC crushing operations 
are currently permitted at 1.77 pounds per hour (lb/hr) and a significantly higher grain loading of 
0.016 gr/dscf, eight times higher than the 0.002 gr/dscf limit that KUC claimed applied in its 
2017 BACT analysis.8  A review of a recently issued Approval Order issued for KUC BCM and 
Copperton Concentrator in January of 2018 does indeed show a PM10 limit for the main in-pit 
crusher baghouse of 1.77 lb/hr and 0.0016 gr/dscf.9   In any event, UDAQ and KUC 
proposed a BACT emission limit of 0.002 gr/dscf and UDAQ also proposed a BACT limit of 
0.78 lb PM2.5 per hour.10  A review of the Californian Air Resources Board (CARB) BACT 
Clearinghouse shows lower PM2.5 emission limits have been required for similar sources and 
controls.  Specifically, the PM10 emission limit at the Rio Rock Materials, Inc. crushing and 
screening operation is 0.0012 gr/dscf with a baghouse.11  Indeed, even UDAQ’s BACT analysis 
shows that the KUC BCM crusher’s emission rates has been significantly lower than UDAQ’s 
proposed BACT limits.  Stack test results at KUC’s BCM crusher from 2000 through 2015 show 
that the highest PM2.5 emission rates from the in-pit crusher were measured at 0.164 lb/hr and 
0.001 gr/dscf.12  Thus, there is ample support for a lower PM2.5 BACT emission limit on both a 
lb/hr and a gr/dscf basis at the in-pit crusher.  UDAQ should impose lower limits that truly 
reflect the maximum degree of PM2.5 emission reduction that can be achieved with a baghouse 
at the in-pit crusher.  In addition, an opacity limit reflective of BACT must be imposed as a 
measure to ensure continuous compliance with emission limits and proper operation and 
maintenance of the baghouse.   
 
  

                                                             
5 April 27, 2017 Kennecott Utah Copper LLC, PM2.5 SIP Best Available Control Technology Analysis, submitted 
by Rio Tinto Kennecott to the Utah Division of Air Quality, (hereinafter referred to as the “Kennecott April 2017 
BACT Analysis”). 
6 UDAQ BACT Report KUC BCM and Copperton Concentrator at 5; Kennecott April 2017 BACT Analysis at 3-1. 
7 Kennecott April 2017 BACT Analysis at 3-1. 
8 UDAQ BACT Report KUC BCM and Copperton Concentrator at 5. 
9 January 10, 2018 Approval Order DAQE-AN105710042-18, Condition II.B.1.a., available at 
http://168.178.3.241:8080/DAQ_NOI/DocViewer?IntDocID=106560&contentType=application/pdf. 
10 UDAQ BACT Report KUC BCM and Copperton Concentrator at 6. 
11 See https://www.arb.ca.gov/bact/category/rock.htm, a printout of which is attached as Ex. 1. 
12 Id. 

https://www.arb.ca.gov/bact/category/rock.htm
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B.  BACT for Waste Rock Offloading from Trucks at Bingham Canyon Mine. 
 
 UDAQ and KUC identified water applications, enclosures, and minimizing the drop 
distance as control technologies from Waste Rock offloading.13  UDAQ and KUC eliminated 
enclosures as a technically infeasible because the drop location is not static.14  UDAQ also 
determined that water application is not technically feasible because “excessive water application 
would create geotechnical instability on the waste rock dumps” and because “installation or 
setup of a water irrigation system for water application is not technically feasible because the 
drop location is not static.”15  Due to its finding that other measures were technically infeasible, 
UDAQ decided that minimizing the drop distance while the waste rock is being dumped is 
BACT.16  UDAQ and KUC should not have so readily excluded water application as technically 
infeasible, and UDAQ should have evaluated  water application PLUS minimizing the drop 
distance as the most effective control measure for waste rock offloading from trucks.   
 

Further, if UDAQ continues to find that minimizing the drop distance satisfies BACT, 
UDAQ must provide more detail to make this requirement into an enforceable measure.  KUC 
did not even identify or justify as BACT what minimum drop distance should be required to 
minimize dust emissions from dumping.  BACM is defined as control measures that achieve 
“permanent and enforceable emission reductions.”  40 C.F.R. §51.1000.  Thus, to ensure 
enforceability of control measures for waste rock offloading, the BACT measures must include 
specific requirements to ensure enforceable and permanent emission reductions, including 
specifying the minimum drop distance and requiring recordkeeping and reporting to verify 
compliance. 
 
C.  BACT for Graders and Bulldozers at Bingham Canyon Mine. 
 
 UDAQ and KUC have identified the application of water and chemical dust suppressants 
as measures to control particulate from road grading operations and bulldozers.17  Without any 
discussion or justification, UDAQ and KUC identified the application of water within the pit 
influence boundary, and water and chemical dust suppressants outside the pit influence 
boundary, as BACT.  UDAQ has not explained why application of water and dust suppressants 
would not also be BACT for grading operations within the pit influence boundary.   
 
 Moreover, neither UDAQ nor KUC identified any specific enforceable requirements that 
would ensure that the application of water and chemical dust suppressants would permanently 
reduce PM2.5 emissions.  For these types of controls, a minimum water application and chemical 
dust suppressant application frequency and application intensity (quantity per area) must be 
specified as enforceable measures.  EPA has identified the control efficiency of watering to be 
based on these factors along with the average hourly daytime traffic and the potential average 

                                                             
13 UDAQ BACT Report KUC BCM and Copperton Concentrator at 7; Kennecott April 2017 BACT Analysis at 3-2. 
14 Id. 
15 Id. 
16 Id. 
17 UDAQ BACT Report KUC BCM and Copperton Concentrator at 8-9; Kennecott April 2017 BACT Analysis at 3-
2 to 3-3. 
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hourly daytime evaporation rate for the area.18  UDAQ must specify minimum amounts of water 
application and chemical dust suppressant application as well as identify time between 
applications as part of its BACT determination, and propose recordkeeping and reporting to 
ensure compliance.   
 
D.  BACT for Unpaved Haul Roads at Bingham Canyon Mine.  
 
 UDAQ and KUC identified the following measures as potential methods to reduce PM2.5 
emissions from unpaved haul roads:  Paving the unpaved roads, the application of water and the 
use of dust suppression chemicals, limiting unnecessary traffic, and routine maintenance of haul 
roads through the use of road base material.19  Of all of these measures, paving of the haul roads 
is the method that will provide the most control of particulate emissions, particularly with road 
sweeping to reduce road dust carryout from unpaved roads or from the haul trucks.  KUC 
claimed that paving the haul roads “is not technically feasible at the [Bingham Canyon Mine] 
because of the weight of the haul trucks and the rapid deterioration that would occur and the 
frequently changing road locations,” and UDAQ concurred with that finding.20  With respect to 
the claimed rapid deterioration of paved haul roads due to the weight of the haul trucks, that is 
not a justification to eliminate the control method as not technically feasible.  Instead, that is an 
economic factor to be taken into account in the cost effectiveness analysis.21  Technical 
infeasibility means that physical, chemical, and engineering principles show that a control 
technique will not work on the emissions source under review.  KUC has not demonstrated that 
paving of the haul roads is not technically feasible.  The company is instead making economic 
arguments against paving the roads. 
 
 Similarly, while KUC claimed that paving of the roads was not technically feasible due to 
“frequently changing road locations,”22 KUC did not explain in detail how the “changing road 
locations” made paving not technically feasible.  Importantly, how frequent are the haul road 
changed?  Do the road changes affect some parts of the haul roads more than others?  Are there 
more permanent haul roads that could be paved?  UDAQ and KUC must provide much more 
information to claim frequently changing road locations as a reason to exclude the top haul road 
control technology from the BACM/BACT analysis.  This is especially because paving of haul 
roads along with street sweeping and setting of speed limits has been required as BACT for haul 
roads.  The table below gives several examples in which paving of haul roads was required as 
BACT where practical (clearly taking into account when the weight of the haul trucks would 
frequently damage the pavement), and watering, chemical dust suppression, and reduced speed 
limits were required for the remaining haul roads. 

                                                             
18 EPA, Control of Open Fugitive Dust Sources, September 1988, at 3-12, available at 
https://nepis.epa.gov/Exe/ZyPURL.cgi?Dockey=91010T54.TXT. 
19 UDAQ BACT Report KUC BCM and Copperton Concentrator at 10;  Kennecott April 2017 BACT Analysis at  
3-3. 
20 Kennecott April 2017 BACT Analysis at 3-3; UDAQ BACT Report KUC BCM and Copperton Concentrator  
at 11. 
21 See, e.g., EPA’s October 1990 New Source Review Workshop Manual at B.20 (“Physical modifications needed to 
resolve technical obstacles do not in and of themselves provide a justification for eliminating the control technique 
on the basis of technical infeasibility.  However, the costs of such modifications can be considered in estimating cost 
and economic impacts...”). 
22 Kennecott April 2017 BACT Analysis at 3-3. 
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Examples of BACT for Haul Roads in EPA’s RACT/BACT/LAER Clearinghouse.23 
RBLC ID Date of Permit Company Control Measure Description 
OK-0173 1/19/2016 Commercial Metals 

Company (CMC) 
Steel Oklahoma 

Paving roads, sweeping them when 
needed, and setting of speed limits to 
minimize fugitive dust. 

CO-0074 7/9/2012 GCC Rio Grande, Inc., 
Cement Plant 

Paved and swept roads for most haul 
roads.  Emissions from unpaved roads 
including quarry roads controlled by 
applying water. 

LA-0240 6/14/2010 FLOPAM Inc. Main roadway shall be paved where 
practical.  Precautions shall be taken to 
prevent dust from becoming airborne. 

LA-0239 5/24/2010 Nucor Steel Louisiana Pave roadways where practicable 
including areas where the extra heavy 
vehicles (greater than 50 tons in 
weight) will not cause damage to 
paving.  Unpaved roads shall utilize 
water spray or dust suppression 
chemical, and also reduced speed limits 
of less than or equal to 15 mph. 

 
 Thus, there is no justification for UDAQ and KUC to eliminate paving of haul roads 
entirely as a control measure for the serious area PM2.5 SIP, unless it is adequately demonstrated 
that there are specific circumstances at the Bingham Canyon mine haul roads that justify 
eliminating a commonly applied BACT control measure as BACT for the mine haul roads. 
 
 For those haul roads for which it may not be appropriate to require paving and street 
sweeping, a minimum water application and chemical dust suppressant application frequency 
and application intensity (quantity per area) must be specified as an enforceable measure.  
Instead, UDAQ has proposed vague and unenforceable requirements for applying water and 
chemical dust suppressants to active haul roads “as weather and operational conditions 
warrant.”24 As previously stated, EPA has identified the control efficiency of watering to be 
based on the application frequency and intensity, as well as the average hourly daytime traffic 
and the potential average hourly daytime evaporation rate for the area.25  In order to ensure a 
specific control efficiency, UDAQ must specify minimum amounts of water application and 
chemical dust suppressant application to unpaved haul roads as well as identify time between 
applications, and impose recordkeeping and reporting to ensure compliance.  It must be noted 
that UDAQ’s proposal to only require twice per year application of chemical dust suppressants to 
active haul roads outside the pit influence boundary26 has not been demonstrated by UDAQ to 

                                                             
23 The information on these entries into EPA’s RACT/BACT/LAER Clearinghouse can be found by running a 
“standard search” at https://cfpub.epa.gov/rblc/index.cfm?action=Search.StandardSearch and searching on the 
RBLC ID number. 
24 UDAQ BACT Report KUC BCM and Copperton Concentrator at 25-26. 
25 EPA, Control of Open Fugitive Dust Sources, September 1988, at 3-12, available at 
https://nepis.epa.gov/Exe/ZyPURL.cgi?Dockey=91010T54.TXT. 
26 UDAQ BACT Report KUC BCM and Copperton Concentrator at 26. 

https://cfpub.epa.gov/rblc/index.cfm?action=Search.StandardSearch
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reflect BACT for reducing PM2.5 from fugitive dust from these haul roads.  Indeed, such an 
infrequent application of chemical dust suppressant seems wholly inadequate to ensure 
protection of the 24-hour average PM2.5 NAAQS. 
 

In addition, if paving of haul roads is ultimately required as BACT, it is imperative that 
street sweeping also be required, for which a frequency must be specified as an enforceable 
control measure.  Further, to ensure that watering, application of dust suppressants, and/or street 
sweeping is adequate to reduce PM2.5 emissions to the maximum degree achievable, a 
concurrent opacity limit is likely necessary for which compliance can be assessed daily or 
weekly.  With that information, KUC can readily determine whether it is time to rewater, or to 
reapply dust suppressants.  Last, it is imperative that recordkeeping and reporting be required as 
part of the BACM/BACT determination. 
 
E.  Review of BACT Analysis for the Utah Power Plant, Unit 4 Boiler. 
 
 The Unit 4 boiler of the Utah Power Plant is a tangentially-fired boiler capable of burning 
both coal and natural gas, rated at 838 MMBtu/hour when burning coal or 872 MMBtu/hour 
when burning natural gas, and equipped with an electrostatic precipitator.27 
 
 KUC’s BACT analysis focused primarily on a wintertime control strategy because 
several nonattainment areas located in the western United States only have experienced 
exceedances during the winter season.28  While evaluating seasonal controls may have been 
acceptable for reasonably available control technology (RACT) under the moderate area SIP 
requirements, BACT is an emission limitation based on the maximum degree of emission 
reduction achievable taking into account costs, energy, and non-air quality environmental 
impacts.  42 U.S.C. §7479(3).  Nothing in the definition of BACT or the associated definition of 
emission limitation would allow for seasonal controls, despite KUC’s claim that the PM2.5 
nonattainment problem is the worst during the winter season.  Indeed, as EPA stated in its 
August 24, 2016 rulemaking on requirements for the PM2.5 NAAQS, “BACM/BACT measures 
for Serious areas are not solely limited to those measures needed for expeditious attainment....”  
81 Fed. Reg. 58,020 (Aug. 24, 2016).  
 
 KUC indicated that, as of October 2016, it has permanently ceased operation of Units 1-3 
of the Utah Power Plant, and thus a BACT analysis was not conducted for those units.29  To 
ensure the validity of excluding these coal- and gas-fired boilers from BACT, these units must no 
longer be authorized to operate without a determination of and compliance with BACT emission 
limits. 
 
 For the Utah Power Plant Unit 4 boiler, KUC relied on its belief that BACT is only 
required for the wintertime months.  Therefore, it focused its BACT analysis on the months of 
November 1 to March 1, during which Unit 4 burns natural gas instead the coal that it is allowed 
to burn for the remaining months of the year.  KUC claimed that the Unit 4 is already required 

                                                             
27 UDAQ PM2.5 SIP Evaluation Report – Kennecott Utah Copper LLC – Power Plant, July 1, 2018, at 5 (here-in-
after referred to as the “July 1, 2018 UDAQ BACT Report for KUC Utah Power Plant”). 
28 See KUC’s April 2017 BACT Determinations for Utah Power Plant, Tailings Site, and Laboratory at 2-1.   
29 See  KUC’s April 2017  BACT Determinations for Utah Power Plant, Tailings Site, and Laboratory at 3-1.   
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under a previous SIP determination to install low NOx burners with overfire air (LNB with 
OFA) and selective catalytic reduction (SCR) with 90% control when operating on natural gas 
during the winter months.  Kennecott stated that because the top NOx technology is already 
required in previous SIPs, no additional analysis is necessary.30  For SO2 BACT, KUC found 
that burning pipeline quality natural gas, which is already required for the winter months under 
the previous SIP, is sufficient to meet BACT for SO2, and that BACT for PM2.5 is good 
combustion practices when burning natural gas, which again is only proposed for the winter 
months.31   
 
 UDAQ’s proposed BACT determination follows this same approach of focusing on 
emissions during the winter months.  UDAQ did not even evaluate BACT for emissions during 
the non-winter months when the Unit 4 boiler is authorized to burn coal.  Thus, UDAQ’s BACT 
analysis is flawed and incomplete. 
 
 There are numerous deficiencies in this BACT analysis for the Unit 4 boiler.  First and 
foremost is the incorrect assumption that BACT under the serious area SIP only applies during 
the wintertime months, which purportedly is the only time the ambient concentrations exceed the 
PM2.5 NAAQS.  There is nothing in the definition of BACT that would support BACT only 
applying on a seasonal basis, or that BACT is only defined in terms of what is necessary to 
ensure attainment of the NAAQS.  BACT is defined under the Clean Air Act as: 
 

An emission limitation based on the maximum degree of reduction of each 
pollutant subject to regulation under this chapter emitted from or which results 
from any major emitting facility, which the permitting authority, on a case-by-
case basis, taking into account energy, environmental, and economic impacts and 
other costs, determines is achievable for such facility through application of 
production processes and available methods, systems, and techniques, including 
fuel cleaning, clean fuels, or treatment or innovative fuel combustion techniques 
for control of each pollutant. In no event, shall application of “best available 
control technology” result in emissions of any pollutants which will exceed the 
emissions allowed by any applicable standard established pursuant to section 
7411 or 7412 [NSPS or NESHAPs] of this title.  .  .  . 
 

42 U.S.C. §7479(3).32 
 
In addition, the Clean Air Act defines an “emissions limitation” and “emissions standard” as: 
 

                                                             
30 Id. at 3-1.   
31 Id. at 3-1 to 3-2. 
32 Nothing in EPA’s regulations indicates that a different definition of “best available control technology” applies to 
serious PM2.5 nonattainment areas than this definition in the Clean Air Act.  40 C.F.R. §51.100 states that “all terms 
not defined herein will have the meaning given them in the Act.”  “Best available control technology” is also 
defined in 40 C.F.R §51.165(a)(1)(xl) in a manner that is consistent with the statutory definition, but also 
specifically allows the setting of a design, equipment, work practice, operational standard, or combination thereof in 
the event that the reviewing authority determines that the technological or economic limits on the application of 
emission measurement methodology make a numerical emission standard infeasible. 
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A requirement established by the State or the Administrator which limits the 
quantity, rate, or concentration of emissions of air pollutants on a continuous 
basis, including any requirement relating to the operation and maintenance of a 
source to assure continuous emission reduction and any design, equipment, work 
practice or operational standard promulgated under [the Clean Air Act]. 
 

42 U.S.C. §7602(k) [emphasis added].33 
 
 Notably, BACT unlike “reasonably available control technology” or RACT, is not 
limited by the necessity of imposing such controls to attain and maintain a NAAQS.  Further, 
RACT is not defined as an “emissions limitation” whereas BACT is defined as an “emissions 
limitation” which therefore means BACT is a requirement limiting emissions on a continuous 
basis, not on a seasonal basis as needed to attain and maintain the NAAQS.  Therefore, BACT 
for the Unit 4 boiler of the Utah Power Plant must apply on a year-round continuous basis. 
 
 In the case of the Unit 4 boiler, the top BACT control technology for PM2.5 and the 
PM2.5 precursors of NOx and SO2 is pipeline quality gas-firing, with ultra low NOx burners, 
overfire air, and SCR operating at no less than 90% NOx removal efficiency.  This suite of fuel 
and pollution controls will yield the lowest emission rates of all of these pollutants.  Since Unit 4 
is capable of accommodating natural gas firing 4 months of the year, the unit is clearly capable 
of firing natural gas year-round.  Thus, UDAQ must evaluate a complete switch to natural gas as 
a BACT option for SO2, PM2.5 and NOx.   
 

If a complete switch to natural gas is not determined to be BACT and Unit 4 will be 
allowed to burn coal the remaining 8 months of the year, UDAQ must evaluate BACT for PM2.5 
and SO2 when the unit burns coal.  An SO2 scrubber would be the top BACT option for SO2 
emissions from coal-burning, which would ensure the maximum degree of SO2 emissions 
reductions the remaining 8 months of the year when Unit 4 can burn coal.34  For NOx BACT 
during the coal-firing months, SCR operated to remove no less than 90% of the NOx, along with 
low NOx burners and overfire air, should form the basis for NOx BACT at the Unit 4 boiler.  
Further, UDAQ must also evaluate BACT for PM2.5 emissions during coal-firing.  With respect 
to PM2.5, the Unit 4 boiler is equipped with an electrostatic precipitator (ESP).  BACT controls 
for direct PM2.5 from a coal-fired boiler are typically based on a fabric filter baghouse, which 
not only provides the best continuous PM2.5 control technology, but which also filters out much 
more of the fine particulate matter than an ESP.   

 
There are numerous examples in the RACT/BACT/LAER Clearinghouse of high 

efficiency scrubbers for SO2 BACT, LNB/OFA plus SCR for NOx BACT, and a fabric filter for 
PM2.5 BACT at coal-fired boilers.  Further, these technologies have frequently be retrofitted on 
                                                             
33 See also 40 C.F.R. §51.100(z). 
34 While UDAQ’s BACT report for the Utah Power Plant states that the plant only has a potential to emit SO2 of 
5.78 tons per year when firing coal (July 1, 2018 UDAQ BACT Report for KUC Utah Power Plant at 5), that is 
purportedly based on the fuel limits in Condition II.B.3.b. of the 2015 Approval Order.  A review of Condition 
II.B.3.b. of the 2015 Approval Order DAQE-AN105720031-15 shows that those fuel limits ONLY apply from the 
period of November 1 to the last day in February the following year.  Thus, UDAQ’s BACT report does not indicate 
the Unit 4 boiler’s true potential to emit on an annual basis under the terms of the permit.  (Indeed, it is not clear that 
the unit is even limited to 5.78 tons per year of SO2 during the winter months).  
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coal-fired boilers to meet BACT as well as to meet best available retrofit technology (BART) 
under the regional haze program.35  Thus, there is no question that these controls for which the 
costs were deemed reasonable at other similar sources would be reasonable for the Utah Power 
Plant Unit 4.  However, it will likely be more cost effective for Unit 4 to simply switch to natural 
gas firing and cease burning coal on a permanent basis.  With a switch to natural gas firing the 
entire year, Unit 4 will not need to install an SO2 wet scrubber or a fabric filter baghouse for 
PM2.5.  Thus, BACT for PM2.5 and PM2.5 precursors at the Unit 4 boiler should be based on a 
permanent switch to natural gas and operation of low NOx burners, OFA, and an SCR system to 
remove at least 90% of the NOx emissions. 
 
 UDAQ has also not justified its proposed NOx emission limit for natural gas firing as 
representative of BACT.  KUC initially proposed a NOx limit of 60 ppmdv (at 3% O2, 68°F, 
29.92 Hg).36  This equates to a lb/MMBtu NOx limit of 0.07 lb/MMBtu.37  According to 
UDAQ’s BACT analysis, KUC subsequently requested a higher NOx BACT limit of 80 ppm.38  
It is not entirely clear what NOx limit UDAQ is proposing as BACT for natural gas firing 
because UDAQ appears to agree with KUC’s proposed 80 ppm limit, but UDAQ’s proposed 
revisions to the Utah SIP appear to propose a 20 ppm limit on NOx.39  In any event, based on a 
review of EPA’s RACT/BACT/LAER Clearinghouse, the lowest NOx limit required of a natural 
gas boiler with low NOx burners and SCR was a 0.0032 lb/MMBtu NOx limit required as BACT 
for two package boilers  permitted at the Consolidated Environmental Management Inc.- Nucor 
Iron Plant in Louisiana (RBLC ID LA-0248, Permit Date 1/27/11).  A limit of 0.0032 lb/MMBtu 
would equate to a NOx limit of 3 ppmdv (at 3% O2, 68°F, 29.92 Hg).  Thus, UDAQ’s and 
KUC’s proposed NOx BACT limits for the controls of natural gas firing with low NOx burners, 
overfire air, and SCR - whether at 80 ppm or 20 ppm - utterly fail to reflect the maximum degree 
of NOx emission reduction achievable with such controls.  UDAQ must evaluate the top level of 
NOx control that is achievable with SCR and low NOx burners at Unit 4 of the Utah Power Plant 
in its BACT analysis. 
 
 Moreover, UDAQ must impose a BACT limit for ammonia.  As UDAQ acknowledged, 
the SCR system is a source of ammonia due to ammonia slip and ammonia is a precursor to 
PM2.5.40  Ammonia is used as a NOx reduction agent in an SCR system.  Ideally, just the right 
amount of ammonia is added to fully reduce the amount of NOx present in the gas stream, but 
some of the ammonia will pass through as unreacted, which is referred to as “ammonia slip.”  As 
stated by UDAQ, the most commonly used approach to address ammonia emissions from SCR is 
to impose a limit and require monitoring of ammonia slip.41  However, while UDAQ found that 
this type of limitation is typically in the range of 2.0 to 5.0 ppm and is technically feasible, 

                                                             
35 For example, Martin Drake Units 6 and 7 in Colorado were required to install dry scrubbers and baghouses to 
meet BART, meaning that the controls were considered cost effective and would improve regional haze.  Martin 
Drake Unit 6 is of a similar size to Unit 4 at the Utah Power Plant, with a maximum heat input capacity of 861 
MMBtu/hr compared to Unit 4’s heat input capacity when burning coal of 838 MMBtu/hr.  77 Fed. Reg. 18,052 at 
18,070-1 (Mar. 26, 2012); Chapter 6.4.3.6 of Appendix C of the Colorado Regional Haze SIP (Ex. 2). 
36 See KUC’s April 2017 BACT Determinations for Utah Power Plant, Tailings Site, and Laboratory at 5-1.   
37 Using emissions conversion equations in Appendix F of 40 C.F.R. Part 75. 
38 July 1, 2018 UDAQ BACT Report for KUC Utah Power Plant at 7. 
39 Id. at 7 and 19. 
40 Id. at 16. 
41 Id. at 17. 
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UDAQ has not proposed such a limit on ammonia slip for Unit 4 because KUC has not provided 
a cost effectiveness breakdown for the SCR ammonia systems at the [Utah Power Plant] so that a 
limitation could be established.”42  This is not a valid justification for not evaluating and 
proposing a BACT limit for ammonia.  This is a precursor to PM2.5 that must be addressed by 
UDAQ in its BACT determination for the Unit 4 SCR, as well as the Unit 5 SCR. 
 
F.  BACT for the Utah Power Plant, Tailings Site Service Roads. 
 
 KUC identified the application of water and chemical dust suppressants, limiting 
unnecessary traffic, and routine maintenance as BACT for the service roads at the Tailings 
Site.43 However, neither UDAQ nor KUC specified enforceable measures to ensure the efficacy 
of these controls.  To ensure that these controls actually reduce PM2.5 emissions, a minimum 
water application frequency and chemical dust suppressant application frequency as well as 
minimum application intensities (quantity per area) must be specified as an enforceable 
requirement.  As previously stated, EPA has identified the control efficiency of watering to be 
based on these factors along with the average hourly daytime traffic and the potential average 
hourly daytime evaporation rate for the area.44  UDAQ must specify as enforceable measures 
minimum amounts of water application and chemical dust suppressant application as well as 
identify time between applications, and propose recordkeeping and reporting to ensure 
compliance.  UDAQ must also specify as enforceable requirements the limits for vehicular traffic 
on the roads and how that will be enforced.  In addition, to ensure that watering, application of 
dust suppressants, and/or limiting traffic on roads occurs in a manner to ensure PM2.5 emission 
reductions, a concurrent opacity limit is likely necessary for which compliance can be assessed 
daily or weekly.  With that information, KUC can readily determine whether it is time to rewater, 
or to apply dust suppressants.  Last, it is imperative that recordkeeping and reporting be required 
as part of the BACM/BACT determination. 
 
G.  BACT for the KUC Smelter 
 
 Neither KUC nor UDAQ have proposed any new or upgraded pollution controls as 
BACT for the smelter.  The smelter is a significant source of SO2 emissions.45  Kennecott 
appears to be claiming that because of its unique pollution controls at its copper smelter, it does 
not need to evaluate whether the copper smelter is equipped with BACT controls or propose 
emission limits reflective of BACT.  While it is true that EPA highlighted the Kennecott Copper 
Smelter’s unique process in the 2002 primary copper smelting MACT rulemaking as a 
justification for not considering other copper smelters in the same category of the Kennecott 
copper smelter, that is not justification for not evaluating whether the best available control 
technology is being utilized at all of the emissions sources associated with the smelter. 
 

                                                             
42 Id. 
43 See April 2017 BACT Determinations for Utah Power Plant, Tailings Site, and Laboratory at 3-6.   
44 EPA, Control of Open Fugitive Dust Sources, September 1988, at 3-12, available at 
https://nepis.epa.gov/Exe/ZyPURL.cgi?Dockey=91010T54.TXT. 
45 UDAQ PM2.5 SIP Evaluation Report – Kennecott Utah Copper LLC – Molybdenum Autoclave Process, Refinery 
and Smelter, July 1, 2018, at 4. 
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 For example, there are several scrubbers at the KUC Smelter, but the SO2 removal 
efficacy of those scrubbers is not discussed in KUC’s BACT analysis and thus it is not known 
whether the SO2 removal could be improved by operational changes or scrubber modifications 
or both.  UDAQ must provide more details on the existing controls at the various units of the 
smelter and the pollutant removal efficiency being achieved by those controls.  With that 
information, a more thorough review of whether the smelter truly is meeting BACT can be made.  
If the scrubber can be upgraded to improve SO2 removal efficiencies, UDAQ must conduct such 
an evaluation of such scrubber upgrades as part of the BACT analysis for the smelter.   
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II.  Review of BACT Analyses for the Petroleum Refineries. 
 

There are four oil refineries in the Salt Lake and Provo Serious ozone nonattainment 
areas:  Chevron, Tesoro, Holly Frontier, and Big West.  With a few exceptions, neither UDAQ 
nor the refinery owners have proposed any additional pollution controls or requirements to meet 
BACT at most of the emission units at these refineries.  However, the companies’ justifications 
for not adding new pollution controls to meet BACT are often not adequately justified.  UDAQ 
generally has seemed to accept what has been proposed as BACT by the refineries at face value, 
without ensuring consistency in emissions assumptions and cost effectiveness analyses for 
similar controls at the four refineries.  UDAQ must evaluate and implement BACT for the 
refineries consistently.  Moreover, in some cases, UDAQ has not imposed as restrictive emission 
limits as proposed by the refinery owner in its BACT analysis.  These details are provided below. 
 
A.  SO2 BACT for Heaters, Boilers, and Other Process Units that Utilize Refinery Fuel 
Gas. 
 

Since the bulk of the heaters, boilers, and process units at a refinery use refinery fuel gas, 
the top pollution control technology for SO2 from these units is to optimize sulfur removal from 
the refinery fuel gas.  A PSD permit for the proposed Arizona Clean Fuels Yuma petroleum 
refinery in Arizona provided a detailed analysis of SO2 BACT and required the utilization of 
enhanced sulfur conversion in the sulfur recovery plant to limit refinery fuel gas sulfur content to 
35 parts per million by volume (ppmv) as H2S in a daily average basis.46  In comparison, the 
refineries in the Salt Lake and Provo nonattainment areas have proposed to meet the New Source 
Performance Standard Subpart Ja limits on H2S content of the refinery fuel gas of 60 ppm annual 
average and up to 162 parts per million on a 3-hour average.47  This limit will be met by the use 
of amine contactors to remove sulfur from refinery fuel gas to the maximum extent possible.  To 
ensure the removal of sulfur to the maximum extent possible, the BACT determination for 
Arizona Clean Fuels includes a requirement to minimize emissions that would occur due to 
upsets:  “Specifically, during periods of upset at the Amine Regeneration Unit, the amine 
contactors used to remove hydrogen sulfide from the RFG [refinery fuel gas] streams will 
continue to generate rich amine solution and to deplete the refinery’s supply of lean amine 
solution.  The permit requires that rich amine solution storage capacity and a supply of lean 
amine solution, sufficient to support 24 hours of refinery operation, be maintained 
continuously.”48 
 

This operational requirement to provide for more continuous sulfur content reduction in 
the refinery fuel gas and  to eliminate peaks in SO2 emissions during upsets at the refinery must 
be considered by UDAQ as a BACT option for all of the heaters and process units at the 
refineries in the state’s PM2.5 nonattainment area.  The largest capital expense with such a 
control is the building of amine solution storage capacity – i.e., storage tanks.  Such storage tanks 
can be readily installed.  At a minimum, this operational requirement and storage of rich amine 

                                                             
46 See Technical Support Document and Statement of Basis for Construction of Arizona Clean Fuels Yuma, LLC, 
Petroleum Refinery, Permit Number 40140, September 15, 2006, at 161, 276 (Ex. 3).  
47 40 C.F.R. §60.102(g)(1)(ii).   
48 See Technical Support Document and Statement of Basis for Construction of Arizona Clean Fuels Yuma, LLC, 
Petroleum Refinery, Permit Number 40140, September 15, 2006, at 161 (Ex. 3). 
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solution and a supply of lean amine solution must be evaluated as an SO2 BACT control option 
for refinery heaters and boilers fueled on refinery fuel gas.   
 

Another control option that should have been more thoroughly evaluated is efficiency 
improvements in the amine scrubbing systems at each refinery to improve sulfur removal from 
the refinery fuel gas.  The Minnesota Pollution Control Agency recently issued a PSD permit for 
major modifications at the existing Flint Hills Resources Pine Bend refinery that required such 
controls, and included switching the amine chemical from monoethanolamine (MEA) to 
diglycolamine (DGA) to more efficiently remove sulfur by using less steam for amine 
regeneration.49  They also approved pumping improvements at the upstream hydrotreaters to 
increase amine circulation and improve sulfur removal.50 
 
 Installation of a polishing amine or caustic scrubber also should have been given 
consideration to reduce sulfur in the refinery fuel gas.  Tesoro did not consider such a scrubber as 
technically feasible, not because it was not technically feasible to apply a polishing scrubber 
after the amine unit at the Tesoro Refinery but instead because Tesoro claimed such a scrubber 
could not be designed, installed, and in operation prior to December 31, 2018.51  UDAQ appears 
to accept this argument.52  However, there is no justification to eliminate a control technology as 
technologically infeasible based on a claim that it cannot be installed by December 31, 2018.    
BACM including BACT is only limited by those controls that can be implemented in whole or in 
part within four years after the date of reclassification of a nonattainment area from moderate to 
serious.  For the Salt Lake and Provo Nonattainment areas, the redesignation to serious occurred 
on May 10, 2017,53 and thus four years after that date is May 10, 2021.  While, optimally, BACT 
controls should be implemented by the attainment date December 31, 2019,54  there is nothing in 
the definition of BACT that allows a control to be considered not technically feasible if it cannot 
be implemented until after that date.  In any event, neither Tesoro nor UDAQ have provided any 
justification to document the time to install a polishing amine or caustic scrubber.   
 
 Yet another option that the various refineries should have considered as BACT is 
Merichem’s LO-CAT technology for sulfur recovery.  This technology was recently required for 
the proposed Meridian Davis refinery to be located North Dakota, and the process allows for 
100% turndown in gas flow and has an H2S removal efficiency of 99.9%.55 
 
 Each of these options should have been evaluated to reduce SO2 emissions from the 
refinery heaters and boilers that burn refinery fuel gas in the BACT analyses for the four 

                                                             
49 See Technical Support Document for Air Emissions Permit No. 03700011-101 issued  January 9, 2013 for the 
Flint Hills Resources Pine Bend Refinery at 9 (attached as Ex. 4).  The entire permit and Technical Support 
Document is available at https://www.pca.state.mn.us/sites/default/files/03700011-101-aqpermit.pdf.   
50 Id., Attachment 6, at 4.  
51 April 2017 Tesoro BACT Submittal, Section 5.2.2 at page 42. 
52 July 1, 2018 UDAQ PM2.5 SIP Evaluation Report:  Tesoro Refining & Marketing Company LLC, at 17.   
53 See 40 C.F.R. §51.1000; 82 Fed. Reg. 21711 (May 10, 2017).   
54 82 Fed. Reg. 21712. 
55 See Meridian Energy Group, Inc., Permit to Construct Application, Davis Refinery, at 16, available at 
https://www.deq.nd.gov/aq/notices/meridian/april/davisrefineryptcappapril.pdf and attached as Ex. 5;  Final Permit 
to Construct for the Davis Refinery, available at https://deq.nd.gov/aq/Notices/Meridian/Final/Attach1.pdf and 
attached as Ex. 6.  See also http://www.merichem.com/gas/upstream/natural-gas/lo-cat. 

https://www.pca.state.mn.us/sites/default/files/03700011-101-aqpermit.pdf
https://www.deq.nd.gov/aq/notices/meridian/april/davisrefineryptcappapril.pdf
https://deq.nd.gov/aq/Notices/Meridian/Final/Attach1.pdf
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refineries.  Yet, neither UDAQ nor the refineries in the nonattainment areas gave much if any 
evaluation to any of these measures.  Tesoro did not identify any SO2 controls as technically 
feasible for the process heaters at its refinery, with the exception of “Low H2S content fuel gas” 
which essentially is no control.56  Chevron identified flue gas desulfurization and a wet gas 
scrubber as potential SO2 controls for SO2 emissions from the refinery’s boilers and heaters, but 
then discounted those controls as not technically feasible primarily because it claimed these 
controls had not been required at a refinery boiler to meet BACT.57 Chevron acknowledged that 
the refinery gas sulfur content is dependent upon the efficiency and design parameters of amine 
scrubbers, but did not evaluate any measures to improve the efficiency of the amine scrubbers in 
reducing H2S in the fuel gas.  Holly Frontier also dismissed scrubbers for SO2 control as not 
technically feasible, and while the company considered use of natural gas in lieu of refinery fuel 
gas as a control option, the company ultimately found that refinery fuel gas as currently 
controlled with an amine scrubbing system was BACT.58  Holly Frontier did not even consider 
any measures to improve the efficiency of the amine scrubbing system.  The Big West Refinery 
also proposed as BACT use of refinery fuel gas as currently controlled as BACT, although the 
refinery did find that wet gas scrubbing was technologically feasible but not economically 
feasible.59  Big West Refinery gave no consideration of improvements to the amine scrubbing 
system although it is notable that the Big West Refinery already employs a caustic scrubber to 
treat refinery fuel gas during outages of the sulfur recovery plant60, which would help to limit 
peaks in SO2 emissions during periods of upsets at the refinery.  All of the refineries propose as 
SO2 BACT that they will comply with the H2S limitations of the New Source Performance 
Standards (NSPS) at 40 C.F.R. Part 60, Subpart Ja.  However, the NSPS are supposed to be the 
floor for the BACT analysis – BACT can be no less stringent than the NSPS.  The existence of 
an NSPS limit on H2S content of refinery fuel gas does not mean that all additional measures to 
reduce sulfur in the refinery fuel gas do not need to be evaluated.  The NSPS Subpart Ja limits 
for the refinery fuel gas used at process heaters are an H2S concentration of 162 ppmv on a 3-
hour rolling basis and an H2S concentration of 60 ppmv on a 365-calendar day rolling average 
basis.  40 C.F.R. §60.102(g)(1)(ii).  The Arizona Clean Fuels Yuma plant permit shows that 
additional measures are available to greatly reduce the sulfur content of the refinery fuel gas, 
which would reduce SO2 emissions from all refinery process heaters and boilers that utilize 
refinery fuel gas to meet a sulfur content limit of 35 ppmv on a daily average.  At the minimum, 
such additional measures should have been evaluated as SO2 BACT for process heaters and 
boilers at the four refineries. 
 
  

                                                             
56 Section 5.2.2 of Tesoro’s April 2017 BACT Assessment, at page 42. 
57 See, e.g., April 2017 Chevron BACT analysis for Boilers # F11005 and F11006 at 4-5, BACT analysis for Crude 
Unit Heater F21002 at 4-5. 
58 April 2017 Holly Refining BACT Analyses at 5-1 to 5-4. 
59 April 2017 Big West Refinery BACT Analyses at 7-11, 26-27. 
60 Id. at 15. 
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B.  NOx BACT for Refinery Process Heaters and Boilers. 
 
 NOx BACT for heaters and boilers over 100 MMBtu/hour should be based on the 
application of SCR in combination with ultra-low NOx burners.  The PSD permit application 
submitted for the proposed Arizona Clean Fuels Yuma petroleum refinery in Arizona provided 
an analysis of BACT determinations for refinery heaters and boilers, as well as other emission 
units at refineries.  Based on that analysis, ultra-low NOx burners plus SCR at the larger heaters 
and boilers (greater than 100 MMBtu/hr ) was proposed and ultimately required as BACT for 
NOx at cost effectiveness of up to $23,000 per ton.61 
 
 None of the Utah refineries proposed SCR as BACT for the process heaters and boilers.  
Tesoro found that SCR plus ultra-low NOx burners was not technically feasible for its heaters.  
For two of the heaters, Tesoro stated that there was no space for an SCR reactor.62  For those 
claims to be justified, Tesoro must be required to submit plot plans and diagrams showing the 
lack of space for an SCR reactor, keeping in mind that SCR reactors can be elevated.  For the 
other heaters, Tesoro found the ultra-low NOx burners plus SCR was not technically feasible 
because Tesoro claimed the controls could not be installed by December 31, 2018.63  As 
previously discussed, there is no legal justification to exclude a BACT control as technologically 
infeasible if it cannot be installed by December 31, 2018, nor is there any legal justification that 
all control measures of the serious PM2.5 nonattainment plans have to be implemented by 
December 31, 2018. 
 

In its BACT analysis for its #5 F11005 and #6 F1108 Boilers (both 171 MMBtu/hr 
boilers), crude unit heaters (130 MMBtu/hr), and FCC Regenerator, Chevron found that SCR 
was technically infeasible “due to ammonia slip.”64  Chevron also considered SCR to be 
economically unfeasible for these boilers, which based on Chevron’s calculations, came out at 
$75,000 to $120,000 per ton of NOx removed.65 
 
 Holly Frontier Refinery considered SCR by itself and with ultra-low NOx burners as 
technically feasible controls for its refinery boilers and its mechanically-drafted heaters.66  In 
fact, several of its heaters and boilers are already equipped with SCR, which UDAQ must take 
into consideration when evaluating cost effectiveness of SCR for other refineries.67  Holly 
Frontier evaluated SCR application to other heaters at the plant but, according to UDAQ, the 
company determined that installation of SCR on naturally drafted heaters was not economically 
feasible.68  However, UDAQ failed to present any cost information for those BACT evaluations.  
Holly Frontier stated that the only refinery heater than is mechanically drafted is unit 6H1, a 54.7 

                                                             
61 See September 2008 Class I – Permit Renewal Application, Arizona Clean Fuels Yuma, LLC, ADEQ Permit No. 
40140, at 6-21 to 6-29 (attached as Ex. 8). 
62 April 2017 Tesoro BACT analysis, Section 5.5. 
63 Id. 
64 See April 2017 Chevron BACT analyses for these units. 
65 Id. at 11. 
66 April 2017 Holly Frontier Refinery BACT analysis at 4-17. 
67 Id. at 4-16. 
68 July 1, 2018 UDAQ PM2.5 SIP Evaluation Report:  Holly Refining & Marketing Company – Woods Cross, LLC 
– Holly Refinery, at 11. 
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MMBtu/hr heater, but the company does not appear to have evaluated SCR for application to this 
heater.  UDAQ ‘s BACT evaluation report did not even mention this heater.   
 
 The Big West Refinery’s BACT analysis indicated that SCR was technically feasible for 
certain heaters, but found that SCR was not economically feasible due to costs exceeding 
$10,000/ton.69  However, the cost analysis only provided the incremental cost effectiveness and 
provided no specific details on how the costs were calculated.70  The company found that SCR 
was not technically feasible for heaters with heat input capacities less than 40 MMBtu/hr.71  
UDAQ’s review of BACT found that SCR was technically feasible on three boilers and the crude 
unit heater due to larger size and no space limitations, but then found the cost of SCR was not 
reasonable at $2.0 to $3.8 million per ton of NOx removed.72  That is an extremely high cost 
assessment and, as stated above, according to Big West’s BACT submittal, it reflects the 
incremental cost effectiveness (i.e., does not consider the full reduction in NOx from baseline 
emissions).  Further, no details on the costs or assumed emission rates were provided  to justify 
these cost numbers. 
 
 UDAQ must ensure that the BACT analyses are conducted consistently across the various 
refineries, which is clearly not the case as discussed above.  It is notable that only one company, 
Tesoro, found SCR to be not technically feasible and that claim was based on the time needed to 
install the controls.  Even though that it not a legitimate argument to discount a potential BACT 
control as discussed above, EPA has indicated that it takes 28-58 weeks to install SCR at 
petroleum refinery process heaters.73  Thus, SCR could readily be installed by the attainment 
date of December 31, 2019 for the Salt Lake Serious PM2.5 nonattainment areas.  Regardless, 
the definition of BACM or BACT only limits controls to those which can be installed within four 
years, not by December 31, 2019.74   
 
 With respect to Chevron’s claims that the ammonia slip makes SCR technically 
infeasible, that is not a justification for technical infeasibility.  Technical infeasibility means that 
a control technology cannot be applied to a particular unit.  Given that numerous refinery heaters 
and boilers are equipped with SCR across the U.S., the level of ammonia slip is not a reason to 
discount the control as not technologically feasible.  While ammonia slip can be a concern for 
formation of secondary PM2.5, ammonia slip can be limited by proper design and operation of 
an SCR system.  Further, an important factor to the development of fine particulate matter due to 
ammonia slip from an SCR system is the sulfur in the fuel, because that sulfur tends to form SO3 
and SO4 across the SCR catalyst, which then reacts with ammonia to form PM2.5.  If the sulfur 
content of the refinery fuel gas is properly minimized, then that minimizes the issues with 
secondary PM2.5 development across an SCR.  In the above section, we discuss options for 

                                                             
69 April 2017 Big West Refinery BACT submittal at 8-9. 
70 Id. at Table 4, pages 28-32. 
71 Id. at 10, 11-12. 
72 July 1, 2018 PM2.5 SIP Evaluation Report:  Big West Oil, LLC, at 14. 
73 See U.S. EPA, November 2015 Technical Support Document for the Cross-State Air Pollution Rule for the 2008 
Ozone NAAQS, Docket ID No. EPA-HQ-OAR-2015-0500, Assessment of Non-EGU NOx Emission Controls, Cost 
of Controls, and Time for Compliance, at 12, available at https://www.epa.gov/sites/production/files/2015-
11/documents/assessment_of_non-egu_nox_emission_controls_and_appendices_a_b.pdf and attached as Ex. 7. 
74 40 C.F.R. §51.1000. 

https://www.epa.gov/sites/production/files/2015-11/documents/assessment_of_non-egu_nox_emission_controls_and_appendices_a_b.pdf
https://www.epa.gov/sites/production/files/2015-11/documents/assessment_of_non-egu_nox_emission_controls_and_appendices_a_b.pdf
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improving the efficiency of the amine scrubber and for providing for continuous minimization of 
SO2 in the refinery fuel gas.   
 
 With respect to claims about economic infeasibility, UDAQ must ensure that SCR cost 
analyses comply with EPA’s Control Cost Manual and EPA’s guidance on BACT 
determinations.  For example, Chevron assumed a 10% interest rate and a 20 year life in 
amortizing capital costs of SCR.75  A 25-year life of an SCR for a refinery boiler is more 
appropriate76 and EPA’s Control Cost Manual assumes an interest rate of 7%.77  Had Chevron 
assumed a 25 year life and a 7% interest rate, the annualized costs would be much lower.  In 
addition, Chevron included the costs of installing CEMs in the capital costs of an SCR system, 
for which there is no justification.  Moreover, Chevron has not documented or justified the 
boilers’ baseline NOx emissions and emission reductions.  Chevron claimed emissions in 2015 
were 9.60 tons per year (tpy) at Boiler #5 and 12.20 tpy at Boiler #6 based on 2015 emissions.  
These low emission rates may be reflective of a low level of operation of these boilers.  Chevron 
plans to decommission three boilers in 201878 and thus Boilers #4 and 5 may be operated more 
in the future.  Thus, the assumed baseline NOx emissions of Boilers #4 and #5 are likely 
understated because the boilers will likely operate more frequently once the three boilers are 
decommissioned in 2018, which would make SCR more cost effective.  Further, the effect of 
existing controls are not typically taken into account in a BACT cost effectiveness analysis.  
Instead, BACT is based on essentially uncontrolled emissions, calculated using a “realistic 
scenario of upper boundary uncontrolled emissions.”79   
 

Chevron also assumed 90% control with SCR, which is the minimum NOx reduction that 
can be achieved with SCR.  Current SCR systems can achieve greater than 90% NOx removal 
and NOx emission levels less than 5ppmv or 0.006 lb/MMBtu.  EPA has indicated that SCR at 
refinery heaters can achieve 95% NOx reduction.80  In the BACT analyses, the Utah refineries 
must be required to evaluate the maximum emission reduction achievable with each control 
technology evaluated.  It is also important to note that the Arizona Clean Fuels Yuma permit 
imposed SCR installations as BACT at costs as high as $24,000 per ton of NOx removed.81  Per 
EPA’s New Source Review Workshop Manual, if other similar sources have incurred similar 
costs for pollution control, then the costs are considered reasonable unless there is a unique 
aspect to the source in question which must be documented.82  The Holly Frontier Refinery has 
installed or plans to install SCR at some of its boilers and heaters, as discussed above and in the 
company’s BACT submittal.  Thus, other similar sources have found it cost effective to install 
SCR at refinery heaters and boilers. 

                                                             
75 See, e.g., April 2017 Chevron BACT Submittal for Boiler #5 F11005 and Boiler #6 F11006 at 10. 
76 EPA’s Control Cost Manual, Chapter 2 at 2-78. 
77 Id., footnote 29. 
78 See, e.g., April 2017 Chevron BACT Submittal for Boiler #1 F11001, #2 F11002, and Boiler #5 F11005 at 6. 
79 U.S. EPA, October 1990 New Source Review Workshop Manual, at B.37 
80 See U.S. EPA, November 2015 Technical Support Document for the Cross-State Air Pollution Rule for the 2008 
Ozone NAAQS, Docket ID No. EPA-HQ-OAR-2015-0500, Assessment of Non-EGU NOx Emission Controls, Cost 
of Controls, and Time for Compliance, at 12, available at https://www.epa.gov/sites/production/files/2015-
11/documents/assessment_of_non-egu_nox_emission_controls_and_appendices_a_b.pdf and attached as Ex. 7. 
81 See September 2008 Class I – Permit Renewal Application, Arizona Clean Fuels Yuma, LLC, ADEQ Permit No. 
40140, at 6-21 to 6-29, attached as Ex. 8. 
82 U.S. EPA, October 1990 New Source Review Workshop Manual, at B.31. 

https://www.epa.gov/sites/production/files/2015-11/documents/assessment_of_non-egu_nox_emission_controls_and_appendices_a_b.pdf
https://www.epa.gov/sites/production/files/2015-11/documents/assessment_of_non-egu_nox_emission_controls_and_appendices_a_b.pdf
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 While the Big West Refinery also claimed SCR was not cost effective, it did not provide 
the details of its cost effectiveness analyses to know whether the analyses comport with EPA’s 
Control Cost Manual and EPA’s New Source Review Workshop Manual.  UDAQ must require 
each company claiming economic infeasibility of a pollution control provide the details of its 
cost effectiveness analysis for review. Again, given that other similar sources have found it cost 
effective to install SCR, Chevron and Big West must be required to install SCR as BACT unless 
the companies can adequately demonstrate that specific conditions at their refinery heaters and 
boilers sufficiently justify not requiring the NOx BACT control that other similar sources have 
installed at their refinery heaters and boilers. 
 
 In summary, SCR should have been more thoroughly evaluated as BACT for NOx at all 
of the process heaters and boilers of the four refineries in the Utah serious PM2.5 nonattainment 
areas.  There is not adequate legal or technical justification to exclude SCR from analysis based 
on time to install the control or based on ammonia slip.  In addition, SCR costs should be 
determined in a manner consistent with EPA’s Control Cost Manual and with EPA’s New 
Source Review Workshop Manual.  Further, the bases for the cost analysis must be documented, 
so that UDAQ and the public can review and evaluate the cost data associated with the controls.  
UDAQ has failed to ensure (or provide assurances) that all cost analyses of SCR for process 
heaters at the refineries were based on EPA’s Control Cost Manual.  Absent unit-specific 
justification for excluding SCR as a BACT control, SCR should be considered BACT for all 
process heaters and boilers with capacity of 100 MMBtu/hour heat input or greater, based on the 
fact that similar units at refineries have installed such controls. 
 
C.  BACT for the Fluidized Catalytic Cracking Units (FCCUs) 
 
 A review of the EPA’s RACT/BACT/LAER Clearinghouse and other BACT databases 
shows that the lowest BACT emission limits for FCCUs for SO2, NOx, and PM2.5 are based on 
the controls of wet gas scrubbers and Lo-TOx systems.  Tesoro has proposed as NOx BACT for 
its FCCU a Lo-TOx unit with emission limits of 10 ppmvd  at 0% O2 on a 365-day rolling 
average, and 20 ppmvd  at 0% O2 on a 7-day rolling average.83  Tesoro has also proposed a Wet 
Gas Scrubber for SO2 BACT to meet SO2 emission limits of 10 ppmvd  at 0% O2 on a 365-day 
rolling average, and 18 ppmvd  at 0% O2 on a 7-day rolling average.84  In addition, Tesoro has 
proposed PM2.5 BACT be based on its existing ESP with a downstream wet gas scrubber, 
although Tesoro claimed the emission limit would be determined through testing.85  These limits 
are lower than what are listed in EPA’s RACT/BACT/LAER Clearinghouse, although it must be 
noted that the Clearinghouse is often not up to date with the most recent BACT determinations.  
Indeed, NOx emission rates as low or lower than 10 ppmvd  have been achieved in practice with 
Lo-TOx at other FCCUs.86  However, inexplicably, UDAQ did not impose either of Tesoro’s 
proposed NOx or SO2 emission limits in its proposed BACT determination for the FCCU at 
                                                             
83 April  2017 Tesoro BACT submittal at Section 4.3..5. 
84 Id. at Section 4.2.5. 
85 Id. at 4.1.5.  Note that Tesoro has stated the proposed PM2.5 emissions limit will be based on testing once the wet 
gas scrubber has been installed. 
86 See Lo TOx technology demonstration at Marathon Ashland Petroleum LLC’s Refinery in Texas City, March 
2004, available at 
http://www.digitalrefining.com/article/1000813,LoTOx_technology_demonstration_at_Marathon_Ashland_Petroleu
m_LLC___s_Refinery_In_Texas_City.html. 

http://www.digitalrefining.com/article/1000813,LoTOx_technology_demonstration_at_Marathon_Ashland_Petroleum_LLC___s_Refinery_In_Texas_City.html
http://www.digitalrefining.com/article/1000813,LoTOx_technology_demonstration_at_Marathon_Ashland_Petroleum_LLC___s_Refinery_In_Texas_City.html
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Tesoro.  Instead, UDAQ simply referred to the NSPS limits of 40 C.F.R. Part 60, subpart Ja and 
the plantwide SO2 and NOx emissions limits that apply on a ton per day and tons per rolling 12-
month period.87  UDAQ has not provided any demonstration that these plantwide limits represent 
BACT for the FCCU at Tesoro.  Given that Tesoro has proposed SO2 and NOx BACT limits for 
the FCCU that are much more restrictive than the NSPS Subpart Ja, UDAQ should have imposed 
those FCCU limits as BACT.  
 
   Holly Frontier Refinery has also proposed the same pollution controls as Tesoro to meet 
BACT at its FCCU, which are apparently required by a Consent Decree.88  However, Holly 
Frontier has not proposed as stringent NOx and SO2 limits as BACT, proposing NOx limits of  
40 ppm based on a 365-day rolling average and 80 ppm based on a 7-day rolling average.  Holly 
Frontier also proposed less stringent SO2 BACT limits than Tesoro, proposing SO2 limits of 25 
ppmvd at 0% O2 based on a 365-day rolling average and 50 ppmvd at 0% O2 based on a 7-day 
rolling average.  These are the NSPS Subpart Ja emission limits.  Holly Frontier has not 
explained why it could not meet the lower limits proposed by Tesoro.  And UDAQ simply 
proposed the NSPS Subpart Ja limits and the existing daily plantwide emission cap limits as 
BACT with no further evaluation of whether lower emission limits were achievable.89  UDAQ 
must require Holly Frontier to evaluate the lowest emission rates that can be achieved with 
pollution controls to meet BACT.  Holly Frontier has also proposed to use a wet gas scrubber for 
PM2.5 controls from the FCCUs, and has proposed PM10 emission limits of 0.5 lb per1000 
pounds of coke burn-off for Unit 4 and 0.3 lb per 1000 pounds of coke burn-off for Unit 25.90 It 
appears UDAQ ignored those proposed limits.  These limits could be used as starting points for 
the PM2.5 BACT limits for the FCCU at Tesoro which will be equipped with both an ESP and a 
wet gas scrubber (and thus should achieve even lower PM2.5 emission rates due to the 
combination of controls).  UDAQ must conduct such a PM2.5 BACT evaluation for Tesoro 
based on Holly Frontier’s proposed BACT determination. 
 
 Big West Refinery found that a wet gas scrubber was not feasible due to insufficient 
space.91  UDAQ appears to agree with this claim.92  Big West did not identify Lo-TOx as a NOx 
control, and the company determined there was not enough space for its top-ranked NOx control 
of SCR.93  For any arguments regarding lack of space, UDAQ must ensure that that plot plans, 
photographs, and measurements justify the exclusion of a control due to lack of space.  Many 
pollution controls have options available for space-constrained retrofits.  For example, Hamon 
claims its Exxon Mobil wet gas scrubbing system is a compact system (about one-third smaller 
than other wet gas scrubbers), that it can be located anywhere including over a road, and that 
there is only one vessel which is an upflow vessel so the stack can be mounted above the 
vessel.94  With a wet gas scrubber, a Lo-TOx system for NOx control could be added relatively 
easily, and Big West could be meeting BACT-level emission limits for SO2, NOx, and PM2.5.  

                                                             
87 July 1, 2018 PM2.5 SIP Evaluation Report:  Tesoro Refining & Marketing Company LLC, at 7, 8, and 11. 
88 April 2017 Holly Frontier Refinery BACT Submittal at 4-29 and 5-16. 
89 July 1, 2018 PM2.5 SIP Evaluation Report:  Holly Refining & Marketing Company – Woods Cross, LLC – Holly 
Refinery, at 20-21. 
90 Id. at 6-14. 
91 April 2017 Big West Refinery BACT Analysis at 5. 
92 July 1, 2018 PM2.5 SIP Evaluation Report:  Big West Oil, LLC, at 7-8. 
93 Id. at 6. 
94 See https://www.environmental-expert.com/products/hamon-wet-gas-scrubbers-85424#collapse-181606. 
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UDAQ must require Big West to more comprehensively evaluate whether it could install a wet 
gas scrubber, particularly a more compact scrubber such as the Exxon Mobil gas scrubber.  Big 
West must ensure it has examined all possible locations for the installation of a wet gas scrubber 
before discounting it as a BACT option. 
 
 Chevron evaluated the cost effectiveness of a wet gas scrubber for its FCCU but assumed 
that no further reductions in SO2 and  NOx could be achieved with a wet gas scrubber.  This was 
based on its claimed actual SO2 emission rate in 2015 from the FCCU of 12 ppm.95  Similarly, 
while Chevron evaluated the cost effectiveness of SCR and Lo-TOx for its FCCU, Chevron 
assumed much higher NOx limits would apply with these controls than has been require as 
BACT and claimed that neither of these controls would reduce NOx below Chevron’s 2015 
actual NOx rate of 26 ppm.96  UDAQ seems to have concurred with this cost analysis, without 
evaluating the details of the assumed level of control of  SO2 and NOx.97  While Chevron did 
not claim that a wet gas scrubber would not reduce PM2.5 emissions at its FCCU, it relied on 
emissions from one stack test for defining baseline PM2.5 emissions in its cost analysis which 
reflects the effect of its ESP.98   
 

There are several deficiencies in Chevron’s BACT analysis.  It must first be noted that in 
a cost effectiveness analysis for determining BACT, EPA guidance requires that the baseline 
emissions must reflect “a realistic scenario of upper boundary uncontrolled emissions for the 
source” and that “[t]he NSPS/NESHAP requirements or the application of controls, including the 
other controls necessary to comply with State or local air pollution regulations, are not 
considered in calculating baseline emissions.”99  For SO2, NOx, and PM2.5  reductions, actual 
emissions at Chevron’s FCCU don’t reflect uncontrolled emissions because Chevron is using 
SO2 reducing additives, feedstock hydro treatment, and an ESP to control emissions of these  
pollutants.100  Further, it is not appropriate for baseline emissions to be based on a one time stack 
test of emissions during a year or for baseline to be based on an average emission rate.  Instead, 
baseline emissions should be based on a realistic upper bound level of operations.101   
 
 Further, Chevron failed to evaluate the maximum degree of emission reduction and 
lowest emission rate that could be achieved with a wet gas scrubber and Lo-TOx.  Chevron 
assumed 12 ppm of SO2 and 26 ppm of NOx are the lowest rates that could be achieved with a 
wet gas scrubber and Lo-TOx, when lower emission rates can be achieved.  As discussed above, 
Tesoro has proposed an SO2  limit of 10 ppm with these controls at its FCCU, and NOx 
emissions of 10 ppm have been demonstrated in practice with Lo-TOx at FCCUs.   
 
 Moreover, given how Lo-TOx is designed to work in a wet gas scrubber and that this 
control reduces SO2, NOx, and PM2.5 emissions, it makes most sense to evaluate the cost 
effectiveness of these controls for all three pollutants together.  While Chevron evaluated the 
costs of Lo-TOx plus a wet gas scrubber together, it was evaluated from a dollar per ton basis 
                                                             
95 April 2017 Chevron BACT Analysis for FCCU at 7. 
96 April 2017 Big West Refinery BACT Analysis at 11-12. 
97 July 1, 2018 PM2.5 SIP Evaluation Report:  Chevron Products Company – Salt Lake Refinery, at 13 and 15. 
98 Id. at 3. 
99 U.S. EPA, October 1990 New Source Review Workshop Manual, at B.37. 
100 April 2017 Chevron BACT Submittal for FCCE at 7 and 11. 
101 U.S. EPA, October 1990 New Source Review Workshop Manual, at B.38. 
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only for NOx emissions.  Because Chevron assumed no NOx emission reductions with these 
controls, the cost effectiveness was essentially equivalent to the annualized cost of these 
controls.102  These annualized costs of these multi-pollutant pollution controls should have been 
evaluated together and divided by the sum total of the SO2, NOx, and PM2.5 emission 
reductions that these pollution controls are capable of achieving.   
 
 Chevron also greatly overstated annualized costs of control with a wet gas scrubber and 
Lo-TOx.  First, inexplicably, the capital costs for a wet gas scrubber in Chevron’s analysis of Lo-
TOx plus Wet Gas Scrubber is about 14% higher than Chevron’s cost analysis of a Wet Gas 
Scrubber by itself.103  It is not clear why the capital costs of a new wet gas scrubber would be 
different with or without Lo-TOx.  The Low-TOx company Linde claims its Lo-TOx solution 
can work with existing pollution controls and claims Lo-TOx is a “turnkey solution.”104  It is 
simply an “end-of-pipe system that removes NOx by adding ozone” which then enables capture 
of oxidized NOx compounds in air pollution controls like a wet gas scrubber.105  So, while there 
would be an expense of an ozone generator, the wet gas scrubber would be the same design and 
cost whether installed by itself or with Lo-TOx.  There are numerous other costs in Chevron’s 
analysis that are based on a percentage of the capital costs, and these costs in the Lo-TOx plus 
wet gas scrubber analysis were thus inflated because of the increased wet gas scrubber cost 
assumed by Chevron.  These increased costs included freight, sales tax, foundations, 
construction, instrumentation, electrical, piping, insulation, painting, engineering, construction, 
contractor fees, start-up, performance test, and contingencies.106  Chevron’s unjustified 
assumption that the scrubber for the control configuration of wet gas scrubber with Lo-TOx 
would be more expensive than the wet gas scrubber by itself means that Chevron’s cost analysis 
for Lo-TOx plus wet gas scrubber are overstated. 
 
 Chevron also greatly overstated annualized cost by assuming a 10% interest rate to 
annualize capital costs.  EPA’s Control Cost Manual assumes an interest rate of 7% for 
annualizing costs of controls, which is much lower than Chevron’s assumed 10% interest rate.107  
Had Chevron assumed a 7% interest rate, the annualized costs would be much lower.   
 
 In addition to providing for optimized NOx control with Lo-TOx and for significantly 
improved SO2 control, a wet gas scrubber also will achieve greater control of PM2.5 than the 
existing ESP at Chevron’s FCCU, a fact which Chevron stated.108 
  

In summary, Chevron failed to adequately evaluate a wet gas scrubber plus Lo-TOx for 
SO2, NOx, and PM2.5 emission reductions at the FCCU, and UDAQ appears to have taken 
Chevron’s analysis at face value and concurred with Chevron’s findings.  Given that Tesoro and 
Holly Frontier Refining have proposed this control as BACT for SO2, NOx and PM2.5, UDAQ 
must require that Chevron adequately show that operations are different at its refinery and FCCU  
                                                             
102 April 2017 Chevron BACT Submittal for FCCE at 15. 
103 Id. at 8 and 15. 
104 See Linde’s informational website on Lo-TOx, available at http://www.linde-
gas.com/en/products_and_supply/emissions_solutions/lotox/index.html. 
105 Id. 
106 April 2017 Chevron BACT Submittal for FCCE at 15. 
107 EPA’s Control Cost Manual at 1-52. 
108 April 2017 Chevron BACT submittal for FCCU at 2-3. 
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compared to the Tesoro and Holly Frontier to justify not requiring these highly effective 
pollution controls to meet BACT.  Without such a demonstration, these controls of Lo-TOx plus 
a wet gas scrubber must be required at Chevron’s FCCU for NOx, SO2, and PM2.5 BACT. 
 
D.  BACT for Flaring. 
 
 UDAQ has proposed as BACT for flaring operations at the refineries the NSPS Subpart 
Ja requirements and a design limit on the quantity of gases that are flared per year.109  UDAQ 
should also impose the requirements of the refinery MACT standards at 40 C.F.R. 63.670 and 
63.671 which are designed to limit emissions from flaring.  Specifically, those requirements 
include among other things: 
 

• A requirement of a continuous pilot flame when regulated material is routed to the flare 
and pilot flame monitoring 

• A requirement to operate with no visible emissions and visible emissions monitoring 
• Flare tip velocity requirements 
• Combustion zone operating limits 
• Dilution operating limits for flares with perimeter assist air 
• Operation of a continuous particulate monitoring system 

 
The requirements of 40 C.F.R. 63.670 and 63.671 will help minimize PM2.5 and PM2.5 
precursor emissions from flaring operations and will provide data to better characterize 
emissions from flaring operations. 
 
 
  

                                                             
109 Draft Section IX. Part H. of Utah SIP. 
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III.  Review of the BACT Analyses for the West Valley Power Plant  
 

The Utah Municipal Power Agency’s (UMPA) West Valley Power Plant consists of  five 
natural gas-fired simply cycle turbines, each with an output rated at 43.4 MW.110  The turbines 
are equipped with water injection, evaporative spray mist inlet air cooling, SCR, and CO 
oxidation catalyst for pollution controls.111  The BACT analysis for the West Valley Power Plant 
claims the turbines achieve NOx emissions of 5 ppmvd @ 15% oxygen.112  This does not reflect 
NOx BACT for simple cycle turbines.  The West Valley BACT analysis claims the lowest NOx 
rate for simple cycle turbines in the RACT/BACT/LAER Clearinghouse is 2.5 ppmvd on a 1-
hour basis.113  However, the lowest NOx rate for combustion turbines in the 
RACT/BACT/LAER Clearinghouse is actually 2.0 ppmvd at 15% oxygen, 1-hour average to be 
achieved with SCR.114  While this was a lowest achievable emission rate (LAER) determination, 
that does not negate such a limit for consideration as BACT.  UMPA must be required to 
evaluate the top level of NOx  control in its BACT analysis, including a 2.0 ppmvd limit. 
 

UMPA’s cost analysis for improved NOx controls to achieve a limit of 2.5 ppmvd is also 
flawed for numerous reasons, in addition to failing to evaluate the lowest achievable NOx 
emission rate.  Importantly, the effect of existing controls are not typically taken into account in 
a BACT cost effectiveness analysis.  Instead, BACT is based on essentially uncontrolled 
emissions, calculated using a “realistic scenario of upper boundary uncontrolled emissions.”115  
In the case of the West Valley units, UMPA’s BACT analysis indicates that the existing SCR 
catalyst would likely need to be replaced if it was not designed to achieve 2.5 ppm NOx which 
reflects about 90% NOx control.116   Had UMPA evaluated NOx BACT cost effectiveness based 
on uncontrolled emissions, the costs would have very reasonable.  Specifically, assuming an 
uncontrolled NOx rate of 25 ppmvd117, that means the currently operated SCR catalyst at the 
West Valley units is achieving 80% NOx control (assuming the units are achieving 5 ppmvd).  
Thus, uncontrolled NOx emissions in lb/hr would be 37.0 lb/hr and SCR catalyst to achieve 2.5 
ppmvd or 3.7 lb/hr118 would result in a reduction of 33.3 lb/hr.  Assuming on average 700 hours 
of operation per year per unit based on UMPA’s claimed level of operations119, the reduction in 
NOx per year would be 11.7 tons per year per unit.  Using UMPA’s annualized cost estimates of 
$41,580 per year for new SCR catalyst at each unit120, the cost effectiveness of installing new 
SCR catalyst based on the reduction from uncontrolled emissions to achieve 2.5 ppmvd would be  
approximately $3600/ton.  Such costs are within the range that has been deemed reasonable for 
such controls at electrical generating units (EGUs). 
 
                                                             
110 April 2017 PM2.5 Serious Nonattainment SIP BACM Analysis, Utah Municipal Power Agency, West Valley, 
Utah, at 2-1. 
111 Id. 
112 Id. at 3-3. 
113 Id. 
114 See RBLC ID CA-0997. 
115 U.S. EPA, October 1990 New Source Review Workshop Manual, at B.37. 
116 April 2017 PM2.5 Serious Nonattainment SIP BACM Analysis, Utah Municipal Power Agency, West Valley, 
Utah, at 3-5. 
117 Id. 
118 Id. at 3-6. 
119 Id. at 3-5. 
120 Id. 
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Even if it were appropriate to take into account the current controlled NOx rate with SCR 
catalyst at the West Valley units, UMPA did not provide an indication of the West Valley units’ 
hourly NOx emission rate to compare with the 2.5 ppmvd hourly emission rate that UMPA 
evaluated as BACT.  The West Valley units are currently subject to a 5.0 ppmvd NOx rate based 
on a 30-day rolling average not including startup and shutdown.121  However, under a 30-day 
average emission limit, hourly emissions can fluctuate widely above 5.0 ppmvd and the unit can 
still show compliance with a 30-day average emission limit.   
 

Another flaw in UMPA’s SCR catalyst cost analysis was that emissions reductions were 
projected based on a historically low level of operation of each unit.  Based on data submitted to 
EPA’s Air Markets Program Database, the years 2014-2015 used by UMPA122 were the years of 
lowest hours of operation for Units 1-3 and very close to the lowest hours of operation for Units 
4 and 5.  Out of the past five years (2012-2016), the West Valley units have operated at 
essentially two levels of operating hours:  4,000-6,000 hours in 2012-2013, and 500-800 in 2014-
2016.  In 2017, Units 2-5 significantly exceeded the 500-800 operating hour range, with Units 2-
4 operating at about 1200 hours and Unit 5 operating 965 hours.  Based on the operations the 
first three months of 2018, each unit is on track to operate about 1000 hours per year or so.  
Thus, UMPA’s BACT cost analysis appears to be based on an unreasonably low level of 
operation, which would artificially inflate the cost effectiveness values of all pollution controls 
evaluated because an assumed lower hours of operation would equate to less tons per year of 
NOx removed (and higher cost effectiveness values).  Given that cost analyses are required to be 
based on a “realistic scenario of upper boundary uncontrolled emissions,”123 using a lower 
boundary of assumed operating hours is inconsistent with the EPA’s New Source Review 
Workshop Manual. 
 

In addition, UMPA’s cost analysis to achieve a NOx limit of 2.5 ppmvd is not adequately 
supported, nor were all options adequately evaluated.  First, the vendors that UMPA requested 
quotes from gave a wide range of SCR catalyst costs of $300,000 to $600,000 and indicated that 
a “detailed and comprehensive technical analysis of the existing turbines and existing SCR 
system would be necessary.”124  Indeed, one vendor indicated that the current catalyst “may be 
able to meet the NOx outlet of 2.5 ppm and NH3 [ammonia] at 5 ppm but it would reduce the 
service life of the catalyst from 30,000 hrs to 20,000 hrs.”125  This indicates that UMPA may not 
even need to replace the existing SCR catalyst to achieve lower NOx rates, which would greatly 
reduce the capital costs of control.  Yet, UMPA did not provide a lower end cost estimate 
reflective of this scenario. 
 

Further, in determining cost effectiveness to replace the existing catalyst with a new 
catalyst, UMPA assumed a catalyst life of only 10 years.126  As indicated in an email from 
Haldor-Topsoe, a typical catalyst life is 30,000 hours, which may be reduced to 20,000 hours if 

                                                             
121 Section II.B.2.e. of West Valley Title V Operating Permit Number 3500527003. 
122 Id. at 3-5. 
123 U.S. EPA, October 1990 New Source Review Workshop Manual, at B.37. 
124 April 2017 PM2.5 Serious Nonattainment SIP BACM Analysis, Utah Municipal Power Agency, West Valley, 
Utah, at 3-5. 
125 Id. at Appendix A, page A-3. 
126 Id. at 3-5. 
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the current catalyst installed at the West Valley units was used to achieve 2.5 ppmvd.127  Given 
that UMPA assumed the West Valley units only operate 500-700 hours per year128, if a new 
catalyst is installed with a 30,000 hour life, it should last 40 – 60 years.  Even if UMPA assumed 
operating hours of each unit of 1,400 per year (which is double what the units operated at in the 
first half of 2017), the life of the catalyst would be 21 – 22 years.  Assuming a longer life of the 
catalyst that reflects how UMPA intends to operate the units would result in lower annualized 
costs of SCR catalyst. 
 

In summary, UMPA’s NOx BACT analysis did not evaluate the lowest achievable NOx 
emission rate for similar sources of 2.0 ppmvd, did not evaluate emission reductions from 
uncontrolled emission rates, did not use a reasonable level of operating hours reflective of upper 
boundary operations, and did not adequately evaluate the costs for meeting lower NOx rates at 
the West Valley units.  As indicated in UMPA’s BACT submittal, there are several examples of 
gas-fired turbines meeting NOx rates lower than the 5 ppmvd achieved at the West Valley units, 
and it is very likely that a properly performed BACT cost analysis would show SCR catalyst to 
achieve lower NOx emission rates at 2.0 to 2.5 ppmvd is cost effective. 

 
UDAQ did not question any of these assumptions in UMPA’s BACT analysis and 

concurred with UMPA’s analysis that SCR to meet a lower NOx rate of 2.5 ppmdv was not 
economically feasible.129  For all of the reasons discussed above, UMPA’s NOx BACT analysis 
is flawed.  UDAQ must conduct a more thorough evaluation of NOx BACT for the West Valley 
units taking into account the issues discussed above. 
  
  

                                                             
127 Id. at Appendix A, page A-3. 
128 Id. at 3-5. 
129 July 1, 2018 PM2.5 SIP Evaluation Report:  Utah Municipal Power Association – West Valley Power Plant, at 9-
12. 
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IV.  Review of the BACT Analyses for the Gadsby Power Plant 
 
Review of BACT for Units #4, 5, and 6 
 
 Gadsby Units #4, 5, and 6 are 43.5 MW simple cycle, natural gas-fired combustion 
turbines equipped with water injection and SCR for NOx and CO oxidation catalyst.130  These 
units are thus very similar to the West Valley units described above. 
 
 PacifiCorp has proposed as BACT a continuation of the current controls to meet a NOx 
limit of 5 ppmvd at 15% oxygen on a 30-day rolling average.131   As discussed above in the 
comments on the West Valley Power Plant BACT analysis, the lowest NOx rate for combustion 
turbines in the RBLC is actually 2.0 ppmvd at 15% oxygen, 1-hour average to be achieved with 
SCR.132   The Gadsby BACT analysis claims the lowest NOx rate for simple cycle turbines in the 
RACT/BACT/LAER Clearinghouse is 2.5 ppmvd on a 1-hour basis.133  These limits were 
imposed for the same NOx controls as employed as Gadsby Units #4, 5 and 6.  Despite the fact 
that significantly lower limits have been required as BACT at similar sources, PacifiCorp did not 
conduct any evaluation of BACT to achieve a 2.0 to 2.5 ppmvd limit.  Thus, PacifiCorp did not 
submit a proper evaluation of NOx BACT for the Gadsby Units #4, 5, and 6. There are several 
examples of gas-fired turbines meeting lower NOx rates than the 5 ppmvd achieved at the 
Gadsby Units #4, 5, and 6 as indicated in PacifiCorp’s BACT submittal, and it is very likely that 
a properly performed BACT cost analysis would show SCR catalyst to achieve lower NOx 
emission rates at 2.0 to 2.5 ppmvd was cost effective for these Gadsby units.  
 
 Although UDAQ’s BACT evaluation provides some information on NOx BACT controls 
for Units #4, 5, and 6, UDAQ did not conduct a cost analysis for upgraded NOx BACT controls 
to meet lower emission limits nor did UDAQ require any such analysis of PacifiCorp.134  UDAQ 
simply states “[r]etention of the existing SCR and water/steam injection systems for each of the 
three [combustion turbines] is recommended as BACT to control NOx emissions.”135  UDAQ 
must conduct a proper evaluation of NOx BACT for Gadsby Units #4, 5, and 6 to properly 
evaluate if lower NOx limits could be achieved to meet BACT. 
 
  

                                                             
130 April 2017 BACT Analysis for Gadsby Power Plant at 1, 2-1. 
131 Id. at 4-6. 
132 RBLC ID CA-0997. 
133 April 2017 BACT Analysis for Gadsby Power Plant at 4-5. 
134 July 1, 2018 PM2.5 SIP Evaluation Report:  PacifiCorp Energy – Gadsby Power Plant, at 20-22. 
135 April 2017 BACT Analysis for Gadsby Power Plant at 22. 
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Review of BACT for Gadsby Units # 1, 2, and 3 
 
 Gadsby Units # 1, 2, and 3 are natural gas-fired utility boilers.  Units 1 and 2 are 
equipped with low NOx burners and are rates at 65 MW and 80 MW, respectively.136  Unit 3 is 
equipped with flue gas recirculation (FGR) and is rated at 105 MW.137  Each boiler is allowed to 
use fuel oil as a backup fuel during natural gas curtailments.   
 
 PacifiCorp provided cost effectiveness analyses for upgrading Units #1 and 2 with FGR, 
for upgrading Unit #3 with low NOx burners, and also for the add-on controls of SCR and 
SNCR.  There are several deficiencies with PacifiCorp’s cost analysis.  First, PacifiCorp applied 
unreasonable capital recovery factors in determining annualized capital costs of control.  
Specifically, PacifiCorp assumed an equipment life of all of the various controls of only 10 
years.  For utility boilers, EPA has consistently applied an equipment lifetime for these types of 
controls of 30 years unless the source was subject to an enforceable requirement to shut down 
earlier.  It must be noted that the EPA Cost Model used by PacifiCorp clearly indicates that the 
equipment life should be at least 30 years for a utility boiler.138  In addition, for the SCR and 
SNCR cost evaluations, PacifiCorp assumed an interest rate of 7% which was consistent with 
EPA’s Control Cost Manual.  However, for its cost evaluation of FGR and low NOx burners, 
PacifiCorp assumed a higher interest rate of 10%.139  There is no justification for use of such a 
high interest rate.  EPA’s Control Cost Manual specifies an interest rate of 7% which is 
commonly used in cost effectiveness analyses.  Had PacifiCorp determined annualized capital 
costs based on a 30-year life of the pollution controls and a 7% interest rate, the total annual 
costs would have been much lower.   
 

PacifiCorp also assumed controlled NOx rates for the various controls evaluated that are 
higher than have been actually achieved in practice, which resulted in a minimization of the tons 
of pollutant reduced per year, artificially inflating the cost effectiveness values.  PacifiCorp also 
failed to document and justify the controlled emission rates with the addition of FGR at Units #1 
and #2 and with the addition of low NOx burners at Unit #3.  For the evaluation of FGR at Units 
#1 and #2 that are already equipped with low NOx burners, PacifiCorp only assumed a 
controlled emission rate of 0.10 lb/MMBtu. However, for the evaluation of the addition of low 
NOx burners at Unit #3 that is already equipped with FGR, PacifiCorp assumed a controlled 
NOx rate of 0.05 lb/MMBtu.140  PacifiCorp provided no explanation why Units #1 and 2 could 
not achieve emission rates as low as projected for Unit #3 with the same pollution controls of 
low NOx burners plus FGR.  Moreover, a review of the NOx limits with low NOx burners 
required in the RACT/BACT/LAER Clearinghouse presented in PacifiCorp’s BACT analysis 
shows that much lower NOx rates than 0.05 lb/MMBtu have been required as BACT for the 
controls of low NOx burners and FGR.  For example, the Georgia Pacific Breton facility is 
subject to a 0.02 lb/MMBtu NOx limit, the Iowa Fertilizer Company is subject to a 0.0125 
lb/MMBtu limit, and the Green River Soda Ash Company is subject to a 0.011 lb/MMBtu limit, 

                                                             
136 Id. at 4-7. 
137 Id. 
138 Id. 
139 Id., Appendix A. 
140 Id., Appendix A. 
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with NOx BACT for all of these sources being based on low NOx burners and FGR.141  Had 
PacifiCorp evaluated the limits that other similar sources have had to meet under BACT for the 
same controls of low NOx burners and FGR, the tons per year of NOx reduced would be greater, 
which would make the controls more cost effective (i.e., provide for lower cost effectiveness 
values). 
 

Moreover, all of PacifiCorp’s cost effectiveness analysis for BACT controls is based on 
current level of control as a baseline, which is inconsistent with EPA’s New Source Review 
Workshop Manual.  Instead, BACT cost effectiveness evaluations should be based on essentially 
uncontrolled emissions and calculated using a “realistic scenario of upper boundary uncontrolled 
emissions.”142  Had PacifiCorp used uncontrolled emissions as baseline, the cost effectiveness 
values would be even lower. 
 

In summary, PacifiCorp’s BACT cost effectiveness analyses for Gadsby Units #1, 2, and 
3 are significantly flawed because the analyses fail to comply with EPA’s cost effectiveness 
guidance.  UDAQ must require PacifiCorp to revise its cost effectiveness analyses to be based on 
a 30-year life of controls and a 7% interest rate and to reflect emission reductions from a realistic 
upper boundary of uncontrolled emissions based on the lowest emission rates achieved at similar 
sources with the controls being evaluated. 

 
UDAQ did not question any of these assumptions and concurred with PacifiCorp’s 

finding that NOx BACT is satisfied with the current emission controls.143  For all of the reasons 
discussed above, PacifiCorp’s NOx BACT analysis for Gadsby Units # 1, 2, and 3 is flawed.  
UDAQ must conduct a more thorough evaluation of NOx BACT for Units #1, 2, and 3 taking 
into account the issues discussed above. 

 
  

                                                             
141 Id. at 4-11. 
142 U.S. EPA, October 1990 New Source Review Workshop Manual, at B.37. 
143 July 1, 2018 PM2.5 SIP Evaluation Report:  PacifiCorp Energy – Gadsby Power Plant, at 6-11. 
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V.  Review of the BACT Analyses for Lhoist North America – Grantsville Facility 
 

The Lhoist North American quarry and lime processing plant, which began operations in 
1960, includes the following emitting activities:  mining, limestone processing, one rotary kiln 
which heats crushed limestone and converts it to quicklime or calcium oxide, post-kiln lime 
processing, lime hydration equipment to convert quicklime to hydrated lime (calcium 
hydroxide), bagging facilities, and loadout facilities.144  According to the company’s BACT 
analysis, the lime manufacturing operations of this facility have essentially been suspended since 
2008, although purportedly the plant is being maintained to remain in complete “ready mode.”145  
Given that this plant has been not operating for close to 10 years, UDAQ should simply revoke 
the facility’s operating permit.  The Lhoist North American facility could not resume operation 
after being shut down for 10 years or more without being subject to major new source review 
(NSR) permitting requirements, which for PM2.5 and PM2.5 precursor emissions would require 
that the lowest achievable emission rate (LAER) be met at all emission units.146 
 

Assuming the plant does restart operations soon and can legitimately do so without 
obtaining a major source NSR and PSD permit, UDAQ must make a BACT determination and 
impose BACT limits now to apply as soon as Lhoist North American begins operations.   
 
BACT for the Rotary Kiln System at Lhoist 
 

One method of control for SO2 and to use in combination with controls for other 
pollutants that Lhoist failed to consider was using primarily natural gas to fire the rotary kiln 
system.  It appears that, when Lhoist last operated, natural gas was the primary fuel.  However, 
Lhoist’s BACT analysis indicates that fuel oil can be used when natural gas delivery is curtailed, 
on-specification used oil can be used to supplement natural gas and fuel oil, and also tire-derived 
fuel can be used on an as needed basis.147  Sole use of natural gas is the cleanest fuel to use from 
a PM2.5 perspective, and thus should be the first consideration in the BACT analysis for the 
rotary kiln, by itself and in combination with other controls.  For example, in the NOx BACT 
analysis, Lhoist dismissed use of low NOx burners in part due to the use of multiple fuels at the 
Lhoist rotary kiln, claiming that other kilns that have successfully used low NOx burners burned 
one type of fuel.148  Lhoist should have considered sole use of natural gas in combination with 
other controls including low NOx burners in the BACT analysis. 
 

                                                             
144 Lhoist North American BACT Analysis, 5/5/17, at 1-2. 
145 Id. at 1-3. 
146 See EPA’s policy statements on reactivation.  It is highly questionable that the Lhoist facility would meet EPA’s 
policy requirements to be able to restart operations at this point without being subject to major source permitting.  
Further, if the plant starts up after 2018, it must be subject to major source PSD and nonattainment NSR permitting 
because those rules do not allow a source such as Lhoist to look back any farther than 10 years for determining 
baseline actual emissions.  That is, there is no longer a provision in the permitting rules for such sources to obtain 
approval to use an earlier baseline period as representative of normal source operations.  See UACR R307-403-2 and 
reference to “baseline actual emissions” as that term is defined at 40 C.F.R. 51.165(a)(1)(vi); UACR R307-405-3(1) 
and definition of “baseline actual emissions” in 40 C.F.R. 52.21(b)(48)(ii). 
147 Lhoist North American BACT Analysis, 5/5/17, at 3-1. 
148 Id. at 3-15. 
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Lhoist proposed a fabric filter baghouse as BACT but requested not to select which type 
of baghouse to install until “a later date” due to the facility “being in care and maintenance 
mode.”149  What is most important at this point is for UDAQ to set an emissions limit reflective 
of BACT for PM2.5 from the rotary kiln.  A review of the RBLC shows that the lowest PM2.5 
emission limit for rotary kilns is 0.1050 lb/ton, 3-hour average, with some exceptions for low 
capacity during which a 5.24 lb/hr limit applies over a 3-hour average (RBLC ID IL-0177, 
Mississippi Lime Company).  In addition, numerous facilities are also subject to an opacity 
BACT limit, with the lowest being a 10% opacity limit on a 6-minute average with some 
exceptions (RBLC ID PA-0283, Graymont PA Inc./Pleasant Gap & Bellefonte Plants).  There 
are also visible emission BACT limits for rotary kilns of 15% opacity limit on a 6-minute 
average with no exceptions (RBLC ID FL-0321, Jacksonville Lime, and RBLC ID OH-0321, 
Martin Marietta Materials).  It must be noted that the definition of BACT includes a visible 
emissions limit.  Thus, UDAQ must impose BACT limits no higher than these limits on the 
rotary kiln system at Lhoist applicable upon startup.  Yet, UDAQ has not proposed any PM2.5 
BACT limits for the rotary kiln system.150  This is a significant deficiency in UDAQ’s BACT 
analysis for Lhoist. 
 

Instead, Lhoist has proposed to meet the existing lime kiln MACT limit for filterable PM 
of 0.12 lb/ton of stone feed (adjusted to reflect 37% of PM being of the size PM2.5 or smaller) 
and has proposed a total PM2.5 limit of 1.4324 lb/ton of stone feed based on condensable PM2.5 
testing of other Lhoist North America facilities.151  This is not how a BACT emission limit is to 
be set.  First, BACT is to be based on a top-down analysis, not a bottom-up analysis.  Further, 
there is no basis for assuming the existing kiln MACT limit should be the BACT floor and not 
the new kiln MACT limit of 0.10 lb filterable PM per ton of stone feed. In addition, Lhoist 
provided no BACT analysis to justify that its proposed total PM2.5 (filterable plus condensable) 
limit of 1.4324 lb/tons of stone feed reflects the maximum degree of emission reduction 
achievable.  For example, it is not known what fuels the other Lhoist kilns were utilizing.  It is 
most likely that burning natural gas produces the lowest emissions of condensable (as well as 
filterable) PM2.5.  UDAQ must require that the PM2.5 emission limits required as BACT are set 
based on a proper top-down analysis reflective of the maximum degree of PM2.5 emission 
reduction achievable, considering the cost and other factors that are weighed in a BACT 
determination. 
 
 With respect to BACT for SO2 emissions, Lhoist states that SO2 emissions are mainly 
due to the sulfur content of the fuel used in the kiln.152  Thus, sole use of natural gas to minimize 
SO2 emissions to the greatest extent should have been reviewed as an SO2 control in the BACT 
analysis.  While Lhoist provided anecdotal information in its BACT analysis that burning of tire-
derived fuel which has approximately 1.2% sulfur content did not increase SO2 emissions, 
Lhoist did not provide any specific test data to back that claim up.  Further, Lhoist made no 
claims regarding SO2 emissions from the kiln during the burning of oil, other than to say the 
sulfur content of those fuels are limited by a permit condition.153  There is no question that these 

                                                             
149 Id. at 3-4. 
150 July 1, 2018 PM2.5 SIP Evaluation Report:  Lhoist North America – Grantsville Facility, at 6. 
151 Lhoist North American BACT Analysis at 3-4. 
152 Id. at 3-10. 
153 Id. 
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fuels contain higher sulfur content than natural gas.  Given that natural gas is the primary fuel 
used in the rotary kiln, it would likely be extremely cost effective to simply stop utilizing oil or 
tire-derived fuel to meet SO2 BACT.  Yet, UDAQ did not even evaluate sole use of natural gas 
as an SO2 BACT control option.154  UDAQ must review this very reasonable control option for 
the Lhoist rotary kiln system. 
 

Lhoist has proposed selective noncatalytic reduction (SNCR) to meet BACT for NOx.155  
However, in proposing a NOx emission limit reflective of BACT, Lhoist proposed the low end 
of achievable NOx reductions with SNCR of 25% and applied that to the current NOx limit of 
the operation permit for Lhoist’s Grantville Plant of 75.00 lb/hr.156  UDAQ has also assumed the 
same 25% level of control in proposing a NOx BACT limit of 56 lb/hr.157  When a BACT 
control can operate at a range of control efficiencies, the BACT analysis must include an 
evaluation of the control at the top control efficiency.  If Lhoist claims no higher NOx removal 
efficiency than 25% can be achieved with SNCR at its Lhoist lime kiln, then it needs to 
document why.  In addition, it does not necessarily make sense to propose a limit based on 25% 
control from the current NOx limit of 75.00 lb/hr.  It could be that actual emissions from the lime 
kiln have been significantly lower than 75.00 lb/hr.  Lhoist should document what the lime kiln’s 
actual NOx emissions were based on actual test data and the fuel mix being utilized.  Then the 
proposed limit should be based on the maximum achievable control with SNCR, taking into 
account the various BACT factors, with a margin of safety for compliance. 
 

Although Lhoist evaluated the cost effectiveness of low NOx burners based on 30% 
control, the company claimed that such levels of NOx control could not be universally achieved.  
Yet, Lhoist did not provide any documentation to support this claim.  UDAQ’s analysis included 
some anecdotal claims to support Lhoist claims, but did not provide much supporting 
documentation.158  Given that low NOx burners could achieve greater than the 25% NOx control 
proposed by Lhoist as BACT and at lower costs, Lhoist must be required to provide sufficient 
documentation to support eliminating low NOx burners as a control.   

 
In addition, as described above, Lhoist should be required to evaluate whether low NOx 

burners could work effectively at its lime kiln if the kiln was limited to solely natural gas 
combustion, which would better allow for maintaining burner performance due to the 
consistency of the fuel NOx and other related fuel characteristics.  If such burners could work 
with the kiln solely utilizing natural gas, the NOx emission reductions would be greater than with 
SNCR at lower costs than SNCR and with no concerns about ammonia slip.  In addition, 
assuming low NOx burners would be more viable as a NOx control with natural gas as the sole 
fuel, Lhoist should also be required to evaluate the NOx reductions and cost effectiveness with 
both low NOx burners and SNCR installed, which could provide the maximum reduction in NOx 
emissions from the lime kiln. 
 

                                                             
154 July 1, 2018 PM2.5 SIP Evaluation Report:  Lhoist North America – Grantsville Facility, at 7. 
155 Lhoist North American BACT Analysis at 3-18. 
156 Id. 
157 See requirements for LHoist in Draft Section IX, Part H in which UDAQ has proposed a NOx limit of 56 lb/hr 
(which reflects 25% removal from a current NOx limit of 75.00 lb/hr). 
158 July 1, 2018 PM2.5 SIP Evaluation Report:  Lhoist North America – Grantsville Facility, at 9. 
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Last, Lhoist did not propose any BACT emission limit for ammonia emissions from the 
SNCR and instead based BACT on good combustion processes and burner/process 
optimization.159  However, with the addition of SNCR to control NOx and the likely level of 
ammonia slip from the SNCR, it is imperative that an ammonia BACT limit be set for the Lhoist 
facility.  UDAQ did propose an ammonia slip limit of 10 ppm as BACT.160  While we agree that 
a limit on ammonia is warranted for Lhoist (indeed, there are several examples of pound per hour 
ammonia BACT limits in the RACT/BACT/LAER Clearinghouse), UDAQ did not conduct any 
analysis to show that this level of ammonia slip actually represents BACT for Lhoist.  UDAQ 
itself noted that permits for SCR at large combustion turbines have limited ammonia slip 
emissions at lower levels of 2.0 ppm and 5.0 ppm.161  UDAQ must conduct a proper BACT 
analysis for ammonia slip to ensure it is requiring the maximum reduction in ammonia emissions 
that is achievable considering the other BACT factors.  Further, UDAQ must impose the 
ammonia slip limit as an enforceable requirement (it currently is not listed in draft Section IV 
Part H of the Utah SIP) and must require ammonia monitoring to ensure compliance. 

 
  

                                                             
159 Lhoist North American BACT Analysis at 3-27. 
160 July 1, 2018 PM2.5 SIP Evaluation Report:  Lhoist North America – Grantsville Facility, at 20-21. 
161 Id. at 20. 
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VI. Review of the BACT Analyses for ATK. 
 

ATK is a facility that manufactures and tests solid rocket motor propulsion systems, 
explosives, flare illuminants, and composite materials.162  The following provides review and 
comment on emission units for which ATK analyzed BACT. 
 
BACT for ATK’s Boilers 
 

According to ATK’s May 2017 BACT analysis, ATK operates 21 natural gas-fired 
boilers and 19 fuel oil-fired boilers.163  ATK appears to have eliminated most of these boilers 
from BACT review.  For example, ATK only evaluated NOx BACT for the largest gas-fired 
boilers of 25 MMBtu/hour or greater.164 For the diesel-fired boilers, ATK relies on the existing 
ultra-low sulfur fuel requirement (<15 ppm sulfur) to reflect BACT for all PM2.5 and PM2.5 
precursors from these emission units.  ATK did not provide any analysis of BACT for any of the 
diesel-fired boilers.  UDAQ’s BACT evaluation tacitly approves of only focusing on the “four 
largest natural gas boilers,” and UDAQ failed to provide any justification to eliminate the other 
boilers from a BACT analysis.165 
 

In its October 2016 RACT submittal, ATK referred to natural gas and fuel oil 
consumption limits placed on the boilers to satisfy RACT.166  However, such limits have not 
been demonstrated to meet BACT, and additional control measures are readily available.  
According to the Title V permit for ATK Promontory Site, the sizes of the diesel-fired boilers are 
in the range of 0.84 MMBtu/hr to 8.37 MMBtu/hr.167  All diesel-fired boilers are required to fire 
only ultra-low sulfur diesel (<0.0015% sulfur)168, and are apparently subject to a total limit of 
1,298,400 gallons of fuel oil per 12-month period.169  While the annual limit on fuel oil burned 
will limit total operation of the 19 fuel oil-fired boilers at ATK Promontory, it is not clear 
whether, and seems quite plausible that, some of these boilers are utilized more frequently than 
others and thus may warrant more thorough evaluation of BACT controls.  UDAQ must require 
ATK to identify the actual operating hours and annual heat input for each of these boilers to 
enable a more thorough review of BACT – primarily NOx BACT- for these boilers.  For those 
units operated more frequently, ATK should evaluate low excess air (LEA) firing, flue gas 
recirculation (FGR), staged combustion, low NOx burners and other NOx reduction measures, 
even for the units smaller than 25 MMBtu/hour.  UDAQ did not provide any justification to 
exclude smaller units from a BACT evaluation. 
 

                                                             
162 See Title V Operating Permit for ATK Launch Systems, Permit Number 300003003, last revised April 5, 2017, at 
3 (“Operating Permit History”), available at 
http://168.178.3.241:8080/DAQ_NOI/DocViewer?IntDocID=100391&contentType=application/pdf. 
163 May 2017 ATK BACT Analysis at 1. 
164 Id. at 24. 
165 July 1, 2018 UDAQ PM2.5 SIP Evaluation Report – ATK [DAQE-2018-007203], at 13. 
166 May 2017 ATK BACT Analysis at 24. 
167 See Conditions II.A.95 through II.A.111 of Title V Permit Number 300003003. 
168 See Condition II.B.27.a. of Title V Permit Number 300003003. 
169 See Condition II.B.30.a.B. of Title V Permit Number 300003003. 

http://168.178.3.241:8080/DAQ_NOI/DocViewer?IntDocID=100391&contentType=application/pdf
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While all of the ATK  diesel-fired boilers are subject to periodic tune-up requirements, 
some units are subject to more frequent tune-up requirements based on size of the boiler.170  
These requirements appear to be based on provisions in 40 CFR Part 63, Subpart DDDDD.171  
Regardless of whether a boiler is subject to Subpart DDDDD, these more frequent tune-up 
requirements clearly could be required on all boilers annually (as is currently required for boilers 
with a heat input capacity greater than 10 MMBtu/hr pursuant to Condition II.B.34.b.(3) of the 
ATK Title V permit).  Boiler tune-ups can lower NOx and PM2.5 emission rates, among other 
pollutants, and more frequent tune-ups can more consistently ensure lower emission rates.  Thus, 
UDAQ and ATK must at the minimum consider annual tune-ups for all diesel-fired boilers. 
 

For the natural gas-fired boilers, ATK has failed to provide a thorough analysis of NOx 
BACT.  ATK indicates that it has upgraded a 71 MMBtu/hr boiler with an ultra-low NOx burner 
which has a NOx emission rating of 9 ppm.172  The title V permit for ATK Promontory also 
indicates that a 12.55 MMBtu/hr boiler has a NOx emission rate of 9 ppm.173  Yet, there are 
numerous other natural gas-fired boilers of similar size for which ATK did not evaluate any low 
NOx burners.  ATK only very minimally evaluated low NOx burners as BACT for the other 71 
MMBtu/hr boiler that has a NOx emission rate of greater than 30 ppm174, more than 4 times 
higher than the NOx rating of the boiler with an ultra-low NOx burner.  Indeed, ATK has 
previously indicated that when operating in standby mode, NOx emissions from this other 71 
MMBtu/hr boiler are approximately 50 ppm175, which is 5.6 times higher than the 9 ppm rate 
achieved with the ultra-low NOx burner.   
 

ATK claimed in its BACT submittal that the higher NOx-emitting 71 MMBtu/hr boiler 
only operates as backup capacity and is restricted to an annual natural gas limit.176  However, 
that 12-month rolling limit on the amount of natural gas fired does not limit the boiler’s 
operations on a daily basis, and thus the boiler could significantly contribute to daily PM2.5 
concentrations when it operates.  Moreover, given that it was cost effective for ATK to install an 
ultra-low NOx burner on one of the 71 MMBtu/hr boilers, it should be assumed that it is also 
cost effective to install an ultra-low NOx burner on the other 71 MMBtu/hr boiler.  If ATK is 
claiming that it is less cost effective to install a low NOx burner on the “standby” 71 MMBtu/hr 
boiler due to the 100,000 million cubic feet gas consumption limit that applies to the unit on a 
12- month basis, ATK needs to document how that differs from the other 71 MMBtu/hr boiler’s 
operations, especially because all of the gas-fired boilers at the ATK Promontory site are subject 
to a rolling 12-month limit on natural gas consumption of 1,046,000,000 standard cubic feet of 
natural gas per 12-month period.177  Further, the operating hours and days of the higher NOx-
emitting boiler that did install an ultra-low NOx burner are not given and it is not clear that the 
71 MMBtu/hr boiler with the recently-installed ultra-low NOx burner is operated continuously.  
As previously stated, all of the boilers at the ATK site are subject to a total 12-month gas limit of 

                                                             
170 See Condition II.B.34.b. of the Title  V Permit Number 300003003. 
171 Id. 
172 May 2017 ATK BACT Analysis at 18. 
173 See Title V Permit Number 300003003 at Condition II.A.86. 
174 See Title V Permit Number 300003003 at Condition II.A.90. 
175 October 2016 ATK RACT Analysis at 3. 
176 May 2017 ATK RACT analysis at 18. 
177 ATK Title V Permit Number 300003003 at Condition II.B.30.a. 
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1,046,000,000  standard cubic feet per 12 month period, as stated above.178  Thus, the operating 
hours of the 71 MMBtu/hr boiler with the ultra-low NOx burner is also somewhat limited, and 
yet ultra-low NOx burners were still considered cost effective.  Indeed, an ultra-low NOx burner 
with a NOx emission rating of 9 ppm has been installed and thus found cost effective for a 12.55 
MMBtu/hr boiler at the ATK Promontory site.179   If such controls on similarly and smaller sized 
gas-fired boilers have been found to be cost effective, than such controls must be required as 
BACT for the currently uncontrolled 71 MMBtu/hr boiler as well as the other four gas-fired 
boilers of similar or greater heat input180 to the 12.55 MMBtu/hr boiler.  As EPA has stated, 
when a similar source has installed a control technology, it should be considered cost effective 
for the source in question, absent significant cost differences for the source being evaluated for 
BACT.181  

 
UDAQ seems to have accepted these discrepancies in the NOx BACT analyses for the 

natural gas-fired boilers without question.182  UDAQ must adequately address and document 
why upgrading the higher NOx-emitting boiler is not justified as BACT. 
 

In addition, similar to the diesel-fired boilers, all of the gas-fired boilers are subject to 
periodic tune-up requirements, with some units are subject to more frequent tune-up 
requirements based on size of the boiler.183  These requirements appear to be based on provisions 
in 40 CFR Part 63, Subpart DDDDD.184  Regardless of whether a boiler is subject to Subpart 
DDDDD, these requirements clearly could be required on all gas-fired boilers annually (as is 
currently required for boilers with a heat input capacity greater than 10 MMBtu/hr pursuant to 
Condition II.B.31.b.(3) of the ATK Title V permit).  Boiler tune-ups can lower NOx emission 
rates from gas-fired boilers, among other pollutants, and more frequent tune-ups can more 
consistently ensure lower emission rates.  Thus, UDAQ and ATK must at the minimum consider 
annual tune-ups for all gas-fired boilers.  And, as discussed above, for those ATK gas-fired 
boilers of heat input capacity of 12.55 MMBtu/hr heat input or greater, ultra-low NOx burners 
should be considered as BACT unless ATK can show significant differences in costs of this 
control for the gas-fired boilers that are not currently equipped with this control at the ATK 
Promontory site. 

 
  

                                                             
178 ATK Title V Permit at Condition II.B.30.a.A. 
179 See Title V Permit at Condition II.A.86. 
180 See Title V Permit at II.A.88 ( two gas fired boilers of 25.11 MMBtu/hr each) and at II.A.89 (two gas fired 
boilers of 16.74 MMBtu/hr each). 
181 See EPA’s October 1990 New Source Review Workshop Manual at B.31. 
182 July 1, 2018 UDAQ PM2.5 SIP Evaluation Report – ATK [DAQE-2018-007203], at 15. 
183 See Condition II.B.31.b. of the Title  V permit. 
184 Id. 
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VII.  Review of the BACT Analyses for the Hill Air Force Base 
 

Hill Air Force Base (HAFB) is located in Davis and Weber Counties about 30 miles 
north of Salt Lake City, and has industrial facilities for painting, paint stripping, plating, parts 
warehousing/distribution, and wastewater treatment.185  These comments focus on BACT for 
SO2 for the units that fire diesel fuel, as well as BACT for the 97 emergency generators and the 
three landfill gas generators at the Hill Air Force Base for which the PM2.5-impacting pollutants 
are NOx, PM2.5 and VOCs.186 
 

It is not clear which generators at HAFB primarily fire diesel fuel and which primarily 
fire natural gas.  The HAFB BACT submittal implies that the generators fire both natural gas and 
diesel and cites to variable fuel sources as a reason to not eliminate the most effective NOx 
control - SCR – from the BACT evaluation.187  However, presumably these generators  
predominately fire one source of fuel.  For example, in the Title V permit for HAFB, the 
“Aggregated Boiler Group” and the “NSPS Boilers” are described as “natural gas-fired” boilers 
that are capable of burning diesel and other fuels.188  Thus, it appears these boilers burn primarily 
natural gas, but it is not clear.  For the units identified in the Title V permit as the “Grandfathered 
boilers,” the permit indicates that these units are fueled by natural gas, diesel, and other fuels 
and, unlike the “Aggregated Boiler Group” and the “NSPS Boilers,” the permit does not describe 
the “Grandfathered boilers” as natural gas fired boilers.189  Distinguishing the primary type of 
fuel burned in typical operation is an important part of evaluating BACT for an emissions unit.  
UDAQ must consider as a BACT measure limiting the type of fuel burned to natural gas which 
is much lower in PM2.5 and precursor emissions than diesel, due to little to no particulate or 
SO2 emitted from natural gas-fired units.  While the HAFB BACT submittal states that limiting 
the use of fuels to only natural gas is not technically feasible due to Air Force readiment 
requirements, HAFB indicates that “it is feasible to limit the use of alternative fuels to the 
minimum required to sustain the mission of the facility and periods of natural gas 
curtailment.”190  Yet, HAFB’s BACT submittal did not contain specific information on the actual 
use of diesel and other fuels compared to natural gas at the HAFB generators, nor did HAFB 
propose a limit on the use of diesel and other fuels.  Given that HAFB indicated it could limit the 
amount of alternative fuels, UDAQ must consider imposing a numerical limit on total amount of 
fuels fired for fuels other than pipeline natural gas in the generators.  UDAQ also must quantify 
whether such a limit equates to a reduction from past practice or if it would simply equate to a 
cap on future practices. 
 
BACT for Generators When Firing Diesel 
 

The HAFB BACT submittal does not discuss BACT for SO2 when the generators are 
firing diesel fuel.  UDAQ’s BACT evaluation report does list several measures regarding 
limiting hours of operation and use of good combustion practices as well as ultra-low sulfur fuel.   

                                                             
185 See Hill Air Face Base-Main Base Title V Permit Number 1100007003 at 2. 
186 April 25, 2017 Hill Air Force Base BACT Submittal at 2-1. 
187 Id. at 2-3 (in Table 2-3). 
188 Hill Air Face Base-Main Base Title V Permit Number 1100007003 at 20 (Conditions II.A.33 and 34). 
189 Id. (Condition II.A.36). 
190 April 25, 2017 Hill Air Force Base BACT Submittal at 3-6. 
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UDAQ claims these measures represent BACT and are being implemented by HAFB191  
However, a review of the HAFB Title V permit indicates that only the NSPS Compression 
Ignition Internal Combustion Engine (Unit # 55) is limited to ultra-low sulfur diesel (<0.0015% 
sulfur content).192  Other than the specific requirement for diesel at Unit #55, the sulfur content 
of diesel fuels burned is allowed to be much higher.  Specifically, Condition II.B.9.b. of the 
HAFB Title V permit limits sulfur content of diesel fuel to no greater than 0.5% by weight, 
which is more than 300 times higher than the sulfur content specifications for ultra-low sulfur 
diesel fuel.  At the minimum, UDAQ must require all diesel used at HAFB to meet ultra-low 
sulfur diesel requirements of less than 0.0015% sulfur content by weight.   

 
In addition, all generators that fire diesel should, at the minimum, be subject to annual 

tune-up requirements to control NOx and VOC emissions.  The requirements in 40 C.F.R. Part 
63, Subpart DDDDD for annual boiler tune-ups could readily be required on all HAFB 
generators.  Boiler tune-ups can lower NOx and PM2.5 emission rates, among other pollutants, 
and more frequent tune-ups can more consistently ensure lower emission rates.  Thus, UDAQ 
and HAFB must at the minimum consider annual tune-ups for all generators that fire diesel fuel. 

 
UDAQ listed good combustion practices, proper equipment operation and maintenance,  

and use of ultra-low sulfur fuel as being selected as BACT but did not impose any new 
requirements on the diesel-fired units at HAFB, claiming that “[i]mplementation is complete” at 
HAFB.193  As demonstrated above, there are additional requirements that UDAQ should impose 
on the diesel-fired units to ensure complete implementation of the measures UDAQ found to 
meet BACT, including the requirement for all units to use ultra-low sulfur diesel and the 
requirement for all units to be subject to annual boiler tune-up requirements. 
 
BACT for Gas-Fired Generators 
 

At the minimum, all natural gas-fired boilers should be subject to the annual tune-up 
requirements in 40 C.F.R. Part 63, Subpart DDDDD as part of UDAQ’s BACT determination.  
Boiler tune-ups can lower NOx emission rates from gas-fired boilers, among other pollutants, 
and more frequent tune-ups can more consistently ensure lower emission rates.  Thus, UDAQ 
and HAFB must at the minimum consider annual tune-ups for all gas-fired boilers, regardless of 
whether a boiler is subject to Subpart DDDDD. 
 

With respect to additional measures to reduce NOx from the gas-fired generators, HAFB 
stated that there is not sufficient space in the buildings that house the generators to retrofit the 
generators with ultra-low NOx burners.194  With respect to selective catalytic reduction, HAFB 
said it requires exhaust gas temperatures in the range of 500 to 1,200 degrees Fahrenheit and that 
it is above the “designed exhaust temperature of the existing boilers at Hill AFB.”195  While the 

                                                             
191 July 1, 2018 UDAQ PM2.5 SIP Evaluation Report:  Department of the Air Force, Hill Air Force Base at pdf 
pages 21 and23. 
192 HAFB Title V Permit Number 1100007003 at 114 and 115 (Condition II.B.43.b). 
193 July 1, 2018 UDAQ PM2.5 SIP Evaluation Report: Department of the Air Force, Hill Air Force Base at pdf page 
23. 
194 August 18, 2017 HAFB BACT Addendum, at page 3 and Attachment 1. 
195 Id. at page 3. 
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HAFB BACT Addendum cites to a Cleaver Brooks 2010 statement for this claim,196 Cleaver 
Brooks did not indicate that SCR was technically infeasible in its letter to HAFB in Attachment 1 
of the HAFB BACT Addendum.  Instead, Cleaver Brooks indicated that the SCR option “would 
only apply to the larger boilers (40-60 MMBtu).”197  There are at least nine generators sized 
within the 40-60 MMBtu/hour range at HAFB for which SCR could thus be considered as 
BACT.  Further, HAFB is incorrect in stating that SCR “requires” flue gas temperatures in the 
range of 500 to 1,200 degrees Fahrenheit.  Instead, that temperature range reflects typical 
conditions for SCR, but SCR can remove NOx at lower temperatures down to 300 degrees 
Fahrenheit.198  It also must be noted that it is not clear what HAFB means by the SCR 
temperature window being above the “designed” exhaust temperatures of the existing boilers. 
Because these generators are able to utilize different fuels, it is not clear what design temperature 
HAFB is referring to (i.e., is the design temperature reflective of design with a certain type of 
fuel?).  Given the various types of fuel that these boilers were designed to burn, it is more 
important to know the actual flue gas temperatures of the generators at HAFB to determine 
whether or not SCR could be successfully used.  There also may be lower temperature SCR 
catalysts available.199  For all of these reasons, HAFB’s BACT analysis is flawed and incomplete 
for SCR.  In its BACT evaluation, UDAQ claimed that SCR was not technically feasible due to 
current boiler limitations and spacing, but space limitations were not the primary reason 
identified by HAFB for discounting SCR.200  UDAQ must require additional analysis of SCR, 
especially given that Cleaver Brooks indicated that SCR was technically feasible for the larger 
boilers in the 40-60 MMBtu/hour range.201  Further, UDAQ must provide documentation for its 
claim that installation of SCR is not technically feasible at any HAFB boiler due to space 
constraints. 
 

HAFB’s BACT Addendum also indicates that “[s]everal projects are under consideration 
for removing and replacing boilers at various locations” and that HAFB has made funding 
requests for the replacement boilers to be equipped with ultra-low NOx burners.202  HAFB seems 
to indicate these projects are “currently underway” with the main issue being the timeline for 
completion.203  The fact that the timeline for completion is not known should not justify 
elimination of boiler replacement as a NOx BACT control option.  The definition of best 
available control measures includes any technologically and economically feasible control 
measure that can be implemented in whole or in part within 4 years after reclassification of a 
nonattainment area from moderate to serious.  40 C.F.R. 51.1000.  As long as a boiler 
replacement program could be partially implemented by June 9, 2021, it should be considered as 
a BACT measure.  While HAFB appears to have claimed that boiler replacement is not 

                                                             
196 Id.  
197 Id., Attachment 1 at 2. 
198 Pritchard, Scot G., et al., SCR Catalyst Performance under Severe Operation Conditions, at 3, available at 
http://www.cormetech.com/brochures/Under%20Severe%20Operating%20Conditions.pdf, attached as Ex. 9. 
199 See, e.g., Tang, Xialong, Low temperature selective catalytic reduction of NOx with NH3 over amorphous MnOx 
catalysts prepared by three methods, available at 
http://www.sciencedirect.com/science/article/pii/S1566736706002111. 
200 July 1, 2018 UDAQ PM2.5 SIP Evaluation Report: Department of the Air Force, Hill Air Force Base at pdf page 
10. 
201 August 18, 2017 HAFB BACT Addendum, at Attachment 1. 
202 Id. at page 8. 
203 Id. 

http://www.cormetech.com/brochures/Under%20Severe%20Operating%20Conditions.pdf


39 
 

economically feasible, the fact that they are in the process of doing so indicates that it is 
economically feasible for HAFB (and maybe is even warranted due to the age of the boilers 
HAFB is replacing).  Further, if UDAQ requires boiler replacement as a BACT measure for its 
nonattainment plan, then HAFB would have that SIP requirement to put before Congress for 
budgetary approval. 

 
UDAQ has claimed that ultra-low NOx burners are not technically feasible to install on 

existing boilers due to space limitations, but UDAQ did not evaluate the replacement of the 
boilers with new boilers with ultra-low NOx burners as a BACT measure.204  UDAQ must 
conduct such an analysis.  At the minimum, UDAQ should identify those boilers which HAFB is 
planning to replace with new boilers with ultra-low NOx burners and specifically require such 
replacements as a BACT control measure. 

 
  

                                                             
204 July 1, 2018 UDAQ PM2.5 SIP Evaluation Report: Department of the Air Force, Hill Air Force Base at pdf  
page 9. 
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VIII.  Comments on the BACT Analysis for Compass Minerals 
 

The Compass Minerals Ogden Inc. (Compass) mineral recovery facility produces sodium 
chloride, sulfate of potash, and magnesium chloride.  Emissions sources include several dryers 
(20-40 MMBtu/hour range), two 108 MMBtu/hr natural gas-fired boilers, and bulk loadout and 
storage.205  UDAQ’s BACT evaluation generally found that no new controls or lowered emission 
limits were necessary to meet BACT.206   

 
BACT for the Two 108.11 MMBtu/hour Boilers #1 and #2 

 
In the case of NOx control for the 108.11 MMBtu/hour Boilers #1 and 2, UDAQ found 

that add on NOx controls including SCR and SNCR were not cost effective.207  Similarly, 
UDAQ found that Flue Gas Desulfurization (FGR) also was not cost effective.208  Assuming 
UDAQ’s cost basis was based on Compass’ BACT cost analyses, the BACT analysis for the 
Compass emission sources is flawed.  Compass assumed only a 20-year life in determining the 
annualized costs of control.  At the minimum, a 30-year life should be assumed.209  UDAQ 
should assume a more appropriate and longer lifetime of controls which will reduce the 
annualized costs and may make one or more of these controls more cost effective.   

 
BACT for Fugitive Dust Emissions 

 
Compass’ BACT analysis for fugitive emissions has several flaws.  First, the BACT 

analysis does not provide calculations of current actual and potential emissions for fugitive 
emissions sources, and the BACT analysis fails to adequately document how emissions were 
determined.  For example, for Item # 1.07 (SALT Fugitive outdoor uncaptured material 
handling), Compass’ description of emission estimates states: 
 

Emissions from outdoor salt handling operations have been estimated using 
appropriate AP-42 emission factors.  Where PM2.5-specific emission factors were 
unavailable, particle size multipliers from Chapter 13.2.4 of AP-42 were utilized 
to adjust from Total PM or PM10 to PM2.5.  Due to the hygroscopic nature of 
salt, moist salt (i.e., salt hauled from evaporation ponds handled prior to drying) is 
assumed to have reduced emissions equivalent to 90% control efficiency when 
compared to dry salt emission factors. 

 
Compass 2017 BACT submittal at 117.  Compass provided a similar description for the 
emissions estimates for Item 2.11 (SOP Fugitive outdoor uncaptured material handling).210  
Compass should have provided the emissions calculations for these sources, providing the 
amounts of materials handled.  Further, it is not clear what silt content was assumed for the 
emission factors.  In addition, Compass provided no basis for the assumed 90% control 
                                                             
205 October 1, 2016 UDAQ PM2.5 SIP Evaluation Report, Compass Minerals Ogden Inc. at 1. 
206 July 1, 2018 UDAQ PM2.5 SIP Evaluation Report:  Compass Minerals-Compass Minerals Ogden Inc. 
207 Id. at 16. 
208 Id. 
209 EPA typically assumes a 30-year life for complicated controls such selective catalytic reduction.  See EPA’s 
Control Cost Manual, Chapter 2 at 2-78. 
210 2017 Compass BACT Analysis at 121. 
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efficiency for moist salt emissions, did not identify the moisture content of moist salt, and did not 
identify the amount of salt considered to be moist salt versus the amount of salt considered to be 
dry salt.  Compass should have more clearly spelled out its emissions calculations for these and 
other fugitive emission sources, so it can be ascertained whether Compass accurately calculated 
emissions from these sources. 
 

In addition, the emissions assumed for calculating emission reductions from fugitive dust 
sources , in the BACT cost effectiveness analyses, do not seem to correlate with the allowable 
emissions calculated and are often times lower.  For example, in Attachment 2 of its 2017 BACT 
submittal, Compass indicates that it assumed allowable emissions for Item Nos. 1.07 and 2.11, 
but the assumed emissions for the cost analyses for each emissions group are much lower than 
the assumed allowable emissions identified in Attachment 2 of Compass’ BACT submittal.  This 
is illustrated in the table below. 
 
Comparison of Compass’ Actual Emissions for Two Fugitive Dust Emissions Sources and 
the Emissions Assumed as Baseline in the BACT Cost Effectiveness Analyses for those 
Emissions Sources. 

Item # Description Allowable 
Emissions211 

Actual Emissions 
identified by 
Compass212 

Assumed Baseline 
Emissions for 
BACT Cost 

Effectiveness 
Analyses213 

1.07214 

SALT 
Fugitive 
Outdoor 

Uncaptured 
Material 
Handling 

12.887 12.887 0.586 (total from 
below) 

1.07a    0.089 
1.07b    0.027 
1.07c    0.47 

2.11215 

SOP 
Fugitive 
Outdoor 
Material 
Handling 

24.748 24.748 13.03 (total from 
below) 

2.11a    6.410 
2.11b    1.02 
2.11d    1.80 

                                                             
211 Id. at 111. 
212 Id. at 113-114. 
213 Id. at 30-33 and 64-71. 
214 The allowable emissions were identified for all three Item #1.07 emission groups in total, although separate 
BACT analyses were done for 1.07a, 1.07b, and 1.08c. 
215 The allowable emissions were identified for all seven Item #2.11 emission groups in total, although separate 
BACT analyses were done for the seven operations. 
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2.11e    1.33 
2.11f    0.09 
2.11g    1.59 
2.11h    0.79 

 
 

Not only did Compass assume a much lower baseline in the BACT cost effectiveness 
analyses for Items # 1.07 and 2.11, but Compass also subdivided these fugitive dust sources and 
the potential BACT controls (i.e., full enclosures with and without ducting to air pollution 
control equipment) into subgroupings (i.e., 1.07a, 1.07b, 1.07c) without providing any 
explanation or diagrams explaining why these emissions subgroups could not be included in one 
enclosure which could greatly reduce the costs of an enclosure and ducting to air pollution 
controls.  Both Item 1.07 and Item 2.11 are already in separate subgroups of the same source 
type (i.e., “fugitive emissions from outdoor uncaptured material handling”), which was 
presumably done based on location of the fugitive dust sources at the plant site.  Without any 
further explanation, it does not seem justified to break these sources up into smaller subgroups.  
Had Compass grouped each of these subgroups together for the cost of the enclosure, assumed a 
30-year (or greater) life of the enclosure, and assumed allowable emissions that were properly 
calculated, the use of an enclosure and routing to air pollution controls could be quite cost 
effective for reducing fugitive PM2.5 emissions from these and other similar sources at the 
Compass facility. 
 

With respect to BACT for the SALT fugitive salt pile and road dust emissions, Compass 
identifies certain fugitive dust control measures and the facility’s Fugitive Dust Control Plan that 
are apparently required in Compass’ existing Title V permit.  However, all of the fugitive dust 
control measures are listed as “state-only” provisions in the Title V permit.216  PM2.5 BACT 
measures must become part of the SIP and therefore must be federally enforceable provisions.  In 
addition, these provisions require the submittal of a fugitive dust plan that, at a minimum, must 
include the requirements in R307-309-6(4).217  But the fugitive dust plan (which presumably has 
already been developed since it is required in the permit) has not been provided as part of the 
BACT submittal for the Compass facility.  If UDAQ and Compass are relying on the fugitive 
dust plan to meet BACT as Compass has proposed, that plan must be made publicly available for 
review and comment.   

 
UDAQ’s BACT analysis for fugitive dust emissions does not take any of the above 

analysis into consideration because UDAQ did not conduct a site-specific evaluation of BACT 
for fugitive emissions at Compass Minerals.  Instead, UDAQ addressed various facility’s fugitive 
dust sources in its “BACT for Small Sources” document.218  The analysis of fugitive dust control 
in the “BACT for Small Sources” document is very general and does not constitute a case-by-
case analysis of BACT.  UDAQ must instead evaluate BACT for fugitive emissions from 
Compass Minerals based on a case-by-case source specific analysis of BACT which properly 
addresses the deficiencies in Compass’ BACT analyses discussed above. 
                                                             
216 Id. at 37. 
217 Id. (under Condition II.B.1.h). 
218 See July 1, 2018 UDAQ PM2.5 SIP Evaluation Report:  Compass Minerals-Compass Minerals Ogden Inc. at 19; 
see also UDAQ’s BACT for Various Emission Units at Stationary Sources, DAQ-2018-007161, Section 12. 
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IX.  Comments on BACT Analysis for Geneva Nitrogen 
 

It does not appear that UDAQ has done its own BACT evaluation for Geneva Nitrogen.  
Based on statements made at the August 1, 2018 information meeting, it appears UDAQ did not 
conduct a BACT analysis for Geneva Nitrogen because it reduced emissions below major source 
levels.  UDAQ must explain in detail why it excluded Geneva Nitrogen from a BACT analysis.  
If the plant reduced emissions below the 70 ton per year major source threshold, that would not 
exempt UDAQ from evaluating BACT for the facility.  BACM including BACT must be 
evaluated for all sources in the Utah serious PM2.5 nonattainment areas.  Given that the 
company submitted a BACT analysis, it must be considered to be a major source of PM2.5 or 
PM2.5 precursors.  Below we provide comments on the company’s submitted BACT analysis. 

 
Geneva Nitrogen LLC manufactures solid ammonium nitrate in a three step process:   
 

1.  Nitric acid production 
2.  Ammonium nitrate solution production 
3.  Solid ammonium nitrate production.219 

 
Geneva Nitrogen states that the prill tower emissions of PM10 and PM2.5 are 

uncontrolled.220  Geneva Nitrogen also states that the current wet scrubbing system used during 
the ammonium nitrate solidification process is not considered to be BACT for the process.221  
Geneva Nitrogen then states as follows: 
 

a.  Abandoning the existing wet scrubbers and ducting the rotating drum air 
streams directly through a common mist elimination module would remove a 
large majority of the ultra-fine particulate matter currently emitted in the wet 
scrubber exhaust.  The PM10/2.5 emissions (fines) would be captured, placed in 
to solution, and recycled back into the AN process.  This would meet or exceed 
the Best Available Control Technology requirement. 
 
b.  By retrofitting the existing prill tower with an air duct, the tower-exhaust could 
be brought to ground level and pulled through a mist elimination module designed 
to eliminate a large majority of the ultra-fine particulate matter.  The PM10/2.5 
emissions (fines) would be captures, placed into solution, and recycled back into 
the AN process.  This would meet or exceed the Best Available Control 
Technology requirement. 

 
August 2017 Geneva Nitrogen BACT Addendum at 26. 
 

Despite admitting that the prill tower is not equipped with BACT, and that technology 
exists that meets BACT, Geneva Nitrogen dismissed routing the rotating drum air streams and 
the prill tower exhaust through a common mist elimination module.  Geneva Nitrogen claimed 
these options would be “very expensive.”  However, if other similar sources have installed the 

                                                             
219 May 2017 Geneva Nitrogen BACT submittal at 1. 
220 Geneva Nitrogen August 2017 BACT Addendum at 25. 
221 Id. at 26. 
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same controls, then Geneva Nitrogen would have to demonstrate that unusual circumstances 
exist at its facility that would prevent the successful implementation of that control as BACT 
and/or which distinguish it from other sources which have implemented such controls.222  
Geneva Nitrogen also indicated that this control option was “likely physically infeasible in the 
case of ducting the existing prill tower discharge (220ft) to ground level due to load requirements 
on the tower structure built in 1957” and that it “would most likely also require replacement of 
the entire prill tower structure.”223  UDAQ must require Geneva to investigate this control 
further, to determine and document whether it is feasible or not to duct the existing prill tower 
discharge to the ground level.  If the ducting could be done with a new prill tower structure, that 
alone is not a reason to eliminate this control option.  Instead, the costs for constructing a new 
prill tower to replace the 60-year old existing prill tower can be determined and considered in a 
cost effectiveness analysis.  Given that the existing prill tower has been operating for 60 years, 
such a cost analysis should consider a similar lifetime for a new prill tower.  Even if the cost of 
building a new prill tower was not reasonable, Geneva Nitrogen must still be required to evaluate 
the cost effectiveness of ducting the rotating drum air streams directly through a common mist 
elimination module.  
 

Last, Geneva Nitrogen found these controls technically infeasible because, “[e]ven if 
physically feasible[,] initial engineering estimates indicate a mist eliminator cannot be installed 
and tested prior to the December 31, 2019 deadline.”224  December 31, 2019 is the initial 
attainment date for the Salt Lake and Provo serious PM2.5 nonattainment areas.225  While, 
optimally, BACT controls should be implemented by December of 2019, there is nothing in the 
definition of BACT that allows a source to consider a control as not technically feasible if it 
cannot be implemented until after December 2019.  Moreover, as long as a boiler replacement 
program could be partially or fully implemented by June 9, 2021 (i.e., four years after the 
effective date of the redesignation of the Salt Lake and Provo PM2.5 nonattainment area from 
moderate to serious), it should be considered as a BACT measure.  According to Geneva 
Nitrogen’s BACT Addendum, this control could be implemented by 2021.226 
 

Geneva Nitrogen did provide cost information for this control in its 2017 BACT 
Addendum, although there is limited documentation for its cost estimate.  Geneva Nitrogen 
provided an annualized cost estimate of the mist elimination system to be $717,667 per year, 
assumed only 70% PM2.5 control (“[a]bsent adequate time to complete a detailed engineering 
study on this project”), and determined the cost effectiveness was $7,900/ton.227  It does not 
appear that Geneva Nitrogen took into account the reduction in ammonia emissions from this 
control as well, which would have made the control more cost effective.  However, even with 
these costs (which are not significantly unreasonable), the fact is that this control has been 
required on a similar source, i.e., El Dorado Chemical in Arkansas.  If a similar source has had to 
install a particular control to meet BACT, then that control is also considered BACT for similar 
sources absent unusual circumstances.  Geneva Nitrogen did not identify any unusual 

                                                             
222 EPA, October 1990 New Source Review Workshop Manual at B.19. and B.29. 
223 Geneva Nitrogen BACT Addendum at 26. 
224 Id. 
225 82 Fed. Reg. 21712. 
226 Geneva Nitrogen August 2017 BACT Addendum at 27. 
227 Id. 
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circumstances to eliminate this control from its BACT analyses for the rotating drum air streams 
and the prill tower exhaust. 
 

For all of these reasons, Geneva Nitrogen’s BACT analysis is flawed and incomplete. 
UDAQ must require Geneva Nitrogen to update the analysis with more documented support for 
its calculated cost effectiveness.  Further, absent unusual circumstances at Geneva Nitrogen, it 
seems the mist eliminator system should be required as BACT for the rotating drum air streams 
and the prill tower exhaust given that the same control has been required as BACT for another 
similar source.  UDAQ must consider these issues in its own BACT analysis for Geneva 
Nitrogen. 
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X. Comments on the BACT Analyses for Proctor & Gamble 
 
 Proctor & Gamble owns and operates a paper, assembled paper products, and 
manufacturing process with two separate product lines:  a paper process line and an assembled 
paper products line.  The company recently obtained a construction permit which authorized the 
construction of additional production lines including the addition of two 50 MMBtu/hour boilers 
for process steam, comfort heating, cooling water, and back-up power.228  It is not clear whether 
those boilers have been constructed yet, as UDAQ’s BACT Evaluation Report has statements 
indicating that the units have not yet been constructed as well as statements that the units have 
been constructed.229  The boilers had not been installed at the time of Proctor & Gamble’s April 
2017 BACT Analysis submittal to UDAQ.230  The comments below focus on NOx BACT for 
these two new boilers. 
 
  Proctor & Gamble presented a NOx BACT analysis for the new 50 MMBtu/hour boilers 
in its April 2017 submittal.231 The company found that SCR was technically feasible for the new 
50 MMBtu/hour boilers, but claimed that SCR with the planned ultra-low NOx burners would 
not be economically reasonable.232   The details of their cost analysis is purportedly in Appendix 
A of their April 2017 BACT submittal, but Appendix A is not available on UDAQ’s website nor 
was Appendix A included in UDAQ’s BACT Evaluation.233  Yet, UDAQ appears to find the 
company’s cost analysis for SCR acceptable, as UDAQ cites the same NOx cost effectiveness 
value of $165,250/ton as Proctor & Gamble claimed for SCR at the two new 50 MMBtu/hour 
boilers.234  Given that the details of Proctor & Gamble’s cost analysis were not included in its 
BACT submittal to UDAQ, the basis for UDAQ’s concurrence that SCR is unreasonable for the 
new boilers is not justified. 
 

A review of the limited details on Proctor & Gamble’s cost analysis shows significant 
flaws.  First, the company assumed that SCR would reduce NOx emissions from the 10 ppm 
NOx emission rate achievable with ultra-low NOx burners down to 9 ppm235, which only reflects 
a NOx reduction of 10%.  Yet, Proctor & Gamble as well as UDAQ claimed that SCR can 
achieve 70-90% NOx control.236  Thus, Proctor & Gamble failed to evaluate cost effectiveness 
for SCR at the highest levels of NOx control efficiency that SCR could achieve, which would 
result in improperly inflated dollar per ton costs.  The BACT analysis must evaluate the 
maximum degree of emission reduction achievable with a pollution control. 

 
                                                             
228 April 2017 Procter and Gamble Paper Products BACM/BACT Analysis at 2-1 to 2-2.  See also Approval Order 
DAQE-AN141070009-16. 
229 July 1, 2018 UDAQ’s PM2.5 SIP Evaluation Report: Proctor and Gamble Paper Products Company, at pdf page 
5 (“[t]he boilers will be fueled by natural gas...”) and pdf page 17 which implies the two 50 MMBtu/hour boilers 
already exist. 
230 April 2017 Procter and Gamble Paper Products BACM/BACT Analysis at 3-19. 
231 Id. at 3-22 to 3-24. 
232 Id. at 3-22. 
233 Indeed, only the cover page for Appendix A was included at the end of UDAQ’s July 1, 2018 BACT Evaluation 
Report for Proctor & Gamble. 
234 July 1, 2018 UDAQ’s PM2.5 SIP Evaluation Report: Proctor and Gamble Paper Products Company at pdf page 
22; April 2017 Procter and Gamble Paper Products BACM/BACT Analysis at 3-22. 
235 April 2017 Procter and Gamble Paper Products BACM/BACT Analysis at 3-22. 
236 Id. 
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Second, Proctor & Gamble evaluated SCR cost effectiveness using the NOx emission 
rate with ultra-low NOx burners as reflective of baseline emissions for the cost analysis.237  
However, as discussed above, BACT is based on essentially uncontrolled emissions, calculated 
using a “realistic scenario of upper boundary uncontrolled emissions.”238  Proctor & Gamble 
should have thus evaluated the suite of controls of ultra-low NOx burners and SCR together in its 
BACT cost effectiveness analysis.   

 
Third, Proctor & Gamble should have evaluated the possibility of routing the flue gas 

from each boiler to one SCR to save costs.   If the proximity of the boilers allows for it, this 
could be a significant cost saving measure and ensure the lowest NOx rates from these two new 
boilers. 

 
 In summary, UDAQ must more fully investigate SCR as BACT for these two new boilers 
to ensure the maximum degree of NOx reduction is achieved.  UDAQ must also insure that 
appropriate interest rates (i.e., no higher than 7%) and lifetime of controls (i.e., 25-30 years) 
were assumed in the SCR cost effectiveness analysis.  Further, UDAQ must make the details of 
the SCR cost effectiveness analysis available to the public for review and comment.  SCR has 
been required on similarly sized boilers, and thus UDAQ must more adequately justify any 
decision to not require SCR on the two new 50 MMBtu/hour boilers at the Proctor & Gamble 
facility. 
 

  

                                                             
237 Id. 
238 U.S. EPA, October 1990 New Source Review Workshop Manual, at B.37 
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List of Exhibits Cited and Attached to this Technical Report 

Ex. No. Description 
1 CARB BACT Clearinghouse Lookup Results Rock-Aggregate Processing 

2 Chapter 6.4.3.6 of Appendix C of the Colorado Regional Haze SIP Re Martin 
Drake Power Plant 

3 
Technical Support Document and Statement of Basis for Construction of Arizona 
Clean Fuels Yuma, LLC, Petroleum Refinery, Permit Number 40140, September 
15, 2006 

4 Technical Support Document for Air Emissions Permit No. 03700011-101 issued  
January 9, 2013 for the Flint Hills Resources Pine Bend Refinery 

5 Meridian Energy Group, Inc., Permit to Construct Application, Davis Refinery 
6 Final Permit To Construct – Davis Refinery 

7 

U.S. EPA, November 2015 Technical Support Document for the Cross-State Air 
Pollution Rule for the 2008 Ozone NAAQS, Docket ID No. EPA-HQ-OAR-2015-
0500, Assessment of Non-EGU NOx Emission Controls, Cost of Controls, and 
Time for Compliance 

8 September 2008 Class I – Permit Renewal Application, Arizona Clean Fuels Yuma, 
LLC, ADEQ Permit No. 40140 

9 Pritchard, Scot G., et al., SCR Catalyst Performance under Severe Operation 
Conditions 
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Attachment A 
 

Curriculum Vitae 
 

Victoria R. Stamper 
P.O. Box 9571 

Boise, Idaho 83707 
stamper.vr@gmail.com 

 
 

Areas of Expertise 
 
 
Comprehensive knowledge of the Clean Air Act - accomplished in the requirements for new 
source review (NSR) and prevention of significant deterioration (PSD) construction permits, 
Title V operating permits, Maximum Achievable Control Technology (MACT) Approvals, Class 
I area protection including regional haze plans and best available retrofit technology (BART) 
determinations, and state implementation plans for compliance with the national ambient air 
quality standards. 
 
Extensive experience with new source review permitting – have evaluated numerous PSD and 
synthetic minor permit applications, draft permits, associated air modeling analyses, and 
determinations of best available control technology. 
 
 
Professional Experience 
 
Air Quality Consultant       April 2003 to 
Boise, ID 83707        Present  
  
I provide consulting services on numerous air quality issues such as: 

• Reviewing and commenting on EPA state implementation plan (SIP) actions. 
• Reviewing/preparing comments on all aspects of air quality construction and operating 

permit applications and permits for various industrial sources. 
• Providing technical expertise for the appeal of air quality permits that do not comply with 

federal or state clean air requirements. 
• Investigating facility compliance with federal and state air quality regulations. 
• Analyzing proposed or available mercury and other hazardous air pollutant controls for 

coal-fired power plants. 
• Reviewing and commenting on Class I regional haze and visibility protection plans. 
• Evaluating proposed best available retrofit technology determinations. 
• Critiquing prevention of significant deterioration increment analyses.  
• Evaluating and commenting on air quality analyses and environmental impact statements 

for proposed oil and gas development in the West.   
 
  

mailto:stamper.vr@gmail.com
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Environmental Engineer/Legal Assistant     May 2001 to 
Reed Zars, Attorney at Law        April 2003 
Laramie, WY82070         
 
Responsibilities included: 
• Investigating industrial facilities’ compliance with Clean Air Act requirements through 

review of public documents. 
• Researching pollution reduction measures and effectiveness. 
• Reviewing and preparing comments on proposed air quality construction and operating 

permits. 
• Reviewing and preparing written comments on proposed EPA state implementation plan 

approvals regarding topics such as opacity regulations, emission limit exemptions, Class I 
area visibility plans and permitting regulations. 

 
 
New Source Review Program Manager     December 1990  
Air and Radiation Program       to April 2001 
U.S. Environmental Protection Agency, Region VIII 
Denver, Colorado 80202 
 
Responsibilities included: 
• Serving as the Region VIII lead for state rules regarding the new source review and 

prevention of significant deterioration programs, and industrial source control measures. 
• Reviewing all aspects of prevention of significant deterioration increment analyses. 
• Reviewing state implementation plans for consistency with requirements of Clean Air Act. 
• Preparing documents to justify EPA approval or disapproval of state submittals. 
• Educating and assisting tribes in developing regulations for tribal implementation plans. 
• Participating in workgroups to ensure national consistency and provide input on rulemakings. 
• Reviewing state operating permit programs under Title V of the Clean Air Act. 
• Researching and compiling the EPA-approved state implementation plans. 
• Developing and reviewing state implementation plans for particulate matter nonattainment 

areas, as well as assisting in the preparation of requests to redesignate to attainment. 
• Reviewing environmental impact statements for consistency with Clean Air Act. 
• Serving as primary contact for air quality issues in the state of Wyoming. 
 
Environmental Engineer       August 1989-
Envirometrics, Inc.        July 1990 
Seattle, Washington 98103        
 
Responsibilities included: 
• Designing components of research projects pertaining to pollution control systems. 
• Developing testing criteria and measuring the effectiveness of these control systems. 
• Preparing air pollution permit applications and related documentation for industrial sources. 
• Compiling input data for modeling of ambient air quality impacts on Class I areas. 
• Developing emission inventories. 
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Selected Reports and Papers 
 
• Stamper, V., Technical Support Document to Comments of Conservation Organizations; 

EPA’s Proposed Regional Haze FIP for Texas, May 3, 2017. 
 

• Stamper, V., Technical Support Document to Comments of Conservation Organizations; 
Proposed Utah Regional Haze SIP Approval and FIP, March 14, 2016. 
 

• Stamper, V., Technical Support Document to Comments of Conservation Organizations; 
Proposed Regional Haze FIP for Arkansas, August 5, 2016. 

 
• Stamper, V., Technical Support Document to Comments of Conservation Organizations; 

EPA’s Proposed Reasonable Progress Measures for Texas and Oklahoma, April 27, 2015. 
 
• Stamper, V., Technical Support Document to Comments of Conservation Organizations; 

Proposed Wyoming Regional Haze Partial SIP Approval and Partial FIP, August 1, 2012. 
 
• Stamper, V., C. Copeland, M. Williams, and T. Spencer (contributing editor), Poisoning the 

Great Lakes:  Mercury Emissions from Coal-Fired Power Plants in the Great Lakes Region, 
Natural Resources Defense Council Publication, June 2012. 

 
• Fox, Phyllis and V. Stamper, Technical Support Document to Comments of Conservation 

Organizations: Proposed Montana Regional Haze FIP, June 15, 2012.  
 
• Technical Support Attachment to Comments of Conservation Organizations; Minnesota 

Regional Haze SIP Proposed Approval – February 21, 2012. 
 
• Stamper, V., Review of EPA’s Proposed Best Available Control Technology (BART) 

Requirements for the Four Corners Power Plant on Navajo Nation Land, April 28, 2011. 
 
• Stamper, V. and C. Copeland, Stop the Rollbacks, Cleaner, Healthier Air for Colorado, 

Environmental Defense publication, 2005. 
 
• Banerjee, S. and V. Stamper, Mercury Air Pollution The Case for Rigorous MACT Standards 

For Subbituminous Coal, prepared for Rocky Mountain Office of Environmental Defense 
and the Land and Water Fund of the Rockies, May 2003. 

 
 
 

 
Education  

 
Bachelor of Science Degree 

Civil Engineering, Michigan State University 
East Lansing, Michigan 



26 Match(s) for Code 144

Project Name & Description A/C Issue Date & ARB File
No.

Pollutant

Channel & Basin Reclamation

810 bhp limited-life diesel-fired
internal combustion engine powering
an electrical generator in a remote
location. To be removed by May 31,
2001 (less than two years total life).
Operation limited to 10 hr/day.

(Detailed Information)

8/17/99

(A/C No.: S-33517-2-0

A330-956-00

District Contact:
George Heinen
San Joaquin Valley Unified
APCD
(559) 230-5909
george.heinen@valleyair.org

NOx
(Detailed Control
Information)
Turbocharger and
intercooler with timing
retarded four degrees from
standard setting

5.4 g/bhp-hr
------------------------------

A & M Products

22.7 MMBtu/hr rotary aggregate dryer
with Jauck Starjet SJG burner
processing 15 tons aggregrate per hour

(Detailed Information)

4/13/95

(A/C no. S-1233-2-0)

A390-654-95

District Contact:
George Heinen
San Joaquin Valley Unified
APCD
(559) 230-5909

NOx
(Detailed Control
Information)
Use of LPG fuel

44.5 lbm/day
(Equivalent to
0.14 lbm/MMBtu)
------------------------------
SOx
(Detailed Control
Information)
Use of LPG fuel

3.7 lbm/day
(Equivalent to
0.012 lbm/MMBtu)
------------------------------
PM
(Detailed Control
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Information)
Fuller Company baghouse

27.1 lbm/day
------------------------------

CalMat Company

1000 ton/hr primary aggregate
processing system, including jaw
crusher

(Detailed Information)

2/11/92

(A/C no. 233373)

A390-630-94

District Contact:
Lisa Mirisola
South Coast AQMD
(909) 396-2638
lbasilio@aqqmd.gov

PM
(Detailed Control
Information)
Flex-Kleen baghouse

No limit
(Controlled emissions
approximately
0.136 gr/dscf at 2350 scfm
or 99% control efficiency)
------------------------------

CalMat Company

1000 ton/hr aggregrate processing
system, including two cone crushers

(Detailed Information)

2/11/92

(A/C no. 233374)

A390-629-94

District Contact:
Lisa Mirisola
South Coast AQMD
(909) 396-2638
lbasilio@aqqmd.gov

PM
(Detailed Control
Information)
Flex-Kleen baghouse

No limit
(Controlled emissions
approximately
0.123 gr/dscf at 3100 scfm
or 99% control efficiency)
------------------------------

Mark West Quarry

45 ton/hr secondary cone crusher and
mineral screeners (addition to existing
aggregate crushing operation)

(Detailed Information)

4/2/93

(A/C no. 10641)

A390-576-93

District Contact:
Ted Hull
Bay Area AQMD
(415) 749-4919

PM
(Detailed Control
Information)
Enclosures, curtains, and
high 50 micron water mist
foggers

Visible emission opacity of
Ringleman 0.5
------------------------------

Performance Information

Rio Rock Materials, Inc.

Aggregate crushing and screening
operation permitted to process 480

2/9/93

(A/C no. S-0764-0001-00)

PM
(Detailed Control
Information)
Baghouse on crushers,
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tons/hr throughput for
10 hours/day

(Detailed Information)

A390-568-93

District Contact:
Tom Goff/Hans Hu
San Joaquin Valley Unified
APCD
(805) 862-5200

water sprays on all transfer
points

0.0012 gr/dscf at 8000 scf
for baghouse
------------------------------

Bluestone Aggregate

Aggregate crushing and screening
operation with a capacity to process
200 tons/hr; includes crushers, screens,
stackers, and conveyors

(Detailed Information)

7/15/92

(A/C no. S-0136-0001-00)

A390-542-92

District Contact:
Tom Goff
San Joaquin Valley Unified
APCD
(805) 862-5200

PM
(Detailed Control
Information)
Water spray bars,
enclosures at entrances and
exits of crushers

13.77 lbm/day
------------------------------

Horwitz Quarry

500 ton/hr electric asphalt base plant

(Detailed Information)

2/25/91

(App. no. 230555)

A390-524-92

District Contact:
Permit Services
South Coast AQMD
(909) 396-3385

PM
(Detailed Control
Information)
DCE model DLM V30/15F
or DLM V60 /15F dust
collector

No limit
(Expected control
efficiency of 99%)
------------------------------

Horwitz Quarry

1000 ton/hr aggregate processing
system

(Detailed Information)

2/25/91

(App. no. 230546)

A390-523-92

District Contact:
Permit Services
South Coast AQMD
(909) 396-3385

PM
(Detailed Control
Information)
DCE model DLM V30/15F
or DLM V60/15F dust
collector

No limit
(Expected control
efficiency of 99%)
------------------------------

Calmat Company

3000 ton/hr aggregate processing

9/12/91

(App. no. 241926)

PM
(Detailed Control
Information)
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system operating
16 hours per day

(Detailed Information)

A390-522-92

District Contact:
M. Quizon
South Coast AQMD
(909) 396-2639
mquizon@aqmd.gov

Baghouse

No limit
(Expected control
efficiency of 99%)
------------------------------

Calmat Company

3000 ton/hr aggregate processing
system operating
16 hours per day

(Detailed Information)

9/12/91

(App. no. 233351)

A390-521-92

District Contact:
M. Quizon
South Coast AQMD
(909) 396-2639
mquizon@aqmd.gov

PM
(Detailed Control
Information)
Baghouse

No limit
(Expected control
efficiency of 99%)
------------------------------

Calmat Company

3000 ton/hr aggregate processing
system operating 16 hours per day

(Detailed Information)

9/12/91

(App. no. 241927)

A390-520-92

District Contact:
M. Quizon
South Coast AQMD
(909) 396-2639
mquizon@aqmd.gov

PM
(Detailed Control
Information)
Baghouse

No limit
(Expected control
efficiency of 99%)
------------------------------

Blue Diamond Materials

500 ton/hr portable aggregate
processing plant

(Detailed Information)

10/29/90

(App. no. 229973)

A390-456-90

District Contact:
Sean Cullins
South Coast AQMD
(909) 396-2655
scullins@aqmd.gov

PM
(Detailed Control
Information)
Baghouse

No limit
(Estimated control of 99%)
------------------------------

Coffman Construction 9/4/90 PM
(Detailed Control
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300 cubic yards/hr concrete batch plant

(Detailed Information)

(App. no. 228979)

A390-455-90

District Contact:
Sean Cullins
South Coast AQMD
(909) 396-2655
scullins@aqmd.gov

Information)
Baghouse

No limit
(Estimated emission level
of 0.0958 gr/dscf)
------------------------------

Puente Ready Mix, Inc.

200 cubic yard/hr concrete batch plant

(Detailed Information)

4/18/90

(App. no. 225059)

A390-449-90

District Contact:
Sean Cullins
South Coast AQMD
(909) 396-2655
scullins@aqmd.gov

PM
(Detailed Control
Information)
Baghouse

No limit
(Estimated emissions level
of 0.0120 gr/dscf)
------------------------------

Santa Clarita Minerals

Ilmenite ore benefaction system
capable of processing
2,640 tons/day including rotary dryer,
conveyors, screens, electrostatic and
magnetic separators

(Detailed Information)

5/9/90

(A/C no. 2015079)

A390-448-90

District Contact:
Rick Hawrylew
South Coast AQMD
(909) 396-2657
rhawrylew@aqmd.gov

PM
(Detailed Control
Information)
Cyclone and baghouse

Assumed capture efficiency
of 84% and 99% for
cyclone and baghouse,
respectively
------------------------------

Owl Rock Products Co.

Aggregate operation, including jaw
crusher, screens, cone crusher, and
conveyors with a capacity to process
1,200 tons/hr

(Detailed Information)

5/2/90

(App. nos. 209433, 209434,
209436 thru 209438, and
209419 thru 209424)

A390-447-90

District Contact:
Rick Hawrylew
South Coast AQMD
(909) 396-2657

PM
(Detailed Control
Information)
Dust collectors

No limit
(Assumed capture
efficiency 99%)
------------------------------
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rhawrylew@aqmd.gov

Wyroc, Inc.

2500 ton/day aggregate plant

(Detailed Information)

5/12/89

(App. no. 186168)

A390-427-90

District Contact:
Permit Services
South Coast AQMD
(909) 396-3385

PM
(Detailed Control
Information)
Baghouse, fabric filter

No limit
(Estimated control level of
93%)
------------------------------

Massey Sand & Rock, Inc.

9600 ton/day rock crushing operation

(Detailed Information)

6/20/89

(App. no. 187381)

A390-409-90

District Contact:
Permit Services
South Coast AQMD
(909) 396-3385

PM
(Detailed Control
Information)
Baghouse

No limit
(Expected emission level of
72 lbm/day)
------------------------------

Asphalt Const. Co., Inc.

175 tons/hr aggregate plant

(Detailed Information)

12/21/88

(A/C no. 1014009B)

A390-307-89

District Contact:
Tom Paxson
Kern Co. APCD
(805) 861-2593
kcapcd@co.kern.ca.us

PM
(Detailed Control
Information)
Water spray

No limit
(Estimated control level of
50%)
------------------------------

Kern Rock Co.

Aggregate hoppers and conveyors rated
at
300 tons/hr

(Detailed Information)

3/9/89

(A/C no. 1025018A)

A390-306-89

District Contact:
Tom Paxson
Kern Co. APCD
(805) 861-2593
kcapcd@co.kern.ca.us

PM
(Detailed Control
Information)
Water spray at transfer
points; enclosure of transfer
points

No limit
(Expected emission level of
59.88 lbm/day)
------------------------------
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Granite Const. Co.

300 ton/hr portable rock plant powered
by a 380 hp diesel reciprocating engine

(Detailed Information)

3/27/87

(A/C no. 86-118)

A390-268-88

District Contact:
George Heinen
San Joaquin Co. APCD
(559) 230-5909

PM
(Detailed Control
Information)
Spray foggers

59 lbm/day
47% control efficiency
------------------------------

Tutor Saliba Corp.

270 ton/day aggregate receiving and
storage system

(Detailed Information)

7/7/87

(App. no. 158121)

A390-227-87

District Contact:
Ron Lem
South Coast AQMD
(909) 396-2654
rlem@aqmd.gov

PM
(Detailed Control
Information)
Water spray

9.7 lbm/day
(Estimated level of
50% control)
------------------------------

Granite Const. Co.

500 ton/hr portable rock crusher

(Detailed Information)

4/29/87

(A/C no. 8666)

A390-214-87

District Contact:
Aleta Kennard
Sacramento Metro AQMD
(916) 386-6650

PM
(Detailed Control
Information)
Water spray bars

15% opacity
(approx. 70% control)
------------------------------

Granite Const. Co.

1000 ton/hr rock crushing plant

(Detailed Information)

10/9/86

(A/C no. 8470)

A390-155-86

District Contact:
Aleta Kennard
Sacramento Metro AQMD
(916) 386-6650

PM
(Detailed Control
Information)
Sonic dry fog dust
suppression system

10% opacity, except for
15% opacity at crushers
(Assumed control level of
97%)
------------------------------
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Diamond A Ranch Quarry
(Oliver de Silva)

300 ton/hr rock crushing plant

(Detailed Information)

6/2/86

(A/C no. 30724)

A390-142-86

District Contact:
Greg Stone
Bay Area AQMD
(415) 771-6000

PM
(Detailed Control
Information)
Water spray and baghouse

0.02 gr/decf
99.7% control
10% opacity
------------------------------

Click here to return the CAPCOA BACT Search Page
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Best Available Retrofit Technology (BART) Analysis of Control Options 
For 

Colorado Springs Utilities – Drake Plant 
 

I. Source Description 
 
Owner/Operator: Colorado Springs Utilities 
Source Type:  Electric Utility Steam Generating Unit 
SCC (EGU):  10100202 
Boiler Type: Three Pulverized Coal, Dry-Bottom, Front-Fired, firing coal and 

natural gas (Units 5, 6, and 7) 
 
The facility is located at 700 South Conejos Street in Colorado Springs.  This facility 
consists of three (3) steam driven turbine/generator units (Units 5, 6, and 7) and the 
associated equipment needed for generating electricity.  These units fire coal as the 
primary fuel and use natural gas for backup and startup.  The facility also includes the 
various processes necessary to handle the coal and ash.  The coal and flyash handling 
systems are provided with baghouses for air pollution emission control of PM and PM10 
at appropriate point sources.  In addition, the coal is treated with chemical additives to 
reduce fugitive emissions.  Table 1 depicts technical information for each boiler at the 
Drake Plant.     
 

Table 1: Drake Boilers Technical Information 
 Unit 5 Unit 6 Unit 7 

Placed in 
Service 

October 28, 1962 July 27, 1968 June 14,1974 

Boiler Rating, 
MMBtu/Hr for 
coal 

548 861 1,336 

Electrical 
Power Rating, 
Gross 
Megawatts 

51 85 142 

Description Riley Pulverized Coal 
Front Fired Dry Bottom, 

firing natural gas and 
coal.  548 MMBtu/Hr w/ 
coal, 514 MMBtu/Hr w/ 

NG. 

Babcock and Wilcox 
Pulverized Coal Front Fired 
Dry Bottom, firing natural 

gas and coal.  861 
MMBtu/Hr w/ coal 850 

MMBtu/Hr w/ NG. 

Babcock and Wilcox 
Pulverized Coal Front Fired 
Dry Bottom, firing natural 

gas and coal.  1336 
MMBtu/Hr w/Coal, 1310 

MMBtu/Hr w/ NG. 

Air Pollution 
Control 
Equipment 

Reverse-Air Fabric Filter 
Baghouse- installed in 

May 1998  

Reverse-Air Fabric Filter 
Baghouse – installed in 

September 1978 

Reverse-Air Fabric Filter 
Baghouse– installed in 

November 1993 

Inherent 
Special 
Features 

Low NOx burners – 
placed in service in May 

1998 

Low NOx burners – placed 
in service in March 1998 

Low NOx burners – placed 
in service in October 1999 

Monitoring 
Equipment 

COM 
CEMs for SO2 , NOx,   

COM 
CEMs for SO2 , NOx,    

COM 
CEMs for SO2 , NOx,      
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CO2, and stack gas         
flow rate 

CO2, and stack gas            
flow rate 

CO2, and stack gas            
flow rate 

Emissions 
Reduction 
(%)* 

NOx – 54.7% 
SO2 – None 
PM – 99.7% 
PM10 – 98.6% 

NOx – 52.8% 
SO2 – None 
PM – 99.6% 
PM10 – 98.2% 

NOx – 57.7% 
SO2 – None 
PM – 99.8% 
PM10 – 99.1% 

*Emissions Reduction estimated by comparing uncontrolled AP-42 factor to actual average emission factor 
for PM/PM10. For NOx estimates, CAMD data was used to calculate reduction.  See “Drake APCD 
Technical Analysis” for further details.  Not based on actual testing. 
 
Boilers 5, 6, and 7 are considered BART-eligible, being fossil-fuel steam electric plants 
of more than 250 MMBtu/hr heat input with the potential to emit 250 tons or more of 
haze forming pollution (NOx, SO2, PM10), and commenced operation in the 15-year 
period prior to August 7, 1977.  The combined emissions of these boilers also cause or 
contribute to visibility impairment at a federal Class I area at or above a 0.5 deciview 
change; consequently, all three boilers are subject-to-BART.  Initial air dispersion 
modeling performed by the Division demonstrated that the Martin Drake Plant 
contributes to visibility impairment (a 98th percentile impact equal to or greater than 0.5 
deciviews) and is therefore subject to BART.  Colorado Springs Utilities (CSU) 
submitted a BART Analysis to the Division on August 1, 2006 with updated cost 
information submitted on March 29, 2007.  CSU also provided information in “NOx and 
SO2 Reduction Cost and Technology Updates for Colorado Springs Utilities Drake and 
Nixon Plants” Submittal provided on February 20, 2009 as well as additional information 
upon the Division’s request on February 21, 2010, March 21, 2010, May 10, 2010, May 
28, 2010, June 2, 2010, and June 15, 2010.  These documents are all provided as “CSU 
Drake BART Submittals”. 
 
Regulations that apply to these boilers are as follows: 

• State Regulation No. 1, III.A.1.c limits particulate matter emissions to 0.1 
lb/MMBtu.   

• State Regulation No. 1, VI.A.3.a.(ii) limits sulfur dioxide emissions to 1.2 
lb/MMBtu.   

• 40 CFR, Part 76-Acid Rain Nitrogen Oxides Emission Reduction Program limits 
NOX emissions to 0.46 lb/MMBtu of heat input on an annual average basis.   

• No other annual emission limitations or State Regulations since units are 
Grandfathered1.   

 
II. Emissions for Units 5, 6, & 7 

 
CSU estimated that a realistic depiction of anticipated annual emissions for Boilers 5, 6, 
and 7, or “Baseline Emissions”, to be conservative, was the average of two previous 
years (2004, 2005) of emissions data in the August 1, 2006 analysis.  Several years have 

                                                 
1 Colorado Department of Public Health and Environment Air Quality Control Commission Regulation Number 3 
Stationary Source Permitting and Air Pollutant Emission Notice Requirements 5 CCR 1001-5 Part G.IV states: “A 
source existing before the adoption of the first Colorado Air Quality Control Act and the date of its implementing 
regulations of February 1, 1972, is not required to obtain a permit.  This revision is intended to clarify the date prior 
to which existing sources are considered “grandfathered” and exempt from permit requirements.” 
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passed since the original BART submittal, in which the Division has updated modeling 
and technical analyses.  Therefore, the Division used years 2006 – 2008 (annual averages 
and 30-day rolling) for baseline emissions for reduction and cost calculations.  The 
highest 24-hour peak emission rate during this timeframe was used for modeling 
visibility results.  The Division verified these emissions using Colorado’s Air Pollutant 
Emission Notices and EPA’s CAMD database as applicable.  These emissions are 
summarized in Table 2. 
 

Table 2: CSU Boilers 5, 6 and 7 Baseline Emissions 

Pollutant 

Boiler 5 Boiler 6 Boiler 7 
Annual 

Emissions* 
(tpy) 

Annual 
Emissions** 
(lb/MMBtu) 

Annual 
Emissions* 

(tpy) 

Annual 
Emissions** 
(lb/MMBtu) 

Annual 
Emissions* 

(tpy) 

Annual 
Emissions** 
(lb/MMBtu) 

NOx 768 0.38 1,413 0.42 2,081 0.39 
SO2 1,269 0.63 2,785 0.82 4,429 0.83 
PM10 27 0.01*** 58 0.02*** 55 0.01*** 

*Using daily CEMs data from 2006 – 2008 calendar years (CAMD data). 
**The Division calculated average emission rate (lb/MMBtu) from the 2006 - 2008 calendar years (CAMD 
data) based on average daily reported data for each unit for NOx and SO2 emissions. 
***The PM10 emission rate is determined from the Title V permit compliance stack test.  These values are 
as follows: Drake #5 – 0.0132 lb/MMBtu; Drake #6 – 0.0186 lb/MMBtu; Drake #7 – 0.0111 lb/MMBtu.   

 
III. Units Evaluated for Control 

 
As documented by CSU, these boilers fire a variety of coal types, including coal from the 
southern Powder River Basin (PRB, located in Wyoming), ColoWyo coal (from 
northwestern Colorado), 20-Mile Foidel Creek coal (northwestern Colorado), and West 
Elk coal (western Colorado).  The specifications for these coals are listed below in Table 
3 (averaged from 2006 – 2008).  Table 4 lists the 2006 – 2008 averaged APEN-reported 
coal characteristics for each boiler. Table 4 is not based on percent of various coals fired, 
but instead based on the Division’s Air Pollutant Emission Notice (APEN) database.  
Sources submit annual emissions data using APENs.  Due to equipment limitations, these 
boilers cannot achieve full load on PRB-sourced coal and instead fire a blend of the 
above listed coals.  The ratio of PRB was discussed in the initial BART analysis 
submitted by CSU in an effort to demonstrate that firing sub-bituminous coal may have a 
minimal effect (if any) on a boiler’s NOx emissions.  In fact the data suggested at that 
time that 100% sub-bituminous coal had no effect on NOx emissions for some of the 
boilers.  CSU notes that this effect may be boiler specific.  The difference in sulfur 
content and resultant SO2 emissions was not discussed in the initial BART analysis.    
Colorado’s BART guidance (Regulation No. 3, Part F, Section IV.B.1.f) states that 
sources may include an evaluation of representative characteristics of coals from sources 
they reasonably expect to use, so that these characteristics may be considered in a 
particular BART limit. 
 

Table 3: Drake Plant Coal Specifications (2004 – 2005) 
Coal Mine/Region Southern PRB Colowyo 20-Mile Foidel 

Creek 
West Elk 

Coal Rank 
Classification 

Sub-bituminous Sub-bituminous, 
Class A 

Bituminous Bituminous 



Colorado Department of Public Health and Environment - Air Pollution Control Division 

Best Available Retrofit Technology (BART) Analysis – Colorado Spring Utilities Drake Page 4 
 

As Received Analysis 
H2O (Moisture %) 27.11 17.42 9.62 7.55 
Ash (%) 4.64 5.71 11.93 8.71 
Sulfur (%) 0.21 0.37 0.52 0.45 
Nitrogen (%) 0.69 1.35 1.57 1.30 
Heating Value 
(HHV Btu/lb) 

8,805 10,392 11,084 12,266 

 
Table 4: Coal Specifications (2006 – 2008 Averaged APEN data) 

 Specifications 
Emission Unit Fuel Heating Value 

(Btu/lb) 
Sulfur (% by weight) Ash (% by weight) 

Boiler #5 9,798 0.36 8.14 
Boiler #6 10,749 0.47 10.38 
Boiler #7 11,117 0.50 11.14 

 
Table 1 lists the units at Colorado Springs Utilities Drake Plant that the Division 
examined for control to meet BART-eligible requirements. Controlled and uncontrolled 
emission factors and CAMD data were used to evaluate the control effectiveness of the 
current emission controls.  Uncontrolled emission factors are outlined in Table 5.  The 
factors are based on firing bituminous coal for conservative estimates. 
 

Table 5: Uncontrolled emission factors for CSU Drake BART-eligible sources2 
 Pollutant (lb/ton)* 

Emission Unit NOx SO2 PM 
(filterable) 

PM10 
(filterable) 

Boiler #5 22 13.6 81.5 18.7 
Boiler #6 22 18.0 103.8 23.9 
Boiler #7 22 18.8 111.4 25.6 

*SO2 and PM/PM10 factors are determined by the applicable AP-42 equation, where %S  and %A are the % of 
sulfur and ash present in the coal supply, respectively, determined from Table 4.  

 
A. Sulfur Dioxide (SO2) 

 
Step 1: Identify All Available Technologies 
 
CSU identified one control option for Units 6 and 7: 
Semi-dry flue gas desulfurization (dry FGD) aka lime spray drying (LSD/SDA) 
CSU identified two control options for Unit 5: 
Semi-dry flue gas desulfurization (dry FGD) aka lime spray drying (LSD/SDA) 
Dry sorbent injection – Trona (DSI) 
 
The Division also identified and examined additional control options for these units: 
Lime/limestone-based wet FGD – all units 
Emission limit tightening – Unit 5 (no control) 

 
Step 2: Eliminate Technically Infeasible Options 

                                                 
2 EPA AP-42, Fifth Edition, Volume I, Chapter 1, Section 1.1, Tables 1.1-3 and 1.1-4. 
http://www.epa.gov/ttn/chief/ap42/ch01/final/c01s01.pdf   
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FGD: Flue gas desulfurization removes SO2 from flue gases by a variety of methods.  Wet 
scrubbing uses a slurry of alkaline sorbent, either limestone or lime, to scrub the gases.  The most 
common dry FGD system is a lime spray dry absorber that uses slaked lime slurry sprayed into 
the flue gas, which is subsequently dried by the heat of the flue gas, and then collected in a 
particulate control device.  Generally, FGD control systems need to be located in close proximity 
to the boiler exhaust gas stream to prevent condensation (e.g. cooling of the exhaust gases) that 
results in acidic precipitation in the duct which results in corrosion issues. 
 
Wet FGD: Wet FGD control systems must be located after the baghouse because the moist 
plume resulting from the wet scrubber system would create baghouse plugging issues if the 
control is placed ahead of the baghouse.  Each absorber tower requires a similar “foot print” area, 
along with additional space for support equipment access, slurry preparation, mixing, associated 
tanks, dewatering and a chimney.   
 
Dry FGD: Dry FGD systems are commonly known as spray dry absorbers (SDA) or lime spray 
dryers (LSD), and currently make up about 12% of FGD systems at U.S. power plants3.  SDA 
systems are typically utilized at smaller units that burn lower-sulfur coal in the western U.S., 
where water resources are limited.  Additionally, Controlling SO2 Emissions: A Review of 
Technologies4 evaluates various SO2 control technologies and shows that for low-sulfur coal 
applications, LSDs can meet comparable emission rates to wet systems. 
 
A SDA system must be located before the boiler flue gases enter the baghouse.  Each reactor 
vessel requires a “foot print” area comprising about 2,000 to 4,000 square feet (depending on 
volume of flue gas treated) along with additional space for support equipment access, slurry 
preparation, mixing and associated tanks.  The plant is bounded to the north by West Cimarron 
Street, to the west by federal Interstate Highway 25 and Fountain Creek, to the east by Conejos 
Street, and the south by Fountain Creek (as the Interstate and the Creek curve to the southeast).  
Train tracks (the Drake rail spur) also bound the facility to the north, south, and west.  Along the 
east side of the plan (immediately east of Conejos Street) is the main railroad line.  Figure 1 
illustrates these boundaries. Figure 2, depicting a detailed view of the boilers, respective 
baghouses, and available spaces for FGD systems, indicates that available physical space is 
severely constrained at the Drake Plant, due to locations as well as pollution control retrofits for 
particulate matter.  As figure 2 indicates, the square footage available to accommodate a FGD for 
Unit 5 is 3,025 ft2 and Units 6 & 7 is 8,346 ft2 (or about 4,000 ft2 per unit).  The entire site is 
very congested, with limited access and limited room for major retrofits of new capital 
equipment.  Demolition and site reconfiguration would be required for FGD systems on these 
units and has been included in the cost analysis provided by Drake.  CSU determined that it is 
technically feasible to install a dry FGD on Unit 5, Unit 6 and Unit 7.  
 

                                                 
3 Electric Power Research Institute: A Review of Literature Related to the Use of Spray Dryer Absorber Material – 
Production, Characterization, Utilization Applications, Barriers, and Recommendations, Technical Report, 
September 2007.  University of North Dakota: Energy & Environmental Research Center – Coal Ash Resources 
Research Consortium.  15 North 23rd Street, Stop 9018.  Grand Forks, ND, 58202.  Pg. v. 
4 Srivastava, R.K. Controlling SO2 Emissions: A Review of Technologies. U.S. Environmental Protection Agency, 
Washington, DC, EPA/600/R-00/093 (NTIS PB2001-101224), 2000. 
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Figure 1: Drake Plant Physical Boundaries 

 

 
Figure 2: Drake Plant Detailed View 
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The Division conducted site visits and determined: 
• Unit 5  

o CSU determined dry FGD controls are technically feasible although available 
physical space was severely constrained and some demolition and site reconfiguration 
would be required; the Division conducted a site visit and determined that dry FGD 
controls were not appropriate considering the space constraints, shown in Figure 1 
and Figure 2.  Therefore control effectiveness and impacts for dry FGD are not 
evaluated in this analysis.   

o Traditional wet FGD controls are possible considering that there is adequate space 
near the baghouse to allow for the installation of controls, but is being eliminated 
based on other considerations within the five factors (i.e. energy and non-air quality 
impacts).  Refer to the energy and non-air quality impact section for the Division 
review regarding wet FGD controls for Unit 5. 

• Units 6 and 7 
o Dry FGD controls are technically feasible for Units 6 and 7. 
o Traditional wet FGD controls are possible considering that there is adequate space 

near the baghouse to allow for the installation of controls, but is being eliminated 
based on other considerations within the five factors (i.e. energy and non-air quality 
impacts).  Refer to the energy and non-air quality impact section for the Division 
review regarding wet FGD controls for Units 6 and 7. 

 
It is worth noting that CSU-Drake is currently testing a new, innovative non-traditional wet 
scrubber control system that appears to be as effective, if not more effective, at controlling SO2 
emissions with much less pressure drop (less parasitic load from increased fan demands) and 
requires a much smaller operational foot print area in comparison to traditional wet scrubbing.. 
The pilot-scale wet scrubber control system, called the NeuStream-S FGD process, is presently 
being tested on a 20 MW flue gas stream. CSU anticipates scaling the non-traditional wet 
scrubber control to full scale pending successful outcome of the current testing.  This new wet 
scrubber technology uses a unique contacting vessel that makes it different from traditional wet 
scrubbers.  It affords a higher liquid to gas contact ratio and so uses much less water / has lower 
pressure drop.  It also uses a dual alkali system that is somewhat unique when compared to most 
traditional wet scrubbers.  In comparison to traditional wet and LSD scrubbers, this new 
technology will have smaller water and energy requirements.  There are several non-air quality 
aspects of the NeuStream-S process that compare favorably to traditional scrubbers, described in 
Step 4.  Regarding the applicability of the NeuStream process to Drake Unit 5, the Division notes 
that this technology is not commercially available at this time.  CSU has not determined if this 
technology is feasible for this smaller unit.  However, the Division will re-assess this technology 
in the next Regional Haze planning period. 
 
Although the technology being tested by CSU does not technically meet the definition of 
“available” as set forth in the BART rules, the Division is willing to allow CSU the opportunity 
to prove the technology and if successful, the opportunity to install the NeuStream-S FGD 
scrubber.  This process will be required to meet the emission limits established for the LSD 
technology established in this BART determination.  Regardless of the technology utilized, 
Drake has to meet the LSD-based BART limits within 5 years of EPA approval of the BART 
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SIP.  CSU will test the NeuStream system until December 2011, and at that time, determine the 
control technology that will be used to comply with the specified SO2 BART limits for Units 6 
and 7. 
 
DSI: Dry sorbent injection involves the injection of typically a sodium based reagent, either the 
mineral trona (sodium sesquicarbonate) or refined sodium bicarbonate, into the flue gas.  The 
injected reagent reacts with the SO2 present in the flue gas to create sodium sulfate, which is then 
collected in the particulate control device as in the case of the Drake boilers.  CSU asserts that 
the flue gas temperatures present downstream of the Unit 5 airheater are in the appropriate range 
to allow for DSI application.  A very important factor in DSI application is the ability for the 
boiler’s particulate control device to accommodate the added particulate loading of the DSI 
reagent in addition to the flyash loading.  CSU’s preliminary review indicates that even with the 
added loading of DSI reagent, the Drake baghouses would be operating within the design 
specification for particulate loading.  The flue gas is not cooled nor saturated with water, so 
reheating of desulfurized flue gas is not required. No gas-sorbent contacting vessel is required to 
be installed.  DSI requires less capital equipment, less physical space, and less medication to 
existing ductwork compared to a SDA system.  However, reagent costs are much higher and 
depending upon the absorbent and amount of sorbent injected, control efficiency is lower when 
compared to a SDA system.  Lime, soda ash, and Trona (sodium sesquicarbonate) are possible.  
Lime is the least reactive reagent resulting in low efficiencies even at high injection rates.  Trona 
is a very reactive reagent that can be used to achieve a range of efficiencies depending on the 
amount of sorbent injected, and would likely be the chosen reagent.   
 
One major challenge of DSI systems is the possibility of converting the NOx present in the flue 
gas from NO which is colorless to NO2 which has a reddish-brown color.  This conversion of NO 
to NO2 can create a brown plume from the stack which could create opacity compliance issues.  
Due to variability of boiler configurations, coal composition, NOx to SO2 ratios, and other 
factors, it is difficult to arrive at a precise estimate of the maximum SO2 removal rate that is 
achievable while minimizing the brown plume condition.  However, based on literature review, 
CSU estimated the maximum SO2 removal rate that can be achieved while minimizing the 
creation of the brown plume condition to be 60% SO2 removal.  In practical application, a higher 
SO2 removal rate may be possible, while it is also possible that a lower SO2 removal rate may be 
necessary to limit the brown plume formation.  This determination would require actual SO2 
removal real-time testing.   Therefore, DSI is technically feasible for Drake Plant Unit 5.  The 
Division assumes that this same technology is also then technically feasible for Unit 6 and Unit 
7. 
 
Emission limit tightening (unit 5 only): The Division conducted technical analyses to determine 
whether the current SO2 emission limit could be more stringent based on actual emissions (2006 
– 2008) from the units.  This option is technically feasible for all units.  However, the Division 
only examined this option for Unit 5 since when this option was examined; preliminary SO2 
determinations had already been established for all units.  Unit 5 was the only unit where the 
emission limit could potentially be achieved with the assumption of no control. 
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Step 3: Evaluate Control Effectiveness of Each Remaining Technology 

CSU provided the Division annual average control estimates.  In the Division’s experience, 30-
day SO2 rolling average emission rates are expected to be approximately 5% higher than the 
annual average emission rate.  The Division projected a 30-day rolling average emission rate 
increased by 5% for Units 5, 6, and 7 to determine control efficiencies and annual reductions. 
 
The Division has reviewed the data supplied by CSU as well as other control techniques applied 
to pulverized coal boilers.  A Division review of the EPA’s RBLC revealed recent BACT SO2 
determinations range from 0.06 – 0.167 lbs/MMBtu.  The Division narrowed down this range 
depending on the averaging time, permit type, facility size, and fuel type.  This narrowed range is 
0.095 – 0.161 lbs/MMBtu, with an average of 0.119 lbs/MMBtu rounded to 0.12 lbs/MMBtu.  
While determinations made by other states do not dictate the emissions rate choice made by the 
Division, they do provide information on the range to validate the emissions rate chosen by the 
Division.  Refer to “Division RBLC Analysis” for more details.   
 
Dry FGD (LSD): Controlling SO2 Emissions: A Review of Technologies5 indicates that the 
median control efficiency for dry FGD processes, such as LSD, is 90%. Typically dry FGD 
technology is applied to units that fire coal with a sulfur content below 1.0% to 1.5%. However, 
when concentrations of pollutants are low, as is the case with low-sulfur western coal, the 
achievable control efficiency will drop. Due to the very low sulfur content of the coal burned at 
the Drake Power Plant, typically <0.5% as detailed in Table 3, a 90% removal rate is at the upper 
end of what may reasonably be expected in practice. Additionally, achievement of a 90% 
removal rate on a long-term basis would require levels of equipment redundancy that may not be 
feasible to locate at a congested site such as the Drake Power Plant.    
DSI: Based on literature review, CSU estimated the maximum SO2 removal rate that can be 
achieved to be 60% SO2 removal.  The Division concurs that this control efficiency is reasonable 
for retrofit on these units.  
 
Emission limit tightening: Since emission limit tightening is based on actual data, there will be 
minimal, if any, reductions from baseline period (2006 – 2008) SO2 emissions.  The Division 
found that the maximum 30-day rolling emission rate for Unit 5 was 0.83 lb/MMBtu.  As 
explained above, the Division projects 30-day rolling SO2 emission rates to be approximately 5% 
higher than annual average emission rates.  The uncertainty of evaluating a “maximum” emission 
rate warrants a similar 5% buffer to be applied in this case, especially due to the fact that the 
Drake facility has limited coal storage capacity and blends four different types of coals.  
Therefore, an appropriate SO2 emission limit assuming no control technology for Unit 5 is 0.9 
lb/MMBtu on a 30-day rolling average. 

 

 

Table 6 summarizes each available technology and technical feasibility for SO2 control. 
                                                 
5 Srivastava, R.K. Controlling SO2 Emissions: A Review of Technologies. U.S. Environmental Protection Agency, 
Washington, DC, EPA/600/R-00/093 (NTIS PB2001-101224), 2000. 
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Table 6: Drake Units 5, 6, and 7 SO2 Technology Options and Technical Feasibility 
Technology Emission 

Reduction 
Potential (%) 

Technically Feasible? 
(Y = yes, N = no) 

Wet FGD 95% Y  
Dry FGD (LSD) 81 – 90% N – Unit 5 

Y – Units 6 & 7 
DSI  60% (CSU) Y 

 
Step 4: Evaluate Impacts and Document Results 
 
Cost of Compliance 
Wet FGD: The significant cost issue associated with securing sufficient water supplies (a costly 
and scarce resource in the Front Range) to support a wet FGD control system along with the cost 
of disposing the sludge byproduct at an approved landfill since on-site storage is not an option.  
There are other costs and environmental impacts that the Division also considers undesirable 
with respect to wet scrubbers.  
 
LSD/DSI: CSU submitted cost estimates for LSD systems on Units 5, 6 and 7 in the original 
BART submittal on August 1, 2006 and updated refined cost estimates on March 29, 2007.  CSU 
provided cost estimates for the DSI system evaluated on Unit 5 on May 10, 2010.  
 
 
 
The application of LSD or DSI would remove nearly all of the halogens in the flue gas, thus 
improving the acid gas removal of the baghouse.  However, it is anticipated that LSD or DSI 
would also lower the inherent mercury removal in the baghouses.  Recent mercury tests at the 
Drake Plant have shown that the amount of mercury leaving the stack is approximately 60 – 90% 
less than what would have been expected based on coal analysis.  It is believed that the halogens 
present in the flue gas are oxidizing the mercury, which is subsequently removed in the 
baghouse.  The application of LSD or DSI would remove the halogens in the flue gas, which 
may lead to reduced mercury control.  Due to this possibility, the provision of adding mercury 
control via activated carbon injection as part of a LSD or DSI system has been included in the 
estimated cost of LSD/DSI application.   
 
The Division compared CSU’s updated cost information to the study that EPA conducted in 
developing presumptive BART limits,6 shown in Table 7.   
 

Table 7: CSU-Drake SO2 LSD Control Cost Comparison 
Unit 

Capacity 
(MW) 

EPA’s Calculated Cost Effectiveness 
for MW Group ($/ton SO2 Removed) 

CSU Refined Cost Estimate 
($/ton SO2 Removed (Control 

System))  

Cost Differential  

Unit 6 –  $2,399 $2,579 - $2,981  + 8%  – 24%  

                                                 
6 EPA, 2005.  Technical Support Document for the Best Available Retrofit Technology (BART) Notice of Final 
Rulemaking: Setting BART SO2 Limits for Electric Generating Units: Control Technology and Cost-Effectiveness. 
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85 MW  
Unit 7 –  
142 MW 

$1,796 $2,140 - $2,694  
 

+ 19% - 50% 

 
EPA’s study was published in 2005 whereas CSU sent the Division updated cost analyses for 
LSD systems on Units 6 and 7 using various cost updates from the 2006 timeframe.  Drake has 
reflected the costs of retrofitting a facility that is already congested with limited room and access 
for major retrofits of new capital equipment in the retrofit multiplier that is applied to the cost of 
new equipment.  Therefore, the Division considers CSU’s updated cost information for the LSD 
controls on these units to be reasonable estimations for the cost of control.   
 
The Division considers this cost to be within a reasonable cost range that is comparable to other 
Colorado facility submittals.7  Therefore, the Division did not adjust CSU’s cost estimates.  CSU 
only submitted DSI cost information for Unit 5.  The Division scaled this cost information for 
Units 6 and 7 in Table 9, Table 10, and Table 11.  Please see “Drake APCD Technical Analysis” 
for more details. 
 
For dry FGD, CSU estimated a removal rate of 83.3% based on a worst-case coal sulfur 
concentration of 0.9 lb/MMBtu, baseline years 2004 and 2005, and a resulting emission rate at 
the BART presumptive limits of 0.15 lb/MMBtu.  The Division adjusted this removal rate using 
the baseline SO2 emissions from Table 2 (lb/MMBtu and tons/year) for each unit and using a 
realistic removal rate of 76 – 90%that meets or exceeds BART presumptive limits for Units 6 
and 7, and exceeds the limits for Unit 5.  This range allows the Division to determine the most 
reasonable BART limit for this control option, if applicable.  The Division scaled costs linearly 
for the LSD systems for higher control efficiencies as applicable.  See “Division APCD 
Technical Analysis” for more details.  
 
Emission limit tightening: There are no costs associated with this option for unit 5.  This option 
is considered equivalent to the “baseline” row in the tables below, and is not considered as a 
separate cost option.  
 
Table 8 illustrates resultant SO2 emissions for each technically feasible control option.  Table 9, 
Table 10, and Table 11 show the SO2 control cost comparisons for each unit based on the 
detailed cost analyses.  The Division used baseline emissions from Table 2.  The Division 
analyzed both annual and 30-day rolling average limits.  The Department’s experience with 
power plants suggests that the maximum 30-day rolling average SO2 emission rate is 
approximately 5% higher than the annual average emission rate. 
 
 
 
 
 
 
 

                                                 
7 ENSR, 2006.  BART Analysis for the TriGen Colorado Energy Corporation Facility in Golden, Colorado.  
Prepared for Trigen.  Document No: 10279-017-700. 
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Table 8: Units 5, 6, and 7 Control Resultant SO2 Emissions 
Alternative Control 

Efficiency 
(%) 

Resultant Emissions 
Unit 5 Unit 6 Unit 7 

Annual 
Emissions 
(tons/year) 

Annual 
Average 

(lb/MMBtu) 

30-day 
rolling 

Average 
(lb/MMBtu) 

Annual 
Emissions 
(tons/year) 

Annual 
Average 

(lb/MMBtu) 

30-day 
rolling 

Average 
(lb/MMBtu) 

Annual 
Emissions 
(tons/year) 

Annual 
Average 

(lb/MMBtu) 

30-day 
rolling 

Average 
(lb/MMBtu) 

Baseline --- 1,269 0.63  2,785 0.82  4,429 0.83  
DSI 60 508 0.25 0.26 1,114 0.33 0.34 1,771 0.33 0.35 

Dry FGD 
(LSD) 

82      501 0.15 0.15 797 0.15 0.16 

Dry FGD 
(LSD) 

85      418 0.12 0.13 664 0.12 0.13 

Dry FGD 
(LSD) 

90      279 0.08 0.09 433 0.08 0.09 

 
Table 9: Drake Unit 5 SO2 Cost Comparison 

Alternative Emissions Reduction 
(tpy) 

Annualized Cost 
($) 

Cost Effectiveness 
($/ton) 

Incremental Cost 
($/ton) 

Baseline 0 $0 $0 ---
DSI 762  $1,340,663  $1,760 $1,760 

 
Table 10: Drake Unit 6 SO2 Cost Comparison 

Alternative Emissions 
Reduction (tpy) 

Annualized Cost 
($) 

Cost Effectiveness 
($/ton) 

Incremental Cost 
($/ton) 

Baseline 0 $0 $0 ---
DSI 1,671 $2,234,438 $1,337 $1,337
Dry FGD (LSD) @ 
82% control 

2,284 $6,186,854 $2,709 $6,540

Dry FGD (LSD) @ 
85% control 

2,368 $6,647,835 $2,808 $5,517

Dry FGD (LSD) @ 
90% control 

2,507 $7,452,788 $2,973 $5,780

 
Table 11: Drake Unit 7 SO2 Cost Comparison 

Alternative Emissions 
Reduction (tpy) 

Annualized Cost 
($) 

Cost Effectiveness 
($/ton) 

Incremental Cost 
($/ton) 

Baseline 0 $0 $0 ---
DSI 2,657 $3,732,826 $1,405 $1,405
Dry FGD (LSD) @ 
82% control 

3,632 $8,216,863 $2,263 $4,602

Dry FGD (LSD) @ 
85% control 

3,764 $8,829,321 $2,345 $4,610

Dry FGD (LSD) @ 
90% control 

3,986 $9,898,382 $2,483 $4,828
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Energy and Non-Air Quality Impacts 
Traditional Wet FGD: Based upon its experience, and as discussed in detail below, the Division has 
determined that wet scrubbing has several negative energy and non-air quality environmental 
impacts, including massive water usage. This is a significant issue in Colorado, where water is a 
costly, precious and scarce resource. In the arid West, securing sufficient water supplies to support a 
wet FGD control system is a difficult undertaking that precludes other beneficial uses for such water. 
In Colorado, water law is based upon the doctrine of prior appropriation or “first in time - first in 
right,” and the priority date is established by the date the water was first put to a beneficial use. Thus, 
depending upon whether and when a power plant first secured a water appropriation and whether 
such appropriation is adequate to supply the demand, there may be insufficient water appropriations 
available in some areas of the state, particularly in the Front Range, to accommodate the added 
demands of wet FGD controls. At a minimum, the water demands of wet FGDs will compete for 
what is already a scarce resource needed for Colorado’s domestic, agricultural and industrial 
demands.  Wet scrubbers consume approximately 23% more water than LSD scrubbers, 
depending on boiler size.8 
 
There are other environmental impacts that the Division also considers undesirable with respect to 
wet scrubbers. Potential on-site storage of wet ash is an increasing regulatory concern, as evidenced 
by the recent Tennessee Valley Authority spill.   In addition, the steam plume resulting from a wet 
FGD control system in such a confined river valley will produce a noticeable cloud that will 
hang over a densely populated area (City of Colorado Springs). The Division has received 
complaints regarding the more visible plumes associated with wet scrubbing; a potential irony in 
light of the visibility issues at the heart of the BART program.  The Division largely focused its 
BART SO2 control technology consideration on commercially available once-through dry FGD 
controls, specifically, “lime spray dryers” (LSD), that have an established record of reliable 
performance on boilers burning low-sulfur coal. Generally, wet FGD controls can achieve a higher 
level of SO2 control on a percent capture basis that exceeds the capabilities of LSDs but, as noted 
above, there are a number of non-air quality and other environmental impacts including increased 
water usage, sludge disposal and wet plume issues that often overshadow any incremental 
improvement in SO2 emission reductions. Recent PSD applications in Colorado have demonstrated 
lime spray dryer systems to be BACT.  

 
The Division finds that the non-air quality environmental impacts outweigh the visibility benefits 
from this technology.  Therefore, the State has eliminated this option as BART. 
 
Semi-dry FGD (LSD): CSU notes that there are a number of non-air quality environmental 
impacts with regard to lime spray dryer systems.  Application of a dry scrubber will tend to 
remove halogens from the flue gas (primarily chlorine) that are important to the removal of 
mercury from the flue gas. Several sources of speciated mercury stack test data, including EPA’s 
own ICR stack test data, show that an unscrubbed plant with a baghouse burning western coal 
will remove more mercury from the flue gas when compared to a similar plant with a scrubber.  

                                                 
8 2008.  “Revised BART Analysis for Unit 1 & 2 Gerald Gentleman Station Sutherland, Nebraska: Nebraska Public 
Power District.” Prepared by: HDF 701 Xenia Avenue South, Suite 600 Minneapolis, MN 55416 With control 
technology costs provided by: Sargent & Lundy. 
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There will be a greater volume of material being landfilled. A LSD scrubber consumes a 
significant amount of water, as detailed in Table 12.  
 

Table 12: LSD Water Requirements 
Unit Water required for LSD (gpm) Water required for LSD (Mg/year)  

6 68 35.7 
7 100 53.0 

 
CSU states that the direct energy cost of the LSD systems due to additional auxiliary loads on the 
plant, as well as increased headloss through the scrubber, is the primary energy impact.  These 
loads reduce the net output of each unit; therefore, both the lost energy production, as well as the 
reduced capacity, must be replaced.  CSU estimates energy costs for replacement capacity and 
differential cost between existing MW-h of output and a replacement MW-h in Error! 
Reference source not found..  This is the incremental cost of a unit of replacement energy, and 
does not double count the direct energy cost already included in the operating cost.  The reduced 
unit output will consequently reduce unit efficiency, thereby increasing emissions of CO2 when 
measured on a per MW-h basis.   
 

Table 13: LSD Energy Replacement Costs 
Unit Replacement capacity 

cost ($/kW-yr) 
Differential energy 

cost ($/MW-h) 
6/7 44 35 

 
This information, including detailed capital and annual cost data, are provided as “CSU Drake 
BART Submittals”.  CSU originally generated costs using EPRI’s FGD Cost model.9  This 
model uses specific unit data to calculate the cost of controlling emissions, and is considered to 
be accurate within ± 30%.  The refined cost estimates from March 2007 were further 
extrapolated to account for retrofit difficulties, annual inflation, and also hyperinflation of certain 
construction commodities and energy.  The March 2007 submittal also incorporates budgetary 
quotes from vendors for the major pieces of equipment as well as noting the need for a non-
recycling LSD due to the ash removal system’s operation at a very high capacity factor.  As 
depicted in Figure 3, a non-recycling LSD would eliminate slurry solids; instead the FGD solids 
(removed in the baghouse) are immediately disposed. 

                                                 
9 EPA’s BART Guidelines recommend that the OAQPS Control Cost Manual be used to develop cost estimates, 
where possible. Unfortunately, the Control Cost Manual does not contain a section for SO2 removal equipment as of 
the date of this report.  The Fifth edition (EPA 453/B-96-001) of the Control Cost Manual is referenced in the BART 
guideline; however, the Sixth edition (EPA 452/B-02-001, 7-22-2002) is now available. 
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Figure 3: Lime Spray Dryer (LSD) Schematic10 

 
 
Although these non-air quality/energy impacts have been identified, the State has determined 
that these impacts are not significant or unusual enough to warrant elimination of this control 
option. 
 
DSI: CSU documents additional collateral impacts of applying DSI include enhanced removal of 
halogenated acid gases, and reduced mercury capture in the baghouse.  DSI ahead of the 
baghouse would contaminate the flyash with sodium sulfate, rendering the ash unsalable as a 
replacement for concrete and render it landfill material only.  Application of DSI would be 
effective in further enhancing the removal of halogenated acid gases in the baghouse.  Currently, 
there is moderate removal of acid gases in the baghouse due to the alkaline nature of the flyash.   
 
The dry sorbent injection system does result in an ash by-product.  This by-product does not 
require additional treatment before being deposited in a landfill.  However, a study conducted by 
the Department of Energy found arsenic and methylene chloride in the ash at some plants,11 
which could become a problem if more stringent regulations are imposed in the future.  
However, it is not known yet if these levels are considered hazardous or if the levels vary 
depending on the ash; therefore, this issue requires future research.  Otherwise, the DSI does not 
have any negative energy or non-air quality related impacts.  Thus, this factor (regarding DSI) 
does not influence the selection of controls.   
 
Emission Limit Tightening: There are no known non-air quality or energy impacts associated 
with emission limit tightening.  Thus, this factor does not influence the selection of this option. 
 
 

                                                 
10 EPA, 2000. “Controlling SO2 Emissions: A Review of Technologies.” Prepared by Ravi K. Srivastava for Office 
of Research and Development, Washington, D.C. 20460.  Pg. 12. 
11 Department of Energy, 2001.  LIFAC Sorbent Injection Desulfurization Demonstration Project: A DOE 
Assessment.  U.S. Department of Energy: National Energy Technology Laboratory.  P.O. Box 880, 3610 Collins 
Ferry Road Morgantown, WV 26507-0880.  
http://www.netl.doe.gov/technologies/coalpower/cctc/resources/pdfs/lifac/LIFAC_PPA.pdf  
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Remaining Useful Life 
CSU asserts that the remaining useful life of Drake Units 5, 6, and 7 are each in excess of 20 
years, which is the maximum amortization period allowed in the BART analysis.  Thus, this 
factor does not influence the selection of controls. 
 
Step 5: Evaluate Visibility Results 
CALPUFF modeling was used to determine the projected visibility improvement associated with 
various control technologies.  The modeling guideline requires that modeled baseline emission 
rate is the 24-hour peak emission rate.  The modeling guideline also requires that, at a minimum, 
the presumptive emission rate scenario be modeled. Table 14 shows the number of days pre- and 
post-control.  Table 15 depicts the visibility results (98th percentile impact and improvements) as 
well as cost effectiveness in $/deciview and the calculation methodology utilized by the 
Division.   
 
Per the April 2010 modeling protocol12, to isolate the effects of a given unit for controls on a 
given pollutant, the Division has judiciously constructed each emissions scenario to isolate the 
impact of a given BART control on a given unit. For example, to determine the effect of a SO2 
BART control technology on a given unit, emission rates for the other pollutants (NOx and 
PM/PM10) and other BART-eligible units are held constant at pre-control levels.  For BART 
sources with more than one BART unit, modeling the units individually would ignore important 
atmospheric chemical reactions that occur when units operate simultaneously.  The combination 
scenario assumed all units with NOx emissions at 0.07 lb/MMBtu and SO2 emissions at 0.12 
lb/MMBtu for Units 6 and 7 and at 0.32 lb/MMBtu for Unit 5.  The Division modeled Drake 
Unit 5 for 0.12 lb/MMBtu as a theoretical examination of the potential impacts of lower emission 
limits on that unit. 
 
In situations where the BART-eligible units at a given BART-eligible source operate 
simultaneously, the sulfate and nitrate estimates from the modeling system will be more realistic, 
in general, if all BART units and all pollutants at a BART-eligible source are modeled together.  
The combined unit approach has the added benefit of allowing Colorado to estimate the net 
degree of visibility improvement from the simultaneous operation of BART controls on multiple 
units for multiple pollutants at a given BART-eligible source. 
 

Table 14: Visibility Results – Change in Days >0.5 dv and >1.0 dv at highest affected Class I Area 

SO2 
BART 
Control 
Limit 

Unit(s) 

SO2 
Emission 

Rate 
(lb/MMBtu) 

Class I 
Area 

Affected 

3-year totals   3-year totals   

Pre-
Control 

Days 
>0.5 dv 

Post-
Control 
Days 

>0.5 dv 

∆days 

Pre-
Control 

Days 
>1.0 dv 

Post-
Control 
Days 

>1.0 dv 

∆days 

Max 24-
hr SO2 
rates 

5 0.943 
Rocky 

Mountain 
National 

Park 

34 --- --- 17 --- --- 6 0.997 
7 0.994 

DSI   5 0.251 34 32 2 17 14 3 

                                                 
12 Colorado Air Pollution Control Division, Technical Services Program, 2010. “Supplemental BART Analysis 
CALPUFF Protocol for Class I Federal Area Visibility Improvement Modeling Analysis.” 
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6 0.328 34 32 2 17 14 3 
7 0.333 34 31 3 17 13 4 

dry FGD 
(LSD) 

5 0.120 n/a 
6 0.120 34 31 3 17 14 3 
7 0.120 34 28 6 17 12 5 

dry FGD 
(LSD) 

6 0.100 34 31 3 17 14 3 
7 0.100 34 28 6 17 12 5 

dry FGD 
(LSD) 

6 0.070 34 31 3 17 14 3 
7 0.070 34 28 6 17 12 5 

Combo  
5 0.321 

34 1 33 17 0 17 6 0.120 
7 0.120 

 
 

Table 15: Visibility Results – SO2 Control Options 

SO2 
Control 
Scenario 

Boiler(s) 
SO2 Emission 

Rate 
(lb/MMBtu) 

Output (@ 
98th 

Percentile 
Impact) 

98th Percentile 
Impact 

Improvement 

98th Percentile 
Improvement from 

Maximum 

Cost 
Effectiveness 

(dv) (∆ dv) (%) ($/dv) 

Max 24-hr 
SO2 rates 

5 0.943 
1.84 --- --- --- 6 0.997 

7 0.994 

DSI   
5 0.251 1.72 0.12 6% $14,673,714 
6 0.328 1.65 0.18 10% $15,903,206 
7 0.333 1.55 0.29 16% $16,765,140 

dry FGD 
(LSD) 

5 0.120 n/a  
6 0.120 1.59 0.24 13% $27,470,391 
7 0.120 1.45 0.39 21% $22,697,484 

dry FGD 
(LSD) 

6 0.100 1.59 0.25 14%  n/a  
7 0.100 1.44 0.40 22%  n/a  

dry FGD 
(LSD) 

6 0.070 1.58 0.26 14% $28,999,176 
7 0.070 1.42 0.41 22% $23,967,026 

Combo  
5 0.321 

0.25 1.59 86%  n/a  6 0.120 
7 0.120 

 
Step 6: Select BART Control 
Based upon its consideration of the five factors summarized herein, the state has determined that 
SO2 BART for Unit 5 is the following SO2 emission rate: 
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Drake Unit 5: 0.26 lb/MMBtu (30-day rolling average) 
 
The state assumes that the BART emission limit can be achieved through the installation and 
operation of dry sorbent injection.  Other alternatives are not feasible. 
 
Based upon its consideration of the five factors summarized herein, the state has determined that 
SO2 BART for Unit 6 and Unit 7 is the following SO2 emission rates: 
  
 Drake Unit 6: 0.13 lb/MMBtu (30-day rolling average) 
 Drake Unit 7: 0.13 lb/MMBtu (30-day rolling average) 
 
The state assumes that the BART emission limits can be achieved through the installation and 
operation of lime spray dryers (LSDs).  A lower emissions rate for Units 6 and 7 was deemed to 
not be reasonable as increased control costs to achieve such an emissions rate do not provide 
appreciable improvements in visibility (0.02 delta deciview for both units respectively). 
 
The emission rates for Units 6 and 7 provide 85% SO2 emission reduction at a modest cost per 
ton of emissions removed and result in a meaningful contribution to visibility improvement. 

• Unit 6:  $2,808 per ton SO2 removed; 0.24 deciview of improvement 
• Unit 7:  $2,345 per ton SO2 removed; 0.39 deciview of improvement 

 
 

 
B. Filterable Particulate Matter (PM10) 

 
Drake Units 5, 6, and 7 are each equipped with reverse-air fabric filter baghouses to control 
PM/PM10 emissions.  Baghouses, or fabric filters, operate on the same principle as a vacuum 
cleaner.  Air carrying dust particles is forced through a cloth bag.  As the air passes through the 
fabric, the dust accumulates on the cloth, providing a cleaner air stream.  The dust is periodically 
removed from the cloth by shaking or by reversing the air flow.  The layer of dust, known as dust 
cake, trapped on the surface of the fabric results in high efficiency rates for particles ranging in 
size from submicron to several hundred microns in diameter.  Additionally, fabric filters are the 
best PM control for western coals, due to the higher electrical resistivity.   
 
Colorado Operating Permit 95OPEP107 Condition 2.4.2 requires Units 5, 6, and 7 to conduct 
performance testing for PM10 annually.  While the emission in Condition 2.4 is set at 0.1 
lb/MMBtu, the annual performance test must be used as an emission factor in determining 
emissions.   
 
Table 16 shows the most recent stack test data (June 14, 2006).  It is important to note that the 
most recent stack test, which at a minimum, occurs every five years, and more frequently 
depending on the results, demonstrates that these baghouses are meeting >95% control. 
 
 

Table 16: Drake 2006 Stack Test Results 
Pollutant Unit 5 (lb/MMBtu) Unit 6 (lb/MMBtu) Unit 7 (lb/MMBtu) 

Filterable PM10 0.0132 0.0186 0.0111 
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PM10 Control efficiency 98.6% 98.3% 99.0% 
 
A Division review of EPA’s RBLC revealed recent BACT PM/PM10 determinations ranging 
from 0.010 – 0.1 lbs/MMBtu, which are dependent on a number of factors, including PSD 
netting, EGU type and age, coal type, and adjacent controls (i.e. wet and dry FGD systems).  The 
current stack test results above are well below the range of recent BACT determinations.  While 
determinations made by other states do not dictate the emissions rate choice made by the 
Division, they do provide information on the range to validate the emissions rate chosen by the 
Division.  Refer to “Division RBLC Analysis” for more details.   
 
The State determines that the existing regulatory emissions limit of 0.03 lb/MMBtu (PM/PM10)  
for the three units represents the most stringent control options.  The units are exceeding a PM 
control efficiency of 95%, and the control technology and emission limits are BART for 
PM/PM10.  The state assumes that the BART emission limit can be achieved through the 
operation of the existing fabric filter baghouses.  Thus, as described in EPA’s BART Guidelines, 
a full five-factor analysis for PM/PM10 is not needed for Drake Units 5, 6, and 7. 
 
C. Nitrogen Oxide (NOx) 

 
Step 1: Identify All Available Technologies 
CSU identified four NOx control options: 
 Overfire air (OFA) 
 Ultra-low NOx burners (ULNBs) 
 Selective Catalytic Reduction (SCR) 
 Ultra-low NOx burners and SCR (ULNBs + SCR) 

  
The Division also identified and examined the following additional control options for these 
units: 
 Electro-Catalytic Oxidation (ECO)® 
 Rich Reagent Injection (RRI) 
 Selective Non-Catalytic Reduction (SNCR) 
 Ultra-low NOx burners and Over-fire air (ULNB+OFA) 
 Coal reburn +SNCR 
 
Rotating overfire air (ROFA) was not considered in this analysis because ROFA® technology 
has been reported as achieving NOx emission reductions from 45 to 65 % based on fuel load13.  
While ROFA is considered superior to SOFA alone, ROFA alone is not superior to LNB+OFA 
and cannot achieve the predicted 70% or greater NOx reduction for Units 5, 6, and 7.  Since 
ROFA® technology would not be expected to provide better emissions performance than the 
LNB+OFA baseline for this unit, ROFA® technology is not considered further in this analysis. 
 
 

 
Step 2: Eliminate Technically Infeasible Options 

                                                 
13 Nalco-Mobotec, ROFA Technology, 1992-2009, http://www.nalcomobotec.com/technology/rofa-technology.html 
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OFA: Air staging or two-stage combustion, is generally described as the introduction of overfire 
air into the boiler or furnace. Staging the air in the burner (internal air staging) is generally one 
of the design features of low NOx burners, such as those already present on Units 5, 6, and 7.  
Furnace overfire air (OFA) technology requires the introduction of combustion air to be 
separated into primary and secondary flow sections to achieve complete burnout and to 
encourage the formation of N2 rather than NOx.  Primary air (70-90%) is mixed with the fuel 
producing a relatively low temperature; oxygen deficient, fuel-rich zone and therefore moderate 
amounts of fuel NOx are formed14.  The secondary (10-30%) of the combustion air is injected 
above the combustion zone through a special wind-box with air introducing ports and/or nozzles, 
mounted above the burners. Combustion is completed at this increased flame volume. Hence, the 
relatively low-temperature secondary-stage limits the production of thermal NOx. The location of 
the injection ports and mixing of overfire air are critical to maintain efficient combustion. 
Retrofitting overfire air on an existing boiler involves waterwall tube modifications to create the 
ports for the secondary air nozzles and the addition of ducts, dampers and the wind-box.  OFA is 
a technically feasible option for Units 5, 6, and 7. 

ULNBs: Each unit has low NOx burners installed, shown in Table 1 .  These LNBs can be 
replaced with ULNBs.  Burner designs have improved in recent years to improve flame stability 
and combustion control schemes for increased NOx emission reductions with these ultra-low 
NOx burners.  ULNBs are a technically feasible option for Units 5, 6, and 7. 

ULNB+OFA: Since ULNB and OFA are each technically feasible options and would be installed 
separately for Units 5, 6, and 7, it stands to reason that ULNB+OFA is technically feasible 
option for Units 5, 6, and 7.   

SCR: SCR systems are the most widely used post-combustion NOx control technology.  In 
retrofit SCR systems, vaporized ammonia (NH3) injected into the flue gas stream acts as a 
reducing agent, achieving NOx emission reductions as low as 0.07 lb/MMBtu when passed over 
an appropriate amount of catalyst as demonstrated by recent determinations found in the EPA’s 
RBLC database.  The NOx and ammonia reagent form nitrogen and water vapor.  The reaction 
mechanisms are very efficient with a reagent stoichiometry of approximately 1.0 (on a NOx 
reduction basis) with very low ammonia slip. 

While lower controlled NOx emission values have been demonstrated by SCR system 
applications in new coal units, for CSU, a retrofit SCR, the 0.07 lb/MMBtu controlled NOx value 
is more expected.  The SCR reaction occurs within the temperature range of 600°F to 750°F 
where the extremes are highly dependent on the fuel quality.  There are three different types of 
SCR arrangements – high-dust, low-dust, and tail-end.  The pre-dominant arrangement applied in 
the United States has been high-dust.  In most circumstances, a high-dust SCR system is the most 
economical arrangement alternative and would likely be the arrangement for Unit 5, 6, and 7 if 
applicable. For high- and low-dust arrangements, the catalyst, because of its location directly 
downstream of the boiler and upstream of the air heater, can impact the boiler through its effect 
on the air heater. The magnitude of this effect is dependent on the power plant configuration, air 
                                                 
14 IEA Clean Coal Centre: Clean Coal Technologies – Air Stating for NOx control (overfire air and two-stage 
combustion), 2010. http://www.iea-coal.org/site/ieacoal_old/clean-coal-technologies-pages/air-staging-for-nox-
control-overfire-air-ofa-or-two-stage-combustion?    
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quality control components, type of fuel, and overall emission control requirements. For retrofit 
applications, adequate space between the economizer outlet and the air heater inlet to allow 
boiler outlet and air heater return duct is a prerequisite for the installation of a high-dust system 
and is the case at the Drake Plant.  Therefore, high-dust SCR is a technically feasible alternative 
for Drake Units 5, 6, and 7.  

ULNBs/SCR layered: A layered approach of installing ULNBs pre-combustion and SCR post-
combustion is technically feasible for Drake Units 5, 6, and 7.  This scenario considers that less 
NOx would enter the SCR system and reduce aqueous ammonia storage, handling, and injection.  
CSU considered this scenario to determine if this option would be more economically and 
technically feasible for the three boilers at the Drake Plant.  

ECO®: The Powerspan ECO® system is installed downstream of a coal-fired power plants’ 
existing baghouse.  The ECO® Reactor then oxidizes pollutants, which are removed downstream 
in an absorber vessel during cooling and saturation of the flue gas.   This technology has not 
been demonstrated on a full-size pulverized coal-fired boiler15 and thus, is considered technically 
infeasible.  

RRI: Rich reagent injection is the process of adding NOx reducing agents in a staged lower 
furnace to reduce the formation of NOx, accomplished by injecting urea into the fuel-rich region 
of a furnace, where the reducing conditions in the lower furnace make RRI ideal for NOx 
reductions.  The combustion process is then completed with the use of overfire air.  Rich reagent 
injection was developed for cyclone boilers16 and has not been demonstrated for other types of 
units.  Therefore, RRI is considered technically infeasible for Units 5, 6, and 7.  
 
SNCR: Selective non-catalytic reduction is generally utilized to achieve modest NOx reductions 
on smaller units.  With SNCR, an amine-based reagent such as ammonia or urea is injected into 
the furnace within a temperature range of 1,600°F to 2,100°F, where it reduces NOx to nitrogen 
and water.  NOx reductions of up to 60% have been achieved, although 20-40% is more realistic 
for most applications.  Reagent utilization, a measure of the efficiency with which the reagent 
reduces NOx, can have a significant impact on economics, with higher levels of NOx reduction 
generally resulting in lower reagent utilization and higher operating cost.   
 
It should be noted that selective non-catalytic reduction (SNCR) was not considered in CSU’s 
BART analysis because CSU asserts that SNCR achieves full-load NOx removal in the same 
range as ULNB at a higher levelized cost ($/ton NOx removed), and therefore should be ruled out 
due to a “least-cost envelope” analysis as detailed in the BART rule.  The higher cost is primarily 
due to much higher operating costs, with most of the operating costs being for the reagent.  
Additionally, the chemical reaction required for SNCR to work is temperature sensitive.  The 
CSU Drake boilers often operate below full load, when the temperature is no longer conducive to 
optimal NOx removal, resulting in NOx removal declines.  The weighted average NOx removal 
over an annual load range can be less than ULNB depending on the portion of time the units 
operate at partial load.  Therefore, SNCR was eliminated from consideration by CSU because of 
higher costs and efficiency losses at partial loads.  However, the Division considers SNCR a 
                                                 
15 Powerspan ECO®: Overview and Advantages, 2000 – 2010.  http://www.powerspan.com/ECO_overview.aspx   
16 Fuel Tech: Air Pollution Control – Rich Reagent Injection (RRI), 1998 – 2009. http://www.ftek.com/apcRRI.php   
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technically feasible alternative for Drake Units 5, 6, and 7.  Similar Colorado facilities evaluated 
SNCR as an option and it is recognized nationally as a NOx control option for EGUs, so the 
Division included SNCR in the full four-factor analysis. 
 
Coal Reburn + SNCR: Several research and development efforts in the United States evaluated 
using a combination of technologies to reduce NOx emissions, including combining coal reburn 
and SNCR.  A novel injection procedure into the fuel-rich, post-combustion zone with staged, 
fuel-rich primary combustion and SNCR injection was found to reduce NOx emissions by 93% 
or well below 0.1 lb/MMBtu17.  However, this procedure has not been performed on a full-size 
pulverized coal-fired boiler yet and thus, is considered technically infeasible. 

Step 3: Evaluate Control Effectiveness of Each Remaining Technology 

CSU provided the Division annual average control estimates.  In the Division’s experience and 
other state BART proposals,18 30-day NOx rolling average emission rates are expected to be 
approximately 5-15% higher than the annual average emission rate.  The Division projected a 
30-day rolling average emission rate increased by 15% for Drake Units 5, 6, and 7 to determine 
control efficiencies and annual reductions. 
 
OFA: CSU estimated that overfire air, in conjunction with the existing low-NOx burners, is 
capable of reducing NOx emissions approximately an additional 20% from existing conditions in 
the original BART submittal (August 1, 2006).  EPA’s AP-42 emission factor tables estimate 
low-NOx burners controlling 35 – 55% and LNB with OFA controlling 40 – 60% of NOx 
emissions.19  The low NOx burners currently achieve about 50 – 56% control.  However, in a 
more recent AWMA study, it is noted that OFA achieves an additional 10 – 25% control with the 
installed low NOx burners.20  Therefore, the Division concurs with CSU’s additional 20% NOx 
control estimate. 
 
ULNBs: CSU asserts that additional NOx reductions of 20 – 30% are possible with 
implementation of some or all of the modifications that will be needed to retrofit ULNBs at the 
Drake boilers.  These additional NOx reductions could be achieved while meeting acceptable CO 
levels.  The ULNBs are estimated to control approximately 75% of uncontrolled NOx emissions, 
which is consistent with a U.S. Department of Energy Study which estimated NOx emissions 
reductions between 75 – 85%.21  Therefore, the Division concurs with CSU NOx reduction 
estimat3es for ULNBs. 
 

                                                 
17 Coal Tech. Corp, 2002.  “Tests on Combined Staged Combustion, SNCR & Reburning for NOx Control and 
Combined NOx/SO2 Control on an Industrial & Utility Boilers.”  
http://www.netl.doe.gov/publications/proceedings/04/NOx/summary/h11.50zauderer-summary.pdf    
18 State of North Dakota BART Determination for Leland Olds Station Units 1 and 2.  Page 16. 
19 EPA AP-42, Fifth Edition, Volume I, Chapter 1, Section 1.1, Table 1.1-2. 
http://www.epa.gov/ttn/chief/ap42/ch01/final/c01s01.pdf   
20 Srivastava et. al, 2005. Nitrogen Oxides Emission Control Options for Coal-Fired Electric Utility Boilers.  Journal 
of Air & Waste Management Association 55:1367 – 1388. 
21 U.S. Department of Energy, 2004.  Office of Fossil Energy, National Energy Technology Laboratory. 
http://www.netl.doe.gov/publications/factsheets/project/Proj294.pdf    
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ULNB+OFA: The Division used information from CSU regarding ULNBs and OFA control 
efficiencies as described above.  CSU noted in the February 2009 submittal that ULNB are 
assumed to achieve 20% efficiency assuming OFA is already installed (at 0.35 lb/MMBtu for 
each unit).  The Division is employing a different baseline that CSU originally utilized (e.g. NOx 
emissions prior to consideration of OFA).  The Division requested additional information from 
CSU to verify that the 20% ULNB assumption is still valid for all units.  CSU noted that Units 6 
and 7 will likely be able to achieve the 20% reduction (using the Division’s higher NOx emission 
baseline).  However, Unit 5 has an older technology coal mill and other technical issues and 
would not be able to achieve 20% reduction.  Unit 5 has an older mill (ball-type pulverizers vs. 
the hammermills present at Units 6 and 7), which limits the level of coal fineness.  In addition, 
Unit 5 is a smaller boiler than the other units.  In light of these specific technical feasibility 
issues, the Division used 10% additional reduction efficiency for ULNBs for Unit 5.  Therefore, 
the overall control efficiencies for ULNB+OFA in combination for the three units are 28% for 
Unit 5 and 36% for Units 6 and 7 respectively. 
 
SNCR: Other Colorado facilities have noted a variety of control ranges for SNCR.  The Division 
used a variety of information, including similar Colorado facility estimates, EPA’s SNCR Air 
Pollution Control Fact Sheet and a recent AWMA study22  to conservatively approximate that the 
Drake boilers can achieve 30% control when SNCR is applied.   
 
SCR:CSU approximates that SCR can achieve an approximate 80% NOx reduction using 2004 – 
2005 baseline emissions (or 0.07 lb/MMBtu), determined by URS WD using a survey of a large 
collection of photographs, and experience in developing retrofit factors for many types of units 
and configurations at numerous facilities.  The Division adjusted the control efficiency percent 
reduction to reflect the 2006 – 2008 baseline emissions, but kept the resultant 0.07 lb/MMBtu 
constant.  This control efficiency is consistent with EPA’s AP-42 emission factor discussion, 
which estimates SCR as achieving 75 – 85% NOx emission reductions and also with a recent 
AWMA study citing SCR as achieving 80 – 90% reduction.23,24 
 
ULNBs/SCR layered approach: CSU evaluated a layered approach of installing ULNBs 
upstream of the combustion process to reduce NOx entering the boiler and thus reducing 
subsequent SCR reduction requirements.  This approach will achieve the same NOx emission 
reductions as SCR alone and is deemed to be appropriate by the Division. 

 
Table 17 summarizes each available technology and technical feasibility for NOx control.  
 

Table 17: Drake Units 5, 6, and 7 NOx Technology Options and Technical Feasibility 
Technology Emission 

Reduction 
Potential (%)

Technically Feasible? 
(Y = yes, N = no) 

Low NOx Burners (LNB) 50 -56% Y – installed 

                                                 
22 Srivastava et. al, 2005. Nitrogen Oxides Emission Control Options for Coal-Fired Electric Utility Boilers.  Journal 
of Air & Waste Management Association 55:1367 – 1388. 
23 EPA AP-42, Fifth Edition, Volume I, Chapter 1, Section 1.1, Table 1.1-2. 
http://www.epa.gov/ttn/chief/ap42/ch01/final/c01s01.pdf   
24 Srivastava et. al, 2005. Nitrogen Oxides Emission Control Options for Coal-Fired Electric Utility Boilers.  Journal 
of Air & Waste Management Association 55:1367 – 1388. 
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LNB + OFA 60 – 81% Y (LNBs are installed 
on each unit) 

Overfire air (OFA) 10 – 25% (alone) Y
Ultra-low NOx burners (ULNBs) 26 – 32%   Y
ULNB+OFA 28 – 36% Y 
Selective non-catalytic reduction 
(SNCR) 

~ 30% Y

Selective catalytic reduction (SCR) 75 – 90% Y
ULNB/SCR layered approach 75 – 90% Y
ECO® n/a N
RRI n/a N
Coal reburn +SNCR n/a N

 
Step 4: Evaluate Impacts and Document Results 
 
Cost of Compliance 
OFA: Washington Group International Inc. estimated the cost of overfire air during the course of 
a pollution control study for the Drake boilers in 2004.  The cost estimates were generated using 
EPRI’s IECCOst model.  This model uses specific unit data to calculate the cost of controlling 
emissions and is typically considered to be accurate within ±30%.  Overfire air will not require 
large pieces of new equipment, but instead the costs consist primarily of labor and materials 
related to modifying the boiler waterwall tubes to allow for new air injection ports and the 
necessary ductwork, dampers, and instrumentation and control to supply the air from the existing 
secondary air duct.  In a technical support document issued by the Northeast States for 
Coordinated Air Use Management (NESCAUM) entitled “NOx Controls for Existing Utility 
Boilers,”25 OFA alone ranges from $410 - $1,100 per ton NOx reduced annually for units 
estimating 15 – 30% NOx control, which is within the range of Drake’s estimated OFA NOx 
reductions (20%).  The estimates in Table 18, Table 20, and Table 22 are within this range.  
Therefore, the Division concurs with the OFA cost estimates. 
 
ULNBs: CSU’s cost estimate includes the burners, oil or gas lighter systems and controls at 
burner front, automatic air register adjustment and control drives, flame scanners and controls, 
all wind box controls including control drawings, all control and burner logic drawings.  The 
estimates do not include burner wind box extensions or stove pipe, ducts installed on top of 
existing wind boxes, furnace water wall openings, structural steel support for ULNBs beyond 
supplemental support steel, cost for engineering, supply and construction of wind box 
extensions, physical modeling, math modeling, or wind box baffling, pulverizer upgrades, burner 
piping or classifiers for improved coal fineness and required size distribution.  CSU notes that 
some or all of the items must be determined by boiler modeling and pulverizer testing.  If all of 
these are needed, the capital costs could increase by 40 – 70% compared to the base scope listed 
in Table 19, Table 21, and Table 23.  The Division considers CSU’s estimated costs more than 

                                                 
25 Neuffer, Bill – ESD/OAQPS, 2003. “NOx Controls for Existing Utility Boilers.” 
http://www.epa.gov/ttn/nsr/gen/u3-26.pdf  
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reasonable, with ULNBs under $1,000/ton which is comparable or lower than LNB costs 
presented in recent NESCAUM papers.26, 27 
 
ULNB+OFA: The Division based cost estimates for this control option assuming that OFA and 
ULNBs will be installed separately; therefore, the cost for this layering option is a summation of 
individual annualized costs for OFA and ULNBs for each unit.  The Division checked this 
assumption with CSU on November 8, 2010. 

SNCR: The difficulty of SNCR retrofit on smaller boilers significantly increases, with the 
primary concern being that there is adequate wall space within the boiler for installation of 
injectors.  Movement and/or removal of existing watertubes and asbestos from the boiler housing 
may be required, as in the case of the Drake boilers.   

A typical breakdown of annual for industrial boilers will be 15 – 35% for capital recovery and 65 
– 85% for operating expense.28 A similar Colorado facility estimated operating expenses at 
approximately 81 – 86%.29  Since SNCR is an operating expense-driven technology, its cost 
varies directly with NOx reduction requirements and reagent usage.  There is a wide range of cost 
effectiveness for SNCR due to different boiler configurations and site-specific conditions, even 
with a given industry.  Cost effectiveness is impacted primarily by uncontrolled NOx level, 
required emission reductions, unit size and thermal efficiency, economic life of the unit, and 
degree of retrofit difficulty.30   

The Division used information from a similar facility submittal to determine approximate SNCR 
costs for the Drake boilers since CSU did not have SNCR information.31  The Division consulted 
with CSU on this decision to ensure that these boilers are roughly equivalent to the Drake boilers 
in scope and retrofit difficulty. 

The resultant cost effectiveness for SNCR on Units 5, 6, and 7 ranges from $2,700 to $4,400 per 
ton. Recent NESCAUM studies estimate SNCR retrofits on tangentially fired boilers achieving 
NOx emission rates of 0.30 – 0.40 lb/MMBtu and emission reductions of 30 – 50% as costing 
$630 - $1,300 per ton of NOx reduced, depending on initial capital costs and capacity factor.32,33  

                                                 
26 Amar, Praveen, 2000.  “Status Report on NOx Controls for Gas Turbines, Cement Kilns, Industrial Boilers, 
Internal Combustion Engines: Technologies & Cost Effectiveness.”  Northeast States for Coordinated Air Use 
Management, 129 Portland Street, Boston, MA 02114.  www.nescaum.org/documents/nox-2000.pdf  
27 Neuffer, Bill – ESD/OAQPS, 2003. “NOx Controls for Existing Utility Boilers.” 
http://www.epa.gov/ttn/nsr/gen/u3-26.pdf  
28 ICAC, 2000.  Institute of Clean Air Companies, Inc. “White Paper: Selective Non-Catalytic Reduction (SNCR) 
for Controlling NOx Emissions.” Washington, D.C. 2000. 
29 CENC, 2009.  “NOx Technical Feasibility and Emission Control Costs for Colorado Energy Nations, Golden, 
Colorado.”  Prepared by AECOM.  
30 EPA, 2003.  “SNCR Air Pollution Control Technology Fact Sheet.” http://www.epa.gov/ttn/catc/dir1/fsncr.pdf  
31 CENC, 2009.  “NOx Technical Feasibility and Emission Control Costs for Colorado Energy Nations, Golden, 
Colorado.”  Prepared by AECOM. 
32 Neuffer, Bill – ESD/OAQPS, 2003. “NOx Controls for Existing Utility Boilers.” 
http://www.epa.gov/ttn/nsr/gen/u3-26.pdf 
33 Amar, Praveen, 2000.  “Status Report on NOx Controls for Gas Turbines, Cement Kilns, Industrial Boilers, 
Internal Combustion Engines: Technologies & Cost Effectiveness.”  Northeast States for Coordinated Air Use 
Management, 129 Portland Street, Boston, MA 02114.   
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EPA’s SNCR Fact Sheet cites SNCR as costing from $400 - $2,500 per ton of NOx reduced. 34  
Although the resulting cost estimates for the Drake boilers are greater than these ranges, the 
small size of the boilers as well as the difficulty of the retrofit leads the Division to the 
conclusion that the estimated cost estimates for SNCR are reasonable.   
 
SCR: CSU estimated the cost for the SCR system(s) using the IECCOST program.  This estimate 
includes the cost of a new ID booster fan, since CSU/URS noted that the current ID fan does not 
have sufficient capacity to accommodate the additional pressure drop of the SCR retrofit.  Recent 
NESCAUM studies estimate SCR retrofits achieving NOx emission rates of 0.05 – 0.15 
lb/MMBtu and emission reductions of 65 – 85% as costing $2,600 - $7,400 per ton of NOx 
reduced, depending on initial capital costs and capacity factor.35,36 The SCR system estimates for 
the CSU Drake boilers range from approximately $5,000 - $7,100, which is within the 
NESCAUM estimates.  The Division concurs that CSU cost estimates for SCR controls are 
reasonable. 
 
ULNBs/SCR layered approach: CSU chose to examine the ULNB/SCR layered approach 
because the cost of the SCR would be reduced somewhat in this scenario.  The reduced costs 
would be noted in the reactor housing, amount of catalyst required, and the aqueous ammonia 
storage, handling, and injection.  Therefore, this option was examined to determine the 
significance of the potential cost differential.  The Division concurs that this is an appropriate 
option and may possibly reduce costs. 
 
Table 18, Table 20, and Table 22 illustrate resultant NOx emissions for each technically feasible 
control option. Table 19, Table 21, and Table 23 show the NOx control costs for each unit based 
on detailed cost analyses.  The Division estimated resultant NOx using annual average reductions 
for tons of NOx reduced per year, as noted in Table 2.  The Division’s experience with power 
plants suggest that the maximum 30-day rolling average NOx emission rate is 5-15% higher than 
the annual average emission rate. 
 

Table 18: Drake Unit 5 Control Resultant NOx Emissions 
Alternative Control 

Efficiency (%) 
Resultant Emissions 

Annual 
Emissions 
(tons/year)

Annual 
Average 

(lb/MMBtu) 

30-day Rolling 
Average 

(lb/MMBtu)
Baseline --- 768 0.38  

Overfire air (OFA) 20 615 0.30 0.35
Ultra-low NOx burners (ULNBs) 26 569 0.28 0.32

ULNBs+OFA 28 553 0.27 0.31 
Selective Non-Catalytic 

Reduction (SNCR) 
30 538 0.26 0.30

                                                 
34 EPA, 2003.  “SNCR Air Pollution Control Technology Fact Sheet.” http://www.epa.gov/ttn/catc/dir1/fsncr.pdf  
35 Neuffer, Bill – ESD/OAQPS, 2003. “NOx Controls for Existing Utility Boilers.” 
http://www.epa.gov/ttn/nsr/gen/u3-26.pdf 
36 Amar, Praveen, 2000.  “Status Report on NOx Controls for Gas Turbines, Cement Kilns, Industrial Boilers, 
Internal Combustion Engines: Technologies & Cost Effectiveness.”  Northeast States for Coordinated Air Use 
Management, 129 Portland Street, Boston, MA 02114.   
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ULNBs/SCR layered approach 81.5 142 0.070 0.080
Selective Catalytic Reduction 

(SCR) 
81.5 142 0.070 0.080

 
Table 19: Drake Unit 5 NOx Cost Comparison 

Alternative 
Emissions 

Reduction (tpy) 
Annualized Cost 

($) 

Cost 
Effectiveness 

($/ton) 

Incremental Cost 
($/ton) 

Baseline 0 $0 $0 --- 
Overfire air (OFA) 154 $141,844 $923 $923 

Ultra-low NOx burners 
(ULNBs) 200 $147,000 $736 $112 

ULNBs+OFA 215.2 $288,844 $1,342 $9,230 
Selective Non-Catalytic 

Reduction (SNCR) 231 $1,011,324 $4,387 $47,011 
ULNB/SCR layered 

approach 626 $4,467,000 $7,133 $8,732 
Selective Catalytic 
Reduction (SCR) 626 $4,580,349 $7,314 --- 

 
Table 20: Drake Unit 6 Control Resultant NOx Emissions 

Alternative Control 
Efficiency (%) 

Resultant Emissions 

Annual 
Emissions 
(tons/year)

Annual 
Average 

(lb/MMBtu) 

30-day Rolling 
Average 

(lb/MMBtu)
Baseline --- 1,413 0.42  

Overfire air (OFA) 20 1,130 0.33 0.38
Selective Non-Catalytic 

Reduction (SNCR) 
30 989 0.29 0.33

Ultra-low NOx burners (ULNBs) 32 961 0.28 0.32
ULNBs+OFA 36 904 0.27 0.31 

ULNBs/SCR layered approach 83.2 237 0.070 0.080
Selective Catalytic Reduction 

(SCR) 
83.2 237 0.070 0.080

 
Table 21: Drake Unit 6 NOx Cost Comparison 

Alternative Emissions 
Reduction (tpy) 

Annualized 
Cost ($) 

Cost 
Effectiveness 

($/ton) 

Incremental Cost 
($/ton) 

Baseline 0 $0 $0 --- 
Overfire air (OFA) 283 $104,951 $371 $371

Selective Non-Catalytic 
Reduction (SNCR) 

424 $1,208,302 $2,851 $7,810

Ultra-low NOx burners 
(ULNBs) 

452 $232,800 $515 ($34,525)

ULNBs+OFA 509 $337,751 $664 $1,857 
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ULNBs/SCR layered 
approach 

1,175 $6,182,800 $5,260 $8,226 

Selective Catalytic 
Reduction (SCR) 

1,175 $6,340,797 $5,395 --- 

 
 

Table 22: Drake Unit 7 Control Resultant NOx Emissions 
Alternative Control 

Efficiency (%) 
Resultant Emissions 

Annual 
Emissions 
(tons/year)

Annual 
Average 

(lb/MMBtu) 

30-day Rolling 
Average 

(lb/MMBtu)
Baseline --- 2,081 0.39  

Overfire air (OFA) 20 1,665 0.31 0.36
Ultra-low NOx burners (ULNBs) 28 1,498 0.28 0.33

Selective Non-Catalytic 
Reduction (SNCR) 

30 1,457 0.28 0.32

ULNBs+OFA 36 1,332 0.25 0.29 
ULNBs/SCR layered approach 80.1 372 0.070 0.080
Selective Catalytic Reduction 

(SCR) 
80.1 372 0.070 0.081

 
Table 23: Drake Unit 7 NOx Cost Comparison 

Alternative Emissions 
Reduction (tpy) 

Annualized 
Cost ($) 

Cost 
Effectiveness 

($/ton) 

Incremental Cost 
($/ton) 

Baseline 0 $0 $0 --- 
Overfire air (OFA) 416 $75,217 $181 $181

Ultra-low NOx burners 
(ULNBs) 

583 $386,000 $662 $1,867

Selective Non-Catalytic 
Reduction (SNCR) 

624 $2,018,575 $3,233 $39,226 

ULNBs+OFA 749 $461,217 $616 ($12,473) 
ULNBs/SCR layered 

approach 
1,708 $8,196,000 $4,797 $5,698 

Selective Catalytic 
Reduction (SCR) 

1,708 $8,510,067 $4,981 --- 

 
Energy and Non-Air Quality Impacts 
OFA: Overfire air does not have any significant energy or non-air quality related impacts.  Thus, 
this factor does not influence the selection of this control. 

 
ULNBs: The additional energy required to further pulverize coal is relatively small and is 
accounted for in CSU’s February 2009 submittal.  Therefore, ULNBs do not have any significant 
energy or non-air quality related impacts.  Thus, this factor does not influence the selection of 
this control. 
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SNCR /SCR: SCR retrofit impacts the existing flue gas fan systems, due to the additional 
pressure drop associated with the catalyst, which is typically a 6- to 8-inch water gage increase 
for the high temperature applications, and potentially somewhat lower for the low temperature 
alternatives.  In addition, any flue gas reheat requirements for the low temperature applications 
may require significant energy input to heat the flue gas.  SCR reagent injection systems have 
minimal power requirements. 

 
Post-combustion add-on control technologies like SNCR do increase power needs, in the range 
of 100 – 300 kilowatts (kW) depending on the boiler size, to operate pretreatment and injection 
equipment, drive the pumps and fans necessary to supply reagents, overcome additional pressure 
drops caused by the control equipment, and provide steam in some cases.  100 – 300 kW is less 
than 1.0% of the power generated by the Drake Unit 7 boiler annually, or enough energy to 
power about 10 homes for a year.  These energy requirements are minimal.   
 
SCR systems require additional auxiliary power or power from the existing flue gas fan systems 
to overcome the pressure loss across the catalyst, to supply dilution air for mixing with the 
ammonia, and to pump ammonia into the vaporizer.  For example, CSU estimates that on Drake 
7, the power consumption for a SCR system will be over 700 kW.  These energy requirements 
are moderate (0.5% of Drake 7’s gross output). 

 
Installing SNCR or SCR increases levels of ammonia, and may create a ‘blue plume’, if 
ammonia rates are not adequately controlled.  Other environmental factors include ammonia 
storage and transportation, particularly for anhydrous ammonia.  Anhydrous ammonia is clear in 
the liquid state and boils at a temperature of -28°F.  With its low boiling point, liquid anhydrous 
ammonia must be stored under pressure at ambient temperatures to remain a liquid.  With 
anhydrous ammonia, an invisible vapor or gas is formed as the liquid evaporates during 
depressurization.  Accidental atmospheric release of anhydrous ammonia vapor can be 
hazardous; therefore, stringent requirements for safety are enforced, and obtaining the permits to 
allow the storage of large quantities of anhydrous ammonia may prove difficult in densely 
populated areas.  CSU has indicated to the Division that they would prefer to use aqueous 
ammonia instead if applicable to ensure personnel and surrounding community safety, and based 
the capital and operating costs of a SCR system on an aqueous ammonia reagent versus an 
ammonia reagent.   
 
Remaining Useful Life 
CSU asserts that the remaining useful life of Drake Units 5, 6, and 7 are each in excess of 20 
years, which is the maximum amortization period allowed in the BART analysis.  Thus, this 
factor does not influence the selection of controls. 
 
Step 5: Evaluate Visibility Results 
CALPUFF modeling was used to determine the projected visibility improvement associated with 
various control technologies.  The modeling guideline requires that modeled baseline emission 
rate is the 24-hour peak emission rate.  The modeling guideline also requires that, at a minimum, 
the presumptive emission rate scenario be modeled.  Table 24 shows the number of days pre- and 
post-control.  Table 25 depicts the visibility results (98th percentile impact and improvements) as 



Colorado Department of Public Health and Environment - Air Pollution Control Division 

Best Available Retrofit Technology (BART) Analysis – Colorado Spring Utilities Drake Page 30 
 

well as cost effectiveness in $/deciview and the calculation methodology utilized by the 
Division.   
 
Per the April 2010 modeling protocol37, to isolate the effects of a given unit for controls on a 
given pollutant, the Division has judiciously constructed each emissions scenario to isolate the 
impact of a given BART control on a given unit. For example, to determine the effect of a NOx 
BART control technology on a given unit, emission rates for the other pollutants (SO2 and 
PM/PM10) and other BART-eligible units are held constant at pre-control levels.  For BART 
sources with more than one BART unit, modeling the units individually would ignore important 
atmospheric chemical reactions that occur when units operate simultaneously.  The combination 
scenario assumed all units with NOx emissions at 0.07 lb/MMBtu and SO2 emissions at 0.12 
lb/MMBtu for Units 6 and 7 and at 0.32 lb/MMBtu for Unit 5.   
 
In situations where the BART-eligible units at a given BART-eligible source operate 
simultaneously, the sulfate and nitrate estimates from the modeling system will be more realistic, 
in general, if all BART units and all pollutants at a BART-eligible source are modeled together.  
The combined unit approach has the added benefit of allowing Colorado to estimate the net 
degree of visibility improvement from the simultaneous operation of BART controls on multiple 
units for multiple pollutants at a given BART-eligible source. 
 

Table 24: Visibility Results – Change in Days >0.5 dv and >1.0 dv at highest affected Class I Area 

NOx Control 
Scenario Boiler(s) 

NOx 
Emission 

Rate 
(lb/MMBtu)* 

Class I 
Area 

Affected 

3-year 
totals   3-year 

totals   

Pre-
Control 
Days 

>0.5 dv 

Post-
Control 

Days 
>0.5 dv 

∆days

Pre-
Control 
Days 

>1.0 dv 

Post-
Control 

Days 
>1.0 dv 

∆days

Max 24-hour 
NOx rates 

5 0.619 

Rocky 
Mountain 
National 

Park 

34 
--- --- 17 --- --- 

6 0.827      
7 0.710      

NOx Control 
Scenario 

5 0.390 34 34 0 17 15 2 

6 0.390 34 31 3 17 14 3 

7 0.390 34 31 3 17 14 3 

OFA 
5 0.300* n/a 
6 0.330* n/a 
7 0.310* n/a 

ULNBs 
5 0.280* n/a 
6 0.282* n/a 
7 0.283* n/a 

ULNBs+OFA 
5 0.272* n/a 
6 0.266* n/a 

                                                 
37 Colorado Air Pollution Control Division, Technical Services Program, 2010. “Supplemental BART Analysis 
CALPUFF Protocol for Class I Federal Area Visibility Improvement Modeling Analysis.” 
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7 0.251* n/a 

SNCR 

5 0.265* n/a 
6 0.291* n/a 
7 0.275* n/a 

NOx Control 
Scenario 

5 0.234 34 34 0 17 14 3 

6 0.234 34 31 3 17 14 3 

7 0.234 34 28 6 17 14 3 

SCR 

5 0.070 34 32 2 17 14 3 

6 0.070 34 27 7 17 14 3 

7 0.070 34 26 8 17 13 4 

Combo 

5 0.070 34 1 33 17 0 17 

6 0.070       

7 0.070       
* Denotes that output was interpolated by the Division and is not an actual modeled output.  See “CSU Drake BART 
Modeling Summary” for more details. 
 

Table 25: Visibility Results – NOx Control Options 

NOx Control 
Scenario Boiler(s) 

NOx Emission 
Rate 

(lb/MMBtu)* 

Output (@ 
98th 

Percentile 
Impact) 

98th Percentile 
Impact 

Improvement 

98th Percentile 
Improvement 

from Maximum 

Cost 
Effectiveness 

(dv) (∆ dv) (%) ($/dv) 

Max 24-hour 
NOx rates 

5 0.619 
1.84 --- 

--- 
--- 6 0.827  

7 0.710  

NOx Control 
Scenario 

5 0.390 1.79 0.05 3% n/a 

6 0.390 1.68 0.16 9% n/a 

7 0.390 1.66 0.18 10% n/a 

OFA 
5 0.300* 1.76 0.08 4% $1,970,053 

6 0.330* 1.66 0.18 10% $583,061 

7 0.310* 1.61 0.22 12% $335,791 

ULNB 
5 0.280* 1.76 0.08 4% $1,934,212 

6 0.282* 1.64 0.197 11% $1,181,727 

7 0.283* 1.60 0.24 13% $1,615,062 

SNCR 

5 0.265* 1.76 0.08 4% $12,641,549 

6 0.291* 1.64 0.19 11% $6,228,362 

7 0.275* 1.59 0.24 13% $8,272,850 

ULNBs+OFA 5 0.272* 1.76 0.08 4% $3,703,128 

 6 0.266* 1.63 0.20 11% $1,663,798 
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 7 0.251* 1.58 0.26 14% $1,794,618 

NOx Control 
Scenario 

5 0.234 1.75 0.24 5% n/a 

6 0.234 1.62 0.24 12% n/a 

7 0.234 1.57 0.24 15% n/a 

SCR 

5 0.070 1.71 0.12 7% $36,024,194 

6 0.070 1.56 0.27 15% $22,647,619 

7 0.070 1.47 0.37 20% $22,091,644 

Combo 
5 0.070 

0.25 1.59 86% n/a 6 0.070 
7 0.070 

* Denotes that output was interpolated by the Division and is not an actual modeled output.  See “CSU Drake BART 
Modeling Summary” for more details. 
 
Step 6: Select BART Control 
Based upon its consideration of the five factors summarized herein, the state has determined that 
NOx BART for Units 5, 6, and 7 is the following NOx emission rates: 
 Drake Units 5 and 6: 0.31 lb/MMBtu (30-day rolling hour average) 
 Drake Unit 7:  0.29 lb/MMBtu (30-day rolling hour average) 
    
The state assumes that the BART emission limits can be achieved through the installation and 
operation of ultra low-NOx burners (including over-fire air).   
 

• Unit 5: $1,342 per ton NOx removed 
• Unit 6: $664 per ton NOx removed 
• Unit 7: 616 per ton NOx removed 

 
The extremely low dollars per ton control costs, leads the state to selecting this emission rate for 
each of the Drake units.  SNCR is not selected as that technology provides an equivalent 
emissions rate, similar level of NOx reduction coupled with equivalent visibility improvement at 
a much higher cost per ton of pollutant removed along with potential energy and non-air quality 
impacts.  SCR is not selected as the cost/effectiveness ratios for Units 5 and 6 are too high and 
the visibility improvement does not meet the criteria guidance described in Chapter 6.4.3 of the 
Regional Haze SIP (e.g. less than 0.50 Δdv) 
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I. INTRODUCTION

The proposed Class I / Title V Permit No. 40140 is for the proposed Arizona Clean Fuels
Yuma, LLC petroleum refinery, a major stationary source.  The proposed refinery will be
located on an approximately 1,450-acre site, 40 miles east of Yuma, near the town of
Tacna, in Yuma County.  The proposed refinery will have the capacity to refine
approximately 150,000 barrels per day (BPD) (6.3 million gallons per day) of crude oil
and natural gasoline.  The primary products of the refinery would be gasoline, jet fuel,
propane, and diesel fuel. 

This facility was issued a permit (#1001205) on April 14, 2005.  In accordance with
A.A.C. R18-2-402(D)(2), the company had an 18-month window to commence
construction of the facility.  The company has notified the Department that they will be
unable to meet this deadline and has requested that the Department re-issue the permit for
a new five-year term with a new 18-month construction window. 

In order to retain the authorization to begin construction, the Permittee submitted a
permit renewal application dated April 28, 2006.  The Department has reviewed this
application and is proposing to renew the permit without any significant revisions.

Pursuant to A.A.C. R18-2-322(A), renewal of a Class I permit “is subject to the same
procedural requirements, including any for public participation and affected states and
Administrator review, that would apply to that permit's initial issuance.”

Under U.S. EPA policy, because there is no emissions increase and no fundamental
change in permitted equipment, the proposed permit renewal constitutes an
“administrative” change to the Prevention of Significant Deterioration (PSD) permit. 
The only substantive review suggested by the U.S. EPA policy is that necessary to ensure
that the permit reflects current Best Available Control Technology (BACT) requirements. 
The Department has performed such review and has determined that the current permit
reflects current BACT.  Specifically, the Department's review considered the following:

• Recent permitting actions for petroleum refinery expansion projects in
several states;

• A recent PSD permit application for a petroleum refinery expansion
project not yet permitted;

• Entries in the RACT/BACT/LAER Clearinghouse (RBLC) maintained by
the U.S. EPA; and 

• Air pollution control equipment capital and operating cost data.

This review showed that no new, more effective air pollution control technologies 
applicable to the proposed refinery's emissions units have been recently demonstrated; no
more stringent emission limitations applicable to the proposed refinery's emissions units
have been recently demonstrated to be achievable; and there has been no reduction in
expected adverse impacts from air pollution control devices rejected as BACT due to
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unacceptable economic, environmental, or energy impacts.

In addition to the BACT review suggested by U.S. EPA policy, the Department also has
performed a brief review of the information considered in the original air quality impact
analyses.  As a result of this review, the Department has determined that there have been
no significant changes in air quality at the proposed refinery's location, and the prior
determination of no anticipated adverse impacts remains valid.

A. Company Information

Facility Name: Arizona Clean Fuels Yuma, LLC
Mailing Address: Old Highway 80

Tacna, Arizona 85352
Facility Location: North of Interstate 8 between Avenues 44E and 46E

Yuma County, Arizona

B. Attainment Classification (Source: 40 CFR § 81.303)

The air quality control region in which the subject facility is located
either is unclassified or is classified as being in attainment of the National
Ambient Air Quality Standards (NAAQS) for all criteria pollutants:
particulate matter less than 2.5 microns (PM2.5), particulate matter less
than 10 microns (PM10), nitrogen dioxide (NO2), sulfur oxides (SOx),
carbon monoxide (CO), lead (Pb), and ozone (O3).

II. PROCESS DESCRIPTION

Arizona Clean Fuels Yuma, LLC (hereinafter, “Arizona Clean Fuels”) is a proposed
petroleum refinery that will operate under Standard Industrial Code (SIC) 2911.  The
facility will operate 24 hours a day and 365 days a year.

The proposed refinery will have the capacity to refine approximately 150,000 BPD (6.3
million gallons per day) of crude oil and natural gasoline.  Additional raw materials for
the refining process may include natural gas, propane, and butane.  Other inputs include
natural gas, for use as supplemental fuel within the refinery, and products such as
alkylate and oxygenates, for blending into the gasoline produced at the refinery.

This proposed refinery will supply cleaner-burning gasolines and other fuels to the
Arizona market. The product slate of the proposed refinery consists of regular and
premium reformulated gasolines, regular and premium gasolines meeting the stringent
specifications of the California Air Resource Board (CARB), liquified petroleum gas
(LPG), aviation jet fuel, and diesel fuel.  A sulfur recovery plant (SRP) will capture
sulfur contained in the crude oil feedstock and produce liquid sulfur product.  In addition,
the proposed refinery configuration includes a Delayed Coker Unit for the production of
petroleum coke, a solid by-product that can be sold as a fuel.
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The design of the proposed refinery utilizes current technologies that incorporate means
to reduce air emissions.  Throughout the design process, air emission reduction measures
have been included to meet or exceed stringent federal standards that apply only to new
refineries.  Per unit of product, the planned refinery will have lower emissions of criteria
pollutants than comparable older, existing refineries.  The pollution control measures,
including extensive monitoring and record keeping to be implemented at the facility are
described in this technical support document.

This project represents the first facility in the western United States to be built
specifically for the production of newer clean fuels.  Several specialized commercial
technologies are to be incorporated in the refinery process units to reduce fuel aromatics
and sulfur, which in turn reduces emissions from vehicles.  Because the proposed refinery
has been designed specifically for the production of such fuels, it offers an economic
source for the Arizona market of fuels meeting current and projected clean fuel
specifications.

The proposed refinery will include numerous process units.  These process units, and
their interconnections within the facility, are shown in Figure II-A.  The major process
units include a Crude Distillation Unit, a Delayed Coking Unit, a Hydrocracker Unit, a
Naphtha Hydrotreater Unit, a Distillate Hydrotreater Unit, a Catalytic Reforming Unit, a
Butane Conversion Unit, a Benzene Reduction Unit, and an Isomerization Unit. 
Supporting process units include a Gas Concentration Plant, a Hydrogen Plant, a Sulfur
Recovery Plant, an Amine Regeneration Unit, a Sour Water Stripper, and a Wastewater
Treatment Plant. 
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Each of these process units comprises several distinct components such as distillation
columns, reactors, fired heaters, heat exchangers, pumps, and compressors to achieve
specific refining objectives.  The capacities of these process units are presented in
subsequent sections of this document.  

A. Crude Distillation Unit 

The function of the Crude Distillation Unit is to provide primary separation of the
crude oil and natural gasoline feedstocks for subsequent processing by
downstream units.  The charge capacity of this unit is 142,000 BPD of crude oil
and 10,000 BPD of natural gasoline.

Crude oil and natural gasoline are preheated by exchange with hot products,
passed through an Electrostatic Desalter to remove entrained brine, and are heated
further in the Atmospheric Crude Charge Heater. The heated feed is then routed
to the Atmospheric Crude Distillation Column, where it is separated into five
liquid products at approximately atmospheric pressure.  The lightest (i.e., lowest
boiling point) product is naphtha, which is processed in a Naphtha Stabilizer to
remove light hydrocarbons.  This yields a stabilized naphtha with a vapor
pressure low enough for safe storage.  The light hydrocarbons in the overhead
streams from the Naphtha Stabilizer and the Atmospheric Crude Distillation
Column are sent to the Gas Concentration Plant for recovery.  Kerosene, diesel,
and atmospheric gas oil (AGO) liquid products from the Atmospheric Crude
Distillation Column are steam stripped to control flash point.  Condensed
stripping steam (including a small quantity of hydrogen sulfide) is recovered in
the column overhead system and is sent to the sour water collection system. 
Atmospheric residuum is the remaining liquid fraction and is composed of
predominantly high boiling point components.  This material is withdrawn from
the bottom of the Atmospheric Crude Distillation Column.

The atmospheric residuum from the Atmospheric Crude Distillation Column is
heated in the Vacuum Crude Charge Heater, where it is partially vaporized.  The 
two-phase feed then enters the flash zone of the Vacuum Crude Distillation
Column where it is distilled under vacuum conditions to prevent thermal
decomposition.  Light and heavy vacuum gas oil (LVGO and HVGO) are
produced as liquid products.  Vacuum residuum is the remaining liquid fraction
and is withdrawn from the bottom of the column.  This vacuum residuum material
can be used as feed material in the Delayed Coking Unit or can be sold as asphalt. 
Condensed stripping steam (including a small quantity of hydrogen sulfide) is
recovered in the column overhead system and is sent to the sour water collection
system.

Products of the Crude Distillation Unit and the Vacuum Unit are referred to as
“straight-run” products because they have not yet been subjected to either thermal
or catalytic conversion processes.
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B. Gas Concentration Plant 

Light ends (i.e., gaseous, low boiling-point hydrocarbon streams) are produced as
by-products from several process units at the proposed refinery.  These light ends
are routed to the Gas Concentration Plant, where propane and butane are
recovered as finished products.  Ethane and lighter hydrocarbons are treated to
produce a gas stream suitable for use as refinery fuel.  Pentane and heavier
components are recycled to the Crude Distillation Unit for recovery as naphtha. 
The nominal design capacity of the Gas Concentration Plant is 13,000 BPD of
propane and butane products.

The primary sources of light ends fed to the Gas Concentration Plant include:

• Overhead vapor from the Crude Distillation Unit and its Naphtha
Stabilizer;

•  Offgas or purge streams from the Naphtha Hydrotreater Unit, Distillate
Hydrotreater Unit, and Hydrocracker Unit;

•  Hydrocarbon gas produced as the result of thermal cracking at the Crude
Distillation Unit and Delayed Coking Unit; and 

•  Debutanizer overhead products from the Catalytic Reforming Unit and
Hydrocracker Unit.

Sulfur in the form of hydrogen sulfide (H2S) is removed from the feed streams by
counter-current absorption with an aqueous amine solution in three contactor
columns.  The H2S-rich amine is sent to the Amine Regeneration Unit for
regeneration and returned to the gas plant as lean amine.  Sulfur in the form of
mercaptans is removed from the propane and butane products by reaction with
caustic soda in the Caustic Treater Unit.  The mercaptan sulfur leaves the refinery
as a solute in the spent caustic.

The fractionation objectives are achieved in three steam-reboiled columns
operating in series:  the De-ethanizer, Depropanizer, and Debutanizer.  There are
no fired heaters in the Gas Concentration Plant.

C. Hydrocracker Unit 

The Hydrocracker Unit processes gas oil, primarily from the Crude Distillation
Unit and the Delayed Coking Unit, to convert it into gasoline, jet, and diesel
blendstocks.  The nominal design charge capacity of this unit is 40,000 BPD of
gas oil.

The gas oil feed streams are mixed with recycle and make-up hydrogen and are
then heated in a gas-fired charge heater.  The heated feed enters a series of two
fixed-bed reactors where the hydrocracking reactions occur under conditions of
high pressure and high temperature.  The reactors contain fixed beds of aluminum
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catalyst impregnated with noble metals. The catalyst must be regenerated
approximately every 18 to 24 months to remove carbon deposits and other
catalyst deactivators.  For regeneration, the unit is shut down and the catalyst is
removed from the unit and regenerated off-site.

In the hydrocracking reactions, the cracked, unsaturated hydrocarbons (e.g.,
olefins) are converted to completely saturated species (e.g. paraffins).  The
hydrogen also combines with sulfur and nitrogen to produce hydrogen sulfide and
ammonia, which can then be removed.  Hot reactor effluent gas is washed with
water, and is then scrubbed in an amine contactor to remove hydrogen sulfide and
ammonia. The scrubbed gas is compressed and returned to the reactor section for
additional conversion.  Condensed stripping steam and wash water are sent to the
sour water collection system.  Amine, rich with hydrogen sulfide, is sent to the
Amine Regeneration Unit.

The hydrocarbon liquid effluent from the hydrocracking reactors is sent to a
group of fractionators where the various product streams are separated.  The first
fractionator in this chain has a gas-fired feed heater.  Subsequent fractionators
operate at successively lower temperature ranges, and have steam-heated
reboilers.  Products from the fractionators include off-gases which contribute to
the refinery fuel gas supply, gaseous light-ends that are routed to the Gas
Concentration Plant, light and heavy naphtha supplied to the gasoline blending
operation, kerosene, diesel, and an internal recycle stream (fractionator bottoms).

D. Naphtha Hydrotreater Unit

The Naphtha Hydrotreater Unit pre-treats naphtha streams prior to the streams
being processed in the Catalytic Reforming Unit and the Isomerization Unit.  The
Naphtha Hydrotreater Unit removes contaminants such as sulfur, nitrogen, and
oxygen by promoting hydrogenation reactions (i.e. addition of hydrogen to the
hydrocarbon chain) in a fixed bed reactor containing nickel/molybdenum-
promoted aluminum catalyst.  The nominal design charge capacity of the Naphtha
Hydrotreater Unit is 32,000 BPD of naphtha.

Naphtha streams are fed to the Naphtha Hydrotreater Unit from the Crude
Distillation Unit, the Gas Concentration Plant, the Distillate Hydrotreater Unit,
and the Delayed Coking Unit.  The mixed liquid naphtha streams are mixed with
recycle and make-up hydrogen, heated in the Naphtha Hydrotreater Charge
Heater, and passed over the catalyst bed.  The hydrogen reacts with the sulfur and
nitrogen contaminants to produce hydrogen sulfide and ammonia.  Some of this
hydrogen sulfide and ammonia is absorbed in a water wash section just
downstream of the reactor.  The resulting sour water product is collected in a
separator and sent to the sour water collection system.  The reactor effluent is
separated into fuel gas and light and heavy naphtha in the Stripper and Naphtha
Splitter fractionation columns.  The fuel gas is routed to the Gas Concentration
Plant for further processing.  Light naphtha and heavy naphtha are sent to the
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Isomerization Unit and Catalytic Reforming Unit, respectively, for further
treatment.

E. Catalytic Reforming Unit 

The Catalytic Reforming Unit processes the heavy naphtha stream to make it
more suitable for the production of motor gasoline.  The nominal design charge
capacity of this unit is 30,000 BPD of heavy naphtha. 

The reforming process involves chemically rearranging the hydrocarbon
molecules to produce higher-octane materials. [The octane number is a key
measure of motor gasoline performance. The Catalytic Reforming Unit can
produce reformate of up to 102 research octane number (RON-Clear).]  Hydrogen
gas is produced as a by-product of reforming, and is used as feed to the Naphtha
Hydrotreater Unit, Distillate Hydrotreater Unit, Hydrocracker Unit, and
Isomerization Unit.

The heavy naphtha feed streams, primarily from the Naphtha Hydrotreater Unit
and Hydrocracker Unit, are mixed with recycle hydrogen and are passed through
three reactors in series.  Each reactor is preceded by a gas-fired feed heater.  The
reformed naphtha product (reformate) is separated from the by-product hydrogen. 
A portion of the hydrogen is compressed and recycled to be mixed with heavy
naphtha feed material.  The remaining hydrogen is compressed for use in other
refinery processing units.

The reformate product is fractionated in the debutanizer for separation of light
ends, which are sent to the Gas Concentration Plant for recovery.  The reformate
liquid product is sent to storage, for use in motor gasoline blending.  Heat is
provided to the debutanizer through the gas-fired Debutanizer Reboiler.

The Catalytic Reforming Unit reactor catalyst is continuously regenerated in the
Catalytic Reforming Unit Catalyst Regenerator. Catalyst regeneration takes place
in dedicated equipment and uses nitrogen, air, and perchloroethylene as
regenerating agents.  The Catalyst Regenerator performs two principal functions –
solid catalyst regeneration and circulation.  Spent catalyst from the final Catalytic
Reforming Unit reactor vessel is conveyed to the Catalyst Regenerator, where it is
regenerated in four steps: 1) coke burning with oxygen, 2) oxychlorination with
oxygen and chloride, 3) catalyst drying with air/nitrogen, and 4) reduction of
catalyst metals to “reduced” oxidation states.  Exiting the Catalyst Regenerator,
the regenerated catalyst is conveyed back into the first Catalytic Reforming Unit
reactor.

Small quantities of hydrochloric acid and chlorine are generated in the Catalyst
Regenerator.  The vent gas from the Catalyst Regenerator is scrubbed in two
stages with caustic solution and water in the Vent Gas Wash Tower for removal
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of acid gases, in particular hydrochloric acid.  From the Wash Tower, the cleaned
vent gas is discharged to the atmosphere.

F. Isomerization Unit 

The Isomerization Unit processes the light naphtha stream to produce a liquid
product, called “isomerate,” which is more suitable for the production of motor
gasoline.  The nominal design charge capacity of this unit is 18,000 BPD of light
naphtha.

The Isomerization Unit increases the octane number of the light naphtha stream. 
[The octane number is a key measure of motor gasoline performance. The
Isomerization Unit typically produces isomerate with a research octane number
(RON-clear) of 83 to 85.]  Hydrogen gas is produced as a by-product of
reforming, and is used as feed to the Naphtha Hydrotreater Unit, Distillate
Hydrotreater Unit, Hydrocracker Unit, and Isomerization Unit.

Heated light naphtha is mixed with hydrogen gas and a small amount of chloride
reagent, and is then passed through two fixed bed catalytic reactors in series.  The
reactor effluent is separated in the Stabilizer fractionation column into fuel gas
and isomerate.  The fuel gas stream is scrubbed with caustic solution and water to
remove acid gases, and is then routed to the Gas Concentration Plant for
processing.  The isomerate is sent to storage for use in motor gasoline blending.

G. Distillate Hydrotreater Unit 

The Distillate Hydrotreater Unit reduces the levels of sulfur and other
contaminants in kerosene and diesel fuel products to meet regulatory
specifications.  The nominal design charge capacity of this unit is 34,000 BPD of
distillate feedstock.  The unit will be capable of reducing the sulfur content in the
liquid fuel products to less than 0.05 percent by weight.

The distillate feedstocks, including straight-run kerosene and diesel liquid streams
from the Crude Distillation Unit and distillate from the Delayed Coking Unit, are
mixed with recycle hydrogen and heated to the reaction temperature in a gas-fired
heater.  The feed mixture is passed over two reactor beds with inter-bed quench. 
To promote different reactions, one bed contains a cobalt-molybdenum catalyst
and the other contains a nickel-molybdenum catalyst.

Hydrogen sulfide and ammonia by-products are removed in a water wash section
and an amine contactor downstream of the reactor.  The aqueous wash fraction
containing some hydrogen sulfide and ammonia is removed in a Separator, and
routed to the sour water collection system. The H2S-rich amine from the contactor
is sent to the Amine Regeneration Unit for regeneration before being returned to
the recycle gas scrubber as lean amine.



1 Hydrocarbon materials in the petroleum refining industry are frequently classified and
described based on the number of carbon atoms per molecule.  For example, “C3” refers to
materials with three carbon atoms per molecule, such as propane (C3H8) and propylene (C3H8);
“C4” refers to materials with four carbon atoms per molecule, such as butane (C4H10) and
butylene (C4H8).
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Liquid organic effluent from the reactor is steam stripped to remove light end
hydrocarbons, which are routed to the Gas Concentration Plant for processing. 
The remaining hydrocarbon stream is separated into naphtha, kerosene, and diesel
fractions in a fractionator column with a gas-fired reboiler. Naphtha-cut boiling
point material is removed as the overhead stream and is sent to the Naphtha
Hydrotreater Unit.  The hydrotreated kerosene and diesel streams are sent to
storage for use in jet fuel and diesel fuel blending.

H. Butane Conversion Unit 

The proposed refinery will include a Butane Conversion Unit utilizing proprietary
“InAlk” technology.  This process uses a mixed C3/C4 feedstock material.1  It
produces both a low vapor pressure alkylate stream and a high-octane
“polygasoline” stream for fuel blending.  The nominal design charge capacity of
this unit is 28,000 BPD of mixed C3/C4 feedstock.

Mixed C3/C4 feed, primarily from the Gas Concentration Plant, enters the process
at the Isostripper, which has a gas-fired reboiler.  Polymerization of C4 materials
is enhanced by treatment of a side stream from the Isostripper in the Butamer
reactor.  This catalytic reactor uses a platinum-containing catalyst to produce an
increased quantity of isobutane, which is returned to the Isostripper.  Off-gas from
the Butamer reactor, which contains light ends, can be recycled to the Gas
Concentration Plant or can be used as refinery fuel gas (RFG).

The overhead stream from the Isostripper, which is enriched in isobutane, is
processed in the Dehydrogenation Reactor.  The isobutane stream is mixed with
recycle hydrogen and heated in a gas-fired charge heater.  Dehydrogenation takes
place in a multi-stage, catalytic reactor having a gas-fired interheater.  In the
reactor effluent stream, the C3/C4 components are separated from residual
hydrogen, a portion of which forms the recycle stream.

After preheating, the reactor effluent is compressed and passed through a
Separator to remove excess hydrogen before being fed to a catalytic condensation
reactor that polymerizes these molecules to form a C8 to C12 product blend. 
Under proper conditions, normal butane and isobutane can be selectively
polymerized to form an iso-octane product with a high octane number for
gasoline blending. The Stabilizer column separates this octane product from
unreacted C3/C4 material.
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Catalyst used in the dehydrogenation reactor is continuously regenerated by the
Butane Conversion Unit Catalyst Regenerator.  Catalyst regeneration takes place
in dedicated equipment and uses nitrogen, air, and perchloroethylene as
regenerating agents.  The Catalyst Regenerator performs two principal functions –
solid catalyst regeneration and circulation.  Spent catalyst from the final
dehydrogenation reactor bed is conveyed to the Catalyst Regenerator.  In this unit,
spent catalyst is regenerated in four steps: 1) coke burning with oxygen, 2)
oxychlorination with oxygen and chloride, 3) catalyst drying with air/nitrogen,
and 4) reduction of catalyst metal to “reduced” oxidation states.  Exiting the
regeneration vessel, the regenerated catalyst is conveyed back into the first
dehydrogenation bed.  In this manner, freshly-regenerated catalyst is continuously
circulated through the dehydrogenation reactors.

Small quantities of hydrochloric acid and chlorine are generated in the
regeneration processes.  The vent gas from the Catalyst Regenerator is scrubbed
with caustic solution and water in a Vent Gas Wash Tower for removal of acid
gases, in particular hydrochloric acid. From the Wash Tower, the cleaned vent gas
is discharged to the atmosphere.

I. Benzene Reduction Unit 

The proposed refinery will include a Benzene Reduction Unit using proprietary
“BenSat” technology to reduce the content of aromatics, such as benzene, in
materials used as gasoline blending components.  The nominal design charge
capacity of this unit is 14,000 BPD of naphtha or reformate.

Depending upon product requirements, the Benzene Reduction Unit can process
light naphtha from the Naphtha Hydrotreater Unit, straight run naphtha from the
Crude Distillation Unit, or light reformate streams.  The initial step in the
Benzene Reduction Unit is selective reaction of benzene (C6H6) in a Saturation
Reactor.  Hydrogen is fed with the hydrocarbon stream in slightly above
stoichiometric amounts to promote benzene saturation.  A Sulfur Guard Bed is
provided to adsorb sulfur compounds from the feed and avoid sulfur poisoning of
the reactor catalyst.

Downstream of the Saturation Reactor is a Stabilizer column that separates the
liquid hydrocarbon stream, now enriched in saturated C6 compounds, from light
ends and residual hydrogen.

Both the Reactor Preheater and Stabilizer Reboiler are steam heated.  There are
no fired heaters within the Benzene Reduction Unit.
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J. Delayed Coking Unit 

The Delayed Coking Unit processes vacuum residuum oil and other heavy crude
oil components using a thermal cracking process to produce lighter liquid
products and solid coke.  The nominal design charge capacity of this unit is
32,000 BPD of vacuum residuum feed.

The Delayed Coking Unit uses a semi-continuous process and employs two
parallel coke drums.  These coke drums are alternately switched on-line and off-
line after filling with coke.

The primary feed material for the Delayed Coking Unit is vacuum residuum,
which is the Vacuum Crude Distillation Column bottoms product from the Crude
Distillation Unit.  The feed material enters the bottom of the coker main
fractionator where it mixes with condensed recycle material in the column.  The
combined stream is heated in one of the gas-fired coker charge heaters to initiate
coke formation in the corresponding coke drum. 

Coke drum overhead vapor, the product of the thermal cracking reactions during
coking, flows back to the coker main fractionator.  This column separates the
coke drum overhead vapor into various light hydrocarbon constituents to be
returned to other refinery process units.  These include coker naphtha, which is
sent to the Naphtha Hydrotreater Unit for further processing into gasoline
blendstocks; light coker gas oil, which is sent to the Distillate Hydrotreater Unit
for further processing into jet and diesel blendstocks; and heavy coker gas oil,
which is sent to the Hydrocracker Unit for conversion and upgrade to additional
gasoline and distillate fuel products.  Sour water is sent to the sour water
collection system.

After coking reactions are complete, the full coke drum is switched off-line and is
steamed out and cooled.  (The other coke drum is brought on-line and the coking
process continues in that reactor train.)  Vapors emitted from the opened coke
drum are captured by the enclosed blowdown system and are recovered in the
main fractionator.  When cool, the coke drum bottom and top heads are removed.
The coke is cut from the drum with a water jet and dropped into the Coke Pit. 

K. Petroleum Coke Storage, Handling, and Loading 

Petroleum coke from the Delayed Coking Unit is dropped into the Coke Pit.  In
the Coke Pit, free water is separated from the coke and recycled.  A bridge crane
is used to transfer the moist coke from the Coke Pit to the Coke Pad, where it is
stored in piles.  A bridge crane is also used to transfer coke from the Coke Pad to
the Coke Crusher.  The crushed, moist coke is then transferred via an enclosed
belt conveyor to the Coke Silo. 
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Coke from the Delayed Coking Unit is transferred via an enclosed belt conveyor
to the Coke Loading Facility.  This facility includes a coke storage silo and a coke
railcar loading operation. 

L. Amine Regeneration Unit 

Rich amine solution from the Gas Concentration Plant, Distillate Hydrotreater
Unit, and Hydrocracker Unit is circulated to the Amine Regeneration Unit for
regeneration.  The Amine Regenerator is a liquid stripper column with a steam-
heated reboiler.  Mixed rich amine solutions are fed to the column yielding an
overhead product rich in H2S (i.e., “acid gas”) that is routed to the Sulfur
Recovery Plant as feed.  The stripped amine bottoms liquid is cooled and filtered
and then recycled back to a storage tank as lean amine.  This nitrogen-blanketed
storage tank supplies make-up solution to the various amine contactors in the Gas
Concentration Plant, Distillate Hydrotreater Unit, and Hydrocracker Unit, and
contains the amine solution inventory during a shutdown.  There are no fired
heaters in the Amine Regeneration Unit.  

M. Sour Water Stripper 

Sour water streams containing H2S, other organic sulfur compounds, ammonia
(NH3), and oil, are collected from various refinery process units and combined in
a feed surge tank.  Liquid hydrocarbons are decanted from the water and returned
to the recovered oil tank.  The Sour Water Stripper (SWS) removes H2S /NH3

from the sour water using a stripper tower having a steam-heated reboiler.  

Feed sour water is preheated by exchange with the stripper bottoms stream.  The
reboiler is heated with low-pressure steam to generate vapor traffic up the stripper
column.  Vaporization of water strips H2S and NH3 from the downcoming sour
water.  Overhead vapors are cooled by an overhead condenser.  Condensed water
reflux is returned to the top tray in the stripper tower.  The overhead, non-
condensible materials, primarily H2S and NH3, are routed to the Sulfur Recovery
Unit as feed.  The stripped water is reused at the crude desalters and at process
units requiring wash water (e.g., for ammonia removal).  Any remaining stripped
water is routed to the Wastewater Treatment Plant.  There are no fired heaters
associated with the Sour Water Stripper.

N. Sulfur Recovery Plant 

The Sulfur Recovery Plant provides for safe disposal of the acid gas product
streams from the Sour Water Stripper and the Amine Regeneration Unit.  The
plant comprises three processing steps: two parallel Claus sulfur recovery units, a
tail gas treatment unit (TGTU), and a tail gas thermal oxidizer.  The capacity of
the Sulfur Recovery Plant is 608 long tons per day of liquid elemental sulfur
product.
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Each Claus sulfur recovery unit (SRU) uses a three-stage reactor train to convert
approximately 94 to 97 percent of the feed sulfur into elemental sulfur.  The
TGTU uses catalytic reduction and amine absorption technology to recover
additional sulfur compounds from the Claus SRU tail gas and recycles them back
to the SRU.  The unrecovered sulfur compounds are oxidized to sulfur dioxide
(SO2) in the tail gas thermal oxidizer.  

For reliability, two complete 3-stage Claus trains are employed in the proposed
refinery design; each normally operated at 67 percent of maximum acid gas
throughput capacity.  In  the first (non-catalytic) reaction furnace section,
ammonia is converted to nitrogen and water, and a portion of the H2S is converted
to SO2 and water.  The acid gas then flows through two catalyst beds in series
where the Claus reaction occurs (H2S and SO2 partially react to form sulfur).  The
sulfur in the vapors from the thermal section and each of the three catalyst beds
are condensed and flow through seal legs to a covered tank termed the “Sulfur
Pit.”  The vapor from the last sulfur condenser then flows to the TGTU. 

Liquid sulfur in the Sulfur Pit is loaded into tank trucks or tank cars for sale.  A
steam-powered ejector draws sweep-air through the headspace of the Sulfur Pit
tank to capture vapors containing reduced sulfur compounds.  This sweep-air
stream is routed to the inlet of the Claus SRU trains for recovery of the sulfur. 
There is no point in the SRU process when solid sulfur is produced or handled. 

Tail gas exiting the last stage of Claus SRU is combined with hydrogen or
methane (natural gas) and passed through the TGTU Reducing Reactor and a
catalytic Hydrogenation Reactor to convert the residual sulfur dioxide back to
H2S.  Downstream of these reactors, additional recovery of reduced sulfur is
accomplished in an amine absorber column that uses an aqueous methyl
diethanolamine (MDEA) solvent to scrub H2S from the TGTU tail gas.  The
overhead stream from this contactor, containing very low sulfur levels, is sent to
the tail gas thermal oxidizer for disposal.  The rich MDEA solvent is regenerated
in the TGTU amine stripper and H2S is returned to the inlet of the Claus SRU
trains to be recovered.  Regenerated MDEA solvent is recirculated back to the
TGTU amine absorber column.

There will be instances when upset conditions or maintenance events at the Sulfur
Recovery Plant are such that compliance with the SO2 emission limitations cannot
be maintained indefinitely.  The proposed refinery design includes several
measures intended to avoid excess emissions during these periods.  First, the
Claus SRU trains are designed with excess capacity.  In the event of an upset
condition or maintenance event on one of the Claus SRU trains, the other train
will be operated at full capacity.  Second, the Sour Water Tank will be sized to
provide continuously available sour water storage capacity of at least 3.78 million
gallons.  This will allow the feed to the Sour Water Stripper to cease for at least
24 hours, while the refinery process units continue operating and generating sour
water streams.  The cessation of Sour Water Stripper operations can be
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implemented within minutes, so that excess emissions are minimized even during
unplanned outages of a Claus SRU train or the TGTU.  Third, the Rich Amine
Tank will be sized to provide continuously available rich amine storage capacity
of at least 210,000 gallons, and the Lean Amine Tank will be sized and the lean
amine solution will be managed to provide a continuously available supply of at
least 210,000 gallons.  These measures will allow the feed to the Amine
Regeneration Unit to cease for a minimum of 24 hours, while the refinery process
units continue operating and generating rich amine solution.  The cessation of
Amine Regeneration Unit operations also can be implemented within minutes, so
that excess emissions are minimized even during unplanned outages of a Claus
SRU train or the TGTU.  When implemented simultaneously, these measures can
reduce or stop the processing of acid gas in the Claus SRU trains during outages
of the TGTU or both Claus SRU trains.  For longer-term outages of a single Claus
SRU train, to avoid exceeding the acid gas processing capability of a single train,
reduced sulfur crude oil would be inventoried at the plant and could be used to
substitute some or all of the normal feed to the refinery process units.

O. Hydrogen Plant 

The Hydrogen Plant will manufacture hydrogen by converting light hydrocarbons
into hydrogen using a steam reforming process.  The plant can use as feedstock
either natural gas, a mixture of RFG and natural gas, a mixture of RFG and
propane, or a mixture of RFG and butane.  The nominal design capacity of this
plant is 120 million standard cubic feet per day of hydrogen with purity in excess
of 99.9 percent. 

The Hydrogen Plant conversion process consists of four steps: feed pretreatment,
steam reforming, shift-reaction conversion, and purification.  The feed
pretreatment step removes or converts contaminants in the feedstock that would
otherwise poison or damage downstream catalysts.  Next, the feed is combined
with steam and is fed to the Hydrogen Reformer (also called the Steam-Methane
Reformer).  This process unit consists of a group of catalyst-packed tubular
reactors within a gas-fired furnace that is maintained at the proper reaction
temperature.  Within the catalyst tubes, steam and hydrocarbons react to form
hydrogen and carbon dioxide.  The reactor effluent is cooled in a steam boiler and
heat exchanger before being fed to a fixed-bed Shift Reactor, which drives the
reaction to a greater extent of completion.  High purity hydrogen is separated
from the reactor effluent in a Pressure Swing Adsorption (PSA) unit.  The PSA
purge is routed to the Hydrogen Reformer Heater as fuel.  The PSA purge gas,
supplemented by RFG, is combusted in the reformer furnace containing the
catalyst-filled reactor tubes.

P. Group “A” Storage Tanks 

The Tank Farm includes eight dome-roof storage tanks that are equipped with
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nitrogen blanket systems and closed-vent systems vented to a compression
system.  For the purposes of the proposed Class I permit, due to their similar
configuration and similar regulatory applicability, these storage tanks are grouped
for administrative convenience. 

The compressed vapors from the Group “A” Storage Tanks are routed to the RFG
system.  These storage tanks are designed to store raw materials and intermediates
such as natural gasoline, isomerate, light naphtha, vacuum residuum, and slop oil.

Q. Group “B” Storage Tanks 

The Tank Farm includes forty-seven fixed-roof storage tanks that are equipped
with internal floating roofs and closed-vent systems vented to a thermal oxidizer. 
These storage tanks are designed to store organic liquids such as crude oil, gas oil,
light and heavy naphtha, alkylate, reformate, gasoline, jet fuel, diesel fuel, and
ethanol.  For the purposes of the proposed Class I permit, due to their similar
configuration and similar regulatory applicability, these storage tanks are grouped
for administrative convenience. 

R. Group “D” Storage Tanks 

The Tank Farm includes six pressurized, spherical storage tanks that are designed
to operate with no emissions.  These storage tanks are designed to store volatile
organic liquids such as butane, butylene, and liquefied petroleum gas.  For the
purposes of the proposed Class I permit, due to their similar configuration and
similar regulatory applicability, these storage tanks are grouped for administrative
convenience. 

S. Group “E” Storage Tank

The Tank Farm includes one asphalt storage tank.  This tank will be used to store
asphalt that is produced at the proposed refinery.

T. Truck and Rail Car Loading Racks 

The liquid products produced at the proposed refinery will be transported by rail
cars and tank trucks.  The proposed refinery will have two terminals for liquid
transfer; one for railcar loading and unloading, and one for tank truck loading. 
Facilities for the loading and unloading of petroleum liquids have been designed
to maximize the recovery of evaporative VOC emissions.  Residual VOC
emissions from loading of  liquid products will be controlled using two thermal
oxidizers, one serving the rail car loading racks and one serving the tank truck
loading racks.

Each loading rack will have a maximum delivery rate of 600 gallons per minute
(GPM) per loading arm.  All gasoline product and distillate product loading racks
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are designed for bottom loading.  LPG loading racks are designed for top loading. 
Displaced vapors from the LPG loading operations are routed back to storage. 

U. Benzene Waste Operation 

The Benzene Waste Operation comprises the refinery equipment used to manage
aqueous and non-aqueous waste streams that contain benzene.  This will include
the equipment in the Wastewater Treatment Plant, and may include other
equipment.  For the purposes of the proposed Class I permit, equipment used for
Benzene Waste Operations is grouped for administrative convenience, due to the
unique regulatory requirements applicable to this equipment under subpart FF of
40 CFR part 61. Refer to Section IV.C.2 herein for a detailed discussion of this
regulation. 

V. Wastewater Treatment Plant 

The wastewater treatment plant (WWTP) is designed to maximize water recycle
and reuse.  Treatment facilities include wastewater collection, primary treatment,
secondary treatment, brine concentration, sludge treatment and sludge
dewatering. 

The treatment vessels and sumps comprising the WWTP will be enclosed tanks or
similarly covered vessels.  Open impoundments or uncovered tanks will not be
used.  Air drawn from the headspace of several WWTP vessels will be treated in a
dedicated WWTP Thermal Oxidizer.  

The wastewater collection system comprises a system of covered sewers for
collection of oily wastewater.  Oily water streams include de-salter water, crude
and product tank water draws, and neutralized spent caustic.  Other potentially
oil-contaminated wastewater streams such as storm water from process units and
tank farm dikes are collected on a “first flush basis” (i.e., the water that initially
runs off an area).  The remainder of the storm water runoff after the first flush and
all other clean runoffs from other non-process surface drainage will be collected
in the storm water pond for reuse as makeup water to the cooling tower. 

The oily water sumps, which normally receive contaminated oily wastewater, will
have double containment for spill prevention and leak detection.  These sumps
will be vented to the atmosphere either via a dedicated carbon adsorption system
(i.e., “local carbon canister”) or via the WWTP Thermal Oxidizer.

The primary treatment system comprises an API separator (i.e., an oil-water
separator designed in conformance with the specifications of the American
Petroleum Institute), a dissolved air flotation (DAF) unit, and an equalization
basin.  Exhaust streams from these three vessels are routed to the WWTP Thermal
Oxidizer.  The primary treatment system is designed to remove free oil and
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suspended solids from the refinery wastewater.  The API separator will be an
above-ground enclosed rectangular vessel in which the wastewater flows
horizontally while the free oil particles rise due to buoyancy forces.  The free oil
floats to the surface of the tank and is skimmed into a slop oil compartment for
recovery in the refinery.  Solids settle in the bottom of the tank, where they are
scraped into sludge hoppers by a flight scraper.  The settled solids are removed
from the sludge hopper by a sludge pump to an oily sludge tank for possible
recycle to the Delayed Coking Unit.

Effluent from the API separator containing residual emulsified oil is further
treated by the DAF unit.  Wastewater is fed continuously at a controlled rate to
the DAF system via the flocculation chamber.  Polymer is added in the
flocculation chamber to facilitate flocculation of the colloidal suspended solids
and oil.  A portion of the DAF clarified effluent is pressurized with air in the DAF
saturation tank.  The dissolved air flotation system blends recycled effluent
saturated with air, at elevated pressure, with the incoming coagulated wastewater
to release microscopic air bubbles that cling to the oil and solids particles forcing
them to float to the top of the flotation cell where they are skimmed off as “float.” 
Heavier solids settle in the bottom of the DAF and will be treated and dewatered
prior to disposal.  The DAF treated effluent flows by gravity through the DAF
effluent chamber into the equalization basin, from which it is pumped to the
secondary treatment system.

The secondary treatment system comprises an activated sludge biological
treatment system (i.e., “biotreater”), a clarifier, a warm lime softener, and a
reverse osmosis system.  The activated sludge process in the biotreater is an
aerobic biological treatment that involves the stabilization of organic matter by
microorganisms, which oxidize organic compounds present in wastewater to
carbon dioxide.  Phosphoric acid is added to the wastewater stream to provide the
nutrient phosphorus as required by the microorganisms in the biological aeration
treatment system.  Powdered activated carbon treatment provides added treatment
by the addition of powder activated carbon to remove refractory and non-
biodegradable organics in the wastewater.  Exhaust from the biotreater is routed
to the WWTP Thermal Oxidizer.

Mixed liquor (sludge and water) from the biotreater flows by gravity to the
clarifier, where biosolids and powdered activated carbon settle to the bottom of
the clarifier.  Treated wastewater flows by gravity to the warm lime softener,
where it is treated to remove silica and hardness by adding magnesium chloride,
soda ash, and caustic.  Effluent water from the warm lime softener is polished
through multi-media filters and routed to the reverse osmosis system.  Clean
water from the reverse osmosis system is recycled for further use in the refinery. 

A portion of the recovered mixture of biosolids and powdered activated carbon
from the clarifier is recycled to the biotreater, while the remainder is sent to a wet
air oxidation unit for the regeneration of powdered activated carbon. 
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Regeneration of the powdered activated carbon is achieved by oxidizing the
biosolids, in liquid phase, under high temperature and high pressure, using high-
pressure steam as the heat source.  (There is no fuel input to the wet air oxidation
unit.)  Regenerated powdered activated carbon is recycled to the biotreater.

Ash from the wet air oxidization unit and sludge from the warm lime softener are
routed to a belt press for dewatering prior to landfill disposal. 

“Reject” water from the reverse osmosis system has elevated levels of dissolved
solids and is known as brine solution.  This brine solution is heated and routed to
an induced-draft cooling tower for further concentration.  The brine slurry from
the concentration cooling tower is pumped to a spray dryer, which uses an
integral natural gas-fired air heater.  In the spray dryer, dissolved solids are
recovered as a powdered salt material.  Dry powder salt collected at the bottom of
the spray dryer is conveyed pneumatically to a collection system and is placed in
containers for offsite disposal.  The pneumatic conveying system exhausts
through a fabric filter baghouse.

W. Equipment Leaks 

The proposed refinery includes piping and a large number of screwed and flanged
connectors, valves, pumps, compressors, and similar components for movement
of gas and liquid raw materials, intermediates, and feedstocks.  These components
are potential sources of volatile organic compounds (VOC), hazardous air
pollutants (HAPs), and H2S emissions due to leakage.

X. Emergency Flares 

The proposed refinery will include a pressure relief system designed to contain
non-routine hydrocarbon releases and route these releases to two elevated flares. 
One flare (Refinery Flare 1) will be centrally located near most of the refinery
process units, and the second (Refinery Flare 2) will be located near the Delayed
Coking Unit.  In the event of a process upset or a sudden shutdown that causes
hydrocarbon material to be released from any of the pressure relief devices and
emergency depressurizing equipment throughout the refinery, the emergency
flares will safely combust the released material and discharge the combustion
products to the atmosphere. 

Each of the two elevated flares is nominally designed to combust 2.0 million
pounds per hour of gases (based on gases having a design average molecular
weight of 28 pounds per pound-mole and released at a design temperature of 236
degrees Fahrenheit (ºF)).  This reflects the estimated maximum process vessel
venting case and corresponds to the emergency scenario of a total refinery power
failure.  Steam is supplied to the flare tip to allow smokeless operation up to a
release rate of 300,000 pounds per hour, with a VOC destruction efficiency of
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approximately 98 percent, under design conditions. 

The features of the flare design include a continuous natural gas pilot flame and
stack purge, and steam assist to improve VOC control and prevent soot formation. 
Pipeline natural gas is constantly purged up the flare stack column and is ignited
at the top by the continuous pilot flame.  This operation keeps the flare ready to
immediately receive and safely combust released gases, without relying on pilot
ignition.  The pilot is continually monitored by remote camera or other means to
confirm pilot operation, and to effect a restart of the pilot if necessary.  

Y. Steam Boilers 

Steam is distributed throughout the plant at three nominal pressure levels of 600
pressure per square inch gauge (psig), 150 psig, and 50 psig. Two boilers are to be
constructed that will generate steam at 600 psig and 700ºF.  Each boiler has a
rated heat input of 419 million British Thermal Units (MMBTU) per hour and
will be fired exclusively with pipeline-quality natural gas.  Each boiler is sized to
provide approximately 50 percent of the maximum projected steam demand.  It is
planned that both boilers will be operated continuously, but generally at 40 to 50
percent of capacity, to provide hot standby capacity for emergencies.  When
required, one boiler can be shutdown for maintenance and inspection, and the
other can operate at full capacity to meet the plant needs.  

Z. Cooling Tower 

Water will be used in several areas of the proposed refinery to remove process
heat, condense vapor streams, and cool products before storage.  Warm cooling
water from the process areas is circulated through a direct-contact cooling tower. 
A fraction of the water evaporates and the circulating cooling water temperature
is reduced.  The cooled water is then pumped back to the process areas for re-use. 
Water lost to evaporation is replaced with make-up water.  Cooling water use has
been minimized in the proposed refinery design to minimize evaporative losses
and thereby conserve water.  The system is sized for a cooling water circulation
rate of 80,000 GPM.

Emissions from the cooling tower include VOC, due to leaks in indirect contact
heat exchangers in refinery process units, and particulate matter, due to residual
solids in aerosol drift particles released from the tower that subsequently
evaporated.  

AA. Internal Combustion Engines 

The proposed refinery will include an on-site emergency electrical generator and
two on-site fire water pumps.  Each will be driven by a compression-ignition,
diesel-fired, internal combustion engine.  The emergency electrical generator will
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allow for a safe and orderly shutdown of the refinery, or individual refinery
process units, in case of an emergency.  The fire water pumps will be used to
pump water as needed for extinguishing fires.  The emergency electrical generator
and the fire water pumps will also be operated for a few hours per month for
routine testing and maintenance. 

BB. Mobile Sources and Fugitive Dust Sources 

The construction and operation of the proposed refinery will involve mobile
sources and dust-generating operations such as land clearing, earthmoving,
excavating, construction, demolition, material handling, storage or transporting
operations, and vehicle use.
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III. EMISSIONS

A. General

Table III-A presents a summary of pollutant emission rates from all emission units at the
proposed refinery.  Emissions from specific emission units, including emission
calculation methodologies and tabular emission summaries, are presented in Sections
III.A through III.P. 
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Table III-A.  Emission Summary

Pollutant Source(s)

NOx SO2 CO VOC PM PM10 hydrogen sulfide

lb/hr tpy lb/hr tpy lb/hr tpy lb/hr tpy lb/hr tpy lb/hr tpy lb/hr tpy

Process Heaters 60.68 265.76 22.66 99.25 155.86 682.68 15.59 68.27 29.22 128.00 29.22 128.00 0.92 4.04

Boilers 10.48 45.90 0.50 2.20 13.41 58.76 3.35 14.69 3.14 13.77 6.28 27.54 ----- -----

Sulfur Recovery Plant
(incl. SRU Thermal Oxidizer)

6.00 26.28 33.60 147.17 8.40 36.79 0.55 2.41 0.76 3.33 0.76 3.33 0.09 0.39

Group “B” Storage Tanks (incl.
Tank Farm Thermal Oxidizer)

2.25 9.86 0.33 1.43 4.73 20.71 57.48 13.09 0.43 1.87 0.43 1.87 0.01 0.06

Wastewater Treatment Plant
(incl. WWTP Thermal Oxidizer)

0.03 0.15 0.00 0.01 0.03 0.12 8.06 35.33 0.00 0.01 0.00 0.01 0.00 0.00

Loading Racks (incl. Loading
Rack Thermal Oxidizers)

2.47 10.80 0.14 0.62 2.07 9.07 27.81 12.81 0.19 0.82 0.19 0.82 0.01 0.03

Emergency Flares 0.11 0.50 0.00 0.00 0.62 2.70 0.10 0.46 ----- ----- ----- ----- ----- -----

Coke Silo Baghouse ----- ----- ----- ----- ----- ----- ----- ----- 0.09 0.41 0.09 0.41 ----- -----

WWTP Spray Dryer Baghouse ----- ----- ----- ----- ----- ----- ----- ----- 1.17 5.11 1.17 5.11 ----- -----

Catalyst Regenerator Vents 1.65 7.22 ----- ----- 1.00 4.40 ----- ----- ----- ----- ----- ----- ----- -----

Cooling Tower ----- ----- ----- ----- ----- ----- 3.36 14.72 1.60 7.01 1.60 7.01 ----- -----

Equipment Leaks ----- ----- ----- ----- ----- ----- 16.82 13.18 ----- ----- ----- ----- 0.27 1.22

Internal Combustion Engines 25.7 2.57 0.03 0.00 17.3 1.73 2.12 0.21 0.99 0.10 0.99 0.10 ----- -----

Vehicle Traffic on Paved Areas ----- ----- ----- ----- ----- ----- ----- ----- 3.52 7.71 0.69 1.50 ----- -----

SOURCE-WIDE TOTAL 115.38 395.54 57.26 250.66 203.39 816.96 135.24 175.16 44.26 181.92 41.43 175.71 1.50 6.61



Arizona Clean Fuels Yuma, LLC
Permit Number 40140 September 15, 2006Page 24 of  347

Table III-A.  Emission Summary (Continued)

Pollutant Source(s)

Ammonia Acetaldehyde Benzene Benzo(a)pyrene Chlorine

lb/hr tpy lb/hr tpy lb/hr tpy lb/hr tpy lb/hr tpy

Process Heaters 5.44 23.8 0.0095 0.041 0.24 1.1 0.000013 0.000058 -----

Boilers ----- ----- ----- ----- 0.0018 0.0077 ----- ----- ----- -----

Sulfur Recovery Plant
(incl. SRU Thermal Oxidizer)

----- ----- 0.00024 0.0011 0.0062 0.027 0.0000004 0.0000015 ----- -----

Group “B” Storage Tanks
(incl. Tank Farm Thermal
Oxidizer)

----- ----- ----- ----- 0.52 0.11 0.0000002 0.0000008 ----- -----

Wastewater Treatment Plant
(incl. WWTP Thermal
Oxidizer)

----- ----- ----- ----- 0.40 1.77 ----- ----- ----- -----

Loading Racks (incl. Loading
Rack Thermal Oxidizers)

----- ----- ----- ----- ----- ----- ----- ----- ----- -----

Emergency Flares ----- ----- ----- ----- ----- ----- ----- ----- ----- -----

Coke Silo Baghouse ----- ----- ----- ----- ----- ----- ----- ----- ----- -----

WWTP Spray Dryer
Baghouse

----- ----- ----- ----- ----- ----- ----- ----- ----- -----

Catalyst Regenerator Vents ----- ----- ----- ----- ----- ----- ----- ----- 0.12 0.52

Cooling Tower ----- ----- ----- ----- 0.04 0.18 ----- ----- ----- -----

Equipment Leaks ----- ----- ----- ----- 0.14 0.11 ----- ----- ----- -----

Internal Combustion Engines ----- ----- ----- ----- ----- ----- ----- ----- ----- -----

Vehicle Traffic on Paved
Areas

----- ----- ----- ----- ----- ----- ----- ----- ----- -----

SOURCE-WIDE TOTAL 5.44 23.8 0.0097 0.042 1.26 3.31 0.000013 0.000058 0.12 0.52
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Table III-A.  Emission Summary (Continued)

Pollutant Source(s)

Chrysene Ethylbenzene Fluoranthene Formaldehyde Hexane

lb/hr tpy lb/hr tpy lb/hr tpy lb/hr tpy lb/hr tpy

Process Heaters 0.000010 0.000044 ----- ----- 0.00012 0.00053 0.055 0.24 ----- -----

Boilers ----- ----- ----- ----- 0.0000025 0.000011 0.063 0.28 ----- -----

Sulfur Recovery Plant
(incl. SRU Thermal Oxidizer)

0.0000003 0.0000011 ----- ----- 0.0000031 0.000014 0.0014 0.0062 ----- -----

Group “B” Storage Tanks
(incl. Tank Farm Thermal
Oxidizer)

----- ----- 0.13 0.03 ----- ----- 0.00079 0.0035 2.7 0.55

Wastewater Treatment Plant
(incl. WWTP Thermal
Oxidizer)

----- ----- ----- ----- ----- ----- ----- ----- ----- -----

Loading Racks (incl. Loading
Rack Thermal Oxidizers)

----- ----- ----- ----- ----- ----- ----- ----- ----- -----

Emergency Flares ----- ----- ----- ----- ----- ----- ----- ----- ----- -----

Coke Silo Baghouse ----- ----- ----- ----- ----- ----- ----- ----- ----- -----

WWTP Spray Dryer
Baghouse

----- ----- ----- ----- ----- ----- ----- ----- ----- -----

Catalyst Regenerator Vents ----- ----- ----- ----- ----- ----- ----- ----- ----- -----

Cooling Tower ----- ----- ----- ----- ----- ----- ----- ----- ----- -----

Equipment Leaks ----- ----- 0.04 0.03 ----- ----- ----- ----- 0.80 0.63

Internal Combustion Engines ----- ----- ----- ----- ----- ----- ----- ----- ----- -----

Vehicle Traffic on Paved
Areas

----- ----- ----- ----- ----- ----- ----- ----- ----- -----

SOURCE-WIDE TOTAL 0.000010 0.000044 0.17 0.06 0.00013 0.00055 0.12 0.53 3.6 1.2
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Table III-A.  Emission Summary (Continued)

Pollutant Source(s)

Naphthalene Perchloroethylene Phenol Toluene Xylene

lb/hr tpy lb/hr tpy lb/hr tpy lb/hr tpy lb/hr tpy

Process Heaters 0.00076 0.0033 ----- ----- 0.0034 0.015 0.33 1.40 ----- -----

Boilers 0.00051 0.0022 ----- ----- ----- ----- 0.0029 0.012 ----- -----

Sulfur Recovery Plant
(incl. SRU Thermal Oxidizer)

0.000019 0.000085 ----- ----- 0.000086 0.00038 0.0084 0.037 ----- -----

Group “B” Storage Tanks
(incl. Tank Farm Thermal
Oxidizer)

----- ----- ----- ----- ----- ----- 1.2 0.25 0.44 0.09

Wastewater Treatment Plant
(incl. WWTP Thermal
Oxidizer)

----- ----- ----- ----- ----- ----- ----- ----- ----- -----

Loading Racks (incl. Loading
Rack Thermal Oxidizers)

----- ----- ----- ----- ----- ----- ----- ----- ----- -----

Emergency Flares ----- ----- ----- ----- ----- ----- ----- ----- ----- -----

Coke Silo Baghouse ----- ----- ----- ----- ----- ----- ----- ----- ----- -----

WWTP Spray Dryer
Baghouse

----- ----- ----- ----- ----- ----- ----- ----- ----- -----

Catalyst Regenerator Vents ----- ----- 0.60 2.60 ----- ----- ----- ----- ----- -----

Cooling Tower ----- ----- ----- ----- ----- ----- ----- ----- ----- -----

Equipment Leaks ----- ----- ----- ----- ----- ----- 0.35 0.29 0.13 0.10

Internal Combustion Engines ----- ----- ----- ----- ----- ----- ----- ----- ----- -----

Vehicle Traffic on Paved
Areas

----- ----- ----- ----- ----- ----- ----- ----- ----- -----

SOURCE-WIDE TOTAL 0.0013 0.0056 0.60 2.60 0.0035 0.015 1.9 2.0 0.57 0.19
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B. Process Heaters

Hourly and annual emissions from the process heaters at the proposed refinery are
presented in Table III-B.  Emissions of all pollutants from process heaters were
calculated as the product of the permitted maximum heat input capacity,
expressed in MMBtu/hr, and an emission factor, expressed in lb/MMBtu heat
input.  For example, NOX emissions from the Atmospheric Crude Charge Heater
were calculated as follows:

E  346 
MMBtu

hr
  0.0125 

lb

MMBtu
 =  4.3 lb

hrNOX
=

⎛
⎝⎜

⎞
⎠⎟ ×

⎛
⎝⎜

⎞
⎠⎟

All process heaters are permitted to operate at maximum heat input capacity,
without restriction, on a year-round basis.  Thus, annual emissions are calculated
assuming the hourly emission rate for 8,760 hours per year.

Emission factors used to calculate emissions from process heaters are shown in
Table III-B and were derived as follows:

• For NOX, PM/PM10, and CO, the permitted emission limit is expressed in
lb/MMBtu heat input and is used directly.

• For SO2, the emission factor is calculated using the permitted fuel sulfur
limit  of 35 ppmv.  Other values required for the calculation of an
emission factor in terms of lb/MMBtu heat input are a conservatively
assumed RFG heating value of 1000 Btu per standard cubic foot; a
molecular weight of 64.06 pounds per pound-mole for SO2; and a physical
constant of 385.55 standard cubic feet per pound-mole of gas.  The
calculation is as follows:

EF  
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• For ammonia (NH3), which is only emitted by the process heaters that are
equipped with SCR, the emission factor is calculated using the permitted
emission limit  of 5.0 ppmvd, corrected to zero percent excess oxygen. 
Other values required for the calculation of an emission factor in terms of
lb/MMBtu heat input are an assumed F-factor of 8,710 standard cubic foot
of exhaust per MMBtu heat input from RFG; a molecular weight of 17.03
pounds per pound-mole for NH3; and a physical constant of 385.55
standard cubic feet per pound-mole of gas.  The calculation is as follows:
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EF  
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• For VOC, the emission factor represents an engineering estimate of the
emission rate achievable with the control strategy representing BACT. 
(As discussed in Section V.B.V below, no numerical BACT emission limit
for VOC emissions from heaters is included in the proposed permit.) 

• For H2S and individual organic HAPs, the emission factor is taken from
the California Air Toxics Emission Factors (CATEF) database, available
at http://www.arb.ca.gov/emisinv/catef/catef.htm. 
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Table III-B.  Process Heater Emissions

Emission
Point No. Description

Capacity
(MMBtu/

hr)

NOx SO2 CO VOC PM/PM10

lb/
MMBtu lb/hr

ton/
year

lb/
MMBtu lb/hr

ton/
year

lb/
MMBtu lb/hr

ton/
year

lb/
MMBtu lb/hr

ton/
year

lb/
MMBtu lb/hr

ton/
year

EP-1
Atm. Crude Heater 346 0.0125 4.3 18.9 0.0058 2.0 8.8 0.04 13.8 60.6 0.004 1.4 6.1 0.0075 2.6 11.4
Vac. Crude Heater 100 0.0125 1.3 5.5 0.0058 0.6 2.6 0.04 4.0 17.6 0.004 0.4 1.8 0.0075 0.8 3.3

EP-2

Catalytic Reforming Unit
Charge Heater

122 0.0125 1.5 6.7 0.0058 0.7 3.1 0.04 4.9 21.5 0.004 0.5 2.1 0.0075 0.9 4.0

Catalytic Reforming Unit
Interheater #1

192 0.0125 2.4 10.5 0.0058 1.1 4.9 0.04 7.7 33.7 0.004 0.8 3.4 0.0075 1.4 6.3

Catalytic Reforming Unit
Interheater #2

129 0.0125 1.6 7.1 0.0058 0.8 3.3 0.04 5.2 22.6 0.004 0.5 2.3 0.0075 1.0 4.2

EP-3
Catalytic Reforming Unit

Debutanizer Reboiler
23 0.030 0.7 3.0 0.0058 0.1 0.6 0.04 0.9 4.1 0.004 0.1 0.4 0.0075 0.2 0.8

EP-4
Naphtha Hydrotreater

Charge Heater
21.4 0.030 0.6 2.8 0.0058 0.1 0.5 0.04 0.9 3.7 0.004 0.1 0.4 0.0075 0.2 0.7

EP-5

Distillate Hydrotreater
Charge Heater

25 0.033 0.8 3.6 0.0058 0.1 0.6 0.04 1.0 4.4 0.004 0.1 0.4 0.0075 0.2 0.8

Distillate Hydrotreater
Splitter Reboiler

117.1 0.032 3.7 16.4 0.0058 0.7 3.0 0.04 4.7 20.5 0.004 0.5 2.1 0.0075 0.9 3.8

EP-6

Hydrocracker Unit
Charge Heater

69.8 0.034 2.4 10.4 0.0058 0.4 1.8 0.04 2.8 12.2 0.004 0.3 1.2 0.0075 0.5 2.3

Hydrocracker Unit
Main Fractionator Heater 

211.3 0.025 5.3 23.1 0.0058 1.2 5.4 0.04 8.5 37.0 0.004 0.8 3.7 0.0075 1.6 6.9

EP-7 Hydrogen Reformer Heater 1434.9 0.0125 17.9 78.6 0.0058 8.3 36.5 0.04 57.4 251.4 0.004 5.7 25.1 0.0075 10.8 47.1

EP-10
Delayed Coking Unit

Charge Heaters
198.9 0.030 6.0 26.1 0.0058 1.2 5.1 0.04 8.0 34.8 0.004 0.8 3.5 0.0075 1.5 6.5

EP-19

Butane Conversion Unit
Charge Heater

310.9 0.0125 3.9 17.0 0.0058 1.8 7.9 0.04 12.4 54.5 0.004 1.2 5.4 0.0075 2.3 10.2

Butane Conversion Unit
Interstage Heater

327.5 0.0125 4.1 17.9 0.0058 1.9 8.3 0.04 13.1 57.4 0.004 1.3 5.7 0.0075 2.5 10.8

EP-20
Butane Conversion Unit

Stripper Reboiler
222.0 0.0125 2.8 12.2 0.0058 1.3 5.7 0.04 8.9 38.9 0.004 0.9 3.9 0.0075 1.7 7.3

EP-23
Wastewater Treatment Plant

Spray Dryer Heater
44.0 0.030 1.3 5.8 0.0058 0.3 1.1 0.04 1.8 7.7 0.004 0.2 0.8 0.0075 0.3 1.4

TOTAL 60.7 265.8 22.7 99.3 155.9 682.7 15.6 68.3 29.2 128.0
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Table III-B.  Process Heater Emissions (Continued)

Emission
Point No. Description

Capacity
(MMBtu/

hr)

Ammonia Hydrogen Sulfide Acetaldehyde Benzene
lb/

MMBtu lb/hr ton/year
lb/

MMBtu lb/hr ton/year
lb/

MMBtu lb/hr ton/year
lb/

MMBtu lb/hr ton/year

EP-1
Atm. Crude Heater 346 0.0019 0.66 2.88 2.37E-04 8.2E-02 3.6E-04 2.43E-06 8.4E-04 3.7E-03 6.24E-05 2.2E-02 9.5E-02
Vac. Crude Heater 100 0.0019 0.19 0.84 2.37E-04 2.4E-02 1.0E-04 2.43E-06 2.4E-04 1.1E-03 6.24E-05 6.3E-03 2.8E-02

EP-2

Catalytic Reforming Unit
Charge Heater

122 0.0019 0.23 1.02 2.37E-04 2.9E-02 1.3E-04 2.43E-06 3.0E-04 1.3E-03 6.24E-05 7.6E-03 3.3E-02

Catalytic Reforming Unit
Interheater #1

192 0.0019 0.37 1.60 2.37E-04 4.6E-02 2.0E-04 2.43E-06 4.7E-04 2.0E-03 6.24E-05 1.2E-02 5.3E-02

Catalytic Reforming Unit
Interheater #2

129 0.0019 0.25 1.07 2.37E-04 3.1E-02 1.3E-04 2.43E-06 3.1E-04 1.4E-03 6.24E-05 8.1E-03 3.5E-02

EP-3
Catalytic Reforming Unit

Debutanizer Reboiler
23 ----- ----- ----- 2.37E-04 5.5E-03 2.4E-05 2.43E-06 5.6E-05 2.5E-04 6.24E-05 1.4E-03 6.3E-03

EP-4
Naphtha Hydrotreater

Charge Heater
21.4 ----- ----- ----- 2.37E-04 5.1E-03 2.2E-05 2.43E-06 5.2E-05 2.3E-04 6.24E-05 1.3E-03 5.8E-03

EP-5

Distillate Hydrotreater
Charge Heater

25 ----- ----- ----- 2.37E-04 5.9E-03 2.6E-05 2.43E-06 6.1E-05 2.7E-04 6.24E-05 1.6E-03 6.8E-03

Distillate Hydrotreater
Splitter Reboiler

117.1 ----- ----- ----- 2.37E-04 2.8E-02 1.2E-04 2.43E-06 2.8E-04 1.2E-03 6.24E-05 7.3E-03 3.2E-02

EP-6

Hydrocracker Unit
Charge Heater

69.8 ----- ----- ----- 2.37E-04 1.7E-02 7.2E-05 2.43E-06 1.7E-04 7.4E-04 6.24E-05 4.4E-03 1.9E-02

Hydrocracker Unit
Main Fractionator Heater 

211.3 ----- ----- ----- 2.37E-04 5.0E-02 2.2E-04 2.43E-06 5.1E-04 2.2E-03 6.24E-05 1.3E-02 5.8E-02

EP-7 Hydrogen Reformer Heater 1434.9 0.0019 2.73 11.94 2.37E-04 3.4E-01 1.5E-03 2.43E-06 3.5E-03 1.5E-02 6.24E-05 9.0E-02 3.9E-01

EP-10
Delayed Coking Unit

Charge Heaters
198.9 ----- ----- ----- 2.37E-04 4.7E-02 2.1E-04 2.43E-06 4.8E-04 2.1E-03 6.24E-05 1.2E-02 5.4E-02

EP-19

Butane Conversion Unit
Charge Heater

310.9 0.0019 0.59 2.59 2.37E-04 7.4E-02 3.2E-04 2.43E-06 7.6E-04 3.3E-03 6.24E-05 1.9E-02 8.5E-02

Butane Conversion Unit
Interstage Heater

327.5 0.0019 0.62 2.73 2.37E-04 7.8E-02 3.4E-04 2.43E-06 8.0E-04 3.5E-03 6.24E-05 2.0E-02 9.0E-02

EP-20
Butane Conversion Unit

Stripper Reboiler
222.0 0.0019 0.42 1.85 2.37E-04 5.3E-02 2.3E-04 2.43E-06 5.4E-04 2.4E-03 6.24E-05 1.4E-02 6.1E-02

EP-23
Wastewater Treatment Plant

Spray Dryer Heater
44.0 ----- ----- ----- 2.37E-04 1.0E-02 4.6E-05 2.43E-06 1.1E-04 4.7E-04 6.24E-05 2.7E-03 1.2E-02

TOTAL 6.1 26.5 9.2E-01 4.0E+00 9.5E-03 4.1E-02 2.4E-01 1.1E+00
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Table III-B.  Process Heater Emissions (Continued)

Emission
Point No. Description

Capacity
(MMBtu/

hr)

Benzo(a)pyrene Chrysene Fluoranthene Formaldehyde
lb/

MMBtu lb/hr ton/year
lb/

MMBtu lb/hr ton/year
lb/

MMBtu lb/hr ton/year
lb/

MMBtu lb/hr ton/year

EP-1
Atm. Crude Heater 346 3.37E-09 1.2E-06 5.1E-06 2.59E-09 9.0E-07 3.9E-06 3.10E-08 1.1E-05 4.7E-05 1.41E-05 4.9E-03 2.1E-02
Vac. Crude Heater 100 3.37E-09 3.4E-07 1.5E-06 2.59E-09 2.6E-07 1.1E-06 3.10E-08 3.1E-06 1.4E-05 1.41E-05 1.4E-03 6.2E-03

EP-2

Catalytic Reforming Unit
Charge Heater

122 3.37E-09 4.1E-07 1.8E-06 2.59E-09 3.2E-07 1.4E-06 3.10E-08 3.8E-06 1.7E-05 1.41E-05 1.7E-03 7.6E-03

Catalytic Reforming Unit
Interheater #1

192 3.37E-09 6.5E-07 2.8E-06 2.59E-09 5.0E-07 2.2E-06 3.10E-08 6.0E-06 2.6E-05 1.41E-05 2.7E-03 1.2E-02

Catalytic Reforming Unit
Interheater #2

129 3.37E-09 4.4E-07 1.9E-06 2.59E-09 3.3E-07 1.5E-06 3.10E-08 4.0E-06 1.8E-05 1.41E-05 1.8E-03 8.0E-03

EP-3
Catalytic Reforming Unit

Debutanizer Reboiler
23 3.37E-09 7.8E-08 3.4E-07 2.59E-09 6.0E-08 2.6E-07 3.10E-08 7.2E-07 3.2E-06 1.41E-05 3.3E-04 1.4E-03

EP-4
Naphtha Hydrotreater

Charge Heater
21.4 3.37E-09 7.2E-08 3.2E-07 2.59E-09 5.5E-08 2.4E-07 3.10E-08 6.6E-07 2.9E-06 1.41E-05 3.0E-04 1.3E-03

EP-5

Distillate Hydrotreater
Charge Heater

25 3.37E-09 8.4E-08 3.7E-07 2.59E-09 6.5E-08 2.8E-07 3.10E-08 7.8E-07 3.4E-06 1.41E-05 3.5E-04 1.5E-03

Distillate Hydrotreater
Splitter Reboiler

117.1 3.37E-09 3.9E-07 1.7E-06 2.59E-09 3.0E-07 1.3E-06 3.10E-08 3.6E-06 1.6E-05 1.41E-05 1.7E-03 7.2E-03

EP-6

Hydrocracker Unit
Charge Heater

69.8 3.37E-09 2.4E-07 1.0E-06 2.59E-09 1.8E-07 7.9E-07 3.10E-08 2.2E-06 9.5E-06 1.41E-05 9.8E-04 4.3E-03

Hydrocracker Unit
Main Fractionator Heater 

211.3 3.37E-09 7.1E-07 3.1E-06 2.59E-09 5.5E-07 2.4E-06 3.10E-08 6.6E-06 2.9E-05 1.41E-05 3.0E-03 1.3E-02

EP-7 Hydrogen Reformer Heater 1434.9 3.37E-09 4.8E-06 2.1E-05 2.59E-09 3.7E-06 1.6E-05 3.10E-08 4.4E-05 1.9E-04 1.41E-05 2.0E-02 8.9E-02

EP-10
Delayed Coking Unit

Charge Heaters
198.9 3.37E-09 6.7E-07 2.9E-06 2.59E-09 5.2E-07 2.3E-06 3.10E-08 6.2E-06 2.7E-05 1.41E-05 2.8E-03 1.2E-02

EP-19

Butane Conversion Unit
Charge Heater

310.9 3.37E-09 1.0E-06 4.6E-06 2.59E-09 8.1E-07 3.5E-06 3.10E-08 9.6E-06 4.2E-05 1.41E-05 4.4E-03 1.9E-02

Butane Conversion Unit
Interstage Heater

327.5 3.37E-09 1.1E-06 4.8E-06 2.59E-09 8.5E-07 3.7E-06 3.10E-08 1.0E-05 4.4E-05 1.41E-05 4.6E-03 2.0E-02

EP-20
Butane Conversion Unit

Stripper Reboiler
222.0 3.37E-09 7.5E-07 3.3E-06 2.59E-09 5.7E-07 2.5E-06 3.10E-08 6.9E-06 3.0E-05 1.41E-05 3.1E-03 1.4E-02

EP-23
Wastewater Treatment Plant

Spray Dryer Heater
44.0 3.37E-09 1.5E-07 6.5E-07 2.59E-09 1.1E-07 5.0E-07 3.10E-08 1.4E-06 6.0E-06 1.41E-05 6.2E-04 2.7E-03

TOTAL 1.3E-05 5.8E-05 1.0E-05 4.4E-05 1.2E-04 5.3E-04 5.5E-02 2.4E-01
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Table III-B.  Process Heater Emissions (Continued)
Emission
Point No.

Description
Capacity

(MMBtu/hr)
Naphthalene Phenol Toluene

lb/MMBtu lb/hr ton/year lb/MMBtu lb/hr ton/year lb/MMBtu lb/hr ton/year

EP-1
Atm. Crude Heater 346 1.94E-07 6.7E-05 2.9E-04 8.64E-07 3.0E-04 1.3E-03 8.35E-05 2.9E-02 1.3E-01
Vac. Crude Heater 100 1.94E-07 2.0E-05 8.6E-05 8.64E-07 8.7E-05 3.8E-04 8.35E-05 8.4E-03 3.7E-02

EP-2

Catalytic Reforming Unit
Charge Heater

122 1.94E-07 2.4E-05 1.0E-04 8.64E-07 1.1E-04 4.6E-04 8.35E-05 1.0E-02 4.5E-02

Catalytic Reforming Unit
Interheater #1

192 1.94E-07 3.7E-05 1.6E-04 8.64E-07 1.7E-04 7.3E-04 8.35E-05 1.6E-02 7.0E-02

Catalytic Reforming Unit
Interheater #2

129 1.94E-07 2.5E-05 1.1E-04 8.64E-07 1.1E-04 4.9E-04 8.35E-05 1.1E-02 4.7E-02

EP-3
Catalytic Reforming Unit

Debutanizer Reboiler
23 1.94E-07 4.5E-06 2.0E-05 8.64E-07 2.0E-05 8.8E-05 8.35E-05 1.9E-03 8.5E-03

EP-4
Naphtha Hydrotreater

Charge Heater
21.4 1.94E-07 4.2E-06 1.8E-05 8.64E-07 1.8E-05 8.1E-05 8.35E-05 1.8E-03 7.8E-03

EP-5

Distillate Hydrotreater
Charge Heater

25 1.94E-07 4.9E-06 2.1E-05 8.64E-07 2.2E-05 9.5E-05 8.35E-05 2.1E-03 9.1E-03

Distillate Hydrotreater
Splitter Reboiler

117.1 1.94E-07 2.3E-05 1.0E-04 8.64E-07 1.0E-04 4.4E-04 8.35E-05 9.8E-03 4.3E-02

EP-6

Hydrocracker Unit
Charge Heater

69.8 1.94E-07 1.4E-05 5.9E-05 8.64E-07 6.0E-05 2.6E-04 8.35E-05 5.8E-03 2.6E-02

Hydrocracker Unit
Main Fractionator Heater 

211.3 1.94E-07 4.1E-05 1.8E-04 8.64E-07 1.8E-04 8.0E-04 8.35E-05 1.8E-02 7.7E-02

EP-7 Hydrogen Reformer Heater 1434.9 1.94E-07 2.8E-04 1.2E-03 8.64E-07 1.2E-03 5.4E-03 8.35E-05 1.2E-01 5.2E-01

EP-10
Delayed Coking Unit

Charge Heaters
198.9 1.94E-07 3.9E-05 1.7E-04 8.64E-07 1.7E-04 7.5E-04 8.35E-05 1.7E-02 7.3E-02

EP-19

Butane Conversion Unit
Charge Heater

310.9 1.94E-07 6.0E-05 2.6E-04 8.64E-07 2.7E-04 1.2E-03 8.35E-05 2.6E-02 1.1E-01

Butane Conversion Unit
Interstage Heater

327.5 1.94E-07 6.4E-05 2.8E-04 8.64E-07 2.8E-04 1.2E-03 8.35E-05 2.7E-02 1.2E-01

EP-20
Butane Conversion Unit

Stripper Reboiler
222.0 1.94E-07 4.3E-05 1.9E-04 8.64E-07 1.9E-04 8.4E-04 8.35E-05 1.9E-02 8.1E-02

EP-23
Wastewater Treatment Plant

Spray Dryer Heater
44.0 1.94E-07 8.5E-06 3.7E-05 8.64E-07 3.8E-05 1.7E-04 8.35E-05 3.7E-03 1.6E-02

TOTAL 7.6E-04 3.3E-03 3.4E-03 1.5E-02 3.3E-01 1.4E+00
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C. Boilers

Emissions of all pollutants from boilers were calculated using emission factors
and heat input capacity in the same manner described in Section III.B, above, for
process heater emissions.

Both boilers are permitted to operate at maximum heat input capacity, without
restriction, on a year-round basis.  Thus, annual emissions are calculated
assuming the hourly emission rate for 8,760 hours per year.

Emission factors used to calculate emissions from boilers are shown in Table III-
C and were derived as follows:

• For NOX and CO, the permitted emission limit is expressed in lb/MMBtu
heat input and is used directly.

• For VOC, PM/PM10, and SO2, the emission factor represents an
engineering estimate of the emission rate achievable with the control
strategy representing BACT.

• For individual organic HAPs, the emission factor is taken from Section 1.4
of the U.S. EPA publication Compilation of Air Pollutant Emission
Factors, Volume I: Stationary Point and Area Sources (commonly known
as “AP-42”).
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Table III-C.  Boiler Emissions

Emission
Point No.

Description
Capacity
(MMBtu/

hr)

NOx SO2 CO VOC PM/PM10

lb/
MMBtu

lb/hr
ton/
year

lb/
MMBtu

lb/hr
ton/
year

lb/
MMBtu

lb/hr
ton/
year

lb/
MMBtu

lb/hr
ton/
year

lb/
MMBtu

lb/hr
ton/
year

EP-8 Steam Boiler #1 419 0.0125 5.2 23.0 0.0006 0.3 1.1 0.016 6.7 29.4 0.004 1.7 7.3 0.0075 3.1 13.8

EP-9 Steam Boiler #2 419 0.0125 5.2 23.0 0.0006 0.3 1.1 0.016 6.7 29.4 0.004 1.7 7.3 0.0075 3.1 13.8

TOTAL 10.5 45.9 0.5 2.2 13.4 58.8 3.4 14.7 6.3 27.5

Table III-C.  Boiler Emissions (Continued)

Emission
Point No.

Description
Capacity

(MMBtu/hr)

Benzene Fluoranthene Formaldehyde

lb/MMBtu lb/hr ton/year lb/MMBtu lb/hr ton/year lb/MMBtu lb/hr ton/year

EP-8 Steam Boiler #1 419 2.10E-06 8.8E-04 3.9E-03 3.00E-09 1.3E-06 5.5E-06 7.50E-05 3.1E-02 1.4E-01

EP-9 Steam Boiler #2 419 2.10E-06 8.8E-04 3.9E-03 3.00E-09 1.3E-06 5.5E-06 7.50E-05 3.1E-02 1.4E-01

TOTAL 1.8E-03 7.7E-03 2.5E-06 1.1E-05 6.3E-02 2.8E-01

Table III-C.  Boiler Emissions (Continued)

Emission
Point No.

Description
Capacity

(MMBtu/hr)

Naphthalene Toluene

lb/MMBtu lb/hr ton/year lb/MMBtu lb/hr ton/year

EP-8 Steam Boiler #1 419 6.1E-07 2.6E-04 1.10E-03 3.4E-06 1.4E-03 6.2E-03

EP-9 Steam Boiler #2 419 6.1E-07 2.6E-04 1.10E-03 3.4E-06 1.4E-03 6.2E-03

TOTAL 5.1E-04 2.2E-03 2.9E-03 1.2E-02
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D. Sulfur Recovery Plant

All emissions from the Sulfur Recovery Plant, with the exception of fugitive
emissions due to equipment leaks, will be emitted from the stack of the Sulfur
Recovery Plant Thermal Oxidizer.  This section describes the emissions from the
thermal oxidizer.  Calculation of equipment leak emissions is presented in Section
III.N, below. 

Emissions of SO2 and H2S from the Sulfur Recovery Plant Thermal Oxidizer are
based on the permitted hourly emission limits.  The Sulfur Recovery Plant is
permitted to operate at maximum heat input capacity, without restriction, on a
year-round basis.  Thus, annual emissions are calculated assuming the maximum
hourly emission rate for 8,760 hours per year.

Emissions of all other pollutants from the Sulfur Recovery Plant Thermal
Oxidizer were calculated using emission factors and heat input capacity in the
same manner described in Section III.B, above, for process heater emissions.

Emission factors used to calculate emissions from the Sulfur Recovery Plant
Thermal Oxidizer are shown in Table III-D and were derived as follows:

• For NOX, the permitted emission limit is expressed in lb/MMBtu heat
input and is used directly.

• The CO, VOC, and PM/PM10 emission factors are those for natural gas
combustion, as presented in Section 1.4 of AP-42.

• For individual organic HAPs, the emission factors for RFG combustion
are taken from the CATEF database.
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Table III-D.  Sulfur Recovery Plant Emissions

Emission
Point No. Description

Capacity
(MMBtu/

hr)

SO2 H2S NOx CO VOC PM/PM10

lb/hr
ton/
year lb/hr

ton/
year

lb/
MMBtu lb/hr

ton/
year

lb/
MMBtu lb/hr

ton/
year

lb/
MMBtu lb/hr

ton/
year

lb/
MMBtu lb/hr

ton/
year

EP-12
Sulfur Recovery Plant

Thermal Oxidizer
100 33.6 147.2 0.089 0.39 0.06 6.0 26.3 0.084 8.4 36.8 0.0055 0.6 2.4 0.0076 0.8 3.3

Table III-D.  Sulfur Recovery Plant Emissions (Continued)

Emission
Point No. Description

Capacity
(MMBtu/hr)

Acetaldehyde Benzene Benzo(a)pyrene

lb/MMBtu lb/hr ton/year lb/MMBtu lb/hr ton/year lb/MMBtu lb/hr ton/year

EP-12
Sulfur Recovery Plant

Thermal Oxidizer
100 2.43E-06 2.4E-04 1.1E-03 6.24E-05 6.2E-03 2.7E-02 3.37E-09 3.4E-07 1.5E-06

Table III-D.  Sulfur Recovery Plant Emissions (Continued)

Emission
Point No. Description

Capacity
(MMBtu/hr)

Chrysene Fluoranthene Formaldehyde

lb/MMBtu lb/hr ton/year lb/MMBtu lb/hr ton/year lb/MMBtu lb/hr ton/year

EP-12
Sulfur Recovery Plant

Thermal Oxidizer
100 2.59E-09 2.6E-07 1.1E-06 3.10E-08 3.1E-06 1.4E-05 1.41E-05 1.4E-03 6.2E-03

Table III-D.  Sulfur Recovery Plant Emissions (Continued)

Emission
Point No. Description

Capacity
(MMBtu/hr)

Naphthalene Phenol Toluene

lb/MMBtu lb/hr ton/year lb/MMBtu lb/hr ton/year lb/MMBtu lb/hr ton/year

EP-12
Sulfur Recovery Plant

Thermal Oxidizer
100 1.94E-07 1.9E-05 8.5E-05 8.64E-07 8.6E-05 3.8E-04 8.35E-05 8.4E-03 3.7E-02
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E. Group “B” Storage Tanks and Tank Farm Thermal Oxidizer

Emissions from this unit category include the emissions vented directly to the
atmosphere from the Group “B” Storage Tanks, the emissions routed from the
Group “B” Storage Tanks to the Tank Farm Thermal Oxidizer for partial control,
and the emissions generated by the Tank Farm Thermal Oxidizer.  As a result, the
method of determining the maximum (i.e., worst-case) emission rate differs for
individual pollutants and is dependent upon the averaging period.  Emission
calculations for the storage tanks and the thermal oxidizer are presented
separately in Tables III-E-1 through III-E-4, and worst-case emission rates for
each pollutant are presented in Table III-E-5.  The following paragraphs describe
the emission calculations in greater detail.

Hourly uncontrolled VOC emissions from the Group “B” Storage Tanks, both
individually and collectively, are presented in Table III-E-1.  These emission rates
were calculated according to the methodology presented in AP-42 Section 7.1,
using the tank parameters and stored liquid properties shown in Table III-E-1.

Hourly uncontrolled organic HAP emissions from the Group “B” Storage Tanks,
collectively, are presented in Table III-E-2.  These emission rates are calculated
using the total uncontrolled VOC emission rate in conjunction with the speciation
data shown in Table III-E-2.  Speciation data for organic HAP’s were presented in
the applicant’s permit application and represent the gasoline storage tank
headspace composition data in U.S. EPA’s SPECIATE database.

Emissions from the Group “B” Storage Tanks will be routed to the Tank Farm
Thermal Oxidizer for control of VOC and organic HAP emissions during normal
operations.  However, these emissions will be routed directly to atmosphere
during outages of the thermal oxidizer, which is allowable under the proposed
permit for up to 240 hours in any one-year period.  Thus, for each pollutant that is
emitted by the Group “B” Storage Tanks (i.e., VOC, benzene, ethylbenzene,
hexane, toluene, and xylene), the worst-case hourly emission rate occurs during
thermal oxidizer downtime.  These emission rates are presented in Table III-E-5
and are equivalent to the uncontrolled hourly emission rates presented in Tables
III-E-1 and III-E-2.

For the pollutants that are emitted by the Group “B” Storage Tanks, the worst-
case annual emissions must also take into account the effect of the Tank Farm
Thermal Oxidizer.  This is true because the worst-case annual emissions would
occur if the storage tanks emitted at the uncontrolled hourly rate for 240 hours per
year, and with the thermal oxidizer operating for the remaining 8,520 hours per
year.  The maximum annual emissions occurring during thermal oxidizer
downtime are presented in Table III-E-5 and are calculated as follows, using
hexane emissions to illustrate:
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E  
2.7 lb

hr
  

240 hr

yr
  

1 ton

2,000 lbs
 =  0.32 ton

yrC H6 14
= × ×

⎛
⎝
⎜

⎞
⎠
⎟

The maximum annual emissions of pollutants that are emitted by the Group “B”
Storage Tanks also includes the residual 2 percent of emissions that are routed to
the thermal oxidizer, but not destroyed, during the 8,520 hours per year when the
thermal oxidizer is operating.  (Two percent represents the emissions not
controlled, assuming a nominal 98 percent control efficiency.)  These emissions
are presented in Table III-E-3 and are calculated as follows, using hexane
emissions to illustrate:

E  
2.7 lb

hr
  2%  

8,520 hr

yr
  

1 ton

2,000 lbs
 =  0.23 ton

yrC H6 14
= × × ×

⎛
⎝
⎜

⎞
⎠
⎟

Three of the pollutants that are emitted by the Group “B” Storage Tanks (i.e.,
ethylbenzene, hexane, and xylene) are not generated in any appreciable quantity
as a result of RFG combustion.  For these pollutants, the worst-case annual
emission rates are the sum of the values presented in Tables III-E-2 and III-E-3. 
These emission rates are presented in Table III-E-5 and are calculated as follows,
using hexane emissions to illustrate:

E  .32 ton
yr  +  .23 ton

yr  =  0.55 ton
yrC H6 14

= 0 0

For the other pollutants that are emitted by the Group “B” Storage Tanks (i.e.,
VOC, benzene, and toluene), the worst-case annual emission rate presented in
Table III-E-5 includes three values: the uncontrolled emissions during thermal
oxidizer downtime; the residual 2 percent of emissions that are routed to the
thermal oxidizer, but not destroyed, during periods when the thermal oxidizer is
operating; and emissions generated by RFG combustion in the thermal oxidizer. 
The emissions due to RFG combustion are presented in Table III-E-4 and are
calculated using emission factors and heat input capacity in the same manner
described for process heater emissions in Section III.B, above.  These emissions
occur only during the 8,520 hours per year when the thermal oxidizer is
operating.  The emission factors for RFG combustion in the Tank Farm Thermal
Oxidizer, as presented in Table III-E-4, are taken from the CATEF database.

Finally, for pollutants that are not emitted by the Group “B” Storage Tanks, the
worst-case hourly and annual emission rates are due to RFG combustion in the
Tank Farm Thermal Oxidizer.  These emission rates are presented in Tables III-E-
4 and III-E-5.  The hourly emission rates reflect oxidizer operation at maximum
heat input capacity, and the annual emission rates are based on continuous
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operation at maximum capacity for 8,760 hours per year.  These emissions are
calculated using emission factors and heat input capacity in the same manner
described in Section III.B, above, for process heater emissions.  Emission factors
used to calculate emissions from the thermal oxidizer are shown in Table III-E-4
and were derived as follows:

• For NOX, the permitted emission limit is expressed in lb/MMBtu heat
input and is used directly.

• For SO2, the emission factor is calculated using the permitted fuel sulfur
limit  of 35 ppmv, in the same manner as described above for SO2

emissions from process heaters.

• The CO, VOC, and PM/PM10 emission factors are those for natural gas
combustion, as presented in Section 1.4 of AP-42.

• For individual organic HAP’s, emission factors for RFG combustion are
taken from the CATEF database.
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Table III-E-1.  Uncontrolled VOC Emissions from Group “B” Storage Tanks
Tank Volume

(gal)

Modeled Vapor
Pressure

(psia)

Diameter
(ft)

Height
(ft)

Annual
Turnovers

Emissions

ID Description lb/hr

T-42215 Isomerization Feed Tank 1,890,000 8.92 90 48 128.9 1.80

T-42217 Reformer Feed Tank 2,835,000 1.69 110 48 103.8 0.40

T-42301 Ethanol Storage Tank 2,835,000 1.04 110 48 31.6 0.15

T-42303 Ether Storage Tank 2,835,000 8.23 110 48 46 6.78

T-42305 Alkylate Storage Tank 945,000 1.69 62 48 30 0.16

T-42306 Alkylate Storage Tank 945,000 1.69 62 48 30 0.16

T-42315 High Octane Reformate Tank 3,780,000 1.69 110 48 54.8 0.37

T-42316 High Octane Reformate Tank 3,780,000 1.69 110 48 54.8 0.37

T-42317 Low Octane Reformate Tank 3,780,000 1.69 110 48 54.8 0.37

T-42318 Low Octane Reformate Tank 3,780,000 1.69 110 48 54.8 0.37

T-42401 Gasoline Product Tank 1,890,000 8.92 90 48 39.7 1.76

T-42402 Gasoline Product Tank 1,890,000 8.92 90 48 39.7 1.76

T-42403 Gasoline Product Tank 1,890,000 8.92 90 48 9.9 1.74

T-42404 Gasoline Product Tank 1,890,000 8.92 90 48 9.9 1.74

T-42405 Gasoline Product Tank 1,890,000 8.92 90 48 79.5 1.78

T-42406 Gasoline Product Tank 1,890,000 8.92 90 48 79.5 1.78

T-42407 Gasoline Product Tank 1,890,000 8.92 90 48 79.5 1.78

T-42408 Gasoline Product Tank 1,890,000 8.92 90 48 79.5 1.78

T-42409 Gasoline Product Tank 1,890,000 8.92 90 48 39.7 1.76

T-42410 Gasoline Product Tank 1,890,000 8.92 90 48 39.7 1.76

T-42501 Jet Product Tank 2,835,000 1.69 110 48 59.9 0.37

T-42502 Jet Product Tank 2,835,000 1.69 110 48 59.9 0.37

T-42503 Jet Product Tank 2,835,000 1.69 110 48 59.9 0.37

T-42505 Diesel Product Tank 1,890,000 0.01 90 48 57.3 0.04

T-42506 Diesel Product Tank 1,890,000 0.01 90 48 57.3 0.04

T-42507 Diesel Product Tank 1,890,000 0.01 90 48 57.3 0.04

T-42101 Crude Oil Tank 7,560,000 3.74 175 48 56.2 0.94

T-42102 Crude Oil Tank 7,560,000 3.74 175 48 56.2 0.94

T-42103 Crude Oil Tank 7,560,000 3.74 175 48 56.2 0.94

T-42104 Crude Oil Tank 7,560,000 3.74 175 48 19.6 0.77

T-42105 Crude Oil Tank 7,560,000 3.74 175 48 19.6 0.77

T-42106 Crude Oil Tank 7,560,000 3.74 175 48 32 0.83

T-42107 Crude Oil Tank 7,560,000 3.74 175 48 32 0.83
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T-42201
Naphtha Hydrotreater Feed
Tank

3,780,000 4.57 125 48 117.7 2.58

T-42205
Distillate Hydrotreater Feed
Tank

2,835,000 1.69 110 48 48.7 0.92

T-42206
Distillate Hydrotreater Feed
Tank

2,835,000 1.69 110 48 48.7 0.92

T-42207
Distillate Hydrotreater Feed
Tank

2,835,000 1.69 110 48 43.3 0.92

T-42208
Distillate Hydrotreater Feed
Tank

2,835,000 1.69 110 48 43.3 0.92

T-42209 Hydrocracker Feed Tank 3,780,000 4.57 125 48 81.1 2.56

T-42210 Hydrocracker Feed Tank 3,780,000 4.57 125 48 81.1 2.56

T-43001 Gas Oil Flushing Oil Tank 756,000 4.57 60 40 67.3 1.94

T-43002 Diesel Flushing Oil Tank 1,512,000 0.01 80 48 60.8 0.04

T-43011 Straight Run Slop Oil Tank 756,000 4.57 60 40 20 1.92

T-43012 Straight Run Slop Oil Tank  756,000 4.57 60 40 20 1.92

T-43013 Cracked Slop Oil Tank 378,000 4.57 48 32 20 1.81

T-43014 Cracked Slop Oil Tank 378,000 4.57 48 32 20 1.81

T-44051 Vapor Recovery Unit Tank 378,000 8.92 48 32 4.2 0.83

TOTAL 57.48
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Table III-E-2.  Uncontrolled Organic HAP Emissions from Group “B” Storage Tanks

VOC Emission Rate
(lb/hr)

Benzene Ethylbenzene Hexane Toluene Xylenes (total)

% by weight lb/hr % by weight lb/hr % by weight lb/hr % by weight lb/hr % by weight lb/hr

57.48 0.90 5.2E-01 0.22 1.3E-01 4.78 2.7E+00 2.11 1.2E+00 0.76 4.4E-01

Table III-E-3.  Controlled Emissions from Tank Farm Thermal Oxidizer, Originating from Group “B” Storage Tanks

Emission
Point No. Description

Destruction
Efficiency

(%)

VOC Benzene Ethylbenzene

uncontrolled
lb/hr

controlled
lb/hr

controlled
tons/year

uncontrolled
lb/hr

controlled
lb/hr

controlled
tons/year

uncontrolled
lb/hr

controlled
lb/hr

controlled
tons/year

EP-16
Tank Farm

Thermal Oxidizer
98 57.48 1.15 4.90 5.2E-01 1.4E-02 4.4E-02 1.3E-01 2.6E-03 1.1E-02

Table III-E-3.  Controlled Emissions from Tank Farm Thermal Oxidizer, Originating from Group “B” Storage Tanks (Continued)

Emission
Point No. Description

Destruction
Efficiency

(%)

Hexane Toluene Xylenes (total)

uncontrolled
lb/hr

controlled
lb/hr

controlled
tons/year

uncontrolled
lb/hr

controlled
lb/hr

controlled
tons/year

uncontrolled
lb/hr

controlled
lb/hr

controlled
tons/year

EP-16
Tank Farm

Thermal Oxidizer
98 2.7E+00 5.4E-02 2.3E-01 1.2E+00 2.4E-02 1.0E-01 4.4E-01 8.8E-03 3.7E-02
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Table III-E-4.  Emissions from Tank Farm Thermal Oxidizer, Due to RFG Combustion

Emission
Point No. Description

Capacity
(MMBtu/hr)

NOx SO2 CO VOC PM/PM10

lb/
MMBtu lb/hr

ton/
year

lb/
MMBtu lb/hr

ton/
year

lb/
MMBtu lb/hr

ton/
year

lb/
MMBtu lb/hr

ton/
year

lb/
MMBtu lb/hr

ton/
year

EP-16
Tank Farm

Thermal Oxidizer
56.3 0.04 2.3 9.9 0.0058 0.3 1.4 0.084 4.7 20.7 0.0055 0.31 1.32 0.0076 0.4 1.9

Table III-E-4.  Emissions from Tank Farm Thermal Oxidizer, Due to RFG Combustion (Continued)

Emission
Point No.

Description
Capacity

(MMBtu/hr)

H2S Benzene Benzo(a)pyrene

lb/MMBtu lb/hr ton/year lb/MMBtu lb/hr ton/year lb/MMBtu lb/hr ton/year

EP-16
Tank Farm

Thermal Oxidizer
56.3 2.37E-04 1.3E-02 5.8E-02 6.24E-08 3.5E-06 1.5E-05 3.37E-09 1.9E-07 8.3E-07

Table III-E-4.  Emissions from Tank Farm Thermal Oxidizer, Due to RFG Combustion (Continued)

Emission
Point No.

Description
Capacity

(MMBtu/hr)

Formaldehyde Toluene

lb/MMBtu lb/hr ton/year lb/MMBtu lb/hr ton/year

EP-16
Tank Farm

Thermal Oxidizer
56.3 1.41E-05 7.9E-04 3.5E-03 8.35E-05 4.7E-03 2.1E-02
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Table III-E-5.  Emissions from Group “B” Storage Tanks and Tank Farm Thermal Oxidizer

Pollutant
Averaging

Period
Status of Thermal Oxidizer

(“T.O.”)

Emissions from
Tanks 1

Emissions from
Thermal Oxidizer 2 Total Emissions

Rate Units Rate Units Rate Units

SO2

Hourly T.O. operating 0.00 lb/hr 0.32 lb/hr 0.32 lb/hr

Annual T.O. operating continuously 0.00 tons/yr 1.38 tons/yr 1.38 tons/yr

NOx

Hourly T.O. operating 0.00 lb/hr 2.25 lb/hr 2.25 lb/hr

Annual T.O. operating continuously 0.00 tons/yr 9.86 tons/yr 9.86 tons/yr

CO
Hourly T.O. operating 0.00 lb/hr 4.73 lb/hr 4.73 lb/hr

Annual T.O. operating continuously 0.00 tons/yr 20.71 tons/yr 20.71 tons/yr

PM/PM10

Hourly T.O. operating 0.00 lb/hr 0.43 lb/hr 0.43 lb/hr

Annual T.O. operating continuously 0.00 tons/yr 1.87 tons/yr 1.87 tons/yr

VOC

Hourly T.O. off-line 57.48 lb/hr 0.00 lb/hr 57.48 lb/hr

Annual T.O. off-line for 240 hours,
operating for 8,520 hours

6.90 tons/yr 6.19 tons/yr 13.09 tons/yr

H2S
Hourly T.O. operating 0.0E+00 lb/hr 1.3E-02 lb/hr 1.3E-02 lb/hr

Annual T.O. operating continuously 0.0E+00 tons/yr 5.8E-02 tons/yr 5.8E-02 tons/yr

Benzene

Hourly T.O. off-line 5.2E-01 lb/hr 0.0E+00 lb/hr 5.2E-01 lb/hr

Annual T.O. off-line for 240 hours,
operating for 8,520 hours

6.2E-02 tons/yr 4.4E-02 tons/yr 1.1E-01 tons/yr

Benzo(a)pyrene
Hourly T.O. operating 0.0E+00 lb/hr 1.9E-07 lb/hr 1.9E-07 lb/hr

Annual T.O. operating continuously 0.0E+00 tons/yr 8.3E-07 tons/yr 8.3E-07 tons/yr

Ethylbenzene

Hourly T.O. off-line 1.3E-01 lb/hr 0.0E+00 lb/hr 1.3E-01 lb/hr

Annual T.O. off-line for 240 hours,
operating for 8,520 hours

1.6E-02 tons/yr 1.1E-02 tons/yr 2.7E-02 tons/yr

Formaldehyde
Hourly T.O. operating 0.0E+00 lb/hr 7.9E-04 lb/hr 7.9E-04 lb/hr

Annual T.O. operating continuously 0.0E+00 tons/yr 3.5E-03 tons/yr 3.5E-03 tons/yr

Hexane

Hourly T.O. off-line 2.7E+00 lb/hr 0.0E+00 lb/hr 2.7E+00 lb/hr

Annual T.O. off-line for 240 hours,
operating for 8,520 hours

3.2E-01 tons/yr 2.3E-01 tons/yr 5.5E-01 tons/yr

Toluene

Hourly T.O. off-line 1.2E+00 lb/hr 0.0E+00 lb/hr 1.2E+00 lb/hr

Annual T.O. off-line for 240 hours,
operating for 8,520 hours

1.4E-01 tons/yr 1.2E-01 tons/yr 2.5E-01 tons/yr

Xylenes (total)

Hourly T.O. off-line 4.4E-01 lb/hr 0.0E+00 lb/hr 4.4E-01 lb/hr

Annual T.O. off-line for 240 hours,
operating for 8,520 hours

5.3E-02 tons/yr 3.7E-02 tons/yr 9.0E-02 tons/yr

Notes:
1.  Includes only emissions occurring directly to the atmosphere, i.e., during T.O. downtime.  (See Tables III-E-1 and III-E-2.)
2. Includes emissions that are routed from storage tanks to the T.O. but not destroyed (see Table III-E-3) and emissions from
RFG combustion (see Table III-E-4).
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F. Wastewater Treatment Plant

Emission units within the WWTP at the proposed refinery will include the
following:

• Four WWTP vessels, including an Oil-Water Separator, a Dissolved Air
Flotation Unit, an Equalization Tank, and a Biotreater;

• The WWTP Thermal Oxidizer;

• The WWTP Spray Dryer;

• The WWTP Spray Dryer Heater; and

• Fugitive emissions due to equipment leaks. 

This section describes the emissions from the WWTP vessels and the thermal
oxidizer.  Emissions from the WWTP Spray Dryer Heater are presented in
Section III.B, above; emissions from the WWTP Spray Dryer are presented in
Section III.K, below; and equipment leak emissions are presented in Section
III.N, below.

All emissions from the WWTP vessels will be routed to the WWTP Thermal
Oxidizer.  Emissions from the thermal oxidizer include both the emissions routed
from the WWTP vessels to the thermal oxidizer for partial control, and the
emissions generated by the thermal oxidizer.  As a result, the method of
calculating the emission rate differs for individual pollutants.  Emission rates for
pollutants generated by the WWTP vessels and the thermal oxidizer are presented
separately in Tables III-F-1 and III-F-2, and combined emission rates for each
pollutant are presented in Table III-F-3.  The following paragraphs describe the
emission calculations in greater detail.

Hourly and annual uncontrolled and controlled VOC and benzene emissions from
the collection of WWTP vessels are presented in Table III-F-1.  These emission
rates were calculated based on the conservative assumption that all VOC and
benzene removed in the WWTP are routed to the WWTP Thermal Oxidizer as
gaseous emissions.  Values used in the calculations include a design maximum
wastewater capacity of 1,000 gallons per minute; an assumed wastewater density
of 8.4 lb/gal; design maximum wastewater VOC and benzene concentrations of
800 ppmw and 40 ppmw, respectively; and a 98 percent destruction efficiency for
VOC and benzene emissions routed to the WWTP Thermal Oxidizer, which
represents a conservative estimate of the emission reduction achievable when
using the control technology representing BACT.  The calculation methodology,
using hourly VOC emissions to illustrate, is as follows:
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E  
,000 gal WW

min
  

8.4 lb WW

gal WW
  

60 min

hr
  

800 lb VOC

10  lb WW
 =  403.2 lb

hrVOC(unc.) 6= × × ×
1

Hourly and annual emission rates due to RFG combustion in the WWTP Thermal
Oxidizer are presented in Table III-F-2.  The hourly emission rates reflect
oxidizer operation at maximum heat input capacity, and the annual emission rates
are based on continuous operation at maximum capacity for 8,760 hours per year. 
These emissions are calculated using emission factors and heat input capacity, in
the same manner described for process heater emissions in Section III.B herein. 
Emission factors used to calculate emissions from the WWTP Thermal Oxidizer
are shown in Table III-F-4 and were derived as follows:

• For SO2, the emission factor is calculated using the permitted fuel sulfur
limit  of 35 ppmv, in the same manner as described in Section III.B,
above, for SO2 emissions from process heaters.

• The NOX, CO, VOC, and PM/PM10 emission factors are those for natural
gas combustion, as presented in Section 1.4 of AP-42.
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Table III-F-1.  Emissions from WWTP Thermal Oxidizer, Originating from WWTP Vessels

Emission
Point No. Description

Destruction
Efficiency (%)

VOC Benzene

uncontrolled lb/hr controlled lb/hr controlled tons/year uncontrolled lb/hr controlled lb/hr controlled tons/year

EP-18
WWTP

Thermal Oxidizer
98 403.2 8.06 35.32 20.16 0.40 1.77

Table III-F-2.  Emissions from WWTP Thermal Oxidizer, Due to RFG Combustion

Emission
Point No.

Description
Capacity

(MMBtu/hr)

NOx SO2 CO VOC PM/PM10

lb/
MMBtu

lb/hr
ton/
year

lb/
MMBtu

lb/hr
ton/
year

lb/
MMBtu

lb/hr
ton/
year

lb/
MMBtu

lb/hr
ton/
year

lb/
MMBtu

lb/hr
ton/
year

EP-18
WWTP

Thermal Oxidizer
0.334 0.10 0.033 0.146 0.0058 0.002 0.008 0.084 0.028 0.123 0.0055 0.002 0.008 0.0076 0.003 0.011

Table III-F-3.  Emissions from WWTP Thermal Oxidizer, Total

Emission
Point No.

Description
NOx SO2 CO VOC Benzene PM/PM10

lb/hr ton/year lb/hr ton/year lb/hr ton/year lb/hr ton/year lb/hr ton/year lb/hr ton/year

EP-18
WWTP

Thermal Oxidizer 0.033 0.146 0.002 0.008 0.028 0.123 8.06 35.33 0.40 1.77 0.003 0.011
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G. Truck and Rail Car Loading Racks

All emissions from the loading of gasoline and distillate products into trucks and
rail cars, with the exception of fugitive emissions due to equipment leaks, will be
emitted from the stacks of the loading rack thermal oxidizers.  Specifically,
emissions from the Gasoline Product Rail Car Loading Racks and the Distillate
Product Rail Car Loading Racks will be routed to the Rail Car Loading Rack
Thermal Oxidizer and emissions from the Gasoline Product Truck Loading Racks
and the Distillate Product Truck Loading Racks will be routed to the Truck
Loading Rack Thermal Oxidizer.  This section describes the emissions from the
thermal oxidizers.  Calculation of equipment leak emissions is presented in
Section III.N, below.

Emissions from the loading racks include both the emissions routed from the
loading racks to the loading rack thermal oxidizers for partial control, and the
emissions generated by the thermal oxidizers.  As a result, the method of
calculating the emission rate differs for individual pollutants.  Emission rates for
VOC, which is generated by the loading operations and partially controlled in the
thermal oxidizers, are presented in Table III-G-1.  (Emissions of VOC from
gasoline product loading operations will also be partially controlled using
regenerative adsorption systems upstream of the thermal oxidizers but, as
described below, this does not affect the manner in which VOC emissions are
calculated.)  Emission rates for pollutants that are generated by combustion of
RFG in the thermal oxidizers are presented in Table III-G-2.  The following
paragraphs describe the emission calculations in greater detail.

Hourly and annual VOC emissions from the loading rack thermal oxidizers are
presented in Table III-G-1.  These emission rates are based on the permitted
emission limits and the design maximum loading rates.  Specifically, the emission
limits in the proposed permit are expressed in terms of pounds per million gallons
of product, with separate factors for loading of gasoline products and distillate
products.  The method for determining the composite emission limit for a
particular thermal oxidizer is presented in the proposed permit and is as follows:

a. VOC Emission Standards

The Permittee shall not cause or allow to be emitted to the atmosphere
from the Loading Rack Thermal Oxidizer or the Rail Car Loading Rack
Thermal Oxidizer any gases which contain VOC in excess of the
following amounts:

(1) 1.25 pounds per million gallons of product loaded at the
gasoline product loading racks.

[A.A.C. R18-2-406(A)(4)]

(2) 22.0 pounds per million gallons of product loaded at the
distillate product loading racks.
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[A.A.C. R18-2-406(A)(4)]

(3) For periods when a loading rack thermal oxidizer is receiving
vapors displaced from both gasoline product loading racks and
distillate product loading racks, an amount (Etotal) determined as
follows:

E  = EL V  + EL V  total g g d d

Where:

Etotal = VOC emission limit, pounds

ELg = VOC emission limit for gasoline product
loading racks, 1.25 pounds per million
gallons loaded

Vg = Volume of product loaded at the
gasoline loading product racks, millions
of gallons

ELd = VOC emission limit for distillate product
loading racks, 22.0 pounds per million
gallons loaded

Vd = Volume of product loaded at the
gasoline loading product racks, millions
of gallons

[A.A.C. R18-2-406(A)(4)]

Loading rack throughput values used in the VOC emission calculations are
presented in Table III-G-1 and were derived as follows:

• The hourly gasoline product throughput value of 1.62 million gallons for
each set of loading racks (i.e., the collection of all loading racks served by
one thermal oxidizer) is based on a pumping capacity of 600 gallons per
minute per loading arm and a total of 45 gasoline product loading arms in
each set. 

• The hourly distillate product throughput value of 540,000 gallons for each
set of loading racks is based on a pumping capacity of 600 gallons per
minute per loading arm and a total of 9 distillate product loading arms in
each set. 

• The annual gasoline product throughput value of 469.5 million gallons for
each set of loading racks represents half of the design maximum annual
production rate for gasoline products at the proposed refinery, as indicated
by the applicant in the permit application.
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• The annual distillate product throughput value of 555.5 million gallons for
each set of loading racks represents half of the design maximum annual
production rate for distillate products at the proposed refinery, as indicated
by the applicant in the permit application.

The calculation methodology for VOC emissions, using hourly VOC emissions
from the Truck Loading Rack Thermal Oxidizer to illustrate, is as follows:

E  
 MMgal gasoline

hour
  

1.25 lb VOC

MMgal gasoline
  

 MMgal distillate

hour
  

22.0 lb VOC

MMgal distillate
 =  13.91 lb

hrVOC = ×
⎛
⎝
⎜

⎞
⎠
⎟ + ×

⎛
⎝
⎜

⎞
⎠
⎟

162 054. .

Hourly and annual emission rates due to RFG combustion in the loading rack
thermal oxidizers are presented in Table III-G-2.  The hourly emission rates
reflect oxidizer operation at maximum heat input capacity, and the annual
emission rates are based on continuous operation at maximum capacity for 8,760
hours per year.  These emissions are calculated using emission factors and heat
input capacity in the same manner described for process heater emissions in
Section III.B, above.  Emission factors used to calculate emissions from the
loading rack thermal oxidizers are shown in Table III-G-2 and were derived as
follows:

• For SO2, the emission factor is calculated using the permitted fuel sulfur
limit  of 35 ppmv, in the same manner as described above for SO2

emissions from process heaters.

• The NOX, CO, and PM/PM10 emission factors are those for natural gas
combustion, as presented in Section 1.4 of AP-42.
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Table III-G-1.  VOC Emissions from Loading Rack Thermal Oxidizers

Emission
Point No. Description Averaging Period

Gasoline Product Loading Rack Distillate Product Loading Rack VOC Emissions
from all Loading

Racks
(lb/hr or ton/yr)

Throughput
(MMgal)

Emission Limit
(lb/MMgal)

Emission Rate
(lb/hr or ton/yr)

Throughput
(MMgal)

Emission Limit
(lb/MMgal)

Emission Rate
(lb/hr or ton/yr)

EP-17 Truck Loading Rack Thermal Oxidizer

Hourly 1.62 1.25 2.03 0.54 22.0 11.88 13.91

Annual 469.5 1.25 0.29 555.5 22.0 6.11 6.40

EP-27 Rail Car Loading Rack Thermal Oxidizer

Hourly 1.62 1.25 2.03 0.54 22.0 11.88 13.91

Annual 469.5 1.25 0.29 555.5 22.0 6.11 6.40

Total for Both Loading Rack Thermal Oxidizers

Hourly 3.24 1.25 4.05 1.08 22.0 23.76 27.81

Annual 939 1.25 0.59 1,111 22.0 12.22 12.81

Table III-G-2.  Emissions from Loading Rack Thermal Oxidizers, Due to RFG Combustion

Emission
Point No. Description

Capacity
(MMBtu/

hr)

NOx SO2 CO PM/PM10

lb/MMBtu lb/hr ton/year lb/MMBtu lb/hr ton/year lb/MMBtu lb/hr ton/year lb/MMBtu lb/hr ton/year

EP-17
Truck Loading Rack
Thermal Oxidizer

12.33 0.10 1.23 5.40 0.0058 0.07 0.31 0.084 1.04 4.54 0.0076 0.09 0.41

EP-27
Rail Car Loading Rack
Thermal Oxidizer

12.33 0.10 1.23 5.40 0.0058 0.07 0.31 0.084 1.04 4.54 0.0076 0.09 0.41

TOTAL 2.47 10.80 0.14 0.62 2.07 9.07 0.19 0.82



Arizona Clean Fuels Yuma, LLC
Permit Number 40140 September 15, 2006Page 52 of  347

H. Sour Water Tank

The Sour Water Tank will be a source of H2S emissions due to the presence of
H2S in the liquid stored in this tank.  The H2S emission rates from the internal
floating roof storage tank, prior to the application of the carbon adsorption
system, were calculated according to the methodology presented in AP-42 Section
7.1, using the tank parameters and stored liquid properties shown in Table III-H-
1. 

The maximum actual hourly and annual H2S emissions from the Sour Water Tank
are calculated using a conservatively assumed 95 percent control efficiency,
reflecting the minimum design control efficiency, for the carbon adsorption
system.  (Five percent represents the emissions not controlled, assuming a
nominal 95 percent control efficiency.)  These emissions also are presented in
Table III-I-1 and are calculated as follows:

E  
11 lb

yr
  5%  =  0.55 lb

yrH S2
= ×

⎛
⎝
⎜

⎞
⎠
⎟
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Table III-H-1.  H2S Emissions from Sour Water Tank

Tank

Volume
(gal)

Diameter
(ft)

Height
(ft)

Annual
Turnovers

H2S Liquid
Concentration

(ppmw)

Modeled
H2S Vapor
Pressure

(psia)

Uncontrolled H2S
Emissions Control

Efficiency
(%)

Controlled H2S
Emissions

ID Description lb/hr lb/yr lb/hr lb/yr

T-11100 Sour Water Tank 3,780,000 110 48 365 4,000 0.00011 0.001 11 95 0.0001 0.55
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I. Emergency Flares

Emissions of all pollutants from the emergency flares were calculated using
emission factors and heat input rates (from pilot gas and purge gas) in the same
manner described in Section III.B, above, for process heater emissions. 

Emission factors and heat input rates used to calculate emissions from the
emergency flares are shown in Table III-I.  Both emergency flares are expected to
operate continuously on a year-round basis.  Thus, annual emissions are
calculated assuming the hourly emission rate for 8,760 hours per year.

Emission factors used to calculate emissions from the emergency flares were
derived from Section 13.5 of AP-42.
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Table III-I.  Emergency Flare Emissions

Emission
Point No. Description

Heat Input Rate
(MMBtu/hr)

NOx SO2 CO VOC

lb/MMBtu lb/hr ton/year lb/MMBtu lb/hr ton/year lb/MMBtu lb/hr ton/year lb/MMBtu lb/hr ton/year

EP-13 Emergency Flare #1 0.83 0.068 0.06 0.25 0.0006 5.3E-04 2.3E-03 0.37 0.31 1.35 0.063 0.05 0.23

EP-21 Emergency Flare #2 0.83 0.068 0.06 0.25 0.0006 5.3E-04 2.3E-03 0.37 0.31 1.35 0.063 0.05 0.23

TOTAL 0.11 0.50 1.1E-03 4.6E-03 0.62 2.70 0.10 0.46



Arizona Clean Fuels Yuma, LLC
Permit Number 40140 September 15, 2006Page 56 of  347

J. Coke Silo Baghouse

Exhaust gases from the Coke Silo will be routed to the Coke Silo Baghouse for
control of particulate matter emissions.

Hourly particulate matter emissions from the Coke Silo Baghouse were calculated
as the product of the permitted maximum exhaust gas particulate matter
concentration (i.e., “grain loading”) and the design maximum exhaust gas flow
rate.  This calculation is as follows:

E  
2,188 

dscf
min

  0.005 
gr

dscf
   

min
hr

 
gr
lb

 =  0.09 lb
hrPM =

⎛
⎝⎜

⎞
⎠⎟ ×

⎛
⎝⎜

⎞
⎠⎟ ×

⎛
⎝⎜

⎞
⎠⎟

⎛
⎝⎜

⎞
⎠⎟

60

7 000,

The Coke Silo is permitted to operate at maximum capacity, without restriction,
on a year-round basis.  Thus, annual emissions from the Coke Silo Baghouse are
calculated assuming the hourly emission rate for 8,760 hours per year, as follows:

E  

0.09 
lb
hr

  8,760 
hr
yr

 
lb
ton

 =  0.41 ton
yrPM =

⎛
⎝⎜

⎞
⎠⎟ ×

⎛
⎝
⎜

⎞
⎠
⎟

⎛
⎝⎜

⎞
⎠⎟2 000,
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K. Spray Dryer Baghouse

Exhaust gases from the WWTP Spray Dryer will be routed to the Spray Dryer
Baghouse for control of particulate matter emissions. 

Hourly particulate matter emissions from the Spray Dryer Baghouse were
calculated as the product of the permitted maximum exhaust gas particulate
matter concentration (i.e., “grain loading”) and the design maximum exhaust gas
flow rate.  This calculation is as follows:

E  
27,228 

dscf
min

  0.005 
gr

dscf
   

min
hr

 
gr
lb

 =  1.17 lb
hrPM =

⎛
⎝⎜

⎞
⎠⎟ ×

⎛
⎝⎜

⎞
⎠⎟ ×

⎛
⎝⎜

⎞
⎠⎟

⎛
⎝⎜

⎞
⎠⎟

60

7 000,

The WWTP Spray Dryer is permitted to operate at maximum capacity, without
restriction, on a year-round basis.  Thus, annual emissions from the Spray Dryer
Baghouse are calculated assuming the hourly emission rate for 8,760 hours per
year, as follows:

E  

1.17 
lb
hr

  8,760 
hr
yr

 
lb
ton

 =  5.11 ton
yrPM =

⎛
⎝⎜

⎞
⎠⎟ ×

⎛
⎝
⎜

⎞
⎠
⎟

⎛
⎝⎜

⎞
⎠⎟2 000,
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L. Catalyst Regenerators

There are two catalyst regenerators at the proposed refinery, one at the Catalytic
Reforming Unit and one at the Butane Conversion Unit.  Hourly and annual
emissions from these catalyst regenerators are presented in Table III-L.

The applicant has indicated that the catalyst regenerators are similar to one
another and, as shown in Table III-L, the estimated emission rates for both
catalyst regenerators are identical.  The pollutants emitted by each catalyst
regenerator include CO, NOX, perchloroethylene, hydrogen chloride, and
chlorine.  Two different emission calculation methodologies are needed to
calculate the emission rates.  These methodologies are described in more detail in
the following paragraphs.

Emissions of CO, NOX, perchloroethylene, and hydrogen chloride are based on
design maximum exhaust gas flow rates and pollutant concentrations.  The
exhaust gas CO and NOX concentrations for both catalyst regenerators are based
on information provided by the applicant in the permit application.  The Catalytic
Reforming Unit Catalyst Regenerator exhaust gas perchloroethylene and
hydrogen chloride concentrations of 20 ppmv and 10 ppmv, respectively, are
based on the permitted maximum concentrations.  The perchloroethylene and
hydrogen chloride concentrations in the Butane Conversion Unit Catalyst
Regenerator exhaust, while not subject to the same emission limits, were assumed
by the Department to be the same due to the similarities between this unit and the
Catalytic Reforming Unit Catalyst Regenerator.

A material balance was used to estimate hourly and annual emissions of chlorine. 
These material balance calculations were performed by the applicant, and only the
resulting emission rates (as shown in Table III-L) were presented in the permit
application.  Emissions of chlorine from the catalyst regenerators are not subject
to any applicable regulations, and the Department is not aware of any published
emission data for this type of emission unit.  The Department performed
engineering calculations and determined that the chlorine emission rates
presented by the applicant represent an exhaust gas concentration of
approximately 10 ppmv.  The Department judges this to be a conservative
estimate of the level that is achievable, considering that each of the catalyst
regenerators will be equipped with a caustic scrubber.

The exhaust gas flow rates and pollutant concentrations used in calculating hourly
CO, NOX, hydrogen chloride, and perchloroethylene emission rates from the
catalyst regenerators are presented in Table III-L.  Both catalyst regenerators are
permitted to operate at maximum capacity, without restriction, on a year-round
basis.  Thus, annual emissions are calculated assuming the hourly emission rate
for 8,760 hours per year. Other values required for the emission rate calculations
are a physical constant of 385.55 standard cubic feet per pound-mole of gas and
the molecular weight of each pollutant.  These molecular weights are as follows: 
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28 pounds per pound-mole for CO; 46 pounds per pound-mole for NOX; 36.5
pounds per pound-mole for hydrogen chloride; and166 pounds per pound-mole
for perchloroethylene.  The calculation of an hourly emission rate, using the CO
emission rate to illustrate, is as follows:

E  

200 lb mol CO
10  lb mol exhaust

  
28 lb CO

lb mol CO
385.55 scf exhaust

lb mol exhaust
 

  575 
scf exhaust

   
min

hr
=  0.50 lb

hrCO

6

=

⋅
⋅

⎛
⎝⎜

⎞
⎠⎟ ×

⋅
⎛
⎝⎜

⎞
⎠⎟

⋅
⎛
⎝⎜

⎞
⎠⎟

×
⎛
⎝⎜

⎞
⎠⎟ ×

⎛
⎝⎜

⎞
⎠⎟min

60
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Table III-L.  Catalyst Regenerator Emissions

Emission
Point No. Description

Exhaust
Flow Rate

(scfm)

Chlorine Hydrogen Chloride Perchloroethylene CO NOx

lb/hr ton/year ppmv lb/hr ton/year ppmv lb/hr ton/year ppmv lb/hr ton/year ppmv lb/hr ton/year

EP-11
Catalytic Reforming Unit
Catalyst Regenerator

575 0.06 0.26 10 0.033 0.14 20 0.30 1.30 200 0.50 2.20 200 0.82 3.61

EP-22
Butane Conversion Unit
Catalyst Regenerator

575 0.06 0.26 10 0.033 0.14 20 0.30 1.30 200 0.50 2.20 200 0.82 3.61

TOTAL 0.12 0.52 0.065 0.29 0.60 2.60 1.00 4.40 1.65 7.22
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M. Cooling Tower

Emissions from the cooling tower include particulate matter, VOC, and benzene. 
Particulate matter emissions occur due to liquid drift from the tower.  Emissions
of VOC and benzene could occur due to evaporation from the tower if leaking
heat exchangers within refinery process units caused these pollutants to be
captured within the cooling water system.  Hourly and annual emissions from the
cooling tower are presented in Table III-M, and the methods used to determine
these emission rates are described in the following paragraphs.

Emissions of VOC from the cooling tower were calculated as the product of the
permitted maximum cooling water flow rate of 80,000 gallons per minute and an
emission factor of 0.7 pounds per million gallons of cooling water flow.  This
emission factor is derived from Section 5.1 of AP-42.  The hourly VOC emission
rate calculation is as follows:

E  80,000 
gal

min
  60 

min

hr
  

0.7 lb

10  gal
 =  3.36 lb

hrVOC 6=
⎛
⎝⎜

⎞
⎠⎟ ×

⎛
⎝⎜

⎞
⎠⎟ ×

⎛
⎝
⎜

⎞
⎠
⎟

Hourly particulate matter emissions from the cooling tower, as shown in Table
III-M, are based on the PM emission limit of 1.6 lb/hr included in the proposed
permit.  This value was calculated using the maximum cooling water flow rate of
80,000 gallons per minute, a water density of 8.3 pounds per gallon, a total
suspended solids (TSS) concentration of 8,000 ppmw, and a drift rate of 0.0005
percent.  This calculation is as follows:

E  80,000 
gal

min
  8.3 

lb H O
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  60 
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hr
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⎠
⎟ × ⎛

⎝⎜
⎞
⎠⎟

The Cooling Tower is permitted to operate at maximum capacity, without
restriction, on a year-round basis.  Thus, annual emissions from the Cooling
Tower are calculated assuming the hourly emission rate for 8,760 hours per year. 
This calculation is as follows, using annual particulate matter emissions to
illustrate:

E  

1.6 
lb
hr

  8,760 
hr
yr

 
lb

ton

 =  7.01 ton
yrPM =

⎛
⎝⎜

⎞
⎠⎟ ×

⎛
⎝
⎜

⎞
⎠
⎟

⎛
⎝⎜

⎞
⎠⎟2 000,

Hourly and annual emissions of benzene from the cooling tower were calculated
using the corresponding VOC emission rate in conjunction with an assumed
benzene concentration of 1.21 percent by weight in the VOC contained in cooling
water.  The benzene concentration value represents a conservative estimate of the
benzene concentration of typical light liquid streams within the proposed refinery
and were derived from Table 6-6 of the U.S. EPA publication “Locating and
Estimating Air Emissions from Sources of Benzene” (EPA-454/R-98-011), June
1998.  The calculation of benzene emissions, using the hourly benzene emission
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rate, is as follows:

E  3.36 
lb VOC

hr
  0.0121 

lb C H

lb VOC
 =  0.041 lb

hrC H
6 6

6 6
=

⎛
⎝⎜

⎞
⎠⎟ ×

⎛
⎝⎜

⎞
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Table III-M.  Cooling Tower Emissions

Emission
Point No. Description

Cooling Water
Flow Rate
(gal/min)

PM VOC Benzene

lb/hr ton/year lb/MMgal lb/hr ton/year
% by weight

in VOC lb/hr ton/year

EP-V1 Cooling Tower 80,000 1.6 7.01 0.7 3.36 14.7 1.21 0.04 0.18
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N. Equipment Leaks

Fugitive emissions of VOC, organic HAPs, and H2S will occur due to leaking
piping components and other equipment (e.g., screwed and flanged connectors,
valves, pumps, and compressors) at the proposed refinery.  Emissions from
equipment leaks are summarized in Table III-N-1.

Table III-N-1.  Emissions from Equipment Leaks

Pollutant
Hourly Emissions

(lb/hr)
Annual Emissions

(tons/yr)

VOC 16.8 13.2

H2S 0.27 1.22

Benzene 0.14 0.11

Ethylbenzene 0.04 0.03

Hexane 0.80 0.63

Toluene 0.35 0.28

Xylenes (total) 0.13 0.10

All emissions from equipment leaks were calculated using the “EPA Correlation
Approach” set forth in the U.S. EPA document Protocol for Equipment Leak
Emission Estimates (EPA-453/R-95-017), November 1995.  This approach uses
exponential equations based on the results of extensive studies quantifying and
correlating petroleum refinery component leak concentrations and mass emission
rates.  These equations are designed to predict the mass emission rate from a
component based on the VOC concentration, as measured by U.S. EPA Reference
Method 21, at the leak interface.  (All subsequent references to concentration
within this section refer to the pollutant concentration on this basis.)  In addition
to the exponential equations, the EPA Correlation Approach includes emission
rates for components with zero VOC concentration at the leak interface.  These
“default zero” emission rates are small, but are larger than would be predicted by
the correlation equations, and are based on study data showing non-zero mass
emission rates from components with VOC concentration below the method
detection limit.  The correlation equations and default zero emission rates are
presented in Table III-N-2.
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Table III-N-2.  Petroleum Refinery Equipment Leak Correlation Equations

Equipment type
Correlation Equation
(kg/hr/component)

Default Zero
(kg/hr/component)

Valves 2.29E-06 × (CVOC)0.746 7.8E-06

Pump seals 5.03E-05 × (CVOC)0.610 2.4E-05

Compressor seals 2.20E-06 × (CVOC)0.704 4.0E-06

Flanges 4.61E-06 × (CVOC)0.703 3.1E-07

The proposed permit defines a leaking component, or “leaker,” as a component
that emits VOC at such a rate that the concentration, as measured by U.S. EPA
Reference Method 21, exceeds a specified level.  For valves and connectors in
gas/vapor service and light liquid service, the concentration is 100 ppmv; for all
other component types, the concentration is 500 ppmv or greater.  Estimates of
maximum hourly emissions of VOC from equipment leaks were based on the
conservative assumption that 2 percent of all components in VOC service (e.g.,
pumps and valves) are leakers and 98 percent are non-leakers.  Each leaker was
conservatively assumed to be emitting at an equivalent concentration of 10,000
ppmv.  Forty-eight percent of the components (i.e., roughly half of the
non-leakers) were conservatively assumed to be emitting at an equivalent
concentration equal to that at which they would be considered leakers.  The
remaining 50 percent of the components were assumed to be emitting at the
default zero emission rate.  Hourly VOC emission rates for each process unit at
the proposed refinery, along with the component counts and emission factors used
to calculate them, are presented in Table III-N-3.  The component counts are
presented separately, as provided by the applicant, for equipment in gas/vapor
(“VAP”) service, light hydrocarbon liquid (“LHC”) service, and heavy
hydrocarbon liquid (“HHC”) service.  The calculation procedure is as follows,
using hourly VOC emissions from valves in gas/vapor service in the Atmospheric
Distillation section of the Crude Unit (Unit 1) to illustrate:
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lb VOC

hrVOC 0 100 10,000= + + 0

Annual VOC emissions from equipment leaks were calculated in the same
manner as hourly VOC emissions, with different and less conservative
assumptions regarding the percentage of leakers.  Specifically, annual emissions
of VOC from equipment leaks were based on the conservative assumption that 0.3
percent of valves and connectors in gas/vapor service and light liquid service are
leakers, reflecting an enforceable limit in the proposed permit, and 99.7 percent
are non-leakers.  For all other component types, 1 percent are assumed to be
leakers and 99 percent non-leakers.  Each leaking component, regardless of type
and service, was conservatively assumed to be emitting at an equivalent
concentration of 10,000 ppmv (i.e., 20 to 100 times the leak definition level). 
Ninety-nine percent of compressors, 49.5 percent of pumps in light hydrocarbon
service, and one percent of all other component types were conservatively
assumed to be emitting at an equivalent concentration equal to that at which they
would be considered leakers.  All remaining components were assumed to be
emitting at the default zero emission rate.  Annual VOC emission rates for each
process unit at the proposed refinery, along with the component counts and
emission factors used to calculate them, are presented in Table III-N-4.  The
component counts are presented separately, as provided by the applicant, for
equipment in gas/vapor (“VAP”) service, light hydrocarbon liquid (“LHC”)
service, and heavy hydrocarbon liquid (“HHC”) service.

Hourly and annual H2S emissions from equipment leaks were calculated in the
same manner as VOC emissions, but again with slightly different assumptions
regarding the percentage of leakers and the H2S concentration at leakers. 
Specifically, both hourly and annual emissions of H2S from equipment leaks were
based on the conservative assumption that 0.5 percent of all components in H2S
service are leakers, and 99.5 percent are non-leakers.  The number of assumed
leakers in H2S service is smaller than the number of assumed leakers in VOC
service because H2S is both extremely toxic and easily detectable through
olfactory senses, thus, leaking equipment in H2S service will be more readily
detected.  For both hourly and annual H2S emission calculations, 49.5 percent of
the components (i.e., roughly half of the non-leakers) were conservatively
assumed to be emitting at an equivalent concentration of 500 ppmv, and another
50 percent of components (i.e., the remaining non-leakers) were assumed to be
emitting at the default zero emission rate.  For the purpose of calculating hourly
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emissions, each leaker was assumed to be emitting at an equivalent concentration
of 5,000 ppmv, while for annual emissions, each leaker was assumed to be
emitting at an equivalent concentration of 2,500 ppmv.  The assumed equivalent
concentrations for leakers in H2S service are lower than the corresponding
concentrations for leakers in VOC service because equipment in H2S service will
contain process fluids that contain H2S in concentrations substantially less than
100 percent, whereas most equipment in VOC service will contain fluids that are
nearly 100 percent VOC.  Hourly and annual H2S emission rates, along with the
component counts and emission factors used to calculate them, are presented in
Tables III-N-5 and III-N-6, respectively.

Hourly and annual benzene emissions from equipment leaks were calculated by
applying process unit-specific benzene concentration data to the hourly and
annual VOC emission rates presented in Tables III-N-3 and III-N-4, respectively. 
The benzene concentration data were derived from Tables 6-6 and 6-7 of the U.S.
EPA publication “Locating and Estimating Air Emissions from Sources of
Benzene” (EPA-454/R-98-011), June 1998.  Hourly and annual benzene emission
rates, and the process unit-specific benzene concentration values used to calculate
them, are presented in Table III-N-7. 

Hourly and annual emissions of other organic HAPs from equipment leaks were
calculated by applying generalized petroleum refinery speciation data to the
hourly and annual VOC emission rates presented in Tables III-N-3 and III-N-4,
respectively.  The speciation data for other organic HAP’s were presented in the
applicant’s permit application and represent the gasoline storage tank headspace
composition data in U.S. EPA’s SPECIATE database.  Hourly and annual
emission rates for other organic HAPs, and the speciation data used to calculate
them, are presented in Table III-N-8.
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Table III-N-3.  Hourly VOC Emissions from Equipment Leaks

Component Service
Total

Quantity

Default Zero Leaking @ 100/500 ppmv Leaking @ 10,000 ppmv
Total
VOC

Emission
Rate

(lb/hr)Quantity

Emission
Factor

(lbVOC/hr/
component)

VOC
Emission

Rate
(lb/hr) Quantity

Emission
Factor

(lbVOC/hr/
component)

VOC
Emission

Rate
(lb/hr) Quantity

Emission
Factor

(lbVOC/hr/
component)

VOC
Emission

Rate
(lb/hr)

Unit 1 - Atmospheric Distillation

Valves VAP 427 213 1.72E-05 3.67E-03 205 1.57E-04 3.21E-02 9 4.87E-03 4.15E-02

LHC 1182 591 1.72E-05 1.02E-02 567 1.57E-04 8.89E-02 24 4.87E-03 1.15E-01

HHC 1280 640 1.72E-05 1.10E-02 614 5.21E-04 3.20E-01 26 4.87E-03 1.25E-01

Flanges VAP 288 144 6.83E-07 9.83E-05 138 2.59E-04 3.58E-02 6 6.59E-03 3.79E-02

LHC 797 398 6.83E-07 2.72E-04 383 2.59E-04 9.90E-02 16 6.59E-03 1.05E-01

HHC 863 432 6.83E-07 2.95E-04 414 8.02E-04 3.33E-01 17 6.59E-03 1.14E-01

Pumps LHC 9 5 5.29E-05 2.40E-04 4 4.91E-03 2.14E-02 0 3.05E-02 5.54E-03

HHC 10 5 5.29E-05 2.60E-04 5 4.91E-03 2.32E-02 0 3.05E-02 6.00E-03

Compressors VAP 1 1 8.82E-06 4.41E-06 0 3.85E-04 1.85E-04 0 3.18E-03 6.35E-05

Subtotal 2.60E-02 9.53E-01 5.50E-01 1.53E+00



Table III-N-3.  Hourly VOC Emissions from Equipment Leaks

Component Service
Total

Quantity

Default Zero Leaking @ 100/500 ppmv Leaking @ 10,000 ppmv
Total
VOC

Emission
Rate

(lb/hr)Quantity

Emission
Factor

(lbVOC/hr/
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VOC
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Rate
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Emission
Factor

(lbVOC/hr/
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Unit 2 - Vacuum Distillation

Valves VAP 113 56 1.72E-05 9.70E-04 54 1.57E-04 8.49E-03 2 4.87E-03 1.10E-02

LHC 88 44 1.72E-05 7.59E-04 42 1.57E-04 6.64E-03 2 4.87E-03 8.59E-03

HHC 585 293 1.72E-05 5.03E-03 281 5.21E-04 1.46E-01 12 4.87E-03 5.70E-02

Flanges VAP 80 40 6.83E-07 2.72E-05 38 2.59E-04 9.89E-03 2 6.59E-03 1.05E-02

LHC 62 31 6.83E-07 2.13E-05 30 2.59E-04 7.74E-03 1 6.59E-03 8.21E-03

HHC 413 207 6.83E-07 1.41E-04 198 8.02E-04 1.59E-01 8 6.59E-03 5.45E-02

Pumps LHC 1 0 5.29E-05 1.92E-05 0 4.91E-03 1.71E-03 0 3.05E-02 4.44E-04

HHC 5 2 5.29E-05 1.27E-04 2 4.91E-03 1.14E-02 0 3.05E-02 2.94E-03

Compressors VAP 2 1 8.82E-06 8.82E-06 1 3.85E-04 3.70E-04 0 3.18E-03 1.27E-04

Subtotal 7.11E-03 3.52E-01 1.53E-01 5.12E-01
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Component Service
Total

Quantity

Default Zero Leaking @ 100/500 ppmv Leaking @ 10,000 ppmv
Total
VOC

Emission
Rate

(lb/hr)Quantity

Emission
Factor

(lbVOC/hr/
component)

VOC
Emission

Rate
(lb/hr) Quantity

Emission
Factor
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VOC
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Factor

(lbVOC/hr/
component)

VOC
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Unit 3 - Gas Plant

Valves VAP 161 81 1.72E-05 1.39E-03 77 1.57E-04 1.21E-02 3 4.87E-03 1.57E-02

LHC 861 431 1.72E-05 7.41E-03 413 1.57E-04 6.48E-02 17 4.87E-03 8.38E-02

HHC 0 0 1.72E-05 0.00E+00 0 5.21E-04 0.00E+00 0 4.87E-03 0.00E+00

Flanges VAP 107 54 6.83E-07 3.67E-05 52 2.59E-04 1.33E-02 2 6.59E-03 1.42E-02

LHC 574 287 6.83E-07 1.96E-04 276 2.59E-04 7.13E-02 11 6.59E-03 7.57E-02

HHC 0 0 6.83E-07 0.00E+00 0 8.02E-04 0.00E+00 0 6.59E-03 0.00E+00

Pumps LHC 13 7 5.29E-05 3.51E-04 6 4.91E-03 3.13E-02 0 3.05E-02 8.11E-03

HHC 0 0 5.29E-05 0.00E+00 0 4.91E-03 0.00E+00 0 3.05E-02 0.00E+00

Compressors VAP 0 0 8.82E-06 0.00E+00 0 3.85E-04 0.00E+00 0 3.18E-03 0.00E+00

Subtotal 9.38E-03 1.93E-01 1.97E-01 4.00E-01
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Component Service
Total

Quantity

Default Zero Leaking @ 100/500 ppmv Leaking @ 10,000 ppmv
Total
VOC

Emission
Rate

(lb/hr)Quantity

Emission
Factor

(lbVOC/hr/
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VOC
Emission
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(lb/hr) Quantity
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Emission
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Unit 4 - Naphtha Hydrotreater

Valves VAP 360 180 1.72E-05 3.10E-03 173 1.57E-04 2.71E-02 7 4.87E-03 3.50E-02

LHC 923 462 1.72E-05 7.94E-03 443 1.57E-04 6.95E-02 18 4.87E-03 8.99E-02

HHC 233 117 1.72E-05 2.01E-03 112 5.21E-04 5.83E-02 5 4.87E-03 2.27E-02

Flanges VAP 240 120 6.83E-07 8.20E-05 115 2.59E-04 2.98E-02 5 6.59E-03 3.16E-02

LHC 616 308 6.83E-07 2.10E-04 295 2.59E-04 7.65E-02 12 6.59E-03 8.12E-02

HHC 156 78 6.83E-07 5.32E-05 75 8.02E-04 5.99E-02 3 6.59E-03 2.05E-02

Pumps LHC 5 3 5.29E-05 1.32E-04 2 4.91E-03 1.18E-02 0 3.05E-02 3.06E-03

HHC 1 1 5.29E-05 3.34E-05 1 4.91E-03 2.98E-03 0 3.05E-02 7.72E-04

Compressors VAP 2 1 8.82E-06 8.82E-06 1 3.85E-04 3.70E-04 0 3.18E-03 1.27E-04

Subtotal 1.36E-02 3.36E-01 2.85E-01 6.35E-01
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Unit 5 - Catalytic Reformer

Valves VAP 218 109 1.72E-05 1.88E-03 105 1.57E-04 1.64E-02 4 4.87E-03 2.13E-02

LHC 768 384 1.72E-05 6.60E-03 369 1.57E-04 5.78E-02 15 4.87E-03 7.47E-02

HHC 199 99 1.72E-05 1.71E-03 95 5.21E-04 4.96E-02 4 4.87E-03 1.93E-02

Flanges VAP 150 75 6.83E-07 5.13E-05 72 2.59E-04 1.87E-02 3 6.59E-03 1.98E-02

LHC 528 264 6.83E-07 1.80E-04 253 2.59E-04 6.56E-02 11 6.59E-03 6.96E-02

HHC 137 68 6.83E-07 4.67E-05 66 8.02E-04 5.26E-02 3 6.59E-03 1.80E-02

Pumps LHC 5 2 5.29E-05 1.31E-04 2 4.91E-03 1.17E-02 0 3.05E-02 3.03E-03

HHC 1 1 5.29E-05 3.39E-05 1 4.91E-03 3.02E-03 0 3.05E-02 7.84E-04

Compressors VAP 3 2 8.82E-06 1.32E-05 1 3.85E-04 5.55E-04 0 3.18E-03 1.91E-04

Subtotal 1.06E-02 2.76E-01 2.27E-01 5.13E-01
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Unit 6 - Isomerization (Penex)

Valves VAP 177 88 1.72E-05 1.52E-03 85 1.57E-04 1.33E-02 4 4.87E-03 1.72E-02

LHC 740 370 1.72E-05 6.36E-03 355 1.57E-04 5.57E-02 15 4.87E-03 7.20E-02

HHC 17 8 1.72E-05 1.43E-04 8 5.21E-04 4.17E-03 0 4.87E-03 1.62E-03

Flanges VAP 121 61 6.83E-07 4.15E-05 58 2.59E-04 1.51E-02 2 6.59E-03 1.60E-02

LHC 509 254 6.83E-07 1.74E-04 244 2.59E-04 6.32E-02 10 6.59E-03 6.71E-02

HHC 11 6 6.83E-07 3.92E-06 6 8.02E-04 4.41E-03 0 6.59E-03 1.51E-03

Pumps LHC 7 3 5.29E-05 1.84E-04 3 4.91E-03 1.64E-02 0 3.05E-02 4.24E-03

HHC 0 0 5.29E-05 4.13E-06 0 4.91E-03 3.68E-04 0 3.05E-02 9.54E-05

Compressors VAP 0 0 8.82E-06 0.00E+00 0 3.85E-04 0.00E+00 0 3.18E-03 0.00E+00

Subtotal 8.43E-03 1.73E-01 1.80E-01 3.61E-01
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Emission
Rate

(lb/hr)Quantity

Emission
Factor

(lbVOC/hr/
component)

VOC
Emission

Rate
(lb/hr) Quantity

Emission
Factor

(lbVOC/hr/
component)

VOC
Emission

Rate
(lb/hr) Quantity

Emission
Factor

(lbVOC/hr/
component)

VOC
Emission

Rate
(lb/hr)
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Unit 7 - Hydrogen Production

Valves VAP 147 73 1.72E-05 1.26E-03 70 1.57E-04 1.10E-02 3 4.87E-03 1.43E-02

LHC 43 22 1.72E-05 3.73E-04 21 1.57E-04 3.26E-03 1 4.87E-03 4.22E-03

HHC 0 0 1.72E-05 0.00E+00 0 5.21E-04 0.00E+00 0 4.87E-03 0.00E+00

Flanges VAP 98 49 6.83E-07 3.34E-05 47 2.59E-04 1.21E-02 2 6.59E-03 1.29E-02

LHC 29 14 6.83E-07 9.87E-06 14 2.59E-04 3.59E-03 1 6.59E-03 3.81E-03

HHC 0 0 6.83E-07 0.00E+00 0 8.02E-04 0.00E+00 0 6.59E-03 0.00E+00

Pumps LHC 0 0 5.29E-05 0.00E+00 0 4.91E-03 0.00E+00 0 3.05E-02 0.00E+00

HHC 0 0 5.29E-05 0.00E+00 0 4.91E-03 0.00E+00 0 3.05E-02 0.00E+00

Compressors VAP 0 0 8.82E-06 0.00E+00 0 3.85E-04 0.00E+00 0 3.18E-03 0.00E+00

Subtotal 1.68E-03 3.00E-02 3.52E-02 6.69E-02



Table III-N-3.  Hourly VOC Emissions from Equipment Leaks

Component Service
Total

Quantity

Default Zero Leaking @ 100/500 ppmv Leaking @ 10,000 ppmv
Total
VOC

Emission
Rate

(lb/hr)Quantity

Emission
Factor

(lbVOC/hr/
component)

VOC
Emission

Rate
(lb/hr) Quantity

Emission
Factor

(lbVOC/hr/
component)

VOC
Emission

Rate
(lb/hr) Quantity

Emission
Factor

(lbVOC/hr/
component)

VOC
Emission

Rate
(lb/hr)
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Unit 8 - Distillate Hydrotreater

Valves VAP 370 185 1.72E-05 3.18E-03 178 1.57E-04 2.78E-02 7 4.87E-03 3.60E-02

LHC 927 463 1.72E-05 7.97E-03 445 1.57E-04 6.97E-02 19 4.87E-03 9.02E-02

HHC 737 368 1.72E-05 6.33E-03 354 5.21E-04 1.84E-01 15 4.87E-03 7.17E-02

Flanges VAP 251 125 6.83E-07 8.56E-05 120 2.59E-04 3.11E-02 5 6.59E-03 3.30E-02

LHC 628 314 6.83E-07 2.15E-04 301 2.59E-04 7.80E-02 13 6.59E-03 8.28E-02

HHC 499 250 6.83E-07 1.71E-04 240 8.02E-04 1.92E-01 10 6.59E-03 6.58E-02

Pumps LHC 12 6 5.29E-05 3.24E-04 6 4.91E-03 2.89E-02 0 3.05E-02 7.49E-03

HHC 10 5 5.29E-05 2.58E-04 5 4.91E-03 2.30E-02 0 3.05E-02 5.95E-03

Compressors VAP 1 1 8.82E-06 4.41E-06 0 3.85E-04 1.85E-04 0 3.18E-03 6.35E-05

Subtotal 1.85E-02 6.35E-01 3.93E-01 1.05E+00



Table III-N-3.  Hourly VOC Emissions from Equipment Leaks

Component Service
Total

Quantity

Default Zero Leaking @ 100/500 ppmv Leaking @ 10,000 ppmv
Total
VOC

Emission
Rate

(lb/hr)Quantity

Emission
Factor

(lbVOC/hr/
component)

VOC
Emission

Rate
(lb/hr) Quantity

Emission
Factor

(lbVOC/hr/
component)

VOC
Emission

Rate
(lb/hr) Quantity

Emission
Factor

(lbVOC/hr/
component)

VOC
Emission

Rate
(lb/hr)

Arizona Clean Fuels Yuma, LLC
Permit Number 40140 September 15, 2006Page 76 of  347

Unit 10 - Hydrocracker (Unicracker)

Valves VAP 369 185 1.72E-05 3.18E-03 177 1.57E-04 2.78E-02 7 4.87E-03 3.59E-02

LHC 1945 973 1.72E-05 1.67E-02 934 1.57E-04 1.46E-01 39 4.87E-03 1.89E-01

HHC 1266 633 1.72E-05 1.09E-02 608 5.21E-04 3.16E-01 25 4.87E-03 1.23E-01

Flanges VAP 254 127 6.83E-07 8.69E-05 122 2.59E-04 3.16E-02 5 6.59E-03 3.35E-02

LHC 1339 670 6.83E-07 4.58E-04 643 2.59E-04 1.66E-01 27 6.59E-03 1.77E-01

HHC 872 436 6.83E-07 2.98E-04 418 8.02E-04 3.36E-01 17 6.59E-03 1.15E-01

Pumps LHC 16 8 5.29E-05 4.13E-04 8 4.91E-03 3.68E-02 0 3.05E-02 9.55E-03

HHC 10 5 5.29E-05 2.69E-04 5 4.91E-03 2.40E-02 0 3.05E-02 6.21E-03

Compressors VAP 3 2 8.82E-06 1.32E-05 1 3.85E-04 5.55E-04 0 3.18E-03 1.91E-04

Subtotal 3.23E-02 1.09E+00 6.89E-01 1.81E+00



Table III-N-3.  Hourly VOC Emissions from Equipment Leaks

Component Service
Total

Quantity

Default Zero Leaking @ 100/500 ppmv Leaking @ 10,000 ppmv
Total
VOC

Emission
Rate

(lb/hr)Quantity

Emission
Factor

(lbVOC/hr/
component)

VOC
Emission

Rate
(lb/hr) Quantity

Emission
Factor

(lbVOC/hr/
component)

VOC
Emission

Rate
(lb/hr) Quantity

Emission
Factor

(lbVOC/hr/
component)

VOC
Emission

Rate
(lb/hr)
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Unit 11 - Sour Water Stripping

Valves VAP 2 1 1.72E-05 2.09E-05 1 1.57E-04 1.83E-04 0 4.87E-03 2.37E-04

LHC 15 8 1.72E-05 1.29E-04 7 1.57E-04 1.13E-03 0 4.87E-03 1.46E-03

HHC 0 0 1.72E-05 0.00E+00 0 5.21E-04 0.00E+00 0 4.87E-03 0.00E+00

Flanges VAP 2 1 6.83E-07 5.20E-07 1 2.59E-04 1.89E-04 0 6.59E-03 2.01E-04

LHC 12 6 6.83E-07 4.10E-06 6 2.59E-04 1.49E-03 0 6.59E-03 1.58E-03

HHC 0 0 6.83E-07 0.00E+00 0 8.02E-04 0.00E+00 0 6.59E-03 0.00E+00

Pumps LHC 2 1 5.29E-05 5.80E-05 1 4.91E-03 5.17E-03 0 3.05E-02 1.34E-03

HHC 0 0 5.29E-05 0.00E+00 0 4.91E-03 0.00E+00 0 3.05E-02 0.00E+00

Compressors VAP 0 0 8.82E-06 0.00E+00 0 3.85E-04 0.00E+00 0 3.18E-03 0.00E+00

Subtotal 2.13E-04 8.16E-03 4.82E-03 1.32E-02



Table III-N-3.  Hourly VOC Emissions from Equipment Leaks

Component Service
Total

Quantity

Default Zero Leaking @ 100/500 ppmv Leaking @ 10,000 ppmv
Total
VOC

Emission
Rate

(lb/hr)Quantity

Emission
Factor

(lbVOC/hr/
component)

VOC
Emission

Rate
(lb/hr) Quantity

Emission
Factor

(lbVOC/hr/
component)

VOC
Emission

Rate
(lb/hr) Quantity

Emission
Factor

(lbVOC/hr/
component)

VOC
Emission

Rate
(lb/hr)
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Unit 12 - Amine Regeneration

Valves VAP 3 1 1.72E-05 2.53E-05 1 1.57E-04 2.21E-04 0 4.87E-03 2.86E-04

LHC 10 5 1.72E-05 8.48E-05 5 1.57E-04 7.42E-04 0 4.87E-03 9.60E-04

HHC 0 0 1.72E-05 0.00E+00 0 5.21E-04 0.00E+00 0 4.87E-03 0.00E+00

Flanges VAP 2 1 6.83E-07 6.70E-07 1 2.59E-04 2.44E-04 0 6.59E-03 2.59E-04

LHC 12 6 6.83E-07 4.10E-06 6 2.59E-04 1.49E-03 0 6.59E-03 1.58E-03

HHC 0 0 6.83E-07 0.00E+00 0 8.02E-04 0.00E+00 0 6.59E-03 0.00E+00

Pumps LHC 4 2 5.29E-05 1.06E-04 2 4.91E-03 9.43E-03 0 3.05E-02 2.44E-03

HHC 0 0 5.29E-05 0.00E+00 0 4.91E-03 0.00E+00 0 3.05E-02 0.00E+00

Compressors VAP 0 0 8.82E-06 0.00E+00 0 3.85E-04 0.00E+00 0 3.18E-03 0.00E+00

Subtotal 2.21E-04 1.21E-02 5.53E-03 1.79E-02



Table III-N-3.  Hourly VOC Emissions from Equipment Leaks

Component Service
Total

Quantity

Default Zero Leaking @ 100/500 ppmv Leaking @ 10,000 ppmv
Total
VOC

Emission
Rate

(lb/hr)Quantity

Emission
Factor

(lbVOC/hr/
component)

VOC
Emission

Rate
(lb/hr) Quantity

Emission
Factor

(lbVOC/hr/
component)

VOC
Emission

Rate
(lb/hr) Quantity

Emission
Factor

(lbVOC/hr/
component)

VOC
Emission

Rate
(lb/hr)
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Unit 14 - Delayed Coker

Valves VAP 490 245 1.72E-05 4.21E-03 235 1.57E-04 3.69E-02 10 4.87E-03 4.77E-02

LHC 934 467 1.72E-05 8.03E-03 448 1.57E-04 7.03E-02 19 4.87E-03 9.09E-02

HHC 1634 817 1.72E-05 1.41E-02 785 5.21E-04 4.09E-01 33 4.87E-03 1.59E-01

Flanges VAP 340 170 6.83E-07 1.16E-04 163 2.59E-04 4.22E-02 7 6.59E-03 4.48E-02

LHC 648 324 6.83E-07 2.21E-04 311 2.59E-04 8.05E-02 13 6.59E-03 8.54E-02

HHC 1134 567 6.83E-07 3.88E-04 544 8.02E-04 4.37E-01 23 6.59E-03 1.50E-01

Pumps LHC 10 5 5.29E-05 2.77E-04 5 4.91E-03 2.47E-02 0 3.05E-02 6.40E-03

HHC 18 9 5.29E-05 4.85E-04 9 4.91E-03 4.33E-02 0 3.05E-02 1.12E-02

Compressors VAP 1 1 8.82E-06 4.41E-06 0 3.85E-04 1.85E-04 0 3.18E-03 6.35E-05

Subtotal 2.78E-02 1.14E+00 5.95E-01 1.77E+00



Table III-N-3.  Hourly VOC Emissions from Equipment Leaks

Component Service
Total

Quantity

Default Zero Leaking @ 100/500 ppmv Leaking @ 10,000 ppmv
Total
VOC

Emission
Rate

(lb/hr)Quantity

Emission
Factor

(lbVOC/hr/
component)

VOC
Emission

Rate
(lb/hr) Quantity

Emission
Factor

(lbVOC/hr/
component)

VOC
Emission

Rate
(lb/hr) Quantity

Emission
Factor

(lbVOC/hr/
component)

VOC
Emission

Rate
(lb/hr)
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Unit 15 - Butane Conversion Unit

Valves VAP 578 289 1.72E-05 4.97E-03 277 1.57E-04 4.35E-02 12 4.87E-03 5.63E-02

LHC 1691 846 1.72E-05 1.45E-02 812 1.57E-04 1.27E-01 34 4.87E-03 1.65E-01

HHC 432 216 1.72E-05 3.71E-03 207 5.21E-04 1.08E-01 9 4.87E-03 4.20E-02

Flanges VAP 390 195 6.83E-07 1.33E-04 187 2.59E-04 4.85E-02 8 6.59E-03 5.14E-02

LHC 1144 572 6.83E-07 3.91E-04 549 2.59E-04 1.42E-01 23 6.59E-03 1.51E-01

HHC 292 146 6.83E-07 9.98E-05 140 8.02E-04 1.12E-01 6 6.59E-03 3.85E-02

Pumps LHC 10 5 5.29E-05 2.65E-04 5 4.91E-03 2.36E-02 0 3.05E-02 6.11E-03

HHC 3 2 5.29E-05 7.94E-05 1 4.91E-03 7.07E-03 0 3.05E-02 1.83E-03

Compressors VAP 5 3 8.82E-06 2.20E-05 2 3.85E-04 9.25E-04 0 3.18E-03 3.18E-04

Subtotal 2.42E-02 6.13E-01 5.12E-01 1.15E+00



Table III-N-3.  Hourly VOC Emissions from Equipment Leaks

Component Service
Total

Quantity

Default Zero Leaking @ 100/500 ppmv Leaking @ 10,000 ppmv
Total
VOC

Emission
Rate

(lb/hr)Quantity

Emission
Factor

(lbVOC/hr/
component)

VOC
Emission

Rate
(lb/hr) Quantity

Emission
Factor

(lbVOC/hr/
component)

VOC
Emission

Rate
(lb/hr) Quantity

Emission
Factor

(lbVOC/hr/
component)

VOC
Emission

Rate
(lb/hr)
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Unit 16 - Benzene Reduction Unit

Valves VAP 177 88 1.72E-05 1.52E-03 85 1.57E-04 1.33E-02 4 4.87E-03 1.72E-02

LHC 740 370 1.72E-05 6.36E-03 355 1.57E-04 5.57E-02 15 4.87E-03 7.20E-02

HHC 17 8 1.72E-05 1.43E-04 8 5.21E-04 4.17E-03 0 4.87E-03 1.62E-03

Flanges VAP 121 61 6.83E-07 4.15E-05 58 2.59E-04 1.51E-02 2 6.59E-03 1.60E-02

LHC 509 254 6.83E-07 1.74E-04 244 2.59E-04 6.32E-02 10 6.59E-03 6.71E-02

HHC 11 6 6.83E-07 3.92E-06 6 8.02E-04 4.41E-03 0 6.59E-03 1.51E-03

Pumps LHC 7 3 5.29E-05 1.84E-04 3 4.91E-03 1.64E-02 0 3.05E-02 4.24E-03

HHC 0 0 5.29E-05 4.13E-06 0 4.91E-03 3.68E-04 0 3.05E-02 9.54E-05

Compressors VAP 0 0 8.82E-06 0.00E+00 0 3.85E-04 0.00E+00 0 3.18E-03 0.00E+00

Subtotal 8.43E-03 1.73E-01 1.80E-01 3.61E-01



Table III-N-3.  Hourly VOC Emissions from Equipment Leaks

Component Service
Total

Quantity

Default Zero Leaking @ 100/500 ppmv Leaking @ 10,000 ppmv
Total
VOC

Emission
Rate

(lb/hr)Quantity

Emission
Factor

(lbVOC/hr/
component)

VOC
Emission

Rate
(lb/hr) Quantity

Emission
Factor

(lbVOC/hr/
component)

VOC
Emission

Rate
(lb/hr) Quantity

Emission
Factor

(lbVOC/hr/
component)

VOC
Emission

Rate
(lb/hr)
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Unit 26 - Wastewater Treatment Piping

Valves VAP 63 32 1.72E-05 5.45E-04 30 1.57E-04 4.76E-03 1 4.87E-03 6.16E-03

LHC 63 32 1.72E-05 5.45E-04 30 1.57E-04 4.76E-03 1 4.87E-03 6.16E-03

HHC 463 232 1.72E-05 3.98E-03 222 5.21E-04 1.16E-01 9 4.87E-03 4.51E-02

Flanges VAP 41 20 6.83E-07 1.40E-05 20 2.59E-04 5.09E-03 1 6.59E-03 5.40E-03

LHC 41 20 6.83E-07 1.40E-05 20 2.59E-04 5.09E-03 1 6.59E-03 5.40E-03

HHC 300 150 6.83E-07 1.02E-04 144 8.02E-04 1.15E-01 6 6.59E-03 3.95E-02

Pumps LHC 0 0 5.29E-05 1.18E-05 0 4.91E-03 1.05E-03 0 3.05E-02 2.73E-04

HHC 3 2 5.29E-05 8.65E-05 2 4.91E-03 7.71E-03 0 3.05E-02 2.00E-03

Compressors VAP 0 0 8.82E-06 0.00E+00 0 3.85E-04 0.00E+00 0 3.18E-03 0.00E+00

Subtotal 5.30E-03 2.60E-01 1.10E-01 3.75E-01



Table III-N-3.  Hourly VOC Emissions from Equipment Leaks

Component Service
Total

Quantity

Default Zero Leaking @ 100/500 ppmv Leaking @ 10,000 ppmv
Total
VOC

Emission
Rate

(lb/hr)Quantity

Emission
Factor

(lbVOC/hr/
component)

VOC
Emission

Rate
(lb/hr) Quantity

Emission
Factor

(lbVOC/hr/
component)

VOC
Emission

Rate
(lb/hr) Quantity

Emission
Factor

(lbVOC/hr/
component)

VOC
Emission

Rate
(lb/hr)
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Unit 41 - Crude Oil Metering Station

Valves VAP 7 4 1.72E-05 6.02E-05 3 1.57E-04 5.27E-04 0 4.87E-03 6.81E-04

LHC 0 0 1.72E-05 0.00E+00 0 1.57E-04 0.00E+00 0 4.87E-03 0.00E+00

HHC 63 32 1.72E-05 5.42E-04 30 5.21E-04 1.57E-02 1 4.87E-03 6.13E-03

Flanges VAP 6 3 6.83E-07 2.05E-06 3 2.59E-04 7.45E-04 0 6.59E-03 7.91E-04

LHC 0 0 6.83E-07 0.00E+00 0 2.59E-04 0.00E+00 0 6.59E-03 0.00E+00

HHC 54 27 6.83E-07 1.85E-05 26 8.02E-04 2.08E-02 1 6.59E-03 7.12E-03

Pumps LHC 0 0 5.29E-05 0.00E+00 0 4.91E-03 0.00E+00 0 3.05E-02 0.00E+00

HHC 0 0 5.29E-05 0.00E+00 0 4.91E-03 0.00E+00 0 3.05E-02 0.00E+00

Compressors VAP 0 0 8.82E-06 0.00E+00 0 3.85E-04 0.00E+00 0 3.18E-03 0.00E+00

Subtotal 6.22E-04 3.78E-02 1.47E-02 5.32E-02



Table III-N-3.  Hourly VOC Emissions from Equipment Leaks

Component Service
Total

Quantity

Default Zero Leaking @ 100/500 ppmv Leaking @ 10,000 ppmv
Total
VOC

Emission
Rate

(lb/hr)Quantity

Emission
Factor

(lbVOC/hr/
component)

VOC
Emission

Rate
(lb/hr) Quantity

Emission
Factor

(lbVOC/hr/
component)

VOC
Emission

Rate
(lb/hr) Quantity

Emission
Factor

(lbVOC/hr/
component)

VOC
Emission

Rate
(lb/hr)
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Unit 42 - Tank Farm Piping

Valves VAP 0 0 1.72E-05 0.00E+00 0 1.57E-04 0.00E+00 0 4.87E-03 0.00E+00

LHC 2440 1220 1.72E-05 2.10E-02 1171 1.57E-04 1.84E-01 49 4.87E-03 2.37E-01

HHC 1997 998 1.72E-05 1.72E-02 958 5.21E-04 4.99E-01 40 4.87E-03 1.94E-01

Flanges VAP 0 0 6.83E-07 0.00E+00 0 2.59E-04 0.00E+00 0 6.59E-03 0.00E+00

LHC 1851 925 6.83E-07 6.32E-04 888 2.59E-04 2.30E-01 37 6.59E-03 2.44E-01

HHC 1514 757 6.83E-07 5.17E-04 727 8.02E-04 5.83E-01 30 6.59E-03 2.00E-01

Pumps LHC 48 24 5.29E-05 1.27E-03 23 4.91E-03 1.13E-01 1 3.05E-02 2.94E-02

HHC 39 20 5.29E-05 1.04E-03 19 4.91E-03 9.28E-02 1 3.05E-02 2.40E-02

Compressors VAP 0 0 8.82E-06 0.00E+00 0 3.85E-04 0.00E+00 0 3.18E-03 0.00E+00

Subtotal 4.16E-02 1.70E+00 9.29E-01 2.67E+00



Table III-N-3.  Hourly VOC Emissions from Equipment Leaks

Component Service
Total

Quantity

Default Zero Leaking @ 100/500 ppmv Leaking @ 10,000 ppmv
Total
VOC

Emission
Rate

(lb/hr)Quantity

Emission
Factor

(lbVOC/hr/
component)

VOC
Emission

Rate
(lb/hr) Quantity

Emission
Factor

(lbVOC/hr/
component)

VOC
Emission

Rate
(lb/hr) Quantity

Emission
Factor

(lbVOC/hr/
component)

VOC
Emission

Rate
(lb/hr)
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Unit 43 - Slop and Flushing Oil Systems

Valves VAP 0 0 1.72E-05 0.00E+00 0 1.57E-04 0.00E+00 0 4.87E-03 0.00E+00

LHC 459 230 1.72E-05 3.95E-03 220 1.57E-04 3.45E-02 9 4.87E-03 4.47E-02

HHC 1189 595 1.72E-05 1.02E-02 571 5.21E-04 2.97E-01 24 4.87E-03 1.16E-01

Flanges VAP 0 0 6.83E-07 0.00E+00 0 2.59E-04 0.00E+00 0 6.59E-03 0.00E+00

LHC 348 174 6.83E-07 1.19E-04 167 2.59E-04 4.33E-02 7 6.59E-03 4.59E-02

HHC 902 451 6.83E-07 3.08E-04 433 8.02E-04 3.47E-01 18 6.59E-03 1.19E-01

Pumps LHC 3 2 5.29E-05 8.38E-05 2 4.91E-03 7.47E-03 0 3.05E-02 1.93E-03

HHC 8 4 5.29E-05 2.17E-04 4 4.91E-03 1.93E-02 0 3.05E-02 5.01E-03

Compressors VAP 0 0 8.82E-06 0.00E+00 0 3.85E-04 0.00E+00 0 3.18E-03 0.00E+00

Subtotal 1.49E-02 7.49E-01 3.32E-01 1.10E+00



Table III-N-3.  Hourly VOC Emissions from Equipment Leaks

Component Service
Total

Quantity

Default Zero Leaking @ 100/500 ppmv Leaking @ 10,000 ppmv
Total
VOC

Emission
Rate

(lb/hr)Quantity

Emission
Factor

(lbVOC/hr/
component)

VOC
Emission

Rate
(lb/hr) Quantity

Emission
Factor

(lbVOC/hr/
component)

VOC
Emission

Rate
(lb/hr) Quantity

Emission
Factor

(lbVOC/hr/
component)

VOC
Emission

Rate
(lb/hr)
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Unit 44 - Vapor Recovery System Pipework

Valves VAP 198 99 1.72E-05 1.70E-03 95 1.57E-04 1.49E-02 4 4.87E-03 1.92E-02

LHC 179 89 1.72E-05 1.53E-03 86 1.57E-04 1.34E-02 4 4.87E-03 1.74E-02

HHC 0 0 1.72E-05 0.00E+00 0 5.21E-04 0.00E+00 0 4.87E-03 0.00E+00

Flanges VAP 141 71 6.83E-07 4.83E-05 68 2.59E-04 1.75E-02 3 6.59E-03 1.86E-02

LHC 128 64 6.83E-07 4.36E-05 61 2.59E-04 1.58E-02 3 6.59E-03 1.68E-02

HHC 0 0 6.83E-07 0.00E+00 0 8.02E-04 0.00E+00 0 6.59E-03 0.00E+00

Pumps LHC 8 4 5.29E-05 2.02E-04 4 4.91E-03 1.80E-02 0 3.05E-02 4.67E-03

HHC 0 0 5.29E-05 0.00E+00 0 4.91E-03 0.00E+00 0 3.05E-02 0.00E+00

Compressors VAP 0 0 8.82E-06 0.00E+00 0 3.85E-04 0.00E+00 0 3.18E-03 0.00E+00

Subtotal 3.53E-03 7.97E-02 7.67E-02 1.60E-01



Table III-N-3.  Hourly VOC Emissions from Equipment Leaks

Component Service
Total

Quantity

Default Zero Leaking @ 100/500 ppmv Leaking @ 10,000 ppmv
Total
VOC

Emission
Rate

(lb/hr)Quantity

Emission
Factor

(lbVOC/hr/
component)

VOC
Emission

Rate
(lb/hr) Quantity

Emission
Factor

(lbVOC/hr/
component)

VOC
Emission

Rate
(lb/hr) Quantity

Emission
Factor

(lbVOC/hr/
component)

VOC
Emission

Rate
(lb/hr)
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Unit 45 - Gasoline Blending Pipework

Valves VAP 0 0 1.72E-05 0.00E+00 0 1.57E-04 0.00E+00 0 4.87E-03 0.00E+00

LHC 50 25 1.72E-05 4.30E-04 24 1.57E-04 3.76E-03 1 4.87E-03 4.87E-03

HHC 0 0 1.72E-05 0.00E+00 0 5.21E-04 0.00E+00 0 4.87E-03 0.00E+00

Flanges VAP 0 0 6.83E-07 0.00E+00 0 2.59E-04 0.00E+00 0 6.59E-03 0.00E+00

LHC 150 75 6.83E-07 5.13E-05 72 2.59E-04 1.86E-02 3 6.59E-03 1.98E-02

HHC 0 0 6.83E-07 0.00E+00 0 8.02E-04 0.00E+00 0 6.59E-03 0.00E+00

Pumps LHC 25 13 5.29E-05 6.61E-04 12 4.91E-03 5.89E-02 1 3.05E-02 1.53E-02

HHC 0 0 5.29E-05 0.00E+00 0 4.91E-03 0.00E+00 0 3.05E-02 0.00E+00

Compressors VAP 0 0 8.82E-06 0.00E+00 0 3.85E-04 0.00E+00 0 3.18E-03 0.00E+00

Subtotal 1.14E-03 8.13E-02 3.99E-02 1.22E-01



Table III-N-3.  Hourly VOC Emissions from Equipment Leaks

Component Service
Total

Quantity

Default Zero Leaking @ 100/500 ppmv Leaking @ 10,000 ppmv
Total
VOC

Emission
Rate

(lb/hr)Quantity

Emission
Factor

(lbVOC/hr/
component)

VOC
Emission

Rate
(lb/hr) Quantity

Emission
Factor

(lbVOC/hr/
component)

VOC
Emission

Rate
(lb/hr) Quantity

Emission
Factor

(lbVOC/hr/
component)

VOC
Emission

Rate
(lb/hr)
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Unit 46 - Rail Loading/Unloading Pipework

Valves VAP 520 260 1.72E-05 4.47E-03 250 1.57E-04 3.91E-02 10 4.87E-03 5.06E-02

LHC 1700 850 1.72E-05 1.46E-02 816 1.57E-04 1.28E-01 34 4.87E-03 1.65E-01

HHC 0 0 1.72E-05 0.00E+00 0 5.21E-04 0.00E+00 0 4.87E-03 0.00E+00

Flanges VAP 607 303 6.83E-07 2.07E-04 291 2.59E-04 7.54E-02 12 6.59E-03 8.00E-02

LHC 1983 992 6.83E-07 6.78E-04 952 2.59E-04 2.46E-01 40 6.59E-03 2.61E-01

HHC 0 0 6.83E-07 0.00E+00 0 8.02E-04 0.00E+00 0 6.59E-03 0.00E+00

Pumps LHC 0 0 5.29E-05 0.00E+00 0 4.91E-03 0.00E+00 0 3.05E-02 0.00E+00

HHC 0 0 5.29E-05 0.00E+00 0 4.91E-03 0.00E+00 0 3.05E-02 0.00E+00

Compressors VAP 0 0 8.82E-06 0.00E+00 0 3.85E-04 0.00E+00 0 3.18E-03 0.00E+00

Subtotal 2.00E-02 4.89E-01 5.58E-01 1.07E+00



Table III-N-3.  Hourly VOC Emissions from Equipment Leaks

Component Service
Total

Quantity

Default Zero Leaking @ 100/500 ppmv Leaking @ 10,000 ppmv
Total
VOC

Emission
Rate

(lb/hr)Quantity

Emission
Factor

(lbVOC/hr/
component)

VOC
Emission

Rate
(lb/hr) Quantity

Emission
Factor

(lbVOC/hr/
component)

VOC
Emission

Rate
(lb/hr) Quantity

Emission
Factor

(lbVOC/hr/
component)

VOC
Emission

Rate
(lb/hr)
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Unit 47 - Truck Loading/Unloading Pipework

Valves VAP 340 170 1.72E-05 2.92E-03 163 1.57E-04 2.56E-02 7 4.87E-03 3.31E-02

LHC 1300 650 1.72E-05 1.12E-02 624 1.57E-04 9.78E-02 26 4.87E-03 1.27E-01

HHC 40 20 1.72E-05 3.44E-04 19 5.21E-04 1.00E-02 1 4.87E-03 3.89E-03

Flanges VAP 383 191 6.83E-07 1.31E-04 184 2.59E-04 4.75E-02 8 6.59E-03 5.04E-02

LHC 1463 731 6.83E-07 5.00E-04 702 2.59E-04 1.82E-01 29 6.59E-03 1.93E-01

HHC 45 23 6.83E-07 1.54E-05 22 8.02E-04 1.73E-02 1 6.59E-03 5.93E-03

Pumps LHC 0 0 5.29E-05 0.00E+00 0 4.91E-03 0.00E+00 0 3.05E-02 0.00E+00

HHC 0 0 5.29E-05 0.00E+00 0 4.91E-03 0.00E+00 0 3.05E-02 0.00E+00

Compressors VAP 0 0 8.82E-06 0.00E+00 0 3.85E-04 0.00E+00 0 3.18E-03 0.00E+00

Subtotal 1.51E-02 3.80E-01 4.13E-01 8.08E-01



Table III-N-3.  Hourly VOC Emissions from Equipment Leaks

Component Service
Total

Quantity

Default Zero Leaking @ 100/500 ppmv Leaking @ 10,000 ppmv
Total
VOC

Emission
Rate

(lb/hr)Quantity

Emission
Factor

(lbVOC/hr/
component)

VOC
Emission

Rate
(lb/hr) Quantity

Emission
Factor

(lbVOC/hr/
component)

VOC
Emission

Rate
(lb/hr) Quantity

Emission
Factor

(lbVOC/hr/
component)

VOC
Emission

Rate
(lb/hr)
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Unit 51 - Closed Drain System Pipework

Valves VAP 0 0 1.72E-05 0.00E+00 0 1.57E-04 0.00E+00 0 4.87E-03 0.00E+00

LHC 76 38 1.72E-05 6.53E-04 36 1.57E-04 5.72E-03 2 4.87E-03 7.40E-03

HHC 40 20 1.72E-05 3.44E-04 19 5.21E-04 1.00E-02 1 4.87E-03 3.89E-03

Flanges VAP 0 0 6.83E-07 0.00E+00 0 2.59E-04 0.00E+00 0 6.59E-03 0.00E+00

LHC 87 43 6.83E-07 2.97E-05 42 2.59E-04 1.08E-02 2 6.59E-03 1.15E-02

HHC 46 23 6.83E-07 1.56E-05 22 8.02E-04 1.76E-02 1 6.59E-03 6.03E-03

Pumps LHC 4 2 5.29E-05 1.01E-04 2 4.91E-03 8.96E-03 0 3.05E-02 2.32E-03

HHC 2 1 5.29E-05 5.29E-05 1 4.91E-03 4.72E-03 0 3.05E-02 1.22E-03

Compressors VAP 0 0 8.82E-06 0.00E+00 0 3.85E-04 0.00E+00 0 3.18E-03 0.00E+00

Subtotal 1.20E-03 5.78E-02 3.23E-02 9.13E-02



Table III-N-3.  Hourly VOC Emissions from Equipment Leaks

Component Service
Total

Quantity

Default Zero Leaking @ 100/500 ppmv Leaking @ 10,000 ppmv
Total
VOC

Emission
Rate

(lb/hr)Quantity

Emission
Factor

(lbVOC/hr/
component)

VOC
Emission

Rate
(lb/hr) Quantity

Emission
Factor

(lbVOC/hr/
component)

VOC
Emission

Rate
(lb/hr) Quantity

Emission
Factor

(lbVOC/hr/
component)

VOC
Emission

Rate
(lb/hr)
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Unit 60 - Product Pipeline

Valves VAP 20 10 1.72E-05 1.72E-04 10 1.57E-04 1.50E-03 0 4.87E-03 1.95E-03

LHC 150 75 1.72E-05 1.29E-03 72 1.57E-04 1.13E-02 3 4.87E-03 1.46E-02

HHC 90 45 1.72E-05 7.74E-04 43 5.21E-04 2.25E-02 2 4.87E-03 8.76E-03

Flanges VAP 23 12 6.83E-07 7.86E-06 11 2.59E-04 2.86E-03 0 6.59E-03 3.03E-03

LHC 180 90 6.83E-07 6.15E-05 86 2.59E-04 2.24E-02 4 6.59E-03 2.37E-02

HHC 80 40 6.83E-07 2.73E-05 38 8.02E-04 3.08E-02 2 6.59E-03 1.05E-02

Pumps LHC 10 5 5.29E-05 2.65E-04 5 4.91E-03 2.36E-02 0 3.05E-02 6.11E-03

HHC 5 2 5.29E-05 1.27E-04 2 4.91E-03 1.13E-02 0 3.05E-02 2.93E-03

Compressors VAP 0 0 8.82E-06 0.00E+00 0 3.85E-04 0.00E+00 0 3.18E-03 0.00E+00

Subtotal 2.72E-03 1.26E-01 7.17E-02 2.01E-01

TOTAL 16.82
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Table III-N-4.  Annual VOC Emissions from Equipment Leaks

Component Service
Total

Quantity

Default Zero Leaking @ 100/500 ppmv Leaking @ 5,000 ppmv
Total
VOC

Emission
Rate

(lb/hr)Quantity

Emission
Factor

(lbVOC/hr/
component)

VOC
Emission

Rate
(lb/hr) Quantity

Emission
Factor

(lbVOC/hr/
component)

VOC
Emission

Rate
(lb/hr) Quantity

Emission
Factor

(lbVOC/hr/
component)

VOC
Emission

Rate
(lb/hr)

Unit 1 - Atmospheric Distillation

Valves VAP 427 421 1.72E-05 7.24E-03 4 1.57E-04 6.69E-04 1 4.87E-03 6.23E-03

LHC 1182 1166 1.72E-05 2.01E-02 12 1.57E-04 1.85E-03 4 4.87E-03 1.72E-02

HHC 1280 1255 1.72E-05 2.16E-02 13 5.21E-04 6.67E-03 13 4.87E-03 6.23E-02

Flanges VAP 288 284 6.83E-07 1.94E-04 3 2.59E-04 7.45E-04 1 6.59E-03 5.69E-03

LHC 797 787 6.83E-07 5.38E-04 8 2.59E-04 2.06E-03 2 6.59E-03 1.58E-02

HHC 863 846 6.83E-07 5.78E-04 9 8.02E-04 6.93E-03 9 6.59E-03 5.69E-02

Pumps LHC 9 4 5.29E-05 2.38E-04 4 4.91E-03 2.21E-02 0 3.05E-02 2.77E-03

HHC 10 10 5.29E-05 5.09E-04 0 4.91E-03 4.83E-04 0 3.05E-02 3.00E-03

Compressors VAP 1 0 8.82E-06 0.00E+00 1 3.85E-04 3.81E-04 0 3.18E-03 3.18E-05

Subtotal 5.09E-02 4.18E-02 1.70E-01 2.63E-01



Table III-N-4.  Annual VOC Emissions from Equipment Leaks

Component Service
Total

Quantity

Default Zero Leaking @ 100/500 ppmv Leaking @ 5,000 ppmv
Total
VOC

Emission
Rate

(lb/hr)Quantity

Emission
Factor

(lbVOC/hr/
component)

VOC
Emission

Rate
(lb/hr) Quantity

Emission
Factor

(lbVOC/hr/
component)

VOC
Emission

Rate
(lb/hr) Quantity

Emission
Factor

(lbVOC/hr/
component)

VOC
Emission

Rate
(lb/hr)
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Unit 2 - Vacuum Distillation

Valves VAP 113 111 1.72E-05 1.91E-03 1 1.57E-04 1.77E-04 0 4.87E-03 1.65E-03

LHC 88 87 1.72E-05 1.50E-03 1 1.57E-04 1.38E-04 0 4.87E-03 1.29E-03

HHC 585 573 1.72E-05 9.86E-03 6 5.21E-04 3.05E-03 6 4.87E-03 2.85E-02

Flanges VAP 80 79 6.83E-07 5.37E-05 1 2.59E-04 2.06E-04 0 6.59E-03 1.57E-03

LHC 62 61 6.83E-07 4.20E-05 1 2.59E-04 1.61E-04 0 6.59E-03 1.23E-03

HHC 413 405 6.83E-07 2.77E-04 4 8.02E-04 3.31E-03 4 6.59E-03 2.72E-02

Pumps LHC 1 0 5.29E-05 1.90E-05 0 4.91E-03 1.77E-03 0 3.05E-02 2.22E-04

HHC 5 5 5.29E-05 2.50E-04 0 4.91E-03 2.37E-04 0 3.05E-02 1.47E-03

Compressors VAP 2 0 8.82E-06 0.00E+00 2 3.85E-04 7.63E-04 0 3.18E-03 6.35E-05

Subtotal 1.39E-02 9.81E-03 6.32E-02 8.69E-02



Table III-N-4.  Annual VOC Emissions from Equipment Leaks

Component Service
Total

Quantity

Default Zero Leaking @ 100/500 ppmv Leaking @ 5,000 ppmv
Total
VOC

Emission
Rate

(lb/hr)Quantity

Emission
Factor

(lbVOC/hr/
component)

VOC
Emission

Rate
(lb/hr) Quantity

Emission
Factor

(lbVOC/hr/
component)

VOC
Emission

Rate
(lb/hr) Quantity

Emission
Factor

(lbVOC/hr/
component)

VOC
Emission

Rate
(lb/hr)
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Unit 3 - Gas Plant

Valves VAP 161 159 1.72E-05 2.73E-03 2 1.57E-04 2.52E-04 0 4.87E-03 2.35E-03

LHC 861 850 1.72E-05 1.46E-02 9 1.57E-04 1.35E-03 3 4.87E-03 1.26E-02

HHC 0 0 1.72E-05 0.00E+00 0 5.21E-04 0.00E+00 0 4.87E-03 0.00E+00

Flanges VAP 107 106 6.83E-07 7.24E-05 1 2.59E-04 2.78E-04 0 6.59E-03 2.12E-03

LHC 574 567 6.83E-07 3.87E-04 6 2.59E-04 1.49E-03 2 6.59E-03 1.14E-02

HHC 0 0 6.83E-07 0.00E+00 0 8.02E-04 0.00E+00 0 6.59E-03 0.00E+00

Pumps LHC 13 7 5.29E-05 3.48E-04 7 4.91E-03 3.23E-02 0 3.05E-02 4.06E-03

HHC 0 0 5.29E-05 0.00E+00 0 4.91E-03 0.00E+00 0 3.05E-02 0.00E+00

Compressors VAP 0 0 8.82E-06 0.00E+00 0 3.85E-04 0.00E+00 0 3.18E-03 0.00E+00

Subtotal 1.82E-02 3.57E-02 3.25E-02 8.63E-02



Table III-N-4.  Annual VOC Emissions from Equipment Leaks

Component Service
Total

Quantity

Default Zero Leaking @ 100/500 ppmv Leaking @ 5,000 ppmv
Total
VOC

Emission
Rate

(lb/hr)Quantity

Emission
Factor

(lbVOC/hr/
component)

VOC
Emission

Rate
(lb/hr) Quantity

Emission
Factor

(lbVOC/hr/
component)

VOC
Emission

Rate
(lb/hr) Quantity

Emission
Factor

(lbVOC/hr/
component)

VOC
Emission

Rate
(lb/hr)
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Unit 4 - Naphtha Hydrotreater

Valves VAP 360 355 1.72E-05 6.11E-03 4 1.57E-04 5.64E-04 1 4.87E-03 5.26E-03

LHC 923 911 1.72E-05 1.57E-02 9 1.57E-04 1.45E-03 3 4.87E-03 1.35E-02

HHC 233 229 1.72E-05 3.93E-03 2 5.21E-04 1.21E-03 2 4.87E-03 1.14E-02

Flanges VAP 240 237 6.83E-07 1.62E-04 2 2.59E-04 6.21E-04 1 6.59E-03 4.75E-03

LHC 616 608 6.83E-07 4.15E-04 6 2.59E-04 1.59E-03 2 6.59E-03 1.22E-02

HHC 156 152 6.83E-07 1.04E-04 2 8.02E-04 1.25E-03 2 6.59E-03 1.03E-02

Pumps LHC 5 2 5.29E-05 1.31E-04 2 4.91E-03 1.22E-02 0 3.05E-02 1.53E-03

HHC 1 1 5.29E-05 6.55E-05 0 4.91E-03 6.21E-05 0 3.05E-02 3.86E-04

Compressors VAP 2 0 8.82E-06 0.00E+00 2 3.85E-04 7.63E-04 0 3.18E-03 6.35E-05

Subtotal 2.66E-02 1.97E-02 5.92E-02 1.06E-01



Table III-N-4.  Annual VOC Emissions from Equipment Leaks

Component Service
Total

Quantity

Default Zero Leaking @ 100/500 ppmv Leaking @ 5,000 ppmv
Total
VOC

Emission
Rate

(lb/hr)Quantity

Emission
Factor

(lbVOC/hr/
component)

VOC
Emission

Rate
(lb/hr) Quantity

Emission
Factor

(lbVOC/hr/
component)

VOC
Emission

Rate
(lb/hr) Quantity

Emission
Factor

(lbVOC/hr/
component)

VOC
Emission

Rate
(lb/hr)
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Unit 5 - Catalytic Reformer

Valves VAP 218 216 1.72E-05 3.71E-03 2 1.57E-04 3.42E-04 1 4.87E-03 3.19E-03

LHC 768 758 1.72E-05 1.30E-02 8 1.57E-04 1.20E-03 2 4.87E-03 1.12E-02

HHC 199 195 1.72E-05 3.35E-03 2 5.21E-04 1.03E-03 2 4.87E-03 9.66E-03

Flanges VAP 150 148 6.83E-07 1.01E-04 2 2.59E-04 3.89E-04 0 6.59E-03 2.97E-03

LHC 528 521 6.83E-07 3.56E-04 5 2.59E-04 1.37E-03 2 6.59E-03 1.04E-02

HHC 137 134 6.83E-07 9.15E-05 1 8.02E-04 1.10E-03 1 6.59E-03 9.00E-03

Pumps LHC 5 2 5.29E-05 1.30E-04 2 4.91E-03 1.21E-02 0 3.05E-02 1.51E-03

HHC 1 1 5.29E-05 6.65E-05 0 4.91E-03 6.30E-05 0 3.05E-02 3.92E-04

Compressors VAP 3 0 8.82E-06 2.20E-21 3 3.85E-04 1.14E-03 0 3.18E-03 9.53E-05

Subtotal 2.08E-02 1.87E-02 4.85E-02 8.80E-02



Table III-N-4.  Annual VOC Emissions from Equipment Leaks

Component Service
Total

Quantity

Default Zero Leaking @ 100/500 ppmv Leaking @ 5,000 ppmv
Total
VOC

Emission
Rate

(lb/hr)Quantity

Emission
Factor

(lbVOC/hr/
component)

VOC
Emission

Rate
(lb/hr) Quantity

Emission
Factor

(lbVOC/hr/
component)

VOC
Emission

Rate
(lb/hr) Quantity

Emission
Factor

(lbVOC/hr/
component)

VOC
Emission

Rate
(lb/hr)
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Unit 6 - Isomerization (Penex)

Valves VAP 177 174 1.72E-05 3.00E-03 2 1.57E-04 2.77E-04 1 4.87E-03 2.58E-03

LHC 740 730 1.72E-05 1.26E-02 7 1.57E-04 1.16E-03 2 4.87E-03 1.08E-02

HHC 17 16 1.72E-05 2.81E-04 0 5.21E-04 8.68E-05 0 4.87E-03 8.11E-04

Flanges VAP 121 120 6.83E-07 8.19E-05 1 2.59E-04 3.14E-04 0 6.59E-03 2.40E-03

LHC 509 502 6.83E-07 3.43E-04 5 2.59E-04 1.32E-03 2 6.59E-03 1.01E-02

HHC 11 11 6.83E-07 7.67E-06 0 8.02E-04 9.19E-05 0 6.59E-03 7.55E-04

Pumps LHC 7 3 5.29E-05 1.82E-04 3 4.91E-03 1.69E-02 0 3.05E-02 2.12E-03

HHC 0 0 5.29E-05 8.10E-06 0 4.91E-03 7.68E-06 0 3.05E-02 4.77E-05

Compressors VAP 0 0 8.82E-06 0.00E+00 0 3.85E-04 0.00E+00 0 3.18E-03 0.00E+00

Subtotal 1.65E-02 2.01E-02 2.96E-02 6.62E-02



Table III-N-4.  Annual VOC Emissions from Equipment Leaks

Component Service
Total

Quantity

Default Zero Leaking @ 100/500 ppmv Leaking @ 5,000 ppmv
Total
VOC

Emission
Rate

(lb/hr)Quantity

Emission
Factor

(lbVOC/hr/
component)

VOC
Emission

Rate
(lb/hr) Quantity

Emission
Factor

(lbVOC/hr/
component)

VOC
Emission

Rate
(lb/hr) Quantity

Emission
Factor

(lbVOC/hr/
component)

VOC
Emission

Rate
(lb/hr)
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Unit 7 - Hydrogen Production

Valves VAP 147 145 1.72E-05 2.49E-03 1 1.57E-04 2.30E-04 0 4.87E-03 2.14E-03

LHC 43 43 1.72E-05 7.35E-04 0 1.57E-04 6.79E-05 0 4.87E-03 6.33E-04

HHC 0 0 1.72E-05 0.00E+00 0 5.21E-04 0.00E+00 0 4.87E-03 0.00E+00

Flanges VAP 98 97 6.83E-07 6.60E-05 1 2.59E-04 2.53E-04 0 6.59E-03 1.93E-03

LHC 29 29 6.83E-07 1.95E-05 0 2.59E-04 7.48E-05 0 6.59E-03 5.71E-04

HHC 0 0 6.83E-07 0.00E+00 0 8.02E-04 0.00E+00 0 6.59E-03 0.00E+00

Pumps LHC 0 0 5.29E-05 0.00E+00 0 4.91E-03 0.00E+00 0 3.05E-02 0.00E+00

HHC 0 0 5.29E-05 0.00E+00 0 4.91E-03 0.00E+00 0 3.05E-02 0.00E+00

Compressors VAP 0 0 8.82E-06 0.00E+00 0 3.85E-04 0.00E+00 0 3.18E-03 0.00E+00

Subtotal 3.31E-03 6.26E-04 5.28E-03 9.21E-03



Table III-N-4.  Annual VOC Emissions from Equipment Leaks

Component Service
Total

Quantity

Default Zero Leaking @ 100/500 ppmv Leaking @ 5,000 ppmv
Total
VOC

Emission
Rate

(lb/hr)Quantity

Emission
Factor

(lbVOC/hr/
component)

VOC
Emission

Rate
(lb/hr) Quantity

Emission
Factor

(lbVOC/hr/
component)

VOC
Emission

Rate
(lb/hr) Quantity

Emission
Factor

(lbVOC/hr/
component)

VOC
Emission

Rate
(lb/hr)
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Unit 8 - Distillate Hydrotreater

Valves VAP 370 365 1.72E-05 6.28E-03 4 1.57E-04 5.80E-04 1 4.87E-03 5.40E-03

LHC 927 915 1.72E-05 1.57E-02 9 1.57E-04 1.45E-03 3 4.87E-03 1.35E-02

HHC 737 722 1.72E-05 1.24E-02 7 5.21E-04 3.84E-03 7 4.87E-03 3.58E-02

Flanges VAP 251 247 6.83E-07 1.69E-04 3 2.59E-04 6.49E-04 1 6.59E-03 4.96E-03

LHC 628 620 6.83E-07 4.23E-04 6 2.59E-04 1.62E-03 2 6.59E-03 1.24E-02

HHC 499 489 6.83E-07 3.34E-04 5 8.02E-04 4.00E-03 5 6.59E-03 3.29E-02

Pumps LHC 12 6 5.29E-05 3.21E-04 6 4.91E-03 2.98E-02 0 3.05E-02 3.74E-03

HHC 10 10 5.29E-05 5.05E-04 0 4.91E-03 4.79E-04 0 3.05E-02 2.98E-03

Compressors VAP 1 0 8.82E-06 0.00E+00 1 3.85E-04 3.81E-04 0 3.18E-03 3.18E-05

Subtotal 3.62E-02 4.28E-02 1.12E-01 1.91E-01



Table III-N-4.  Annual VOC Emissions from Equipment Leaks

Component Service
Total

Quantity

Default Zero Leaking @ 100/500 ppmv Leaking @ 5,000 ppmv
Total
VOC

Emission
Rate

(lb/hr)Quantity

Emission
Factor

(lbVOC/hr/
component)

VOC
Emission

Rate
(lb/hr) Quantity

Emission
Factor

(lbVOC/hr/
component)

VOC
Emission

Rate
(lb/hr) Quantity

Emission
Factor

(lbVOC/hr/
component)

VOC
Emission

Rate
(lb/hr)
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Unit 10 - Hydrocracker (Unicracker)

Valves VAP 369 364 1.72E-05 6.27E-03 4 1.57E-04 5.79E-04 1 4.87E-03 5.39E-03

LHC 1945 1920 1.72E-05 3.30E-02 19 1.57E-04 3.05E-03 6 4.87E-03 2.84E-02

HHC 1266 1241 1.72E-05 2.13E-02 13 5.21E-04 6.59E-03 13 4.87E-03 6.16E-02

Flanges VAP 254 251 6.83E-07 1.72E-04 3 2.59E-04 6.58E-04 1 6.59E-03 5.03E-03

LHC 1339 1322 6.83E-07 9.04E-04 13 2.59E-04 3.47E-03 4 6.59E-03 2.65E-02

HHC 872 854 6.83E-07 5.84E-04 9 8.02E-04 7.00E-03 9 6.59E-03 5.75E-02

Pumps LHC 16 8 5.29E-05 4.09E-04 8 4.91E-03 3.80E-02 0 3.05E-02 4.77E-03

HHC 10 10 5.29E-05 5.27E-04 0 4.91E-03 5.00E-04 0 3.05E-02 3.11E-03

Compressors VAP 3 0 8.82E-06 2.20E-21 3 3.85E-04 1.14E-03 0 3.18E-03 9.53E-05

Subtotal 6.32E-02 6.10E-02 1.92E-01 3.17E-01



Table III-N-4.  Annual VOC Emissions from Equipment Leaks

Component Service
Total

Quantity

Default Zero Leaking @ 100/500 ppmv Leaking @ 5,000 ppmv
Total
VOC

Emission
Rate

(lb/hr)Quantity

Emission
Factor

(lbVOC/hr/
component)

VOC
Emission

Rate
(lb/hr) Quantity

Emission
Factor

(lbVOC/hr/
component)

VOC
Emission

Rate
(lb/hr) Quantity

Emission
Factor

(lbVOC/hr/
component)

VOC
Emission

Rate
(lb/hr)
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Unit 11 - Sour Water Stripping

Valves VAP 2 2 1.72E-05 4.13E-05 0 1.57E-04 3.82E-06 0 4.87E-03 3.55E-05

LHC 15 15 1.72E-05 2.55E-04 0 1.57E-04 2.35E-05 0 4.87E-03 2.19E-04

HHC 0 0 1.72E-05 0.00E+00 0 5.21E-04 0.00E+00 0 4.87E-03 0.00E+00

Flanges VAP 2 2 6.83E-07 1.03E-06 0 2.59E-04 3.94E-06 0 6.59E-03 3.01E-05

LHC 12 12 6.83E-07 8.09E-06 0 2.59E-04 3.11E-05 0 6.59E-03 2.37E-04

HHC 0 0 6.83E-07 0.00E+00 0 8.02E-04 0.00E+00 0 6.59E-03 0.00E+00

Pumps LHC 2 1 5.29E-05 5.74E-05 1 4.91E-03 5.33E-03 0 3.05E-02 6.70E-04

HHC 0 0 5.29E-05 0.00E+00 0 4.91E-03 0.00E+00 0 3.05E-02 0.00E+00

Compressors VAP 0 0 8.82E-06 0.00E+00 0 3.85E-04 0.00E+00 0 3.18E-03 0.00E+00

Subtotal 3.62E-04 5.39E-03 1.19E-03 6.95E-03



Table III-N-4.  Annual VOC Emissions from Equipment Leaks

Component Service
Total

Quantity

Default Zero Leaking @ 100/500 ppmv Leaking @ 5,000 ppmv
Total
VOC

Emission
Rate

(lb/hr)Quantity

Emission
Factor

(lbVOC/hr/
component)

VOC
Emission

Rate
(lb/hr) Quantity

Emission
Factor

(lbVOC/hr/
component)

VOC
Emission

Rate
(lb/hr) Quantity

Emission
Factor

(lbVOC/hr/
component)

VOC
Emission

Rate
(lb/hr)
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Unit 12 - Amine Regeneration

Valves VAP 3 3 1.72E-05 4.99E-05 0 1.57E-04 4.61E-06 0 4.87E-03 4.30E-05

LHC 10 10 1.72E-05 1.67E-04 0 1.57E-04 1.55E-05 0 4.87E-03 1.44E-04

HHC 0 0 1.72E-05 0.00E+00 0 5.21E-04 0.00E+00 0 4.87E-03 0.00E+00

Flanges VAP 2 2 6.83E-07 1.32E-06 0 2.59E-04 5.08E-06 0 6.59E-03 3.88E-05

LHC 12 12 6.83E-07 8.09E-06 0 2.59E-04 3.11E-05 0 6.59E-03 2.37E-04

HHC 0 0 6.83E-07 0.00E+00 0 8.02E-04 0.00E+00 0 6.59E-03 0.00E+00

Pumps LHC 4 2 5.29E-05 1.05E-04 2 4.91E-03 9.73E-03 0 3.05E-02 1.22E-03

HHC 0 0 5.29E-05 0.00E+00 0 4.91E-03 0.00E+00 0 3.05E-02 0.00E+00

Compressors VAP 0 0 8.82E-06 0.00E+00 0 3.85E-04 0.00E+00 0 3.18E-03 0.00E+00

Subtotal 3.32E-04 9.78E-03 1.68E-03 1.18E-02



Table III-N-4.  Annual VOC Emissions from Equipment Leaks

Component Service
Total

Quantity

Default Zero Leaking @ 100/500 ppmv Leaking @ 5,000 ppmv
Total
VOC

Emission
Rate

(lb/hr)Quantity

Emission
Factor

(lbVOC/hr/
component)

VOC
Emission

Rate
(lb/hr) Quantity

Emission
Factor

(lbVOC/hr/
component)

VOC
Emission

Rate
(lb/hr) Quantity

Emission
Factor

(lbVOC/hr/
component)

VOC
Emission

Rate
(lb/hr)
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Unit 14 - Delayed Coker

Valves VAP 490 484 1.72E-05 8.32E-03 5 1.57E-04 7.68E-04 1 4.87E-03 7.15E-03

LHC 934 922 1.72E-05 1.59E-02 9 1.57E-04 1.46E-03 3 4.87E-03 1.36E-02

HHC 1634 1602 1.72E-05 2.75E-02 16 5.21E-04 8.51E-03 16 4.87E-03 7.95E-02

Flanges VAP 340 336 6.83E-07 2.29E-04 3 2.59E-04 8.80E-04 1 6.59E-03 6.72E-03

LHC 648 640 6.83E-07 4.37E-04 6 2.59E-04 1.68E-03 2 6.59E-03 1.28E-02

HHC 1134 1111 6.83E-07 7.60E-04 11 8.02E-04 9.10E-03 11 6.59E-03 7.48E-02

Pumps LHC 10 5 5.29E-05 2.75E-04 5 4.91E-03 2.55E-02 0 3.05E-02 3.20E-03

HHC 18 18 5.29E-05 9.51E-04 0 4.91E-03 9.01E-04 0 3.05E-02 5.60E-03

Compressors VAP 1 0 8.82E-06 0.00E+00 1 3.85E-04 3.81E-04 0 3.18E-03 3.18E-05

Subtotal 5.44E-02 4.92E-02 2.03E-01 3.07E-01



Table III-N-4.  Annual VOC Emissions from Equipment Leaks

Component Service
Total

Quantity

Default Zero Leaking @ 100/500 ppmv Leaking @ 5,000 ppmv
Total
VOC

Emission
Rate

(lb/hr)Quantity

Emission
Factor

(lbVOC/hr/
component)

VOC
Emission

Rate
(lb/hr) Quantity

Emission
Factor

(lbVOC/hr/
component)

VOC
Emission

Rate
(lb/hr) Quantity

Emission
Factor

(lbVOC/hr/
component)

VOC
Emission

Rate
(lb/hr)
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Unit 15 - Butane Conversion Unit

Valves VAP 578 570 1.72E-05 9.81E-03 6 1.57E-04 9.06E-04 2 4.87E-03 8.44E-03

LHC 1691 1669 1.72E-05 2.87E-02 17 1.57E-04 2.65E-03 5 4.87E-03 2.47E-02

HHC 432 423 1.72E-05 7.28E-03 4 5.21E-04 2.25E-03 4 4.87E-03 2.10E-02

Flanges VAP 390 385 6.83E-07 2.63E-04 4 2.59E-04 1.01E-03 1 6.59E-03 7.71E-03

LHC 1144 1129 6.83E-07 7.72E-04 11 2.59E-04 2.96E-03 3 6.59E-03 2.26E-02

HHC 292 286 6.83E-07 1.96E-04 3 8.02E-04 2.34E-03 3 6.59E-03 1.92E-02

Pumps LHC 10 5 5.29E-05 2.62E-04 5 4.91E-03 2.43E-02 0 3.05E-02 3.05E-03

HHC 3 3 5.29E-05 1.56E-04 0 4.91E-03 1.47E-04 0 3.05E-02 9.16E-04

Compressors VAP 5 0 8.82E-06 -1.59E-21 5 3.85E-04 1.91E-03 0 3.18E-03 1.59E-04

Subtotal 4.74E-02 3.85E-02 1.08E-01 1.94E-01



Table III-N-4.  Annual VOC Emissions from Equipment Leaks

Component Service
Total

Quantity

Default Zero Leaking @ 100/500 ppmv Leaking @ 5,000 ppmv
Total
VOC

Emission
Rate

(lb/hr)Quantity

Emission
Factor

(lbVOC/hr/
component)

VOC
Emission

Rate
(lb/hr) Quantity

Emission
Factor

(lbVOC/hr/
component)

VOC
Emission

Rate
(lb/hr) Quantity

Emission
Factor

(lbVOC/hr/
component)

VOC
Emission

Rate
(lb/hr)
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Unit 16 - Benzene Reduction Unit

Valves VAP 177 174 1.72E-05 3.00E-03 2 1.57E-04 2.77E-04 1 4.87E-03 2.58E-03

LHC 740 730 1.72E-05 1.26E-02 7 1.57E-04 1.16E-03 2 4.87E-03 1.08E-02

HHC 17 16 1.72E-05 2.81E-04 0 5.21E-04 8.68E-05 0 4.87E-03 8.11E-04

Flanges VAP 121 120 6.83E-07 8.19E-05 1 2.59E-04 3.14E-04 0 6.59E-03 2.40E-03

LHC 509 502 6.83E-07 3.43E-04 5 2.59E-04 1.32E-03 2 6.59E-03 1.01E-02

HHC 11 11 6.83E-07 7.67E-06 0 8.02E-04 9.19E-05 0 6.59E-03 7.55E-04

Pumps LHC 7 3 5.29E-05 1.82E-04 3 4.91E-03 1.69E-02 0 3.05E-02 2.12E-03

HHC 0 0 5.29E-05 8.10E-06 0 4.91E-03 7.68E-06 0 3.05E-02 4.77E-05

Compressors VAP 0 0 8.82E-06 0.00E+00 0 3.85E-04 0.00E+00 0 3.18E-03 0.00E+00

Subtotal 1.65E-02 2.01E-02 2.96E-02 6.62E-02



Table III-N-4.  Annual VOC Emissions from Equipment Leaks

Component Service
Total

Quantity

Default Zero Leaking @ 100/500 ppmv Leaking @ 5,000 ppmv
Total
VOC

Emission
Rate

(lb/hr)Quantity

Emission
Factor

(lbVOC/hr/
component)

VOC
Emission

Rate
(lb/hr) Quantity

Emission
Factor

(lbVOC/hr/
component)

VOC
Emission

Rate
(lb/hr) Quantity

Emission
Factor

(lbVOC/hr/
component)

VOC
Emission

Rate
(lb/hr)
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Unit 26 - Wastewater Treatment Piping

Valves VAP 63 63 1.72E-05 1.07E-03 1 1.57E-04 9.93E-05 0 4.87E-03 9.25E-04

LHC 63 63 1.72E-05 1.07E-03 1 1.57E-04 9.93E-05 0 4.87E-03 9.25E-04

HHC 463 454 1.72E-05 7.81E-03 5 5.21E-04 2.41E-03 5 4.87E-03 2.25E-02

Flanges VAP 41 40 6.83E-07 2.76E-05 0 2.59E-04 1.06E-04 0 6.59E-03 8.10E-04

LHC 41 40 6.83E-07 2.76E-05 0 2.59E-04 1.06E-04 0 6.59E-03 8.10E-04

HHC 300 294 6.83E-07 2.01E-04 3 8.02E-04 2.41E-03 3 6.59E-03 1.98E-02

Pumps LHC 0 0 5.29E-05 1.17E-05 0 4.91E-03 1.09E-03 0 3.05E-02 1.37E-04

HHC 3 3 5.29E-05 1.70E-04 0 4.91E-03 1.61E-04 0 3.05E-02 9.99E-04

Compressors VAP 0 0 8.82E-06 0.00E+00 0 3.85E-04 0.00E+00 0 3.18E-03 0.00E+00

Subtotal 1.04E-02 6.48E-03 4.69E-02 6.38E-02



Table III-N-4.  Annual VOC Emissions from Equipment Leaks

Component Service
Total

Quantity

Default Zero Leaking @ 100/500 ppmv Leaking @ 5,000 ppmv
Total
VOC

Emission
Rate

(lb/hr)Quantity

Emission
Factor

(lbVOC/hr/
component)

VOC
Emission

Rate
(lb/hr) Quantity

Emission
Factor

(lbVOC/hr/
component)

VOC
Emission

Rate
(lb/hr) Quantity

Emission
Factor

(lbVOC/hr/
component)

VOC
Emission

Rate
(lb/hr)
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Unit 41 - Crude Oil Metering Station

Valves VAP 7 7 1.72E-05 1.19E-04 0 1.57E-04 1.10E-05 0 4.87E-03 1.02E-04

LHC 0 0 1.72E-05 0.00E+00 0 1.57E-04 0.00E+00 0 4.87E-03 0.00E+00

HHC 63 62 1.72E-05 1.06E-03 1 5.21E-04 3.28E-04 1 4.87E-03 3.07E-03

Flanges VAP 6 6 6.83E-07 4.05E-06 0 2.59E-04 1.55E-05 0 6.59E-03 1.19E-04

LHC 0 0 6.83E-07 0.00E+00 0 2.59E-04 0.00E+00 0 6.59E-03 0.00E+00

HHC 54 53 6.83E-07 3.62E-05 1 8.02E-04 4.33E-04 1 6.59E-03 3.56E-03

Pumps LHC 0 0 5.29E-05 0.00E+00 0 4.91E-03 0.00E+00 0 3.05E-02 0.00E+00

HHC 0 0 5.29E-05 0.00E+00 0 4.91E-03 0.00E+00 0 3.05E-02 0.00E+00

Compressors VAP 0 0 8.82E-06 0.00E+00 0 3.85E-04 0.00E+00 0 3.18E-03 0.00E+00

Subtotal 1.22E-03 7.88E-04 6.85E-03 8.85E-03



Table III-N-4.  Annual VOC Emissions from Equipment Leaks

Component Service
Total

Quantity

Default Zero Leaking @ 100/500 ppmv Leaking @ 5,000 ppmv
Total
VOC

Emission
Rate

(lb/hr)Quantity

Emission
Factor

(lbVOC/hr/
component)

VOC
Emission

Rate
(lb/hr) Quantity

Emission
Factor

(lbVOC/hr/
component)

VOC
Emission

Rate
(lb/hr) Quantity

Emission
Factor

(lbVOC/hr/
component)

VOC
Emission

Rate
(lb/hr)
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Unit 42 - Tank Farm Piping

Valves VAP 0 0 1.72E-05 0.00E+00 0 1.57E-04 0.00E+00 0 4.87E-03 0.00E+00

LHC 2440 2409 1.72E-05 4.14E-02 24 1.57E-04 3.82E-03 7 4.87E-03 3.56E-02

HHC 1997 1957 1.72E-05 3.36E-02 20 5.21E-04 1.04E-02 20 4.87E-03 9.72E-02

Flanges VAP 0 0 6.83E-07 0.00E+00 0 2.59E-04 0.00E+00 0 6.59E-03 0.00E+00

LHC 1851 1827 6.83E-07 1.25E-03 19 2.59E-04 4.79E-03 6 6.59E-03 3.66E-02

HHC 1514 1484 6.83E-07 1.01E-03 15 8.02E-04 1.22E-02 15 6.59E-03 9.98E-02

Pumps LHC 48 24 5.29E-05 1.26E-03 24 4.91E-03 1.17E-01 0 3.05E-02 1.47E-02

HHC 39 39 5.29E-05 2.04E-03 0 4.91E-03 1.93E-03 0 3.05E-02 1.20E-02

Compressors VAP 0 0 8.82E-06 0.00E+00 0 3.85E-04 0.00E+00 0 3.18E-03 0.00E+00

Subtotal 8.06E-02 1.50E-01 2.96E-01 5.27E-01



Table III-N-4.  Annual VOC Emissions from Equipment Leaks

Component Service
Total

Quantity

Default Zero Leaking @ 100/500 ppmv Leaking @ 5,000 ppmv
Total
VOC

Emission
Rate

(lb/hr)Quantity

Emission
Factor

(lbVOC/hr/
component)

VOC
Emission

Rate
(lb/hr) Quantity

Emission
Factor

(lbVOC/hr/
component)

VOC
Emission

Rate
(lb/hr) Quantity

Emission
Factor

(lbVOC/hr/
component)

VOC
Emission

Rate
(lb/hr)
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Unit 43 - Slop and Flushing Oil Systems

Valves VAP 0 0 1.72E-05 0.00E+00 0 1.57E-04 0.00E+00 0 4.87E-03 0.00E+00

LHC 459 453 1.72E-05 7.79E-03 5 1.57E-04 7.20E-04 1 4.87E-03 6.70E-03

HHC 1189 1165 1.72E-05 2.00E-02 12 5.21E-04 6.19E-03 12 4.87E-03 5.79E-02

Flanges VAP 0 0 6.83E-07 0.00E+00 0 2.59E-04 0.00E+00 0 6.59E-03 0.00E+00

LHC 348 344 6.83E-07 2.35E-04 3 2.59E-04 9.02E-04 1 6.59E-03 6.89E-03

HHC 902 884 6.83E-07 6.04E-04 9 8.02E-04 7.24E-03 9 6.59E-03 5.95E-02

Pumps LHC 3 2 5.29E-05 8.29E-05 2 4.91E-03 7.70E-03 0 3.05E-02 9.67E-04

HHC 8 8 5.29E-05 4.25E-04 0 4.91E-03 4.03E-04 0 3.05E-02 2.50E-03

Compressors VAP 0 0 8.82E-06 0.00E+00 0 3.85E-04 0.00E+00 0 3.18E-03 0.00E+00

Subtotal 2.92E-02 2.32E-02 1.34E-01 1.87E-01



Table III-N-4.  Annual VOC Emissions from Equipment Leaks

Component Service
Total

Quantity

Default Zero Leaking @ 100/500 ppmv Leaking @ 5,000 ppmv
Total
VOC

Emission
Rate

(lb/hr)Quantity

Emission
Factor

(lbVOC/hr/
component)

VOC
Emission

Rate
(lb/hr) Quantity

Emission
Factor

(lbVOC/hr/
component)

VOC
Emission

Rate
(lb/hr) Quantity

Emission
Factor

(lbVOC/hr/
component)

VOC
Emission

Rate
(lb/hr)
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Unit 44 - Vapor Recovery System Pipework

Valves VAP 198 195 1.72E-05 3.36E-03 2 1.57E-04 3.10E-04 1 4.87E-03 2.89E-03

LHC 179 176 1.72E-05 3.03E-03 2 1.57E-04 2.80E-04 1 4.87E-03 2.61E-03

HHC 0 0 1.72E-05 0.00E+00 0 5.21E-04 0.00E+00 0 4.87E-03 0.00E+00

Flanges VAP 141 139 6.83E-07 9.53E-05 1 2.59E-04 3.66E-04 0 6.59E-03 2.79E-03

LHC 128 126 6.83E-07 8.60E-05 1 2.59E-04 3.30E-04 0 6.59E-03 2.52E-03

HHC 0 0 6.83E-07 0.00E+00 0 8.02E-04 0.00E+00 0 6.59E-03 0.00E+00

Pumps LHC 8 4 5.29E-05 2.00E-04 4 4.91E-03 1.86E-02 0 3.05E-02 2.34E-03

HHC 0 0 5.29E-05 0.00E+00 0 4.91E-03 0.00E+00 0 3.05E-02 0.00E+00

Compressors VAP 0 0 8.82E-06 0.00E+00 0 3.85E-04 0.00E+00 0 3.18E-03 0.00E+00

Subtotal 6.77E-03 1.99E-02 1.31E-02 3.98E-02



Table III-N-4.  Annual VOC Emissions from Equipment Leaks

Component Service
Total

Quantity

Default Zero Leaking @ 100/500 ppmv Leaking @ 5,000 ppmv
Total
VOC

Emission
Rate

(lb/hr)Quantity

Emission
Factor

(lbVOC/hr/
component)

VOC
Emission

Rate
(lb/hr) Quantity

Emission
Factor

(lbVOC/hr/
component)

VOC
Emission

Rate
(lb/hr) Quantity

Emission
Factor

(lbVOC/hr/
component)

VOC
Emission

Rate
(lb/hr)
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Unit 45 - Gasoline Blending Pipework

Valves VAP 0 0 1.72E-05 0.00E+00 0 1.57E-04 0.00E+00 0 4.87E-03 0.00E+00

LHC 50 49 1.72E-05 8.49E-04 1 1.57E-04 7.84E-05 0 4.87E-03 7.30E-04

HHC 0 0 1.72E-05 0.00E+00 0 5.21E-04 0.00E+00 0 4.87E-03 0.00E+00

Flanges VAP 0 0 6.83E-07 0.00E+00 0 2.59E-04 0.00E+00 0 6.59E-03 0.00E+00

LHC 150 148 6.83E-07 1.01E-04 2 2.59E-04 3.88E-04 0 6.59E-03 2.97E-03

HHC 0 0 6.83E-07 0.00E+00 0 8.02E-04 0.00E+00 0 6.59E-03 0.00E+00

Pumps LHC 25 12 5.29E-05 6.55E-04 12 4.91E-03 6.08E-02 0 3.05E-02 7.64E-03

HHC 0 0 5.29E-05 0.00E+00 0 4.91E-03 0.00E+00 0 3.05E-02 0.00E+00

Compressors VAP 0 0 8.82E-06 0.00E+00 0 3.85E-04 0.00E+00 0 3.18E-03 0.00E+00

Subtotal 1.60E-03 6.13E-02 1.13E-02 7.42E-02



Table III-N-4.  Annual VOC Emissions from Equipment Leaks

Component Service
Total

Quantity

Default Zero Leaking @ 100/500 ppmv Leaking @ 5,000 ppmv
Total
VOC

Emission
Rate

(lb/hr)Quantity

Emission
Factor

(lbVOC/hr/
component)

VOC
Emission

Rate
(lb/hr) Quantity

Emission
Factor

(lbVOC/hr/
component)

VOC
Emission

Rate
(lb/hr) Quantity

Emission
Factor

(lbVOC/hr/
component)

VOC
Emission

Rate
(lb/hr)
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Unit 46 - Rail Loading/Unloading Pipework

Valves VAP 520 513 1.72E-05 8.83E-03 5 1.57E-04 8.15E-04 2 4.87E-03 7.59E-03

LHC 1700 1678 1.72E-05 2.89E-02 17 1.57E-04 2.66E-03 5 4.87E-03 2.48E-02

HHC 0 0 1.72E-05 0.00E+00 0 5.21E-04 0.00E+00 0 4.87E-03 0.00E+00

Flanges VAP 607 599 6.83E-07 4.09E-04 6 2.59E-04 1.57E-03 2 6.59E-03 1.20E-02

LHC 1983 1958 6.83E-07 1.34E-03 20 2.59E-04 5.13E-03 6 6.59E-03 3.92E-02

HHC 0 0 6.83E-07 0.00E+00 0 8.02E-04 0.00E+00 0 6.59E-03 0.00E+00

Pumps LHC 0 0 5.29E-05 0.00E+00 0 4.91E-03 0.00E+00 0 3.05E-02 0.00E+00

HHC 0 0 5.29E-05 0.00E+00 0 4.91E-03 0.00E+00 0 3.05E-02 0.00E+00

Compressors VAP 0 0 8.82E-06 0.00E+00 0 3.85E-04 0.00E+00 0 3.18E-03 0.00E+00

Subtotal 3.94E-02 1.02E-02 8.36E-02 1.33E-01



Table III-N-4.  Annual VOC Emissions from Equipment Leaks

Component Service
Total

Quantity

Default Zero Leaking @ 100/500 ppmv Leaking @ 5,000 ppmv
Total
VOC

Emission
Rate

(lb/hr)Quantity

Emission
Factor

(lbVOC/hr/
component)

VOC
Emission

Rate
(lb/hr) Quantity

Emission
Factor

(lbVOC/hr/
component)

VOC
Emission

Rate
(lb/hr) Quantity

Emission
Factor

(lbVOC/hr/
component)

VOC
Emission

Rate
(lb/hr)
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Unit 47 - Truck Loading/Unloading Pipework

Valves VAP 340 336 1.72E-05 5.77E-03 3 1.57E-04 5.33E-04 1 4.87E-03 4.96E-03

LHC 1300 1283 1.72E-05 2.21E-02 13 1.57E-04 2.04E-03 4 4.87E-03 1.90E-02

HHC 40 39 1.72E-05 6.74E-04 0 5.21E-04 2.08E-04 0 4.87E-03 1.95E-03

Flanges VAP 383 378 6.83E-07 2.58E-04 4 2.59E-04 9.90E-04 1 6.59E-03 7.56E-03

LHC 1463 1443 6.83E-07 9.87E-04 15 2.59E-04 3.79E-03 4 6.59E-03 2.89E-02

HHC 45 44 6.83E-07 3.01E-05 0 8.02E-04 3.61E-04 0 6.59E-03 2.97E-03

Pumps LHC 0 0 5.29E-05 0.00E+00 0 4.91E-03 0.00E+00 0 3.05E-02 0.00E+00

HHC 0 0 5.29E-05 0.00E+00 0 4.91E-03 0.00E+00 0 3.05E-02 0.00E+00

Compressors VAP 0 0 8.82E-06 0.00E+00 0 3.85E-04 0.00E+00 0 3.18E-03 0.00E+00

Subtotal 2.98E-02 7.92E-03 6.53E-02 1.03E-01



Table III-N-4.  Annual VOC Emissions from Equipment Leaks

Component Service
Total

Quantity

Default Zero Leaking @ 100/500 ppmv Leaking @ 5,000 ppmv
Total
VOC

Emission
Rate

(lb/hr)Quantity

Emission
Factor

(lbVOC/hr/
component)

VOC
Emission

Rate
(lb/hr) Quantity

Emission
Factor

(lbVOC/hr/
component)

VOC
Emission

Rate
(lb/hr) Quantity

Emission
Factor

(lbVOC/hr/
component)

VOC
Emission

Rate
(lb/hr)

Arizona Clean Fuels Yuma, LLC
Permit Number 40140 September 15, 2006Page 114 of  347

Unit 51 - Closed Drain System Pipework

Valves VAP 0 0 1.72E-05 0.00E+00 0 1.57E-04 0.00E+00 0 4.87E-03 0.00E+00

LHC 76 75 1.72E-05 1.29E-03 1 1.57E-04 1.19E-04 0 4.87E-03 1.11E-03

HHC 40 39 1.72E-05 6.74E-04 0 5.21E-04 2.08E-04 0 4.87E-03 1.95E-03

Flanges VAP 0 0 6.83E-07 0.00E+00 0 2.59E-04 0.00E+00 0 6.59E-03 0.00E+00

LHC 87 86 6.83E-07 5.86E-05 1 2.59E-04 2.25E-04 0 6.59E-03 1.72E-03

HHC 46 45 6.83E-07 3.06E-05 0 8.02E-04 3.67E-04 0 6.59E-03 3.01E-03

Pumps LHC 4 2 5.29E-05 9.95E-05 2 4.91E-03 9.24E-03 0 3.05E-02 1.16E-03

HHC 2 2 5.29E-05 1.04E-04 0 4.91E-03 9.82E-05 0 3.05E-02 6.11E-04

Compressors VAP 0 0 8.82E-06 0.00E+00 0 3.85E-04 0.00E+00 0 3.18E-03 0.00E+00

Subtotal 2.26E-03 1.03E-02 9.56E-03 2.21E-02



Table III-N-4.  Annual VOC Emissions from Equipment Leaks

Component Service
Total

Quantity

Default Zero Leaking @ 100/500 ppmv Leaking @ 5,000 ppmv
Total
VOC

Emission
Rate

(lb/hr)Quantity

Emission
Factor

(lbVOC/hr/
component)

VOC
Emission

Rate
(lb/hr) Quantity

Emission
Factor

(lbVOC/hr/
component)

VOC
Emission

Rate
(lb/hr) Quantity

Emission
Factor

(lbVOC/hr/
component)

VOC
Emission

Rate
(lb/hr)
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Unit 60 - Product Pipeline

Valves VAP 20 20 1.72E-05 3.39E-04 0 1.57E-04 3.13E-05 0 4.87E-03 2.92E-04

LHC 150 148 1.72E-05 2.55E-03 2 1.57E-04 2.35E-04 0 4.87E-03 2.19E-03

HHC 90 88 1.72E-05 1.52E-03 1 5.21E-04 4.69E-04 1 4.87E-03 4.38E-03

Flanges VAP 23 23 6.83E-07 1.55E-05 0 2.59E-04 5.95E-05 0 6.59E-03 4.55E-04

LHC 180 178 6.83E-07 1.21E-04 2 2.59E-04 4.66E-04 1 6.59E-03 3.56E-03

HHC 80 78 6.83E-07 5.36E-05 1 8.02E-04 6.42E-04 1 6.59E-03 5.27E-03

Pumps LHC 10 5 5.29E-05 2.62E-04 5 4.91E-03 2.43E-02 0 3.05E-02 3.05E-03

HHC 5 5 5.29E-05 2.49E-04 0 4.91E-03 2.36E-04 0 3.05E-02 1.47E-03

Compressors VAP 0 0 8.82E-06 0.00E+00 0 3.85E-04 0.00E+00 0 3.18E-03 0.00E+00

Subtotal 5.10E-03 2.65E-02 2.07E-02 5.22E-02

TOTAL (lbs/hr) 3.01

TOTAL (tons/yr) 13.2
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Table III-N-5 Hourly H2S Emissions from Equipment Leaks

Component
Total

Quantity

Default Zero Leaking @ 500 ppmv Leaking @ 5,000 ppmv
Total
H2S

Emission
Rate

(lb/hr)Quantity

Emission
Factor

(lbH2S/hr/
component)

H2S
Emission

Rate
(lb/hr) Quantity

Emission
Factor

(lbH2S/hr/
component)

H2S
Emission

Rate
(lb/hr) Quantity

Emission
Factor

(lbH2S/hr/
component)

H2S
Emission

Rate
(lb/hr)

Unit 13 - Sulfur Recovery Unit

Valves 1920 960 1.72E-05 4.13E-03 950 5.21E-04 1.24E-01 10 2.90E-03 6.96E-03

Flanges 1310 655 6.83E-07 1.12E-04 648 8.02E-04 1.30E-01 7 4.05E-03 6.63E-03

Pumps 12 6 5.29E-05 7.94E-05 6 4.91E-03 7.29E-03 0 2.00E-02 3.00E-04

Compressors 0 0 8.82E-06 0.00E+00 0 3.85E-04 0.00E+00 0 1.95E-03 0.00E+00

TOTAL 4.32E-03 2.61E-01 1.39E-02 2.79E-01

Table III-N-6  Annual H2S Emissions from Equipment Leaks

Component
Total

Quantity

Default Zero Leaking @ 500 ppmv Leaking @ 2,500 ppmv
Total
H2S

Emission
Rate

(lb/hr)Quantity

Emission
Factor

(lbH2S/hr/
component)

H2S
Emission

Rate
(lb/hr) Quantity

Emission
Factor

(lbH2S/hr/
component)

H2S
Emission

Rate
(lb/hr) Quantity

Emission
Factor

(lbH2S/hr/
component)

H2S
Emission

Rate
(lb/hr)

Unit 13 - Sulfur Recovery Unit

Valves 1920 960 1.72E-05 4.13E-03 950 5.21E-04 1.24E-01 10 1.73E-03 4.15E-03

Flanges 1310 655 6.83E-07 1.12E-04 648 8.02E-04 1.30E-01 7 2.49E-03 4.07E-03

Pumps 12 6 5.29E-05 7.94E-05 6 4.91E-03 7.29E-03 0 1.31E-02 1.97E-04

Compressors 0 0 8.82E-06 0.00E+00 0 3.85E-04 0.00E+00 0 1.20E-03 0.00E+00

TOTAL 4.32E-03 2.61E-01 8.42E-03 2.74E-01

TOTAL (tons/yr) 1.22
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Table III-N-7.  Benzene Emissions from Equipment Leaks

Component Service

Benzene
Concentration

(weight %)

VOC Emission Rates Benzene Emission Rates

Hourly
(lb/hr)

Annual
(lb/hr)

Hourly
(lb/hr)

Annual
(lb/hr)

Unit 1 - Atmospheric Distillation

Valves VAP 1.30% 7.73E-02 1.41E-02 1.00E-03 1.84E-04

LHC 1.21% 2.14E-01 3.92E-02 2.59E-03 4.74E-04

HHC 0.67% 4.56E-01 9.05E-02 3.05E-03 6.07E-04

Flanges VAP 1.30% 7.38E-02 6.63E-03 9.59E-04 8.62E-05

LHC 1.21% 2.04E-01 1.84E-02 2.47E-03 2.22E-04

HHC 0.67% 4.47E-01 6.44E-02 2.99E-03 4.32E-04

Pumps LHC 1.21% 2.72E-02 2.51E-02 3.29E-04 3.03E-04

HHC 0.67% 2.94E-02 3.99E-03 1.97E-04 2.68E-05

Compressors VAP 1.30% 2.53E-04 4.13E-04 3.29E-06 5.37E-06

Subtotal 1.53E+00 2.63E-01 1.36E-02 2.34E-03

Unit 2 - Vacuum Distillation

Valves VAP 0.72% 2.04E-02 3.74E-03 1.47E-04 2.69E-05

LHC 0.15% 1.60E-02 2.93E-03 2.40E-05 4.39E-06

HHC 0.22% 2.08E-01 4.14E-02 4.58E-04 9.10E-05

Flanges VAP 0.72% 2.04E-02 1.83E-03 1.47E-04 1.32E-05

LHC 0.15% 1.60E-02 1.44E-03 2.40E-05 2.15E-06

HHC 0.22% 2.14E-01 3.08E-02 4.70E-04 6.78E-05

Pumps LHC 0.15% 2.18E-03 2.01E-03 3.27E-06 3.01E-06

HHC 0.22% 1.44E-02 1.96E-03 3.18E-05 4.31E-06

Compressors VAP 0.72% 5.06E-04 8.26E-04 3.64E-06 5.95E-06

Subtotal 5.12E-01 8.69E-02 1.31E-03 2.19E-04



Table III-N-7.  Benzene Emissions from Equipment Leaks

Component Service

Benzene
Concentration

(weight %)

VOC Emission Rates Benzene Emission Rates

Hourly
(lb/hr)

Annual
(lb/hr)

Hourly
(lb/hr)

Annual
(lb/hr)
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Unit 3 - Gas Plant

Valves VAP 1.30% 2.92E-02 5.34E-03 3.79E-04 6.94E-05

LHC 1.21% 1.56E-01 2.85E-02 1.89E-03 3.45E-04

HHC 0.67% 0.00E+00 0.00E+00 0.00E+00 0.00E+00

Flanges VAP 1.30% 2.75E-02 2.47E-03 3.58E-04 3.22E-05

LHC 1.21% 1.47E-01 1.32E-02 1.78E-03 1.60E-04

HHC 0.67% 0.00E+00 0.00E+00 0.00E+00 0.00E+00

Pumps LHC 1.21% 3.98E-02 3.67E-02 4.81E-04 4.44E-04

HHC 0.67% 0.00E+00 0.00E+00 0.00E+00 0.00E+00

Compressors VAP 1.30% 0.00E+00 0.00E+00 0.00E+00 0.00E+00

Subtotal 4.00E-01 8.63E-02 4.89E-03 1.05E-03

Unit 4 - Naphtha Hydrotreater

Valves VAP 1.34% 6.52E-02 1.19E-02 8.74E-04 1.60E-04

LHC 1.38% 1.67E-01 3.06E-02 2.31E-03 4.22E-04

HHC 0.37% 8.30E-02 1.65E-02 3.07E-04 6.11E-05

Flanges VAP 1.34% 6.15E-02 5.53E-03 8.25E-04 7.41E-05

LHC 1.38% 1.58E-01 1.42E-02 2.18E-03 1.96E-04

HHC 0.37% 8.05E-02 1.16E-02 2.98E-04 4.29E-05

Pumps LHC 1.38% 1.50E-02 1.38E-02 2.07E-04 1.91E-04

HHC 0.37% 3.79E-03 5.14E-04 1.40E-05 1.90E-06

Compressors VAP 1.34% 5.06E-04 8.26E-04 6.78E-06 1.11E-05

Subtotal 6.35E-01 1.06E-01 7.02E-03 1.16E-03



Table III-N-7.  Benzene Emissions from Equipment Leaks

Component Service

Benzene
Concentration

(weight %)

VOC Emission Rates Benzene Emission Rates

Hourly
(lb/hr)

Annual
(lb/hr)

Hourly
(lb/hr)

Annual
(lb/hr)
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Unit 5 - Catalytic Reformer

Valves VAP 2.93% 3.96E-02 7.24E-03 1.16E-03 2.12E-04

LHC 2.87% 1.39E-01 2.54E-02 3.99E-03 7.30E-04

HHC 1.67% 7.07E-02 1.40E-02 1.18E-03 2.35E-04

Flanges VAP 2.93% 3.85E-02 3.46E-03 1.13E-03 1.01E-04

LHC 2.87% 1.35E-01 1.22E-02 3.89E-03 3.49E-04

HHC 1.67% 7.06E-02 1.02E-02 1.18E-03 1.70E-04

Pumps LHC 2.87% 1.49E-02 1.37E-02 4.26E-04 3.93E-04

HHC 1.67% 3.84E-03 5.21E-04 6.42E-05 8.71E-06

Compressors VAP 2.93% 7.59E-04 1.24E-03 2.22E-05 3.63E-05

Subtotal 5.13E-01 8.80E-02 1.30E-02 2.24E-03

Unit 6 - Isomerization (Penex)

Valves VAP 2.49% 3.20E-02 5.85E-03 7.97E-04 1.46E-04

LHC 2.49% 1.34E-01 2.45E-02 3.34E-03 6.11E-04

HHC 0.62% 5.93E-03 1.18E-03 3.68E-05 7.31E-06

Flanges VAP 2.49% 3.11E-02 2.80E-03 7.76E-04 6.97E-05

LHC 2.49% 1.30E-01 1.17E-02 3.25E-03 2.92E-04

HHC 0.62% 5.93E-03 8.55E-04 3.68E-05 5.30E-06

Pumps LHC 2.49% 2.08E-02 1.92E-02 5.17E-04 4.77E-04

HHC 0.62% 4.68E-04 6.35E-05 2.90E-06 3.94E-07

Compressors VAP 2.49% 0.00E+00 0.00E+00 0.00E+00 0.00E+00

Subtotal 3.61E-01 6.62E-02 8.75E-03 1.61E-03



Table III-N-7.  Benzene Emissions from Equipment Leaks

Component Service

Benzene
Concentration

(weight %)

VOC Emission Rates Benzene Emission Rates

Hourly
(lb/hr)

Annual
(lb/hr)

Hourly
(lb/hr)

Annual
(lb/hr)
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Unit 7 - Hydrogen Production

Valves VAP 0.10% 2.66E-02 4.86E-03 2.66E-05 4.86E-06

LHC 0.10% 7.85E-03 1.44E-03 7.85E-06 1.44E-06

HHC 0.10% 0.00E+00 0.00E+00 0.00E+00 0.00E+00

Flanges VAP 0.10% 2.51E-02 2.25E-03 2.51E-05 2.25E-06

LHC 0.10% 7.41E-03 6.66E-04 7.41E-06 6.66E-07

HHC 0.10% 0.00E+00 0.00E+00 0.00E+00 0.00E+00

Pumps LHC 0.10% 0.00E+00 0.00E+00 0.00E+00 0.00E+00

HHC 0.10% 0.00E+00 0.00E+00 0.00E+00 0.00E+00

Compressors VAP 0.10% 0.00E+00 0.00E+00 0.00E+00 0.00E+00

Subtotal 6.69E-02 9.21E-03 6.69E-05 9.21E-06

Unit 8 - Distillate Hydrotreater

Valves VAP 1.34% 6.70E-02 1.23E-02 8.98E-04 1.64E-04

LHC 1.38% 1.68E-01 3.07E-02 2.32E-03 4.24E-04

HHC 0.37% 2.62E-01 5.21E-02 9.70E-04 1.93E-04

Flanges VAP 1.34% 6.43E-02 5.77E-03 8.61E-04 7.74E-05

LHC 1.38% 1.61E-01 1.45E-02 2.22E-03 2.00E-04

HHC 0.37% 2.58E-01 3.72E-02 9.55E-04 1.38E-04

Pumps LHC 1.38% 3.67E-02 3.39E-02 5.07E-04 4.67E-04

HHC 0.37% 2.92E-02 3.96E-03 1.08E-04 1.47E-05

Compressors VAP 1.34% 2.53E-04 4.13E-04 3.39E-06 5.54E-06

Subtotal 1.05E+00 1.91E-01 8.84E-03 1.68E-03



Table III-N-7.  Benzene Emissions from Equipment Leaks

Component Service

Benzene
Concentration

(weight %)

VOC Emission Rates Benzene Emission Rates

Hourly
(lb/hr)

Annual
(lb/hr)

Hourly
(lb/hr)

Annual
(lb/hr)
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Unit 10 - Hydrocracker (Unicracker)

Valves VAP 0.78% 6.69E-02 1.22E-02 5.22E-04 9.55E-05

LHC 1.09% 3.52E-01 6.45E-02 3.84E-03 7.03E-04

HHC 0.10% 4.51E-01 8.95E-02 4.51E-04 8.95E-05

Flanges VAP 0.78% 6.52E-02 5.86E-03 5.09E-04 4.57E-05

LHC 1.09% 3.43E-01 3.09E-02 3.74E-03 3.36E-04

HHC 0.10% 4.51E-01 6.50E-02 4.51E-04 6.50E-05

Pumps LHC 1.09% 4.68E-02 4.32E-02 5.10E-04 4.71E-04

HHC 0.10% 3.05E-02 4.13E-03 3.05E-05 4.13E-06

Compressors VAP 0.78% 7.59E-04 1.24E-03 5.92E-06 9.67E-06

Subtotal 1.81E+00 3.17E-01 1.01E-02 1.82E-03

Unit 11 - Sour Water Stripping

Valves VAP 0.95% 4.41E-04 8.07E-05 4.19E-06 7.66E-07

LHC 0.95% 2.72E-03 4.97E-04 2.58E-05 4.72E-06

HHC 0.95% 0.00E+00 0.00E+00 0.00E+00 0.00E+00

Flanges VAP 0.95% 3.90E-04 3.51E-05 3.71E-06 3.33E-07

LHC 0.95% 3.08E-03 2.76E-04 2.92E-05 2.63E-06

HHC 0.95% 0.00E+00 0.00E+00 0.00E+00 0.00E+00

Pumps LHC 0.95% 6.57E-03 6.06E-03 6.24E-05 5.76E-05

HHC 0.95% 0.00E+00 0.00E+00 0.00E+00 0.00E+00

Compressors VAP 0.95% 0.00E+00 0.00E+00 0.00E+00 0.00E+00

Subtotal 1.32E-02 6.95E-03 1.25E-04 6.60E-05



Table III-N-7.  Benzene Emissions from Equipment Leaks

Component Service

Benzene
Concentration

(weight %)

VOC Emission Rates Benzene Emission Rates

Hourly
(lb/hr)

Annual
(lb/hr)

Hourly
(lb/hr)

Annual
(lb/hr)
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Unit 12 - Amine Regeneration

Valves VAP 0.10% 5.33E-04 9.75E-05 5.33E-07 9.75E-08

LHC 0.10% 1.79E-03 3.27E-04 1.79E-06 3.27E-07

HHC 0.10% 0.00E+00 0.00E+00 0.00E+00 0.00E+00

Flanges VAP 0.10% 5.03E-04 4.52E-05 5.03E-07 4.52E-08

LHC 0.10% 3.08E-03 2.76E-04 3.08E-06 2.76E-07

HHC 0.10% 0.00E+00 0.00E+00 0.00E+00 0.00E+00

Pumps LHC 0.10% 1.20E-02 1.11E-02 1.20E-05 1.11E-05

HHC 0.10% 0.00E+00 0.00E+00 0.00E+00 0.00E+00

Compressors VAP 0.10% 0.00E+00 0.00E+00 0.00E+00 0.00E+00

Subtotal 1.79E-02 1.18E-02 1.79E-05 1.18E-05

Unit 14 - Delayed Coker

Valves VAP 0.24% 8.88E-02 1.62E-02 2.13E-04 3.90E-05

LHC 0.85% 1.69E-01 3.09E-02 1.44E-03 2.63E-04

HHC 0.18% 5.82E-01 1.16E-01 1.05E-03 2.08E-04

Flanges VAP 0.24% 8.72E-02 7.83E-03 2.09E-04 1.88E-05

LHC 0.85% 1.66E-01 1.49E-02 1.41E-03 1.27E-04

HHC 0.18% 5.87E-01 8.46E-02 1.06E-03 1.52E-04

Pumps LHC 0.85% 3.14E-02 2.90E-02 2.67E-04 2.46E-04

HHC 0.18% 5.49E-02 7.46E-03 9.89E-05 1.34E-05

Compressors VAP 0.24% 2.53E-04 4.13E-04 6.07E-07 9.92E-07

Subtotal 1.77E+00 3.07E-01 5.74E-03 1.07E-03



Table III-N-7.  Benzene Emissions from Equipment Leaks

Component Service

Benzene
Concentration

(weight %)

VOC Emission Rates Benzene Emission Rates

Hourly
(lb/hr)

Annual
(lb/hr)

Hourly
(lb/hr)

Annual
(lb/hr)
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Unit 15 - Butane Conversion Unit

Valves VAP 2.49% 1.05E-01 1.92E-02 2.61E-03 4.77E-04

LHC 2.49% 3.06E-01 5.60E-02 7.63E-03 1.40E-03

HHC 0.62% 1.54E-01 3.06E-02 9.53E-04 1.89E-04

Flanges VAP 2.49% 1.00E-01 8.99E-03 2.49E-03 2.24E-04

LHC 2.49% 2.93E-01 2.64E-02 7.30E-03 6.56E-04

HHC 0.62% 1.51E-01 2.18E-02 9.37E-04 1.35E-04

Pumps LHC 2.49% 3.00E-02 2.76E-02 7.46E-04 6.88E-04

HHC 0.62% 8.99E-03 1.22E-03 5.57E-05 7.56E-06

Compressors VAP 2.49% 1.26E-03 2.07E-03 3.15E-05 5.14E-05

Subtotal 1.15E+00 1.94E-01 2.28E-02 3.82E-03

Unit 16 - Benzene Reduction Unit

Valves VAP 1.24% 3.20E-02 5.85E-03 3.97E-04 7.26E-05

LHC 1.24% 1.34E-01 2.45E-02 1.66E-03 3.04E-04

HHC 1.24% 5.93E-03 1.18E-03 7.35E-05 1.46E-05

Flanges VAP 1.24% 3.11E-02 2.80E-03 3.86E-04 3.47E-05

LHC 1.24% 1.30E-01 1.17E-02 1.62E-03 1.45E-04

HHC 1.24% 5.93E-03 8.55E-04 7.35E-05 1.06E-05

Pumps LHC 1.24% 2.08E-02 1.92E-02 2.58E-04 2.38E-04

HHC 1.24% 4.68E-04 6.35E-05 5.80E-06 7.87E-07

Compressors VAP 1.24% 0.00E+00 0.00E+00 0.00E+00 0.00E+00

Subtotal 3.61E-01 6.62E-02 4.47E-03 8.20E-04



Table III-N-7.  Benzene Emissions from Equipment Leaks
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Benzene
Concentration
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VOC Emission Rates Benzene Emission Rates

Hourly
(lb/hr)

Annual
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Hourly
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Unit 26 - Wastewater Treatment Piping

Valves VAP 0.0029% 1.15E-02 2.10E-03 3.30E-07 6.04E-08

LHC 0.0029% 1.15E-02 2.10E-03 3.30E-07 6.04E-08

HHC 0.0029% 1.65E-01 3.28E-02 4.74E-06 9.43E-07

Flanges VAP 0.0029% 1.05E-02 9.44E-04 3.02E-07 2.72E-08

LHC 0.0029% 1.05E-02 9.44E-04 3.02E-07 2.72E-08

HHC 0.0029% 1.55E-01 2.24E-02 4.46E-06 6.44E-07

Pumps LHC 0.0029% 1.34E-03 1.24E-03 3.85E-08 3.55E-08

HHC 0.0029% 9.80E-03 1.33E-03 2.82E-07 3.82E-08

Compressors VAP 0.0029% 0.00E+00 0.00E+00 0.00E+00 0.00E+00

Subtotal 3.75E-01 6.38E-02 1.08E-05 1.84E-06

Unit 41 - Crude Oil Metering Station

Valves VAP 0.45% 1.27E-03 2.32E-04 5.71E-06 1.04E-06

LHC 0.45% 0.00E+00 0.00E+00 0.00E+00 0.00E+00

HHC 0.45% 2.24E-02 4.46E-03 1.01E-04 2.00E-05

Flanges VAP 0.45% 1.54E-03 1.38E-04 6.92E-06 6.22E-07

LHC 0.45% 0.00E+00 0.00E+00 0.00E+00 0.00E+00

HHC 0.45% 2.79E-02 4.03E-03 1.26E-04 1.81E-05

Pumps LHC 0.45% 0.00E+00 0.00E+00 0.00E+00 0.00E+00

HHC 0.45% 0.00E+00 0.00E+00 0.00E+00 0.00E+00

Compressors VAP 0.45% 0.00E+00 0.00E+00 0.00E+00 0.00E+00

Subtotal 5.32E-02 8.85E-03 2.39E-04 3.98E-05
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Unit 42 - Tank Farm Piping

Valves VAP 0.90% 0.00E+00 0.00E+00 0.00E+00 0.00E+00

LHC 0.90% 4.42E-01 8.09E-02 3.98E-03 7.28E-04

HHC 0.008% 7.11E-01 1.41E-01 5.68E-05 1.13E-05

Flanges VAP 0.90% 0.00E+00 0.00E+00 0.00E+00 0.00E+00

LHC 0.90% 4.75E-01 4.26E-02 4.27E-03 3.84E-04

HHC 0.008% 7.83E-01 1.13E-01 6.27E-05 9.04E-06

Pumps LHC 0.90% 1.44E-01 1.33E-01 1.30E-03 1.20E-03

HHC 0.008% 1.18E-01 1.60E-02 9.43E-06 1.28E-06

Compressors VAP 0.90% 0.00E+00 0.00E+00 0.00E+00 0.00E+00

Subtotal 2.67E+00 5.27E-01 9.67E-03 2.33E-03

Unit 43 - Slop and Flushing Oil Systems

Valves VAP 0.95% 0.00E+00 0.00E+00 0.00E+00 0.00E+00

LHC 0.95% 8.32E-02 1.52E-02 7.90E-04 1.45E-04

HHC 0.95% 4.23E-01 8.41E-02 4.02E-03 7.99E-04

Flanges VAP 0.95% 0.00E+00 0.00E+00 0.00E+00 0.00E+00

LHC 0.95% 8.93E-02 8.03E-03 8.49E-04 7.62E-05

HHC 0.95% 4.67E-01 6.73E-02 4.43E-03 6.39E-04

Pumps LHC 0.95% 9.48E-03 8.75E-03 9.01E-05 8.31E-05

HHC 0.95% 2.46E-02 3.33E-03 2.33E-04 3.17E-05

Compressors VAP 0.95% 0.00E+00 0.00E+00 0.00E+00 0.00E+00

Subtotal 1.10E+00 1.87E-01 1.04E-02 1.77E-03
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Unit 44 - Vapor Recovery System Pipework

Valves VAP 0.90% 3.58E-02 6.55E-03 3.22E-04 5.90E-05

LHC 0.90% 3.23E-02 5.92E-03 2.91E-04 5.32E-05

HHC 0.008% 0.00E+00 0.00E+00 0.00E+00 0.00E+00

Flanges VAP 0.90% 3.62E-02 3.25E-03 3.26E-04 2.93E-05

LHC 0.90% 3.27E-02 2.94E-03 2.94E-04 2.64E-05

HHC 0.008% 0.00E+00 0.00E+00 0.00E+00 0.00E+00

Pumps LHC 0.90% 2.29E-02 2.11E-02 2.06E-04 1.90E-04

HHC 0.008% 0.00E+00 0.00E+00 0.00E+00 0.00E+00

Compressors VAP 0.90% 0.00E+00 0.00E+00 0.00E+00 0.00E+00

Subtotal 1.60E-01 3.98E-02 1.44E-03 3.58E-04

Unit 45 - Gasoline Blending Pipework

Valves VAP 0.90% 0.00E+00 0.00E+00 0.00E+00 0.00E+00

LHC 0.90% 9.06E-03 1.66E-03 8.15E-05 1.49E-05

HHC 0.90% 0.00E+00 0.00E+00 0.00E+00 0.00E+00

Flanges VAP 0.90% 0.00E+00 0.00E+00 0.00E+00 0.00E+00

LHC 0.90% 3.85E-02 3.46E-03 3.46E-04 3.11E-05

HHC 0.90% 0.00E+00 0.00E+00 0.00E+00 0.00E+00

Pumps LHC 0.90% 7.49E-02 6.91E-02 6.74E-04 6.22E-04

HHC 0.90% 0.00E+00 0.00E+00 0.00E+00 0.00E+00

Compressors VAP 0.90% 0.00E+00 0.00E+00 0.00E+00 0.00E+00

Subtotal 1.22E-01 7.42E-02 1.10E-03 6.68E-04
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Unit 46 - Rail Loading/Unloading Pipework

Valves VAP 0.90% 9.42E-02 1.72E-02 8.48E-04 1.55E-04

LHC 0.90% 3.08E-01 5.63E-02 2.77E-03 5.07E-04

HHC 0.008% 0.00E+00 0.00E+00 0.00E+00 0.00E+00

Flanges VAP 0.90% 1.56E-01 1.40E-02 1.40E-03 1.26E-04

LHC 0.90% 5.09E-01 4.57E-02 4.58E-03 4.11E-04

HHC 0.008% 0.00E+00 0.00E+00 0.00E+00 0.00E+00

Pumps LHC 0.90% 0.00E+00 0.00E+00 0.00E+00 0.00E+00

HHC 0.008% 0.00E+00 0.00E+00 0.00E+00 0.00E+00

Compressors VAP 0.90% 0.00E+00 0.00E+00 0.00E+00 0.00E+00

Subtotal 1.07E+00 1.33E-01 9.60E-03 1.20E-03

Unit 47 - Truck Loading/Unloading Pipework

Valves VAP 0.90% 6.16E-02 1.13E-02 5.54E-04 1.01E-04

LHC 0.90% 2.35E-01 4.31E-02 2.12E-03 3.88E-04

HHC 0.008% 1.42E-02 2.83E-03 1.14E-06 2.26E-07

Flanges VAP 0.90% 9.81E-02 8.81E-03 8.83E-04 7.93E-05

LHC 0.90% 3.75E-01 3.37E-02 3.38E-03 3.03E-04

HHC 0.008% 2.33E-02 3.36E-03 1.86E-06 2.69E-07

Pumps LHC 0.90% 0.00E+00 0.00E+00 0.00E+00 0.00E+00

HHC 0.008% 0.00E+00 0.00E+00 0.00E+00 0.00E+00

Compressors VAP 0.90% 0.00E+00 0.00E+00 0.00E+00 0.00E+00

Subtotal 8.08E-01 1.03E-01 6.93E-03 8.72E-04
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Unit 51 - Closed Drain System Pipework

Valves VAP 0.0029% 0.00E+00 0.00E+00 0.00E+00 0.00E+00

LHC 0.0029% 1.38E-02 2.52E-03 3.96E-07 7.25E-08

HHC 0.0029% 1.42E-02 2.83E-03 4.10E-07 8.14E-08

Flanges VAP 0.0029% 0.00E+00 0.00E+00 0.00E+00 0.00E+00

LHC 0.0029% 2.23E-02 2.00E-03 6.41E-07 5.76E-08

HHC 0.0029% 2.37E-02 3.41E-03 6.80E-07 9.81E-08

Pumps LHC 0.0029% 1.14E-02 1.05E-02 3.27E-07 3.02E-07

HHC 0.0029% 5.99E-03 8.13E-04 1.72E-07 2.34E-08

Compressors VAP 0.0029% 0.00E+00 0.00E+00 0.00E+00 0.00E+00

Subtotal 9.13E-02 2.21E-02 2.63E-06 6.35E-07

Unit 60 - Product Pipeline

Valves VAP 0.90% 3.62E-03 6.63E-04 3.26E-05 5.96E-06

LHC 0.90% 2.72E-02 4.97E-03 2.45E-04 4.47E-05

HHC 0.008% 3.20E-02 6.36E-03 2.56E-06 5.09E-07

Flanges VAP 0.90% 5.90E-03 5.30E-04 5.31E-05 4.77E-06

LHC 0.90% 4.62E-02 4.15E-03 4.15E-04 3.73E-05

HHC 0.008% 4.14E-02 5.97E-03 3.31E-06 4.78E-07

Pumps LHC 0.90% 3.00E-02 2.76E-02 2.70E-04 2.49E-04

HHC 0.008% 1.44E-02 1.95E-03 1.15E-06 1.56E-07

Compressors VAP 0.90% 0.00E+00 0.00E+00 0.00E+00 0.00E+00

Subtotal 2.01E-01 5.22E-02 1.02E-03 3.43E-04

TOTAL 1.68E+01 3.01E+00 1.41E-01 2.55E-02

TOTAL (tons/yr) 1.32E+01 1.12E-01
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Table III-N-8.  Organic HAP Emissions from Equipment Leaks
VOC Emission Rate Ethylbenzene Hexane Toluene Xylenes (total)

lb/hr tons/yr % by weight lb/hr tons/yr % by weight lb/hr tons/yr % by weight lb/hr tons/yr % by weight lb/hr tons/yr

16.8 13.2 0.22 0.04 0.03 4.78 0.80 0.63 2.11 0.35 0.28 0.76 0.13 0.10
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O. Internal Combustion Engine

Hourly and annual emissions from each of the three internal combustion engines
at the proposed refinery are presented in Table III-O.  Emissions of all pollutants
from internal combustion engines were calculated using heat input capacity and
emission factors in much the same manner described for emissions from process
heaters in Section III.B, above.

Each internal combustion engine is subject to a fuel use restriction that limits its
operation to the equivalent of 200 hours per year, based on equivalent full-load
operation.  Thus, annual emissions are calculated assuming the hourly emission
rate for 200 hours per year.

Emission factors used to calculate emissions from internal combustion engines
are shown in Table III-O and were derived as follows:

• For SO2, the emission factor is derived from Section 3.4 of AP-42, using
the maximum allowable fuel sulfur level of 15 parts per million by weight.

• For CO and PM, the permitted emission limits are expressed in units of
grams per kilowatt-hour (g/kWh) of power output.  These emission factors
are converted to units of pounds per horsepower-hour (lb/hp-hr) according
to Section 3.4 of AP-42.

• For VOC, the emission factor is taken from Section 3.4 of AP-42.  

• For NOX and VOC, the permitted emission limits are expressed as
combined limits on NOX and nonmethane hydrocarbons (“NOX +
NMHC”) in units of g/kWh.  For the purpose of calculating NOX

emissions, it is assumed that zero VOC is emitted, i.e., that the NOX

emission rate from each engine is equal to the allowable NOX + NMHC
emission limit.   This emission factor is converted to units of pounds per
horsepower-hour (lb/hp-hr) according to Section 3.4 of AP-42. 
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Table III-O.  Internal Combustion Engine Emissions

Emission Unit

Capacity NOx SO2 CO VOC PM

MMBtu/hr hp
lb/

hp-hr lb/hr ton/year
lb/

MMBtu lb/hr ton/year
lb/hp-

hr lb/hr ton/year
lb/hp-

hr lb/hr ton/year lb/hp-hr lb/hr ton/year

Fire Water Pump
Engine #1

5.46 750 0.0066 4.93 0.49 0.0015 0.008 0.0008 0.0058 4.32 0.43 0.0007 0.53 0.05 0.00033 0.25 0.025

Fire Water Pump
Engine #2

5.46 750 0.0066 4.93 0.49 0.0015 0.008 0.0008 0.0058 4.32 0.43 0.0007 0.53 0.05 0.00033 0.25 0.025

Emergency Generator
Engine

10.9 1500 0.011 15.8 1.58 0.0015 0.017 0.0017 0.0058 8.63 0.86 0.0007 1.06 0.11 0.00033 0.49 0.049

TOTAL 25.7 2.57 0.033 0.0033 17.3 1.73 2.12 0.21 0.99 0.099
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P. Vehicle Traffic on Paved Areas

Particulate matter emissions will occur at the proposed refinery as a result of
vehicle traffic on paved surfaces.  This traffic will primarily consist of tank trucks
(i.e., cargo tanks) used to transport the refinery’s products from the refinery site. 
These emissions are calculated using the predictive emission factor equation from
AP-42 Section 13.2.1.  This equation is as follows:

E  k  
sL

2
  

W

3
  VMT

0.65 1.5

= ×
⎛
⎝⎜

⎞
⎠⎟ ×

⎛
⎝⎜

⎞
⎠⎟ ×

Where:

E =  particulate emissions, lbs;
k =  particle size multiplier, 0.016 lb/VMT for PM10 or 0.082 for PM;
sL =  paved surface surface silt loading, g/m2;
W =  average vehicle weight, tons; and
VMT =  vehicle miles traveled, miles.

For the paved area that will be traveled by delivery trucks at the proposed
refinery, unlike many industrial sources, there are no dust-generating operations
that would be expected to cause a silt loading higher than typically encountered
on paved public roads.  For this reason, the Department has elected to use the silt
loading values provided by AP-42 Section 13.2.1 for public paved roads. 
Although the number of trucks traveling the paved area at the proposed refinery
will be substantial, it is not sufficient to qualify the area for the lower silt loading
values for “high average daily traffic” public paved roads as provided in AP-42
Section 13.2.1.  Therefore, the Department has elected to use a silt loading value
of 0.4 g/m2, which is the value provided in AP-42 Section 13.2.1 for “low average
daily traffic” public paved roads.  The Department considers this value to be a
conservatively high estimate, as AP-42 Section 13.2.1 indicates that the data set
used to develop this value “is biased high for ‘normal’ situations.”

According to information provided by the applicant, each cargo tank will carry
approximately 8,400 gallons of product.  Assuming a liquid density of 6.3 pounds
per gallon, the cargo will weigh approximately 26 tons.  Assuming an empty
weight of 14 tons and a loaded weight of 40 tons, the average vehicle weight will
be approximately 27 tons. 

For the purpose of calculating short-term and long-term particulate matter
emissions,  the Department calculated the vehicle miles traveled (VMT) to be 107
miles per day and 19,600 miles per year, respectively.   Each of these values is
based on a round-trip distance of 0.19 miles (equal to 1,000 feet, representing two
traverses of a 500-foot distance) for each truck trip.  For the purpose of
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calculating annual particulate matter emissions, the number of truck trips was
based upon a daily average throughput of 2.4 million gallons of product shipped
from the refinery by truck.  Assuming 8,400 gallons of cargo per truck, the
Department determine that there would be approximately 103,000 truck trips per
year.  For the purpose of calculating short-term particulate matter emissions, the
Department determined that there could be as many as 566 truck trips per day,
based on a daily throughput of 4.8 million gallons of product shipped from the
refinery by truck.  Because most of the refinery’s product is expected to be
shipped via pipeline, the Department considers both of these values to be
conservatively high.

Hourly and annual PM and PM10 emissions are presented in Table III-P.  These
emission rates are calculated as follows, using the annual PM10 emission rate
calculation to illustrate:
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Table III-P.  Particulate Matter Emissions from Vehicle Traffic on Paved Areas

Emission Unit

PM PM10

Hourly Annual Hourly Annual

Particle size multipler, k (lb/VMT) 0.082 0.082 0.016 0.016

Silt loading, sL (g/m2) 0.4 0.4 0.4 0.4

Average vehicle weight (tons) 27 27 27 27

Vehicle miles traveled, VMT (miles) 4.5 19,600 4.5 19,600

Emissions (lb/hr or tons/yr) 3.52 7.71 0.69 1.50
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IV. REGULATORY APPLICABILITY

The Permittee has identified all applicable regulations that apply to each unit identified in
the permit application.  Sections IV.A through IV.G of this document present a detailed
explanation of the rationale for applicability and non-applicability for certain regulations.

A. Permit Regulations

1. Class I Permit

a. Applicability

The potentially applicable air quality permit regulations are the
State of Arizona regulations at Title 18, Chapter 2, Articles 3 and
4.

b. Permit Application Processing

Pursuant to Arizona Administrative Code (A.A.C.) R18-2-302.A
and -302.B, a Class I permit is required prior to construction or
operation of a major source.  The proposed refinery has the
potential to emit more than 25 tons per year of hazardous air
pollutants and, therefore, would be a major source under Section
112 of the Clean Air Act.  (See A.A.C. R18-2-101.64.b.i.)  The
proposed refinery also has the potential to emit more than 100 tons
per year of several regulated air pollutants and is in a listed source
category and, therefore, is a major stationary source under Section
302 of the Clean Air Act.  (See A.A.C. R18-2-101.64.c.)

2. Nonattainment New Source Review

The site of the proposed refinery is in an area that is in attainment or is
unclassifiable for all pollutants.  (In other words, the area is not a
nonattainment area for any pollutant.)  Therefore, the proposed refinery is
not a major source pursuant to A.A.C. R18-2-401.9.a and is not subject to
the provisions of A.A.C. R18-2-403 through 405.

3. Prevention of Significant Deterioration

a. Applicability

The proposed refinery has the potential to emit more than 100 tons
per year of several air pollutants and is a categorical source
pursuant to A.A.C. R18-2-401.2.  The site of the proposed refinery
is in an area that is in attainment or is unclassifiable  for all
pollutants.  (In other words, the area is not a nonattainment area for
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any pollutant.)  Therefore, the proposed refinery is a major source
pursuant to A.A.C. R18-2-401.9.b and is subject to the provisions
of R18-2-406.  The pollutants for which the proposed refinery’s
potential to emit is significant are carbon monoxide, nitrogen
oxides, sulfur dioxide, particulate matter, PM10, volatile organic
compounds, hydrogen sulfide, total reduced sulfur, and reduced
sulfur compounds.

b. Best Available Control Technology

Pursuant to A.A.C. R18-2-406.A, the proposed refinery is required
to apply Best Available Control Technology (BACT) for each
pollutant for which the potential to emit is significant.  The
determination of BACT is discussed in detail in Section V herein.

c. Air Quality Impact Analysis and Monitoring Requirements

Pursuant to A.A.C. R18-2-407, the Permittee is required to
perform an analysis of the air quality impacts of the proposed
refinery.  The air quality impact analysis is discussed in detail in
Section VII herein.

d. Visibility Impact Analysis

Pursuant to A.A.C. R18-2-410, the Permittee is required to
perform an analysis of the visibility impacts of the proposed
refinery.  The visibility impact analysis is discussed in detail in
Section VII herein.

B. New Source Performance Standards (NSPS)

The NSPS regulations apply to listed types of emission units and process units
(i.e., “affected facilities”) for which construction, reconstruction, or modification
is commenced after a particular date, specific to that unit or source type.  Several
of these NSPS regulations are applicable to one or more emission units and
process units at the proposed refinery.

1. 40 CFR 60 Subpart A, General Provisions

The provisions of subpart A apply to each affected facility, as specified in
the relevant NSPS regulation for that source type.  Subpart A contains
general requirements for notifications, monitoring, performance testing,
reporting, recordkeeping, and operation and maintenance provisions.  In
addition, § 60.18 of subpart A contains requirements for flares used to
comply with other NSPS regulations.  The proposed refinery includes two
emergency flares subject to these requirements.
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Subpart A of 40 CFR part 60 is adopted by reference at A.A.C. R18-2-
901.1.

2. 40 CFR 60 Subpart D, Fossil-Fuel-Fired Steam Generators

Subpart D is superseded by subpart Db for affected steam generating units
constructed after June 19, 1984.

3. 40 CFR 60 Subpart Da, Electric Utility Steam Generating Units

Subpart Da applies to steam generating units that supply electrical output
to a utility power distribution system.  The proposed refinery will not
include any steam generating units meeting this criterion.

4. 40 CFR 60 Subpart Db, Industrial-Commercial-Institutional Steam
Generating Units

Subpart Db applies to each steam generating unit with a heat input
capacity of 100 million British Thermal Units per hour (MMBtu/hr) or
greater.  The proposed refinery includes two steam boilers subject to this
regulation.  Other combustion devices at the refinery do not combust fuels
for the purpose of producing steam, or heating water or any other heat
transfer medium.  Other than the steam boilers, each of the combustion
devices at the refinery is a process heater, as that term is defined at 40
CFR 60.41b, and is specifically excluded from applicability of subpart Db. 

The provisions of subpart Db include emission standards for particulate
matter (PM), SO2, and nitrogen oxides (NOX), as well as monitoring,
recordkeeping, performance testing, and reporting requirements.  The two
steam boilers at the proposed refinery will be subject only to the NOX

emission standards under subpart Db.  The regulation does not include any
PM or SO2 emission standards for units firing exclusively natural gas. 
The applicable provisions of subpart Db are included in Section XXVI of
the proposed permit.

Subpart Db is adopted by reference at A.A.C. R18-2-901.4.

5. 40 CFR 60 Subpart Dc, Small Industrial-Commercial-Institutional
Steam Generating Units

Subpart Dc applies to each steam generating unit having a heat input
capacity between 10 MMBtu/hr and 100 MMBtu/hr.  The proposed
refinery will not include any steam generating units in this size range.  The
two steam boilers, as discussed in Section IV.B.4 herein, will have heat
input capacities in excess of 100 MMBtu/hr.  Other than the two steam
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boilers, each of the combustion devices at the refinery is a process heater,
as that term is defined at 40 CFR 60.41c, and is specifically excluded from
applicability of subpart Dc.

6. 40 CFR 60 Subpart J, Petroleum Refineries

Subpart J applies to each fluid catalytic cracking unit catalyst regenerator,
each sulfur recovery plant, and each fuel gas combustion device at a
petroleum refinery.  The proposed refinery will include one sulfur
recovery unit and numerous fuel gas combustion devices, but will not
include a fluid catalytic cracking unit.  (The Hydrocracker Unit serves a
similar function to a typical fluid catalytic cracking unit, but uses a fixed
reactor bed rather than a fluidized bed.  The Catalytic Reforming Unit and
the Butane Conversion Unit each includes a catalyst regenerator, but these
units are not subject to the provisions of subpart J because they are not
associated with fluid catalytic cracking units.) 

The proposed refinery will include one sulfur recovery plant comprising
two parallel sulfur recovery units.  (The United States Environmental
Protection Agency (U.S. EPA) has interpreted the term “Claus sulfur
recovery plant” in subpart J to include multiple sulfur recovery units fed
by a common acid gas header.)  The provisions of subpart J that are
applicable to the sulfur recovery plant include an SO2 emission limitation
and monitoring, recordkeeping, performance testing, and reporting
requirements.  These provisions are included in Section XIV of the
proposed permit.

The fuel gas combustion devices at the proposed refinery include process
heaters and thermal oxidizers.  (The U.S. EPA has interpreted the term
“fuel gas” in subpart J broadly, to include such gas streams as the vapors
captured by wastewater treatment vessels, storage vessel closed vent
systems, and gasoline loading rack vapor collection systems.)  The
provisions of subpart J to which the fuel gas combustion devices are
subject include a limitation on fuel gas hydrogen sulfide concentration and
monitoring, recordkeeping, performance testing, and reporting
requirements.  These provisions are included in Sections I, III, IV, V, VII,
VIII, X, XII, XV, XVII, XXI, and XXIII of the proposed permit.

Subpart J is adopted by reference at A.A.C. R18-2-901.14.

7. 40 CFR 60 Subpart Kb, Volatile Organic Liquid Storage Vessels

Subpart Kb applies to each storage vessel that is used to store volatile
organic liquids and has a capacity of 40 cubic meters or more.  The
provisions of subpart Kb include requirements for control equipment
design, operation, and maintenance, as well as recordkeeping and
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reporting requirements.  For each storage vessel having a capacity less
than the threshold values specified in the regulation, and storing liquids
having vapor pressures less than the corresponding threshold values
specified in the regulation, only the recordkeeping requirements apply.

The proposed refinery will include numerous storage tanks meeting these
criteria.  Most of these are Group 1 storage vessels under subpart CC of 40
CFR part 63.  Pursuant to § 63.640(n)(2) of subpart CC, Group 1 storage
vessels are not required to comply with the provisions of subpart Kb.  

The rich amine and lean amine storage tanks in the Amine Regeneration
Unit, the MDEA storage tank in the Sulfur Recovery Plant, and a single
asphalt storage tank (T-42801) store liquids with vapor pressures below
the thresholds for control requirements under § 60.110b(c) of subpart Kb. 
These tanks are classified as Group 2 storage vessels under subpart CC of
40 CFR part 63.  Pursuant to § 63.640(n)(4) of subpart CC, Group 2
storage vessels that would not require control under subpart Kb are not
required to comply with the provisions of subpart Kb.

The only tank at the proposed refinery that is required to comply with the
provisions of subpart Kb is the Sour Water Tank.  This tank will be used
to store liquids with a maximum true vapor pressure less than 76.6
kilopascals (kPa).  Compliance will be achieved using a fixed roof in
combination with an internal floating roof.  The applicable provisions of
subpart Kb are included in Section XIII of the proposed permit.

It is worth noting that, in addition to the storage tanks discussed above, the
proposed refinery will include four tanks in the Wastewater Treatment
Plant.  These tanks are “flow-through” tanks that, under current U.S. EPA
policy, are not “used for the storage of volatile organic liquids” and are
not storage vessels subject to the provisions of subpart Kb.

Subpart Kb is adopted by reference at A.A.C. R18-2-901.17.

8. 40 CFR 60 Subpart UU, Asphalt Processing

Subpart UU applies to each asphalt storage tank at a petroleum refinery. 
The proposed refinery will include one asphalt storage tank subject to the
provisions of subpart UU.  The applicable provisions of subpart UU,
including an opacity limitation and a performance test requirement, are
included in Section XX of the proposed permit.

Subpart UU is adopted by reference at A.A.C. R18-2-901.51.
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9. 40 CFR 60 Subpart VV, Synthetic Organic Chemicals Manufacturing
Industry (SOCMI) Equipment Leaks

Subpart VV applies to process units that produce, as an intermediate final
product, any of the synthetic organic chemicals listed at § 60.489 of
subpart VV.  According to the permit application submitted by the
Permittee, none of the chemicals included in that list will be produced by
any of the process units at the proposed refinery.  Further, pursuant to §
63.640(p) of subpart CC of 40 CFR part 63, because each process unit at
the proposed refinery will be subject to the provisions of subpart CC,
compliance with subpart VV would not be required even if one of the
listed chemicals were produced at the proposed refinery.

10. 40 CFR 60 Subpart XX, Bulk Gasoline Terminals

Subpart XX applies to loading racks at bulk gasoline terminals, including
those that are collocated with petroleum refineries.  Pursuant to §
63.640(r) of subpart CC of 40 CFR part 63, because each gasoline loading
rack at the proposed refinery will be subject to the provisions of subpart
CC, compliance with the provisions of subpart XX is not required.

11. 40 CFR 60 Subpart GGG, Equipment Leaks of VOC in Petroleum
Refineries

Subpart GGG applies to petroleum refinery process units and includes
requirements relating to equipment leaks.  Pursuant to § 63.640(p) of
subpart CC of 40 CFR part 63, because each process unit at the proposed
refinery will be subject to the provisions of subpart CC, compliance with
the provisions of subpart GGG is not required.

12. 40 CFR 60 Subpart NNN, VOC Emissions from SOCMI Distillation
Operations

Subpart NNN applies to distillation units that are part of a process unit
that produces, as a product, co-product, by-product, or intermediate, any
of the synthetic organic chemicals listed at § 60.667 of subpart NNN. 

Two process units at the proposed refinery will produce propane and
butane, both of which are listed chemicals.  These process units contain a
total of five distillation units.  The Gas Concentration Plant includes
Deethanizer, Depropanizer, and Debutanizer Columns and the Butane
Conversion Unit includes Splitter and Stabilizer Columns.  The provisions
of subpart NNN that are applicable to these distillation units, as described
below, are included in Sections II and VIII of the proposed permit.

Based on information provided by the Permittee, there will be a total of
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two vent streams from the five affected distillation units (one from each
affected process unit).  Compliance with § 60.662(a) of subpart NNN will
be achieved for these two vent streams by routing them to the RFG system
and combusting the RFG in enclosed combustion devices.  Other
requirements of subpart NNN include monitoring, recordkeeping and
reporting provisions.  The monitoring provisions at § 60.663(a) and (c) of
subpart NNN include firebox temperature monitoring for every
combustion device used to combust affected distillation unit vent streams. 
The Permittee has indicated that it will request from the U.S. EPA
Administrator approval of an alternative monitoring plan, as many other
petroleum refineries have done for vent streams subject to subpart NNN.

Other process units at the proposed refinery do not produce listed
synthetic organic chemicals and, therefore, are not subject to the
provisions of subpart NNN. 

Subpart NNN is adopted by reference at A.A.C. R18-2-901.65.

13. 40 CFR 60 Subpart QQQ, VOC Emissions from Petroleum Refinery
Wastewater Systems

Subpart QQQ applies to wastewater treatment facilities at petroleum
refineries. 

The Permittee has committed to treat all wastewater streams at the
proposed refinery as Group 1 wastewater streams, pursuant to subpart CC
of 40 CFR part 63.  Pursuant to § 63.640(o) of subpart CC, wastewater
treatment facilities that are used to treat Group 1 wastewater streams are
not required to comply with the provisions of subpart QQQ.

14. 40 CFR 60 Subpart RRR, VOC Emissions from SOCMI Reactor
Processes

Subpart RRR applies to reactor processes that are part of a process unit
that produces, as a product, co-product, by-product, or intermediate, any
of the synthetic organic chemicals listed at § 60.707 of subpart RRR. 

Two process units at the proposed refinery will produce propane and
butane, both of which are listed chemicals.  One of these, the Gas
Concentration Plant, does not include any reactor processes.  The other,
the Butane Conversion Unit, includes three reactor processes.  The
provisions of subpart RRR that are applicable to the Butane Conversion
Unit reactor processes, as described below, are included in Section VIII of
the proposed permit.

Based on information provided by the Permittee, there will be one vent
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stream from the Butane Conversion Unit reactor processes.  Compliance
with § 60.702(a) of subpart RRR will be achieved for this vent stream by
routing it to the RFG system and combusting the RFG in enclosed
combustion devices.  Other requirements of subpart RRR include
monitoring, recordkeeping and reporting provisions.

Other process units at the proposed refinery do not produce listed
synthetic organic chemicals and, therefore, are not subject to the
provisions of subpart RRR. 

Subpart RRR is adopted by reference at A.A.C. R18-2-901.69.

C. National Emission Standards for Hazardous Air Pollutants (NESHAP)

1. 40 CFR 61 Subpart A, General Provisions

The provisions of subpart A apply to each affected facility, as specified in
the relevant NESHAP regulation for that source type.  Subpart A contains
general requirements for notifications, monitoring, performance testing,
reporting, recordkeeping, and operation and maintenance provisions.

Subpart A of 40 CFR part 61 is adopted by reference at A.A.C. R18-2-
1101.A.1.

2. 40 CFR 61 Subpart FF, Benzene Waste Operations

Subpart FF includes requirements for reducing the quantity of benzene in
facility waste and for the design and operation of equipment used to
handle or treat benzene-containing wastes.  The specific requirements for
a particular facility depend on the uncontrolled quantity of benzene in
facility waste.  Facilities with less than 10 metric tons of benzene waste
per year can perform recordkeeping to document that fact and are then
subject to substantially less stringent control requirements. 

The applicable provisions of subpart FF are included in Section XXIII of
the proposed permit.  Several provisions of subpart FF have been
streamlined out of the permit, and several other provisions have been
enhanced in the proposed permit terms in order to reflect both the subpart
FF requirements and other, more stringent requirements.  These are as
follows:

• Under the Prevention of Significant Deterioration (PSD) BACT
requirements (see Section V herein), the proposed refinery will
include controls that are at least equivalent to the control
requirements under subpart FF.  As a result, the Permittee has
indicated to the Department that it will comply with the provisions
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for larger facilities.  Therefore, the requirements for smaller
facilities have been streamlined out of the permit. 

• One of the compliance options for benzene waste treatment
available at § 61.348(a)(1) of subpart FF involves incineration, but
the Permittee has not requested permission to install a waste
incinerator as part of the proposed refinery, so the requirements
pertaining to waste incinerators have been streamlined out of the
permit. 

• The Permittee has proposed as BACT the use of closed-vent
systems and control devices for all waste management and
treatment operations, so the regulatory requirements for floating-
roof tanks have been streamlined out of the permit.

• The Permittee has not requested permission to construct any
surface impoundments, so the regulatory requirements for surface
impoundments have been streamlined out of the permit. 

• The Permittee has proposed as BACT the use of dual carbon
canisters to control emissions from individual drain systems that
are not vented to enclosed combustion devices.  This is more
stringent than the requirement for single carbon canisters at §
61.349(a)(2)(ii), and the permit requirements for monitoring and
recordkeeping for these control devices have been enhanced
accordingly.

• Other than the dual carbon canisters approved for use on certain
individual drain systems, the only control devices approved for use
in complying with subpart FF are the Tank Farm Thermal Oxidizer
(if any non-aqueous waste streams should be stored in a “Group B”
storage tank) and the Wastewater Treatment Plant Thermal
Oxidizer.  One of the compliance options for these control devices,
pursuant to § 61.349(a)(2)(i)(C) of subpart FF, is a requirement to
meet a specified minimum combustion zone temperature and a
specified minimum combustion zone residence time.  The PSD
BACT requirements for these control devices are more stringent
and are expressed in similar terms, so the operational requirements
under subpart FF have been streamlined out of the permit.

Subpart FF is adopted by reference at A.A.C. R18-2-1101.A.15.

3. 40 CFR 63 Subpart A, General Provisions

The provisions of subpart A apply to each affected facility, as specified in
the relevant NESHAP regulation for that source type.  Subpart A contains
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general requirements for notifications, monitoring, performance testing,
reporting, recordkeeping, and operation and maintenance provisions.

Subpart A of 40 CFR part 63 is adopted by reference at A.A.C. R18-2-
1101.B.1.

4. 40 CFR 63 Subpart B, Control Technology Determinations for Major
Sources in Accordance with Clean Air Act §§ 112(g) and 112(j) 

Most of the regulations in 40 CFR part 63, including subpart F through
subpart DDDDD discussed below, are source category-specific NESHAP
regulations implementing Clean Air Act § 112(d).  Each of these source
category-specific NESHAP includes the U.S. EPA’s determination of the
Maximum Achievable Control Technology (MACT) for the specified
source category.

For emission units that are located at major sources of HAPs and that are
not subject to a source category-specific NESHAP, Clean Air Act §§
112(g) and 112(j) generally require case-by-case determinations of
MACT.  These requirements are implemented through the provisions of
subpart B of 40 CFR part 63.  Subpart B is adopted by reference at A.A.C.
R18-2-1101.B.2.

There are two separate and distinct sets of requirements in subpart B.  The
first, at §§ 63.40 through 63.44, implements § 112(g) of the Clean Air Act. 
Case-by-case MACT determinations pursuant to §§ 63.40 through 63.44
are required by A.A.C. R18-2-302.D.  These provisions apply to
construction or reconstruction of major sources of HAPs at which there
are HAP-emitting units that have neither been regulated nor exempted
from regulation under a source category-specific NESHAP.

For the proposed refinery, all HAP-emitting units are exempt from the
provisions of §§ 63.40 through 63.44 because they either are regulated or
are specifically exempted from regulation under a source category-specific
NESHAP.

The second set of provisions, at §§ 63.50 through 63.56 of subpart B,
implements  § 112(j) of the Clean Air Act.  These provisions apply to
major sources of HAPs in source categories for which the U.S. EPA has
failed to promulgate a source category-specific NESHAP within 18
months after the scheduled promulgation date for that regulation.  These
provisions are not applicable to any emissions units at the proposed
refinery.
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5. 40 CFR 63 Subparts F and G, SOCMI Process Units

Subparts F and G apply to chemical manufacturing process units that
manufacture, as a primary product, any of the synthetic organic chemicals
listed in Table 1 of subpart F.  None of the process units at the proposed
refinery will produce as its primary product any of the listed chemicals. 
Therefore, none of the process units at the proposed refinery is subject to
subparts F or G.  However, specific requirements for storage vessels under
subpart G are applicable to certain storage tanks at the proposed refinery
pursuant to § 63.646(a) of subpart CC of 40 CFR part 63.

6. 40 CFR 63 Subpart H, Equipment Leaks

Subpart H applies to pumps, compressors, agitators, pressure relief
devices, sampling connection systems, valves, connectors, and
instrumentation systems.  This regulation is applicable to specific
categories of sources where other applicable NESHAP regulations
reference its requirements.  It is applicable to the proposed refinery
pursuant to § 63.648(a) of subpart CC of 40 CFR part 63.

The requirements of subpart H include prescribed procedures and
frequencies for leak detection and repair as well as associated
recordkeeping and reporting provisions.  Under the PSD BACT
requirements (see Section V herein), the Permittee has committed to use a
lower leak definition than is required by subpart H, which has the effect of
making the leak detection and repair provisions more stringent.  The
applicable provisions of subpart H are included in Section XXIV of the
proposed permit.

Subpart H is adopted by reference at A.A.C. R18-2-1101.B.6.

7. 40 CFR 63 Subpart R, Gasoline Distribution Facilities

Subpart R applies to bulk gasoline terminals, but exempts gasoline
terminals that are contiguous with a petroleum refinery and that operate
under Standard Industrial Classification code 2911 (facilities with
petroleum refining as their primary business activity).  The gasoline
loading racks at the proposed refinery meet this exemption and, therefore,
are not affected sources to which subpart R is applicable.  Compliance
with several provisions of subpart R is required for the proposed refinery’s
gasoline loading racks, however, pursuant to subpart CC of 40 CFR part
63, as discussed below.

8. 40 CFR 63 Subpart CC, Petroleum Refineries

Subpart CC is a far-reaching regulation that imposes HAP emission
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standards for various refinery operations, including storage vessels,
equipment leaks, wastewater streams, gasoline loading racks, process
vents, and marine tank vessel loading operations.  Many of the emission
units at the proposed refinery are subject to these emission standards.

With the exception of the four tanks used in the Wastewater Treatment
Plant and the six pressurized Group “D” storage tanks, all of the tanks at
the proposed refinery are subject to the storage vessel provisions of
subpart CC.  (These types of tanks are specifically excluded from the
definition of storage vessel at § 63.641 of subpart CC.)  The rich amine
and lean amine storage tanks in the Amine Regeneration Unit and the
MDEA storage tank in the Sulfur Recovery Plant will store low-vapor-
pressure products and are classified as Group 2 storage vessels under
subpart CC.  These provisions of subpart CC that are applicable to these
storage tanks include recordkeeping and reporting requirements.  These
requirements are included in Sections XII and XIV of the proposed
permit.

The remaining 51 storage tanks at the proposed refinery are classified as
Group 1 storage vessels and are subject to the control requirements under
subpart CC.  The control requirements for these Group 1 storage vessels
are the requirements set forth at § 63.119 of subpart G of 40 CFR part 63,
pursuant to § 63.646(a) of subpart CC.  Several compliance options are
available, including the use of an external floating roof, a fixed roof with
an internal floating roof, or a closed-vent system and control device.  The
51 storage tanks at the proposed refinery are grouped, for the purposes of
the draft air quality permit, by the control option selected. 

The eight Group “A” storage tanks will comply with § 63.119(e) of
subpart G, which requires that the control device maintain at least 95
percent control of organic HAP emissions.  These tanks will be equipped
with closed-vent systems vented to a compression system, which in turn
routes the compressed vapors to the RFG system.  This system meets the
PSD BACT requirements and will achieve substantially greater than 95
percent control efficiency.  Additional requirements under subpart G
include an engineering design evaluation to demonstrate initial
compliance, recordkeeping, and reporting provisions.  The provisions of
subpart CC (and, by reference, subpart G) that are applicable to the Group
“A” storage tanks are included in Section XVI of the proposed permit.

The forty-seven Group “B” storage tanks will also comply with §
63.119(e) of subpart G.  Each of these tanks will be equipped with an
internal floating roof, a fixed roof, and a closed-vent system vented to the
Tank Farm Thermal Oxidizer.  This configuration satisfies the PSD BACT
requirements and will achieve substantially greater than 95 percent control
efficiency, which is required by § 63.119(e).  Additional requirements
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under subpart G include an engineering design evaluation to demonstrate
initial compliance, recordkeeping, and reporting provisions.  The
provisions of subpart CC (and, by reference, subpart G) that are applicable
to the Group “B” storage tanks are included in Section XVII of the
proposed permit.  It should be noted that the requirements under §
63.119(b) of subpart G, relating to internal floating roofs, are not
applicable to the Group “B” storage tanks because the applicant has
chosen to comply with the § 63.119(e) compliance option.  

Equipment leaks at the proposed refinery will be subject to the leak
detection and repair program requirements in subpart H of 40 CFR part
63, pursuant to § 63.648(a) of subpart CC.  The applicable requirements of
subpart H for the proposed refinery are discussed in Section IV.C.6 herein.

For each wastewater stream that is both a process wastewater stream as
defined at § 61.341 of subpart FF of 40 CFR part 61 and a Group 1
wastewater stream as defined at § 63.641 of subpart CC, the proposed
refinery is required to comply with the provisions of subpart FF, pursuant
to § 63.647(a) of subpart CC.  The applicable requirements of subpart FF
for the proposed refinery are discussed in Section IV.C.2 herein.

Gasoline loading racks at the proposed refinery will be subject to the
loading rack provisions of subpart CC.  The control requirements for these
include provisions for vapor collection and processing systems and for
vapor tightness of truck and railcar cargo tanks.  The applicable provisions
for vapor collection and processing systems are those set forth at §
63.422(b) of subpart R of 40 CFR part 63, pursuant to § 63.650(a) of
subpart CC.  The emission standard under subpart R and subpart CC is a
VOC emission limit of 10 milligrams per liter of gasoline loaded.  Under
the PSD BACT requirements, the Permittee has committed to achieve a
substantially more stringent emission standard using a vapor recovery
system and a thermal oxidizer in series.  The BACT emission limit in the
proposed permit is 1.25 pounds per million gallons of gasoline loaded,
which is equal to 0.15 milligrams per liter of gasoline loaded.  (See
Section V.G herein for a discussion of the BACT analysis for the gasoline
loading racks.) The applicable provisions for vapor tightness of truck and
railcar cargo tanks are those set forth at § 60.502(e) of subpart XX of 40
CFR part 60, pursuant to § 63.646(a) of subpart CC and § 63.422(c) of
subpart R of 40 CFR part 63.  In addition to these emission standards, the
gasoline loading racks are subject to periodic inspection, testing,
monitoring, recordkeeping, and reporting provisions under subpart XX of
40 CFR part 60 and under subpart R of 40 CFR part 63.  These provisions
are included in Section XXI of the proposed permit.

The vents from the Rich Amine Three Phase Separator, associated with
the Amine Regeneration Unit, and the Sour Water Flash Drum, associated
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with the Sour Water Stripper, are miscellaneous process vents subject to
the provisions of subpart CC.  Each of these vents will be routed to the
Sulfur Recovery Plant Thermal Oxidizer for control of VOC emissions in
accordance with the provisions of subpart CC.  These provisions are
included in Sections XII, XIII, and XIV of the proposed permit.  All
remaining process vents at the refinery are specifically excluded from the
definition of miscellaneous process vent at § 63.641 of subpart CC.  These
include equipment leaks; relief valve discharges; vents from storage tanks;
episodic releases associated with startup, shutdown, or malfunction;
gaseous streams routed to the RFG system; in situ sampling systems; one
catalytic reforming unit catalyst regeneration vent; one hydrogen plant
process vent; coke drum depressuring vents; sulfur recovery plant vents;
wastewater collection system vents; hydrogen plant reformer/stripper
vents; and the Butane Conversion Unit catalyst regenerator vent.  The
Butane Conversion Unit catalyst regenerator vent is excluded because its
vent stream will contain less than 20 parts per million volume (ppmv)
organic HAP.

Based on information provided by the Permittee, the proposed refinery
will not include any marine tank vessel loading operations. 

Subpart CC is adopted by reference at A.A.C. R18-2-1101.B.21.

9. 40 CFR 63 Subpart UUU, Petroleum Refinery Catalytic Cracking
Units, Catalytic Reforming Units, and Sulfur Recovery Units

Subpart UUU imposes HAP emission standards for the Sulfur Recovery
Plant and the Catalytic Reforming Unit Catalyst Regenerator Vent. 
Subpart UUU also includes requirements for fluidized catalytic cracking
unit catalyst regeneration vents, but the proposed refinery will not include
a fluidized catalytic cracking unit.

Each of the two sulfur recovery units at the proposed refinery is subject to
the control requirements under § 63.1568(a)(1) of subpart UUU.  These
control requirements, as well as the applicable testing, monitoring,
recordkeeping, and reporting provisions for sulfur recovery units, are
essentially identical to the requirements in subpart J of 40 CFR part 60. 
The applicable emission standard under these regulations is an exhaust
SO2 concentration of 250 ppmv and is included in the proposed permit.  In
addition, under the PSD BACT requirements (see Section V herein), the
Permittee has committed to achieve a substantially more stringent SO2

emission limit of 33.6 pounds per hour (lb/hr), which equates to an
exhaust SO2 concentration of approximately 50 ppmv at maximum
operating rate.  The provisions of subpart UUU that are applicable to the
sulfur recovery units are included in Section XIV of the proposed permit.
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The catalytic reforming unit catalyst regeneration vent at the proposed
refinery is subject to the control requirements under subpart UUU.  These
requirements include an emission limit for total organic compounds, as a
surrogate for organic HAP, under § 63.1566(a) and an emission limit for
hydrogen chloride, as a surrogate for inorganic HAP, under § 63.1567(a). 
The applicable provisions of subpart UUU also include testing,
monitoring, recordkeeping, and reporting provisions.  The provisions of
subpart UUU that are applicable to the catalytic reforming unit are
included in Section V of the proposed permit.

Two units at the proposed refinery that are not subject to the provisions of
subpart UUU warrant discussion.  The Hydrocracker Unit serves a similar
function to a typical fluidized catalytic cracking unit, but uses a fixed
reactor bed rather than a fluidized bed.  The regeneration of the
hydrocracking catalyst occurs off-site and infrequently, in contrast to the
continuous, internal catalyst regeneration process characteristic of
fluidized catalytic cracking units.  The Butane Conversion Unit includes a
continuous, internal catalyst regeneration process, but the vent from this
process is not regulated by subpart UUU because the process unit is
neither a catalytic cracking unit nor a catalytic reforming unit, as those
terms are defined at § 63.1579 of subpart UUU.

Subpart UUU has not been adopted by reference into the Arizona
Administrative Code, and authority to administer and enforce this
regulation has not been delegated to the Director by the U.S. EPA.  The
Department intends to request this delegation in the near future, at which
time the regulation will be incorporated by reference in Article 11 of
A.A.C. R18-2.

10. 40 CFR 63 Subpart EEEE, Organic Liquids Distribution (Non-
Gasoline)

The proposed refinery will include facilities for loading of liquid products
into rail cars and tank trucks.  All facilities for loading of gasoline
products and distillate products are exempt from the provisions of subpart
EEEE because the term “organic liquid” is defined at 40 CFR § 63.2406 to
exclude gasoline, aviation gasoline, No. 1 distillate oil, No. 2 distillate oil,
asphalt, and heavier distillate oils and fuel oils.  Facilities for loading of
LPG are exempt because the term “organic liquid” is defined to exclude
liquids that contain less than 5 percent organic HAP by weight.

11. 40 CFR 63 Subpart ZZZZ, Stationary Reciprocating Internal
Combustion Engines 

The proposed refinery will include three stationary, reciprocating internal
combustion engines used to drive an emergency electrical generator and
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two fire water pumps.  Each of these engines meets the criteria to be
classified as an emergency stationary reciprocating internal combustion
engine under subpart ZZZZ.  As such, each engine is exempt from all
substantive requirements of the regulation.

12. 40 CFR 63 Subpart DDDDD, Industrial Boilers and Process Heaters 

The proposed refinery will include two steam boilers fired with natural
gas and eighteen process heaters fired with natural gas or RFG.  These
emission units will comply with the applicable provisions of subpart
DDDDD, including a work practice standard for minimizing organic HAP
emissions.  This work practice standard is expressed as an exhaust gas CO
concentration of 400 ppmvd corrected to 3 percent oxygen.  The averaging
period for this work practice standard is a 30-day rolling average for units
with heat input capacity of 100 MMBtu/hr or greater and a 3-test-run
average (effectively equivalent to a minimum 3-hour average) for units
less than 100 MMBtu/hr).  The work practice standard does not apply
during periods of startup, shutdown, or malfunction and also does not
apply when the unit is operating at less than 50 percent of its rated heat
input capacity. These work practice requirements, as well as the applicable
monitoring, recordkeeping, and reporting provisions, are included in the
proposed permit, in each section that covers a process heater or steam
boiler.

D. Arizona Administrative Code

1. A.A.C. R18-2-602, Open Burning

A.A.C. R18-2-602 prohibits open outdoor fires except under certain,
specified conditions.  The provisions of this regulation are included in
Section XXIX of the proposed permit.

2. A.A.C. R18-2-604, Open Areas, Dry Washes, or Riverbeds

A.A.C. R18-2-604 restricts fugitive dust emissions from open areas
including, but not limited to, driveways, parking areas, vacant lots, dry
washes, and riverbeds.  The provisions of this regulation are included in
Section XXIX of the proposed permit.

3. A.A.C. R18-2-605, Roadways and Streets

A.A.C. R18-2-605 restricts fugitive dust emissions from roadways and
alleys, including the transportation of materials over those roadways or
alleys.  The provisions of this regulation are included in Section XXIX of
the proposed permit.
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4. A.A.C. R18-2-606, Material Handling

A.A.C. R18-2-606 restricts fugitive dust emissions from nonpoint sources
associated with operations such as material crushing, screening, handling,
transporting, or conveying.  The provisions of this regulation are included
in Section XXIX of the proposed permit.  The provisions of this regulation
are not applicable to any of the petroleum coke handling operations
identified in Section XI of the proposed permit because each of these
operations has an identifiable emission point.

5. A.A.C. R18-2-607, Storage Piles

A.A.C. R18-2-607 restricts fugitive dust emissions from material stacking,
piling, or similar storage methods.  The provisions of this regulation are
included in Sections XI and XXIX of the proposed permit.

6. A.A.C. R18-2-612, Opacity of Emissions from Nonpoint Sources

A.A.C. R18-2-612 restricts opacity of visible emissions from nonpoint
sources.  The provisions of this regulation are included in Sections XI and
XXIX of the proposed permit.

7. A.A.C. R18-2-702, General Provisions for Existing Point Sources

A.A.C. R18-2-702 restricts opacity of visible emissions from point
sources.  The provisions of this regulation are included in Sections V,
VIII, XI, XXIII, XXVII, and XXIX of the proposed permit.

8. A.A.C. R18-2-703, Steam Generators and Fuel-Burning Equipment

A.A.C. R18-2-703 includes particulate matter and SO2 emission standards
for steam generating units and other fuel-burning equipment.  This
regulation is not applicable to any emission unit at the proposed refinery. 
The fuel-burning emission units at the proposed refinery, regardless of
heat input capacity, are not regulated by A.A.C. R18-2-703 because they
are covered by applicable new source performance standards at Title 18,
Chapter 2, Article 9 of the State of Arizona regulations.  (Specifically,
subpart Db of 40 CFR part 60 is applicable to the Steam Boilers; subpart J
is applicable to the Sulfur Recovery Plant Thermal Oxidizer and to all
process heaters; subpart Kb is applicable to the Tank Farm Thermal
Oxidizer; subpart XX is applicable to the Loading Rack Thermal
Oxidizers; and subpart QQQ is applicable to the Wastewater Treatment
Plant Thermal Oxidizer.)  Thus, the fuel-burning emission units are not
“existing sources” as that term is defined at A.A.C. R18-2-101.41.
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9. A.A.C. R18-2-704, Incinerators

A.A.C. R18-2-704 limits visible emissions and particulate matter
emissions from incinerators.  This regulation is not applicable to any
emission unit at the proposed refinery.  The thermal oxidizers that will be
used to control emissions of VOC, organic HAP, and reduced sulfur
compounds from the Sulfur Recovery Plant, Group “B” Storage Tanks,
Truck and Rail Car Loading Racks, and Wastewater Treatment Plant are
not regulated by A.A.C. R18-2-704 because they are covered by
applicable new source performance standards at Title 18, Chapter 2,
Article 9 of the State of Arizona regulations.  (Specifically, subpart J of 40
CFR part 60 is applicable to the Sulfur Recovery Plant Thermal Oxidizer;
subpart Kb is applicable to the Tank Farm Thermal Oxidizer; subpart XX
is applicable to the Loading Rack Thermal Oxidizers; and subpart QQQ is
applicable to the Wastewater Treatment Plant Thermal Oxidizer.)  Thus,
the thermal oxidizers are not “existing sources” as that term is defined at
A.A.C. R18-2-101.41.

10. A.A.C. R18-2-709, Petroleum Refineries

A.A.C. R18-2-709 includes emission standards for fuel gas combustion
devices at petroleum refineries.  This regulation is not applicable to any
combustion device at the proposed refinery because each such device is
covered by an applicable new source performance standard at Title 18,
Chapter 2, Article 9 of the State of Arizona regulations.  (Specifically,
subpart J of 40 CFR part 60 is applicable to each fuel gas combustion
device.)  Thus, the fuel gas combustion devices are not “existing sources”
as that term is defined at A.A.C. R18-2-101.41.

11. A.A.C. R18-2-710, Petroleum Liquid Storage Vessels

A.A.C. R18-2-710 includes emission standards for petroleum liquid
storage tanks.  This regulation is not applicable to any storage tank at the
proposed refinery because each storage tank is covered by an applicable
new source performance standard at Title 18, Chapter 2, Article 9 of the
State of Arizona regulations.  (Specifically, subpart Kb of 40 CFR part 60
is applicable to each storage tank.)  Thus, the storage tanks are not
“existing sources” as that term is defined at A.A.C. R18-2-101.41.

12. A.A.C. R18-2-719, Stationary Rotating Machinery

A.A.C. R18-2-719 limits visible emissions and emissions of PM and SO2

from internal combustion engines.  The visible emissions limitation is
included in Section XXVIII of the proposed permit.  The PM and SO2

emission limits are less stringent than the applicable BACT emission
limits under all operating conditions and, for this reason, have been
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streamlined out of the proposed permit.

13. A.A.C. R18-2-724, Fossil-fuel Fired Equipment

A.A.C. R18-2-724 includes particulate matter and SO2 emission standards
for steam generating units and other fuel-burning equipment.  This
regulation is not applicable to any emission unit at the proposed refinery. 
The fuel-burning emission units at the proposed refinery are not regulated
by A.A.C. R18-2-724, regardless of heat input capacity, because they are
covered by applicable new source performance standards at Title 18,
Chapter 2, Article 9 of the State of Arizona regulations.  (Specifically,
subpart Db of 40 CFR part 60 is applicable to the Steam Boilers; subpart J
is applicable to the Sulfur Recovery Plant Thermal Oxidizer and to all
process heaters; subpart Kb is applicable to the Tank Farm Thermal
Oxidizer; subpart XX is applicable to the Loading Rack Thermal
Oxidizers; and subpart QQQ is applicable to the Wastewater Treatment
Plant Thermal Oxidizer.)  Thus, the fuel-burning emission units are not
“existing sources” as that term is defined at A.A.C. R18-2-101.41.

14. A.A.C. R18-2-726, Sandblasting Operations

A.A.C. R18-2-726 restricts fugitive dust emissions from abrasive blasting
operations.  The provisions of this regulation are included in Section
XXIX of the proposed permit.

15. A.A.C. R18-2-727, Spray Painting Operations

A.A.C. R18-2-727 restricts VOC emissions from spray painting
operations.  The provisions of this regulation are included in Section
XXIX of the proposed permit.

16. A.A.C. R18-2-730, Unclassified Sources

A.A.C. R18-2-730 restricts emissions of particulate matter, SO2, and NOX

from sources not otherwise regulated under Articles 7, 9, or 11; restricts
emissions of hydrogen sulfide; and prohibits the causation of air pollution. 
The provisions of this regulation are included in Sections XI, XXIII,
XXVII, and XXIX of the proposed permit.

17. A.A.C. R18-2-801, General Provisions for Mobile Sources

A.A.C. R18-2-801 restricts opacity of visible emissions from mobile
sources not otherwise regulated under Article 8.  The provisions of this
regulation are included in Section XXIX of the proposed permit.
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18. A.A.C. R18-2-802, Off-Road Machinery

A.A.C. R18-2-802 restricts opacity of visible emissions from trucks,
graders, scrapers, rollers, locomotives, and other machinery not normally
driven on completed public roadways.  The provisions of this regulation
are included in Section XXIX of the proposed permit.

19. A.A.C. R18-2-804, Roadway and Site-Cleaning Machinery

A.A.C. R18-2-804 restricts opacity of visible emissions from roadway and
site cleaning machinery, including the exhaust from such machinery.  The
provisions of this regulation are included in Section XXIX of the proposed
permit.

20. Article 9, New Source Performance Standards

A.A.C. R18-2-901 incorporates by reference those federal NSPS
regulations for which the Department has been delegated enforcement
authority by the U.S. EPA.  Applicable and non-applicable NSPS
regulations are discussed in Section IV.B herein.

21. Article 11, Federal Hazardous Air Pollutants

A.A.C. R18-2-1101 incorporates by reference those federal NESHAP
regulations for which the Department has been delegated enforcement
authority by the U.S. EPA.  Applicable and non-applicable NESHAP
regulations are discussed in Section IV.C herein.

E. Compliance Assurance Monitoring

The Compliance Assurance Monitoring (CAM) rule is codified at 40 CFR
part 64, and the CAM monitoring requirements are mandatory elements of
the Class I permit pursuant to A.A.C. R18-2-306(A)(3)(a)(i).  Generally,
the rule applies wherever the following three criteria are met:

• The emission unit is subject to an emission limitation or standard
for a particular pollutant;

• The emission unit uses a control device to achieve compliance
with the emission limitation or standard; and

• The emission unit has potential, pre-control device emissions
greater than the applicable major source threshold.  

The proposed refinery will include eight pollutant-specific emission units
meeting these criteria: 
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• NOX emissions controlled by the Hydrogen Reformer Heater
selective catalytic reduction unit;

• H2S emissions from the Sulfur Recovery Unit;

• VOC emissions from the Tank Farm Thermal Oxidizer;

• VOC emissions from the Rail Car Loading Rack Thermal
Oxidizer;

• VOC emissions from the Truck Loading Rack Thermal Oxidizer;

• VOC emissions from the Wastewater Treatment Plant Thermal
Oxidizer;

• PM emissions from the Wastewater Treatment Plant Spray Dryer;
and

• PM emissions from the Cooling Tower. 

However, pursuant to § 64.2(b)(1)(vi), the provisions of the CAM rule do
not apply where the applicable emission limitation or standard is one “for
which a part 70 or 71 permit specifies a continuous compliance
determination method.”  This term is defined at § 64.1 as follows:

“... a method, specified by the applicable standard or an applicable
permit condition, which:  (1) Is used to determine compliance with an
emission limitation or standard on a continuous basis, consistent with the
averaging period established for the emission limitation or standard; and
(2) Provides data either in units of the standard or correlated directly with
the compliance limit.”

Four of the eight pollutant-specific emission units listed above qualify for
this exemption.  A NOX continuous emission monitoring system (CEMS)
is required to be installed and operated on the Hydrogen Reformer Heater,
and an H2S CEMS is required to be installed and operated on Sulfur
Recovery Unit exhaust.  The VOC emission standards for the Tank Farm
Thermal Oxidizer and Wastewater Treatment Plant Thermal Oxidizer are
design/operational standards, expressed as a minimum temperature, and a
continuous temperature monitoring device is required for each.  

For the remaining four pollutant-specific emission units, the provisions of
the CAM rule apply.  The rule allows for two general approaches:
continuous monitoring to determine compliance directly, such as using
CEMS, or monitoring of control device operation within specified ranges
of performance to provide reasonable assurance of compliance.  The latter
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approach will be used for each of the four affected pollutant-specific
emission units at the proposed refinery.  The applicable CAM rule
provisions are incorporated into Sections XXI, XXIII, and XXVII of the
proposed permit.
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V. CONTROL TECHNOLOGY ANALYSES

A. General

1. Best Available Control Technology

As noted in Section IV.A.3 herein, PSD regulations under Title I of the
Federal Clean Air Act and A.A.C. R18-2-406.A are applicable to the
proposed refinery.  One of the substantive requirements under the PSD
regulations is that, for a new major stationary source, the Best Available
Control Technology, or “BACT,” must be applied to each emission unit. 
This requirement applies on a pollutant-specific basis.  The proposed
refinery is subject to the PSD provisions for nine pollutants:  PM, PM10,
SO2, NOX, CO, VOC, hydrogen sulfide, total reduced sulfur, and reduced
sulfur compounds.

The term “best available control technology” is defined at A.A.C. R18-2-
101.19 as follows:

“[A]n emission limitation, including a visible emissions
standard, based on the maximum degree of reduction for each air
pollutant listed in R18-2-101(97)(a) which would be emitted
from any proposed major source or major modification, taking
into account energy, environmental, and economic impact and
other costs, determined by the Director in accordance with R18-
2-406(A)(4) to be achievable for such source or modification.”

The procedures for establishing BACT are set forth at A.A.C. R18-2-
406.A.4 as follows:

“BACT shall be determined on a case-by-case basis and may
constitute application of production processes or available
methods, systems, and techniques, including fuel cleaning or
treatment, clean fuels, or innovative fuel combustion techniques,
for control of such pollutant.  In no event shall such application
of BACT result in emissions of any pollutant, which would
exceed the emissions allowed by any applicable new source
performance standard or national emission standard for
hazardous air pollutants under Articles 9 and 11 of this Chapter. 
If the Director determines that technological or economic
limitations on the application of measurement methodology to a
particular emissions unit would make the imposition of an
emissions standard infeasible, a design, equipment, work
practice, operational standard, or combination thereof may be
prescribed instead to satisfy the requirement for the application
of BACT. Such standard shall, to the degree possible, set forth
the emissions reduction achievable by implementation of such
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design, equipment, work practice, or operation and shall provide
for compliance by means which achieve equivalent results.”

The U.S. EPA’s interpretive policies relating to BACT analyses are set
forth in several informal guidance documents.  Most notable among these
are the following:

• “Guidelines for Determining Best Available Control Technology
(BACT),” December 1978.

• “Prevention of Significant Deterioration Workshop Manual,”
October 1980. 

• “New Source Review Workshop Manual: Prevention of Significant
Deterioration and Nonattainment Area Permitting.”  Draft. 
October 1990.

The Department generally uses what is termed a “top-down” procedure
when making BACT determinations.  This procedure is designed to ensure
that each determination is made consistent with the two core criteria for
BACT:  consideration of the most stringent control technologies available,
and a reasoned justification, considering energy, environmental and
economic impacts and other costs, of any decision to require less than the
maximum degree of reduction in emissions.

The framework for the top-down BACT analysis procedure used by the
Department comprises five key steps, as discussed in detail below.  The
five-step procedure mirrors the analytical framework set forth in the draft
1990 guidance document.  However, it should be noted that the
Department does not necessarily adhere to the prescriptive process
described in the draft 1990 guidance document.  Strict adherence to the
detailed top-down BACT analysis process described in that draft
document would unnecessarily restrict the Department’s judgment and
discretion in weighing various factors before making case-by-case BACT
determinations.  Rather, as outlined in the 1978 and 1980 guidance
documents, the Department has broad flexibility in applying its judgment
and discretion in making these determinations. 

Step 1 - Identify all control options.  The process is performed on a
source-by-source and pollutant-by-pollutant basis and begins with the
identification of available control technologies and techniques.  For BACT
purposes, “available” control options are those technologies and
techniques, or combinations of technologies and techniques, with a
practical potential for application to the subject emission units and
pollutants.  These may include fuel cleaning or treatment, inherently
lower-polluting processes, and end-of-pipe control devices.  All identified
control options are listed in this step.  Those that are identified as being
technically infeasible or as having unreasonable energy, economic or
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environmental impacts or other unacceptable costs are eliminated in
subsequent steps.

Step 2 - Eliminate technically infeasible control options.  In this step, the
technical feasibility of identified control options is evaluated with respect
to source-specific factors.  Technically feasible control options are those
that have been demonstrated to function efficiently on identical or similar
processes.  In general, if a control option has been demonstrated to
function efficiently on the same type of emission unit, or another unit with
similar exhaust streams, the control option is presumed to be technically
feasible.  For presumably technically feasible control options,
demonstrations of technical infeasibility must show, based on physical,
chemical, and engineering principles, that technical difficulties would
preclude the control option from being employed successfully on the
subject emission unit.  Technical feasibility need not be addressed for
control options that are less effective than the control option proposed as
BACT by the permit applicant.

Step 3 - Characterize control effectiveness of technically feasible control
options.  For each control option that is not eliminated in Step 2, the
overall control effectiveness for the pollutant under review is
characterized.  The control option with the highest overall effectiveness is
the “top” control option.  If the top control option is proposed by the
permit applicant as BACT, no evaluation is required under Step 4, and the
procedure moves to Step 5.  Otherwise, the top control option and other
identified control options that are more effective than that proposed by the
permit applicant must be evaluated in Step 4.  A control option that can be
designed and operated at two or more levels of control effectiveness may
be presented and evaluated as two or more distinct control options (i.e., an
option for each control effectiveness level).

Step 4 - Evaluate more effective control options.  If any identified and
technically feasible control options are more effective than that proposed
by the permit applicant as BACT, rejection of those more effective control
options must be justified based on the evaluation conducted in this step. 
For each control option that is more effective than the option ultimately
selected as BACT, the rationale for rejection must be documented for the
public record.  Energy, environmental, and economic impacts and other
costs of the more effective control options, including both beneficial and
adverse (i.e., positive and negative) impacts, are listed and considered. 

Step 5 - Establish BACT.  Finally, the most effective control technology
not rejected in Step 4 is proposed as BACT.  To complete the BACT
process, an enforceable emission limit representing BACT must be
included in the PSD permit.  This emission limit must be enforceable as a
practical matter.  In order for the emission limit to be enforceable as a
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practical matter, in the case of a numerical emission limitation, the permit
must specify a reasonable compliance averaging time, consistent with
established reference methods.  The permit must also include compliance
verification procedures (i.e., monitoring requirements) designed to show
compliance or non-compliance on a time period consistent with the
applicable emission limit.  

Materials considered by the applicant and by the Department in
identifying and evaluating available control options include the following:

•  Entries in the RACT/BACT/LAER Clearinghouse (RBLC)
maintained by the U.S. EPA.  This database is the most
comprehensive and up-to-date listing of control technology
determinations available. 

•  Information provided by pollution control equipment vendors.
•  Information provided by industry representatives and by other

State permitting authorities.  This information is particularly
valuable in clarifying or updating control technology information
that has not yet been entered into the RACT/BACT/LAER
Clearinghouse.

The BACT evaluations and proposed BACT determinations for each
category of emission unit at the proposed refinery are discussed in the
following subsections.

2. Maximum Achievable Control Technology

As noted in Section IV.C.4 herein, case-by-case MACT regulations under
40 CFR part 63, subpart B required by A.A.C. R18-2-302.D and
incorporated by reference at A.A.C. R18-2-1101.B.2 are not applicable to
any emission sources at the proposed refinery.

B. Boilers and Process Heaters

As noted in Sections II.A through II.Y herein, the proposed refinery will include
two steam boilers fired with natural gas and eighteen process heaters fired with
natural gas or RFG.

1. BACT for Particulate Matter

For this analysis, PM10 is defined to include both fine filterable particulate
matter and condensible particulate matter as measured by EPA Reference
Methods 201A and 202, respectively.  Method 201A measures all
particulate matter having an aerodynamic diameter equal to or less than
nominally 10 micrometers (10-6 meters) that is collected on a glass fiber
filter at the stack temperature.  Method 201A will generally yield a
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slightly smaller result than Method 5 because particles having an
aerodynamic diameter nominally 10 micrometers or greater are excluded. 
Method 202 measures all particulate matter that condenses at a
temperature of approximately 20 degrees Celsius (ºC) after passing
through a fabric filter such as that used in Method 201A.  The total PM10,
which is the combined result of performing Method 201A and Method 202
simultaneously, may be substantially different than the PM as measured
by Method 5.

Steps 1-4

The only control strategy identified for the natural gas-fired steam boilers
and RFG-fired process heaters is a work practice requirement: adherence
to good combustion practices.  This control strategy is technically feasible
and will not cause any adverse energy, environmental, or economic
impacts.

Step 5 - Establish BACT

The Permittee proposed 0.0075 pound per million British Thermal Units
(lb/MMBtu) heat input as the BACT emission limit for PM10. 

Based on its review of emission levels achieved by other gas-fired
combustion sources, the Department concurs that a PM10 emission limit of
0.0075 lb/MMBtu heat input, higher heating value (HHV), is
representative of good combustion practices with gas-fired boilers and
process heaters.

The Department is aware that a small number of gas-fired combustion
sources are subject to numerically lower PM10 emission limits.  However,
the Department has determined that these lower limits are not enforceable
as a practical matter and is unaware of any data demonstrating that a more
stringent limit is representative of BACT.

The Department elected not to establish a separate BACT emission limit
for the filterable fraction of PM or PM10 emissions.  Instead, the
Department elected to establish a single BACT emission limit for total
PM10, including both filterable and condensible fractions.  The emission
limit established for each gas-fired boiler and process heater is 0.0075
lb/MMBtu heat input (HHV), based on a three-hour average.  Compliance
with this emission limit is to be demonstrated through annual performance
testing using U.S. EPA Reference Methods 201 or 201A and Method 202.
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2. BACT for Sulfur Dioxide 

Steps 1-4

The only control option identified for the natural gas-fired steam boilers is
the use of pipeline-quality natural gas.  The only control option identified
for the RFG-fired process heaters is the use of amine contactors to remove
sulfur from RFG to the maximum extent possible.  These control options
are technically feasible and will not cause any adverse energy,
environmental, or economic impacts. 

Step 5 - Establish BACT

The Permittee proposed a fuel gas sulfur content of 35 ppmv as the BACT
emission limit for SO2 from RFG-fired process heaters.

Based on its review of emission levels achieved by other RFG-fired
combustion sources, the Department determined that an RFG sulfur
content limit of 35 ppmv is representative of the achievable level with
amine contactors.  The Department is not aware of any RFG-fired
combustion sources that are subject to more stringent SO2 emission limits. 

The emission limit established for each RFG-fired process heater is an
RFG sulfur content limit of 35 ppmv, based on a daily average. 
Compliance with this emission limit is to be demonstrated either through
continuous SO2 emission monitoring, continuous monitoring of total RFG
sulfur content, or continuous monitoring of RFG hydrogen sulfide content
along with daily sampling and analysis to determine the RFG sulfur
content based on the ratio of hydrogen sulfide to total sulfur.

In addition to the RFG sulfur content limit, the BACT analysis for SO2

emissions from the process heaters also includes equipment design and
work practice requirements in order to minimize, to the greatest extent
possible, emissions that would occur due to upsets.  Specifically, during
periods of upset at the Amine Regeneration Unit, the amine contactors
used to remove hydrogen sulfide from RFG streams will continue to
generate rich amine solution and to deplete the refinery’s supply of lean
amine solution.  The permit requires that rich amine solution storage
capacity and a supply of lean amine solution, sufficient to support 24
hours of refinery operation, be maintained continuously.  This will ensure
that excess SO2 emissions from the process heaters are minimized while
the refinery curtails operations in the event of an upset at the Amine
Regeneration Unit.

The Department concludes that monitoring and performance testing to
demonstrate compliance with an SO2 emission rate limitation for natural
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gas-fired combustion sources would be economically unwarranted.  The
Department has included in the proposed permit a prohibition on burning
fuels other than natural gas in the steam boilers.  This serves as
operational standard that satisfies the requirement for the application of
BACT for SO2 emissions.

3. BACT for Nitrogen Oxides 

Step 1 - Identify All Control Options

Identified control technologies and techniques for NOX emissions include
combustion modifications (low-NOX burners and flue gas recirculation)
and post-combustion control devices [selective catalytic reduction (SCR),
selective non-catalytic reduction (SNCR), and SCONOX]. 

Combustion modifications can be applied in combination with one another
and in combination with a post-combustion control device.  Thus, a
variety of control options with identified control technologies applied
individually and in combination can be considered.

Step 2 - Eliminate Technically Infeasible Control Options

The Department concluded that flue gas recirculation and SCONOX have
not been demonstrated to be technically feasible for all or some of the
combustion sources.  Specifically, flue gas recirculation was determined
by the Department not to be demonstrated for the RFG-fired process
heaters at the proposed refinery.  (However, this control technique is
demonstrated and feasible and has been proposed by the Permittee as
BACT for the natural gas-fired boilers.)  Flue gas recirculation has not
been demonstrated to function efficiently on process heaters that are
subject to highly variable loads and that burn fuels with variable heat
value.  Thus, there are significant technical differences between the
proposed refinery’s process heaters and those combustion sources where
flue gas recirculation has been demonstrated in practice.  These significant
technical differences preclude a determination that flue gas recirculation
has been demonstrated to function efficiently on sources that are identical
or similar to the proposed refinery’s process heaters.

SCONOX was determined by the Department not to be demonstrated either
for the RFG-fired process heaters or for the natural gas-fired boilers.  This
technology has not been demonstrated to function efficiently on
combustion sources burning fuels other than natural gas or on combustion
sources as large as the boilers.  Thus, there are significant technical
differences between the proposed refinery’s combustion sources and those
few sources where SCONOX has been demonstrated in practice.  These
significant technical differences preclude a determination that SCONOX
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has been demonstrated to function efficiently on sources that are identical
or similar to the proposed refinery’s boilers and process heaters.

Step 3 - Characterize Control Effectiveness of Technically Feasible
Control Options

The second-ranked control option for each combustion source involves the
use of technically feasible combustion modifications (i.e., low-NOX

burners with flue gas recirculation for the natural gas-fired boilers and
low-NOX burners for the process heaters).  The NOX emission level
achievable with this control option varies somewhat for individual
combustion sources, but is generally between 0.015 lb/MMBtu heat input
(HHV) and 0.040 lb/MMBtu heat input (HHV), based on a three-hour
average.  This control option has been proposed by the Permittee for nine
RFG-fired process heaters and for the two natural gas-fired boilers.

The highest-ranked control strategy for each combustion source involves
the use of SCR in addition to the identified combustion modifications. 
Again, the NOX emission level achievable with this control option varies
somewhat for individual combustion sources, but is generally between
0.0075 lb/MMBtu heat input (HHV) and 0.012 lb/MMBtu heat input
(HHV), based on a three-hour average.  This control option has been
proposed by the Permittee for nine RFG-fired process heaters.

The combination of SCR with state-of-the-art combustion modifications
for controlling NOX emissions is a control strategy that, in some
applications, can perform at two or more levels of control effectiveness. 
Specifically, for some of the process heaters, by increasing the permissible
ammonia slip level and increasing the catalyst replacement frequency, the
effectiveness of the SCR system in maintaining a high degree of NOX

emission reduction may be increased.  For these process heaters, the
Department has evaluated the high-efficiency and the moderate-efficiency
SCR systems as two distinct control options.

Other technically feasible control strategies were not given in-depth
consideration by the Department.  These control strategies are SCR or
SNCR applied without combustion modifications (i.e., in conjunction with
conventional burners) and SNCR applied in conjunction with combustion
modifications.  Based on the Department’s engineering judgment, low-
NOX burners are preferable to conventional burners due to the magnitude
of the emission reductions achievable at relatively little cost, and SCR is
preferable to SNCR for the same reason.
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Step 4 - Evaluate More Effective Control Options

In the case of each combustion source, the second-ranked control option
(i.e., combustion controls) will not cause any adverse energy,
environmental, or economic impacts.  The highest-ranked control option
(i.e., with the addition of selective catalytic reduction), when considered in
comparison with the second-ranked control option, will cause adverse
energy and economic impacts and will yield both beneficial and adverse
environmental impacts.  The adverse energy impact is due to the electrical
requirements of the SCR system operation and to the reduction in energy
efficiency attributable to the pressure drop across the SCR catalyst grid. 
To the extent that the decreased energy efficiency results in an economic
penalty, that cost is considered in the evaluation of adverse economic
impacts, discussed below.  With that exception, the adverse energy
impacts are relatively minor and are not a significant factor in the BACT
decision.

The  adverse environmental impacts attributable to the addition of the
SCR system include the use of ammonia reagent, with associated storage,
shipping and handling risks; the handling and disposal of a spent catalyst
as a solid waste stream; ammonia emissions; and, indirectly, formation of
PM10 and visible plume from ammonia salt precipitates.  The proposed
refinery will use aqueous ammonia as the active reagent in its SCR
systems, as opposed to the more hazardous anhydrous ammonia, so this is
a relatively minor environmental impact and is not a significant factor in
the BACT decision.  Similarly, extensive industry experience with SCR
systems indicates that the removal and disposal of spent SCR catalyst can
be conducted safely, with insignificant risk to the environment.  To the
extent that the safe removal and disposal of spent catalyst results in an
economic penalty, that cost is considered in the evaluation of adverse
economic impacts, discussed below. Otherwise, the environmental
impacts of spent catalyst removal and disposal are not a significant factor
in the BACT decision.

Ammonia “slip,” or ammonia that is injected in the SCR system and exits
the unit without participating in the chemical reduction of NOX emissions,
leads directly to emissions of ammonia and indirectly to the formation of
visible plumes, secondary particulate matter, and visibility impairment. 
These problems are less severe when the SCR catalyst is new and activity
is highest, because the ammonia injection rate can be set to
near-stoichiometric levels.  As the catalyst ages, its activity decreases, and
a higher ammonia reagent injection rate is required to maintain the rate of
the NOX reduction reaction necessary for continuous compliance with
NOX emission limits.  This tends to result in increasing levels of ammonia
slip.



2 The actual and design control efficiencies of the high-efficiency SCR system discussed here are
considerably higher than the 70 percent that is implied by an inlet NOX concentration of 20 ppmv
and an outlet NOX concentration of 6 ppmv.  The inlet NOX concentration of 20 ppmv represents
an uncorrected, long-term average and equates to a long-term average of approximately 0.025
lb/MMBtu heat input (HHV).  This long-term average emission rate is typical of a heater with
combustion controls designed to achieve a NOX emission level of 0.040 lb/MMBtu heat input
(HHV), based on a three-hour average, on a consistent and reliable basis.  The apparent
inconsistency in these values is attributable to the short-term variability in emission rate, which
is more pronounced for RFG-fired process heaters because they are subject to variable loads and
are fired with fuel of variable composition.
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The more stringent the NOX emission limits, and the less frequent the
catalyst replacement, the greater are the adverse environmental impacts
from ammonia slip.  With typical average NOX concentrations less than 20
parts per million volume, dry basis (ppmvd), at the inlet to the SCR
systems, as would be the case for the process heaters at the proposed
refinery, the SCR systems can be designed and operated to  achieve NOX

concentrations below 6 ppmvd, corrected to zero percent stack gas oxygen
concentration, based on a three-hour average, on a consistent and reliable
basis.2  For the purposes of this BACT analysis, this concentration equates
to a NOX emission limit of 0.006 lb/MMBtu heat input (HHV).  Achieving
this very low NOX concentration requires injection of larger amounts of
ammonia reagent and, consequently, higher permissible ammonia slip
levels.  For the purposes of evaluating the environmental impacts of the
high-efficiency SCR system in this BACT analysis, the Department has
concluded that an allowable ammonia slip level of 20 ppmvd, corrected to
zero percent stack gas oxygen concentration and based on a three-hour
average, is representative of the level achievable with this system. 

For the purposes of this BACT analysis, the NOX emission limit
achievable with the moderate-efficiency SCR system is 0.0125 lb/MMBtu
heat input (HHV).  This relatively small increase in the NOX emission
limit, as compared to the high-efficiency SCR system, allows for
significant decreases in ammonia injection rate and ammonia slip level. 
For the purposes of evaluating the environmental impacts of the moderate-
efficiency SCR system in this BACT analysis, the Department has
concluded that an allowable ammonia slip level of 5 ppmvd, corrected to
zero percent stack gas oxygen concentration and based on a three-hour
average, is representative of the level achievable with this system.

Ammonia slip, as mentioned previously, leads directly to emissions of
ammonia and indirectly to the formation of visible plumes, secondary
particulate matter, and visibility impairment.  The adverse environmental
impacts associated with these effects, as they would result from
application of SCR systems to the RFG-fired process heaters at the
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proposed refinery, are potentially severe.  These adverse environmental
impacts are particularly severe for the high-efficiency SCR system when
considered in conjunction with its beneficial environmental impacts, and
even more so when these impacts are compared with those of the
moderate-efficiency SCR system.  The moderate-efficiency system is
characterized by a NOX emission limit of 0.0125 lb/MMBtu heat input
(HHV) and an ammonia slip level of 5 ppmvd (both on a three-hour
average).  The high-efficiency system is characterized by a NOX emission
limit of 0.0065 lb/MMBtu heat input (HHV) and an ammonia slip level of
20 ppmvd (both on a three-hour average).  In terms of mass emission rate,
the ammonia emissions from the moderate-efficiency and high-efficiency
SCR systems are approximately 0.0019 lb/MMBtu heat input (HHV) and
0.0077 lb/MMBtu heat input (HHV), respectively. 

A representative RFG-fired process heater with a heat input capacity of
300 MMBtu/hr will be used to illustrate the environmental impacts of the
identified NOX control options and their impacts on NOX and ammonia
emissions.  The incremental environmental impacts of the moderate-
efficiency SCR system as compared to the no-SCR option include a
reduction in NOX emissions of 69 percent, or 8.2 lb/hr, and an increase in
ammonia emissions of 0.6 lb/hr.  The incremental environmental impacts
of the high-efficiency SCR system as compared to the moderate-efficiency
SCR system include a reduction in NOX emissions of 50 percent, or 1.8
lb/hr, and an increase in ammonia emissions of 1.7 lb/hr.  This information
is summarized in the following table:

NOX

Emission
Rate (lb/hr)

Decrease
(lb/hr)

Ammonia
Emission Rate

(lb/hr)
Increase
(lb/hr)

No SCR 12.0 n/a 0.0 n/a

Moderate-
Efficiency
SCR

3.8 8.2 0.6 0.6

High-
Efficiency
SCR

1.8 2.0 2.3 1.7

Based on this information, the Department concludes that the beneficial
environmental impacts of the moderate-efficiency SCR system clearly
outweigh its adverse environmental impacts.  The Department cannot at
this time determine conclusively that the beneficial environmental impacts
of the high-efficiency SCR system outweigh its adverse environmental
impacts.  Thus, the high-efficiency SCR system was not given further



3However, based on limited data from other RFG-fired heaters recently permitted by other
agencies with low NOX and ammonia emission limits, the Department has concluded that high-
efficiency SCR systems achieving NOX emission levels of 0.006 lb/MMBtu on a three-hour
average will likely have demonstrated in practice the achievability of ammonia emissions no
greater of 5 ppmvd on a three-hour average by the time the proposed refinery starts operation. 
Therefore, as described later in the main text, the Department has included in the final permit a
provision that requires the performance of a demonstration study during the first two years of
operation in order to determine the achievable NOX and ammonia levels, and a provision
requiring the NOX BACT level to be adjusted downward as appropriate. 

4 See January 19, 2001 memorandum from J.S. Seitz, Director, Office of Air Quality Planning
and Standards, U.S. EPA, to Air Division Directors, U.S. EPA Regions I-X.  “BACT and LAER
for emissions of NOX and VOC at Tier 2/Gasoline Sulfur Refinery Projects.”

5 The average cost effectiveness of the most effective control option ranges from approximately
$1,000 to $3,000 per ton The average cost effectiveness value for the boilers is based on an
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consideration as a NOX control option for RFG-fired process heaters at the
proposed refinery. 3

For the natural gas-fired steam boilers, the high-efficiency SCR system
was the only SCR system considered.  This was done because the boilers
are not subject to variable loads and variable fuel composition as are the
RFG-process heaters.  Therefore, the ammonia slip impacts would not be
expected to be significant.

The final consideration in the evaluation of alternative NOX control
options is the adverse environmental impact associated with the
application of SCR for the natural gas-fired boilers and for those RFG-
fired process heaters where the Permittee has proposed the use of
combustion controls as BACT.  The Department’s evaluation of these
adverse economic impacts is based, in part, on cost information provided
by the Permittee in Table 6.2-4 of its revised permit application.  The
Department also conducted an independent evaluation of the economic
impacts of SCR systems for the natural gas-fired steam boilers and for the
RFG-fired process heaters using the cost information developed by the
U.S. EPA for its January 2001 presumptive BACT guidance for NOX

emissions from new refinery process heaters.4  The Department’s
evaluation shows that the incremental cost effectiveness of adding SCR
systems to those combustion sources where the Permittee has proposed the
use of combustion controls as BACT ranges from $20,000 to $53,000 per
ton of NOX emission reduction ($20,000 to $33,000 per ton at the RFG-
fired process heaters and $53,000 per ton at the natural gas-fired steam
boilers).  The Department considers these to be significant, adverse
economic impacts.5



uncontrolled (baseline) emission factor of 0.28 lb/MMBtu heat input (HHV), from AP-42
Section 1.4   The average cost effectiveness values for the process heaters are based on an
uncontrolled (baseline) emission factor of 0.217 lb/MMBtu heat input (HHV), from U.S. EPA
guidance regarding BACT for refinery process heaters.  (See, January 19, 2001 memorandum
from J.S. Seitz, Director, Office of Air Quality Planning and Standards, U.S. EPA, to Air
Division Directors, U.S. EPA Regions I-X.  “BACT and LAER for emissions of NOX and VOC
at Tier 2/Gasoline Sulfur Refinery Projects.”) Selection of these baseline emission rates is
inherently arbitrary; thus, the Department gave little consideration to average cost effectiveness
when making its preliminary BACT determinations for NOX emissions from boilers and process
heaters.
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Considering these adverse economic impacts as well as the adverse
environmental impacts and the relatively insignificant air quality benefits
that would result, the Department concludes that requiring SCR for those
combustion sources where the Permittee has proposed the use of
combustion controls as BACT cannot be justified.  Therefore, the
Department concurs with the Permittee’s proposed selection of a control
option representing BACT for NOX emissions from each natural gas-fired
steam boiler and each RFG-fired process heater.  

Step 5 - Establish BACT

As discussed in Steps 2-4 above, the NOX control option proposed by the
Permittee for the natural gas-fired steam boilers is the use of low-NOX

burners and flue gas recirculation.  The Permittee has proposed a NOX

emission limit of 0.0125 lb/MMBtu heat input, based on a three-hour
average, representing the maximum degree of emission reduction
achievable with the proposed control option.  The Department agrees that
this proposal generally represents BACT for NOX emissions from the
natural gas-fired boilers and has included in the permit a NOX emission
limit of 0.0125 lb/MMBtu heat input (HHV), based on a three-hour
average.  This is equivalent to a stack gas NOX concentration of 10
ppmvd, corrected to three percent stack gas oxygen concentration,
consistent with the basis for the Permittee’s proposed emission limits.

The NOX control option proposed by the Permittee for nine of the RFG-
fired process heaters is the use of low-NOX burners and SCR.  The nine
heaters that are proposed to be equipped with SCR are as follows:

Name ID Number

Atmospheric Crude Charge Heater B-01300

Vacuum Crude Charge Heater B-02100

Catalytic Reforming Unit Charge Heater B-05110



Name ID Number
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Catalytic Reforming Unit Interheater No. 1 B-05120

Catalytic Reforming Unit Interheater No. 2 B-05130

Hydrogen Reformer Heater B-07010

Butane Conversion Unit Isostripper Reboiler B-15110

Butane Conversion Unit Dehydrogenation Reactor
Charge Heater

B-15310

Butane Conversion Unit Dehydrogenation Reactor
Interheater

B-15320

For each of the heaters other than B-07010, the Permittee has proposed a
NOX emission limit of 0.0125 lb/MMBtu heat input, based on a three-hour
average.  As discussed in Step 4 above, the Department considers this to
be representative of the NOX emission level achievable with a moderate-
efficiency SCR system on RFG-fired process heaters.  The Department
agrees that the Permittee’s proposal generally represents BACT for NOX

emissions from these process heaters and has included in the permit a NOX

emission limit of 0.0125 lb/MMBtu heat input (HHV), based on a three-
hour average.  This is equivalent to a stack gas NOX concentration of 10
ppmvd, corrected to three percent stack gas oxygen concentration,
consistent with the basis for the Permittee’s proposed emission limits. 
Recognizing the likelihood that a lower limit will be achievable by the
time these SCR-equipped heaters begin operation, the permit also includes
a provision for conducting an SCR performance demonstration study.  The
time frame for the study varies between 12 and 24 months of operation as
specified in the permit.  Based on the achievable NOX levels demonstrated
in this study, the NOX BACT limits for these heaters may be adjusted by
the Department through a separate permitting action.

The NOX emission limit for the hydrogen reformer heater has been set at    
                                      0.0084 lb/MMBtu heat input, based on a three-hour average.

The NOX control option proposed by the Permittee for each of the
remaining nine RFG-fired process heaters is the use of low-NOX burners. 
This technology achieves reduced NOX formation rates, relative to
conventional burners, through proprietary design changes that are specific
to the products offered by individual equipment.  Generally, low-NOX

burners minimize formation of prompt NOX by staging the introduction of
air, providing control over the air-to-fuel ratio throughout the combustion
zone, and allowing the fuel to burn under fuel-lean conditions.  Formation
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of thermal NOX is minimized by ensuring that the combustion region
contains a high amount of combustion products and diluent air, with
temperatures much lower than the adiabatic flame temperature, so that the
peak flame temperature is maintained as low as possible.  The NOX

emission reductions achievable with low-NOX burner technology are
generally less for RFG firing than for natural gas firing.  The two primary
reasons for this are the variable nature of RFG composition, which
adversely affects the ability to maintain extremely fuel-lean conditions
throughout the combustion zone while still maintaining flammability, and
the high adiabatic flame temperature of RFG relative to natural gas.

For the nine RFG-fired process heaters that are proposed to be equipped
with low-NOX burners, the Permittee has proposed NOX emission limits,
individually, ranging from 0.025 to 0.035 lb/MMBtu heat input (HHV),
based on a three-hour average.  The achievable NOX level (i.e., the
proposed NOX emission limit) for each heater is determined independently
and is dictated by the configuration of the particular heater.  The required
turndown ratio and heat release, firebox dimensions, and burner placement
for a particular heater, to the extent that they affect burner design elements
such as air-to-fuel ratio and flame length, all constrain the optimization of
burner design and performance.  The nine heaters in this category, and the
Permittee’s proposed NOX emission limit for each heater, are as follows:

Name ID Number
NOX Emission Limit

(lb/MMBtu heat input)
(HHV)

Hydrocracker Unit Charge
Heater

B-10200 0.034

Hydrocracker Main
Fractionator Heater

B-10500 0.025

Naphtha Hydrotreater
Charge Heater

B-04200 0.030

Catalytic Reforming Unit
Debutanizer Reboiler

B-05609 0.030

Distillate Hydrotreater
Charge Heater

B-08200 0.033

Distillate Hydrotreater
Splitter Reboiler

B-08509 0.032

Delayed Coking Unit
Charge Heater No. 1 

B-14110A 0.030



Name ID Number
NOX Emission Limit

(lb/MMBtu heat input)
(HHV)
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Delayed Coking Unit
Charge Heater No. 2

B-14110B 0.030

Spray Dryer Heater B-26903 0.030

The Department concludes that the Permittee’s proposed NOX emission
limits represent BACT for these nine RFG-fired process heaters, based on
a three-hour average.  The Department has included in the draft permit the
NOX emission limits listed above.  Compliance with each NOX emission
limit is to be demonstrated through the use of NOX continuous emission
monitoring systems.

With the emission limits proposed as BACT by the Department, the total
allowable NOX emissions from the natural gas-fired steam boilers and the
RFG-fired process heaters at the proposed refinery will be approximately
312 tons per year.

4. BACT for Carbon Monoxide 

Steps 1-3

The only control strategies identified for the RFG-fired process heaters
and the natural gas-fired steam boilers are adherence to good combustion
practices and the use of oxidation catalyst in combination with good
combustion practices.  Both of these control strategies are technically
feasible.  The control strategy including oxidation catalyst is the more
effective control strategy. 

Step 4

The use of oxidation catalyst in addition to good combustion practices
would result in marked increases in particulate matter and sulfuric acid
mist emissions, slight increases in  NOX emissions, increased generation
of solid waste, decreased energy efficiency, and costs of more than
$30,000 per ton of additional CO reduction.  The Department considers
these to be unacceptable, adverse impacts with no air quality benefit.  

The use of good combustion practices is technically feasible and will not
cause any adverse energy, environmental, or economic impacts. 
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Step 5 - Establish BACT

The Permittee has proposed BACT emission limits for the RFG-fired
process heaters that are equipped with SCR for NOX emission control,
except the hydrogen reformer heater,  and the natural gas-fired steam
boilers of 0.018 lb/MMBtu based on a one-hour average and 0.016 based
on a three-hour average, respectively.  The CO emission limit for the
hydrogen reformer heater has been set at 0.01 lb/MMBtu heat input, based
on a three-hour average.  The Department agrees that these proposals
represents BACT for CO.

The Permittee has proposed BACT emission limits for the RFG-fired
process heaters that are equipped with only low NOX burners of 0.04
lb/MMBtu based on a three-hour average. The Department agrees that
these proposals represents BACT for CO.

The Department is aware that combustion sources adhering to good
combustion practices may be able to achieve lower CO emission levels if
state-of-the-art combustion controls are not used to minimize NOX

emissions.  However, because formation rates of CO and NOX in a heater
or furnace are inversely related, the Department must weigh the relative
effect of increased CO and NOX emissions when making its determination
of BACT for CO emissions from the RFG-fired process heaters.  Based on
this consideration, the Department has concluded that the applicant’s
proposal represents BACT.  The Department is not aware of any similar
emission units that achieve more stringent CO emission limits while
achieving comparable NOX emission limits. 

Compliance with each CO emission limit is to be demonstrated through
the use of a CO continuous emission monitoring system.

5. BACT for Volatile Organic Compounds 

Steps 1-4

The only control strategy identified for the RFG-fired process heaters and
the natural gas-fired steam boilers is adherence to good combustion
practices.  This control strategy is technically feasible and will not cause
any adverse energy, environmental, or economic impacts. 

Step 5 - Establish BACT

The Department concludes that monitoring and performance testing to
demonstrate compliance with a VOC emission rate limitation for gas-fired
combustion sources would be economically unwarranted.  The
Department further concludes that the emission limitations representing
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BACT for CO emissions (0.04 lb/MMBtu for the RFG-fired process
heaters and 0.016 lb/MMBtu from the natural gas-fired steam boilers, each
based on a rolling three-hour average) serve as operational standards that
satisfy the requirement for the application of BACT for VOC emissions. 
Therefore, no separate VOC emission standard for combustion sources has
been imposed in the proposed permit.

C. Sulfur Recovery Units

In addition to the two Sulfur Recovery Units, the Sulfur Recovery Plant includes
two Sulfur Pits, a Sulfur Rail Car Loading Rack, and a Sulfur Truck Loading
Rack.  These emission units are addressed separately.

As discussed in detail in Section II.N.1 herein, the purpose of the Sulfur Recovery
Plant is to provide for safe disposal of the acid gas product streams from the Sour
Water Stripper and the Amine Regeneration Unit.  The configuration proposed by
the applicant comprises two parallel Claus sulfur recovery units (SRU’s), a tail
gas treatment unit (TGTU), and a tail gas thermal oxidizer.  This is the
configuration used by most petroleum refineries.  The capacity of the proposed
Sulfur Recovery Plant is 608 long tons per day of liquid elemental sulfur product.

Each proposed Claus SRU will employ a three-stage reactor train to convert feed
sulfur, in the form of hydrogen sulfide, into elemental sulfur.  The first reactor
stage is thermal and non-catalytic; the second and third reactor stages are
catalytic.  The primary chemical reactions are as follows:

H2S + 1½ O2             SO2 + H2O

2 H2S + SO2             3 S + 2 H2O

The system is operated substoichiometrically with air, such that only one third of
the H2S is oxidized to SO2.  This oxidation reaction occurs primarily in the first
reactor.  The second reaction begins in the first reactor and continues in the two
catalytic reactors.  Each of the three reactor stages is followed by a condenser that
cools, condenses, and removes the elemental sulfur.  At normal operating
temperatures and pressures, and assuming acid gas H2S concentration of
approximately 75 percent, the Claus process is thermodynamically limited to a
sulfur recovery efficiency of approximately 97 to 98 percent.  The achievable
efficiency decreases with lower acid gas H2S concentration.

In addition to the two primary chemical reactions described above, secondary
reactions also occur due to impurities in the system.  Most importantly,
hydrocarbons in the acid gas streams entering the thermal reactor are partially
oxidized to form carbon dioxide and water, and carbon dioxide and unreacted
hydrocarbons react with sulfur to form carbonyl sulfide (COS) and carbon
disulfide (CS2).  These carbon-sulfur compounds may be partially hydrolyzed in
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the first catalytic reactor to form H2S, but largely flow unreacted through the
SRU. 

The tail gas exiting the third condenser of the Claus SRU flows to the TGTU. 
The tail gas is first combined with natural gas before entering the catalytic
hydrogenation reactor, where residual SO2 is hydrogenated to form H2S according
to the following equation:

 
3 H2 + SO2             H2S + 2 H2O

In addition, a portion of the residual COS and CS2 from the Claus SRU is
hydrolyzed to form H2S according to the following equations:

2 H2O + CS2            2 H2S + CO2

H2O + COS           H2S + CO2

Finally, the gas exiting the TGTU hydrogenation reactor is routed to a series of
amine absorber columns where an aqueous solution of methyl diethanolamine
(MDEA) is used to scrub H2S from the TGTU tail gas.  The H2S is stripped from
the rich MDEA solution and routed back to the front end of the Claus SRU.   The
overhead stream from the final amine absorber column is routed to a thermal
oxidizer for destruction of residual H2S, COS, and CS2.

The overall sulfur recovery efficiency achievable with the equipment Sulfur
Recovery Plant configuration proposed by the applicant is approximately 99.97
percent.

1. BACT for Sulfur Dioxide 

Step 1 - Identify All Control Options

Although sulfur may be sold as a byproduct, the entire Sulfur Recovery
Plant exists primarily for the purpose of reducing air pollution.  Therefore,
for the purposes of this BACT analysis, all of the identified control
technologies are considered air pollution control devices; none of the
identified control technologies are considered alternative production
processes.

The simplest SO2 control strategy would involve simply eliminating the
sulfur recovery plant, and allowing the acid gases from the amine
regeneration unit and the sour water stripper to be emitted to the
atmosphere. 

An alternative control strategy allowing elimination of the SRU’s and the
TGTU would involve using a combustion device to burn the acid gases,



Arizona Clean Fuels Yuma, LLC
Permit Number 40140 September 15, 2006Page 175 of  347

thereby generating SO2, in conjunction with a wet scrubber.

Four other control options are the equipment configuration proposed by
the applicant and three slight variations on that configuration: The Claus
SRU’s could be installed and operated without the TGTU or the thermal
oxidizer; with the TGTU, but without the thermal oxidizer; or with the
thermal oxidizer and without the TGTU. 

In any of the configurations described above (i.e., SRU technology with or
without TGTU and thermal oxidizer), the proposed two Claus units could
be replaced with a different number of Claus units, such as one large unit
or three smaller units.  Also, regardless of the number of Claus units used,
any of the three-stage Claus units could be replaced with two-stage Claus
units.  Finally, the one large TGTU could be replaced with two or more
TGTU’s.

Other alternatives include a number of proprietary adaptations of the
Claus SRU technology.  These proprietary adaptations generally operate
by extending the Claus reaction to improve the thermodynamically
achievable sulfur conversion efficiency.  The first of the proprietary
adaptations identified by the Department is the Superclaus® process.  The
Superclaus® process is a conventional Claus process, with a proprietary
catalyst replacing the conventional, activated alumina Claus catalyst in the
final catalytic reactor stage.  The proprietary catalyst in the Superclaus®

process selectively oxidizes H2S to form elemental sulfur and water
according to the following equation:

H2S + ½ O2              S + H2O

The Superclaus® process reportedly increases the thermodynamically
achievable sulfur recovery efficiency to approximately 99 percent, as
compared to an achievable efficiency less than 98 percent with the
conventional Claus process.

The Euroclaus® process is an enhancement of the Superclaus® process,
with  a hydrogenation reactor inserted upstream of the final catalytic
reactor stage.  This hydrogenation reactor reduces the SO2 concentration
in the final reactor stage, which reportedly increases the
thermodynamically achievable sulfur recovery efficiency to approximately
99.5 percent.

The Mobil Oil Direct Oxidation Process, like the Euroclaus® process,
involves a hydrogenation reactor and a catalytic direct oxidation reactor
added to the back end of a Claus SRU.  This process reportedly increases
the thermodynamically achievable sulfur recovery efficiency to
approximately 99 percent.
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Several proprietary adaptations of the Claus process use oxygen
enrichment in order to improve the temperature control in the first-stage
thermal reactor.  These processes include the COPETM, OxyClaus®, and
SURE® processes.  These processes reportedly have thermodynamically
achievable sulfur recovery efficiencies of approximately 98 percent.

The Selectox process is similar to the conventional Claus process, with a
catalytic oxidizer in place of the first-stage thermal reactor.  This process
reportedly has a thermodynamically achievable sulfur recovery efficiency
of approximately 98 percent.

The Sulfreen® process utilizes a conventional Claus process, with an
additional Claus-type reactor after the final sulfur condenser.  This
additional reactor operates at a temperature below the sulfur dew point
and adsorbs the sulfur on the Claus catalyst.  Each of the two beds in the
additional reactor is cycled between adsorption and regeneration; during
the regeneration cycle, the hot gases are produced in an integral heater
and, after desorbing the sulfur from the catalyst, are passed through an
integral condenser.  Operation of the additional reactor at a sub-dew point
temperature reportedly improves the thermodynamically achievable sulfur
recovery efficiency to approximately 99 percent.  Variations on the
Sulfreen® process include HydroSulfreen®, which includes a
hydrogenation/hydrolysis reactor upstream of the Sulfreen® reactor, and
DoxoSulfreen®, which includes all components of the HydroSulfreen®

process, plus a direct oxidation reactor downstream of the Sulfreen®

reactor.  HydroSulfreen® and DoxoSulfreen® reportedly improve the
achievable sulfur recovery efficiency to approximately 99.7 percent and
99.9 percent, respectively.

The Maxisulf, CBA, Clinsulf®, and MCRCTM processes are similar to the
Sulfreen® process, but without the integral heater and the recycle function
in the sub-dew point part of the process.  Instead, the regeneration gas is
drawn from the final sulfur condenser in the Claus process. 
Thermodynamically achievable sulfur recovery efficiencies are similar to
those for the Sulfreen® process.

The Wellman-Lord, CANSOLV®, and CLINTOX processes are
essentially wet scrubbers in which proprietary solvents are used for SO2

removal.  Any of these technologies would require an upstream
combustion device in order to convert reduced sulfur compounds to SO2.  
Any could be used with or without SRU’s upstream of the combustion
device.  When used in conjunction with an upstream Claus SRU, these
technologies allow the SO2 to be stripped from the solvent and returned to
the front end of the SRU.  When installed in conjunction with an upstream
Claus SRU, each of these technologies reportedly is capable of achieving
a sulfur recovery efficiency in excess of 99.9 percent.
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Stretford, Z-SORB, LO-CAT®, and CrystaSulf® are proprietary liquid-
phase oxidation-reduction technologies providing indirect oxidation of
H2S to form elemental sulfur and water according to the equation
presented above (in the description of the Superclaus® process).  The
Stretford process uses a vanadium-based chelating agent, the Z-SORB
process uses a zinc-based chelating agent, and the LO-CAT® and
CrystaSulf® technologies use proprietary, iron-based chelating agents. 
When installed in conjunction with an upstream Claus SRU and
hydrogenation/hydrolysis reactor, each of these technologies reportedly is
capable of achieving a sulfur recovery efficiency in excess of 99.9 percent.

The Shell Claus Offgas Treating (“SCOT”) process is the most commonly
used process for removal of sulfur from Claus SRU vent streams and is the
basis for the TGTU at the proposed ACF refinery.  As described above,
the applicant has proposed to use an MDEA-based solvent in the TGTU
amine absorber columns.  Variations on this control technology would
involve the use of proprietary solvents, such as Sulften®, Flexsorb® SE, or
Flexsorb® SE Plus, in place of the MDEA solvent.  The SCOT process can
be applied in TGTU service with or without a downstream thermal
oxidizer. 

Step 2 - Eliminate Technically Infeasible Control Options

Several of the identified, proprietary technologies are considered
technically infeasible because, based on information available to the
Department, they have not been demonstrated to function efficiently in
removing sulfur from acid gas streams from petroleum refinery sour water
strippers and amine regeneration units.  These include CANSOLV®,
CLINTOX,  CrystaSulf®, and LO-CAT®.

Any control strategy involving the use of a combustion device to burn the
acid gases to generate SO2, regardless of the efficiency of the wet scrubber
used to control these SO2 emissions, is a technically infeasible control
option because it would not meet the NSPS requirements at 40 CFR 60
subpart J.

Using a conventional Claus SRU without a TGTU or wet scrubber, either
with or without a thermal oxidizer, also is a technically infeasible control
option because it would not meet the NSPS requirements at 40 CFR 60
subpart J.  The same is true of this configuration if the Claus SRU is
replaced with any of the Claus adaptations that use oxygen enrichment
(i.e., COPETM, OxyClaus®, and SURE®) or the Superclaus®, Mobil Oil
Direct Oxidation, Selectox, Sulfreen®, Maxisulf, CBA, Clinsulf®, or
MCRCTM processes.
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Step 3 - Characterize Control Effectiveness of Technically Feasible
Control Options

The equipment configuration proposed by the applicant is the third-ranked
SO2 control option.  This control option comprises two, three-stage Claus
SRU’s followed by a TGTU and a thermal oxidizer.  This control option
will achieve an overall sulfur recovery efficiency of approximately 99.97
percent and a maximum SO2 emission rate of 33.6 lb/hr.

The second-ranked SO2 control option comprises any number of SRU’s in
parallel, followed by any number of TGTU’s in parallel.  Like the
configuration proposed by the applicant, this control option also would
achieve an overall sulfur recovery efficiency of approximately 99.97
percent.  The maximum SO2 emission rate would be considerably less than
33.6 lb/hr, because most of the unrecovered sulfur would be emitted as
reduced sulfur compounds.

The top-ranked SO2 control option is a configuration with no SRU and no
combustion device, simply allowing all acid gases to be emitted to the
atmosphere.  The sulfur recovery efficiency of this control option is zero,
and essentially zero SO2 emissions would occur.

The Department has identified several alternative control strategies that
are similar to that proposed by the applicant and that may be able to
achieve similar control efficiencies.  These include the following:

•  One, three-stage Claus SRU followed by any number of parallel
TGTU’s and a downstream thermal oxidizer.

•  Three, three-stage Claus SRU’s followed by any number of
parallel TGTU’s and a downstream thermal oxidizer.

•  Either of the two control options listed above, or the control
option proposed by the applicant, with the Claus SRU or SRU’s
replaced by any of the following 15 alternative SRU technologies: 
Superclaus®, Euroclaus®, COPETM, OxyClaus®, SURE®, Stretford,
Mobil Oil Direct Oxidation, Selectox, Sulfreen®, HydroSulfreen®,
DoxoSulfreen®, Maxisulf, CBA, Clinsulf®, or MCRCTM

technology.  With 3 alternative configurations and 15 alternative
technologies, this yields a total of 45 process modification control
options.

•  Any of the 45 control options identified above, with the MDEA-
based SCOT TGTU replaced by a Wellman-Lord scrubber or by a
SCOT-type TGTU using Sulften®, Flexsorb® SE, or Flexsorb® SE
Plus amine solution.  With 45 identified process modification
control options and 4 identified add-on control options, this yields
a total of 180 alternative control strategies.
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The Department recognizes that the 15 identified, technically feasible,
alternative SRU technologies and the 4 identified, technically feasible,
alternative TGTU technologies have nominal control efficiencies that are
similar to the nominal efficiencies achievable with the SRU and TGTU
technologies proposed by the applicant.  However, the Department is not
aware of any installation where any of the above-listed 180 alternative
control strategies has been demonstrated to be capable of achieving a
control effectiveness higher than the 99.97 percent sulfur recovery
efficiency or an emission limit more stringent than the 33.6 lb/hr proposed
by the applicant.  Based on its review of the available literature, the
alternative SRU technologies are designed to provide either more
economical operation (e.g., a proprietary Claus adaptation using oxygen
enrichment or a SCOT-type TGTU using a proprietary amine solution) or
to allow regulatory requirements to be met without the use of TGTU
technology (e.g., Euroclaus®), not to allow improvement upon the overall
performance achievable with the equipment configuration proposed by the
applicant.

The Department also notes that equipment reliability is of paramount
importance in identifying the most effective SO2 control option for the
Sulfur Recovery Plant at the proposed ACF refinery.  Hypothetically, even
if one of the identified, alternative technologies were capable of improving
the sulfur recovery efficiency to 99.98 percent, this would result in an SO2

emission reduction of less than 50 tons per year.  (The Department
emphasizes that this value is purely for illustration; there is absolutely no
available information to indicate that such higher control efficiency is, in
fact achievable.)  When operating at its nominal maximum short-term feed
rate capacity of approximately 800 long tons per day, the plant is
processing nearly 75,000 pounds of sulfur per hour.  At this rate, if the
Sulfur Recovery Plant were to experience a total of only 40 minutes of
unanticipated shutdown time per year, the emissions from acid gas flaring
during the shutdown time would more than offset the improved sulfur
recovery efficiency.  This represents an equipment availability threshold
of more than 99.992 percent, which is extremely high for any industrial
equipment.  For this reason, the Department agrees in principle with the
applicant’s proposed use of the most widely used and demonstrated sulfur
recovery plant equipment configuration in the petroleum refining industry.

Step 4 - Evaluate More Effective Control Options

The top-ranked and second-ranked control options are not representative
of BACT due to the adverse environmental impacts that would result. 
Each of these control options would allow sulfur to be emitted to the
atmosphere at a rate at least as high as the control option proposed by the
applicant and in a form that is more toxic than SO2.  
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Step 5 - Establish BACT

The Permittee proposed an SO2 BACT emission limit of 33.6 lbs/hr, based
on 99.97 percent sulfur recovery efficiency. 

Based on its review of emission levels achieved by other state-of-the-art
sulfur recovery plants, the Department determined that the Permittee’s
proposal represents BACT.  The proposed SO2 BACT emission limit is
33.6 lb/hr, based on a one-hour average, using two parallel, three-stage
Claus sulfur recovery units with a TGTU and a thermal oxidizer.  The
Department is not aware of any sulfur recovery plant that is subject to
more stringent emission limits for SO2 and other sulfur compounds.

The BACT analysis for this equipment also addresses SO2 emissions that
would occur from the TGTU thermal oxidizer or the emergency flares
during an upset at the Sulfur Recovery Plant.  (The feed materials for the
sulfur recovery plant, comprising sour gas from the Amine Regeneration
Unit and offgas from the Sour Water Stripper, are rich in hydrogen
sulfide.  The toxicity of hydrogen sulfide is such that these gas streams
must be combusted rather than released directly to the atmosphere.)  In
order to minimize these emissions to the greatest extent possible, the
proposed permit includes design and work practice requirements for the
Amine Regeneration Unit and the Sour Water Stripper.  Specifically, in
the event of an upset that results in flaring of acid gases or excess SO2

emissions from the sulfur recovery plant, the Permittee is required to re-
route the Amine Regeneration Unit and Sour Water Stripper feed
materials (i.e., rich amine solution and sour water) within 15 minutes; to
curtail operations at upstream process units where rich amine solution and
sour water are generated; and to maintain storage capacity for rich amine
solution and sour water sufficient to support 24 hours of refinery
operation.

2. BACT for Reduced Sulfur Compounds 

This BACT analysis covers three separate PSD-regulated pollutants that
are practically equivalent for petroleum refinery sulfur recovery plants. 
These are hydrogen sulfide; reduced sulfur compounds, which comprises
hydrogen sulfide, carbonyl sulfide, and carbon disulfide; and total reduced
sulfur, which comprises hydrogen sulfide, methyl mercaptan, dimethyl
sulfide, and dimethyl disulfide.

Step 1 - Identify All Control Options

The identified control options and control strategies for emissions of
reduced sulfur compounds are the same as those identified for SO2

emissions.
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Step 2 - Eliminate Technically Infeasible Control Options

The technically feasible and infeasible control options and control
strategies for emissions of reduced sulfur compounds are the same as
those identified for SO2 emissions.

Step 3 - Characterize Control Effectiveness of Technically Feasible
Control Options

The equipment configuration proposed by the applicant is the top-ranked
control option for emissions of reduced sulfur compounds.  This control
option comprises two, three-stage Claus SRU’s followed by a TGTU and
a thermal oxidizer.  This control option will achieve an overall sulfur
recovery efficiency of approximately 99.97 percent and a maximum H2S
emission rate of 0.089 lb/hr.

As in the SO2 BACT analysis, the Department has identified several
alternative control options that are similar to that proposed by the
applicant and that may be able to achieve similar control efficiencies and
H2S emission rates.  However, the Department is not aware of any
installation where any of the alternative control options has been
demonstrated to be capable of achieving a control effectiveness higher
than the 99.97 percent sulfur recovery efficiency or an emission limit
more stringent than the 0.089 lb/hr proposed by the applicant.

Step 4 - Evaluate More Effective Control Options

The equipment configuration proposed by the applicant is the top-ranked
control option for emissions of reduced sulfur compounds; there are no
more effective control options.

Step 5 - Establish BACT

The Permittee proposed a BACT emission limit of 0.089 lb/hr, as
hydrogen sulfide, based on a rolling three-hour average.  Based on its
review of emission levels achieved by other state-of-the-art sulfur
recovery plants, the Department determined that the Permittee’s proposal
represents BACT.  The Department is not aware of any sulfur recovery
plant that is subject to a more stringent emission limit for reduced sulfur
compounds. 

3. BACT for Nitrogen Oxides 

Step 1 - Identify All Control Options

Identified control technologies and techniques for NOX emissions include
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combustion modifications (low-NOX burners and flue gas recirculation)
and post-combustion control devices [selective catalytic reduction (SCR),
selective non-catalytic reduction (SNCR), and SCONOX]. 

Step 2 - Eliminate Technically Infeasible Control Options

The Department concluded that the use of low-NOX burners is the only
technically feasible control option for the TGTU thermal oxidizer.  Other
combustion modifications, such as flue gas recirculation, which are
designed to achieve NOX emissions decreases by reducing flame
temperature, are not compatible with the primary function of the thermal
oxidizer (i.e., destruction of reduced sulfur compounds).  Based on
information available to the Department, none of the identified add-on
control technologies has been demonstrated to be technically feasible for
thermal oxidizers, and there are significant technical differences between
the proposed thermal oxidizer and the combustion sources where each of
these technologies has been demonstrated in practice.

Step 3 - Characterize Control Effectiveness of Technically Feasible
Control Options

The NOX emission level demonstrated to be achievable with low-NOX

burners on TGTU thermal oxidizers is 0.06 lb/MMBtu heat input (HHV),
based on a one-hour average.  This control option has been proposed by
the Permittee for the TGTU thermal oxidizer at the proposed refinery.

Step 4 - Evaluate More Effective Control Options

No technically feasible control options more effective than the option
proposed by the applicant were identified by the Department.

Step 5 - Establish BACT

The Permittee proposed a NOX emission limit of 0.06 lb/MMBtu heat
input for the TGTU thermal oxidizer.  Based on its review of emission
levels achieved by other petroleum refinery TGTU thermal oxidizers, the
Department determined that the Permittee’s proposal represents BACT.

The Department has included in the proposed permit a NOX emission limit
of 0.06 lb/MMBtu heat input (HHV), based on a one-hour average.

D. BACT for Sulfur Pits

The Sulfur Recovery Plant will include two storage vessels for molten sulfur
produced by the Sulfur Recovery Units.  These vessels, called “sulfur pits,” are
potential sources of reduced sulfur compound emissions.
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Steps 1-4

Control options for the Sulfur Pits are routing the sweep gas to a thermal oxidizer
or to the front end of the Sulfur Recovery Units for recovery of the sulfur
contained in the gas.  Each of these options is technically feasible.  Both options
would achieve nearly 100 percent control of emissions of hydrogen sulfide and
other reduced sulfur compounds.  However, the first option would result in
significant, adverse environmental impacts because essentially all of the sulfur
contained in the sweep gas would be oxidized to sulfur dioxide.  No adverse
environmental impacts are associated with the second control option.

Step 5 - Establish BACT

In its initial permit application, the Permittee proposed to route the sweep gas
from the Sulfur Pits to the Sulfur Recovery Plant Thermal Oxidizer.  Based on
further review of control techniques used by other state-of-the-art sulfur recovery
plants, the Department determined that routing the sweep gas to the Sulfur
Recovery Units for recovery of the sulfur is an environmentally preferable
alternative.  As a result, the Permittee revised its permit application to reflect this
control strategy.  The Department is not aware of any sulfur recovery plant that is
subject to more stringent requirements for emissions of reduced sulfur compounds
from sulfur pits, and concurs that this control strategy represents BACT.  No
emission limit is needed, because the sweep gas is considered a raw material that
is fed to the Sulfur Recovery Units. 

E. BACT for Sulfur Loading

The Sulfur Recovery Plant will include truck and rail car loading racks for molten
sulfur produced by the Sulfur Recovery Units.  These loading racks are potential
sources of reduced sulfur compound emissions.

Steps 1-4

Control options for the sulfur loading racks include degassing the sulfur prior to
loading and routing the displaced gases to a thermal oxidizer.  Each of these
options is technically feasible.  The first option is considered a pollution
prevention activity because the hydrogen sulfide removed from the molten sulfur
is routed to the front end of the Sulfur Recovery Units for recovery as a salable
product.  This option has no adverse environmental impacts.  The second option
would result in significant, adverse environmental impacts because nearly all of
the sulfur in the gases displaced during loading would be oxidized to sulfur
dioxide.

Step 5 - Establish BACT

BACT for the sulfur loading racks is a requirement that the sulfur be degassed to



Arizona Clean Fuels Yuma, LLC
Permit Number 40140 September 15, 2006Page 184 of  347

a maximum hydrogen sulfide concentration of 15 parts per million by weight
prior to loading.

F. BACT for Storage Tanks

As described in Sections II.P through II.S herein, the proposed refinery will
include 62 large cylindrical tanks and six pressure spheres used to store feed
stocks, process intermediates, and final products.  Emissions from storage tanks,
primarily VOC, occur as a result of displacement of headspace vapor during
filling operations in the case of fixed roof or internal floating roof tanks, or from
tank rim seals in the case of external floating roof tanks (i.e., working losses).  To
a lesser degree, diurnal temperature variations and solar heating cycles also result
in VOC emissions from storage tanks (i.e., storage or “breathing” losses).  With
proposed BACT controls, estimated emissions associated with the storage tanks
account for approximately seven percent of the facility-wide annual VOC
emissions.  Of this amount, about two-thirds is released from internal floating
roof storage tanks (Group “B” Storage Tanks) for which the proposed BACT is
collection of vapors in a closed vent system and control by a thermal oxidizer.

1. Volatile Organic Compounds

Step 1 - Identify All Control Options

Available VOC control options for petroleum liquid storage tanks include
inherently less-polluting processes, control equipment designed to
minimize vapor leakage from the tanks, end-of-pipe air pollution control
equipment, and combinations thereof.  The nominal requirements relating
to control of VOC emissions from storage tanks are outlined in the
petroleum refinery NESHAP regulation, 40 CFR 63 subpart CC, and the
Hazardous Organic NESHAP (HON), 40 CFR 63 subpart G.  The
following control options are available for petroleum liquid storage tanks:

•  Operating the vessel under pressure, such that it operates with no
emissions;

•  Routing vapors to a process or a fuel gas system via hard piping,
such that the vessel operates with no emissions;

•  External floating roof;
•  Fixed roof with vapor collection by a closed vent system routed to

a control device (e.g., thermal oxidizer, carbon adsorber);
•  Fixed roof in combination with an internal floating roof; and
•  Fixed roof in combination with an internal floating roof and with

vapor collection in a closed vent system routed to a control device
(e.g., thermal oxidizer, carbon adsorber).
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Step 2 - Eliminate Technically Infeasible Control Options

The two most effective control options, operating the tank with no
emissions either by operating under pressure or by routing all sweep gases
to a process or a fuel gas system, are feasible only for tanks storing certain
petroleum liquids.  Either of the two most effective control options would
be considered an inherently less-polluting process configuration.  The first
is suitable only for materials, such as propane and butane, that are gases at
atmospheric pressure.  This control option is proposed by the Permittee for
the six “Group ‘D’” storage tanks.  The second is feasible only for tanks
storing petroleum liquids that are compatible with the process or fuel gas
system into which the gases would be routed.  This control option is
proposed by the Permittee for the eight “Group ‘A’” storage tanks, with
gases routed to a compressor in the RFG system.  For all remaining tanks,
these control options are not considered technically feasible.

All other identified control options are technically feasible for all storage
tanks.

Step 3 - Characterize Control Effectiveness of Technically Feasible
Control Options

Storage tank control options, in order of decreasing overall control
effectiveness, are presented below:

Process configurations with no emissions - As noted in the discussion of
technical feasibility in Step 2, the Permittee has proposed for the Group
“A” and Group “D” storage tanks process configurations that will result in
the tanks operating effectively with  no VOC emissions. 

 
Fixed roof in combination with internal floating roof and with vapor
collection in a closed vent system routed to a control device - This design
incorporates a roof structure that floats on the surface of the stored liquid,
with dual flexible seals along the edge of the roof.  This design effectively
eliminates working losses.  As further control, the headspace between the
floating roof and the top of the tank is filled with an inert “sweep” gas
(e.g., nitrogen) which is vented under slight vacuum.  The breathing losses
that escape through tank penetrations and seals are carried with the sweep
gas to an add-on control device such as a thermal oxidizer or a
regenerative adsorption system.  The Permittee has proposed this control
option both for the 47 Group “B” storage tanks and for the Sour Water
Tank.  The Permittee has proposed to use a thermal oxidizer as the control
device for the Group “B” storage tanks and a carbon adsorption system as
the control device for the Sour Water Tank.
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Internal floating roof and dual rim seals - This design is the same basic
configuration as the previous option, but does not include a sweep gas
routed to a control device.  The Permittee has not proposed this control
option for any storage tanks. 

External floating roof with dual rim seals - This design is similar to the
internal floating roof configuration described above, but without the
enclosed headspace.  The floating roof and seals act to reduce
volatilization losses. This control option has overall effectiveness
approximately equivalent to that of the internal floating roof control
option described immediately above.  The external floating roof design is
commonly accepted control technology for vessels storing liquids with
relatively low volatility.  The Permittee has not proposed this control
option for any storage tanks.

Fixed roof with vapor collection by a closed vent system routed to a
control device - This design omits any control equipment (e.g., floating
roof) designed to minimize generation of VOC-laden vapors, instead
relying only on an end-of-pipe air pollution control device.  This
configuration is not proposed by the Permittee for any storage tanks.

Step 4 - Evaluate More Effective Control Options

For the Group “A,” Group “B,” and Group “D” Storage Tanks and for the
Sour Water Tank, the control option proposed as BACT by the Permittee
is the top control option and no detailed evaluation of other control
options is necessary. 

Step 5 - Establish BACT

A number of tank types will be represented at the proposed refinery
because specific designs are suitable for specific service categories, as
shown in the Outside Battery Limits (OSBL) Storage Tank Listing
provided in Section 2 of the permit application.  The following sections
summarize the selected BACT tank designs and emission control systems
for each tank category:

Group “A” Storage Tanks:

The BACT control strategy proposed by the Permittee for the Group “A”
Storage Tanks is as follows:  Eight storage tanks at the proposed refinery
will be of the pressurized dome roof configuration and will have a
nitrogen gas blanket in contact with the liquid. The pressurized dome roof
tanks are used to store products that may suffer reductions in quality if
exposed to the oxygen present in ambient air. The nitrogen blanket does
not create a continuous exhaust flow from the tank.  Make-up nitrogen is
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bled into the dome headspace to balance losses, or to equalize pressure
when the tank is drained.  During normal tank operation, the vapor space
of the tank (containing nitrogen and VOC) is discharged only during tank
filling, and small breathing losses may occur during daily temperature
swings. 

The displaced VOC emissions from the pressurized dome roof tanks are
captured and routed to a compression system.  This unit compresses the
storage tank vapors and inserts them into the RFG system for use in
numerous refinery combustion sources. This capture/control technique has
a control efficiency of essentially 100 percent.

The Department is not aware of any more stringent available control
option.  Therefore, it concurs with the Permittee’s proposed BACT control
strategy.

Group “B” Storage Tanks:

The BACT control strategy proposed by the Permittee for the Group “B”
Storage Tanks is as follows:  Forty-seven storage tanks will have an
internal floating roof design, and will have the headspace above the
floating roof vented to a thermal oxidizer.  The thermal oxidizer will be
designed to achieve a minimum of 99.9 percent VOC destruction
efficiency.

The VOC BACT conditions in the proposed permit include minimum
design standards for the internal floating roof tanks, based on those found
in 40 CFR 63 subpart G (HON for storage vessels), and for the thermal
oxidizer.  The primary design requirements are a design VOC destruction
efficiency of 99.9 percent at inlet VOC concentrations above 20,000 ppmv
and a design outlet concentration of 20 ppmv at lower inlet concentrations. 
Other emission limitations for the thermal oxidizer are expressed as
operational requirements (minimum temperature and maximum exhaust
gas flow rate).  This approach is consistent with BACT precedent and
allows for streamlined monitoring (i.e., CAM is not applicable because
continuous monitoring consistent with the units of the standard is
specified).  Refer to Section IV.F herein for a complete discussion of
CAM applicability.  The Tank Farm Thermal Oxidizer combustion
chamber must be maintained at a temperature of least 1600 °F and the
exhaust gas volumetric flow rate must be maintained below the rate that
corresponds to a minimum residence time of 0.75 seconds.  Continuous
monitoring of thermal oxidizer combustion chamber temperature and
exhaust gas volumetric flow rate are required, as well as annual
inspections of the thermal oxidizer burner and monitoring systems.
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The Department is not aware of any more stringent available control
option.  Thus, it concurs with the Permittee’s proposed BACT control
strategy. 

Sour Water Tank:

The BACT control strategy proposed by the Permittee for the Sour Water
Tank is as follows:  The Sour Water Tank will have an internal floating
roof design.  This tank will be equipped with suitable double seals at the
perimeter and other roof penetrations meeting design specifications under
40 CFR 60 subpart Kb.  In addition, the headspace from the tank will be
routed to a carbon adsorption system comprising dual carbon canisters.

The Department is not aware of any more stringent available control
option.  Thus, it concurs with the Permittee’s proposed BACT control
strategy. 

Group “D” Storage Tanks:

Six pressure vessels with zero emissions to the atmosphere are proposed
to store high vapor pressure material such as LPG, natural gasoline,
butane, etc.  As pressure vessels designed to operate in excess of 204.9
kPa and without emissions to the atmosphere, these tanks are exempt from
regulation under the petroleum refinery NESHAP pursuant to 40 CFR
63.641.  Pressure vessels designed for zero emissions inherently constitute
BACT for VOC emissions. 

Group “E” Storage Tanks:

A single storage tank (T-42801) storing asphalt comprises the Group “E”
Storage Tank category.  This tank is subject to the requirements of 40
CFR 60 subpart UU.  The vapor pressure of asphalt is below the
thresholds for control requirements under 40 CFR 60 subpart Kb and 40
CFR 63 subpart CC.  Therefore, no substantive NSPS or NESHAP
requirements for VOC emissions apply to the tank.  Due to the extremely
low vapor pressure of asphalt, even at elevated storage temperatures, and
the regulatory precedent, the proposed permit contains no additional tank
design or control system requirements for VOC emissions from this tank.

Tank Degassing and Cleaning:

Elevated VOC emissions can occur during routine storage tank degassing
and cleaning operations.  South Coast Air Quality Management District
(SCAQMD) Rule 1149 contains provisions for storage tank cleaning and
degassing that are representative of BACT measures for Group “A”, “B”,
and “C” storage tanks.  Under the proposed BACT provisions, emissions



6See BAAQMD BACT Guideline Document No. 12.1, 11/8/91.
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from tanks opened to the atmosphere for cleaning or degassing must be
controlled by using one of the following:

•  Liquid balancing;
•  Negative pressure displacement and subsequent incineration in an

approved manner;
•  Refrigerated condenser which reduces the vapor temperature to

100° F or lower; or
•  Other approved control method or control equipment at least 90

percent efficient in controlling VOC emissions.

2. BACT for Particulate Matter

For most of the proposed refinery storage tanks, PM emissions are either
zero or negligible, and BACT requirements beyond those specified for
VOC are not warranted.  Only the Group “E” Storage Tank, Asphalt
Storage Tank T-42801, is a potential source of PM emissions and was
included in the BACT analysis.

Steps 1 - 4

Pursuant to 40 CFR 60 subpart UU, § 60.472(c), Asphalt Storage Tank T-
42801 is required to be operated with no visible emissions to the
atmosphere, except for one consecutive 15-minute period in any 24-hour
period when the transfer lines are being blown for cleaning.  No specific
control technologies are prescribed. 

A review of BACT guidance and precedent for asphalt storage tanks
revealed limited data.  A single guideline was identified.  The Bay Area
Air Quality Management District (BAAQMD) maintains a BACT
guideline for asphalt storage tanks that specifies that exhaust gases be
cooled to less than 120 °F and vented through a fiberglass or steel wool
filter.6  

Step 5 - Establish BACT

The BAAQMD BACT guideline provisions identified above, along with
the NSPS requirement for zero opacity emissions, were selected as BACT
for PM emissions from the asphalt storage tank and were incorporated into
the draft permit.
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G. BACT for Loading Racks

The proposed refinery will include loading racks for transferring gasoline and
distillate products to rail cars and trucks.  These are sources of VOC emissions.

Step 1 - Identify All Control Options

Identified control technologies for VOC emissions from loading racks include
carbon adsorption, condensation, and incineration.

Step 2 - Eliminate Technically Infeasible Control Options

Each of the identified control technologies is technically feasible for application
to the loading racks.

Step 3 - Characterize Control Effectiveness of Technically Feasible Control
Options

Applied individually, the identified technologies have approximately equivalent
control effectiveness capabilities.  Each technology, when applied to the exhaust
streams from the loading racks, is capable of achieving VOC control efficiencies
in excess of 98 percent.  The most effective control strategy involves the use of
vapor recovery followed by incineration. 

Step 4 - Evaluate More Effective Control Options

The Permittee has proposed as BACT for the gasoline product loading racks a
vapor recovery system using carbon adsorption (i.e., a regenerative adsorption
system) followed by a thermal oxidizer.  This is the top control option for the
gasoline product loading racks.  Thus, no evaluation of alternative control options
is necessary. 

For the distillate product loading racks, the Permittee has proposed to use a
thermal oxidizer.  The use of a vapor recovery system followed by incineration is
an available, technically feasible, and more effective VOC control option for the
distillate product loading racks.  The Department concludes that the configuration
proposed by the Permittee represents BACT because the beneficial environmental
impacts associated with the more stringent control option (i.e., improved VOC
control effectiveness) are outweighed by the adverse economic impacts that
would result.  The rationale for this conclusion is presented in the following
paragraphs.

The more stringent control option was evaluated by the Permittee, in its permit
application, and by the Department.  The evaluation included identification and
comparison of the economic, environmental, and energy impacts of the proposed
control option and the more stringent control option.  Regenerative adsorption
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systems were used to represent the vapor recovery system technology in this
analysis.  It was assumed that two separate units, one for jet fuel and one for
Diesel fuel, would be required.

Energy Impacts.  In the more effective control option, the vapor recovery system
would require steam for adsorbent regeneration and electrical input for functions
such as air movement.  These are insignificant adverse impacts.  Used
downstream of a vapor recovery system, the thermal oxidizer would be smaller
and would use less fuel, which is an insignificant beneficial impact of the more
effective control option.  These offsetting and insignificant energy impacts were
not a factor in the decision.

Environmental Impacts.  Assuming 98 percent control efficiency, the more
stringent control option would reduce VOC emissions by about 9 tons per year. 
In addition, when used downstream of a vapor recovery system, the thermal
oxidizer would be smaller and would use less fuel, thereby generating less NOX

and CO emissions.  These are beneficial environmental impacts.

Economic Impacts.  As documented in Table 6.7-2 of the permit application, the
Permittee provided cost information for upgrading the distillate product loading
racks to a control option utilizing vapor recovery systems followed by a thermal
oxidizer.  The Permittee’s cost estimate, presented as an incremental evaluation of
applying the thermal oxidizer in addition to the vapor recovery systems, indicates
an incremental cost effectiveness of $21,336 per ton.  

In performing its evaluation of economic impacts of the alternative control
options, the Department relied on the cost information provided by the Permittee,
but made several adjustments to the values provided.  First, the Department
calculated the amortized capital costs using an equipment life of 15 years and a
real interest rate of 7 percent.  Second, the Department compared the cost of the
more effective control option to the proposed control option, and did not consider
the costs of the vapor recovery systems applied alone.  (Because that control
option would provide control effectiveness less than the proposed control option
at greater cost.)  The Department’s revised cost information yields an estimated
incremental cost effectiveness of approximately $30,000 per ton of VOC emission
reduction.

Step 5 - Establish BACT

In its initial permit application, the Permittee proposed a VOC BACT emission
limit for gasoline and distillate product loading racks of 10 milligrams per liter
loaded.  The maximum VOC emission rate under the Permittee’s proposed BACT
was 507 tons per year.

Based on further review of emission levels achieved by other petroleum liquid
loading operations, the Department determined that lower emission limits are
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achievable using a vapor recovery system in series with a thermal oxidizer to
control VOC emissions from gasoline product loading racks, and using a thermal
oxidizer to control VOC emissions from distillate product loading racks.  The
Permittee adjusted its BACT proposal to reflect these control strategies.  

Based on the evaluations performed in Step 4, the Department made its BACT
determinations for gasoline product loading racks and distillate product loading
racks.  The Department agrees that the Permittee’s proposal represents BACT for
VOC emissions from these sources.  The Department is not aware of any gasoline
loading racks or distillate loading racks are subject to more stringent VOC
emission limits.  The maximum VOC emission rate under the proposed BACT is
approximately 26 tons per year, a reduction of approximately 95 percent from the
originally proposed BACT control strategy.

The primary emission limits established as BACT are the VOC emission limits
from the rail car and truck loading rack thermal oxidizers.  These limits are 1.25
pounds per million gallons of product loaded at the gasoline product loading
racks, and 22.0 pounds per million gallons of product loaded at the distillate
product loading racks.  Each of these limits is based on a rolling three-hour
average.  Compliance with this emission limit is to be demonstrated through
continuous monitoring of temperature pursuant to an approved CAM plan.  In
addition to the thermal oxidizer VOC emission limits, the permit includes
numerous work practice and equipment design requirements representing BACT,
such as vapor collection system pressure-vacuum vent design specifications;
prohibition of loading non-vapor-tight cargo tanks; and acting to ensure that the
vapor collection systems are fully functional for each cargo tank loading.

H. Wastewater Treatment Plant

The Wastewater Treatment Plant includes a spray dryer, a wastewater collection
system comprising drain systems and sumps, and a wastewater treatment system
comprising a group of tanks.  The spray dryer will emit only particulate matter. 
The wastewater collection and treatment systems will emit primarily VOC.

1. BACT for Particulate Matter

For this analysis, PM10 is defined to include filterable particulate matter as
measured by EPA Reference Method 5. 

Steps 1-4

The control strategy proposed by the applicant is the use of a fabric filter
baghouse.  This control strategy is technically feasible and will not cause
any adverse energy, environmental, or economic impacts.  Other identified
control technologies include electrostatic precipitators, wet scrubbers, and
inertial separators.
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Step 5 - Establish BACT

The proposed BACT emission limit is an exhaust gas concentration of
0.005 grains per dry standard cubic foot, based on a three-hour average,
using a fabric filter baghouse.  Compliance with this emission limit is to
be demonstrated through initial and annual performance testing.  The
Department is not aware of any spray dryer that is subject to a more
stringent PM emission limit. 

2. BACT for Volatile Organic Compounds 

Step 1 - Identify All Control Options

Identified control technologies for VOC emissions from wastewater
collection and treatment include carbon adsorption, incineration, and
condensation. 

Step 2 - Eliminate Technically Infeasible Control Options

All of the identified control options are technically feasible for application
to the wastewater collection and treatment systems.

Step 3 - Characterize Control Effectiveness of Technically Feasible
Control Options

Carbon adsorption and incineration have approximately equivalent control
effectiveness capabilities.  Each technology, when applied to the exhaust
streams from the wastewater collection and treatment systems, is capable
of achieving VOC control efficiencies in excess of 98 percent. 
Condensation would be expected to have somewhat lower achievable
control efficiencies when applied to the exhaust streams from the
wastewater collection and treatment systems. 

The Permittee has proposed as BACT for the wastewater treatment system
(i.e., tanks) the use of closed-vent systems vented to a thermal oxidizer. 
The Permittee has proposed as BACT for the wastewater collection
system (i.e., drain systems and sumps) the use of closed-vent systems
vented to carbon canisters or a thermal oxidizer, depending on the location
and design of the individual emission source.

Step 4 - Evaluate More Effective Control Options

Neither of the control technologies proposed by the applicant has
significant, adverse energy, environmental, or economic impacts.  Each
technology has a slight adverse environmental impact, i.e., solid waste
from a carbon adsorption system and collateral air pollutant impacts from
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an incinerator, but these impacts are not sufficient to warrant rejection as
BACT. 

Step 5 - Establish BACT

The Department is not aware of any petroleum refinery wastewater
collection and treatment systems that are required to use emission controls
that are more stringent than those proposed by the Permittee.  The
Department has determined that the control strategy proposed by the
Permittee represents BACT for VOC emissions from these systems.

The VOC BACT requirements for the wastewater collection and treatment
systems are expressed as equipment design standards and operational
requirements.  This form of expression will ensure that the maximum
achievable level of emission control is achieved under all operating
conditions.  Specifically, for carbon canisters used to control emissions
from sumps, the draft permit requires the use of dual canisters in series,
with requirements for monitoring to detect breakthrough and for
replacement in the event of breakthrough.  For the Wastewater Treatment
Plant Thermal Oxidizer, the primary design requirements are a design
VOC destruction efficiency of 99.9 percent at inlet VOC concentrations
above 20,000 ppmv and a design outlet concentration of 20 ppmv at lower
inlet concentrations. Other emission limitations for the thermal oxidizer
are expressed as operational requirements (minimum temperature and
maximum exhaust gas flow rate).  This approach is consistent with BACT
precedent and allows for streamlined monitoring (i.e., CAM is not
applicable because continuous monitoring consistent with the units of the
standard is specified).  Refer to Section IV.F herein for a complete
discussion of CAM applicability.  The Wastewater Treatment Plant
Thermal Oxidizer combustion chamber must be maintained at a
temperature of least 1600 °F and the exhaust gas volumetric flow rate
must be maintained below the rate that corresponds to a minimum
residence time of 0.75 seconds.  Continuous monitoring of thermal
oxidizer combustion chamber temperature and exhaust gas volumetric
flow rate are required, as well as annual inspections of the thermal
oxidizer burner and monitoring systems.

I. Equipment Leaks

Section XXIV of Attachment “B” of the proposed permit contains requirements
for equipment leaks. The proposed ACF refinery design includes piping for the
purpose of distributing the liquid and gaseous materials among process units. 
This piping includes thousands of piping components such as valves, pumps,
compressors, flanges, and screwed connectors.  Minor emissions of hydrogen
sulfide may also occur due to leaking components in H2S service.  Equipment
component emissions are mostly related to “leakage” from rotary shaft seals,



7See Texas Natural Resource Conservation Commission (TNRCC) Air Permit Technical
Guidance for Chemical Sources: Equipment Leak Fugitives. October 2000.
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connection interfaces, valve stems, and similar points.

1. BACT for Volatile Organic Compounds

Step 1 - Identify All Control Options

BACT control strategies for VOC equipment leaks are generally based on
comprehensive leak detection and repair (LDAR) programs.  The baseline
requirements for such programs are described under the new source
provisions of the petroleum refinery NESHAP (40 CFR 63 subpart CC)
and the HON for equipment leaks (40 CFR 63 subpart H).  Alternate, and
in some cases more stringent, requirements for new refinery installations
are provided in the “28 MID” program7 implemented in Texas and in
Regulation 8, Rule 18 implemented by the Bay Area Air Quality
Management District in California.

 
Equipment Specifications - Commercially proven equipment components
with inherent leak-less design and construction features are available for
refinery applications.  These components reduce or preclude VOC
emissions, regardless of the quality or frequency of LDAR activities. 
Available control options identified in the 28 MID program involving
equipment specification or design include the following:

Pumps: 

•  Use of canned, magnetic drive, or diaphragm pumps not having
external seals; or 

•  Use of pumps designed with double mechanical seals and a barrier
fluid.  The barrier fluid is at a higher pressure than the process or
the fluid seal pot should be routed to a control device.

Dual mechanical seal pumps - This style of pump offers low seal leakage
provided they are chosen and maintained properly.  The TNRCC estimates
that such equipment provides 75 percent reduction in VOC compared to
simple mechanical seals (TNRCC, Regulations Governing Equipment
Leaks, 11/98). 

Magnetic Drive Pumps -  In a magnetic-drive centrifugal pump type, there
is no direct coupling between the drive and the pump casing, and
consequently no rotating shaft seal.  The pump is driven by magnetic
coupling of strong permanent magnets attached to the drive motor and
similar permanent magnets incorporated into the impeller of the pump. 
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The only connection is by way of the magnet flux passing through the
magnetic permeable casing of the pump.  Fluid being pumped is totally
contained within the pump chamber, so that assumed control efficiency is
100 percent (TNRCC, Regulations Governing Equipment Leaks, 11/98).

Valves:  

Selection of diaphragm valves or bellows valves with the bellows welded
to both the bonnet and stem.

Flanges and other Connectors:  

Installation of piping connections that are welded around the complete
circumference such that the joint cannot be disassembled by unbolting or
unscrewing the components.

Relief Valves:  

Routing of relief valve vents to an operating control device or use of
rupture disks with a pressure gauge between a valve and the disk to
monitor disk integrity.

Compressors: 

Use of compressors designed with enclosed distance pieces and venting of
the crankcase to a control device.

The above mentioned equipment designs can result in VOC control
efficiency for the particular components of 100 percent assuming the
device is functioning as intended.  Alternatively, process equipment with a
rotating shaft incorporating a double mechanical seal system without
barrier fluid affords a control efficiency of approximately 75 percent.  For
certain equipment categories, applicable requirements also specify leak
prevention design features.  For example, compressors are required to
include a barrier fluid system, and sampling connecting systems are
required to be equipped with a closed-purge system routing the fluids back
to the process or to a control device.

LDAR Program - The primary control option that has been deemed
BACT for equipment leaks in prior determinations is an LDAR program. 
Such programs are also stipulated as mandatory requirements for new
major sources of HAPs under the petroleum refinery NESHAP (40 CFR
Part 63, subpart CC), which requires that sources comply with the
provisions of the HON for equipment leaks (40 CFR 63 subpart H).  An
acceptable LDAR program includes suitable definition of a “leaking”
component threshold concentration, as measured at the potential leak



Arizona Clean Fuels Yuma, LLC
Permit Number 40140 September 15, 2006Page 197 of  347

interface.  In the HON subpart H, process equipment potentially present at
petroleum refineries are grouped into the following categories:

•  Pumps in light liquid service;
•  Compressors;
•  Pressure relief devices in gas/vapor service;
•  Sampling connection systems;
•  Open-ended valves or lines;
•  Valves in gas/vapor service and in light liquid service;
•  Pumps, valves, connectors, and agitators in heavy liquid service;
•  Instrumentation systems; 
•  Pressure relief devices in liquid service;
•  Surge control vessels and bottoms receivers; and
•  Closed-vent systems and control devices.

For BACT purposes, the LDAR program must encompass all components
that contain or convey VOC-containing fluids, while only equipment
contacting fluids that meet specific HAP concentration criteria are subject
to the NESHAP regulations.  For each component category, leak detection
procedures and test frequencies are defined in regulations or permit
precedents that include both visual and instrumental inspections.  If leaks
are apparent through visible, audible, or olfactory means, the equipment
must be repaired.  If certain threshold VOC concentrations at the possible
leak interface are surpassed during instrumental inspections (by EPA
Reference Method 21 in appendix A to 40 CFR part 60), the equipment is
also considered to be leaking and must be repaired.

New sources located in non-attainment areas and subject to the Lowest
Achievable Emission Rate (LAER) requirements have adopted leak
detection concentrations that are lower than those specified in applicable
NESHAP standards.  Examples of such determinations in California and
Texas are documented in Table 6.5-1 of the Arizona Clean Fuels permit
application.  Generally, operating cost factors favor a lower leak detection
definition since the value of lost product or intermediates due to a leak
exceeds the projected cost of LDAR for those components.  At very low
leak definition levels, however, diminishing returns apply as less VOC is
leaking when concentration is low, and the cost per unit VOC abated
escalates dramatically as a large portion of the refinery components (even
if recently replaced) may be deemed to be leaking. 

Widely accepted BACT leak definition thresholds documented in the
Arizona Clean Fuels permit application include pump and compressor
seals at 2,000 ppmv, and valves and connectors at 500 ppmv.  However,
recent permits have specified more stringent leak detection definitions in
some cases.  A leak definition of 500 ppmv has been applied to all
components in some permits, including pumps and compressors.  This
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threshold concentration (i.e., leak definition) coincides with that stipulated
in the 28 MID program for VOC emission reduction from component
leakage.

In its review of LDAR program elements in various permits and
regulations applicable to petroleum refineries, the Department identified
one regulation (Bay Area Air Quality Management District, Regulation 8,
Rule 18) that specifies a 100 ppmv leak definition for valves and
connectors in gas/vapor and light liquid service.  The Department also
identified this rule as including limits, for some types of components, on
the refinery-wide percentage of components for which a delay in repair is
allowed.  In these respects, the Bay Area regulation is more stringent than
other LDAR programs that do not include such provisions.

In the NESHAP program, each piece of equipment is monitored on a
specified frequency (weekly, monthly, quarterly, and/or annually) and
repaired within a specified timeframe after a leak is detected.  Alternative
standards provide the facility an incentive to demonstrate that the portion
of “leaking” valves, pumps, etc. is not greater than a given percentage of
the facility population. 

Step 2 - Eliminate Technically Infeasible Control Options

Process equipment options that can essentially eliminate fugitive VOC
emissions for all instances at the proposed refinery were deemed
infeasible or cost prohibitive.  However, equipment options such as
seal-less magnetic drive pumps and bellows-seal valves are available and
technically feasible for many of the duties involved in the refinery design. 
There are more complex options that were viewed as impractical and
cost-prohibitive due the large quantity of pumps and compressors that
would be involved.  For example, the capture and routing of vapor
emissions from all facility pumps and compressors to one or more control
devices would be impractical.  Such control would involve the addition of
an enormous quantity of additional vapor piping and equipment, which
would constitute numerous additional fugitive emission sources.

The welding of flange edges and the elimination of piping connections are
not feasible in cases where bolted flange connections are necessary. 
These include instances where access is necessary for maintenance, to
facilitate equipment disassembly for inspection and maintenance, or to
accommodate normal thermal expansion.   Also, bolted flanges are
necessary when vibration isolators or stress relief devices are needed on a
pipe run.  Because of cost considerations, flanges are used only when
required for such purposes.
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Selection of seal-less pumps is technically feasible for a limited number of
situations.  However, magnetic drive pumps or other seal-less designs are
not commercially available across all ranges of flow and pressures
encountered.  Primarily, this is because the power transferred from the
drive to the pump impeller is limited by the permeability of the pump
casing to magnetic fields and the strength of the magnetic field itself. 
Also, a large portion of the pumps in refineries are driven by
high-pressure steam impellers, which limits the availability of the
magnetic-drive or seal-less pump option.

Another design selection that would reduce fugitive component VOC
emissions includes the use of bellows-seal valves. Bellows-seal valves that
are weld-sealed at the top and bottom of the bellows have been stipulated
in new source permits by the South Coast Air Quality Management
District for new refinery piping components up to and including 8 inches
in diameter.

Because seal-less pumps and bellows-seal valves are commercially proven
and available for a range of refinery applications, these equipment design
options were considered in the BACT economic analysis. 

Step 3 - Characterize Control Effectiveness of Technically Feasible
Control Options

The technically feasible control strategies, in order of decreasing
stringency, are as follows:

• Full implementation of seal-less pumps (e.g., diaphragm, canned,
or magnetic drive centrifugal pumps) and seal-less/leakless valves
(e.g., welded bonnet bellows and diaphragm valves); HON subpart
H and 28 MID equipment design specifications and LDAR
programs; and 500 ppmv leak definition for all components. 

• HON subpart H and 28 MID equipment design specifications and
LDAR programs; limits on percent leaking components; 100 ppmv
leak definition for valves and connectors in gas/vapor and light
liquid service; and 500 ppmv leak definition for all other
components. 

• HON subpart H equipment design specifications and LDAR
programs; plus leak definitions as required by applicable
regulations for all components.

Step 4 - Evaluate More Effective Control Options

Seal-less pumps and bellows seal valves are commercially available for
many of the services encountered in the proposed refinery design.  Cost
effectiveness varies depending on the pump size and type of fluid service
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category.  Tables 6.5-2 through 6.5-6 of the Arizona Clean Fuels permit
application present control cost estimates and BACT cost effectiveness for
multiple scenarios of seal-less pump and bellows seal valve
implementations. 

In the Permittee’s BACT analysis, the number of pumps or valves in a
given service category was estimated, along with an average pump volume
capacity.  On this basis, the cost per ton abated ratio was determined for
the two equipment options to provide a comparative cost effectiveness for
pumps and valves in a given service category.  Because both
magnetic-drive pumps and bellows-seal valves offer nearly 100 percent
control efficiency, it was conservatively assumed that all of the VOC
emissions attributed to the baseline pump and valve option would be
abated.

Tables 6.5-2 and 6.5-3 in the permit application document that the
implementation of magnetic drive pumps for any particular service
category is not economically reasonable when compared to the beneficial
environmental impacts that would result.  The Permittee’s analysis shows
that the use of 242 magnetic-drive pumps (approximately three-fourths of
the refinery-wide pump count) would have an annualized cost of over
$700,000 and would reduce VOC emissions by 5.1 tons per year
compared to dual mechanical seal pumps.  This yields an incremental cost
effectiveness of approximately $140,000 per ton of VOC.  The
Department’s revised economic impacts analysis, which uses less
conservative emission estimation methodologies, indicates that refinery-
wide VOC emissions from pumps in VOC service will be only 2.6 tons
per year.  Using the Department’s emission estimates, the incremental cost
effectiveness of requiring magnetic-drive pumps would be well in excess
of $300,000 per ton of VOC emission reduction.

The results of the Permittee’s economic impacts analysis for bellows-seal
valves, provided in Tables 6.5-4 through 6.5-6 of the permit application,
show that this measure also is economically unreasonable for abatement of
VOC emissions.  This analysis shows that the use of 15,938 bellows-seal
valves (approximately half of the refinery-wide valve count) would have
an annualized cost of over $11 million and would reduce emissions by
77.9 tons per year compared to conventional valves.  This yields an
incremental cost effectiveness of approximately $140,000 per ton.  The
Department’s revised economic impacts analysis, which uses less
conservative emission estimation methodologies, indicates that refinery-
wide VOC emissions from valves in VOC service will be only 1.5 tons per
year.  Using the Department’s emission estimates, the incremental cost
effectiveness of requiring bellows-seal valves would be well in excess of
$1 million per ton of VOC emission reduction.



8 See January 19, 2001 memorandum from J.S. Seitz, Director, Office of Air Quality Planning
and Standards, U.S. EPA, to Air Division Directors, U.S. EPA Regions I-X.  “BACT and LAER
for emissions of NOX and VOC at Tier 2/Gasoline Sulfur Refinery Projects.”
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Step 5 - Establish BACT

A recent U.S. EPA policy memorandum concluded that the requirements
of the HON for equipment leaks (40 CFR 63 subpart H) constituted LAER
and presumptive BACT for VOC emissions from refinery equipment
leaks.8  In that memorandum, the U.S. EPA stated:

“After a review of the available information, it is EPA's conclusion that
for VOC emissions from hydrotreaters and hydrogen units, at both large
and small refiners, compliance with the Hazardous Organic National
Emission Standards for Hazardous Air Pollutants (HON) (40 CFR Part
63 Subpart H) represents BACT.  This is the most stringent control level
achievable for VOCs from these units.  In concluding that compliance
with the HON represents BACT, EPA considered the incremental and
average cost of the control strategy as well as any associated energy and
environmental impacts.  No adverse impacts were found to be associated
with the most effective control option. Consequently, it was determined
to be BACT.  The control option represents the most stringent control
level achieved or contained in a SIP, it therefore also represents LAER
for those units.”

The substantive requirements of the HON Subpart H LDAR program are
applicable to the proposed refinery.  (See Sections IV.C.5 and IV.C.7
herein for additional discussion.)  Therefore, these requirements were
deemed representative of the BACT baseline for VOC emissions from
equipment leaks.  These requirements were augmented with more
stringent leak definitions (100 ppmv for valves and connectors in
gas/vapor and light liquid service, 500 ppmv for all other components) and
with the equipment design specification provisions from the 28 MID
program, as noted below, to reflect BACT precedent.

General: 

• All piping, valves, pump systems, and compressor systems shall
conform to applicable American National Standards Institute
(ANSI), American Petroleum Institute (API), American Society of
Mechanical Engineers (ASME), or equivalent codes.

• Underground process pipelines shall contain no buried valves such
that fugitive emission monitoring is rendered impractical.

• To the extent that good engineering practice will permit, valves
and piping connections shall be located such that they are
reasonably accessible for leak-checking during plant operation.
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Construction of new and reworked piping valves, pump systems,
and compressor systems shall conform to applicable ANSI, API,
ASME, or equivalent codes.

Connectors:

For equipment in gas/vapor service or in light liquid service, all piping
connections shall be welded or flanged. Screwed connections are
permissible only on piping smaller than two-inches in diameter.

Pumps and Compressors:

All pumps and compressors shall be equipped with a shaft sealing system
that prevents or detects emissions of VOC from the seal.  These may
include, but are not limited to, dual pump seals with barrier fluid at higher
pressure than process pressure; seals degassing to vent control systems; or
seals equipped with an automatic seal failure detection and alarm system. 
Submerged or seal-less pumps may be used to satisfy this requirement.

Valves:

To the extent practical, considering operability and safety factors, the
Permittee shall install seal-less or leak-less valves including, but not
limited to, welded bonnet bellow and diaphragm valves. 

2. BACT for Hydrogen Sulfide

Steps 1 - 4

Available technologies for H2S equipment leak BACT include leak-less
equipment design, LDAR, and continuous instrumental ambient
concentration monitoring.  Due to the toxicity of H2S, leak-less equipment
design is inherent to units in H2S service.  Worker exposure and process
safety regulations, such as the Process Safety Management (PSM)
standards  administered by the Occupational Safety and Health
Administration (OSHA), constrain equipment design and leak related
emissions to a greater extent than identified BACT precedents.

In its permit application, the applicant proposed BACT for H2S equipment
leaks mirroring the LDAR requirements for VOC and organic HAP
emissions, but with more stringent leak definitions.  From the
Department’s review, no refinery permits were found requiring
instrumental H2S leak monitoring.  However, several refinery permits
were reviewed that require instrumental H2S fenceline or area monitoring
in conjunction with olfactory H2S LDAR.  Generally, the Department
determined that Texas refinery permits require instrumental H2S area
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monitoring and California refinery permits require instrumental H2S
monitoring at the facility fenceline.  Examples of these permit conditions
are provided below.

The following example is from Permit Number 9868A (PSD-TX-102M4)
for Phillips Petroleum in Borger, Texas:

There shall be 45 H2S monitors placed throughout the sulfur recovery,
amine regeneration, and sour water stripping areas.  These monitors shall
be arranged in such a way that coverage is provided for wind directions
varying through 360 degrees.  The existing monitors shall be set to alarm
at a concentration of 10 ppmv and shall alarm in the control room.

The following example is from the Bay Area Air Quality Management
District, Manual of Procedures, Volume VI, and is referenced and
required under Permit Number A0011 for Shell Oil Products in Martinez,
California:

[T]he person responsible for emissions shall provide recording
instrumentation at not less than three sites chosen to monitor the ambient
air in the area surrounding the emission source and at least one
meteorological station to record wind speed and direction.  Additional
instruments may be required in specific cases where necessary to meet
the intent of the appropriate section.  The instruments shall be sufficient
in number to give reasonable assurance that any ground level limits
exceeding the applicable standards will be detected. All analytical
instrumentation shall be capable of detecting ground level concentrations
which exceed the allowable limits. All instrumentation shall be
continuous and equipped with either a strip chart recorder or an
electronic data recorder which archives data at averaging intervals not to
exceed one minute.

The instruments shall be installed and operated in locations which
adequately represent maximum ground level concentrations of the
measured air pollutants.  Sites will be chosen to intercept most frequent
ground level maximum concentrations, but in conformance with
Regulation 1-510. Proper siting will be taken to require that a
preponderant downwind exposure over the calendar year be accumulated
by the instruments of given network, during their hours of operation. 
Downwind exposure exists when the mean wind direction lies in the arc
within 22.5 degrees of a direct line from source to monitor.  The
effective source height and the prevalent stability class associated with
the most frequent wind directions are used to calculate the most probable
distances for maximum ground level concentrations.  A station may be
placed at or within the property line if the location is otherwise
acceptable and provided that the person responsible for the stations
agrees in writing that such location shall, for the purposes of District
requirements, be deemed to be off the property from which the emissions
occur.  The wind measuring site (or sites) shall be located within the
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general area encompassed by the source and the ground level monitors. 
In any case, they must comply with the latest edition of the Bay Area Air
Quality Management District Meteorological Monitoring Guidance. 
Final  approval of the siting of ground level monitors and meteorological
instrumentation shall be with the [District].

Step 5 - Establish BACT

From available BACT precedent data, continuous fenceline ambient
monitoring combined with olfactory LDAR was selected as BACT for
H2S equipment leaks.  The proposed permit stipulates that an H2S ambient
monitoring plan be developed and submitted to the Department for
approval.  In summary, the proposed BACT conditions for H2S equipment
leaks are as follows:

•  Install, certify, operate, and maintain a network of H2S
concentration monitors at the facility boundary.  Monitors shall be
set to alarm at a concentration no higher than 0.03 ppmv.

•  Submittal of an H2S monitoring plan.
•  Audio, olfactory, and visual checks for H2S leaks within each

operating area containing equipment in H2S service once per shift. 
•  Corrective action shall be taken immediately, and no later than

one hour upon detection of a leak

In addition to the fenceline ambient monitoring required as BACT, the
Department notes that the proposed refinery also will be subject to the
Process Hazard Analysis requirements under 29 CFR 1910.119(e). 
Specifically, pursuant to 29 CFR 1910.119(e)(3)(iii), the analysis is
required to address:

“Engineering and administrative controls applicable to the hazards and
their interrelationships such as appropriate application of detection
methodologies to provide early warning of releases. (Acceptable
detection methods might include process monitoring and control
instrumentation with alarms, and detection hardware such as
hydrocarbon sensors.)”

In order to meet these worker safety and health requirements, the proposed
refinery will be required to implement an on-site H2S concentration
monitoring program, or equivalent, within the process unit areas
containing equipment in H2S service.  This monitoring will be in addition
to that required by the proposed air quality permit.
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J. Catalyst Regenerators

As described in Section III.M herein, the Catalytic Reforming Unit Catalyst
Regenerator and the Butane Conversion Unit Catalyst Regenerator will emit small
quantities of CO and NOX.  The Permittee has indicated that the CO and NOX

emissions from each catalyst regenerator are 0.50 and 0.82 lbs per hour,
respectively.  These values are based on design maximum exhaust gas flow rates
and a conservatively estimated concentration of 200 ppmv for each pollutant. 
Annual emissions are calculated assuming the hourly emission rate for 8,760
hours per year. 

Steps 1-4

The Department is not aware of any process improvements that would provided
for reductions in CO and NOX emissions from the catalyst regenerators.  Any end-
of-pipe control technology, including SCR and oxidation catalyst, could be
applied.  However, due to the extremely small size of these emission units, any
such application would involve unreasonable, adverse economic impacts and
minimal environmental benefit.  The uncontrolled rates of CO and NOX emissions
from the catalyst regenerators are similar in magnitude to those from a gas-fired
heater or boiler with a capacity of approximately 4 MMBtu/hr.  Also, the catalyst
regenerator exhaust gas exit temperature is less than 200 ºF, so the gas would
have to be reheated in order to allow the use of SCR or oxidation catalyst.  Based
on knowledge of BACT analyses for combustion sources in this size range, the
Department expects that the average cost effectiveness of applying these control
technologies would be approximately $10,000 per ton of pollutant controlled.  In
light of the adverse economic impacts and the minimal environmental benefit that
would result, the Department does not consider any end-of-pipe control
technology to represent BACT for CO and NOX emissions from the catalyst
regenerators.

Step 5 - Establish BACT

The Permittee has proposed CO and NOX BACT emission limits of 0.50 lb per
hour and 0.82 lb per hour, respectively.  These emission limits are based on an
exhaust gas concentration of 200 ppmv for each pollutant.  The Department
concurs with these proposed emission limits, and is not aware of any similar
emission units achieving more stringent emission limits.

K. Petroleum Coke Storage and Handling

The handling and storage of petroleum coke, from removal of coke from the coke
drums in the Delayed Coking Unit to the loading of coke into rail cars for
transport off-site, are potential sources of particulate matter (dust) emissions.
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Step 1 - Identify All Control Options

The control technologies that can be used to control particulate matter emissions
from the coke handling operations are:

• Enclosures vented to fabric filter baghouses; and
• Wetting of the material to reduce the generation of dust. 

Step 2 - Eliminate Technically Infeasible Control Options

Both identified control options are technically feasible for all petroleum coke
storage and handling operations.

Step 3 - Characterize Control Effectiveness of Technically Feasible Control
Options

Enclosures with fabric filter baghouses comprise the top control option and
wetting is the second-ranked control option.

Step 4 - Evaluate More Effective Control Options

For the coke silo, the Permittee has proposed as BACT the use of a fabric filter
baghouse designed so that the exhaust particulate matter concentration does not
exceed 0.005 grains per dry standard cubic foot (gr/dscf).  The applicant also
provided cost information for baghouses designed to achieve particulate matter
concentrations of 0.002 and 0.003 gr/dscf indicating that these more stringent
levels would result in costs of $10,000 or more per ton of incremental particulate
matter reduction.  The Department concurs that these costs would represent
unwarranted, adverse economic impacts.  The Department also notes that the
proposed limit on particulate matter concentration is more stringent than the most
stringent identified equipment specification for fabric filter baghouses on material
handling systems.  For these reasons, the Department concurs that the applicant’s
proposed design specification of 0.005 gr/dscf represents BACT.

For other coke handling operations, the Permittee evaluated the use of a total
enclosure of the coker pit in conjunction with a closed-vent system and baghouse. 
Based on information provided by the Permittee, the annualized cost of this
control option would be in excess of $600,000 per year.  These costs are
unreasonable, given the very low emissions from these activities.  The Permittee
proposed as BACT the use of wet suppression for these operations.  The
Department concurs that this technology selection represents BACT for these
operations.

Step 5 - Establish BACT

For the coke silo fabric filter baghouse, in addition to the particulate matter
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concentration limit of 0.005 gr/dscf, based on a three-hour average, the
Department is imposing a visible emissions standard of zero opacity.  This
limitation will provide a more readily enforceable emission standard representing
BACT, and will also ensure that the BACT emission limits for the proposed
refinery are as stringent as the most stringent limits identified at other comparable
facilities. 

For other coke handling operations, the Department agrees with the applicant’s
proposed combination of work practices and equipment design requirements
representing BACT.  The specific requirements include a minimum moisture level
of 12 percent in coke in all handling operations; a requirement for a building with
flaps enclosing the rail car loading operations; and a requirement for walls
surrounding all other coke handling operations.

L. Cooling Tower

The proposed refinery will require a continual supply of cooled water for heat
exchangers, condensers, and other process units.  This cooled water will be
supplied from a forced-draft, wetted-media type cooling tower.  This unit
circulates warm “return” water through a media that promotes air/water contact
and subsequent cooling by evaporation.  This type of cooling tower is a source of
particulate matter and VOC emissions. 

Particulate matter is emitted from wet cooling towers due to the presence of
suspended and dissolved solids in water droplets that drift from the cooling tower. 
As a droplet that drifts from the tower evaporates, the dissolved solids present in
the droplet agglomerate into a single particle.  The size of the resulting particle
depends on the size of the droplet, the mass of the dissolved solids present in the
droplet, and the density of the resulting particle. 

VOC emissions occur due to evaporation of volatile organic compounds that may
be present in the cooling water due to leaks in heat exchangers.  As cooling water
passes through one side of a water-cooled heat exchanger, if the water side of the
exchanger is maintained at a lower pressure than the hydrocarbon fluid side of the
exchanger, small amounts of hydrocarbon may leak to the water side.

1. BACT for Particulate Matter

Step 1 - Identify All Control Options

Two particulate matter control options were identified for the proposed
cooling tower:

• Replacement of the wet cooling tower with a dry cooling tower;
and

• Drift eliminators.
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A dry cooling tower is an inherently less-polluting alternative to a wet
cooling tower.  This type of cooling tower circulates the process water
through a large bank of radiator coils.  These coils are cooled by forced
flow of ambient air on the outer finned surfaces of the radiator.  Ambient
airflow is driven by very large axial propeller fans, typically located below
the radiator bank, so that the air is blown upward through the radiator and
the warmer air exits the top of the tower.  Because there is no contact
between the water and the ambient air, and thus no opportunity for drift, a
dry cooling tower would not be a source of particulate matter emissions.

Drift eliminators are located perpendicular to the air flow and are designed
to collect and remove condensed water droplets from the air stream. 
Changes of direction of the air flow passing through the eliminator
promotes removal of droplets by coagulation and impaction on the
eliminator surfaces. Particulate matter emissions are thus minimized as
drift is minimized.

Step 2 - Eliminate Technically Infeasible Control Options

The performance of dry cooling towers is limited by the ambient dry-bulb
temperature rather than ambient wet-bulb temperature.  Based on
information provided by the Permittee, the return cooling water will arrive
at the cooling tower at a design temperature of 102.6 ºF and is to be
cooled to a design temperature of 85 ºF.  The  design cooling water
temperature cannot be achieved using a dry cooling tower because the
design dry-bulb temperature at the proposed site is in excess of 100 oF. 
Therefore, this control option is technically infeasible.

Steps 3-5

The only identified, technically feasible control option is the use of
high-efficiency drift eliminators in conjunction with the proposed wet
cooling tower.  There are no significant environmental, energy, or
economic impacts that would affect the determination of BACT.

The Permittee proposed as BACT the use of drift eliminators with a
vendor-guaranteed maximum total liquid drift of 0.0005 percent of the
circulating water flow rate.  This is equivalent to the most stringent
identified equipment specification for wet cooling towers.  The
Department concurs that this proposal represents BACT.
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2. BACT for Volatile Organic Compounds

Step 1 - Identify All Control Options

Three VOC control options were identified for the proposed cooling
tower:

• Replacement of the wet cooling tower with a dry cooling tower;
• Replacement of the direct-contact wet cooling tower with an

indirect-contact wet cooling tower; and
• Heat exchanger leak detection and repair.

A dry cooling tower is an inherently less-polluting alternative to a wet
cooling tower as described above, in Section V.L.1.

An indirect-contact cooling tower would use a sealed bank of exchanger
tubes, bathed in an internally-circulating water cascade, to cool the
process water.  Because there is no contact between the process cooling
water and the ambient air, and thus no opportunity for evaporation, an
indirect-contact cooling tower would not be a source of VOC emissions.  

A heat exchanger leak detection and repair program for water-cooled heat
exchangers would involve monitoring cooling water for the presence of
hydrocarbons, and detecting and repairing leaks when hydrocarbons are
found.  In some instances, suitable control may include installation of
hydrocarbon detectors in the exit water downstream of the exchanger to
identify leaking units.  In addition, this measure would include systematic
inspection, preventive maintenance, and repair programs to avoid leakage. 
This latter function can include routine replacement of seals, exchanger
cleaning, and pressure testing of exchanger vessels.

Step 2 - Eliminate Technically Infeasible Control Options

A dry cooling tower is a technically infeasible control option for the
reasons described in Section V.L.1.

Step 3 - Characterize Control Effectiveness of Technically Feasible
Control Options

The top control option is the use of an indirect-contact cooling tower
rather than a direct-contact cooling tower.  The other control option is the
implementation of a heat exchanger leak detection and repair program.

Step 4 - Evaluate More Effective Control Options

An indirect-contact cooling tower design would encounter a significant
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energy penalty due to increased pumping requirements; reduced overall
temperature differential for heat rejection from the process cooling water;
and reduced heat transfer efficiency due to the presence of heat exchanger
tube material and tube surface water film. Adverse economic impacts of
this control option include the costs associated with the energy penalty;
costs of water treatment for the added external water loop; and
incremental capital and operating costs of the indirect-contact cooling
tower in excess of those associated with the direct-contact cooling tower
design.  Based on information provided by the Permittee, the incremental
cost of this control option is approximately $20,000 per ton of VOC
emission reduction.  The Department has determined that this is an
unreasonable, adverse economic impact.  Due to the adverse energy and
economic impacts of the more stringent control option, and its
comparatively insignificant environmental benefits, the Department agrees
with the Permittee’s proposal that implementation of a heat exchanger
leak detection and repair program represents BACT for the wet cooling
tower.

Step 5 - Establish BACT

It should be noted that emission testing is not feasible for wet cooling
towers due to exhaust characteristics, so the BACT determination is
expressed as a work practice requirement rather than an emission limit.

The required work practice (i.e., heat exchanger leak detection and repair
program) requires application of hydrocarbon detectors at the return water
outlet from one or a group of process heat exchangers, along with a
systematic program of leak inspections and prompt repairs, consistent with
the provisions of the SOCMI NESHAP.  

M. Internal Combustion Engines

The proposed refinery will include three reciprocating, lean-burn, compression-
ignition internal combustion engines fired with Diesel fuel.  These will include a
1500-horsepower engine, which will be used to drive an emergency electrical
generator, and two 750-horsepower engines, which will be used to drive fire
water pumps.  Each engine will be permitted to operate for a maximum of 200
hours per year, but actual operation is expected to be considerably less.

The proposed compression-ignition internal combustion engines are generally
similar to engines that are regulated as non-road mobile sources under 40 CFR
part 89.  These non-road engine emission standards will not apply to the engines
at the proposed refinery because the engines will remain at the refinery site for
more than 12 months.  Notwithstanding this difference in regulatory applicability,
the air pollution control techniques for compression-ignition engines such as
those at the proposed refinery are generally driven by the emission standards for
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mobile sources.  The mobile source emission regulations, unlike the BACT
requirement for stationary sources, is technology-forcing; the current regulations
establish emission standards that must be achieved by engines sold in the future
and that are much more stringent than the standards that must be achieved today. 
For example, if the proposed refinery were operating today (in 2004) and required
the temporary use of a skid-mounted, 1500-horsepower electrical generator, that
engine would likely be compliant with the Tier 1 emission standards for non-road,
compression-ignition engines.  These emission standards apply to model year
2000 and later engines and include a NOX emission limit of 0.015 lb per brake
horsepower-hour engine output.  The recently promulgated Tier 4 emission
standards, which apply to model year 2011 and later engines, include a NOX

emission limit of 0.0011 lb per brake horsepower-hour engine output.  This
represents a 93 percent reduction in allowable emission levels, based on the
expectations of U.S. EPA’s Office of Mobile Sources with regard to the
technological advancements that will be made by the engine manufacturing
industry over the next several years.

The Department cannot make its BACT determinations for the internal
combustion engines at the proposed refinery using the approach that U.S. EPA’s
Office of Mobile Sources uses, relying on expectations of future technological
advancements, due to differences in the statutory requirements.  However, the
Department can and does rely on the continued research of U.S. EPA’s Office of
Mobile Sources with regard to recent technological advancements for control of
emissions from non-road, compression-ignition engines.

1. BACT for Sulfur Dioxide 

Steps 1-4

The only control option identified for the internal combustion engines is
the use of low-sulfur Diesel fuel.  This control option is technically
feasible and will not cause any adverse energy, environmental, or
economic impacts. 

Step 5 - Establish BACT

In its initial permit application, the Permittee proposed a Diesel fuel sulfur
content of 0.5 percent by weight as the BACT emission limit for SO2 from
compression-ignition internal combustion engines.

Based on a review of available information characterizing availability of
lower sulfur fuels, including representations made by the applicant with
regard to the fuels that will be produced at the proposed refinery, the
Department determined that a Diesel fuel sulfur content limit of 15 parts
per million by weight (ppmw) (equivalent to 0.0015 percent by weight) is
achievable.  The Permittee adjusted its BACT proposal to reflect this
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value as the proposed emission limit representing BACT for SO2

emissions.

The Department concurs that this proposal represents BACT for SO2

emissions from compression-ignition internal combustion engines.  The
Department is not aware of any similar sources that are subject to more
stringent SO2 emission limits.

2. BACT for Nitrogen Oxides 

Step 1 - Identify All Control Options

Identified control technologies and techniques for NOX emissions from
compression-ignition engines include the following:

• Fuel injection rate shaping and multiple fuel injections, which
typically utilize electronically-controlled fuel injection systems
that  vary the fuel injection rate and method according to engine
load and other operating conditions.  Lower NOX emissions are
achieved by initially limiting the rapid increase in temperature and
pressure in the cylinder, postponing injection of most of the fuel
until an established flame exists.

• Charge air cooling, which typically involves lowering the intake
manifold temperature using an air-to-air heat exchanger, or
aftercooler, located downstream of a turbocharger.  Lower NOX

emissions are achieved by reducing the peak combustion
temperature.

• Injection timing retard, also called ignition timing retard, which
involves delaying the fuel injection point in each engine cycle such
that the heat release from fuel combustion occurs during the
cylinder expansion.  Lower NOX emissions are achieved by
reducing the peak combustion temperature.

• Exhaust gas recirculation, which involves retaining or re-
introducing a fraction of the exhaust gases.  Lower NOX emissions
are achieved by reducing the peak combustion temperature and by
reducing the amount of available molecular oxygen.

• Lean-NOX catalyst technology, which typically involves the
injection of Diesel fuel into the exhaust gas upstream of a zeolite
catalyst.  The catalyst adsorbs hydrocarbons from the reductant,
creating a locally oxygen-poor region in which reduction of NOX

to N2 and O2 is promoted.
• NOX adsorber technology, which typically utilize alkali or alkaline

earth metal catalysts to adsorb NOX on the catalyst surface under
the fuel-lean and oxygen-rich conditions typical of Diesel engine
exhaust.  Periodically, the catalyst bed is subjected to fuel-rich
exhaust in order to desorb the NOX and regenerate the catalyst. 
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The desorbed NOX is catalytically reduced over a second catalyst,
typically platinum and rhodium.  The periodic regeneration step,
which may occur as frequently as every 15 seconds or as
infrequently as every several minutes during engine operation,
comprises only a small fraction of total operating time.  The fuel-
rich exhaust conditions required for the regeneration step may be
achieved by periodic changes in engine cycle operation, using fuel
injection rate shaping systems as described above.

• Selective catalytic reduction (SCR), selective non-catalytic
reduction (SNCR), and SCONOX, all of which are described in
Section V.B.3 herein.

Step 2 - Eliminate Technically Infeasible Control Options

Lean-NOX catalyst technology, NOX adsorber technology, and SCONOX

have not been demonstrated to function efficiently on stationary,
compression-ignition engines or on sources with similar exhaust gas
characteristics.  Therefore, these technologies are not considered
technically feasible options for controlling NOX emissions from the
internal combustion engines at the proposed refinery.

Step 3 - Characterize Control Effectiveness of Technically Feasible
Control Options

The second-ranked control option for NOX emissions comprises the use of
internal combustion engines certified by the engine manufacturer to meet
the emission standards for model year 2006 and later non-road,
compression-ignition engines, as codified at 40 CFR § 89.112.  For the
emergency generator engine, with a rated power output in excess of 560
kilowatts, the relevant emission standards are known as the “Tier 2”
standards and include a limit of 6.4 grams of combined NOX plus
nonmethane hydrocarbons per kilowatt-hour of output.   For the
emergency fire water pump engines, each with a rated power output
between 130 and 560 kilowatts, the relevant emission standards are known
as the “Tier 3” standards and include a limit of 4.0 grams of combined
NOX plus nonmethane hydrocarbons per kilowatt-hour of output.  The
Department anticipates that the commercially available, compression-
ignition engines certified to meet the cited non-road engine emission
standards will utilize a combination of control technologies including
electronically-controlled fuel injection rate systems for fuel injection
shaping, multiple fuel injections, and injection timing retard; charge air
cooling; and exhaust gas recirculation.  This control option would result in
total NOX emissions of less than 2.5 tons per year from all three internal
combustion engines, assuming negligible emissions of nonmethane
hydrocarbons.
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The highest-ranked control option for NOX emissions involves the use of
SCR in conjunction with the second-ranked control option.  There are no
available data characterizing the NOX emission levels achievable with this
equipment configuration.  For the purposes of this BACT analysis, the
Department has assumed that 80 percent reduction in NOX emissions,
down to a total annual NOX emission level of 0.5 tons from all three
engines, is achievable with SCR.  This likely overstates the achievable
NOX emission reduction with SCR by a significant amount, as each engine
will have very little time operating under the steady-state conditions
favorable for SCR system performance.  Nonetheless, the reasonableness
of the Department’s assumption regarding SCR efficiency is not material
to the Department’s preliminary BACT determination.

Step 4 - Evaluate More Effective Control Options

In the case of each internal combustion engine, the second-ranked control
option will not cause any adverse energy, environmental, or economic
impacts.  The highest-ranked control option (i.e., the addition of SCR),
when considered in comparison with the second-ranked control option,
will cause adverse energy and economic impacts, and will yield both
beneficial and adverse environmental impacts.  The adverse energy impact
is due to the electrical requirements of the SCR system operation and to
the reduction in energy efficiency attributable to the pressure drop across
the SCR catalyst grid.  The adverse energy impacts are relatively minor
and were not a significant factor in the BACT decision.

The adverse environmental impacts attributable to the addition of the SCR
system include the use of ammonia reagent, with associated storage,
shipping and handling risks; the handling and disposal of a spent catalyst
as a solid waste stream; ammonia emissions; and, indirectly, formation of
PM10 and visible plume from ammonia salt precipitates.  The proposed
refinery will use aqueous ammonia as the active reagent in its SCR
systems, as opposed to the more hazardous anhydrous ammonia, so this is
a relatively minor environmental impact and was not a significant factor in
the BACT decision.  Similarly, extensive industry experience with SCR
systems indicates that the removal and disposal of spent SCR catalyst can
be conducted safely, with insignificant risk to the environment.  To the
extent that the safe removal and disposal of spent catalyst results in an
economic penalty, that cost is considered in the evaluation of adverse
economic impacts discussed below.  Otherwise, the environmental
impacts of spent catalyst removal and disposal were not a significant
factor in the BACT decision.

Ammonia “slip,” or ammonia that is injected in the SCR system and exits
the unit without participating in the chemical reduction of NOX emissions,
leads directly to emissions of ammonia and indirectly to the formation of
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visible plumes, secondary particulate matter, and visibility impairment. 
These problems are less severe when SCR catalyst is new and activity is
highest, because the ammonia injection rate can be set to
near-stoichiometric levels.  As the catalyst ages, its activity decreases, and
a higher ammonia reagent injection rate is required to maintain the rate of
the NOX reduction reaction necessary for continuous compliance with
NOX emission limits.  This tends to result in increasing levels of ammonia
slip.

The final consideration in the evaluation of alternative NOX control
options is the adverse economic impact associated with the application of
SCR for the internal combustion engines.  The Department’s evaluation of
these adverse economic impacts is based on cost information provided by
the Permittee in Table 6.11-1 of its revised permit application.  The
Department’s evaluation shows that the cost effectiveness of adding SCR
systems to the internal combustion engines is more than $80,000 per ton
of NOX emission reduction, assuming 200 hours of operation per year for
each engine.  The Department considers these to be significant, adverse
economic impacts.

Considering these adverse economic impacts as well as the adverse
environmental impacts and the relatively insignificant air quality benefits
that would result, the Department concludes that requiring SCR for the
internal combustion engines cannot be justified as BACT.  Therefore, the
Department considers BACT for NOX emissions from the internal
combustion engines to be the use of engines certified by the engine
manufacturer to meet the emission standards for model year 2006 and later
non-road, compression-ignition engines, as codified at 40 CFR § 89.112.

Step 5 - Establish BACT

The Department considers BACT for NOX emissions from the three
reciprocating, lean-burn, Diesel-fired, compression-ignition internal
combustion engines to be the use of engines certified by the engine
manufacturer to meet the emission standards for model year 2006 and later
non-road, compression-ignition engines, as codified at 40 CFR § 89.112. 
Due to the very low emissions from these sources, and due to the
availability of engines that are certified to achieve this emission level, the
Department has determined that an equipment design standard rather than
an emission rate limit is appropriate.  Compliance with the equipment
design standard will be demonstrated using records of the engine
manufacturer’s emission performance guarantee. 
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3. BACT for Carbon Monoxide 

Step 1 - Identify All Control Options

Identified control technologies and techniques for CO emissions include
combustion modifications and post-combustion control devices (catalytic
oxidation or NSCR). 

Step 2 - Eliminate Technically Infeasible Control Options

NSCR has not been demonstrated to function efficiently on lean-burn
internal combustion engines.  Therefore, NSCR is not considered a
technically feasible option for controlling CO emissions from the internal
combustion engines at the proposed refinery.

Step 3 - Characterize Control Effectiveness of Technically Feasible
Control Options

The third-ranked control option for CO emissions comprises the use of
internal combustion engines certified by the engine manufacturer to meet
the emission standards for model year 2006 and later non-road,
compression-ignition engines, as codified at 40 CFR § 89.112.  For the
emergency generator engine, with a rated power output in excess of 560
kilowatts, the relevant emission standards are known as the “Tier 2”
standards and include a limit of 3.5 grams of CO per kilowatt-hour of
output.   For the emergency fire water pump engines, each with a rated
power output between 130 and 560 kilowatts, the relevant emission
standards are known as the “Tier 3” standards and include a limit of 3.5
grams of CO per kilowatt-hour of output.  The Department anticipates that
the commercially available, compression-ignition engines certified to meet
the cited non-road engine emission standards will utilize combustion
modifications in order to meet these emission standards.  This control
option would result in total CO emissions of approximately 1.73 tons per
year from all three internal combustion engines.

The second-ranked control option for CO emissions comprises the use of
internal combustion engines that are not certified by the engine
manufacturer to meet the emission standards for model year 2006 and later
non-road, compression-ignition engines.  Because these engines do not
incorporate the NOX-reducing control techniques described in Section
V.M.2 herein, lower CO emissions are possible.  Based on data provided
in Table 3.4-1 in U.S. EPA’s AP-42 emission factor compilation, CO
emissions of 0.0055 lb/hp-hr are achievable with this control option.  This
control option would result in total CO emissions of approximately 1.66
tons per year from all three internal combustion engines.
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The highest-ranked control option for each internal combustion engine
involves the use of catalytic oxidation in conjunction with the second-
ranked control option.  There are no available data characterizing the CO
emission levels achievable with this equipment configuration.  For the
purposes of this BACT analysis, the Department has assumed that 90
percent reduction in CO emissions, down to a total annual CO emission
level of 0.17 tons from all three engines, is achievable with catalytic
oxidation.  This likely overstates the achievable CO emission reduction
with oxidation catalyst by a significant amount, as each engine will have
very little time operating under the steady-state conditions favorable for
oxidation catalyst system performance.  Nonetheless, the reasonableness
of the Department’s assumption regarding oxidation catalyst system
efficiency is not material to the Department’s preliminary BACT
determination.

Step 4 - Evaluate More Effective Control Options

In the case of each internal combustion engine, the third-ranked control
option (i.e., combustion controls) will not cause any adverse energy,
environmental, or economic impacts.  The highest-ranked control option
(i.e., the addition of catalytic oxidation), when considered in comparison
with the second- or third-ranked control options, will cause adverse
energy and economic impacts, and will yield both beneficial and adverse
environmental impacts.  The adverse energy impact is due to the reduction
in energy efficiency attributable to the pressure drop across the oxidation
catalyst grid.  The adverse energy impacts are relatively minor and were
not a significant factor in the BACT decision.

The adverse environmental impacts attributable to the addition of an
oxidation catalyst system are due to the handling and disposal of spent
catalyst as a solid waste stream.  Extensive industry experience with
oxidation catalyst systems indicates that the removal and disposal of spent
catalyst can be conducted safely, with insignificant risk to the
environment.  To the extent that the safe removal and disposal of spent
catalyst results in an economic penalty, that cost is considered in the
evaluation of adverse economic impacts, discussed below. Otherwise, the
environmental impacts of spent catalyst removal and disposal were not a
significant factor in the BACT decision.

The final consideration in the evaluation of the highest-ranked CO control
option is the adverse economic impact associated with the application of
oxidation catalyst for the internal combustion engines.  The Department’s
evaluation of these adverse economic impacts is based on cost information
provided by the Permittee in Table 6.11-1 of its revised permit
application.  The Department’s evaluation shows that the cost
effectiveness of adding oxidation catalyst systems to the internal
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combustion engines is more than $100,000 per ton of CO emission
reduction, assuming 200 hours of operation per year for each engine.  The
Department considers these to be significant, adverse economic impacts. 

Considering these adverse economic impacts as well as the adverse
environmental impacts and the relatively insignificant air quality benefits
that would result, the Department concludes that requiring an oxidation
catalyst for the internal combustion engines cannot be justified as BACT. 

In the case of each internal combustion engine, the second-ranked control
option will not cause any adverse energy or economic impacts.  However, 
when considered in comparison with the third-ranked control option, this
option will cause adverse environmental impacts.  Based on data provided
in Table 3.4-1 in U.S. EPA’s AP-42 emission factor compilation, NOX

emissions would increase to 0.013 lb/hp-hr under this control option.  This
represents an increase of approximately 1.4 tons of NOX per year, in
exchange for a CO emission reduction of only 0.07 tons per year.  The
Department considers the adverse environmental impacts of this control
option to outweigh the beneficial environmental impacts.

Therefore, the Department considers BACT for CO emissions from the
internal combustion engines to be the use of engines certified by the
engine manufacturer to meet the emission standards for model year 2006
and later non-road, compression-ignition engines, as codified at 40 CFR §
89.112.

Step 5 - Establish BACT

The Department considers BACT for CO emissions from the three
reciprocating, lean-burn, Diesel-fired, compression-ignition internal
combustion engines to be the use of engines certified by the engine
manufacturer to meet the emission standards for model year 2006 and later
non-road, compression-ignition engines, as codified at 40 CFR § 89.112. 
Due to the very low emissions from these sources, and due to the
availability of engines that are certified to achieve this emission level, the
Department has determined that an equipment design standard rather than
an emission rate limit is appropriate.  Compliance with the equipment
design standard will be demonstrated using records of the engine
manufacturer’s emission performance guarantee.

N. Emergency Flares

Steps 1 - 5

Flares operate primarily as air pollution control devices, but are nonetheless
emission sources subject to BACT analyses.  The technically feasible control



Arizona Clean Fuels Yuma, LLC
Permit Number 40140 September 15, 2006Page 219 of  347

options for emissions of all pollutants from flares are equipment design
specifications and work practices:  minimizing exit velocity, ensuring adequate
heat value of combusted gases, and minimizing the quantity of gases combusted. 
Each of these control options is technically feasible and is required in the
proposed permit for the emergency flares at the proposed refinery.

The equipment design criteria for the emergency flares in the proposed permit are
based largely on the parallel requirements set forth in the NSPS regulations (40
CFR 60.18) and the NESHAP regulations (40 CFR 63.11).  These include a
maximum allowable exit velocity, a requirement for smokeless operation, and a
minimum allowable net heating value for gases combusted in the flares.  In
addition, the proposed permit includes terms that reflect and make enforceable the
Permittee’s commitment to operate these flares only to control emissions during
periods of upset and malfunction.  This latter requirement will have the immediate
effect of minimizing the use of the emergency flares and the secondary effect of
minimizing total flare emissions.  The Department is not aware of any more
stringent requirements imposed on flares at any other petroleum refinery, nor any
other technically feasible control options for emissions of any pollutants from
flares.

O. Miscellaneous Fugitive Dust Sources

Steps 1 - 4

Various activities associated with the construction and operation of the proposed
refinery are potential sources of particulate matter (dust) emissions.  Numerous
work practices are available and technically feasible for minimizing these
emissions, as provided by A.A.C. Title 18, Chapter 2, Articles 6 and 7.  One
control option not addressed by those rules is a requirement that all on-site
roadways and vehicle parking lots be paved.  The Department considers this to be
available and technically feasible.

Step 5 - Establish BACT

The Department has determined that conformance to A.A.C. Title 18, Chapter 2,
Articles 6 and 7, plus a requirement for the paving of all on-site roadways and
vehicle parking lots, represents BACT for miscellaneous fugitive dust sources. 
These work practices are included in the proposed permit.
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VI. EMISSION LIMITS, TESTING, MONITORING, RECORDKEEPING, AND
REPORTING

This section of the Technical Support Document summarizes the requirements that are
applicable to each of the emission units at the proposed refinery and describes the
rationale of the Department in establishing case-by-case permit terms not discussed
elsewhere.  These requirements are presented in tabular format in Table VI-A and are in
text format in Sections VI.A through VI.CC.
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TABLE VI-A.  SUMMARY OF PERMIT CONDITIONS

Process
Unit

Emission
Unit

Pollutant/
Parameter Condition (Authority) Testing Monitoring/Recordkeeping

Crude Unit

Atmospheric Crude Charge Heater

Operating
Limits

Fired with natural gas and
RFG only (PSD)

Not applicable Recording of fuels combusted

Maximum heat input 346
MMBtu/hr (PSD)

Not applicable Monitoring and recording of heat input rate

SO2 Maximum H2S in RFG
0.10 gr/dscf (NSPS)

Initial test using Method
6, 6C, 11, 15, 15A, or
16

SO2 CEMS or fuel H2S CEMS

Maximum sulfur in RFG
35 ppmv (PSD)

Not applicable SO2 CEMS, or fuel sulfur CEMS, or fuel H2S
CEMS plus grab sampling & analysis to
determine ratio of H2S to total sulfur

PM10 Maximum emissions
0.0075 lb/MMBtu (PSD)

Initial and annual tests
using Methods 201 or
201A and Method 202

Not applicable

NOX Maximum emissions
0.0125 lb/MMBtu (PSD)

Not applicable CEMS

Install, maintain, and
operate low-NOX burners
and SCR (PSD)

Not applicable Not applicable

CO Maximum emissions 0.04
lb/MMBtu (PSD)

Not applicable CEMS
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Maximum emissions 400
ppmvd @ 3% O2 
(NESHAP)

Not applicable CEMS

Ammonia Maximum emissions 5.0
ppmvd @ 0% O2 (PSD)

Not applicable CEMS

Vacuum Crude Charge Heater

Operating
Limits

Fired with natural gas and
RFG only (PSD)

Not applicable Recording of fuels combusted

Maximum heat input 101
MMBtu/hr (PSD)

Not applicable Monitoring and recording of heat input rate

SO2 Maximum H2S in RFG
0.10 gr/dscf (NSPS)

Initial test using Method
6, 6C, 11, 15, 15A, or
16

SO2 CEMS or fuel H2S CEMS

Maximum sulfur in RFG
35 ppmv (PSD)

Not applicable SO2 CEMS, or fuel sulfur CEMS, or fuel H2S
CEMS plus grab sampling & analysis to
determine ratio of H2S to total sulfur

PM10 Maximum emissions
0.0075 lb/MMBtu (PSD)

Initial and annual tests
using Methods 201 or
201A and Method 202

Not applicable

NOX Maximum emissions
0.034 lb/MMBtu (PSD)

Not applicable CEMS

Install, maintain, and
operate low-NOX burners
(PSD)

Not applicable Not applicable
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CO Maximum emissions 0.04
lb/MMBtu (PSD)

Not applicable CEMS

Maximum emissions 400
ppmvd @ 3% O2 
(NESHAP)

Not applicable CEMS

Equipment Leaks

VOC,
Organic
HAP, H2S

Leak detection and repair
program (PSD, NESHAP)

Not applicable Monitoring for leaks; recording of monitoring
and repairs

Gas Concentration Plant

Distillation Units

VOC Reduce TOC by 98% or
to 20 ppmvd @ 3% O2 by
routing into flame zone of
process heater(s) (NSPS)

Initial test using Method
18 for process heater(s)
with heat input capacity
less than 150 MMBtu/hr

Monitor and record flow into process heater(s);
monitor and record periods of operation for
process heater(s) of heat input capacity 150
MMBtu/hr or greater; monitor and record flame
zone temperature for process heater(s) of heat
input capacity less than 150 MMBtu/hr;
maintain records for performance tests including
a description of location vent streams introduced
into the process heater and average combustion
temperature for process heater(s) of heat input
capacity less than 150 MMBtu/hr; maintain
records of periods when the vent stream is
diverted from the process heater(s) or has no
flow rate

Equipment Leaks
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VOC,
Organic
HAP, H2S

Leak detection and repair
program (PSD, NESHAP)

Not applicable Monitoring for leaks; recording of monitoring
and repairs

Hydrocracker Unit

Hydrocracker Unit Charge Heater

Operating
Limits

Fired with natural gas and
RFG only (PSD)

Not applicable Recording of fuels combusted

Maximum heat input 70
MMBtu/hr (PSD)

Not applicable Monitoring and recording of heat input rate

SO2 Maximum H2S in RFG
0.10 gr/dscf (NSPS)

Initial test using Method
6, 6C, 11, 15, 15A, or
16

SO2 CEMS or fuel H2S CEMS

Maximum sulfur in RFG
35 ppmv (PSD)

Not applicable SO2 CEMS, or fuel sulfur CEMS, or fuel H2S
CEMS plus grab sampling & analysis to
determine ratio of H2S to total sulfur

PM10 Maximum emissions
0.0075 lb/MMBtu (PSD)

Initial and annual tests
using Methods 201 or
201A and Method 202

Not applicable

NOX Maximum emissions
0.034 lb/MMBtu (PSD)

Not applicable CEMS

Install, maintain, and
operate low-NOX burners
(PSD)

Not applicable Not applicable

CO Maximum emissions 0.04
lb/MMBtu (PSD)

Not applicable CEMS
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Maximum emissions 400
ppmvd @ 3% O2 
(NESHAP)

Initial and annual tests
using Methods 10, 10A,
or 10B

Not applicable

Hydrocracker Unit Main Fractionator Heater

Operating
Limits

Fired with natural gas and
RFG only (PSD)

Not applicable Recording of fuels combusted

Maximum heat input 211
MMBtu/hr (PSD)

Not applicable Monitoring and recording of heat input rate

SO2 Maximum H2S in RFG
0.10 gr/dscf (NSPS)

Initial test using Method
6, 6C, 11, 15, 15A, or
16

SO2 CEMS or fuel H2S CEMS

Maximum sulfur in RFG
35 ppmv (PSD)

Not applicable SO2 CEMS, or fuel sulfur CEMS, or fuel H2S
CEMS plus grab sampling & analysis to
determine ratio of H2S to total sulfur

PM10 Maximum emissions
0.0075 lb/MMBtu (PSD)

Initial and annual tests
using Methods 201 or
201A and Method 202

Not applicable

NOX Maximum emissions
0.025 lb/MMBtu (PSD)

Not applicable CEMS

Install, maintain, and
operate low-NOX burners
(PSD)

Not applicable Not applicable

CO Maximum emissions 0.04
lb/MMBtu (PSD)

Not applicable CEMS
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Maximum emissions 400
ppmvd @ 3% O2 
(NESHAP)

Not applicable CEMS

Equipment Leaks

VOC,
Organic
HAP, H2S

Leak detection and repair
program (PSD, NESHAP)

Not applicable Monitoring for leaks; recording of monitoring
and repairs

Naphtha Hydrotreater Unit

Naphtha Hydrotreater Charge Heater

Operating
Limits

Fired with natural gas and
RFG only (PSD)

Not applicable Recording of fuels combusted

Maximum heat input 21.4
MMBtu/hr (PSD)

Not applicable Monitoring and recording of heat input rate

SO2 Maximum H2S in RFG
0.10 gr/dscf (NSPS)

Initial test using Method
6, 6C, 11, 15, 15A, or
16

SO2 CEMS or fuel H2S CEMS

Maximum sulfur in RFG
35 ppmv (PSD)

Not applicable SO2 CEMS, or fuel sulfur CEMS, or fuel H2S
CEMS plus grab sampling & analysis to
determine ratio of H2S to total sulfur

PM10 Maximum emissions
0.0075 lb/MMBtu (PSD)

Initial and annual tests
using Methods 201 or
201A and Method 202

Not applicable

NOX Maximum emissions
0.030 lb/MMBtu (PSD)

Not applicable CEMS
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Install, maintain, and
operate low-NOX burners
(PSD)

Not applicable Not applicable

CO Maximum emissions 0.04
lb/MMBtu (PSD)

Not applicable CEMS

Maximum emissions 400
ppmvd @ 3% O2 
(NESHAP)

Initial and annual tests
using Methods 10, 10A,
or 10B

Not applicable

Equipment Leaks

VOC,
Organic
HAP, H2S

Leak detection and repair
program (PSD, NESHAP)

Not applicable Monitoring for leaks; recording of monitoring
and repairs

Catalytic Reforming Unit

Catalytic Reforming Unit Charge Heater

Operating
Limits

Fired with natural gas and
RFG only (PSD)

Not applicable Recording of fuels combusted

Maximum heat input 122
MMBtu/hr (PSD)

Not applicable Monitoring and recording of heat input rate

SO2 Maximum H2S in RFG
0.10 gr/dscf (NSPS)

Initial test using Method
6, 6C, 11, 15, 15A, or
16

SO2 CEMS or fuel H2S CEMS

Maximum sulfur in RFG
35 ppmv (PSD)

Not applicable SO2 CEMS, or fuel sulfur CEMS, or fuel H2S
CEMS plus grab sampling & analysis to
determine ratio of H2S to total sulfur



Process
Unit

Emission
Unit

Pollutant/
Parameter Condition (Authority) Testing Monitoring/Recordkeeping

Arizona Clean Fuels Yuma, LLC
Permit Number 40140 September 15, 2006Page 228 of  347

PM10 Maximum emissions
0.0075 lb/MMBtu (PSD)

Initial and annual tests
using Methods 201 or
201A and Method 202

Not applicable

NOX Maximum emissions
0.0125 lb/MMBtu (PSD)

Not applicable CEMS

Install, maintain, and
operate low-NOX burners
and SCR (PSD)

Not applicable Not applicable

CO Maximum emissions 0.04
lb/MMBtu (PSD)

Not applicable CEMS

Maximum emissions 400
ppmvd @ 3% O2 
(NESHAP)

Not applicable CEMS

Ammonia Maximum emissions 5.0
ppmvd @ 0% O2 (PSD)

Not applicable CEMS

Catalytic Reforming Unit Interheater No. 1

Operating
Limits

Fired with natural gas and
RFG only (PSD)

Not applicable Recording of fuels combusted

Maximum heat input 192
MMBtu/hr (PSD)

Not applicable Monitoring and recording of heat input rate

SO2 Maximum H2S in RFG
0.10 gr/dscf (NSPS)

Initial test using Method
6, 6C, 11, 15, 15A, or
16

SO2 CEMS or fuel H2S CEMS
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Maximum sulfur in RFG
35 ppmv (PSD)

Not applicable SO2 CEMS, or fuel sulfur CEMS, or fuel H2S
CEMS plus grab sampling & analysis to
determine ratio of H2S to total sulfur

PM10 Maximum emissions
0.0075 lb/MMBtu (PSD)

Initial and annual tests
using Methods 201 or
201A and Method 202

Not applicable

NOX Maximum emissions
0.0125 lb/MMBtu (PSD)

Not applicable CEMS

Install, maintain, and
operate low-NOX burners
and SCR (PSD)

Not applicable Not applicable

CO Maximum emissions 0.04
lb/MMBtu (PSD)

Not applicable CEMS

Maximum emissions 400
ppmvd @ 3% O2 
(NESHAP)

Not applicable CEMS

Ammonia Maximum emissions 5.0
ppmvd @ 0% O2 (PSD)

Not applicable CEMS

Catalytic Reforming Unit Interheater No. 2

Operating
Limits

Fired with natural gas and
RFG only (PSD)

Not applicable Recording of fuels combusted

Maximum heat input 129
MMBtu/hr (PSD)

Not applicable Monitoring and recording of heat input rate
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SO2 Maximum H2S in RFG
0.10 gr/dscf (NSPS)

Initial test using Method
6, 6C, 11, 15, 15A, or
16

SO2 CEMS or fuel H2S CEMS

Maximum sulfur in RFG
35 ppmv (PSD)

Not applicable SO2 CEMS, or fuel sulfur CEMS, or fuel H2S
CEMS plus grab sampling & analysis to
determine ratio of H2S to total sulfur

PM10 Maximum emissions
0.0075 lb/MMBtu (PSD)

Initial and annual tests
using Methods 201 or
201A and Method 202

Not applicable

NOX Maximum emissions
0.0125 lb/MMBtu (PSD)

Not applicable CEMS

Install, maintain, and
operate low-NOX burners
and SCR (PSD)

Not applicable Not applicable

CO Maximum emissions 0.04
lb/MMBtu (PSD)

Not applicable CEMS

Maximum emissions 400
ppmvd @ 3% O2 
(NESHAP)

Not applicable CEMS

Ammonia Maximum emissions 5.0
ppmvd @ 0% O2 (PSD)

Not applicable CEMS

Catalytic Reforming Unit Debutanizer Reboiler

Operating
Limits

Fired with natural gas and
RFG only (PSD)

Not applicable Recording of fuels combusted
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Maximum heat input 23.2
MMBtu/hr (PSD)

Not applicable Monitoring and recording of heat input rate

SO2 Maximum H2S in RFG
0.10 gr/dscf (NSPS)

Initial test using Method
6, 6C, 11, 15, 15A, or
16

SO2 CEMS or fuel H2S CEMS

Maximum sulfur in RFG
35 ppmv (PSD)

Not applicable SO2 CEMS, or fuel sulfur CEMS, or fuel H2S
CEMS plus grab sampling & analysis to
determine ratio of H2S to total sulfur

PM10 Maximum emissions
0.0075 lb/MMBtu (PSD)

Initial and annual tests
using Methods 201 or
201A and Method 202

Not applicable

NOX Maximum emissions
0.030 lb/MMBtu (PSD)

Not applicable CEMS

Install, maintain, and
operate low-NOX burners
(PSD)

Not applicable Not applicable

CO Maximum emissions 0.04
lb/MMBtu (PSD)

Not applicable CEMS

Maximum emissions 400
ppmvd @ 3% O2 
(NESHAP)

Initial and annual tests
using Methods 10, 10A,
or 10B

Not applicable

Catalytic Reforming Unit Catalyst Regenerator
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Equipment
Design /
Work
Practice

At all times, operate in a
manner consistent with
good air pollution control
practices for minimizing
emissions (NESHAP)

Not applicable Startup, shutdown, and malfunction plan

NOX Maximum emissions 0.82
lb/hr (PSD)

Initial and annual tests
using Methods 7 or 7E

Not applicable

CO Maximum emissions 0.50
lb/hr (PSD)

Initial and annual tests
using Methods 10 or
10B

Not applicable

Organic
HAP

If reactor vent pressure
exceeds 5 psig, reduce
TOC to 20 ppmvd @ 3%
O2 (NESHAP)

Initial test using Method
25A

Operation, maintenance and monitoring plan

Maintain daily average
ratio of perchloroethylene
feed rate to catalyst
circulation rate at or
below the maximum ratio
established during
performance testing

Not applicable Monitor and record hourly and daily average
perchloroethylene feed rate and catalyst
circulation rate; determine and record daily
average ratio of perchloroethylene feed rate to
catalyst circulation rate

Inorganic
HAP

Reduce HCl by 97% or to
10 ppmvd @ 3% O2 using
a caustic scrubber
(NESHAP)

Initial test using Method
26A

Operation, maintenance and monitoring plan
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Maintain daily average
pH of scrubbing liquid
above the minimum level
established during
performance testing

Not applicable Monitor and record daily average scrubbing
liquid pH

Maintain daily average
scrubber liquid-to-gas
ratio above the minimum
ratio established during
performance testing

Not applicable Monitor and record scrubbing liquid flow rate
and exhaust gas flow rate; determine and record
hourly and daily average liquid-to-gas ratio

Visible
Emissions

Maximum opacity 20%
(State Rule)

Not applicable Not applicable

Equipment Leaks

VOC,
Organic
HAP, H2S

Leak detection and repair
program (PSD, NESHAP)

Not applicable Monitoring for leaks; recording of monitoring
and repairs

Isomerization Unit

Equipment Leaks

VOC,
Organic
HAP, H2S

Leak detection and repair
program (PSD, NESHAP)

Not applicable Monitoring for leaks; recording of monitoring
and repairs

Distillate Hydrotreater Unit

Distillate Hydrotreater Charge Heater

Operating
Limits

Fired with natural gas and
RFG only (PSD)

Not applicable Recording of fuels combusted
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Maximum heat input 25
MMBtu/hr (PSD)

Not applicable Monitoring and recording of heat input rate

SO2 Maximum H2S in RFG
0.10 gr/dscf (NSPS)

Initial test using Method
6, 6C, 11, 15, 15A, or
16

SO2 CEMS or fuel H2S CEMS

Maximum sulfur in RFG
35 ppmv (PSD)

Not applicable SO2 CEMS, or fuel sulfur CEMS, or fuel H2S
CEMS plus grab sampling & analysis to
determine ratio of H2S to total sulfur

PM10 Maximum emissions
0.0075 lb/MMBtu (PSD)

Initial and annual tests
using Methods 201 or
201A and Method 202

Not applicable

NOX Maximum emissions
0.033 lb/MMBtu (PSD)

Not applicable CEMS

Install, maintain, and
operate low-NOX burners
(PSD)

Not applicable Not applicable

CO Maximum emissions 0.04
lb/MMBtu (PSD)

Not applicable CEMS

Maximum emissions 400
ppmvd @ 3% O2 
(NESHAP)

Initial and annual tests
using Methods 10, 10A,
or 10B

Not applicable

Distillate Hydrotreater Splitter Reboiler

Operating
Limits

Fired with natural gas and
RFG only (PSD)

Not applicable Recording of fuels combusted
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Maximum heat input 117
MMBtu/hr (PSD)

Not applicable Monitoring and recording of heat input rate

SO2 Maximum H2S in RFG
0.10 gr/dscf (NSPS)

Initial test using Method
6, 6C, 11, 15, 15A, or
16

SO2 CEMS or fuel H2S CEMS

Maximum sulfur in RFG
35 ppmv (PSD)

Not applicable SO2 CEMS, or fuel sulfur CEMS, or fuel H2S
CEMS plus grab sampling & analysis to
determine ratio of H2S to total sulfur

PM10 Maximum emissions
0.0075 lb/MMBtu (PSD)

Initial and annual tests
using Methods 201 or
201A and Method 202

Not applicable

NOX Maximum emissions
0.032 lb/MMBtu (PSD)

Not applicable CEMS

Install, maintain, and
operate low-NOX burners
(PSD)

Not applicable Not applicable

CO Maximum emissions 0.04
lb/MMBtu (PSD)

Not applicable CEMS

Maximum emissions 400
ppmvd @ 3% O2 
(NESHAP)

Not applicable CEMS

Equipment Leaks

VOC,
Organic
HAP, H2S

Leak detection and repair
program (PSD, NESHAP)

Not applicable Monitoring for leaks; recording of monitoring
and repairs
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Butane Conversion Unit

Butane Conversion Unit Dehydrogenation Reactor Charge Heater

Operating
Limits

Fired with natural gas and
RFG only (PSD)

Not applicable Recording of fuels combusted

Maximum heat input 311
MMBtu/hr (PSD)

Not applicable Monitoring and recording of heat input rate

SO2 Maximum H2S in RFG
0.10 gr/dscf (NSPS)

Initial test using Method
6, 6C, 11, 15, 15A, or
16

SO2 CEMS or fuel H2S CEMS

Maximum sulfur in RFG
35 ppmv (PSD)

Not applicable SO2 CEMS, or fuel sulfur CEMS, or fuel H2S
CEMS plus grab sampling & analysis to
determine ratio of H2S to total sulfur

PM10 Maximum emissions
0.0075 lb/MMBtu (PSD)

Initial and annual tests
using Methods 201 or
201A and Method 202

Not applicable

NOX Maximum emissions
0.0125 lb/MMBtu (PSD)

Not applicable CEMS

Install, maintain, and
operate low-NOX burners
and SCR (PSD)

Not applicable Not applicable

CO Maximum emissions 0.04
lb/MMBtu (PSD)

Not applicable CEMS

Maximum emissions 400
ppmvd @ 3% O2 
(NESHAP)

Not applicable CEMS
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Ammonia Maximum emissions 5.0
ppmvd @ 0% O2 (PSD)

Not applicable CEMS

Butane Conversion Unit Dehydrogenation Reactor Interheater

Operating
Limits

Fired with natural gas and
RFG only (PSD)

Not applicable Recording of fuels combusted

Maximum heat input 328
MMBtu/hr (PSD)

Not applicable Monitoring and recording of heat input rate

SO2 Maximum H2S in RFG
0.10 gr/dscf (NSPS)

Initial test using Method
6, 6C, 11, 15, 15A, or
16

SO2 CEMS or fuel H2S CEMS

Maximum sulfur in RFG
35 ppmv (PSD)

Not applicable SO2 CEMS, or fuel sulfur CEMS, or fuel H2S
CEMS plus grab sampling & analysis to
determine ratio of H2S to total sulfur

PM10 Maximum emissions
0.0075 lb/MMBtu (PSD)

Initial and annual tests
using Methods 201 or
201A and Method 202

Not applicable

NOX Maximum emissions
0.0125 lb/MMBtu (PSD)

Not applicable CEMS

Install, maintain, and
operate low-NOX burners
and SCR (PSD)

Not applicable Not applicable

CO Maximum emissions 0.04
lb/MMBtu (PSD)

Not applicable CEMS



Process
Unit

Emission
Unit

Pollutant/
Parameter Condition (Authority) Testing Monitoring/Recordkeeping

Arizona Clean Fuels Yuma, LLC
Permit Number 40140 September 15, 2006Page 238 of  347

Maximum emissions 400
ppmvd @ 3% O2 
(NESHAP)

Not applicable CEMS

Ammonia Maximum emissions 5.0
ppmvd @ 0% O2 (PSD)

Not applicable CEMS

Butane Conversion Unit Isostripper Reboiler

Operating
Limits

Fired with natural gas and
RFG only (PSD)

Not applicable Recording of fuels combusted

Maximum heat input 222
MMBtu/hr (PSD)

Not applicable Monitoring and recording of heat input rate

SO2 Maximum H2S in RFG
0.10 gr/dscf (NSPS)

Initial test using Method
6, 6C, 11, 15, 15A, or
16

SO2 CEMS or fuel H2S CEMS

Maximum sulfur in RFG
35 ppmv (PSD)

Not applicable SO2 CEMS, or fuel sulfur CEMS, or fuel H2S
CEMS plus grab sampling & analysis to
determine ratio of H2S to total sulfur

PM10 Maximum emissions
0.0075 lb/MMBtu (PSD)

Initial and annual tests
using Methods 201 or
201A and Method 202

Not applicable

NOX Maximum emissions
0.030 lb/MMBtu (PSD)

Not applicable CEMS

Install, maintain, and
operate low-NOX burners
(PSD)

Not applicable Not applicable
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CO Maximum emissions 0.04
lb/MMBtu (PSD)

Not applicable CEMS

Maximum emissions 400
ppmvd @ 3% O2 
(NESHAP)

Not applicable CEMS

Butane Conversion Unit Catalyst Regenerator

Visible
Emissions

Maximum opacity 20%
(State Rule)

Not applicable Not applicable

NOX Maximum emissions 0.82
lb/hr (PSD)

Initial and annual tests
using Methods 7 or 7E

Not applicable

CO Maximum emissions 0.50
lb/hr (PSD)

Initial and annual tests
using Methods 10 or
10B

Not applicable

Butane Conversion Unit Distillation Units
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VOC Reduce TOC by 98% or
to 20 ppmvd @ 3% O2 by
routing into flame zone of
process heater(s) (NSPS)

Initial test using Method
18 for process heater(s)
with heat input capacity
less than 150 MMBtu/hr

Monitor and record flow into process heater(s);
monitor and record periods of operation for
process heater(s) of heat input capacity 150
MMBtu/hr or greater; monitor and record flame
zone temperature for process heater(s) of heat
input capacity less than 150 MMBtu/hr;
maintain records for performance tests including
a description of location vent streams introduced
into the process heater and average combustion
temperature for process heater(s) of heat input
capacity less than 150 MMBtu/hr; maintain
records of periods when the vent stream is
diverted from the process heater(s) or has no
flow rate

Reactor Processes

VOC Reduce TOC by 98% or
to 20 ppmvd @ 3% O2 by
routing into flame zone of
process heater(s) (NSPS)

Not applicable Monitor and record any vent stream flow that is
bypassed or diverted from process heater flame
zone(s) 

Equipment Leaks

VOC,
Organic
HAP, H2S

Leak detection and repair
program (PSD, NESHAP)

Not applicable Monitoring for leaks; recording of monitoring
and repairs

Benzene Reduction Unit

Equipment Leaks
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VOC,
Organic
HAP, H2S

Leak detection and repair
program (PSD, NESHAP)

Not applicable Monitoring for leaks; recording of monitoring
and repairs

Delayed Coking Unit

Delayed Coking Unit Charge Heater No. 1

Operating
Limits

Fired with natural gas and
RFG only (PSD)

Not applicable Recording of fuels combusted

Maximum heat input 99.5
MMBtu/hr (PSD)

Not applicable Monitoring and recording of heat input rate

SO2 Maximum H2S in RFG
0.10 gr/dscf (NSPS)

Initial test using Method
6, 6C, 11, 15, 15A, or
16

SO2 CEMS or fuel H2S CEMS

Maximum sulfur in RFG
35 ppmv (PSD)

Not applicable SO2 CEMS, or fuel sulfur CEMS, or fuel H2S
CEMS plus grab sampling & analysis to
determine ratio of H2S to total sulfur

PM10 Maximum emissions
0.0075 lb/MMBtu (PSD)

Initial and annual tests
using Methods 201 or
201A and Method 202

Not applicable

NOX Maximum emissions
0.030 lb/MMBtu (PSD)

Not applicable CEMS

Install, maintain, and
operate low-NOX burners
(PSD)

Not applicable Not applicable

CO Maximum emissions 0.04
lb/MMBtu (PSD)

Not applicable CEMS
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Maximum emissions 400
ppmvd @ 3% O2 
(NESHAP)

Initial and annual tests
using Methods 10, 10A,
or 10B

Not applicable

Delayed Coking Unit Charge Heater No. 2

Operating
Limits

Fired with natural gas and
RFG only (PSD)

Not applicable Recording of fuels combusted

Maximum heat input 99.5
MMBtu/hr (PSD)

Not applicable Monitoring and recording of heat input rate

SO2 Maximum H2S in RFG
0.10 gr/dscf (NSPS)

Initial test using Method
6, 6C, 11, 15, 15A, or
16

SO2 CEMS or fuel H2S CEMS

Maximum sulfur in RFG
35 ppmv (PSD)

Not applicable SO2 CEMS, or fuel sulfur CEMS, or fuel H2S
CEMS plus grab sampling & analysis to
determine ratio of H2S to total sulfur

PM10 Maximum emissions
0.0075 lb/MMBtu (PSD)

Initial and annual tests
using Methods 201 or
201A and Method 202

Not applicable

NOX Maximum emissions
0.030 lb/MMBtu (PSD)

Not applicable CEMS

Install, maintain, and
operate low-NOX burners
(PSD)

Not applicable Not applicable

CO Maximum emissions 0.04
lb/MMBtu (PSD)

Not applicable CEMS
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Maximum emissions 400
ppmvd @ 3% O2 
(NESHAP)

Initial and annual tests
using Methods 10, 10A,
or 10B

Not applicable

Equipment Leaks

VOC,
Organic
HAP, H2S

Leak detection and repair
program (PSD, NESHAP)

Not applicable Monitoring for leaks; recording of monitoring
and repairs

Petroleum Coke Storage, Handling, and Loading

Coke Pit and Coke Pad

Equipment
Design /
Work
Practice

Maximum combined
surface area of 48,000
square feet (PSD)

Not applicable Not applicable

Completely walled
enclosure, with all coke
storage and handling
operations conducted at
least five feet below the
lowest point on the top of
the walled enclosure
(PSD)

Not applicable Once per shift, determine and record height of
coke storage piles

Minimum coke moisture
content of 12% by weight
throughout the Coke Pit
and Coke Pad (PSD)

Not applicable Once per day, collect and analyze a coke sample
from the Coke Pad; determine and record coke
moisture content
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Visible
Emissions

No visible emissions
across the refinery’s
property boundary
(PSD)

Not applicable Once per shift, conduct visible emissions
observations using Method 22

Coke Crusher

Equipment
Design /
Work
Practice

Located within the Coke
Pad enclosure (PSD)

Not applicable Not applicable

Partial enclosure
surrounding all sides and
top (PSD)

Not applicable Not applicable

Minimum coke moisture
content of 12% by weight
(PSD)

Not applicable Once per day, collect and analyze a coke sample
from the transfer point between the Coke
Crusher and the Coke Conveyor; determine and
record coke moisture content

Visible
Emissions

No visible emissions
(PSD)

Not applicable Once per shift, conduct visible emissions
observations using Method 22

Coke Conveyor

Equipment
Design /
Work
Practice

Conveying only from
Coke Crusher to Coke
Silo (PSD)

Not applicable Not applicable

Full enclosure of Coke
Conveyor and transfer
points (PSD)

Not applicable Not applicable
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Minimum coke moisture
content of 12% by weight
(PSD)

Not applicable Once per day, collect and analyze a coke sample
from the transfer point between the Coke
Crusher and the Coke Conveyor; determine and
record coke moisture content

Visible
Emissions

No visible emissions
(PSD)

Not applicable Once per shift, conduct visible emissions
observations using Method 22

Coke Silo

Equipment
Design /
Work
Practice

Fully enclosed, with all
emissions vented through
a baghouse (PSD)

Not applicable Operation and maintenance plan

PM Maximum emissions
0.005 gr/dscf (PSD, State
Rule)

Initial and annual tests
using Method 5

Operation and maintenance plan

Visible
Emissions

No visible emissions
(PSD)

Not applicable Once per shift, conduct visible emissions
observations using Method 22

Coke Rail Car Loading

Equipment
Design /
Work
Practice

Full enclosure, with
overlapping flaps or
sliding doors on the rail
car entrance and exit 
(PSD)

Not applicable Not applicable

Coke transfer using a
telescoping chute, with a
maximum coke drop
distance of four feet
(PSD)

Not applicable Not applicable
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Minimum coke moisture
content of 12% by weight
(PSD)

Not applicable Once per day, collect and analyze a coke sample
from the Coke Rail Car Loading Chute;
determine and record coke moisture content

Visible
Emissions

No visible emissions
(PSD)

Not applicable Once per shift, conduct visible emissions
observations using Method 22

Amine Regeneration Unit

Amine Regenerator

Operating
Limits

All gases containing H2S
or VOC routed to Sulfur
Recovery Plant (PSD)

Not applicable Not applicable

Maximum of 210,000
gallons rich amine
solution processed per day
(PSD)

Not applicable Once per day, determine and record the quantity
of rich amine solution processed

Rich amine solution re-
routed to the Rich Amine
Tank and acid gas flaring
ceased within fifteen
minutes after the start of
the acid gas flaring or
other upset that results in
excess emissions (PSD)

Not applicable Not applicable (recordkeeping requirements are
in effect for emission points at which excess SO2

emissions may occur)

Rich Amine Tank

Operating
Limits

Minimum available rich
amine solution storage
capacity 210,000 gallons
(PSD)

Not applicable Maintain records of tank dimensions and
capacity; once per day, determine and record
quantity of liquid being stored
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True vapor pressure of
stored liquids less than 3.4
kPa  (NESHAP)

Not applicable Maintain records of true vapor pressure of stored
liquids

Lean Amine Tank

Operating
Limits

Minimum available lean
amine solution 210,000
gallons (PSD)

Not applicable Maintain records of tank dimensions and
capacity; once per day, determine and record
available lean amine solution

True vapor pressure of
stored liquids less than 3.4
kPa  (NESHAP)

Not applicable Maintain records of true vapor pressure of stored
liquids

Rich Amine Three Phase Separator

Operating
Limit

Vent stream routed to
Sulfur Recovery Plant
Thermal Oxidizer (PSD,
NESHAP)

Not applicable Monitor and record any vent stream flow that is
bypassed or diverted from the Sulfur Recovery
Plant Thermal Oxidizer, including the time and
duration of such bypass or diversion;
alternatively, secure the bypass line valve in the
closed position, and conduct and record monthly
visual inspections of the valve closure
mechanism

Equipment Leaks

VOC,
Organic
HAP, H2S

Leak detection and repair
program (PSD, NESHAP)

Not applicable Monitoring for leaks; recording of monitoring
and repairs

Sour Water Stripper

Sour Water Flash Drum
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Operating
Limit

Vent stream routed to
Sulfur Recovery Plant
Thermal Oxidizer (PSD,
NESHAP)

Not applicable Monitor and record any vent stream flow that is
bypassed or diverted from the Sulfur Recovery
Plant Thermal Oxidizer, including the time and
duration of such bypass or diversion;
alternatively, secure the bypass line valve in the
closed position, and conduct and record monthly
visual inspections of the valve closure
mechanism

Sour Water Stripper

Operating
Limits

All gases containing H2S
or VOC routed to Sulfur
Recovery Plant (PSD)

Not applicable Not applicable

Maximum of 3.78 million
gallons sour water
processed per day (PSD)

Not applicable Once per day, determine and record the quantity
of sour water processed

Sour water re-routed to
the Sour Water Tank and
acid gas flaring ceased
within fifteen minutes
after the start of the acid
gas flaring or other upset
that results in excess
emissions (PSD)

Not applicable Not applicable (recordkeeping requirements are
in effect for emission points at which excess SO2

emissions may occur)

Sour Water Tank

Operating
Limits

Minimum available sour
water storage capacity
3.78 million gallons
(PSD)

Not applicable Maintain records of tank dimensions and
capacity; once per day, determine and record
quantity of liquid being stored and available
storage capacity
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True vapor pressure of
stored liquids less than
76.6 kPa  (NSPS)

Not applicable Maintain records of true vapor pressure of stored
liquids

Equipment
Design

Equipped with fixed roof
and internal floating roof
with dual seals

Conduct inspection of
internal floating roof
and seals before initial
fill, each time the tank is
emptied and degassed,
and at least annually

Not applicable

Operating
Limits

Vent stream routed to a
dedicated dual carbon
canister system (PSD)

Not applicable Daily monitoring of exhaust stream to detect
breakthrough.

Equipment Leaks

VOC,
Organic
HAP, H2S

Leak detection and repair
program (PSD, NESHAP)

Not applicable Monitoring for leaks; recording of monitoring
and repairs

Sulfur Recovery Plant

Sulfur Recovery Units

Equipment
Design /
Work
Practice

At all times, operate in a
manner consistent with
good air pollution control
practices for minimizing
emissions (NESHAP)

Not applicable Startup, shutdown, and malfunction plan

Operating
Limits

Vent stream routed to
inlet of Tail Gas
Treatment Unit (PSD)

Not applicable Operation, maintenance and monitoring plan
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Vent stream from Tail
Gas Treatment Unit
routed to inlet of Sulfur
Recovery Plant Thermal
Oxidizer (PSD)

Not applicable Operation, maintenance and monitoring plan

Sulfur Recovery Plant Thermal Oxidizer

Operating
Limits

Not applicable Not applicable Monitoring and recording of heat input rate

SO2 Maximum exhaust
concentration 250 ppmvd
@ 0% O2

(NSPS, NESHAP)

Initial test using Method
6 or 6C

CEMS

Maximum emissions 33.5
lb/hr (PSD)

Not applicable CEMS

VOC Reduce emissions of VOC
in vent streams from Sour
Water Flash Drum and
Rich Amine Three Phase
Separator by 98% or to 20
ppmvd @ 3% O2,
whichever is less stringent
(NESHAP, PSD)

Initial test using Method
18

Not applicable
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Maintain exhaust gas
volumetric flow rate at or
below the level that
corresponds to a
minimum residence time
of 0.75 seconds
(NESHAP, PSD)

Not applicable Monitoring and recording of exhaust gas
volumetric flow rate

Maintain combustion
chamber temperature at
least as high as the level
established during the
performance test
(NESHAP, PSD)

Not applicable Monitoring and recording of combustion
chamber temperature

Reduced
Sulfur
Compound
s

Maximum emissions
0.089 lb/hr
(PSD)

Initial test using Method
15

Not applicable

Maintain combustion
chamber temperature at
least as high as the level
established during the
performance test

Not applicable Monitoring and recording of combustion
chamber temperature

NOX Maximum emissions 0.06
lb/MMBtu (PSD)

Not applicable CEMS

Install, maintain, and
operate low-NOX burners
(PSD)

Not applicable Not applicable

Sulfur Pits
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Operating
Limit

Vent stream routed to
inlet of a Sulfur Recovery
Unit (PSD)

Not applicable Operation, maintenance and monitoring plan

MDEA Storage Tank

Operating
Limits

True vapor pressure of
stored liquids less than 3.4
kPa  (PSD)

Not applicable Maintain records of true vapor pressure of stored
liquids

Equipment
Design /
Work
Practice

Not applicable Not applicable Maintain records of storage tank dimensions and
capacity

Sulfur Product Loading Racks

Operating
Limit

Maximum of 15 ppmw
H2S in sulfur being loaded
into trucks or rail cars
(PSD)

Not applicable Once per day, analyze and record H2S in sulfur
stored in Sulfur Pit No. 1 and Sulfur Pit No. 2

Equipment Leaks

VOC,
Organic
HAP, H2S

Leak detection and repair
program (PSD, NESHAP)

Not applicable Monitoring for leaks; recording of monitoring
and repairs

Hydrogen Plant

Hydrogen Reformer Heater

Operating
Limits

Fired with natural gas and
RFG only (PSD)

Not applicable Recording of fuels combusted
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Maximum heat input
1,435 MMBtu/hr (PSD)

Not applicable Monitoring and recording of heat input rate

SO2 Maximum H2S in RFG
0.10 gr/dscf (NSPS)

Initial test using Method
6, 6C, 11, 15, 15A, or
16

SO2 CEMS or fuel H2S CEMS

Maximum sulfur in RFG
35 ppmv (PSD)

Not applicable SO2 CEMS, or fuel sulfur CEMS, or fuel H2S
CEMS plus grab sampling & analysis to
determine ratio of H2S to total sulfur

PM10 Maximum emissions
0.0075 lb/MMBtu (PSD)

Initial and annual tests
using Methods 201 or
201A and Method 202

Not applicable

NOX Maximum emissions
0.0125 lb/MMBtu (PSD)

Not applicable CEMS

Install, maintain, and
operate low-NOX burners
and SCR (PSD)

Not applicable Not applicable

CO Maximum emissions 0.04
lb/MMBtu (PSD)

Not applicable CEMS

Maximum emissions 400
ppmvd @ 3% O2 
(NESHAP)

Not applicable CEMS

Ammonia Maximum emissions 5.0
ppmvd @ 0% O2 (PSD)

Not applicable CEMS

Equipment Leaks
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VOC,
Organic
HAP, H2S

Leak detection and repair
program (PSD, NESHAP)

Not applicable Monitoring for leaks; recording of monitoring
and repairs

Group “A” Storage Tanks

Storage Vessels

Equipment
Design /
Work
Practice

Emissions routed to RFG
system via a vapor
compression system
(PSD, NESHAP)

Not applicable Monitor and record any emissions bypassed or
diverted from the vapor compression system or
RFG system, including the duration of the
bypass and the reason why bypass was
necessary

Degassing and cleaning
emissions controlled by
liquid balancing,
incineration,
condensation, or other
approved measure (PSD)

Not applicable Maintain records of degassing equipment
operation, including tank capacity; material
stored; flow rate and VOC concentration of
gases vented to degassing equipment; total
amount of VOC processed in degassing
equipment; control efficiency of degassing
equipment; and degassing equipment operating
parameters

Equipment Leaks

VOC,
Organic
HAP, H2S

Leak detection and repair
program (PSD, NESHAP)

Not applicable Monitoring for leaks; recording of monitoring
and repairs

Group “B” Storage Tanks

Storage Vessels
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Equipment
Design /
Work
Practice

Vent stream routed to
Tank Farm Thermal
Oxidizer (PSD, NESHAP)

Not applicable Monitor and record any vent stream flow that is
bypassed or diverted from Tank Farm Thermal
Oxidizer, including periods of planned routine
maintenance performed on the control device

Equipped with fixed roof
and internal floating roof
with a dual seal closure
device (PSD)

Not applicable Perform inspections and maintain records of
inspection results

Degassing and cleaning
emissions controlled by
liquid balancing,
incineration,
condensation, or other
approved measure (PSD)

Not applicable Maintain records of degassing equipment
operation, including tank capacity; material
stored; flow rate and VOC concentration of
gases vented to degassing equipment; total
amount of VOC processed in degassing
equipment; control efficiency of degassing
equipment; and degassing equipment operating
parameters

Tank Farm Thermal Oxidizer

Operating
Limits

Fired with natural gas and
RFG only (PSD)

Not applicable Recording of fuels combusted

Not applicable (State
Rule)

Not applicable Monitoring and recording of heat input rate

Periods of downtime, due
to planned routine
maintenance, limited to
240 hours per year
(NESHAP, PSD)

Not applicable Maintain records of downtime due to planned
routine maintenance, including the time and date
of the beginning and end of each maintenance
event
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VOC,
Organic
HAP

Reduce inlet emissions of
total organic HAP by 95%
or greater (NESHAP)

Not applicable Prepare and maintain records of design
evaluation; monitor and record combustion
chamber temperature

Minimum design
destruction efficiency of
99.9% (PSD)

Not applicable Prepare and maintain records of engineering
design analysis

Maximum flow rate
corresponding to a
minimum combustion
chamber residence time of
0.75 seconds (PSD)

Not applicable Monitor and record exhaust gas volumetric flow
rate; prepare and maintain records of
engineering design analysis

Maintain minimum
combustion chamber
temperature of 1,600 ºF,
five-minute average
(PSD)

Not applicable Prepare and maintain records of design
evaluation; monitor and record combustion
chamber temperature; perform annual
inspections of the Tank Farm Thermal Oxidizer
burner and combustion chamber temperature
monitoring system

PM10 Maximum emissions
0.0075 lb/MMBtu (PSD)

Initial and annual tests
using Methods 201 or
201A and Method 202

Not applicable

NOX Maximum emissions 0.04
lb/MMBtu (PSD)

Not applicable CEMS

SO2 Maximum H2S in RFG
0.10 gr/dscf (NSPS)

Initial test using Method
6, 6C, 11, 15, 15A, or
16

SO2 CEMS or fuel H2S CEMS
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Maximum sulfur in
auxiliary fuel 35 ppmv
(PSD)

Not applicable SO2 CEMS, or fuel sulfur CEMS, or fuel H2S
CEMS plus grab sampling & analysis to
determine ratio of H2S to total sulfur

Equipment Leaks

VOC,
Organic
HAP, H2S

Leak detection and repair
program (PSD, NESHAP)

Not applicable Monitoring for leaks; recording of monitoring
and repairs

Group “D” Storage Tanks

Storage Vessels

Operating
Limit

Maintain minimum 204.9
kPa operating pressure
(PSD, NESHAP)

Not applicable Maintain records of operating pressure

Equipment Leaks

VOC,
Organic
HAP, H2S

Leak detection and repair
program (PSD, NESHAP)

Not applicable Monitoring for leaks; recording of monitoring
and repairs

Group “E” Storage Tank

Storage Vessel

Equipment
Design /
Work
Practice

Exhaust gases cooled to a
temperature of 120 ºF or
less and routed through a
filter for particulate matter
removal (PSD)

Not applicable Monitor and record tank exhaust gas
temperature at least once per week

Not applicable Not applicable Maintain records of storage tank dimensions and
capacity
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Visible
Emissions

No visible emissions,
except for one
consecutive 15-minute
period in any 24-hour
period when the transfer
lines are being blown for
clearing
(NSPS)

Initial test using Method
9

Conduct and maintain records of daily visible
emissions observations using Method 9

Operationa
l Limit

Maintain true vapor
pressure of stored liquids
less than 3.5 kPa (NSPS)

Not applicable Maintain records of the maximum true vapor
pressure of stored liquids, types of liquids, and
period of storage

Truck and Rail Car Loading Racks

Gasoline Product Truck and Rail Car Loading Racks

Equipment
Design /
Work
Practice

Equipped with vapor
collection and processing
system  (NESHAP)

Not applicable Not applicable

Loading only into cargo
tanks using vapor
collection equipment that
is compatible with the
loading rack vapor
collection system
(NESHAP)

Not applicable Maintain records of cargo tanks loaded

Loading only into vapor-
tight cargo tanks
(NESHAP)

Not applicable Maintain records of cargo tanks loaded; obtain
and maintain documentation of vapor tightness
for each cargo tank loaded
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Maximum 460 mm H2O
gauge pressure in cargo
tank during loading (PSD,
NESHAP)

Initial test, using
pressure measurement
device

Continuous monitoring of system pressure

Gases displaced from
cargo tanks routed to
regenerative adsorption
system (PSD, NESHAP)

Not applicable Not applicable

Maintain regenerative
adsorption system exhaust
VOC concentration less
than the concentration
level established during
the VOC performance test
(PSD, NESHAP)

Not applicable CEMS

Exhaust from regenerative
adsorption systems routed
to thermal oxidizer (PSD)

Not applicable Not applicable

VOC Maximum VOC in
regenerative adsorption
system exhaust 7.5 mg per
liter of gasoline loaded
(PSD, NESHAP)

Initial test using
Methods 25A or 25B

Maintain records of test results

Distillate Product Truck and Rail Car Loading Racks

Equipment
Design /
Work
Practice

Equipped with vapor
collection system (PSD)

Not applicable Not applicable
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Loading only into cargo
tanks using vapor
collection equipment that
is compatible with the
loading rack vapor
collection system (PSD)

Not applicable Maintain records of cargo tanks loaded

Maximum 460 mm H2O
gauge pressure in cargo
tank during loading (PSD)

Not applicable Continuous monitoring of system pressure

Gases displaced from
cargo tanks routed to
thermal oxidizer (PSD)

Not applicable Not applicable

Truck and Rail Car Loading Rack Thermal Oxidizers

Operationa
l Limits

Fired only with natural
gas and RFG as auxiliary
fuels (PSD)

Not applicable Recording of fuels combusted

Equipment
Design /
Work
Practice

Maintain combustion
chamber temperature at a
level at least as high as the
temperature established
during the VOC
performance test (PSD)

Not applicable Continuously monitor and record combustion
chamber temperature; perform annual
inspections of the Thermal Oxidizer burners and
combustion chamber temperature monitoring
systems
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Maintain exhaust gas
volumetric flow rate at or
below the level that
corresponds to a
minimum residence time
of 0.75 seconds
(NESHAP, PSD)

Not applicable Monitoring and recording of exhaust gas
volumetric flow rate

VOC Maximum emissions 1.25
lb per million gallons
loaded at the gasoline
product loading racks plus
22.0 lb per million gallons
loaded at the distillate
product loading racks 
(PSD)

Initial test using
Methods 25A or 25B

Maintain records of test results

SO2 Maximum H2S in RFG
0.10 gr/dscf (NSPS)

Initial test using Method
6, 6C, 11, 15, 15A, or
16

SO2 CEMS or fuel H2S CEMS

Maximum sulfur in
auxiliary fuel 35 ppmv
(PSD)

Not applicable SO2 CEMS, or fuel sulfur CEMS, or fuel H2S
CEMS plus grab sampling & analysis to
determine ratio of H2S to total sulfur

Equipment Leaks

VOC,
Organic
HAP, H2S

Leak detection and repair
program (PSD, NESHAP)

Not applicable Monitoring for leaks; recording of monitoring
and repairs

Wastewater Treatment Plant

Wastewater Collection System (Drains)
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Equipment
Design /
Work
Practice

Equipped with leak-free
covers on all openings
(PSD, NESHAP)

Not applicable Perform inspections; maintain records of
inspections

Either the junction box is
equipped with water seal
controls or a plug, or the
vent stream is routed to
either the Wastewater
Treatment Plant Thermal
Oxidizer or a dedicated
dual carbon canister
system  (PSD, NESHAP)

Not applicable If using water seal controls or a plug, perform
inspections and maintain records of inspection
results; if using thermal oxidizer, monitor and
record any vent stream flow that is bypassed or
diverted from thermal oxidizer; if using
dedicated dual carbon canister system,
continuously monitor exhaust stream for
breakthrough

Equalization Tank

Equipment
Design /
Work
Practice

Equipped with a fixed
roof and leak-free covers
on all openings (PSD,
NESHAP)

Not applicable Perform inspections; maintain records of
inspections

Equipped with a closed-
vent system, with the vent
stream routed to
Wastewater Treatment
Plant Thermal Oxidizer
(PSD, NESHAP)

Not applicable Monitor and record any vent stream flow that is
bypassed or diverted from thermal oxidizer

Oil-Water Separator (API Separator)

Equipment
Design /
Work
Practice

Equipped with a fixed
roof and leak-free covers
on all openings (PSD,
NESHAP)

Not applicable Perform inspections; maintain records of
inspections
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Equipped with a closed-
vent system, with the vent
stream routed to
Wastewater Treatment
Plant Thermal Oxidizer
(PSD, NESHAP)

Not applicable Monitor and record any vent stream flow that is
bypassed or diverted from thermal oxidizer

Dissolved Air Flotation Unit 

Equipment
Design /
Work
Practice

Equipped with a fixed
roof and leak-free covers
on all openings (PSD,
NESHAP)

Not applicable Perform inspections; maintain records of
inspections

Equipped with a closed-
vent system, with the vent
stream routed to
Wastewater Treatment
Plant Thermal Oxidizer
(PSD, NESHAP)

Not applicable Monitor and record any vent stream flow that is
bypassed or diverted from thermal oxidizer

Biotreater

Equipment
Design /
Work
Practice

Equipped with a fixed
roof and leak-free covers
on all openings (PSD,
NESHAP)

Not applicable Perform inspections; maintain records of
inspections

Equipped with a closed-
vent system, with the vent
stream routed to
Wastewater Treatment
Plant Thermal Oxidizer
(PSD, NESHAP)

Not applicable Monitor and record any vent stream flow that is
bypassed or diverted from thermal oxidizer
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Containers

Equipment
Design /
Work
Practice

Equipped with leak-free
covers on all openings
(PSD, NESHAP)

Not applicable Perform inspections; maintain records of
inspections

Equipped with a
submerged fill pipe (PSD,
NESHAP)

Not applicable Not applicable

Waste Treatment Processes, Collectively

Benzene Remove benzene from
waste by 99%, mass basis,
or to a concentration less
than 10 ppmw (NESHAP,
PSD)

Not applicable Perform engineering calculations or measure
benzene quantity in waste before and after
treatment processes; maintain records of results

Waste shall not be placed
in a surface impoundment
(PSD)

Not applicable Not applicable

Wastewater Treatment Plant Thermal Oxidizer

Operating
Limits

Fired with natural gas and
RFG only (PSD)

Not applicable Recording of fuels combusted

Minimum design
destruction efficiency of
99.9% (PSD)

Not applicable Prepare and maintain records of engineering
design analysis
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Maximum flow rate
corresponding to a
minimum combustion
chamber residence time of
0.75 seconds (PSD)

Not applicable Monitor and record exhaust gas volumetric flow
rate; prepare and maintain records of
engineering design analysis

Maintain minimum
combustion chamber
temperature of 1,600 ºF,
five-minute average
(PSD)

Not applicable Monitor and record combustion chamber
temperature; perform annual inspections of the
Thermal Oxidizer burner and combustion
chamber temperature monitoring system;
prepare and maintain records of engineering
design analysis

SO2 Maximum H2S in RFG
0.10 gr/dscf (NSPS)

Initial test using Method
6, 6C, 11, 15, 15A, or
16

SO2 CEMS or fuel H2S CEMS

Maximum sulfur in RFG
35 ppmv (PSD)

Not applicable SO2 CEMS, or fuel sulfur CEMS, or fuel H2S
CEMS plus grab sampling & analysis to
determine ratio of H2S to total sulfur

Wastewater Treatment Plant Spray Dryer Heater

Operating
Limits

Fired with natural gas and
RFG only (PSD)

Not applicable Recording of fuels combusted

Maximum heat input 44
MMBtu/hr (PSD)

Not applicable Monitoring and recording of heat input rate

SO2 Maximum H2S in RFG
0.10 gr/dscf (NSPS)

Initial test using Method
6, 6C, 11, 15, 15A, or
16

CEMS

Maximum sulfur in RFG
35 ppmv (PSD)

Not applicable CEMS



Process
Unit

Emission
Unit

Pollutant/
Parameter Condition (Authority) Testing Monitoring/Recordkeeping

Arizona Clean Fuels Yuma, LLC
Permit Number 40140 September 15, 2006Page 266 of  347

PM10 Maximum emissions
0.0075 lb/MMBtu (PSD)

Initial and annual tests
using Methods 201 or
201A and Method 202

Not applicable

NOX Maximum emissions
0.030 lb/MMBtu (PSD)

Not applicable CEMS

Install, maintain, and
operate low-NOX burners
(PSD)

Not applicable Not applicable

CO Maximum emissions 0.04
lb/MMBtu (PSD)

Not applicable CEMS

Maximum emissions 400
ppmvd @ 3% O2 
(NESHAP)

Initial and annual tests
using Methods 10, 10A,
or 10B

Not applicable

Wastewater Treatment Plant Spray Dryer Baghouse

Operating
Limits

Maintain pressure drop
within the range
established in the CAM
plan

Not applicable Continuously monitor and record pressure drop

Visible
Emissions

Maximum opacity 5%
(PSD, State Rule)

Not applicable Perform monthly visible emissions observations
using Method 9; maintain records of results

PM Maximum emissions
0.005 gr/dscf (PSD, State
Rule)

Initial and annual tests
using Method 5

Monitor and record pressure drop and other
operating parameters identified in an approved
CAM plan; perform monthly inspection of
baghouse and baghouse pressure drop
monitoring system in accordance with the
manufacturer’s recommended procedures
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Equipment Leaks

VOC,
Organic
HAP, H2S

Leak detection and repair
program (PSD, NESHAP)

Not applicable Monitoring for leaks; recording of monitoring
results

Emergency Flares

Emergency Flares

Operating
Limits

Except during
malfunctions, flares shall
combust only pipeline-
quality natural gas (PSD)

Not applicable Continuously monitor and record the flow of
pilot gas, purge gas, and other gases to each
flare; for each flare event when gases other than
pipeline-quality natural gas are combusted,
identify and record the date and time of the flare
event, submit notification to the Director, obtain
a sample of the gases being combusted, and
analyze the sample for heating value and sulfur
content

Equipment
Design /
Work
Practice

Operated with pilot flame
continuously present
(PSD)

Not applicable Continuously monitor and record presence of
flame

Designed and operated
with steam assist (PSD)

Not applicable Maintain record of flare system operation,
maintenance, and monitoring plan

Designed and operated
with no visible emissions
(PSD)

Not applicable Perform visible emissions observation using
Method 22 during each flare event; maintain
records of observations

Maximum exit velocity 60
ft/sec (PSD)

Not applicable Maintain record of flare system operation,
maintenance, and monitoring plan
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Natural gas purge
employed so that the net
heating value of gas being
combusted is 300 Btu/scf
or greater (PSD)

Not applicable Maintain record of flare system operation,
maintenance, and monitoring plan

Steam Boilers

Steam Boilers

Operating
Limits

Fired with natural gas
only (PSD)

Not applicable Recording of fuels combusted

Maximum heat input 419
MMBtu/hr (PSD)

Not applicable Monitoring and recording of heat input rate

NOX Maximum emissions
0.0125 lb/MMBtu (PSD)

Not applicable CEMS

Maximum emissions 0.20
lb/MMBtu at all times,
including periods of
startup, shutdown, and
malfunction (NSPS)

Initial test using CEMS CEMS

Install, maintain, and
operate low-NOX burners
and flue gas recirculation
(PSD)

Not applicable Not applicable

CO Maximum emissions
0.016 lb/MMBtu (PSD)

Not applicable CEMS
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Maximum emissions 400
ppmvd @ 3% O2 
(NESHAP)

Not applicable CEMS

Cooling Tower

Cooling Tower

Equipment
Design /
Work
Practice

Equipped with high-
efficiency drift
eliminators guaranteed by
the manufacturer for a
maximum total liquid drift
of 0.0005% (PSD)

Not applicable Maintain records of vendor-guaranteed
maximum total liquid drift

Operating
Limits

Maximum cooling water
flow rate 80,000 gallons
per minute (PSD)

Not applicable Maintain records of cooling water pumping
capacity

Visible
Emissions

Maximum opacity 20%
(State Rule)

Not applicable Not applicable

PM Maximum emissions 1.6
lb/hr (PSD, State Rule)

Initial test using either a
modified EPA
Reference Method 306
or the heated bead test
method

Maintain records of cooling water pumping
capacity; maintain records of drift rate; perform
monthly measurement of total dissolved solids
and record results; perform monthly calculation
of PM emissions and record results

Heat Exchange System

VOC Leak detection and repair
program (PSD)

Not applicable Monitoring for leaks; recording of monitoring
results

Internal Combustion Engines
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Emergency Generator

Operating
Limits

Fired only with No. 2
Diesel fuel with a
maximum sulfur content
of 15 ppmw (PSD)

Not applicable Maintain records of type of fuel combusted;
maintain records of sulfur content and method
of determination

Maximum fuel usage
15,600 gallons per year,
excluding operation
during emergencies 
(PSD)

Not applicable Maintain records of quantity of fuel combusted

Maximum operation 50
hours per year, excluding
operation during
emergencies and during
routine testing and
maintenance

Not applicable Maintain records of quantity of fuel combusted

Routine operation
prohibited during periods
when visible emissions
observation cannot be
performed using Method
9, unless daily visible
emissions observation has
already been performed
(PSD)

Not applicable Maintain daily records of type and quantity of
fuel combusted; maintain records of visible
emissions observations

Visible
Emissions

Maximum opacity 40%
(State Rule)

Not applicable Daily visible emissions observations using
Method 9 during non-emergency operations;
maintain records of visible emissions
observations



Process
Unit

Emission
Unit

Pollutant/
Parameter Condition (Authority) Testing Monitoring/Recordkeeping

Arizona Clean Fuels Yuma, LLC
Permit Number 40140 September 15, 2006Page 271 of  347

Equipment
Design /
Work
Practice

Maximum manufacturer-
guaranteed NOX plus
nonmethane hydrocarbon
emissions 6.4 grams per
kilowatt-hour output
(PSD)

Not applicable Maintain records of manufacturer’s emission
performance guarantee; maintain records of
manufacturer’s instructions and
recommendations relating to operation and
maintenance; maintain records of all
maintenance performed on the internal
combustion engine

Maximum manufacturer-
guaranteed CO emissions
3.5 grams per kilowatt-
hour output (PSD)

Not applicable Maintain records of manufacturer’s emission
performance guarantee; maintain records of
manufacturer’s instructions and
recommendations relating to operation and
maintenance; maintain records of all
maintenance performed on the internal
combustion engine

Maximum manufacturer-
guaranteed PM emissions
0.2 grams per kilowatt-
hour output (PSD)

Not applicable Maintain records of manufacturer’s emission
performance guarantee; maintain records of
manufacturer’s instructions and
recommendations relating to operation and
maintenance; maintain records of all
maintenance performed on the internal
combustion engine

Fire Water Pump Nos. 1 and 2

Operating
Limits

Fired only with No. 2
Diesel fuel with a
maximum sulfur content
of 15 ppmw (PSD)

Not applicable Maintain records of type of fuel combusted;
maintain records of sulfur content and method
of determination
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Maximum fuel usage in
each engine 7,800 gallons
per year, excluding
operation during
emergencies (PSD)

Not applicable Maintain records of quantity of fuel combusted

Maximum operation 50
hours per year, excluding
operation during
emergencies and during
routine testing and
maintenance

Not applicable Maintain records of quantity of fuel combusted

Routine operation
prohibited during periods
when visible emissions
observation cannot be
performed using Method
9, unless daily visible
emissions observation has
already been performed
(PSD)

Not applicable Maintain daily records of type and quantity of
fuel combusted; maintain records of visible
emissions observations

Visible
Emissions

Maximum opacity 20%
(State Rule)

Not applicable Daily visible emissions observations using
Method 9 during non-emergency operations;
maintain records of visible emissions
observations
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Equipment
Design /
Work
Practice

Maximum manufacturer-
guaranteed NOX plus
nonmethane hydrocarbon
emissions 4.0 grams per
kilowatt-hour output
(PSD)

Not applicable Maintain records of manufacturer’s emission
performance guarantee; maintain records of
manufacturer’s instructions and
recommendations relating to operation and
maintenance; maintain records of all
maintenance performed on the internal
combustion engine

Maximum manufacturer-
guaranteed CO emissions
3.5 grams per kilowatt-
hour output (PSD)

Not applicable Maintain records of manufacturer’s emission
performance guarantee; maintain records of
manufacturer’s instructions and
recommendations relating to operation and
maintenance; maintain records of all
maintenance performed on the internal
combustion engine

Maximum manufacturer-
guaranteed PM emissions
0.2 grams per kilowatt-
hour output (PSD)

Not applicable Maintain records of manufacturer’s emission
performance guarantee; maintain records of
manufacturer’s instructions and
recommendations relating to operation and
maintenance; maintain records of all
maintenance performed on the internal
combustion engine

Fugitive Dust and Miscellaneous Other Sources

Open Areas, Dry Washes, and Riverbeds

Operating
Limits

Implement reasonable
dust control measures
(State Rule)

Not applicable Maintain records of approved fugitive dust
control plan

Roadways, Streets, and Parking Lots
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Operating
Limits

Implement reasonable
dust control measures
(State Rule)

Not applicable Maintain records of approved fugitive dust
control plan

Pave all roadways, streets,
and parking lots (BACT)

Not applicable Not applicable

Material Handling and Storage Piles

Operating
Limits

Implement reasonable
dust control measures
(State Rules)

Not applicable Maintain records of approved fugitive dust
control plan

Storage Piles

Operating
Limits

Implement reasonable
dust control measures
(State Rule)

Not applicable Maintain records of approved fugitive dust
control plan

Roadway/Site Cleaning Machinery

Operating
Limits

Implement reasonable
dust control measures
(State Rule)

Not applicable Not applicable

Visible
Emissions

Maximum opacity 40%
(State Rule)

Not applicable Not applicable

 Off-Road Machinery and Other Mobile Sources

Visible
Emissions

Maximum opacity 40%
(State Rule)

Not applicable Not applicable

Nonpoint sources
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Visible
Emissions

Maximum opacity 40%
(State Rule)

Not applicable Maintain records of approved fugitive dust
control plan
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A. Crude Unit (Attachment “B” Section I)

1. Fuel Use in the Process Heaters 

The Crude Unit includes two process heaters: the Atmospheric Crude
Charge Heater and the Vacuum Crude Charge Heater.  The Permittee is
restricted to using RFG and natural gas in the process heaters, consistent
with the information provided in the permit application, and heat input is
limited to the maximum rates indicated in the permit application.  These
restrictions are needed to ensure the enforceability of the representations
made in the permit application, because these representations form the
basis of all regulatory and technical analyses performed by the
Department. 

2. SO2 Emissions from the Process Heaters

The process heaters are subject to limitations on fuel sulfur content,
representing both BACT and applicable requirements under the NSPS (40
CFR 60 subpart J).  The BACT and NSPS limits, respectively, are 35
ppmv sulfur (as H2S) and 0.10 grains H2S per dry standard cubic foot.  The
Permittee has two options for demonstrating compliance with these
limitations: using a CEMS for SO2 emissions as provided in Condition
I.D.2 in Attachment “B” of the proposed permit or monitoring fuel sulfur
content in accordance with Conditions XII.C.1 and XII.C.2 in Attachment
“B” of the proposed permit.  (The fuel sulfur content monitoring
requirements are consolidated in Section XII of Attachment “B” of the
proposed permit for administrative convenience.)  If the fuel sulfur
monitoring option is elected, the Permittee must demonstrate compliance
with the NSPS limit by continuously monitoring fuel H2S content and
must demonstrate compliance with the BACT limit either by continuously
monitoring fuel sulfur content or by periodically sampling and analyzing
the fuel for total sulfur content and using these periodic data, in
conjunction with the continuous H2S monitoring data, to calculate fuel
sulfur concentration.

The proposed permit includes SO2 concentration levels that are deemed to
be equivalent to the NSPS and BACT RFG sulfur concentration limits. 
Specifically, as provided by § 60.105(a)(3)(ii) of 40 CFR 60 subpart J, a
stack gas SO2 concentration level of 20 ppmv, dry basis, corrected to zero
percent excess air, is deemed equivalent to the NSPS limit of 0.10 grains
H2S per dry standard cubic foot.  A stack gas SO2 concentration level of
4.3 ppmv, dry basis, corrected to zero percent excess air, is deemed
equivalent to the BACT limit of 35 ppmv sulfur (as H2S).  If the Permittee
chooses the SO2 CEMS monitoring option for the NSPS and BACT RFG
sulfur concentration limits, these SO2 concentration levels will effectively
become the applicable emission standards.  
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Each of the SO2 concentration levels is established using an implicitly
assumed ratio of 8.1 moles of stack gas (at zero percent excess air) per
mole of RFG.  The U.S. EPA’s rationale for establishing this relationship
between RFG sulfur and stack gas SO2 is documented in an October 2,
1990, Federal Register notice (55 FR 40171).  This ratio is conservative
when compared to typical, actual RFG characteristics.  For instance, if the
actual RFG heat value is 1,000 British Thermal Units per standard cubic
foot (Btu/scf) and the actual RFG F-factor is 8,700 dry standard cubic foot
per million British Thermal Unit (dscf/MMBtu), both of which are fairly
typical, 4.3 ppmv stack gas SO2 concentration would correspond to an
RFG sulfur level of 37.4 ppmv. 

3. NOX Emissions from the Process Heaters

Each of the process heaters is required to use both SCR and low-NOX

burners to control NOX emissions, and each is subject to NOX emission
limits representing BACT.

The permit includes provisions for adjustment of the NOX BACT limits
for SCR-equipped process heaters after 24 months of operation.  These
provisions include either an automatic adjustment or, at the Permittee’s
option, provisions relating to an SCR performance demonstration study,
the results of which may be used to adjust the NOX BACT limit through a
separate permitting action.  

Compliance with the NOX BACT emission limits is required to be
demonstrated using CEMS.  Each of these CEMS is required to meet the
performance and quality assurance requirements of 40 CFR part 60,
appendices B and F.

4. CO Emissions from the Process Heaters

Each of the process heaters is subject to CO emission limits representing
BACT.  Compliance with these emission limits is required to be
demonstrated using CEMS.  Each of these CEMS is required to meet the
performance and quality assurance requirements of 40 CFR part 60,
appendices B and F. 

5. PM10 Emissions from the Process Heaters

Each of the process heaters is subject to a PM10 emission limit
representing BACT.  Compliance with these emission limits is required to
be demonstrated through initial and annual performance tests.
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6. Organic HAP Emissions from the Process Heaters

Each of the process heaters is subject to work practice standards,
expressed as CO emission limits, representing MACT for organic HAP
emissions.  Compliance with these emission limits is required to be
demonstrated using CEMS.

7. Ammonia Emissions from the Atmospheric Crude Charge Heater

The Atmospheric Crude Charge Heater and Vacuum Crude Charge Heater
SCR systems use ammonia as a reagent and are subject to ammonia
emission limits representing BACT.  Compliance with these emission
limits are required to be demonstrated using CEMS.  These CEMS are
required to meet the quality assurance requirements of 40 CFR part 60,
appendix F.  There are no performance specifications for ammonia CEMS
in appendix B to 40 CFR part 60, so the proposed permit requires that the
Permittee include proposed performance specifications for these CEMS in
the monitoring plan that must be submitted for the Director’s approval. 

8. Equipment in VOC, Organic HAP, and Hydrogen Sulfide Service

The piping components in the Crude Unit may include equipment in VOC,
organic HAP, and hydrogen sulfide service.  The requirements pertaining
to this equipment are consolidated in Section XXIV of Attachment “B” of
the proposed permit and are referenced in Condition I.B.8 of Attachment
“B” of the proposed permit.  These requirements are discussed in Section
VI.X herein.

B. Gas Concentration Plant (Attachment “B” Section II)

1. NSPS Provisions for the Distillation Processes

The Gas Concentration Plant includes three distillation units: the De-
Ethanizer Column, the Depropanizer Column, and the Debutanizer
Column.  The emission standards under 40 CFR 60 subpart NNN provide
compliance options for these distillation units.  The only permissible
compliance option available to the Permittee is the routing of affected vent
streams to process heaters, via the refinery fuel gas system, to reduce
emissions of VOC (expressed as total organic compounds less methane
and ethane) either by 98 percent or to an exhaust concentration of 20
ppmvd corrected to 3 percent oxygen.  Other emission standards provided
as compliance options are not permissible under the proposed refinery
configuration.  For example, routing the vent stream to a flare is an
available compliance option under subpart NNN, but the flares at the
proposed refinery are permitted to combust only emergency releases. 
Several provisions of subpart NNN pertaining to these unavailable
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compliance options have been omitted from the proposed permit to avoid
the ambiguity that would result from their inclusion in the proposed
permit. 

The proposed permit, consistent with subpart NNN, requires performance
testing to demonstrate compliance with the VOC emission limit.  This
testing requirement applies to each process heater used to comply with the
VOC emission limit, except for any process heater having a heat input
capacity of 150 MMBtu/hr or greater.  In addition, the proposed permit
requires monitoring to ensure that the vent streams are routed into the
process heaters and to ensure that each process heater, into which vent
streams are routed, is operating.  For process heaters of less than 150
MMBtu/hr heat input capacity, subject to the testing requirement
described above, the temperature of the flame zone must be monitored and
must be maintained at or above the level established during the
performance test.  Finally, the proposed permit provides for compliance
with an alternative monitoring plan approved by the U.S. EPA, consistent
with § 60.13 of 40 CFR 60 subpart A, in lieu of the monitoring procedures
contained in the proposed permit.

2. Equipment in VOC, Organic HAP, and Hydrogen Sulfide Service

The piping components in the Gas Concentration Plant may include
equipment in VOC, organic HAP, and hydrogen sulfide service.  The
requirements pertaining to this equipment are consolidated in Section
XXIV of Attachment “B” of the proposed permit and are referenced in
Condition II.B.2 of Attachment “B” of the proposed permit.  These
requirements are discussed in Section VI.X herein.

C. Hydrocracker Unit (Attachment “B” Section III)

1. Process Heaters

The Hydrocracker Unit includes two process heaters: the Hydrocracker
Unit Charge Heater and the Hydrocracker Main Fractionator Heater.  Each
of these heaters is required to use low-NOX burners to control NOX

emissions.  Refer to Sections VI.A.1 through VI.A.6 herein for a
discussion of the requirements relating to fuel use in, visible emissions
from, and emissions of SO2, NOX, CO, and PM10 from the process heaters
in the Hydrocracker Unit.

2. Equipment in VOC, Organic HAP, and Hydrogen Sulfide Service

The piping components in the Hydrocracker Unit may include equipment
in VOC, organic HAP, and hydrogen sulfide service.  The requirements
pertaining to this equipment are consolidated in Section XXIV of
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Attachment “B” of the proposed permit and are referenced in Condition
III.B.7 of Attachment “B” of the proposed permit.  These requirements are
discussed in Section VI.X herein.

D. Naphtha Hydrotreater Unit (Attachment “B” Section IV)

1. Process Heaters

The Naphtha Hydrotreater Unit includes one process heater: the Naphtha
Hydrotreater Charge Heater.  This heater is required to use low-NOX

burners to control NOX emissions.  Refer to Sections VI.A.1 through
VI.A.6 herein for a discussion of the requirements relating to fuel use in,
visible emissions from, and emissions of SO2, NOX, CO, and PM10 from
the Naphtha Hydrotreater Charge Heater.

2. Equipment in VOC, Organic HAP, and Hydrogen Sulfide Service

The piping components in the Naphtha Hydrotreater Unit may include
equipment in VOC, organic HAP, and hydrogen sulfide service.  The
requirements pertaining to this equipment are consolidated in Section
XXIV of Attachment “B” of the proposed permit and are referenced in
Condition IV.B.7 of Attachment “B” of the proposed permit.  These
requirements are discussed in Section VI.X herein.

E. Catalytic Reforming Unit (Attachment “B” Section V)

1. NESHAP Provisions for the Catalyst Regenerator

The provisions of 40 CFR 63 subpart UUU that are applicable to catalytic
reforming unit catalyst regenerators include emission standards both for
organic HAPs and for inorganic HAPs.  The control strategy to be used by
the Permittee to comply with these emission standards consists of catalyst
regenerator equipment design specifications and work practices in
combination with the use of a caustic scrubber.  Due to this proposed
design configuration and control strategy, several of the compliance
options provided by the regulation are not available to the Permittee.  For
example, routing the vent stream to a flare is an available compliance
option for the organic HAP emission standards under subpart UUU, but
the flares at the proposed refinery are permitted to combust only
emergency releases, so the provisions relating to flares have been
streamlined out of the proposed permit. 

The applicable organic HAP emission standard under subpart UUU is
expressed as a total organic compound (TOC) concentration level of 20
ppmv when the reactor vent pressure exceeds 5 psig.  This emission
standard also serves as the VOC BACT emission limit for this emission
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unit.  The TOC concentration limit is included in Condition V.B.3.a(1) in
Attachment “B” of the proposed permit. 

The Permittee has indicated that the proposed catalyst regenerator
equipment configuration and work practices would be sufficient to meet
the TOC concentration limit even in the absence of the caustic scrubber. 
However, Subpart UUU also requires that the TOC concentration limit be
met using a control device.  Although the Permittee’s proposed equipment
configuration is such that the scrubber provides no quantifiable
contribution toward compliance with the TOC concentration limit, this
regulatory requirement is met due to the use of the caustic scrubber.

Subpart UUU does not provide operating limits or specific monitoring
requirements that are adequate, for the Permittee’s proposed equipment
configuration, to provide assurance of continuous compliance with the
organic HAP emission standard (i.e., the TOC concentration limit).  For
this reason, the Department is requiring that the Permittee maintain the
ratio of perchloroethylene feed rate to catalyst circulation rate at a level
equal to or lower than the level established during the initial performance
test.  In addition, Conditions V.D.5.a(1) and V.D.5.c require monitoring to
demonstrate compliance with this work practice requirement.

The applicable inorganic HAP emission standard under subpart UUU
includes two compliance options:  a minimum required hydrogen chloride
percent removal efficiency of 97 percent or a maximum allowable
hydrogen chloride concentration level of 10 ppmvd, corrected to 3 percent
oxygen.  These compliance options are included in Condition V.B.3.b.1 in
Attachment “B” of the proposed permit.  The caustic scrubber work
practice requirements from subpart UUU are included in Condition
V.B.3.b(1) in Attachment “B” of the proposed permit.

Pursuant to subpart UUU and the NESHAP General Provisions, the
proposed permit also includes a requirement to develop and implement a
startup, shutdown, and malfunction plan and an operation, maintenance,
and monitoring plan.

It should be noted that, at this time, the Department has neither requested
nor been granted delegation of the U.S. EPA’s authority to administer and
enforce subpart UUU.  Thus, citations of the authority for permit terms
relating to subpart UUU are to 40 CFR part 63 rather than A.A.C. R18-2-
1101.  For this reason, all reporting requirements under subpart UUU are
required to be submitted to both the Department and the U.S. EPA.
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2. Catalyst Regenerator Visible Emissions 

The Catalytic Reforming Unit Catalyst Regenerator is subject to A.A.C.
R18-2-702(B) for visible emissions.  The applicable 20 percent opacity
limit is included in the proposed permit.  Because only gaseous emissions
are expected from the Catalyst Regenerator due to process design,
compliance with the applicable opacity standard under this regulation is
presumed under all operating conditions.  Therefore, no monitoring is
required.

3. Catalyst Regenerator NOX Emissions

The catalyst regenerator is subject to a NOX emission limit representing
BACT.  Compliance with this emission limit is required to be
demonstrated by conducting initial and annual performance tests using
EPA Reference Method 7 or 7E from appendix A to 40 CFR part 60.

4. Catalyst Regenerator CO Emissions

The catalyst regenerator is subject to a CO emission limit representing
BACT.  Compliance with this emission limit is required to be
demonstrated by conducting initial and annual performance tests using
EPA Reference Method 10 or 10 B from appendix A to 40 CFR part 60. 

5. Process Heaters

The Catalytic Reforming Unit includes four process heaters: the Catalytic
Reforming Unit Charge Heater, Catalytic Reforming Unit Interheater Nos.
1 and 2, and the Catalytic Reforming Unit Debutanizer Reboiler.  The
Debutanizer Reboiler is required to use low-NOX burners to control NOX

emissions; the other three heaters are required to use low-NOX burners and
SCR to control NOX emissions. 

Refer to Sections VI.A.1 through VI.A.6 herein for a discussion of the
requirements relating to fuel use in, visible emissions from, and emissions
of SO2, NOX, CO, and PM10 from the process heaters in the Catalytic
Reforming Unit.  In addition, refer to Section VI.A.7 herein for a
discussion of the requirements relating to emissions of ammonia from the
heaters that are equipped with SCR (i.e., the Charge Heater and
Interheater Nos. 1 and 2).

6. Equipment in VOC, Organic HAP, and Hydrogen Sulfide Service

The piping components in the Catalytic Reforming Unit may include
equipment in VOC, organic HAP, and hydrogen sulfide service.  The
requirements pertaining to this equipment are consolidated in Section
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XXIV of Attachment “B” of the proposed permit and are referenced in
Condition V.B.4 of Attachment “B” of the proposed permit.  These
requirements are discussed in Section VI.X herein.

F. Isomerization Unit (Attachment “B” Section VI)

The piping components in the Isomerization Unit may include equipment in
VOC, organic HAP, and hydrogen sulfide service.  The only requirements
pertaining to this process unit are those for this equipment.  These requirements
are consolidated in Section XXIV of Attachment “B” of the proposed permit and
are referenced in Condition VI.B of Attachment “B” of the proposed permit. 
These requirements are discussed in Section VI.X herein.

G. Distillate Hydrotreater Unit (Attachment “B” Section VII)

1. Process Heaters

The Distillate Hydrotreater Unit includes two process heaters: the
Distillate Hydrotreater Charge Heater and the Distillate Hydrotreater
Splitter Reboiler.  Each of these heaters is required to use low-NOX

burners to control NOX emissions.  Refer to Sections VI.A.1 through
VI.A.6 herein for a discussion of the requirements relating to fuel use in,
visible emissions from, and emissions of SO2, NOX, CO, and PM10 from
the process heaters in the Distillate Hydrotreater Unit.

2. Equipment in VOC, Organic HAP, and Hydrogen Sulfide Service

The piping components in the Distillate Hydrotreater Unit may include
equipment in VOC, organic HAP, and hydrogen sulfide service.  The
requirements pertaining to this equipment are consolidated in Section
XXIV of Attachment “B” of the proposed permit and are referenced in
Condition VII.B.7 of Attachment “B” of the proposed permit.  These
requirements are discussed in Section VI.X herein.

H. Butane Conversion Unit (Attachment “B” Section VIII)

1. NSPS Provisions for the Distillation Units

The Butane Conversion Unit includes two distillation units: the Isostripper
Column and the Stabilizer Column.  Refer to Section VI.B.1 herein for a
discussion of the requirements relating to VOC emissions from these
distillation units.
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2. NSPS Provisions for the Reactor Processes

The Butane Conversion Unit includes three reactor processes: the Butamer
Reactor, the Dehydrogenation Reactor, and the Catalytic Condensation
Reactor.  The emission standards under 40 CFR 60 subpart RRR provide
compliance options for these reactor processes.  The only permissible
compliance option available to the Permittee is the routing of affected vent
streams to process heaters, via the refinery fuel gas system, to reduce
emissions of VOC (expressed as total organic compounds less methane
and ethane) either by 98 percent or to an exhaust concentration of 20
ppmvd corrected to 3 percent oxygen.  Other emission standards provided
as compliance options are not permissible under the proposed refinery
configuration.  For example, routing the vent stream to a flare is an
available compliance option under subpart RRR, but the flares at the
proposed refinery are permitted to combust only emergency releases. 
Several provisions of subpart RRR pertaining to these unavailable
compliance options have been omitted from the proposed permit to avoid
the ambiguity that would result from their inclusion in the proposed
permit.  In light of the requirement for venting the reactor process vent
streams to process heaters, via the refinery fuel gas system, the proposed
permit, consistent with subpart RRR, does not require any performance
testing to demonstrate compliance with the VOC emission limit.  The only
monitoring requirement is for monitoring of bypass piping that could
divert the vent streams away from the process heaters.

3. Catalyst Regenerator Visible Emissions 

The Butane Conversion Unit Catalyst Regenerator is subject to A.A.C.
R18-2-702(B) for visible emissions.  The applicable 20 percent opacity
limit is included in the proposed permit.  Because only gaseous emissions
are expected from the Catalyst Regenerator due to process design,
compliance with the applicable opacity standard under this regulation is
presumed under all operating conditions.  Therefore, no monitoring is
required.

4. Catalyst Regenerator NOX Emissions

The catalyst regenerator is subject to a NOX emission limit representing
BACT.  Compliance with this emission limit is required to be
demonstrated by conducting initial and annual performance tests using
EPA Reference Method 7 or 7E from appendix A to 40 CFR part 60.

5. Catalyst Regenerator CO Emissions

The catalyst regenerator is subject to a CO emission limit representing
BACT.  Compliance with this emission limit is required to be
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demonstrated by conducting initial and annual performance tests using
EPA Reference Method 10 or 10 B from appendix A to 40 CFR part 60. 

6. Process Heaters

The Butane Conversion Unit includes three process heaters: the Butane
Conversion Unit Dehydrogenation Reactor Charge Heater, the Butane
Conversion Unit Dehydrogenation Reactor Interheater, and the Butane
Conversion Unit Isostripper Reboiler.  Each of these heaters is required to
use low-NOX burners and SCR to control NOX emissions. 

Refer to Sections VI.A.1 through VI.A.7 herein for a discussion of the
requirements relating to fuel use in, visible emissions from, and emissions
of SO2, NOX, CO, PM10, and ammonia from the process heaters in the
Butane Conversion Unit.

7. Equipment in VOC, Organic HAP, and Hydrogen Sulfide Service

The piping components in the Butane Conversion Unit may include
equipment in VOC, organic HAP, and hydrogen sulfide service.  The
requirements pertaining to this equipment are consolidated in Section
XXIV of Attachment “B” of the proposed permit and are referenced in
Condition VIII.B.6 of Attachment “B” of the proposed permit.  These
requirements are discussed in Section VI.X herein.

I. Benzene Reduction Unit (Attachment “B” Section IX)

The piping components in the Benzene Reduction Unit may include equipment in
VOC, organic HAP, and hydrogen sulfide service.  The only requirements
pertaining to this process unit are those for this equipment.  These requirements
are consolidated in Section XXIV of Attachment “B” of the proposed permit and
are referenced in Condition IX.B of Attachment “B” of the proposed permit. 
These requirements are discussed in Section VI.X herein.

J. Delayed Coking Unit (Attachment “B” Section X)

1. Process Heaters

The Delayed Coking Unit includes two process heaters: Delayed Coking
Unit Charge Heater Nos. 1 and 2.  Each of these heaters is required to use
low-NOX burners to control NOX emissions.  Refer to Sections VI.A.1
through VI.A.6 herein for a discussion of the requirements relating to fuel
use in, visible emissions from, and emissions of SO2, NOX, CO, and PM10

from the process heaters in the Delayed Coking Unit.
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2. Equipment in VOC, Organic HAP, and Hydrogen Sulfide Service

The piping components in the Delayed Coking Unit may include
equipment in VOC, organic HAP, and hydrogen sulfide service.  The
requirements pertaining to this equipment are consolidated in Section
XXIV of Attachment “B” of the proposed permit and are referenced in
Condition X.B.7 of Attachment “B” of the proposed permit.  These
requirements are discussed in Section VI.X herein.

K. Petroleum Coke Storage, Handling, and Loading (Attachment “B” Section
XI)

1. Prohibition of Visible Emissions 

The Permittee is required to conduct all coke handling operations in a
manner such that there are no visible emissions across the property
boundary.  In addition, the proposed permit prohibits any visible
emissions from the Coke Crusher, the Coke Conveyor, the Coke Silo, and
the Coke Rail Car Loading operation.  The proposed permit requires once-
per-shift visible emissions observations to ensure compliance with these
requirements.

2. Coke Moisture Content 

The Permittee is required to maintain the coke moisture content at a level
of at least 12 percent by weight in order to minimize fugitive particulate
matter emissions from coke handling operations.  The proposed permit
requires daily sampling and analysis of coke from five specified locations
to ensure compliance with this requirement. 

3. Coke Pit and Coke Pad Equipment Design

The proposed permit restricts the size of the Coke Pit and Coke Pad to a
maximum combined surface area of 48,000 square feet.  The proposed
permit also requires that the Coke Pit and Coke Pad be maintained within
a completely walled enclosure and that all coke handling operations be
conducted in a manner such that all operations occur at least five feet
below the lowest point on the top of the walled enclosure.  The proposed
permit requires once-per-shift recording of the height of coke piles to
ensure compliance with this requirement. 

4. Coke Crusher Equipment Design 

The Coke Crusher handles wet material that crushes readily and is not
expected to have any fugitive emissions under most operating conditions. 
Nonetheless, the proposed permit requires that the crusher be located
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within the walled enclosure around the Coke Pit and Coke Pad.  The
proposed permit further requires that the Coke Crusher be designed and
maintained with a partial enclosure (i.e., sides and a top) to prevent the
coke from being entrained by wind under windy conditions. 

5. Coke Conveyor Equipment Design 

The proposed permit allows the use of only one Coke Conveyor,
extending from the Coke Crusher to the Coke Silo.  This Coke Conveyor 
handles wet material and is not expected to have any fugitive emissions
under most operating conditions.  Nonetheless, the proposed permit
requires that the conveyor be fully enclosed, with only two transfer points. 

6. Coke Silo

The proposed permit requires that the Coke Silo be fully enclosed and
equipped with a baghouse.  The Coke Silo Baghouse is subject to a PM10

emission limit of 0.005 gr/dscf representing BACT.  Compliance with this
emission limit is required to be demonstrated through initial and annual
performance tests.

7. Coke Rail Car Loading

The proposed permit requires that the Coke Rail Car Loading operation 
be conducted within an enclosure and that the enclosure be equipped with
overlapping flaps or sliding doors on the openings through which rail cars
enter and exit the enclosure.  The proposed permit further requires that the
loading operation be conducted using a telescoping chute to ensure that
the height of the coke drop does not exceed four feet.

L. Amine Regeneration Unit (Attachment “B” Section XII)

1. Provisions for Minimizing Excess SO2 Emissions

The Amine Regeneration Unit serves to regenerate “rich” amine solution
(i.e., amine solution with a high level of sulfur) by removing sulfur
compounds to produce “lean” amine solution.  The lean amine solution is
returned to the amine contactors that are used to remove hydrogen sulfide
and other reduced sulfur compounds from RFG streams.  The rich amine
solution exiting the amine absorbers is recycled to the Amine
Regeneration Unit, beginning the cycle again.  The “sour gas” (i.e.,
hydrogen sulfide-rich gas) exiting the Amine Regeneration Unit is routed
to the Sulfur Recovery Plant as feed material.  

The ability of the amine absorbers to remove sulfur from RFG is limited
by the supply of lean amine solution and by the availability of an outlet for
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rich amine solution.  The outlet for rich amine solution is normally the
Amine Regeneration Unit but, in the event of an upset or malfunction, the
Rich Amine Tank serves as the outlet. 

Some of the refinery processes that produce RFG streams cannot be safely
shut down in a short period of time.  There is no safe alternative to
combusting these streams.  In the event of an upset or malfunction that
renders one or more amine absorbers inoperable, the removal of sulfur
from the RFG streams will be diminished, and excess SO2 emissions from
RFG combustion devices are likely.  Similarly, in the event of an upset or
malfunction of the Sulfur Recovery Plant, the sour gas exiting the Amine
Regeneration Unit must be combusted in a flare or thermal oxidizer. 

The proposed permit imposes equipment design and work practice
requirements that will minimize the excess SO2 emissions that could occur
as a result of upset or malfunction.  Specifically, the proposed permit
requires that rich amine shall be re-routed to the Rich Amine Tank and
acid gas flaring shall be ceased within fifteen minutes after the start of the
acid gas flaring or other upset that results in excess emissions.  In
addition, the proposed permit requires that the Permittee maintain a full
day’s supply of lean amine solution (210,000 gallons) and a full day’s
available storage capacity for rich amine solution (210,000 gallons). 
Taken together, these requirements will allow the amine absorbers to
function properly for a period of at least 24 hours in the event of an upset
at the Amine Regeneration Unit or the Sulfur Recovery Plant.  During that
period, the sulfur that would otherwise be emitted as excess SO2 emissions
from the RFG combustion devices, the thermal oxidizer, or the emergency
flare is instead stored in rich amine solution being temporarily
accumulated in the Rich Amine Tank. 

The proposed permit includes terms requiring that records of amine
solution throughput be maintained, that the available supply of lean amine
solution be at least a specified amount, and that the available rich amine
storage capacity be at least the same specified amount.  Taken together,
these terms will allow the Permittee to demonstrate compliance with the
requirements for a full day’s supply of lean amine solution and a full day’s
available storage capacity for rich amine solution.  

In the event that the upset cannot be resolved before the available storage
capacity for rich amine solution is exhausted, the proposed permit
includes a requirement that production at upstream process units be
curtailed in order to minimize excess SO2 emissions.
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2. Monitoring Provisions for RFG Sulfur Content

As noted in Section VI.A.2 herein, all RFG-fired process heaters are
subject to limitations on fuel sulfur content, representing both BACT and
applicable requirements under the NSPS (40 CFR 60 subpart J).  In lieu of
using SO2 CEMS to demonstrate compliance with these limitations, the
Permittee has the option of monitoring fuel sulfur content.  These optional
fuel sulfur content monitoring requirements are consolidated in Section
XII of Attachment “B” of the proposed permit.  This is done for
administrative convenience, because the amine contactors associated with
the Amine Regeneration Unit are the primary means of removing sulfur
compounds from the RFG prior to combustion.

3. NESHAP Provisions for the Rich Amine Three Phase Separator

The vent stream from the Rich Amine Three Phase Separator is subject to
the requirements for miscellaneous process vents under 40 CFR 63
subpart CC.  These requirements are included in the proposed permit.  The
Permittee is required to comply by routing the vent stream to the Sulfur
Recovery Plant Thermal Oxidizer for control of VOC emissions.  The
proposed permit also includes testing, monitoring, and recordkeeping
provisions consistent with subpart CC, including monitoring of bypass
lines that could divert the vent stream away from the Thermal Oxidizer. 
Requirements specific to the operation of the Thermal Oxidizer are
contained in Section XIV of Attachment “B” of the proposed permit and
are discussed in Section VI.N.3 herein.

4. Rich Amine and Lean Amine Tanks

As noted in Section IV.C.8 herein, the rich amine and lean amine tanks are
classified as Group 2 Storage Vessels under 40 CFR 63 subpart CC, due to
the low vapor pressure of the materials that are proposed to be stored in
these tanks.  The proposed permit includes the subpart CC requirement,
applicable to all Group 2 Storage Vessels, for maintaining records of tank
dimensions and capacity.  In addition, the proposed permit includes a limit
of 3.4 kPa on the maximum true vapor pressure of materials stored in the
rich amine and lean amine tanks, and a requirement to maintain records of
the true vapor pressure of the materials stored in these tanks.  These
requirements are designed to ensure that the non-applicability of the more
stringent requirements for Group 1 Storage Vessels under subpart CC is
maintained continuously.

5. Equipment in VOC, Organic HAP, and Hydrogen Sulfide Service

The piping components in the Amine Regeneration Unit may include
equipment in VOC, organic HAP, and hydrogen sulfide service.  The
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requirements pertaining to this equipment are consolidated in Section
XXIV of Attachment “B” of the proposed permit and are referenced in
Condition XII.B.2 of Attachment “B” of the proposed permit.  These
requirements are discussed in Section VI.X herein.

M. Sour Water Stripper (Attachment “B” Section XIII)

1. Provisions for Minimizing Excess SO2 Emissions

The Sour Water Stripper serves to remove sulfur compounds and other
contaminants from refinery process wastewater.  Some of the refinery
processes that produce sour water streams cannot be safely shut down in a
short period of time.  In the event of an upset or malfunction of the Sulfur
Recovery Plant, sour gas exiting the Sour Water Stripper must be
combusted in a flare or thermal oxidizer. 

The proposed permit imposes equipment design requirements that will
minimize the excess SO2 emissions that could occur as a result of upset or
malfunction.  Specifically, the proposed permit requires that sour water
shall be re-routed to the Sour Water Tank and acid gas flaring shall be
ceased within fifteen minutes after the start of the acid gas flaring or other
upset that results in excess emissions.  In addition, the proposed permit
requires that the Permittee maintain a full day’s available storage capacity
for sour water (3.78 million gallons).  Taken together, these requirements
will allow the refinery to operate for a period of at least 24 hours in the
event of an upset at the Sulfur Recovery Plant.  During that period, the
sulfur that would otherwise be emitted as excess SO2 emissions from the
thermal oxidizer or the emergency flare is instead stored in sour water
being temporarily accumulated in the Sour Water Tank.

The proposed permit includes conditions requiring that records of sour
water throughput be maintained and that the available sour water storage
capacity be at least a specified amount.  Taken together, these terms will
allow the Permittee to demonstrate compliance with the requirement for a
full day’s available storage capacity for sour water.

In the event that the upset cannot be resolved before the available storage
capacity for sour water is exhausted, the proposed permit includes a
requirement that production at upstream process units be curtailed in order
to minimize excess SO2 emissions.

2. NESHAP Provisions for the Sour Water Flash Drum

The vent stream from the Sour Water Flash Drum is subject to the
requirements for miscellaneous process vents under 40 CFR 63 subpart
CC.  These requirements are included in the proposed permit.  The
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Permittee is required to comply by routing the vent stream to the Sulfur
Recovery Plant Thermal Oxidizer for control of VOC emissions.  The
proposed permit also includes testing, monitoring, and recordkeeping
provisions consistent with subpart CC, including monitoring of bypass
lines that could divert the vent stream away from the Thermal Oxidizer. 
Requirements specific to the operation of the Thermal Oxidizer are
contained in Section XIV of Attachment “B” of the proposed permit and
are discussed in Section VI.N.3 herein.

3. NSPS Provisions for Sour Water Tank

As noted in Section IV.B.7 herein, the Sour Water Tank is subject to the
provisions of 40 CFR 60 subpart Kb.  The Permittee has elected to comply
with subpart Kb using a fixed roof in combination with an internal floating
roof.  This compliance option is available because the maximum true
vapor pressure of the materials proposed to be stored in this tank is less
than 76.6 kPa.  The proposed permit includes the subpart Kb requirements
for the chosen compliance option, including the use of a dual seal closure
device; performing and maintaining records of floating roof inspections;
maintaining records of tank dimensions and capacity; and maintaining
records of the maximum true vapor pressure of materials stored in the
tank.  In addition, the proposed permit includes a limit of 76.6 kPa on the
maximum true vapor pressure of materials stored in the tank.  This
requirement is designed to ensure that the more stringent requirements
under subpart Kb, applicable to tanks storing highly volatile materials, are
not applicable to the Sour Water Tank. 

4. H2S Emission Standard for Sour Water Tank

In addition to the NSPS requirements pertaining to the use of an internal
floating roof, the Sour Water Tank is also required to be equipped with a
dual-canister carbon adsorption system representing BACT for emissions
of H2S.  In addition, the Permittee is required to perform continuous
monitoring of the exhaust stream for breakthrough.

5. Equipment in VOC, Organic HAP, and Hydrogen Sulfide Service

The piping components in the Sour Water Stripper may include equipment
in VOC, organic HAP, and hydrogen sulfide service.  The requirements
pertaining to this equipment are consolidated in Section XXIV of
Attachment “B” of the proposed permit and are referenced in Condition
XIII.B.3 of Attachment “B” of the proposed permit.  These requirements
are discussed in Section VI.X herein.
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N. Sulfur Recovery Plant (Attachment “B” Section XIV)

1. NSPS and NESHAP Provisions for SO2 Emissions from the Thermal
Oxidizer

The emission standards under 40 CFR 60 subpart J and 40 CFR 63 subpart
UUU are essentially identical.  Each of these regulations provides several
compliance options.  The only permissible compliance option available to
the Permittee is to meet the exhaust gas SO2 concentration standard of 250
ppmvd, corrected to 0.0 percent oxygen, using a TGTU and a thermal
oxidizer.  Other emission standards provided as compliance options in
subpart J and subpart UUU are not permissible under the proposed
refinery configuration.  Several provisions of subpart J and subpart UUU
pertaining to these unavailable compliance options have been streamlined
out of the proposed permit.

The proposed permit requires use of an SO2 CEMS, including an oxygen
monitor, to demonstrate compliance with the SO2 emission limit.  There is
a minor discrepancy between the monitoring provisions of subpart J and
subpart UUU.  Under § 60.105(a)(5)(i) of subpart J, the oxygen monitor
span value is specified as 25 percent oxygen (O2).  (Prior to a regulatory
revision promulgated on October 17, 2000, this value was specified as 10
percent O2.)  Under § 63.1572(a)(1) of subpart UUU, promulgated on
April 11, 2002, the span value for the same instrument is specified as 10
percent O2.  The Department has used its discretion in specifying a span
value of 10 percent O2 for the oxygen monitor.

It should be noted that the Department has neither requested nor been
granted delegation of the U.S. EPA’s authority to administer and enforce
subpart UUU.  Thus, citations of the authority for permit terms relating to
subpart UUU are to 40 CFR part 63 rather than A.A.C. R18-2-1101.  For
this reason, all reporting requirements under subpart UUU are required to
be submitted to both the Department and the U.S. EPA.

2. BACT Emission Limits for SO2 and Reduced Sulfur Compounds from
the Thermal Oxidizer

The BACT emission limits for SO2 and reduced sulfur compound
emissions from the Sulfur Recovery Plant Thermal Oxidizer are included
in Conditions XIV.B.2.b and XIV.B.4.a, respectively, in Attachment “B”
of the proposed permit.  The SO2 BACT emission limit is expressed in
lb/hr, based on a rolling one-hour averaging time.  Although this emission
limit is expected to be much more stringent than the NSPS SO2 emission
limit, described above, the NSPS limit has not been streamlined out of the
proposed permit because it is possible that it could be more stringent
under some operating conditions.  The proposed permit requires use of an
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SO2 CEMS, including an oxygen monitor, to demonstrate compliance with
the SO2 BACT emission limit.

As described in detail in Section V.C.2 herein, the BACT emission limit
for reduced sulfur compounds covers three separate PSD-regulated
pollutants that are practically equivalent for petroleum refinery sulfur
recovery plants.  The BACT emission limit for reduced sulfur compounds,
as defined in Condition XIV.B.4.b in Attachment “B” of the proposed
permit, is expressed in terms of total emissions of the three compounds
that are expected to account for nearly all reduced sulfur compounds
emissions from the thermal oxidizer:  hydrogen sulfide, carbonyl sulfide,
and carbon disulfide.

3. BACT and NESHAP Provisions for VOC Emissions from the
Thermal Oxidizer

As noted in Sections VI.L.3 and VI.M.2 herein, respectively, the proposed
permit requires that the vent streams from the Rich Amine Three Phase
Separator and the Sour Water Flash Drum be routed to the Sulfur
Recovery Plant Thermal Oxidizer in order to comply with the
requirements for miscellaneous process vents under 40 CFR 63 subpart
CC.  The subpart CC requirements for the Thermal Oxidizer are included
in Section XIV of Attachment “B” of the proposed permit.  The VOC
emission standard requires that the Thermal Oxidizer reduce emissions of
VOC (expressed as total organic compounds less methane and ethane)
either by 98 percent or to an exhaust concentration of 20 ppmvd corrected
to 3 percent oxygen, whichever is less stringent.  The proposed permit,
consistent with subpart CC, also includes requirements for conducting an
initial performance test to demonstrate compliance with the VOC emission
standard and to establish a minimum Thermal Oxidizer combustion
chamber temperature.  In order to satisfy BACT requirements, the
proposed permit also includes requirements for maintaining the Thermal
Oxidizer exhaust gas volumetric flow rate at or below the level that
corresponds to a minimum combustion chamber residence time of 0.75
seconds.  Finally, the proposed permit includes monitoring and
recordkeeping requirements to ensure compliance with the minimum
combustion chamber temperature requirement.

4. Thermal Oxidizer NOX Emissions

The Sulfur Recovery Plant Thermal Oxidizer is required to use low-NOX

burners to control NOX emissions and is subject to a NOX BACT emission
limit of 0.06 lb/MMBtu.  With the exception of the unit-specific BACT
emission limit, the proposed permit conditions, including monitoring,
recordkeeping, reporting, and testing requirements, are consistent with
those contained in other sections of the proposed permit involving RFG
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combustion units.  See Section VI.A of this document for a more detailed
discussion of the proposed permit conditions relating to NOX emissions
from combustion sources.

5. Thermal Oxidizer CO Emissions

The Sulfur Recovery Plant Thermal Oxidizer must be designed and
operated to achieve stringent NESHAP and BACT limitations and
standards for VOC and organic HAPs as required in the proposed permit. 
Based on this, it can be assumed that the oxidizer will operate with
inherently complete combustion and minimal CO emissions.   The
proposed permit does not contain specific CO emission limitations or
standards for the Sulfur Recovery Plant Thermal Oxidizer.  The design
and operational requirements for VOC and HAP control and associated
monitoring, recordkeeping, and reporting provisions were deemed
sufficient for the purpose of minimizing CO emissions. 

6. Sulfur Pits

Consistent with the BACT determination for hydrogen sulfide emissions,
as discussed in Section V.D herein, the proposed permit requires that the
exhaust gases from Sulfur Pit Nos. 1 and 2 and routed to the inlet of either
Sulfur Recovery Unit No. 1 or Sulfur Recovery Unit No. 2.

7. MDEA Tank

As noted in Section IV.C.8 herein, the MDEA Tank is classified as a
Group 2 Storage Vessel under 40 CFR 63 subpart CC, due to the low
vapor pressure of the materials that are proposed to be stored in this tank. 
The proposed permit includes the subpart CC requirement, applicable to
all Group 2 Storage Vessels, for maintaining records of tank dimensions
and capacity.  In addition, the proposed permit includes a limit of 3.4 kPa
on the maximum true vapor pressure of materials stored in the MDEA
Tank, and a requirement to maintain records of the true vapor pressure of
the materials stored in this tank.  These requirements are designed to
ensure that the non-applicability of the more stringent requirements for
Group 1 Storage Vessels under subpart CC is maintained continuously.

8. Sulfur Product Truck and Rail Car Loading Racks

Consistent with the BACT determination for hydrogen sulfide emissions,
as discussed in Section V.E herein, the proposed permit requires that the
liquid sulfur be degassed to a maximum hydrogen sulfide concentration of
15 ppmw before being loaded into trucks or rail cars.  The proposed
permit includes requirements for daily sampling and analysis of the H2S
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content in the sulfur stored in the sulfur pits to determine compliance with
this limitation.

9. Equipment in VOC, Organic HAP, and Hydrogen Sulfide Service

The piping components in the Sulfur Recovery Unit may include
equipment in VOC, organic HAP, and hydrogen sulfide service.  The
requirements pertaining to this equipment are consolidated in Section
XXIV of Attachment “B” of the proposed permit and are referenced in
Condition XIV.B.8 of Attachment “B” of the proposed permit.  These
requirements are discussed in Section VI.X herein.

O. Hydrogen Plant (Attachment “B” Section XV)

1. Process Heater

The Hydrogen Plant includes one process heater: the Hydrogen Reformer
Heater.  This heater is required to use low-NOX burners and SCR to
control NOX emissions. Refer to Sections VI.A.1 through VI.A.7 herein
for a discussion of the requirements relating to fuel use in, visible
emissions from, and emissions of SO2, NOX, CO, PM10, and ammonia
from the Hydrogen Reformer Heater. 

2. Equipment in VOC, Organic HAP, and Hydrogen Sulfide Service

The piping components in the Hydrogen Plant may include equipment in
VOC, organic HAP, and hydrogen sulfide service.  The requirements
pertaining to this equipment are consolidated in Section XXIV of
Attachment “B” of the proposed permit and are referenced in Condition
XV.B.8 of Attachment “B” of the proposed permit.  These requirements
are discussed in Section VI.X herein.

P. Group “A” Storage Tanks (Attachment “B” Section XVI)

1. VOC and HAP Provisions

Group “A” Storage Tanks, which consist of eight dome-roof storage
vessels with emissions routed to the RFG system, are subject to BACT
requirements for VOC emissions and to the petroleum refinery NESHAP
[40 CFR 63.646; §§ 63.119 - 63.121, by reference] for HAP emissions. 
The applicable provisions of § 63.119(f) of 40 CFR part 63 were
incorporated into the proposed permit.  BACT requirements are noted by
citation.  See Section V.F of this document for information on the BACT
analysis for the storage tanks. 
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Pursuant to A.A.C. R18-2-406(A)(4) [BACT] and NESHAP requirements
for new sources [40 CFR 63.646; § 63.119(f), by reference], vapors from
all Group “A” Storage Tanks must be collected in a closed-vent hard pipe
system and  routed to a vapor compression system.  Gases collected in the
vapor compression system must be introduced into the RFG system.  The
conditions in Section XVI.B of Attachment “B” of the proposed permit
closely follow the regulatory provisions of 40 CFR 63.119(f). 

 
Monitoring, recordkeeping, and reporting conditions are consistent with
the requirements of 40 CFR 63.654 and 40 CFR 63.123, by reference, as
applicable.  No specific testing requirements apply.  However, the test
methods contained in 40 CFR 63 Subpart CC do apply.

Finally, the proposed permit includes requirements for tank degassing and
cleaning, consistent with the BACT determination for storage tank VOC
emissions as discussed in Section V.F.1 herein.  These include a
requirement to control degassing emissions using liquid balancing,
incineration, condensation, or another control method subject to prior
approval by the Director.  The recordkeeping requirements in the
proposed permit, pertaining to tank degassing and cleaning operations,
include requirements for maintaining records of tank identification and
capacity; records of the material stored; records of the flow rate and VOC
concentration of gases vented to the degassing equipment; records of the
total amount of VOC processed in the degassing equipment; records of the
control efficiency of the degassing equipment; and records of the
degassing equipment operating parameters, specific to the type of
degassing equipment being used.

2. Equipment in VOC and Organic HAP Service

The piping components associated with the Group “A” Storage Tanks may
include equipment in VOC and organic HAP service.  The requirements
pertaining to this equipment are consolidated in Section XXIV of
Attachment “B” of the proposed permit and are referenced in Condition
XVI.B.10 of Attachment “B” of the proposed permit.  These requirements
are discussed in Section VI.X herein.

Q. Group “B” Storage Tanks (Attachment “B” Section XVII)

1. VOC and HAP Provisions

Group “B” Storage Tanks, which consist of 47 fixed roof storage vessels
equipped with fixed and internal floating roofs and controlled by the Tank
Farm Thermal Oxidizer, are subject to BACT requirements for VOC
emissions and to the petroleum refinery NESHAP [40 CFR 63.646; §§
63.119 - 63.121, by reference] for HAP emissions.  The applicable
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provisions of § 63.119(e) of 40 CFR part 63 were incorporated into the
proposed permit.  Additional and more stringent requirements apply to the
Thermal Oxidizer for the purpose of BACT, as noted by citation.  See
Section V.F of this document for information on the BACT analysis for
the storage tanks. 

Pursuant to A.A.C. R18-2-406(A)(4) [BACT] and NESHAP requirements
for new sources [40 CFR 63.646; § 63.119(e) by reference], all Group “B”
storage tanks must be equipped with an internal floating roof and head
space emissions must be collected in a closed-vent system and routed to
the Tank Farm Thermal Oxidizer.  The conditions in Section XVI.B of
Attachment “B” of the proposed permit incorporate the regulatory
provisions of 40 CFR 63.119(e).  Additionally, the provisions of 40 CFR
63.119(b), (HON for storage vessels - reference control technology: fixed
roof tank with internal floating roof) were incorporated for the purpose of
BACT for VOC emissions.  For the Tank Farm Thermal Oxidizer, VOC
BACT emission limitations are design standards and operational
requirements including minimum design VOC destruction efficiency
(>99.9 percent at inlet VOC concentrations exceeding 20,000 ppmv),
minimum combustion chamber temperature (>1600 °F), and maximum
exhaust gas volumetric flow rate corresponding to a minimum residence
time (>0.75 second).

 
Monitoring, recordkeeping, and reporting conditions include the
compliance determination procedures of 40 CFR 63.120(d) and additional
specific BACT monitoring requirements for the Tank Farm Thermal
Oxidizer.  In addition to the Thermal Oxidizer design evaluation and
monitoring plan required under 40 CFR 63.120(d), the Tank Farm
Thermal Oxidizer must be equipped with a continuous combustion
chamber temperature monitoring system.  Excess emissions for the
purpose of BACT are defined as each 5-minute block during which the
thermal oxidizer combustion chamber outlet temperature falls below the
required minimum or the exhaust gas volumetric flow rate exceeds the
specified maximum.  An annual inspection of the thermal oxidizer burner
and temperature monitoring system is also required.

Because the VOC BACT emission limits/standards for the Tank Farm
Thermal Oxidizer are expressed in terms of control device
design/operation parameters (temperature and flow rate), and continuous
monitoring of these parameters is specified as a proposed permit
condition, CAM requirements are not applicable per the exemption
provided in 40 CFR 64.4(b)(vi).

The petroleum refinery NESHAP (40 CFR 63 subpart CC) allows for up
to 240 hours per year of scheduled maintenance downtime, during which
the Thermal Oxidizer is not required to achieve 95 percent HAP control
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efficiency.  The same variance allowance is provided in the proposed
permit for the purpose of VOC BACT.  This is justified because, for the
tank farm operations, control device maintenance cannot be performed
during scheduled equipment outages.

NESHAP recordkeeping and reporting conditions are consistent with the
requirements of 40 CFR 63.654(f), (g), and (h) and 40 CFR 63.123, by
reference in 40 CFR 63.654(i), as applicable.  No specific testing
requirements apply.  However, the test methods contained in 40 CFR 63
Subpart CC do apply.

Finally, the proposed permit includes requirements for tank degassing and
cleaning, consistent with the BACT determination for storage tank VOC
emissions as discussed in Section V.F.1 herein.  These include a
requirement to control degassing emissions using liquid balancing,
incineration, condensation, or another control method subject to prior
approval by the Director.  The recordkeeping requirements in the
proposed permit, pertaining to tank degassing and cleaning operations,
include requirements for maintaining records of tank identification and
capacity; records of the material stored; records of the flow rate and VOC
concentration of gases vented to the degassing equipment; records of the
total amount of VOC processed in the degassing equipment; records of the
control efficiency of the degassing equipment; and records of the
degassing equipment operating parameters, specific to the type of
degassing equipment being used.

2. Thermal Oxidizer Operational Limitations 

The Permittee is restricted to using RFG and natural gas in the Tank Farm
Thermal Oxidizer, consistent with the information provided in the permit
application.  This restriction is necessary to ensure the enforceability of
the representations made in the permit application, because these
representations form the basis of all regulatory and technical analyses
performed by the Department.

The proposed permit does not include any enforceable limitation on the
heat input to the Tank Farm Thermal Oxidizer.  The sole function of the
thermal oxidizer is to control emissions of VOC and organic HAPs; the
Permittee has no economic incentive to operate the device at a heat input
rate that is higher than necessary to achieve adequate control efficiency. 
A heat input limit would generally provide disincentive to the Permittee to
operate the thermal oxidizer at higher control efficiencies.  The emissions
of VOC and organic HAP due to insufficient temperature in the thermal
oxidizer are substantial; the emissions of combustion-generated pollutants
are relatively small.  The Department evaluated whether a heat input limit
is appropriate and determined that the only possible benefit would be
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improved tracking of PM10 emissions.  (Tracking the emissions of other
combustion-generated pollutants would be unaffected.  Emissions of SO2

and NOX are subject to continuous monitoring, and emissions of VOC and
CO are inversely related to the thermal oxidizer heat input rate.)

The Department concluded that this benefit is significantly outweighed by
the potentially greater adverse environmental impacts that would result. 
Also, it is unlikely that the heat input will exceed the 53 MMBtu/hr rate
that was indicated in the permit application.  This value is based on an
engineering design evaluation of the heat requirements for maintaining the
required thermal oxidizer combustion chamber temperature, assuming a
gas flow that reflects the simultaneous maximum rate of displacement
from all Group “B” Storage Tanks.  This is a conservative method of
estimating required heat input rate to the thermal oxidizer.

3. Thermal Oxidizer SO2 Emissions 

The Tank Farm Thermal Oxidizer is subject to NSPS (40 CFR 60 subpart
J) and BACT requirements for SO2 emissions.  The proposed permit
conditions, including emission limits and standards, monitoring,
recordkeeping, reporting, and testing requirements, are consistent with
those contained in other sections of the proposed permit involving RFG
combustion units.  See Sections V.B.2 and VI.A of this document for a
more detailed discussion of SO2 BACT and proposed permit conditions
for RFG combustion sources.

4. Thermal Oxidizer PM10 Emissions  

The Tank Farm Thermal Oxidizer is subject to a PM10 BACT emission
limit of 0.0075 lb/MMBtu.  The proposed permit conditions, including
emission limits/standards, monitoring, recordkeeping, reporting, and
testing requirements, are consistent with those contained in other sections
of the proposed permit involving RFG combustion units.  See Sections
V.B.1 and VI.A of this document for a more detailed discussion of PM10

BACT and proposed permit conditions for RFG combustion sources.

5. Thermal Oxidizer NOX Emissions

The Tank Farm Thermal Oxidizer is subject to a NOX BACT emission
limit of 0.04 lb/MMBtu.  With the exception of the unit-specific BACT
emission limit, the proposed permit conditions, including monitoring,
recordkeeping, reporting, and testing requirements, are consistent with
those contained in other sections of the proposed permit involving RFG
combustion units.  See Section  VI.A of this document for a more detailed
discussion of the proposed permit conditions relating to NOX emissions
from combustion sources.
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6. Thermal Oxidizer CO Emissions

The Tank Farm Thermal Oxidizer must be designed and operated to
achieve stringent NESHAP and BACT limitations and standards for VOC
and organic HAPs as required in the proposed permit.  Based on this, it
can be assumed that the oxidizer will operate with inherently complete
combustion and minimal CO emissions.   The proposed permit does not
contain specific CO emission limitations or standards for the Tank Farm
Thermal Oxidizer.  The design and operational requirements for VOC and
HAP control and associated monitoring, recordkeeping, and reporting
provisions were deemed sufficient for the purpose of minimizing CO
emissions. 

7. Equipment in VOC and Organic HAP Service

The piping components associated with the Group “B” Storage Tanks may
include equipment in VOC and organic HAP service.  The requirements
pertaining to this equipment are consolidated in Section XXIV of
Attachment “B” of the proposed permit and are referenced in Condition
XVII.B.8 of Attachment “B” of the proposed permit.  These requirements
are discussed in Section VI.X herein.

R. Group “D” Storage Tanks (Attachment “B” Section XIX)

1. VOC and HAP Provisions

Group “D” Storage Tanks, which consist of six pressure vessels designed
to operate with zero emissions, are categorically exempt from NESHAP
(40 CFR 63 subpart CC) requirements.  To meet NESHAP exemption
criteria and BACT requirements, all Group “D” Storage Tanks must be
designed to operate in excess of 204.9 kPa without emissions to the
atmosphere.  The definition of “storage vessel” in subpart CC (40 CFR
63.641) specifically excludes “pressure vessels designed to operate in
excess of 204.9 kPa without emissions to the atmosphere.”

Monitoring, recordkeeping, and reporting conditions include requirements
to maintain operating pressure records for the purpose of BACT and the
voluntarily accepted minimum pressure requirement.

2. Equipment in VOC and Organic HAP Service

The piping components associated with the Group “D” Storage Tanks may
include equipment in VOC and organic HAP service.  The requirements
pertaining to this equipment are consolidated in Section XXIV of
Attachment “B” of the proposed permit and are referenced in Condition



9 Vapor pressure data from “Emission Factor Documentation for AP-42 Section 11.1: Hot Mix
Asphalt Production.” Final Report.  December 2000.  EPA OAQPS.  Pg. 4-83.
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XIX.B.3 of Attachment “B” of the proposed permit.  These requirements
are discussed in Section VI.X herein.

S. Group “E” Storage Tank (Attachment “B” Section XX)

1. Visible Emissions

A single storage tank, Asphalt Tank T-42801, comprises the Group “E”
Storage Tank category.  The asphalt storage tank is subject to the
requirements of 40 CFR 60 subpart UU.  Section 60.472(c) of subpart UU
requires that asphalt tanks be operated with zero visible emissions
(opacity) to the atmosphere, except for one consecutive 15-minute period
in any 24-hour period when the transfer lines are being blown for
cleaning.   Pursuant to BACT, the tank exhaust must be cooled to below
120° F and vented through a fiberglass or steel wool filter system for
minimizing PM10 emissions.  See Section V.F of this document for
information on the BACT analysis for storage tanks. 

Monitoring, recordkeeping, and reporting conditions include the
requirement to conduct and maintain records of daily opacity
observations.   EPA Reference Method 9 is specified for performing
opacity measurements on the asphalt tank exhaust. Additionally, for the
purpose of BACT, the Permittee must monitor tank exhaust gas
temperature at the inlet to the particulate filter weekly and maintain
records of each periodic reading.  

2. VOC and HAP Provisions

Based on the low vapor pressure of asphalt (approximately 0.9 mmHg, or
0.12 kPa at 325 °F), the asphalt storage tank qualifies as a Group 2 storage
vessel for the purpose of the refinery NESHAP (40 CFR 63 subpart CC).9 
As such, the only NESHAP requirements contained in the proposed permit
are: 1) the Permittee shall not cause or allow liquid with a true vapor
pressure of 3.5 kPa or greater to be stored in the asphalt tank, and 2)
readily accessible records showing the dimensions and capacity of the
asphalt tank must be maintained.  

For the purpose of VOC BACT, the Permittee must maintain records of
the liquids stored in the asphalt tank, the period of storage, and the
maximum true vapor pressure of such liquids during the respective storage
period. 
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T. Truck and Rail Car Loading Racks (Attachment “B” Section XXI)

1. VOC and HAP Provisions

The proposed permit includes separate and distinct requirements for
gasoline product loading racks, distillate product loading racks, and LPG
product loading racks.  The requirements for all loading racks reflect
BACT for VOC emissions; the requirements for gasoline product loading
racks also reflect applicable provisions of the petroleum refinery NESHAP
[40 CFR 63, subpart CC, § 63.650] for HAP emissions.

Each of these regulations includes provisions requiring leak-tight cargo
tanks (i.e., tank trucks or rail cars) and the use of either vapor recovery or
vapor destruction units.  The requirements generally relating to the
loading of leak-tight cargo tanks include procedures relating to the three
test methods that are required to be conducted in order to certify a cargo
tank as leak-tight: the annual certification test, the leak detection test, and
the nitrogen pressure decay field test.  In addition, the proposed permit
includes a requirement for maintaining the gauge pressure inside the cargo
tank within a specified range and a requirement for continuous monitoring
of system gauge pressure during loading of cargo tanks.

There is a minor discrepancy within and between the cargo tank pressure
and vacuum limitations, and associated monitoring requirements, in the
various provisions that are applicable under 40 CFR 63 subpart CC. 
Specifically, under §§ 60.502(h) and (i) of 40 CFR 60 subpart XX, the
pressure limitation is “less than 4,500 pascals (450 mm of water).”  (These
provisions of subpart XX are referenced by § 63.422(a) of 40 CFR 63
subpart R, which in turn is referenced by § 63.650 of 40 CFR 63 subpart
CC.)  However, these two values are not equivalent, as is implied by the
regulatory language (4,500 pascals is equal to 460 mm of water).  In 40
CFR 63 subpart R, the U.S. EPA both corrected the mathematical error in
40 CFR 60 subpart XX and changed the preferred set of units for pressure
measurements:  The pressure testing required by § 63.425(e)(1) of 40 CFR
63 subpart R requires an initial pressure of “460 mm H2O (18 in. H2O).” 
For the sake of both mathematical accuracy and internal consistency, the
Department has used its discretion in specifying all pressure limitations
and measurements as “460 mm H2O (18 in. H2O)” or equivalent.

In addition, the proposed permit terms reflect BACT, which overlaps
significantly with the other applicable regulations.  BACT for the gasoline
product loading racks requires the use of a vapor recovery unit and a
thermal oxidizer, in series, to control VOC emissions.  The flow rate of
VOC in the exhaust from the vapor recovery unit serving the gasoline
product loading racks is limited to 7.5 mg per liter of gasoline loaded and
the VOC emission rate from the thermal oxidizer is limited to 1.25 pounds
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per million gallons loaded.  BACT for the distillate product loading racks
requires the use of a thermal oxidizer to achieve a VOC emission limit of
22.0 pounds per million gallons loaded.  As discussed in detail in Sections
IV.C.7 and IV.E.6 herein, the VOC BACT provisions are more stringent
than the corresponding VOC emission limits under the NESHAP.  The
provisions of these regulations that are less stringent than BACT and
directly comparable to the BACT emission limits have been streamlined
out of the proposed permit, as described in Sections IV.C.7 and IV.E.6
herein.

Monitoring, recordkeeping, and reporting conditions include compliance
determination procedures, the MACT standards, and additional specific
BACT and CAM monitoring requirements for the thermal oxidizers. 
Because the gasoline and distillate product loading racks will share
common thermal oxidizers (i.e., one oxidizer at the rail car loading area
and one at the truck loading area), the proposed permit includes an
equation to be used to determine compliance during periods when a
thermal oxidizer is controlling emissions from both gasoline and distillate
product loading racks.  The control device operating parameters that serve
as a surrogate for compliance with the VOC emission limits are the
thermal oxidizer combustion chamber temperature and exhaust gas
volumetric flow rate.  Consistent with the requirements of the CAM rule,
the proposed permit requires that the Permittee develop a CAM plan,
submit this plan for the Director’s approval, and comply with the
provisions of the plan at all times.  The proposed permit requires that a
minimum combustion chamber temperature be established during thermal
oxidizer during performance testing; that the maximum exhaust gas
volumetric flow rate be established, at a level corresponding to a
minimum combustion chamber residence time of at least 0.75 seconds, by
engineering calculations; that the exhaust gas flow rate be maintained at or
below the specified maximum level continuously, based on a 15-minute
averaging period; and that the temperature be maintained at or above the
minimum level continuously, based on a 15-minute averaging period.  The
proposed permit also requires annual inspections of the thermal oxidizer
burners and the combustion chamber monitoring system.

2. Thermal Oxidizer Operational Limitations 

The Permittee is restricted to using RFG and natural gas in the thermal
oxidizers, consistent with the information provided in the permit
application.  This restriction is necessary to ensure the enforceability of
the representations made in the permit application, because these
representations form the basis of all regulatory and technical analyses
performed by the Department.
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The proposed permit does not include any enforceable limitation on the
heat input to the loading rack thermal oxidizers.  The sole function of the
thermal oxidizers is to control emissions of VOC and organic HAPs; the
Permittee has no economic incentive to operate these devices at heat input
rates higher than necessary to achieve adequate control efficiency.  Heat
input limits would generally provide disincentive to the Permittee to
operate the thermal oxidizers at higher control efficiencies.  The emissions
of VOC and organic HAP due to insufficient temperature in the thermal
oxidizers are substantial; the emissions of combustion-generated
pollutants are relatively small.  The Department evaluated whether heat
input limits are appropriate and determined that the only possible benefit
would be improved tracking of PM10 emissions.  (Tracking the emissions
of other combustion-generated pollutants would be unaffected.  Emissions
of SO2 and NOX are subject to continuous monitoring, and emissions of
VOC and CO are inversely related to the thermal oxidizer heat input rate.) 
The Department concluded that this benefit is significantly outweighed by
the potentially greater adverse environmental impacts that would result. 
Also, it is unlikely that the heat input to either thermal oxidizer will
exceed the 12.3 MMBtu/hr rate that was indicated in the permit
application.  This value is based on an engineering design evaluation of
the heat requirements for maintaining the required thermal oxidizer
combustion chamber temperature, assuming the maximum gas flow from
loading operations.  This is a conservative method of estimating required
heat input rate to the thermal oxidizer.

3. Thermal Oxidizer SO2 Emissions 

The thermal oxidizers are subject to NSPS (40 CFR 60 subpart J) and
BACT requirements for SO2 emissions.  The proposed permit conditions,
including emission limits/standards, monitoring, recordkeeping, reporting,
and testing requirements, are consistent with those contained in other
sections of the proposed permit involving RFG combustion units.  The
exhaust gases displaced from cargo tanks being loaded are considered to
be fuel gas under subpart J, but are not considered to be RFG for the
purposes of the SO2 BACT provisions.  See Sections V.B.2 and VI.A of
this document for a more detailed discussion of SO2 BACT and proposed
permit conditions for RFG combustion sources. 

4. Equipment in VOC and Organic HAP Service

The piping components associated with the Truck and Rail Car Loading
Racks may include equipment in VOC and organic HAP service.  The
requirements pertaining to this equipment are consolidated in Section
XXIV of Attachment “B” of the proposed permit and are referenced in
Condition XXI.B.6 of Attachment “B” of the proposed permit.  These
requirements are discussed in Section VI.X herein.
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U. Benzene Waste Operation (Attachment “B” Section XXII)

This section of the proposed permit contains the facility-wide requirements under
the Benzene Waste NESHAP (40 CFR 61 subpart FF), as discussed in Section
IV.C.2 herein.  The provisions of subpart FF are included in the proposed permit,
generally without modification, except that requirements and compliance options
not pertinent to the proposed refinery have been streamlined from the proposed
permit.  For example, subpart FF includes extensive requirements for surface
impoundments, but the Permittee has not requested permission to construct any
surface impoundments.  Therefore, the proposed permit includes a prohibition on
the use of a surface impoundment for storage and treatment of benzene-containing
waste, and the subpart FF requirements for surface impoundments have been
omitted from the proposed permit.

The Benzene Waste NESHAP requirements are included in a separate section of
the proposed permit only for administrative convenience.  The specific provisions
in Section XXII of Attachment “B” of the proposed permit are expected to apply
primarily to the emission units in the Wastewater Treatment Plant; indeed, as
required by Condition XXIII.B.1.a in Attachment “B” of the proposed permit, the
Permittee must comply with the provisions of Section XXII of Attachment “B” of
the proposed permit for all wastewater, regardless of the benzene concentration
threshold specified in subpart FF.  This control strategy was proposed by the
Permittee as BACT.  Therefore, the less stringent requirements under subpart FF,
for facilities with relatively low benzene waste quantities, have been omitted from
the proposed permit. 

1. Wastewater Collection System (Drains)

The proposed permit requires that each drain system be equipped with
leak-free covers on all openings.  The proposed permit also requires that
each junction box be equipped with either water seal controls or a plug,
routed to the Wastewater Treatment Plant Thermal Oxidizer, or routed to a
dedicated dual carbon canister system.  Compliance with these equipment
design and work practice requirements is required to be demonstrated by
performing and maintaining records of inspections.  In addition, if the
Wastewater Treatment Plant Thermal Oxidizer is used, the Permittee is
required to monitor and record any vent stream flow that is bypassed or
diverted from the control device, and if a dedicated dual carbon canister
system is used, the Permittee is required to perform continuous monitoring
of the exhaust stream for breakthrough.

2. Equalization Tank

The proposed permit requires that the Equalization Tank be equipped with
a fixed roof and leak-free covers on all openings.  Compliance with these
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equipment design and work practice requirements is required to be
demonstrated by performing and maintaining records of inspections.  The
proposed permit also requires that the Equalization Tank be equipped with
a closed-vent system, with the vent stream routed to the Wastewater
Treatment Plant Thermal Oxidizer, and the Permittee is required to
monitor and record any vent stream flow that is bypassed or diverted from
the control device.

3. Oil-Water Separator (API Separator)

The proposed permit requires that the API Separator be equipped with a
fixed roof and leak-free covers on all openings.  Compliance with these
equipment design and work practice requirements is required to be
demonstrated by performing and maintaining records of inspections.  The
proposed permit also requires that the API Separator be equipped with a
closed-vent system, with the vent stream routed to the Wastewater
Treatment Plant Thermal Oxidizer, and the Permittee is required to
monitor and record any vent stream flow that is bypassed or diverted from
the control device.

4. Dissolved Air Flotation Unit

The proposed permit requires that the Dissolved Air Flotation Unit be
equipped with a fixed roof and leak-free covers on all openings. 
Compliance with these equipment design and work practice requirements
is required to be demonstrated by performing and maintaining records of
inspections.  The proposed permit also requires that the Dissolved Air
Flotation Unit be equipped with a closed-vent system, with the vent
stream routed to the Wastewater Treatment Plant Thermal Oxidizer, and
the Permittee is required to monitor and record any vent stream flow that
is bypassed or diverted from the control device.

5. Biotreater

The proposed permit requires that the Biotreater be equipped with a fixed
roof and leak-free covers on all openings.  Compliance with these
equipment design and work practice requirements is required to be
demonstrated by performing and maintaining records of inspections.  The
proposed permit also requires that the Biotreater be equipped with a
closed-vent system, with the vent stream routed to the Wastewater
Treatment Plant Thermal Oxidizer, and the Permittee is required to
monitor and record any vent stream flow that is bypassed or diverted from
the control device.
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6. Wastewater Treatment Processes, Collectively 

The proposed permit requires that the waste treatment processes,
collectively, remove benzene from waste by 99 percent, on a mass basis,
or to an effluent concentration less than 10 parts per million by weight
(ppmw).  Compliance with this requirement is required to be demonstrated
either through performing engineering calculations or by measuring
benzene quantity in waste before and after (i.e., upstream and downstream
of) treatment processes.

The Department recognizes that Condition XXII.B.7.a(3) of the proposed
permit, which implements 40 CFR 61.348(a)(3), is potentially confusing. 
This condition does not proscribe dilution; rather, it proscribes dilution as
a means to avoid complying with Conditions XXII.B.2 through XXII.B.6. 
For example, if a process wastewater stream that would require control is
combined with a storm water stream, the combined stream must be treated
in units that comply with Conditions XXII.B.2 through XXII.B.6, even if
the benzene concentration of the resulting (combined) stream is less than
10 ppmw.  The following discussion from the preamble to the March 7,
1990, Federal Register notice (55 FR 8292), announcing promulgation of
40 CFR 61 subpart FF, clarifies that this is the intent of the regulatory
provision:

“d. Dilution 

“To avoid situations where an owner or operator would dilute or
mix waste streams to reduce the benzene concentration below the
10 ppmw cutoff level, the proposed standards included an equation
for calculating a concentration limit that must be met when
multiple waste streams are combined before treatment. Several
commenters stated that the equation is unwieldy and unusable in
many situations because of the large number of waste streams that
must be considered and the many different ways in which waste
streams are combined for transfer or treatment. The EPA agrees
that using the dilution equation could be difficult in many
situations and has deleted it from the final rule. The final rule
allows the combination of individual waste streams to facilitate
treatment in a centralized treatment process unit but prohibits the
use of dilution or mixing of waste streams for the sole purpose of
reducing the benzene concentration. 

“While the final rule allows the combination of waste streams for
the purpose of centralized treatment, EPA recognizes that this
allowance could result in emissions and risks higher than intended
in certain cases when many large volume waste streams that
contain levels of benzene above and below 10 ppmw are mixed.
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This situation could occur if an owner or operator chooses to
reduce the benzene content of process wastewater streams through
treatment that occurs in a facility's wastewater treatment system
rather than segregate streams with greater than 10 ppmw benzene
for separate treatment. The wastewater treatment system at some
facilities, such as at petroleum refineries, manages large quantities
of wastewater made up of a mixture of waste streams having
benzene concentrations above and below 10 ppmw. The mixed
stream may go through several management steps leading to a
biological treatment unit. Due to the large volume of wastes
handled, benzene emissions could be substantial even though the
benzene concentration in the mixed waste is below 10 ppmw. The
dilution equation in the proposed rule would have required an
appropriate level of control in these situations by establishing a
treatment limit below 10 ppmw for the mixed stream. With the
dilution equation deleted in the final rule, some other provision is
needed to ensure the streams are treated to an appropriate level.
Therefore, a provision has been added to the final rule that applies
specifically to those situations where an owner or operator
chooses to use an existing wastewater treatment system to meet the
treatment requirements of the rule. In these situations, the final
rule requires the facility to apply controls to all wastewater
treatment units up to the point where the benzene concentration is
below 10 ppmw and one of the following occurs: (1) The total
annual quantity of benzene in the process wastewater for the
facility is reduced below 1 megagram; or (2) the waste has
reached the biological treatment unit. Biological treatment units
would need to be controlled only if the benzene concentration of
the waste entering the unit is 10 ppmw or greater. These units
routinely remove up to 80 percent of the organics in dilute waste
streams and thus would not be required to meet the 1 megagram
per year limit if the concentration entering the unit is less than 10
ppmw.” 

The entire preamble discussion is included for completeness, however,
references to the “1 megagram per year” compliance option are not
applicable to the proposed refinery. 

V. Wastewater Treatment Plant (Attachment “B” Section XXIII)

1. Operational Requirements for Wastewater Treatment Vessels

Condition XXIII.B.1.a in Attachment “B” of the proposed permit requires
that the Permittee comply with the provisions of Section XXII of
Attachment “B” of the proposed permit for all process wastewater,
regardless of benzene concentration.  The requirements of Section XXII of
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Attachment “B” of the proposed permit are discussed in Section VI.V
herein.

2. Operational Requirements for the Thermal Oxidizer

The Permittee is restricted to using RFG and natural gas in the Wastewater
Treatment Plant Thermal Oxidizer, consistent with the information
provided in the permit application.  This restriction is necessary to ensure
the enforceability of the representations made in the permit application,
because these representations form the basis of all regulatory and technical
analyses performed by the Department.

Other design standards and operational requirements for the Wastewater
Treatment Plant vessels and Thermal Oxidizer include the most stringent
requirements of 40 CFR 61 subpart FF, and additional, more stringent
requirements for the Thermal Oxidizer for the purpose of BACT. 
Specifically, for the Wastewater Treatment Plant Thermal Oxidizer, VOC
BACT emission limitations are design standards and operational
requirements including minimum design VOC destruction efficiency
(>99.9 percent), minimum combustion chamber temperature (>1600 °F),
and maximum exhaust gas volumetric flow rate corresponding to a
minimum residence time (>0.75 second).

Monitoring, recordkeeping, and reporting conditions include the
compliance determination procedures of subpart FF and additional
specific BACT monitoring requirements for the Thermal Oxidizer.  The
most important compliance requirement for the Thermal Oxidizer is a
requirement for a design evaluation and monitoring plan, similar to that
required for the Tank Farm Thermal Oxidizer under the MACT
regulations.  In addition, the Thermal Oxidizer must be equipped with
continuous monitoring systems for combustion chamber temperature and
exhaust gas volumetric flow rate.  Excess emissions for the purpose of
BACT are defined as each 5-minute block during which the thermal
oxidizer combustion chamber outlet temperature falls below the specified
minimum or the exhaust gas volumetric flow rate exceeds the specified
maximum.  An annual inspection of the thermal oxidizer burner and
temperature monitoring system is also required.

The proposed permit does not include any enforceable limitation on the
heat input to the Wastewater Treatment Plant Thermal Oxidizer.  The sole
function of the thermal oxidizer is to control emissions of VOC and
organic HAPs; the Permittee has no economic incentive to operate the
device at a heat input rate that is higher than necessary to achieve
adequate control efficiency.  A heat input limit would generally provide
disincentive to the Permittee to operate the thermal oxidizer at higher
control efficiencies.  The emissions of VOC and organic HAP due to
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insufficient temperature in the thermal oxidizer are substantial; the
emissions of combustion-generated pollutants are relatively small.  The
Department evaluated whether a heat input limit is appropriate and
determined that the only possible benefit would be improved tracking of
PM10 emissions.  (Tracking the emissions of other combustion-generated
pollutants would be unaffected.  Emissions of SO2 and NOX are subject to
continuous monitoring, and emissions of VOC and CO are inversely
related to the thermal oxidizer heat input rate.)  The Department
concluded that this benefit is significantly outweighed by the potentially
greater adverse environmental impacts that would result.  Also, it is
unlikely that the heat input will exceed the 0.334 MMBtu/hr rate that was
indicated in the permit application.  This value is based on an engineering
design evaluation of the heat requirements for maintaining the required
thermal oxidizer combustion chamber temperature, assuming a gas flow
that reflects the simultaneous maximum rate of displacement from all
Wastewater Treatment Plant vessels.  This is a conservative method of
estimating required heat input rate to the thermal oxidizer.

3. SO2 Emissions from the Thermal Oxidizer 

The Wastewater Treatment Plant Thermal Oxidizer is subject to NSPS (40
CFR 60 subpart J) and BACT requirements for SO2 emissions.  The
proposed permit conditions, including emission limits/standards,
monitoring, recordkeeping, reporting, and testing requirements, are
consistent with those contained in other sections of the proposed permit
involving RFG combustion units.  See Sections V.B.2 and VI.A of this
document for a more detailed discussion of SO2 BACT and proposed
permit conditions for RFG combustion sources.  Note that the exhaust
gases displaced from wastewater treatment vessels are considered to be
RFG both under subpart J and for the purposes of the SO2 BACT
provisions. 

4. Spray Dryer Heater

The Wastewater Treatment Plant includes one process heater: the Spray
Dryer Heater.  This heater is required to use low-NOX burners to control
NOX emissions.  See Sections VI.A.1 through VI.A.6 herein for a
discussion of the requirements relating to this process heater.

5. Opacity and PM10 Emissions from the Spray Dryer Baghouse

The opacity and particulate matter emission limits applicable to the Spray
Dryer Baghouse under BACT, A.A.C. R18-2-702(B), and A.A.C. R18-2-
730(A)(1) are included in the proposed permit.  The PM BACT emission
limit of 0.005 gr/dscf will be significantly more stringent than the process
weight-based limit under A.A.C. R18-2-730(A)(1) during normal
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operation.  However, it is theoretically possible that the latter limit could
be more stringent under some operating conditions.  For this reason, the
PM emission limit under A.A.C. R18-2-730(A)(1) has not been
streamlined from the permit. 

The compliance demonstration requirements for this emission unit include
monitoring of pressure drop; periodic inspections and visible emissions
observations; and initial and annual particulate matter emission tests. 
These compliance demonstration requirements meet the provisions of the
applicable state regulations as well as the federal CAM rule.  See Section
IV.F herein for a detailed discussion of CAM requirements.

6. Equipment in VOC, Organic HAP, and Hydrogen Sulfide Service

The piping components in the Wastewater Treatment Plant may include
equipment in VOC, organic HAP, and hydrogen sulfide service.  The
requirements pertaining to this equipment are consolidated in Section
XXIV of Attachment “B” of the proposed permit and are referenced in
Condition XXIII.B.4 of Attachment “B” of the proposed permit.  These
requirements are discussed in Section VI.X herein.

W. Equipment Leaks (Attachment “B” Section XXIV)

1. Organization of Proposed Permit Conditions

The general organization and subsection headings under Section XXIV of
Attachment “B” of the proposed permit differ from other sections of the
proposed permit to better align with leak detection and repair (LDAR)
NESHAP and BACT provisions.  Section XXIV.B contains emission
limitations, standards, and monitoring provisions including general
requirements (XXIV.B.1); equipment category specific VOC and organic
HAP equipment leak provisions (XXIV.B.2 through XXIV.B.15); H2S
equipment leak provisions (XXIV.B.16); and restrictions designed to
make enforceable the benzene emission rate from equipment leaks
(XXIV.B.17).  Section XXIV.C contains recordkeeping and reporting
requirements, and Sections XXIV.D and XXIV.E contain source testing
and permit shield provisions, respectively.  

2. General Equipment Leak Provisions: VOC, Organic HAP, and H2S
Emissions

Section XXIV.B.1 of Attachment “B” of the proposed permit contains
general equipment leak provisions corresponding with the NESHAP
provisions in 40 CFR 63.648 (subpart H § 63.161 and 63.162 by
reference) and BACT for VOC and H2S emissions.  These conditions
include definitions of affected equipment, general equipment
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identification requirements, specifically excluded equipment (e.g.,
equipment in vacuum service), identification procedures for equipment
leaks, general task completion and equipment repair timing specifications,
and general BACT equipment specifications.  For the purpose of BACT,
many of the NESHAP conditions were modified to apply to equipment in
VOC or organic HAP service.  Equipment in H2S service was defined as
all equipment that contains or contacts a fluid that is at least 2 percent by
weight H2S (see Section V.I.2 herein for a complete discussion of BACT
for H2S emissions from equipment leaks).  All proposed BACT permit
conditions were identified by regulatory citation [A.A.C. R18-2-
406(A)(4)].

3. Equipment-Specific Provisions: VOC and Organic HAP Emissions

Refinery-wide equipment in organic HAP service are subject to the new
source requirements of the petroleum refinery NESHAP, 40 CFR 63
subpart CC § 63.648.  In accordance with 63.648(a), new sources must
comply with the HON equipment leak provisions of 40 CFR 63 subpart H.
Sections XXIV.B.2 through XXIV.B.15 of Attachment “B” of the
proposed permit contain equipment-specific VOC and organic HAP
equipment leak provisions organized consistently with 40 CFR 63 subpart
H (§§ 63.163 through 63.179) as follows:

XXIV.B.2 Pumps in Light Liquid Service
XXIV.B.3 Compressors
XXIV.B.4 Pressure Relief Devices in Gas/Vapor Service
XXIV.B.5 Sampling Connection Systems
XXIV.B.6 Open-ended Valves or Lines
XXIV.B.7 Valves in Gas/Vapor Service and in Light Liquid Service
XXIV.B.8 Pumps, Valves, Connectors, and Agitators in Heavy Liquid

Service; Instrumentation Systems; and Pressure Relief
Devices in Liquid Service

XXIV.B.9 Surge Control Vessels and Bottoms Receivers
XXIV.B.10 Delay of Repair
XXIV.B.11 Closed-vent Systems and Control Devices
XXIV.B.12 Connectors in Gas/Vapor Service and in Light Liquid

Service
XXIV.B.13 Quality Improvement Program for Valves
XXIV.B.14 Quality Improvement Program for Pumps
XXIV.B.15 Alternative Means of Emission Limitation

The NESHAP includes requirements for categories of equipment that will
not be present at the proposed refinery.  These requirements, for agitators
in gas/vapor service and in light liquid service (pursuant to § 63.173) and
for batch processes (pursuant to § 63.178) are not included in the proposed
permit. 



Arizona Clean Fuels Yuma, LLC
Permit Number 40140 September 15, 2006Page 313 of  347

The proposed permit conditions in Sections XXIV.B.2 through
XXIV.B.15 of Attachment “B” of the proposed permit are consistent with
the provisions of §§ 63.163 - 63.179 of subpart H.  As discussed in
Section V.I of this document, the HON equipment leak provisions were
deemed representative of baseline BACT for VOC emissions from
equipment leaks.  Because the requirements reflecting BACT are
somewhat more stringent, streamlining of the applicable NESHAP
provisions is incorporated in the proposed permit as follows:

• Extending the applicability of the NESHAP provision to apply to
equipment either in VOC service or organic HAP service;

• Revising the equipment leak definition to reflect the BACT
concentration threshold of 100 ppmv for valves and connectors in
gas/vapor and light liquid service;

• Revising the equipment leak definition to reflect the BACT
concentration threshold of 500 ppmv for all other equipment
categories;

• Revising the required deadlines for the first attempt at repair (from
5 days down to 24 hours) and for successful repair (from 15 days
down to 7 days) for valves in gas/vapor service or light liquid
service, connectors in gas/vapor service or light liquid service,
pumps in light liquid service, and compressors;

• Eliminating the provisions for designating pumps in light liquid
service as “unsafe to monitor” and for monitoring these pumps
with less frequency than other pumps; 

• Eliminating the provisions providing for reduced monitoring
frequency for valves in gas/vapor service or light liquid service;

• Eliminating the quality improvement program provisions for
pumps in light liquid service, as the applicability threshold for this
program (in terms of percent leaking components) is above the
allowable level representing BACT; and

• Eliminating the provisions for increased monitoring frequency and
the quality improvement program provisions for valves in
gas/vapor service or light liquid service, as the applicability
thresholds for these provisions (in terms of percent leaking
components) are above the allowable level representing BACT.

Additional specific BACT conditions, including equipment technology
requirements and specifications as documented in Section V.I herein, are
also incorporated.  Section V.I of this document presents a complete
discussion of BACT selection for equipment leaks and supporting
analyses.  Each proposed permit condition is referenced with
corresponding regulatory citations (i.e., NESHAP and/or BACT). 
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4. Equipment Leak Provisions for H2S Emissions

Section XXIV.B.16 of Attachment “B” of the proposed permit contains
emission limitations/standards and monitoring requirements for H2S
emissions from equipment leaks.  These requirements exclusively
represent BACT, and are discussed in detail in Section V.I.2 of this
document.

5. Equipment Leak Provisions for Benzene Emissions

Section XXIV.B.17 of Attachment “B” of the proposed permit contains
limitations on the number of components in organic HAP service.  These
provisions are included in the proposed permit in order to make
enforceable the benzene emission rates that were included in the AAAQG
modeling analysis, discussed in Section VII.A.3.e herein.

6. Recordkeeping and Reporting Requirements

Section XXIV.C of Attachment “B” of the proposed permit contains
recordkeeping and reporting requirements for equipment leaks.  In
accordance with 40 CFR 63.654(d), HON subpart H recordkeeping
requirements (§ 63.181) and reporting requirements (§ 63.182) must be
met with certain exceptions.  These requirements are  incorporated in the
proposed permit along with other applicable requirements under § 63.654. 
Modifications to proposed NESHAP-based permit conditions were made
to incorporate BACT requirements.

7. Testing Requirements

The equipment leak test methods and procedures required by the
NESHAP (40 CFR 63.180) are  incorporated in Section XXIV.D.1 of
Attachment “B” of the proposed permit for the purpose of both MACT
and BACT compliance.  The requirements specify EPA Reference Method
21 of 40 CFR part 60 for monitoring VOC and organic HAP emissions
from equipment leaks. 

X. Emergency Flares (Attachment “B” Section XXV)

1. Emergency Usage

The proposed permit prohibits the use of the two emergency flares to
combust any gases other than natural gas, as pilot gas and purge gas, and
process upset gases generated during malfunctions.  These proposed
permit conditions reflect and make enforceable the Permittee’s
commitment to operate the emergency flares only to control emissions
during periods of upset and malfunction. 
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2. Equipment Design and Work Practice Requirements

The proposed permit includes design requirements related to exit velocity
and flame detection, to ensure that the flare is continuously available for
controlling emissions, and smokeless operation, to ensure that emission
control is maximized during periods of upset and malfunction. 
Specifically, the proposed permit requires a design incorporating steam
assist; limits exit velocity to a maximum of 60 ft/sec; requires that natural
gas purge be employed so that the net heating value of the gas being
combusted is at least 300 Btu/scf; requires the continuous presence of a
pilot flame, with monitoring conducted using a thermocouple or
equivalent device; and requires operation with no visible emissions, with
visible emissions observations conducted for each flare event.  These
proposed permit conditions are based largely on the parallel requirements
set forth in the NSPS regulations (40 CFR 60.18) and the NESHAP
regulations (40 CFR 63.11). 

3. Testing Requirements

In addition, the proposed permit includes requirements for a flare
operation, monitoring, and maintenance plan that will ensure collection of
representative emission data during flare events.  These data can be
utilized by the Permittee in implementing design and work practice
changes, and will be utilized by the Department for the purposes of
determining appropriate enforcement action for flare events. 

Y. Steam Boilers (Attachment “B” Section XXVI)

1. Fuel Use 

The Permittee is restricted to using natural gas in the steam boilers,
consistent with the information provided in the permit application, and
heat input is limited to the maximum rates indicated in the permit
application.  These restrictions are needed to ensure the enforceability of
the representations made in the permit application, because these
representations form the basis of all regulatory and technical analyses
performed by the Department. 

2. NOX Emissions

Each of the steam boilers is required to use low-NOX burners and flue gas
recirculation to control NOX emissions.  Each is subject to a NOX emission
limit of 0.0125 lb/MMBtu heat input (HHV), based on a rolling three-hour
average, representing BACT.  In addition, for each steam boiler, the
proposed permit includes the NSPS emission limit of 0.20 lb/MMBtu,
based on a rolling 30-day average.  Although the NSPS limit is



Arizona Clean Fuels Yuma, LLC
Permit Number 40140 September 15, 2006Page 316 of  347

substantially less stringent than the BACT limit during normal operations,
the NSPS limit does not provide an exception for periods of startup,
shutdown, or malfunction.  Thus, the NSPS limit has the potential to be
more stringent during some periods, and for this reason it has not been
streamlined from the permit.  Compliance with the NOX emission limits is
required to be demonstrated using CEMS.  Each CEMS is required to
meet the performance and quality assurance requirements of 40 CFR part
60, appendices B and F. 

3. CO Emissions

Each of the steam boilers is subject to a CO emission limit representing
BACT.  Compliance with these emission limits is required to be
demonstrated using CEMS.  Each CEMS is required to meet the
performance and quality assurance requirements of 40 CFR part 60,
appendices B and F. 

Z. Cooling Tower (Attachment “B” Section XXVII)

1. Circulating Water Flow Rate 

Circulating water flow rate is limited to the maximum rate indicated in the
permit application.  This restriction is needed to ensure the enforceability
of the representations made in the permit application, because these
representations form the basis of all regulatory and technical analyses
performed by the Department. 

2. Opacity of Visible Emissions

The Cooling Tower is subject to A.A.C. R18-2-702(B) for visible
emissions.  The applicable 20 percent opacity limit was incorporated in
the proposed permit.  However, because any particulate matter that is
emitted from the cooling tower will occur as drift, which by definition is
uncombined water, valid determination of opacity using EPA Reference
Method 9 is not expected to be feasible.  In addition, the particulate matter
emissions from the cooling tower are expected to be very low in relation
to the exhaust gas volumetric flow.  For these reasons, compliance with
the applicable opacity standard under this regulation is presumed under all
operating conditions, and no monitoring or testing is required.

3. Particulate Matter Emissions

The proposed permit includes a limit on the particulate matter emission
rate representing the modeled emission rate and a requirement for high-
efficiency drift eliminators representing BACT.  Compliance with the
particulate matter emission rate is required to be demonstrated initially
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through testing and on a continuing basis through calculations using
circulating water flow rate, drift eliminator design efficiency, and solids
loading in the circulating water as determined through monthly
measurements.

4. Heat Exchange System Operational Requirements

The proposed permit includes equipment design and work practice
requirements representing BACT for VOC emissions.  (See Section V.L.2
herein for a detailed discussion of the VOC BACT determination for the
cooling tower.)  Compliance with these operational requirements is to be
demonstrated through recordkeeping and reporting requirements.

AA. Internal Combustion Engines (Attachment “B” Section XXVIII)

1. Fuel Specification and Fuel Consumption Limitations 

Fuel consumption in each internal combustion engine is restricted to No. 2
distillate fuel oil, and fuel consumption during non-emergency situations
is limited to the maximum rates indicated in the permit application.  (Heat
input capacities specified in the permit application were converted to fuel
consumption rates using a heating value of 140,000 British Thermal Unit
(Btu) per gallon for No. 2 diesel fuel.)  These restrictions are needed to
ensure the enforceability of the representations made in the permit
application, because these representations form the basis of all regulatory
and technical analyses performed by the Department.  

In addition, the sulfur content of the No. 2 distillate fuel oil burned in each
of the internal combustion engines is limited to a maximum of 15 ppmw,
representing BACT for SO2 emissions.  Compliance with these proposed
permit terms is required to be demonstrated through recordkeeping.  On
each day that a particular engine is operated, the Permittee is required to
create and maintain records of the quantity and type of fuel combusted, as
well as the sulfur content and the method by which the sulfur content was
determined. 

2. NOX, CO, and PM Emissions

The proposed permit includes a requirement that each internal combustion
engine be guaranteed by the engine manufacturer to achieve NOX, CO,
and PM emissions equal to or less than the levels determined to represent
BACT.  The proposed permit also requires that each engine be operated
and maintained in accordance with the engine manufacturer’s instructions
and recommendations.  Compliance with these requirements is required to
be demonstrated through recordkeeping.  The Permittee is required to
maintain, for the life of each engine, records of the manufacturer’s
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emission performance guarantee for that engine.  The Permittee is also
required to maintain records of all maintenance performed on each engine.

3. Visible Emissions

The Internal Combustion Engines are subject to A.A.C. R18-2-719(E) for
visible emissions.  The applicable 40% opacity limit was incorporated in
the proposed permit for each internal combustion engine.  Compliance
with this limitation is required to be demonstrated through monitoring and
recordkeeping.  The Permittee is required to perform visible emissions
observations, using EPA Reference Method 9, for at least six minutes on
each day that a particular engine is operated (other than emergency
operations).  The Permittee is also required to maintain records of all
visible emissions observations.  Finally, the proposed permit includes a
prohibition on routine (i.e., non-emergency) operation of any internal
combustion engine at any time when a visible emissions observation,
using EPA Reference Method 9, cannot be performed.  This prohibition is
not applicable (i.e., operation at any time of day is allowed) on any day on
which the requirement for a visible emissions observation has been met
for the particular engine.

BB. Mobile Sources and Fugitive Dust Sources (Attachment “B” Section XXIX)

1. Visible Emissions

All nonpoint emission sources are subject to a 40 percent opacity
limitation for visible emissions, based on a six-minute average, under
A.A.C. R18-2-612.  Nonpoint emission sources subject to this regulation
include, but are not limited to, open areas, dry washes, riverbeds,
roadways, streets, parking lots, storage piles, and material handling
operations.  The applicable 40 percent opacity limit for nonpoint emission
sources was incorporated into the proposed permit. 

Mobile sources, excluding motor vehicles and agricultural vehicles, are
subject to a 40 percent opacity limitation for visible emissions under
A.A.C. R18-2-801, -802, and -804.  Compliance with these requirements
is based on an observation period of ten consecutive seconds.  Mobile
sources subject to these regulations include, but are not limited to, offroad
machinery and roadway cleaning machinery.  The applicable 40 percent
opacity limits were incorporated into the proposed permit for visible
emissions from these categories of sources. 

 
2. Work Practices

The proposed permit requires that the Permittee prepare, submit, and
adhere to a dust control plan; that the dust control plan include and
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address specific work practices; and that the Permittee pave all roadways
and vehicle parking lots.  These requirements implement the provisions of
A.A.C. R18-2-604, -605, -606, and -607 and the BACT requirements.
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VII. AIR QUALITY IMPACT ANALYSIS

A. Ambient Air Quality Impacts Analysis

1. General

The site of the proposed refinery is located in an area that has been
designated as attainment or unclassifiable for all criteria pollutants. 
Therefore, the relevant ambient air quality impact analyses requirements
are found in A.A.C. R18-2-406(A)(5) and R18-2-407.  The air quality
analyses must demonstrate that the project’s proposed significant emission
increases will not cause or contribute to an exceedance of any applicable
National Ambient Air Quality Standard (NAAQS) or PSD increment. 
(There are primary and secondary NAAQS, and there are separate Class I
and Class II PSD increments.)  It must also demonstrate the project’s
proposed significant emission increases will not contribute to an increase
in ambient concentrations for a pollutant by an amount in excess of the
significance level in any area in which NAAQS for that pollutant are
being violated.  The PSD pollutants that are proposed to be emitted in
significant quantities include NOx, CO, SO2, VOC, and PM10.

The NAAQS are maximum concentration “ceilings” measured in terms of
the total concentration of a pollutant in the atmosphere.  For a new or
modified source, compliance with any NAAQS is based upon the total
estimated air quality, which is the sum of the background ambient
concentrations, the estimated ambient impacts of existing sources of air
pollution, and the estimated ambient impacts of the applicant's proposed
emissions.  A PSD increment, on the other hand, is the maximum increase
in ambient concentration that is allowed to occur above a baseline
concentration for a pollutant.  Significant deterioration is said to occur
when the amount of new pollution would exceed the applicable PSD
increment.  PSD increments have been established for Class II areas, and
at lower acceptable levels for Class I areas such as national parks (to
further limit air quality degradation in Class I areas).

Additional air quality analyses required under A.A.C. R18-2-407 include
an analysis of the impairment to visibility, soils, and vegetation, and an
analysis of the air quality impact projected for the area as a result of
general commercial, residential, industrial, and other growth associated
with the new major source. 

The nearest Class I area to the proposed project site is Joshua Tree
National Park, located 191 km away.  Because no adverse effects were
predicted for the facility when it was proposed at the Mobile site, when
the nearest Class I area was only 88 km away from the facility, the
Department has concluded that there will be no adverse effects at 191 km



Arizona Clean Fuels Yuma, LLC
Permit Number 40140 September 15, 2006Page 321 of  347

away from the Mohawk site.  Consequently, the Department has largely
relied on the detailed Class I area impact analysis that was previously
performed for the Mobile site, and a detailed impact analysis for Class I
areas was not performed for the Mohawk site.

The Muggin Mountains Wilderness area lies between 32 and 40 km
northwest of the project site.  While this area is classified as Class II, and
is not subject to the special protections afforded Class I areas under
A.A.C. R18-2-406(A)(5) and R18-2-407, it is considered by the
Department to be a “sensitive” Class II area.  Therefore, the Department
requested, and the applicant performed, a visibility analysis for this
sensitive Class II area.

The “ADEQ Air Quality Division Modeling Guidelines,” June 22, 1998
(hereinafter, “ADEQ MG”),  presents policy statements and guidance on
many air quality analysis issues, including the authority and application of
the Arizona Ambient Air Quality Guidelines (AAAQG).  Section 1.3 of
Appendix B of the ADEQ MG describes the Department’s current
HAP/AAAQG program policy, and outlines the legal authority and
procedural requirements.  In accordance with this Department policy, the
Permittee has submitted an AAAQG modeling analysis as part of the PSD
permit application.

Finally, as described in A.A.C. R18-2-730(H), “No person shall allow
hydrogen sulfide to be emitted from any location in such manner and
amount that the concentration of such emissions into the ambient air at
any occupied place beyond the premises on which the source is located
exceeds 0.03 parts per million by volume for any averaging period of 30
minutes or more”. The ambient air quality impact analysis performed by
the applicant includes an assessment of the predicted hydrogen sulfide
impacts from the proposed facility in the results of the AAAQG analysis.
The 1-hour impact can be converted to units of ppm and compared to the
0.03 ppm standard.

2. Modeling Methodology

a. Department and U.S. EPA Modeling Analysis Guidance

The Department’s technical requirements and guidance for air
quality analyses are described in the ADEQ MG.  Additionally, the
U.S. EPA’s guidance for performing PSD air quality analyses is
set forth in the “Guideline on Air Quality Models” (GAQM),
codified in 40 CFR Part 51 Appendix W, and in Chapter C of the
October 1990 New Source Review Workshop Manual.  These
guidance documents were utilized to assess the completeness and
accuracy of the Arizona Clean Fuels air quality analyses.
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b. Arizona Clean Fuels Dispersion Modeling Protocol

For a PSD permit application, the Department requires the
submittal and subsequent approval of a dispersion modeling
protocol before a dispersion modeling analysis is accepted.
Development of the modeling protocol document guides the
applicant in fulfilling all necessary requirements.  A recommended
protocol format, including suggested content, is described in the
ADEQ MG.  The Department reviews the protocol and provides
comments to the applicant on any deficiencies.  After approval of
the modeling protocol, the Department will then accept the
modeling report.  All Class I air quality permit applications should
include a formal modeling report summarizing the results of the
modeling.  Again, the ADEQ MG present a recommended format
and suggested content for the modeling report.

The Department received the modeling protocol for the Arizona
Clean Fuels project, prepared by URS Corporation, in February 
2004.  The protocol was reviewed and, in general, it conformed to
ADEQ MG and U.S. EPA requirements. 

The following sections summarize the procedures and data used in
the analysis, and present significant Department comments on the
protocol and evaluation comments on the final modeling report.

c. Computer Models Used

The refined model proposed for the air quality analyses is the
Industrial Source Complex 3 Short Term Model (ISCST3, version
02035).  This model has been approved by the Department for use
in the load screening, NAAQS, PSD increment, and AAAQG
analyses.

For modeling the Class II visibility impacts  within 50 km of the
facility, the VISCREEN model was used. 

d. Receptor Grid

For the purposes of demonstrating compliance with the PSD
increment, NAAQS, and the AAAQGs, a receptor grid was created
with sufficient density to determine the maximum model-predicted
impact within the surrounding ambient air.  Receptor elevations
were derived from the United States Geological Service (USGS)
7.5 minute and 1-degree (DEM) data using the AERMAP program.
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The Permittee had used the property boundary to represent the
process area boundary, as appropriate.  While the applicant used 
50 meter spacing of receptors along the process boundary and 100
meter spacing within 500 meters of the property boundary, the
Department used 25 meter spacing of receptors during its review 
to ensure compliance with all applicable standards, increments,
and AAAQGs. 

e. Meteorological Data

Five years of surface and upper air data from the nearest National
Weather Service airport observation station were used in the
dispersion modeling analysis.  Five years of surface meteorology
observed between 1998 and 2002 from the Yuma International
Airport were used in conjunction with concurrent upper air
observations from Tucson, AZ.

The US EPA mixing height program was used to calculate twice
daily mixing heights based on parameters from the Yuma Surface
data and Tucson upper air data.  

f. Downwash and Good Engineering Practice (GEP)

Because of the effect of building downwash, BPIP was used to
calculate the building downwash parameters for input into
ISCST3.  All of the facility stacks are subject to downwash.  The
building locations and GEP analysis were independently
confirmed.  All but two stacks are below the maximum 65 meter
allowable GEP height.  The two flares (EP13 and EP21) were
originally modeled with a height of 100 meters.  In the revised
confirmatory modeling performed by the Department, the flare
heights were adjusted to 65 meters. 

During the review of the modeling files, the location of the cooling
tower structure was offset from the cooling tower discharge points
by approximately 40 meters to the east of where the first emission
point is located.  Additionally, the height of the cooling tower was
modeled at 50.82 meters tall, whereas the point source emission
was modeled at 18.30 meters.  BPIP was revised to align the tower
structure with the emission points.  The height of the cooling cells
was reset to 1 meter below the release height of the point sources
and the revised building parameters were used in the verification
of the modeling results. This change did not significantly alter the
results.
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g. Background Concentrations

The background concentration values presented in Table VII-1
were approved by the Department and used in the modeling
analysis.  The CO, and O3 values were based upon the Surprise
monitoring station from observations taken during 2001-2002 data. 
The background SO2 concentrations are based upon observations at
the Phoenix Roosevelt Street station, using the 200-2002 data.  The
NO2 value was based upon observations at the Palo Verde station
during 2000-2002. 

Background SO2 concentrations were selected based upon the
following information.  In Arizona, the principal sources of sulfur
dioxide emissions has been primary copper smelters and coal-fired
power plants.  In addition to these sources, most fuels (e.g.,
gasoline) contain trace quantities of sulfur, and their combustion
releases both gaseous sulfur dioxide (SO2) and particulate sulfate
(SO4).  A recent sulfate  inventory for Phoenix shows 32 percent of
SO2 emissions come from point sources, 26 percent from area
sources, 23 percent from off-road vehicles and equipment, and 19
percent from on-road motor vehicles.  Sulfur dioxide is removed
from the atmosphere through dry deposition on plants and its
conversion to sulfuric acid and eventually to sulfate.  Sulfur
dioxide has extremely low background levels, with elevated
concentrations found downwind of large point sources. 
Concentrations in urban areas are low and are homogeneously
distributed.

Upon reviewing existing ambient monitoring data to represent
background SO2 concentrations, all the sites were determined to be
influenced by  either copper smelters  or coal fired power plants,
with the exception of the three urban sites: Central Phoenix, South
Scottsdale, and Craycroft (Tucson).  Vehicular traffic accounts for
most of the gaseous SO2 being measured in the cities.  The
Department has taken the “Central Phoenix,” aka “Roosevelt
Street” 2000-2002 values as adequately conservative.  Obviously,
lower concentrations could be utilized from the other two urban
sites.

The background PM10 values were based upon the average
concentrations observed  from the  Yuma/Ajo monitoring stations
between 2000-2002.



Arizona Clean Fuels Yuma, LLC
Permit Number 40140 September 15, 2006Page 325 of  347

Table VII-1.  Ambient Background Monitored Air
Quality

Pollutant Averaging
Period 

Background
Concentration

NAAQS
(μg/m3)

CO 1-hour 2807 μg/m3 40,000
8-hour 1260 μg/m3 10,000

SO2 3-hour 47.2 μg/m3 1,300
24-hour 27.1 μg/m3 365
Annual 7.86 μg/m3 80

NO2 Annual 9.41 μg/m3 100
O3 1-hour 0.090 ppm 0.12 ppm

8-hour 0.077 ppm 0.08 ppm
PM10 24-hour 98.2 μg/m3 150

Annual 30.3 μg/m3 50

h. Source Data for the Project

The emission rates and stack parameters used in the modeling
analysis are presented in Table VII-2 for point sources, Table VII-3
for area sources, and Table VII-4 for volume sources. 

Tables VII-2, VII-3, and VII-4 present the emissions data and stack
parameters that represent the operating loads with maximum ambient
impacts (i.e., the worst-case load scenarios). Refer to the Permittee’s
modeling report for stack parameters and emission rates for each
operating load.

i. NAAQS and PSD Increment Inventory

The maximum radius of impact (ROI) of the proposed facility was
determined to be 7.5 km.  Data for other sources within 58 km of the
proposed site (i.e., the 7.5 km ROI plus 50 km, rounded) were
compiled for the NAAQS cumulative inventory.  The emissions,
stack parameters, and locations for these sources are presented in
Appendix B of the Permittee’s modeling report.  Approximately 19
other point sources and 30 area sources representing emissions from
nearby interstate highways were included in the cumulative modeling
inventory.  The modeling protocol describes the procedures used to
select sources, and to estimate stack parameters when they were not
available.  The inventory was developed by the Permittee in
consultation with the Department and Yuma County. 
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Although Section 4.3 of the Permittee’s modeling report stated that
certain sources were excluded from the increment inventory based on
the minimal emission rates that allowed elimination of the source
based on the “20D” criteria,” this was not actually the case.  For
reference, the “20D” criteria is a screening method that was
developed by the State of North Carolina which allows applicants to
eliminate off-site sources whose emissions (expressed in tons per
year) are less than 20 times the distance from the proposed project
source (expressed in km).  For example, a source located 20 km away
from the project with emissions less than one ton per year of the
pollutant in question would not have to be included in the PSD
increment consumption analysis.  The rationale is that these sources
are too small to have a significant impact at the distance.  Again,
however, this procedure was not actually utilized for this project.

The same source inventory used for the NAAQS analysis was also
used for the Class II area PSD increment analysis. This is a
conservative assumption because some of the NAAQS sources are
not PSD increment-consuming sources and because the allowable
rather than the actual emission rates were modeled for increment
consumption. 



Arizona Clean Fuels Yuma, LLC
Permit Number 40140 September 15, 2006Page 327 of  347

Table VII-2.  Source Emissions and Stack Parameters for Arizona Clean Fuels Point Sources

Source
ID

 UTM
Easting 

(m)

 UTM
Northing

(m)

Elevation
(m)

NOX 
(g/s)

CO 
(g/s)

SO2 

(g/s)
PM10 
(g/s)

 VOC
(g/s)

Stack Ht
(m)

Temp
(K)

Velocity
(m/s)

Diameter
(m)

EP1 232232 3623680 102 9.70E-01 2.24E+00 3.28E-01 4.28E-01 2.27E-01 50.3 461 13.6 2.59
EP2 232583 3623700 103 6.93E-01 2.24E+00 3.28E-01 4.16E-01 2.27E-01 50.3 450 14.7 2.13
EP3 232570 3623700 103 8.82E-02 1.13E-01 1.26E-02 2.52E-02 1.26E-02 50.3 589 13.2 0.67
EP4 232477 3623600 102 7.56E-02 1.38E-01 1.26E-02 2.52E-02 1.26E-02 50.3 650 13.8 0.67
EP5 232418 3623610 102 5.67E-01 7.18E-01 1.01E-02 1.39E-01 7.56E-02 50.3 478 13.0 1.52
EP6 232693 3623730 103 9.70E-01 1.42E+00 2.02E-01 2.65E-01 1.39E-01 50.3 450 14.6 1.98
EP7 232817 3623690 103 2.26E+00 7.23E+00 1.05E+00 1.36E+00 7.18E-01 50.3 422 16.7 3.66
EP8 232837 3623620 103 6.55E-01 8.44E-01 3.78E-02 3.91E-01 2.14E-01 50.3 622 14.8 3.20
EP9 232837 3623620 103 6.55E-01 8.44E-01 3.78E-02 3.91E-01 2.14E-01 50.3 622 14.8 3.20
EP10 231952 3623300 103 7.56E-01 1.01E+00 1.51E-01 1.89E-01 1.01E-01 50.3 450 13.4 1.68
EP11 232603 3623660 103 1.03E-01 6.30E-02 N/A N/A N/A 61.0 361 8.0 0.23
EP12 232303 3623660 102 7.56E+00 1.06E+00 4.23E+00 1.01E-01 7.56E-02 50.3 1089 9.5 3.66
EP13 231928 3623799 102 7.56E-03 3.91E-02 6.68E-05 N/A 6.30E-03 106.71 811 5.6 1.22
EP14 231678 3623210 103 N/A N/A N/A 1.13E-02 N/A 30.5 200 21.0 0.25
EP15 232883 3624050 103 N/A N/A N/A 1.47E-01 N/A 30.5 394 10.6 1.52
EP16 232022 3623290 103 2.90E-01 5.92E-01 3.78E-02 5.04E-01 1.16E-01 15.2 1089 16.17 3.05
EP16r 232022 3623290  103 N/A N/A N/A N/A 15.2 310 3.0 1.00
EP17 232496 3623410 103 1.55E-01 1.31E-01 8.82E-03 1.13E-02 1.75E-01 22.9 533 25.9 1.52
EP18 232877 3623980 103 4.16E-03 3.53E-03 2.52E-04 3.20E-04 1.02E-00 22.9 533 25.9 1.52
EP19 232837 3623850 103 1.01E+00 3.21E+00 4.66E-01 6.05E-01 3.15E-01 50.3 422 16.8 2.96
EP20 232838 3623810 103 8.44E-01 1.12E+00 1.64E-01 2.14E-01 1.13E-01 50.3 422 16.8 1.49
EP21 231714 3623806 102 7.56E-03 3.91E-02 6.68E-05 N/A 6.30E-03 91.41 811 5.6 1.22
EP22 232838 3623760 103 1.01E-01 6.31E-02 N/A N/A N/A 60.96 360.93 8.05 0.23
EP23 232854 3624020 103 1.64E-01 2.27E-01 3.78E-02 3.78E-02 2.52E-02 30.5 644 13.7 1.01
EP24 232089 3623510 102 5.61E-02 1.04E-00 7.69E-02 1.34E-02 1.34E-02 6.1 589 50 0.25
EP25 231847 3623510 102 2.82E-02 5.20E-01 3.78E-02 3.91E-02 6.68E-02 6.1 589 50 0.25
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Source
ID

 UTM
Easting 

(m)

 UTM
Northing

(m)

Elevation
(m)

NOX 
(g/s)

CO 
(g/s)

SO2 

(g/s)
PM10 
(g/s)

 VOC
(g/s)

Stack Ht
(m)

Temp
(K)

Velocity
(m/s)

Diameter
(m)
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EP26 232560 3623720 103 2.82E-01 5.20E-01 3.78E-02 3.91E-03 6.68E-02 6.1 589 50 0.25
EP27 231606 3623270 103 1.55E-01 1.31E-01 8.82E-03 1.13E-02 1.75E+00 22.9 533 25.9 1.52

EPCT01 232274 3623760 102 N/A N/A N/A 2.02E-02 4.23E-02 18.3 311 1.33 8.6
EPCT02 232286 3623760 102 N/A N/A N/A 2.02E-02 4.23E-02 18.3 311 1.33 8.6
EPCT03 232298 3623760 102 N/A N/A N/A 2.02E-02 4.23E-02 18.3 311 1.33 8.6
EPCT04 232311 3623760 102 N/A N/A N/A 2.02E-02 4.23E-02 18.3 311 1.33 8.6
EPCT05 232323 3623760 102 N/A N/A N/A 2.02E-02 4.23E-02 18.3 311 1.33 8.6
EPCT06 232274 3623770 102 N/A N/A N/A 2.02E-02 4.23E-02 18.3 311 1.33 8.6
EPCT07 232287 3623770 102 N/A N/A N/A 2.02E-02 4.23E-02 18.3 311 1.33 8.6
EPCT08 232298 3623770 102 N/A N/A N/A 2.02E-02 4.23E-02 18.3 311 1.33 8.6
EPCT09 232312 3623770 102 N/A N/A N/A 2.02E-02 4.23E-02 18.3 311 1.33 8.6
EPCT10 232323 3623770 102 N/A N/A N/A 2.02E-02 4.23E-02 18.3 311 1.33 8.6

Notes: 1 - Stack Height modeled at 65 meters.
2 - Evaluation of emission estimates for these sources resulted in revised pollutant concentrations.  The concentrations

presented here were input into confirmatory modeling files.
N/A = Not Applicable



Arizona Clean Fuels Yuma, LLC
Permit Number 40140 September 15, 2006Page 329 of  347

Table VII-3.  Source Emissions and Parameters for Arizona Clean Fuels Area Sources

Source
ID

 UTM
Easting (m)

 UTM
Northing (m)

Release
Height

(m)

PM10 
(g/s)

AAAQG VOC
(g/s)

Area Width or
Lateral Dimension

(m)

Area Length or
Vertical Dimension

(m)

EPA1 231858 3623260 3 1.46E-05 2.06E-04 30.5 45.7 
EPA2 232192 3623550 3 N/A 3.73E-05 76.2 152.4
EPA3 232512 3623550 3 N/A 1.28E-05 91.4 167.6
EPA4 232398 3623550 3 N/A 2.69E-05 91.4 167.6
EPA5 232663 3623550 3 N/A 2.00E-05 83.8 198.1
EPA6 232292 3623550 3 N/A 6.93E-07 76.2 121.9
EPA7 232793 3623550 3 N/A 9.86E-06 76.2 350.5
EPA8 232824 3623980 3 N/A 6.61E-06 76.2 106.7
EPA9 231423 3623450 3 N/A 2.81E-06 53.3 53.3
EPA10 231422 3623240 3 N/A 1.27E-05 53.3 167.6
EPA11 231476 3623330 3 N/A 2.12E-06 320.0 167.6
EPA12 232028 3623230 3 N/A 2.81E-06 365.8 266.7
EPA13 232392 3623440 3 N/A 1.51E-05 160.0 53.34
EPA14 232492 3623250 3 N/A 9.20E-06 243.8 152.4
EPA15 232451 3623340 3 N/A 2.41E-05 30.5 30.48
EPA16 232453 3623250 3 N/A 1.97E-05 30.5 60.96

EPA17 231477 3623109 3 N/A 6.69E-06 330.0 122.0

Notes: N/A = Not Applicable
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Table VII-4.  Source Emissions and Parameters for Arizona Clean Fuels Volume Sources

Source ID
 UTM Easting 

(m)
 UTM Northing

(m)
Release Height

(m)
PM10 
(g/s)

 VOC
(g/s)

 Lateral
Dimension (m)

 Vertical
Dimension (m)

EP-V10 231449 3623324 7.3 N/A 8.73E-01 22.0 6.79

EP-V11 231636 3623414 7.3 N/A 7.59E-01 54.0 6.79

EP-V12 232211 3623363 7.3 N/A 5.50E+00 72.6 6.79

EP-Road1
through
Road21

too many to list too many to list 3.66 2.01E-03 N/A 9.6 3.4

EP-Road22
through
Road71

too many to list too many to list 3.66 2.01E-03 N/A 6.2 3.4
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3. Modeling Results

The following sections present the results and conclusions from the air quality
impact analyses.  The air quality concentrations that are predicted by the
dispersion models are compared to various “action thresholds,” including the
Significant Impact levels (SILs), NAAQS, and PSD increments.  Because the
short-term NAAQS and PSD increments for all short-term averaging periods
(1-hour through 24-hour averages) may be exceeded once per year, the
dispersion models calculate both the highest (or “high-first-high”) and the
“high-second-high” (“H2H”) short-term average concentrations.  Given that
the meteorological data used in the  modeling analysis meet criteria
established by the U.S. EPA to ensure a climatologically representative period
(generally 5 years of National Weather Service data or 1 year of site-specific
data), then the H2H concentration estimates are compared to the NAAQS and
PSD increments.  The meteorological data used in the Arizona Clean Fuels
analysis did meet the U.S. EPA criteria, therefore the H2H concentration
estimates were used in the NAAQS and PSD increment compliance analyses. 

When determining if the proposed project exceeds the SILs, the highest
modeled concentration must be used, and the extent of the Significant Impact
Area (SIA) must be determined.  This is because the “project only” modeling
cannot determine how the ambient impacts from the proposed source overlap
in time and space with other existing source impacts.  Therefore, the only way
to ensure that the proposed source impacts are insignificant at any potential
modeled exceedance is to compare the highest modeled concentration to the
SILs.

a. Class II Significant Impact Modeling and SIA

The results of the significant impact analysis (SIA) are shown in Table 
VII-5. The Permittee demonstrated that SO2 and PM10 emissions had
predicted maximum concentrations greater than the significant impact
level (SIL) for all applicable averaging periods, and the maximum
radius of impact for any pollutant/averaging interval was determined
to be 7.5 km.  Consequently,  a full impact analysis was required for
SO2 and PM10. 
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Table VII-5.  Maximum Air Quality Impacts from Arizona Clean
Fuels Sources

Pollutant
Averaging

Period

 Maximum
Project Impact a

(μg/m3)

Significant
Impact Level 

(μg/m3)

 Exceed
SIL?

NO2 Annual 0.616 b 1 No

CO
1-hour 368 2000 No

8-hour 170 500 No

SO2

3-hour 97.9 25 Yes

24-hour 37.6 5 Yes

Annual 2.35 1 Yes

PM10

24-hour 77.8 5 Yes

Annual 1.39 1 Yes

a High first high value 
b Value adjusted using the ambient ratio method (ARM)

b. Load-Screening Analysis

Three operating scenarios encompassing the anticipated range of
normal operating conditions were modeled to determine worst case
conditions.  The three scenarios included the base case (100 percent
capacity), the post maintenance outage case (95 percent capacity), and
the reduced refinery throughput case (75 percent capacity).  The
results of the load screening analysis concluded that the base case, full
capacity operation, was found to have the highest predicted impact on
the ambient air for almost all criteria pollutant and averaging period
combinations.  Exceptions to this trend were determined for the 1-
hour CO (maximum impact at 95 percent load),  and annual average
SO2 concentration (maximum impact at 75 percent load).

c. Comparison of Arizona Clean Fuels Impacts with NAAQS and PSD
Increments

The full impact analysis expanded the significant impact analysis by
considering emissions from both the proposed project, as well as other
sources in the SIA.  Maximum modeled concentrations presented in
the modeling report are presented in Table VII-6, and predicted
ambient concentrations are compared to both the NAAQS and the
Class II PSD increments.   The NAAQS and PSD increment analyses
were rerun by the Department using the corrected source and receptor
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grids data.  The Department’s revised NAAQS and PSD increment
results are presented in Table VII-6.

The Permittee’s NAAQS analysis demonstrated that ambient impacts
are predicted to be less than the NAAQS.  This conclusion was
reaffirmed in the Department’s results from the revised modeling
analysis.

The Permittee’s analysis demonstrated that all ambient impacts were
below PSD Class II increments.  

Table VII-6.  Permittee PSD Class II Increment and NAAQS Analysis

Pollutant Averaging
Period

Modeled
Impacta

(μg/m3)

PSD
Increment

(μg/m3)

Background
Conc (μg/m3)

Total
Concentration

(μg/m3)

NAAQS
(μg/m3)

UTME

(m)

UTMN
(m)

SO2 3-hour 67.8 512 47.2 115.0 1300 232300 3624200

24-hour 25.2 91 27.1 52.3 365 232360 3623989

Annual 2.35 20 7.86 10.2 80 232310 3623990

PM10 24-hour 12.4 30 68.2 80.6 150 231872 3623063

Annual 1.33 17 30.3 31.6 50 232260 3623991

a Annual averaging period concentrations are high first high values; short term averages are high second high values 
b Value adjusted using ARM

d. AAAQGs Analysis

One of the programs used to control air toxics emissions in Arizona is
the AAAQG program.  AAAQGs are residential screening values that
are protective of human health, but they are not regulatory air quality
standards.  Annual AAAQGs have been developed for human
carcinogens, and assume an exposure frequency of 365 days per year
for 70 years. Twenty-four hour AAAQGs also protect against
excessive exposure to carcinogens.  One-hour AAAQGs were
developed with the intent to protect the more sensitive members of the
population, including children and the elderly.

AAAQG pollutant emissions can be categorized as either process or
fugitive.  Several methods were used to calculate AAAQG pollutant
concentrations depending upon the emission unit.  These include (1)
sources with known emission rates of specific pollutants (e.g., SRU
hydrogen sulfide  emissions), (2) area and volume sources of  fugitive
VOCs in which a representative speciated pollutant profile was
applied (e.g, propane emissions from the Group B tanks), (3) sources
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of inorganic pollutants which adhere onto particulate matter (e.g.,
crude unit and vacuum unit heater aluminum emissions) , and (4)
combustion source speciated VOC emissions (e.g., crude unit and
vacuum unit heater acetaldehyde emissions).

Only the following AAAQG pollutants were modeled as directly
emitted from each source: benzene, chlorine, chlorobenzene,
ammonia, MTBE, chromium (VI), nickel, hydrogen chloride,
hydrogen sulfide, nitric oxide and tetrachlorethane.  All other
AAAQG pollutants were modeled  by multiplying the constituent
percentage of an emission stream (either VOC or particulate) by
ambient impact of VOC or particulate, as applicable.  For example, if
aluminum was estimated to constitute 10 percent of particulate
emissions from combustion sources, the model-predicted PM10 impact
from combustion sources was multiplied by 0.10 to obtain the ambient
impact of aluminum.

The Permittee used many conservative assumptions in estimating
emissions of these pollutants.  Many of the AAAQG emission rates
are based upon representative source profiles obtained through EPA’s
FIRE database, the CATEF database, or EPA’s SPECIATE source
profile for petroleum refineries.  For some pollutants, more than one
database contained a value for  an individual pollutant’s percentage of
VOCs, and these values often differed (see Table 7-28 in the
Permittee’s Air Quality Impact Analysis Report).  The Permittee used
a conservative approach by using the maximum percentage of any
value found in the database.  

Conservative assumptions were also used to quantify the ambient
impacts from the AAAQG pollutants.  In many cases, the highest
constituent percentage listed in the SPECIATE database was
multiplied by the maximum model-predicted VOC or PM10

concentration, as applicable,  to estimate the maximum  concentration
of a given AAAQG pollutant. If AAAQG conformance is
demonstrated using this methodology, no further analysis was
necessary.  

Modeling output files were reviewed to ensure correct emission rates
and  other model input parameters were entered correctly, and
maximum model-predicted reported concentrations were supported by
the model output.  

The Permittee’s modeling report did not include the AAAQG VOC
and PM10 modeling files for the combustion sources, so the
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Department conducted confirmatory modeling to determine the
ambient concentration of VOC and PM10 AAAQG pollutants.  The
maximum model-predicted impacts were then multiplied by the
percent VOC or PM10 content to obtain the pollutant-specific ambient
impact.  These values were then compared with the concentrations
reported in the modeling report.  In most cases, the concentrations
were not equal, but in no case did the remodeled concentration exceed
the AAAQGs. 

Additionally, for pollutants whose maximum model-predicted impacts
as presented in the Permittee’s modeling report were within a factor of
10 of the AAAQG for any averaging period, additional  steps were
taken by the Department to verify conformance.  These pollutants
included aluminum, cadmium, lead, mercury, silver, selenium,
chlorine, phenol, formaldehyde, hydrogen sulfide, ammonia, and
benzene.  Only formaldehyde was found to be underestimated, by a
factor of 1.8.  Consequently, the ambient concentration was increased
by this factor, and  conformance with the AAAQG was still
demonstrated.

The Permittee’s final modeling report presented HAP ambient impacts
and comparisons to the AAAQGs.  All reported concentrations were
high-first-high maximum concentrations.  Table VII-7 presents the
Permittee’s results of both short term and the annual AAAQG
analyses for 45 pollutants analyzed.  The Permittee’s modeling
indicates that maximum predicted annual ambient concentrations of
benzene was greater than the AAAQG value.  All other concentrations
were estimated by the Permittee to be below the AAAQG levels.
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Table VII-7.  Arizona Clean Fuels Comparison to AAAQG for Compounds with Significant
Emissions

Chemical

1-Hour Average 24-Hour Average Annual Average

Modeled
Concentration

(μg/m3)

AAAQG
(μg/m3)

Modeled
Concentration

(μg/m3)

AAAQG
(μg/m3)

Modeled
Concentration

(μg/m3)

AAAQG
(μg/m3)

Acetaldehyde 1.21E-01 6.30E+02 2.92E-02 1.70E+02 2.01E-03 4.50E-01
Aluminum 7.07E+01 4.50E+02 9.13E+00 1.20E+02 - NL
Ammonia 2.49E+00 2.30E+02 4.97E-01 1.40E+02 - NL

Antimony 4 6.02E-03 1.50E+01 7.78E-04 4.00E+00 - NL
Barium 9.28E-01 1.50E+01 1.20E-01 4.00E+00 - NL

Benzene 5 1.23E+02 1.70E+02 2.39E+01 4.40E+01 9.94E-01 1.40E-01
Benzo(a)pyrene 1.67E-04 6.70E-01 4.04E-05 1.80E-01 2.79E-06 4.80E-04

Cadmium 5.42E-02 7.70E-01 7.00E-03 2.00E-01 1.03E-04 5.60E-04
Chlorine 1.84E+01 2.50E+01 4.28E+00 1.20E+01 - NL

Chlorobenzene 2.16E+00 1.10E+04 5.08E-07 2.80E+03 - NL
Chromium 1.48E-02 1.50E+01 3.57E-03 4.00E+00 - NL

Chromium (VI) 1.20E-03 1.70E-02 3.00E-05 4.40E-03 0.00E-05 1.20E-05
Cobalt 6.02E+00 NL (HAP) 7.78E-01 NL 1.14E-02 NL
Copper 1.09E-02 3.00E+00 2.64E-03 7.90E-01 1.82E-04 NL

Chrysene1 1.29E-04 NL 3.11E-05 NL - NL
Ethylbenzene 3.02E+01 4.50E+03 9.87E+00 3.50E+03 - NL

Formaldehyde 6 7.00E-01 2.50E+01 1.69E-01 1.60E+01 1.17E-02 7.60E-02
Fluoranthene1 1.54E-03 NL 3.72E-04 NL - NL

n-Hexane 5.22E+01 5.40E+03 1.70E+01 1.40E+03 - NL
Hydrogen
Chloride

1.88E-01 2.10E+02 4.07E-02 5.60E+01 - NL

Hydrogen Sulfide 8.46E+01 1.80E+02 7.09E+00 1.10E+02 - NL
Iron 3.36E-00 1.50E+02 4.34E-01 4.00E+01 - NL

Isopropylbenzene
(cumene)

1.06E+00 HAP 3.47E-01 NL 2.05E-02 NL

Lead2 2.23E-01 1.50E+00 2.88E-02 1.50E+00 4.23E-04 1.50E+00
Manganese 1.06E+00 2.50E+01 3.47E-01 7.90E+00 - NL

Mercury 3.03E-01 1.50E+00 7.32E-02 4.00E-01 - NL
Methyl t-butyl

ether
3.41E+04 HAP 8.56E+03 NL - NL

Naphthalene 2.10E-02 6.30E+02 5.07E-03 4.00E+02 - NL
Nickel 2.38E-03 4.50E-01 5.40E-04 1.20E-01 4.00E-05 2.10E-03

Nitric Oxide 3.18E+01 3.80E+02 7.34E+00 2.40E+02 - NL
n-Octane 0.00E+00 1.50E+04 0.00E+00 1.20E+04 - NL
n-Pentane 2.49E+01 1.90E+04 8.11E+00 1.40E+04 - NL

Phenol 4.04E+01 3.20E+02 1.32E+01 1.50E+02 - NL
Potassium3 3.55E-01 NL 4.59E-02 NL - NL

Propane 4.29E-02 5.40E+04 1.04E-02 1.40E+04 - NL
Selenium 1.68E-00 6.00E+00 2.17E-01 1.60E+00 - NL

Silver 1.33E-01 3.00E-01 1.71E-02 7.90E-02 - NL
Styrene 1.37E+02 3.50E+03 4.48E+01 1.70E+03 - NL
Sulfur3 6.06E+01 NL 7.82E+00 NL - NL

Tetrachloroethene 1.70E+00 1.30E+03 3.69E-01 6.40E+02 2.82E-02 1.70E+00
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(μg/m3)
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Toluene 7.52E+00 4.40E+03 2.46E+00 3.00E+03 - NL
Trimethylbenzene

(1,3,5-)
8.18E+01 1.40E+03 3.09E+01 9.90E+02 - NL

Trimethylbenzene
(1,2,4-)

2.51E+01 1.40E+03 8.18E+00 9.90E+02 - NL

Trimethylpentane
(2,2,4-)

2.31E+01 HAP 2.26E+01 NL - NL

Xylenes (total) 4.56E+00 5.40E+03 1.49E+010 3.50E+03 - NL
Zirconium 2.29E-01 8.30E+01 2.96E-02 4.00E+01 - NL

NL = No Listed Guideline
Bolded values are greater than the applicable AAAQG guideline.
1 – No individual guideline concentrations are provided for these chemicals, however, they are included as

polycyclic organic matter.
2 – The AAAQG concentration listed is the NAAQS, which is a quarterly average.  The quarterly averaged 

concentration would be significantly lower than the short term averages reported.
3 – These chemicals are included in the AAAQG list, however, no guideline concentrations are provided.
4 - The model predicted impact shown in the modeling report is not supported as the emission rate of antimony is

shown to be zero; consequently, the ambient impact should be zero as well.
5 - Benzene concentrations shown in this table are not supported by findings during the Department’s review.  Then

annual benzene impact  was remodeled as discussed below.  Revised annual benzene concentrations decreased 
from .0.994 µg/m3 to 0.13 µg/m3.

6 - Ambient impacts of formaldehyde shown here should be multiplied by a factor of 1.8.

Benzene:

The Permittee’s modeling report showed that the predicted
benzene concentration would exceed the annual AAAQG
value of 0.14 µg/m3  in the area beyond the process area
boundary and beyond the property boundary.  The
Department’s review of this analysis identified several errors
and discrepancies that were corrected and changed by the
Department before performing confirmatory modeling.  These
corrections and changes are as follows: 

1) The Permittee’s benzene emission rates for the Group B
storage tanks and the tank farm thermal oxidizer stack (EP-16)
were incorrect, apparently because the Permittee’s contractor
did not properly portray the venting configuration.  For 240
hours each year, the thermal oxidizer does not operate.  During
this period, the subject benzene stream is vented to a co-
located stack with no controls.  Consequently, a new stack was
added (EP-16r) with the same stack height as EP-16.  The
stack gas exit temperature was assumed to be 100ºF;  the gas
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was assumed to exit at 1 m/sec, and the stack gas exit diameter
was assumed to be 1 m.

For the short-term impact analysis, the emissions from the
thermal oxidizer (EP-16) were “turned off” during this venting
scenario as the uncontrolled emissions are mutually exclusive.
The collocated stack (EP-16r) was modeled with uncontrolled 
benzene emissions of 0.28 lb/hr during this alternative
operating scenario.  During normal operations, EP-16 was
modeled with a short-term benzene emission rate of 0.0055
lb/hr.

For the annual impact analysis, the emissions from the thermal
oxidizer (EP-16) were modeled at the normal emission rate for
8,520 hours/yr (i.e., “turned off” for 240 hours/yr).  The
modeled annual  benzene emission rates were 0.023 tons/yr for
EP-16 and the 0.033 tpy for EP-16r. 

2) EP-V10 was deleted, as these benzene emissions will occur
through EP-16r as described above, and the emissions are not
properly characterized as a volume source.

3) For each of the loading rack thermal oxidizers (EP-17 and
EP-27), the short-term benzene emission rate is 0.0199 lb/hr,
and the long-term benzene emission rate is 0.0065 tons/yr. 
These values are considerably lower than what was shown in
the Permittee’s modeling report.  
 
4) Long-term benzene emissions from EP-V11 are 0.088
tons/yr, reflecting the correction described in item (1) above.

5) Benzene emissions from EP-V12 were changed to 0.125
lb/hr short-term and 0.367 tpy long-term, reflecting the
correction described in item (1) above.

7) For all sources of fugitive benzene emissions due to
equipment leaks, the Permittee’s analysis did not take into
account several VOC BACT provisions that arose after
submittal of the modeling report.  These provisions, most
importantly the limits on percent leaking components, were
incorporated into the Department’s analysis.

The Department revised the benzene impact analysis based
upon these comments and reran the analyses.  The revised
model-predicted impacts for the annual benzene concentration
decreased from 0.994 µg/m3 to 0.13 µg/m3.
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B. Additional Impacts Analysis

1. Growth Analysis

The growth analysis is performed to assess the impacts due to additional
growth resulting from  project, but not directly emitted from the project.  The
assessment is performed to ensure compliance with NAAQS and PSD
increments.  The Permittee performed a qualitative analysis of the impacts due
to growth.  A quantitative analysis was not performed due to the many
uncertainties. 

The Permittee proposes that more than 500 plant employees in three shifts
will be needed for operation of the new facility.  The Permittee anticipates
that these employees will be drawn primarily from the existing population of
Yuma.  Additionally, the applicant anticipates that there would be some
industrial and economic growth, promoted by the refinery, in the area
surrounding the refinery. 

Predicted increases in air emissions from this population influx are primarily a
result of the increase in vehicle exhaust from the increase in traffic flow.  An
incremental increase in vehicle traffic in the area is expected to occur due to
employee and product delivery travel.  The projected increase in traffic levels,
and subsequent impact on local air quality, have not been quantified as part of
the submitted permit application, but it is unlikely that the air quality impacts
from the vehicular traffic will change any of the air quality analysis
conclusions.  Therefore, the Department has concluded that a detailed growth
analysis is not warranted.

2. Effects on Soils and Vegetation

A.A.C. R18-2-407.I.1 requires that the PSD permit application include an
analysis of the impacts that emissions from the proposed facility and from
secondary growth will have on soils and vegetation.  The Permittee was
unable to identify any specific sensitive soil and vegetation resources in the
project vicinity through consultation with the Arizona Department of Game
and Fish and the United States Fish and Wildlife Service.  A comparison of
the maximum predicted concentrations to the screening levels found in the
U.S. EPA document, “A Screening Procedure for the Impacts of Air Pollution
Sources on Plants, Soils, and Animals” (U.S. EPA 1980), none of the
screening levels are exceeded.  Therefore, the results indicate that the project
will not adversely impact soils and vegetation in the area.
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3. Visibility Impacts Analysis

A.A.C. R18-2-407.I.1 and R18-2-410 require that the PSD permit application
include an analysis of the impacts that emissions from the proposed major
source and from secondary growth will have on visibility.  This requirement is
separate from the required Class I visibility impact analysis.  The visibility
analysis was conducted for one sensitive Class II wilderness area: the
Muggins Mountains, located 32 km northwest of the proposed refinery.  This
analysis was performed using the VISCREEN model with maximum hourly
emission rate inputs for directly emitted PM10, NOX, directly emitted NO2. 
Emission rates of elemental carbon and directly emitted sulfate were assumed
to be negligibly small.

For purposes of the Permittee’s VISCREEN analysis, all project sources were
assumed to contribute to a single plume.  In reality, this assumption is likely
to be conservative (i.e., over-predict plume visibility).  Under certain
combinations of stability class and wind speed, plumes emitted at different
heights and with different dispersion characteristics (e.g., exhaust exit
velocity, building or stack-tip induced downwash, and exhaust temperature)
will not necessarily merge into a single coherent plume.

The Permittee’s modeling report demonstrated that its impact would exceed
the Class I visibility screening thresholds in the Muggin Mountains Class II
Wilderness Area.  The revised VISCREEN modeling results are shown in
Table VII-8.
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Table VII-8.  Level II VISCREEN Analysis Inputs and Results
Input Emission Rates

PM 5.00 g/s 
NOX (as NO2) 6.69 g/s
Primary NO2 1.14 g/s
Soot 0.00 g/s
Primary SO4 0.00 g/s

Transport Scenario Specifications

Background Ozone 0.08 ppm
Background Visual Range 218 km
Source-Observer Distance 32 km
Minimum Source-Class I Distance 32 km
Maximum Source-Class I Distance 40 km
Plume-Source-Observer Angle 11.25 degrees
Stability Class F
Wind Speed 2.5 m/s

Maximum Visual Impacts Inside Muggins Mountain Class II Wilderness Area

Delta E Contrast
Background Theta Azimut Distanc Alpha Criteria Plume Criteria Plume

SKY 10 133 40 36 2 1.968 0.05 0.04
SKY 140 133 40 36 2 0.646 0.05 -0.016
TERRAIN 10 84 32 84 2 4.892 0.05 0.032
TERRAIN 140 84 32 84 2 0.235 0.05 0.003

C. Class I Area Impacts Analysis

The Permittee has not performed a detailed analysis of Class I area impacts for the
proposed Mohawk project site, which is located 191 km from the nearest Class I area,
Joshua Tree National Park.  The previous Class I area analysis demonstrated impacts
below levels of concern when the project was originally proposed near Mobile,
Arizona, only 88 km from the nearest Class I area (Superstition Wilderness).  The
Department considers the prior analysis for the Mobile site to provide adequate
demonstration that the proposed project, located at the Mohawk site, will not cause or
contribute to unacceptable impacts at any Class I area.

D. Conclusions

The Permittee has adequately demonstrated that the proposed project will not cause or
contribute to an exceedance of any NAAQS or PSD increment, will conform with all
AAAQGs, and will not cause any unacceptable adverse impacts on soils, vegetation,
or visibility. 



Arizona Clean Fuels Yuma, LLC
Permit Number 40140 September 15, 2006Page 342 of  347

VIII. INSIGNIFICANT ACTIVITIES

The following is a list of general activities that may occur at the proposed facility which fall
under the definition of “Insignificant Activities” pursuant to A.A.C. R18-2-101(57), or
“Trivial Activities” pursuant to A.A.C. R18-2-101(117).

A. Landscaping, building maintenance, or janitorial activities (R18-2-101(57)(a)).  
B. Manually-operated equipment used for buffing, carving, cutting, drilling, machining,

routing, sanding, sawing, surface grinding or turning and associated venting hoods
(R18-2-101(57)(f)).

C. Chemical Laboratories including lab equipment used exclusively for chemical and
physical analysis (R18-2-101(57)(i)).

D. Fuel burning equipment rated at less than 0.5 MMBtu/hr (R18-2-302(B)(2)(b)(v)). 
Such equipment includes gas-fired space heaters, hot water heaters, and process
boilers. Specific equipment, model numbers, maximum potential heat rates, and site
locations are not available at the present time (R18-2-101(57)(j)).

E. Additional Insignificant Sources.  The following is a listing of additional equipment
or activities which the Department has determined to be insignificant.
1. Petroleum product storage tanks and associated loading operations for

lubricating oil, transformer oil, and used oil (R18-2-101(57)(j)).
2. Piping of fuel oils, used oil and transformer oil (R18-2-101(57)(j)).
3. Storage and handling of drums or other transportable containers where the

containers are sealed during storage, and covered during loading and
unloading (R18-2-101(57)(j)).

4. Water and Wastewater Treatment (R18-2-101(57)(j)):
a. Water treatment or storage systems for boiler feedwater.
b. Water treatment or storage or cooling systems for process water.
c. Chemical storage associated with water and wastewater treatment

where the water is treated for consumption or is used within the
permitted facility.

5. Individual flanges, valves, pump seals, pressure relief valves, and other
individual components not in VOC, organic HAP, or H2S service
(R18-2-101(57)(j)).

6. Cafeterias, kitchens, and other facilities used for food or beverage preparation.
(R18-2-101(117)(d)).

7. Equipment using water, water and soap or detergent, or a suspension of
abrasives in water for purposes of cleaning or finishing.

8. Battery recharging areas (R18-2-101(117)(r)).
9. Aerosol can usage (R18-2-101(57)(j)).
10. Acetylene, butane, and propane torches (R18-2-101(57)(j)).
11. Equipment used for portable steam cleaning. (R18-2-101(117)(xx)).
12. Blast-cleaning equipment using a suspension of abrasive in water and any

exhaust system or collector serving them exclusively (R18-2-101(57)(j)).
13. Lubricating system reservoirs (R18-2-101(57)(j)).
14. Hydraulic system reservoirs  (R18-2-101(57)(j)).
15. Adhesive use (R18-2-101(57)(j)).
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16. Production of hot/chilled water for onsite use (R18-2-101(57)(j)).
17. Safety devices such as fire extinguishers (R18-2-101(57)(j)).
18. General vehicle maintenance and servicing activities (R18-2-101(57)(j)).
19. Storage cabinets for flammable products (R18-2-101(57)(j)).
20. Office/Administration:

a. Housekeeping activities and associated products for cleaning purposes
and operation of vacuum cleaning systems (R18-2-101(57)(j)).

b. Air conditioning, cooling, heating or ventilation equipment (R18-2-
101(117)(b) and (c)).

c. General office activities such as paper shredding, copying,
photographic activities, and blueprinting (R18-2-101(57)(j)).

d. Restroom facilities and associated cleanup operations, stacks, and
vents (R18-2-101(117)(h)).

e. Smoking rooms and areas (R18-2-101(117)(j)).
f. Normal consumer use of consumer products, including hazardous

substances as defined in the Federal Hazardous Substances Act (15
U.S.C. 1261 et. seq.) (R18-2-101(57)(j)).

21. Firefighting activities and training conducted at the facility in preparation of
fighting fires. The various components of this fire fighting system include
(R18-2-101(57)(j)):
a. Foam System Fire Water Systems
b. Dry Chemical Extinguisher

22. Rail car traffic and locomotive switching activities (R18-2-101(57)(j)). 
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IX. ABBREVIATIONS AND ACRONYMS 

AAAQG . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Arizona Ambient Air Quality Guideline
A.A.C. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Arizona Administrative Code
Arizona Clean Fuels . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Arizona Clean Fuels
ADEQ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Arizona Department of Environmental Quality
ADEQ MG . . . . . . . . . . . . . . . Arizona Department of Environmental Quality Modeling Guidelines
AGO . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Atmospheric Gas Oil
ANSI . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . American National Standards Institute
API . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . American Petroleum Institute
AQRV . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Air Quality Related Value
ARM . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Ambient Ratio Method
ASME . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . American Society of Mechanical Engineers
BAAQMD . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Bay Area Air Quality Management District
BACT . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Best Available Control Technology
BLM . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Bureau of Land Management
Btu . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . British Thermal Unit
Btu/scf . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . British Thermal Unit per Standard Cubic Foot
oC . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Degrees Celsius
CAM . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Compliance Assurance Monitoring
CARB . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . California Air Resources Board
CEMS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Continuous Emission Monitoring System
CFR . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Code of Federal Regulations
CO . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Carbon Monoxide
DAF . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Dissolved Air Flotation
DEM . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ERL-Athens Dynamic Estuary Model
dscf/MMBtu . . . . . . . . . . . . . . . . . . . . . . Dry Standard Cubic Feet per Million British Thermal Unit
oF . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Degrees Fahrenheit
FLAG . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Air Quality Related Values Workgroup
FLM . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Federal Land Manager
FR . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Federal Register
GAQM . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Guideline on Air Quality Models
GEP . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Good Engineering Practice
gr/dscf . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Grains per Dry Standard Cubic Foot
g/s . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Gram per Second
HAP . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Hazardous Air Pollutant
HF . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Hydrogen Fluoride
H2S . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Hydrogen Sulfide
HHV . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Higher Heating Value
HON . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Hazardous Organic NESHAP
HVGO . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Heavy Vacuum Gas Oil
ISC . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Industrial Source Complex
ISCST3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Industrial Source Complex 3 Short Term Model
IWAQM . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Interagency Workgroup on Air Quality Modeling
K . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Kelvin
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kg/ha-yr . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Kilograms per Hectare per Year
km . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Kilometers
kPa . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Kilopascals
LAER . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Lowest Achievable Emission Rate
lb . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Pound
lb/hr . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Pound per Hour
lb/MMBtu . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Pound per Million British Thermal Unit
LDAR . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Leak Detection and Repair
LPG . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Liquified Petroleum Gas
LVGO . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Light Vacuum Gas Oil
m . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Meter
MDEA . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Methyl Diethanolamine
μg/m3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Microgram per Cubic Meter
MMBtu . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Million British Thermal Unit
MMBtu/hr . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Million British Thermal Unit per Hour
mmHg . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Millimeters of Mercury
m/s . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Meter per Second
NAAQS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . National Ambient Air Quality Standard
NESHAP . . . . . . . . . . . . . . . . . . . . . . . . National Emission Standards for Hazardous Air Pollutants
NH3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Ammonia
NO . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Nitrogen Oxide
NO2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Nitrogen Dioxide
NOx . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Nitrogen Oxides
NSCR . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Non-Selective Catalytic Reduction
NSPS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . New Source Performance Standard
O2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Oxygen (Molecular)
O3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Ozone
OAQPS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Office of Air Quality Planning and Standards
OSBL . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Outside Battery Limits
OSHA . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Occupational Safety and Health Administration
PM . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Particulate Matter
PM10 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Particulate Matter less than 10 Microns
ppm . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Parts per Million
ppmv . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Parts per Million by Volume
ppmvd . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Part per Million by Volume, Dry Basis
ppmw . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Parts per Million by Weight
PSA . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Pressure-Swing Adsorption
PSD . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Prevention of Significant Deterioration
psia . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Pressure per Square Inch Absolute
psig . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Pressure per Square Inch Gauge
PSM . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Process Safety Management
RACT . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Reasonable Available Control Technology
RBLC . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . RACT/BACT/LAER Clearinghouse
RFG . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Refinery Fuel Gas
ROI . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Radius of Impact
RON . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Research Octane Number
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SCAQMD . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . South Coast Air Quality Management District
SCR . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Selective Catalytic Reduction
SIA . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Significant Impact Area
SIC . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Standard Industrial Code
SIL . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Significant Impact Level
SNCR . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Selective Non-Catalytic Reduction
SO2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Sulfur Dioxide
SOx . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Sulfur Oxides
SOCMI . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Synthetic Organic Chemical Manufacturing Industry
SRP . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Sulfur Recovery Plant
SRU . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Sulfur Recovery Unit
SWS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Sour Water Stripper
TGTU . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Tail Gas Treatment Unit
TNRCC . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Texas Natural Resources Conservation Commission
TOC . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Total Organic Compounds
UAM . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Urban Airshed Model
U.S. EPA . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . United States Environmental Protection Agency
USGS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . United States Geological Survey
UTM . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Universal Transverse Mercator
UTME . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . UTM Easting
UTMN . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . UTM Northing
VOC . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Volatile Organic Compounds
VOL . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Volatile Organic Liquid
WWTP . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Wastewater Treatment Plant
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X. AMBIENT AIR QUALITY MONITORING

In response to concerns expressed during the public comment period for Permit Number
1001205 with respect to the proposed refinery’s HAP emissions, the Department has included
additional ambient air quality monitoring requirements to the refinery’s air permit.  These
additional requirements are set forth in Section XXX of Attachment “B” to the permit. 
Specifically, in addition to the ambient monitoring network required for hydrogen sulfide
under Section XXIV of Attachment “B,” the permit now requires that the Permittee install,
maintain, and operate ambient monitoring networks for particulate matter and benzene. 
These pollutants were selected by the Department because they represent the pollutants of
primary concern.

Both the particulate matter and benzene monitoring networks are required to be installed and
operating for at least one year prior to the beginning of on-site construction and related
activities.  Monitoring for particulate matter will continue for the duration of the on-site
construction activities; monitoring for benzene will continue for the life of the source.  For
each monitoring network, the permit requires that the Permittee submit to the Department a
monitoring plan for the Department’s approval.  The monitoring plans will establish the
number, type, and location  of monitors or sampling stations and, in the case of the benzene
monitoring system, the means that the refinery will use to disseminate ambient air quality
information to the general public.  The Department envisions that this will involve the use of
the World Wide Web.



Technical Support Document, Permit Number: 03700011-101  Page 1 of 37 

Technical Support Document 
For 

Air Emission Permit No. 03700011-101 
 
This technical support document (TSD) is intended for all parties interested in the permit and to meet the requirements 
that have been set forth by the federal and state regulations (40 CFR § 70.7(a)(5) and Minn. R. 7007.0850, subp. 1). The 
purpose of this document is to provide the legal and factual justification for each applicable requirement or policy 
decision considered in the determination to issue the permit. 
 
1. General information  

 
1.1 Applicant and stationary source location: 

 
Table 1. Applicant and source address 
 

Applicant/Address 
Stationary source/Address 
(SIC Code: 2911 - Petroleum Refining) 

Flint Hills Resources Pine Bend, LLC 
PO Box 64596 
St. Paul, Minnesota 55164-0596 (operator) 
4111 East 37th Street North 
Wichita, Kansas 67220 (owner)    

Flint Hills Resources Pine Bend Refinery 
13775 Clark Road 
Rosemount, Dakota County, Minnesota 55068 

Contacts:  Mike Krautkremer 651-480-3914 
Mark Manninen 651-480-2685  

 
1.2 Facility description 

Flint Hills Resources Pine Bend, LLC (FHR PB) owns and operates the Pine Bend Refinery in the city of 
Rosemount, Dakota County, Minnesota. The refinery primarily processes heavy, sour crude oil from 
Western Canada, although it may also process oil from other parts of the world. Pipelines currently deliver 
all of the crude oil to the refinery, where FHR processes it to produce a wide variety of products. These 
products include gasoline, diesel fuel, heating oil, jet fuel, petroleum coke, asphalt and elemental sulfur. 
FHR distributes these products to customers in Minnesota and the surrounding Upper Midwest states via 
pipelines, trucks, barges and railcars. 
 

1.3 Description of the activities allowed by this permit action 
This permit action is Major Amendment with several Minor and Administrative Amendments rolled in. 
The Pine Bend Technology and Efficiency Improvement Projects cover three individual projects that are 
collectively referred to as the Projects as follows: 

1. The Coker Replacement Project replaces two older and less efficient delayed coking process units and 
Pine Bend's largest NOx emitting heaters with one new delayed coking unit and a single, more efficient 
heater. The heater is equipped with selective catalytic reduction (SCR) and low NOx burners which will 
reduce NOx emissions by over 100 tons/year. The new design will also eliminate emissions associated with 
periodic heater decoking while improving product yields. A new integrated gas plant will more effectively 
recover propane and similar streams to help meet market demand for these products. 

2. The Diesel Selectivity Projects improve refinery flexibility to produce higher volumes of ULSD fuel from its 
distillate hydrocracker. The installation of a heat integrated gas oil vacuum fractionator increases the 
amount of feed available to the distillate hydrocracker. The Diesel Selectivity Projects further leverage heat 
recovery to steam opportunities by utilizing waste heat to convert it to steam at the back end of the 
distillate hydrotreater. Improvements to the distillate hydrocracker will allow it to meet seasonal demands 
for ULSD more effectively. The projects also provide additional hydrogen necessary to remove sulfur and 
convert intermediates to transportation fuels by retrofitting the #4 hydrogen plant with new technology 
that utilizes waste process heat from the existing hydrogen reformer to produce additional hydrogen. 



Technical Support Document, Permit Number: 03700011-101  Page 2 of 37 

3. The Naphtha Processing Improvement Projects improve the refinery's naphtha hydrotreating capability. 
The projects provide the refinery with improved flexibility to convert various crude types into gasoline 
without installing any new combustion sources. It will help avoid dips in gasoline production during periodic 
maintenance and catalyst replacements in the existing hydrotreaters. The projects reroute naphtha already 
desulfurized in the upstream distillate and gas oil hydrotreaters to an underutilized fractionation system in 
the distillate hydrocracker unit, bypassing the naphtha hydrotreaters to more efficiently process additional 
naphtha. The projects further provide additional naphtha hydrotreating capability by improving an existing 
naphtha hydrotreater. 

This permit action also includes a major amendment to update and correct various existing permit 
conditions, and also add additional permit conditions to existing emission activities to refine, strengthen, 
and further improve the quality of the Facility's air permitting and compliance programs through clear and 
concise Title V operating permit conditions. 
This permit action also includes a minor amendment to add an 80 kW natural gas-fired emergency 
generator and two natural gas-fired 3 mmBtu/hr boilers to the North Contractor Building. Also included are 
insignificant activities of a water heater and three rooftop HVAC units to the North Contractor Building. 
There are also two administrative amendments included in this permit action. One of them adds a rooftop 
HVAC unit to the permit as an emission unit and other rooftop HVAC units and a humidifier system that 
qualify as insignificant activities. The administrative amendment will also authorize additional drain and 
drain piping connections installed to existing EQUI518. 
The second administrative amendment will add a storage tank terminal, truck loading rack and rail loading 
rack to the insignificant activities list (Appendix A) of the permit. 
The MPCA has a combined operating and construction permitting program under Minn. R. ch. 7007, and 
under Minn. R. 7007.0800. Under that authority, this permit action authorizes construction. 
 

1.4 Description of notifications and applications included in this action 
 
Table 2. Notifications and applications included in this action 

 
Date received Application/notification type and description 
10/14/2014 Permit Reopening (IND20140007) 
10/29/2014 Administrative Amendment (IND20140001) 
08/17/2015 Minor Amendment (IND20150001) 
12/23/2015 Administrative Amendment (IND20150004) 
02/12/2016 Major Amendment (IND20160001) 
04/28/2016 Major Amendment (IND20160002) 
 

1.5 Facility emissions: 
 
Table 3. Title I emissions summary (Major Amendment IND20160001) 
 
Emission Unit MPCA ID NOX SO24 CO PM PM10 PM2.5 VOC 

24H1 #4 Coker Unit Charge Heater EQUI1456 13.58 0.80 13.58 2.53 10.12 10.12  
17.00 Coker Fugitives FUGI132       

#4 Coke Drum System EQUI1457   0.17 1.53 1.53 1.53 
Coke Handling System FUGI133    0.90 0.43 0.06  
#4 Hydrogen Plant Fugitives FUGI127       0.12 
38 GOHT Fugitives FUGI70       1.87 
29 Unit Fugitives FUGI94       1.66 
28, 31-5 and 37 Unit Fugitives FUGI72, 74, 11       2.02 
30H401 #4 Hydrogen Plant Reformer EQUI471  FG limit 0.90 0.89 3.57 3.57 1.44 
11H1 #1 Crude Unit Charge Heater EQUI484 1.26 FG limit 1.71 0.08 0.32 0.32 0.13 
11H2 #1 Crude Unit Charge Pre-flash 
Heater 

EQUI485 1.27 FG limit 0.03 0.05 0.20 0.20 0.08 
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11H6 #2 Crude Unit Charge Heater EQUI376  FG limit 1.46 1.07 4.30 4.30 1.73 
12H4 Vacuum Pre-Strip Heater EQUI487 2.37 FG limit 0.94 0.08 0.33 0.33 0.13 
16H1 #2 Crude Unit Vacuum Heater EQUI488 2.95 FG limit 0.07 0.09 0.36 0.36 0.15 
19H1 #1 Crude Unit Vacuum Heater EQUI490 6.14 FG limit 3.25 0.15 0.60 0.60 0.24 
25H4 #3 Crude Unit Vacuum Heater EQUI526 8.53 FG limit 0.07 0.42 1.68 1.68 0.68 
27H102 27 DHT Charge Heater EQUI542 3.06 FG limit 0.08 0.08 0.30 0.30 0.12 
31H4 HDS Heater EQUI547 2.08 FG limit 3.68 0.12 0.51 0.51 0.06 
31H7 #5 HDS Charge Heater EQUI549 2.68 FG limit 4.51 0.10 0.41 0.41 0.16 
32H5,6,7 Powerformer Reactor Heaters EQUI554-556 2.38 FG limit 0.07 0.12 0.47 0.47 0.19 
33H31 Reactor Charge Heater EQUI541 3.72 FG limit 0.30 0.23 0.91 0.91 0.37 
33H32 Fractionator Charge Heater EQUI559 2.60 FG limit 0.09 0.13 0.53 0.53 0.21 
28H1 Naphtha Hydrotreater Reactor 
Charge Heater 

EQUI544 0.52 FG limit 0.31 0.01 0.03 0.03 0.02 

37H1/2 Naphtha Hydrotreater Heaters EQUI560, 561 0.24 FG limit 0.43 0.01 0.04 0.04 0.03 
37H3/4/5 Platformer Charge and 
Interheat Heaters 

EQUI562-564 2.81 FG limit 5.14 0.12 0.47 0.47 0.34 

37H6 Platformer Stabilizer Reboiler EQUI565 0.16 FG limit 0.30 0.01 0.03 0.03 0.02 
26 Unit SRU COMG41  18.65 7.22 1.08 1.94 1.94  
45 Unit SRU COMG41  12.82 12.99 1.15 2.07 2.07  
17 Unit FCCU EQUI421 2.99 3.35 1.83 5.26 2.87 2.87 0.28 
Sulfur Degassing System (Storage/Loading) COMG10        
Cooling Towers COMG66    1.15 0.54 0.00242 2.76 
Liquid Petroleum Storage & Transport COMG9       4.33 
Plant-wide Deaerator Vents        0.58 
31H2 #2 HDS Fractionation Heater EQUI546  1.14      
Project Emissions Increase (tpy) 59.34 36.76 59.12 17.37 34.54 33.64 36.71 
NSR Significant Emission Rate (SER) 40 40 100 25 15 10 40 
Is Project Emission Increase > SER? Yes No No No Yes Yes No 

 
Table 4. Title I emissions summary (cont.) (Major Amendment IND20160001) 
 

Emission Unit MPCA ID H2S/ 
TRS2 

SAM1,4 RSC3 GHG Pb 

24H1 #4 Coker Unit Charge Heater EQUI1456  0.01  167,769 6.66E-04 
Coker Fugitives FUGI132 0.10  0.10 1,120  
#4 Coke Drum System EQUI1457 2.38 N/A 2.38 626  
Coke Handling System FUGI133      
#4 Hydrogen Plant Fugitives FUGI127    3  
38 GOHT Fugitives FUGI70    0  
29 Unit Fugitives FUGI94    0  
31 Unit Fugitives FUGI74    0  
30H401 #4 Hydrogen Plant Reformer EQUI471  FG limit  162,839 2.35E-04 
11H1 #1 Crude Unit Charge Heater EQUI484  FG limit  6,509 2.09E-05 
11H2 #1 Crude Unit Charge Pre-flash Heater EQUI485  FG limit  3,766 1.29E-05 
11H6 #2 Crude Unit Charge Heater EQUI376  FG limit  78,221 2.83E-04 
12H4 Vacuum Pre-Strip Heater EQUI487  FG limit  6,132 2.19E-05 
16H1 #2 Crude Unit Vacuum Heater EQUI488  FG limit  8,996 2.40E-05 
19H1 #1 Crude Unit Vacuum Heater EQUI490  FG limit  12,048 3.97E-05 
25H4 #3 Crude Unit Vacuum Heater EQUI526  FG limit  27,894 1.11E-04 
27H102 27 DHT Charge Heater EQUI542  FG limit  10,093 2.00E-05 
31H4 HDS Heater EQUI547  FG limit  9,201 3.25E-05 
31H7 #5 HDS Charge Heater EQUI549  FG limit  7,410 2.68E-05 
32H5,6,7 Powerformer Reactor Heaters EQUI554-556  FG limit  8,502 3.07E-05 
33H31 Reactor Charge Heater EQUI541  FG limit  15,283 6.01E-05 
33H32 Fractionator Charge Heater EQUI559  FG limit  9,193 3.50E-05 
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28H1 Naphtha Hydrotreater Reactor Charge 
Heater 

EQUI544  FG limit  458 1.83E-06 

37H1/2 Naphtha Hydrotreater Heaters EQUI560, 561  FG limit  646 2.58E-06 
37H3/4/5 Platformer Charge and Interheat 
Heaters 

EQUI562-564  FG limit  7,677 3.06E-05 

37H6 Platformer Stabilizer Reboiler EQUI565  FG limit  447 1.78E-06 
26 Unit SRU COMG41 0.32 0.04 0.50 5,482  
45 Unit SRU COMG41 0.63 0.03 0.83 5,865  
17 Unit FCCU EQUI421 0.03  0.03 19,761 3.17E-04 
Sulfur Degassing System (Storage/Loading) COMG10 2.04  2.04   
Cooling Towers COMG66    68.99  
Liquid Petroleum Storage & Transport COMG9 0.02  0.02   
Plant-wide Deaerator Vents     0  
31H2 #2 HDS Fractionation Heater EQUI546  2.62E-03    
Project Emissions Increase (tpy) 5.52 0.08 5.91 576,011 1.97E-03 
NSR Significant Emission Rate (SER) 10 7 10 75,000 0.6 
Is Project Emission Increase > SER? No No No Yes No 

1 Sulfuric acid mist (SAM) 
2 Total reduced sulfur (TRS) 
3 Reduced sulfur compounds (RSC) 
4 FG limit is a cap on the fuel gas system that limits SO2 (and, therefore, SAM) to no increase above baseline 

 
Table 5. Non-title I emissions increase summary (Administrative Amendment IND20150004) 

Pollutant 

After 
change 
(lb/hr) 

Before 
change 
(lb/hr) 

Net 
change* 
(lb/hr) 

Insignificant 
modification 
thresholds 
(lb/hr <) 

Minor and 
moderate 
amendment 
thresholds 
(lb/hr < or >) 

Type of 
amendment 
(minor or 
moderate) 

PM10 0.03 0.0 0.03 0.855 3.42 -- 
PM2.5 0.03 0.0 0.03 NA NA NA 
NOx 0.30 0.0 0.30 2.28 9.13 -- 
SO2 2.35E-03 0.0 2.35E-03 2.28 9.13 -- 
CO 0.33 0.0 0.33 5.70 22.80 -- 
VOC 0.66 0.0 0.66 2.28 9.13 -- 
Lead 1.96E-06 0.0 1.96E-06 0.025 0.11 -- 
CO2e 484 0.0 484 NA NA NA 

Includes PTE increases from existing EQUI518, new RTU#1 (EQUI1474) and Lab RTU#2* & 3* and Lab Humidifier* 
                        * RTU#2, RTU#3 and Lab Humidifier are all insignificant activities under Minn. R. 7007.1300, subp. 3(I) 

 
Table 6. Non-title I emissions increase summary (Minor Amendment IND20150001) 

 

Pollutant 

After 
change 
(lb/hr) 

Before 
change 
(lb/hr) 

Net 
change* 
(lb/hr) 

Insignificant 
modification 
thresholds 
(lb/hr <) 

Minor and 
moderate 
amendment 
thresholds 
(lb/hr < or >) 

Type of 
amendment 
(minor or 
moderate) 

PM10 0.08 0.0 0.08 0.855 3.42 -- 
PM2.5 0.08 0.0 0.08 NA NA NA 
NOx 1.92 0.0 1.92 2.28 9.13 -- 
SO2 5.7E-03 0.0 5.7E-03 2.28 9.13 -- 
CO 12.13 0.0 12.13 5.70 22.80 minor 
VOC 0.31 0.0 0.31 2.28 9.13 -- 
Lead 0.0 0.0 0.00 0.025 0.11 -- 
CO2 1,126 0.0 1,126 NA NA NA 
CH4 0.021 0.0 0.021 NA NA NA 
N2O 2.1E-03 0.0 2.1E-03 NA NA NA 
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Pollutant 

After 
change 
(lb/hr) 

Before 
change 
(lb/hr) 

Net 
change* 
(lb/hr) 

Insignificant 
modification 
thresholds 
(lb/hr <) 

Minor and 
moderate 
amendment 
thresholds 
(lb/hr < or >) 

Type of 
amendment 
(minor or 
moderate) 

CO2e 1,127 0.0 1,127 NA NA NA 
*The term ‘Net Change’ is not equivalent to ‘Net Emissions Increase’ as defined at 40 CFR Section 52.21(b)(3). 

 
Table 7. Total facility potential to emit summary 

 

 
PM 
tpy 

PM10 
tpy 

PM2.5 
tpy 

SO2 
tpy 

NOx 
tpy 

CO 
Tpy 

CO2e 
tpy 

VOC 
tpy 

All 
HAPs 
tpy 

Total Facility 
Limited 
Potential 
Emissions 
(pre mod) 

 1061.2  667.5 652.8 3770* 4013.8 2476.3 8,221,963 2674 864.6 

Technology 
and Efficiency 
Improvement 
Projects (TEIP) 

17.37 34.54 33.64 36.76 59.34 59.12 576,011 36.71 4.12 

Laboratory 
Space 
Addition 
(LAB) 

0.13 0.13 0.13 0.01 1.33 1.44 2158 4.35 0.90 

North 
Contractor 
Building (NCB) 

0.20 0.20 0.20 0.016 2.85 5.02 3108.8 0.21 0.057 

Total Facility 
Limited 
Potential 
Emissions 
(post mod) 

1078.9 702.4 686.8 3770* 4077.3 2541.9 8,803,241 2715.3 869.7 

* The facility has a 3770 tpy SO2 limit that will remain in the permit. 
 

Table 8. Total facility potential to emit summary (after Cokers #1 and #2 are replaced by Coker #4) 
 

 
PM 
tpy 

PM10 
tpy 

PM2.5 
tpy 

SO2 
tpy 

NOx 
tpy 

CO 
Tpy 

CO2e 
tpy 

VOC 
tpy 

All 
HAPs 
tpy 

Total Facility 
Limited 
Potential 
Emissions 
(pre mod) 

 1061.2  667.5 652.8 3770** 4013.8 2476.3 8,221,963 2674 864.6 

TEIP* 0.11 0.47 0.11 0.8 -421.15 -97.59 149,960 -33.59 -5.24 
LAB 0.13 0.13 0.13 0.01 1.33 1.44 2158 4.35 0.90 
NCB 0.20 0.20 0.20 0.016 2.85 5.02 3108.8 0.21 0.057 
Total Facility 
Limited 
Potential 
Emissions 
(post mod) 

1061.6 668.3 653.2 3770** 3596.8 2385.2 8,377,190 2645.0 860.3 

*= PTE changes (Includes PTE from operation of new equipment added as part of the TEIP and PTE reductions from 
limits on EQUI471 and decommissioning of 21UNIT equipment (EQUIs 491-494)). 
**= The facility has a 3770 tpy SO2 limit that will remain in the permit. 
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Table 9. Facility classification 

 
Classification Major Synthetic minor/area Minor/area 
PSD  X     
Part 70 Permit Program X     
Part 63 NESHAP X     

 
2. Regulatory and/or statutory basis 

 
2.1 New source review (NSR) 

The facility is an existing major source under New Source Review regulations. No changes to the facility’s 
major source status is authorized by this permit. 
The Technology and Efficiency Improvement Projects (IND20160001) is subject to PSD/NSR for criteria 
pollutants NOX, PM10, PM2.5 and CO2e. FHR PB has proposed Best Available Control Technology (BACT) limits 
for EQUI1456, EQUI1457, FUGI133, existing EQUI471 and existing COMG66. 
Endangered Species and National Historic Preservation Acts were included for this PSD action. The response 
from EPA is in Attachment 5. 
 

2.2 Part 70 permit program 
The facility is a major source under the Part 70 permit program. This permit action does not change this 
status. 
 

2.3 New source performance standards (NSPS) 
The Permittee has stated that New Source Performance Standards apply to the operations at this facility. 
40 CFR pt. 60, subp. Ja: NSPS for Petroleum Refineries for which Construction, Reconstruction, or 
Modification Commenced After May 14, 2007 
40 CFR pt. 60, subp. GGGa: NSPS for Equipment Leaks of VOC in Petroleum Refineries for which 
Construction, Reconstruction, or Modification Commenced After November 7, 2006 
40 CFR pt. 60, subp. QQQ: NSPS for VOC Emissions from Petroleum Refinery Wastewater Systems 
40 CFR pt. 60, subp. JJJJ: NSPS for Stationary Spark Ignition Internal Combustion Engines 

 
2.4  National emission standards for hazardous air pollutants (NESHAP) 

40 CFR pt. 61, subp. FF: National Emission Standard for Benzene Waste Operations (BWON) 
40 CFR pt. 63, subp. CC: NESHAP from Petroleum Refineries 
40 CFR pt. 63, subp. ZZZZ: NESHAP for Stationary Reciprocating Internal Combustion Engines 
40 CFR pt. 63, subp. DDDDD: NESHAP for Major Sources: Industrial, Commercial, and Institutional Boilers 
and Process Heaters 

 
2.5  State implementation plan (SIP) 

FHR PB has a site-specific State Implementation Plan (SIP) administrative order to achieve and maintain SO2 
National Ambient Air Quality Standards (NAAQS) in the Dakota County area. This permit action will include 
the eleventh SIP revision for EPA’s approval. The final permit will be submitted to U.S. Environmental 
Protection Agency (EPA) for inclusion into the SIP, and will replace the Order upon EPA approval. The SIP 
revision will be co-noticed with the draft permit. 

 
2.6 Compliance assurance monitoring (CAM) 

The existing #4 Hydrogen Plant Reformer Heater (EQUI471) is being retrofitted with new reactor technology 
as part of the Technology and Efficiency Improvement Projects, and physical modifications to install the 
new reactor technology will be tied to also installing selective catalytic reduction (SCR) as add-on control for 
reducing actual NOX emissions. 
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The table below lists the sources which are subject to CAM, whether the source is a large pollutant specific 
emission unit (PSEU), and the monitoring for the applicable pollutants. 
 
Table 10. CAM summary 

 
Unit Control CAM applicability Pollutant 
EQUI471 TREA86 SCR Other NOX 

 
For other PSEUs (not large), records must be made at a minimum of once per 24 hours. An existing NOX 

CEMS (EQUI1467) is already in operation at EQUI471. The CEMS will be used to comply with the new 40.7 
tpy NOX limit and to satisfy CAM upon installation of the new reactor technology and the SCR. 
 

2.8 Environmental review and air emissions risk analysis (AERA)  
The net PTE increase in GHG for the Technology and Efficiency Improvement Projects is greater than 
100,000 tpy which is the threshold for triggering an Environmental Assessment Worksheet (EAW). The 
mandatory EAW trigger is listed under Minn. R. 4410.4300, subp. 15. The projects do not trigger the need to 
perform an Air Emissions Risk Analysis (AERA). The public notice for the EAW ran from September 26 to 
October 26, 2016. An extension of the public notice ran from October 26 to November 2, 2016 due to 
revisions to Part 16.a. Information intended to be included in Part 16.a. of the original EAW was 
inadvertently omitted. 
 

2.9 Minnesota state rules 
Portions of the facility are subject to the following Minnesota Standards of Performance: 

· Minn. R. 7011.1410 Standards of Performance for New Affected Facilities at Petroleum Refineries 
· Minn. R. 7011.2300 Standards of Performance for Stationary Internal Combustion Engines 

 
Table 11. Regulatory overview of units affected by the modification/permit amendment 
 

Subject 
item* Applicable regulations Rationale 
COMG103 
(#4 Coker 
VOC 
Emissions) 

40 CFR § 52.21 to avoid major 
modification & Minn. R. 
7007.3000 

Limit to avoid major modification under Prevention of Significant 
Deterioration (PSD) on VOC for EQUI1456, EQUI1457 and FUGI132. 

COMG104 
(EQUI1472, 
EQUI1473) 

40 CFR pt. 63, subp. DDDDD 
Minn. R. 7011.1410 

Gas 1 boilers subject to NESHAP subp. DDDDD. 
Boilers are new affected facilities at a petroleum refinery. 

EQUI471 
(#4 
Hydrogen 
Plant 
Reformer) 

40 CFR § 52.21(j) BACT & Minn. 
R. 7007.3000 
40 CFR § 50.4 (SO2 SIP); 40 CFR 
pt. 52, subp. Y 
40 CFR pt. 64 

Prevention of Significant Deterioration (PSD) limits on NOX, PM10, 
PM2.5, GHG and stack temperature. 
Reductions in SO2 SIP limits as part of TEIP permit amendment. 
Upon installation of the new reactor technology, the reformer 
furnace will be retrofitted with selective catalytic reduction (SCR) and 
be subject to CAM. Permittee will use existing NOX CEMS to comply 
with new NOX BACT limit and CAM. 

EQUI1456 
(24H1 
Process 
Heater) 

40 CFR § 52.21(j) BACT & Minn. 
R. 7007.3000 
40 CFR § 50.4 (SO2 SIP); 40 CFR 
pt. 52, subp. Y 
40 CFR pt. 60, subp. Ja 
Minn. R. 7011.1410 
Minn. R. 7009.0080 

Prevention of Significant Deterioration (PSD) limits on NOX, PM10, 
PM2.5, GHG and stack temperature. 
24H1 Process Heater triggers an amendment to the facility’s SO2 SIP. 
Construction commenced after May 14, 2007. 
24H1 Process Heater is a new affected facility at a petroleum 
refinery. 
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Subject 
item* Applicable regulations Rationale 
EQUI1457 
(#4 Coker 
Drum 
System) 

40 CFR § 52.21(j) BACT & Minn. 
R. 7007.3000 
40 CFR pt. 60, subp. Ja 
40 CFR pt. 63, subp. CC 

Prevention of Significant Deterioration (PSD) limits on coke drum 
pressure drop prior to venting. 
Construction commenced after May 14, 2007. 
Delayed coking unit subject to NESHAP for petroleum refineries. 

EQUI1471 
(Emergency 
Generator) 

40 CFR pt. 60, subp. JJJJ 
40 CFR pt. 63, subp. ZZZZ 
Minn. R. 7011.2300 

4SRB SI ICE subject to NSPS subp. JJJJ. Engine complies with NESHAP 
subp. ZZZZ by complying with NSPS subp. JJJJ. 
Stationary Internal Combustion Engine (Spark Ignition) 

EQUI1474 
(Lab RTU 
#1) 

Minn. R. 7011.1410 Lab Rooftop Unit #1 is a new affected facility at a petroleum refinery. 
It does not qualify as an insignificant activity under Minn. R. 
7007.1300, subp. 3(I). 

FUGI132 
(#4 Coker & 
Gas Plant) 

40 CFR § 52.21(j) BACT & Minn. 
R. 7007.3000 
Leak Detection and Repair 
(LDAR) 
40 CFR pt. 60, subp. QQQ 
40 CFR pt. 61, subp. FF (BWON) 

Prevention of Significant Deterioration (PSD) requirement at 
COMG17. FUGI132 will be an associated subject item to existing 
LDAR, NSPS subp. QQQ and BWON groups: COMG1, COMG7, 
COMG80, COMG82, COMG83, COMG84, COMG85, COMG87, 
COMG88, COMG89, COMG90, COMG91, COMG92, COMG93, 
COMG98 

FUGI133 
(#4 Coke 
Handling 
System) 

40 CFR § 52.21(j) BACT & Minn. 
R. 7007.3000 

Prevention of Significant Deterioration (PSD) limits. 

STRU139, 
STRU140 
(Stacks at 
Sulfur 
Recovery 
Units) 

Minn. R. 7007.0800, subp. 2 The requirements of 40 CFR pt. 60, subp. Ja shall become effective at 
the Sulfur Recovery Units upon issuance of Permit No. 03700011-101 
instead of when the future Ammonium Thiosulfate (ATS) Process 
Unit begins startup. Subpart Ja requirements for the SRUs are 
already in the permit. This permit revision will subject the Permittee 
to Subpart Ja at an earlier date to replace the older Subpart J 
provisions. 

*Location of the requirement in the permit (e.g., EQUI1, STRU2, etc.). 
 
The language 'This is a state-only requirement and is not enforceable by the U.S. Environmental Protection 
Agency (EPA) Administrator and citizens under the Clean Air Act' refers to permit requirements that are 
established only under state law and are not established under or required by the federal Clean Air Act. The 
language is to clarify the distinction between permit conditions that are required by federal law and those 
that are required only under state law. State law-only requirements are not enforceable by the EPA or by 
citizens under the federal Clean Air Act, but are fully enforceable by the MPCA and citizens under provisions 
of state law. 
 

3. Technical information 
 
Major Amendment IND20160001 

This major amendment includes several individual projects that together, more efficiently upgrade hydrocarbons that 
are distilled from the refinery’s crude units into transportation fuels, especially diesel. These projects will allow FHR PB 
to increase production of diesel, gasoline and other products by operating more efficiently and closer to the overall 
distillation capacity. The projects included in this major amendment are: 

1 The Coker Replacement Project: This project includes replacing two delayed coking process units, the #1 Coker (21-1 
Unit, EQUI491 & EQUI493) and #2 Coker (21-2 Unit, EQUI492 & EQUI494), with a single modern delayed coking unit, the 
#4 Coker (24 Unit), and an integrated gas recovery unit. The #4 Coker Process Heater (EQUI1456, 24H1) will fire natural 
gas and/or fuel gas and be designed with low NOx burners and a SCR system that will decrease actual NOx emissions by 
over 100 tpy. The existing coker gas recovery unit (15 Unit) associated with the #1 and #2 Cokers will be repurposed 
into a saturated gas recovery unit supporting other existing refinery process units that produce refinery gas. 
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2 The Diesel Selectivity Projects: These projects install a new Gas Oil Vacuum Fractionator and improve the existing 
Distillate Hydrocracker (29 Unit, EQUI469 & EQUI470). The Vacuum Fractionator will help lift light gas oil (LGO), which is 
distillate cut material, out of the gas oil before the heavier gas oil is fed to the Fluidized Catalytic Cracking Unit (17 Unit, 
EQUI421). The recovered distillate cut will be fed to either a distillate hydrotreating unit or the 29 Unit Hydrocracker to 
increase ULSD yield from the refinery and thus help meet market demand for this transportation fuel. The 29 Unit 
Distillate Hydrocraker is proposed to be physically modified to increase productivity and yield. 
Additional hydrogen will be needed for increased hydrotreating and cracking activity. New equipment at the #4 
Hydrogen Plant will be installed to increase hydrogen yield through energy integration instead of installing additional 
fired heater capacity. 
Lastly FHR PB proposes to complete an amine efficiency project consisting primarily of switching the amine chemical 
from monoethanolamine (MEA) to diglycolamine (DGA) to remove sulfur from refinery fuel gas more efficiently by using 
less steam for amine generation. 

3 The Naphtha Processing Improvements Projects: These projects consist of 1) installing piping to reroute distillate and 
gas oil hydrotreater naphtha to the 29 Unit Distillate Hydrocracker, and 2) install/modify equipment in VOC service at 
the 31-5 Unit to help increase the ability to process naphtha and 3) new and upgraded equipment at the 28 Unit 
Naphtha Hydrotreater and 37 Unit Naphtha Hydrotreater increasing the run time between catalyst replacement 
outages, which occur annually for the 28 Unit and every other year for the 37 Unit. Improvements to the 31-5 Unit are 
expected to incrementally increase overall naphtha processing capacity while projects at the 28 and 37 Units are 
expected to provide incremental increases in annual utilization due to reduced downtime for less frequent catalyst 
replacement outages. The portion of these projects that reroutes naphtha to the 29 Unit Distillate Hydrocracker 
fractionation section will allow the stream to avoid reprocessing while creating additional capacity in the naphtha 
desulfurization units and the naphtha splitters. Aside from the addition of fugitive equipment in VOC service, 
modifications to emission units are not planned as part of these projects. 

Coker Replacement Project 
The Coker Replacement Project has three parts: 1) constructing a new #4 Coker Process Unit and integrated gas plant, 
2) shutting down the #1 and #2 Coker Units, and 3) repurposing the existing 15 Unit Coker Gas Recovery Unit to process 
gases from other units. 
A delayed coking unit takes a low value hydrocarbon similar to asphalt and heats it to a temperature where it will crack 
into lighter, more valuable products and a solid product referred to as petroleum coke. Specifically, a delayed coking 
unit upgrades vacuum tower bottoms from the crude vacuum units and separates them into the following 
intermediates and products: 

Fuel gas, a light hydrocarbon gas similar to natural gas that is further processed and used as fuel in heaters or 
boilers; 
Light hydrocarbon liquids that are further processed into propane and butane; 
Naphthas that are further processed into gasoline; 
Gas oils that are further processed into jet fuel, diesel fuel and gasoline; and 
Fuel grade petroleum coke product that is shipped off-site to customers. 

Gases and oils from a coker are further processed in downstream units to hydrotreat and crack these intermediates into 
clean burning low sulfur fuels. The solid petroleum coke will be removed from the #4 Coker Unit, dewatered and 
crushed using new equipment specific to the #4 Coker (FUGI133) to meet product specifications, and then conveyed to 
the existing downstream coke loading area (FUGI68) for storage and distribution to customers. 
The #4 Coker will use the same delayed coking process and the same 2 coke drum setup used at the #1 and #2 Cokers, 
but with modernized technology that improves energy efficiency and product yield while reducing air emissions per 
barrel of feed. Also, an integrated coker gas plant is planned for installation at the new Coker which is the same setup at 
the existing #3 Coker. 
The system will be designed to meet the requirements of 40 CFR pt. 60, subp. Ja and 40 CFR pt. 63, subp. CC as well as 
best available control technologies (BACT) for NOx, PM10, PM2.5 and GHG. Fugitive emissions from equipment in VOC 
service associated with the new coker and gas recovery unit will also be subject to 40 CFR pts. 60 and 63 requirements. 
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The nominal stream-day design capacity of the #4 Coker is the same as the #1 and #2 Cokers. As a conservative 
measure, FHR PB has based emission estimates on a capacity 15% above the design case to ensure they encompass any 
upside capability realized by the project. 
The #4 Coker will experience an increase in productivity compared to the #1 and #2 Cokers. The #1 and #2 Cokers were 
shut down approximately once every quarter for steam-air decoking to burn off coke accumulated in the heater tubes 
over the course of operation. The new #4 Coker Heater (EQUI1456) will utilize a technology called tube pigging or other 
mechanical decoking processes that can be performed while the heater is on-line, thus increasing the annual utilization 
of the #4 Coker compared to the #1 and #2 Cokers. 
The permanent shut down of the #1 and #2 Coker Units will be related to the startup and shakedown activities 
associated with the #4 Coker Unit and will not exceed 180 days after initial startup of the #4 Coker Unit. The PSD 
analysis does not rely on emissions reductions from the shutdown of the #1 and #2 Coker Units and there will not be 
operational overlap between the #4 Coker Unit and the #1 and #2 Coker Units. 
Coker gas recovery units serve the purpose of further separating the lighter hydrocarbon streams produced by the 
cokers into fuel gas, light hydrocarbon liquids and naphtha. The 15 Unit Coker Gas Recovery Unit currently associated 
with the #1 and #2 Cokers will no longer serve that purpose after they are shut down. An integrated gas recovery unit is 
planned with the new coker which would enable the 15 Unit Coker Gas Recovery Unit to be repurposed to process 
gases from other refinery process units to improve gas separation. The 15 Unit does not have a fired heater. Additional 
equipment in VOC service may be installed at the repurposed 15 Unit (FUGI67). Alternatively, the 15 Unit could be 
utilized to process gas from the new coker instead of constructing a new gas recovery unit. However, a new integrated 
gas recovery unit is part of the current design and is considered in the emissions increase analysis. 
Emission units that will be installed, modified and shut down as part of the Coker Replacement Project are: 

24H1 #4 Coker Heater (EQUI1456) firing refinery fuel gas and/or natural gas and with low NOx burner, SCR 
technology, a NOx CEMS and energy efficiency measures; 
#4 Coke Drum System (EQUI1457) including coke drum depressurization, coke cutting and coker water 
management activities; 
#4 Coker and Integrated Gas Plant Fugitive Equipment in VOC service (FUGI132) along with heat exchangers 
with the potential for VOC/methane emissions from cooling water leaks that are attributed to the associated 
cooling towers; and 

 #4 Coker Petroleum Coke Handling Equipment (FUGI133). 

 Additional equipment in VOC service at the 15 Unit gas recovery unit to accommodate the repurpose (FUGI67). 

 Shutdown/Cessation of the following units/activities: 
 21H1 #1 Coker Heater (EQUI491); 
 21H2 #2 Coker Heater (EQUI492); 
 21H1 Steam/Air Heater Decoking (EQUI493); 
 21H2 Steam/Air Heater Decoking (EQUI494); 
 #1 Coke Drum System A and B (EQUI536); 
 #2 Coke Drum System C and D (EQUI537); 
 #1 Coker Equipment in VOC Service (FUGI7); and 
 #2 Coker Equipment in VOC Service (FUGI80). 

The general project schedule for the Coker Replacement Project is to begin actual construction in second quarter 2017 
for startup in 2019 or 2020. Shutdown of the #1 and #2 Cokers is expected to occur soon after startup for the #4 Coker. 
The 15 Unit repurposing work will not require as long of a lead-time as #4 Coker and its startup is expected to occur 
with the #4 Coker. 

Diesel Selectivity Projects 
The Diesel Selectivity Projects consist of the following elements. 
1) A new Gas Oil Vacuum Fractionator unit will be installed at the refinery. The vacuum fractionator will take 
desulfurized gas oil from the 33 and 38 Gas Oil Hydrotreaters (GOHT) and separate out the lighter gas oil material as a 
distillate cut. The recovered lighter gas oil will then feed an existing distillate processing unit, primarily the upgraded 29 
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Unit Distillate Hydrocracker, for further conversion into product grade diesel and other products. The gas oil leaving the 
GOHT will continue to be fed to the downstream fluidized catalytic cracking unit (FCCU). 
A new fired heater will not be required at the vacuum fractionator. The project will reduce steam generation at the 
fractionator effluent of the 33 and 38 GOHTs to maintain the necessary higher feed temperature to the vacuum 
fractionator. To capture the latent heat being moved downstream from the GOHTs to the distillate hydrocracker and for 
overall improved heat efficiency, a new waste heat steam generator will be installed at the distillate hydrocracker that 
will make up for the steam that is not otherwise generated at the GOHTs. New equipment in VOC service will be 
installed at the 33 and 38 GOHTs (FUGI78 and FUGI70), 29 Unit Distillate Hydrocracker (FUGI94) and new Gas Oil 
Vacuum Fractionator (FUGIGOVF). 
2) Improvements to the heat integration and product separation equipment are proposed at the distillate hydrocracker 
to increase its processing capacity. The 29 Unit Distillate Hydrocracker is designed to both hydrotreat the feed to 
produce low sulfur fuels and to crack the feed to increase liquid volume yield. The unit’s productivity and yield will be 
increased as a result of these equipment upgrades. No physical changes will be made to the 29H1/2 Heater complex. 
Additional equipment in VOC service at the 29 Unit (FUGI94) will be installed. 
3) Additional hydrogen will be needed to support increased hydrotreating and cracking activity. New equipment at the 
#4 Hydrogen Plant (FUGI127) will be installed to increase hydrogen yield by displacing some of the unit’s existing steam 
production. The upgrades involve new reactor technology to improve the hydrogen reforming process. Additional 
equipment (including improvements to the condensate ammonia stripper and replacement of the adsorbent material) 
may also be added to improve hydrogen reforming capacity. The project will make minor physical changes to the 
30H401 furnace (EQUI471), which involve upgrades to the reactor technology. To accommodate this work new 
equipment in VOC service will be installed at the #4 Hydrogen Plant (FUGI127). However, there will be no changes to 
the burner or the maximum heat input capacity of the furnace. As part of this project, SCR will be added to EQUI471 to 
reduce NOx emissions after changes to the reactor technology are completed. 
4) Refineries use liquid amine contactors at various process units to collect and absorb H2S from gaseous streams. The 
rich amine containing H2S is sent to an amine unit that separates H2S from the amine and sends the H2S to the sulfur 
recovery plants where it is converted to sulfur. The regenerated, lean amine continuously circulates between the amine 
unit and refinery contactors to bring the H2S to the amine unit. 
An amine efficiency project consisting of switching the amine chemical from monoethanolamine to diglycolamine is 
being considered. This project was originally permitted as one of the Tier 3 Clean Fuels Projects, but is no longer 
required to meet the objectives of those projects. As a result, the amine efficiency project will not be completed at the 
refinery pursuant to that permit action (03700011-012). Instead, because the amine switch is an option that would aid 
with the objectives of the Diesel Selectivity Projects, it is being re-permitted here. 
Pumping improvements at upstream hydrotreaters are also expected to be completed as part of this project to increase 
amine circulation for proper sulfur removal. 
The new amine requires less steam for regeneration than the current amine, so no new steam generation or fired 
heater is necessary. New components in VOC service for FUGI109 may be installed for this project. 
The only new and modified emission units associated with the Diesel Selectivity Projects are the #4 Hydrogen Plant 
Reformer (EQUI471) and equipment in VOC service as follows: 

 Installation of new equipment in VOC service at the new Gas Oil Vacuum Fractionator (FUGIGOVF). 
 New equipment in VOC service at the following existing processes: 
 33 and 38 GOHTs (FUGI78 and FUGI70); 
 29 Unit Distillate Hydrocracker (FUGI94); 
 #4 Hydrogen Plant Reformer - 30H401 (EQUI471); and 
 #4 Hydrogen Plant (FUGI127). 

Portions of the Diesel Selectivity Projects are expected to commence construction in the second quarter of 2017. Some 
portions of this project will startup in 2017 or 2018 due to relatively short construction timeframe. Startup of the 
overall Diesel Selectivity Projects is expected to occur in early 2019 upon completion of the new Gas Oil Vacuum 
Fractionator. 

Naphtha Processing Improvement Projects 
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The Naphtha Processing Improvement Projects include the addition of equipment in VOC service at the 31-5 Unit to 
help increase the ability to process naphtha. They will also include rerouting of distillate and gas oil hydrotreater 
naphtha and expansion of the 29 Unit Hydrocracker Fractionation. Currently, desulfurized naphtha is processed in the 
NHTs. Rerouting the naphtha to the 29 Unit Hydrocracker Fractionation section allows the stream to avoid reprocessing 
while creating additional capacity in the naphtha desulfurization units and the naphtha splitters. Other minor piping 
changes to route naphtha streams more optimally within the refinery will be performed to meet the projects’ 
objectives.  
The projects also include changes to the 28 and 37 Naphtha Hydrotreater Units intended to support improved reactor 
catalyst life. These units currently undergo catalyst replacement outages requiring a shutdown lasting approximately 12 
days. Shutdowns are annual for the 28 Unit and every other year for the 37 Unit. Changes to increase reactor catalyst 
life allows for increased runtime between catalyst replacement outages, resulting in less shutdowns and slightly 
increasing the annual utilization of these two units. 
Emissions increases are expected from the addition of equipment in VOC service at the three Naphtha Hydrotreater 
Units and associated unit interconnections (FUGI74, FUGI72 and FUGI11 for the 31-5, 28, and 37 Unit fugitive groups, 
respectively). The 31H7 reactor charge heater will not need to be physically modified. 
Construction is scheduled to commence on portions of the Naphtha Processing Improvement Projects in the second 
quarter of 2017, with primary elements of the projects to be completed and started up between 2018 and 2020. 

Non-Modified Emission Units Potentially Affected by Projects 
Crude Units 
The refinery operates three crude atmospheric distillation units with associated vacuum units, which are the #1 Crude 
(11-1, EQUI484), #2 Crude (11-2, EQUI485) and #3 Crude (25, EQUI526) Units. The #2 and #3 Crude Units also have 
vacuum pre-stripper units located between the atmospheric and vacuum distillation units. 
Annual throughput at the #1 and #2 Crude Units is expected to increase resulting from the Projects due to increased 
capabilities downstream to economically process gas oil, distillate and naphtha. The expected annual heat input at the 
process heaters associated with the atmospheric and vacuum units may increase, so all of these heaters - EQUI484 
(11H1), EQUI485 (11H2), EQUI376 (11H6), EQUI487 (12H4), EQUI488 (16H1), and EQUI490 (19H1) - are considered 
affected by the Projects and are included in the PSD emissions increase analysis as non-modified affected sources. 
EQUI526 (25H4) is also a crude oil processing unit that will be affected by the Projects. 

Gas Oil Process Units 
The gas oil system consists of two hydrotreating units (33 and 38 GOHTs) and a fluidized catalytic cracking unit (FCCU). 
The two GOHTs are fed by the crude coker units. The GOHTs then feed desulfurized gas oil downstream to the FCCU 
which produces gasoline products and other petroleum fractions. 
As part of the Diesel Selectivity Projects, a new Gas Oil Fractionator will be installed within the 38 GOHT to process 
desulfurized gas oil from the two GOHTs. Heaters at the GOHTs will not be modified, but evaluated for possible non-
modified project-affected emission units. Two heaters at the 33 GOHT, EQUI541 (33H31) and EQUI559 (33H32) are not 
being physically modified but are expected to increase utilization when capacity is available. Two feed heaters at the 38 
GOHT, EQUI568 (38H1A) and EQUI569 (38H1B) are not being modified and their heat input duties are not correlated 
with incremental volumetric feed rate; therefore, they are not affected by the Projects. EQUI570 (38H2) fractionator 
charge heater often runs at maximum volumetric flow rate of fuel gas, which will not change with these Projects. 
EQUI421 (FCCU) rate is driven by economics and operates at its capacity as market conditions dictate; therefore, the 
Projects do not impact EQUI421 throughput or enhance the ability of EQUI421 to respond to market conditions. The 
new Gas Oil Vacuum Fractionator will lift some lighter gas oil out of EQUI421 feed, so the feed composition to EQUI421 
is expected to change marginally as a result of the Projects. FHR PB assumes the marginal change in feed composition 
may result in an increase in firing at TREA50 and could also increase annual coke burn rate in the FCCU catalyst 
regenerator. 
Non-modified affected sources in the gas oil processing emission units are EQUI541 (33H31), EQUI559 (33H32), and the 
FCCU main stack (STRU95) due to EQUI421 and TREA50. 

Distillate Process Units 
The 27 Unit Distillate Hydrotreater includes two fired heaters: EQUI505 (27H101 Charge Heater) and EQUI542 (27H102 
Fractionator Heater). EQUI505 duty is not a function of incremental rate, but rather of heat recovery in the process unit 
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and reactor exotherm. Neither of these is impacted by the Projects. Thus, EQUI505 is not a project-affected unit. 
EQUI542 duty is a function of incremental rate and conversion/lift, and is expected to increase annual firing as a result 
of the Projects. EQUI542 is a non-modified project-affected unit and the only one of the distillate processing units 
affected by the Projects. 

Naphtha Process Units 
The naphtha system consists of three hydrotreating process units (28, 31-5 and 37 NHTs) removing sulfur and nitrogen 
contaminants from naphtha produced at the crude and coker units. Desulfurized naphtha is processed in one of two 
splitter units which do not have fired heaters and subsequently gets processed in one of three reformer process units 
(32 Penex, 32 Powerformer and 37 Platformer) producing high octane gasoline blend stocks.  
Although not being physically modified, EQUI549 (31H7) heater in the 31-5 NHT may experience an increase in annual 
firing from increased throughput at 31-5 Unit following the Projects. FHR PB plans the following enhancements to 31-5 
NHT which may include, but is not limited to the following: pump replacements, splitter efficiency improvements, 
stripper tower re-tray and additional stripper overheat cooling. EQUI549 (31H7) is a non-modified project-affected unit. 
FHR PB plans changes to the 28 and 37 NHTs that are intended to support increased reactor catalyst life. The units 
currently undergo catalyst replacement outages requiring a shutdown lasting approximately 12 days. Shutdowns are 
annually for the 28 Unit and every other year for the 37 Unit. Increasing reactor catalyst life may allow increased 
runtime between catalyst replacement outages, yielding less frequent shutdowns thus slightly increasing the annual 
utilization of the two hydrotreaters and their respective heaters, EQUI544 (28H1) and EQUIs 560 and 561 (37H1 and 
37H2). 
The Platformer and Powerformer each operate multiple fired heaters to charge and reheat feed through corresponding 
reforming reactor systems. Utilization of the reforming units is driven by seasonal market conditions for octane in 
gasoline rather than by naphtha throughput through the upstream naphtha hydrotreaters. Production of additional low 
octane naphtha from the #1 and #2 Crude Units as a result of the Projects may require additional utilization of the 
reformers. The Platformer is the preferred reforming unit and does not have additional capacity to accommodate 
additional utilization. The Powerformer is assumed to have available capacity; therefore, it will experience an increase 
in utilization as a function of the proposed changes at the 28 and 37 Units. When the 28 and 37 Units are shut down for 
catalyst replacement, the Platformer is reduced in charge rate or shut down. Fewer shutdowns from catalyst 
replacement outages at the NHTs will provide for related annual increases in process utilization at the non-modified 
Platformer and its associated heaters EQUI562-564 (37H3,4,5) and EQUI565 (37H6). EQUI549 (31H7), EQUI544 (28H1), 
EQUI560-561 (37H1 and 37H2), and EQUI554-556 (32H5,6,7) are all non-modified project-affected emission units. 

Hot Oil System 
EQUI547 (31H4) heats hot thermal oil that serves heat exchangers like 31E65 Stripper Reboiler on the 31-5 Unit and 
31E68 Stripper Reboiler on the 31-6 Unit. Hot oil from EQUI547 also serves the propane dryer system at the 35 
(Alkylation) Unit. 
31-5 NHT will increase annual throughput as a result of the Naphtha Processing Improvement Projects. Heat input to 
EQUI547 may also increase in the future to serve 31E65, so EQUI547 is a project-affected emission unit. 

Sulfur Recovery Units 
The Projects may result in increased demand for sour gas processing capacity depending on economic incentives for 
crude oil. EQUI574 (ATS Process Unit) is expected to startup prior to the Projects and it will be the preferred operating 
unit of all the sulfur recovery processing units due to product value. EQUI574 will not have additional capacity to 
accommodate increased utilization from the Projects. Although no modifications to EQUI319 (#3 SRU), EQUI320 (#4 
SRU), and EQUI503 (#5 SRU) are proposed or needed, the SRUs will increase annual utilization resulting from the 
Projects due to higher expected utilization of process units that desulfurize products and amine pumping improvements 
at the GOHTs in order to increase amine circulation for proper sulfur removal. Thus, the SRUs are non-modified project-
affected emission units under COMG41. Increased utilization of the SRUs that result in additional sulfur production is 
assumed to also affect the downstream sulfur tanks and loading rack (COMG10). 

Hydrogen Plants 
The Diesel Selectivity Projects include changes at the #4 Hydrogen Plant and associated heater (EQUI471) as modified 
units. One objective is to increase the capability at the #4 Hydrogen Plant. The other three fuel-fired hydrogen plants 
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run at operational capacity to maximize conversion/yield at process units, and are not affected by the Projects. 
Additional natural gas equipment in the header system may be built to support changes at the #4 Hydrogen Plant. 

Deaerators 
EQUI430 (27V509 Deaerator System) services the #3 and #4 Hydrogen Plants and is part of a utility system that 
produces boiler feedwater by removing dissolved gases such as oxygen from the demineralized water and process 
condensate feed streams as part of the process of making these streams acceptable for boiler feedwater applications. 
EQUI430 and other deaerators are not being physically changed. The increased hydrogen from the unit is expected to 
produce an additional volume of methanol-containing process condensate which when recycled as water back into the 
deaerator designed to strip dissolved gases to the atmosphere, has the potential to result in increased methanol (VOC) 
emissions. Thus, the deaerator system is being considered a non-modified affected source. 

Cooling Towers 
Increased refinery utilization associated with the Projects may increase the recirculation rate of cooling water in the 
cooling towers. The increase in PM and potential for increased GHG and VOC from new heat exchangers in cooling 
water service are accounted for at COMG66. 

Liquid Petroleum Storage and Transport 
Increased refinery utilization will result in increased throughput of crude oil and production of diesel and gasoline. The 
petroleum tank farms (COMG9) are project-affected units. Incremental working losses of crude oil, diesel and gasoline 
through worst case existing storage tanks are accounted for in the emissions increase. Incremental throughput of diesel 
and gasoline is expected to be transported from the refinery to regional markets via pipeline. Thus, truck and rail 
loading are not affected sources. 

Petroleum Coke Storage and Transport 
Petroleum coke production from the new #4 Coker will increase compared to the #1 and #2 Coker. The new FUGI133 
will dewater, crush and convey petroleum coke produced at the #4 Coker to the existing FUGI68. Collective emissions 
from FUGI68 are described in Appendix F which imposes limits on emissions equivalent to baseline emission levels for 
the Projects. The #4 Coker is situated closer to FUGI68 than #1 and #2 Cokers so haul road traffic miles will be less than 
under current operations. Although FUGI68 petroleum coke storage and transport activities are potentially affected by 
the projects, FHR PB will continue to comply with the limitations on PM emissions from FUGI68. By doing this there will 
not be an increase above baseline emissions resulting from the Projects and thus, ensuring FUGI68 is not a project 
affected unit. 

Merox System 
Offgas from the Merox System is currently combusted at EQUI546 for oxidation of sulfur compounds. The Coker 
Replacement Project includes installation of an integrated gas recovery unit for the #4 Coker. Most of the mercaptans 
treated at the Merox System come from the coker unit gas recovery units in the LPG stream. Additional mercaptans 
from the replacement Coker LPG stream will marginally increase the amount of sulfur in the offgas stream that will be 
combusted to SO2 in EQUI546. While utilization of EQUI546 as a process heater will not increase, the increased sulfur 
loading from the coker fuel gas will result in an incremental increase in SO2 emissions at STRU117. 

Project Emissions Calculations Methods 
FHR PB identifies the following emission units and their NSR/PSD calculation method used. 

Table 12. NSR/PSD Calculation Methods for Project-Related Emission Units 
 Emission Unit/Fugitive Source Description MPCA ID NSR/PSD Calc. 

Method 
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24H1 #4 Coker Unit Charge Heater EQUI1456 BAE-to-PTE 
#4 Coke Drum System EQUI1457 BAE-to-PTE 
#4 Coke Handling System FUGI133 BAE-to-PTE 
Existing Hydrogen Plant Additional Fugitives FUGI127 BAE-to-PTE 
Existing 29 Unit Additional Fugitives FUGI94 BAE-to-PTE 
Existing 28, 31-5, and 37 Unit Additional Fugitives FUGIs 72, 74, 

11 
BAE-to-PTE 

Coker Fugitives  BAE-to-PTE 
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GO Fugitives  BAE-to-PTE 
Modified 

Existing Unit 
30H401 #4 Hydrogen Plant Reformer EQUI471 BAE-to-PAE 
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11H1 #1 Crude Unit Charge Heater EQUI484 BAE-to-PAE 
11H2 #1 Crude Unit Charge Preflash Heater EQUI485 BAE-to-PAE 
11H6 #2 Crude Unit Charge Heater EQUI376 BAE-to-PAE 
12H4 Vacuum Pre-Strip Heater EQUI487 BAE-to-PAE 
16H1 #2 Crude Unit Vacuum Heater EQUI488 BAE-to-PAE 
19H1 #1 Crude Unit Vacuum Heater EQUI490 BAE-to-PAE 
25H4 #3 Crude Unit Vacuum Heater EQUI526 BAE-to-PAE 
27H102 27 DHT Charge Heater EQUI542 BAE-to-PAE 
31H4 HDS Heater (Hot Oil System) EQUI547 BAE-to-PAE 
31H7 #5 HDS Charge Heater (Naphtha) EQUI549 BAE-to-PAE 
32H5,6,7 Powerformer Reactor Heaters EQUI554-556 BAE-to-PAE 
33H31 Reactor Charge Heater EQUI541 BAE-to-PAE 
33H32 Fractionator Charge Heater EQUI559 BAE-to-PAE 
Sulfur Recovery Units COMG41 BAE-to-PAE 
Fuel Gas System for SO2 Emissions COMG65 BAE-to-PTE 
17 Unit FCCU, 17H-4 FCCU Charge Heater EQUI421 Potential Increase 

in Utilization 
Sulfur Degassing System (Storage and Loading) COMG10 Potential Increase 

in Utilization 
Cooling Towers for Particulate Emissions COMG66 Potential Increase 

in Utilization 
Liquid Petroleum Storage and Transport COMG9 Potential Increase 

in Utilization 
Deaerator System (Steam/Condensate) STRUs 108, 

170, 173, 174, 
177, 179 

Potential Increase 
in Utilization 

31H2 #2 HDS Fractionation Heater (Merox off-gas) EQUI546 Potential Increase 
in Utilization 

28H1 Naphtha Hydrotreater Reactor Charge Heater EQUI544 Potential Increase 
in Utilization 

37H1/2 Naphtha Hydrotreater Heaters EQUI560-561 Potential Increase 
in Utilization 

37H3/4/5 Platformer Charge and Interheat Heaters EQUI562-564 Potential Increase 
in Utilization 

37H6 Platformer Stabilizer Reboiler EQUI565 Potential Increase 
in Utilization 
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21H1 #1 Coker Heater EQUI491 Emissions 
decrease is not 
quantified for PSD 
applicability 
analysis. PSD 
netting analysis is 
not being relied 
upon. 

21H2 #2 Coker Heater EQUI492 
21H1 Steam/Air Heater Decoking EQUI493 
21H2 Steam/Air Heater Decoking EQUI494 
#1 Coke Drum System A and B EQUI536 
#2 Coke Drum System C and D EQUI537 
#1 Coker Equipment in VOC Service FUGI7 
#2 Coker Equipment in VOC Service FUGI80 

 
24H1 #4 Coker Heater (EQUI1456) 
24H1 (EQUI1456) will be designed to fire either refinery fuel gas provided by the existing fuel gas system (COMG65) or 
natural gas with a rated heat input capacity of 310 mmBtu/hr HHV. Because SO2 and sulfuric acid mist (SAM) emissions 
from the fuel gas system will not increase, the emissions increase at EQUI1456 of these pollutants for PSD applicability 
purposes is calculated assuming natural gas is fired at the rated heat input capacity. EQUI1456 will be equipped with 
low NOx burners and SCR to control NOx emissions. EQUI1456 is subject to BACT for NOx, PM10, PM2.5 and GHG. VOC 
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will be limited to less than 17.0 tpy for all new emission units associated with the new #4 Coker Unit (i.e. process 
heater, coke drum system and process equipment in VOC service). 

#4 Coker Unit Coke Drum System 
Coke drum venting emissions stem from the batch nature of the coking process. The Vacuum Tower Bottoms (VTB) feed 
is routed to the coke drums where thermal cracking of the larger hydrocarbon chains produces valuable light end 
products, which are separated and recovered in the fractionator. At any point in the cyclical batch process, only one 
drum is active or filled from the process while the other drum is isolated, cooled with steam followed by quench water 
addition to the bottom of the drum, depressured, vented to atmosphere and drained, after which the petroleum coke 
that formed in the drum is cut using a drill stem and a hydraulic water spray nozzle. Residual VTB forms petroleum coke 
as the drum cools and hardens. Once the coke drum is cooled with quench water through the closed blowdown system 
and the pressure is lowered to below the pressure permit limit, the remaining offgas is depressured to the atmosphere. 
Venting allows the coke drum heads to be removed and the coke cutting operations can commence. This batch process 
between the two coke drums is repeated following the coking process cycle time. 
Once the coke drum is cooled, quenched and depressured to atmosphere, the coke cutting operation begins. First, a 
pilot hole is drilled through the petroleum coke bed in the drum using the drill stem supported by derricks. Next the 
hydraulic spray nozzle cuts the petroleum coke from the drum. The wet petroleum coke is washed to the sluiceway for 
downstream storage and transport. 
The emissions activities for EQUI1457 are: 1) coke drum venting, draining, drum opening and coke cutting; and 2) the 
use and recovery of the coke drum quench and cooling water. The actual-to-potential emissions calculation approach is 
utilized and summed to determine the emissions increase. Actual VOC emissions will be restricted to 17 tpy inclusive of 
all new emission units associated with the #4 Coker Unit. 

#4 Coker Petroleum Coke Handling Equipment 
The #4 Coker will include petroleum coke handling activities specific to the #4 Coker. FUGI133 comprises new material 
handling activities with a physical and operational design that manages moist petroleum coke first into a walled area 
with an overhead clamshell crane and then within an enclosed crushing and conveying operation. Activities associated 
with FUGI133 include: 1) drop from the coke drums to the coke pit dewatering area, 2) pick up from the coke pit 
dewatering area and drop to the #4 Coker coke pad, 3) pick up from the coke pad and drop to an enclosed crusher 
followed by an enclosed conveyor and then 4) drop to the existing FUGI68 coke storage and transport emission unit 
downstream of both the new and existing cokers. 
The #4 Coker crusher and conveyor are designed with enclosures to minimize openings with the potential to release 
dust to atmosphere. The crusher and conveying activities are not considered emissions sources. The first two material 
handling activities involve moving inherently wet coke from the drums and will not generate appreciable dust. Activities 
3 and 4 also have high moisture due to entrained water in the coke. The final two drops are after the coke leaves the 
pad which provides some additional opportunity for dewatering so are assumed to potentially generate dust and are 
included in the particulate emissions calculations. Emissions from these transfer operations are estimated from AP 42 
Section 13.2.4 for aggregate drop operations. 

 Emissions ( ) =  x k x 0.0032 x  x  

 Where: 
 k = particle size multiplier (0.74 PM, 0.35 PM10, 0.053 PM2.5) 
 U = monthly mean wind speed (10 mph based on meteorological data at the MSP airport) 
 M = coke moisture content (8% based on vendor data) 

Once the coke from the new coke handling system is moved to the existing main stockpile, emissions from downstream 
coke pile wind erosion, unpaved haul road vehicle traffic and paved haul road vehicle traffic are accounted for at the 
existing coke storage and transport emissions unit (FUGI68) that is downstream of both the new and existing cokers and 
not affected by the Projects. 
Particulate matter emissions from haul road traffic will be less than current operations at FUGI68 because the #4 Coker 
is much closer to FUGI68 than #1 and #2 Cokers. Annual limits on PM, PM10 and PM2.5 from FUGI68 were established 
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from the #3 Crude/Coker Improvements Permit (03700011-010). The calculations and compliance demonstrations for 
FUGI68 are located in Appendix F. 

Fugitive Equipment (LDAR Components and Sewers) 
The Projects involve installation and replacement of leak detection and repair (LDAR) applicable fugitive equipment (i.e. 
flanges, valves, compressors and pump seals) in VOC service and construction of new sewers serving to transport 
wastewater streams with the potential to contain hydrocarbons. 
The equipment includes new LDAR components and new sewers in VOC service in the #4 Coker complex, Gas Oil 
Vacuum Fractionator, 33 and 38 GOHT, 29 Hydrocracker, #4 Hydrogen Plant, 28, 31-5 and 37 Naphtha Hydrotreaters 
and fuel gas and amine system components each of which are assigned to the FUGI unit associated with the new or 
existing process unit. 
VOC emissions from fugitive equipment at the #4 Coker, as mentioned above, will be limited to 17.0 tpy. VOC emissions 
from fugitive equipment at other process units are calculated at their physical and operational design and are not 
included in the #4 Coker VOC limit. 

Modified #4 Hydrogen Plant Reformer Heater (EQUI471) 
EQUI471 (30H401) fires fuel gas and will only require minor physical changes to the furnace (i.e. coil replacements, a 
manifold replacement, installing transfer line/fan) to meet the needs of the Projects. Additional equipment at EQUI471 
outside of the reformer furnace may also be added to improve hydrogen reforming capacity. There will be no changes 
to the burner or heat input capacity of the furnace. There is no expected increase in makeup fuel combustion emissions 
from the furnace. With increased hydrogen production there will be increased natural gas usage as an input into the 
hydrogen production, which will result in an increase in CO2 emissions, which are a byproduct of one of the reactions in 
hydrogen production. 
EQUI471 will be retrofitted with SCR. Projected NOx emissions with SCR are less than baseline actual emissions so NOx 
emissions increase is expected to be zero. All other PSD pollutants aside from SO2, SAM and NOx, project related 
increases are calculated using emission factors (CEMS and AP 42) in combination with baseline actual and projected 
emissions data. EQUI471 is subject to BACT for PM10, PM2.5 and CO2e. 

Fuel Gas System for SO2 Emissions (COMG65) 
Fuel gas produced from process units is treated for removal of sulfur and other contaminants and routed through two 
mix drums to several process heaters and boilers. Natural gas is supplied to the fuel gas mix drums to have sufficient 
volume of fuel to serve the fuel gas fired process heaters and boilers. 
Permit no. 03700011-010 included an SO2 limit of 270 tpy on a 365-day rolling sum from the combustion of refinery fuel 
gas emanating from the fuel gas mix drums at the 41 and 45 fuel gas units. Compliance with this limit is based on the 
flow rate through the mix drums and a continuous measurement of sulfur or SO2 concentrations as described in the 
permit for COMG65. 
SO2 and SAM are the only non-GHG pollutants of concern when additional fuel gas is created/combusted at the expense 
of natural gas make-up, because the emission factors for fuel gas and natural gas combustion are the same for other 
criteria pollutants. Because the Projects will increase throughput at process units that produce fuel gas, additional fuel 
gas may be created which would increase SO2 emissions at downstream combustion units. Rather than estimating the 
PAE of SO2 from each of the downstream fuel gas combustion devices, FHR PB will continue to comply with the 270 tpy 
SO2 limit which is less than the 2-year baseline and assures that SO2 emissions from the fuel gas system will not 
increase. Since SO2 emissions are limited below BAE, there will be no increase in SAM from the fuel gas system. 

Fluid Catalytic Cracking Unit (EQUI421) 
The new gas oil vacuum fractionator will result in a minimal increase in the specific gravity of the gas oil feed to the 
FCCU because more of the #2 fuel oil material will be lifted out of the gas oil before it reaches the FCCU. The marginal 
change in feed composition may also increase coke burn in the FCCU catalyst regenerator emission unit by a 
corresponding minor amount. Thus, the FCCU emission increase calculations account for an estimated 1200 lb/hr 
increase in coke burn on an annual average basis. This does not however, increase the FCCU emission unit’s coke burn 
capacity since the capacity is limited by the air flow capacity which remains unchanged. 
The emission increase resulting from annual coke burn increase is calculated using potential increase in utilization 
methodology. PM is calculated by the permit limit 1.0 lb/1000 lb coke burn and a calculated factor of 0.54 lb/1000 lb 
coke burn for PM10 and PM2.5. CO is calculated by a 99th percentile of monthly lb CO/1000 lb coke burn CEMS data 
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during the 24-month baseline period. SO2 and NOx are calculated using concentration limits along with stack flow per 
1000 lb of coke burn. GHG emissions are calculated consistent with 40 CFR pt. 98. 
In addition to incremental coke burn, FHR PB estimates fuel gas fired charge heater firing rate will incrementally 
increase by 0.80 mmBtu/hr due to project related specific gravity increases. SO2 is accounted for in a fuel gas cap. 
Incremental emissions from other pollutants are calculated using emission factors from AP 42 chapter 1.4 for natural 
gas combustion which is representative of fuel gas combustion. 

Sulfur Recovery Units (COMG41) 
The SRUs will experience an increase in sulfur production resulting from the Projects. The maximum projected amount 
of feed directed to the SRUs following the amine change, amine pumping improvements at the GOHTs and other 
Projects is considered when projecting future actual emissions 
The SRUs are not being physically changed so they will not have increased air flow, oxygen supply or stack flue 
volumetric capacity. FHR PB anticipates the chemistry of the upstream feed changes might enable more sulfur to be 
processed annually without such physical changes and is projecting increased emissions in several pollutants even 
though stack flow volumes are not expected to increase. 
NOx and VOC emissions will not increase. These are generated from the fuel gas firing in downstream treatment 
heaters and incinerators. As fuel gas volumes will not increase, so too will downstream fuel gas and natural gas firing 
not increase. 
The increase in sulfur production resulting from additional sulfur containing sour gas feed rates has the potential to 
increase the sulfur containing emissions of SO2, H2S, total reduced sulfur (TRS), reduced sulfur compounds (RSC) and 
sulfuric acid mist (SAM). Sour gas fed to the SRUs contains CO2 from upstream fuel gas producing units that passes 
through the SRU and is manifested as CO2 emissions at the SRU stacks. Although it is unclear whether any upstream fuel 
gas CO2 sources will increase CO2 in the fuel gas, the permit projections assume that GHG will increase with increased 
sour gas feed to the SRUs. Similarly, although it is unclear whether CO and PM will increase given more sour gas feed to 
the SRUs but without increased incinerator firing and flue gas volumes, increased CO and PM emissions are projected 
with increased sour gas feed. So, for purposes of current permit projections, the emissions increase of PM (including 
PM, PM10, and PM2.5), CO, SO2, H2S, TRS, RSC and SAM, and GHG are projected to increase with the expected increase in 
sour gas feed being processed at the SRUs. 

Liquid Petroleum Storage and Transport (COMG9) 
Annual throughput of crude oil and diesel and gasoline production are projected to increase. Thus, petroleum tank 
farms (COMG9) are project-affected units. The refinery atmospheric crude distillation capacity is not changing, but 
annual utilization improvements are estimated based on maximum theoretical stream day utilization increases of 
22,000 barrels per day (bpd) of crude through the crude tanks, an additional 11,000 bpd of naphtha and 7,000 bpd of 
distillate. VOC emissions are calculated using the withdrawal loss equation of AP 42 Section 7.1, Equation 2-4 along with 
the physical parameters for each of the materials. Crude oil and naphtha are stored in floating roof tanks and distillate is 
assumed to be stored in a fixed roof tank. Since naphtha is later blended into gasoline in a final tank, two tank turnovers 
are assumed to occur for naphtha barrels. 
FHR PB has the capability to ship products via pipeline or truck. Based on market conditions, any incremental 
throughput of diesel and gasoline is expected to be transported via pipeline to regional markets. 

Cooling Towers (COMG66) 
Incremental increases of cooling water recirculation flow are expected to be 15,000 gallons per minute (gpm). Based on 
current plans, the Projects may increase incremental cooling water recirculation at cooling towers #1, #3, #6 and #7. 
Cooling water additions will be within the design capacity of each cooling tower and associated cooling tower 
recirculation pumps and will not physically change these cooling towers. Increase in PM emissions from cooling towers 
is calculated using the potential increase in utilization methodology using AP 42 section 13.4 and a 0.001% drift rate. 
GHG and VOC emissions from cooling towers are pass-through emissions originating from heat exchangers and are 
accounted for in FHR’s permit at the cooling towers that these pass-through emissions may emanate from. The Projects 
may include heat exchangers cooling VOC or methane containing streams with greater pressure on the process side of 
the exchanger than on the cooling water side providing the opportunity for VOC or methane to leak into the cooling 
water from the heat exchanger emission unit and manifest as emissions at the cooling towers. As these Projects are not 
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in the advanced design stages yet, these heat exchangers have not been identified but are accounted for in the 
application. 

Deaerators (Steam/Condensate Systems) (STRUs 108, 170, 173, 174, 177, 179) 
The increase in hydrogen from the #4 Hydrogen Plant is expected to produce additional volume of methanol-containing 
process condensate which, when recycled as water back into the 27V509 Deaerator System that strips dissolved gases 
to the atmosphere, has the potential to have increased methanol as VOC emissions. The alternative to this reuse of 
condensate is to sewer the condensate through controlled sewers resulting in a negligible emissions change. The PSD 
emissions increase calculation quantifies the emissions increase from recycling the condensate. 
Upstream steam stripping typically removes 90% of the methanol from the process condensate. The first downstream 
deaerator releases 5-10% of the methanol remaining in the stripped condensate to the atmosphere. Following this step, 
more than half of the stream generated from this boiler feed water is directly consumed by and contained within the 
process. Less than 50% is subject to emission losses as this stream is utilized and recycled as condensate for additional 
deaeration throughout the refinery deaeration system and reused at other equipment. 
The emissions increase for the condensate uses the potential increase in utilization methodology and bases the increase 
in methanol quantity in the process condensate on vendor information and applies an 89% recovery of methanol due to 
upstream steam stripping operation followed by 50% loss of the methanol in the refinery deaerator system. The 
emission unit listed for this emission is EQUI430 and is the downstream 27 Unit Deaerator. Some of these emissions are 
released across the refinery wide steam/condensate system (i.e. other deaerators). 

Best Available Control Technology (BACT) Analysis 
FHR PB consulted the following sources to identify available control technologies for NOx, PM10 and PM2.5 control: EPA’s 
RACT/BACT/LAER Clearinghouse (RBLC); EPA’s Clean Air Technology Center (CATC) website; South Coast Air Quality 
Management District’s (SCAQMD) Best Available Control Technology Guidelines, including LAER/BACT determinations 
for both major and non-major polluting facilities and existing regulations; Texas Commission on Environmental Quality 
(TCEQ) BACT guidelines; Control Technology Vendors; and Other EPA/State air quality permits. 
In preparing of the GHG BACT analysis, FHR PB followed EPA guidance document “PSD and Title V Permitting Guidance 
for Greenhouse Gases” EPA-457/B-11-001 (March 2011). FHR PB also consulted the following sources: EPA’s Clean Air 
Act Advisory Committee (CAAAC) website; US Department of Energy (DOE)/National Energy Technology Laboratory 
(NETL) websites; EPA’s RACT/BACT/LAER Clearinghouse (RBLC); EPA white paper from October 2010, “Available and 
Emerging Technologies for Reducing Greenhouse Gas Emissions from the Petroleum Industry” (Refinery White Paper); 
EPA white paper from October 2010, “Available and Emerging Technologies for Reducing Greenhouse Gas Emission 
from Industrial, Commercial, and Institutional Boilers” (Boiler White Paper); Other EPA/State air quality permits. 
FHR PB followed the five step top-down approach for selecting BACT which includes the following: 

 1. Identify All Available Control Technologies; 
 2. Eliminate Technically Infeasible Options; 
 3. Rank Remaining Control Technologies by Control Effectiveness; 
 4. Evaluate Most Effective Control Technologies and Document Result; and 
 5. Select Best Available Control Technology (BACT) 

NOx BACT for #4 Coker Unit Charge Heater (EQUI1456) 
EQUI 1456 will be permitted to fire only refinery fuel gas and/or natural gas. Emissions from EQUI1456 are the result of 
combustion at the unit. Pollutants for which the emissions increase is above the significant emission rate (SER) 
threshold are NOx, PM10, PM2.5 and GHG. 
The mechanisms by which NOx production occurs are thermal, prompt and fuel NOx formation. For natural gas or fuel 
gas combustion, the primary mechanism for NOx production is thermal NOx formation. Thermal oxidation of N2 to NO 
and subsequently, NO2 is a function of the residence time, free oxygen and peak reaction temperature. Prompt NOx is a 
form of thermal NOx generated at the flame boundary resulting from reactions between nitrogen and hydrocarbon 
radicals generated during combustion. Minor amounts of NOx are emitted as prompt NOx. 
The available NOx emission control technologies for EQUI1456 are selective catalytic reduction (SCR), selective non-
catalytic reduction (SNCR), flue gas recirculation and low NOx (LNB)/ultra-low NOx burners (ULNB). All of these controls 
are technically feasible for EQUI1456 except for SNCR. SNCR achieves NOx control ranging from 45 to 75% for gas fired 
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heaters. Also, SNCR is only effective at temperatures ranging from 1600 to 2000 degrees F which is not consistent with 
the operation of EQUI1456 and would require significant reheating of the flue gas stream. 
The effectiveness of SNCR is also low in situations where NOx emissions are already low. EQUI1456 will utilize low NOx 
burners so NOx emissions will already be lower than levels typically controlled by SNCR. For the abovementioned 
reasons and the lack of SNCR installation on similar sources found in the RBLC database, SNCR is not considered 
technically feasible and was not evaluated further in the analysis. 
SCR yields up to 90% control effectiveness of NOx compared to 40-70% for LNB/ULNB and up to 50% for flue gas 
recirculation. FHR PB proposes to install SCR with low NOx burners (LNB) as BACT for EQUI1456 to control NOx 
emissions. Fuel gas recirculation (FGR) is typically used in large natural gas fired utility boilers with steady loads burning 
fuels with consistent heating value. Moreover, FGR comes with high cost due to fan and duct work required to reroute 
exhaust flue gas to the burner. FGR would not result in appreciable emissions reductions beyond the proposed controls. 
The high cost and negligible emissions decrease results in a control cost ($/ton basis) significantly outside the range of 
what is considered economically feasible. 
EQUI1456 is also subject to 40 CFR pt. 60, subp. Ja and the NOx limit from that standard. EQUI1456 will comply with 
NSPS subp. Ja, but FHR PB is proposing a more stringent NOx BACT limit of 0.010 lb/mmBtu using a 365-day rolling 
average, compared to 60 ppm on a 30-day rolling average from NSPS subp. Ja. 
FHR PB proposes the installation of low NOx burners with SCR to achieve a 0.010 lb/mmBtu NOx BACT limit. SCR will 
operate whenever operationally possible and FHR PB proposes an annual average NOx limit that applies at all times as 
BACT. Compliance with the proposed BACT limits will be demonstrated through the use of a continuous emissions 
monitoring system (CEMS). 

PM10 and PM2.5 BACT for #4 Coker Unit Charge Heater (EQUI1456) 
Particulate matter including PM10 and PM2.5 are emitted from EQUI1456 as a result of incomplete combustion, 
particulate matter present in the combustion air, and solid and condensable materials contained in gaseous fuels. The 
BACT analysis consolidates PM10 and PM2.5 because particulate matter from gaseous fuel firing can all be considered fine 
particulate less than 1.0 micron in size. 
Potential control technologies for PM10/PM2.5 from EQUI1456 are: add-on control technologies (i.e. a baghouse or 
electrostatic precipitator (ESP)), clean fuels (i.e. refinery fuel gas and natural gas) and good combustion practices (i.e. 
proper design and maintenance of equipment, good housekeeping and good operating practices). 
Add-on controls such as a baghouse, ESP or wet scrubber are not effective for gaseous fuel post-combustion controls 
due to very low filterable PM outlet concentrations and the capture limitations of the control technologies. These add-
on controls are for solid and liquid fuel combustion applications removing filterable PM and generally achieve post-
combustion PM limits in the range of 0.0020-0.0050 gr/dscf based on limits in the RBLC database. 
AP-42 lists the filterable PM concentration for natural gas combustion at 0.0015 gr/dscf which is below the post-
combustion outlet range for add-on control devices. From performance test results from FHR PB, fuel gas emission rates 
from process heaters at the facility are consistent with natural gas emission factors from AP-42. Because of this, add-on 
controls are not proposed because they will not reduce emissions for EQUI1456. Thus, no add-on control is technically 
feasible for controlling PM10/PM2.5 emissions at EQUI1456. Good combustion practices with the use of refinery gas 
and/or natural gas are the only technically feasible control options for controlling particulate emissions from EQUI1456. 
FHR PB proposes BACT limits for PM10 and PM2.5 of 0.0075 lb/mmBtu and will operate EQUI1456 in a manner consistent 
with good combustion practices. Heater tune-ups will be conducted in accordance with 40 CFR pt. 63, subp. DDDDD. 
Compliance with the proposed BACT limits will be demonstrated with initial performance testing 180 days following 
startup. FHR PB will maintain records of periodic maintenance and/or heater tuning performed for compliance 
purposes. 

GHG BACT for #4 Coker Unit Charge Heater (EQUI1456) 
GHG emissions from EQUI1456 result from the combustion of gaseous fuels. The primary GHG pollutant is CO2, though 
CH4 and N2O are also emitted as a byproduct of combustion. The proposed BACT limit will be in the form of CO2e 
accounting for each of CO2, CH4 and N2O emissions. 
The available control technologies for GHG BACT on EQUI1456 include: carbon capture and storage (encompassing 
carbon capture and carbon transport and storage), clean fuels (combustion of low carbon fuels resulting in lower CO2 
emissions per unit of fuel combusted), and design and operational energy efficiency measures. 
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To be considered a successful control technology, carbon capture and storage must include: technology for removing 
CO2 from the exhaust stream; a feasible means of transporting the quantities of CO2 generated to the storage location; 
and a viable place for permanent storage of the CO2 given its physical form after removal. At this time however, carbon 
capture and storage is not available or technically feasible for EQUI1456. 
Combustion of refinery fuel gas and/or natural gas in combination with design and operational energy efficiency 
measures will be proposed as BACT for GHG emissions from EQUI1456. FHR PB will implement waste heat recovery 
techniques which will reduce the amount of fuel required for combustion. EQUI1456 will be designed with proper 
refractory and insulation to reduce heat loss and be designed with measures to reduce excess air in the flue gas. 
EQUI1456 will us efficient burners operating with minimal products of incomplete combustion at low excess oxygen 
levels. The burners will be set up and tuned to maintain compliance with regulatory requirements in accordance with 
manufacturer’s recommendations. They will have firebox O2 instrumentation to monitory oxygen near the burners, and 
instrumentation to monitor oxygen at the stack for emissions reporting purposes. They will also have O2 trim control 
capabilities providing real time adjustments of excess oxygen reducing energy loss to the flue gas by minimizing excess 
oxygen while assuring sufficient excess oxygen for complete combustion. Proposed BACT work practice standards are 
consistent with other recently permitted refinery process heaters. 
The 169,534 tpy CO2e BACT limit is based on design firing capacity of EQUI1456 and accounts for the energy efficient 
design features of the emission unit. Monitoring includes continuous fuel gas flow and continuous monitoring of the 
stack exit temperature. FHR PB will follow the calculation methodologies of 40 CFR pt. 98, subp. C when calculating GHG 
emissions. 

BACT for #4 Coker Drum System (EQUI1457) 
FHR PB evaluated decreasing the coke drum pressure to 2 psig or less prior to venting to the atmosphere, draining or 
deheading the coke drum at the end of the cooling cycle as an available control for reducing emissions from coke 
systems. Reducing drum pressure to at least 2 psig minimizes emissions from emission generating activities. EPA 
considers this a control technique that is a work practice standard, an appropriate control for delayed coking 
operations. Add-on controls cannot be applied effectively to this process due to the fugitive nature of the emissions, 
intermittent operation, variable pollutant concentration, high moisture content and a consequent inability to accurately 
measure the emissions. 
The only available and technically feasible control option for emissions reductions at EQUI1457 is good design and 
implementation of work practice standards to depressurize the coke drum to 2 psig or less prior to drum venting, 
draining, opening and cutting. 
The facility is subject to 40 CFR pt. 63, subp. CC which regulates decoking operations in which the delayed coking unit 
shall depressurize coke drums to a closed blowdown system until the coke drum pressure is 2 psig or less, determined 
on a rolling 60 event average, prior to venting to the atmosphere, draining or deheading at the end of the cooling cycle. 
FHR PB proposes good design and implementation of specific work practice standards to depressurize the coke drum 
prior to venting, draining, opening and cutting as BACT. These work practice standards will serve as BACT due to the 
inability to reasonably measure PM10/PM2.5/GHG emissions using EPA test methods and consistent with NSPS and MACT 
regulations. 

BACT for #4 Coker Petroleum Coke Handling Equipment (FUGI133) 
New petroleum coke material handling equipment include a coke crusher, a coke conveying system for transport of 
coke from the #4 Coker to existing storage and an overhead clamshell crane to move coke from the dewatering pad to 
the crusher building. Both enclosure and wetting of the petroleum coke in order to maintain certain moisture levels are 
considered technically feasible for implementation at FUGI133 to control PM10 and PM2.5 emissions. Ranking of these 
feasible control measures is not necessary because both control options will be used in combination. 
FHR PB proposes enclosures, where appropriate, in combination with wetting of petroleum coke to maintain an 8% 
moisture content as BACT. The handling of inherently wet coke from the coke drums will occur in a walled area with an 
overhead clamshell crane. Coke will then be crushed within an enclosed crushing system and transported to existing 
storage via an enclosed conveying system. 

PM10 and PM2.5 BACT for #4 Hydrogen Plant Reformer (EQUI471) plus Reactor CO2 
To meet the needs of the proposed projects, EQUI471 will be physically modified to incorporate additional technology 
to drive the reactions and increase the reforming capacity of the unit. EQUI471 takes CH4 and other light hydrocarbons 
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and react them with steam to produce hydrogen and CO2. A pressure swing adsorption system then separates the 
streams of gas to purify the hydrogen for use in refinery operations. 
As part of the Diesel Selectivity Project, EQUI471 will be retrofitted with selective catalytic reduction (SCR) control 
technology for NOx. Because of this, the projected actual NOx emissions will be less than baseline actual emissions and 
no increase in NOx emissions are expected for EQUI471. FHR PB proposes annual emission limits on NOx equal to 
baseline actual emissions that take effect once the unit is modified with the installation of new reactor technology to 
demonstrate no increase in NOx emissions. There are however, expected increases in emissions of PM10, PM2.5 and GHG 
related to the modification. 
Similar to the BACT discussion for EQUI1456 above, add-on control technologies like a baghouse, ESP or wet scrubber 
are not effective for gaseous fuels post-combustion emission due to the low PM outlet concentrations and capture 
limitations of the control technologies. Add-on controls do not have the capability to reduce PM10/PM2.5 emissions from 
refinery gas combustion to emission rates lower than emission rates resulting from good combustion of these gaseous 
fuels. No add-on control technologies have been applied to reduce PM emissions from gas-fired reformer heaters and 
no applications of add-on PM control technologies for natural gas/fuel gas fired reformer heaters were identified in the 
RBLC or any other references reviewed by the Permittee. 
FHR PB will combine good combustion practices with firing refinery fuel gas as technically feasible PM (and PM10/PM2.5) 
control technologies at the modified EQUI471. Ranking of these control technologies is not necessary as both will be 
used in combination. Thus, good control practices in conjunction with use of refinery gas is proposed as BACT for 
particulate emissions from EQUI471. FHR PB proposes limits on PM10 and PM2.5 of 0.0075 lb/mmBtu from AP-42 for 
natural gas combustion and is representative of the estimate of PM10 and PM2.5 emissions resulting from refinery fuel 
gas combustion. FHR PB also proposes to operate EQUI471 in a manner consistent with good combustion practice and 
conduct tune-ups in accordance with 40 CFR pt. 63, subp. DDDDD. Actions taken during each tune-up will follow the 
schedule required by 40 CFR pt. 63, subp. DDDDD. 

GHG BACT for #4 Hydrogen Plant Reformer (EQUI471) plus Reactor CO2 
GHG emissions result from combustion and from the hydrogen production reaction. The primary GHG pollutant 
associated with combustion and hydrogen production is CO2, although CH4 and N2O are emitted in small amounts as a 
byproduct of combustion. The proposed BACT limit will be for CO2e accounting for the low CH4 and N2O emissions. 
Refinery fuel gas combustion in combination with pressure swing adsorption off gas and implementation of technically 
feasible design and operating energy efficiency measures are the only technically feasible control options to minimize 
GHG emissions at EQUI471 and are therefore the top ranked current control technologies. Carbon capture and 
sequestration capital costs are estimated at $250 million for hydrogen production and post-combustion CO2 capture, 
compression and associated equipment and an additional $200 million for a CO2 pipeline. This brings the total capital 
cost to $450 million which is more than the cost of the Diesel Selectivity Project. Thus CCS for control technology is 
economically infeasible for CO2 control at EQUI471. 
FHR PB proposes combustion of refinery fuel gas in combination with implementation of design and operational energy 
efficiency measures as the BACT control technology for GHG emissions from EQUI471. The Permittee will maintain the 
existing waste heat recovery techniques by utilizing an economizer. EU471 will limit annual CO2e emissions to 771,156 
tpy and maintain the stack temperature to less than 350 degrees F. The Permittee will also conduct tune-ups on 
EQUI471 in accordance with 40 CFR pt. 63, subp. DDDDD. FHR PB will follow the calculation methodologies of 40 CFR pt. 
98, subp. C when calculating GHG emissions. 

BACT for Fugitive Equipment in GHG Service 
For equipment in GHG service, the control technologies that are technically feasible include optical gas imaging LDAR, 
LDAR and enhanced LDAR. The last of which has the greatest control effectiveness. All refinery process units are already 
subject to 40 CFR pt. 60, subp. GGGa. Any equipment in VOC service installed as part of the proposed projects will be 
subject to Subpart GGGa and incorporated into the existing LDAR program. Although GHG are not regulated under 
Subpart GGGa, FHR PB is applying voluntarily a similar but more stringent standard to new components in GHG service 
in order to minimize methane emissions. FHR PB proposes to follow enhanced LDAR standards as BACT for new 
components in GHG service. The facility will operate in compliance with combined LDAR program provisions and meet 
the requirements of NSPS subpart GGGa. 
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Because of the low amount of actual GHG leaks and that it is not technically feasible to accurately measure the amount 
of GHG leaking from components, no specific numerical GHG limit is proposed. FHR PB will instead comply with the 
enhanced LDAR standards as BACT for GHG emissions resulting from equipment leaks. 

BACT for New Cooling Water Heat Exchangers in GHG Service (COMG66) 
The Projects will add cooling water heat exchangers that have the potential to be in GHG service. Potential GHG 
emissions from cooling towers are pass through emissions originating from the heat exchangers and are accounted for 
at COMG66. The only emission control strategy for reducing GHG emissions from cooling water heat exchangers comes 
from 40 CFR pt. 63, subp. CC work practice requirements for heat exchange systems. 40 CFR pt. 63, subp. CC requires 
monthly sampling and analysis for VOC in the cooling water, using Texas Commission of Environmental Quality’s 
Modified El Paso method, and subsequent repair of any exchangers that are determined to be leaking as defined in 40 
CFR pt. 63, subp. CC. 
Since compliance with 40 CFR pt. 63, subp. CC is the only technically feasible control option it is the top ranked control 
technology at this time. FHR PB proposes regulation under 40 CFR pt. 63, subp. CC and required monitoring for process 
leaks at the cooling tower as BACT for all new heat exchangers in GHG service. Any new heat exchangers that use 
cooling water will be incorporated into the existing program for identification and repair of leaks from heat exchanger 
systems, subject to monthly monitoring. Due to the low amount of GHG emissions resulting from leaks in the cooling 
water heat exchangers and it being technically infeasible to accurately measure the amount of GHGs emitted, no 
numerical limit is being proposed. 

Tables for cost efficiency of carbon capture and sequestration and a summary of the RACT/BACT/LAER Clearinghouse is 
included in Attachment 4 to this TSD. 

SO2 State Implementation Plan 
Shutdown of the Merox unit (EU245) and removal from the permit of the requirements of this unit were completed in 
permit no. 03700011-012. Requirements at COMG32 and COMG95 that referenced EU245 are being removed from the 
permit in this permit action. Non-SIP requirements associated with the following equipment are being removed from 
the permit as they were related to the #3 Crude/Coker Improvements Project (permit no. 03700011-010) and have 
been decommissioned from the facility: EQUI495 (23H1 #3 Coker Heater), EQUI496 (23H2 #3 Coker Heater), EQUI498 
(23H1 Steam/Air Heater Decoking), EQUI499 (23H2 Steam/Air Heater Decoking), EQUI500 (25H1 #3 Crude Unit Charge 
Heater) and EQUI328 (Diesel for Fire Water Pump at #4 Cooling Tower, requirements located at COMG28). 
The above mentioned decommissioned equipment contained some requirements cited as Title I SO2 SIP. Those 
conditions and limits will remain in the permit and will have termination language added to them stating that these 
requirements are terminated on the date the US EPA approves Amendment 11 to the SIP. This equipment will also 
remain in permit Appendix B (SO2 Modeling Parameters) until US EPA approves Amendment 11 to the SIP. The Title I 
requirements will be removed from the permit during a future permit action following US EPA approval of Amendment 
11 to the SIP. 
EQUI471 (30H401) will have reductions in SO2 SIP limits. The current limits are 69.4 lb/hr for 1-, 3- and 24-hr rolling 
averages (the 1-hr limit is not a Title I SO2 SIP condition in the permit) and 243.3 tpy based on 12-month rolling average. 
These limits will be reduced to 22.7 lb/hr for 1-, 3- and 24-hr rolling averages (again, the 1-hr limit is not a Title I SO2 SIP 
condition) and 79.7 tpy based on 12-month rolling average. The existing limits will be terminated and the proposed 
limits will become effective upon US EPA approval of Amendment 11 to the SIP. Appendix B will list the existing SO2 SIP 
limits for EQUI471 in the table and be revised to the proposed SO2 SIP limits following approval of Amendment 11 to 
the SIP. 
The 5.0 lb/hr limit on a 1-hr average at EQUI574 (ATS Process Unit) will be removed from the SIP upon approval of 
Amendment 11 to the SIP. The limit will remain in the permit and applicable to EQUI574, but under the authority of 
Minn. R. 7009.0080. 

Major Amendment IND20160002 

Flint Hills Resources submitted a major amendment (IND20160002) to update and correct various existing permit 
conditions and add permit conditions to existing equipment to refine, strengthen, and further improve the quality of 
their compliance programs through clear and concise Title V operating permit conditions. This amendment application 
does not authorize construction, reconstruction or modification to any existing or new emissions generating activities, 
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nor does it propose any changes to SO2 State Implementation Plan (SIP) conditions requiring federal rulemaking to 
finalize requested changes or clarifications to SO2 SIP conditions. 

(COMG4) ULSD VOC Limit Associated Equipment Correction 
COMG4 is a group of refinery equipment subject to a VOC mass limit that was accepted as part of the ULSD Project 
permit. Three tanks currently associated with the VOC limit of permit no. 03700011-012 are listed as TK 943, TK 944 and 
TK 945. These numbers are incorrect and only two of these tanks were constructed. TKs 943, 944 and 945 will be 
removed and tank numbers TK 522 (EQUI1131) and TK 523 (EQUI1138) will be added. 

Correction to 11H6, 25H2 and 23H3 Heater Tune-up Language 
Process heaters at the facility are subject to Boiler MACT requirements which require heater tune-ups at a frequency 
determined by the rule. The permit states: “The Permittee shall conduct tune-ups in accordance with 40 CFR 63, subp. 
DDDDD.” Tune-ups can be annually or every 5 years depending on the size, and if oxygen trim control systems are 
employed. FHR PB requests to correct the current language to align with the permit condition and applicable regulation 
by removing “annual” from the recordkeeping requirement for heater tuning. Heater tuning will be performed at the 
required frequency of Boiler MACT but may not always be annual if the proper oxygen control systems are employed. 
EQUI376 (11H6), EQUI406 (23H3) and EQUI407 (25H2) are all greater than 10 mmBtu/hr but are not always subject to 
annual tune-ups because each of these units has a continuous oxygen trim system that maintains an optimum air to fuel 
ratio (per 40 CFR Section 63.7540(a)(10)). 

Correction to the Location of Excess Oxygen Monitors SV 066 (STRU124), EU 016 (EQUI487), EU 084 (EQUI541), EU 085 
(EQUI559), EU 241 (EQUI432) 
EQUI554-556 (32H-5/6/7), EQUI487 (12H-4), EQUI541 (33H-31), EQUI559 (33H-32) and EQUI431/432 (33H-1/2) heaters 
are required to monitor excess oxygen. Current permit conditions for each heater require an oxygen monitor as part of 
the NOX emission monitoring conditions. FHR PB demonstrates compliance with NOX emissions via stack test and O2 
correlation based on firebox or convection section O2 to meet requirements in the permit condition for establishing a 
NOX correlation. FHR PB requests the location for excess oxygen monitoring be corrected to “firebox” or “common 
convection section”, as appropriate, where existing permit language states “stack” for excess oxygen monitoring 
requirements. Corrections are under the NOX emissions monitoring requirements for each heater(s) listed above. For 
each heater, the specific O2 monitor requirements reflect the location of the oxygen monitor being at the firebox or 
common convection section and not stack, however, the NOX monitoring requirements note a stack O2 monitor which 
needs correcting to firebox. 

Removal of EU 245 (Merox Incinerator) and EU 055 (EQUI546) from GP 057 (COMG32) and GP 106 (COMG95) 
EU 245 (Merox Incinerator) has been permanently shut down and removed from the facility. This amendment will 
remove the permit conditions specifying when the applicable requirement for EU 245 and EQUI546 end/take effect 
because EU 245 (31H-2) has been removed and the project has been completed. EQUI546 is now combusting the Merox 
offgas stream for control purposes and is subject to the requirements of COMG32 and COMG95. 

Removal of COMG64 Temporary TK 002 Thermal Oxidizers 
COMG64 was permitted as a temporary activity to support the control of degassing vapors during the cleaning of 
EQUI592 (TK 002, Crude Oil Tank). The work is completed and the temporary equipment removed from the facility. 

Clarification of the Fuel Gas H2S Concentration Limitation for CE 002 (TREA61 Track 8 Flaring) and EU 277 (EQUI452, 
88H2) 
Track 8 rail loading is controlled by TREA61 to combust rail loading offgas vapors. EQUI452 is the control equipment for 
the West Buffer Zone Offgas (soil vapor extraction system) that combusts the vapors pulled from the ground as part of 
ongoing remediation. Both control equipment devices combust fuel gas and are subject to the H2S concentration in fuel 
gas limitations of 40 CFR pt. 60, subp. J and the MN State Standard of Performance for fuel gas combustion devices. FHR 
PB requests to add the text “hydrogen sulfide” to this condition making it clear that the limit is for H2S concentration of 
the fuel gas combusted in each control device. 

Removal of the OEL Correction Conditions for the 23U Coker Drums from Section 5 of the Permit 
FHR PB was under a schedule of compliance to correct open-ended lines (OELs) in various areas by a 2013 deadline as 
identified in a January 6, 2006, correspondence with MPCA. All OELs have been corrected in accordance with the 
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schedule of compliance as of September 2013. FHR PB requests removal of FUGI82 (23 Delayed Coker Gasoline Plant) as 
a specific subject item solely for the purposes of capturing the OEL corrections requirements of the schedule of 
compliance. 

Removal of the 23 Coker Fugitive LDAR OEL Correction Conditions from COMG86 
COMG86 contains a permit condition to correct the remaining open ended lines (OELs) in the 23 coker identified in the 
January 6, 2006, correspondence with MPCA by Fall of 2013. This was completed as of September 2013 and the permit 
condition will be removed. 

Removal of FUGI82 (23 Delayed Coker and Gasoline Plant) and COMG86 (Fugitive LDAR Open-Ended Lines) from the 
Schedule of Compliance of Permit Section 7 
FHR PB was under a schedule of compliance to correct open-ended lines (OELs) in various areas by 2013 as identified in 
January 6, 2006, correspondence with MPCA. A schedule of compliance was established in the Title V permit to capture 
these requirements. All OELs have been corrected in accordance with the schedule of compliance as of September 
2013. Thus, the requirements contained in the schedule of compliance in Section 7 of the permit will be removed. 

Correction to Remove NSPS subp. Db Sulfur Dioxide Limit from EQUI323 (Steam Boiler No. 6) 
EQUI323 currently has an SO2 limit of 0.20 lb/mmBtu heat input. The applicable regulation for this limit is 40 CFR pt. 60, 
subp. Db, which states: “Units firing only very low sulfur oil, gaseous fuel, a mixture of these fuels, or a mixture of these 
fuels with any other fuels with a potential SO2 emission rate of 140 ng/J (0.32 lb/mmBtu) heat input or less are exempt 
from the SO2 emissions limit in paragraph (k)(1) of this section.” This update removes the SO2 limit from 40 CFR pt. 60, 
subp. Db as EQUI323 is exempt from the limitation. Further, this change does not lead to increased potential emissions 
due to the sulfur limitation of 40 CFR pt. 60, subp. J being more restrictive (0.04 lb/mmBtu). 

Add the NOX Emission Limitations and Monitoring Requirements of NSPS subp. Db to EQUI501 (25H-3) 
Based on recent industry knowledge, FHR PB evaluated the potential applicability of 40 CFR pt. 60, subps. Db and Dc to 
fired sources at the refinery. Historically, this regulation has been deemed applicable to refinery boilers, but also could 
be interpreted as applicable to certain other fired sources. FHR has taken a conservative approach to 40 CFR pt. 60, 
subps. Db and Dc applicability based on a recognition that, by their expressed terms, the standards may be applied to 
additional refinery sources. FHR PB initially requested inclusion of 40 CFR pt. 60, subp. Db requirements for EQUI500 
(25H-1) and EQUI501 (25H-3) as part of the Title V renewal process, however, these were never incorporated into the 
Title V permit (no. 03700011-009). EQUI500 (25H-1) has been shut down and all non-Title I SO2 SIP requirements have 
been removed from the permit. Title I SO2 SIP requirements will be terminated on the date the U.S. EPA approves 
Amendment 11 to the SIP. 

Remove EQUI328 (93P-160 #4 CT Firewater Pump Diesel) from COMG28 
EQUI328 has been decommissioned and removed from operation at the facility. EQUI328 and associated emission 
limitations held within COMG28 will be removed from the permit. However, existing Title I SO2 SIP requirements will 
have termination language added referencing the date the US EPA approves the revision to the SIP. These requirements 
will be removed from the permit during a future permit action after US EPA approval of the SIP revision. 

Correct the Fuel Gas Mix Drum Equipment Identifications 
FHR PB operates two refinery fuel gas mix drums. Mix drums are located within the 41 and 45 Units. To eliminate 
confusion with specific equipment IDs as the vessels are replaced and equipment IDs updated, the fuel gas mix drums 
will be referred to as the 41U and 45U fuel gas mix drums. 

Clarification to the STRU139 (#3 SRU) Initial Performance Testing Requirements for NSPS subp. Ja 
STRU139 (#3/#4 SRU Stack) becomes subject to the requirements of 40 CFR pt. 60, subp. Ja upon startup of EQUI574 
(ATS Process Unit). Initial performance testing requirements are due within 180 days of startup of EQUI574. FHR PB 
proposes clarification of the performance testing requirements to clarify the initial performance tests are due 180 days 
after the startup of the ATS unit (EQUI574). 

Remove EQUI483 (Bottom Loading) Performance Testing Frequency 
FHR PB requests the removal of recurring performance testing for EQUI483. The applicable regulation for the bottom 
loading rack, MACT R through reference by MACT CC does not specify a recurring testing frequency. FHR PB does not 
utilize the performance testing results for emissions inventory purposes as the test performed yields TOC which is 
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conservatively used to demonstrate compliance with the VOC limits. Re-testing is as required by the Administrator, if 
FHR PB wishes to operate the loading rack at a loading rate above that achieved during the last performance test 
demonstrating compliance with the applicable limit, or if FHR PB develops an emission factor from performance testing 
for use in emission inventory reporting. 

Clarification of NSPS subp. Ja NOX Limitations and Monitoring Requirements EQUI376 (11H-6), EQUI406 (23H-3) and 
EQUI407 (23H-2) 
EQUI376, EQUI406 and EQUI407 are all subject to the NOX emission limits and monitoring requirements of 40 CFR pt. 
60, subp. Ja. NSPS, subp. Ja allows for the Permittee to choose between two compliance options and emission limits for 
NOX. Either the ppmv concentration based limit and monitoring requirements or the lb/mmBtu based limit and 
monitoring requirements are chosen. Both options are currently in the Title V permit for all three sources. FHR PB has 
chosen to comply with the ppmv concentration based NOX limit and associated monitoring requirements. The 
lb/mmBtu based limit and associated monitoring requirements will be removed from the permit for EQUI376, EQUI406 
and EQUI407. 

Clarification to COMG27 (Combustion Turbine and Duct Burners) COMS Calibration Requirement 
The continuous opacity monitoring system (COMS) calibration requirement from COMG27 will be removed from the 
permit as a COMS is not employed for determining compliance with opacity limits. Compliance with opacity limits is 
demonstrated through compliance with the COMG27 fuel restriction limit of combustion of pipeline natural gas only. 

Addition of NSPS subp. IIII and NESHAP subp. ZZZZ Compliance Requirements to the Portable Diesel Engine Group 
FHR PB operates portable diesel engines for various maintenance and process support scenarios. Although the diesel 
engines are portable by design, there is the scenario where a portable diesel engine may reside in one single location 
within the facility’s fence line for more than 12 months. If a portable diesel engine resides in one single location for 
more than 12 months, it is subject to the stationary diesel engine regulations of 40 CFR pt. 60, subp. IIII and 40 CFR pt. 
63, subp. ZZZZ. FHR PB wishes to clarify that in the event that a portable diesel engine no longer meets the definition of 
nonroad engine, the portable diesel engine shall comply with the applicable provisions of 40 CFR pt. 60, subp. IIII and 40 
CFR pt. 63, subp. ZZZZ. 

Correction to the Boiler MACT Reporting Requirements for EQUI406 (23H-3) and EQUI407 (25H-2) 
Process heaters EQUI406 and EQUI407 were recently permitted for construction in the #3 Crude and #3 Coker 
Improvements permit no. 03700011-010. Both heaters are subject to the new process heater requirements of 40 CFR 
pt. 63, subp. DDDDD which includes work practice, recordkeeping and reporting requirements. The current Title V 
permit holds a reporting requirement to report the hours of operation for each heater during the reporting period. This 
requirement applies to limited use boilers and process heaters. Reporting hours of operation of EQUI406 and EQUI407 
does not apply because they are not limited use process heaters. FHR PB also requests the addition of the requirement 
to submit a signed certification statement as part of the 40 CFR pt. 63, subp. DDDDD reporting requirements that is 
currently not in the Title V permit. 

Removal of #3 Crude Unit Charge Heater (EQUI500) from Title V Air Permit 
The #3 Crude Unit Charge Heater (EQUI500) was permanently shut down and decommissioned as part of the 2012 
Crude Improvements permit no. 03700011-010, and FHR PB has since began operation of the new EQUI407 (25H-2) 
which required full shut down of EQUI500 within 180 days of beginning normal operation of EQUI407. EQUI500 was 
permanently shut down on 11/11/2015. Similar to EQUI328 removal above, termination language will be added to Title 
I SO2 SIP requirements for EQUI500. These requirements will be removed from the permit during a future permit action 
following US EPA approval of the revision to the SIP. 

Add FUGI83 (27-5 Hydrogen Plant No. 3) and FUGI116 (27 Hydrogen Plant No. 2) to the Appropriate Sewer Groupings 
FHR PB has complied with 40 CFR pt. 60, subp. QQQ and 40 CFR pt. 61, subp. FF (BWON) compliance and reporting 
requirements for FUGI83 and FUGI116 as applicable. However, FUGI83 and FUGI116 need to be added to the 
appropriate groupings in the permit so as to accurately reflect the applicable requirements for both FUGIs. FUGI116 will 
be added to COMG1 and COMG80. FUGI83 will be added to COMG1, COMG13-15 and COMG80. 

Update to Specify the Appropriate NSPS subp. Db NOX Limitation Basis (High Heat Release vs. Low Heat Release) 
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Current Title V permit language for EQUI323 (Steam Boiler No. 6) and EQUI515 (Steam Boiler No. 9) contains both the 
high and low heat release rate limits from 40 CFR pt. 60, subp. Db. FHR PB proposes to clarify the heat release basis and 
applicable NOX limit for each boiler. EQUI323 is a low heat release rate boiler, and EQUI515 is a high heat release rate 
boiler. Additional clarification to the basis of the NOX limit of EQUI371 (Steam Boiler No. 8) is also being made to make 
the language consistent across all boilers. 

Correction to the Calibration Permit Condition Language of COMG84 
The calibration requirement of COMG84 contains a typo stating to follow the test methods and procedures referenced 
in 40 CFR Section 60.458a(b). The correct citation is 40 CFR Section 60.485a(b). 

Minor Amendment IND20150001 

This amendment will add an 80 kW natural gas-fired emergency generator (EQUI1471) and two 3 mmBtu/hr natural 
gas-fired boilers (EQUI1472 and EQUI1473). The amendment also adds three HVAC units and a water heater that qualify 
as insignificant activities. These units are installed at the North Contractor Building and all utilize pipeline quality natural 
gas. 
The emergency generator and boilers were installed in 2014 during construction of the North Contractor Building. After 
construction of the building was completed it was determined a minor amendment was needed to incorporate the 
emission units into the permit. 
EQUI1471 will be subject to 40 CFR pt. 60, subp. JJJJ and 40 CFR pt. 63, subp. ZZZZ. Compliance with 40 CFR pt. 63, subp. 
ZZZZ will be achieved by complying with 40 CFR pt. 60, subp. JJJJ. 
EQUI1472 and EQUI1473 are subject to 40 CFR pt. 63, subp. DDDDD. Requirements for these boilers are located at 
COMG104. 
The three HVAC units and water heater will be added to the insignificant activities list Appendix A of the permit. 

Administrative Amendment IND20150004 

FHR PB operates a laboratory to monitor process conditions and ensure that final products meet specifications for 
transactions on the open market. To allow FHR PB to continue to improve and grow onsite testing capability, a new 
laboratory space was constructed. This project will result in the installation of new laboratory drain connections and 
glass drain piping connections, three rooftop natural gas fired HVAC units (2.65, 0.41 and 0.10 mmBtu/hr, respectively) 
and a natural gas fired lab space humidifier (0.84 mmBtu/hr). 
The 0.41 and 0.10 mmBtu/hr HVAC units and the lab humidifier will all qualify as insignificant activities under Minn. R. 
7007.1300, subp. 3(I). The HVAC units are already represented in Appendix A of the permit and FHR PB requests to 
amend the listing to now include the lab humidifier under this same listing (IA036-RG, 00PINEBEND073). The 
insignificant activity “Furnaces - Building HVAC” will be revised to “Building Furnaces, HVAC Systems and Humidifiers” to 
incorporate additional HVAC units and lab humidifier. The applicable requirement for the HVAC units should be Minn. R. 
7011.1410 instead of Minn. R. 7011.0150 which applies to fugitive emissions. Applicable requirements for the lab 
humidifier are Minn. R. 7011.1410 and 40 CFR pt. 63, subp. DDDDD. Subpart DDDDD applies as the humidifier produces 
steam that is introduced within the lab to control humidity in the lab space. Tune-ups are required on a 5-year 
frequency based on the size of the humidifier. FHR PB will include the lab humidifier the current 40 CFR pt. 63, subp. 
DDDDD compliance program by establishing a recurring work order to complete a tune-up and preventative 
maintenance to meet compliance with the requirement. 
The existing EQUI518 (FHR Lab Inside) will have additional drain and drain piping connections installed. EQUI518 and all 
applicable requirements are currently in the Title V permit. 
New EQUI1474 (Lab Roof Top Unit 1) is the 2.65 mmBtu/hr HVAC unit. Due to its annual CO2e PTE being greater than 
1000 tpy, it does not qualify as an insignificant activity under Minn. R. 7011.1300, subp. 3(I). It will be listed in the 
permit and subject to Minn. R. 7011.1410, Standards of Performance for New Affected Facilities at Petroleum 
Refineries. 

Administrative Amendment IND20140001 

FHR PB acquired a parcel of land south of the intersection of Highways 52 and 55 from Yocum Oil on June 16, 2014. It 
includes 25 empty aboveground storage tanks, a truck loading rack and a rail loading rack. The previous owners were 
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Rosemount Clean Energy, LLC (RCE) and Rosemount Distribution, LLC. With this administrative amendment, FHR PB will 
incorporate this equipment into their Title V permit. 
FHR PB intends to partially repurpose the site to store and ship ammonium thiosulfate (ATS) fertilizer. ATS is neither a 
VOC or HAP. Thus, there will not be any regulated air emissions associated with the transfer, storage or loadout of ATS 
product. The equipment will qualify as insignificant activities in Appendix A of the permit under Minn. R. 7007.1300, 
subp. 3(I). The ATS project and associated emissions have already been permitted and is not a part of this permit action. 
The planned ATS terminal will include traffic on existing paved roads which was included as insignificant activities under 
Minn. R. 7007.1300, subp. 3(I) as part of permit no. 03700011-012. FHR PB expects there may be periodic general tank 
maintenance activities (i.e. cleaning, sandblasting, etc.), which will also qualify as insignificant activities under Minn. R. 
7007.1300, subp. 2(B)(2). 
All existing tanks at the planned ATS terminal have been emptied for evaluation of assets. If FHR PB decides to store 
materials in these tanks at a later time, FHR PB will evaluate and submit the required air permit application as needed. 
The list of tanks planned in the ATS terminal and their storage capacities are listed below in Table 13. 

Table 13. Rosemount Clean Energy Site Storage Tank Terminal Tank List (FHR Rosemount Terminal) 

AST Tank # Capacity (gal) AST Tank # Capacity (gal) AST Tank # Capacity (gal) 
801 2,120,942 808D 2,250,000 1012 6,000 
802 770,072 811 24,000 1013 6,000 
800A 1,218,000 812 24,000 1014 6,000 
800B 1,218,000 813 24,000 A005 1,000 
801A 1,903,460 814 24,000 A006 1,000 
801B 1,903,460 836 50,000 A007 1,000 
808A 1,450,000 838 40,000 A008 1,000 
808B 1,450,000 1010 6,000   
808C 1,400,000 1011 6,000   

 
Permit Reopening IND20140007 

This was a notice of compliance for the August 12, 2014, performance test on the 33H2 Hydrogen Reformer (EQUI432) 
and was to set the heat input limit to 121.1 mmBtu/hr based on 8-hr block average (HHV). This limit was currently in the 
permit so no change was necessary in this permit action. 
Additional heat input limits will be updated in the permit based on recent performance tests at the facility. These tests 
were for EQUI376 (EU212, 11H6), EQUI407 (EU353, 25H2), EQUI485 (EU006, 11H2), EQUI487 (EU016, 12H4) and 
EQUI559 (EU085, 33H32). EQUI376 will have a heat input limit of 293.4 mmBtu/hr and EQUI407 will have a heat input 
limit of 289.0 mmBtu/hr. There was currently no heat input limit in the permit for EQUI376 or EQUI407. The limit at 
EQUI485 will increase from 57.0 to 57.4 mmBtu/hr, the limit at EQUI487 will decrease from 137.9 to 102.3 mmBtu/hr 
and the limit at EQUI559 will increase from 107.8 to 120.0 mmBtu/hr. 

Schedule of Compliance (Formerly Table C) 

Permit conditions contained within Table C (Schedule of Compliance) of permit no. 03700011-012 have been completed 
and reports submitted to MPCA. The requirements of Table C of permit no. 03700011-012 have thus been removed 
from the permit for this permit action. 

3.1 Emissions Increase Analysis 
 

Attachment 1 to this TSD contains Title I net emissions increase calculations for the Technology and Efficiency 
Improvement Projects (IND20160001) and non-Title I net emissions increase calculations for the North Contractor 
Building Project (IND20150001) and the Laboratory Space Addition Project (IND20150004). 
The Technology and Efficiency Improvement Projects involve both new and existing emission units so FHR PB utilizes 
the hybrid test from 40 CFR Section 52.21(a)(2)(iv)(f) to evaluate whether a significant emissions increase will occur as a 
result. For new emission units the calculation method used is the actual to potential test. In the case of new emission 
units, the baseline actual emissions (BAE) are zero. The potential emissions of the new units are their maximum worst 
case PTE. A Permittee may take an enforceable limit to reduce the potential emissions of a new unit. FHR PB elects to 
do this for VOC emissions from the #4 Coker process unit. This VOC limit is located at COMG103 in the permit. 



Technical Support Document, Permit Number: 03700011-101  Page 29 of 37 

For existing emission units, the actual to projected actual test is used to calculate emissions increases. FHR PB reviewed 
historical operating rates, business and regulatory projections that impact future operating activity and considered this 
information when determining projected actual emissions for each modified and non-modified project affected existing 
unit. FHR PB projected the highest actual annual throughput (i.e. heat input) that would be expected for each applicable 
existing emission unit. The throughput is then multiplied by an emission factor representative of expected future 
operation. Emission factors used for projected emissions are generally representative of the baseline period unless the 
unit is modified to where the emission factor would be different. FHR PB also considered fugitive emissions and 
emissions associated with startup, shutdown and malfunction, as applicable for each non-modified project affected 
unit. 
For baseline actual emissions, FHR PB chose the 24-month period of January 1, 2010 through December 31, 2011 for all 
regulated NSR pollutants. 
Non-modified existing units that experience an increase in emissions as a result of the projects also need to be 
considered in the overall emissions increase calculation. The potential increase in utilization calculation yields an 
emissions increase equal to or greater than the increase calculated by using the projected actual emissions approach 
given the demand growth exclusion is applied to PAE and given the potential increase in utilization methodology 
calculates the worst case increase rather than projecting actual emissions. 
The potential increase in utilization method is PTE-based. If the project triggers the post-project actual emissions 
recordkeeping requirements under the reasonable possibility provisions at 40 CFR Section 52.21(r)(6), the facility must 
use the PTE increase for those units rather than the actual post-project emissions that occurred. 
FHR calculated emission increases at non-modified project affected units by calculating the worst case increase in future 
actual emissions from the non-modified project affected units operating at a rate that would support the new and 
modified units operating at their full allowable emission rates. In situations where it is difficult to estimate increases in 
actual emissions or to discern the emission increase attributable to the projects versus emissions attributable to other 
units at the facility, FHR used the incremental emissions approach. 
The NSR emissions calculation methods used for the Technology and Efficiency Improvement Projects are shown above 
in Table 12. 

3.2 Dispersion modeling 

For the Technology and Efficiency Improvement Projects (IND20160001) FHR PB modeled project-related emissions 
increases of NOX, PM10 and PM2.5 against the significant impact levels (SILs). PM2.5 was also modeled for PSD increment. 
Point sources EQUI1456 and EQUI1457, and volume sources FUGI133 (Hopper) and FUGI133 (Pile Drop) were added to 
the PM10

 modeling parameters in Appendix D of the permit. EQUI1456 was also added to the SO2 modeling parameters 
in Appendix B of the permit. The results of the SIL and PSD increment analyses are shown below. The parameters listed 
in Appendix B and D of the permit describe the operation of the facility at maximum capacity. In other words, the flow 
rates and temperatures listed in Appendix B and D represent the minimum parameters at the maximum emission rates. 
The MPCA does not require any specific compliance demonstration with these parameters because they are worse-case 
conditions. The purpose of listing the parameters in the permit appendix is to provide a benchmark for determining if 
and when additional modeling is required. 
Air quality dispersion modeling was done for NOX, PM10 and PM2.5 as required by PSD rules to evaluate potential impacts 
from the projects on ambient air quality and demonstrate that the projects will not cause or contribute to ambient air 
concentrations that violate the NAAQS or the maximum allowable ambient concentration increase over baseline 
(Increment). 
Maximum predicted impacts are shown below in Table 14. All predicted impacts for NOX, PM10 and PM2.5 are below the 
SILs for all averaging periods. Also, the maximum predicted impacts for PM2.5 screening analysis is less than the Class II 
Increment levels as shown in Table 15. For PM2.5, the EPA 2014 guidance was applied to the SIL analysis in order to 
address secondary formation of PM2.5 in the dispersion modeling analysis due to SO2 and NOX precursors. Since these 
maximum predicted impacts are less than the significant impact levels and Class II Increment, it demonstrates the 
potential impacts on air quality as a result of the projects will be insignificant for NOX, PM10 and PM2.5 and their 
averaging periods. As the impacts do not exceed relevant SILs, no full cumulative modeling for NAAQS or Increment is 
required. 
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Table 14. Technology and Efficiency Improvement Projects NOX, PM10 and PM2.5 SIL Results 
Pollutant Averaging Period Project Modeled 

Impacts (ug/m3) 
SIL % of SIL 

NOX 1-hr 2.54 7.52 34% 
Annual 0.15 1 15% 

PM10 24-hr 1.23 5 25% 
Annual 0.14 1 14% 

PM2.5 24-hr 0.68 1.2 57% 
Annual 0.11 0.3 37% 

 
Table 15. Technology and Efficiency Improvement Projects PM2.5 Increment Screening Analysis 

Pollutant Averaging Period Project Modeled 
Impacts (ug/m3) 

Class II Increment % of Increment 

PM2.5 24-hr 1.12 9 12.4% 
Annual 0.075 4 1.88% 

 
3.3 Monitoring 

In accordance with the Clean Air Act, it is the responsibility of the owner or operator of a facility to have 
sufficient knowledge of the facility to certify that the facility is in compliance with all applicable 
requirements. 
 
For CAM, the Permittee determined that EQUI471 after its modifications to the reactor technology as part 
of the Technology and Efficiency Improvement Projects will be subject to CAM as an other PSEU (see Table 
10 above). 
 
In evaluating the monitoring included in the permit, the MPCA considered the following: 

· The likelihood of the facility violating the applicable requirements. 
· Whether add-on controls are necessary to meet the emission limits. 
· The variability of emissions over time. 
· The type of monitoring, process, maintenance, or control equipment data already available for the 

emission unit. 
· The technical and economic feasibility of possible periodic monitoring methods. 
· The kind of monitoring found on similar units elsewhere. 

 
The table below summarizes the monitoring requirements associated with this amendment. 
 
Table 16. Monitoring 

Subject item* 
Requirement 
(rule basis) Monitoring Discussion 

COMG17 
(Fugitive 
Equipment in 
Natural Gas 
(non-VOC) 
Service) 

FUGI132 being 
added to 
COMG17 
(BACT limit) 

See LDAR groups: 
COMG11, 84-87, 92 

FUGI133 added to COMG17 to comply with LDAR 
requirements in COMG11, 84-87 and 92. FUGI132 
also being added to: COMG1, 7, 80, 82-85, 87-93 and 
98 for LDAR, NSPS subp. QQQ and 40 CFR pt. 61, 
subp. FF (BWON) compliance. 

COMG103 (#4 
Coker VOC 
Emissions) 

VOC: ≤ 17.0 tpy, 
12 month rolling 
sum (limit to 
avoid major mod 
under PSD) 

Recordkeeping: 
calculate and record 
monthly and 12 month 
rolling sum of VOC 
emissions. Emissions 
calculations are in 
Appendix G of the 
permit. 

Unless a different emission factor is developed by 
FHR and approved by MPCA, FHR shall calculate 
monthly VOC emissions from EQUI1456, EQUI1457 
and FUGI132 using the methods and equations 
contained in Appendix G of the permit: COMG103 
VOC Calculations. 
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Subject item* 
Requirement 
(rule basis) Monitoring Discussion 

COMG104 
(EQUI1472, 
EQUI1473) 
(Boilers) 

SO2: ≤ 1.75 
lb/mmBtu, 3-hr 
rolling avg. 
PM: < 0.40 
lb/mmBtu, 3-hr 
rolling avg. 
Opacity: ≤ 20 % 
w/ exceptions 
(Minn. R. 
7011.1410, subps. 
3(A), 3(B)(1), 
3(B)(2)) 

Fuel: Natural gas 
(Minn. R. 
7007.0800, subp. 
2) 

Boiler tune-up 
every 5 years (40 
CFR 63.7540 & 
Table 3) 

None Compliance with the fuel restriction constitutes 
compliance with the limits from Minn. R. 7011.1410. 
EQUI1472 and EQUI1473 shall comply with emission 
limits and work practice standards applicable to them 
from 40 CFR pt. 63, subp. DDDDD Tables 1 through 3 
and 11 through 13. Since these units are less than 5 
mmBtu/hr and gas 1 units, they are only required to 
conduct tune-ups every 5 years. 

EQUI376 (11H6 
Process 
Heater) 

CO2e: < 126.3 
lb/mmBtu, 12-mo 
rolling avg. (Minn. 
R. 7007.0800, 
subp. 2) 

Heat Input: < 
293.4 mmBtu/hr, 
8-hr block avg. 

CO2e use of 40 CFR pt. 
98, subp. C 

Performance test for 
PM, PM10 and PM2.5 

The Permittee requests to increase the lb/mmBtu 
CO2e limit based on corrections made to emissions 
calculations for this unit. This limit is not a BACT limit. 
New limit (heat input) based on performance test 
results. Test frequency of 12 months. 

EQUI407 (25H2 
Process 
Heater) 

Heat Input: < 
289.0 mmBtu/hr, 
8-hr block avg. 

Performance tests for 
PM, PM10 and PM2.5 

New limit based on performance test results. Test 
frequency will be determined in the pending Notice 
of Compliance letter. 
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Subject item* 
Requirement 
(rule basis) Monitoring Discussion 

EQUI471 (#4 
Hydrogen 
Plant 
Reformer) 

NOX: ≤ 92.2 tpy, 
365-day rolling 
sum (BACT limit) 
NOX: < 40.7 tpy, 
365-day rolling 
sum (Minn. R. 
7007.0800, subp. 
2 [creditable 
emissions 
reduction]) 
PM10: < 0.0075 
lb/mmBtu, 3-hr 
avg. 
PM2.5: < 0.0075 
lb/mmBtu, 3-hr 
avg. 
CO2e: < 771,156 
tpy, 365-day 
rolling sum 
Stack Temp: < 
350 deg F, 365-
day rolling avg. 
(BACT limits) 

SO2: < 22.7 lb/hr, 
3-hr rolling avg. 
SO2: < 22.7 lb/hr, 
24-hr rolling avg. 
SO2: < 79.7 tpy, 
12-mo rolling avg. 
(SO2 SIP) 
SO2: < 22.7 lb/hr, 
1-hr avg. (Minn. 
R. 7009.0080) 

Monitoring: Existing 
NOX monitor & will be 
used to comply with 
CAM 

PM10 & PM2.5 initial 
performance tests 
after initial startup 
following modification 

CO2e use of 40 CFR pt. 
98, subp. C 

Stack Temp 
monitoring 

SO2: calculate and 
record SO2 hourly avg 
in lb/hr and total 
emissions in tpy 

Existing 157.7 tpy NOX limit will expire upon startup 
of EQUI471 following modifications as part of the 
Technology and Efficiency Improvement Projects. At 
that time, the new NOX limits will become effective. 
EQUI471 will be fitted with SCR and become subject 
to CAM. The existing NOX CEMS will be used to 
monitor NOX emissions and comply with CAM. 
Initial performance tests 180 days after startup to 
comply with PM10 and PM2.5 limits. A test frequency 
plan will establish frequency for future tests. 
Use methods in 40 CFR pt. 98, subp. C to calculate 
CO2e emissions. 
Monitor exit stack temperature. 
Calculate and record SO2 emissions in hourly 
averages (lb/hr) and total stack SO2 emissions (tpy). 
The existing Title I SO2 SIP limits will be terminated 
and the proposed SO2 SIP limits will become effective 
upon US EPA approval of Amendment 11 to the SIP. 

EQUI485 (#1 
Crude Heater) 

Heat Input: < 57.4 
mmBtu/hr, 8-hr 
block avg. 

Performance test for 
NOX 

New limit based on performance test results. Test 
frequency is 36 months. 

EQUI487 
(Vacuum Pre-
Strip Heater) 

Heat Input: < 
102.3 mmBtu/hr, 
instantaneous 

Performance test for 
NOX 

New limit based on performance test results. Test 
frequency is 60 months. Test was conducted more 
than 60 days prior to the due date and is being 
shifted to be due on or before 8/23/21. 

EQUI559 (Gas 
Oil HDS Frac 
Chg Heater) 

Heat Input: < 
120.0 mmBtu/hr, 
8-hr block avg. 

Performance test for 
NOX 

New limit based on performance test results. Test 
frequency is 36 months. 
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Subject item* 
Requirement 
(rule basis) Monitoring Discussion 

EQUI1456 
(24H1 Process 
Heater) 

NOX: ≤ 0.010 
lb/mmBtu, 365-
day rolling avg. 
NOX: < 3.10 lb/hr, 
24-hr rolling avg. 
(BACT limits) 
NOX: < 60 ppm 
dry, 30-day rolling 
avg. (NSPS subp. 
Ja & BACT limit) 

CO2e: < 168,775 
tpy, 365-day 
rolling sum (BACT 
limit) 
CO2e: < 126.3 
lb/mmBtu, 12-mo 
rolling avg. (Minn. 
R. 7007.0800, 
subp. 2) 

PM10: < 0.0075 
lb/mmBtu, 3-hr 
avg. 
PM2.5: < 0.0075 
lb/mmBtu, 3-hr 
avg. (BACT limits) 

PM: < 0.4 
lb/mmBtu, 3-hr 
rolling avg. 
Opacity: < 20% w/ 
exceptions (Minn. 
R. 7011.1410, 
subp. 3(B)) 

H2S: < 162 ppm, 
3-hr rolling avg. 
determined 
hourly and 
H2S: < 60 ppm, 
365-day rolling 
avg. determined 
daily (NSPS subp. 
Ja) 
H2S: < 0.10 
gr/dscf, 3-hr 
rolling avg. (Minn. 
R. 7011.1410, 
subp. 2) 

Stack Temp: < 
350 degrees F, 
365-day rolling 
avg. 

NOX: CEMS to 
calculate and maintain 
records of emissions in 
lb/hr, 24-hr avg of lb/ 
mmBtu using 1-hr avgs 

CO2e use of 40 CFR pt. 
98, subp. C 

PM10, PM2.5: initial 
performance tests 

H2S: monitor and 
record concentration 
of H2S in the fuel gas 

Monitor the stack 
temperature 

CEMS will be used to measure NOX and CO emissions 
continuously and will provide continuous assurance 
of compliance. Maintain CEMS following QA 
procedures listed in 40 CFR pt. 60, Appendix B and F. 

Use methods in 40 CFR pt. 98, subp. C to calculate 
daily and 365-day rolling sum. Conduct tune-up in 
accordance with 40 CFR pt. 63, subp. DDDDD. 
Maintain records of tune-ups and business records as 
appropriate. 

Initial performance tests for PM10 and PM2.5 180 days 
after initial startup. 

Monitoring of exit stack temperature 
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Subject item* 
Requirement 
(rule basis) Monitoring Discussion 

EQUI1456 
(24H1 Process 
Heater) (cont.) 

SO2: < 7.1 lb/hr, 
3-hr rolling avg. 
SO2: < 7.1 lb/hr, 
24-hr rolling avg. 
SO2: < 11.5 tpy, 
12-mo rolling avg. 
(SO2 SIP) 
SO2: < 7.1 lb/hr, 
1-hr avg. (Minn. 
R. 7009.0080) 
SO2: < 1.75 
lb/mmBtu, 3-hr 
rolling avg. (Minn. 
R. 7011.1410, 
subp. 3(A)) 

Calculate record and 
maintain SO2 
emissions, hourly avg 
of total stack SO2 
emissions in lb/hr. 

Hourly recordkeeping of SO2 emissions. Total SO2 
emissions recorded in lb/hr. Proposed SO2 SIP limits 
will become effective upon US EPA approval of 
Amendment 11 to the SIP. 

EQUI 1457 (#4 
Coker Drum 
System) 

Pressure Drop: < 
2.0 psi, 365-day 
rolling avg. 
(BACT limit) 
Pressure Drop: < 
5.0 psi 
(NSPS subp. Ja) 

Calculate and record 
pressure drop at coke 
drums 

Calculate and record pressure reading for each 
depressured coke drum prior to opening the coke 
drum steam exhaust to the atmosphere. The median 
pressure shall be used if more than one pressure 
monitor is used to measure coke drum pressure. 2.0 
psi limit is BACT. 5.0 psi limit is from NSPS subp. Ja.  
 

EQUI1471 
(North 
Contractor 
Building 
Emergency 
Generator) 

CO: < 387 g/hp-hr 
NOX: < 10 g/hp-hr 
(NSPS subp. JJJJ) 

SO2: < 0.50 lb/ 
mmBtu, 3-hr 
rolling avg. 
Opacity: < 20% 
(Minn. R. 
7011.2300) 

Fuel: Natural gas 
only (Minn. R. 
7005.0100, subp. 
35a) 

None Compliance with NSPS subp. JJJJ limits are 
demonstrated by purchasing and engine certified by 
the manufacturer to meet these limits. 
Compliance with the fuel restriction shows 
compliance with the SO2 and opacity limits from 
Minn. R. 7011.2300. 
Compliance with NESHAP subp. ZZZZ is shown by 
complying with the applicable requirements of NSPS 
subp. JJJJ. 

EQUI1474 (Lab 
Rooftop Unit 
#1) 

SO2: < 1.75 lb/ 
mmBtu, 3-hr 
rolling avg. 
PM: < 0.40 lb/ 
mmBtu, 3-hr 
rolling avg. 
Opacity: < 20% w/ 
exceptions 
(Minn. R. 
7011.1410) 

Fuel: Natural gas 
only (Minn. R. 
7007.0800, subp. 
2) 

None Compliance with the Minn. Standards of Performance 
is achieved by complying with the fuel restriction 
limit. 

FUGI133 (#4 
Coke Handling 
System) 

Moisture content: 
no less than 8% 
(BACT limit) 

Initial performance 
test 

Initial performance test at the drop point exit of 
FUGI133 within 180 days of startup of EQUI1456. 
One-time test of petroleum coke to confirm coke 
moisture content of at least 8% 

*Location of the requirement in the permit (e.g., EQUI1, STRU2, etc.). 
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3.4 Insignificant activities 

Flint Hills Resources Pine Bend Refinery has several operations which are classified as insignificant activities 
under the MPCA’s permitting rules. These are listed in Appendix A of the permit. The following insignificant 
activities are included in this modification. Insignificant activities included with the administrative 
amendment (IND20150004) are building furnaces and HVAC systems, and building humidifier systems. 
Insignificant activities included with the administrative amendment (IND20140001) are the FHR Rosemount 
Terminal, Truck Loading Rack and Rail Loading Rack. Insignificant activities included with the minor 
amendment (IND20150001) are the North Contractor Building Water Heater and Rooftop Units #1, 2 and 3. 
 
The permit is required to include periodic monitoring for all emissions units, including insignificant activities, 
per EPA guidance. The insignificant activities at this Facility are only subject to general applicable 
requirements. Using the criteria outlined earlier in this TSD, the following table documents the justification 
why no additional periodic monitoring is necessary for the insignificant activities affected by this 
modification. See Attachment 1 of this TSD for PTE information for the insignificant activities.  
 
Table 17. Insignificant activities 

 

Insignificant activity 
General applicable 
emission limit Discussion 

Individual units with 
potential emissions less 
than 2000 lb/year of 
certain pollutants 

PM < 0.40 lb/mmBtu 
SO2 < 1.75 lb/mmBtu 
Opacity < 20% with 
exceptions 
Tune-up every 5 yrs. 
Minn. R. 7011.1410, 
40 CFR pt. 63, subp. 
DDDDD 

Revision of IA036-RG (00PINEBEND073). Lab Humidifier is rated 
0.84 mmBtu/hr, Lab Rooftop Unit #2 is rated 0.10 mmBtu/hr 
and Lab Rooftop Unit #3 is rated 0.41 mmBtu/hr. All equipment 
fire natural gas so it is unlikely the applicable limits will be 
exceeded. 

Individual units with 
potential emissions less 
than 2000 lb/year of 
certain pollutants 

PM < 0.40 lb/mmBtu 
SO2 < 2.0 lb/mmBtu 
Opacity < 20% 
(Minn. R. 7011.0515) 

New IA066-RG (00PINEBEND120). Water Heater is rated 0.4999 
mmBtu/hr, Rooftop Unit #1 is rated 0.625 mmBtu/hr, Rooftop 
Unit #2 is rated 0.625 mmBtu/hr and Rooftop Unit #3 is rated 
0.8 mmBtu/hr. All equipment fire natural gas so it is unlikely 
the applicable limits will be exceeded. 

Individual units with 
potential emissions less 
than 2000 lb/year of 
certain pollutants 

Tanks < 2000 gal have 
no standards 
Tanks 2000-40000 gal 
shall equip tank with 
permanent 
submerged fill pipe or 
comply with Minn. R. 
7011.1505, subp. 3(C) 
(Minn. R. 7011.1505, 
subps. 3(A) & (B)) 

Revision of IA-100-Tanks (00PINEBEND097) to include new FHR 
Rosemount Terminal, Truck Loading Rack and Rail Loading 
Rack. 25 storage tanks within the FHR Rosemount Terminal are 
planned to distribute ammonium thiosulfate (ATS) a non-VOC, 
non-HAP fertilizer. Storage capacities of the tanks are listed in 
Table 12. 

 
3.5 Permit organization  

In general, the permit meets the MPCA Tempo Guidance for ordering and grouping of requirements. One 
area where this permit deviates slightly from Tempo guidance is in the use of appendices. While appendices 
are fully enforceable parts of the permit, in general, any requirement that the MPCA thinks should be 
electronically tracked (e.g., limits, submittals, etc.), should be in the Requirements table in Tempo. The main 
reason is that the appendices are word processing sections and are not part of the electronic tracking 
system. Violation of the appendices can be enforced, but the computer system will not automatically 
generate the necessary enforcement notices or documents. Staff must generate these. This permit uses an 
appendix for specific calculation procedures for VOC emissions from COMG103 associated subject items 
(EQUI1456, EQUI1457 and FUGI132). 
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Another area that deviates from the guidance is in the use of groups where the requirements in the group 
apply to the members of the group individually. This was done in order to shorten the permit and where no 
testing or tracking specific to a unit is in the permit (thereby reducing the likelihood that there where will be 
further unit-specific requirements later). This is the case for the requirements at COMG103 (#4 Coker VOC 
Emissions) and COMG104 (North Contractor Building Boilers #1 and #2). 
 

3.6 Comments received 
Public Notice Period: November 25, 2016 – December 27, 2016 
EPA Review Period: December 29, 2016 – January 12, 2017 
 
One comment was received from the public during the public notice period. The comment received did not 
include adverse comments on any applicable requirements of the permit. Changes to the permit were not 
made as a result of the comment. Since there was a comment during the public notice comment period, 
there will be a 60-day public petition period beginning after the close of the EPA review period. The public 
petition period lasts 60 days beginning on January 13, 2017. (See Attachment 8.) The email states the 60-
day public petition period will begin January 12, 2017. This is because the proposed permit was not sent to 
EPA until December 29, 2016 due to file size. 
 
The proposed permit was sent to EPA for their 15-day review on December 29, 2016. Comments were not 
received from EPA during their review period. 
 

4. Permit fee assessment 
Attachment 7 to this TSD contains the MPCA’s assessment of Application and Additional Points used to determine 
the permit application fee for this permit action as required by Minn. R. 7002.0019. The permit action includes 
five permit applications, each of which were received after the effective date of the rule (July 1, 2009). Additional 
points fees included are for modeling NOX, PM10 and PM2.5 (15 points), BACT review for NOX, PM10, PM2.5 and GHG 
(60 points), NSPS review of supbs. Ja and JJJJ (20 points), NESHAP review of subps. ZZZZ and DDDDD (20 points), 
limits to avoid a major modification (10 points) and an EAW triggered by Minn. R. 4410.4300, subp. 15 (70 points). 
 

5. Conclusion 
 
Based on the information provided by Flint Hills Resources Pine Bend Refinery the MPCA has reasonable 
assurance that the proposed operation of the emission facility, as described in the Air Emission Permit No. 
03700011-101 and this TSD, will not cause or contribute to a violation of applicable federal regulations and 
Minnesota Rules. 
 
Staff members on permit team: Tarik Hanafy (permit engineer) 

Amrill Okonkwo (peer reviewer) 
Curt Stock (compliance) 
Dan Dietrich (enforcement) 
Chuck Peterson/Dorian Kvale (environmental review) 
Helen Waquiu (modeling) 
Amanda Smith (State Implementation Plan) 
Beckie Olson (permit writing assistant) 
Laurie O’Brien (administrative support) 

 
TEMPO360 Activities: Permit Reopening (IND20140007), Administrative Amendment (IND20140001) (DQ4998), 
Administrative Amendment (IND20150004) (DQ5438), Major Amendment (IND20160001) (DQ5488), Major 
Amendment (IND20160002) (DQ5554), Minor Amendment (IND20150001) (DQ5339) 
 

Attachments:  1. Calculation Spreadsheets 
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2. Requirements Development Report 
3. Subject Item Inventory/Details 
4. BACT Analysis 
5. ESA/NHPA Response Email from U.S. EPA Region 5 
6. Modeling Report 
7. Points calculator 
8. Public Notice Comment & Response 

 



Attachment 1:
Calculation Spreadsheets



PTE Spreadsheet Key:
EQUI24H1 = EQUI1456
EQUI24DRUMS = EQUI1457
FUGI24FUGVOC = FUGI132
FUGI24FUGPM = FUGI133
EU363 = EQUI1471
EU364 = EQUI1472
EU365 = EQUI1473
EU366 = EQUI1474
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Equation from AP-42 13.2.4 =T Loaded/Yr*[k*0.0032*((u/5)^1.3/(M/2)^1.4)]/2000*Fload

0.74 PM, 0.35 PM10, 0.053 PM2.5 k=particle size multiplier
10 mph MSP data u=monthly mean wind speed

M=coke moisture content 8
Fload =

Baseline Total Coke Produced
Total Coke

Tons PM PM10 PM2.5
PTE Coke

Tons PM PM10 PM2.5
2015 (Maximum) 1,080,000 0.45 0.21 0.03 1,080,000 0.45 0.21 0.03 ton/yr

278 0.23 0.11 0.02 lb/hr
Assumed Capacities

#4 Coker 1,080,000 tons/yr
#4 Coker 278 tons/hr

Equation from AP-42 13.2.4 =T Loaded/Yr*[k*0.0032*((u/5)^1.3/(M/2)^1.4)]/2000*Fload

0.74 PM, 0.35 PM10, 0.053 PM2.5 k=particle size multiplier
10 mph MSP data u=monthly mean wind speed

M=coke moisture content 8
Fload =

Baseline Total Coke Produced Total Coke PM PM10 PM2.5 PTE Coke PM PM10 PM2.5
2015 (Maximum) 1,080,000 0.45 0.21 0.03 1,080,000 0.45 0.21 0.03 ton/yr

278 0.23 0.11 0.02 lb/hr
Assumed Capacities

#4 Coker 1,080,000 tons/yr
#4 Coker 278 tons/hr

PTE Emissions - Production

Coke Process Material Handling Emissions PTE for #4 Coker

Coke Process Material Handling Emissions PTE for #4 Coker

Material Handling Emissions for Production Activities

Coke is dumped into Crusher Receiving Hopper (wet/conservative)

PTE Emissions - Production

Material Handling Emissions for Production Activities

Coke is dumped onto Main Stockpile (wet/conservative)



Attachment 1: Table 6
Fugitives - Equipment Leaks

24 Unit Fugitives lb/kg 2.20

Gas/Vapor 1676 5.91E-02 [2] 97% [5] 13.01
Light Liquid 1061 2.40E-02 [2] 97% [5] 3.35
Heavy Liquid 1369 1.76E-04 [1] 1.06
Heavy Liquid (tandem seals) 33 8.25E-03 [1] 1.19
Light Liquid (double seals) 26 2.51E-01 [2] 100% [3] 14.31
Gas/Vapor 1956 5.51E-04 [2] 30% [5] 3.30
Light Liquid 1956 5.51E-04 [2] 30% [5] 3.30
Heavy Liquid 2314 7.93E-05 [1] 0.80

29 3.53E-01 [2] 97% [5] 1.34
8 3.31E-02 [2] 97% [5] 0.03

125 3.40E-03 1.86
2 1.40E+00 [2] 90% [4] 1.23

Total 44.79
CH4 44.79
CO2e 1,120
H2S [7] 0.10

Fugitives from Additional Affected Units - 29-HCRACK

Unit Counts [8]
29-HCRACK lb/hr tpy

Gas/Vapor 1434 72 5.91E-02 [2] 97% [5] 0.13 0.56
Light Liquid 1169 59 2.40E-02 [2] 97% [5] 0.04 0.19
Heavy Liquid 876 44 1.76E-04 [1] 0.01 0.03
Heavy Liquid (tandem seals) 10 1 8.25E-03 [1] 0.01 0.04
Light Liquid (double seals) 19 1 2.51E-01 [2] 50% [3] 0.13 0.55
Gas/Vapor 1122 57 5.51E-04 [2] 30% [5] 0.02 0.10
Light Liquid 915 46 5.51E-04 [2] 30% [5] 0.02 0.08
Heavy Liquid 582 30 7.93E-05 [1] 0.00 0.01

5 1 3.53E-01 [2] 97% [5] 0.01 0.05
0 0 3.31E-02 [2] 97% [5] 0.00 0.00

76 4 3.40E-03 0.01 0.06
0 0 1.40E+00 [2] 90% [4] 0.00 0.00

Total 0.38 1.66
CH4 - -
CO2e - -

Flanges

Relief Valves
Sample Connections

Drains
Compressors

VOC EF (lb/hr/component) NSPS Control %
VOC Emissions 

(tpy) [6]

Valves

Pumps

Equipment Type Equipment Service
Equipment

Counts

NSPS Control %
VOC Emissions

Valves

Pumps

Flanges

Equipment Type Equipment Service
Permitting
Count [9] VOC EF (lb/hr/component)

Relief Valves
Sample Connections

Drains
Compressors



Attachment 1: Table 6
Fugitives - Equipment Leaks

Fugitives from Additional Affected Units - 30-HYDRO

Unit Counts [8]
30-HYDRO lb/hr tpy

Gas/Vapor 209 11 5.91E-02 [2] 97% [5] 0.02 0.09
Light Liquid 0 0 2.40E-02 [2] 97% [5] 0.00 0.00
Heavy Liquid 0 0 1.76E-04 [1] 0.00 0.00
Heavy Liquid (tandem seals) 0 0 8.25E-03 [1] 0.00 0.00
Light Liquid (double seals) 0 0 2.51E-01 [2] 50% [3] 0.00 0.00
Gas/Vapor 362 19 5.51E-04 [2] 30% [5] 0.01 0.03
Light Liquid 0 0 5.51E-04 [2] 30% [5] 0.00 0.00
Heavy Liquid 0 0 7.93E-05 [1] 0.00 0.00

0 0 3.53E-01 [2] 97% [5] 0.00 0.00
0 0 3.31E-02 [2] 97% [5] 0.00 0.00
0 0 3.40E-03 0.00 0.00
0 0 1.40E+00 [2] 90% [4] 0.00 0.00

Total 0.03 0.12
CH4 0.03 0.12
CO2e 1 3

Fugitives from Additional Affected Units - 31-DESULF, including increases for the 28 and 37 Units

Unit Counts [8]
31-DESULF lb/hr tpy

Gas/Vapor 1852 93 5.91E-02 [2] 97% [5] 0.16 0.72
Light Liquid 1235 62 2.40E-02 [2] 97% [5] 0.04 0.20
Heavy Liquid 1322 67 1.76E-04 [1] 0.01 0.05
Heavy Liquid (tandem seals) 40 2 8.25E-03 [1] 0.02 0.07
Light Liquid (double seals) 13 1 2.51E-01 [2] 50% [3] 0.13 0.55
Gas/Vapor 2168 109 5.51E-04 [2] 30% [5] 0.04 0.18
Light Liquid 1445 73 5.51E-04 [2] 30% [5] 0.03 0.12
Heavy Liquid 1732 87 7.93E-05 [1] 0.01 0.03

19 1 3.53E-01 [2] 97% [5] 0.01 0.05
0 0 3.31E-02 [2] 97% [5] 0.00 0.00

51 3 3.40E-03 0.01 0.04
0 0 1.40E+00 [2] 90% [4] 0.00 0.00

Total 0.46 2.02
CH4 - -
CO2e - -

Equipment Type Equipment Service
Permitting
Count [9] VOC EF (lb/hr/component) NSPS Control %

VOC Emissions

Valves

Pumps

Flanges

Relief Valves
Sample Connections

Drains
Compressors

Equipment Type Equipment Service
Permitting
Count [9] VOC EF (lb/hr/component) NSPS Control %

VOC Emissions

Valves

Pumps

Flanges

Relief Valves
Sample Connections

Drains
Compressors



Attachment 1: Table 6
Fugitives - Equipment Leaks

Fugitives from Additional Affected Units - 38 Unit

Unit Counts [8]
38 GO lb/hr tpy

Gas/Vapor 971 49 5.91E-02 [2] 97% [5] 0.09 0.38
Light Liquid 136 7 2.40E-02 [2] 97% [5] 0.01 0.02
Heavy Liquid 474 24 1.76E-04 [1] 0.00 0.02
Heavy Liquid (tandem seals) 13 1 8.25E-03 [1] 0.01 0.04
Light Liquid (double seals) 2 1 2.51E-01 [2] 50% [3] 0.13 0.55
Gas/Vapor 1313 66 5.51E-04 [2] 30% [5] 0.03 0.11
Light Liquid 184 10 5.51E-04 [2] 30% [5] 0.00 0.02
Heavy Liquid 718 36 7.93E-05 [1] 0.00 0.01

2 1 3.53E-01 [2] 97% [5] 0.01 0.05
0 0 3.31E-02 [2] 97% [5] 0.00 0.00

62 4 3.40E-03 0.01 0.06
1 1 1.40E+00 [2] 90% [4] 0.14 0.61

Total 0.43 1.87
CH4 - -
CO2e - -

[1] Development of Emission Factors for Leaks in Refinery Components in Heavy Liquid Service; API Publication 337; 
August 1996 Table ES-1, EF for combined SoCal and Washington data

[2] EPA's Protocol for Equipment Leak Emission Estimates, EPA-453/R-95-017 (Protocol), Table 2-2 Refinery Average Emission Factors
[3] Protocol, Table 5-1 with dual mechanical seal with barrier fluid at pressure > pumped fluid
[4] Protocol, Table 5-1 with closed-vent system
[5] TCEQ Method 28RCT - consistent with NSPS quarterly monitoring and repair within 15 days and AVO for connectors
[6] Assumes 50% of LL pumps have dual mechanical seals.
[7] Conservative engineering estimate based on actual coker LDAR emissions.
[8] Current unit component counts.
[9] Assumes 5% incremental count increase for the affected units

Sample Connections
Drains

Compressors

VOC Emissions

Valves

Pumps

Flanges

Relief Valves

Equipment Type Equipment Service
Permitting
Count [9] VOC EF (lb/hr/component) NSPS Control %



Attachment 1: Table 7A
Baseline Actual Emission Calculations for EU30H401: #4 H2 Plant (MPCA EU296, EQUI471)

NOX CO PMfil PM10 PM2.5 VOC H2S Pb CO2 CH4 N2O GHG Firing
tons tons tons tons tons tons tons tons tons tons tons tons CO2e MMBtu

Date [1] [2] [3] [4] [5] [6] [7] [8] [9] [9] [9] [9] [10]
Jan-10 8.80 0.00 0.47 1.85 1.85 0.70 0.00 1.23E-04 30,993.15 1.66 3.33E-01 31,134 503,304
Feb-10 7.77 0.00 0.39 1.51 1.51 0.58 1.00 1.02E-04 25,805.73 1.38 2.75E-01 25,922 416,040
Mar-10 7.91 0.00 0.42 1.65 1.65 0.63 2.00 1.11E-04 27,979.48 1.50 3.00E-01 28,106 452,843
Apr-10 7.87 0.00 0.43 1.66 1.66 0.64 3.00 1.12E-04 28,816.40 1.52 3.03E-01 28,945 458,274

May-10 8.11 0.00 0.44 1.73 1.73 0.67 4.00 1.17E-04 30,116.02 1.58 3.15E-01 30,249 476,856
Jun-10 7.78 0.00 0.44 1.73 1.73 0.67 5.00 1.17E-04 30,225.66 1.58 3.15E-01 30,359 476,535
Jul-10 7.49 0.00 0.43 1.66 1.66 0.64 6.00 1.13E-04 29,689.16 1.52 3.04E-01 29,818 459,453

Aug-10 7.52 0.00 0.43 1.69 1.69 0.65 7.00 1.14E-04 29,509.34 1.54 3.08E-01 29,640 465,946
Sep-10 7.44 0.00 0.40 1.56 1.56 0.60 8.00 1.05E-04 26,537.50 1.42 2.83E-01 26,657 428,375
Oct-10 9.33 0.00 0.45 1.82 1.82 0.68 9.00 1.19E-04 29,908.41 1.60 3.20E-01 30,044 483,689
Nov-10 8.90 0.00 0.44 1.76 1.76 0.66 10.00 1.16E-04 29,649.26 1.57 3.14E-01 29,782 474,597
Dec-10 9.46 0.00 0.46 1.80 1.80 0.69 11.00 1.20E-04 30,593.66 1.62 3.25E-01 30,731 491,387
Jan-11 8.78 0.00 0.43 1.70 1.70 0.64 12.00 1.13E-04 28,472.06 1.52 3.04E-01 28,601 459,583
Feb-11 7.93 0.00 0.41 1.62 1.62 0.61 13.00 1.07E-04 27,463.60 1.44 2.88E-01 27,586 436,019
Mar-11 8.35 0.00 0.44 1.73 1.73 0.66 14.00 1.15E-04 29,303.34 1.55 3.10E-01 29,435 469,364
Apr-11 7.88 0.00 0.42 1.64 1.64 0.63 15.00 1.10E-04 27,645.67 1.48 2.96E-01 27,771 447,245

May-11 7.84 0.00 0.41 1.60 1.60 0.61 16.00 1.07E-04 27,387.90 1.44 2.88E-01 27,510 435,920
Jun-11 6.62 0.00 0.38 1.50 1.50 0.57 17.00 9.95E-05 25,698.79 1.34 2.69E-01 25,812 406,099
Jul-11 6.80 0.00 0.38 1.53 1.53 0.58 18.00 1.01E-04 26,148.51 1.37 2.73E-01 26,264 413,063

Aug-11 6.84 0.00 0.40 1.59 1.59 0.60 19.00 1.06E-04 27,055.69 1.43 2.85E-01 27,176 431,087
Sep-11 2.09 0.13 0.14 0.44 0.44 0.21 20.00 3.61E-05 9,208.98 0.49 9.74E-02 9,250 147,299
Oct-11 7.54 0.00 0.43 1.69 1.69 0.64 21.00 1.13E-04 28,639.10 1.52 3.04E-01 28,768 459,597
Nov-11 6.87 0.00 0.41 1.63 1.63 0.62 22.00 1.09E-04 27,541.32 1.47 2.94E-01 27,666 445,073
Dec-11 7.03 0.00 0.44 1.75 1.75 0.67 23.00 1.17E-04 29,633.86 1.58 3.16E-01 29,767 477,514

Baseline
Period Ends: Dec-11 Dec-11 Dec-11 Dec-11 Dec-11 Dec-11 Dec-11 Dec-11 Dec-11 Dec-11 Dec-11 Dec-11 --
Baseline
Actual
Emissions: 91.48 0.07 4.94 19.41 19.41 7.43 138.00 1.30E-03 332,011 17.55 3.51 333,496 --

Emission Factor References
[1] Based on CEMS data.
[2] Based on CEMS data.
[3] Emission factor of 1.86E-03 lb/MMBtu per AP-42 Table 1.4-2 for the filterable portion.
[4] Emission factor of 7.45E-03 lb/MMBtu per AP-42 Table 1.4-2 includes condensible and filterable portion.
[5] Emission factor of 7.45E-03 lb/MMBtu per AP-42 Table 1.4-2 includes condensible and filterable portion.
[6] Emission factor of 5.39E-03 lb/MMBtu per AP-42 Table 1.4-2.
[7] Assumed to be negligible and equal to TRS and RSC.
[8] Emission factor of 4.90E-07 lb/MMBtu per AP-42 Table 1.4-2.
[9] CO2 emissions calculated per Equation C-2b and C-5 of 40 CFR 98 for combustion of refinery fuel gas from Mix Drum 45

CH4 and N2O emissions calculated per Equation C-8 of 40 CFR 98.
CO2e (tons) = CO2 (tons) + 25 * CH4 (tons) + 298 * N2O (tons) per Table A-1 of 40 CFR 98.

[10] Measured throughput rates.
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Attachment 1: Table 32
Potential to Emit for Liquid Petroleum Storage and Transport (MPCA GP009)

Calculation for VOC Withdrawl Losses from Floating Roof Storage Tanks [1]
Where: LWD = withdrawal loss, lb/yr 

Q = annual throughput, bbl/yr 

C = clingage factor, bbl/1,000 ft2, see table

WL = average organic liquid density, lb/gal 
Light Rust C D = tank diameter, ft 

(bbl/1,000 ft2) 0.943 = constant, 1,000 ft3*gal/bbl2

0.0060 NC = number of fixed roof support columns, dimensionless

0.0015 FC = effective column diameter, ft (column perimeter [ft]/ )

Calculation for VOC Working Losses from Fixed Roof Storage Tanks [2]

Where:
LW =     working loss, lb/yr Q =       annual net throughput, bbl/yr 
MV =     vapor molecular weight, lb/lb-mole KN =      working loss turnover (saturation) factor, dimensionless
PVA =    vapor pressure at daily average liquid   for turnovers >36, KN = (180 + N)/6N 

  for turnovers 36, KN = 1 
Calculation of H2S from Crude Tanks

Concentration of H2S in Crude Oil [6]: 154.35 ppm
Moles of H2S per 100 Lbs of Crude Oil: 4.54E-04 moles
Molecular Weight of Crude Oil: 207
Moles of Crude Oil/ 100 lbs of Crude Oil: 4.83E-01 moles
Mole Fraction of H2S in Crude Oil: (A) 9.40E-04
K Constant = (B) 20.5
Mole Fraction of H2S in Vapor Phase = A x B 1.93E-02
Molecular Weight of Crude Oil Vapor: (C) 50
Lbs of H2S in One Mole of Vapor= A x B x 34 6.55E-01
H2S/VOC Weight Ratio in Vapor Phase: 1.31E-02

Project Emission Increase [3]

Product Stored Crude Naphtha Distillate
Tank ID TK 1-4 TK 15 TK 21-23

Roof Type EFR IFR Fixed
Q (bpd) [4] 25,260 16,460 12,855
C 0.006 0.0015 --
WL (lb/gal) 7.6 6.4 --
D (ft) 150 80 --
Nc 0 8 --
Fc (ft) 0 1 --
Lwd (lb/yr) 2643 748 --
Mv -- -- 130
Pva -- -- 0.0074
Kn -- -- 1
Kp -- -- 1
Lwd (tpy) 1.32 0.37 2.26
Turnovers (#/yr) [3] 1 2 1
Total VOC (tpy) 1.32 0.75 2.26
Total VOC Project Increase (tpy) 4.33
Total H2S Increase from Crude (tpy) 0.02

[1]   Equation per AP-42 Chapter 7, Equation 2-4 and Table 7.1-10
[2]   Equation per AP-42 Chapter 7, Equation 1-29 and Figure 7.1-18
[3]   Calculations represent the incremental increase attributed to the project.
[4]   Incremental product increase based on conservative engineering estimate.
[5]   Representative tank used for calculations, emissions would be equivalent for any fixed roof tank.
[6]   Concentration of H2S in Crude Oil: Assumed same as MPC Garyville Refinery Method
2. Reference: Fig. 12-71. Vapor-Liquid Equilibria for Hydrocarbons and Gases
     Petroleum Processing Handbook (McGraw-Hill Book Company)

Product
Stored

Crude Oil

Gasoline or Singlle Component Stocks

Appendix A, Attachment 1-1



Attachment 1: Table 33
Potential to Emit for Hydrogen Plant DA Vent

Calculation of Potential Increase in Utilization of VOC Emissions from Deaerator Vent

Modeled Potential Emission 30-1 Methanol Rate (lbs/hr) 8.40
30-1 Methanol Rate w/30% increase (lbs/hr) 10.92

Methanol Generatation Increase (lbs/hr) 2.52
Average Stripper Efficiency 89.0%

Methanol Sent to 30-1 DA Vent (lbs/hr) 0.28
30-1 DA Vent Percent Methanol Emitted 15.0% FHR Engineering Estimate

30-1 DA Vent Methanol Emissions (lbs/hr) 0.04
Methanol Sent to BFW System (lbs/hr) 0.24

Steam System Percent Methanol Emitted 39% FHR Engineering Estimate
Steam System Methanol Emissions (lbs/hr) 0.09

Total Methanol Emissions (lbs/hr) 0.13
Total Methanol Emissions (tpy) 0.58
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Flint Hills Resources Pine Bend, LLC Pine Bend Refinery
North Contractor Building Natural Gas Fired Emergency Generator (EU 363)
Emissions Calculations Hazardous Air Pollutants

Quantity Value Units Reference
Make/Mode: Olympian/Generac G80LG4
Max Potential Operating Rate: 80 kW Olympian G80LG 80 kW Industrial Spark Ignited Generator Set Data Sheet
Max Potential Operating Rate: 126.00 bHP Olympian G80LG 80 kW Industrial Spark Ignited Generator Set Data Sheet
Fuel Heat Capacity 1,020 Btu/scf AP 42 Sec on 3.2 Natural Gas Fired Reciproca ng Engines, Table 3.2 3, 4 Stroke Rich Burn Engines.
Hours of Operation: 500 hr/yr EPA White Paper regarding assumed annual hours of operation emergency generators
Natural Gas Fuel Consumption Rate: 1,055 CF/hr Olympian G80LG 80 kW Industrial Spark Ignited Generator Set Data Sheet
Heat Input Capacity: 1.08 MMBtu/hr Calculated (Btu/scf x scf/hr x MMBtu/Btu)

Pollutant Emission Factor [1] Units
Projected Emissions

(lb/hr) [2]
Projected Emissions

(tpy) [3] Emission Factor Reference
1,1,2,2 Tetrachloroethane 2.53E 05 lb/MMBtu 2.72E 05 6.81E 06 AP 42, Table 3.2 3
1,1,2 Trichloroethane 1.53E 05 lb/MMBtu 1.65E 05 4.12E 06 AP 42, Table 3.2 3
1,1 Dichloroethane 1.13E 05 lb/MMBtu 1.22E 05 3.04E 06 AP 42, Table 3.2 3
1,2 Dichloroethane 1.13E 05 lb/MMBtu 1.22E 05 3.04E 06 AP 42, Table 3.2 3
1,2 Dichloropropane 1.30E 05 lb/MMBtu 1.40E 05 3.50E 06 AP 42, Table 3.2 3
1,3 Butadiene 6.63E 04 lb/MMBtu 7.13E 04 1.78E 04 AP 42, Table 3.2 3
1,3 Dichloropropene 1.27E 05 lb/MMBtu 1.37E 05 3.42E 06 AP 42, Table 3.2 3
Acetaldehyde 2.79E 03 lb/MMBtu 3.00E 03 7.51E 04 AP 42, Table 3.2 3
Acrolein 2.63E 03 lb/MMBtu 2.83E 03 7.08E 04 AP 42, Table 3.2 3
Benzene 1.58E 03 lb/MMBtu 1.70E 03 4.25E 04 AP 42, Table 3.2 3
Carbon Tetrachloride 1.77E 05 lb/MMBtu 1.90E 05 4.76E 06 AP 42, Table 3.2 3
Chlorobenzene 1.29E 05 lb/MMBtu 1.39E 05 3.47E 06 AP 42, Table 3.2 3
Chloroform 1.37E 05 lb/MMBtu 1.47E 05 3.69E 06 AP 42, Table 3.2 3
Ethylbenzene 2.48E 05 lb/MMBtu 2.67E 05 6.67E 06 AP 42, Table 3.2 3
Ethylene Dibromide 2.13E 05 lb/MMBtu 2.29E 05 5.73E 06 AP 42, Table 3.2 3
Formaldehyde 2.05E 02 lb/MMBtu 2.21E 02 5.52E 03 AP 42, Table 3.2 3
Methanol 3.06E 03 lb/MMBtu 3.29E 03 8.23E 04 AP 42, Table 3.2 3
Methylene Chloride 4.12E 05 lb/MMBtu 4.43E 05 1.11E 05 AP 42, Table 3.2 3
Naphthalene 9.71E 05 lb/MMBtu 1.04E 04 2.61E 05 AP 42, Table 3.2 3
PAH 1.41E 04 lb/MMBtu 1.52E 04 3.79E 05 AP 42, Table 3.2 3
Styrene 1.19E 05 lb/MMBtu 1.28E 05 3.20E 06 AP 42, Table 3.2 3
Toluene 5.58E 04 lb/MMBtu 6.00E 04 1.50E 04 AP 42, Table 3.2 3
Vinyl Chloride 7.18E 06 lb/MMBtu 7.73E 06 1.93E 06 AP 42, Table 3.2 3
Xylene (total) 1.95E 04 lb/MMBtu 2.10E 04 5.25E 05 AP 42, Table 3.2 3
Total HAP 3.48E 02 8.70E 03 AP 42, Table 3.2 3
[1] AP 42 Chapter 3, Section 3.2 Natural Gas Fired Reciprocating Engines, Table 3.2 3, 4 Stroke Rich Burn Engines.
[2] Projected Emissions (lb/hr) = EF (lb/MMBtu) x Max Firing Rate (MMBtu/hr)
[3] Emission Increase (tpy) = Projected Emissions (lb/hr) x Hours of Operation (hr/yr) / 2,000 lbs/ton
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Flint Hills Resources Pine Bend, LLC Pine Bend Refinery
North Contractor Building Natural Gas Fired Boiler #1 (EU 364)
Emissions Calculations Hazardous Air Pollutants

Quantity Value Units Reference
Maximum Operating Rate: 3 MMBtu/hr Boiler Nameplate
Maximum Operating Rate: 2.94E 03 MMscf/hr Calculated (MMBtu/hr / 1020 scf)
Natural Gas HHV: 1020 Btu/scf
Hours of Operation: 8760 hr/yr

Pollutant
Emission
Factor [1]

Emission
Factor Units

Potential
Emissions
(lb/hr) [2]

Potential
Emissions

(tpy) [3] Emission Factor Reference
2 Methylnaphthalene 2.35E 08 lb/MMBtu 7.06E 08 3.09E 07 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
3 Methylchloranthrene 1.76E 09 lb/MMBtu 5.29E 09 2.32E 08 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
7,12 Dimethylbenz(a)anthracene 1.57E 08 lb/MMBtu 4.71E 08 2.06E 07 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Acenaphthene 1.76E 09 lb/MMBtu 5.29E 09 2.32E 08 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Acenaphthylene 1.76E 09 lb/MMBtu 5.29E 09 2.32E 08 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Anthracene 2.35E 09 lb/MMBtu 7.06E 09 3.09E 08 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Benz(a)anthracene 1.76E 09 lb/MMBtu 5.29E 09 2.32E 08 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Benzene 2.06E 06 lb/MMBtu 6.18E 06 2.71E 05 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Benzo(a)pyrene 1.18E 09 lb/MMBtu 3.53E 09 1.55E 08 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Benzo(b)fluoranthene 1.76E 09 lb/MMBtu 5.29E 09 2.32E 08 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Benzo(g,h,i)perylene 1.18E 09 lb/MMBtu 3.53E 09 1.55E 08 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Benzo(k)fluoranthene 1.76E 09 lb/MMBtu 5.29E 09 2.32E 08 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Chrysene 1.76E 09 lb/MMBtu 5.29E 09 2.32E 08 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Dibenzo(a,h)anthracene 1.18E 09 lb/MMBtu 3.53E 09 1.55E 08 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Dichlorobenzene 1.18E 06 lb/MMBtu 3.53E 06 1.55E 05 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Fluoranthene 2.94E 09 lb/MMBtu 8.82E 09 3.86E 08 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Fluorene 2.75E 09 lb/MMBtu 8.24E 09 3.61E 08 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Formaldehyde 7.35E 05 lb/MMBtu 2.21E 04 9.66E 04 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Hexane 1.76E 03 lb/MMBtu 5.29E 03 2.32E 02 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Indeno(1,2,3 cd)pyrene 1.76E 09 lb/MMBtu 5.29E 09 2.32E 08 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Naphthalene 5.98E 07 lb/MMBtu 1.79E 06 7.86E 06 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Phenanthrene 1.67E 08 lb/MMBtu 5.00E 08 2.19E 07 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Pyrene 4.90E 09 lb/MMBtu 1.47E 08 6.44E 08 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Toluene 3.33E 06 lb/MMBtu 1.00E 05 4.38E 05 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Arsenic 1.96E 07 lb/MMBtu 5.88E 07 2.58E 06 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Beryllium 1.18E 08 lb/MMBtu 3.53E 08 1.55E 07 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Cadmium 1.08E 06 lb/MMBtu 3.24E 06 1.42E 05 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Chromium (total) 1.37E 06 lb/MMBtu 4.12E 06 1.80E 05 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Cobalt 8.24E 08 lb/MMBtu 2.47E 07 1.08E 06 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Manganese 3.73E 07 lb/MMBtu 1.12E 06 4.90E 06 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Mercury 2.55E 07 lb/MMBtu 7.65E 07 3.35E 06 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Molybdenum 1.08E 06 lb/MMBtu 3.24E 06 1.42E 05 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Nickel 2.06E 06 lb/MMBtu 6.18E 06 2.71E 05 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Selenium 2.35E 08 lb/MMBtu 7.06E 08 3.09E 07 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Total HAP 1.85E 03 lb/MMBtu 5.56E 03 2.43E 02 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
[1] Emission factors are from AP 42, Fifth Edition, Volume I Chapter 1: External Combustion Sources Natural Gas Combustion, Table 1.4 3 and HHV of
1,020 Btu/scf.
[2] Potential Emissions (lb/hr) = Emission Factor (lb/MMBtu) x Heat Input (MMBtu/hr)
[3] Potential Emissions (tpy) = Projected Emissions (lb/hr) x Hours of Operation (hr/yr) / 2,000 lbs/ton
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Flint Hills Resources Pine Bend, LLC Pine Bend Refinery
North Contractor Building Natural Gas Fired Boiler #2 (EU 365)
Emissions Calculations Hazardous Air Pollutants

Quantity Value Units Reference
Maximum Operating Rate: 3 MMBtu/hr Boiler Nameplate
Maximum Operating Rate: 2.94E 03 MMscf/hr Calculated (MMBtu/hr / 1020 scf)
Natural Gas HHV: 1020 Btu/scf
Hours of Operation: 8760 hr/yr

Pollutant
Emission
Factor [1]

Emission
Factor Units

Potential
Emissions
(lb/hr) [2]

Potential
Emissions

(tpy) [3] Emission Factor Reference
2 Methylnaphthalene 2.35E 08 lb/MMBtu 7.06E 08 3.09E 07 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
3 Methylchloranthrene 1.76E 09 lb/MMBtu 5.29E 09 2.32E 08 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
7,12 Dimethylbenz(a)anthracene 1.57E 08 lb/MMBtu 4.71E 08 2.06E 07 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Acenaphthene 1.76E 09 lb/MMBtu 5.29E 09 2.32E 08 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Acenaphthylene 1.76E 09 lb/MMBtu 5.29E 09 2.32E 08 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Anthracene 2.35E 09 lb/MMBtu 7.06E 09 3.09E 08 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Benz(a)anthracene 1.76E 09 lb/MMBtu 5.29E 09 2.32E 08 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Benzene 2.06E 06 lb/MMBtu 6.18E 06 2.71E 05 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Benzo(a)pyrene 1.18E 09 lb/MMBtu 3.53E 09 1.55E 08 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Benzo(b)fluoranthene 1.76E 09 lb/MMBtu 5.29E 09 2.32E 08 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Benzo(g,h,i)perylene 1.18E 09 lb/MMBtu 3.53E 09 1.55E 08 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Benzo(k)fluoranthene 1.76E 09 lb/MMBtu 5.29E 09 2.32E 08 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Chrysene 1.76E 09 lb/MMBtu 5.29E 09 2.32E 08 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Dibenzo(a,h)anthracene 1.18E 09 lb/MMBtu 3.53E 09 1.55E 08 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Dichlorobenzene 1.18E 06 lb/MMBtu 3.53E 06 1.55E 05 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Fluoranthene 2.94E 09 lb/MMBtu 8.82E 09 3.86E 08 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Fluorene 2.75E 09 lb/MMBtu 8.24E 09 3.61E 08 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Formaldehyde 7.35E 05 lb/MMBtu 2.21E 04 9.66E 04 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Hexane 1.76E 03 lb/MMBtu 5.29E 03 2.32E 02 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Indeno(1,2,3 cd)pyrene 1.76E 09 lb/MMBtu 5.29E 09 2.32E 08 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Naphthalene 5.98E 07 lb/MMBtu 1.79E 06 7.86E 06 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Phenanthrene 1.67E 08 lb/MMBtu 5.00E 08 2.19E 07 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Pyrene 4.90E 09 lb/MMBtu 1.47E 08 6.44E 08 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Toluene 3.33E 06 lb/MMBtu 1.00E 05 4.38E 05 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Arsenic 1.96E 07 lb/MMBtu 5.88E 07 2.58E 06 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Beryllium 1.18E 08 lb/MMBtu 3.53E 08 1.55E 07 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Cadmium 1.08E 06 lb/MMBtu 3.24E 06 1.42E 05 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Chromium (total) 1.37E 06 lb/MMBtu 4.12E 06 1.80E 05 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Cobalt 8.24E 08 lb/MMBtu 2.47E 07 1.08E 06 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Manganese 3.73E 07 lb/MMBtu 1.12E 06 4.90E 06 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Mercury 2.55E 07 lb/MMBtu 7.65E 07 3.35E 06 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Molybdenum 1.08E 06 lb/MMBtu 3.24E 06 1.42E 05 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Nickel 2.06E 06 lb/MMBtu 6.18E 06 2.71E 05 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Selenium 2.35E 08 lb/MMBtu 7.06E 08 3.09E 07 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Total HAP 1.85E 03 lb/MMBtu 5.56E 03 2.43E 02 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
[1] Emission factors are from AP 42, Fifth Edition, Volume I Chapter 1: External Combustion Sources Natural Gas Combustion, Table 1.4 3 and HHV of 1,020
Btu/scf.
[2] Potential Emissions (lb/hr) = Emission Factor (lb/MMBtu) x Heat Input (MMBtu/hr)
[3] Potential Emissions (tpy) = Projected Emissions (lb/hr) x Hours of Operation (hr/yr) / 2,000 lbs/ton
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Flint Hills Resources Pine Bend, LLC Pine Bend Refinery
North Contractor Building Natural Gas Fired Water Heater (IA #1)
Emissions Calculations Hazardous Air Pollutants

Quantity Value Units Reference
Maximum Operating Rate: 0.4999 MMBtu/hr Water Heater Nameplate
Maximum Operating Rate: 4.90E 04 MMscf/hr Calculated (MMBtu/hr / 1020 scf)
Natural Gas HHV: 1020 Btu/scf
Hours of Operation: 8760 hr/yr

Pollutant
Emission Factor

[1]
Emission Factor

Units

Potential
Emissions
(lb/hr) [2]

Potential
Emissions
(tpy) [3] Emission Factor Reference

2 Methylnaphthalene 2.35E 08 lb/MMBtu 1.18E 08 5.15E 08 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
3 Methylchloranthrene 1.76E 09 lb/MMBtu 8.82E 10 3.86E 09 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
7,12 Dimethylbenz(a)anthracene 1.57E 08 lb/MMBtu 7.84E 09 3.43E 08 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Acenaphthene 1.76E 09 lb/MMBtu 8.82E 10 3.86E 09 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Acenaphthylene 1.76E 09 lb/MMBtu 8.82E 10 3.86E 09 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Anthracene 2.35E 09 lb/MMBtu 1.18E 09 5.15E 09 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Benz(a)anthracene 1.76E 09 lb/MMBtu 8.82E 10 3.86E 09 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Benzene 2.06E 06 lb/MMBtu 1.03E 06 4.51E 06 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Benzo(a)pyrene 1.18E 09 lb/MMBtu 5.88E 10 2.58E 09 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Benzo(b)fluoranthene 1.76E 09 lb/MMBtu 8.82E 10 3.86E 09 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Benzo(g,h,i)perylene 1.18E 09 lb/MMBtu 5.88E 10 2.58E 09 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Benzo(k)fluoranthene 1.76E 09 lb/MMBtu 8.82E 10 3.86E 09 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Chrysene 1.76E 09 lb/MMBtu 8.82E 10 3.86E 09 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Dibenzo(a,h)anthracene 1.18E 09 lb/MMBtu 5.88E 10 2.58E 09 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Dichlorobenzene 1.18E 06 lb/MMBtu 5.88E 07 2.58E 06 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Fluoranthene 2.94E 09 lb/MMBtu 1.47E 09 6.44E 09 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Fluorene 2.75E 09 lb/MMBtu 1.37E 09 6.01E 09 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Formaldehyde 7.35E 05 lb/MMBtu 3.68E 05 1.61E 04 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Hexane 1.76E 03 lb/MMBtu 8.82E 04 3.86E 03 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Indeno(1,2,3 cd)pyrene 1.76E 09 lb/MMBtu 8.82E 10 3.86E 09 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Naphthalene 5.98E 07 lb/MMBtu 2.99E 07 1.31E 06 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Phenanthrene 1.67E 08 lb/MMBtu 8.33E 09 3.65E 08 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Pyrene 4.90E 09 lb/MMBtu 2.45E 09 1.07E 08 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Toluene 3.33E 06 lb/MMBtu 1.67E 06 7.30E 06 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Arsenic 1.96E 07 lb/MMBtu 9.80E 08 4.29E 07 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Beryllium 1.18E 08 lb/MMBtu 5.88E 09 2.58E 08 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Cadmium 1.08E 06 lb/MMBtu 5.39E 07 2.36E 06 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Chromium (total) 1.37E 06 lb/MMBtu 6.86E 07 3.01E 06 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Cobalt 8.24E 08 lb/MMBtu 4.12E 08 1.80E 07 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Manganese 3.73E 07 lb/MMBtu 1.86E 07 8.16E 07 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Mercury 2.55E 07 lb/MMBtu 1.27E 07 5.58E 07 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Molybdenum 1.08E 06 lb/MMBtu 5.39E 07 2.36E 06 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Nickel 2.06E 06 lb/MMBtu 1.03E 06 4.51E 06 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Selenium 2.35E 08 lb/MMBtu 1.18E 08 5.15E 08 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Total HAP 1.85E 03 lb/MMBtu 9.26E 04 4.06E 03 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
[1] Emission factors are from AP 42, Fifth Edition, Volume I Chapter 1: External Combustion Sources Natural Gas Combustion, Table 1.4 3 and HHV of 1,020
[2] Potential Emissions (lb/hr) = Emission Factor (lb/MMBtu) x Heat Input (MMBtu/hr)
[3] Potential Emissions (tpy) = Projected Emissions (lb/hr) x Hours of Operation (hr/yr) / 2,000 lbs/ton
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Flint Hills Resources Pine Bend, LLC Pine Bend Refinery
North Contractor Building Natural Gas Roof Top Unit #1 (IA #2)
Emissions Calculations Hazardous Air Pollutants

Quantity Value Units Reference
Maximum Operating Rate: 0.625 MMBtu/hr RTU Nameplate
Maximum Operating Rate: 6.13E 04 MMscf/hr Calculated (MMBtu/hr / 1020 scf)
Natural Gas HHV: 1020 Btu/scf
Hours of Operation: 8760 hr/yr

Pollutant
Emission
Factor [1]

Emission
Factor Units

Potential
Emissions
(lb/hr) [2]

Potential
Emissions

(tpy) [3] Emission Factor Reference
2 Methylnaphthalene 2.35E 08 lb/MMBtu 1.47E 08 6.44E 08 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
3 Methylchloranthrene 1.76E 09 lb/MMBtu 1.10E 09 4.83E 09 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
7,12 Dimethylbenz(a)anthracene 1.57E 08 lb/MMBtu 9.80E 09 4.29E 08 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Acenaphthene 1.76E 09 lb/MMBtu 1.10E 09 4.83E 09 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Acenaphthylene 1.76E 09 lb/MMBtu 1.10E 09 4.83E 09 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Anthracene 2.35E 09 lb/MMBtu 1.47E 09 6.44E 09 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Benz(a)anthracene 1.76E 09 lb/MMBtu 1.10E 09 4.83E 09 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Benzene 2.06E 06 lb/MMBtu 1.29E 06 5.64E 06 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Benzo(a)pyrene 1.18E 09 lb/MMBtu 7.35E 10 3.22E 09 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Benzo(b)fluoranthene 1.76E 09 lb/MMBtu 1.10E 09 4.83E 09 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Benzo(g,h,i)perylene 1.18E 09 lb/MMBtu 7.35E 10 3.22E 09 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Benzo(k)fluoranthene 1.76E 09 lb/MMBtu 1.10E 09 4.83E 09 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Chrysene 1.76E 09 lb/MMBtu 1.10E 09 4.83E 09 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Dibenzo(a,h)anthracene 1.18E 09 lb/MMBtu 7.35E 10 3.22E 09 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Dichlorobenzene 1.18E 06 lb/MMBtu 7.35E 07 3.22E 06 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Fluoranthene 2.94E 09 lb/MMBtu 1.84E 09 8.05E 09 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Fluorene 2.75E 09 lb/MMBtu 1.72E 09 7.51E 09 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Formaldehyde 7.35E 05 lb/MMBtu 4.60E 05 2.01E 04 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Hexane 1.76E 03 lb/MMBtu 1.10E 03 4.83E 03 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Indeno(1,2,3 cd)pyrene 1.76E 09 lb/MMBtu 1.10E 09 4.83E 09 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Naphthalene 5.98E 07 lb/MMBtu 3.74E 07 1.64E 06 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Phenanthrene 1.67E 08 lb/MMBtu 1.04E 08 4.56E 08 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Pyrene 4.90E 09 lb/MMBtu 3.06E 09 1.34E 08 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Toluene 3.33E 06 lb/MMBtu 2.08E 06 9.13E 06 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Arsenic 1.96E 07 lb/MMBtu 1.23E 07 5.37E 07 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Beryllium 1.18E 08 lb/MMBtu 7.35E 09 3.22E 08 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Cadmium 1.08E 06 lb/MMBtu 6.74E 07 2.95E 06 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Chromium (total) 1.37E 06 lb/MMBtu 8.58E 07 3.76E 06 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Cobalt 8.24E 08 lb/MMBtu 5.15E 08 2.25E 07 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Manganese 3.73E 07 lb/MMBtu 2.33E 07 1.02E 06 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Mercury 2.55E 07 lb/MMBtu 1.59E 07 6.98E 07 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Molybdenum 1.08E 06 lb/MMBtu 6.74E 07 2.95E 06 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Nickel 2.06E 06 lb/MMBtu 1.29E 06 5.64E 06 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Selenium 2.35E 08 lb/MMBtu 1.47E 08 6.44E 08 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Total HAP 1.85E 03 lb/MMBtu 1.16E 03 5.07E 03 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
[1] Emission factors are from AP 42, Fifth Edition, Volume I Chapter 1: External Combustion Sources Natural Gas Combustion, Table 1.4 3 and HHV of
1,020 Btu/scf.
[2] Potential Emissions (lb/hr) = Emission Factor (lb/MMBtu) x Heat Input (MMBtu/hr)
[3] Potential Emissions (tpy) = Projected Emissions (lb/hr) x Hours of Operation (hr/yr) / 2,000 lbs/ton
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Flint Hills Resources Pine Bend, LLC Pine Bend Refinery
North Contractor Building Natural Gas Roof Top Unit #2 (IA #3)
Emissions Calculations Hazardous Air Pollutants

Quantity Value Units Reference
Maximum Operating Rate: 0.625 MMBtu/hr RTU Nameplate
Maximum Operating Rate: 6.13E 04 MMscf/hr Calculated (MMBtu/hr / 1020 scf)
Natural Gas HHV: 1020 Btu/scf
Hours of Operation: 8760 hr/yr

Pollutant
Emission
Factor [1]

Emission
Factor Units

Potential
Emissions
(lb/hr) [2]

Potential
Emissions

(tpy) [3] Emission Factor Reference
2 Methylnaphthalene 2.35E 08 lb/MMBtu 1.47E 08 6.44E 08 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
3 Methylchloranthrene 1.76E 09 lb/MMBtu 1.10E 09 4.83E 09 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
7,12 Dimethylbenz(a)anthracene 1.57E 08 lb/MMBtu 9.80E 09 4.29E 08 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Acenaphthene 1.76E 09 lb/MMBtu 1.10E 09 4.83E 09 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Acenaphthylene 1.76E 09 lb/MMBtu 1.10E 09 4.83E 09 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Anthracene 2.35E 09 lb/MMBtu 1.47E 09 6.44E 09 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Benz(a)anthracene 1.76E 09 lb/MMBtu 1.10E 09 4.83E 09 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Benzene 2.06E 06 lb/MMBtu 1.29E 06 5.64E 06 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Benzo(a)pyrene 1.18E 09 lb/MMBtu 7.35E 10 3.22E 09 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Benzo(b)fluoranthene 1.76E 09 lb/MMBtu 1.10E 09 4.83E 09 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Benzo(g,h,i)perylene 1.18E 09 lb/MMBtu 7.35E 10 3.22E 09 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Benzo(k)fluoranthene 1.76E 09 lb/MMBtu 1.10E 09 4.83E 09 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Chrysene 1.76E 09 lb/MMBtu 1.10E 09 4.83E 09 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Dibenzo(a,h)anthracene 1.18E 09 lb/MMBtu 7.35E 10 3.22E 09 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Dichlorobenzene 1.18E 06 lb/MMBtu 7.35E 07 3.22E 06 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Fluoranthene 2.94E 09 lb/MMBtu 1.84E 09 8.05E 09 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Fluorene 2.75E 09 lb/MMBtu 1.72E 09 7.51E 09 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Formaldehyde 7.35E 05 lb/MMBtu 4.60E 05 2.01E 04 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Hexane 1.76E 03 lb/MMBtu 1.10E 03 4.83E 03 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Indeno(1,2,3 cd)pyrene 1.76E 09 lb/MMBtu 1.10E 09 4.83E 09 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Naphthalene 5.98E 07 lb/MMBtu 3.74E 07 1.64E 06 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Phenanthrene 1.67E 08 lb/MMBtu 1.04E 08 4.56E 08 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Pyrene 4.90E 09 lb/MMBtu 3.06E 09 1.34E 08 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Toluene 3.33E 06 lb/MMBtu 2.08E 06 9.13E 06 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Arsenic 1.96E 07 lb/MMBtu 1.23E 07 5.37E 07 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Beryllium 1.18E 08 lb/MMBtu 7.35E 09 3.22E 08 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Cadmium 1.08E 06 lb/MMBtu 6.74E 07 2.95E 06 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Chromium (total) 1.37E 06 lb/MMBtu 8.58E 07 3.76E 06 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Cobalt 8.24E 08 lb/MMBtu 5.15E 08 2.25E 07 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Manganese 3.73E 07 lb/MMBtu 2.33E 07 1.02E 06 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Mercury 2.55E 07 lb/MMBtu 1.59E 07 6.98E 07 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Molybdenum 1.08E 06 lb/MMBtu 6.74E 07 2.95E 06 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Nickel 2.06E 06 lb/MMBtu 1.29E 06 5.64E 06 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Selenium 2.35E 08 lb/MMBtu 1.47E 08 6.44E 08 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Total HAP 1.85E 03 lb/MMBtu 1.16E 03 5.07E 03 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
[1] Emission factors are from AP 42, Fifth Edition, Volume I Chapter 1: External Combustion Sources Natural Gas Combustion, Table 1.4 3 and HHV of
1,020 Btu/scf.
[2] Potential Emissions (lb/hr) = Emission Factor (lb/MMBtu) x Heat Input (MMBtu/hr)
[3] Potential Emissions (tpy) = Projected Emissions (lb/hr) x Hours of Operation (hr/yr) / 2,000 lbs/ton
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Flint Hills Resources Pine Bend, LLC Pine Bend Refinery
North Contractor Building Natural Gas Roof Top Unit #3 (IA #4)
Emissions Calculations Hazardous Air Pollutants

Quantity Value Units Reference
Maximum Operating Rate: 0.8 MMBtu/hr RTU Nameplate
Maximum Operating Rate: 7.84E 04 MMscf/hr Calculated (MMBtu/hr / 1020 scf)
Natural Gas HHV: 1020 Btu/scf
Hours of Operation: 8760 hr/yr

Pollutant
Emission
Factor [1]

Emission
Factor Units

Potential
Emissions
(lb/hr) [2]

Potential
Emissions

(tpy) [3] Emission Factor Reference
2 Methylnaphthalene 2.35E 08 lb/MMBtu 1.88E 08 8.24E 08 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
3 Methylchloranthrene 1.76E 09 lb/MMBtu 1.41E 09 6.18E 09 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
7,12 Dimethylbenz(a)anthracene 1.57E 08 lb/MMBtu 1.25E 08 5.50E 08 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Acenaphthene 1.76E 09 lb/MMBtu 1.41E 09 6.18E 09 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Acenaphthylene 1.76E 09 lb/MMBtu 1.41E 09 6.18E 09 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Anthracene 2.35E 09 lb/MMBtu 1.88E 09 8.24E 09 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Benz(a)anthracene 1.76E 09 lb/MMBtu 1.41E 09 6.18E 09 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Benzene 2.06E 06 lb/MMBtu 1.65E 06 7.21E 06 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Benzo(a)pyrene 1.18E 09 lb/MMBtu 9.41E 10 4.12E 09 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Benzo(b)fluoranthene 1.76E 09 lb/MMBtu 1.41E 09 6.18E 09 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Benzo(g,h,i)perylene 1.18E 09 lb/MMBtu 9.41E 10 4.12E 09 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Benzo(k)fluoranthene 1.76E 09 lb/MMBtu 1.41E 09 6.18E 09 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Chrysene 1.76E 09 lb/MMBtu 1.41E 09 6.18E 09 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Dibenzo(a,h)anthracene 1.18E 09 lb/MMBtu 9.41E 10 4.12E 09 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Dichlorobenzene 1.18E 06 lb/MMBtu 9.41E 07 4.12E 06 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Fluoranthene 2.94E 09 lb/MMBtu 2.35E 09 1.03E 08 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Fluorene 2.75E 09 lb/MMBtu 2.20E 09 9.62E 09 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Formaldehyde 7.35E 05 lb/MMBtu 5.88E 05 2.58E 04 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Hexane 1.76E 03 lb/MMBtu 1.41E 03 6.18E 03 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Indeno(1,2,3 cd)pyrene 1.76E 09 lb/MMBtu 1.41E 09 6.18E 09 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Naphthalene 5.98E 07 lb/MMBtu 4.78E 07 2.10E 06 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Phenanthrene 1.67E 08 lb/MMBtu 1.33E 08 5.84E 08 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Pyrene 4.90E 09 lb/MMBtu 3.92E 09 1.72E 08 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Toluene 3.33E 06 lb/MMBtu 2.67E 06 1.17E 05 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Arsenic 1.96E 07 lb/MMBtu 1.57E 07 6.87E 07 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Beryllium 1.18E 08 lb/MMBtu 9.41E 09 4.12E 08 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Cadmium 1.08E 06 lb/MMBtu 8.63E 07 3.78E 06 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Chromium (total) 1.37E 06 lb/MMBtu 1.10E 06 4.81E 06 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Cobalt 8.24E 08 lb/MMBtu 6.59E 08 2.89E 07 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Manganese 3.73E 07 lb/MMBtu 2.98E 07 1.31E 06 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Mercury 2.55E 07 lb/MMBtu 2.04E 07 8.93E 07 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Molybdenum 1.08E 06 lb/MMBtu 8.63E 07 3.78E 06 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Nickel 2.06E 06 lb/MMBtu 1.65E 06 7.21E 06 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Selenium 2.35E 08 lb/MMBtu 1.88E 08 8.24E 08 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Total HAP 1.85E 03 lb/MMBtu 1.48E 03 6.49E 03 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf

[2] Potential Emissions (lb/hr) = Emission Factor (lb/MMBtu) x Heat Input (MMBtu/hr)
[3] Potential Emissions (tpy) = Projected Emissions (lb/hr) x Hours of Operation (hr/yr) / 2,000 lbs/ton

[1] Emission factors are from AP 42, Fifth Edition, Volume I Chapter 1: External Combustion Sources Natural Gas Combustion, Table 1.4 3 and HHV of
1,020 Btu/scf.
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Flint Hills Resources Pine Bend, LLC Pine Bend Refinery
Lab Space Addition Project
New EU 366 Lab RTU 1 Potential to Emit (Criteria Pollutants and GHGs)

Fuel: Natural Gas
HVAC Unit Max Rated Duty: 2.65 MMBtu/hr Design capacity from equipment nameplate
Annual Hours of Operation: 8,760 hr/yr
Natural Gas F Factor: 8,710 Fd, dscf/MMBtu
Vendor Provided NOx Performance: 66 ppmvd, from vendor data plus 10% safety factor
Molecular Weight of NOx: 46 lb/lbmol

Pollutant EF[1][2] EF Units
Emissions

(lb/hr)
Emissions

(lb/yr)
Emissions

(tpy)

7007.1250
MN Insignificant

Modification
Threshold

(lb/hr)

7007.1300 Subp. 3(I)
MN Insignificant

Activity
Threshold

(lb/yr)
PSD SER
(tons)

NOx 0.070 lb/MMBtu 0.18 1,620 0.81 2.28 2,000 (lb/yr) 40
CO 0.082 lb/MMBtu 0.22 1,912 0.96 5.7 4,000 (lb/yr) 100
SO2 5.88E 04 lb/MMBtu 1.56E 03 14 6.83E 03 2.28 2,000 (lb/yr) 40
VOC 5.39E 03 lb/MMBtu 0.014 125 0.063 2.28 2,000 (lb/yr) 40
PM 7.45E 03 lb/MMBtu 0.020 173 0.086 2,000 (lb/yr) 25

PM10 7.45E 03 lb/MMBtu 0.020 173 0.086 0.855 2,000 (lb/yr) 10
PM2.5 7.45E 03 lb/MMBtu 0.020 173 0.086 15

Pb 4.90E 07 lb/MMBtu 1.30E 06 0.011 5.69E 06 0.025 0.6
CO2 116.98 lb/MMBtu 309.99 2,715,483 1,357.74
CH4 2.20E 03 lb/MMBtu 5.84E 03 51 0.026
N2O 2.20E 04 lb/MMBtu 5.84E 04 5 2.56E 03
CO2e 117.10 lb/MMBtu 310.31 2,718,287 1,359.14 1,000 (tpy) 75,000

Notes:
[1] Criteria pollutant emission factors (except for NOx) are from AP 42 Section 1.4, Tables 1.4 1, and 1.4 2, GHG factors from Part 98 Subpart C Tables C 1 and C 2
[2] Based on vendor provided data for HVAC Unit NOx performance, lb/MMBtu emission factor calculated as follows:

lb NOx/MMBtu = 66 ppmvd / 10^6 / 379 (dscf/lb mol) x 8,710 (dscf/MMBtu) x 46 lb/lbmol



Flint Hills Resources Pine Bend, LLC Pine Bend Refinery
Lab Space Addition Project
New EU 366 Lab RTU 1 Potential to Emit (HAPs)

Fuel: Natural Gas
Maximum Operating Rate: 2.65 MMBtu/hr Boiler Nameplate
Maximum Operating Rate: 2.60E 03 MMscf/hr Calculated (MMBtu/hr / 1020 scf)
Natural Gas HHV: 1020 Btu/scf
Hours of Operation: 8760 hr/yr

Pollutant
Emission Factor

(lb/MMscf)
Emission
Factor [1] Emission Factor Units

Potential Emissions
(lb/hr) [2]

Potential Emissions
(tpy) [3] Emission Factor Reference

2 Methylnaphthalene 2.40E 05 2.35E 08 lb/MMBtu 6.11E 11 2.68E 10 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
3 Methylchloranthrene 1.80E 06 1.76E 09 lb/MMBtu 4.58E 12 2.01E 11 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
7,12 Dimethylbenz(a)anthracene 1.60E 05 1.57E 08 lb/MMBtu 4.08E 11 1.79E 10 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Acenaphthene 1.80E 06 1.76E 09 lb/MMBtu 4.58E 12 2.01E 11 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Acenaphthylene 1.80E 06 1.76E 09 lb/MMBtu 4.58E 12 2.01E 11 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Anthracene 2.40E 06 2.35E 09 lb/MMBtu 6.11E 12 2.68E 11 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Benz(a)anthracene 1.80E 06 1.76E 09 lb/MMBtu 4.58E 12 2.01E 11 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Benzene 2.10E 03 2.06E 06 lb/MMBtu 5.35E 09 2.34E 08 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Benzo(a)pyrene 1.20E 06 1.18E 09 lb/MMBtu 3.06E 12 1.34E 11 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Benzo(b)fluoranthene 1.80E 06 1.76E 09 lb/MMBtu 4.58E 12 2.01E 11 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Benzo(g,h,i)perylene 1.20E 06 1.18E 09 lb/MMBtu 3.06E 12 1.34E 11 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Benzo(k)fluoranthene 1.80E 06 1.76E 09 lb/MMBtu 4.58E 12 2.01E 11 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Chrysene 1.80E 06 1.76E 09 lb/MMBtu 4.58E 12 2.01E 11 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Dibenzo(a,h)anthracene 1.20E 06 1.18E 09 lb/MMBtu 3.06E 12 1.34E 11 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Dichlorobenzene 1.20E 03 1.18E 06 lb/MMBtu 3.06E 09 1.34E 08 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Fluoranthene 3.00E 06 2.94E 09 lb/MMBtu 7.64E 12 3.35E 11 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Fluorene 2.80E 06 2.75E 09 lb/MMBtu 7.13E 12 3.12E 11 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Formaldehyde 7.50E 02 7.35E 05 lb/MMBtu 1.91E 07 8.37E 07 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Hexane 1.80E+00 1.76E 03 lb/MMBtu 4.58E 06 2.01E 05 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Indeno(1,2,3 cd)pyrene 1.80E 06 1.76E 09 lb/MMBtu 4.58E 12 2.01E 11 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Naphthalene 6.10E 04 5.98E 07 lb/MMBtu 1.55E 09 6.81E 09 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Phenanthrene 1.70E 05 1.67E 08 lb/MMBtu 4.33E 11 1.90E 10 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Pyrene 5.00E 06 4.90E 09 lb/MMBtu 1.27E 11 5.58E 11 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Toluene 3.40E 03 3.33E 06 lb/MMBtu 8.66E 09 3.79E 08 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Arsenic 2.00E 04 1.96E 07 lb/MMBtu 5.09E 10 2.23E 09 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Beryllium 1.20E 05 1.18E 08 lb/MMBtu 3.06E 11 1.34E 10 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Cadmium 1.10E 03 1.08E 06 lb/MMBtu 2.80E 09 1.23E 08 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Chromium (total) 1.40E 03 1.37E 06 lb/MMBtu 3.57E 09 1.56E 08 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Cobalt 8.40E 05 8.24E 08 lb/MMBtu 2.14E 10 9.37E 10 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Manganese 3.80E 04 3.73E 07 lb/MMBtu 9.68E 10 4.24E 09 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Mercury 2.60E 04 2.55E 07 lb/MMBtu 6.62E 10 2.90E 09 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Molybdenum 1.10E 03 1.08E 06 lb/MMBtu 2.80E 09 1.23E 08 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Nickel 2.10E 03 2.06E 06 lb/MMBtu 5.35E 09 2.34E 08 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Selenium 2.40E 05 2.35E 08 lb/MMBtu 6.11E 11 2.68E 10 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Total HAP 1.89E+00 1.85E 03 lb/MMBtu 4.81E 06 2.11E 05 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
[1] Emission factors are from AP 42, Fifth Edition, Volume I Chapter 1: External Combustion Sources Natural Gas Combustion, Table 1.4 3 and HHV of 1,020 Btu/scf.
[2] Potential Emissions (lb/hr) = Emission Factor (lb/MMBtu) x Heat Input (MMBtu/hr)
[3] Potential Emissions (tpy) = Projected Emissions (lb/hr) x Hours of Operation (hr/yr) / 2,000 lbs/ton



Flint Hills Resources Pine Bend, LLC Pine Bend Refinery
Lab Space Addition Project
Lab RTU 2 (IA #2) Potential to Emit (Criteria Pollutants and GHGs)

Fuel: Natural Gas
HVAC Unit Max Rated Duty 0.1 MMBtu/hr Design capacity from equipment nameplate
Annual Hours of Operation: 8,760 hr/yr
Natural Gas F Factor: 8,710 Fd, dscf/MMBtu
Vendor Provided NOx Performance: 66 ppmvd, from vendor data plus 10% safety factor
Molecular Weight of NOx: 46 lb/lbmol

Pollutant EF[1][2] EF Units
Emissions

(lb/hr)
Emissions

(lb/yr)
Emissions

(tpy)

7007.1250
MN Insignificant

Modification
Threshold

(lb/hr)

7007.1300 Subp. 3(I)
MN Insignificant

Activity
Threshold

(lb/yr)
PSD SER
(tons)

NOx 0.070 lb/MMBtu 6.98E 03 61 0.031 2.28 2,000 (lb/yr) 40
CO 0.082 lb/MMBtu 8.24E 03 72 0.036 5.7 4,000 (lb/yr) 100
SO2 5.88E 04 lb/MMBtu 5.88E 05 1 2.58E 04 2.28 2,000 (lb/yr) 40
VOC 5.39E 03 lb/MMBtu 5.39E 04 5 2.36E 03 2.28 2,000 (lb/yr) 40
PM 7.45E 03 lb/MMBtu 7.45E 04 7 3.26E 03 2,000 (lb/yr) 25

PM10 7.45E 03 lb/MMBtu 7.45E 04 7 3.26E 03 0.855 2,000 (lb/yr) 10
PM2.5 7.45E 03 lb/MMBtu 7.45E 04 7 3.26E 03 15

Pb 4.90E 07 lb/MMBtu 4.90E 08 4.29E 04 2.15E 07 0.025 0.6
CO2 116.98 lb/MMBtu 11.70 102,471 51
CH4 2.20E 03 lb/MMBtu 2.20E 04 2 9.66E 04
N2O 2.20E 04 lb/MMBtu 2.20E 05 0 9.66E 05
CO2e 117.10 lb/MMBtu 11.71 102,577 51 1,000 (tpy) 75,000

Notes:
[1] Criteria pollutant emission factors (except for NOx) are from AP 42 Section 1.4, Tables 1.4 1, and 1.4 2, GHG factors from Part 98 Subpart C Tables C 1 and C 2
[2] Based on vendor provided data for HVAC Unit NOx performance, see Lab RTU 1 (EU 366) Tab for vendor data sheet. Lb/MMBtu emission factor
calculated as follows:

lb NOx/MMBtu = 66 ppmvd / 10^6 / 379 (dscf/lb mol) x 8,710 (dscf/MMBtu) x 46 lb/lbmol



Flint Hills Resources Pine Bend, LLC Pine Bend Refinery
Lab Space Addition Project
Lab RTU 2 (IA #2) Potential to Emit (HAPs)

Fuel: Natural Gas
Maximum Operating Rate: 0.1 MMBtu/hr Boiler Nameplate
Maximum Operating Rate: 9.80E 05 MMscf/hr Calculated (MMBtu/hr / 1020 scf)
Natural Gas HHV: 1020 Btu/scf
Hours of Operation: 8760 hr/yr

Pollutant
Emission Factor

(lb/MMscf)
Emission
Factor [1] Emission Factor Units

Potential Emissions
(lb/hr) [2]

Potential Emissions
(tpy) [3] Emission Factor Reference

2 Methylnaphthalene 2.40E 05 2.35E 08 lb/MMBtu 2.31E 12 1.01E 11 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
3 Methylchloranthrene 1.80E 06 1.76E 09 lb/MMBtu 1.73E 13 7.58E 13 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
7,12 Dimethylbenz(a)anthracene 1.60E 05 1.57E 08 lb/MMBtu 1.54E 12 6.74E 12 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Acenaphthene 1.80E 06 1.76E 09 lb/MMBtu 1.73E 13 7.58E 13 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Acenaphthylene 1.80E 06 1.76E 09 lb/MMBtu 1.73E 13 7.58E 13 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Anthracene 2.40E 06 2.35E 09 lb/MMBtu 2.31E 13 1.01E 12 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Benz(a)anthracene 1.80E 06 1.76E 09 lb/MMBtu 1.73E 13 7.58E 13 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Benzene 2.10E 03 2.06E 06 lb/MMBtu 2.02E 10 8.84E 10 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Benzo(a)pyrene 1.20E 06 1.18E 09 lb/MMBtu 1.15E 13 5.05E 13 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Benzo(b)fluoranthene 1.80E 06 1.76E 09 lb/MMBtu 1.73E 13 7.58E 13 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Benzo(g,h,i)perylene 1.20E 06 1.18E 09 lb/MMBtu 1.15E 13 5.05E 13 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Benzo(k)fluoranthene 1.80E 06 1.76E 09 lb/MMBtu 1.73E 13 7.58E 13 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Chrysene 1.80E 06 1.76E 09 lb/MMBtu 1.73E 13 7.58E 13 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Dibenzo(a,h)anthracene 1.20E 06 1.18E 09 lb/MMBtu 1.15E 13 5.05E 13 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Dichlorobenzene 1.20E 03 1.18E 06 lb/MMBtu 1.15E 10 5.05E 10 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Fluoranthene 3.00E 06 2.94E 09 lb/MMBtu 2.88E 13 1.26E 12 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Fluorene 2.80E 06 2.75E 09 lb/MMBtu 2.69E 13 1.18E 12 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Formaldehyde 7.50E 02 7.35E 05 lb/MMBtu 7.21E 09 3.16E 08 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Hexane 1.80E+00 1.76E 03 lb/MMBtu 1.73E 07 7.58E 07 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Indeno(1,2,3 cd)pyrene 1.80E 06 1.76E 09 lb/MMBtu 1.73E 13 7.58E 13 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Naphthalene 6.10E 04 5.98E 07 lb/MMBtu 5.86E 11 2.57E 10 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Phenanthrene 1.70E 05 1.67E 08 lb/MMBtu 1.63E 12 7.16E 12 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Pyrene 5.00E 06 4.90E 09 lb/MMBtu 4.81E 13 2.10E 12 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Toluene 3.40E 03 3.33E 06 lb/MMBtu 3.27E 10 1.43E 09 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Arsenic 2.00E 04 1.96E 07 lb/MMBtu 1.92E 11 8.42E 11 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Beryllium 1.20E 05 1.18E 08 lb/MMBtu 1.15E 12 5.05E 12 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Cadmium 1.10E 03 1.08E 06 lb/MMBtu 1.06E 10 4.63E 10 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Chromium (total) 1.40E 03 1.37E 06 lb/MMBtu 1.35E 10 5.89E 10 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Cobalt 8.40E 05 8.24E 08 lb/MMBtu 8.07E 12 3.54E 11 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Manganese 3.80E 04 3.73E 07 lb/MMBtu 3.65E 11 1.60E 10 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Mercury 2.60E 04 2.55E 07 lb/MMBtu 2.50E 11 1.09E 10 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Molybdenum 1.10E 03 1.08E 06 lb/MMBtu 1.06E 10 4.63E 10 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Nickel 2.10E 03 2.06E 06 lb/MMBtu 2.02E 10 8.84E 10 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Selenium 2.40E 05 2.35E 08 lb/MMBtu 2.31E 12 1.01E 11 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Total HAP 1.89E+00 1.85E 03 lb/MMBtu 1.82E 07 7.95E 07 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
[1] Emission factors are from AP 42, Fifth Edition, Volume I Chapter 1: External Combustion Sources Natural Gas Combustion, Table 1.4 3 and HHV of 1,020 Btu/scf.
[2] Potential Emissions (lb/hr) = Emission Factor (lb/MMBtu) x Heat Input (MMBtu/hr)
[3] Potential Emissions (tpy) = Projected Emissions (lb/hr) x Hours of Operation (hr/yr) / 2,000 lbs/ton



Flint Hills Resources Pine Bend, LLC Pine Bend Refinery
Lab Space Addition Project
Lab RTU 3 (IA #3) Potential to Emit (Critera Pollutants and GHGs)

Fuel: Natural Gas
HVAC Unit Max Rated Duty 0.41 MMBtu/hr Design capacity from equipment nameplate
Annual Hours of Operation: 8,760 hr/yr
Natural Gas F Factor: 8,710 Fd, dscf/MMBtu
Vendor Provided NOx Performance: 66 ppmvd, from vendor data plus 10% safety factor
Molecular Weight of NOx: 46 lb/lbmol

Pollutant EF[1][2] EF Units
Emissions

(lb/hr)
Emissions

(lb/yr)
Emissions

(tpy)

7007.1250
MN Insignificant

Modification
Threshold

(lb/hr)

7007.1300 Subp. 3(I)
MN Insignificant

Activity
Threshold

(lb/yr)
PSD SER
(tons)

NOx 0.070 lb/MMBtu 0.029 251 0.13 2.28 2,000 (lb/yr) 40
CO 0.082 lb/MMBtu 0.034 296 0.15 5.7 4,000 (lb/yr) 100
SO2 5.88E 04 lb/MMBtu 2.41E 04 2 1.06E 03 2.28 2,000 (lb/yr) 40
VOC 5.39E 03 lb/MMBtu 2.21E 03 19 9.68E 03 2.28 2,000 (lb/yr) 40
PM 7.45E 03 lb/MMBtu 3.05E 03 27 0.013 2,000 (lb/yr) 25

PM10 7.45E 03 lb/MMBtu 3.05E 03 27 0.013 0.855 2,000 (lb/yr) 10
PM2.5 7.45E 03 lb/MMBtu 3.05E 03 27 0.013 15

Pb 4.90E 07 lb/MMBtu 2.01E 07 1.76E 03 8.80E 07 0.025 0.6
CO2 116.98 lb/MMBtu 47.96 420,131 210
CH4 2.20E 03 lb/MMBtu 9.04E 04 8 3.96E 03
N2O 2.20E 04 lb/MMBtu 9.04E 05 1 3.96E 04
CO2e 117.10 lb/MMBtu 48.01 420,565 210 1,000 (tpy) 75,000

Notes:
[1] Criteria pollutant emission factors (except for NOx) are from AP 42 Section 1.4, Tables 1.4 1, and 1.4 2, GHG factors from Part 98 Subpart C Tables C 1 and C 2
[2] Based on vendor provided data for HVAC Unit NOx performance, see RTU 1 (EU 366) Tab for vendor data sheet. Lb/MMBtu emission factor calculated
as follows:

lb NOx/MMBtu = 66 ppmvd / 10^6 / 379 (dscf/lb mol) x 8,710 (dscf/MMBtu) x 46 lb/lbmol



Flint Hills Resources Pine Bend, LLC Pine Bend Refinery
Lab Space Addition Project
Lab RTU 3 (IA #3) Potential to Emit (HAPs)

Fuel: Natural Gas
Maximum Operating Rate: 0.41 MMBtu/hr Boiler Nameplate
Maximum Operating Rate: 4.02E 04 MMscf/hr Calculated (MMBtu/hr / 1020 scf)
Natural Gas HHV: 1020 Btu/scf
Hours of Operation: 8760 hr/yr

Pollutant
Emission Factor

(lb/MMscf)
Emission
Factor [1] Emission Factor Units

Potential Emissions
(lb/hr) [2]

Potential Emissions
(tpy) [3] Emission Factor Reference

2 Methylnaphthalene 2.40E 05 2.35E 08 lb/MMBtu 9.46E 12 4.14E 11 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
3 Methylchloranthrene 1.80E 06 1.76E 09 lb/MMBtu 7.09E 13 3.11E 12 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
7,12 Dimethylbenz(a)anthracene 1.60E 05 1.57E 08 lb/MMBtu 6.31E 12 2.76E 11 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Acenaphthene 1.80E 06 1.76E 09 lb/MMBtu 7.09E 13 3.11E 12 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Acenaphthylene 1.80E 06 1.76E 09 lb/MMBtu 7.09E 13 3.11E 12 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Anthracene 2.40E 06 2.35E 09 lb/MMBtu 9.46E 13 4.14E 12 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Benz(a)anthracene 1.80E 06 1.76E 09 lb/MMBtu 7.09E 13 3.11E 12 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Benzene 2.10E 03 2.06E 06 lb/MMBtu 8.28E 10 3.62E 09 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Benzo(a)pyrene 1.20E 06 1.18E 09 lb/MMBtu 4.73E 13 2.07E 12 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Benzo(b)fluoranthene 1.80E 06 1.76E 09 lb/MMBtu 7.09E 13 3.11E 12 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Benzo(g,h,i)perylene 1.20E 06 1.18E 09 lb/MMBtu 4.73E 13 2.07E 12 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Benzo(k)fluoranthene 1.80E 06 1.76E 09 lb/MMBtu 7.09E 13 3.11E 12 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Chrysene 1.80E 06 1.76E 09 lb/MMBtu 7.09E 13 3.11E 12 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Dibenzo(a,h)anthracene 1.20E 06 1.18E 09 lb/MMBtu 4.73E 13 2.07E 12 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Dichlorobenzene 1.20E 03 1.18E 06 lb/MMBtu 4.73E 10 2.07E 09 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Fluoranthene 3.00E 06 2.94E 09 lb/MMBtu 1.18E 12 5.18E 12 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Fluorene 2.80E 06 2.75E 09 lb/MMBtu 1.10E 12 4.83E 12 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Formaldehyde 7.50E 02 7.35E 05 lb/MMBtu 2.96E 08 1.29E 07 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Hexane 1.80E+00 1.76E 03 lb/MMBtu 7.09E 07 3.11E 06 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Indeno(1,2,3 cd)pyrene 1.80E 06 1.76E 09 lb/MMBtu 7.09E 13 3.11E 12 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Naphthalene 6.10E 04 5.98E 07 lb/MMBtu 2.40E 10 1.05E 09 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Phenanthrene 1.70E 05 1.67E 08 lb/MMBtu 6.70E 12 2.93E 11 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Pyrene 5.00E 06 4.90E 09 lb/MMBtu 1.97E 12 8.63E 12 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Toluene 3.40E 03 3.33E 06 lb/MMBtu 1.34E 09 5.87E 09 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Arsenic 2.00E 04 1.96E 07 lb/MMBtu 7.88E 11 3.45E 10 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Beryllium 1.20E 05 1.18E 08 lb/MMBtu 4.73E 12 2.07E 11 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Cadmium 1.10E 03 1.08E 06 lb/MMBtu 4.33E 10 1.90E 09 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Chromium (total) 1.40E 03 1.37E 06 lb/MMBtu 5.52E 10 2.42E 09 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Cobalt 8.40E 05 8.24E 08 lb/MMBtu 3.31E 11 1.45E 10 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Manganese 3.80E 04 3.73E 07 lb/MMBtu 1.50E 10 6.56E 10 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Mercury 2.60E 04 2.55E 07 lb/MMBtu 1.02E 10 4.49E 10 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Molybdenum 1.10E 03 1.08E 06 lb/MMBtu 4.33E 10 1.90E 09 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Nickel 2.10E 03 2.06E 06 lb/MMBtu 8.28E 10 3.62E 09 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Selenium 2.40E 05 2.35E 08 lb/MMBtu 9.46E 12 4.14E 11 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Total HAP 1.89E+00 1.85E 03 lb/MMBtu 7.44E 07 3.26E 06 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
[1] Emission factors are from AP 42, Fifth Edition, Volume I Chapter 1: External Combustion Sources Natural Gas Combustion, Table 1.4 3 and HHV of 1,020 Btu/scf.
[2] Potential Emissions (lb/hr) = Emission Factor (lb/MMBtu) x Heat Input (MMBtu/hr)
[3] Potential Emissions (tpy) = Projected Emissions (lb/hr) x Hours of Operation (hr/yr) / 2,000 lbs/ton



Flint Hills Resources Pine Bend, LLC Pine Bend Refinery
Lab Space Addition Project
Lab Humidifier (IA #1) Potential to Emit (Criteria Pollutants and GHGs)

Fuel: Natural Gas
HVAC Unit Max Rated Duty 0.84 MMBtu/hr Design capacity from equipment nameplate
Annual Hours of Operation: 8,760 hr/yr

Pollutant EF[1] EF Units
Emissions

(lb/hr)
Emissions

(lb/yr)
Emissions

(tpy)

7007.1250
MN Insignificant

Modification
Threshold

(lb/hr)

7007.1300 Subp. 3(I)
MN Insignificant

Activity
Threshold

(lb/yr)
PSD SER
(tons)

NOx 0.098 lb/MMBtu 0.082 721 0.36 2.28 2000 (lb/yr) 40
CO 0.082 lb/MMBtu 0.069 606 0.30 5.7 4000 (lb/yr) 100
SO2 5.88E 04 lb/MMBtu 4.94E 04 4 2.16E 03 2.28 2000 (lb/yr) 40
VOC 5.39E 03 lb/MMBtu 4.53E 03 40 0.020 2.28 2000 (lb/yr) 40
PM 7.45E 03 lb/MMBtu 6.26E 03 55 0.027 2000 (lb/yr) 25

PM10 7.45E 03 lb/MMBtu 6.26E 03 55 0.027 0.855 2000 (lb/yr) 10
PM2.5 7.45E 03 lb/MMBtu 6.26E 03 55 0.027 15

Pb 4.90E 07 lb/MMBtu 4.12E 07 3.61E 03 1.80E 06 0.025 0.6
CO2 116.98 lb/MMBtu 98.26 860,757 430
CH4 2.20E 03 lb/MMBtu 1.85E 03 16 8.11E 03
N2O 2.20E 04 lb/MMBtu 1.85E 04 2 8.11E 04
CO2e 117.10 lb/MMBtu 98.36 861,646 431 1000 (tpy) 75,000

Notes:
[1] Criteria pollutant emission factors are from AP 42 Section 1.4, Tables 1.4 1, and 1.4 2, GHG factors from Part 98 Subpart C Tables C 1 and C 2



Flint Hills Resources Pine Bend, LLC Pine Bend Refinery
Lab Space Addition Project
Lab Humidifier (IA #1) Potential to Emit (HAPs)

Fuel: Natural Gas
Maximum Operating Rate: 0.84 MMBtu/hr Boiler Nameplate
Maximum Operating Rate: 8.24E 04 MMscf/hr Calculated (MMBtu/hr / 1020 scf)
Natural Gas HHV: 1020 Btu/scf
Hours of Operation: 8760 hr/yr

Pollutant
Emission Factor

(lb/MMscf)
Emission
Factor [1] Emission Factor Units

Potential Emissions
(lb/hr) [2]

Potential Emissions
(tpy) [3] Emission Factor Reference

2 Methylnaphthalene 2.40E 05 2.35E 08 lb/MMBtu 1.94E 11 8.49E 11 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
3 Methylchloranthrene 1.80E 06 1.76E 09 lb/MMBtu 1.45E 12 6.37E 12 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
7,12 Dimethylbenz(a)anthracene 1.60E 05 1.57E 08 lb/MMBtu 1.29E 11 5.66E 11 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Acenaphthene 1.80E 06 1.76E 09 lb/MMBtu 1.45E 12 6.37E 12 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Acenaphthylene 1.80E 06 1.76E 09 lb/MMBtu 1.45E 12 6.37E 12 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Anthracene 2.40E 06 2.35E 09 lb/MMBtu 1.94E 12 8.49E 12 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Benz(a)anthracene 1.80E 06 1.76E 09 lb/MMBtu 1.45E 12 6.37E 12 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Benzene 2.10E 03 2.06E 06 lb/MMBtu 1.70E 09 7.43E 09 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Benzo(a)pyrene 1.20E 06 1.18E 09 lb/MMBtu 9.69E 13 4.24E 12 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Benzo(b)fluoranthene 1.80E 06 1.76E 09 lb/MMBtu 1.45E 12 6.37E 12 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Benzo(g,h,i)perylene 1.20E 06 1.18E 09 lb/MMBtu 9.69E 13 4.24E 12 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Benzo(k)fluoranthene 1.80E 06 1.76E 09 lb/MMBtu 1.45E 12 6.37E 12 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Chrysene 1.80E 06 1.76E 09 lb/MMBtu 1.45E 12 6.37E 12 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Dibenzo(a,h)anthracene 1.20E 06 1.18E 09 lb/MMBtu 9.69E 13 4.24E 12 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Dichlorobenzene 1.20E 03 1.18E 06 lb/MMBtu 9.69E 10 4.24E 09 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Fluoranthene 3.00E 06 2.94E 09 lb/MMBtu 2.42E 12 1.06E 11 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Fluorene 2.80E 06 2.75E 09 lb/MMBtu 2.26E 12 9.90E 12 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Formaldehyde 7.50E 02 7.35E 05 lb/MMBtu 6.06E 08 2.65E 07 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Hexane 1.80E+00 1.76E 03 lb/MMBtu 1.45E 06 6.37E 06 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Indeno(1,2,3 cd)pyrene 1.80E 06 1.76E 09 lb/MMBtu 1.45E 12 6.37E 12 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Naphthalene 6.10E 04 5.98E 07 lb/MMBtu 4.93E 10 2.16E 09 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Phenanthrene 1.70E 05 1.67E 08 lb/MMBtu 1.37E 11 6.01E 11 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Pyrene 5.00E 06 4.90E 09 lb/MMBtu 4.04E 12 1.77E 11 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Toluene 3.40E 03 3.33E 06 lb/MMBtu 2.75E 09 1.20E 08 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Arsenic 2.00E 04 1.96E 07 lb/MMBtu 1.61E 10 7.07E 10 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Beryllium 1.20E 05 1.18E 08 lb/MMBtu 9.69E 12 4.24E 11 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Cadmium 1.10E 03 1.08E 06 lb/MMBtu 8.88E 10 3.89E 09 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Chromium (total) 1.40E 03 1.37E 06 lb/MMBtu 1.13E 09 4.95E 09 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Cobalt 8.40E 05 8.24E 08 lb/MMBtu 6.78E 11 2.97E 10 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Manganese 3.80E 04 3.73E 07 lb/MMBtu 3.07E 10 1.34E 09 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Mercury 2.60E 04 2.55E 07 lb/MMBtu 2.10E 10 9.19E 10 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Molybdenum 1.10E 03 1.08E 06 lb/MMBtu 8.88E 10 3.89E 09 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Nickel 2.10E 03 2.06E 06 lb/MMBtu 1.70E 09 7.43E 09 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Selenium 2.40E 05 2.35E 08 lb/MMBtu 1.94E 11 8.49E 11 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
Total HAP 1.89E+00 1.85E 03 lb/MMBtu 1.53E 06 6.68E 06 AP 42, Table 1.4 3 & HHV of 1,020 Btu/scf
[1] Emission factors are from AP 42, Fifth Edition, Volume I Chapter 1: External Combustion Sources Natural Gas Combustion, Table 1.4 3 and HHV of 1,020 Btu/scf.
[2] Potential Emissions (lb/hr) = Emission Factor (lb/MMBtu) x Heat Input (MMBtu/hr)
[3] Potential Emissions (tpy) = Projected Emissions (lb/hr) x Hours of Operation (hr/yr) / 2,000 lbs/ton



Attachment 2:
Requirements Development Report































































































































































































































































































































































































































































































































































































































































































































































































































































































































Attachment 3:
Subject Item Inventory/Details



AQ Permit SI Details Start Page
that

Showing Subject Item details for:



Overview of SI's (count) by type

Agency Interest:  Flint Hills Resources Pine Bend Refinery
Agency Interest ID:  None
Activity:  IND20160001 (None)

Details for:
SI Category:  All
SI Type:  All



Overview of SI's (count) by type

Agency Interest:  Flint Hills Resources Pine Bend Refinery
Agency Interest ID:  None
Activity:  IND20160001 (None)

Details for:
SI Category:  All
SI Type:  All



List of SIs

Agency Interest:  Flint Hills Resources Pine Bend Refinery
Agency Interest ID: 734
Activity:  IND20160001 (Major Amendment)

Details for:
SI Category:  None
SI Type:  All



List of SIs

Agency Interest:  Flint Hills Resources Pine Bend Refinery
Agency Interest ID: 734
Activity:  IND20160001 (Major Amendment)

Details for:
SI Category:  None
SI Type:  All



List of SIs

Agency Interest:  Flint Hills Resources Pine Bend Refinery
Agency Interest ID: 734
Activity:  IND20160001 (Major Amendment)

Details for:
SI Category:  None
SI Type:  All



List of SIs

Agency Interest:  Flint Hills Resources Pine Bend Refinery
Agency Interest ID: 734
Activity:  IND20160001 (Major Amendment)

Details for:
SI Category:  None
SI Type:  All



List of SIs

Agency Interest:  Flint Hills Resources Pine Bend Refinery
Agency Interest ID: 734
Activity:  IND20160001 (Major Amendment)

Details for:
SI Category:  None
SI Type:  All



List of SIs

Agency Interest:  Flint Hills Resources Pine Bend Refinery
Agency Interest ID: 734
Activity:  IND20160001 (Major Amendment)

Details for:
SI Category:  None
SI Type:  All



List of SIs

Agency Interest:  Flint Hills Resources Pine Bend Refinery
Agency Interest ID: 734
Activity:  IND20160001 (Major Amendment)

Details for:
SI Category:  None
SI Type:  All



List of SIs

Agency Interest:  Flint Hills Resources Pine Bend Refinery
Agency Interest ID: 734
Activity:  IND20160001 (Major Amendment)

Details for:
SI Category:  None
SI Type:  All



List of SIs

Agency Interest:  Flint Hills Resources Pine Bend Refinery
Agency Interest ID: 734
Activity:  IND20160001 (Major Amendment)

Details for:
SI Category:  None
SI Type:  All



List of SIs

Agency Interest:  Flint Hills Resources Pine Bend Refinery
Agency Interest ID: 734
Activity:  IND20160001 (Major Amendment)

Details for:
SI Category:  None
SI Type:  All



List of SIs

Agency Interest:  Flint Hills Resources Pine Bend Refinery
Agency Interest ID: 734
Activity:  IND20160001 (Major Amendment)

Details for:
SI Category:  None
SI Type:  All



List of SIs

Agency Interest:  Flint Hills Resources Pine Bend Refinery
Agency Interest ID: 734
Activity:  IND20160001 (Major Amendment)

Details for:
SI Category:  None
SI Type:  All



List of SIs

Agency Interest:  Flint Hills Resources Pine Bend Refinery
Agency Interest ID: 734
Activity:  IND20160001 (Major Amendment)

Details for:
SI Category:  None
SI Type:  All



List of SIs

Agency Interest:  Flint Hills Resources Pine Bend Refinery
Agency Interest ID: 734
Activity:  IND20160001 (Major Amendment)

Details for:
SI Category:  None
SI Type:  All



List of SIs

Agency Interest:  Flint Hills Resources Pine Bend Refinery
Agency Interest ID: 734
Activity:  IND20160001 (Major Amendment)

Details for:
SI Category:  None
SI Type:  All



List of SIs

Agency Interest:  Flint Hills Resources Pine Bend Refinery
Agency Interest ID: 734
Activity:  IND20160001 (Major Amendment)

Details for:
SI Category:  None
SI Type:  All



List of SIs

Agency Interest:  Flint Hills Resources Pine Bend Refinery
Agency Interest ID: 734
Activity:  IND20160001 (Major Amendment)

Details for:
SI Category:  None
SI Type:  All



List of SIs

Agency Interest:  Flint Hills Resources Pine Bend Refinery
Agency Interest ID: 734
Activity:  IND20160001 (Major Amendment)

Details for:
SI Category:  None
SI Type:  All



List of SIs

Agency Interest:  Flint Hills Resources Pine Bend Refinery
Agency Interest ID: 734
Activity:  IND20160001 (Major Amendment)

Details for:
SI Category:  None
SI Type:  All



List of SIs

Agency Interest:  Flint Hills Resources Pine Bend Refinery
Agency Interest ID: 734
Activity:  IND20160001 (Major Amendment)

Details for:
SI Category:  None
SI Type:  All



List of SIs

Agency Interest:  Flint Hills Resources Pine Bend Refinery
Agency Interest ID: 734
Activity:  IND20160001 (Major Amendment)

Details for:
SI Category:  None
SI Type:  All



List of SIs

Agency Interest:  Flint Hills Resources Pine Bend Refinery
Agency Interest ID: 734
Activity:  IND20160001 (Major Amendment)

Details for:
SI Category:  None
SI Type:  All



List of SIs

Agency Interest:  Flint Hills Resources Pine Bend Refinery
Agency Interest ID: 734
Activity:  IND20160001 (Major Amendment)

Details for:
SI Category:  None
SI Type:  All



AISI Conventional Site

Agency Interest:  Flint Hills Resources Pine Bend Refinery
Agency Interest ID:  734
Activity:  IND20160001 (Major Amendment)

Details for:
SI Category:  Agency Interest
SI Type:  Conventional Site



Insignificant air emissions activity

Agency Interest:  Flint Hills Resources Pine Bend Refinery
Agency Interest ID: 734
Activity:  IND20160001 (Major Amendment)

Details for:
SI Category:  Activity
SI Type:  Insignificant Air Emissions Activity



Component Group (Members)

Agency Interest:  Flint Hills Resources Pine Bend Refinery
Agency Interest ID: 734
Activity:  IND20160001 (Major Amendment)

Details for:
SI Category:  Component Group
SI Type:  Air Component Group



Component Group (Members)

Agency Interest:  Flint Hills Resources Pine Bend Refinery
Agency Interest ID: 734
Activity:  IND20160001 (Major Amendment)

Details for:
SI Category:  Component Group
SI Type:  Air Component Group



Component Group (Members)

Agency Interest:  Flint Hills Resources Pine Bend Refinery
Agency Interest ID: 734
Activity:  IND20160001 (Major Amendment)

Details for:
SI Category:  Component Group
SI Type:  Air Component Group



Component Group (Members)

Agency Interest:  Flint Hills Resources Pine Bend Refinery
Agency Interest ID: 734
Activity:  IND20160001 (Major Amendment)

Details for:
SI Category:  Component Group
SI Type:  Air Component Group



Component Group (Members)

Agency Interest:  Flint Hills Resources Pine Bend Refinery
Agency Interest ID: 734
Activity:  IND20160001 (Major Amendment)

Details for:
SI Category:  Component Group
SI Type:  Air Component Group



Component Group (Members)

Agency Interest:  Flint Hills Resources Pine Bend Refinery
Agency Interest ID: 734
Activity:  IND20160001 (Major Amendment)

Details for:
SI Category:  Component Group
SI Type:  Air Component Group



Component Group (Members)

Agency Interest:  Flint Hills Resources Pine Bend Refinery
Agency Interest ID: 734
Activity:  IND20160001 (Major Amendment)

Details for:
SI Category:  Component Group
SI Type:  Air Component Group



Component Group (Members)

Agency Interest:  Flint Hills Resources Pine Bend Refinery
Agency Interest ID: 734
Activity:  IND20160001 (Major Amendment)

Details for:
SI Category:  Component Group
SI Type:  Air Component Group



Component Group (Members)

Agency Interest:  Flint Hills Resources Pine Bend Refinery
Agency Interest ID: 734
Activity:  IND20160001 (Major Amendment)

Details for:
SI Category:  Component Group
SI Type:  Air Component Group



Component Group (Members)

Agency Interest:  Flint Hills Resources Pine Bend Refinery
Agency Interest ID: 734
Activity:  IND20160001 (Major Amendment)

Details for:
SI Category:  Component Group
SI Type:  Air Component Group



Component Group (Members)

Agency Interest:  Flint Hills Resources Pine Bend Refinery
Agency Interest ID: 734
Activity:  IND20160001 (Major Amendment)

Details for:
SI Category:  Component Group
SI Type:  Air Component Group



Component Group (Members)

Agency Interest:  Flint Hills Resources Pine Bend Refinery
Agency Interest ID: 734
Activity:  IND20160001 (Major Amendment)

Details for:
SI Category:  Component Group
SI Type:  Air Component Group



Component Group (Members)

Agency Interest:  Flint Hills Resources Pine Bend Refinery
Agency Interest ID: 734
Activity:  IND20160001 (Major Amendment)

Details for:
SI Category:  Component Group
SI Type:  Air Component Group



Component Group (Members)

Agency Interest:  Flint Hills Resources Pine Bend Refinery
Agency Interest ID: 734
Activity:  IND20160001 (Major Amendment)

Details for:
SI Category:  Component Group
SI Type:  Air Component Group



Component Group (Members)

Agency Interest:  Flint Hills Resources Pine Bend Refinery
Agency Interest ID: 734
Activity:  IND20160001 (Major Amendment)

Details for:
SI Category:  Component Group
SI Type:  Air Component Group



Component Group (Members)

Agency Interest:  Flint Hills Resources Pine Bend Refinery
Agency Interest ID: 734
Activity:  IND20160001 (Major Amendment)

Details for:
SI Category:  Component Group
SI Type:  Air Component Group



Component Group (Members)

Agency Interest:  Flint Hills Resources Pine Bend Refinery
Agency Interest ID: 734
Activity:  IND20160001 (Major Amendment)

Details for:
SI Category:  Component Group
SI Type:  Air Component Group



Component Group (Members)

Agency Interest:  Flint Hills Resources Pine Bend Refinery
Agency Interest ID: 734
Activity:  IND20160001 (Major Amendment)

Details for:
SI Category:  Component Group
SI Type:  Air Component Group



Component Group (Members)

Agency Interest:  Flint Hills Resources Pine Bend Refinery
Agency Interest ID: 734
Activity:  IND20160001 (Major Amendment)

Details for:
SI Category:  Component Group
SI Type:  Air Component Group



Component Group (Members)

Agency Interest:  Flint Hills Resources Pine Bend Refinery
Agency Interest ID: 734
Activity:  IND20160001 (Major Amendment)

Details for:
SI Category:  Component Group
SI Type:  Air Component Group



Component Group (Members)

Agency Interest:  Flint Hills Resources Pine Bend Refinery
Agency Interest ID: 734
Activity:  IND20160001 (Major Amendment)

Details for:
SI Category:  Component Group
SI Type:  Air Component Group



Component Group (Members)

Agency Interest:  Flint Hills Resources Pine Bend Refinery
Agency Interest ID: 734
Activity:  IND20160001 (Major Amendment)

Details for:
SI Category:  Component Group
SI Type:  Air Component Group



Component Group (Members)

Agency Interest:  Flint Hills Resources Pine Bend Refinery
Agency Interest ID: 734
Activity:  IND20160001 (Major Amendment)

Details for:
SI Category:  Component Group
SI Type:  Air Component Group



Component Group (Members)

Agency Interest:  Flint Hills Resources Pine Bend Refinery
Agency Interest ID: 734
Activity:  IND20160001 (Major Amendment)

Details for:
SI Category:  Component Group
SI Type:  Air Component Group



Component Group (Members)

Agency Interest:  Flint Hills Resources Pine Bend Refinery
Agency Interest ID: 734
Activity:  IND20160001 (Major Amendment)

Details for:
SI Category:  Component Group
SI Type:  Air Component Group



Component Group (Members)

Agency Interest:  Flint Hills Resources Pine Bend Refinery
Agency Interest ID: 734
Activity:  IND20160001 (Major Amendment)

Details for:
SI Category:  Component Group
SI Type:  Air Component Group



Component Group (Members)

Agency Interest:  Flint Hills Resources Pine Bend Refinery
Agency Interest ID: 734
Activity:  IND20160001 (Major Amendment)

Details for:
SI Category:  Component Group
SI Type:  Air Component Group



Component Group (Members)

Agency Interest:  Flint Hills Resources Pine Bend Refinery
Agency Interest ID: 734
Activity:  IND20160001 (Major Amendment)

Details for:
SI Category:  Component Group
SI Type:  Air Component Group



Component Group (Members)

Agency Interest:  Flint Hills Resources Pine Bend Refinery
Agency Interest ID: 734
Activity:  IND20160001 (Major Amendment)

Details for:
SI Category:  Component Group
SI Type:  Air Component Group



Component Group (Members)

Agency Interest:  Flint Hills Resources Pine Bend Refinery
Agency Interest ID: 734
Activity:  IND20160001 (Major Amendment)

Details for:
SI Category:  Component Group
SI Type:  Air Component Group



Component Group (Members)

Agency Interest:  Flint Hills Resources Pine Bend Refinery
Agency Interest ID: 734
Activity:  IND20160001 (Major Amendment)

Details for:
SI Category:  Component Group
SI Type:  Air Component Group



Component Group (Members)

Agency Interest:  Flint Hills Resources Pine Bend Refinery
Agency Interest ID: 734
Activity:  IND20160001 (Major Amendment)

Details for:
SI Category:  Component Group
SI Type:  Air Component Group



Component Group (Members)

Agency Interest:  Flint Hills Resources Pine Bend Refinery
Agency Interest ID: 734
Activity:  IND20160001 (Major Amendment)

Details for:
SI Category:  Component Group
SI Type:  Air Component Group



Component Group (Members)

Agency Interest:  Flint Hills Resources Pine Bend Refinery
Agency Interest ID: 734
Activity:  IND20160001 (Major Amendment)

Details for:
SI Category:  Component Group
SI Type:  Air Component Group



Component Group (Members)

Agency Interest:  Flint Hills Resources Pine Bend Refinery
Agency Interest ID: 734
Activity:  IND20160001 (Major Amendment)

Details for:
SI Category:  Component Group
SI Type:  Air Component Group



Component Group (Members)

Agency Interest:  Flint Hills Resources Pine Bend Refinery
Agency Interest ID: 734
Activity:  IND20160001 (Major Amendment)

Details for:
SI Category:  Component Group
SI Type:  Air Component Group



Component Group (Members)

Agency Interest:  Flint Hills Resources Pine Bend Refinery
Agency Interest ID: 734
Activity:  IND20160001 (Major Amendment)

Details for:
SI Category:  Component Group
SI Type:  Air Component Group



Component Group (Members)

Agency Interest:  Flint Hills Resources Pine Bend Refinery
Agency Interest ID: 734
Activity:  IND20160001 (Major Amendment)

Details for:
SI Category:  Component Group
SI Type:  Air Component Group



Component Group (Members)

Agency Interest:  Flint Hills Resources Pine Bend Refinery
Agency Interest ID: 734
Activity:  IND20160001 (Major Amendment)

Details for:
SI Category:  Component Group
SI Type:  Air Component Group



PTE by subject item

Agency Interest:  Flint Hills Resources Pine Bend Refinery
Agency Interest ID: 734
Activity:  IND20160001 (Major Amendment)

Details for:
SI Category:  All
SI Type:  All



PTE by subject item

Agency Interest:  Flint Hills Resources Pine Bend Refinery
Agency Interest ID: 734
Activity:  IND20160001 (Major Amendment)

Details for:
SI Category:  All
SI Type:  All



PTE by subject item

Agency Interest:  Flint Hills Resources Pine Bend Refinery
Agency Interest ID: 734
Activity:  IND20160001 (Major Amendment)

Details for:
SI Category:  All
SI Type:  All



PTE by subject item

Agency Interest:  Flint Hills Resources Pine Bend Refinery
Agency Interest ID: 734
Activity:  IND20160001 (Major Amendment)

Details for:
SI Category:  All
SI Type:  All



PTE by subject item
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SI Category:  None
SI Type:  None



Total PTE by pollutant

Agency Interest:  Flint Hills Resources Pine Bend Refinery
Agency Interest ID: 734
Activity:  IND20160001 (Major Amendment)

Details for:
SI Category:  None
SI Type:  None



Total PTE by pollutant

Agency Interest:  Flint Hills Resources Pine Bend Refinery
Agency Interest ID: 734
Activity:  IND20160001 (Major Amendment)

Details for:
SI Category:  None
SI Type:  None



Total PTE by pollutant

Agency Interest:  Flint Hills Resources Pine Bend Refinery
Agency Interest ID: 734
Activity:  IND20160001 (Major Amendment)

Details for:
SI Category:  None
SI Type:  None



Total PTE by pollutant

Agency Interest:  Flint Hills Resources Pine Bend Refinery
Agency Interest ID: 734
Activity:  IND20160001 (Major Amendment)

Details for:
SI Category:  None
SI Type:  None



Total PTE by pollutant

Agency Interest:  Flint Hills Resources Pine Bend Refinery
Agency Interest ID: 734
Activity:  IND20160001 (Major Amendment)

Details for:
SI Category:  None
SI Type:  None



Total PTE by pollutant

Agency Interest:  Flint Hills Resources Pine Bend Refinery
Agency Interest ID: 734
Activity:  IND20160001 (Major Amendment)

Details for:
SI Category:  None
SI Type:  None



Total PTE by pollutant

Agency Interest:  Flint Hills Resources Pine Bend Refinery
Agency Interest ID: 734
Activity:  IND20160001 (Major Amendment)

Details for:
SI Category:  None
SI Type:  None



Total PTE by pollutant

Agency Interest:  Flint Hills Resources Pine Bend Refinery
Agency Interest ID: 734
Activity:  IND20160001 (Major Amendment)

Details for:
SI Category:  None
SI Type:  None



Total PTE by pollutant

Agency Interest:  Flint Hills Resources Pine Bend Refinery
Agency Interest ID: 734
Activity:  IND20160001 (Major Amendment)

Details for:
SI Category:  None
SI Type:  None



Total PTE by pollutant

Agency Interest:  Flint Hills Resources Pine Bend Refinery
Agency Interest ID: 734
Activity:  IND20160001 (Major Amendment)

Details for:
SI Category:  None
SI Type:  None



Total PTE by pollutant

Agency Interest:  Flint Hills Resources Pine Bend Refinery
Agency Interest ID: 734
Activity:  IND20160001 (Major Amendment)

Details for:
SI Category:  None
SI Type:  None



Total PTE by pollutant

Agency Interest:  Flint Hills Resources Pine Bend Refinery
Agency Interest ID: 734
Activity:  IND20160001 (Major Amendment)

Details for:
SI Category:  None
SI Type:  None



Total PTE by pollutant

Agency Interest:  Flint Hills Resources Pine Bend Refinery
Agency Interest ID: 734
Activity:  IND20160001 (Major Amendment)

Details for:
SI Category:  None
SI Type:  None



Total PTE by pollutant

Agency Interest:  Flint Hills Resources Pine Bend Refinery
Agency Interest ID: 734
Activity:  IND20160001 (Major Amendment)

Details for:
SI Category:  None
SI Type:  None



Total PTE by pollutant

Agency Interest:  Flint Hills Resources Pine Bend Refinery
Agency Interest ID: 734
Activity:  IND20160001 (Major Amendment)

Details for:
SI Category:  None
SI Type:  None



Total PTE by pollutant

Agency Interest:  Flint Hills Resources Pine Bend Refinery
Agency Interest ID: 734
Activity:  IND20160001 (Major Amendment)

Details for:
SI Category:  None
SI Type:  None



Total PTE by pollutant

Agency Interest:  Flint Hills Resources Pine Bend Refinery
Agency Interest ID: 734
Activity:  IND20160001 (Major Amendment)

Details for:
SI Category:  None
SI Type:  None



Total PTE by pollutant

Agency Interest:  Flint Hills Resources Pine Bend Refinery
Agency Interest ID: 734
Activity:  IND20160001 (Major Amendment)

Details for:
SI Category:  None
SI Type:  None



Total PTE by pollutant

Agency Interest:  Flint Hills Resources Pine Bend Refinery
Agency Interest ID: 734
Activity:  IND20160001 (Major Amendment)

Details for:
SI Category:  None
SI Type:  None



Total PTE by pollutant

Agency Interest:  Flint Hills Resources Pine Bend Refinery
Agency Interest ID: 734
Activity:  IND20160001 (Major Amendment)

Details for:
SI Category:  None
SI Type:  None



Total PTE by pollutant

Agency Interest:  Flint Hills Resources Pine Bend Refinery
Agency Interest ID: 734
Activity:  IND20160001 (Major Amendment)

Details for:
SI Category:  None
SI Type:  None



Total PTE by pollutant

Agency Interest:  Flint Hills Resources Pine Bend Refinery
Agency Interest ID: 734
Activity:  IND20160001 (Major Amendment)

Details for:
SI Category:  None
SI Type:  None



Total PTE by pollutant

Agency Interest:  Flint Hills Resources Pine Bend Refinery
Agency Interest ID: 734
Activity:  IND20160001 (Major Amendment)

Details for:
SI Category:  None
SI Type:  None



Total PTE by pollutant

Agency Interest:  Flint Hills Resources Pine Bend Refinery
Agency Interest ID: 734
Activity:  IND20160001 (Major Amendment)

Details for:
SI Category:  None
SI Type:  None



Total PTE by pollutant

Agency Interest:  Flint Hills Resources Pine Bend Refinery
Agency Interest ID: 734
Activity:  IND20160001 (Major Amendment)

Details for:
SI Category:  None
SI Type:  None



Total PTE by pollutant

Agency Interest:  Flint Hills Resources Pine Bend Refinery
Agency Interest ID: 734
Activity:  IND20160001 (Major Amendment)

Details for:
SI Category:  None
SI Type:  None



Total PTE by pollutant

Agency Interest:  Flint Hills Resources Pine Bend Refinery
Agency Interest ID: 734
Activity:  IND20160001 (Major Amendment)

Details for:
SI Category:  None
SI Type:  None



Total PTE by pollutant

Agency Interest:  Flint Hills Resources Pine Bend Refinery
Agency Interest ID: 734
Activity:  IND20160001 (Major Amendment)

Details for:
SI Category:  None
SI Type:  None



Total PTE by pollutant

Agency Interest:  Flint Hills Resources Pine Bend Refinery
Agency Interest ID: 734
Activity:  IND20160001 (Major Amendment)

Details for:
SI Category:  None
SI Type:  None



Total PTE by pollutant

Agency Interest:  Flint Hills Resources Pine Bend Refinery
Agency Interest ID: 734
Activity:  IND20160001 (Major Amendment)

Details for:
SI Category:  None
SI Type:  None



Total PTE by pollutant

Agency Interest:  Flint Hills Resources Pine Bend Refinery
Agency Interest ID: 734
Activity:  IND20160001 (Major Amendment)

Details for:
SI Category:  None
SI Type:  None



Total PTE by pollutant

Agency Interest:  Flint Hills Resources Pine Bend Refinery
Agency Interest ID: 734
Activity:  IND20160001 (Major Amendment)

Details for:
SI Category:  None
SI Type:  None



Total PTE by pollutant

Agency Interest:  Flint Hills Resources Pine Bend Refinery
Agency Interest ID: 734
Activity:  IND20160001 (Major Amendment)

Details for:
SI Category:  None
SI Type:  None



Total PTE by pollutant

Agency Interest:  Flint Hills Resources Pine Bend Refinery
Agency Interest ID: 734
Activity:  IND20160001 (Major Amendment)

Details for:
SI Category:  None
SI Type:  None



Total PTE by pollutant

Agency Interest:  Flint Hills Resources Pine Bend Refinery
Agency Interest ID: 734
Activity:  IND20160001 (Major Amendment)

Details for:
SI Category:  None
SI Type:  None



Total PTE by pollutant

Agency Interest:  Flint Hills Resources Pine Bend Refinery
Agency Interest ID: 734
Activity:  IND20160001 (Major Amendment)

Details for:
SI Category:  None
SI Type:  None



Total PTE by pollutant

Agency Interest:  Flint Hills Resources Pine Bend Refinery
Agency Interest ID: 734
Activity:  IND20160001 (Major Amendment)

Details for:
SI Category:  None
SI Type:  None



Total PTE by pollutant

Agency Interest:  Flint Hills Resources Pine Bend Refinery
Agency Interest ID: 734
Activity:  IND20160001 (Major Amendment)

Details for:
SI Category:  None
SI Type:  None



Total PTE by pollutant

Agency Interest:  Flint Hills Resources Pine Bend Refinery
Agency Interest ID: 734
Activity:  IND20160001 (Major Amendment)

Details for:
SI Category:  None
SI Type:  None



Total PTE by pollutant

Agency Interest:  Flint Hills Resources Pine Bend Refinery
Agency Interest ID: 734
Activity:  IND20160001 (Major Amendment)

Details for:
SI Category:  None
SI Type:  None



Total PTE by pollutant

Agency Interest:  Flint Hills Resources Pine Bend Refinery
Agency Interest ID: 734
Activity:  IND20160001 (Major Amendment)

Details for:
SI Category:  None
SI Type:  None



Total PTE by pollutant

Agency Interest:  Flint Hills Resources Pine Bend Refinery
Agency Interest ID: 734
Activity:  IND20160001 (Major Amendment)

Details for:
SI Category:  None
SI Type:  None



Total PTE by pollutant

Agency Interest:  Flint Hills Resources Pine Bend Refinery
Agency Interest ID: 734
Activity:  IND20160001 (Major Amendment)

Details for:
SI Category:  None
SI Type:  None



Total PTE by pollutant

Agency Interest:  Flint Hills Resources Pine Bend Refinery
Agency Interest ID: 734
Activity:  IND20160001 (Major Amendment)

Details for:
SI Category:  None
SI Type:  None



Total PTE by pollutant

Agency Interest:  Flint Hills Resources Pine Bend Refinery
Agency Interest ID: 734
Activity:  IND20160001 (Major Amendment)

Details for:
SI Category:  None
SI Type:  None



Total PTE by pollutant

Agency Interest:  Flint Hills Resources Pine Bend Refinery
Agency Interest ID: 734
Activity:  IND20160001 (Major Amendment)

Details for:
SI Category:  None
SI Type:  None



Total PTE by pollutant

Agency Interest:  Flint Hills Resources Pine Bend Refinery
Agency Interest ID: 734
Activity:  IND20160001 (Major Amendment)

Details for:
SI Category:  None
SI Type:  None



Total PTE by pollutant

Agency Interest:  Flint Hills Resources Pine Bend Refinery
Agency Interest ID: 734
Activity:  IND20160001 (Major Amendment)

Details for:
SI Category:  None
SI Type:  None



Total PTE by pollutant

Agency Interest:  Flint Hills Resources Pine Bend Refinery
Agency Interest ID: 734
Activity:  IND20160001 (Major Amendment)

Details for:
SI Category:  None
SI Type:  None



Total PTE by pollutant

Agency Interest:  Flint Hills Resources Pine Bend Refinery
Agency Interest ID: 734
Activity:  IND20160001 (Major Amendment)

Details for:
SI Category:  None
SI Type:  None



Total PTE by pollutant

Agency Interest:  Flint Hills Resources Pine Bend Refinery
Agency Interest ID: 734
Activity:  IND20160001 (Major Amendment)

Details for:
SI Category:  None
SI Type:  None



Total PTE by pollutant

Agency Interest:  Flint Hills Resources Pine Bend Refinery
Agency Interest ID: 734
Activity:  IND20160001 (Major Amendment)

Details for:
SI Category:  None
SI Type:  None



Total PTE by pollutant

Agency Interest:  Flint Hills Resources Pine Bend Refinery
Agency Interest ID: 734
Activity:  IND20160001 (Major Amendment)

Details for:
SI Category:  None
SI Type:  None



Total PTE by pollutant

Agency Interest:  Flint Hills Resources Pine Bend Refinery
Agency Interest ID: 734
Activity:  IND20160001 (Major Amendment)

Details for:
SI Category:  None
SI Type:  None



Total PTE by pollutant

Agency Interest:  Flint Hills Resources Pine Bend Refinery
Agency Interest ID: 734
Activity:  IND20160001 (Major Amendment)

Details for:
SI Category:  None
SI Type:  None



Total PTE by pollutant

Agency Interest:  Flint Hills Resources Pine Bend Refinery
Agency Interest ID: 734
Activity:  IND20160001 (Major Amendment)

Details for:
SI Category:  None
SI Type:  None



Total PTE by pollutant

Agency Interest:  Flint Hills Resources Pine Bend Refinery
Agency Interest ID: 734
Activity:  IND20160001 (Major Amendment)

Details for:
SI Category:  None
SI Type:  None



Total PTE by pollutant

Agency Interest:  Flint Hills Resources Pine Bend Refinery
Agency Interest ID: 734
Activity:  IND20160001 (Major Amendment)

Details for:
SI Category:  None
SI Type:  None



Total PTE by pollutant

Agency Interest:  Flint Hills Resources Pine Bend Refinery
Agency Interest ID: 734
Activity:  IND20160001 (Major Amendment)

Details for:
SI Category:  None
SI Type:  None



Total PTE by pollutant

Agency Interest:  Flint Hills Resources Pine Bend Refinery
Agency Interest ID: 734
Activity:  IND20160001 (Major Amendment)

Details for:
SI Category:  None
SI Type:  None



Total PTE by pollutant

Agency Interest:  Flint Hills Resources Pine Bend Refinery
Agency Interest ID: 734
Activity:  IND20160001 (Major Amendment)

Details for:
SI Category:  None
SI Type:  None



Total PTE by pollutant

Agency Interest:  Flint Hills Resources Pine Bend Refinery
Agency Interest ID: 734
Activity:  IND20160001 (Major Amendment)

Details for:
SI Category:  None
SI Type:  None



Total PTE by pollutant

Agency Interest:  Flint Hills Resources Pine Bend Refinery
Agency Interest ID: 734
Activity:  IND20160001 (Major Amendment)

Details for:
SI Category:  None
SI Type:  None



Total PTE by pollutant

Agency Interest:  Flint Hills Resources Pine Bend Refinery
Agency Interest ID: 734
Activity:  IND20160001 (Major Amendment)

Details for:
SI Category:  None
SI Type:  None



Total PTE by pollutant

Agency Interest:  Flint Hills Resources Pine Bend Refinery
Agency Interest ID: 734
Activity:  IND20160001 (Major Amendment)

Details for:
SI Category:  None
SI Type:  None



Total PTE by pollutant

Agency Interest:  Flint Hills Resources Pine Bend Refinery
Agency Interest ID: 734
Activity:  IND20160001 (Major Amendment)

Details for:
SI Category:  None
SI Type:  None



Total PTE by pollutant

Agency Interest:  Flint Hills Resources Pine Bend Refinery
Agency Interest ID: 734
Activity:  IND20160001 (Major Amendment)

Details for:
SI Category:  None
SI Type:  None



Total PTE by pollutant

Agency Interest:  Flint Hills Resources Pine Bend Refinery
Agency Interest ID: 734
Activity:  IND20160001 (Major Amendment)

Details for:
SI Category:  None
SI Type:  None



Total PTE by pollutant

Agency Interest:  Flint Hills Resources Pine Bend Refinery
Agency Interest ID: 734
Activity:  IND20160001 (Major Amendment)

Details for:
SI Category:  None
SI Type:  None



Total PTE by pollutant

Agency Interest:  Flint Hills Resources Pine Bend Refinery
Agency Interest ID: 734
Activity:  IND20160001 (Major Amendment)

Details for:
SI Category:  None
SI Type:  None



Total PTE by pollutant

Agency Interest:  Flint Hills Resources Pine Bend Refinery
Agency Interest ID: 734
Activity:  IND20160001 (Major Amendment)

Details for:
SI Category:  None
SI Type:  None



Total PTE by pollutant

Agency Interest:  Flint Hills Resources Pine Bend Refinery
Agency Interest ID: 734
Activity:  IND20160001 (Major Amendment)

Details for:
SI Category:  None
SI Type:  None



Total PTE by pollutant

Agency Interest:  Flint Hills Resources Pine Bend Refinery
Agency Interest ID: 734
Activity:  IND20160001 (Major Amendment)

Details for:
SI Category:  None
SI Type:  None



Total PTE by pollutant

Agency Interest:  Flint Hills Resources Pine Bend Refinery
Agency Interest ID: 734
Activity:  IND20160001 (Major Amendment)

Details for:
SI Category:  None
SI Type:  None



Total PTE by pollutant

Agency Interest:  Flint Hills Resources Pine Bend Refinery
Agency Interest ID: 734
Activity:  IND20160001 (Major Amendment)

Details for:
SI Category:  None
SI Type:  None



Total PTE by pollutant

Agency Interest:  Flint Hills Resources Pine Bend Refinery
Agency Interest ID: 734
Activity:  IND20160001 (Major Amendment)

Details for:
SI Category:  None
SI Type:  None



Total PTE by pollutant

Agency Interest:  Flint Hills Resources Pine Bend Refinery
Agency Interest ID: 734
Activity:  IND20160001 (Major Amendment)

Details for:
SI Category:  None
SI Type:  None



Total PTE by pollutant

Agency Interest:  Flint Hills Resources Pine Bend Refinery
Agency Interest ID: 734
Activity:  IND20160001 (Major Amendment)

Details for:
SI Category:  None
SI Type:  None



Total PTE by pollutant

Agency Interest:  Flint Hills Resources Pine Bend Refinery
Agency Interest ID: 734
Activity:  IND20160001 (Major Amendment)

Details for:
SI Category:  None
SI Type:  None



Total PTE by pollutant

Agency Interest:  Flint Hills Resources Pine Bend Refinery
Agency Interest ID: 734
Activity:  IND20160001 (Major Amendment)

Details for:
SI Category:  None
SI Type:  None



Total PTE by pollutant

Agency Interest:  Flint Hills Resources Pine Bend Refinery
Agency Interest ID: 734
Activity:  IND20160001 (Major Amendment)

Details for:
SI Category:  None
SI Type:  None



Total PTE by pollutant

Agency Interest:  Flint Hills Resources Pine Bend Refinery
Agency Interest ID: 734
Activity:  IND20160001 (Major Amendment)

Details for:
SI Category:  None
SI Type:  None



Total PTE by pollutant

Agency Interest:  Flint Hills Resources Pine Bend Refinery
Agency Interest ID: 734
Activity:  IND20160001 (Major Amendment)

Details for:
SI Category:  None
SI Type:  None



Total PTE by pollutant

Agency Interest:  Flint Hills Resources Pine Bend Refinery
Agency Interest ID: 734
Activity:  IND20160001 (Major Amendment)

Details for:
SI Category:  None
SI Type:  None



Total PTE by pollutant

Agency Interest:  Flint Hills Resources Pine Bend Refinery
Agency Interest ID: 734
Activity:  IND20160001 (Major Amendment)

Details for:
SI Category:  None
SI Type:  None



Total PTE by pollutant

Agency Interest:  Flint Hills Resources Pine Bend Refinery
Agency Interest ID: 734
Activity:  IND20160001 (Major Amendment)

Details for:
SI Category:  None
SI Type:  None



Total PTE by pollutant

Agency Interest:  Flint Hills Resources Pine Bend Refinery
Agency Interest ID: 734
Activity:  IND20160001 (Major Amendment)

Details for:
SI Category:  None
SI Type:  None



Total PTE by pollutant

Agency Interest:  Flint Hills Resources Pine Bend Refinery
Agency Interest ID: 734
Activity:  IND20160001 (Major Amendment)

Details for:
SI Category:  None
SI Type:  None



Total PTE by pollutant

Agency Interest:  Flint Hills Resources Pine Bend Refinery
Agency Interest ID: 734
Activity:  IND20160001 (Major Amendment)

Details for:
SI Category:  None
SI Type:  None



SI - SI relationships

Agency Interest:  Flint Hills Resources Pine Bend Refinery
Agency Interest ID: 734
Activity:  IND20160001 (Major Amendment)

Details for:
SI Category:  All
SI Type:  All



SI - SI relationships

Agency Interest:  Flint Hills Resources Pine Bend Refinery
Agency Interest ID: 734
Activity:  IND20160001 (Major Amendment)

Details for:
SI Category:  All
SI Type:  All



SI - SI relationships

Agency Interest:  Flint Hills Resources Pine Bend Refinery
Agency Interest ID: 734
Activity:  IND20160001 (Major Amendment)

Details for:
SI Category:  All
SI Type:  All



SI - SI relationships

Agency Interest:  Flint Hills Resources Pine Bend Refinery
Agency Interest ID: 734
Activity:  IND20160001 (Major Amendment)

Details for:
SI Category:  All
SI Type:  All



SI - SI relationships

Agency Interest:  Flint Hills Resources Pine Bend Refinery
Agency Interest ID: 734
Activity:  IND20160001 (Major Amendment)

Details for:
SI Category:  All
SI Type:  All



SI - SI relationships

Agency Interest:  Flint Hills Resources Pine Bend Refinery
Agency Interest ID: 734
Activity:  IND20160001 (Major Amendment)

Details for:
SI Category:  All
SI Type:  All



SI - SI relationships

Agency Interest:  Flint Hills Resources Pine Bend Refinery
Agency Interest ID: 734
Activity:  IND20160001 (Major Amendment)

Details for:
SI Category:  All
SI Type:  All



SI - SI relationships

Agency Interest:  Flint Hills Resources Pine Bend Refinery
Agency Interest ID: 734
Activity:  IND20160001 (Major Amendment)

Details for:
SI Category:  All
SI Type:  All



SI - SI relationships

Agency Interest:  Flint Hills Resources Pine Bend Refinery
Agency Interest ID: 734
Activity:  IND20160001 (Major Amendment)

Details for:
SI Category:  All
SI Type:  All



SI - SI relationships

Agency Interest:  Flint Hills Resources Pine Bend Refinery
Agency Interest ID: 734
Activity:  IND20160001 (Major Amendment)

Details for:
SI Category:  All
SI Type:  All



SI - SI relationships

Agency Interest:  Flint Hills Resources Pine Bend Refinery
Agency Interest ID: 734
Activity:  IND20160001 (Major Amendment)

Details for:
SI Category:  All
SI Type:  All



SI - SI relationships

Agency Interest:  Flint Hills Resources Pine Bend Refinery
Agency Interest ID: 734
Activity:  IND20160001 (Major Amendment)

Details for:
SI Category:  All
SI Type:  All



SI - SI relationships

Agency Interest:  Flint Hills Resources Pine Bend Refinery
Agency Interest ID: 734
Activity:  IND20160001 (Major Amendment)

Details for:
SI Category:  All
SI Type:  All



SI - SI relationships

Agency Interest:  Flint Hills Resources Pine Bend Refinery
Agency Interest ID: 734
Activity:  IND20160001 (Major Amendment)

Details for:
SI Category:  All
SI Type:  All



SI - SI relationships

Agency Interest:  Flint Hills Resources Pine Bend Refinery
Agency Interest ID: 734
Activity:  IND20160001 (Major Amendment)

Details for:
SI Category:  All
SI Type:  All



SI - SI relationships

Agency Interest:  Flint Hills Resources Pine Bend Refinery
Agency Interest ID: 734
Activity:  IND20160001 (Major Amendment)

Details for:
SI Category:  All
SI Type:  All



SI - SI relationships

Agency Interest:  Flint Hills Resources Pine Bend Refinery
Agency Interest ID: 734
Activity:  IND20160001 (Major Amendment)

Details for:
SI Category:  All
SI Type:  All



SI - SI relationships

Agency Interest:  Flint Hills Resources Pine Bend Refinery
Agency Interest ID: 734
Activity:  IND20160001 (Major Amendment)

Details for:
SI Category:  All
SI Type:  All



SI - SI relationships

Agency Interest:  Flint Hills Resources Pine Bend Refinery
Agency Interest ID: 734
Activity:  IND20160001 (Major Amendment)

Details for:
SI Category:  All
SI Type:  All



Aboveground Storage Tanks, General

Agency Interest:  Flint Hills Resources Pine Bend Refinery
Agency Interest ID: 734
Activity:  IND20160001 (Major Amendment)

Details for:
SI Category:  Equipment
SI Type:  Aboveground Storage Tank



Aboveground Storage Tanks, General

Agency Interest:  Flint Hills Resources Pine Bend Refinery
Agency Interest ID: 734
Activity:  IND20160001 (Major Amendment)

Details for:
SI Category:  Equipment
SI Type:  Aboveground Storage Tank



Underground Storage Tanks, General

Agency Interest:  Flint Hills Resources Pine Bend Refinery
Agency Interest ID: None
Activity:  IND20160001 (None)

Details for:
SI Category:  Equipment
SI Type:  Underground Storage Tank System



Emission Units 1

Agency Interest:  Flint Hills Resources Pine Bend Refinery
Agency Interest ID: 734
Activity:  IND20160001 (Major Amendment)

Details for:
SI Category:  Equipment
SI Type:  Aging Equipment, Barge Loading Equipment, Buffing Equipment and 24 more



Emission Units 1

Agency Interest:  Flint Hills Resources Pine Bend Refinery
Agency Interest ID: 734
Activity:  IND20160001 (Major Amendment)

Details for:
SI Category:  Equipment
SI Type:  Aging Equipment, Barge Loading Equipment, Buffing Equipment and 24 more



Emission Units 1

Agency Interest:  Flint Hills Resources Pine Bend Refinery
Agency Interest ID: 734
Activity:  IND20160001 (Major Amendment)

Details for:
SI Category:  Equipment
SI Type:  Aging Equipment, Barge Loading Equipment, Buffing Equipment and 24 more



Emission Units 2

Agency Interest:  Flint Hills Resources Pine Bend Refinery
Agency Interest ID: 734
Activity:  IND20160001 (Major Amendment)

Details for:
SI Category:  Equipment
SI Type:  Boiler, Duct Burner, Incinerator and 2 more



CEMs/COM, General

Agency Interest:  Flint Hills Resources Pine Bend Refinery
Agency Interest ID: 734
Activity:  IND20160001 (Major Amendment)

Details for:
SI Category:  Equipment
SI Type:  Continuous Emission Monitor & Continuous Opacity Monitor



CEMs/COM, General

Agency Interest:  Flint Hills Resources Pine Bend Refinery
Agency Interest ID: 734
Activity:  IND20160001 (Major Amendment)

Details for:
SI Category:  Equipment
SI Type:  Continuous Emission Monitor & Continuous Opacity Monitor



Parametric Mon, General

Agency Interest:  Flint Hills Resources Pine Bend Refinery
Agency Interest ID: 734
Activity:  IND20160001 (Major Amendment)

Details for:
SI Category:  Equipment
SI Type:  Parametric Monitor



Parametric Mon, General

Agency Interest:  Flint Hills Resources Pine Bend Refinery
Agency Interest ID: 734
Activity:  IND20160001 (Major Amendment)

Details for:
SI Category:  Equipment
SI Type:  Parametric Monitor



Parametric Mon, General

Agency Interest:  Flint Hills Resources Pine Bend Refinery
Agency Interest ID: 734
Activity:  IND20160001 (Major Amendment)

Details for:
SI Category:  Equipment
SI Type:  Parametric Monitor



Data Acquisition System, General

Agency Interest:  Flint Hills Resources Pine Bend Refinery
Agency Interest ID: 734
Activity:  IND20160001 (Major Amendment)

Details for:
SI Category:  Equipment
SI Type:  Data Acquisition System



Fugitive Sources

Agency Interest:  Flint Hills Resources Pine Bend Refinery
Agency Interest ID: 734
Activity:  IND20160001 (Major Amendment)

Details for:
SI Category:  Fugitive
SI Type:  Cooling Tower, Equipment Leaks, Fugitive-Other and 4 more



Fugitive Sources

Agency Interest:  Flint Hills Resources Pine Bend Refinery
Agency Interest ID: 734
Activity:  IND20160001 (Major Amendment)

Details for:
SI Category:  Fugitive
SI Type:  Cooling Tower, Equipment Leaks, Fugitive-Other and 4 more



Fugitive Sources

Agency Interest:  Flint Hills Resources Pine Bend Refinery
Agency Interest ID: 734
Activity:  IND20160001 (Major Amendment)

Details for:
SI Category:  Fugitive
SI Type:  Cooling Tower, Equipment Leaks, Fugitive-Other and 4 more



Buildings, General

Agency Interest:  Flint Hills Resources Pine Bend Refinery
Agency Interest ID: None
Activity:  IND20160001 (None)

Details for:
SI Category:  Structure
SI Type:  Building



Stack/Vent, General

Agency Interest:  Flint Hills Resources Pine Bend Refinery
Agency Interest ID: 734
Activity:  IND20160001 (Major Amendment)

Details for:
SI Category:  Structure
SI Type:  Stack/Vent



Stack/Vent, General

Agency Interest:  Flint Hills Resources Pine Bend Refinery
Agency Interest ID: 734
Activity:  IND20160001 (Major Amendment)

Details for:
SI Category:  Structure
SI Type:  Stack/Vent



Stack/Vent, General

Agency Interest:  Flint Hills Resources Pine Bend Refinery
Agency Interest ID: 734
Activity:  IND20160001 (Major Amendment)

Details for:
SI Category:  Structure
SI Type:  Stack/Vent



Scrubbers, General

Agency Interest:  Flint Hills Resources Pine Bend Refinery
Agency Interest ID: 734
Activity:  IND20160001 (Major Amendment)

Details for:
SI Category:  Treatment
SI Type:  013-Gas Scrubber (General, Not Classified) & 050-Packed-Gas Adsorption Column



Other Control Equipment

Agency Interest:  Flint Hills Resources Pine Bend Refinery
Agency Interest ID: 734
Activity:  IND20160001 (Major Amendment)

Details for:
SI Category:  Treatment
SI Type:  014-Mist Eliminator - High Velocity, V>250 Ft/Min, 015-Mist Eliminator - Low Velocity, V<250 Ft/Min, 023-Flaring and 4 more



Collectors-Cyclones, General

Agency Interest:  Flint Hills Resources Pine Bend Refinery
Agency Interest ID: None
Activity:  IND20160001 (None)

Details for:
SI Category:  Treatment
SI Type:  007-Centrifugal Collector - High Efficiency, 008-Centrifugal Collector - Medium Effi-
ciency, 009-Centrifugal Collector - Low Efficiency and 4 more



Electrostatic Precipitators, General

Agency Interest:  Flint Hills Resources Pine Bend Refinery
Agency Interest ID: 734
Activity:  IND20160001 (Major Amendment)

Details for:
SI Category:  Treatment
SI Type:  011-Electrostatic Precipitator - Med Efficiency



Fabric Filters, General

Agency Interest:  Flint Hills Resources Pine Bend Refinery
Agency Interest ID: None
Activity:  IND20160001 (None)

Details for:
SI Category:  Treatment
SI Type:  016-Fabric Filter - High Temp, T>250 Degrees F, 017-Fabric Filter - Med Temp, 180
F<T<250 F, 018-Fabric Filter - Low Temp, T<180 Degrees F



Catalytic Oxidizers, General

Agency Interest:  Flint Hills Resources Pine Bend Refinery
Agency Interest ID: 734
Activity:  IND20160001 (Major Amendment)

Details for:
SI Category:  Treatment
SI Type:  109-Catalytic Oxidizer



Oxidation Catalyst, General

Agency Interest:  Flint Hills Resources Pine Bend Refinery
Agency Interest ID: None
Activity:  IND20160001 (None)

Details for:
SI Category:  Treatment
SI Type:  312-Oxidation Catalyst



Direct Flame Afterburners, General

Agency Interest:  Flint Hills Resources Pine Bend Refinery
Agency Interest ID: 734
Activity:  IND20160001 (Major Amendment)

Details for:
SI Category:  Treatment
SI Type:  021-Direct Flame Afterburner & 022-Direct Flame Afterburner with Heat Exchanger



Injections Systems, General

Agency Interest:  Flint Hills Resources Pine Bend Refinery
Agency Interest ID:  None
Activity:  IND20160001 (None)

Details for:
SI Category:  Treatment
SI Type:  028-Steam or Water Injection, 031-Air Injection, 032-Ammonia Injection and 9 more



Condensers, General

Agency Interest:  Flint Hills Resources Pine Bend Refinery
Agency Interest ID:  734
Activity:  IND20160001 (Major Amendment)

Details for:
SI Category:  Treatment
SI Type:  047-Vapor Recyc Sys-Condensers, Hoods, Othr Enclos & 073-Refrigerated Condenser



Wet Sepators, General

Agency Interest:  Flint Hills Resources Pine Bend Refinery
Agency Interest ID:  None
Activity:  IND20160001 (None)

Details for:
SI Category:  Treatment
SI Type:  057-Dynamic Separator (Wet) & 085-Wet Cyclonic Separator - Wet Cyclone



Catalytic Converter, General

Agency Interest:  Flint Hills Resources Pine Bend Refinery
Agency Interest ID:  None
Activity:  IND20160001 (None)

Details for:
SI Category:  Treatment
SI Type:  057-Dynamic Separator (Wet) & 085-Wet Cyclonic Separator - Wet Cyclone



Confidential Information

Agency Interest:  Flint Hills Resources Pine Bend Refinery
Agency Interest ID: None
Activity:  IND20160001 (None)

Details for:
SI Category:  None
SI Type:  All
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1.0 Executive Summary 
The scope of this permit action includes projects to more efficiently process hydrocarbons that are
distilled from the refinery's crude units into transportation fuels, especially diesel. The proposed 
permitting action covers the following projects:

• Coker Replacement Project 
• Diesel Selectivity Projects
• Naphtha Processing Improvement Projects

Each of these individual projects is described in Appendix A of this permit application. 

The Pine Bend Refinery is located in an area that is in attainment or unclassified for all New Source Review 
(NSR) regulated pollutants.1 The refinery is a ma jor source for NSR regulated pollutants, and therefore any
major modification is subject to the Clean Air Act's Prevention of Significant Deterioration (PSD) program, 
and must procure a permit that contains emissions limits reflecting Best Available Control Technology 
(BACT) at emiss ion units that undergo a physical change or change in the method of operations resulting
in a significant emissions increase.2 This permit action is a ma jor modification for particulate matter less
than 10 microns in diameter (PM10), particulate matter less than 2.5 microns in diameter (PM2.5), 
greenhouse gases (GHG) and nitrogen oxides (NOx). BACT is required for regulated NSR pollutants for
which a significant emissions increase occurs and for greenhouse gases. More specifically, the 
requirement to conduct BACT evaluation per 40 C.F.R § 52.21(j) applies to each emissions unit at which an
emissions increase occurs as a result o f a physical change or change in the method of operation of the
unit. Therefore, as part of this permit action, a BAC T analysis is conducted for those emissions units at
which a project emissions increase of PM10, PM2.5, NOx, and/or GHG occurs as a result of a physical 
modification or change in method of operation at that specific unit. Table 1-1 lists the Pine Bend
Technology and Efficiency Improvement Projects (the Projects) related emission units and pollutants that
are subject to BACT requirements. The 30H401 reformer (EU296) and cooling towers group (GP002) are 
existing units with MPCA identification numbers. The other units will be newly constructed as part of the
Projects and have placeholder identification numbers in the table.

1 40 C .F.R. § 81.324

2 40 C .F.R. § 52.21(j)(3).
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Table 1-1 Summary of Emission Unit s and Pollutants subject to BACT

Emissions Unit 

New or Existing 
MPCA Permit 
Identification 

Number 
PSD Pollutant with an

Emissions Increase

New 24H1 - #4 Coker Unit Charge Heater New EQUI24H1 NOx, PMio, PM2.5, and GHG 

New #4 Coker Drum System New EQUI24DRUMS PM10, PM2.5, and GHG

New #4 Coker Petroleum Coke Handling Equipment New FUGI24FUGPM PM10, PM2.5

30H401 - #4 Hydrogen Plant Reformer Plus Reactor C02 Existing EQUI471 PMio, PM2.5, and GHG

New Fugitive Equipment in GHG Service at 24 Unit New FUGI24FUG GHG

New Cooling Water Heat Exchangers in GHG Service Existing COMG66 GHG

This BACT analysis follows EPA's suggested five-step top-down approach, as set forth in the U.S. EPA's 
draft New Source Review Workshop Manual, (October 1990) (Workshop Manual).3

• Step 1 - Identify All Available Control Technologies 
• Step 2 - Eliminate Technically Infeasible Options 
• Step 3 - Rank Remaining Control Technologies by Control Effectiveness
• Step 4 -Evaluate Most Effective Control Technologies and Document Results

• Step 5 - Select BACT 

Table 1-2 summarizes the results of the five step BACT analysis for each project-related emissions unit
and pollutant subject to BACT requirements, and the proposed BACT emissions limits. 

3 The Workshop Manual can be found at U.S. EPA's website http://www.epa.aov/NSR/ttnnsr01/aen/wkshpman.pdf. 
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Table 1-2 BACT Analysis Summary

New or Existing
MPCA Permit
Identification 

Number

PSD
Pollutant 
with an

Emissions
Increase

Technology Proposed as
BACT

Proposed Performance Specification 

New or Existing
MPCA Permit
Identification 

Number

PSD
Pollutant 
with an

Emissions
Increase

Technology Proposed as
BACT Limitation Units

New 24H1 - #4
Coker Unit

Charge Heater

NOx SCR and low NOx burners 

0.01
Ibs/MMBtu, using a 365-day rolling average 
determined daily

New 24H1 - #4
Coker Unit

Charge Heater

NOx SCR and low NOx burners 

60
ppm (dry basis, corrected to 0 percent excess air)
using a 30-day rolling average determined daily 

New 24H1 - #4
Coker Unit

Charge Heater

NOx SCR and low NOx burners 

3.1

lbs/hour using 24-hour rolling average applicable 
during hourly periods of normal operation, which 
shall exclude startup, shutdown, malfunction and 
when the hourly average exhaust temperature to
the SCR is less than 530°F

New 24H1 - #4
Coker Unit

Charge Heater
PM10/PM2.5

Good combustion practices
with the use of refinery fuel 
gas and/or natural gas fuel

0.0075 Ibs/MMBtu, using 3-hour average 

New 24H1 - #4
Coker Unit

Charge Heater

GHG

Combustion of refinery fuel
gas and/or natural gas and

implementation of design and
operational energy efficiency 

measures

168,775 tons per year, using a 365-day rolling sum

New 24H1 - #4
Coker Unit

Charge Heater

GHG

Combustion of refinery fuel
gas and/or natural gas and

implementation of design and
operational energy efficiency 

measures

350

°F maximum stack temperature, using a 365-day 
rolling average basis, excluding hourly periods of
startup, shutdown, and low firing rates less than 
186 MMBtu/hr HHV input 

New #4 Coker
Drum System

PM10/PM2.5
and GHG

Good design and
implementation of specified 

operating practices 

Depressurize the coke drums to an average vessel pressure of 
2.0 psig before drum opening for each decoking event.

New #4 Coker 
Petroleum Coke

Handling
Equipment 

PM10/PM2.5

Physical and operational
design strategies that manage
moist pet coke first in a walled 

area and then within an
enclosed crushing and

conveying system

Inherent to the design of the system, the coke pad will have
walls on all sides and the petroleum coke crusher and conveyor 
will be enclosed. Also, all petroleum coke product will be visibly
moist or at a m oisture content of no less than 8% inherent to 
operation of the coke drum system and downstream handling

equipment.

30H401 - #4 
Hydrogen Plant 
Reformer Plus
Reactor CO2

PM10/PM2.5
Good combustion practices
with the use of refinery fuel 

gas
0.0075 Ibs/MMBtu, using 3-hour average 

30H401 - #4 
Hydrogen Plant 
Reformer Plus
Reactor CO2 GHG

Combustion of refinery fuel 
gas and implementation of 

design and operational energy 
efficiency measures 

771,156 tons per year, using a 365-day rolling sum
30H401 - #4 

Hydrogen Plant 
Reformer Plus
Reactor CO2 GHG

Combustion of refinery fuel 
gas and implementation of 

design and operational energy 
efficiency measures 

350

°F maximum stack temperature, using a 365-day 
rolling average basis, excluding hourly periods of 
startup, shutdown, and low firing rates less than 
465 MMBtu/hr HHV input 

Project Fugitive
Equipment (LDAR

components) 
GHG

Adherence to enhanced LDAR
standards

For new fugitive equipment in GHG service, comply with the 
LDAR requirements of FHR's Title V Permit 

New Cooling 
Water Heat

Exchangers in
GHG Service

GHG
Adherence to 40 C.F.R. Part 63

Subpart CC (MACT CC)
standards

For new fugitive heat exchangers in cooling water service,
comply with the MACT CC requirements 



2.0 BACT Methodology
BACT is defined as an e mission limitation based on the maximum emission reduction achievable after a
case-by-case review of potential emission controls which takes into account energy, environmental and
economic impacts. This emissions limit may be achieved by a variety of means, such as control 
technologies, clean fuels, inherently lower polluting processes or alternative operating practices. A PSD 
permit must express a BACT determination as an enforceable emission limitation or, if that is not feasible, 
as a work practice as defined in 40 C.F.R. § 52.21 (b)(12).4

This BACT analysis has been conducted in accordance with Section 165(a)(4) o f the Clean Air Act (and EPA
regulations codified at 40 C.F.R. § 52.21(j)), and Minnesota Pollution Control Agency (MPCA) regulations at 
Minn. R. 7007, etseq. The U.S. Environmental Protection Agency (EPA) has authorized Minnesota to 
implement the federal PSD program pursuant to 40 C.F.R. § 52.21. See EPA Region 5, Construction Permits 
Program Approvals, at www.eDa.aov/rea5oair/permits/const/frn-nsr.html. Because Minnesota has
incorporated 40 C.F.R. § 52.21 in its entirety by reference into the MPCA's air permit regulations, the EPA's
PSD regulations apply to the BACT analysis and determination. 

40 C.F.R. § 5 2.21 (j), incorporated by reference at Minn. R. 7007.3000, specifies in relevant part that BACT
must be applied as follows: 

• A major stationary source or major modification shall meet each applicable emissions limitation 
under the State Implementation Plan and each applicable emissions standard and standard of 
performance under 40 C.F.R. Parts 60 and 61.

• A new major stationary source shall apply best available control technology for each regulated 
NSR pollutant that it would have the potential to emit in significant amounts. 

4 "Best available control technology means an emissions limitation (including a visible emission standard) based 
on the maximum degree of reduction for each pollutant subject to regulation under Act which would be emitted
from any proposed major stationary source or major modification which the Administrator, on a case-by-case 
basis, taking into account energy, environmental, and economic impacts and other costs, determines is
achievable for such source or modification through application of production processes or available methods, 
systems, and techniques, including fuel cleaning or treatment or innovative fuel combustion techniques for 
control of such pollutant. In no event shall application of best available control technology result in emissions of
any pollutant which would exceed the emissions allowed by any applicable standard under 40 C.F.R. Parts 60 and
61. If the Administrator determines that technological or economic limitations on the application of measurement 
methodology to a particular emissions unit would make the imposition of an emissions standard infeasible, a
design, equipment, work practice, operational standard, or combination thereof, may be prescribed instead to
satisfy the requirement for the application of best available control technology. Such standard shall, to the
degree possible, set forth the emissions reduction achievable by implementation of such design, equipment,
work practice or operation, and shall provide for compliance by means which achieve equivalent results." 
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• A major modification shall apply best available control technology for each regulated NSR
pollutant for which it would result in a significant emissions increase at the source. This
requirement applies to each proposed emissions unit at which a project emissions increase in the 
pollutant would occur as a re sult of a physical change or change in the method of operation in

the unit.

Proposed BACT emissions limits have been selected using the suggested five-step "top-down" approach 
set forth in the Workshop Manual, (October 1990) and the Minnesota New Source Review Reform
Training Manual (2004), as follows. 

Step 1- Identify all Available Control Technologies 
All available control technologies are identified for each emission unit. A control technology is considered 
available for a specific pollutant if it could practically be applied to the specific emission unit. The
Workshop Manual also describes a technology as available if it "can be obtained by the applicant through
commercial channels or is otherwise available within the commons sense meaning of the term." 
Workshop Manual at B.17. To identify all available control technologies, the following sources were

consulted: 

• EPA's RACT/BACT/LAER Clearinghouse (RBLC); 
• EPA's Clean Air Technology Center (CATC) website; 
• South Coast Air Quality Management District's (SCAQMD) Best Ava ilable Control Technology 

Guidelines, including LAER/BACT determinations for both major and non-major polluting 

facilities,5 and existing regulations;
• Texas Commission on Environmental Quality (TCEQ) BACT guidelines6;
• Control Technology Vendors; and
• Other EPA/State air quality permits.

For preparation of its GHG BACT analysis, FHR followed the EPA guidance document entitled "PSD and
Title V Permitting Guidance for Greenhouse Gases" EPA-457/B-11 -001 (March 2011). FHR also consulted: 

• EPA's Clean Air Act Advisory Committee (CAAAC) website;
® U.S. Department of Energy (DOE)/National Energy Technology Laboratory (NETL) websites;

• EPA's RACT/BACT/LAER Clearinghouse (RBLC); 
• EPA white paper from October 2010 titled "Available and Emerging Technologies for Reducing 

Greenhouse Gas Emission from the Petroleum Industry" (Refinery White Paper);
• EPA white paper from October 2010 titled "Available and Emerging Technologies for Reducing

Greenhouse Gas Emission from Industrial, Commercial, and Institutional Boilers" (Boiler White 

Paper);
• Other EPA/State air quality permits.

5 http://www.aqmd.gov/bact/BACTGuidelines.htm 
6 http://www.tceq.state.tx.us/permitting/air/nav/bact_index.html 
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Step 2-Eliminate Technically Infeasibie Control Technologies 
Each control technology identified in Step 1 is evaluated, using source-specific factors, to determine if it is
technically feasible. If physical, chemical and engineering principles demonstrate that a technology could
not be successfully used on the emission unit, then that technology is determined to be technically 
infeasibie. Economics are not considered in the determination of technical feasibility. Technologies that 
are determined to be infeasibie are eliminated from further consideration.

Step 3- Rank Technically Feasible Technologies by Control Effectiveness
All technically feasible technologies are ranked in order of overall control effectiveness. Rankings are
based on the level of emission control expressed as emissions per unit of production, emissions per unit 
of energy used, control efficiency, or a similar measure. The control effectiveness listed will be
representative of the level of emission control which can be achieved by the control technology at the
operating conditions of the emission unit being reviewed. Controls are listed in order of overall control 
effectiveness for the pollutant under review, with the most effective control alternative at the top.

Step 4 -Evaluate Technically Feasible Control Technologies 
The economic, environmental, and energy impacts of each technically feasible control technology are 
evaluated. Step 4 is only required if the most effective control technology is not proposed as BACT. 

Step 5 -Select BACT
Based on technical considerations and economic, environmental and energy impacts the proposed BACT
for each emissions unit will include: 

• A BACT emission limit or work practice standard 
• A BACT limit compliance demonstration method 

A PSD permit must express the BACT determination as an enforceable emission limitation unless it is
infeasibie to do so. Under 40 C.F.R.§ 52.21 (b)(12), if technological or economic limitations on the 
application of measurement methodology to a particular emissions unit would make the imposition of an
emissions standard infeasibie, a design, equipment, work practice, operational standard, or combination 
thereof, may be prescribed instead to satisfy the requirement for the application of BACT. For example, 
due to the infeasibility of measuring emissions from leaking equipment, leak detection and repair (LDAR)
work practice standards are typically prescribed to control such emissions. Accordingly, as set forth in
Table 1-2, FHR expresses the BACT determination for each emission unit as a Ib/MMBtu or tons per year
emission limit or as a wor k practice standard.

BACT emission limits for sources subject to New Source Performance Standards ([NSPS] 40 C.F.R. Part 60)
or National Emission Standards for Hazardous Air Pollutants ([NESHAPS] 40 C.F.R. Part 61) cannot be less
stringent than the applicable standards. In other words, applicable 40 C.F.R. Part 60 NSPS or 40 C.F.R. Part
61 NESHAPS standards provide a "floor" for BACT emission limits. Maximum Achievable Control 
Technology (MACT) standards issued under 40 CFR Part 63 are n ot typically used to establish the BACT
floor. However, MACT requirements which limit PSD pollutants as surrogates for control of HAP emissions 
may be considered in the BACT analysis as a level o f emission control considered to be achievable based
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on the review process EPA uses for establishing MACT limitations. To the extent that it's relevant, NSPS, 
NESHAP, and/or MACT standards applicable to the individual emissions sources reviewed below will be
discussed in greater detail as part of the appropriate sections. The full review of NSPS, NESHAP, and
MACT standards is included as part of Appendix A of the permit application.
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3.0 BACT for New #4 Coker Unit Charge Heater
(24H1)

The new #4 Coker Unit Charge Heater (24H1) will be permitted to fire only refinery fuel gas and/or natural 
gas. Emissions from 24H1 are the result of combustion activities at the unit. Specifically, the PSD
pollutants for which there is an estimated emissions increase above the Significant Emission Rate (SER) 
threshold at 24H1 are NOx, PM10, PM2.5, and GHG.

3.1 #4 Coker Unit Charge Heater NOx Emissions
There are three mechanisms by which NOx production occurs. They are thermal, prompt, and fuel NOx 
formation. In the case of natural gas or fuel gas combustion, the primary mechanism of NOx production is
through thermal NOx formation. This mechanism arises from the thermal dissociation of nitrogen and
oxygen molecules in combustion air to nitric oxide (NO). The thermal oxidation reaction is as follows: 

N2 + 02->2N0 (1)

Downstream of the flame, significant amounts of NO2 can be formed when NO is mixed with air. The
reaction is as follows: 

2NO + 02 -> 2N02 (2)

Thermal oxidation is a function of the residence time, free oxygen, and peak reaction temperature. Prompt 
NOx is a fo rm of thermal NOx which is generated at the flame boundary. It is the result of reactions 
between nitrogen and hydrocarbon radicals generated during combustion. Only minor amounts of NOx 
are emitted as prompt NOx. Fuel bound NOx is primarily a concern with solid and liquid fuel combustion
sources; it is formed as nitrogen compounds in the fuel are oxidized in the combustion process. Both
natural gas and refinery fuel gas have minimal fuel bound nitrogen, which eliminates fuel bound NOx as a

major concern.

3.1.1 Step 1 - Identify All Available Control Technologies 
The potentially available control technologies for NOx emissions from review of available information are

listed in the table below.
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Table 3-1 Available NOx Emission Control Technologies for #4 Coker Unit Charge Heater 

Technology Description

Selective Catalytic Reduction (SCR) 
SCR is a po st combustion NOx control technology in which ammonia (Nhh) is
injected into the flue gas stream in the presence of a catalyst. SCR control
efficiency is typically 70 to 90 percent. 

Selective Non-Catalytic Reduction 
(SNCR)

In the SNCR process, urea or ammonia-based chemicals are injected into the flue
gas stream to convert NO to molecular nitrogen, N2, and water. SNCR control 
efficiency is typically 45 to 75 percent. Without the participation of a catalyst, the 
reaction requires a high temperature range for the activation to occur

Flue Gas Recircu lation 
Flue gas recirculation burners are designed to draw flue gas into the burner to 
dilute the fuel; reducing flame temperature and ultimately NOx formation. 

Low NOx (LNB)/Ultra Low NOx
Burners (ULNB)

LNB and ULNB technology utilizes advanced burner design to reduce NOx
formation through the restriction of oxygen, lower flame temperature, increased 

residence time, and/or staged combustion. 

3.1.2 Step 2 -Technical Feasibility of Control Technologies 
The technical feasibility of potential control options for NOx emissions are summarized below. 

Table 3-2 Technical Feasibility of NOx Control Technologies for #4 Coker Unit Charge Heater 

Technology
Technically

Feasible?

Selective Catalytic Reduction (SCR) Yes

Selective Non-Catalytic Reduction (SNCR) No

Flue Gas Recirculation Yes

Low NOx/Ultra Low NOx Burners Yes

The only technically infeasible control option from the above table is SNCR. NOx reduction levels achieved 
by SNCR systems are highly variable, ranging from 45% to 75% for gas fired heaters,7 and have very
specific temperature and residence time requirements. For example, SNCR is only effective at temperature 
ranges between 1,600 and 2,000°F; which is not consistent with the operating characteristics of the
proposed 24H1 charge heater and would require significant reheating of the flue gas stream.

In addition, the overall NOx control effectiveness of SNCR decreases significantly in applications where the
NOx is already low. Here, the new heater will utilize low NOx burners, so the base NOx emissions are
already lower than the level typically controlled by SNCR. For these reasons an d, due to the lack of SNCR

7 EPA Air Pollution Control Cost Manual, Draft Chapter 1 for Selective Noncatalytic Reduction, Table 1.2: SNCR NOx
Reduction Efficiency by Industry and Reagent Type, June 2015.
http://www.epa.gov/ttnecas1/models/SNCRCostManualchapter_Draftforpubliccomment-6-5-2015.pdf 
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installation on similar sources found in the RBLC database, SNCR is not considered technically feasible and

is not evaluated further as part of this analysis.8

3.1.3 Step 3- Effectiveness of Feasible Control Technologies 
The technically feasible control options are ranked in Table 3-3, according to their control effectiveness.

Table 3-3 Control Effectiveness Ranking of NOx Control Technologies for #4 Coker Unit
Charge Heater 

Rank Technology Emission Control Effectiveness 

1 Selective Catalytic Reduction (SCR) up to 90%

2 Low NOx/Ultra Low NOx Burners
40% - 70%; dependent on site

specific conditions1

3 Flue Gas Recirculation 
up to 50%; dependent on site specific 

conditions1

1 Es timated level of control is based on uncontrolled NOx emission factors from AP-42 Section 1.4 Table 1 .4-1 
and anticipated outlet concentrations potentially achievable with application of listed control option. 

3.1.4 Step 4- Evaluation of Feasible Control Technologies 
FHR has selected the top ranked NOx control technologies and has proposed to install SCR with low NOx 
burners. There are no significant adverse energy, environmental, or economic impacts associated with the
proposed controls.9

While potentially feasible, FGR is typically only utilized in large natural gas fired utility boilers with a steady
load that burn fuels with a consistent heating value (i.e. pipeline quality natural gas). Additionally, FGR
comes with a high cost due to the fan and duct work required to re-route the exhaust flue gas to the
burner. Further, FGR would not result in any appreciable emissions reductions beyond the proposed 
controls. Accordingly, the high costs and negligible emissions decrease would result in a control costs (on 
a $ /ton basis) that is significantly outside the range of what is considered economically feasible. Therefore, 
FGR is not evaluated further as part of this analysis.

3.1.5 Step 5 -BACT Selection 
The new #4 Coker Unit Charge Heater is considered an affected facility under 40 C.F.R. Part 60, Subpart Ja
(NSPS Ja) which regulates "fuel gas combustion devices (including process heaters)." As a resu lt the #4 
Coker Unit Charge Heater will be subject to the NOx emissions limitations as set for th in NSPS Ja. As

8 As detailed as part of this BACT analysis, FHR is proposing to install SCR technology for NOx control at the 24H1 
charge heater. SCR has a much higher and less variable NOx control effectiveness for this type of operation.
9 An SCR system uses ammonia as part of the reaction and, as a result, may cause a small amount of ammonia 
emissions, referred to as ammonia slip. According to EPA's Control Technology Fact Sheet for SCR technology, typical
ammonia slip levels (ranging from 2-10 ppm) do not result in plume formation or human health hazards. The
proposed SCR system will be designed to operate efficiency and FHR will work to minimize potential ammonia
emissions. See http://www3.epa.aov/ttn/catc/dir1/fscr.pdf. 
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discussed in detail below, the new #4 Coker Unit Charge Heater will not only comply with the NSPS Ja, but 
FHR is proposing a more stringent NOx BACT limitation of 0.01 Ib/MMBtu, using a 365-day rolling average
basis, compared to the NSPS Ja limit of 60 ppm on a 30-day rolling average basis, The proposed annual
limitation is inclusive of all periods of operation.

FHR proposes to install low NOx burners in combination with SCR to achieve a 0.01 lb NOx/MMBtu BACT
limit. FHR will operate the SCR whenever operationally possible and, as noted above, proposes an annual 
average NOx limit that applies at all times as BACT. 

FHR proposes a short term mass emissions limits for periods when the SCR is operating as an effec tive 
NOx control technology. The mass emissions limit represents the outlet concentration achievable with 
effective operation of the SCR at the max rated heat input capacity. The proposed short term mass limits 
will only apply at times when the SCR inlet temperature is above 530°F.

Table 3-4 shows the proposed BACT limits for NOx. These limits are consistent with recently permitted 
refinery process heaters, with current Texas BACT for process heaters, and with limits for similar sources
listed in the RBLC (Attachment 2).

Table 3-4 Proposed NOx BACT Limitations for the #4 Coker Unit Charge Heater

Category Demonstration 

Limitations 

NOx emissions are limited to 0.01 Ibs/MMBtu, using a 365-day rolling average (dry basis,
corrected to 0% excess air) determined daily, inclusive of all periods of operation. 

Limitations 

NOx emissions are limited to 60 ppm (dry basis, corrected to 0 percent excess air) using a 30-day 
rolling average determined daily

Limitations NOx emissions are limited to 3.10 lbs/hour using 24-hour Rolling Average applicable during 
hourly periods of normal operation, which shall exclude startup, shutdown, malfunction and
when the hourly average exhaust temperature to the SCR is less than 530 F. At leas t 18 hours of 
normal operations are needed in the 24-hour period for comparison to the standard. The
standard shall not apply for those 24-hour periods with less than 18 hours of normal operations. 

Compliance 
Demonstration 

Compliance with the proposed BACT limit will be demonstrated through the use of a continuous 
emissions monitoring system (CEMS). 

3.2 #4 Coker Unit Charge Heater PMio and PM2.5 Emissions 
Particulate matter including PM10 and PM2.5 has the potential to be emitted from 24H1 as a result o f 
incomplete combustion, particulate matter present in the combustion air, and solid and condensable 
materials contained in gaseous fuels. This BACT report consolidates the BACT analysis for PM10, and PM2.5 
because particulate matter from gaseous fuel firing can all be considered to be fine particulate less than 
1.0 micron in size.

3.2.1 Step 1- Identify All Available Control Technologies 
The potentially available control technologies for PM10/PM2.5 emissions from 24H1 are shown in the table
below: 
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Table 3-5 Available PM10/PM2.5 Emission Control Technologies for the #4 Coker Unit Charge 
Heater 

Technology Description

Add-On Control 
Technologies

Add-on particulate control technologies, such as a baghouse or electrostatic 
precipitator (ESP), are control technologies that reduce primarily filterable particulate 
emissions entrained in the exhaust gas stream.

Clean Fuels 
Both refinery fuel gas and natural gas contain very low concentrations of ash and other
forms of particulate matter, thus the use of the gaseous fuel minimizes PM10/PM2.5 
emissions. 

Good Combustion 
Practices

Good combustion practices are preventative measures that minimize the release of
pollutants generated from incomplete combustion of fuels into the environment. Good
combustion practices may include the proper design and maintenance of equipment,
good housekeeping, and good operating practices. 

3.2.2 Step 2 -Technical Feasibility of Control Technologies 
The use of add-on control technologies, such as a bagho use, electrostatic precipitator, or wet scrubber,
can provide particulate matter control for solid and liquid fuel combustion applications by removing
filterable PM. However, these add-on control technologies are not effective for gaseous fuel post-
combustion emissions control due to the very low filterable PM outlet concentrations and the capture 
limitations of the control technologies. These add-on devices provide control for solid and liquid fuel-
combustion applications by removing filterable PM and can generally achieve post-combustion PM limits 
as low as 0.0020 to 0.0050 grains per dry standard cubic foot (gr/dscf) of exhaust gas, based on limits

listed in the RBLC database.

EPA's emissions factor information for natural gas combustion provided in AP-42, lists the filterable 
particulate matter concentration for natural gas combustion at 0.0015 gr/dscf exhaust, which is lower than 
the post-combustion outlet range achievable with add-on control devices. Additionally, based on stack
tests completed at existing fuel gas fired process heaters at the Pine Bend Refinery, the particulate 
emission rates for refinery fuel gas combustion are consistent with the natural gas factors from AP-42 and
also are below the post-combustion outlet range achievable with add-on control devices. Accordingly, 
add on controls are not proposed because they will not reduce emissions for this source fired by natural 
gas or refinery fuel gas.

To the knowledge of FHR, no add-on control technologies for particulate emissions have been applied to
reduce particulate emissions from a gas-fired refinery process heater. Additionally, there were no
applications of add-on particulate control technologies for natural gas and/or fuel gas fired process
heaters identified in the RBLC or any of the other references reviewed by FHR, as listed in Section 2.0
above. This is most likely because gaseous fuels have almost no inert materials or ash, and therefore, the
"uncontrolled" filterable particulate emissions from the combustion of these gaseous fuels is as low (or
lower) than a controlled filterable particulate emission rate from a solid or liquid fuel combustion source
that uses an air pollution control technology such as a baghous e. 
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Consequently, there is no add-on control technology that is technically feasible for controlling PM10/ PM2.5 
emissions at 24H1. Adherence to good combustion practices with the use of refinery fuel gas and/or 
natural gas are the only technically feasible control options for control of particulate emissions from the
proposed new #4 Coker Unit Charge Heater and are consistent with the determinations in the RBLC 
database, as documented in Appendix B.

3.2.3 Step 3-Effectiveness of Feasible Control Technologies 
FHR will combine good combustion practices with the use of natural gas and/or refinery fuel gas as clean
fuels because those options are the only technically feasible PM10/PM2.5 control technologies for the
proposed 24H1. Ranking of the control measures is not necessary because both can be used in
combination. 

3.2.4 Step 4 -Evaluation of Feasible Control Technologies 
FHR has selected the only technically feasible, and thus the top ranked, control technologies. There are no 
adverse energy, environmental, or economic impacts associated with implementing good combustion 
practices or with the use of gaseous fuels at the proposed 24H1.

3.2.5 Step 5-BACT Selection 
Good combustion practices in conjunction with the use of refinery fuel gas and/or natural gas is the 
proposed BACT for particulate emissions from 24H1. Total particulate emissions, including PM10 and PM2.5, 
from 24H1 have been estimated using the AP-42 emission factor of 0.0075 Ib/MMBtu for natural gas
combustion, which is a repre sentative estimate of the PM10/PM2.5 emissions tha t may result from refinery 
fuel gas and/or natural gas combustion. Per AP-42 all PM (total, condensable, and filterable) that results 
from gaseous fuel combustion can be considered to be less than 1.0 micrometer in diameter; therefore 
the PM emission factor can be used to estimate PM, PM10 and PM 2.5. This emission factor is representative 
of good combustion practices and is consistent with BACT limits for PM10 and PM2.5 at similar sources, as
documented in the RBLC database (see Appendix B). Table 3-6 shows the proposed BACT limits. 
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Table 3-6 Proposed BACT Limitations for the #4 Coker Unit Charge Heater 

Category Demonstration

Limitations

PM10, and PM2.5 emissions are limited to 0.0075 Ib/MMBtu measured as filterable and 
condensable PM using EPA Method 2 01A for filterable PM and Method 202 for condensable PM. 

Limitations
The permittee shall operate the 24H1 charge heater in a manner consistent with good
combustion practices. The permittee will conduct heater tune-ups in accordance with 40 C.F.R.
Part 63, Subpart DDDDD. Actions taken during each tune up (burner inspection and cleaning, 
flame inspection and optimization, air-to-fuel ratio, CO optimization) will follow the schedule 
required for this unit under NESHAP Subpart DDDDD. 

Compliance
Demonstration 

Compliance with the proposed BACT limits will be demonstrated with an initial performance test
within 180 days of startup. The testing shall occur at or near maximum heat input and load
conditions, consisting of at least 3 test runs, each with a duration of at least 60 minutes. The 
number and duration of the test runs may be extended at the permittee's discretion to a
maximum of 6 test runs and 240 minutes per run to account for variability in test results from low
PM concentrations in exhaust gas stream. Following that initial compliance demonstration, the
permittee will submit a performance testing frequency plan to the MPCA for demonstrating 
continued compliance with the proposed limit.1

Compliance
Demonstration 

The permittee shall maintain records of periodic maintenance and/or heater tuning performed for
compliance purposes. The permittee may utilize normal business records for this purpose. 

1The proposed testing frequency plan will be based on the MPCA's proposed testing frequency guidance found in MPCA's Air
Performance Test Form. MPCA's general guidance indicates that an initial compliance test with results > 90 % of the permitted limit 
will require performance testing every 12 months, test results between 60% and 90% of the limit will require performance testing
every 36 months, and test results < 60 % of the limit will require performance testing every 60 months.

3.3 #4 Coker Unit Charge Heater GHG Emissions 
GHG emissions from 24H1 are a re sult of the combustion of gaseous fuels. The primary GHG pollutant 
associated with combustion activities is CO2. CH4 and N2O are also emitted as a bypr oduct of combustion, 
but account for a much smaller portion of the total GHG (CC>2e) emissions.10 Accordingly, the control 
options discussed below focus on CO2 emissions. However, the proposed BACT limit will be in the form of
CC>2e to account for the low levels of other GHG combustion byproducts. 

3.3.1 Step 1 - Identify All Available Control Technologies 
Methods identified as being potentially available options for controlling CO2 emissions from 24H1 are
shown in Table 3-7.

10 CC>2e, emissions are calculated as the product of the mass amount for each of the six greenhouse gases and their 
respective global-warming potentials. The six GHGs are: CO2, nitrous oxide (N2O), methane (CH4), hydrofluorocarbons 
(HFCs), perfluorocarbons (PFCs), and su lfur hexafluoride (SFe). 
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Table 3-7 Available GHG Emission Control Methodologies for #4 Coker Unit Charge Heater

Technology Description 

Carbon
Capture and
Storage (CCS)

Carbon Capture
Carbon capture systems produce a concentrated and pressurized stream of CO2
which is then compressed for transport and/or storage. Carbon

Capture and
Storage (CCS) Carbon Transport

and Storage

Carbon transport and storage involves compressing and transporting captured 
CO2 to a suitable disposal site for deep underground storage in geological
formations. 

Clean Fuels
Combustion of a low carbon fuel, resulting in lower CO2 emissions per unit of fuel
combusted.

Design and Operational Energy
Efficiency Measures

Minimizing GHG emissions by reducing the amount of fuel burned through 
energy efficiency measures. Energy efficiency measures may include energy 
efficient equipment design, minimizing heat loss, waste heat recovery and good 
operating and maintenance practices.

3.3.1.1 Carbon Capture and Storage (CCS)

To be considered a successful control technology, CCS must include: 

• Technology for removing CO2 from the exhaust stream, also referred to as a carbon capture

technology
• A feasible means of transporting the quantities of CO2 generated to the storage location
• A viable place for permanent storage of the CO2 given its physical form after removal (i.e., gas,

liquid, or solid); this is often referred to as carbon sequestration. 

Technology that removes CO2 in gaseous form but omits viable long-term storage will not achieve the 
goal of removing CO2 from the atmosphere. Capturing carbon without storing it permanently actually
increases emissions due to the energy expended on capturing and transporting the carbon. Accordingly, 
capture, transport, and storage of CO2 must all be available, individually, and be successfully implemented 
in concert for CCS to be effective. 

According to the EPA's 1990 draft PSD manual, the availability of an add-on pollution control technology 
under Step 1 should be considered "based on the physical and chemical characteristics of the pollutant-
bearing emissions stream"11 and "[technologies which have not yet been applied to (or permitted for) full 
scale operation need not be considered available; an applicant should be able to purchase or construct a
process or control device that has already been demonstrated in practice."12 Using these principles, the 
EPA takes the position that carbon capture and storage (CCS) is an add-on pollution control technology 
that is available for facilities emitting CO2 in large amounts, including fossil fuel-fired power plants, as well
as for industrial facilities with high-purity CO2 streams (e.g., hydrogen production13, ammonia production, 

11 Draft New Source Review (NSR) Workshop Manual (Oct. 1990) at B .8. 
12 Ibid, at B .11. 
13 FHR addresses hydrogen production as part of the GHG BACT analysis completed for the modified 30H401 
hydrogen plant reformer in Section 6.2 of this report.
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natural gas processing, ethanol production, ethylene oxide production, cement production, and iron and
steel manufacturing).14'15

The #4 Coker Unit Charge Heater does not meet the criteria for the types of sources at which CCS should 
be considered presumptively available. In contrast to the agency's examples of facilities for which CCS is
available, 24H1 emits a relatively small amount of CO2, and the concentration of CO2 in the exhaust is
highly diluted. The low CO2 concentration, and low pressure, at the heater exhaust stack complicates the
absorption and desorption of the CO2 making capture of CO2 significantly more difficult than from a
highly concentrated stream. The difficulties associated with low concentration low pressure streams 
increase the energy requirements of the system. In fact, EPA's recently finalized NSPS for GHGs from
electric generating units16 highlights the importance of these distinctions. Speaking to exhaust streams
from natural gas-fired combustion turbines—streams similar in concentration of GHGs to the #4 Coker 
Unit Charge Heater—EPA noted that the Agency did not know of any demonstrations of natural gas
combined cycle turbines implementing CCS that would justify setting a national standard. Because FHR is
unaware of any carbon capture systems that have been demonstrated on a highly diluted CO2 stream,
carbon capture, and by extension, CCS, is not available for implementation at 24H1.

Although CCS is not available, FHR will nonetheless evaluate CCS in Steps 2 and 4 (Sections 3.3.2 and
Error! Reference source not found.) of this top-down analysis.

3.3.1.2 Clean Fuels 

Consistent with the EPA's permitting guidance, clean fuels that reduce GHG emissions should be
considered. As a refi nery, the type of fuel combusted in the process heaters is inherent to the operation of
the facility. Specifically, the refinery produces fuel gas as a by- product of its process and that fuel gas 
must either be combusted in process heaters or flared. Refinery process heaters and other combustion 
sources are designed specifically to combust that fuel gas and, if necessary, natural gas as a sup plemental 
fuel. As EPA has indicated, "the initial list of control options for a BACT analysis does no t need to include 
"clean fuel" options that would fundamentally redefine the source. Such options include those that would 
require a permit applicant to switch to a primary fuel (i.e., coal, natural gas, or biomass) other than the 
type of fuel that an applicant proposes to use for its primary combustion process."17 In this case, the 24H1
charge heater will be designed to burn refinery fuel gas and/or natural gas, and any other fuel would 
"fundamentally redefine the source." Therefore a review of other, "cleaner" fuels is not required as BACT.

14 EPA, "PSD and Title V Permitting Guidance for Greenhouse Gases". March 2012, 
http://www.epa.gov/nsr/ghgdocs/ghgpermittingguidance.pdf.
15 The EPA a lso notes, however, that for these sources, "This does not necessarily mean CCS should be selected as
BACT for these sources. Many other case-specific factors, such as the technical feasibility and cost of CCS technology
for the specific application, size of the facility, proposed location of the source, and availability and access to
transportation and storage opportunities, should be assessed at later steps of a top-down BACT analysis." Id.
16 See 80 Fed. Reg. 64,510-64,614 (Oct. 23, 2015). 
17 EPA, "PSD and Title V Permitting Guidance for Greenhouse Gases," at 27. 
http://www.epa.gov/nsr/ghgdocs/ghgpermittingguidance.pdf (March 2011). 
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Moreover, refinery gas and natural gas fuels are considered clean fuels with low GHG (carbon) content 
when compared to other potentially available fuels. The default CO2 emission factor (kg CC^/MMBtu), as
provided in 40 C.F.R. Part 98 S ubpart C, for refinery fuel gas is only 11% higher than the emissions factor 
for natural gas. But, the refinery fuel gas emission factor is 25% lower than the emission factor for #2
distillate fuel oil and 65% lower than the emission factor for coal as provided in 40 C.F.R. Part 98 Subpart 
C. Table 3-8 below shows these emission factors. 

Table 3-8 Fuel Carbon Content 

Fuel Type 

Default C02

emission factor 
(lb COz/MMBtu)1

Natural Gas 116.85

Fuel Gas 130.042

Distillate Fuel Oil No. 2 163.00

Coal (Lignite) 215.37

1 Em issions factors taken from 40 C.F.R. Part 98 Subpart C
2 Historic ally, on average, the Pine Bend refinery's fuel gas systems 
have been approximately 5-10% lower than the default factor and are
thus comparable to natural gas. 

In summary, firing either refinery fuel gas or natural gas is an availa ble option for controlling CO2
emissions from the 24H1 charge heater. 

3.3.1.3 Design and Operational Energy Efficiency Measures

Efficient design and operating practices are paramount in minimizing CO2 emissions for combustion 
sources. By designing and operating combustion sources with a higher efficiency, less fuel is burned, 
reducing the amount of each CO2 produced as a product or byproduct of combustion. The EPA emission 
factors for CO2 from combustion sources are established on the basis of fuel consumption measured in 
MMBtu of fuel as-fired. Improvements in overall combustion unit efficiency ensure that more of the
energy (in terms of MMBtu fired) is recovered as useful output in the process instead of being lost as
unutilized heat that is discharged as high temperature exhaust gases. This reduces total fuel consumption
and limits GHG emissions.

Energy efficient design and operation measures that are available for minimizing CO2 emissions include: 
energy efficient equipment design, heat-loss minimization, waste-heat recovery, and use of good 
operating and maintenance practices. The feasibility of these available energy efficiency measures is
reviewed and summarized in Section 3.3.2.3 below. 

3.3.2 Step 2 -Technical Feasibility of Control Technologies 

The technical feasibility of the control options for CO2 emissions from the #4 Coker Unit Charge Heater 
carried forward from Step 1 are su mmarized in Table 3-9 and discussed further in the following sections. 
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Table 3-9 Technical Feasibility of CO2 Control Technologies for #4 Coker Unit Charge Heater

Technology Technically Feasible?

Carbon Capture and Storage No

Clean Fuels Yes 

Design and Operational Energy Efficiency Measures Yes 

3.3.2.1 Carbon Capture and Storage
As discussed above, carbon capture technology that removes CO2 in gaseous form but does not provide 
viable long-term storage or a means for transport of the captured CO2 does not accomplish the goal of
removing CO2 from the atmosphere. Therefore, in order for carbon capture technology to be considered a
technically feasible control option for consideration as BACT, technologies that include carbon capture,
transport and storage must be deemed available and technically feasible for the proposed project. As
noted above, CCS is not available for implementation at 24H1. Nevertheless, FHR evaluates be low the
technical feasibility of each aspect of CCS for controlling CO2 from 24H1.

Carbon Capture 

Carbon capture has not been installed and operated successfully (i.e., demonstrated) on a combustion 
source similar to 24H1. FHR has reviewed a ir construction permits issued by EPA that address GHG BACT, 
and none of them have required CCS as BA CT for similar combustion sources. 

Carbon capture is not "applicable" to 24H1 because there is no specific evidence that there is a
commercially available carbon capture system that would be required to control the CO2 emissions from 
this heater. Carbon capture is not "applicable" to 24H1 because of the physical and chemical 
characteristics of the heater's pollutant-bearing gas stream. In particular, the proposed 24H1 charge
heater emits relatively small amounts of CO2, and what CO2 is emitted is highly diluted (6-10%) in the 
exhaust gas.18 The low concentration and low pressure of the combustion source exhaust complicates the 
absorption and desorption of the CO2 making capture of CO2 significantly more difficult than from highly 
concentrated streams. The difficulties associated with low concentration low-pressure streams also
increase the energy requirements of the carbon capture system.

As noted above, EPA's recently finalized NSPS for GHGs from electric generating units confirms that 
carbon capture is not technically feasible for natural gas-fired combustion units. In the proposal19 to the

rule, EPA stated:

The EPA is aware of only one NGCC unit that has implemented CCS on a portion of its
exhaust stream.... The EPA is not aware of any demonstrations of natural gas combined 

18 EPA-457/B-11-001, March 2011, PSD and Title V Permitting Guidance for Greenhouse Gases, Page 32
19 See, U.S. EPA, "Standards of Performance for Greenhouse Gas Emissions from New Stationary Sources: Electric 
Utility Generating Units; Proposed Rule" (Sep. 20, 2013), available at http://www2.epa.gov/sites/production/files/
2013-09/documents/20130920proposal.pdf [hereinafter "EGU NSPS"]. 
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cycle (NGCC) units implementing CCS technology that would justify setting a nat ional 
standard. Further, the EPA does not have sufficient information on the prospects of
transferring the coal-based experience with CCS to NGCC units. In fact, CCS technology 
has primarily been applied to gas streams that have a relat ively high to very high
concentration of CO2 (such as tha t from a coal c ombustion or coal gasification unit). The 
concentration of CO2 in the flue gas stream of a coal combustion unit is normally about 
four times higher than the concentration of CO2 in a natural gas-fired unit... ,20

These conclusions are supported by the Report of the Interagency Task Force on Carbon Capture and 
Storage, August 2010. The Task Force was composed of fourteen Executive Departments and Federal
Agencies and was co-chaired by DOE and EPA. The purpose of the Task Force was to propose "a plan to
overcome the barriers to the widespread, cost-effective deployment of CCS within ten years." The Task
Force report summarized the status of CCS technology, listed difficulties associated with implementing
the technology, and stated that, although CCS technology is generally available, it is not ready for
widespread implementation, and is therefore, not considered to have been demonstrated. Difficulties 
discussed in the report that would be applicable to 24H1 include:

• A high volume of combustion flue gas would have to be treated due to the low CO2 concentration 
in the exhaust stream; and 

• Contaminants in the exhaust gas, including oxides of nitrogen, particulate matter, and sulfur 
dioxide, could degrade the materials used to capture the CO2. 

The non-commercial availability, and hence non-applicability, of these technologies for high volume, low 
carbon concentration streams is further evidenced by DOE/NETL research as recent as 2011, which
confirms that commercial CO2 capture technology for large-scale natural gas combustion sources is not 
yet available and indicates that it may take until 2020 for a widespread deployment of the technology.21

For these reasons, FHR concludes that carbon capture is not technically feasible for the #4 Coker Unit
Charge Heater.

Carbon Storage

FHR evaluates the technical feasibility of carbon storage in the following subsections, including 
discussions of whether carbon storage is "demonstrated," "available," or "applicable."

Currently-available forms of EOR are not technically feasible as permanent geologic sequestration 
of CO2. As noted above in Section 3.3.1.1, only storage techniques with the purpose of long-term storage 
are BACT-qualifying GHG storage technologies. While enhanced oil recovery (EOR) is currently being 
tested and evaluated for long-term storage, existing EOR practices at this time are not considered by EPA
as demonstrated permanent sequestration. In both the Clean Power Plan and the Carbon Pollution 

20 Id. at 35. 
21 DOE /NETL, Carbon Sequestration Program: Technology Program Plan (February 2011), 10. 
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Standards rule, EPA requires that CO2 captured from an electric generating unit be stored at a fac ility that
complies with 40 C.F.R. Part 98, Subpart RR (permanent geologic sequestration). See 40 C.F.R. § 60.5860(f)
(Clean Power Plan requirement) and 60.5555(f) (Carbon Pollution Standards requirement). 

Based on Part 98 reported data available as of the date of this application, FHR is aware of no current EOR
operation that is compliant with Subpart RR. FHR is aware that in December 2015 EPA Region 6 has issued 
a Subpart RR-compliant monitoring, reporting, and verification (MRV) plan covering Occidental
Petroleum's Denver Unit. FHR is not aware that Occidental has commenced EOR operations under the
MRV, and no permanent EOR sequest ration has been reported under Subpart RR. Until this facility or
others in the future demonstrate compliance with an MRV and report Subpart RR-compliant permanent 
sequestration, Subpart RR E OR facilities are not "demonstrated" for the purposes of BACT—that is, they 
have not been "installed and operated successfully on the type of source under review." For the same 
reasons that Subpart RR EOR facilities are not "demonstrated," they are also neither "available" nor 
"applicable" as BACT controls. FHR therefore concludes that Subpart RR EOR facilities are technically 

infeasible for purposes of BACT.

Permanent geological sequestration of CO2 is not a demonstrated technology. As noted above,
geologic CO2 storage is still in the development phase and currently is being tested by the US
Department of Energy at a number of sites as described in the table below. The National Energy
Technology Laboratory (NETL) Carbon Storage Program, which is part of the Department of Energy's
(DOE) national laboratory system, is in the process of developing and evaluating technologies that will not
be available for commercial deployment until 2020.22 Large-scale (greater than 1 million metric tons CO2
injected) carbon sequestration projects are at the very early stages of testing and development and it is
still unclear, at this time, what the long term outcome of these projects will be.23 The NETL is currently 
working on (and in some instances economically supporting) a number of large-scale field tests in
different geologic storage formations to confirm that CO2 capture, transportation, injection, and storage 
can be achieved safely, permanently, and economically over extended periods of time. Hence, such
technologies are not considered "available."24 

22 NETL, "Technologies: Carbon Storage", http://www.netl.doe.aov/technoloaies/carbon seq/index.html. Though the
NETL report identifies geologic formations that could sustain geologic sequestration of CO2, it would be entirely 
speculative for FHR to acquire rights to such formations, conduct the necessary research and development to assess 
their suitability for sequestration, develop the injection and monitoring systems, and resolve the outstanding 
transport, fate, and potentially adverse human health and environmental impacts from CO2 storage. Accordingly, FHR 
has not included a detailed analysis of such a speculative control technology. 
23 There are two sources reviewed as part of this BACT analysis for which CCS is evaluated as a potential control
option for GHG emissions; the 24H1 charge heater (Section 3.3) and the 30H401 reformer (Section 6.2). The total CO2 
emissions from these two sources, over assumed useful lives of 20 years, add up to approximately 18,785,000 tons
CO2. This value represents the approximate total amount of CO2 that would have to be sequestered over the useful
lives of these sources. 
24 See In re: Cardinal FG Company, 12 E.A.D. 153 (E.A.B. 2005) ("[T]echnologies in the pilot scale testing stages of
development would not be considered available for BACT review", quoting from EPA, Draft New Source Review 
Workshop Manual (Oct. 1990) at B-18). 

25



Carbon sequestration poses a n umber of issues before the technology can be safely and effectively
deployed on the commercial scale. For example, according to the NETL, the following items still need to
be proven and documented to validate that CCS can be co nducted at a commercial scale.25 

• Permanent storage must be proven by validating that CO2 will be contained in the target geologic
formations. 

• Technologies and protocols must be developed to quantify potential releases and ensure that the 
projects do not adversely impact underground sources of drinking water (USDWs) or cause CO2 
to be released to the atmosphere. 

• Long term monitoring (includes tracking of the CO2 plume to ensure it stays within the intended 
containment zone) of the migration of CO2 during and after project completion must be
completed to show permanent containment has been achieved.

• Methodologies to determine the presence/absence of release pathways must be developed. 
• Effective regulatory and legal framework must be developed for the safe, long term injection and

storage of CO2 into geological formations, including post-closure requirements. 

The table below has a few examples of current large-scale carbon sequestration projects that are
taking place in the United States and their respective state of development. None of these
demonstration projects has progressed to the stage where it is a proven technology for CO2 storage. 

25 NETL, "Carbon Storage: Large-Scale Field Tests" http://www.netl.doe.gov/technologies/carbon_seq/largescale.html
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Although the table shows that a number of large-scale sequestration projects have begun the first steps
0i.e., injection of CO2) for demonstration of CO2 sequestration technology, it has not yet been proven that 
these injection sites will be able to provide long-term CO2 storage. According to NETL's February 2011 
report "Carbon Sequestration Program: Technology Program Plan," monitoring to confirm permanent CO2

containment takes approximately five years.29 

Given the time required to confirm permanent containment, the limited number of large-scale 
sequestration projects that have begun CO2 injection, and the only recent commencement of CO2
injection for those that have begun injecting, carbon storage will not be sufficiently tested until 2020. This
is consistent with the estimated timeline provided by NETL

While there are sedimentary and basalt storage formations (known as the Midcontinent Rift System) near
the Pine Bend refinery, the estimated storage capacity for the state of Minnesota is zero. In a 2008 study, 
the Minnesota Geological Survey stated that "currently available data indicate that there is a very low 
probability of success in confirming suitable geologic conditions for deep geologic sequestration of CO2
in Minnesota," and further that "[a] major effort costing tens to hundreds of millions of dollars would 
therefore be required to test the Rift sedimentary rocks in Minnesota for required reservoir capacity and
properties, and the probability that these requirements would not be confirmed, despite this effort, is
high."30 Therefore, there is no prospect now or in the foreseeable future for geological storage of CO2 in
Minnesota.

Because of the injection volume limitations of these projects, along with the uncertainty associated with
the fate of CO2 so injected, long-term geologic sequestration has not been successfully applied to
sources similar to the #4 Coker Unit Charge Heater. Accordingly, permanent geologic sequestration is not 
a demonstrated technology for the 24H1 heater. 

Permanent geological sequestration of CO2 is not an available technology. The large-scale CO2 
storage projects identified by NETL have not yet reached the licensing and commercial stage of
development. Indeed, these projects are being undertaken in public-private partnership arrangements,
with significant financial support being provided by the Department of Energy.31 Moreover, the stated 

29 NETL, "Carbon Sequestration Program: Technology Program Plan", February 2011. 
http://www.netl.doe.gov/technologies/carbon_seq/refshelf/2011_Sequestration_Program_Plan.pdf 
30 Thorleifson, L. H. "Potential capacity for geologic carbon sequestration in the Midcontinent Rift System in
Minnesota." Minnesota Geological Survey Open File Report OFR-O8-OI, January 2008. Available at
http://files.dnr.state.mn.us/aboutdnr/reports/MGS C02 Report.pdf. 

31 Such financial support for clean coal technologies may well prohibit EPA from considering them as BACT. See, 26
U.S.C. § 42A(g), 42 U.S.C. § 15962(i) (disallowing technologies and emission reductions at clean coal projects receiving
tax credits or financial assistance from the federal government from being considered as BACT). In addition, EPA 
recognizes that the deployment of CCS at privately-financed projects is disadvantaged in comparison to NETL CCS 
projects with significant public financing. See Response to Public Comments for the ExxonMobil Chemical Company
Baytown Olefins Plant at 13 (Nov. 25, 2013). 
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purpose of the large-scale projects is to "validate that CCS can be conducted at a commercial scale."32 In 
fact, the relatively small storage capacities of these projects (the largest of which is only 3.4 million metric
tons) suggests that they are being conducted at a p ilot scale, relative to the CO2 that would be emitted as
a result of the Projects.33 Technologies in the pilot scale testing stages of development are not considered
"available" technologies. Because these pilot scale projects have not yet reached the licensing and
commercial stage of development, permanent geological sequestration of CO2 is not an available 
technology.

Permanent geological sequestration of CO2 is not an applicable technology. The large-scale CO2
storage projects identified by NETL are incapable of accepting the volumes of CO2 that would be
produced by the 24H1 heater and/or the 30H401 reformer (reviewed in Section 6.2 below), over the
course of their useful lives. NETL itself is assessing whether these projects have capacity to reliably store 
CO2 long-term without adverse human health or environmental impacts, and so without firm findings and
conclusions in this area, FHR cannot rely on these projects to provide permanent sequestration of its CO2.

We therefore conclude that permanent sequestration is technically infeasible for the #4 Coker Unit Charge 
Heater. Nevertheless, we voluntarily include CCS, which would require there to be a technically feasible
permanent sequestration option, in the Step 4 cost-effectiveness analyses evaluations of permanent 
geologic sequestration as a hypo thetically technically feasible control technology.

Carbon Transportation

After capture and the identification of an acceptable storage location, the next activity in implementing 
CCS is CO2 compression and transport. 

CO2 transportation to permanent geological sequestration sites is not a demonstrated technology. 
For the 24H1 heater and the 30H401 reformer {i.e., a substa ntial-volume, privately-financed, 
anthropogenic CO2 source requ iring a highly reliable CCS system), there is no CO2 pipeline that has been 
installed and operated successfully connecting a simila rly sized source to a permanent geologic 
sequestration site with sufficient capacity to reliably accept such volumes over their lifetime.34 Even if such 
a hypothetical pipeline were to be identified, it certainly has not been successfully operated in such a w ay 
as to support highly reliable operation of the anthropogenic source, particularly a source subject to
stringent, continuous CO2 emission limitations.

32 Id.

33 As note d above, there are two sources reviewed as part of this BACT analysis for which CCS is evaluated as a
potential control option for GHG emissions; the 24H1 charge heater (Section 3.3) and the 30H401 reformer (Section 
6.2). The total CO2 emissions from these two sources, over assumed useful lives of 20 years, add up to approximately
18,785,000 tons CO2. This value represents the approximate total amount of CO2 that would have to be sequestered 
over the assumed useful lives of these sources. 

34 Installation of a CO2 pipeline would be a one-time construction activity. If a C O2 pipeline was determined to be
technically and economically feasible as part of the Projects, it would be designed and constructed to transport CO2 
emissions from both the 24H1 heater and 30H401 reformer to a common location for sequestration. 
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C(>2 transportation to permanent geological sequestration sites is an available technology. Materials 
to construct pipelines capable of reliably transporting large volumes of CO2 are generally available from
commercial vendors. Accordingly, FHR concludes that CO2 pipelines are an available technology. 

CO2 transportation to permanent geological sequestration sites is not an applicable technology. The
inescapable fact is that because there are no technically feasible, large-capacity, reliable, permanent 
geological sequestration sites, any CO2 pipeline from the proposed project would be a pipeline to an
indeterminate location. Moreover, even if one of the large-scale carbon sequestration projects in NETL's
2012 Atlas were hypothetically capable of serving the Pine Bend Refinery, the logistical hurdles of
constructing, owning, and operating a high-capacity CO2 pipeline to one of those sites are high. For
example, the closest non-EOR sequestration site noted by NETL would be the Archer Daniels Midland 
sequestration demonstration project near Decatur, Illinois, approximately 500 miles away from the Pine
Bend Refinery.

The significant logistical issues associated with the utilization of a new p ipeline to the Archer Daniels 
Midland site that could not be overcome within the project timeline include successful permitting and
securing right-of-way (especially due the large number of landowners that could be involved), or securing 
a commercial contract with a pipeline company to deliver to their contracted site. Environmental 
considerations that would accompany construction of such a pi peline would also likely cause delays that 
could not be resolved within the project timeline. The EPA's "PSD and Title V Permitting Guidance for 
Greenhouse Gases" EPA-457/B-11-001 (March 2011), states that: 

While CCS is a promi sing technology, EPA does not believe that at this time CCS will be a
technically feasible BACT option in certain cases. As noted above, to establish that an
option is technically infeasible, the permitting record should show that an available
control option has neither been demonstrated in practice nor is available and applicable 
to the source type under review. EPA recognizes the significant logistical hurdles that the
installation and operation of a CCS system presents and that sets it apart from other add-
on controls that are typically used to reduce emissions of other regulated pollutants and
already have an existing reasonably accessible infrastructure in place to address waste
disposal and other offsite needs. Logistical hurdles for CCS may include obtaining 
contracts for offsite land acquisition (including the availability of land), the need for 
funding (including, for example, government subsidies), timing of available transportation 
infrastructure, and developing a site for secure long term storage. Not every source has
the resources to overcome the offsite logistical barriers necessary to apply CCS
technology to its operations, and smaller sources will likely be more constrained in this
regard. Based on these considerations, a permitting authority may conclude that CCS is
not applicable to a part icular source, and consequently not technically feasible, even if the
type of equipment needed to accomplish the compression, capture, and storage of GHGs
are determined to be generally available from commercial vendors.

CO2 transportation to Subpart RR-compliant EOR facilities is neither demonstrated, nor applicable. 

The closest avai lable commercial means to transport large volumes of CO2 is the Denbury pipeline, which 
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terminates in Jackson Dome, MS, approximately 1,000 miles from the Pine Bend Refinery. Additionally, 
because the Denbury pipeline leads to an EOR field that is not Subpart RR compliant, and will not likely be 
modified to become Subpart RR compliant, CO2 transportation for BACT purposes to the Denbury
pipeline is neither demonstrated nor applicable. For the reasons set forth above, FHR is aware of no
Subpart RR-compliant EOR fields and the nearest EOR field with an approved MRV plan is in the Permian
Basin, even further away from the Pine Bend Refinery. A CO2 pipelin e from FHR's project to a hypothetical 
Subpart RR-compliant EOR field is thus currently technically infeasible. 

For the reasons discussed here and as part of Step 1, FHR considers CCS to be both a non-available and
technically infeasible control technology for implementation at the proposed new 24H1 heater. FHR has
nevertheless voluntarily included CCS in the fourth step of its top-down analysis. A cost-e ffectiveness 
evaluation for implementing CCS technology at 24H1 is included below in Step 4 of this BACT analysis;
detailed cost data is included in BACT Attachment 1.

3.3.2.2 Clean Fuels

Consistent with the EPA's permitting guidance, clean fuels that reduce GHG emissions should be
considered as a cont rol technology, with the understanding that the BACT analysis cannot include a clean 
fuel option that would fundamentally redefine the source.35 For purposes of these projects, reduction of
GHG emissions through use of clean fuels, as defined above in Section 3.3.1.2, is technically feasible for
24H1.

3.3.2.3 Design and Operational Energy Efficiency Measures
Reducing energy use is considered a key m ethod for reducing GHG emissions. Energy efficiency measures 
can include making improvements, installing process-monitoring and process-control systems (e.g.,
optimizing the fuel-air mixture in the combustion zone), implementing heat or steam recovery, or
insulating boilers. FHR evaluated the energy efficiency reduction techniques reviewed in EPA's Boiler
White Paper and Refinery White Paper for potential applicability at 24H1.

The feasibility and implementation of applicable energy efficiency measures reviewed is summarized in 
Table 3-11 and, where necessary, discussed in more detail below. 

35 EPA, "PSD and Title V Permitting Guidance for Greenhouse Gases, Office of Air and Radiation." March 2011, p. 27
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Table 3-11 Technical Feasibility of Energy Efficiency Measures for Reducing GHG Emissions 

Energy Efficiency
Measure Description

Feasible?
Yes or No Proposed Implementation 

Use Energy Efficient 
Burners

Yes
Efficient low NOx burners will be selected that enable 
complete combustion (low CO) with low excess air 
and targeted NOx performance. 

Reduce Energy

Combustion Tuning &
Optimization 

Yes

This will be part of the heater startup with equipment 
vendors. Tuning to optimize burner performance will
be incorporated into a routine maintenance 
procedure.

Loss by
Minimizing Excess
02/Stack Flow

Instrumentation and 
Controls including 
Excess O2 Control 

Yes
24FI1 will be equipped with instrumentation and
controls to regulate and optimize O2

Reduce Air Leakage
Yes

In addition to firebox O2 instrumentation to monitor
O2 near the burners, 24H1 will be equipped with
stack O2 instrumentation which will help to identify
and minimize air leaks. The heaters will have a
preventive maintenance program as well as regular 
visual inspections. 

Reduce Energy
Loss by
Minimizing Stack
Temperature

Flue Gas Waste Fleat
Recovery: Economizer 

/Air Preheat
Yes

24FI1 will utilize air preheat plus steam generation to
recover the energy in the flue gas to preheat
combustion air and generate steam, respectively.
Energy efficiency will be maximized by recovering 
heat to a flue gas temperature design of <350°F,
which is optimal since lower temperatures overlap
acidic dew point temperatures that cause heat
recovery equipment corrosion failures.

Reduce Energy
Loss by
Minimizing Stack
Temperature

Reduce Slagging and
Fouling of Fleat

Transfer Surfaces
Yes

Refinery fuel gas and natural gas are low 
particulate/low fouling fuels that provide an
inherently favorable design for heat exchange 
without steam-consuming soot blowers to keep
transfer surfaces clean.

Reduce
Conductive Heat
Energy Loss

Insulation/Insulating 
Jackets

Yes
New heater design will minimize heat losses through 
proper selection of refractory and insulation materials 

3.3.3 Step 3 -Effectiveness of Feasible Control Technologies 
Use of refinery fuel gas and/or natural gas combined with implementation of the technically feasible 
design and operational energy-efficiency measures discussed above are the only technically feasible 
control options for minimizing GHG emissions and therefore are considered the top ranked control
technologies. Implementation of energy efficiency measures (both design and operational) results in less
fuel firing and GHG emissions, and is consistent with a survey o f recent GHG BACT limitations listed in the
RBLC database and as described in other sources reviewed by FHR.

For the reasons described above, CCS is not available or technically feasible for the 24H1 heater at this 
time; however, it has been carried through to Step 4 of the five-step process on a voluntary basis.
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3.3.4 Step 4 -Evaluation of Feasible Control Technologies 
The use of gaseous fuels and implementation of available and technically feasible design and operational 
energy-efficiency measures as a GHG em issions-control methodology has no appreciable adverse energy, 
environmental, or economic impacts and consequently is consistent with BACT. As discussed previously, 
despite the fact that carbon capture and storage is not an available control technology for the 24H1
heater, and is furthermore not technically feasible, FHR voluntarily analyzed the adverse energy, 
environmental and economic impacts of CCS, and demonstrates below that even if carbon capture and 
storage was available and feasible, it would not represent BACT for 24H1 due to the adverse energy,
environmental, and/or economic impact.

FHR evaluated the cost of CCS by estimating the capital equipment cost of a CCS system. The estimate 
includes the cost for an amine based CO2 absorption technology and compression system to prepare the
CO2 for transport as a supercrit ical fluid, as well as the costs of transporting and storing the captured CO2.
CO2 transport and storage would require constructing a pipeline to the nearest potential geologic-storage 
site, 325 miles away in western Illinois. Western Illinois, however, does not currently have an operational
injection well, meaning that FHR would be required to wait until the Illinois project operator permitted 
and constructed an injection well before analyzing that formation in the BACT analysis for this project. The 
nearest currently operating injection well is near Decatur, III., but reaching that location would add almost 
200 more miles to the pipeline length, increasing cost even more.

Capital costs for carbon capture were estimated by scaling NETL estimated incremental costs for carbon
capture for a large natural gas combined-cycle power plant.36 The pipeline capital cost was estimated 
assuming a di ameter of 6 inches37 and using the cost calculation formulas provided in a March 2013 NETL
paper.38 Table 3-12 summarizes this cost information. BACT Attachment 1 i ncludes more detailed cost 

calculations. 

36 NETL Cost and Performance Baseline for Fossil Energy Plants, Volume 1a: Bituminous Coal (PC) and Natural Gas to
Electricity Revision 3. Available at:
http://www.netl.doe.gov/File%20Library/Research/Energy%20Analysis/Publications/Rev3Vol1aPC_NGCC_final.pdf. 
37 Massachusetts Institute of Technology. "Carbon Management GIS: CO2 Pipeline Transport Cost Estimate." Updated
June 2009. Available at www.canadiancleanpowercoalition.com/pdf/CTS12%20-%20Transport.pdf. See Table 1, where
a 6-inch diameter pipeline can accommodate annual flows of 190,000 to 540,000 tons/year.
38 NETL, "Carbon Dioxide Transport and Storage Costs in NETL Studies." March 2013. DOE/NETL-2013/1614. Available
at www.netl.doe.aov/enerav-analyses/pubs/QGESS C02T%26S R ev2 201304 08.pdf. 
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Table 3-12 Total Estimated Capital Costs for CCS Control Technology, Specific to
Implementation at the #4 Coker Unit Charge Heater 

CCS Component 
Approximate Capital

Cost ($Millions) 

Post Combustion CO2 Capture, Compression, and Associated Equipment for 24H1 $108

C02 Pipeline $2001

Total Capital Cost $308 
1 Note that installation of a CO2 pipeline is a one-time cost because the same pipeline could be used for
multiple sources. For additional discussion on how this cost could be shared with the #4 Hydrogen Plant
Reformer, which also is subject to BACT review for GHGs, please refer to Section 6.2.4. 

The above table shows that the capital cost of implementing CCS control technology at the 24H1 charge
heater, is approximately $308 million. This figure alone represents a significant portion, well over 50%, of
the projected costs related to the Coker Replacement Project, as described in Appendix A of this
application, and is therefore economically infeasible for CO2 control at 24H1. In addition to the high
capital cost, the annual operating and maintenance costs for CCS at the 24H1 charge heater range from
$8 - $15 million/year. See the table below for a summary of the expected operating costs associated with
CCS at 24H1.

Table 3-13 Total Estimated Operating Costs for CCS Control Technology, Specific to
Implementation at the #4 Coker Unit Charge Heater

CCS Component 
Approximate Annual Cost

($Million/yr) 

CO2 Capture and Compression at 24H1 $7 - $13

CO2 Transport of 24H1 CO2 Emissions $1 - $2

Total Cost for Capture, Compression, and Transport Combined $8 - $15

Operating costs were estimated by scaling operating costs from the August, 2010 "Report of the
Interagency Task Force on Carbon Capture and Storage" and are based on the estimated potential CO2
emissions from the 24H1 charge heater and an assumed capture efficiency of 90%. Per the report, the 
factors are based on the increased cost of electricity (COE; in $/kW-h) of an energy-generating system, 

including all the costs over its lifetime. 

Typically, economic impacts are analyzed using the procedures found in the EPA Air Pollution Control 
Cost Manual - Sixth Edition (EPA 452/B-02-001). Cost effectiveness is evaluated on dollar per ton ($/ton) 
basis using the annualized costs ($/yr) divided by the annual emission reduction achieved by the control
device (ton/yr). A control technology is considered economically infeasible by EPA if the control cost on a
dollar per ton basis exceeds the amount which other sources in the same industrial classification have 
incurred. However, such an evaluation is not possible for C02e; there is no range of costs associated with
BACT because CCS is not available, demonstrated, or technically feasible for sources similar to the 24H1
heater. EPA recognized this in its PSD and Title V Permitting Guidance for Greenhouse Gases published in
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March 2011, stating that "it may be appropriate in some cases to assess the cost-effectiveness of a control 
option in a less detailed quantitative (or even a qualitative) manner," including whether the cost of CCS is
"extraordinarily high and by itself would be considered cost prohibitive". Consistent with this guidance,
FHR's quantification of the extraordinarily high costs of CCS is sufficient to demonstrate that CCS is not
cost-effective for controlling GHG emissions from the #4 Coker Unit Charge Heater. 

On top of the costs described above, as a qualita tive example of the overly prohibitive cost associated
with CCS, the below examples represent additional cost considerations and detailed studies that would be
required were CCS to be considered a genuine option for control of GHG from the #4 Coker Unit Charge

Heater.

• A rigorous analysis would be required to identify appropriate sequestration locations. The above 
costs analysis assumes, without detailed consideration, that the closest possible location (small
coal or shale basins and/or deep saline aquifer) would be a viable option for proposed project 
CO2 sequestration needs. The identification of a definite long term sequestration location could 
prove problematic due to uncertainties about the long-term storage of CO2, its effects on safe
drinking water, land ownership, and liability of deploying deep well injection technology. 

• Additional detailed studies would be required to determine the capital costs required to
construct, design, and license the capture, compression, and delivery systems for eventual storage 

of CO2 at a sequ estration site.

In addition to being unavailable, technically infeasible, and not cost-effective, the implementation of CCS
for the 24H1 heater would result in significant adverse collateral energy and environmental impacts. The
increased energy consumption for the CCS system would likely negate a significant portion, if not all, of
the efficiency savings from implementing energy efficient design and operational practices at the new #4
Coker Charge Heater. It is expected that an additional steam boiler would be required for the amine 
regeneration process associated with the CCS system, The energy burden for the new steam boiler 
approaches, if not exceeds, the fuel consumption of the sources it would control. Moreover, the operation 
of the steam boiler would result in criteria pollutant emissions and would create another source from
which GHG emissions would need to be captured. 

Off-site emissions would also be anticipated due to the electrical consumption required to provide the 
required power necessary to operate the capture skids, regeneration skids, pipeline booster stations, and 
the compression associated with CCS. CCS also would require increased water consumption at the refinery 
because the CO2 capture and regeneration skids would require cooling water to cool the flue gas, to cool
the lean amine, and to cool the CO2 between stages of compression. 

FHR understands that, if CCS were determined to be a technically feasible control option for any project 
included as part of this permitting action, CCS would be evaluated for the combined emissions from 24H1
and 30H401 (see Section 6.2). Acco rdingly, FHR has reviewed the economic feasibility for an aggregate 
control scenario, where there would be a single pipeline for CO2 transport to permanent storage, as part 
of this BACT analysis in Section 6.2.4 below.
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3.3.5 Step 5 -BACT Selection
Combustion of refinery fuel gas and/or natural gas in combination with implementation of design and 
operational energy efficiency measures as set fo rth above in Table 3-11 is the proposed BACT control 
technology for GHG emissions from the 24H1 heater.

FHR intends to implement waste heat recovery techniques, in the form of air preheat and steam
generation, at the 24H1 heater, which will reduce the amount of fuel required for combustion because
less fuel is needed to heat the combustion air to combustion temperatures. In addition to waste heat
recovery, the process heater will be designed with proper refractory and insulation to reduce heat loss, 
and will be designed with measures to reduce excess air in the flue gas to reduce the convective heat loss
from the heaters through the flue gas.

Efficient burners will be selected that operate with minimal products of incomplete combustion at low
levels of excess O2. The burners will be properly set up and tuned, initially, as required to maintain
compliance with regulatory requirements and in accordance with the manufacturer's recommendations.
The heaters will be designed with firebox O2 instrumentation to monitor the O2 near the burners, as well 
as instrumentation to monitor the O2 at the stack for emissions reporting purposes. This serves to identify
potential air leaks. The heaters will be equipped with O2 trim control capabilities which provide real time 
adjustments of excess O2, continually reducing the energy loss to the flue gas by minimizing excess O2
while also assuring sufficient excess O2 for complete combustion. 

The proposed BACT work practice standards are consistent with other recently permitted refinery process
heaters, as documented in the RBLC (Attachment 2). The proposed BACT limits for GHG emissions from 
the 24H1 heater are shown below.
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Table 3-14 Proposed GHG BACT Limitations for the #4 Coker Unit Charge Heater

Category Demonstration

Limitations 

The permittee is limited to firing refinery fuel gas and/or natural gas at 24H1. 

Limitations 

Greenhouse gas emissions from 24H1 are limited to 169,534 tons C02e per year on a 365-day rolling
sum.

Limitations 
The permittee shall maintain the stack temperature less than 350 degrees F using 365-day rolling
average basis, excluding hourly periods of startup, shutdown, and low firing rates less than 186
mmBtu/hr HHV input (< 60 % of maximum design capacity).1

Limitations 

The permittee will conduct tune-ups in accordance with 40 C.F.R. Part 63, Subpart DDDDD. Actions 
taken during each tune up (burner inspection and cleaning, flame inspection and optimization, air-
to-fuel ratio, CO optimization) will follow the schedule specified in Subpart DDDDD. 

Monitoring
Requirements

The permittee shall maintain compliance with 40 C.F.R. Part 98, Subpart C including flow monitoring
of fuel usage at 24H1. Monitoring

Requirements
The permittee shall continuously monitor the 24H1 stack exit temperature.

Compliance 
Demonstration

The permittee shall calculate compliance with the 365-day rolling sum limitations following the
procedures specified in 40 C.F.R. Part 98, Subpart C, with a conversion from metric tons to short tons.Compliance 

Demonstration The permittee shall maintain records of any heater tuning performed for compliance and may utilize
normal business records for this purpose. 

1 Energy efficiency will be maximized by recovering heat to a flue gas temperature design of <350°F, which is optimal since lower
temperatures overlap acidic dew point temperatures that cause heat recovery equipment corrosion failures.

The proposed ton per year GHG limit is based on the design firing capacity of 24H1 as documented in the
permit application, which accounts for the energy efficient design features of 24H1. The monitoring 
reguirement includes continuous fuel gas flow monitoring (which is consistent with other BACT
monitoring requirements for gaseous fuels) and continuous monitoring of the 24H1 heater stack exit 
temperature. 

Fuel gas flow monitoring must be performed with flow measurements that must be calibrated within 5%
accuracy per 40 C.F.R. § 98.3(i)(1) and wi th fuel carbon content measured with a precise laboratory 
methodology. Compliance with the BACT emission limit will be demonstrated by calculating CC^e
emissions (including CO2, CH4 and N20), on a 365-day rolling sum basis, following the procedures 
specified in 40 C.F.R. Part 98, Subpa rt A and Subpart C, with a convers ion from metric tons to short tons.39

This methodology allows the facility to track both CO2 and non-CC>2 GHG emissions, as opposed to a CO2

39 US EPA, "PSD and Title V Permitting Guidance for Greenhouse Gases" EPA-457/B-11-001 March 2011. Page 1-1, 2.
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CEMS, which would monitor only CO2 emissions. This is consi stent with methods described in EPA
comment letters40'41 as well as oth er GHG BACT terms previously issued by the EPA.

FHR will follow the calculation methodologies in 40 C.F.R. Part 98, Subpart C when calculating the
individual GHG pollutant emissions. Following determination of the individual GHG pollutants, FHR will 
calculate the total C02e emitted using the GWPs and as ou tlined in 40 C.F.R. Part 98 Subpart A. The GWP
used to determine the total pounds CC>2e are a s shown in Table 3-15 below. 

Table 3-15 Global Warming Potentials used for Compliance Monitoring, from 40 C.F.R. Part 98
Subpart A

GHG GWP

co2 1

CH4 25

N20 298

40 US EPA, Comments on Beaver Wood Energy Fair Haven PSD permit application. October 2011. Available at 
www.epa.aov/nsr/ahadocs/20111017Beaverwood.pdf. 
41 US EPA, Comments on Intent-to-Approve for Sevier Power Project. June, 2012. Available at 
www.epa.aov/nsr/ahadocs/20120607sevier.pdf. 
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4.0 BACT for #4 Coker Drum System (EQUI24DRUMS)
Emissions activities within the new #4 Coker Drum System (EQUI24DRUMS) include coke drum venting,
draining, drum opening and coke cutting, and the use and recovery of the coke drum quench water. 
Appendix A of the permit application provides a deta iled description of the emissions related to the new

coke drum system.

The PSD pollutants that have the potential to be emitted as a result of operation of #4 Coker Drum 
System are PM10, PM2.5, and GHG. The partic ulate matter emissions evaluated in this section are those that 
may be released during drum venting. While there is potential for a small a mount of particulate matter to
be emitted during drum draining and the drum opening and coke cutting cycle, the processes are
inherently wet, which effectively minimizes the possibility of release of particulate matter. In addition, for
similar reasons, FHR does not anticipate that the use and recovery of the coke drum quench water would
result in any appreciable particulate matter emissions. Further, due to the fugitive nature of these
potential emissions, there is no way to quantify or effectively apply additional control (beyond the
inherently wet nature of the processes). Consequently, this BACT review focuses on the potential 
PM10/PM2.5 emissions that result from drum venting, which are expected to be insignificant at less than 1

ton per year.

The GHG emissions (specifically CH4) have the potential to be released during drum venting, draining, and 
drum opening prior to the coke cutting process. It is assumed that any appreciable CH4 has already been
released prior to the coke cutting process. There is also potential for trace levels of CH4 to be entrained in
the coke drum quench water that are accounted for as part of the drum venting emissions. Total CH4
emissions from EU24DRUM are also expected to be relatively insignificant at less 15 tons per year.

This section does not evaluate the particulate emissions that would result from the new petroleum coke
handling equipment associated with EU24DRUM. Instead those emissions are discussed in Section 5.0
BACT for #4 Coker Petroleum Coke Handling Equipment. 

4.1 Step 1 - Identify All Available Control Technologies 
Consistent with recent EPA rulemaking under the Petroleum Refinery Sector Risk and Tec hnology Review 
and New Source Performance Standards (RTR)42, FHR evaluated decreasing the coke drum pressure to 2
psig (or less), "prior to venting to the atmosphere, draining or deheading the coke drum at the end of the
cooling cycle", as an ava ilable "control" option for reducing emission from coke systems. As part of the
RTR rulemaking EPA concluded that reducing the drum pressure to at least 2 psig effectively minimizes 
emissions from all above noted emission generating activities. EPA considers this control technique, which
is a work practice standard, an appropriate control for delayed coking operations. Due to the fugitive
nature of the emissions and consequent inability to accurately measure those emissions and also as a
result of the high moisture content, intermittent operation and variable pollutant concentrations of the

42 See 80 Fed. Reg. 75,178-75,354 (December 1, 2015) 
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emission generating activities, add-on controls cannot be applied effectively at any of the above
discussed emission generating activities within the #4 Coker Drum System.43 Accordingly, proper 
operation of the coke drum venting operations (i.e. lowering the drum pressure, to 2 psig or less, by
educting to a system that is designed to capture and control process off gases before opening of the 
drum) is considered the only available control option at this time. 

4.2 Step 2- Technical Feasibility of Control Technologies 
As discussed above, the only available and technically feasible control option for emissions reductions at 
the new #4 Coke Drum System is good design and implementation of specific work practice standards 
that center around depressurizing of the coke drum to 2 psig or less prior to drum venting, draining, 
opening and cutting. 

4.3 Step 3- Effectiveness of Feasible Control Technologies 
Good design and implementation of specific work practice standards are the only technically feasible 
control options and therefore are considered the top ranked control technologies at this time. 

4.4 Step 4 - Evaluation of Feasible Control Technologies 
There are no adverse energy, environmental, or economic impacts associated with good design and 
implementation of specific work practice standards at the #4 Coker Drum System.

4.5 Step 5-BACT Selection
The Pine Bend refinery is an existing source subject to 40 C.F.R. 63, Subpart CC (MACT CC). Existing-source 
standards are applicable to equipment installed as part of the Pine Bend Technology and Efficiency
Improvement Project. MACT CC regulates decoking operations, in which the delayed coking unit shall
depressure each coke drum to a closed blowdown system until the coke drum vessel is 2 psig, or less,
determined on a rolling 60-event average, prior to venting to atmosphere, draining, or deheading the
coke drum at the end of the cooling cycle.44 FHR will not only comply with the MACT pressure limit, but 
will voluntarily accept a sligh tly more stringent coke drum vessel limit of 2 psig, or less, during each
decoking event45 at the new #4 Coker Drum System.

In accordance with the above discussion, FHR is proposing good design and implementation of specific 
work practice standards that center around depressurizing of the coke drum prior to drum venting, 
draining, opening and cutting as BACT. Due to the inability to reasonably measure the coke drum system 
PM10/PM2.5 and GHG emissions using an EPA reference test method and consistent with EPA NSPS and

43 See 79 Fed. Reg. 36902 (June 30, 2014) 
44 Delayed coking units at a new affected source shall depressure each coke drum to a closed blowdown system until
the coke drum vessel is 2 psig or less, for each decoking event, prior to venting to atmosphere, draining, or
deheading the coke drum at the end of the cooling cycle. 
45 Consistent with the MACT CC standards for a new affected source; 40 CFR 63.657(a)(2)(i) 
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MACT regulations in place for coke drum venting,46 work practice standards are determined as BACT 
instead of an emissions limit. FHR will minimize emissions from the coke drum depressurization process 
with the use of a closed blowdown and educator system to minimize pressure and recover fuel gas prior 
to venting, draining, opening and cutting activities. The proposed work practice standards are consistent 
with the recently published Refinery RTR.47

The proposed form of the limitations is summarized in the following table:

Table 4-1 Proposed PM10/PM2.5 and GHG BACT Limitations for the #4 Coke Drum System

Category Demonstration 

Work Practice
Standards 

The permittee will depressurize the coke drums to an average vessel pressure of 2.0

psig, before drum opening for each decoking event.

Monitoring 
Requirements 

The permittee will comply with the pressure monitoring provisions for delayed coking 
unit decoking operations as prescribed in 40 C.F.R. § 63.657(b)(1) - (5).

Compliance 
Demonstration 

The permittee shall maintain records of drum pressure during each decoking event.

46 40 C .F.R. Part 60, Subpart Ja and 40 C.F.R. Part 63, Subpart CC
47 EPA Memorandum "Reanalysis of MACT for Delayed Coking Unit Decoking Operations" in Docket ID No. EPA-HQ-
OAR-2010-0682
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5.0 BACT for #4 Coker Petroleum Coke Handling 
Equipment (FUGI24FUGPM)

Fugitive particulate matter emissions, including PMio and PM2.5, associated with the new #4 Coker 
Petroleum Coke Handling Equipment (FUGI24FUGPM) are the result of new petroleum coke material
handling activities. The new equipment for material handling activities include: a coke crusher, a coke
conveying system for coke transport from the new #4 Coker to existing storage, and an overhead 
clamshell crane used to move coke from the dewatering pad to the crusher building. This BACT analysis
addresses all new material handling equipment, as described above, associated with coke handling
activities from the point of generation through the transport to existing downstream storage.

Appendix A of the permit application provides a detailed description of the specific emissions-generating 

activities related to the petroleum coke handling equipment at the new #4 Coker.

5.1 Step 1 - Identify All Available Control Technologies 
The potentially available control technologies for PM10/PM2.5 emissions from the new coke handling 
equipment that were identified and included as part of this BACT review are as foll ows. 

Table 5-1 Potentially Available PM10/PM2.5 Emission Control Methodologies for #4 Coker 
Petroleum Coke Handling Equipment

Technology Description

Total and Partial 
Enclosures 

Enclosures are permanently installed structures that either completely or partially 
surround a source(s) of emissions. Sides and sometimes the top of the structure can be
closed to accomplish particulate matter control. Enclosures are unique to an individual
source based on site characteristics and containment requirements. 

Wetting of
Material/Moisture
Content 

Maintaining a certain moisture/humidity content in the coke helps to prevent dust
particles from becoming airborne. As needed, a wetting system, using spray nozzles to
apply water to dust (coke) particles, may be required to maintain an appropriate 
moisture content.

Closed Coke Slurry 
System (CCSS) 

Closed Coke Slurry System (CCSS) is a patented TRIPLAN AG Company control
technology for handling of petroleum coke from a delayed coking unit. This system 
contains patented proprietary equipment which handles the coke in closed manner (as 
compared to present open system used by the vast majority of US refineries) and
claims to eliminate the pollution caused by the delayed Coker units. 

FHR identified one example of a CCSS48 that is currently in operation in the US, but as shown below, this 
technology is not available because of the climatic differences between California and Minnesota. This 
system is located in Wilmington, CA. This area of so uthern California is not subjected to the winter 
conditions typical to FHR in Minnesota, in which temperatures of well below freezing for extended periods

48 TRIPLAN AG Company, http://ccss.triplan.com/download/ccss-presentation.pdf 
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of time, are not uncommon. These extreme conditions create undesirable operational consequences for 
this water/slurry-based system, some of which include:

• The water in a slurry handling system is batched from one vessel to another. Winterization of the
water lines would require that the water be moving within the lines at all times. This has the
potential to present a large technical challenge while maintaining the slurry-based handling 
system water balance, in between coke batches.

• The bottom of the dewatering bins would be required to be totally enclosed and in a heated 
building to prevent the coke from freezing on the way to the conveyor. 

• The crusher system would need to fully enclosed to prevent freezing. 
• Due to inadequate dewatering, the slurry-based system would greatly increase the moisture 

content of the coke. The result is faster freezing of the coke, which may create product loading 
and transport challenges.

Due to limited demonstrated performance, potential operational constraints, maintenance requirements 
and overall lack of dependability of a slurry-based system in a clima te like that of Minnesota, as detailed 
above, this technology is not yet considered a commercially available control option for implementation 

at the Pine Bend refinery at this time.49 

5.2 Step 2- Technical Feasibility of Control Technologies 
Both enclosure and wetting, as necessary, of the petroleum coke to maintain certain moisture level are
considered technically feasible for implementation at FS24FUGPM. 

5.3 Step 3- Effectiveness of Feasible Control Technologies
Implementation of enclosures, where appropriate, combined with wetting of petroleum coke to maintain 
a certain moisture content are the only technically feasible control options for minimizing PM10/PM2.5 
emissions. Ranking of the feasible control measures is not necessary because both control options can

and will be used in combination. 

5.4 Step 4 - Evaluation of Feasible Control Technologies 
There are no adverse energy, environmental, or economic impacts associated with implementation of 

enclosures or with wetting of petroleum coke.

49 Although a closed slurry-based coke handling system is not considered to be an available control option for
implementation at the Pine Bend refinery, FHR notes that a high -level cost estimate of just equipment/materials 
associated with a closed slurry-based coke handling system yielded a cost of over $30,000,000. Due to the low
particulate emissions expected, the resulting control cost is greater than $2,000,000/ton total particulate matter
removed. This is obviously too high for a BACT level control. Control costs estimates do not include operational 
considerations. It is expected that operation of a s lurry-based coke handling system would be energy intense, which
would only contribute to the economic infeasibility of the control technology system. 
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5.5 Step 5-BACT Selection
FHR is proposing implementation of enclosures, where appropriate, combined with wetting of petroleum 
coke to maintain a moisture content of at least 8%50 as BACT for the #4 Coker new coke handling system
in order to reduce particulate emissions. Specifically, handling of inherently wet coke (i.e. the coke
saturated with water that is dripping from the coke) from the coke drums will occur in a w alled area with 
an overhead clamshell crane51. FHR anticipates that this saturated coke will not generate any appreciable 
quantity of dust. Then, after minimal drying and when there is a sli ghtly increased potential for particulate 
matter emissions, coke will be crushed within an enclosed crushing system and transported to existing 
storage via an enclosed conveying system. FHR is also proposing to maintain the petroleum coke, at all
times during crushing and conveying to end storage, at an appropriate moisture level to minimize
particulate emissions that may be released to the atmosphere during these new material handling 
activities. The proposed BACT limitations, which are consistent with other reviewed state permit limits and
with RBLC determinations, as documented in Attachment 2, on the #4 Coker Petroleum Coke Handling 

Equipment are included in the below table.

Table 5-2 Proposed PM10/PM2.5 BACT Limitations for the #4 Coker Petroleum Coke Handling 
Equipment

Category Demonstration 

Physical and
Operational 

Design of System 

The #4 coker crusher and conveyor to existing storage will be enclosed as part of its 

physical design.

Physical and
Operational 

Design of System 

Inherent to the coke drum operations and the downstream handling equipment, the
petroleum coke will be visibly moist or at a moisture content of no less than 8%.

Physical and
Operational 

Design of System 
The petroleum coke pit will be enclosed with walls on all four sides as part of its

physical design.

Compliance 
Demonstration 

FHR will conduct a one-time test of the petroleum coke to confirm a coke moisture 

content of at least 8%. 

Due to the proposed above described enclosures (Le. walled coke pit, crusher and conveying equipment) 
and inherently wet nature of the petroleum coke, and as mentioned above in Section 5.4, the estimated 
particulate emissions from the new coke handling equipment will be very low. In fact, total fugitive PM10
and PM2.5 emissions from coke handling sources will each be less than 0.5 tons annually. As a result, and
because actual emission are hard to measure and quantify accurately due to their fugitive nature, no 

50 Maintaining a moisture content of at least 8% is consistent with (or better than) other similar coke handling
operations (e.g. Marathon Garyville Refinery, BP Whiting Refinery, Tesoro Golden Eagle). In addition, the current Texas 
BACT requires coke piles to be maintained at 8% moisture and SCAQMD Rule 1158 for Storage, Handling, and 
Transport of Coke, Coal, and Sulfur defines coke as "moist material" at 8.3% moisture.
51 The new coke handling equipment is designed to use the clamshell crane and conveyor system to transport coke
from the new #4 Coke Drum System to existing storage; however, existing facility front end loaders would be 
available to move the coke, if needed, should a rare and unexpected equipment malfunction arise. 
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specific emissions limit is being proposed for PMio or PM2.5 emissions resulting from new petroleum coke
handling activities described above.
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6.0 BACT for #4 Hydrogen Plant Reformer (30H401)
plus Reactor CO2 

Hydrogen production at the existing #4 Hydrogen Plant Reformer (30H401) is based on steam methane 
reforming (SMR) technology; in which CH4, and/or other light hydrocarbons, react with steam to produce 
hydrogen (H2) and carbon monoxide (CO), which further react with the steam to generate hydrogen and 
CO2.52 The process is highly endothermic and requires heat for the reaction to proceed; 30H401 currently
fires refinery fuel gas to meet this need. The #4 hydrogen plant also includes an associated pressure swing 
adsorption (PSA) system that separates the CO2 from the H2 for the purpose of purifying the H2 stream for 
use in refinery operations. Following separation, PSA off gas or vent gas (containing CO2, CO, and a sm all 
amount of H2) is routed back to 30H401 reformer, where CO and H2 are combusted along with the 
refinery fuel gas. In order to meet the needs of the proposed projects, 30H401 will be physically modified
to incorporate additional technology to help drive the reactions and increase the forming capacity of the
unit. It is anticipated that this may result in additional firing at 30H401. Consequently, combustion related
PMio/PM2.5 and GHGs will increase as a result of the proposed modification. In addition, GHG emissions
will also increase as a result of the increased hydrogen production.

As part of the Diesel Selectivity Project, 30H401 will be retrofitted with SCR control technology for NOx.
Therefore, the projected actual NOx emissions of the unit are less than baseline actual emissions and no
NOx emissions increase is expected at 30H401. Accordingly, FHR proposes to accept annual emission
limits for NOx equal to baseline actual emissions that take effect when the unit is modified in order to 
demonstrate no net emissions increase in NOx at 30H401. Therefore, the only PSD pollutants for which
there is an estimated emissions increase as a result of the proposed modification are PM10, PM2.5, and
GHG.

6.1 #4 Hydrogen Plant Reformer PMio and PM2.5 Emissions 
Particulate matter, including PM10 and PM2.5, has the potential to be emitted from 30H401 as a result o f 
incomplete combustion, particulate matter present in the combustion air, and solid and condensable
materials contained in gaseous fuels. This BACT report consolidates the BACT analysis for PM10, and PM2.5 
because per AP-42, all PM (total, condensable, and filterable) that results from gaseous combustion can 

be considered to be less than 1.0 micron in size.

6.1.1 Step 1- Identify All Available Control Technologies 
The potentially available control technologies for PM10/PM2.5 emissions from 30H401 are shown in the
table below: 

52 US EPA, "Available and Emerging Technologies for Reducing Greenhouse Gas Emission from the Petroleum Refining
Industry", October 2010. 
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Table 6-1 Available PM10/PM2.5 Emission Control Technologies for the #4 Hydrogen Plant
Reformer

Technology Description 

Add-On Control 
Technologies 

Add-on particulate control technologies, such as a baghouse or electrostatic 
precipitator (ESP), are control technologies that reduce primarily filterable particulate
emissions entrained in the exhaust gas stream. 

Clean Fuels 
Refinery fuel gas contains very low concentrations ash and other forms of particulate
matter, thus the use of refinery fuel gas minimizes PM10/PM2.5 emissions. 

Good Combustion 
Practices

Good combustion practices are preventative measures that minimize the release of
pollutants generated from incomplete combustion of fuels into the environment. Good
combustion practices may include the proper design and maintenance of equipment,
good housekeeping, and good operating practices. 

6.1.2 Step 2 -Technical Feasibility of Control Technologies 
As discussed in detail in Section 3.2.2, add-on particulate matter control technologies, such as a
baghouse, electrostatic precipitator, or wet scrubber, are not effective control options for gaseous fuels 
post-combustion emissions due to the very low PM outlet concentrations and the capture limitations of
the control technologies. As discussed in Section 3.2.2, add-on control technologies do not have the
capability to reduce PM10/ PM2.5 emissions f rom refinery fuel gas combustion to emission rates that are
lower than emission rates that result from good combustion of these gaseous (clean) fuels . 

To the knowledge of FHR, no add-on control technologies for particulate emissions have been applied to
reduce particulate emissions from a gas-fired reformer heater. Additionally, there were no applications of 
add-on particulate control technologies for natural gas and/or fuel gas fired reformer heaters identified in
the RBLC or any of the other references reviewed by FHR, as listed in Section 2.0 above. Adherence to 
good combustion practices combined with the use of refinery fuel gas are the only technically feasible
control options for control of particulate emissions from 30H401 and are consistent with the
determinations in the RBLC database, as docum ented in Appendix B.

6.1.3 Step 3 - Effectiveness of Feasible Control Technologies 
FHR will combine good combustion practices with the use of refinery fuel gas because those options are
the only technically feasible PM control technologies at the existing modified 30H401 reformer. Ranking 
of the control measures is not necessary because both can be used in combination. 

6.1.4 Step 4-Evaluation of Feasible Control Technologies 
FHR has selected the only technically feasible, and thus the top ranked, control technologies. There are no
adverse energy, environmental, or economic impacts associated with good combustion practices or with 

the use of refinery fuel gas at 30H401. 

6.1.5 Step 5 -BACT Selection 
Good combustion practices in conjunction with the use of refinery gas is the proposed BACT for
particulate emissions from 30H401. Total particulate emissions increases, including PM10 and PM2.5 from 
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30H401 have been estimated using the AP-42 emission factor of 0.0075 Ib/MMBtu for natural gas
combustion, which is a repre sentative estimate of the PM10/PM2.5 emissions that may result from refinery 
fuel gas combustion, as discussed above in Section 3.2.2. Per AP-42, all PM that results from gaseous fuel
combustion is considered to be less than 1.0 micrometer in diameter; therefore the total PM emission 
factor can be used to estimate PM, PM10 and PM 2.5. This emissions factor is representative of good 
combustion practices and is consistent with BACT limits for PM10 and PM2.5 at sim ilar sources, as
documented in the RBLC (Attachment 2). Table 6-2 shows the proposed BACT limits.

Table 6-2 Proposed PM10/PM2.5 BACT Limitations for the #4 Hydrogen Plant Reformer plus Reactor 
CO2

Category Demonstration 

Limitations

PM10, and PM2.5 emissions are limited to 0.0075 Ib/MMBtu measured as filterable and condensable 
PM using EPA Method 201A for filterable PM and Method 202 for condensable PM. 

Limitations
The permittee shall operate the 30H401 reformer in a manner consistent with good combustion
practice. The permittee will conduct tune-ups of 30H401 in accordance with 40 C.F.R. Part 63, 
Subpart DDDDD. Actions taken during each tune up (burner inspection and cleaning, flame 
inspection and optimization, air-to-fuel ratio, CO optimization) will follow the schedule required by
Subpart DDDDD. 

Compliance
Demonstration 

Compliance with the proposed BACT limits will be demonstrated with an initial performance test
within 180 days of startup. The testing shall occur at or near maximum heat input and load
conditions, consisting of at least 3 test runs, each with a duration of at least 60 minutes. The
number and duration of the test runs may be extended at the permittee's discretion to a maximum
of 6 test runs and 240 minutes per run to account for variability in in test results from low PM
concentrations in exhaust gas stream. Following that initial compliance demonstration, the
permittee will submit a performance testing frequency plan to the MPCA for demonstrating
continued compliance with the proposed limit.1

Compliance
Demonstration 

The permittee shall maintain records of heater tuning performed for compliance and may utilize
normal business records for this purpose. 

1The proposed testing frequency plan will be based on the MPCA's proposed testing frequency guidance found in MPCA's Air
Performance Test Form. MPCA's general guidance indicates that an initial compliance test with results > 90 % of the permitted 
limit will require performance testing every 12 months, test results between 60% and 90% of the limit will require performance
testing every 36 months, and test results < 60% of the limit will require performance testing every 60 months.

6.2 #4 Hydrogen Plant Reformer plus Reactor CO2 GHG Emissions 
GHG emissions from 30H401 are the result of combustion activities at the reformer and also due to the
process emissions from the hydrogen production reaction. As described in Section 6.0, the PSA off gas
stream is routed to 30H401, where CO and H2 are combusted with the refinery fuel gas feed to 30H401.
Consequently all GHG emissio ns are accounted for at a co mmon exhaust point. Note that there is a trace 
amount of CO2 from the reaction that may get dissolved in the process condensate and later released. 
This negligible amount of CO2 is accounted for at the common exhaust point described above.

The primary GHG pollutant associated with both combustion activities and hydrogen production is CO2. 
CH4 and N2O are emitted in small amounts as a byproduct of combustion, but account for a much smaller 
portion of the total GHG (C02e) emissions. For this reason, the control options discussed below focus on 
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C02 emissions. However, the proposed BACT limit will be in the form of CC>2e to account for the low levels
of other GHG combustion byproducts. 

6.2.1 Step 1- Identify All Available Control Technologies
Methods identified as potentially available methods for controlling CO2 emissions from 30H401 are shown 
in the table below. 

Table 6-3 Available GHG Emission Control Methodologies for #4 Hydrogen Plant Reformer 
plus Reactor CO2 

Technology Description

Carbon
Capture and 
Storage
(CCS)

Carbon Capture 
Carbon capture systems produce a concentrated and pressurized stream of CO2
which is then compressed for transport and/or storage. 

Carbon
Capture and 
Storage
(CCS)

Carbon Transport 
and Storage 

Carbon transport and storage involves compressing and transporting captured C02

to a sui table disposal site for deep underground storage in geological formations.

Clean Fuels
Natural gas and refinery fuel gas are considered low carbon fuels, resulting in lower
CO2 emissions per unit of fuel combusted.1

Design and Operational Energy 
Efficiency Measures

Design and operational energy efficiency measures specific to the process related C02

emissions released focus on the efficient and effective purification of hydrogen; the
more hydrogen from the system, the less that must be generated elsewhere in the
refinery. In addition, combustion related GHG em issions are minimized by reducing 
the amount of fuel burned at 30H401 through energy efficiency measures; which
include energy efficient equipment design, minimizing heat loss, waste heat recovery 
and good operating and maintenance practices. 

1 Refe r to discussion in Section 3.3.1.2 for additional information related to clean fuels. 

The above listed control technologies, and particularly CCS, are discussed in detail in Section 3.3.1 and
Section 3.3.2 above.

6.2.2 Step 2-Technical Feasibility of Control Technologies 
The technical feasibility of potential control options for CO2 emissions are su mmarized in the below table 
and discussed further in the following sections.

Table 6-4 Technical Feasibility of CO2 Control Technologies for #4 Hydrogen Plant Reformer 
plus Reactor CO2

Technology Technically Feasible?

Carbon Capture and Storage No

Clean Fuels Yes

Design and Operational Energy Efficiency Measures Yes

6.2.2.1 Carbon Capture and Storage 

The CO2 emissions resulting from the combustion of refinery fuel gas, which are entrained in the
combustion exhaust gases, are highly diluted and only account for a small percentage of the exhaust gas
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flow. The low concentration and low pressure of the exhaust complicates the absorption and desorption 
of the CO2 making capture of CO2 significantly more difficult and increasing energy demands. Conversely, 
the CO2 that is generated as part of the hydrogen production reaction is a relativ ely concentrated stream 
(PSA off gas), which is routed to the front end of the reformer where it is mixed with the refinery fuel gas
feed and the combustible constituents53 are combusted alongside the refinery fuel gas in the 30H401 
reformer. With some additional purification it would be possible to capture CO2 from the PSA off gas
stream instead of routing it to the reformer where the useful energy is used in the combustion process.
This process would require additional energy input for further purification of the PSA off gas and result in
increased refinery fuel gas firing at 30H401 to make up for the lost heat input from the PSA off gas that is

utilized as fuel.

So, as described, it is possible to capture and purify CO2 from the PSA off gas stream (produced as part of
the hydrogen production process) prior to mixing with the refinery fuel gas feed to the reformer.
However, as discussed abov e in Section 3.3.2.1, in order for CCS to be considered a technically feasible 
control option for consideration as BACT, the feasibility of transport and permanent storage must also be
examined and deemed available and technically feasible. Carbon capture without transport and storage
will not accomplish the goal of removing CO2 from the atmosphere. As noted above, there are no areas
near the Pine Bend refinery that would be suitable for CO2 storage, and no existing means to transport
large volumes of CO2 (e.g., no CO2 pipeline) to any of the known potential storage sites. In addition, there
are a number of significant logistical issues that would have to be overcome before CCS technology could 
be implemented at the refinery. These issues are reviewed in detail in Section 3.3.2.1

For the reasons discussed here and detailed in Section 3.3.2.1 above, CCS is not a technically feasible

control option for the hydrogen plant reformer. 

6.2.2.2 Clean Fuels
Consistent with the EPA's permitting guidance, clean fuels that reduce GHG emissions should be
considered as a control technology, understanding that the BACT analysis cannot include a clean fuel 
option that would fundamentally redefine the source.54 For purposes of this project, minimization of GHG
combustion related emissions through use of refinery fuel gas at 30H401 is technically feasible.

6.2.2.3 Design and Operational Energy Efficiency Measures 

Reducing energy consumption is considered a key so lution to reducing GHG emissions. Energy efficiency 
measures can include making process improvements, installing process-monitoring and process-control 
systems (e.g., optimizing the fuel-air mixture in the combustion zone), implementing heat or steam
recovery, or insulating boilers. FHR evaluated the energy efficiency reduction techniques reviewed in EPA's

Boiler White Paper and Refinery White Paper for potential applicability at 30H401. 

53 The PSA off gas stream consists of CO2, CO, and a small amount of H2. CO2 is a non-combustible chemical
compound, which means that it's the CO and H2 that are combusted alongside the refinery fuel gas in the reformer. 
54 EPA, "PSD and Title V Permitting Guidance for Greenhouse Gases, Office of Air and Radiation." March 2011, p. 27. 
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The feasibility and implementation of each applicable energy efficiency measure is summarized in the
table below and, where necessary, discussed in more detail below. 

Table 6-5 Technical Feasibility of Energy Efficiency Measures for Reducing GHG emissions

Energy Efficiency 
Measure Description 

Feasible? 
Yes or No Proposed/Current Implementation 

Replace/Upgrade Burners Yes 
30H401 is an existing unit and the existing burners
are designed for complete combustion (low CO)
with low excess air and targeted NOx performance. 

Reduce Energy Loss by
Minimizing Excess
02/Stack Flow

Combustion Tuning &
Optimization 

Yes 
Tuning to optimize burner performance will
continue to be a routine maintenance procedure. 

Reduce Energy Loss by
Minimizing Excess
02/Stack Flow

Instrumentation and Controls 
including Excess O2 Control

Yes
30H401 is equipped with instrumentation and
controls to regulate and optimize O2

Reduce Air Leakage Yes 

30H401 is equipped with stack O2 instrumentation 
which will help to identify and minimize air leaks. A
preventive maintenance program and regular 
visual inspections are also in place at the exiting
30H401. 

Reduce Energy Loss by
Minimizing Stack
Temperature 

Flue Gas Waste He at Recovery: 
Economizer /Air Preheat

Yes

30H401 currently utilizes an economizer to recover
the energy in the flue gas. The existing reformer 
maximizes energy efficiency by recovering heat to
a flue gas temperature design of <350°F, which is
optimal since lower temperatures overlap acidic
dew point temperatures that cause heat recovery
equipment corrosion failures. The project will
repurpose some of the existing process heat to
make more H2, which is currently used to make
process steam. No additional equipment will be
required to meet the proposed stack temperature 
limit.

Reduce Slagging and Fouling of
Heat Transfer Surfaces

Yes

Refinery Fuel gas is a low particulate/low fouling
fuel that provide an inherently favorable design for 
heat exchange without steam-consuming soot
blowers to keep transfer surfaces clean. 

Reduce Conductive Heat
Energy Loss

Insulation/Insulating Jackets
Yes

30H401 design minimizes heat losses through 
proper selection of refractory and insulation 
materials. 

Hydrogen Purification 
Process

Various technologies including 
cryogenic separation, membrane 
technology, and pressure swing
absorption can be used to purify
hydrogen while reducing energy 
loss.

Yes
Pressure swing absorption (PSA) technology is
used to purify hydrogen at the existing #4 
Hydrogen Plant.

For completeness, in the above table, FHR included several potential hydrogen purification processes, as
listed in EPA's Refinery White Paper, as means of potentially reducing energy demand at the #4 Hydrogen 
Plant. As noted in the above table the existing #4 Hydrogen Plant uses pressure swing absorption (PSA)
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technology to purify hydrogen; which is one of the three main purification processes identified in EPA's
Refinery White Pater and which is identified as providing the highest purity hydrogen stream.55

Historically, per the October 1990 Workshop Manual, EPA has not considered the BACT requirement as a
means to "redefine the design of the source when considering available control alternatives".56

Accordingly, FHR did not review the energy and/or CO2 intensity of the various purification processes
which would fundamentally redefine the existing source.

6.2.3 Step 3-Effectiveness of Feasible Control Technologies 
Combustion of refinery fuel gas in combination with PSA off gas and implementation of the technically 
feasible design and operational energy-efficiency measures discussed above are the only technically 
feasible control options for minimizing GHG emissions at 30H401 and therefore are the top ranked
control technologies at this time. Implementation of energy efficiency measures (both design and
operational) results in less fuel firing and GHG emissions, and is consistent with a survey o f recent GHG
BACT limitations listed in the RBLC database (see Attachment 2) and as described in other sources
reviewed by FHR. 

For the reasons described above, CCS is not considered technically feasible at this time; however, it has 
been carried through to Step 4 of the five-step process on a voluntary basis.

6.2.4 Step 4 -Evaluation of Feasible Control Technologies 
Combustion of refinery fuel gas in combination with PSA off gas and implementation of available and 
technically feasible design and operational energy-efficiency measures as a GHG emissio ns-control 
methodology has no appreciable adverse energy, environmental, or economic impacts and consequently 
is consistent with BACT. As discussed previously, despite the fact that carbon capture and storage is not 
considered to be technically feasible at the 30H401 reformer, FHR voluntarily carried carbon capture and 
storage through to Step 4 of the top-down analysis. The following discussion establishes that even if
carbon capture and storage was a feasible control option for 30H401, it would not represent BACT due to
the adverse energy, environmental and economic impacts. 

Capital costs for carbon capture were estimated by scaling NETL estimated costs for carbon capture at a
state-of-the-art steam methane reforming hydrogen production plant combusting natural gas.57The cost
estimate shown below includes the carbon capture costs for both combustion and process related CO2 as
a combined cost estimate. Pipeline costs were estimated as described in Section Error! Reference source
not found.. BACT Attachment 1 includes detailed cost calculations. 

55 EPA, "Available and Emerging Technologies for Reducing Greenhouse Gas Emission from the Petroleum Industry",
October 2010, p. 32
56 Draft New Source Review (NSR) Workshop Manual (Oct. 1990) at B .13^ 
57 NETL, "Assessment of Hydrogen Production with C02 Capture Volume 1: Baseline State-of-the-Art Plants", 
http://netl.doe.gov/File%20Library/Research/Energy%20Analysis/Publications/DOE-NETL-2010-1434-
H2ProdwC02CaptureVol1-2010.pdf 
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Table 6-6 Total Estimated Capital Costs for CCS Control Technology, Specific to the #4
Hydrogen Plant Reformer plus Reactor CO2

CCS Component 
Approximate Capital Cost

($Millions) 

Hydrogen Production and Post Combustion CO2 Capture, Compression, 
and Associated Equipment for 30H401

$250

CO2 Pipeline $2001

Total Capital Cost $450

1 Note that installation of a CO2 pipeline is a one-time cost as the same pipeline could be used for multiple sources. Additional
discussion on how this cost could be applied for another source under review as part of this permitting action is included later
in this section. 

The above table shows that the capital cost of implementing CCS control technology at 30H401, is
approximately $450 million. This figure alone is much higher than the projected costs for the Diesel
Selectivity Project, as described in Appendix A o f this application, and is therefore considered 
economically infeasible for CO2 control at 30H401. In addition to the high capital cost, the annual 
operating and maintenance costs of CCS at 30H401 range from approximately $34 - $70 million/year. See
the table below for a s ummary of the expected operating costs associated with CCS at 30H401. 

Table 6-7 Total Estimated Operating Costs for CCS Control Technology, Specific to 
Implementation at the #4 Hydrogen Plant Reformer plus Reactor CO2

CCS Component 
Approximate Annual Cost

($Million/yr) 

CO2 Capture and Compression at 30H401 $31 - $60

CO2 Transport of 30H401 CO2 Emissions $3 - $10

Total Cost for Capture, Compression, Transport, and 
Storage Combined 

$34 - $70

Operating costs were estimated by scaling operating costs from the August, 2010 "Report of the
Interagency Task Force on Carbon Capture and Storage" and are based on the estimated potential CO2
emissions from 30H401 and an assumed capture efficiency of 90%. Per the report, the factors are based
on the increased cost of electricity (COE; in $/kW-h) of an energy-generating system, including all the 

costs over its lifetime. 

As noted above in Section Error! Reference source not found., FHR understands that, if CCS were
determined to be a technically feasible control option for the sources subject to GHG BACT as part of this 
permitting action, CCS would be evaluated for the combined emissions from 24H1 and 30H401. 
Accordingly, FHR has reviewed the economic feasibility for this aggregate control scenario, where there 
would be a single pipeline for CO2 transport to permanent storage. The resulting capital cost of applying
CCS to the affected combustion and process emissions sources is estimated to be greater than $550
million. This figure is estimated to be well over 50% of the total project costs for all proposed projects, as
described in Appendix A of this application, and is therefore considered economically infeasible.
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Table 6-8 Total Estimated Capital Costs for CCS Control Technology, Combined Evaluation
for #4 Coker Unit Charge Heater and #4 Hydrogen Plant Reformer plus Reactor 
C02

CCS Component 
Approximate Capital Cost 

($Millions)

Post Combustion CO2 Capture, Compression, and Associated Equipment 
for 24H1 

$108

Hydrogen Production and Post Combustion CO2 Capture, Compression, 
and Associated Equipment for 30H401 

$250

CO2 Pipeline $200

Total Capital Cost $558

The capital costs estimated above, and in Section Error! Reference source not found., do not include the
cost for sequestration. FHR has conservatively assumed that all captured CO2 could reasonably be
sequestered at the nearest sequestration site. This, however, is likely not the case and in actuality FHR
would be required to construct and operate a new permanent geological sequestration site; which would
dramatically increase the overall costs for CCS implementation for the Projects.

Further, as discussed above, the costs described above and as identified previously in Section Error! 
Reference source not found., there are additional cost considerations and detailed studies that would be
required were CCS to be considered a genuine option for control of GHG emissions from 24H1 and
30H401. Refer to the above referenced section of this analysis for additional details.

As is also discussed in detail in Section Error! Reference source not found., the implementation of CCS
would result in significant adverse collateral energy and environmental impacts. Refer to the above
referenced section of this analysis for additional details.

6.2.5 Step 5 - BACT Selection
Combustion of refinery fuel gas in combination with implementation of design and operational energy 
efficiency measures set forth above in Table 6-5 is the proposed BACT control technology for GHG
emissions from 30H401. 

FHR intends to maintain the existing waste heat recovery techniques, in the form an economizer, which 
reduces the amount of fuel required for combustion because less fuel is needed to meet steam 
production requirements. In addition to waste heat recovery, 30H401 is designed with proper refractory 
and insulation to reduce heat loss, and includes measures to reduce excess air in the flue gas to reduce
the convective heat loss from the heaters through the flue gas.

Efficient burners operate with minimal products of incomplete combustion at low levels of excess O2 are in 
place at the exiting reformer. The burners will continue to be properly tuned as required and in
accordance with the manufacturer's recommendations. The heater is equipped with firebox O2
instrumentation to monitor the O2 near the burners, as well as instrumentation to monitor the O2 at the 
stack for emissions reporting purposes. This serves to identify potential air leaks. The heater is equipped 
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with O2 trim control capabilities which provide real time adjustments of excess O2, continually reducing
the energy loss to the flue gas by minimizing excess O2 while also assuring sufficient excess O2 for

complete combustion. 

The proposed BACT work p ractice standards are consistent with other recently permitted refinery process
heaters, as documented in the RBLC (Attachment 2). The proposed BACT limits for GHG emissions from 
the 30H401 reformer are shown in Table 6-9. 

Table 6-9 Proposed GHG BACT Limitations for #4 Hydrogen Plant Reformer Plus Reactor CO2

Category Demonstration

Limitations

Greenhouse gas emissions are limited to 771,156 tons CC>2e per year on a 365-day 
rolling sum.

Limitations

The permittee shall maintain the stack temperature less than 350 degrees F using 365-
day Rolling Average basis, excluding hourly periods of startup, shutdown, and low firing 
rates less than 465 MMBtu/hr HHV input (< 60% of maximum design capacity). Limitations

The permittee will conduct tune-ups at the 30H401 reformer in accordance with 40
C.F.R. Part 63, Subpart DDDDD. Actions taken during each tune up (burner inspection 
and cleaning, flame inspection and optimization, air-to-fuel ratio, CO optimization) will
follow the schedule specified in Subpart DDDDD. 

Monitoring 
Requirements 

The permittee shall maintain compliance with 40 C.F.R. Part 98, Subpart P, including 
flow monitoring of all fuel and feedstock flows that are routed to the 30H401 reformer.

Monitoring 
Requirements The permittee shall maintain compliance with 40 C.F.R. Part 98, Subpart C including flow 

monitoring of refinery fuel gas usage at 30H401. 

Monitoring 
Requirements 

The permittee shall continuously monitor the 30H401 stack exit temperature. 

Compliance 
Demonstration 

The permittee shall calculate compliance with the 365-day rolling sum limitations 
following the procedures specified in 40 C.F.R. Part 98, Subpart C and Subpart P, with a
conversion from metric tons to short tons. Compliance 

Demonstration 
The permittee shall maintain records of heater tuning performed for compliance and
may utilize normal business records for this purpose. 

The proposed ton per year GHG limit is based on the refinery fuel gas combustion at 30H401, as set forth 
in the permit application, which takes in to account the energy efficient design features of the reformer. In
addition, the limit also accounts for the CO2 released as a result of the hydrogen production process,
which is based on the natural gas feedstock to the 30H401 reformer. The monitoring requirement
includes continuous fuel and feedstock flow monitoring (which is consistent with other BACT monitoring 
requirements for gaseous fuels) and continuous monitoring of the 30H401 stack exit temperature.

Fuel gas flow monitoring must be performed with flow measurements that must be calibrated within 5%
accuracy per 40 C.F.R. §98.3(i)(1) and with fuel carbon content measured with a precise laboratory 
methodology. Compliance with the BACT emission limit will be demonstrated by calculating C02e
emissions (including CO2, CH4 and N2O), on a 365-day rolling sum basis, following the procedures
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specified in 40 C.F.R. Part 98, Subpart A and Subpart P, with a co nversion from metric tons to short tons.58

This approach allows the facility to track both CO2 and non-CC>2 GHG emissions, as opposed to a CO2 
CEMS, which would monitor only CO2 emissions. This is c onsistent with methods described in EPA
comment letters59,60 as well as ot her GHG BACT terms previously issued by the EPA. 

FHR will follow the calculation methodologies in 40 C.F.R. Part 98, Subpart C and Subpart P when
calculating the individual GHG pollutant emissions. Following determination of the individual GHG
pollutants, FHR will calculate the total CC>2e emit ted using the specified equation and GWPs and as
outlined in 40 C.F.R. Part 98 S ubpart A. The GWP to be used to determine the total pounds CC>2e are as
shown in Table 6-10 below.

Table 6-10 Global Warming Potentials used for Compliance Monitoring, from 40 C.F.R. Part 98
Subpart A

GHG GWP

C02 1

CH4 25

N20 298

58 US EPA, "PSD and Title V Permitting Guidance for Greenhouse Gases" EPA-457/B-11-001 March 2011. Page 1-1, 2.
59 US EPA, Comments on Beaver Wood Energy Fair Haven PSD permit application. October 2011. Available at
www.epa.aov/nsr/ahadocs/20111017Beaverwood.pdf. 
60 US EPA, Comments on Intent-to-Approve for Sevier Power Project. June, 2012. Available at
www.epa.aov/nsr/ahadocs/20120607sevier.pdf. 
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7.0 BACT for New Project Fugitive Equipment in GHG
Service (FUGI24FUG) 

The proposed project involves the installation, replacement, and demolition of LDAR applicable fugitive
equipment (e.g. flanges, valves, compressors, pump seals, etc.) in natural gas and/or refinery fuel gas
service. On average, natural gas and refinery fuel gas systems con tain high concentrations of methane 
(CH4). Therefore, leaking refinery equipment components have the potential to release CH4 to the
atmosphere and are a po tential source of GHG emissions. As a very c onservative method of estimating 
GHG from the new fugitive equipment, FHR has assumed th at the calculated VOC PT E is all methane, a
regulated GHG compound. In fact, there is very little/no methane in the process streams with the 
exception of natural gas and fuel gas lines to process heaters, as discussed above. FHR's Title V op erating 
permit establishes that refinery equipment in VOC service is subjec t to enhanced LDAR requirements that
limit equipment leaks. These requirements include, among other things, a lower definition of a le aking-
component threshold concentration, installation of components with low-leak and/or leakless
technologies in certain applications, and the monitoring for leaks at connectors in gas service. The
consolidated requirements of the enhanced LDAR program are reflected in FHR's Title V permit 
(Minnesota air emission permit no. 03700011 -012) under group numbers 087, 090, 091, 093, 101, and 114.
This BACT analysis extends the application of the enhanced LDAR requirements to any new components 

in GHG service. 

7.1 Step 1 - Identify All Available Control Technologies 
Typical control strategies for emissions control from equipment leaks are based on LDAR program work-
practice requirements, which identify leaks and then reduce emissions from leaking process-equipment 
components.

FHR has identified the following available control technologies for reducing GHG emissions from 
equipment leaks at any new components in natural gas and/or refinery fuel gas service:
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Table 7-1 Available GHG Emission Control Technologies for Fugitive Equipment 

Technology Description 

LDAR

LDAR includes requirements for monitoring of equipment components (e.g., valves,
pumps, connectors, compressors, and agitators) for detection of leaks and
subsequent repair, or attempt to repair, of any components that have been 
determined to be leaking.

Enhanced LDAR

Enhancements to the LDAR program include:
• Lower the definition of a "leaking" component threshold concentration 
• Increase the leak monitoring frequency which allows for early detection 

and repair of leaking components 
• Installation of components with "low leak" and/or "leakless" technologies 

in certain applications 
• Monitoring of components not subject to standard LDAR programs, such

as connectors in gas sen/ice

Optical Gas Imaging 
LDAR

Optical Gas Imaging consists of using an infrared camera to identify leaks, which
would then be repaired as in a traditional LDAR program 

7.2 Step 2- Technical Feasibility of Control Technologies 
Each of the above-listed control strategies is considered to be a technically feasible control option for 

control of GHG emissions from equipment leaks.

7.3 Step 3 - Effectiveness of Feasible Control Technologies 
The technically feasible control options are ranked in Table 7-2, according to their control effectiveness. In 
order to detect low leak levels such as those described above, the standard and enhanced LDAR programs 
use Method 21 monitoring, which relies on an analytical instrument that has a lower measurement-
detection limit than alternate optical methods. In the case of the competing LDAR programs, the most 
effective control measures are fundamentally a matter of leak-detection threshold. As such, the ranking

for these technologies is as follows. 

Table 7-2 Control Effectiveness Ranking GHG Control Technologies for Fugitive Equipment 

Rank Technology Emission Control Effectiveness 

1 Enhanced LDAR
"Low leak" and/or "leakless" components are typically 
designed to meet leak rates of less than 100 ppmv. 

2 LDAR Standard leak rates are generally based on 500 ppmv. 

3
Optical Gas Imaging 
LDAR

Camera leak detection levels are significantly greater than 
500 ppmv. 

7.4 Step 4-Evaluation of Feasible Control Technologies 
There are no substantial adverse energy, environmental, or economic impacts associated with adherence
to any of the above-listed GHG control strategies. FHR is proposing to implement the enhanced LDAR
practices set forth in its Title V permit and described generally in Table 7-1 as BACT, which is considered 
the top-ranked strategy for controlling GHG emissions from equipment leaks.
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7.5 Step 5-BACT Selection
All refinery process units are already subject to 40 C.F.R. 60, Subpart GGGa, as detailed in the current air-
emissions permit for the refinery. The refinery voluntarily accepted NSPS GGGa applicability with Air
Emission Permit No. 03700011-005 issued on August 19, 2008. Therefore any equipment in VOC service
that is installed as part of the proposed projects will be subject to Subpart GGGa and incorporated into
the facility's existing LDAR program. Although GHG are not regulated under Subpart GGGa, FHR is
voluntarily applying similar, but more stringent standards, as discussed in detail below, to new
components in GHG service in order to minimize the release of methane.

As noted in Section 7.0, in order to estimate GHG emissions, the calculated VOC PTE is conservatively 
assumed to be all methane. FHR is proposing adherence to enhanced LDAR standards as BACT for new
components in GHG service. The company will operate in compliance with the combined LDAR program 
provisions of the facility's current Title V permit and meet the requirements of 40 C.F.R. Part 60, Subpart 
GGGa. Specifically, per the requirements of the exiting Title V permit, FHR will implement low- leak
technology for all new, nonspecialized globe and gate valves, which are required to meet <100 ppm 
leakage as purchased. FHR will also adhere to the lower leaking threshold, increased monitoring-
frequency elements, and the monitoring of connectors in gas service of the enhanced LDAR program. The
proposed form of the limitations is summarized in the following table.

Table 7-3 Proposed BACT Limitations for Fu gitive Components in GHG Service 

Category Demonstration 

Limitations No numeric emission limitation is proposed. Rather, a work practice standard is
proposed under the compliance demonstration and monitoring requirements below.

Compliance Demonstration 
and Monitoring Requirements 

For new fugitive equipment in GHG service, comply with the LDAR requirements of
FHR's Title V Permit.

Because of the very low amount of actual GHG emissions resulting from equipment leaks and due to the
fact that it is not technically feasible to accurately measure the amount of GHGs emitted from leaking 
components, no specific emission limit is being proposed for GHG emissions resulting from equipment
leaks. This is consistent with PSD regulations, as discussed in Section 2.0. Compliance with enhanced LDAR
standards, as described above, is BACT for GHG emissions resulting from equipment leaks. This is
consistent with the BACT determination made in the most recent major amendment to the Pine Bend
refinery's air permit.61

61 MPCA. Air Emission Permit No. 03700011-012, Major Amendment. Final issue date: March 17, 2015. 
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8.0 BACT for New Cooling Water Heat Exchangers in
GHG Service (COMG66) 

The Projects will add cooling water heat exchangers that have the potential to be in GHG service (possibly
containing methane). Potential emissions of GHG from cooling towers are pass-through emissions that
originate from heat exchangers and are accounted for in FHR's permit at the cooling towers that these 
pass-through emissions may emanate from (COMG66). The Projects may include the addition of heat
exchangers cooling methane containing streams that have greater pressure on the process side of the 
exchanger than on the cooling water side of the exchanger, providing the potential for methane to leak 
into the cooling water from the heat exchanger emission unit and manifest as emissions at the cooling
towers. Since the project is not in advanced design stages, these heat exchangers (if any at all for GHG
service) have not been identified yet but are accounted for in the application. Accordingly, FHR will apply
BACT to the new cooling water heat exchangers in GHG service.

8.1 Step 1 - Identify All Available Control Technologies
The only identified emission control strategy for reducing GHG emissions from the cooling water heat 
exchangers is based on 40 C.F.R. 63 Subpart CC (MACT CC) work-practice requirements for heat exchange
systems. MACT CC provisions require monthly sampling and analysis for VOC62 in the cooling water, using 
Texas Commission of Environmental Quality's (TCEQ) Modified El Paso meth od, and subsequent repair, or
attempt to repair, of any exchangers that have been determined to be leaking as defined in MACT CC.

8.2 Step 2- Technical Feasibility of Control Technologies 
Maintaining compliance with MACT CC at the new cooling water heater exchangers in GHG service is
considered to be a technically feasible control option for control of GHG emissions from equipment leaks.

8.3 Step 3- Effectiveness of Feasible Control Technologies 
Compliance with MACT CC is the only technically feasible control options and therefore is the top ranked 
control technology at this time 

8.4 Step 4 - Evaluation of Feasible Control Technologies 
There are no substantial adverse energy, environmental, or economic impacts associated with adherence
to MACT CC. 

8.5 Step 5-BACT Selection
The Pine Bend refinery is an existing source subject to MACT CC and, hence, exis ting-source standards are
applicable to equipment installed as part of the Pine Bend Technology and Efficiency Improvement 

62 FHR conservatively assumes that the all VOC is methane for purposes of estimating GHG leaks from heat exchange 
systems.
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Projects Permit. Therefore, heat exchange systems are regulated under this subpart and require 
monitoring for process leaks at the cooling tower. Any new heat-exchangers that use cooling water will be
incorporated into FHR's existing program for identification and repair of leaks from heat-exchange 
systems, subject to monthly monitoring. 

FHR is proposing regulation under MACT CC and required monitoring for process leaks at the cooling
tower as BACT for all new exchangers in GHG service added as part of the proposed projects. Any new
heat-exchangers that use cooling water will be incorporated into FHR's existing program for identification 

and repair of leaks from heat-exchange systems, subject to monthly monitoring.

The proposed form of the limitations is summarized in the following table.

Table 8-1 Proposed BACT Limitations for C ooling Water Heat Exchangers in GHG Service

Category Demonstration 

Limitations
No numeric emission limitation is proposed. Rather, a work practice standard is
proposed under the compliance demonstration and monitoring requirements below.

Compliance Demonstration
and Monitoring Requirements 

For new cooling water heat exchangers in GHG service, the permittee will comply
with the work practice standards under 40 C.F.R. Part 63 Subpart CC.

Because of the very low amount of actual GHG emissions resulting from leaks at the cooling water heat
exchangers and due to the fact that it is not technically feasible to accurately measure the amount of
GHGs emitted from leaking exchangers, no specific emission limit is being proposed. This is consistent 
with PSD regulations, as discussed in Section 2.0 and with industry standards. 
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Flint Hills Resources - Pine Bend Refinery 
BACT Report - Attachment 1: Table 1 - CCS Capital Cost at 24H1
Pipeline to Nearest Sequestration Site and Injection Well

C02 Capture Equipment Capital Cost 
NETL Cost and Performance Baseline for Fossil Energy Plants, Volume 1a: Bituminous Coal (PC) and

Basis Natural Gas to Electricity Revision 3
http://www.netl.doe.qov/File%20Librarv/Research/Enerqv%20Analvsis/Publications/Rev3Vol1aPC NGCC final.pd
f
NETL Study Baseline NGCC Plant C02 Uncontrolled Emission Rate 495,180 Ib/hr
Total Capital Costs (Total Plant Cost1) for NGCC Power Plant without C02 Capture $431.6 Million
Total Plant Costs for NGCC Power Plant with C02 Capture $933.0 Million
Incremental Capital Cost for C02 Capture $501.5 Million

FHR: C02 PTE for 24H1 38,533 Ib/hr
Total Capital Cost Estimate: $501.48M*(38533.105022831/495180)A0.6 $108.37 Million

[1] The total plant cost (TPC) includes all equipment (complete with initial chemical and catalyst loadings), materials, 
labor (direct and indirect), engineering and construction management, and contingencies (process and project).
Does not include owner costs or escalation factors. See: http://www.netl.doe.gov/energy-
analyses/pubs/QGESS_C02T%26S_Rev2_20130408.pdf 

C02 Pipeline Capital Cost
Basis "Carbon Dioxide Transport and Storage Costs in NETL Studies." Exhibit 2 NETL Mar 2013

http://www.netl.doe.gov/enerqv-analvses/pubs/QGESS C02T%26S Rev2 20130408.pdf
Pipeline Minimum Length (L) 325 miles
Pipeline Diameter (D)2 6 inches 
Materials Cost = 64632+1.85*L*(330.5*DA2+686.7*D+26960) $28.1 Million
Labor Cost = 341627+1,85*L*(343.2*DA2+2074*D+170013) $127.6 Million
Miscellaneous = 150166+1.58*D17*(8417*D18+7234) $29.2 Million
Right of Way = 150166+1.58*D17*(8417*D18+7234) $13.9 Million
C02 Surge Tank $1.2 Mill ion 
Pipeline Control System $0.1 Mill ion 
Total C02 Pipeline Cost $200.2 Million 

[1] Approximate distance from FHR Pine Bend to the nearest potential geologic storage site, located in western
Illinois.

[2]
Massachusetts Institute of Technology. "Carbon Management GIS: C02 Pipeline Transport Cost Estimate." 
Updated June 2009. Available at: http://www.canadiancleanpowercoalition.com/pdf/CTS12%20-%20Transport.pdf.
See Table 1, where a 6-inch diameter pipeline can accommodate annual flows of 190,000 to 540,000 tons/year.

C02 Injection Well Capital Cost NA

CCS Estimated Total Capital Cost
Estimated Total for CCS $308.6 Million 



Flint Hills Resources - Pine Bend Refinery
BACT Report - Attachment 1: Table 2 - CCS Annual Operating Costs at 24H1 
Pipeline to Nearest Sequestration Site and Injection Well

Approximate Annual Costs of Carbon Capture, Transport, and Storage 1

Parameter Value
C02 Production (tons) 168,775
C02 Capture Efficiency 2 90%
C02 Captured (tons) 151,898
Length of Pipeline (km)3 523

Parameter
Approximate Cost 

Factors ($)
Approximate Annual 

Cost ($MM/yr) 

Post-Combustion C02 Capture and Compression 
Minimum Cost $ per ton C02 captured4 $44.45 $6.8
Maximum Cost $ per ton C02 captured 4 $86.18 $13.1
Average Cost $ per ton C02 captured b $65.32 $9.9

COz Transport
Minimum Cost $ per ton C02 transported per 100 km-1 $0.91 $0.7
Maximum Cost $ per ton C02 transported per 100 kmJ $2.72 $2.2
Average Cost $ per ton C02 transported per 100 kmb $1.82 $1.4

C02 Storage (including monitoring) 
Minimum Cost $ per ton C02 4,& NA NA
Maximum Cost $ per ton C02 4,b NA NA
Average Cost $ per ton C02 e NA NA

Total Cost for Capture, Compression, Transport, and Storage Combined 
Minimum Cost $45.36 $7.47

Maximum Cost $88.90 $15.25

Average Cost $67.13 $11.36

1 This table is based on a similar table in the LCRA Statement of Basis Document found on the EPA Region 6 internet site
http://www.epa.gov/earth1 r6/6pd/air/pd-r/ghg/lcra_sob.pdf and has revised with site-specific changes.

2 Capture efficiency value as per LCRA GHG PSD Permit Application Statement of Basis document p 17
3 The length of the pipeline needed was based on the distance to the closest active C02 pipeline based on the U.S.

Department of Transportation, National Pipeline Mapping System (June 2005) https://www.npmsa.dot.gov 
4 These cost factors are from Report of the Interagency Task Force on Carbon Capture and Storage, pp. 34, 37, and 44 (Aug

2010) (http://www.epa.gov/climatechange/policy/ccs_task_force.html). The factors from the report in the form of $/tonne of
C02 emissions avoided, transported, or stored and have been converted to $ per ton. Per the report, the factors are based on
the increased cost of electricity (COE; in $/kW-h) of an energy-generating system, including all the costs over its lifetime. 

5 Cost estimates [for geologic storage of C02] are limited to operational costs, and do not included potential costs associated 
with long-term liability (from the Report of the Interagency Task Force on Carbon Capture and Storage, p. 44). 

6 The average cost factors are the arithmetic mean of the minimum and maximum factors for each CCS component system and
for the total of all systems combined 



Flint Hills Resources - Pine Bend Refinery 
BACT Report - Attachment 1: Table 3 - CCS Capital Cost at 30H401 
Pipeline to Nearest Sequestration Site and Injection Well 

C02 Capture Equipment Capital Cost 
Basis Assessment of Hydrogen Production with C02 Capture Volume 1: Baseline Sta te-of-the-Art Plants

http://netl.doe.aov/File%20Librarv/Research/Enerav%20Analvsis/Publications/DQE-NETL-2010-1434-
H2ProdwCQ2CaptureVol1-2010.pdf 
NETL Baseline H2 Plant Size - Hydrogen Production 242 MMSCFD 
NETL Study Baseline H2 Plant C02 Uncontrolled Emission Rate 6,682 ton/day 
Total Capital Costs (Total Plant Cost1) for CCS H2 Plant without C02 Capture $492.6 Million 

FHR: #4 Hydrogen Plant Production 78 MMSCFD 
FHR: C02 PTE for 30H401 2,111 ton/day 
Total Capital Cost Estimate - H2 Production Ratio: $492.553M*(78/242)A0.6 $249.70 Million 
Total Capital Cost Estimate - Emissions Ratio: $492.553M*(2110.77534246575/6682)A0 $246.70 Million 

[1] The total plant cost (TPC) includes all equipment (complete with initial chemical and catalyst loadings), materials,
labor (direct and indirect), engineering and construction management, and contingencies (process and project).
Does not include owner costs or escalation factors. See: http://www.netl.doe.gov/energy-
analyses/pubs/QGESS_C02T%26S_Rev2_20130408.pdf

C02 Pipeline Capital Cost
Basis "Carbon Dioxide Transport and Storage Costs in NETL Studies." Exhibit 2 NETL Mar 201 3 

http://www.netl.doe.aov/enerqy-analvses/pubs/QGESS C02T%26S Rev2 20130408.pdf
Pipeline Minimum Length (L) 325 miles 
Pipeline Diameter (D)2 6 inches 
Materials Cost = 64632+1.85*L*(330.5*DA2+686.7*D+26960) $28.1 Mil lion 
Labor Cost = 341627+1.85*L*(343.2*DA2+2074*D+170013) $127.6 Mil lion 
Miscellaneous = 150166+1.58*D17*(8417*D18+7234) $29.2 Mi llion 
Right of Way = 150166+1.58*D17*(8417*D18+7234) $13.9 Mi llion 
C02 Surge Tank $1.2 Million 
Pipeline Control System $0.1 M illion 
Total C02 Pipeline Cost $200.2 Mil lion 

[1] Approximate distance from FHR Pine Bend to the nearest potential geologic storage site, located in western
Illinois.

[2] Massachusetts Institute of Technology. "Carbon Management GIS: C02 Pipeline Transport Cost Estimate." 
Updated June 2009. Available at: http://www.canadiancleanpowercoalition.com/pdf/CTS12%20-
%20Transport.pdf. See Table 1, where a 6-inch diameter pipeline can accommodate annual flows of 190,000 to 
540,000 tons/year. 

C02 Injection Well Capital Cost NA

CCS Estimated Total Capital Cost
Estimated Total for CCS $449.9 Mi llion 



Flint Hills Resources - Pine Bend Refinery
BACT Report - Attachment 1: Table 4 - CCS Annual Operating Costs at 30H401 
Pipeline to Nearest Sequestration Site and Injection Well

Approximate Annual Costs of Carbon Capture, Transport, and Storage 1

Parameter Value
C02 Production at 30H401 (tons) 770,433
C02 Capture Efficiency2 90%
C02 Capturedjtons) 693,390
Length of Pipeline (km)3 523

Parameter Approximate Cost 
Factors ($) 

Approximate Annual
Cost ($MM/yr) 

Post-Combustion C02 Capture and Compression 
Minimum Cost $ per ton C02 captured 4 $44.45 $30.8
Maximum Cost $ per ton C02 captured 4 $86.18 $59.8
Average Cost $ per ton C02 captured e $65.32 $45.3

C02 Transport
Minimum Cost $ per ton C02 transported per 100 kma $0.91 $3.3
Maximum Cost $ per ton C02 transported per 100 kma $2.72 $9.9
Average Cost $ per ton C02 transported per 100 kmb $1.82 $6.6

C02 Storage (including monitoring) 
Minimum Cost $ per ton C02 4,5 NA NA
Maximum Cost $ per ton C02 4,b NA NA
Average Cost $ per ton C02 b NA NA

Total Cost for Capture, Compression, Transport, and Storage Combined 
Minimum Cost $45.36 $34.12

Maximum Cost $88.90 $69.62

Average Cost $67.13 $51.87 

1 This table is based on a similar table in the LCRA Statement of Basis Document found on the EPA Region 6 internet site
http://www.epa.gov/earth1 r6/6pd/air/pd-r/ghg/lcra_sob.pdf and has revised with site-specific changes. 

2 Capture efficiency value as per LCRA GHG PSD Permit Application Statement of Basis document p 17
3 The length of the pipeline needed was based on the distance to the closest active C02 pipeline based on the U.S.

Department of Transportation, National Pipeline Mapping System (June 2005) https://www.npmsa.dot.gov 
4 These cost factors are from Report of the Interagency Task Force on Carbon Capture and Storage, pp. 34, 37, and 44 (Aug

2010) (http://www.epa.gov/climatechange/policy/ccs_task_force.html). The factors from the report in the form of $/tonne of
C02 emissions avoided, transported, or stored and have been converted to $ per ton. Per the report, the factors are based on
the increased cost of electricity (COE; in $/kW-h) of an energy-generating system, including all the costs over its lifetime. 

5 Cost estimates [for geologic storage of C02] are limited to operational costs, and do not included potential costs associated 
with long-term liability (from the Report of the Interagency Task Force on Carbon Capture and Storage, p. 44).

6 The average cost factors are the arithmetic mean of the minimum and maximum factors for each CCS component system and
for the total of all systems combined 



Flint Hills Resources - Pine Bend Refinery 
BACT Report - Attachment 1: Table 5 - Total CCS Capital Cost 
Pipeline to Nearest Sequestration Site and Injection Well

C02 Capture Equipment Capital Cost
Total Capital Cost Estimate: $501.48M*(38533.105022831/495180)A0.6 $108.4 Million
Total Capital Cost Estimate - H2 Production Ratio: $492.553M*(78/242)A0.6 $249.7 Million
Total $358.1 Million 

C02 Pipeline Capital Cost
Basis "Carbon Dioxide Transport and Storage Costs in NETL Studies." Exhibit 2 NETL M ar 2013

http://www.netl.doe.gov/enerqv-analvses/pubs/QGESS C02T%26S Rev2 20130408.pdf
Pipeline Minimum Length (L)1 325 miles 
Pipeline Diameter (D)2 6 inches 
Materials Cost = 64632+1,85*L*(330.5*DA2+686.7*D+26960) $28.1 Million 
Labor Cost = 341627+1.85*L*(343.2*DA2+2074*D+170013) $127.6 Million
Miscellaneous = 150166+1.58*D17*(8417*D18+7234) $29.2 Million
Right of Way = 150166+1.58*D17*(8417*D18+7234) $13.9 Million
C02 Surge Tank $1.2 Million 
Pipeline Control System $0.1 Million 
Total C02 Pipeline Cost $200.2 Million 

[1] Approximate distance from FHR Pine Bend to the nearest potential geologic storage site, located in western
Illinois.

[2] Massachusetts Institute of Technology. "Carbon Management GIS: C02 Pipeline Transport Cost Estimate."
Updated June 2009. Available at: http://www.canadiancleanpowercoalition.com/pdf/CTS12%20-
%20Transport.pdf. See Table 1, where a 6-inch diameter pipeline can accommodate annual flows of 190,000 to
540,000 tons/year. 

C02 Injection Well Capital Cost NA

CCS Estimated Total Capital Cost 
Estimated Total for CCS $558.31 Million 

Page 5 of 6



Flint Hills Resources - Pine Bend Refinery
BACT Report - Attachment 1: Table 6 - Total CCS Annual Operating Costs
Pipeline to Nearest Sequestration Site and Injection Well

Approximate Annual Costs of Carbon Capture, Transport, and Storage 1

Parameter Value
C02 Production (tons) 939,208
C02 Capture Efficiency2 90%
C02 Captured (tons) 845,287
Length of Pipeline (km)3 523

Parameter Approximate Cost 
Factors ($) 

Approximate Annual
Cost ($MM/yr) 

Post-Combustion C02 Capture and Compression 
Minimum Cost $ per ton C02 captured 4 $44.45 $37.6
Maximum Cost $ per ton C02 captured 4 $86.18 $72.8
Average Cost $ per ton C02 captured b $65.32 $55.2

C02 Transport
Minimum Cost $ per ton C02 transported per 100 km3 $0.91 $4.0
Maximum Cost $ per ton C02 transported per 100 km3 $2.72 $12.0
Average Cost $ per ton C02 transported per 100 kme $1.82 $8.0

C02 Storage (including monitoring) 
Minimum Cost $ per ton C02 4,s NA NA
Maximum Cost $ per ton C02 4's NA NA
Average Cost $ per ton C02 b NA NA

Total Cost for Capture, Compression, Transport, and Storage Combined 
Minimum Cost $45.36 $41.60

Maximum Cost $88.90 $84.87

Average Cost $67.13 $63.23

1 This table is based on a similar table in the LCRA Statement of Basis Document found on the EPA Region 6 internet site
http://www.epa.gov/earth1 r6/6pd/air/pd-r/ghg/lcra_sob.pdf and has revised with site-specific changes.

2 Capture efficiency value as per LCRA GHG PSD Permit Application Statement of Basis document p 17 
3 The length of the pipeline needed was based on the distance to the closest active C02 pipeline based on the U.S.

Department of Transportation, National Pipeline Mapping System (June 2005) https://www.npmsa.dot.gov 

4 These cost factors are from Report of the Interagency Task Force on Carbon Capture and Storage, pp. 34, 37, and 44 (Aug
2010) (http://www.epa.gov/climatechange/policy/ccs_task_force.html). The factors from the report in the form of $/tonne of
C02 emissions avoided, transported, or stored and have been converted to $ per ton. Per the report, the factors are based on
the increased cost of electricity (COE; in $/kW-h) of an energy-generating system, including all the costs over its lifetime.

5 Cost estimates [for geologic storage of C02] are limited to operational costs, and do not included potential costs associated
with long-term liability (from the Report of the Interagency Task Force on Carbon Capture and Storage, p. 44). 

6 The average cost factors are the arithmetic mean of the minimum and maximum factors for each CCS component system and 
for the total of all systems combined 
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Attachment 5:
ESA/NHPA Response Email

from U.S. EPA Region 5
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Hanafy, Tarik (MPCA)

From: Darrow, Jennifer <darrow.jennifer@epa.gov>
Sent: Thursday, May 05, 2016 2:09 PM
To: Hanafy, Tarik (MPCA)
Subject: FW: ESA & CRA - Flint Hills Resources

From: Darrow, Jennifer
Sent: Thursday, May 05, 2016 11:37 AM
To: 'Anderson, Sue M.' <Sue.Anderson@fhr.com>
Cc: Krautkremer, Michael <Michael.Krautkremer@fhr.com>; Damico, Genevieve <damico.genevieve@epa.gov>
Subject: ESA & CRA Flint Hills Resources

ESA :

For this permit action, a response from a threatened or endangered species to an environmental stressor is
unlikely. Therefore, no further consultation is necessary under Section 7 of the Endangered Species Act.

NHPA:

Section 106 of the National Historic Preservation Act allows the Federal Agency initiating the action to determine if an
undertaking is likely to affect historic properties. If the undertaking is not the type of activity likely to affect historic
properties, then the responsible Federal agency has no further obligation under Section 106. For this permit action, US
EPA has determined that the undertaking is not likely to affect historic properties and no further action is required under
Section 106 of the NHPA.

If there are any questions regarding these determinations, please let me know.

Jennifer Darrow

From: Anderson, Sue M. [mailto:Sue.Anderson@fhr.com]
Sent: Tuesday, May 03, 2016 8:23 AM
To: Darrow, Jennifer <darrow.jennifer@epa.gov>
Cc: Krautkremer, Michael <Michael.Krautkremer@fhr.com>
Subject: RE: Availability for Conference Call Pine Bend TEIP Permit

Sure Jennifer, Thursday still works fine. Hope your little one feels better soon!

From: Darrow, Jennifer [mailto:darrow.jennifer@epa.gov]
Sent: Tuesday, May 03, 2016 7:53 AM 
To: Anderson, Sue M. 
Cc: Krautkremer, Michael 
Subject: RE: Availability for Conference Call - Pine Bend TEIP Permit 

Sent by an external sender. Use caution opening attachments, clicking web links, or replying unless you have 
verified this email is legitimate. 



2

Hi Sue –

I am out of the office today with a sick one home from school. Can we reschedule our call to either of the Thursday
times? I apologize for the inconvenience.

From: Anderson, Sue M. [mailto:Sue.Anderson@fhr.com]
Sent: Thursday, April 28, 2016 11:02 AM
To: Darrow, Jennifer <darrow.jennifer@epa.gov>
Cc: Krautkremer, Michael <Michael.Krautkremer@fhr.com>
Subject: Availability for Conference Call Pine Bend TEIP Permit

Jennifer, we’d be very interested in setting up a time to meet and discuss how the reviews of the ESA BE and CRA are
progressing and whether you or Nick Utrup have any questions for us. Here are some times next week that we are
available for a conference call:

        Mon 5/2: 9 10am, 2 3pm
        Tues 5/3: 11am 2pm
        Wed 5/4: 9 10am, 10:30 11:30am, 1:30 3pm
        Thur 5/5: 10 12am, 1 3pm

If none of these time work, please let us know what may work for you and we should be able to adjust our schedules.

We appreciate your time and look forward to talking with you.

Sue Anderson
Senior Air Permit Engineer - Ventures
Flint Hills Resources LP, Pine Bend Refinery
Rosemount, MN
(651) 438-1214



Attachment 6:
Modeling Report



 Pine Bend Refinery 

P.O. Box 64596 
Saint Paul, Minnesota  55164 

651.437.0700 

October 11, 2016 

Ms. Helen Waquiu 
Risk Evaluation & Air Modeling 
Environmental Analysis and Outcomes  
Air Assessment and Environmental Data Management 
Minnesota Pollution Control Agency 
520 Lafayette Road 
St. Paul, MN 55155-4194  

RE:  Pine Bend Technology and Efficiency Improvement Projects  
PSD Modeling Report (AQ Facility #03700011) 

Dear Ms. Waquiu:  

Enclosed please find two copies of the Prevention of Significant Deterioration (PSD) 
dispersion modeling report for the Flint Hills Resources Pine Bend, LLC (FHR) proposed 
Pine Bend Technology and Efficiency Improvement Projects (Projects). The report follows 
the methods as approved by the Minnesota Pollution Control Agency on May 16, 2016 and 
also addresses minor project and emissions changes since the protocol approval. The 
report includes the completed Air Quality Dispersion Modeling Report form (AQDM-06), the 
Air Quality Dispersion Modeling Protocol Spreadsheet (AQDM-02), and additional 
supplemental material.  

This report is being submitted in support of the air permit application for the proposed 
Projects, which consists of a collection of separate projects that have been combined solely 
for permitting purposes. The Projects involve improvements to the refinery’s processing 
efficiency by means of heat integration, replacement and modernization of aging equipment, 
and more efficient utilization of existing assets.  

Summary of PSD Source Impact Analysis 

The Projects will constitute a major modification under Minnesota and EPA’s PSD program 
for nitrogen oxides (NOX), particulate matter less than or equal to 10 microns, (PM10), and 
particulate matter less than or equal to 2.5 microns, (PM2.5)1. An air quality dispersion 
modeling analysis for PM10, PM2.5, and NOX is required by PSD rules to evaluate potential 
                                                      
1 Greenhouse gas (GHG) emissions also will be subject to PSD review, but there are no ambient air quality 
standards for GHGs, therefore, no modeling of GHG emissions is required.
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impacts from the proposed Projects on ambient air quality and demonstrate that the Projects 
will not cause or contribute to ambient air concentrations that violate the National Ambient 
Air Quality Standards (NAAQS) or the maximum allowable ambient concentration increase 
over baseline (Increment).  

The maximum predicted impacts are provided in Table 1 and are less than the Significant 
Impact Levels (SILs) for PM10, PM2.5, and NOX for all averaging periods. Additionally, the 
maximum predicted impacts in Table 2 for the PM2.5 increment screening analysis are less 
than the Class II Increment levels. The fact that these maximum predicted impacts are less 
than the Significant Impact Levels and Class II Increment demonstrates that potential 
impacts on air quality as a results of the Projects will be insignificant for these pollutants and 
averaging periods. Tables 1 and 2 show that the air impacts of the Projects do not exceed 
the relevant SILs and, therefore, do not require full cumulative modeling for NAAQS or 
Increment. 

Table 1: Projects PM10, PM2.5, and NOX SIL Results  

Pollutant Averaging Period Projects Modeled 
Impacts (μg/m3) SIL % of SIL 

PM10
24-hr 1.23 5 25% 

Annual 0.14 1 14% 

PM2.5
24-hr 0.68 1.2 57% 

Annual 0.11 0.3 37% 

NOx
1-hr 2.54 7.52 34% 

Annual 0.15 1 15% 

Table 2: Projects PM2.5 Increment Screening Results  

Pollutant Averaging Period Projects Modeled 
Impacts (μg/m3)

Class II 
Increment

% of 
Increment

PM2.5
24-hr 1.12 9 12% 

Annual 0.075 4 1.9% 

Changes to the Modeling Protocol 

Since the modeling protocol for the Projects was approved on May 16, 2016, minor changes 
have been made to the air dispersion modeling analysis including: 1) revised emissions 
accounting for corrections to the baseline emissions for the project, 2) additional affected 
units included in the model due to additional equipment being upgraded as part of the 
Projects, 3) an updated building profile input program (BPIP) file, 4) revised modeling 
parameters for cooling tower 6, the new #4 coker drum vent stack, and the new #4 coker 
heater (24H1), 5) updated background concentrations for PM2.5, and 6) revised AQDM-02. 
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There have been no changes in the potential emissions from new units associated with the 
Projects, and collectively with the changes listed above, potential ambient impacts were 
reduced or had little impact on modeled concentrations. 

Please contact me at 651-480-2831 if you have any questions regarding this submittal. 

Sincerely, 

Shannon Olsen 
Air Permitting Engineer 

Enclosures 

Cc: Tarik Hanafy – Minnesota Pollution Control Agency 



Ms. Waquiu 
Page 4 

October 11, 2016 

RE:  Pine Bend Technology and Efficiency Improvement Projects  
PSD Modeling Report (AQ Facility #03700011) 

Bcc: File # 0044-40.118 
 Shannon Olsen (Electronic) 
 Mark Manninen (Electronic) 
 Mike Krautkremer (Electronic) 
 Jenni Koenen (Barr Engineering)  

Q:\Air\Air Permits - PermitCSO\Permits by Equip-Units\gas oil\Diesel Selectivity and 
FGLR\Modeling\Report 

Addresses:

Minnesota Pollution Control Agency 
520 Lafayette Road North 
St. Paul, MN 55155-4194 
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AQDM-06
Air Quality Dispersion Modeling Report 

Protocol Form for Criteria Pollutant Modeling 
(Previously AQDMR-01) 

Doc Type:  Air Dispersion Modeling 

Acronym Information on Page 7 
Instructions: Permit applicants required to conduct air dispersion modeling should submit two paper copies of the completed Air 
Quality Dispersion Modeling Report form (AQDM-06) and all accompanying files to:  

Air Quality Permit Document Coordinator 
Minnesota Pollution Control Agency 
520 Lafayette Road North 
St. Paul, MN  55155-4194 

Applicants may also submit an electronic version in addition to the two paper copies. This is highly recommended. Please note that
all assumptions made in the air dispersion modeling analysis could result in air permit requirements. 

Electronic copies of the forms and accompanying files should be sent to: AirModeling.PCA@state.mn.us.

Facility Information 

AQ tracking no.:       AQ facility/permit ID no.: 03700011 Today’s date (mm/dd/yyyy): 10/03/2016 

Three-letter modeling facility ID (ex., XEK = Xcel Energy Allen S. King, MEC = Mankato Energy Center, etc.): FHR 

Facility name: Flint Hills Resources Pine Bend Refinery 

Facility street address: 13775 Clark Road 

City: Rosemount County: Dakota Zip code: 55068 State: MN 

Facility contact: Shannon Olsen Protocol prepared by: Jennifer Koenen 

Facility contact phone: 651-480-2831 Preparer phone: 952-832-2682

Facility contact e-mail address:  Shannon.Olsen@fhr.com Preparer e-mail address: jkoenen@barr.com 

*UTM coordinates of facility (NAD83, zone 15 extended ONLY): x = 496,541.97 m East, y = 4,957,082.33 m North 

*This should be the central location of the facility/source.   

This report is associated with (check all that apply):
 Permit application 
 Permit requirement 
 SIL-only analysis  
 Other:       

Project Description (50 words or less)

Flint Hills Resources Pine Bend Refinery (FHR) is proposing improvements to the refinery’s processing efficiency by means of heat
integration, replacement and modernization of aging equipment, and more efficient utilization of existing assets. The Projects will 
improve the refinery’s flexibility to meet demand for low sulfur fuels and reduce the refinery’s permitted allowable emissions by more 
than 500 tons per year. The Projects represent a significant investment in upgrades with modern equipment that will shut down and 
replace the largest NOX emitting heaters at the refinery, improvements to heating usage and re-use of waste heat, and help ensure
sustained, reliable refinery operations. 

Files to Accompany Modeling Report 
Include the following files with the completed modeling report form. Use checkbox to indicate that all applicable files are included. 

1.  AERMOD input files (*.inp, *.adi, *.ami)  
 AERMOD output files (*.out, *.ado, *.amo) 
 AERMOD plot files (*.plt) 
 AERMOD post files (*.pst)  (If applicable) 
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 AERMOD event files (*.evi, *.evo)  (If applicable) 
 AERMOD miscellaneous/other files (MAXDCONT, ?, ?, etc.)  (If applicable) 

2. AERMET files:     *.sfc    *.pfl

3. BPIP-PRIME files:     Input (*.bpi)  Output (*.bpo, *.sum)  (If applicable) 

4. AERMAP files:    Terrain (*.dem(s), *.tif (NED files)),     Input (*.ami),  Output (*.rou, *.sou, etc.)  (If applicable) 

5. Background data files:    Background concentrations for applicable pollutants (seasonal, monthly, daily, hourly, etc.)   

(If applicable) 

6. Modeling Results:    Figures  (*.jpeg, *.pdf),  GIS Maps (*.shp) 

7. AQDM-02 spreadsheet*:   

8. Other files and supporting documents (paved roads fugitive dust modeling output files, etc.): 
AQDM-02_PBTEIP_20160930_withPM25Increment.xlsx; UMP2012-14_Quarterly_Data_Completeness_Summary.xlsx; 
TEIP_Report_PM25Increment20160914.zip; PM2.5_AERMODfiles.7z; MPCA_PM2 5_IncrementScreening Final 
20160930.docx 

*Provide the final spreadsheet (i.e. AQDM-02) and indicate/highlight changes. 

Section 1. Modeling Protocol 

1. The Air Dispersion Modeling presented in this report is based on a Protocol that has been: 

 Approved  Conditionally approved      *MPCA approval date (mm/dd/yyyy): 05/16/2016 
*This is the date given on AQDM-04 form

2. Does this Modeling submittal completely follow the Approved Protocol?     Yes  No 
 If yes, proceed to Section 3. 

If no, proceed to Section 2. 

Section 2. Changes to Modeling Protocol 

Table 1:  Protocol Changes (Please indicate which sections in Approved Protocol contain changes.)

Modeling protocol by sections  
Section and section name Change/No change 

Files to accompany protocol Change 
Section A 
Purpose for Air Dispersion Modeling and Related Information Change 
Section B 
EPA Pre-Processors and EPA Post-Processors Change 
Section C 
Model Selection and Options (Key CO Pathway Inputs) No Change 
Section D 
Emission Source Characterizations and Parameters (Key SO Pathway Inputs) Change 
Section E 
Paved Roads Fugitive Dust (as per MPCA April 25, 2011 Policy) No Change 
Section F 
Receptors (RE Pathway) No Change 
Section G 
Meteorological Data (ME Pathway) No Change 
Section H 
SIL Analysis and Results Change 
Section I 
Background Values Change 
Section J 
Nearby Sources No Change 
Section K No Change 
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Pollutant-based Considerations

Section 2.1: Detailed Changes to Modeling Protocol 

Please provide specific information corresponding to those sections in Table 1 where changes are indicated. 

Since the modeling protocol for the Projects was approved on May 16, 2016, minor changes have been made to the air dispersion 
modeling analysis including: 1) revised emissions accounting for corrections to the baseline emissions for the project, 2) additional 
affected units included in the model due to additional equipment being upgraded as part of the Projects, 3) an updated building
profile input program (BPIP) file, 4) revised modeling parameters for cooling tower 6, the new #4 coker drum vent stack, and the
new #4 coker heater (24H1), 5) updated background concentrations for PM2.5, and 6) revised AQDM-02. There have been no 
changes in the potential emissions from new units associated with the Projects, and collectively with the changes listed above,
potential ambient impacts were reduced or had little impact on modeled concentrations.  

The changes are summarized in more detail below. 

1. Combustion emissions for existing refinery project affected emission units that fire refinery fuel gas have been updated. The
primary reason for this calculation update is to properly reflect oxygen concentration correction in our laboratory measurements for 
higher heating value, molecular weight, and carbon content of the refinery fuel gases. There have been no changes in the potential 
emissions from new units associated with the Projects. This correction results in a small change (less than 2%) in the resulting
project emissions increase and does not affect PSD applicability. 

2. The 28 Naphtha Hydrotreater (28H1), 37 Naphtha Hydrotreater Units (37H1/2) and the 37 Platformer Unit (37H3/4/5/6) were 
added to the air permit application as project-affected units to account for proposed changes expected to reduce downtime due to
less frequent catalyst replacement outages at the two hydrotreaters. Less frequent catalyst replacement outages could increase 
annual operating utilization of these three process units. The updated project emissions increases for the Projects as a result of this 
change did not alter which pollutants are subject to PSD review.  

3. The BPIP file was updated to reflect the correct building height of cooling tower 6 and the locations of the individual cell stacks. 
The BPIP originally listed the building at a height of 66 ft, when it is actually 51.95 ft. The design height of the new #4 coker drum 
structure was increased to 182 ft. BLDG081 was a superseded structure  from preliminary model iterations and is not being built;
therefore, it was removed from the BPIP input file. Its zone of influence did not affect any stacks associated with the Projects.

4. The individual cells (A-J) associated with cooling tower 6 were all shifted 5 meters west to properly align on the building structure.
The new #4 coker drum vent release height also increased as a result of the increase in design height. The estimated air flow 
through the 24H-1 heater stack was also updated.  

5. The 24 hour and annual PM2.5 background concentrations in the PM2.5 Increment Screening Analysis were updated to the most 
recent 3 years of available monitoring data (2013-2015) from the MPCA's "Annual Air Monitoring Network Plan for Minnesota - 
2017".

6. AQDM-02 includes a fix to the tab “Annual SIL POINT Source Inputs” in the column titled “SOURCE PARAMETER” for the PM2.5 
pollutant rows of the newly added stacks in pink (SV047, SV082, SV083) to update the links to the TEQ PM2.5 emission rates in 
column S. It was linked incorrectly to the direct PM2.5 emission rates in column K. Also, the tab “PM2.5 Increment Point Sources”
was updated to reflect the simplified screening approach that was discussed, using a merged stack to represent the entire FHR 
facility based on the PM2.5 emission rate averages. The emission rates modeled for the Increment analysis are reflected in Tables
6 and 9 of the Increment Screening Analysis (see "MPCA_PM2 5_IncrementScreening Final 20160930.docx").  

The changes to the modeling protocol affected the BPIP files, the AQDM-02.xls spreadsheet, and the associated modeling files. 

Section A. Purpose for air dispersion modeling and related information 

MPCA approved change:     Yes    No  Date (mm/dd/yyyy):        

Describe changes and/or indicate section item number(s): 

AQDM-01 Section A. Question 5.b: 

The Projects, as that term is used in this document, consist of the following separate projects:  

1. The Coker Replacement Project includes replacing two delayed coking process units, the #1 Coker (21-1 Unit) and #2 Coker (21-
2 Unit), with a single modern delayed coking unit, the #4 Coker (24 Unit), and an integrated gas recovery unit. The #4 Coker 
Process Heater (24H1) will fire natural gas and/or fuel gas and be designed with low NOX burners and a control technology system
known as selective catalytic reduction (SCR) that, in conjunction with shutting down the 21H1 and 21H2 Process Heaters, will 
decrease potential NOX emissions by over 350 tpy. The existing coker gas recovery unit (15 Unit) that is associated with the #1 and 
#2 Cokers will be repurposed into a saturated gas recovery unit to support other existing refinery process units that produce refinery 
gas. 

2. The Diesel Selectivity Projects include the installation of a new Gas Oil Vacuum Fractionator and improvements to the existing
Distillate Hydrocracker (29 Unit). The new Gas Oil Vacuum Fractionator will be installed within the 38 Unit Gas Oil Hydrotreater
(GOHT) to process desulfurized gas oil from both the 38 Unit and 33 Unit GOHT. The heaters at the GOHTs will not be modified, 
but are expected to increase utilization, when capacity is available. The new Gas Oil Vacuum Fractionator will help lift light gas oil 
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(LGO), which is distillate cut material, out of the gas oil before the heavier gas oil is then fed to the Fluidized Catalytic Cracking Unit 
(17 Unit). The recovered distillate cut will then be fed to either a distillate hydrotreating unit (desulfurization) or the 29 Unit 
Hydrocracker to increase ultra-low sulfur diesel yield from the refinery and thus help meet market demand for this transportation 
fuel. The 29 Unit Distillate Hydrocracker, which is designed to both hydrotreat the feed to produce low sulfur fuels and crack the
feed to increase liquid volume yield, will be physically modified to increase its productivity and yield.  

Additional hydrogen will be needed to support increased hydrotreating and cracking activity. New equipment at the #4 Hydrogen 
Plant will be installed to increase hydrogen yield through energy integration instead of installing additional fired heater capacity.  

Finally, FHR proposes to complete an amine efficiency project that consists primarily of switching the amine chemical from 
monoethanolamine (MEA) to diglycolamine (DGA) to more efficiently remove sulfur from refinery fuel gas by using less steam for 
amine regeneration. Pumping improvements at the upstream hydrotreaters are also expected to be completed as part of this project
in order to increase amine circulation for proper sulfur removal. 

3. The Naphtha Processing Improvement Projects consist of (1) installation of piping to reroute distillate and gas oil hydrotreater
naphtha to the 29 Unit Distillate Hydrocracker (2) installation/modification of equipment in VOC service at the refinery’s smallest
naphtha hydrotreater (NHT) (31-5 Unit) to help increase the ability to process naphtha, a gasoline blendstock, and (3) new and 
upgraded equipment at the 28 Unit Naphtha Hydrotreater and 37 Unit Naphtha Hydrotreater to increase the run-time between 
catalyst replacement outages, which currently occur once annually for the 28 Unit and once every other year for the 37 Unit. 
Improvements to the 31-5 Unit are expected to incrementally increase overall naphtha processing capacity while the projects at the
28 and 37 Units are expected to provide an incremental increase in annual utilization due to reduced downtime as a result of less
frequent catalyst replacement outages. The portion of these projects that reroutes naphtha to the 29 Unit Distillate Hydrocracker
fractionation section will allow the stream to avoid reprocessing while creating additional capacity in the naphtha desulfurization
units and the naphtha splitters. Aside from the addition of fugitive equipment in VOC service, modifications to emission units (e.g.,
heaters) are not planned as a part of these projects. 

As a result of these Projects, the refinery is expected to increase the production of diesel, gasoline, and other products (i.e., the 
refinery will be operating more efficiently and closer to its capacity). 

Section B. EPA pre-processors and EPA post-processors 

MPCA approved change:     Yes    No  Date (mm/dd/yyyy): 5/16/2016  

Describe changes and/or indicate section item number(s): 

AQDM-01 Section B. Question 2: The BPIP file was updated to reflect the correct building height of cooling tower 6 and the 
locations of the individual cell stacks. The bpip originally listed the building at a height of 66 ft, when it is actually 51.95 ft. The 
individual stacks (A-J) were all shifted 5 meters west to properly align on the building structure. The #4 coke drum structure and 
drum vent stack were also updated to the final design height of 182 ft. BLDG081 was a superseded structure from preliminary 
model iterations and is not being built.; therefore, it was removed from the BPIP input file. Its zone of influence did not affect any 
stacks associated with the Projects. 

Section C. Model selection and options (Key CO pathway inputs) 

MPCA approved change:     Yes    No  Date (mm/dd/yyyy):        

Describe changes and/or indicate section item number(s): 

      

Section D. Emission source characterizations and parameters (Key SO pathway inputs) 

MPCA approved change:     Yes    No  Date (mm/dd/yyyy): 5/16/2016  

Describe changes and/or indicate section item number(s): 

AQDM-01 Section D. Question 1a: The individual cooling tower 6 stacks (A-J) were all shifted 5 meters west to properly align on the 
building structure. The #4 coke drum vent stack height was increased to 182 ft and the 24H-1 Unit Heater Stack flow rate was 
finalized at 69,051 acfm. SV047, SV082 and SV083 PM2.5 emission rates were updated to reflect the TEQ PM2.5 emissions, not 
the direct PM2.5 emissions. 

Section E. Paved roads fugitive dust 

MPCA approved change:     Yes    No  Date (mm/dd/yyyy):        

Describe changes and/or indicate section item number(s): 
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Section F. Receptors (RE pathway) 

MPCA approved change:     Yes    No  Date (mm/dd/yyyy):        

Describe changes and/or indicate section item number(s): 

      

Section G. Meteorological data (ME pathway) 

MPCA approved change:     Yes    No  Date (mm/dd/yyyy):        

Describe changes and/or indicate section item number(s): 

      

Section H. SIL analysis and results 

MPCA approved change:     Yes    No  Date (mm/dd/yyyy):        

Describe changes and/or indicate section item number(s): 

AQDM-01 Section H. Question 2: Updates to the affected sources and annual emission rates associated with the Projects, the #4 
coke drum structure height above grade, and the #4 coker drum release height caused the SIL modeling results to change.  

Section I. Background values 

MPCA approved change:     Yes    No  Date (mm/dd/yyyy):        

Describe changes and/or indicate section item number(s): 

AQDM-01 Section I. Question 1a: The 24 hour and annual PM2.5 background concentrations in the PM2.5 Increment Screening 
Analysis were updated to the most recent 3 years of available monitoring data (2013-2015) the MPCA's "Annual Air Monitoring 
Network Plan for Minnesota - 2017".  

Section J. Nearby sources 

MPCA approved change:     Yes    No  Date (mm/dd/yyyy):        

Describe changes and/or indicate section item number(s): 

      

Section K. Pollutant-based Considerations 

MPCA approved change:     Yes    No  Date (mm/dd/yyyy):        

Describe changes and/or indicate section item number(s): 

      

Section 3. Paved Roads Fugitive Dust (Optional) 

Facilities that have indicated in AQDM-01 form the exclusion of paved roads in the air dispersion modeling should provide the 
results of that modeling in Table 1, whether results were or were not provided in the AQDM-01 form. Results should not include 
fugitive dust from paved roads. (See the AQDM-01 form for further details and tiers.) 

Table 1:  Model results for paved roads fugitive dust exemption policy 

Averaging 
Period

NAAQS 
( g/m3)

Total Modeled NAAQS 
Concentration 
(includes Background 
and Nearby Sources) 
(ug/m3) % of NAAQS 

PSD Class II 
Increments 
( g/m3)

Modeled Class II 
Increment 
Impact 
Concentrations 
( g/m3)

% of Class II 
Increments 

PM10
24-hour 150       0.00% 30       0.00% 
Annual 50       0.00% 17       0.00% 

PM2.5
24-hour 35       0.00% 9       0.00% 
Annual 15       0.00% 4       0.00% 
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Section 4. Modeling Results 

Table 2:  Pollutants and averaging periods (Check all the boxes for each pollutant and averaging period(s) modeled.)

Pollutant Averaging Period 
Standard

Increment SIL-only NAAQS MAAQS 

CO
1-hr 
8-hr 

Lead 
Rolling 3 mo. Avg 
Quarterly Avg 

NO2
1-hr 
Annual 

SO2

1-hr 
3-hr 
24-hr 
Annual 

PM10
24-hr 
Annual 

PM2.5
24-hr 
Annual 

Table 3:  NAAQS/MAAQS modeling results (Enter modeling results along with the percent of standard.)

Pollutant Averaging period 

NAAQS 
standard 
(ug/m3)

MAAQS 
standard 
(ug/m3)

Total modeled 
concentration 
(includes background 
and nearby sources) 
(ug/m3)

Percent of 
standard (%) 

NAAQS MAAQS 

CO
1-hr 40,000 35,000                   
8-hr 10,000 10,000                   

Lead 
Rolling 3 mo. Avg 0.15 ***                   
Quarterly Avg 1.5 1.5                   

NO2
1-hr 188 ***                   
Annual 100 100                   

SO2

1-hr 196 1300                   
3-hr *** 1300/*915                   
24-hr 365 365                   
Annual 80 60                   

PM10
24-hr 150 150                   
Annual *** 50                   

PM2.5
24-hr 35 65                   
Annual 12 15                   

*SO2 3-hr for Northern Minnesota is 915 ug/m3.  

Table 4:  Increment modeling results (Provide the increment modeling results along with the percent of standard.)

Pollutant Averaging Period 

Class II 
Increment 
(ug/m3)

Total Modeled Concentration 
(includes other increment sources)  
(ug/m3)

Percent of Standard 
(%) 

NO2
1-hr ***             
Annual 25             

SO2

1-hr ***             
3-hr 512             
24-hr 91             
Annual 20             

PM10 24-hr 30             
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Annual 17             

PM2.5
24-hr 9 1.12 12% 
Annual 4 0.075 1.9% 

Table 5:  SIL-only modeling results (Provide the SIL modeling results along with the percent of standard.)

Pollutant Averaging Period 
SIL
(ug/m3)

Total Modeled Concentration  
(ug/m3)

Percent of Standard 
(%) 

NO2
1-hr 7.52 2.54 34% 
Annual 1 0.15 15% 

SO2

1-hr 7.83             
3-hr 25             
24-hr 5             
Annual 1             

PM10
24-hr 5 1.23 25% 
Annual 1 0.14 14% 

PM2.5
24-hr 1.2 0.68 57% 
Annual 0.3 0.11 37% 

CO
1-hr 2000             
8-hr 500             

Section 5. Discussion 
Enter any discussion or comments on the information provided in this form (this can be used as a substitute for a written report):
The Pine Bend Technology and Efficiency Improvement Projects modeling analysis follows the May 16, 2016 approved modeling 
protocol with the exception of recent updates to the annual emission rate calculation methodology, the addition of the 28H-1, 37H-
1,2,6 and 37H-3,4,5 heater stacks, the increase of the #4 drum vent structure and stack to 182 ft, removal of BLDG081, 24H-1 
heater stack flow rate update, the cooling tower 6 building height and stack heights and location updates, updated background 
concentrations for PM2.5, and a revised AQDM-02. Tables 4 and 5 demonstrate that the project ambient air impacts are below all 
the applicable standards. Figures 1 through 6 show the modeling results by receptor and show that the maximum impacts are 
located at the fenceline and decrease with distance.

Section 6. Modeling Results Figures/Maps
Insert a figure or map showing the facility emission sources, receptors, and the location of the modeled maximum concentration(s)
for each applicable pollutant, corresponding averaging periods, and operating scenarios. Figures or maps should correspond to 
Section 3 NAAQS and Increment results.
See attached Figures 1 through 6. 
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Acronyms 
AERMAP AERMOD Terrain Preprocessor 
AERMET AERMOD Meteorological Preprocessor  
AERMOD AMS/EPA Regulatory Model 
AQ Air Quality  
AQDMP-01 Air Quality Dispersion Modeling Protocol form  
AQDMPS-01 Air Quality Dispersion Modeling Protocol 

Spreadsheet 
BPIP-PRIME Building Profile Input Program for PRIME 
CO Carbon Monoxide 
EPA U.S. Environmental Protection Agency 
FAC 3-letter facility ID 
MAAQS Minnesota State Ambient Air Quality 

Standard 
MPCA Minnesota Pollution Control Agency 
NAAQS National Ambient Air Quality Standard  
NO2  Nitrogen Dioxide  
OU Operable Unit 
Pb Lead 
PM10  Particulate Matter less than 10 um in size  
PM2.5  Particulate Matter less than 2.5 um in size  
PRIME Plume Rise Model Enhancements 
PSD Prevention of Significant Deterioration 

Program  
SIL Significant Impact Level 
SO2  Sulfur Dioxide  
SIP State Implementation Plan 
SMS Standardized Mobile Source  

g/m3 Micrograms per cubic meter ( g/m3)
UTM Universal Transverse Mercator
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PM10 ANNUAL SIL RESULTS
PSD MODELING REPORT

Pine Bend Technology and
Efficiency Improvement Projects
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PM 2.5 Increment Screening

For the purpose of screening out of a full NAAQS and increment analysis, in the past it was acceptable to demonstrate
that project impacts were below the SILs and background concentrations were at least one SIL below the NAAQS.
However, in EPA’s most recent guidance on PM 2.5 modeling (EPA, 2014), that approach was deemed unacceptable
when screening out of a PM2.5 increment analysis. Instead, the new guidance recommends three areas of justification
needed to screen out of a full PM 2.5 increment analysis. Through consultation with EPA, and an analysis of available
data, MPCA has developed a process (figure 1) to address the three areas of justification laid out in the new guidance.

The first step in following the above process is to determine whether the minor source baseline date (MiSBD)
has been set for the county in which the project is being proposed. If you need information on MiSBDs, please
contact the air dispersion modeler assigned to your project.

Breakdown of steps: Minor Source Baseline Date Not Yet Set

If the MiSBD has not been set, the submittal of a complete permit application for the proposed project will set
the MiSBD (EPA, 2014). To screen out of full increment modeling in this case, the first step is to determine
whether any major nearby sources have started construction since the major source baseline date (MaSBD),
that has or will result in changes to that source’s PM 2.5 emissions. For the purposes of this analysis, major
nearby sources are:

Figure 1 PM 2.5 Increment Screening Process



Sources that produce a significant concentration gradient of PM2.5 in the vicinity of the proposed
project, based on total facility emissions
And
Sources that have been designated PSD

Contact the permit engineer assigned to the proposed project for clarification on which nearby sources are PSD
major sources, and to determine if any of those sources have commenced construction related to PM2.5 since
the MaSBD. If no major nearby sources have commenced construction related to PM 2.5, three steps remain:

1) Model the proposed project’s impacts disregarding background and nearby sources. For the 24 hour
averaging time, output the H2H for each separate year of meteorological data, and take the maximum of the
yearly 24 hr H2Hs. For the annual averaging time, output the H1H annual average.

2) Calculate trends in PM 2.5 monitored design values. After locating a representative background monitor, fill
out tables 1 and 2 with the design values for that monitor from the MaSBD (2008 2010) and the most recent
design values. Then subtract the MaSBD design values from the most recent design values to find the
changes.

Table 1. PM 2.5 24 hour ( g/m3 )
Site Name 2008 2010 Most Recent Change

Table 2. PM 2.5 Annual ( g/m3 )
Site Name 2008 2010 Most Recent Change

Enter the results from steps 1 and 2 above, into table 3.

Table 3. Accounting of steps 1 & 2
Contributions 24 Hour H2H

Concentration/Changes
( g/m3 )

H1H Annual Average
Concentration/Changes
( g/m3 )

1) Concentration modeled for
the proposed project.
Total increment available on
the MaSBD

9 4

2) Background Change



3) Screening Justification: Finally, provide an argument for compliance with PSD increments based on the
findings summarized in table 3. Use the following decision tree as a guide for screening justification.

If a major nearby source has started construction since the MaSBD related to PM 2.5, then proceed to the right
side of figure 1 and complete steps 1, 2a, 3 and 4. These steps will be described in the next section.

Note: 2b is excluded since the current project sets the MiSBD and no increment consumption has occurred since that date.

Breakdown of steps: MiSBD Has Already Been Set

If the MiSBD has already been set, steps 1 4 on the right side of figure 1 will need to be completed.

1) Model the proposed project’s impacts disregarding background and nearby sources. For the 24 hour
averaging time, output the H2H for each separate year of meteorological data, and take the maximum of the
yearly 24 hr H2Hs. For the annual averaging time, output the H1H annual average.

2) a) If construction occurred at a major nearby source between the MaSBD and MiSBD, and if that
construction affected that nearby source’s PM 2.5 emissions, the impacts of that construction will need to
be modeled to determine increment expansion or consumption. This modeling should be conducted
following the screening modeling method described below.

b) Changes in PM 2.5 emissions at all permitted nearby sources since the MiSBD also need to be modeled to
determine increment expansion or consumption. This modeling should also be conducted following the
screening modeling method described below.

Figure 2 Screening justification decision tree for cases in which the MiSBD has not been set and no major nearby source
construction has occurred since the MaSBD.



Increment Program and Data Challenges

The increment program was designed to ensure that air quality does not significantly deteriorate, while still
allowing room for growth. The room for growth for PM 2.5 for class II areas is 9 micrograms/m3 for 24 hour
averaging and 4 micrograms/m3 for annual averaging. In the increment program, consumption or expansion of
the growth margin (increment) is determined by:

Changes in concentrations due to changes in actual emissions at major nearby sources that started
construction between the MaSBD and MiSBD

And
Changes in concentrations due to changes in actual emissions at all other nearby sources as a result of
construction, or changes in methods and/or hours of operation since the MiSBD.

As well as
Potential emissions from the proposed source and sources without 2 years of actual data.

(EPA, 1990, 2014; Shepherd, 2008)

Recent changes in PM 2.5 calculation methods and emission factors complicate MPCA’s ability to detect true
changes in actual emissions for many facilities at this time. In these situations, the MPCA is currently pursuing
methods to normalize past actual emissions so the PSD increment program can be implemented as it was
intended. At this time, in situations where actual emissions are based on inconsistent and incomparable
methods, the MPCA will assess PM 2.5 increment expansion and consumption by analyzing concentration
changes due to permitted decreases and increases in PM 2.5 PTEs. Once normalization is accomplished, the
MPCA will discontinue the broad use of permitted allowable emissions for increment screening.

Screening Model Overview

Permitted changes in PM 2.5 PTEs show potential changes in annual emission rates, however increment
expansion and consumption are based on changes in concentrations not emission rates. To analyze the potential
magnitude of increment expansion and consumption caused by changes in emissions, concentration changes
need to be calculated utilizing modeling.

MPCA has developed a screening modeling method to address the new PM 2.5 increment screening guidance.
The goal of this modeling is to determine whether sufficient headroom remains within the increment value for
the proposed project.

Screening Model: Determination of Nearby Sources and Emission Rates

One of the first considerations in the screening modeling method is a determination of nearby sources that have
consumed or expanded increment. Nearby sources are those sources that produce a significant concentration
gradient of PM 2.5 in the vicinity of the proposed project. These sources can be found using MPCA’s GIS Nearby
Source Tool along with professional judgment. Since the GIS Nearby Source Tool includes sources out to a 50 km
radius, this portion of the analysis addresses part 2 and part 3a on the right side of figure 1, in that nearby
sources inside the baseline area, as well as “more distant sources” outside the baseline area are being analyzed.

For 2a, only PSD major nearby sources can expand or consume increment. The permit engineer assigned to the
proposed project can determine which nearby sources are PSD major sources. Once that determination is made,
enter the PSD major nearby sources in table 4. Make sure to include the facility under review.



Table 4. PM2.5 PSD Major Nearby Sources within 50 km of Flint Hills Resources
Facility Name
Flint Hills Resources – Pine Bend Refinery
Xcel Energy – Black Dog
Saint Paul Park Refining Co LLC
Gopher Resource, LLC
Xcel Energy – Allen S King Generating Plant

The permit engineer assigned to the proposed project can also provide information on PM 2.5 PTEs for major
nearby sources from the MaSBD, as well as permitted PTE changes between the MaSBD and MiSBD for the
sources in table 4. For each facility in table 4, fill out table 5 with the facility name, MaSBD PTE, and whether
they had a permitted change in PM 2.5 PTEs between the MaSBD and MiSBD. If there has been a change in PM
2.5 PTEs, include the related permit action number, the date of that permit action, and the PM 2.5 PTE after
each change. Again, remember to include the facility under review.

Table 5. MaSBD PM2.5 PTEs and PTE changes between MaSBD (October 21, 2010) and MiSBD (November
19, 2012)
Facility Name MaSBD PM2.5

PTE
Change/No Change, Permit Action Number,
Date, PM2.5 PTE after any changes (tpy)

Flint Hills Resources – Pine Bend Refinery 620.4 PER008 Aug 16, 2011 – 3.29 tpy increase
Xcel Energy – Black Dog 4,119 No Change
Saint Paul Park Refining Co LLC 384.7 No Change
Gopher Resource, LLC 94.6 No Change
Xcel Energy – Allen S King Generating
Plant

434.0 No Change

Then take the major nearby sources with PTE changes in table 5, and convert MaSBD ton per year PTEs into
gram per second emission rates, and enter those rates in the “MaSBD” rows in table 6. Then convert ton per
year PTEs after the most recent change into gram per second emission rates, and enter those emission rates in
the “MiSBD” rows in table 6. The concentration change produced by modeling PTEs at the MaSBD and MiSBD
will determine increment expansion and consumption for that period. Add rows with additional nearby major
sources as needed.

Table 6. Emission Rates (MaSBD MiSBD)
PTE (TPY) PTE (g/s)

Flint Hills Resources – Pine Bend Refinery
MaSBD (October 20, 2010) 620.4 17.85
MiSBD (November 19, 2012) 623.7 17.94

For 2b, in consultation with the permit engineer assigned to the proposed project, conduct a similar analysis
between the MiSBD and present for PSD and non PSD nearby sources. Fill out table 7 with a list of all nearby
PM2.5 sources. Then fill out table 8 with information on MiSBD PTEs and permitted changes in PM2.5 PTEs for
the sources in table 7. Again, remember to include the facility under review in these tables.



Table 7. PM2.5 Nearby Sources within 50 km of Flint Hills Resources
Facility Name
Flint Hills Resources – Pine Bend Refinery
Xcel Energy – Black Dog
Saint Paul Park Refining Co LLC
Aggregate Industries –Nonmetallic
Gopher Resource, LLC
Xcel Energy – Allen S King Generating Plant
Pine Bend Landfill
Spectro Alloys Corp

Table 8. MiSBD PM2.5 PTEs and PTE changes between MiSBD (November 19, 2012) and Present
Facility Name MiSBD

PTEs
Change/No Change, Permit Action, Date, PM2.5

PTE after any changes (tpy)
Flint Hills Resources – Pine Bend Refinery 623.7 PER010 Sep 11, 2013– 2.5 tpy increase

PER012 Mar 17, 2015 – 25.2 tpy increase
Xcel Energy – Black Dog 4,119 2015 – coal use discontinued; limited PTE from

EU026 combined cycle turbine only
Saint Paul Park Refining Co LLC 384.7 PER020 Apr 10, 2013 – 4.33 tpy increase
Aggregate Industries Nonmetallic <90 tpy No Change
Gopher Resource, LLC 94.6 No Change
Xcel Energy – Allen S King Generating
Plant

434.0 No Change

Pine Bend Landfill 17.4 No Change
Spectro Alloys Corp 41.5 No Change

Then take the nearby sources with PTE changes in table 8 and convert the ton per year MiSBD PTEs and PTEs
after the most recent changes into gram per second emission rates. Enter the MiSBD PTEs in the “MiSBD” rows
in table 9. Then enter the most recent PM 2.5 PTEs in the “Present” rows in table 9. The concentration change
produced by modeling the change in PTEs between the MiSBD and Present will determine increment expansion
and consumption for that period. Add rows with additional nearby sources as needed.

Table 9. Emission Rates (MiSBD Present)
PTE (TPY) PTE (g/s)

Flint Hills Resources – Pine Bend Refinery
MiSBD 623.7 17.94
Present 652.8 18.78
Xcel Energy – Black Dog
MiSBD 4,119 118.5
Present 98.84 2.84
Saint Paul Park Refining Co LLC
MiSBD 384.7 11.07
Present 389 11.19

Screening Model: Determination of Additional Modeling Parameters



An individual stack should be modeled at each nearby source for the screening analysis, including the source
under review if it had relevant PM 2.5 PTE changes. The parameters for each stack should equal the PM2.5
weighted average stack parameters for each facility. Stack parameters from MPCA’s Delta database can be
provided by the air modeler assigned to the proposed project. Each weighted average stack should then be
placed at the spatially averaged center of its associated facility. Record the weighted average stack parameters
for the nearby sources listed in tables 6 and 9, into table 10.

Table 10. PM2.5 Weighted Average Stack Parameters
Facility Name EXIT HEIGHT

(m)
DIAMETER

(m)
FLOW RATE

(m3/s)
EXIT TEMP

(K)
Location
(UTM)

Flint Hills Resources
Pine Bend Refinery 56.24 2.84 (12.27 m/s) 398.72

496870.1
4956697.0

Xcel Energy Black
Dog 115.37 6.9 (27.6 m/s) 448

480332.0
4961736.0

Saint Paul Park
Refining Co LLC 44.30 1.17 (9.63 m/s) 465.95

499901.01
4966502.77

Once the weighted average stacks are placed at the center of each facility, air dispersion modeling should be
conducted with the following settings:

AERMOD: Most current version
AERMET: Most current version on MPCA’s website
Modeling Domain: 50 km
Receptor Grid: Discrete uniform Cartesian with 1km spacing outside 10 m spaced fence line receptors
Terrain: Elevated
Building Downwash? No
Met Data: Representative Monitor
Output: H1H Annual (H1H Annual Average) 24 hr (Highest of the yearly H2H s)

Screening Model: Setting up AERMOD runs/groups

Depending on whether any major nearby sources had construction between the MaSBD and MiSBD, 2 4
separate runs or 1 run with 2 4 separate groups should be completed. These runs/groups should be set up as
follows:

Case 1: Major nearby source construction between the MaSBD and MiSBD

Run/Group 1:
Sources to model: Sources in table 6.
What to model: Emission rates from table 6 “MaSBD” rows.

Run/Group 2:
Sources to model: Sources in table 6.
What to model: Emission rates from table 6 “MiSBD” rows.



Run/Group 3:
Sources to model: Sources in table 9.
What to model: Emission rates from table 9 “MiSBD” rows.

Run/Group 4:
Sources to model: Sources in table 9.
What to model: Emission rates from table 9 “Present” rows.

Case 2: No major nearby source construction between the MaSBD and MiSBD

Complete Runs/Groups 3 & 4 from Case 1.

Once modeling is complete, record the results in table 11.
Table 11. Modeling Results

Date

Modeled
Concentration
( g/m3 )

Change
( g/m3 )

24 hr Ann 24 hr Ann
MaSBD (Run/Group 1) 13.79 1.002 0.07 0.005
MiSBD (Run/Group 2) 13.86 1.007
MiSBD (Run/Group 3) 27.0 1.598 0.3 0.04
Present (Run/Group 4) 27.3 1.555

3) Increment expansion/consumption by more distant sources:

In addition to the modeling analysis in 2a and 2b of distant nearby sources outside the baseline area, Appendix
W section 8.2.3 states that distant major sources are also captured in monitored background. Therefore the final
analysis to determine increment consumption or expansion by more distant sources should include an
inspection of monitored background data. After locating a representative monitor, fill out tables 12 and 13 with
the design values for that monitor from the MaSBD (2008 2010) and the most recent values. Then subtract the
MaSBD design values from the most recent design values to find the changes.

Table 12. PM 2.5 24 hour ( g/m3 )
Site Name 2008 2010 2013 2015 Change

Apple Valley (470) 31 19 12

Table 13. PM 2.5 Annual ( g/m3 )
Site Name 2008 2010 2013 2015 Change
Apple Valley (470) 9.6 7.0 2.6

Changes in monitored background can be a supporting argument for screening out of full increment analysis.
The changes in modeled concentrations and changes in background concentrations should be analyzed in
parallel to determine whether sufficient evidence exists to screen out of full increment analysis.



Fill out table 14 with modeled project impacts, modeled changes in concentration due to previously permitted
PM 2.5 changes, as well as changes in background concentrations. Represent consumption with positive values
and expansion with negative values.

Table 14. Accounting of steps 1 3
Contributions 24 Hour H2H

Concentration/Changes
( g/m3 )

H1H Annual Average
Concentration/Changes
( g/m3 )

1) Concentration modeled for
the proposed project.

0.75 0.11

2a) Change in modeled
concentration between MaSBD
and MiSBD.

0.07 0.005

2b) Change in modeled
concentration between the
MiSBD and Present

0.3 0.04

Net Concentration Change
(Sum of 1, 2a, and 2b)

1.12 0.075

Total increment available on
the MaSBD

9 4

3) Background Change 12 2.6

4) Screening Justification: Finally, provide an argument for screening out of full increment analysis based on the
findings summarized in table 14. Use the following decision tree as a guide for screening justification.

Screening Justification:
Table 14 demonstrates that the Pine Bend Technology Efficiency and Improvement Projects combined with the other
increment expansion and consumption credits will increase the 24 hour PM2.5 Increment by 1.12 ug/m3 and the annual

Figure 3 Screening justification decision tree for cases in which the MiSBD has been set and/or major source
construction has occurred since the MaSBD.



PM2.5 Increment by 0.075 ug/m3. There is also an overall decrease in PM2.5 background concentrations from the baseline
date indicating there is additional expansion.

MPCA and EPA will review each screening justification on a case by case basis and make the final determination on
whether a project can screen out of full increment analysis.
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AQDM-07
Air Quality Dispersion Modeling Report Review Form 

for Criteria Pollutant Modeling using AERMOD 
(Previously AQDMRRF-01) 

Doc Type:  Air Dispersion Modeling 

Acronym Information on Page 4 

Instructions:  This form is used for Minnesota Pollution Control Agency (MPCA) internal use by Air Dispersion Modelers to review 
for Criteria Pollutant Modeling.

Facility Information 

Project title: Pine Bend Technology and Efficiency Improvement Projects Submittal date (mm/dd/yyyy): 09/13/2016 

AQ file no.: 106A AQ facility/permit ID no.: 03700011 AQ tracking number: 5488 

Three-letter modeling facility ID (ex., XEK = Xcel Energy Allen S. King, MEC = Mankato Energy Center, etc.): FHR 

Facility name: Flint Hills Resources Pine Bend Refinery 

Facility street address: 13775 Clark Road 

City: Rosemount County: Dakota State: MN Zip Code: 55068 

Facility contact: Shannon Olsen Report prepared by: Jennifer Koenen 

Facility contact phone: 651-480-2831 Preparer phone: 952-832-2682

Facility contact e-mail:  Shannon.Olsen@fhr.com Preparer e-mail: jkoenen@barr.com 

MPCA air modeler:  Helen Waquiu MPCA air permit engineer: Tarik Hanafy 

UTM coordinates of facility (NAD83, zone 15 extended only): x = 496,541.97 m East, y = 4,957,082.33 m North 

List of Files with Names/Descriptions submitted with Modeling Report 

1.  AERMOD input files (*.inp, *.adi, *.ami) 
 AERMOD output files (*.out, *.ado, *.amo) 
 AERMOD plot files (*.plt) 
 AERMOD post files (*.pst) – If applicable 
 AERMOD event files (*.evi, *.evo) – If applicable 
 AERMOD miscellaneous/other files (MAXDCONT, SUMTABLE, etc.) – If applicable 

2.  AERMOD meteorological surface files (*.sfc) 
 AERMOD meteorological upper air/profile files (*.pfl) 

3.  BPIP-PRIME input files (*.bpi, *.pip) 
 BPIP-PRIME output files (*.bpo, *.sum) 

4.  Terrain file(s) for AERMAP(*.dem, *.tif) 
 AERMAP input files (*.ami) 
 AERMAP output files (*.rou, *.sou, etc.) 

5.  Background data files/background concentrations for applicable pollutants (seasonal, monthly, daily, hourly, etc.) 

6.  Figures for modeling results (*.jpeg, *.bmp, *.pdf) 
 GIS maps for modeling results (*.shp) 
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7.  AQDM-02 form – if applicable (not applicable if changes were not made) 

8.  Other files and supporting documents (hourly ozone, background files, supplements, etc.): 

PBTEIP Modeling Report Cover Letter 090914.docx; PM25_Increment_Results20160930.xlsx; UMP2012-
14_Quarterly_Data_Completeness_Summary.xlsx; MPCA_PM25_IncrementScreening Final 20160930.docx; additional files 
related to processing of meteorological data 

Section 1. Modeling Review – 30-Day Substantial Completeness Determination 

Completeness review of modeling report by sections 

Section and section name 
Substantially 
complete/incomplete Deficiencies and/or comments 

Files to accompany modeling Substantially Complete All files required for modeling demonstration received. 

Section 1: Modeling protocol Substantially Complete 

Updates made since protocol have been thoroughly 
explained and accounted for as necessary in modeling 
demonstration. 

Section 2: Changes to modeling protocol Substantially Complete 
Excellent and thorough explanation of changes made 
since protocol submittal. 

Section 3: Paved roads fugitive dust 
(optional) Substantially Complete Not applicable 

Section 4: Modeling results Substantially Complete 

Modeling results "Change" provided in "MPCA_PM2 
5_IncrementScreening Final 20160930.docx" 
Screening analysis Table 11. Modeling Results for 
PM2.5 are conservative. The PM2.5 screening 
demonstration requests the output of H1H to calculate 
the annual change, however in this case the H1H 
annual (AERMOD output file "INC12AnnPM25.ado") 
did not show the largest overall yearly change; FHR 
chose to represent the yearly change conservatively by 
subtracting "Present" and "MiSBD" results the output 
file "INC14AnnPM25.ado" which is acceptable. 

Section 5: Discussion Substantially Complete No comments on this section 

Section 6: Modeling results figures/maps Substantially Complete No comments on this section 

Modeling report substantially complete? Substantially Complete Date (mm/dd/yyyy): 10/5/2016 

Section 2. Modeling Review – 150-Day Approval Determination/Permit Conditions 

Has the 150-day completeness requirement been waived?     No  Yes 

Technical review of final modeling report 

Review items 
Acceptable/ 
Unacceptable Deficiencies and/or comments 

Are all changes from the protocol 
adequately described and addressed? Acceptable 

Information provided confirmed throughout modeling 
demonstration; all changes described are acceptable. 
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Are the model files consistent with the 
MPCA AQDM-02 spreadsheet 
accompanying the permit application? Acceptable No comments on this section 

Modeling demonstrates compliance with 
applicable NAAQS/MAAQS, SIL’s, and 
PSD increments? Acceptable No comments on this section 

Modeling report approved? Acceptable Date (mm/dd/yyyy): 10/5/2016 

Recommended permit conditions or related 
items:  (To be determined) 

Section 3. Recommended Permitting Language 

Modeling language tier table 

Pollutant Recommended tier 

CO [Select from list] 

NO2  [Select from list]

Pb [Select from list]

PM2.5  [Select from list]

PM10  [Select from list]

SO2  [Select from list]

Tier language for each modeled pollutant will be based on the lowest growth level for all averaging times. 

% of NAAQS/MAAQS: > 90% 90% - 75% < 75% 
Allowable Growth Level: Low Medium High 
PSD – Limits Tier 4 Tier 2** Tier 1 
PSD – No Limits Tier 3 Tier 2** Tier 1 
Not PSD – Limits Tier 3** Tier 2** Tier 1 
Not PSD – No Limits Tier 1 Tier 1 Tier 1 
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Acronyms 

AERMAP AERMOD Terrain Preprocessor 
AERMOD AMS/EPA Regulatory Model 
AQ Air Quality  
AQDMPS-01 Air Quality Dispersion Modeling Protocol 

Spreadsheet 
BPIP-PRIME Building Profile Input Program for PRIME 
CO Carbon Monoxide 
MAAQS Minnesota State Ambient Air Quality 

Standard 
MPCA Minnesota Pollution Control Agency 
NAAQS National Ambient Air Quality Standard  
NO2  Nitrogen Dioxide  
Pb Lead 
PM10  Particulate Matter less than 10 um in size  
PM2.5  Particulate Matter less than 2.5 um in size  
PSD Prevention of Significant Deterioration 

Program  
SO2  Sulfur Dioxide  



Attachment 7:
Points Calculator



Points Calculator

1) AI ID No.: 734 Total Points 251
2) Facility Name: Flint Hills Resources Pine Bend Refinery
3) Small business? y/n? n
4) Air Project Tracking Numbers (including all 5488, 5554, 5438, 5339, 4998
5) Date of each Application Received: 2/12/16, 4/28/16, 12/23/15, 8/17/15, 10/29/14
6) Final Permit No. 03700011-101
7) Permit Staff Tarik Hanafy

Total Total
Application Type Air Project Tracking No. Tempo Activity ID Qty. Points Points Additionl Cost Details
Administrative Amendment 5438, 4998 IND20140001, IND20150004 2 1 2 570.00$          
Minor Amendment 5339 IND20150001 1 4 4 1,140.00$       
Applicability Request 10 0 -$               
Moderate Amendment 15 0 -$               
Major Amendment 5488, 5554 IND20160001, IND20160002 2 25 50 14,250.00$     
Individual State Permit (not reissuance) 50 0 -$               
Individual Part 70 Permit (not reissuance) 75 0 -$               

Additional Points
Modeling Review 5488 IND20160001 1 15 15 4,275.00$       PM10, PM2.5, NOx

BACT Review 5488 IND20160001 4 15 60 17,100.00$     PM10, PM2.5, NOx, G
LAER Review 15 0 -$               
CAA section 110(a)(2)(D)(i)(I) Review (i.e., 
Transport Rule/CAIR/CSAPR)

10 0 -$               

Part 75 CEM analysis 10 0 -$               
NSPS Review 5339, 5488 IND20150001, IND20160001 2 10 20 5,700.00$       Ja, JJJJ
NESHAP Review 5339, 5488 IND20150001, IND20160001 2 10 20 5,700.00$       ZZZZ, DDDDD
Case-by-case MACT Review 20 0 -$               
Netting 10 0 -$               
Limits to remain below threshold 5488 IND20160001 1 10 10 2,850.00$       avoid PSD major mod
Plantwide Applicability Limit (PAL) 20 0 -$               
AERA review 15 0 -$               
Variance request under 7000.7000 35 0 -$               
Confidentiality request under 7000.1300 2 0 -$               
EAW review 0
Part 4410.4300, subparts 18, item A; and 29 15 0 -$               
Part 4410.4300, subparts 8, items A & B; 10, items A to C; 
16, items A & D; 17, items A to C & E to G; and 18, items 
B & C

35 0 -$               

Part 4410.4300, subparts 4; 5 items A & B; 13; 15; 16, 
items B & C; and 17 item D

5488 IND20160001 1 70 70 19,950.00$     >100,000 tpy GHG in

Add'l Points 195

NOTES: 

NSPS GGGa & QQQ already in permit and affected units added to appropriate existing COMG. NESHAP FF (pt. 61) & CC (pt. 63) already in permit. These NSPS and NESHAP reviews are not 
charged.

(DQ Points)



 
 
 
 
 

Attachment 8: 
Public Notice Comment & Response 
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Hanafy, Tarik (MPCA)

From: Hanafy, Tarik (MPCA)
Sent: Wednesday, December 28, 2016 2:46 PM
To: 'Shepherd, Don'
Subject: RE: Flint Hills Resources' Pine Bend Refinery

Mr. Shepherd, 
The EPA review period for the Flint Hills Resources Pine Bend Refinery proposed permit will end on January 11, 2017. 
There will be a 60 day public petition period based on the end date of EPA review period. This 60 day public petition 
period will begin on January 12, 2017. 
Regards, 
 
Tarik Hanafy 
Engineer 
Air Quality Permits Section 
Industrial Division 
 
From: Shepherd, Don [mailto:don_shepherd@nps.gov]  
Sent: Wednesday, December 28, 2016 10:00 AM 
To: Hanafy, Tarik (MPCA) <tarik.hanafy@state.mn.us> 
Subject: Re: Flint Hills Resources' Pine Bend Refinery 
 
Tarik--thanks! 
 
On Wed, Dec 28, 2016 at 7:19 AM, Hanafy, Tarik (MPCA) <tarik.hanafy@state.mn.us> wrote: 

Dear Mr. Shepherd, 

Thank you for your interest in the Flint Hills Resources Pine Bend Refinery draft permit. Responses to your comments 
are below. 

Regards, 

  

Tarik Hanafy 

Engineer 

Air Quality Permits Section 

Industrial Division 

  

From: Shepherd, Don [mailto:don_shepherd@nps.gov]  
Sent: Monday, November 28, 2016 4:25 PM 
To: Hanafy, Tarik (MPCA) <tarik.hanafy@state.mn.us> 
Subject: Re: Flint Hills Resources' Pine Bend Refinery 
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Hello again, Tanik, 

  

I found Attachment 2, but have a few more questions regarding the No. 4 Hydrogen Plant Reformer - Refining 
Equipment: 

  

How was the 40.7 tpy NOx limit derived? 

The 40.7 tpy NOx limit is a voluntary limit proposed by Flint Hills Resources, which is achievable with the installation of 
the selective catalytic reduction (SCR) unit following completion of the reactor technology project. 

  

In Table 7B (in Attachment 1 of the TSD), where did the 0.012 lb/mmBtu NOx emission factor come from? 

The 0.012 lb NOx/mmBtu emissions factor is a conservative engineering estimate of the actual controlled NOx 
emissions factor with the installation of the SCR following completion of the new reactor technology project. 

  

thanks, 

  

  

  

On Mon, Nov 28, 2016 at 1:57 PM, Shepherd, Don <don_shepherd@nps.gov> wrote: 

Hello Tarik, 

  

I am looking at the Technical Support Document for the current permitting action for Flint Hills Resources' 
Pine Bend Refinery and would appreciate it if you would help me with a few issues. 

  

On page 16 of Appendix 8 Best Available Control Technology Review for Technology and Efficiency 
Improvement Projects February 2016, Flint Hills Resources Pine Bend, LLC i see this: 
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Table 3-4 shows the proposed BACT limits for NOx. These limits are consistent with recently permitted 
refinery process heaters, with current Texas BACT for process heaters, and with limits for similar sources 
listed in the RBLC (Attachment 2). 

  

I cannot find Attachment 2--can you help me? 

  

Can you send an electronic copy of the permit application? 

  

thanks, 

  

--  

Don Shepherd 

National Park Service 

Air Resources Division 

12795 W. Alameda Pkwy. 

Lakewood, CO 80228 

Phone: 303-969-2075 

Fax: 303-969-2822 

E-Mail: don_shepherd@nps.gov 

"the man who really counts in the world is the doer, not the mere critic" TR 1891 

 
 
 

  

--  

Don Shepherd 

National Park Service 

Air Resources Division 
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12795 W. Alameda Pkwy. 

Lakewood, CO 80228 

Phone: 303-969-2075 

Fax: 303-969-2822 

E-Mail: don_shepherd@nps.gov 

"the man who really counts in the world is the doer, not the mere critic" TR 1891 

 
 
 
 
--  
Don Shepherd 
National Park Service 
Air Resources Division 
12795 W. Alameda Pkwy. 
Lakewood, CO 80228 
Phone: 303-969-2075 
Fax: 303-969-2822 
E-Mail: don_shepherd@nps.gov 
"the man who really counts in the world is the doer, not the mere critic" TR 1891 





























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Attachment 1



^ NORTH DAKOTA
P DEPARTMENTo/ HEALTH

ENVIRONMENTAL HEALTH SECTION

Gold Seal Center, 918 E. Divide Ave.
Bismarck. ND 58501-1947

701.328.5200 (fax)
www.ndhealth.gov

AIR POLLUTION CONTROL

PERMIT TO CONSTRUCT

Pursuant to Chapter 23-25 of the North Dakota Century Code, and the Air Pollution Control Rules of the State of
North Dakota (Article 33-15 of the North Dakota Administrative Code), and in reliance on statements and
representations heretofore made by the owner designated below, a Permit to Construct is hereby issued
authorizing such owner to construct and initially operate the source unit(s) at the location designated below. This
Permit to Construct is subject to all applicable rules and orders now or hereafter in effect of the North Dakota
Department of Health and to any conditions specified below:

I. General Information:

A. Permit to Construct Number: PTC17020

B. Source:

1. Name: Davis Refinery

2. Location: Sec. 1 SW'/4 & Sec. 2 SE%, T139N, RIOOW
37^ Street
Approximately 2 miles west of Belfield
Billings County, North Dakota
Lat: 46°52'45" N Long: 103°14'55" W

3. Source Type: Petroleum Refinery with a rated capacity of up to approximately 55,000
barrels of crude oil per day. The plant will produce refined products including gasoline,
diesel fiiel, jet fuel, as well as liquefied petroleum gas.

4. The construction of the Davis Refinery is scheduled to take place in two separate phases.
This permit includes the emissions sources and limits from both project phases to ensure
the facility will remain a minor source during both phases of operation.

Environmental Health

Section Chiefs Office

701.328.5150

Division of

Air Quality
701.328.5188

Division of

Municipal Facilities
701.328.5211

Printed on recycled paper.

Division of

Waste Management
701.328.5166

Division of

Water Quality
701.328.5210



5. Equipment at the Facility:
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Process Unit

Emission Unit

Description

Emission

Unit (EU)

Emission

Point

(EP)

Air Pollution Control

Equipment or Design
Features Phase

Atmospheric Distillation
Unit (ADU)

Crude desalting and
distillation unit with an

estimated capacity of 2 x
27,500 bbl/day (55,000
bbl/day total)

*

ADU process equipment 1 Fugitive Enhanced Leak Detection

and Repair (ELDAR)
Program, New Source
Performance Standards,
Subpart GGGa (NSPS
GGGa)

Vapor Recovery Unit
(VRU) system, excess
emissions to flare

(EUlO), Design
Requirements NSPS
NNN

1

ADU Feed Heater#!

rated at 82.13 MMbtu/hr

lA lA Best Combustion

Practices (BCP), Ultra
Low-NOx Burner
(ULNB), and Selective
Catalytic Reduction
(SCR)
NSPS Ja

1

ADU Feed Heater #2

rated at 82.13 MMbtu/hr

IB IB BCP, ULNB, SCR,
NSPS Ja

2

ADU sewers IC Fugitive Design Requirements of
New Source Performance

Standards, Subpart QQQ
(NSPS 000)

1

Vacuum Distillation Unit

(VDU)

ADU tower bottoms

distillation unit with an

estimated capacity of 16,800
bbl/day

VDU process equipment 2 Fugitive ELDAR Program, NSPS
GGGa,
NSPS NNM

2

VDU Feed Heater rated

at 75.00 MMbtu/hr

2A 2A BCP, ULNB, SCR,
NSPS Ja

2

VDU sewers 2B Fugitive NSPS QQQ 2

Naphtha Hydrotreater Unit
(NHT) with an estimated
capacity of 18,205 bbl/day

NHT process equipment 3 Fugitive ELDAR Program, NSPS
GGGa,
NSPS NNN

1

NHT Feed Heater rated

at 8.60 MMbtu/hr

3A 3A BCP, ULNB, NSPS Ja 1

NHT Stabilizer Reboiler

rated at 9.30 MMbtu/hr

38 3B BCP, ULNB, NSPS Ja 1

NHT Splitter Reboiler
rated at 17.90 MMbtu/hr

3C 3C BCP, ULNB, NSPS Ja 1

NHT sewers 3D Fugitive NSPS 000 1

Catalytic Reforming Unit
(CRU) with an estimated
capacity of 16,128 bbl/day

CRU process equipment 4 Fugitive ELDAR Program, NSPS
GGGa,
NSPS NNN

1

CRU Reactor # 1 Heater

rated at 45.63 MMbtu/hr

4A 4A BCP, ULNB, SCR,
NSPS Ja

1
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Process Unit

Emission Unit

Description

Emission

Unit (EU)

Emission

Point

(EP)

Air Pollution Control

Equipment or Design
Features Phase

Hydrogen (H2) production
from CRU is between 4-19

MMscf/day

CRU Reactor #2 Heater

rated at 45.63 MMbtu/hr

4B BCP, ULNB, SCR,
NSPS Ja

1

CRU Reactor #3 Heater

rated at 45.63 MMbtu/hr

4C BCP, ULNB, SCR,
NSPS Ja

1

CRU Stabilizer Reboiler

rated at 5.70 MMbtu/hr

4D 4D BCP, ULNB, NSPS Ja 1

CRU Regenerator Vent 4E 4E Wash Drum 1

CRU sewers 4F Fugitive NSPS 000 1

Distillates Hydrotreater Unit
(DHT) with an estimated
capacity of 19,850 bbl/day

DHT process equipment 5 Fugitive ELDAR Program, NSPS
GGGa,
NSPSNNN

1

DHT Feed Heater rated

at 19.50 MMbtu/hr

5A 5A BCP, ULNB, NSPS Ja 1

DHT Splitter Reboiler
rated at 27.30 MMbtu/hr

5B 5B BCP, ULNB, NSPS Ja 2

DHT sewers 5C Fugitive NSPS 000 1

Hydrocracker Unit (HYK)
with an estimated capacity
of 14,380 bbl/day

HYK process equipment 6 Fugitive ELDAR Program, NSPS
GGGa,
NSPS NNN

2

HYK Reactor Heater

rated at 37.16 MMbtu/hr

6A 6A BCP, ULNB, SCR,
NSPS Ja

2

HYK Fractionator

Heater rated at 40.34

MMbtu/hr

6B 6B BCP, ULNB, SCR,
NSPS Ja

2

HYK sewers 6C Fugitive NSPS 000 2

Sulfur Recovery Unit ®
(SRU) with an estimated
capacity of 11.5 tpd sulfiir
production

SRU process equipment 7 Fugitive ELDAR Program, NSPS
GGGa,

1

Thermal Oxidizer with a

rated capacity of 1.58
MMbtu/hr

7A 7A Thermal Oxidizer

NSPS Ja

1

SRU sewers 7B Fugitive NSPS 000 1

Boilerhouse Process equipment 8 Fugitive ELDAR Program, NSPS
GGGa,

1

Medium Pressure Steam

Boiler #1 rated at 11.68

MMbtu/hr

8A 8«^ BCP, ULNB, NSPS Dc 1

Medium Pressure Steam

Boiler #2 rated at 11.68

MMbtu/hr

8B BCP, ULNB, NSPS Dc 1

Medium Pressure Steam

Boiler #3 rated at 11.68

MMbtu/hr

8C BCP, ULNB, NSPS Dc 1

Medium Pressure Steam

Boiler #4 rated at 11.68

MMbtu/hr

8D BCP, ULNB, NSPS Dc 2

High Pressure Steam
Boiler # 1 rated at 22.00

MMbtu/hr

8E 8E0 BCP, ULNB, NSPS Dc 2
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Process Unit

Emission Unit

Description
Emission

Unit (EU)

Emission

Point

(EP)

Air Pollution Control

Equipment or Design
Features Phase

High Pressure Steam
Boiler #2 rated at 22.00

MMbtu/hr

8F SF'^ BCP, ULNB, NSPS Dc 2

High Pressure Steam
Boiler #3 rated at 22.00

MMbtu/hr

8G 80° BCP, ULNB, NSPS Dc 2

Oil Movements Process equipment 9 Fugitive ELDAR Program, NSPS
GGGa

1

Storage Tank Farm 9A Various See Condition I.B.6

Table

1

Oil Movements 9B Fugitive NSPS 000 1

Flare System Enclosed hydrocarbon
(HC) operating flare
rated to handle up to
24,4 MMscf/day
(including purge and
fuel gas blowdown)

10 10 NSPS Ja, VRU control,
Smokeless Operation

1

Acid gas flare rated to
handle up to 15.8
MMscf/day

I OA lOA SRU NSPS Ja

compliant.
Smokeless Operation

1

HC secondary flare # 1
rated to handle up to
74.6 MMscf/day

lOB lOB NSPS Ja, VRU control,
Smokeless Operation

1

HC secondary flare #2
rated to handle up to
88.8 MMscf/day

IOC IOC NSPS Ja, VRU control.
Smokeless Operation

2

Loading/Unloading System Process Equipment 11 Fugitive ELDAR Program, NSPS
GGGa,

1

Truck loading rack VRU
system

llA llA Submerged loading,
VRU, NSPS XX, MACT
BBBBBB (6B)

1

Wastewater Treatment Plant

(WWTP)
Oil/Separator inlet from
Benzene Waste

Operators NESHAP
(BWON) compliant
plant

12 Fugitive NSPS QQQ,
NESHAP FF

1

Cooling Tower (CT)
five cell induced draft

counter flow system with a
water circulation rate of

2,500 gal/min for each cell.

CT cell#l 13"^ 13A Drift Eliminators

(0.001% maximum drift)
inherent to design

1

CT cell #2 13B 1

CT cell #3 13C 2

CT cell #4 13D 2

CT cell #5 13E 2

Emergency Units Three Diesel Engine
Power Generators each

rated at 4,700 BHP

14A

14B

14C

14A

I4B

14C

NSPS nil ^ 1

Three Back-up Diesel
Engine Firewater Pumps
each rated at 600 BHP

15A

15B

15C

15A

15B

15C

NSPS III! c 1

Common flue stack.

Merichem LO-CAT® technology, reduction control.
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Common flue stack. Under normal operations, during Phase 1, two will be in service and one on
stand-by, during Phase 2, three will be in service and one on stand-by.
Under normal operations, two will be in service and one on stand-by.
Under normal operations, the acid gas flow is routed to the SRU.
Under normal operations, during Phase 1,onewill be inservice andoneonstand-by. During Phase
2, four will be in service and one on stand-by.
The engines shall be certified to emissions standards as outlined under 40 CFR 60, Subpart IlII.
The engines shall be manufactured and installed with the appropriate control equipment to meet
these emissions standards.

6. Storage Tanks:

Storage Area Tank Number Nominal Capacity
(bbl)

Material Stored Tank Type/Controls

Feedstock 301 110,999 Crude oil Internal Floating Roof
(IFR), Submerged Fill Pipe
(SFP), NSPS Kb

302 110,999 Crude oil IFR, SFP, NSPS Kb
Intermediate

Products

305 64,996 Desulfurized heavy
naphtha

IFR, SFP, NSPS Kb

313 33,312 Distillates (Kerosene
and Diesel)

Fixed Roof (FR), SFP

327 2,620 Light slop IFR, SFP, NSPS Kb

328 2,620 Heavy slop FR, SFP
323 33,312 Vacuum gas oil / Fuel

Oil

FR, SFP

Blend stocks 306 33,312 Reformate IFR, SFP, NSPS Kb
307 33,312 Reformate IFR, SFP, NSPS Kb
331 33,312 Hydrotreated light

naphtha
IFR, SFP, NSPS Kb

332 33,312 Hydrotreated light
naphtha

IFR, SFP, NSPS Kb

Final Products P301 A 60,000 gallons Butane Bullet tank (pressure tank)
P302A 60,000 gallons Butane Bullet tank (pressure tank
P303^ 60,000 gallons Butane Bullet tank (pressure tank
P304^ 60,000 gallons Propane grade LPG Bullet tank (pressure tank)
P305^ 60,000 gallons Propane grade LPG Bullet tank (pressure tank)
P306A 60,000 gallons Propane grade LPG Bullet tank (pressure tank)
308 64,996 Tier 3 regular gasoline IFR, SFP, NSPS Kb
309 64,996 Tier 3 regular gasoline IFR, SFP, NSPS Kb

311 33,312 Jet-Fuel IFR, SFP, NSPS Kb
312 33,312 Jet-Fuel IFR, SFP, NSPS Kb
315 64,996 Ultra low sulfur diesel

(ULSD)
FR, SFP

316 64,996 ULSD FR, SFP
324 33,312 Low sulfur fuel oil FR, SFP

Insignificant emissions units.
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C. Owner/Operator (Permit Applicant):

1. Name: Meridian Energy Group, Inc.
2. Address: 31^ Street

Belfield,ND 58622
3. Application Date: October 6, 2016 (original)

April 5,2017 (amendment and supplemental information thereafter)

11. Conditions: This Permit to Construct allows the construction and initial operation of the above-
mentioned new or modified equipment at the source. The source may be operated under this Permit to
Construct until a Permit to Operate is issued unless this permit is suspended or revoked. The source is
subject to all applicable rules, regulations, and orders now or hereafter in effect of the North Dakota
Department of Health and to the conditions specified below.

A. Emission Limits: Emission limits from the operation of the source unit(s) identified in Item LB
ofthis Permit to Construct (hereafter referred to as "permit") are as follows. Source units not listed
are subject to the applicable emission limits specified in the North Dakota Air Pollution Control
Rules.

Pollutant/ Emission Limit or Design / Reference

Emission Unit EU EP Parameter Work Practice Condition II.A

ADU process equipment 1 Fugitive voc ELDARA 10

NSPSNNN 16

ADU Feed Heater #1 rated lA lA NOx 0.0063 Ib/MMbtu'^ 3.a

heat input of 82.13 MMbtu/hr (daily on 30-day rolling
average (r.a.))

CO 0.0280 Ib/MMbtu 5.b

(daily on 30-day r.a.)

HaS 15ppmv H2S in fuel gas ® 4.a

(daily on 30-day r.a.)

PM10&PM2.5 0.0040 Ib/MMbtu 6

(Filterable + (compliance testing)
Condensable)

Opacity 5% 7



Page _7_ of 45
Permit No. PTC17020

Pollutant/ Emission Limit or Design / Reference

Emission Unit EU EP Parameter Work Practice Condition II.A

ADU Feed Heater #2 rated IB IB NOx 0.0063 Ib/MMbtu 3.a

heat input of 82.13 MMbtu/hr (daily on 30-day r.a.)

CO (Phase 2) 0.0280 Ib/MMbtu 5.b

(daily on 30-day r.a.)

H2S 15ppmv H2S in fuel gas ® 4.a

(daily on 30-day r.a.)

PM10&PM2.5 0.0040 Ib/MMbtu 6

(Filterable + (compliance testing)
Condensable)

Opacity 5% 7

ADU sewers IC Fugitive VOC NSPS QQQ 11

VDU process equipment 2 Fugitive VOC ELDAR'^ 10

NSPSNNN 16

VDU Feed Heater rated at 2A 2A NOx 0.0063 Ib/MMbtu ^ 3.a

75.00 MMbtu/hr (daily on 30-day r.a.)

CO (Phase 2) 0.0280 Ib/MMbtu 5.b

(daily on 30-day r.a.)

H2S 15ppmv H2S in fuel gas ® 4.a

(daily on 30-day r.a.)

PMio & PM2.5 0.0040 Ib/MMbtu 6

(Filterable + (compliance testing)
Condensable)

Opacity 5% 7

VDU sewers 2B Fugitive VOC NSPS 000 11

NHT process equipment 3 Fugitive VOC ELDAR 10

NSPSNNN 16

NHT Feed Heater rated 8.60 3A 3A NOx 0.0300 Ib/MMbtu 3.b

MMbtu/hr (compliance testing)

CO (Phase 1) 0.0380 Ib/MMbtu 5.a

(compliance testing)

CO (Phase 2) 0.0280 Ib/MMbtu 5.b

(compliance testing)

H2S 15 ppmv H2S in fuel gas 4.a

(daily on 30-day r.a.)

PMio & PM2.5 0.0040 Ib/MMbtu 6

(Filterable + (compliance testing)
Condensable)

Opacity 5% 7
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Pollutant/ Emission Limit or Design / Reference

Emission Unit EU EP Parameter Work Practice Condition Il.A

NHT Stabilizer Reboiler rated 3B 3B NOx 0.0300 Ib/MMbtu 3.b

9.30 MMbtu/hr (compliance testing)

CO (Phase 1) 0.0380 Ib/MMbtu 5.a

(compliance testing)

CO (Phase 2) 0.0280 Ib/MMbtu 5.b

(compliance testing)

H2S 15ppmv H2S in fuel gas ® 4.a

(daily on 30-day r.a.)

PM10&PM2.5 0.0040 Ib/MMbtu 6

(Filterable + (compliance testing)
Condensable)

Opacity 5% 7

NHT Splitter Reboiler rated at 3C 3C NOx 0.0300 Ib/MMbtu 3.b

17.90 MMbtu/hr (compliance testing)

CO (Phase 1) 0.0380 Ib/MMbtu 5.a

(compliance testing)

CO (Phase 2) 0.0280 Ib/MMbtu 5.b

(compliance testing)

H2S 15ppmv H2S in fuel gas ® 4.a

(daily on 30-day r.a.)

PMio & PM2.5 0.0040 Ib/MMbtu 6

(Filterable + (compliance testing)
Condensable)

Opacity 5% 7

NHT sewers 3D Fugitive VOC NSPS 000 11

CRU process equipment 4 Fugitive VOC ELDAR 10

CRU Reactor #1 Heater rated 4A 4 NOx 0.0063 Ib/MMbtu ^ 3.a

at 45.63 MMbtu/hr) (daily on 30-day r.a.)

CO (Phase 1) 0.0380 Ib/MMbtu 5.a

CRU Reactor #2 Heater rated 4B (daily on 30-day r.a.)

at 45.63 MMbtu/hr
CO (Phase 2) 0.0280 Ib/MMbtu 5.b

(daily on 30-day r.a.)
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Pollutant/ Emission Limit or Design / Reference

Emission Unit EU EP Parameter Work Practice Condition ll.A

CRU Reactor #3 Heater rated 4C

at 45.63 MMbtu/hr H2S 15ppmv H2S in fuel gas^' ® 4.a

(daily on 30-day r.a.)

PM10& PM2.5 0.0040 Ib/MMbtu 6

(Filterable + (compliance testing)
Condensable)

Opacity 5% 7

CRU Stabilizer Reboiler rated 4D 4D NOx 0.0300 Ib/MMbtu 3.b
at 5.70 MMbtu/hr (compliance testing)

CO (Phase 1) 0.0380 Ib/MMbtu 5.a

(compliance testing)

CO (Phase 2) 0.0280 Ib/MMbtu 5.b

(compliance testing)

H2S 15ppmv H2S in fuel gas'̂ *® 4.a

(daily on 30-day r.a.)

PM10&PM2.5 0.0040 Ib/MMbtu 6

(Filterable + (compliance testing)
Condensable)

Opacity 5% 7

CRU Regenerator Vent 4E 4E Opacity 20% Condition

lI.E.lO

CRU sewers 4F Fugitive VOC NSPS 000 II

DHT process equipment 5 Fugitive VOC ELDAR A 10

NSPS NNN 16

DHT Feed Heater rated at 5A 5A NOx 0.0300 Ib/MMbtu 3.b

19.50 MMbtu/hr (compliance testing)

CO (Phase 1) 0.0380 Ib/MMbtu 5.a

(compliance testing)

CO (Phase 2) 0.0280 Ib/MMbtu 5.b

(compliance testing)

H2S 15 ppmv H2S in fuel gas ® 4.a

(daily on 30-day r.a.)

PM10&PM2.5 0.0040 Ib/MMbtu 6

(Filterable + (compliance testing)
Condensable)

Opacity 5% 7
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Pollutant/ Emission Limit or Design / Reference

Emission Unit EU EP Parameter Work Practice Condition II.A

DHT Splitter Reboiler rated at 5B 58 NOx 0.0300 Ib/MMbtu 3.b

27.30 MMbtu/hr (compliance testing)

CO 0.0280 Ib/MMbtu 5.b

(compliance testing)

H2S 15ppmv H2S in fuel gas ® 4.a

(daily on 30-day r.a.)

PMio & PM2.5 0.0040 Ib/MMbtu 6

(Filterable + (compliance testing)
Condensable)

Opacity 5% 7

DHT sewers 5C Fugitive VOC NSPS 000 11

HYK process equipment 6 Fugitive VOC ELDAR 10

NSPSNNN 16

HYK Reactor Heater rated at 6A 6A NOx 0.0063 Ib/MMbtu 3.a

37.16 MMtbu/hr (daily on 30-day r.a.)

CO 0.0280 Ib/MMbtu 5.b

(daily on 30-day r.a.)

H2S 15 ppmv H2S in fuel gas ® 4.a

(daily on 30-day r.a.)

PMio & PM2.5 0.0040 Ib/MMbtu 6

(Filterable + (compliance testing)
Condensable)

Opacity 5% 7

HYK Fractionator Heater 6B 63 NOx 0.0063 Ib/MMbtu'^ 3.a

rated at 40.34 MMbtu/hr (daily on 30-day r.a.)

CO 0.0280 Ib/MMbtu 5.b

(daily on 30-day r.a.)

H2S 15 ppmvH2S in fuel gas ® 4.a

(daily on 30-day r.a.)

PMio & PM2.5 0.0040 Ib/MMbtu 6

(Filterable + (compliance testing)
Condensable)

Opacity 5% 7

HYK sewers 6C Fugitive VOC NSPS 000 11

SRU process equipment 7 Fugitive VOC ELDAR 10

Thermal Oxidizer with a rated 7A 7A SO2 2 ppmv(annualaverage)^ 2,8
capacity of 1.58 MMbtu/hr

Opacity 5% 7

SRU sewers 7B Fugitive VOC NSPS 000 11
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Emission Unit EU EP

Pollutant/

Parameter

Emission Limit or Design /
Work Practice

Reference

Condition ll.A

Process equipment 8 Fugitive voc ELDAR 10

Medium Pressure Steam

Boiler#! rated at 11.68

MMbtu/hr

8A 8 NOx

CO

H2S

PMio & PM2.5
(Filterable +
Condensable)

Opacity

0.0300 Ib/MMbtu'^
(compliance testing)

0.0280 Ib/MMbtu

(compliance testing)

Pipeline Quality Natural
Gas (fuel certification)

0.0040 Ib/MMbtu

(compliance testing)

5%

3.b

5.b

4.b, 17

6

7

Medium Pressure Steam

Boiler U2 rated at 11.68

MMbtu/hr

8B

Medium Pressure Steam

Boiler #3 rated at 11.68

MMbtu/hr

8C

Medium Pressure Steam

Boiler U4 rated at 11.68

MMbtu/hr

8D

High Pressure Steam Boiler #1
rated at 22.00 MMbtu/hr

8E 8E NOx

CO

H2S

PM10&PM2.5
(Filterable +
Condensable)

Opacity

0.0300 Ib/MMbtu'^
(compliance testing)

0.0280 Ib/MMbtu

(compliance testing)

15 ppmv H2S in fuel gas ®
(daily on 30-day r.a.)

0.0040 Ib/MMbtu

(compliance testing)

5%

3.b

5.b

4.a, 17

6

7

High Pressure Steam Boiler #2 8F 8F NOx 0.0300 Ib/MMbtu'^ 3.b

rated at 22.00 MMbtu/hr (compliance testing)

CO 0.0280 Ib/MMbtu 5.b

(compliance testing)

H2S 15 ppmv H2S in fuel gas ® 4.a, 17
(daily on 30-day r.a.)

PM10&PM2.5 0.0040 Ib/MMbtu 6

(Filterable + (compliance testing)
Condensable)

Opacity 5% 7
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Pollutant/ Emission Limit or Design / Reference

Emission Unit EU EP Parameter Work Practice Condition II.A

High Pressure Steam Boiler #3 8G 8G NOx 0.0300 Ib/MMbtuA 3.b

rated at 22.00 MMbtu/hr (compliance testing)

CO 0.0280 Ib/MMbtu 5.b

(compliance testing)

H2S 15ppmv H2S in fuel gas ® 4.a, 17
(daily on 30-day r.a.)

PM,0&PM2.5 0.0040 Ib/MMbtu 6

(Filterable + (compliance testing)
Condensable)

Opacity 5% 7

Process equipment 9 Fugitive VOC ELDAR'^ 10

Storage Tank Farm 9A 301 VOC MACT WW^ 12.a

302 VOC MACTWW^ 12.a

305 VOC MACT WWA 12.a

313 VOC NSPS Kb 12.b

327 VOC MACT 12.a

328 VOC MACT WW^ 12.a

323 VOC NSPS Kb 12.b

306 VOC MACT 6B via 12.a

MACT WW^

307 VOC MACT 6B via 12.a

MACT WW^

331 VOC MACT 68 via 12.a

MACT

332 VOC MACT 68 via 12.a

MACT WW^

308 VOC MACT 68 via 12.a

MACT WW^

309 VOC MACT 68 via 12.a

MACT WW^

311 VOC MACT WW^ 12.a

312 VOC MACT WW^ 12.a

315 VOC NSPS Kb 12.b

316 VOC NSPS Kb 12.b

324 VOC NSPS Kb 12.b

Oil Movements 98 Fugitive VOC NSPS 000 11

Enclosed hydrocarbon (HC) 10 10 VOC NSPS Ja - flare header 2,9
operating flare rated to handle connected to VRU

up to 24.4 MMscf/day
(including purge and fiiel gas Opacity NSPS A 9.f

blowdown)
Acid gas flare rated to handle lOA lOA VOC Routed to SRU under 2,9
up to 15.8 MMscf7day normal operations,

H2S/TRS NSPS Ja - flare header 9.d

Opacity NSPS A 9.f
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Emission Unit EU EP

Pollutant/

Parameter

Emission Limit or Design /
Work Practice

Reference

Condition H.A

HC secondary flare #1 rated to
handle up to 74.6 MMscf/day
of emergency relief

lOB lOB VOC

Opacity

NSPS Ja - secondary flare
with water seal

NSPS A

2, 9, 9.C

9.f

HC secondary flare #2 rated to
handle up to 88.8 MMscf/day
of emergency relief

IOC IOC VOC

Opacity

NSPS Ja - secondary flare
with water seal

NSPS A

2, 9, 9.C

9.f

Process Equipment 11 Fugitive VOC eldara 10

Truck loading rack llA llA VOC

Gasoline

Loading

ELDAR^ MACT 68^

10 mg TOC/liter gasoline
(compliance testing)

10

13

Oil/Separator inlet from
Benzene Waste Operators
NESHAP (BWON) compliant
plant

12 Fugitive VOC

Total Annual

Benzene (TAB)

NSPS QQQ

NESHAP FF

11

14

CTcell#l 13 13A No Chromium NESHAP Q 15

CTcell #2 13B Compounds
CTcell#3 13C

CT cell #4 13D

CTcell #5 13E

Three Diesel Engine Power
Generators each rated at 4700

BHP

14A

14B

14C

14A

14B

14C

NOx + NMHC

PM

Opacity

4.8 g/bhp-hr

0.15 g/bhp-hr

20%

18.a

18.a

I8.a

Three Back-up Diesel Engine
Firewater Pumps each rated at
600 BHP

15A

15B

15C

15A

15B

15C

NOx+NMHC

PM

3.0 g/bhp-hr

0.15 g^hp-hr

I8.b

18.b

Total Volatile Organic Compounds (VOC) from
EUs: 1, lA, IB, rC, 2, 2A, 2B, 3, 3A, 3B, 3C, 3D,
4, 4A, 4B, 4C, 4D, 4F, 5, 5A, 5B, 5C, 6, 6A, 6B,
6C, 7, 8, 8A, 8B, 8C, 8D, 8E, 8F, 8G, 9,9A, 9B, 10,
lOA, lOB, IOC, 11, llA, 12, 13, 14A-C, 15A-C

VOC 58 tons/year (12-month
rollingsum)^

Condition II.D.l

Total Carbon Monoxide (CO) from EUs: lA, IB,
2A, 3A, 3B, 3C, 4A, 4B, 4C, 4D, 5A, 5B, 6A, 6B,
8A, 8B, 8C, 8D, 8E, 8F, 8G, 10, lOA, lOB, IOC,
14A-C, 15A-C

CO 80 tons/year (12-month
rolling sum) ^

Condition 1I.D.2

Total Nitrogen Oxides (NOx) from EUs: lA, IB,
2A, 3A, 3B, 3C, 4A, 4B, 4C, 4D, 5A, 5B, 6A, 6B,
8A, 8B, 8C, 8D, 8E, 8F, 8G, 10, lOA, lOB, IOC,
14A-C, 15A-C

NOx 40 tons/year (12-month
rollingsum)^

Condition I1.D.3

Total Sulfiir Dioxide (SO2) from EUs: 1A, IB, 2A,
3A, 3B, 3C, 4A, 4B, 4C, 4D, 5A, 5B, 6A, 6B, 7A,
8A, 8B, 8C, 8D, 8E, 8F, 8G, 10, lOA, lOB, IOC,
14A-C, 15A-C

SO2
(RFG HzS
content used for

SO2 from
combustion)

13 tons/year (12-month
rolling sum) ^

Condition I1.D.4

The Table details the most stringent compliance limit for each identified unit. Additional
requirements apply as a result of applicable NSPS, see reference condition for details.
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® The permittee shall monitor H2S at a single point using a continuous monitor system (CMS)
located at the fiiel gas distribution header.

^ The emission limit applies to the combinedemissions from all listed emission units.

1. Best Management Practices:

At all times, including periods of startup, shutdown, and malfunction, the permittee shall,
to the extent practicable, maintain and operate any affected facility including associated air
pollution control equipment in a manner consistent with good air pollution control practice
for minimizing emissions.

2. 40 CFR 60, Subpart Ja - Standards of Performance for Petroleum Refineries for
Which Construction, Reconstruction, or Modification Commenced After May 14,
2007

All fuel gas combustion devices (FGCD), flares, and the sulfur recovery unit at the facility
are subject to the design, equipment, work practice or operational standards and
performance testing requirements of new source performance standards (NSPS) Subpart
Ja, specifically, 40 CFR (§)60.103a, §60.104a and §60.107a.

Root Cause Analysis and Corrective Action Analysis: Each FGCD, flare, and sulfur
recovery plant shall conduct a root cause analysis and corrective action analysis for each
of the conditions specified in §60.103a(c)(l) through (c)(3). The root cause analysis and
corrective action analysis must be completed by the schedule provided in §60.103a(d) and
shall implement the corrective actions in accordance with §60.103a(e).

3. FGCD Nitrogen Oxide (NOx) Emissions:

The permittee has elected to comply with NOx emission limits which are more stringent
then NSPS Ja. The following emissions limits are applicable to the FGCD, based on the
control technology:

a. Ultra-Low NOx Burners (ULNB) with Selective Catalytic Reduction (SCR): For
EUs lA, IB, 2A, 4A, 4B, 4C, 6A, and 6B. The permittee shall not discharge or
cause the discharge of any gases into the atmosphere that contain NOx in excess of
0.0063 Ib/MMbtu determined daily on a 30-day rolling average basis (equivalent
to no greater than 6 ppmvd, corrected to 0% excess O2).

b. ULNB: For EUs 3A, 3B, 3C, 4D, 5A, 5B, 8A, 8B, 8C, 8D, 8E, 8F, and 8G. The
permittee shall not discharge or cause the discharge of any gases into the
atmosphere that contain NOx in excess of 0.0300 Ib/MMbtu determined daily on a
30-day rolling average basis (equivalent to no greater than 29 ppmvd, corrected to
0% excess O2).
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c. NSPS Ja requires each FGCD greater than 40 MMbtu/hr to comply with a NOx
limit of 0.040 Ib/MMbtu determined daily on a 30-day rolling average basis.
Demonstrating compliance with this limit can be accomplished by demonstrating
compliance with the NOx limits listed under Conditions II.A.3.a; allowed since the
same averaging time is used for each limit.

4. Fuel Gas Combustion Sulfur Dioxide (SO2) Emissions:

The permittee has elected to comply with SO2 emission limits which are more stringent
than NSPS Ja. The permittee shall use a continuous monitor system (CMS) to monitor the
H2S concentration from the refinery fuel gas (RFG) system to determine SO2 emissions
from each FGCD which bums RPG. The permittee has elected to install the CMS on the
RFG system header exiting the SRU that is common to all the FGC units to comply with
§60.102a(2)(i). The following limits apply, based on the fuel burned:

a. The process heaters and high pressure boilers (EUs lA, IB, 2A, 3A, 3B, 3C, 4A,
48, 4C, 4D, 5A, 53, 6A, 6B, 8E, 8F, and 8G) shall not bum refinery fuel gas that
contains H2S in excess of 15 ppmv determined daily on a 30-day rolling average
basis.

b. The Medium Pressure Boilers (EUs 8A, 8B, 8C, and 8D) and Flare System (EU 10,
lOA, lOB, and IOC) pilots shall be fired on pipeline quality natural gas containing
no more than 2 grains of H2S per 100 standard cubic feet.

c. NSPS Ja requires each unit listed under Condition II.A.4.a to comply with the 3-
hour and 365-day rolling average limits for H2S in fuel gas. The permittee is
required to demonstrate compliance with the NSPS Ja H2S fuel gas limits as
follows: 162 ppmv on a 3-hour rolling average basis and 60 ppmv on a 365-day
rolling average basis.

5. Fuel Gas Combustion Carbon Monoxide (CO) Emissions:

Best Combustion Practices (BCP) for all process heaters and boilers (EUs 1A, IB, 2A, 3A,
3B, 3C, 4A, 4B, 4C, 4D, 5A, 5B, 6A, 6B, 8A, 8B, 8C, 8D, 8E, 8F, and 8G). The permittee
shall comply with the following limits:

a. During Phase 1, shall not discharge or cause the discharge of any gases into the
atmosphere that contain CO in excess of 0.0380 Ib/MMbtu determined daily on a
30-day rolling average basis (equivalent to no greater than 60 ppmvd, corrected to
0% excess O2).

b. During Phase 2, shall not discharge or cause the discharge of any gases into the
atmosphere that contain CO in excess of 0.0280 Ib/MMbtu determined daily on a
30-day rolling average basis (equivalent to no greater than 44 ppmvd, corrected to
0% excess O2).
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6. Fuel Gas Combustion Particulate Matter <10 microns (PMio) and PM <2.5 microns
(PM2.5) Emissions:

Combined filterable and condensable fractions. For all process heaters and boilers (EUs
lA, IB, 2A, 3A, 3B, 3C, 4A, 43, 4C, 4D, 5A, 58, 6A, 6B, 8A, 8B, 8C, 8D, 8E, 8F, and
8G), the permittee shall not discharge or cause the discharge of any gases into the
atmosphere that contain PMioand/or PM2.5 in excess of0.0040 Ib/MMbtu calculated as the
average of three valid 1-hour test runs.

7. Fuel Gas Combustion Opacity:

For all process heaters and boilers (EUs 1A, IB, 2A, 3A, 3B, 3C, 4A, 4B, 4C, 4D, 5A, 5B,
6A, 6B, 7A, 8A, 8B, 8C, 8D, 8E, 8F, and 8G), the permittee shall comply with the opacity
limit of 5% except for one six-minute period per hour when 10% opacity is permissible.

8. Sulfur Recovery Unit (SRU) SO2 Emissions:

The SRU (EU 7) is classified as a sulfur recovery plant with a capacity of less than 20 long
tons per day with a reduction control system followed by incineration. Thermal Oxidizer
(EU 7A; EP 7A) is the incinerator following the SRU and is the only point source of
emissions in the process area.

a. The permittee shall not discharge or cause the discharge of any gases from EP 7A
into the atmosphere in excess of2 ppm by volume ofSO2 (dry basis) at zero percent
excess air on an annual average, needed to remain in compliance with the annual
limit under Condition II.D.4. The CEMS unit shall be used to determine

compliance with this limit.

b. NSPS Ja requires that the SRU not discharge or cause the discharge of any gases
into the atmosphere in excess of 2,500 ppm by volume of SO2 (dry basis) at zero
percent excess air, on a 12-hour rolling average basis to comply with
§60.102a(f)(2)(i).

9. Flare Operation:

The permittee has elected to construct and operate the refinery with a cascaded flare
system. This system will be equipped with a flare gas recovery system designed, sized and
operated to capture all flows except those resulting from startup, shutdown or malfunction.
HC Operating Flare (EU 10) will be the first flare downstream of the flare gas recovery
system. HC Secondary Flare #1 (EU lOB), HC Secondary Flare #2 (EU IOC) will be
secondary flares fitted with water seals downstream of EU 10. In addition, the permittee
has elected to manage process upset gases released to the flare system as a result of
emergency malfunctions from the sour water unit and/or sulfur recovery unit through a
separate Acid Gas Flare (EU lOA).
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The permittee shall comply with the following:

a. The blowdown and flare system shall be designed and operated in accordance with
the requirements of North Dakota Administrative Code (NDAC) 33-15-12-02,
Subpart A, 60.18 (§60.18). The flare shall be operated with a flame present at all
times when emissions may be vented to the flare.

b. The flare system is subject to the H2S limitations of §60.103a(h). The combustion
in a flare of process upset gases or fiiel gas that is released to the flare as a result of
relief valve leakage or other emergency malfunctions is exempt from this the limit
requirements of §60.103a(h).

c. The cascaded flare system, including EU 10, EU lOB and EU IOC shall comply
with the emission monitoring provisions of40 CFR 60.107a(g).

d. The acid gas flare EU lOA shall comply with the applicable emission monitoring
provisions of §60.107a(e) and (f).

e. The permittee shall develop and implement a written flare management plan no
later than the date that the flare becomes an affected facility subject to this subpart,
except for the selected minimization alternatives in §60.103a(a)(2) and/or the
procedures in §60.103a(a)(5) though (a)(7) that cannot reasonably be implemented
by that date, which the owner or operator must implement in accordance with the
schedule in the flare management plan. The plan must include the information
described in §60.103a(a)(l) through (a)(7).

f. Flare Visible Emissions: Flares shall be operated with no visible emissions except
for periods not to exceed a total of five minutes during any two consecutive hours.
Reference Method 22 of 40 CFR 60, Appendix A shall be used to determine
compliance with this visible emissions provision.

10. Enhanced Leak Detection & Repair (ELDAR) Program:

The permittee is subject to 40 CFR 60, Subpart GGGa - Standards of Performance for
Equipment Leaks of VOC in Petroleum Refineries for Which Construction,
Reconstruction, or Modification Commenced After November 7, 2006 (NSPS GGGa).

NSPS GGGa references 40 CFR 60, Subpart VVa - Standards of Performance for
Equipment Leaks of VOC in the Synthetic Organic Chemicals Manufacturing Industry for
Which Construction, Reconstruction, or Modification Commenced After November 7,
2006 (NSPS VVa) for the standards of compliance, §60.592a.

For all equipnjent in VOC service, as defined in §60.48la, located at EUs 1, 2, 3, 4, 5, 6,
7, 8, 9, 10, 11, and 11A, the permittee shall comply with the following standards:
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The permittee shall meet emission reductions equivalent to the Texas Commission on
Environmental Quality (TCEQ) 28LAER program'.

Additionally, the permittee shall implement the ELDAR program for equipment with a
screening rate of 500 parts per million by volume (ppmv) summarized as follows:

Equipment/Service
TCEQ 28LAER
Control Efficiency

Leak Threshold

(ppmv)

Valves

Gas/Vapor 97% 500

Light Liquid 97% 500

Heavy Liquid 0% 500

Pumps
Light Liquid 85% 500

Heavy Liquid 85% 500

Flanges/
Connectors

GasA^apor 97% 500

Light Liquid 97% 500

Heavy Liquid 30% 500

Compressors 85% 500^^

Relief Valves (GasA'apor) 97% 500

Sampling Connections 97% 500

or detects emission of VOC from the seal.

The use of Alternative Work Practice (AWP) monitoring, such as optical gas imaging
(OGI) in conjunction with approved Method 21 analyzers or other AWP as approved by
the Department, shall be used to improve the efficiency of the ELDAR program. The
permittee shall conduct AWP monitoring using OGI with Method 21 analyzers at least
every 60 days.

11. 40 CFR 60 Subpart QQQ - Standards of Performance for VOC Emissions from
Petroleum Refinery Wastewater Systems (NSPS QQQ)

For all individual drain systems, oily water separators, and closed vent systems in the
petroleum refinery wastewater system, as defined in §60.691, located at EUs IC, 2B, 3D,
4F, 5C, 6C, 7B, 9B, and 12, the permittee shall comply with the following standards:

a. Individual Drain Systems

The individual drain systems requirements apply to the drains, junction boxes, and
sewer lines which are part of the refinery process wastewater system.

i. Each drain shall be equipped with water seal controls.

Attachment 1 <httDs://www.tceQ.texas.gov/Dermitting/air/guidance/newsourcereview/fugitives/nsr fac eafug.html>
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ii. Junction boxes shall be equipped with a cover and may have an open vent
pipe. The vent pipe shall be at least 3 feet (90 cm) in length and shall not
exceed 4 inches (10.2 cm) in diameter. Junction box covers shall have a
tight seal around the edge and shall be kept in place at all times, except
during inspection and maintenance.

iii. Sewer lines shall not be open to the atmosphere and shall be covered or
enclosed in a manner so as to have no visual gaps or cracks in joints, seals,
or other emission interfaces.

b. Oily Water Separator (OWS)

i. Each oily water separator tank, slop oil tank, storage vessel, or other
auxiliary equipment subject to the requirements of this subpart shall be
equipped and operated with a fixed roof, which meets the specifications in
§60.692-3 (a), (b), (e), and (f), as applicable.

ii. Storage vessels subject to 40 CFR 60, Subpart Kb (§60.112b) are not subject
to the requirements of this subpart.

iii. Oily wastewater resuhing from tank draws shall be collected, stored,
transported, recycled, reused, or disposed of in an enclosed system as
indicated in §60.692-4(e).

c. Closed Vent System

Each closed vent system, vapor recovery system, and/or flare shall comply with the
requirements of §60.692-5(b) - (e).

d. Exempt facilities and delay of repair

An owner or operator shall keep for the life of the facility in a readily accessible
location, plans or specifications which demonstrate that the following facilities
meet the exemption requirements of NSPS QQQ.

i. Stormwater sewer system, which no wastewater from any process units or
equipment is directly discharged to the stormwater sewer system.

ii. Ancillary equipment, which is physically separate fi-om the wastewater
system and does not come in contact with or store oily water.

iii. Non-contact cooling water system, which demonstrates that the cooling
water does not contact hydrocarbons or oily wastewater and is not
recirculated through a cooling tower.
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iv. Delay of repair of facilities that are subject to the provisions of this subpart
will be allowed if the repair is technically impossible without a complete or
partial refinery or process unit shutdown. Repair of such equipment shall
occur before the end of the next refinery or process unit shutdown.

12. Volatile Organic Liquids (VOL) Storage Tanks

a. All internal floating roof tanks (IFRT) at the facility are subject to 40 CFR 60,
Subpart Kb - Standards of Performance for Volatile Organic Liquid Storage
Vessels (Including Petroleum Liquid Storage Vessels) for Which Construction,
Reconstruction, or Modification Commenced After July 23, 1984 (NSPS Kb).

NSPS Kb is applicable to tanks: 301, 302, 305, 306, 307, 308, 309, 311, 312, 327,
328, 331, and 332.

Additionally, NSPS Kb gasoline storage tanks are subject to the storage tank
requirements of 40 CFR 63, Subpart BBBBBB - National Emission Standards for
Hazardous Air Pollutants for Source Category: Gasoline Distribution Bulk
Terminals, Bulk Plants, and Pipeline Facilities (MACT 6B).

MACT 6B is applicable to tanks 308 and 309 (no additional design requirements)

b. The fixed roof tanks (FRT) are not subject to the design standards of NSPS Kb.

Applicable to tanks: 313, 315, 316, 324, and 325.

c. Stationary volatile organic compounds storage tanks shall be equipped with a
submerged fill pipe in accordance with NDAC 33-15-07-01.3.

13. Truck Loading Rack Operations

The permittee is subject to 40 CFR 60, Subpart XX - Standards of Performance for Bulk
Gasoline Terminals (NSPS XX) and 40 CFR 63 Subpart BBBBBB - National Emission
Standards for Hazardous Air Pollutants for Source Category: Gasoline Distribution Bulk
Terminals, Bulk Plants, and Pipeline Facilities (MACT 6B):

The truck loading rack (EU 11 and 11A) will comply with NSPS XX through MACT 6B
and shall be operated with a submerged filling arm and Vapor Recovery Unit (VRU) at all
times when gasoline loading operations are occurring. The permittee shall comply with
the following:

a. Emissions to the atmosphere from the vapor collection and processing systems due
to the loading of gasoline cargo tanks shall not exceed 10 milligrams of total
organic compounds per liter of gasoline loaded.
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b. Load gasoline only in vapor tight cargo tanks that have been tested with the
frequency and by the methods specified in §60.503.

c. Product throughput records shall be submitted annually. Records shall be
maintained for a minimum of three years.

d. Design and operate the vapor collection system to prevent any TOC vapors
collected at one loading rack or lane from passing through another loading rack or
lane to the atmosphere.

e. ELDAR and/or Olfactory, Visual and Audible (OVA) observations shall be
conducted at a minimum every 30-days.

f. NSPS Kb storage tanks shall comply with the conditions of MACT 6B.

14. 40 CFR 61 Subpart FF - National Emission Standard for Benzene Waste Operations
(BWON):

The Wastewater Treatment Plant (EU 12) and individual drain lines that convey process
waste water to the oily water treatment system are subject to the BWON provisions. The
provisions of this subpart apply to individual drain systems used to convey process
wastewater from a process unit, product storage tank, or waste management unit to a waste
management unit. Individual drain systems include all process drains and common
junction boxes, together with their associated sewer lines and other junction boxes, down
to the receiving wastewater treatment system. Waste that is contained in a segregated
stormwater sewer system and any gaseous stream from a waste management unit, treatment
process, or wastewater treatment system routed to a fuel gas system, are exempt from
compliance with the provisions of this subpart.

15. Five Cell Cooling Tower:

For the Cooling Tower (EU 13), the permittee shall comply with the following:

a. The cooling towers shall be equipped with and operated with mist eliminators that
are guaranteed to limit drift to 0.001% or less of the circulating flow.

b. Per 40 CFR 63 Subpart Q, the permittee shall not use chromium based water
treatment chemicals in the cooling towers.

16. 40 CFR 60 Subpart NNN - Standards of Performance for Volatile Organic
Compound Emissions from Synthetic Organic Chemical Manufacturing Industry
(SOCMI) Distillation Operations (NSPS NNN):

The process units at the Davis Refinery associated with the generation of LPG, light
naphtha and gasoline range compounds as a product, co-product, by-product, or
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intermediate include the ADUs (EU 1) and VDU (EU 2), NHT (EU 3), CRU (EU 4),
Benzene Saturation Unit and HYK (EU 6). As such, these units are subject to Subpart
NNN.

As allowed by this subpart, the permittee has chosen to install a vapor recovery system
designed, sized, and operated to capture all flows discharged through the vent streams of
the above-mentioned units except those resulting fi-om startup, shutdown or malfunction.
To comply with the standards of §60.662, the permittee will combust in a flare the
emissions in excess of the VRU capacity.

17. 40 CFR 60 Subpart Dc - Standards of Performance for Small Industrial-
Commercial-Institutional Steam Generating Units (NSPS Dc):

The Medium Pressure Boilers (EUs 8A - 8D) and High Pressure Boilers (EU 8E - 8G),
EUs 8A to 8G, are subject to the applicable reporting and recordkeeping requirements of
NSPS Dc. The permittee has elected to run the Medium Pressure Boilers exclusively on
pipeline quality natural gas, while thehigh pressure boilers will berunonrefinery fuel gas.
Permittee shall maintain records of the type and amount of fuel used by the boilers on a
daily basis to comply with §60.48c(g)(l).

In addition, under routine operatingconditionsthe facility is only allowed to operate three
of the four Medium Pressure Boilers (EUs 8A-8D) and two of the three High Pressure
Boilers (EUs 8E-8G).

18. 40 CFR 60 Subpart IIII - Standards of Performance for Stationary Compression
Ignition Internal Combustion Engines (NSPS IIII):

a. Emergency diesel generators (EUs 14A-14C), 4,700 bhp each, are subject to the
provisions of §60.4202(b)(2), which references §89.112 and §89.113, as follows:

i. NMHC (non-methane hydrocarbons) + NOx limit: 4.8 g/bhp-hr (6.4g/kW-
hr)

ii. PM limit: 0.15 g/bhp-hr (0.20 g/kW-hr)

iii. Opacity limit: 20% during acceleration, 15% during lugging, and 50%
during peaks in acceleration or lugging

b. Emergency diesel fire pump engines (EUs 15A-15C), 600 bhp each, are subject to
the provisions of §60.4205(c) and shall comply with the emissions standards in
Table 4 to Subpart IIII, as follows:

i. NMHC + NOx limit: 3.0 g/bhp-hr

ii. PM limit: 0.15 g/bhp-hr
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1. Initial Testing: Within 60 days after achieving the maximum production rate at the plant,
but not later than 180 days after startup, the permittee shall conduct emissions tests
following the Methodology in 40 CFR 60, Appendix A, for the contaminants listed below:

Note: FGCDs subject to both a Phase 1 and Phase 2 CO emissions limit will be required to
demonstrate compliance with applicable limits (i.e. Phase 1 CO compliance testing after
Phase 1, and Phase 2 CO compliance testing after Phase 2).

Emissions Testing
Process Unit EP Contaminant

ADU Feed Heater # 1 lA

NOx

CO

H2S in fuel gas ®
PMio & PM2.5(Filterable + Condensable)

ADU Feed Heater #2 IB

NOx
CO

H2S in fuel gas®
PMio & PM2.5(Filterable + Condensable)'^

VDU Feed Heater 2A

NOx
CO

H2S in fuel gas ®
PMio & PM2.5 (Filterable + Condensable)'^

NHT Feed Heater 3A

NOx
CO

H2S in fuel gas ®
PMio & PM2.5(Filterable + Condensable)"^

NHT Stabilizer Reboiler 3B

NOx
CO

H2S in fuel gas®
PMio & PM2.5(Filterable + Condensable)

NHT Splitter Reboiler 3C

NOx
CO

H2S in fuel gas®
PMio & PM2.5 (Filterable + Condensable)'^

CRU Reactor #1/2/3 Heater 4

NOx
CO

H2S in fuel gas ®
PMio & PM2.5(Filterable + Condensable)

CRU Stabilizer Reboiler 4D

NOx
CO

H2S in fuel gas ®
PMio & PM2.5(Filterable + Condensable)'^

CRU Regenerator Vent 4E Opacity ^

DHT Feed Heater 5A

NOx
CO

H2S in fuel gas®
PMio & PM2.5 (Filterable + Condensable)'^
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Process Unit EP Contaminant

DHT Splitter Reboiler 5B

NOx
CO

H2S in fuel gas®
PMio & PM2.5(Filterable + Condensable)^

HYK Reactor Heater 6A

NOx
CO

H2S in fuel gas ®
PMio & PM2.5(Filterable + Condensable)'^

HYK Fractionator Heater 6B

NOx
CO

H2S in fuel gas®
PMio & PM2.5(Filterable + Condensable)'^

Thermal Oxidizer 7A SO2

Medium Pressure Steam Boiler #1/2/3/4 8

NOx
CO

S02^
PMio & PM2.5(Filterable + Condensable)'^

High Pressure Steam Boiler #1 8E

NOx
CO

H2S in fuel gas®
PMio & PM2.5(Filterable + Condensable)'^

High Pressure Steam Boiler #2 8F

NOx
CO

H2S in fuel gas ®
PMio & PM2.5(Filterable + Condensable)'^

High Pressure Steam Boiler #3 8G

NOx
CO

H2S in fuel gas ®
PMio & PM2.5(Filterable + Condensable)'^

Enclosed hydrocarbon (HC) 10 D

Acid gas flare lOA D

HC secondary flare #1 lOB D

HC secondary flare #2 IOC D

Truck Loading Rack llA Total Organic Content (TOC) from loading losses

Diesel Engine Power Generator 14A-C

NOx
NMHC

PM

Back-up Diesel Engine Firewater Pump 15 A-C

NOx
NMHC

PM

Testing must follow EPA Method 201A and 202; these are not contained in 40 CFR 60, Appendix
A.

Testing must either be conducted to measure the SO2 emission rate or the H2S concentration of the
fuel gas. The permittee shall comply with all applicable requirements of40 CFR 60.104a.
In lieu of 40 CFR 60 Appendix A compliance, permittee shall provide certification of pipeline
quality natural gas sulfur content.
Flare units are not subject to initial performance testing as they are not intended to operate on a
routine basis, only in upset conditions. Flare unit compliance will be based on CEMS relative
accuracy testing and certification of pipeline quality natural gas sulfur content for the operations
of the pilot units.
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^ Reference Method 9 test required for initial compliance demonstration.

2. Notification; The permittee shall notify the Department using the form in the Emission
Testing Guideline, or its equivalent, at least 30 calendar days in advance of any tests of
emissions of air contaminants required by the Department. If the permittee is unable to
conduct the performance test on the scheduled date, the permittee shall notify the
Department at least five days prior to the scheduled test date and coordinate a new test date
with the Department.

3. Sampling Ports/Access: Sampling ports shall be provided downstream of all emission
control devices and in a flue, conduit, duct, stack or chimney arranged to conduct emissions
to the ambient air.

The ports shall be located to allow for reliable sampling and shall be adequate for test
methods applicable to the facility. Safe sampling platforms and safe access to the platforms
shall be provided. Plans and specifications showing the size and location of the ports,
platform, and utilities shall be submitted to the Department for review and approval.

4. Other Testing:

a. The Department may require the permittee to have tests conducted to determine the
emission ofair contaminants from any source, whenever the Department has reason
to believe that an emission of a contaminant not addressed by the permit applicant
is occurring, or the emission of a contaminant in excess of that allowed by this
permit is occurring. The Department may specify testing methods to be used in
accordance with good professional practice. The Department may observe the
testing. All tests shall be conducted by reputable, qualified personnel. The
Department shall be given a copy of the test results in writing and signed by the
person responsible for the tests.

All tests shall be made and the results calculated in accordance with test procedures
approved by the Department. All tests shall be made under the direction ofpersons
qualified by training or experience in the field of air pollution control as approved
by the Department.

b. The Department may conduct tests of emissions of air contaminants from any
source. Upon request of the Department, the permittee shall provide the necessary
holes in stacks of ducts and such other safe and proper sampling and testing
facilities, exclusive of instruments and sensing devices, as may be necessary for
proper determination of the emission of air contaminants.

C. Stack Heights: Emissions shall be vented through stacks that meet the following height
requirements. Stack heights may be no less than those listed in the table below without prior
approval from the Department.
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Emission Unit Description Emission Point (EP) Stack Height (Feet)
ADU Feed Heater #1 lA 128

ADU Feed Heater #2 IB 128

VDU Feed Heater 2A 125

NHT Feed Heater 3A 91

NHT Stabilizer Reboiler 3B 91

NHT Splitter Reboiler 3C 105

CRU Reactor #1/2/3 Heater 4 130

CRU Stabilizer Reboiler 4D 42

CRU Regenerator Vent 4E 40

DHT Feed Heater 5A 96

DHT Splitter Reboiler 5B 91

HYK Reactor Heater 6A 100

HYK Fractionator Heater 6B 100

Thermal Oxidizer 7A 60

Medium Pressure Steam Boiler #1/2/3/4 8 100

High Pressure Steam Boiler #1 8E 100

High Pressure Steam Boiler #2 8F 100

High Pressure Steam Boiler #3 8G 100

Enclosed hydrocarbon (HC) operating flare 10 50

Acid gas flare lOA 150

HC secondary flare #1 lOB 150

HC secondary flare #2 IOC 150

Annual Emissions Restrictions:

1. VOC Emissions Calculations: By the 15^*^ day of each month, the owner/operator shall
calculate and record the total VOC emissions from the following emission units: EUs 1,
lA, IB, IC, 2, 2A, 2B, 3, 3A, 3B, 3C, 3D, 4, 4A, 4B, 4C, 4D, 4F, 5, 5A, 5B, 5C, 6, 6A,
6B, 6C, 7, 7A, 7B, 8, 8A, 8B, 8C, 8D, 8E, 8F, 8G, 9, 9A, 9B, 10, lOA, 1OB, IOC, 11, 11A,
12, 13, 14A-C, 15A-C for the previous month and for the previous 12 months (12-month
rolling total). Emissions shall be calculated in a method as shown below.

VOClotal

Where:

VOCheaters/boilers -

VOCheaters/boilers (EUs lA, IB, 2A, 3A, 3B, 3C, 4A, 4B,
4C, 4D, 5A, 5B, 6A, 6B, 7A, 8A, 8B, 8C, 8D, 8E, 8F, 8G) +
VOCengines(EUs 14A-C, 15A-C)+VOCleaks (EUs 1,2, 3,
4, 5, 6, 7, 8, 9, 10, 11, 11A) + VOCtanks EU (9A) +
VOCflares(EUs 10, lOA, lOB, IOC) + VOCwwtp (EU 12)
+ VOCcT (EU 13)

Total VOC emissions (in tons) from EUs lA, IB, 2A, 3A,
3B, 3C, 4A, 4B, 4C, 4D, 5A, 5B, 6A, 6B, 7A, 8A, 8B, 8C,
8D, 8E, 8F, 8G

(Total heat content ofrefinery gas combusted in 1A, IB, 2A,
3A, 3B, 3C, 4A, 4B, 4C, 4D, 5A, 5B, 6A, 6B, 7A, 8A, 8B,



VOCengines

VOCleaks

VOCloading

VOCtanks

VOCflaring

VOCflaring-pilot

VOCflarimg-blowdown •

VOCwwTP

VOCcT
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8C, 8D, 8E, 8F, 8G, million Btu) x (0.0054 lb VOC / million
Btu heat input) / 2000

Total VOC emissions (in tons) from EUs i4A-C, 15A-C

[((hours of operation of EUs 14A-C) x (7.05x10*^ lbof VOC
/ hour of operation) x (bhp of EUs 14A-C)) + ((hours of
operation of EUs 15A-C) x (7.05x10"^ lb of VOC / hour of
operation) x (bhp of EUs 15A-C))] / 2000

Total VOC emissions (in tons) from EUs 1, 2, 3, 4, 5, 6, 7,
8, 9, 10, 11

Total VOC emissions calculated via ELDAR program
monitoring

Total VOC emissions (in tons) from EU 11A

(10 mg TOC/liter gasoline) x (liters of gasoline loaded) x
2.205x10-^2000

Total VOC emissions (in tons) from EU 9A

Calculated utilizing EPA's methodology from Chapter 7 of
AP-42: Liquid Storage Tanks

Total VOC emissions (in tons) from EUs 10, lOA, lOB, IOC

(total heat content of pilot gas combusted in EU 10, lOA,
lOB, and IOC, million Btu) x (0.0054 lb VOC/ million Btu
heat input) / 2000

(Slowdown hours) x (0.8 lb VOC / Mbbl Refining Capacity)
X(Crude Processing Rate, Mbbl/day) / 24 / 2000

Total VOC emissions (in tons) from EU 12

(total WWTP flow, 1000 gallons) x (0.5 lb VOC / 1000
gallons of wastewater)

Total VOC emissions (in tons) from EU 13

[(hours of operation per CT cell) x (0.006 Ib/hr)] / 2000
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Combined VOC emissions from the emission units listed are restricted to 58.0 tons per
year. If total calculated combined VOC emissions from emission units 1, lA, IB, IC, 2,
2A, 2B, 3, 3A, 3B, 3C, 3D, 4, 4A, 4B, 4C, 4D, 4F, 5, 5A, 5B, 5C, 6, 6A, 6B, 6C, 7, 7A,
7B, 8, 8A, 8B, 8C, 8D, 8E, 8F, 8G, 9, 9A, 9B, 10, lOA, lOB, IOC, 11, 11A, 12, 13, 14A-
C, 15A-C exceed 58.0 tons per year in any 12-month period, the permittee shall notify the
Department in writing within 15 days of the date the calculation was made.

CO Emissions Calculations: By the 15'̂ ^ day of each month, the owner/operator shall
calculate and record the total CO emissions from the following emission units: 1A, 1B, 2A,
3A, 3B, 3C, 4A, 4B, 4C, 4D, 5A, 5B, 6A, 6B, 7A, 8A, 8B, 8C, 8D, 8E, 8F, 8G, 10, lOA,
lOB, IOC, 14A-C, 15A-C for the previous month and for the previous 12 months (12-
month rolling total). Emissions shall be calculated in a method as shown below.

COlotal

Where:

COheaters/boilers

COheaters/boilers

COheaters/boilers

COflaring =

COflaring-pilot =

COflaring-blowdown =

COheaters/boilers (EUs 1A, IB, 2A, 3A, 3B, 3C, 4A, 4B,
4C, 4D, 5A, 5B, 6A, 6B, 7A, 8A, 8B, 8C, 8D, 8E, 8F, 8G) +
COflares(EUs 10, lOA, lOB, IOC) + COengines(EUs 14A-
C, 15A-C)

Total CO emissions (in tons) from EUs 1A, IB, 2A, 3A, 3B,
3C, 4A, 4B, 4C, 4D, 5A, 5B, 6A, 6B, 7A, 8A, 8B, 8C, 8D,
8E, 8F, and 80

Total CO emissions calculated via use of the CO CEMS for

EUs lA, IB, 2A, 4A, 4B, 4C, 6A, and 6B

(Total heat content of refinery gas combusted in EUs 3A,
3B, 3C, 4D, 5A, 5B, 7A, 8A, 8B, 8C, 8D, 8E, 8F, and 8G,
million Btu) x (CO burners specification^ of lb / million Btu
heat input) / 2000

Total CO emissions (in tons) from EUs 10, lOA, lOB, IOC

(total heat content of pilot gas combusted in EU 10, lOA,
lOB, and IOC, million Btu) x (0.028 lb CO / million Btu heat
input) / 2000

(Blowdown hours) x (4.3 lb CO / Mbbl Refining Capacity)
X(Crude Processing Rate, Mbbl/day) / 24 / 2000

^ When calculating emissions, the burner specification shall be utilized unless a Department-approved performance test has been
conducted to determine CO emissions from the emission unit. After completion of a Department-approved performance test and
verification of the results by the Department, the results of the Department-approved performance test shall be used to calculate
emissions.
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COengines = Total CO emissions (in tons) from EUs 14A-C and 15A-C

COengines = [((hours of operation of EUs 14A-C) x (5.5x10"^ lb of CO /
hour of operation) x (bhp of EUs 14A-C)) + ((hours of
operation of EUs 15A-C) x (5.5x10*^ lb of CO / hour of
operation) x (bhp of EUs 15A-C))] / 2000

CombinedCO emissions from the emission units listedare restrictedto 80.0 tons per year.
If total calculated combined CO emissions from emission units lA, IB, 2A, 3A, 3B, 3C,
4A, 4B, 4C, 4D, 5A, 5B, 6A, 6B, 7A, 8A, 8B, 8C, 8D, 8E, 8F, 8G, 10, lOA, lOB, IOC,
14A-C, 15A-Cexceed 80.0 tons per year in any 12-month period, the permittee shall notify
the Department in writing within 15 days of the date the calculation was made.

NOx Emissions Calculations: By the 15**^ day of each month, the owner/operator shall
calculate and record the total NOx emissions from the following emission units: lA, IB,
2A, 3A, 3B, 3C, 4A, 4B, 4C, 4D, 5A, 5B, 6A, 6B, 7A, 8A, 8B, 8C, 8D, 8E, 8F, 8G, 10,
lOA, lOB, IOC, 14A-C, 15A-Cfor the previous month and for the previous 12months (12-
month rolling total). Emissions shall be calculated in a method as shown below.

NOx-Total

Where:

NOx-heaters/boilers =

NOx-heaters/boilers =

NOx-heaters/boilers =

NOx-flaring

NOx-heaters/boilers (EUs lA, IB, 2A, 3A, 3B, 3C, 4A, 4B,
4C, 4D, 5A, 5B, 6A, 6B, 7A, 8A, 8B, 8C, 8D, 8E, 8F, 8G) +
NOx-flares (EUs 10, lOA, lOB, IOC) + NOx-engines (EUs
14A-C, 15A-C)

Total NOx emissions (in tons) from EUs lA, IB, 2A, 3A,
3B, 3C, 4A, 4B, 4C, 4D, 5A, 5B, 6A, 6B, 7A, 8A, 8B, 8C,
8D, 8E, 8F, and 8G

Total NOx emissions calculated via use of the NOx CEMS
for EUs lA, IB, 2A, 4A, 4B, 4C, 6A, and 6B

(Total heat content of refinery gas combusted in EUs 3A,
3B, 3C, 4D, 5A, 5B, 7A, 8A, 8B, 8C, 8D, 8E, 8F, and 8G,
million Btu) x (NOx burners specification^ of lb/ million Btu
heat input) / 2000

Total NOx emissions (in tons) from EUs 10, lOA, lOB, IOC

^When calculating emissions, the burnerspecification shall be utilized unless a Department-approved performance test has been
conducted to determine NOx emissions from the emission unit. After completion of a Department-approved performance test
and verification of the results by the Department, the results of the Department-approved performance test shall be used to
calculate emissions.



4.

NOx-flaring pilot =

NOx-flaring-blowdown=

NOx-engines =

NOx-engines =

S02.Total

Where:

SO2-HEATERS/BOILERS -

SO2-HEATERS/BOILERS -

SO2-SRU
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(total heat content of pilot gas combusted in EU 10, lOA,
lOB, and IOC, million Btu) x (0.03 lbNOx/million Btuheat
input) / 2000

(Blowdown hours) x (19 lb NOx / Mbbl Refining Capacity)
x (Crude Processing Rate, Mbbl/day) / 24 / 2000

Total NOx emissions (in tons) from EUs 14A-C and 15A-C

[((hours of operation of EUs 14A-C) x (0.013 lb of NOx /
hour of operation) x (bhp of EU14s A-C)) + ((hours of
operation of EUs 15A-C) x (0.013 lb of NOx / hour of
operation x (bhp of EU15s A-C)))] / 2000

Combined NOx emissions from the emission units listed are restricted to 40.0 tons per year.
If total calculated combined NOx emissions from emission units 1A, IB, 2A, 3A, 3B, 3C,
4A, 4B, 4C, 4D, 5A, 5B, 6A, 6B, 7A, 8A, SB, 8C, 8D, 8E, 8F, 8G, 10, lOA, lOB, IOC,
14A-C,15A-Cexceed 40.0 tons per year in any 12-monthperiod, the permittee shall notify
the Department in writing within 15 days of the date the calculation was made.

SO2 Emissions Calculations: By the 15"^ day of each month, the owner/operator shall
calculate and record the total SO2 emissions from the following emission units: lA, IB,
2A, 3A, 3B, 3C, 4A, 4B, 4C, 4D, 5A, 5B, 6A, 6B, 7A, 8A, 8B, 8C, 8D, 8E, 8F, 8G, 10,
lOA, lOB, IOC, 14A-C, 15A-C for the previous month and for the previous 12 months (12-
month rolling total). Emissions shall be calculated in a method as shown below.

SO2-HEATERS/B01LERS(EUs lA, IB, 2A, 3A, 3B, 3C, 4A, 4B,
4C, 4D, 5A, 5B, 6A, 6B, 8A, 8B, 8C, 8D, 8E, 8F, 80) + SO2.
FLARES (EUs 10, lOA, lOB, IOC) + SO2-ENGINES (EUs 14A-C,
15A-C) + S02.sru(EU7A)

Total SO2 emissions (in tons) from EUs 1A, IB, 2A, 3A, 3B,
3C, 4A, 4B, 4C, 4D, 5A, 5B, 6A, 6B, 8A, 8B, 8C, 8D, 8E,
8F, and 8G

(Total hourly refinery gas combusted in EUs lA, IB, 2A,
3A, 3B, 3C, 4A, 4B, 4C, 4D, 5A, 5B, 6A, 6B, 8A, 8B, 8C,
8D, 8E, 8F, and 8G, scf) x (hourly fuel gas H2S
concentration, ppmv) x (1x10"^) x (1 lbmol/379 scf) x (64.06
lb S02/lb mol S02)/2000

Total SO2 emissions (in tons) from EU 7A
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SO2-SRU = Total SO2 emissions calculated via use of SO2 CEMS on EU
7A

SO2-FLARING = Total SO2 emissions (in tons) from EUs 10, lOA, lOB, IOC

SO2-FLARING = Total SO2 emissions calculated viauseof sulfur monitoring'*

SO2-ENGINES = Total SO2 emissions (in tons) from EUs 14A-C and 15A-C

SO2-ENGINES = [((hours of operation of EUs 14A-C) x (4.5x10"^ lb of SO2 /
hour of operation) x (bhp of EUs 14A-C)) + ((hours of
operation of EUs 15A-C) x (4.5x10'̂ lb of SO2 / hour of
operation) x (bhp of EUs 15A-C))] / 2000

Combined SO2 emissions from the emission units listed are restricted to 13.0 tons per year.
If total calculated combined SO2 emissions from emission units lA, IB, 2A, 3A, 3B, 3C,
4A, 4B, 4C, 4D, 5A, 5B, 6A, 6B, 7A, 8A, 8B, 8C, 8D, 8E, 8F, 8G, 10, lOA, lOB, IOC,
14A-C, 15A-C exceed 13.0 tons per year in any 12-month period, the permittee shall notify
the Department in writing within 15 days of the date the calculation was made.

E. Monitoring Conditions:

1. Summary Table:

Monitoring Reference Condition

Emission Unit EU EP Pollutant/ Parameter Requirement U.E.

ADU process 1 Fugitive voc ELDAR 12

equipment
VRU Flow Recordkeeping 16

ADU Feed lA lA NOx CEMS 6

Heater#! rated

heat input of CO CEMS 7

82.13 MMbtu/hr

H2S CMS (H2S in Fuel Gas) 2

PMio & PM2.5 (Filterable Emissions Test/ 9

+ Condensable) Recordkeeping

Opacity Recordkeeping 9

^Derived via use of sulfur monitoring required by NSPS Subpart Ja.



Page _32_ of 45
Permit No. PTC 17020

Monitoring Reference Condition
Emission Unit EU EP Pollutant/ Parameter Requirement n.E.

ADU Feed IB IB NOx CEMS 6

Heater #2 rated

heat input of CO CEMS 7

82.13 MMbtu/hr

H2S CMS (H2S in Fuel Gas) 2

PMio & PM2.5 (Filterable Emissions Test/ 9

+ Condensable) Recordkeeping

Opacity Recordkeeping 9

ADU sewers IC Fugitive VOC Inspections/Repairs 11

VDU process 2 Fugitive VOC ELDAR 12

equipment
VRU Flow Recordkeeping 16

VDU Feed 2A 2A NOx CEMS 6

Heater rated at

75.00 MMbtu/hr CO CEMS 7

H2S CMS (H2S in Fuel Gas) 2

PMio & PM2.5 (Filterable Emissions Test/ 9

+ Condensable) Recordkeeping

Opacity Recordkeeping 9

VDU sewers 2B Fugitive VOC Inspections/Repairs 11

NHT process 3 Fugitive VOC ELDAR 12

equipment
VRU Flow Recordkeeping 16

NHT Feed Heater 3A 3A NOx Emissions Test 8

rated 8.60

MMbtu/hr CO Emissions Test 8

H2S CMS (H2S in Fuel Gas) 2

PMio & PM2.5 (Filterable Emissions Test/ 9

+ Condensable) Recordkeeping

Opacity Recordkeeping 9

NHT Stabilizer 38 3B NOx Emissions Test 8

Reboiler rated

9.30 MMbtu/hr CO Emissions Test 8

H2S CMS (H2S in Fuel Gas) 2

PMio &PM2.5 (Filterable Emissions Test/ 9
t

'

+ Condensable) Recordkeeping
i

Opacity Recordkeeping 9
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Emission Unit EU EP Pollutant/ Parameter

Monitoring
Requirement

Reference Condition

I1.E.

NHT Splitter
Reboiler rated at

17.90 MMbtu/hr

3C 3C NOx

CO

H2S

PMio & PM2.5 (Filterable
+ Condensable)

Opacity

Emissions Test

Emissions Test

CMS (H2S in Fuel Gas)

Emissions Test/

Recordkeeping

Recordkeeping

8

8

2

9

9

NHT sewers 3D Fugitive VOC Inspections/Repairs 11

CRU process
equipment

4 Fugitive VOC

VRU Flow

ELDAR

Recordkeeping

12

16

CRU Reactor #1

Heater rated at

45.63 MMbtu/hr

4A 4 NOx

CO

H2S

PMio & PM2.5 (Filterable
+ Condensable)

Opacity

CEMS

CEMS

CMS (H2S in Fuel Gas)

Emissions Test/

Recordkeeping

Recordkeeping

6

7

2

9

9

CRU Reactor U2

Heater rated at

45.63 MMbtu/hr

4B

CRU Reactor #3

Heater rated at

45.63 MMbtu/hr

4C

CRU Stabilizer

Reboiler rated at

5.70 MMbtu/hr

4D 4D NOx

CO

H2S

PM10& PM2.5 (Filterable
+ Condensable)

Opacity

Emissions Test/O&M

Emissions Test/O&M

CMS (H2S in Fuel Gas)

Emissions Test/

Recordkeeping

Recordkeeping

8

8

2

9

9

CRU Regenerator
Vent

4E 4E Opacity Recordkeeping 10

CRU sewers 4F Fugitive VOC Inspections/Repairs 11

DHT process
equipment

5 Fugitive VOC ELDAR 12
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Monitoring Reference Condition

Emission Unit EU EP Pollutant/ Parameter Requirement lI.E.

DHT Feed Heater 5A 5A NOx Emissions Test 8

rated at 19.50

MNfttu/hr CO Emissions Test 8

H2S CMS (H2S in Fuel Gas) 2

PMio & PM2.5 (Filterable Emissions Test/ 9

+ Condensable) Recordkeeping

Opacity Recordkeeping 9

DHT Splitter 5B 5B NOx Emissions Test 8

Reboiler rated at

27.30 MMbtu/hr CO Emissions Test 8

H2S CMS (H2S in Fuel Gas) 2

PMio & PM2.5(Filterable Emissions Test/ 9

+ Condensable) Recordkeeping

Opacity Recordkeeping 9

DHT sewers 5C Fugitive VOC Inspections/Repairs 11

HYK process 6 Fugitive VOC ELDAR 12

equipment
VRU Flow Recordkeeping 16

HYK Reactor 6A 6A NOx CEMS 6

Heater rated at

37.16 MMtbu/hr CO CEMS 7

H2S CMS (H2S in Fuel Gas) 2

PM10& PM2.5 (Filterable Emissions Test/ 9

+ Condensable) Recordkeeping

Opacity Recordkeeping 9

HYK 6B 68 NOx CEMS 6

Fractionator

Heater rated at CO CEMS 7

40.34 MMbtu/hr

H2S CMS (H2S in Fuel Gas) 2

PMio & PM2.5 (Filterable Emissions Test/ 9

+ Condensable) Recordkeeping

Opacity Recordkeeping 9

HYK sewers 6C Fugitive VOC Inspections/Repairs 11

SRU process 7 Fugitive VOC ELDAR 12

equipment
Thermal Oxidizer 7A 7A SO2 CEMS 5

with a rated

capacity of 1.58
MMbtu/hr
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Monitoring Reference Condition

Emission Unit EU EP Pollutant/ Parameter Requirement lI.E.

SRU sewers 7B Fugitive voc Inspections/Repairs 11

Process 8 Fugitive voc ELDAR 12

equipment

Medium Pressure 8A 8 NOx Emissions Test 8

Steam Boiler #1

rated at 11.68 CO Emissions Test 8

MMbtu/hr

Medium Pressure 8B SO2 Fuel Records 2

Steam Boiler #2

rated at 11.68 PMio & PM2.5 (Filterable Emissions Test/ 9

MMbtu/hr + Condensable) Recordkeeping
Medium Pressure 8C

Steam Boiler #3 Opacity Recordkeeping 9

rated at 11.68

MMbtu/hr

Medium Pressure 8D

Steam Boiler #4

rated at 11.68

MMbtu/hr

High Pressure 8E 8E NOx Emissions Test 8

Steam Boiler#!

rated at 22.00 CO Emissions Test 8

MMbtu/hr

H2S CMS (H2S in Fuel Gas) 2

PMio & PM2.5 (Filterable Emissions Test/ 9

+ Condensable) Recordkeeping

Opacity Recordkeeping 9

High Pressure 8F 8F NOx Emissions Test 8

Steam Boiler #2

rated at 22.00 CO Emissions Test 8

MMbtu/hr

H2S CMS (H2S in Fuel Gas) 2

PMio & PM2.5(Filterable Emissions Test/ 9

+ Condensable) Recordkeeping

Opacity Recordkeeping 9

High Pressure 8G 8G NOx Emissions Test 8

Steam Boiler #3

rated at 22.00 CO Emissions Test 8

MMbtu/hr

H2S CMS (H2S in Fuel Gas) 2

PMio & PM2.5 (Filterable Emissions Test/ 9

+ Condensable) Recordkeeping

Opacity Recordkeeping 9

Process 9 Fugitive VOC ELDAR 12

equipment
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Emission Unit EU EP Pollutant/ Parameter

Monitoring
Requirement

Reference Condition

ILE.

Storage Tank
Farm

9A Various voc Inspections/Repairs 13

Oil Movement

sewers

9B Fugitive voc Inspections/Repairs 11

Enclosed

hydrocarbon
(HC) operating
flare rated to

handle up to 24.4
MMscf/day
(including purge
and fiiel gas
blowdown)

10 10 Flowrate Flow monitor /

recordkeeping
4

Acid gas flare
rated to handle up
to 15.8

MMscf/day

lOA lOA Flowrate

HzS

Total Reduced Sulfur

(TRS)

Flow monitor /

recordkeeping

CEMs

Calculation based on

CEMs monitoring

3

HC secondary
flare #1 rated to

handle up to 74,6
MMscf/day of
emergency relief

lOB lOB Flowrate

Pressure and Liquid
Level

Flow monitor /

recordkeeping

Continuous parameter
monitoring system
(CPMS)

4

HC secondary
flare #2 rated to

handle up to 88.8
MMscf/day of
emergency relief

IOC IOC Flowrate

Pressure and Liquid
Level

Flow monitor /

recordkeeping

CPMS

4

Process

Equipment
11 Fugitive voc ELDAR 12

Truck loading
rack vent

llA llA VOC

Gasoline Loading

VRU / ELDAR and

monthly Olfactory,
Visual and Audible

(OVA) observations
and product throughput

Emissions Test/

Recordkeeping

12 / Condition II.A.13

Condition U.A.I3

Oil/Separator
inlet from

Benzene Waste

Operators
NESHAP

(BWON)
compliant plant

12 Fugitive VOC

TAB

ELDAR

Recordkeeping

12

17

CTcell#l 13 I3A Chromium Compounds Recordkeeping Condition lI.A.lS.b

CT cell #2 13B

CTcell #3 13C
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Monitoring Reference Condition

Emission Unit EU EP Pollutant/ Parameter Requirement Il.E.

CTcell#4 13D

CT cell U5 13E

Diesel Engine 14A 14A Hours of operation Maintenance records / 15

Power Generators 14B 14B hours of operations
rated at 4,700 14C 14C records

BHP each

Back-up Diesel 15A 15A Hours of operation Maintenance records / 15

Engine Firewater 15B 15B hours of operations
Pumps rated at 15C 15C records

350 BHP each

Continuous Monitoring System (CMS) - FGCD Hydrogen Sulfide (H2S) Monitoring
for SO2 Emissions: For each FGCD subject to an SO2 or H2S limit (EUs 1A, IB, 2A, 3A,
33,3C, 4A, 4B, 4C, 4D, 5A, 5B, 6A, 6B, 8E, 8F, and 80), the permittee shall comply with
the following conditions.

a. The permittee shall install, operate, calibrate and maintain an instrument for
continuously monitoring and recording the concentration by volume (dry basis) of
hydrogen sulfide in the fuel gases before being burned in any fuel gas combustion
device. Monitoring of H2S must also meet all applicable requirements of NSPS Ja,
including the applicable requirements of §60.107a(a)(2).

b. FGCDs having a common source of fuel gas may be monitored at only one location,
if monitoring at this location accurately represents the concentration of H2S in the
fuel gas being burned in the respective FGCD. The permittee has elected to monitor
the H2S concentration on the RFG system header exiting the SRU that is common
to all the FGC units to comply with §60.107a(a)(2)(iv).

CEMS and Continuous Parameter Monitoring System (CPMS) - Acid Gas Flare
System (EU lOA) Sulfur, H2S and Total Reduced Sulfur (TRS) Emissions:

a.

c.

The presence of a flame shall be monitored using a thermocouple or any other
equivalent device approved by the Department.

The permittee shall install, operate, calibrate a continuous parameter monitoring
system to measure and record the flow rate of gas discharged to the flare. Flare gas
flow monitoringmust also meet all applicable requirements of NSPS Ja, including
the applicable requirements of §60.107a(f).

The permitteeshall complywith the sulfur monitoringrequirements in §60.107a(e)
for assessing the root cause analysis threshold for the flare.
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4. Continuous Parameter Monitoring - Enclosed HC Flare System (EU 10) and
Secondary HC Flares (EU lOB, EU IOC): For each flare subject to the NSPS Ja
standards, the permittee shall comply with the following conditions:

a. The presence of a flame shall be monitored using a thermocouple or any other
equivalent device approved by the Department.

b. The permittee shall operate the pilots using exclusivelypipeline quality natural gas.

c. The permittee shall install, operate, calibrate a continuous parameter monitoring
system to measure and record the flow rate of gas discharged to the flare. Flare gas
flow monitoring shall meet all applicable requirements of NSPS Ja, including the
applicable requirements of §60.107a(g).

5. Continuous Emission Monitoring System (CEMS) - SRU Thermal Oxidizer (EP 7A)
SO2 Emissions: The permittee shall install, operate, calibrate and maintain an instrument
for continuously monitoring and recording the concentration of SO2 and O2emissions into
the atmosphere. Monitoring of SO2 and O2 emissions must also meet all applicable
requirements of NSPS Ja, including the applicable requirements of §60.106a(a)(l).

6. CEMS - FGCD Nitrogen Oxide (NOx) Emissions for EUs 1A, IB, 2A, 4A, 4B, 4C, 6A,
and 6B: The permittee shall install, operate, calibrate and maintain an instrument for
continuously monitoring and recording the concentration by volume (dry basis, 0 percent
excess air) ofNOx emissions into the atmosphere. The monitor must include an O2 monitor
for correcting the data for excess air. Monitoring of NOx emissions must also meet all
applicable requirements ofNSPS Ja, including the applicable requirements of §60.107a.

7. CEMS - FGCD Carbon Monoxide (CO) Emissions for EUs lA, IB, 2A, 4A, 4B, 4C,
6A, and 6B: The permittee is not required by either State or Federal regulations to install
continuous monitor emissions of CO into the atmosphere. However, the permittee has
elected to utilize CO CEMS to demonstrate compliance with the facility wide CO
emissions restriction under Condition II.D.2. These monitors shall be installed on EU's
1A, IB, 2A, 4A, 48, 4C, 6A, and 68.

8. Testing for EUs 3A, 3B, 3C, 4D, 5A, 5B, 8A, 8B, 8C, 8D, 8E, 8F, and 8G: For
compliance demonstration after the initial test, the permittee shall conduct annual portable
analyzer testing to provide a reasonable assurance of compliance. The permittee shall
conduct an emissions test to measure NOx and CO emissions, using at a minimum, a
portable analyzer with quality assurance procedures equivalent to Conditional Test
Methods 22 and/or 30 as outlined in EPA's Emission Measurement Center^ A test shall
consist of three runs, with each run at least 20 minutes in length.

CTM-022 and/or CTM-030. https://www.epa.gov/emc/emc-conditional-test-methods
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9. Fuel Gas - Opacity and Particulate Matter for EUs lA, IB, 2A, 3A, 3B, 3C, 4A, 4B,
4C, 4D, 5A, 5B, 6A, 6B, 7A, 8A, 8B, 8C, 8D, 8E, 8F, and 8G: For purposes ofcompliance
monitoring after the initial emissions test, burning of gaseous fuel shall be considered
credible evidence of compliance with any applicable opacity and particulate matter
emission limit. However, results from tests conducted in accordance with the test methods
in 40 CFR 60 will take precedence over burning ofgaseous fuel for evidence ofcompliance
or noncompliance with any applicable opacity or particulate limit in the event of
enforcement action. The permittee shall record the type of fuel used in the source unit on
a daily basis.

10. CRU Regenerator Vent (EU 4E) - Opacity: For purposes of compliance monitoring, the
inherent design and operation of the process vents shall be considered credible evidence of
compliance with the visible emissions standards. However, results from tests conducted
in accordance with Method 22 of 40 CFR 60, Appendix A will take precedence for
evidence of compliance or noncompliance with an applicable visible emission limit, in the
event of enforcement action.

11. 40 CFR 60 Subpart QQQ Monitoring/Inspections for EUs IC, 2B, 3D, 4F, 5C, 6C, 7B,
9B, and 12: The permittee shall comply with the performance test methods and procedures
and compliance provisions of §60.696(a) - (d), as applicable. Additionally, the following
affected facilities are subject to the following requirements:

a. Individual Drain Systems:

i. Drains shall comply with the monitoring requirements of §60.692-2(a)(2)-(5).

ii. Junction boxes shall comply with the monitoring requirements of §60.692-
2(b)(3)-(4).

iii. Sewer Lines shall comply with the monitoring requirements of §60.692-
2(c)(2)-(3).

b. Oily Water Separator: Each OWS shall comply with the monitoring requirements
of§60.926-3(a)(3)-(5).

c. Closed Vent System: Each closed vent system shall comply with the monitoring
requirements of §60.692-5(e)(l)-(5).

12. Enhanced LDAR Monitoring/Inspections/Repairs for EUs 1, 2, 3, 4, 5, 6, 7, 8, 9, 10,
11, and 11A: The permittee shall comply with the provisions of §60.592. Subsequently,
§60.592 references §60.482-la to §60.482-10a for compliance obligations. Summarized as
follows:

a. General standards under §60.482-la.
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b. Each pump in light liquid service shall be monitored following the requirements of
§60.482-2a.

c. Each compressor shall be monitored following the requirements of §60.482-3a.

d. All pressure relief devices in gas/vapor service shall be monitored following the
requirements of §60.482-4a.

e. All sampling connection systems shall be monitored following the requirements of
§60.482-5a.

f. All open-ended valves and lines shall be monitored following the requirements of
§§60.482-6a.

g. All valves in gas/vapor and light liquid service shall meet the requirements of
§60.482-7a.

h. Pumps, valves, and connectors in heavy liquid service and pressure relief devices
in light liquid or heavy liquid service shall meet the requirements of §60.482-8a.

i. Each closed-vent systems and control devices shall be monitored following the
requirements of §60.482-10a.

j. Each connector in gas/vapor service and light liquid service shall be monitored
following the requirements of §60.482-1 la.

13. VOL Storage Tanks Inspections/Monitoring/Repairs: For the IFR Tanks (301, 302,
305,306,307,308,309,311,312,327,328,331, and 332), the permittee shall comply with
the floating roof inspection, monitoring, and repair requirements of §60.116b.

14. 40 CFR 60, Subpart Dc for EUs 8A, SB, 8C, 8D, 8E, 8F, and 8G: The permittee shall
comply with all applicable requirements of 40 CFR 60, Subpart Dc - Standards of
Performance for Small Industrial-Commercial-Institutional Steam Generating Units.

15. 40 CFR 60, Subpart IIII for EUs 14A, 14B, 14C, ISA, 15B and 15C: The permittee
shall comply with all applicable requirements of 40 CFR 60, Subpart IIII - Standards of
Performance for Stationary Compression Ignition Internal Combustion Engines

16. 40 CFR 60, Subpart NNN for EU 1, 2, 3, 4, 6 and the Benzene Saturation Unit: The
permittee shall operate a properly designed and sized vapor recovery system to collect the
vent streams of the affected facilities and comply with the monitoring of emissions and
operations provisions of §60.663(b). The permittee shall install, operate, calibrate and
maintain a flow indicator to record an instrument for continuously monitoring the vent
stream flow from the vapor recovery system to the flare in accordance with §60.662(b).



Page _4J_ of 45
Permit No. PTC17020

17. 40 CFR 61, Subpart FF for Waste Water Treatment Plant (EU 12): The oily water
treatment system and individual drain lines that convey process waste water to the oily
water treatment system are subject to the applicable requirements of this subpart. Waste
that is contained in a segregated stormwater sewer system and any gaseous stream from a
waste management unit, treatment process, or wastewater treatment system routed to a fuel
gas system, are exempt from compliance with the provisions of this subpart.

a. Thepermittee shall determine thetotal annual benzene (TAB) quantity from facility
waste by the procedures described in §61.355.

b. If the TAB is greater than 1 Mg/year but less than 10 Mg/year, the permittee will
comply withthe reporting (§61.357) and recordkeeping requirements (§61.356).

c. Repeat the determination of the TAB at least once a year or when the process
changes can cause the TAB to increase above 10 Mg/yr.

d. Follow the standards set for tanks, containers, drain systems, oil water separators,
and closed vent systems and control devices as required under Subpart FF.

18. BenzeneFenceline Monitoring: For purposes of operational and additional compliance
monitoring, the permittee shall implement a Department approved benzene fenceline
monitoring program. The permittee shall maintain records of the program results for a
period of 5 years. All applicable records shall be maintained in such a manner that they
can be readily accessed within 24 hours upon Department request.

F. Recordkeeping and Reporting Requirements: All records and reports shall be available for
inspection by Department personnel and shall be submitted to the Department upon request. The
following records shall be maintained:

1. All recordkeepingand reporting required by applicable federal standardsestablished under
40 CFR 60 - Standards of Performance for New Stationary Sources. The records shall
comply with the applicable requirements of the following subparts:

a. NSPS A: §60.19.

b. NSPS Dc: §60.48c.

c. NSPSJa: §60.108a.

In addition, for EU 10 Flares, make available 15 days after the end of the month:
monthly flow, temperature, and hours of operation.



d. NSPSKb:§60.115b.
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For fixed roof tanks, the permittee shall maintain a record of the VOL stored, the
period of storage, and the maximum true vapor pressure of that VOL during the
respective storage period.

e. NSPS XX: §60.505

f. NSPS GGGa (references NSPS VVa): §60.486a and §60.487a.

g. NSPS NNN: §60.665.

h. NSPS QQQ: §60.697 and §60.698.

i. NSPS mi: §60.4214.

Annual reporting [§60.4214(d)] of the EU 14A-C Diesel Generator and EU 15A-C
Back-up Diesel Engine Fire Pump engine hours not to exceed 100 hours to include
reason for operating (§60.421 l(f)(2)(i)). The 100 hour of operation limit includes
the sum of hour of operation of the engines in non-emergency use, or maintenance
and readiness testing. The number of hours operating in an actual emergency do
not have a limit.

Annual reporting [§60.4207(b)] of diesel used by EU 14A-C Diesel Generator and
EU 15A-C Back-up Diesel Engine Fire Pump.

2. All recordkeeping required by applicable federal standards established under 40 CFR Part
61 - National Emission Standards for Hazardous Air Pollutants.

a. NESHAP FF: §63.356 and §63.357.

Annual calculation of the annual average benzene concentration of waste streams.

3. All recordkeeping required by applicable federal standards established under 40 CFR Part
63 - National Emission Standards for Hazardous Air Pollutants for Source Categories.

a. MACT6B: §63.11094 and §63.11095.

Gasoline Loading Rack ELDAR inspection (500 ppmv).

Gasoline Loading Rack OVA and/or LDAR leak inspection on all equipment in
gasoline service (§63.11089).

Gasoline Loading Rack monthly gasoline throughput made available 15 days after
the end of the month.
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4. Additional Requirements

a. All stack test results including field data, laboratory analysis data, and quality
assurance data.

b. Semi-Annual reporting of CEMS observations for all units subject to monitoring.

c. Amiual Emission Inventory/Annual Production Reports: The owner/operator shall
submit an annual emission inventory report and/or an annual production report
upon Department request, on forms supplied or approved by the Department.

The owner/operator shall maintain any compliance monitoring records required by this permit or
applicable requirements. The owner/operator shall retain records of all required monitoring data
and support information for a period of at least five years from the date of the monitoring sample,
measurement, report or application. Support information may include all calibration and
maintenance records and all original strip-chart recordings/computer printouts for continuous
monitoring instrumentation, and copies of all reports required by the permit.

General Conditions

G. Construction: Construction of the above described facility shall be in accordance with
information provided in the permit application as well as any plans, specifications and supporting
data submitted to the Department. The Department shall be notified ten days in advance of any
significant deviations from the specifications furnished. The issuance of this Permit to Construct
may be suspended or revoked if the Department determines that a significant deviation from the
plans and specifications furnished has been or is to be made.

Any violation of a condition issued as part of this permit to construct as well as any construction
which proceeds in variance with any information submitted in the application, is regarded as a
violation of construction authority and is subject to enforcement action.

H. Startup Notice: A notification of the actual date of initial startup shall be submitted to the
Department within 15 days after the date of initial startup.

I. Organic Compounds Emissions: The permittee shall comply with all applicable requirements
of NDAC 33-15-07 - Control of Organic Compounds Emissions.

J. Air Pollution from Internal Combustion Engines: The permittee shall comply with all
applicable requirements of NDAC 33-15-08-01 - Internal Combustion Engine Emissions
Restricted.

K. Fugitive Emissions: The release of fugitive emissions shall comply with the applicable
requirements in NDAC 33-15-17.
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L. Title V Permit to Operate; Within one year after startup of the units covered by this Permit to
Construct, the owner/operator shall submit a permit application for a Title V Permit to Operate for
the facility.

M. Permit Invalidation: This permit shall become invalid if construction is not commenced within
eighteen months after issuance of such permit, if construction is discontinued for a period of
eighteen months or more; or if construction is not completed within a reasonable time.

N. Source Operations: Operations at the installation shall be in accordance with statements,
representations, procedures and supporting data contained in the initial application, and any
supplemental information or application(s) submitted thereafter. Any operations not listed in this
permit are subject to all applicable North Dakota Air Pollution Control Rules.

O. Alterations, Modifications or Changes: Any alteration, repairing, expansion, or change in the
method of operation of the source which results in the emission of an additional type or greater
amount of air contaminants or which results in an increase in the ambient concentration of any air
contaminant, must be reviewed and approved by the Department prior to the start of such
alteration, repairing, expansion or change in the method of operation.

P. Nuisance or Danger: This permit shall in no way authorize the maintenance of a nuisance or a
danger to public health or safety.

Q. Malfunction Notification: The owner/operator shall notify the Department of any malfunction
which can be expected to last longer than twenty-four hours and can cause the emission of air
contaminants in violation of applicable rules and regulations.

R. Operation ofAir Pollution Control Equipment: The owner/operator shall maintain and operate
all air pollution control equipment in a manner consistentwith good air pollutioncontrol practice
for minimizing emissions.

S. Transfer of Permit to Construct: The holder of a permit to construct may not transfer such
permit without prior approval from the Department.

T. Right of Entry: Any duly authorized officer, employee or agent of the North Dakota Department
of Health may enter and inspect any property, premise or place at which the source listed in Item
LB of this permit is locatedat any time for the purposeofascertaining the state of compliancewith
the North Dakota Air Pollution Control Rules. The Department may conduct tests and take
samples of air contaminants, ftiel, processing material, and other materials which affect or may
affect emissions of air contaminants from any source. The Department shall have the right to
access and copy any records required by the Department's rules and to inspect monitoring
equipment located on the premises.

U. Other Regulations: The owner/operatorof the source unit(s) described in Item I.B of this permit
shall comply with all State and Federal environmental laws and rules. In addition, the
owner/operator shall comply with all local burning, fire, zoning, and other applicable ordinances,
codes, rules and regulations.
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V. Permit Issuance; This permit is issued in reliance upon the accuracy and completeness of the
information set forth in the application. Notwithstanding the tentative nature of this information,
the conditions of this permit herein become, upon the effective date of this permit, enforceable by
the Department pursuant to any remedies it now has, or may in the future have, under the North
Dakota Air Pollution Control Law, NDCC Chapter 23-25.

W. Odor Restrictions: The owner/operator shall not discharge into the ambient air any objectionable
odorous air contaminant which is in excess of the limits established in NDAC 33-15-16.

X. Sampling and Testing: The Department may require the owner/operator to conduct tests to
determine the emission rate of air contaminants from the source. The Department may observe
the testing and may specify testing methods to be used. A signed copy of the test results shall be
furnished to the Department within 60 days of the test date. The basis for this condition is NDAC
33-15-01-12 which is hereby incorporated into this permit by reference. To facilitate preparing
for and conducting such tests, and to facilitate reporting the test results to the Department, the
owner/operator shall follow the procedures and formats in the Department's Emission Testing
Guideline.

Date ^
' Myl#n K. Tufte, MBA, MKIM, BSN

State Health Officer

FOR THE NORTH DAKOTA

DEPARTMENT OF HEALTH
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1 Introduction/Purpose 
The purpose of this Technical Support Document (TSD) is to discuss the currently available 
information on emissions and control measures for sources of NOx other than electric 
generating units (EGUs). This information provides more detail about why EGUs are the 
focus of the proposed rulemaking, namely the uncertainty that exists regarding whether 
significant aggregate NOx mitigation is achievable from non-EGU point sources by the 2017 
ozone season, and the fact that the limited available information points to an apparent 
scarcity of non-EGU reductions that could be accomplished in this timeframe. 
Notwithstanding these conclusions as regards the 2017 ozone season, the EPA continues to 
assess the role of NOx emissions from non-EGU sources to downwind nonattainment 
problems, and welcomes comments on the information in this TSD both as it relates to the 
current rule and for future use. 
 
This TSD begins by briefly discussing the non-EGU emissions inventories used in this 
proposed rule, both for the 2011 base year and 2017 future baseline assessed for this 
proposed rule. The TSD then presents an evaluation of whether non-EGU emissions can be 
reduced in a cost-effective manner for particular categories. Then, it assesses the available 
NOx emission reductions from such categories and presents the category-by-category 
emissions reduction potential. This assessment considers and presents the costs per ton of 
these reductions, with a focus on technologies that achieve cost-effective reductions within 
a range of costs similar to that evaluated for EGUs.  Finally, the TSD presents estimates of 
the time required to install and implement the control measures, both for comparison to 
the 2017 compliance timeframe, and for discussion of installation time should such 
measures be required in the future.   
 
For the reasons stated in the preamble, the data and discussion in this TSD are intended to 
focus on the eastern states that are the focus of the Cross-State Air Pollution Rule (CSAPR). 
Information inclusive of western states1 is presented where available and appropriate. 
 
  

                                                           
1 For the purpose of this action, the western U.S. (or the West) consists of the 11 western contiguous states of Arizona, 
California, Colorado, Idaho, Montana, New Mexico, Nevada, Oregon, Utah, Washington, and Wyoming, and the eastern U.S. 
(or East) consists of the remaining states in the contiguous U.S. 
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2 Background 
In this section we present annual and ozone-season NOx emission inventory totals and the 
relative percentages for non-EGU source categories statewide and/or nationally. This 
information is summary in nature and is not meant to replace other, more detailed 
information available from the EPA, such as the EPA’s 2011v6.2 Emissions Modeling 
Platform TSD2 as well as the Notice of Data Availability3 (NODA) and Regulatory Impact 
Analysis4 (RIA) for this proposed rulemaking. 
 
Table 1 lists 2011 and 2017 projected NOx emissions by sector, in summary form, for the 
48 contiguous states of the U.S. (CONUS).  
 
 

Table 1: 2011 Base Year and 2017 Projected NOx Emissions by 
Sector (tons), for the 48 CONUS 

Sector 
2011 NOx, 

annual  
2017 NOx, 

annual 
2011 NOx, ozone 

season 
2017 NOx, ozone 

season 

EGU-point 2,000,000 1,500,000 942,000 689,000 

NonEGU-point 1,200,000 1,200,000 515,000 502,000 

Point oil and gas 500,000 410,000 213,000 172,000 

Wild and prescribed fires 330,000 330,000 165,000 165,000 

Nonpoint oil and gas 650,000 690,000 275,000 293,000 

Residential wood 
combustion 

34,000 35,000 3,000 3,000 

Other nonpoint 760,000 730,000 204,000 211,000 

Nonroad 1,600,000 1,100,000 825,000 582,000 

Onroad 5,700,000 3,200,000 2,417,000 1,329,000 

C3 Commercial marine 
vessel (CMV) 

130,000 130,000 58,000 58,000 

Locomotive and C1/C2 
CMV 

1,100,000 910,000 451,000 384,000 

Biogenics 1,000,000 1,000,000 630,000 630,000 

TOTAL 15,000,000 11,200,000 6,698,000 5,018,000 

  

It is clear from Table 1 that NOx emissions are projected to remain constant or decrease for 
most sectors in the 48 states between 2011 and 2017. Emissions from the non-EGU point 
source sector and the other nonpoint source sector are not projected to change 
significantly, while emissions from the nonpoint oil and gas source sector are projected to 
grow (approximately 6%), during this time period. Based on the values in Table 1, Figures 

                                                           
2 Technical Support Document (TSD), Preparation of Emissions Inventories for the Version 6.2, 2011 Emissions Modeling 
Platform, August 2015, available at: 
http://www3.epa.gov/ttn/chief/emch/2011v6/2011v6_2_2017_2025_EmisMod_TSD_aug2015.pdf  
3 Notice of Availability of the Environmental Protection Agency’s Updated Ozone Transport Modeling Data for the 2008 
Ozone National Ambient Air Quality Standard (NAAQS). The official version is available in the docket for this proposed 
rulemaking. 
4 Regulatory Impact Analysis for the Proposed Cross-State Air Pollution Rule (CSAPR) for the 2008 Ozone National 
Ambient Air Quality Standards (NAAQS). The official version is available in the docket for this proposed rulemaking. 

http://www3.epa.gov/ttn/chief/emch/2011v6/2011v6_2_2017_2025_EmisMod_TSD_aug2015.pdf
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1 and 2 show the relative contributions of the various sectors to overall NOx emissions (left 
panel) and for the non-EGU sectors (right panel) for 2011 and 2017, respectively. 
 
 

Figure 1: 2011 NOx emissions by sector, with further non-EGU 
breakout (48 states) 

  

 
 

Figure 2: Projected 2017 NOx emissions by sector, with further 
non-EGU breakout (48 states) 
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Figure 1 depicts total ozone season NOx emissions of 6,698,000 tons in 2011 and Figure 2 
depicts total ozone season NOx emissions of 5,018,000 tons in 2017. In both 2011 and 
2017, the mobile source sector has the largest NOx emissions. Substantial reductions in 
mobile source NOx are projected to occur by 2017. Mobile sources are projected to 
decrease because of sector-specific standards related to fuels, fuel economy, pollution 
controls, and repair and replacement of the existing fleet. Because these reductions are 
already expected to occur, mobile source emission reductions are not included in this 
analysis of non-EGU emission reductions achievable by the 2017 ozone season.  
 
For the purposes of preliminary analysis in this TSD, “non-EGU total” refers to four 
separate categories of sources: non-EGU point, point oil and gas, nonpoint oil and gas, and 
other nonpoint (and does not include mobile sources). The oil and gas point and nonpoint 
sources are separated from the remaining non-EGU point and nonpoint sources due to the 
magnitude of their contribution to the inventory and other aspects related to the inventory 
development, emissions modeling, and future year projections for that industry. The point 
oil and gas sources are also separated out from the other non-EGU point sources according 
to the NAICS code specified for the various sources.  Note that point oil and gas sources 
include a variety of types of processes, and there is overlap with the processes included in 
the rest of the non-EGU point inventory. More information on the emissions sectors is 
available in the 2011v6.2 Emissions Modeling Platform TSD. 
 
Comparing the proportions of the total inventory for non-EGUs (Figures 1 and 2), it 
becomes clear that, although they are decreasing in the absolute sense, non-EGU NOx 
emissions are becoming a larger share of overall ozone-season NOx emissions (16% in 
2011 compared with 21% in 2017).  
 
Table 2 compares statewide projected total anthropogenic NOx emissions (inclusive of all 
sectors listed in Table 1 with the exception of fires and biogenics) for the 2017 ozone 
season to non-EGU NOx emissions for the 2017 ozone season for each of the 48 contiguous 
states of the U.S. Totals are given for the 48 contiguous United States (the 37 eastern states 
plus D.C. that are addressed in the proposed rulemaking are highlighted below in blue). 
Non-EGU sources in this table are broken down into two groups (non-EGU point sources, 
including point oil & gas sources, and other nonpoint and nonpoint oil & gas sources).  
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Table 2: Projected Total Anthropogenic Ozone-Season NOx 
Emissions vs. Projected Non-EGU Source Group NOx Emissions, 

2017 Projections, Tons5 

State 
Total 
Anthropogenic 

Non-EGU 
Point + Oil & 
Gas Point 

% 
Anthro 

Oil & Gas 
Nonpoint+ Other 
Nonpoint 

% 
Anthro 

Oil & Gas 
Point + Oil 
& Gas 
Nonpoint 

% 
Anthro 

Alabama 88,805 22,187 25 7,952 9 7,442 8 

Arizona 71,906 5,015 7 2,310 3 612 1 

Arkansas 69,737 13,400 19 5,308 8 9,164 13 

California 236,322 29,342 12 20,220 9 3,105 1 

Colorado 90,756 19,594 22 16,899 19 27,284 30 

Connecticut 17,672 1,105 6 2,626 15 98 1 

Delaware 7,786 628 8 615 8 0 0 
District of 
Columbia 2,252 212 9 312 14 0 0 

Florida 177,514 16,293 9 7,543 4 1,112 1 

Georgia 103,536 18,816 18 4,559 4 1,495 1 

Idaho 27,893 3,752 13 1,989 7 503 2 

Illinois 148,178 24,668 17 15,409 10 9,424 6 

Indiana 139,133 27,222 20 6,864 5 5,931 4 

Iowa 70,467 7,888 11 3,861 5 153 0 

Kansas 79,939 6,968 9 12,619 16 10,697 13 

Kentucky 106,830 11,456 11 11,905 11 12,251 11 

Louisiana 173,330 45,506 26 30,160 17 31,503 18 

Maine 17,576 4,639 26 809 5 26 0 

Maryland 46,029 6,213 13 3,508 8 522 1 

Massachusetts 35,369 4,144 12 4,807 14 105 0 

Michigan 131,486 21,867 17 12,245 9 9,398 7 

Minnesota 89,328 15,541 17 6,414 7 46 0 

Mississippi 54,832 11,684 21 2,122 4 6,557 12 

Missouri 101,035 9,238 9 3,594 4 122 0 

Montana 38,504 2,948 8 3,630 9 3,390 9 

Nebraska 70,005 3,884 6 1,163 2 467 1 

Nevada 28,192 4,018 14 1,003 4 115 0 

New Hampshire 8,932 680 8 1,028 12 0 0 

New Jersey 52,743 4,544 9 5,506 10 173 0 

New Mexico 65,263 10,559 16 19,940 31 27,759 43 

New York 109,910 13,738 12 14,624 13 904 1 

North Carolina 98,064 15,711 16 3,657 4 1,203 1 

North Dakota 74,118 4,047 5 18,125 24 19,185 26 

Ohio 160,110 21,280 13 11,617 7 2,906 2 

Oklahoma 131,763 32,203 24 33,178 25 51,257 39 

Oregon 40,507 6,130 15 4,348 11 365 1 

Pennsylvania 174,664 23,735 14 33,508 19 26,713 15 

                                                           
5 EGUs are not provided a separate breakout in Table 2 since state-level emissions are presented in the emissions 
modeling platform TSD and other TSDs for this proposal. 
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State 
Total 
Anthropogenic 

Non-EGU 
Point + Oil & 
Gas Point 

% 
Anthro 

Oil & Gas 
Nonpoint+ Other 
Nonpoint 

% 
Anthro 

Oil & Gas 
Point + Oil 
& Gas 
Nonpoint 

% 
Anthro 

Rhode Island 5,845 544 9 1,370 23 12 0 

South Carolina 55,897 10,144 18 3,980 7 348 1 

South Dakota 22,192 1,241 6 432 2 75 0 

Tennessee 85,759 13,494 16 5,846 7 1,922 2 

Texas 467,245 95,671 20 115,180 25 145,285 31 

Tribal Data 26,717 3,799 14 0 0 3,700 14 

Utah 66,486 8,004 12 9,781 15 9,349 14 

Vermont 5,473 163 3 937 17 0 0 

Virginia 87,754 14,039 16 7,318 8 4,775 5 

Washington 75,833 8,666 11 1,150 2 164 0 

West Virginia 64,839 9,678 15 12,642 19 16,723 26 

Wisconsin 75,047 11,181 15 5,351 7 178 0 

Wyoming 68,864 26,488 38 4,018 6 10,905 16 

Eastern States 3,411,193 545,649 16 418,692 12 378,171 11 

US Total 4,248,436 673,964 16 503,980 12 465,421 11 
 

Table 2 indicates that, in the projected 2017 inventory, non-EGU sources comprising non-
EGU point and point oil and gas sources are estimated to make up 16% of anthropogenic 
NOx emissions in the 48 contiguous United States. In individual states, the percentage of 
anthropogenic emissions contributed by these two non-EGUs categories range from 3% to 
26% (eastern states) and from 7% to 38% (western states).  
 
We also note that in the projected 2017 inventory, non-EGU sources comprising nonpoint 
oil & gas and other nonpoint sources are estimated to make up 12% of anthropogenic NOx 
emissions in the entire continental U.S. In individual states, the percentage of 
anthropogenic emissions contributed by these non-EGUs ranges from 2% to 25% (eastern 
states) and from 4% to 31% (western states).  
 
The EPA’s preliminary analysis indicates that NOx emissions from oil and gas sources 
(inclusive of emissions from the point oil and gas and nonpoint oil and gas sectors) 
comprise an average of 11% of the total ozone season NOx emissions inventory. For some 
states, this percentage increases up to 43%, with oil and gas emissions exceeding non-EGU 
point totals in a number of states. The key sources of NOx emissions in the oil and gas 
sector are from the combustion of fossil fuel (primarily drilling rigs, internal combustion 
(IC) engines and pipeline compressors) and flares. Please refer to the EPA’s 2011v6.2 
Emissions Modeling Platform TSD for more information on emissions from these sectors. 
 
  

3 Preliminary Analysis 
For the purposes of this proposed rule, the EPA performed a preliminary analysis to 
characterize whether there are non-EGU source groups with a substantial amount of 
available cost-effective NOx reductions achievable by the 2017 ozone season. 
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3.1 Methodology 
The EPA’s preliminary analysis of potential non-EGU NOx emission reductions was 
performed using the Control Strategy Tool (CoST). CoST is the software tool the EPA uses 
to estimate the emission reductions and costs associated with future-year control 
strategies, and then to generate emission inventories that result from the control strategies 
applied. CoST tracks information about control measures, their costs, and the types of 
emissions sources to which they apply. The purpose of CoST is to support national- and 
regional-scale multi-pollutant analyses, primarily for Regulatory Impact Analyses (RIAs) of 
the National Ambient Air Quality Standards (NAAQS).  CoST is also a component of the 
Emissions Modeling Framework (EMF) that was used to generate the 2017 non-EGU 
emissions presented above and in the Emissions Modeling Platform TSD for this proposal.  
Further discussion and documentation of CoST is available on the EPA’s website at 
http://www.epa.gov/ttnecas1/cost.htm. 
 
Appendices to this TSD discuss recommendations for updates to CoST, including 
corrections for inapplicable controls, sources already controlled by state rules, sources 
with permit limits or that clearly identified controls in place, and sources subject to future 
NOx emission limits. Appendix A summaries RTI’s work to review estimates for lean burn 
IC engines, glass manufacturing, ammonia reformers, and gas turbines.6 Appendix B 
discusses SRA’s work on a variety of other categories including many of the others 
evaluated in this TSD.7 
 
It should be noted that all of the NOx measures included in this report are currently in the 
Control Measure Data Base (CMDB) used by CoST, and do not reflect the updates suggested 
in these contractor reports. Obstacles to full incorporation of the recommended changes 
include availability of accurate costs for these measures, and to have cost equations rather 
than average cost/ton to estimate costs. Control efficiencies are readily available for 
measures, but costs, particularly those that can be estimated using equations that consider 
source size or capacity, often are not. The EPA plans to incorporate these recommendations 
for changes or additions to the NOx controls for non-EGUs to support NOx control efforts 
for future rules and other efforts. Nonetheless, the information from these reports helped 
inform our assessment in terms of uncertainty surrounding non-EGU emission reduction 
potential. Further details on the CMDB can be found on the CoST web site. 
 
For the purpose of identifying a list of non-EGU NOx source groups with controls available, 
the EPA ran CoST including non-EGU sources for the 37 eastern U.S. with NOx emissions of 
greater than 25 tons/year in 2017. These reports are included in the Appendices of this 
TSD.  Through a contractual agreement with EPA, SRA International and RTI International 
provided reports which CoST examined a number of source categories of non-EGUs with 
control costs up to $10,000 per ton (in 2011 dollars). CoST selected particular control 

                                                           
6 “Update of NOx Control Measure Data in the CoST Control Measure Database for Four Industrial Source Categories: 
Ammonia Reformers, NonEGU Combustion Turbines, Glass Manufacturing, and Lean Burn Reciprocating Internal 
Combustion Engines,” Revised Draft Report, RTI International, 2014. 
7 “Review of CoST Model Emission Reduction Estimates,” SRA International, 2014; “Summary of State NOx Regulations for 
Selected Stationary Sources,” SRA International, 2014. 

http://www.epa.gov/ttnecas1/cost.htm
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technologies based on application of a least-cost criterion for control measures applied as 
part of control strategy.  Other NOx control measures are available for some of these 
categories, but on average annualized costs for these measures were at higher cost.    
 

3.2 Uncertainties and Limitations 
The EPA acknowledges several important limitations of the non-EGU cost analysis included 
in this TSD, which include the following:  
 
Boundary of the cost analysis: In this engineering cost analysis we include only the impacts 
to the regulated industry, such as the costs for purchase, installation, operation, and 
maintenance of control equipment over the lifetime of the equipment. Recordkeeping, 
reporting, testing and monitoring costs are not included. Additional profit or income may 
be generated by industries supplying the regulated industry, especially for control 
equipment manufacturers, distributors, or service providers. These types of secondary 
impacts are not included in this cost analysis.  
 
Cost and effectiveness of control measures: Our application of control measures reflect 
nationwide average retrofit factors and equipment lives. We do not account for regional or 
local variation in capital and annual cost items such as energy, labor, materials, and others. 
Our estimates of control measure costs may over- or under-estimate the costs depending 
on how the difficulty of actual retrofitting and equipment life compares with our control 
assumptions. In addition, our estimates of control efficiencies for control measures 
included in our analysis assume that the control devices are properly installed and 
maintained. There is also variability in scale of application that is difficult to reflect for 
small area sources of emissions.  
 
Discount (Interest) rate:  Because we obtain control cost data from many sources, we are 
not always able to obtain consistent data across original data sources. If disaggregated 
control cost data are not available (i.e., where capital, equipment life value, and operation 
and maintenance [O&M] costs are not shown separately), the EPA assumes that the 
estimated control costs are annualized using a 7 percent discount rate, which is the 
discount (interest) rate used in accordance with OMB guidance in Circular A-94. In general, 
we have some disaggregated data available for non-EGU point source controls. In addition, 
while these interest rates are consistent with OMB guidance, the actual interest rates may 
vary regionally or locally.  
 
Accuracy of control costs:  We estimate that there is an accuracy range of +/- 30 percent for 

non-EGU point source control costs. This level of accuracy is described in the EPA Air 

Pollution Control Cost Manual, which is a basis for the estimation of non-EGU control cost 

estimates included in this TSD. This level of accuracy is consistent with either the budget or 

bid/tender level of cost estimation as defined by the AACE International. In addition, the 

accuracy of costs is also influenced by the availability of data underlying the cost estimates 

for individual control measures. For some control measures, we recognize that there is 

limited data available to generate robust cost estimates. This is reflected in the derivation 



 

10 
 

of costs for some of the non-EGU NOx control measures discussed in Appendix A for this 

TSD.   

3.3 CoST Results 
The results of the CoST analysis are displayed in Table 3. In this table, we display the 
source groups selected by CoST, the Source Classification Codes (SCCs) included in those 
groups8, the least-cost control technology for a given source group (also selected by CoST), 
the current estimate (in dollars per ton, using 2011 dollars) of the annualized cost per ton 
NOx reduced of the control technology, the current estimate of the time necessary to install 
the selected control technology (not including permitting time), the estimated ozone 
season emissions in the East from the non-EGU source group in 2017 in the absence of the 
installation of the selected controls, and the estimated potential ozone season reductions in 
the East from the non-EGU source group in 2017 assuming the selected controls could be 
fully installed and operational prior to the 2017 ozone season (which as discussed in more 
detail later, is not the case for many of the categories examined). Note that CoST does not 
account for installation time or time required for the permitting process. Instead it 
provides information on the control measures applicable to sources in the inventory, along 
with the cost of installation and operation of the selected measures. 

   

                                                           
8 The CoST results do not indicate applicability of the recommended control technology to all sources in the source group 
but only to the specific SCCs for which control technologies are applicable. For example, for the cement kilns source 
group, BSI is applicable only for the types of cement kilns covered by the listed SCCs. 
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Table 3: CoST Results: Non-EGU Source Groups with NOx Reductions  

                                                           
9 Time to install is not an output of CoST, but are rather estimates determined by EPA based on research from a variety of sources. See “Typical Installation Timelines for 
NOx Emissions Control Technologies on Industrial Sources,” Institute of Clean Air Companies, December 2006 (all sources except cement kilns and RICE), “Cement Kilns 
Technical Support Document for the NOx FIP,” EPA, January 2001 (cement kilns), and “Availability and Limitations of NOx Emission Control Resources for Natural Gas-
Fired Reciprocating Engine Prime Movers Used in the Interstate Natural Gas Transmission Industry,” Innovative Environmental Solutions Inc., July 2014 (prepared for 
the INGAA Foundation). 
10 In general, for control retrofits to non-EGU sectors, it appears that the full sector-wide compliance time is uncertain, but is longer than the installation time shown 
above for a typical unit. We have insufficient information on capacity and experience within the OEM suppliers and major engineering firms supply chain to offer 
conclusions on their availability to execute the project work for non-EGU sectors. 
11 Non-EGUs of any type – boiler or turbine – that are not currently required to monitor and report in accordance with 40 CFR Part 75 and/or not currently participating 
in the existing CSAPR program will require additional time relative to EGUs that are currently equipped with Part 75 monitoring and reporting and/or participating in 
the current CSAPR program.  Installation of NOx monitors for the reporting of NOx mass requires the construction of platforms, CEM shelters, procurement of 
equipment, certification testing, and electronic data reporting programming of a data handling system.  These added timing considerations for infrastructure on the non-
EGU sources combined with the additional programmatic adoption measures necessary make installation of controls by the 2017 timeframe established in this rule less 
likely and more uncertain for industrial sources. 
12 Emissions and potential reductions for Gas Turbines ($163/ton grouping), Cement Kiln/Dryer (Bituminous Coal) ($942/ton grouping), Coal Cleaning – Thermal Dryer 
(2), Spreader Strokers, Petroleum Refinery Process Heaters, Incinerators, Boilers & Process Heaters, Gas-Fired Process Heaters, Coal Boilers, By-Product Coke 
Manufacturing, ICI Boilers – Residual Oil, Ammonia Production, Glass Manufacturing, ICI Boilers, Iron & Steel - In-Process Combustion -  Bituminous Coal, Industrial 
Processes Miscellaneous,  Catalytic Cracking, Process Heaters, & Coke Ovens, Petroleum Refinery Gas-Fired Process Heaters, Glass Manufacturing – Pressed, Glass 
Manufacturing – Container, Petroleum Refinery Gas-Fired Process Heaters, and RICE source groups were calculated for 2018, however they are likely to be virtually 
identical to projections for 2017. Non-EGU source groups with projected aggregate 2017 NOx emissions below 100 OS tons are excluded from this table. 
13 Potential reductions assume fully implemented controls by the start of the 2017 ozone season. 

Non-EGU Source 
Group 

SCCs Control 
Technology 
Recommended 
by CoST 

Current 
estimate of 
NOx $/ton, 
CoST (2011 $) 

Time to install9 
10(excluding 
permitting, reporting 
preparation, 
programmatic and 
administrative 
considerations11) 

201712 
NOx 
Emissions 
(37 States 
+ DC), OS 
tons, CoST 

2017 Potential 
Reductions13 (37 
States + DC), OS 
tons, CoST 

Cement Kilns 30500622 (preheater kiln), 30500623 
(preheater/precalciner); 39000201 
(kiln/dryer); 39000288 (kiln in process 
coal) 

Biosolid 
Injection 
Technology 
(BSI) 

$410 Uncertain 24,760 4,207 

Cement Mfg (dry) 30500606 Industrial Processes, Mineral 

Products, Cement Manufacturing (Dry 

Process), Kilns 

Selective Non-
Catalytic 
Reduction 
(SNCR) 

$1,255 42-51 weeks 13,006 6,501 

Cement Mfg (wet) 30500706 Industrial processes, mineral 
products, Cement Manufacturing (Wet 
Process), Kilns 
 

Mid-Kiln Firing $73 5-7 months 7,971 2,287 
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Coal Cleaning – 

Thermal Dryer (1) 
30502508 Construction Sand & Gravel, 

Dryer; 30501001 Industrial Processes, 

Mineral Products, Coal Mining, Cleaning, 

and Material Handling, Fluidized Bed 

Reactor 

Low NOx Burner 
(LNB) 

$1,125 6-8 months 503 165 

Coal Cleaning – 

Thermal Dryer (2) 
30501001 Industrial Processes, Mineral 

Products, Coal Mining, Cleaning, and 

Material Handling, Fluidized Bed Reactor 

Low NOx Burner 

(LNB) 
$1,640 6-8 months 154 63 

Cement 

Kiln/Dryer 

(Bituminous Coal) 

39000201 Industrial Processes, In-process 

Fuel Use, Bituminous Coal, Cement 

Kiln/Dryer (Bituminous Coal) 

SNCR $942 42-51 weeks 520 260 

Iron and Steel 
Mills - Reheating 

30300934 (303015) Primary Metal 
Production: Steel; 30300933 

Low NOx Burner 
(LNB) & Flue 
Gas 
Recirculation 
(FGR) 

$620 6-8 months 1,064 664 

Steel Production 30490033 Industrial Processes, 
Secondary Metal Production, Fuel Fired 
Equipment, Natural Gas: Furnaces; 
30400704 Industrial Processes, 
Secondary Metal Production, Steel 
Foundries, Heat Treating Furnace 

Low NOx Burner 

(LNB) 
$928 6-8 months 281 141 

Nitric Acid Mfg 30101301 Chemical Manufacturing, 
Nitric Acid, Absorber Tail Gas (Pre-1970 
Facilities); 30101302 Chemical 
Manufacturing, Nitric Acid, Absorber 
Tail Gas (Post-1970 Facilities) 

NSCR $900 6-14 weeks 1,290 724 

Petroleum 

Refinery Process 

Heaters 

30600106 Industrial Processes, Petroleum 

Industry, Process Heaters, Process Gas-

fired 

SCR-95% $940-$1101 28-58 weeks 179 177 

Gas Turbines 20200201 Natural Gas, Turbine; 20200203 

Natural Gas, Turbine: Cogeneration; 

20300202 Natural Gas, Turbine 

Low NOx Burner 

(LNB) 
$163 12 months 945 793 

Gas Turbines 20200201 Natural Gas, Turbine; 
20200203 Natural Gas, Turbine: 
Cogeneration; 20300202 Natural Gas, 
Turbine; 20300203 Natural Gas, 
Turbine: Cogeneration 

Low NOx Burner 
(LNB) 

$800 6-8 months 16,036 4,713 

Natural Gas RICE 
Pipeline 
Compressors 

20200202 Internal Combustion Engines, 
Industrial, Natural Gas, Reciprocating 
 
 

Adjust Air to 
Fuel Ratio and 
Ignition Retard 

$249 Uncertain 10,099 2,958 
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Natural Gas RICE 
Miscellaneous 

20100202 Internal Combustion Engines, 
Electric Generation, Natural Gas, 
Reciprocating; 20200202 Internal 
Combustion Engines, Industrial, Natural 
Gas, Reciprocating; 20200204, Internal 
Combustion Engines, Industrial, Natural 
Gas, Reciprocating: Cogeneration; 
20300201, Internal Combustion 
Engines, Commercial/Institutional, 
Natural Gas, Reciprocating 

Adjust Air to 
Fuel Ratio and 
Ignition Retard 

$447 Uncertain 27,600 8,085 

 Natural Gas RICE 
Pipeline 
Compressors, 
Rich Burn 

20200253 Internal Combustion Engines, 
Industrial, Natural Gas, 4-cycle Rich 
Burn 

NSCR $517 Uncertain 11,758 10,571 

Natural Gas RICE 
Pipeline 
Compressors, 
Lean Burn / Clean 
Burn  

20200252 Internal Combustion Engines, 
Industrial, Natural Gas, 2-cycle Lean 
Burn; 20200254 Internal Combustion 
Engines, Industrial, Natural Gas, 4-cycle 
Lean Burn; 20200255 Internal 
Combustion Engines, Industrial, Natural 
Gas, 2-cycle Clean Burn; 20200256 
Internal Combustion Engines, Industrial, 
Natural Gas, 4-cycle Clean Burn 

Low Emission 
Combustion 
(LEC) 

$649 Uncertain 47,321 41,169 

Diesel / Dual Fuel 
RICE 

20200401 Internal Combustion Engines, 
Industrial, Large Bore Engine, Diesel; 
20200402 Internal Combustion Engines, 
Industrial, Large Bore Engine, Dual Fuel 
(Oil/Gas) 

Ignition Retard $1,255 Uncertain 865 216 

Catalytic Cracking 

(1) 
30600201 Industrial Processes, Petroleum 

Industry, Catalytic Cracking Units, Fluid 

Catalytic Cracking Unit 

Low NOx Burner 

(LNB) & Flue 

Gas Recirculation 

(FGR) 

$1,375 6-8 months 255 140 

Spreader 
Strokers 

10100204 External Combustion Boilers, 
Electric Generation, 
Bituminous/Subbituminous Coal, 
Spreader Stroker (Bituminous Coal) 

SNCR $1,390 42-51 weeks 394 158 

Petroleum 

Refinery Process 

Heaters 

30600106 Industrial Processes, Petroleum 

Industry, Process Heaters, Process Gas-

fired 

 

 

 

 

SCR-95% $1,406-$1,501 28-58 weeks 161 157 
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Incinerators 50200102, 50200103, 50200104, 
50200504, 30190013, 30190014, 
50300101, 50300106, 50300112, 
50300113, 50300501, 50300503, 
50300504, 50300599, 50100101, 
50100102, 
50100103, 50100506, 50100515, 

50100516, 39990024 Incineration 

SNCR $1,842 42-51 weeks 6,556 2,950 

Boilers & Process 

Heaters 
10200203, 10200217, 10300216, 

10200204, 10200205, 10300207, 

10300209, 10200799 External Combustion 

Boilers; 30190002, 30600103 Industrial 

Process Heaters 

SCR $2,235 28-58 weeks 13,146 10,358 

Natural Gas RICE 

Electric 

Generation 

20100206 Internal Combustion Engines, 

Electric Generation, Natural Gas, 

Reciprocating: Evaporative Losses (Fuel 

Delivery System) 

Adjust Air to 

Fuel Ratio and 

Ignition Retard 

$2,347 Uncertain 107 32 

Catalytic Cracking 

(2) 
30600201 Industrial Processes, Petroleum 

Industry, Catalytic Cracking Units, Fluid 

Catalytic Cracking Unit; 30600202 

Industrial Processes, Petroleum Industry, 

Catalytic Cracking Units, Catalyst 

Handling System 

Low NOx Burner 

(LNB) & Flue 

Gas Recirculation 

(FGR) 

$2,369 6-8  months 274 97 

Gas-Fired Process 

Heaters (1) 
30600104 Industrial Processes, Petroleum 

Industry, Process Heaters, Gas-fired 
SCR-95% $2,376 28-58 weeks 211 204 

Coal Boilers 10200206, 10200224, 10200225, 
10300102, 10300208, 10300224, 
10300225 

SNCR $2,413 42-51 weeks 1099 495 

Gas-Fired Process 

Heaters (2) 
30600104 Industrial Processes, Petroleum 

Industry, Process Heaters, Gas Fired 
Ultra-Low NOx 

Burners 
$2,419-$2,638 6-8  months 137 64 

By-Product Coke 

Manufacturing 
30300306 Industrial Processes, Primary 
Metal Production, By-Product Coke 
Manufacturing, Oven Underfiring 

SNCR $2,673 42-51 weeks 2,366 1,420 

ICI Boilers – 

Residual Oil 
10200401, 10200402, 10200404, 

10300401, 10300402 External Combustion 

Boilers, Residual Oil 

LNB & SNCR $2,850 6-8 months 991 689 

Ammonia 

Production 
30100306 Industrial Processes, Chemical 

Manufacturing, Ammonia Production, 

Primary Reformer: Natural Gas Fired 

SCR $2,896 28-58 weeks 2,508 2,257 

Glass 

Manufacturing - 

Flat 

30501403 Industrial Processes, Mineral 

Products, Glass Manufacture, Flat Glass: 

Melting Furnace 

 

OXY-Firing $3,097 Uncertain 9,721 7,880 
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ICI Boilers 10200201, 10200202, 10200212, 

10300205, 10200501, 10200504, 

10200601, 10200602, 10200603, 

10200604, 10201401, 10300601, 

10300602, 10200701, 10200704, 

10200707, 10201402 External Combustion 

Boilers 

Low NOx Burner 

& SCR 
$3,456 6-8 months (LNB) 

28-58 weeks (SCR) 
31,005 28,204 

Iron & Steel - In-

Process 

Combustion -  

Bituminous Coal 

30300819, 30300824, 30300913, 

30300914, 30301522 Industrial Processes, 

Primary Metal Production 

SCR $3,705 28-58 weeks 829 746 

Diesel RICE 

Miscellaneous 
20100102 Internal Combustion Engines, 
Electric Generation, Distillate Oil 
(Diesel), Reciprocating; 20100107 
Internal Combustion Engines, Electric 
Generation, Distillate Oil (Diesel), 
Reciprocating: Exhaust; 20200102 
Internal Combustion Engines, Industrial, 
Distillate Oil (Diesel), Reciprocating; 
20200106 Internal Combustion Engines, 
Industrial, Distillate Oil (Diesel), 
Reciprocating: Evaporative Losses (Fuel 
Storage and Delivery System); 
20200107 Internal Combustion Engines, 
Industrial, Distillate Oil (Diesel), 
Reciprocating: Exhaust; 
20300101 Internal Combustion Engines, 
Commercial/Institutional, Distillate Oil 
(Diesel), Reciprocating; 
20400403 Internal Combustion Engines, 

Engine Testing, Reciprocating Engine, 

Distillate Oil 

SCR $3,814 28-58 weeks 1,091 869 

Catalytic 

Cracking, Process 

Heaters, & Coke 

Ovens 

30600201, 30390004, 39000701, 
39000702, 39000797 

LNB & FGR $5,199 6-8 months 1,989 1,094 

Petroleum 

Refinery Gas-

Fired Process 

Heaters (3) 

30600104 Industrial Processes, Petroleum 

Industry, Process Heaters, Gas-fired, 

30600106 Industrial Processes, Petroleum 

Industry, Process Heaters, Process Gas-

fired 

SCR-95% $8,885-$9,140 28-58 weeks 370 316 

Glass 

Manufacturing - 

Pressed 

30501404 Industrial Processes, Mineral 

Products, Glass Manufacture, Pressed and 

Blown Glass: Melting Furnace 

OXY-Firing $6,356 Uncertain 1,001 851 
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Petroleum 
Refinery Gas-
Fired Process 
Heaters (2) 

30600104 Industrial Processes, 
Petroleum Industry, Process Heaters, 
Gas-fired, 30600106 Industrial 
Processes, Petroleum Industry, Process 
Heaters, Process Gas-fired  

SCR-95% $7,533-$8,120 28-58 weeks 362 304 

Industrial 
Processes 
Miscellaneous 

30600201 Industrial Processes, 
Petroleum Industry, Catalytic Cracking 
Units, Fluid Catalytic Cracking Unit; 
39000701 Industrial Processes, In-
process Fuel Use, Process Gas, Coke 
Oven or Blast Furnace 

LNB & FGR $4,026 6-8  months 871 479 

Glass 
Manufacturing - 
Container 

30501402 Industrial Processes, Mineral 
Products, Glass Manufacture, Container 
Glass: Melting Furnace 

OXY-Firing $7,481 Uncertain 3,107 2,628 

Petroleum 
Refinery Gas-
Fired Process 
Heaters (1) 

30600104 Industrial Processes, 
Petroleum Industry, Process Heaters, 
Gas-fired; 30600106 Industrial 
Processes, Petroleum Industry, Process 
Heaters, Process Gas-fired 

SCR-95% $5,609-$5,884 28-58 weeks 372 338 

Taconite Ore 
Processing 

30302351, 30302352, 30302359 
Industrial Processes, Primary Metal 
Production, Taconite Ore Processing, 
Induration 

SCR $6,449 28-58 weeks 1,188 991 

Diesel RICE 
Electric 
Generation 

20200102 Internal Combustion Engines, 
Electric Generation, Distillate Oil 
(Diesel), Reciprocating 

SCR $1,499 28-58 weeks 778 622 
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3.4 Discussion of Non-EGU Source Groups  
The below discussion utilizes the information in Table 3 in order to assess whether 
significant aggregate NOx mitigation is achievable from non-EGU sources by the 2017 
ozone season. 
 
It is clear that a number of source categories have been identified by CoST that have the 
potential for non-EGU stationary source emissions reductions. There are some notable 
source categories below $10,000 per ton that have the potential for substantial non-EGU 
stationary source emissions reductions.  However, for the purposes of this analysis, the 
EPA did not further examine control options above $3,300 per ton. This is consistent with 
the range we analyzed for EGUs in this proposal, and is also consistent with what the EPA 
has identified in previous transport rules as highly cost-effective, including the NOx SIP 
call.14 Again, this was done because the objective of this analysis is to characterize whether 
significant aggregate NOx mitigation is achievable from non-EGU sources by the 2017 
ozone season, so we focused the search on categories with highly cost-effective 
technologies. This focus excludes several source groups with high reduction potential, 
including as SCR & LNB from ICI boilers, LNB & FGR on Catalytic Cracking, Process Heaters, 
& Coke Ovens, and OXY-Firing on Pressed and Container Glass Manufacturing, because 
reductions from those source groups are not available for $3,300 per ton or less. 

At a cost level of $3,300 per ton or less, there are a number of remaining source groups 
with substantial reduction potential. However the table also identifies several source 
groups whose reduction potential is not significant, and which EPA did not weigh heavily in 
assessing the aggregate non-EGU NOx reduction potential. This is because the aggregate 
potential reductions from these “insignificant” source groups is small. These “insignificant” 
source groups comprise those with many small sources, as well those containing a limited 
number of larger sources; for either of these types of groups, potential aggregate emission 
reductions are small relative to reductions available from other source categories. The EPA 
does not believe that small sources have significant potential in the aggregate because most 
small sources emit less than 100 tons of NOx per year. (It is worth noting that small sources 
account for a significant percentage of the total number of non-EGU point sources. Please 
see Appendix A/B for more information on the number of sources within certain states.) 
The EPA therefore excludes from the focus of this analysis these insignificant source 
groups, namely, those with aggregate potential reductions of 1,000 tons per year or less 
(which represents less than 0.1 percent of the anthropogenic ozone season inventory). 

The EPA will now focus on the several source groups with significant cost-effective 
reductions identified in Table 3. These source groups include cement kilns, two types of 
cement manufacturing (dry and wet), gas turbines, four separate groups of natural gas 
RICE, incinerators, boilers & process heaters, by-product coke manufacturing, ammonia 
production, and flat glass manufacturing. These remaining source groups are listed below 
with their control technologies, estimated control costs, and estimated installation time. 

                                                           
14 $3,300 per ton represents the $2,000 per ton value (in 1990 dollars) used in the NOx SIP call, adjusted to the 2011 
dollars used throughout this proposal.   
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These groups have been organized into 7 categories for clarity, based on either common 
control technologies (categories 1 through 6) or similarity of source groups (category 7). 

 
Category 1 
Cement Mfg (dry)    SNCR   $1,255  42-51 weeks 
Incinerators     SNCR   $1,842  42-51 weeks  
By-Product Coke Manufacturing  SNCR   $2,673  42-51 weeks 
 
Category 2 
Cement Kilns   Biosolid Injection Technology (BSI) $410  Uncertain  
 
Category 3 
Gas Turbines   Low NOx Burner (LNB)   $800  6-8 months 
 
Category 4 
Cement Mfg (wet)  Mid-Kiln Firing   $73  5-7   months 
 
Category 5 
Boilers & Process Heaters  SCR    $2,235  28-58 weeks 
Ammonia Production  SCR    $2,896  28-58 weeks  
 
Category 6 
Glass Manufacturing - Flat  OXY-Firing   $3,097  Uncertain 
 
Category 7 
Gas RICE Pipeline Compressors Adjust AFR and Ignition Retard $249 Uncertain 
Gas RICE Miscellaneous  Adjust AFR and Ignition Retard $447 Uncertain 
Gas RICE Pipeline Compressors, Rich Burn NSCR  $517  Uncertain 
Gas RICE Pipeline Compressors, Lean/Clean Burn   
   Low Emission Combustion (LEC)  $649  Uncertain  
 
 
The EPA makes the following observations about the potential reductions from these 
significant cost-effective categories.    

The source groups listed in Category 1 would utilize SNCR as the recommended control 
technology. The time necessary to install SNCR equipment is generally well known. A 
typical installation timeline of 42-51 weeks is generally needed to complete an SNCR 
project going from the bid evaluation through startup. Based on this fact alone (which does 
not consider additional time likely necessary for permitting or installation of monitoring 
equipment), the ability for SNCR technology to be installed and operational in time for the 
2017 ozone season seems very unlikely. 

The source group listed in Category 2 contains a specific source of uncertainty in regards to 
biosolid injection technology (BSI). Due in large part to the lack of widespread use of this 
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control technology, research performed by the EPA has been unable to uncover any reliable 
information on the time required to install the necessary BSI equipment on cement kilns. 
Compliance timing with regard to biosolid injection technology should therefore be 
considered extremely uncertain. Based on this fact alone (and aside from additional time 
likely necessary for permitting or installation of monitoring equipment), the ability for this 
technology to be installed and operational at all facilities in this category in time for the 
2017 ozone season is unknown. 

The source group listed in Category 3 would utilize LNB as the recommended control 
technology, with a necessary installation time of approximately 6-8 months. Some of the 
LNB combustion control technology identified for non-EGU sources reflects a different 
technology that may have different timing considerations than that considered for EGU 
boilers.  For instance, LNB at non-EGU combustion turbines in this assessment refers to 
“dry low-NOx burners” (DLNB) which, in addition to the usual diffusion burner, typically 
also include provisions to “premix” natural gas and combustion air prior to combustion.  In 
spite of the similarity in naming, this is a different technology than the LNB technology 
examined and assumed for reductions at EGU boilers.  Therefore, the same timing 
assumptions assumed and demonstrated on the EGU side are not necessarily applicable to 
combustion control technology for non-EGU sources. Moreover, non-EGUs of any type – 
boiler or turbine – that are not currently required to monitor and report in accordance 
with 40 CFR Part 75 will require additional time relative to EGUs that are currently 
equipped with Part 75 monitoring and reporting (such as those EGUs covered under 
federal transport rulemakings and this one).  Installation of NOx monitors for the reporting 
of NOx mass requires the construction of platforms, CEM shelters, procurement of 
equipment, certification testing, and electronic data reporting programming of a data 
handling system.  These added timing considerations on the non-EGU sources make 
installation of controls by the 2017 timeframe established in this rule less likely and more 
uncertain for industrial sources. 

The source group listed in Category 4 would utilize mid-kiln firing as the recommended 
control technology. A fairly well-known aspect is the time necessary to install this 
equipment; typically, 5-7 months is needed to complete a mid-kiln firing project going from 
the bid evaluation through startup. However, the above-discussed issues regarding 
monitoring and reporting of NOx mass on non-EGU sources that currently lack such 
monitoring equipment make installation of controls by the 2017 timeframe proposed in 
this rule less likely and more uncertain for industrial sources such as those in the cement 
manufacturing (wet) source group. 

The source groups listed in Category 5 would utilize SCR as the recommended control 
technology, with an installation time of 28-58 weeks for SCR (dependent on exhaust gas 
flow rates; larger systems require longer installation times). Based on the installation time 
frame alone (which does not consider additional time likely necessary for permitting or 
installation of monitoring equipment), the ability for SCR technology to be installed and 
operational in time for the 2017 ozone season seems unlikely. In addition to this 
uncertainty, the above-discussed issues regarding monitoring and reporting of NOx mass 
on non-EGU sources that currently lack such monitoring equipment make installation of 
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controls by the 2017 timeframe established in this rule less likely and more uncertain for 
industrial sources such as those in Category 5 source groups. 

The source group listed in Category 6 would utilize OXY-Firing as the recommended 
control technology, with an uncertain necessary installation. A specific source of 
uncertainty with regard to the estimated installation time of this control technology is that 
OXY-Firing is generally installed only at the time of a furnace rebuild, which rebuilds may 
occur at infrequent intervals of a decade or more.15 In addition to this uncertainty, the 
above-discussed issues regarding monitoring and reporting of NOx mass on non-EGU 
sources that currently lack such monitoring equipment make installation of controls by the 
2017 timeframe established in this rule less likely and more uncertain for industrial 
sources such as those in Category 6 source group. 
 

Finally, the source groups listed in Category 7 are all RICE. While some of the 
recommended control technologies may involve installation timelines that are relatively 
short on a per-engine basis, there is substantial uncertainty in large-scale installation over 
numerous sources. References indicate that implementation of NOx controls of any type on 
a large number of RICE will require significant lead time to train and develop resources to 
implement emission reduction projects; market demand could significantly exceed the 
available resource base of skilled professionals.16 Additionally, in order not to disrupt 
pipeline capacity, engine outages must be staggered and scheduled during periods of low 
system demands for those engines involved in natural gas pipelines (as is the case with 3 of 
the 4 RICE source groups with significant cost-effective reductions). In addition to this 
uncertainty, the above-discussed issues regarding monitoring and reporting of NOx mass 
on non-EGU sources that currently lack such monitoring equipment make installation of 
controls by the 2017 timeframe established in this rule less likely and more uncertain for 
industrial sources such as RICE. 

 

4 Conclusion 
The above preliminary analysis performed by the EPA indicates that uncertainty exists 
regarding whether significant aggregate NOx mitigation is achievable from non-EGU point 
sources by the 2017 ozone season. Reducing this uncertainty requires further 
understanding of potentially available control measures that could have annualized costs of 
$3,300 per ton or less. In addition, further implementation of the recommendations in the 
Appendices to this TSD would also reduce our uncertainty regarding the control measures 
included in future non-EGU NOx control strategy efforts. 

While a number of source groups with control options were identified, the EPA did not 
further examine control options above $3,300 per ton, consistent with the range analyzed 
for EGUs in this proposal and with what the EPA has identified in previous transport rules 
as highly cost-effective. At a cost level of $3,300 per ton or less, a number of source groups 

                                                           
15 See Appendix B. 
16 “Availability and Limitations of NOx Emission Control Resources for Natural Gas-Fired Reciprocating Engine Prime 
Movers Used in the Interstate Natural Gas Transmission Industry,” Innovative Environmental Solutions Inc., July 2014. 
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remained, however the EPA believes several of these source groups are not significant. Of 
the remaining source groups, a variety of considerations indicated the ability for control 
technology to be installed and operational in time for the 2017 ozone season seemed 
unlikely, with an overarching consideration being that non-EGUs of any type that are not 
currently required to monitor and report in accordance with 40 CFR Part 75 will require 
additional time relative to EGUs that are currently equipped with Part 75 monitoring and 
reporting. These added timing considerations on the non-EGU sources make installation of 
controls by the 2017 timeframe established in this rule less likely and more uncertain for 
industrial sources. 
 
With all of these factors being considered, the limited available information points to an 
apparent scarcity of non-EGU reductions that could be accomplished by the beginning of 
the 2017 ozone season.   As noted in the proposed rule, this conclusion has led EPA to focus 
the current proposed FIPs on EGU reductions.  The proposal acknowledges that this may 
not be the full remedy that is ultimately be needed to eliminate an upwind state’s 
significant contribution to nonattainment or interference with maintenance of the 2008 
ozone NAAQS (or, for that matter, the 2015 ozone NAAQS).  Emissions reductions from the 
non-EGU categories discussed above may be necessary, though on a longer timeframe than 
the 2017 compliance deadline being proposed in this rulemaking.  EPA intends to explore 
this question further in the near future and welcomes comment on any of the information 
in this TSD to assist with that effort.   
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SECTION 1 

INTRODUCTION 

The U.S. Environmental Protection Agency (EPA) Health and Environmental Impacts 

Division (HEID) has developed the Control Strategy Tool (CoST) to support national- and 

regional-scale multipollutant air quality modeling analyses. CoST allows users to estimate the 

emissions reductions and costs associated with future-year emission control strategies, and then 

to generate emission inventories that reflect the effects of applying the control strategies. The 

tool uses EPA HEID’s Control Measures Database (CMDB) to develop control strategies and 

provides a user interface to that database. The CMDB is a relational database that contains 

information on an extensive set of control measures for point sources, nonpoint sources, and 

mobile sources. Information contained in the database includes descriptions of the measures, 

control efficiencies for the pollutants affected, costs of control, and the types of sources or 

processes to which the control measures can be applied. The database includes robust cost 

equations to determine engineering costs for some control measures that take into account how 

control costs vary with respect to variables for the source such as unit size or flow rate. The 

database also includes simple cost factors for all source types in terms of dollars per ton of 

pollutant reduced that can be used to calculate the cost of the control measure if the applicable 

source variable data are unavailable or no equation has been developed. 

This report presents the results of an effort to review and enhance the CMDB with new and/or 

updated NOx control measure data for the following four industrial source categories: ammonia 

reformers, combustion turbines (nonEGU), glass manufacturing, and lean burn reciprocating 

internal combustion engines. Section 2 of this report describes the procedures used to locate 

more recent data than that currently in the CMDB for control measures applicable to ammonia 

reformers. Section 2 also identifies the source of the new data, describes any modifications to the 

assumptions or procedures in the referenced analyses needed to make the results consistent with 

results for other control measures in the database (such as operating hours for determination of 

total annual costs), and describes the specific recommended changes or additions to the database. 

Sections 3 through 5 of this report provide similar details for combustion turbines, glass 

manufacturing, and lean burn reciprocating internal combustion engines, respectively. Appendix 

A presents all of the records for ammonia reformer control measures in each of the CMDB tables 

showing their content after making the recommended revisions described in the report. 

Appendixes B through D provide comparable tables for the combustion turbine, glass 

manufacturing, and lean burn reciprocating internal combustion engine (RICE) source 

categories, respectively. Appendix E provides answers to questions on lean-burn RICE NOx 
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emissions and available control measures.  It should be noted that these revisions and updates 

will improve the accuracy and quality of NOx non-EGU control strategy and cost analyses for 

EPA rulemakings.  
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SECTION 2 

AMMONIA REFORMERS SECTOR 

The control measures database includes the following NOX emissions control measures 

for ammonia reformers: 

■ Oxygen trim and water injection, 

■ Low NOX burners and flue gas recirculation, 

■ Selective non-catalytic reduction (SNCR), 

■ Selective catalytic reduction (SCR), and 

■ Low NOX burners. 

In order to update the existing control measures database, a literature search was 

conducted using the following terms: 

■ reformer 

■ cost 

■ “NOX” or “nitrogen oxide” 

■ “Low NOX burner” or “LNB” 

■ “Flue gas recirculation” or “FGR” 

■ oxygen trim 

■ water injection 

■ “Selective catalytic reduction” or “SCR” 

■ “Selective non catalytic reduction” or “SNCR” 

■ emission reduction 

■ control efficiency 

Due to the use of SCR and SNCR to control NOX emissions and the fact that ammonia is 

used in the operation of SCR and SNCR, the literature search resulted in NOX reductions on 

processes other than ammonia production. 
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In order to focus on ammonia production, a focused internet search for operating permits, 

BACT analyses, and NOX controls was conducted using the 22 ammonia production facilities in 

the United States. 

As a result of the following facts, most of the internet search results included NOX 

reductions from the production of nitric acid production instead of ammonia production: 

■ The NOX emissions from nitric acid production are covered by a New Source 

Performance Standard (NSPS) codified as Subpart G and Subpart Ga of Part 60. 

■ Nitric acid facilities covered by the NSPS are required to install NOX continuous 

emission monitoring systems (CEMS). 

■ Many nitric acid facilities use SCR to control NOX emissions. 

■ Many ammonia production facilities are co-located with nitric acid production 

facilities. 

The internet search resulted in one new NOX reduction project, which was the result of a 

voluntary agreement between Terra Nitrogen and the Indian Nations Council of Governments to 

install “ultra-low NOX burner technology to an existing ammonia reformer [and] reduce the 

unit’s NOX emissions by approximately 60% at a projected capital cost of two million dollars.” 

The existing ammonia reformer is located at Terra Nitrogen, L.P., Verdigris Plant in Claremore, 

Oklahoma. 

Based on information known to EPA and collected for this report, Low NOX burner 

technologies are known and demonstrated control techniques for ammonia reformers. 

The following sections outline the deletions, additions, changes, and other comments 

recommended for the CMDB in relation to NOX emissions from ammonia reformers. 

2.1 Recommended Deletions 

No deletions are recommended. 

2.2 Recommended Additions 

The only addition to the CMDB is to add the following reference: Tulsa Metropolitan 

Area 8-Hour Ozone Flex Plan: 2008 8-O3 Flex Program. Prepared by Indian Nations Council of 

Governments (INCOG), 201 W. 5th Street, Suite 600, Tulsa, OK 74103. March 6, 2008. 

http://www.epa.gov/ozoneadvance/pdfs/Flex-Tulsa.pdf. 

This addition is shown in Appendix A as Table A-1. 

http://www.epa.gov/ozoneadvance/pdfs/Flex-Tulsa.pdf


 

2-3 

2.3 Recommended Changes 

Updates to costs and Efficiencies. 

Changes to one record (LNB applied to large source types) are recommended to reflect 

the new reference dated March 6, 2008. 

Using the new reference and a reference already contained in the CMDB, the following 

assumptions were made: 

■ NOX reductions of 425 tons per year1 

■ Capital cost of $2 million1 

■ Maintenance costs are 2.75% of capital costs2 

■ Equipment life of 10 years 

■ Interest rate of 7% 

■ Capital recovery factor of 0.1424. 

The resulting annual costs are $339,800 and the cost effectiveness is $800 per ton of NOX 

reduction (both in 2008 dollars). The capital to annual cost ratio is 5.9. 

The previous entry showed a cost effectiveness of $650 per ton of NOX reduction (in 

1990 dollars) and a capital to annual cost ratio is 5.5. The changes are included in Appendix A as 

Table A-2 and Table A-3. Changes are indicated by red, italic text. 

Updates to Source Classification Codes. 

The U.S. Environmental Protection Agency (USEPA) developed the Source 

Classification Code (SCC) system, which assigns an eight digit code to each emission unit based 

on the general criteria pollutant emission point type, the major industry group, specific industry 

group, and specific process unit/fuel combination. The system allows similar emission points to 

be grouped together for analyses. 

For ammonia reformers, there are seven applicable SCCs, as shown in Table 2-1. 

                                                 
1 Indian Nations Council of Governments (INCOG), 2008: Indian Nations Council of Governments (INCOG), 

“Tulsa Metropolitan Area 8-Hour Ozone Flex Plan: 2008 8-O3 Flex Program,” March 6, 2008. Downloaded from 

http://www.epa.gov/ozoneadvance/pdfs/Flex-Tulsa.pdf.  
2 U.S. Environmental Protection Agency. Alternative Control Techniques Document— NOX Emissions from 

Process Heaters (Revised), document EPA-453/R-93-034, dated September 1993. 

http://www.epa.gov/ozoneadvance/pdfs/Flex-Tulsa.pdf
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Table 2-1. Applicable SCCs for the Ammonia Production Industry 

SCC SCC 1 SCC3 SCC6 SCC8 

30100305 Industrial Processes Chemical 

Manufacturing 

Ammonia Production Feedstock 

Desulfurization 

30100306 Industrial Processes Chemical 

Manufacturing 

Ammonia Production Primary Reformer: 

Natural Gas Fired 

30100307 Industrial Processes Chemical 

Manufacturing 

Ammonia Production Primary Reformer: Oil 

Fired 

30100308 Industrial Processes Chemical 

Manufacturing 

Ammonia Production Carbon Dioxide 

Regenerator 

30100309 Industrial Processes Chemical 

Manufacturing 

Ammonia Production Condensate Stripper 

30100310 Industrial Processes Chemical 

Manufacturing 

Ammonia Production Storage and Loading 

Tanks 

30100399 Industrial Processes Chemical 

Manufacturing 

Ammonia Production Other Not Classified 

 

In an analysis of NOX emissions for the Ozone Transport Region in 2011, four of the 

SCCs in Table 2-1 were identified. These SCCs are 30100306, 30100307, 30100310, and 

30100399. Only SCCs 30100306 and 30100307 are associated with ammonia reformer NOX 

controls in the current CMDB. 

The known control techniques for ammonia reformers are typically used for point 

emission sources, such as stacks. Emissions from SCC 30100310 are not typically vented, so 

capture and control of these emissions is likely not feasible. Therefore, no changes related to 

SCC 30100310 are recommended for the CMDB. 

For the purposes of this analysis, SCC 30100399 is assumed to include combustion 

emissions from gaseous fuels other than natural gas. Therefore, all control techniques that are 

applicable to natural gas fired ammonia reformers are assumed to also apply to SCC 30100399. 

Also, the cost to control NOX emissions from gaseous fuels is assumed to be comparable to the 

cost to control NOX emissions from natural gas. Therefore, the costs related to those control 

techniques are assumed to apply to SCC 30100399. 

The applicable SCC from Table 2-1 was added to the Description field for each control 

technique in Table A-2 of Appendix A. SCC 30100306 was already included in the table; SCCs 

30100305, 30100307, and 30100399 were added, where appropriate. Changes are indicated by 

red text. 



 

2-5 

2.4 Other Comments 

Control measures used by ICI boilers. Review of NOX control measures used for 

boilers was not included in this analysis. However, many of the SCR costs in the CMDB for 

natural gas fired ammonia reformers are based on SCR costs for 

Industrial/Commercial/Institutional (ICI) Boilers using Process Gas. No SCR costs specific to 

ammonia reformers were noted in the CMDB. 

At a later time, it may be pertinent to review recent final ICI Boilers regulations or other 

sources for potential updates to the cost of SCR on ammonia reformers. The final major source 

NESHAP for ICI Boilers was promulgated on January 31, 2013 and the final area source 

NESHAP for ICI Boilers was promulgated on February 1, 2013. 

Potential NOX limits for ammonia reformers based on boiler NOX limits. According 

to NOX Reasonably Acceptable Control Technology (RACT), the states of New Jersey and New 

York have established emission limits for ICI Natural Gas Boilers (greater than 100 million BTU 

per hour) that could be applicable to natural gas ammonia reformers. These RACT limits are 

shown in Table 2-2. 

Table 2-2. RACT NOX Limits for ICI Natural Gas Boilers 

State Boiler Size Limit (lb NOX/MMBTU) Effective Date 

New Jerseya >100 MMBTU 0.10 Already in effect 

New York >100 MMBTU and  250 MMBTU 0.06 7/1/14 

New York > 250 MMBTU 0.08 7/1/14 

a The limit also applies to other indirect heat exchangers. 
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SECTION 3 

COMBUSTION TURBINES 

The CMDB includes the following NOX emissions control measures for Combustion 

Turbines: 

■ Water injection for natural gas-fired turbines (achieves 76 percent reduction) 

■ Steam injection for natural gas-fired turbines (achieves 80 percent reduction) 

■ Low NOx Burners for natural gas-fired turbines (achieves 84 percent reduction) 

■ SCR on natural gas-fired turbines that also have water injection (achieves 95 percent 

reduction) 

■ SCR on natural gas-fired turbines that also have steam injection (achieves 95 percent 

control) 

■ SCR on natural gas-fired turbines that also have low NOx burners (achieves 94 

percent reduction) 

■ Water injection for oil-fired turbines (achieves 68 percent reduction) 

■ SCR on oil-fired turbines that also have water injection (achieves 90 percent 

reduction) 

■ Water injection for jet fuel-fired turbines (achieves 68 percent reduction) 

■ SCR on jet fuel-fired turbines that also have water injection (achieves 90 percent 

reduction) 

■ Water injection for aeroderivative turbines (achieves 40 percent reduction) 

All of the cost data are in 1990 dollars, except the costs of water injection for 

aeroderivative turbines, which are in 2005 dollars. In addition, all of the costs are based on 

estimated operation for 8,000 hr/yr, except the costs of water injection for aeroderivative 

turbines, which are for intermittently operated units. The costs in 1990 dollars are based 

primarily on analyses in EPA’s 1993 ACT document for NOx Emissions from Stationary Gas 

Turbines (EPA, 1993). Capital and annual cost equations are provided for all of the controls 

except those for jet fuel-fired turbines and water injection for aeroderivative turbines. 

Literature search. In order to update the existing CMDB, a literature search was 

conducted for articles and papers published since 2008. In addition, an internet search was 

conducted for BACT analysis reports and control technology reports prepared for federal and 
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state agencies and RPOs. The literature search did not identify any documents with cost data, but 

the internet search identified the documents listed in Section 3.5 of this report. 

Changes to CMDB. The following sections outline the deletions, additions, and other 

changes recommended for the CMDB in relation to NOX emissions from Combustion Turbines. 

All cost data and calculations are in an Excel Worksheet (RTI, 2014). Copies of the CMDB 

tables with recommended revisions to the records for combustion turbine controls are provided 

in Appendix B. 

The coefficient of determination (R2) is 1.0 for many of the regression equations 

presented in sections 3.2 and 3.3. The R2 value is exactly 1.0 in cases where the analysis was 

based on only two data points; these cases are noted in the discussions for the particular control 

measure. In other cases, actual R2 values greater than 0.995 have been rounded to 1.0. These 

high values likely are due to the fact that available data for most control measures are from a 

single source, and those sources may have already developed a correlation and then picked 

specific data points from that correlation for presentation in their documentation.  

3.1 Recommended Deletions 

RTI recommends deleting the record for water injection for aeroderivative turbines 

because the estimated costs are for combustion turbines that operate on a limited and intermittent 

basis (i.e., peaking EGUs). In principle, data for small EGU combustion turbines would be 

acceptable for estimating costs of control measures for nonEGUs. However, the limited 

operation of peaking units is inconsistent with the assumed operating time of about 8,000 hr/yr 

for all of the other nonEGU combustion turbine control measures in the database. For several 

SCCs that are currently associated with this control measure in the CMDB we are recommending 

applying other existing control measures, as discussed in Section 3.3.11 of this report. 

The CMDB also currently applies several gas turbine control measures to reciprocating 

internal combustion engine SCCs and to gas turbine SCCs for evaporative losses from fuel 

storage and delivery systems. We recommend deleting these applications of the gas turbine 

control measures, as discussed in Section 3.3.11 and Section 5.9 of this report. 

3.2 Recommended Additions 

There are 3 control technique additions for emerging technologies to be added to the 

CMDB; these additions include: 

■ Catalytic Combustion; Gas Turbines—Natural Gas; 
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■ EMx and Water Injection; Gas Turbines—Natural Gas; 

■ EMx and Dry Low NOx Combustion; Gas Turbines—Natural Gas. 

3.2.1 Catalytic Combustion; Gas Turbines—Natural Gas (NCATCGTNG) 

Catalytic combustion is a flameless process that allows fuel oxidation to occur at 

temperatures approximately 1800°F lower than those of conventional combustors (OSEC, 1999). 

Lower temperatures are desirable because NOx emissions levels are strongly correlated with 

temperature. One design that has been commercialized is the XononTM combustor (now called K-

LeanTM). In the Xonon combustor, a small amount of fuel is burned in a low temperature pre-

combustor. Additional fuel is then mixed with the air and combustion gases from the pre-

combustor and passed through a catalyst module. The catalyst promotes a flameless reaction 

between some of the fuel and oxygen. The gases then enter a burnout zone in which the 

remaining fuel burns. The maximum temperature in the system is between 2300°F and 2700°F. 

In addition to low NOx emissions, the catalytic combustor generates very little CO emissions. 

(Peltier, 2003; CARB, 2004; Leposky, 2004; Kawasaki, 2010; Quackenbush, 2012) 

Since 1999 at least six Xonon combustors have been installed; all are 1.4 MW units 

(CARB, 2004; Kawasaki, 2010; Quackenbush, 2012). Testing of four of the operating Xonon 

combustors has shown NOx emissions less than 3 parts per million by volume on a dry basis 

(ppmvd) at 15% oxygen, and permit limits range from 3 ppmvd to 20 ppmvd at 15% oxygen 

(CARB, 2004; Quackenbush, 2012). Several companies have conducted research into developing 

larger catalytic combustors and other types of designs, but no information was found indicating 

that such units have been commercialized (CARB, 2004; Leposky, 2004; Cybulski, 2006). 

Although one type of catalytic combustor has been commercialized, we recommend 

considering catalytic combustion as an emerging technology in the CMDB because so few units 

are in operation, and they are all only one size. In addition, as of 1999, issues with catalytic 

combustors include the need for the air-fuel mixture to have completely uniform temperature, 

composition, and velocity profile to assure effective use of all the catalyst and to prevent damage 

to the substrate from high temperatures. Also the catalyst durability is uncertain (OSEC, 1999). 

The recommended costs are based on costs presented in a report by Onsite Sycom Energy 

Corporation (OSEC, 1999). The only change we made to the OSEC costs was to calculate capital 

recovery using an interest rate of 7 percent instead of 10 percent; this change makes the capital 

recovery costs consistent with guidance in Circular A-4 from the Office of Management and 

Budget. Table 3-1 summarizes the recommended cost effectiveness and capital to annual cost 

ratios for implementing the catalytic combustion NOx control technology. With an outlet 
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concentration of 3 ppmvd, catalytic combustion achieves an average reduction of 98 percent 

relative to uncontrolled conventional diffusion combustion. 

Table 3-1. Summary of Cost Effectiveness and Supporting Data for Catalytic Combustion 

Turbine 

Output, MW 

Cost 

Year 

Uncontrolled NOx 

Emissions Outlet 

Concentration, 

ppmvd 

Cost 

Effectiveness, 

$/ton NOx 

Capital to 

Annual Cost 

Ratio Avg. ppmvd tpy 

Small (5.2) 1999 150 <365 3 920 1.7 

Small (26.3) 1999 130 >365 3 670 1.2 

Large (170) 1999 210 >365 3 370 0.7 

 

Based on regression of the data in the analysis, the best fit trend lines are represented by 

the following equations for the uncontrolled scenario: 

 Total capital investment (1999 dollars) = 20668 x (MMBtu/hr) ^ 0.57  (R2=1.0) 

 Total annual cost (1999 dollars) = 4254.2 x (MMBtu/hr) ^ 0.82  (R2=1.0) 

For all but the smallest turbines, the incremental cost of catalytic combustors relative to 

conventional combustors is less than the incremental cost of DLN combustion versus 

conventional combustors. Thus, there are no incremental capital costs for catalytic combustion 

relative to conventional combustion. However, there are incremental annual costs because the 

cost of catalyst replacement is high. A best fit equation for incremental catalytic combustion total 

annual costs relative to a RACT baseline of DLN combustion is: 

 Total annual cost (1999 dollars) = 743.22 x (MMBtu/hr) + 54105 (R2=1.0) 

3.2.2 EMx and Water Injection; Gas Turbines—Natural Gas (NEMXWGTNG) 

Like SCR, EMxTM (formerly called SCONOXTM) is a post-combustion catalytic NOx 

reduction technology. EMx uses a precious metal catalyst and a NOx absorption/regeneration 

process to convert CO and NOx to CO2, H2O, and N2. NOx reacts with the potassium carbonate 

absorbent coating the surface of the oxidation catalyst in the EMx reactor, forming potassium 

nitrites and nitrates that are deposited onto the catalyst surface. Each segment, or “can,” within 

the reactor becomes saturated with potassium nitrites and nitrates over time and must be 

desorbed. Regeneration is accomplished by isolating the can via stainless steel lovers and 
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injecting hydrogen diluted with steam. Hydrogen is generated onsite with a small reformer that 

uses natural gas and steam as input streams. The hydrogen concentration of the reformed gas is 

typically 5 percent. Hydrogen and carbon dioxide react with the potassium nitrites and nitrates to 

form N2 and H2O and to regenerate the potassium carbonate for another absorption cycle. 

(OSEC, 1999; CARB, 2004) 

At least 8 EMx systems at 6 facilities have been installed on combustion turbines with 

capacities up to 45 MW. Permit limits at most of these facilities have been set at 2.5 ppmvd for 

gas-fired operation. EPA has certified it as “demonstrated in practice” LAER-level technology 

that reduces NOx to less than 5 ppmvd. The operating range of the catalyst is 300 to 700°F, 

which means the technology is not applicable for simple cycle turbines. The vendor for the 

technology has indicated that these systems also reduce carbon monoxide emissions to 

undetectable levels (essentially 100 percent reduction), reduce volatile organic compound 

emissions by greater than 90 percent, and reduce fine particulate matter emissions by 30 percent 

(EmeraChem, 2004). Test data documenting these reductions are not available. For the purposes 

of the CMDB database, we recommend that this control measure be listed as an emerging 

technology (rather than known) because its use has been limited to only a few small turbines. 

The recommended costs for EMx in the combined EMx/water injection control measure 

are based on costs presented in a 2008 cost estimate prepared by EmeraChem Power for the Bay 

Area Air Quality Management District (ECP, 2008). For the purposes of developing 2008 cost 

inputs for the CMDB, we made the following changes to the data and assumptions used in the 

ECP analysis: 

■ Increased the indirect cost for engineering from $200,000 to $255,000 for the 50 MW 

turbine. ECP’s documentation indicated that this cost (as well as most of the other 

direct installation and indirect costs) would be the same as for an SCR system on the 

same turbine. The reported cost of $200,000 was inconsistent with this statement. 

■ Increased the contingencies cost for the 50 MW turbine from $76,486 to $244,101. 

This change makes the cost consistent with ECP’s statement that the cost for 

contingencies is estimated to be equal to 5 percent of the total purchased equipment 

cost, excluding the cost of the precious metals in the catalyst, sales taxes, and freight. 

■ Added a cost for the performance loss due to back pressure from the EMx system for 

both turbines. ECP estimated the loss to be 0.5 percent, which is consistent with the 

estimate in the 1993 ACT for SCR and the estimate OSEC used in a cost analysis for 

SCONOx (EPA, 1993; OSEC, 1999). However, the ECP analysis did not include a 

corresponding dollar amount for this element. 
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■ Changed the operating hours from 7,884 hr/yr to 8,000 hr/yr. This change also had a 

small effect on the annual costs for utilities. 

■ Added costs for natural gas to generate steam for the 50 MW turbine using the same 

procedures presented in the ECP analysis for the 180 MW turbine. ECP did not report 

the basis for the amount of steam needed for the 180 MW turbine. Therefore, we 

plotted the reported steam consumption versus turbine size for this unit and for two 

turbines identified in a CARB analysis (CARB, 2004). We calculated the quantity of 

steam needed for EMx on the 50 MW turbine using the regression equation from this 

plot. Note that the unit cost for natural gas is $9.75/1000 scf. This was a reasonable 

annual average cost in 2008, but it would be much too high for an analysis in 2014. 

■ Deleted the credit for recovery of precious metals in the spent catalyst because the 

cost for replacement catalyst considers only the difference between the total purchase 

price minus the value of the recovered material. 

■ Estimated the annualized cost of replacement catalyst (both the non-precious metal 

substrate and the precious metal coating) using the future worth factor, whereas the 

cost in the ECP analysis was the purchased cost divided by the 10-year replacement 

interval. 

■ Estimated the cost of annual catalyst cleaning based on the average if data reported by 

CARB (CARB, 2004) plus the amounts reported by ECP. Although ECP reported a 

slightly higher cleaning cost for the 180 MW turbine than for the 50 MW turbine, an 

analysis of all the cleaning data showed no correlation with turbine size. Thus, we 

used the average of all reported costs for both turbines. 

■ Revised the indirect annual cost for administrative charges. ECP estimated that these 

costs are the same as for an SCR system on the same turbines. We factored the cost as 

2 percent of the TCI for the applicable EMx systems, which is consistent with the 

approach for all control devices in the EPA Control Cost Manual. This resulted in 

slightly higher costs. 

■ Increased the indirect costs for insurance, property tax, and capital recovery for both 

turbines because the ECP analysis excluded the precious metal costs from the TCI 

used in these calculations. 

■ Calculated capital recovery using an interest rate of 7 percent instead of 10 percent. 

The capital costs for water injection in the combined EMx/water injection control 

measure were estimated in 1999 dollars using the regression equation for the water injection 

control measure (see Section 3.3.1) and then scaled to 2008 dollars using the Chemical 

Engineering Plant Cost Index (CEPCI). Total annual costs for water injection were first 

estimated in 1999 dollars using the regression equation for the water injection control option. On 

average, 25 percent of these costs were estimated to be for indirect costs that are factored from 
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the system capital cost, and the remaining 75 percent is for direct annual costs and overhead. To 

estimate the total annual costs for water injection in 2008, the indirect costs were scaled from the 

1999 estimate using the CEPCI, and the direct annual costs and overhead were assumed to be the 

same as in 1999. 

Table 3-2 summarizes the recommended cost effectiveness and capital to annual cost 

ratios for implementing the EMx plus water injection NOx control measure. With an outlet 

concentration of 2 ppmvd, this control measure achieves an average reduction of 99 percent 

relative to uncontrolled conventional diffusion combustion. 

Table 3-2. Summary of Cost Effectiveness and Supporting Data for EMx Plus Water 

Injection 

Turbine Output, 

MW 

Cost 

Year 

Uncontrolled NOx 

Emissions 
EMx Outlet 

Concentration, 

ppmvd 

Cost 

Effectiveness, 

$/ton NOx 

Capital to 

Annual 

Cost Ratio 

Incremental Cost 

Relative to 

RACT Baseline 

of WI, $/ton NOx 

Avg 

ppmvd tpy 

Large (50-180) 2008 160a >365 2.0 2,760 3.1 6,810 

aUncontrolled concentrations were not reported in the referenced analysis. Thus, the value used in this analysis is an 

assumed average that results in the estimated 84 percent reduction for DLN combustion, as described in Section 

3.3.3 of this report. 

Based on regression of the data in the analysis, the best fit trend lines are represented by 

the following power equations for the uncontrolled scenario (the R2 =1.0 for both equations 

because there were only two data points in the analysis): 

 Total capital investment (2008 dollars) = 196928 x (MMBtu/hr) ^ 0.68 

 Total annual cost (2008 dollars) = 18747 x (MMBtu/hr) ^ 0.86 

Best fit equations for incremental EMx costs relative to a RACT baseline of water 

injection are: 

 Total capital investment (2008 dollars) = 156349 x (MMBtu/hr) ^ 0.68 

 Total annual cost (2008 dollars) = 17252 x (MMBtu/hr) ^ 0.80 
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3.2.3 EMx and Dry Low NOx Combustion; Gas Turbines—Natural Gas (NEMXDGTNG) 

Table 3-3 summarizes the recommended cost effectiveness and capital to annual cost 

ratios for implementing the EMx plus dry low NOx combustion control measure. With an outlet 

concentration of 2 ppmvd, this control measure achieves an average reduction of 99 percent 

relative to uncontrolled conventional diffusion combustion. For the same reasons noted in 

Section 3.2.2, we recommend that this control measure be listed as an emerging technology in 

the CMDB. 

Table 3-3. Summary of Cost Effectiveness and Supporting Data for EMx Plus Dry Low 

NOx Combustion 

Turbine Output, 

MW 

Cost 

Year 

Uncontrolled 

NOx Emissions 

EMx Outlet 

Concentration, 

ppmvd 

Cost 

Effectiveness, 

$/ton NOx 

Capital to 

Annual 

Cost 

Ratio 

Incremental 

Cost Relative to 

RACT Baseline 

of DLN, $/ton 

NOx 

Avg 

ppmvd tpy 

Small (4.2) 1999 134 <365 2.0 2,860 3.9 14,940 

Small (23) 1999 174 >365 2.0 1,720 4.1 10,270 

Large (170) 1999 210 >365 2.0 840 3.9 6,600 

Large (50-180) 2008 160a >365 2.0 2,050 4.1 12,390 

aUncontrolled concentrations were not reported in the referenced analysis. Thus, the value used in this analysis is an 

assumed average that results in the estimated 84 percent reduction for DLN combustion, as described in Section 

3.3.3 of this report. 

The recommended costs for EMx in 2008 dollars for the combined EMx/dry low NOx 

combustion control measure are the same as in the estimate for the EMx/water injection control 

measure described in Section 3.2.2. The recommended costs for EMx in 1999 dollars are based 

on an analysis prepared by Onsite Sycom Energy Corporation (OSEC, 1999). For this analysis 

the only changes we made to OSEC’s analysis were to reduce the operating hours from 

8,400 hr/yr to 8,000 hr/yr, which slightly reduced the energy penalty and utilities costs, and we 

calculated the capital recovery factor using an interest rate of 7 percent instead of 10 percent. 

Note that the total annual costs for natural gas (or purchased steam) are considerably lower in 

this analysis than in the 2008 analysis because the unit cost of natural gas was considerably 

lower in 1999. 

The recommended total capital investment and total annual cost for dry low NOx 

combustion in 1999 dollars for the combined EMx/dry low NOx combustion control measure are 

the same as in the estimate for the dry low NOx combustion control measure alone as described 

in Section 3.3.3. The recommended total capital investment for dry low NOx combustion in 2008 
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dollars was estimated in 1999 dollars using the regression equation for the water injection control 

measure (see Section 3.3.1) and then scaled to 2008 dollars using the CEPCI. The recommended 

total annual costs for dry low NOx combustion consist of capital recovery plus the cost for parts 

and repair; capital recovery costs in 2008 dollars were estimated by escalating the 1999 costs 

using the CEPCI, and annual parts and repairs costs were assumed to be the same in 2008 as in 

1999. 

Based on regression of the data in both the 1999 and 2008 cost analyses, the best fit trend 

lines are represented by the following power equations for the uncontrolled scenario (the R2 =1.0 

for the equations in 2008 dollars because there were only two data points in the analysis; R2 for 

the equations in 1999 dollars round to 1.0 when only two significant figures are presented): 

 Total capital investment (1999 dollars) = 58237 x (MMBtu/hr) ^ 0.78 

 Total annual cost (1999 dollars) = 15004 x (MMBtu/hr) ^ 0.78 

 Total capital investment (2008 dollars) = 126892 x (MMBtu/hr) ^ 0.74 

 Total annual cost (2008 dollars) = 20041 x (MMBtu/hr) ^ 0.80 

Best fit equations for incremental EMx costs relative to a RACT baseline of DLN 

combustion are: 

 Total capital investment (1999 dollars) = 65163 x (MMBtu/hr) ^ 0.72 

 Total annual cost (1999 dollars) = 13702 x (MMBtu/hr) ^ 0.76 

 Total capital investment (2008 dollars) = 156349 x (MMBtu/hr) ^ 0.68 

 Total annual cost (2008 dollars) = 17252 x (MMBtu/hr) ^ 0.80 

3.3 Recommended Changes 

This section presents updated cost estimates for combustion turbine control measures that 

are currently in the CMDB, and it describes the basis for such changes. These changes include 

both more recent costs for some control measures as well as minor revisions to existing estimates 

for other control measures. The changes affect both cost per ton values and equations. 
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This section also identifies applicable SCCs for the new control measures described in 

Section 3.2, and it identifies additional SCCs for which the control measures in this section are 

applicable. 

3.3.1 Water Injection; Gas Turbines—Natural Gas (NWTINGTNG) 

Recommended updates to the costs for water injection are based on analyses in a report 

prepared by OnSite Sycom Energy Corporation for the U.S. Department of Energy (OSEC, 

1999). OSEC estimated costs for some of the same small turbine model sizes as in EPA’s 1993 

ACT document (4 MW and 23 MW). OSEC obtained water injection equipment costs in 1999 

dollars. They then estimated total capital investment and total annual costs using the same 

procedures as in the 1993 ACT document, and they concluded that 1999 costs for water injection 

were essentially the same as the 1990 costs presented in the ACT document. Because the ACT 

analysis included a greater number of models over a wider range of sizes, RTI recommends 

continuing to use the cost data from the ACT analysis in the CMDB, except the cost year should 

be updated from 1990 to 1999. RTI also recommends the four additional changes noted below. 

Our second recommendation is to split the record for small sources into two records—

one for sources with uncontrolled emissions less than 365 tpy, and the other for emissions greater 

than 365 tpy. The 2006 AirControlNET Documentation Report indicates that small sources are 

turbines with design outputs up to 34.4 MW. Four model turbines in the ACT analysis have 

outputs below this threshold. The two turbines with uncontrolled emissions <365 tpy have an 

average cost effectiveness of $1,790/ton of NOx. The two turbines with uncontrolled emissions 

>365 tpy have an average cost effectiveness of $1,000/ton of NOx. 

Our third recommendation is to revise the control efficiency for water injection from 76 

percent to 72 percent. The 76 percent control level is the average reduction for all 6 model 

turbines in the 1993 ACT analysis. Five of those models were guaranteed to reduce NOx 

emissions to less than 42 ppmvd, while the sixth was guaranteed to meet 25 ppmvd. Although 

water injection may be more effective on some combustion turbines than others, 42 ppmvd is the 

generally accepted threshold. Thus, we think this threshold should be incorporated in the CMDB. 

The average reduction of the 5 models in the 1993 ACT analysis with an outlet concentration of 

42 ppmvd was 72 percent. 

Our fourth recommendation is to use a capital to annual cost ratio of 2.4 in the new 

record for small sources with uncontrolled emissions >365 tpy; this is the average value for the 

two turbines in the ACT analysis in this size range. (The capital to annual cost ratio for the small 

sources with uncontrolled emissions <365 tpy would remain at 3.1 because this is the average 
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value for the two turbines in this size range; it is not clear why this value was applied for all 

small sources in the current version of the CMDB.) The total annual costs in this calculation are 

based on using a 7 percent interest rate in the calculation of capital recovery, instead of the 10 

percent value in the 1993 ACT. Even if capital recovery was estimated using the 10 percent 

interest rate, it is not clear how the 3.1 value was developed. 

Our fifth recommendation is to revise the constants in the CMDB table of equations for 

estimating capital and annual costs. Based on regression of the data in the 1993 ACT, the best fit 

trend lines are represented by the following revised power equations for both uncontrolled and 

RACT baseline scenarios: 

 Total capital investment (1999 dollars) = 27665 x (MMBtu/hr) ^ 0.69 (R2 =0.97) 

 Total annual cost (1999 dollars) = 3700.2 x (MMBtu/hr) ^ 0.95 (R2=0.95) 

3.3.2 Steam Injection; Gas Turbines—Natural Gas (NSTINGTNG) 

The only available information on the cost of steam injection was in the 1999 report from 

Onsite Sycom Energy Corporation (OSEC, 1999). OSEC discussed steam injection only in the 

context of large GE Frame 7F turbines (170 MW). They noted that only the first such model, 

operational in 1990 when the ACT analysis was being conducted, was equipped with steam 

injection. All subsequent units (at least through 1999) were equipped with DLN combustion 

technology. 

Because the limited available information suggests that steam injection costs, like water 

injection costs, were essentially the same in 1999 as in 1990, we recommend continuing to base 

the steam injection costs on the results in the 1993 ACT, but update the cost year from 1990 to 

1999. In addition, as for water injection, we recommend splitting the one record for small 

sources into two records—one for sources with uncontrolled NOx emissions <365 tpy, and the 

other for uncontrolled NOx emissions >365 tpy. This split results in average cost effectiveness 

values of $1,690/ton of NOx for the small sources with uncontrolled NOx emissions 

<365 tons/yr and $820/ton of NOx for the small sources with uncontrolled NOx emissions 

>365 tons/yr. The capital cost to annual cost ratios also are slightly less than the current values in 

the CMDB. 

Based on regression of the data in the 1993 ACT, the best fit trend lines are represented 

by the following revised power equations for both uncontrolled and RACT baseline scenarios: 
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 Total capital investment (1999 dollars) = 43092 x (MMBtu/hr) ^ 0.82 (R2=0.95) 

 Total annual cost (1999 dollars) = 7282 x (MMBtu/hr) ^ 0.76 (R2=0.96) 

3.3.3 Dry Low NOx Combustion; Gas Turbines—Natural Gas (NDLNCGTNG) 

Dry low NOx (DLN) combustion technology premixes air and a lean fuel mixture that 

significantly reduces peak flame temperature and thermal NOx formation. In some cases, this 

can be accomplished by using low NOx burners, but in other cases, the combustor design itself 

differs as well as the burner design. For example, the DLN combustor volume is typically twice 

that of a conventional combustor (OSEC, 1999). Therefore, we recommend revising the current 

control technology name in the CMDB from “Low NOx Burners” to “Dry Low NOx 

Combustion.” In addition, the CM abbreviation should be changed from NLNBUGTNG to 

NDLNCGTNG. 

Recommended updates to the costs for DLN Combustion are based on analyses in a 

report prepared by Onsite Sycom Energy Corporation for the U.S. Department of Energy (OSEC, 

1999). OSEC estimated costs for some of the six turbines with design outputs ranging from 

4 MW to 169 MW. 

OSEC obtained installed equipment costs and annual repair costs in 1999 dollars from 

three turbine manufacturers, but there are some uncertainties in the data. Although the reported 

tabular summary indicates the equipment costs are incremental relative to the cost of a 

conventional combustor, the text of the report states that the costs for 169 MW turbines are the 

total cost to replace a conventional combustor (which may explain why the regression equation 

for the capital costs is linear rather than a power function). Annual costs for parts and repair for 

some of the turbines were proprietary for two of the small turbines and thus could not be 

reported. As a result, the annual costs for those turbines are biased low. In addition, because parts 

and repair costs were unavailable for the 169 MW turbine, OSEC assumed these costs could be 

represented by the costs for the 23 MW turbine. 

The only change we made to the assumptions and data reported by OSEC was to 

calculate capital recovery using an interest rate of 7 percent instead of 10 percent. 

Table 3-4 summarizes the recommended new cost effectiveness and capital to annual cost 

ratios for implementing the DLN combustion NOx control technology. In addition to changing 

these costs in the CMDB, we also recommend changing the control efficiency for DLN 

combustion applied to small sources from 68 percent to 84 percent. The 84 percent level is 
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currently used for large sources, and it is consistent with the efficiency for DLN combustion (or 

low NOx burners) in the 1993 ACT. It appears the 68 percent entry was a data transcription error 

because that is the control efficiency for water injection applied to oil-fired turbines. 

Table 3-4. Summary of Cost Effectiveness and Supporting Data for DLN Combustion 

Turbine 

Output, MW 

Cost 

Year 

Uncontrolled NOx 

Emissions Outlet 

Concentration, 

ppmvd 

Cost 

Effectiveness, 

$/ton NOx 

Capital to 

Annual Cost 

Ratio Avg. ppmvd tpy 

Small (4-23) 1999 152 <365 25 300 5.0 

Large (170) 1999 210 >365 25 130 7.4 

 

Based on regression of the data in both analyses, the best fit trend lines are represented by 

the following revised equations for both uncontrolled and RACT baseline scenarios: 

 Total capital investment (1999 dollars) = 2860.6 x (MMBtu/hr) + 25427 (R2=1.0) 

 Total annual cost (1999 dollars) = 584.5 x (MMBtu/hr) ^ 0.96 (R2=0.95) 

3.3.4 SCR and Water Injection; Gas Turbines—Natural Gas (NSCRWGTNG) 

Recommended updates to the costs for SCR combined with water injection are based on 

two sets of cost analyses. One set of costs is in 1999 dollars for three turbines ranging in size 

from 4.2 MW to 161 MW (OSEC, 1999). The second is in 2008 dollars for two larger turbines 

with design outputs of 50 MW and 180 MW (ECP, 2008). For SCR, the referenced analyses 

estimated direct installation costs and indirect costs based on scaling from the purchased 

equipment costs using standard factors as in the Control Cost Manual. Annual costs were 

estimated for the same cost elements that were used in the SCR analysis in the 1993 ACT. Water 

injection costs for the two smallest turbines in the 1999 analysis were estimated as described 

above for the water injection control option. Water injection costs for the large turbines were not 

estimated in the referenced analyses. 

For the purposes of developing 1999 cost inputs for the CMDB, we made the following 

changes to the data and assumptions used in the OSEC analysis: 

■ Increased the engineering cost for SCR for the 161 MW turbine from $100,000 to 

$228,865. The revised value is equal to 10 percent of the purchased equipment cost, 

which is consistent with the approach used for the smaller turbines. The report did not 

explain why $100,000 was used instead of the factor. 
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■ Estimated performance penalty costs and electricity costs for the blower and pumps in 

the ammonia injection system using operating hours of 8,000 hr/yr instead of 

8,400 hr/yr. 

■ Calculated capital recovery for the SCR system using an interest rate of 7 percent 

instead of 10 percent. 

■ Calculated annual catalyst replacement and disposal costs using a future worth factor 

instead of a capital recovery factor. 

■ Estimated total capital investment and total annual costs for the 161 MW turbine 

using the regression equations for the water injection control option. (Maybe it would 

be better to drop the large model from this analysis and just present 1999 costs for 

small turbines and 2008 costs for large turbines.) 

For the purposes of developing 2008 cost inputs for the CMDB, we started with the ECP 

analysis for SCR costs and then made the following changes to the data and assumptions: 

■ Calculated the performance penalty for SCR using an electricity cost of $0.06/kwh 

instead of $0.1/kwh and 8,000 hr/yr instead of 8,400 hr/yr. In addition, although it 

appears that the referenced analysis assumed a performance loss equal to 0.5 percent 

of the turbine’s design output, the cited cost was significantly greater than it should 

be for that percentage loss, even if the cited electricity cost and operating hours were 

used in the calculation. We changed the cost to be consistent with the calculated 

amount. 

■ Calculated capital recovery for the SCR system using an interest rate of 7 percent 

instead of 10 percent. 

■ Estimated capital costs for water injection in 1999 dollars using the regression 

equation for the water injection control option, and then scaled the costs to 2008 

dollars using the CEPCI. 

■ Estimated total annual costs for water injection following the same procedure 

described in Section 3.2.2 for the water injection portion of a combined water 

injection and EMx control measure. Thus, the total annual costs for water injection 

are the same in both control measures. 

Table 3-5 summarizes the recommended new cost effectiveness and capital to annual cost 

ratios values for implementing SCR plus water injection on natural gas-fired combustion 

turbines. Table 3-5 also presents revised incremental costs of SCR relative to a RACT baseline 

of water injection for the different categories of turbines. Note that the SCR outlet NOx level 

was assumed to be 2.5 ppmvd in the ECP analysis, which results in an overall control efficiency 

of 98 percent versus the 94 percent for the OSEC and ACT analyses. 
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Table 3-5. Summary of Cost Effectiveness and Supporting Data for SCR Plus Water 

Injection 

Turbine 

Output, MW 

Cost 

Year 

Uncontrolled NOx 

Emissions SCR Outlet 

Concentration, 

ppmvd 

Cost 

Effectiveness, 

$/ton NOx 

Capital to 

Annual 

Cost Ratio 

Incremental Cost 

Relative to RACT 

Baseline of WI, 

$/ton NOx Avg. ppmvd tpy 

Small (4.2) 1999 134 <365 9 2,790 3.0 5,840 

Small (22.7) 1999 174 >365 9 1,370 2.9 3,130 

Large (161) 1999 210 >365 9 1,070 1.5 1,690 

Large (50-180) 2008 160a >365 2.5 1,830 2.7 3,170 

aUncontrolled concentrations were not reported in the referenced analysis. Thus, the value used in this analysis is an 

assumed average that results in the estimated 84 percent reduction for DLN combustion, as described in Section 

3.3.3 of this report. 

Based on regression of the data in both analyses, the revised best fit trend lines are 

represented by the following power equations for both uncontrolled scenarios (R2=1 for the 2008 

costs because the analysis was based on only two data points): 

 Total capital investment (1999 dollars) = 62962 x (MMBtu/hr) ^ 0.66 (R2=1.0) 

 Total annual cost (1999 dollars) = 8590 x (MMBtu/hr) ^ 0.87 (R2=0.99) 

 Total capital investment (2008 dollars) = 34533 x (MMBtu/hr) ^ 0.85 (R2=1.0) 

 Total annual cost (2008 dollars) = 6794 x (MMBtu/hr) ^ 0.94 (R2=1.0) 

Revised best fit equations for incremental SCR costs relative to a RACT baseline of 

water injection are (R2=1 for the 2008 costs because the analysis was based on only two data 

points): 

 Total capital investment (1999 dollars) = 37193 x (MMBtu/hr) ^ 0.63 (R2=1.0) 

 Total annual cost (1999 dollars) = 12065 x (MMBtu/hr) ^ 0.64 (R2=1.0) 

 Total capital investment (2008 dollars) = 10323 x (MMBtu/hr) ^ 0.96 (R2=1.0) 

 Total annual cost (2008 dollars) = 3106.1 x (MMBtu/hr) ^ 0.94 (R2=1.0) 
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3.3.5 SCR and Steam Injection; Gas Turbines—Natural Gas (NSCTSGTNG) 

Combined costs for SCR and steam injection were not presented in any available 

references. Thus, costs for combined control systems were estimated in 1999 dollars for four 

model turbines ranging from 4 MW to 161 MW using the procedures described above for steam 

injection alone and for SCR as part of combined SCR and water injection control systems. 

Specifically, steam injection costs for each model turbine were assumed to be the same as in the 

1993 ACT, consistent with the description above for steam injection control costs. Since OSEC 

did not estimate SCR costs for the specific turbines in this analysis, we estimated the SCR costs 

using the trendlines that we developed for incremental SCR costs relative to a RACT baseline of 

water injection. We then summed the separate SCR and steam injection costs to obtain the 

combined system costs. 

We also estimated costs for a combined steam injection and SCR control measure in 2008 

dollars. The SCR portion of the costs are the same as for SCR in the combined water injection 

plus SCR control measure, as described in Section 3.3.4. Total capital investment for the steam 

injection portion were estimated in 1999 dollars using the regression equation developed for 

steam injection alone, as described in Section 3.3.2. These costs were escalated to 2008 costs 

using the CEPCI. Total annual costs for steam injection were first estimated in 1999 dollars 

using the regression equation for the steam injection control option (see Section 3.3.2). On 

average, 40 percent of these costs were estimated to be for indirect costs that are factored from 

the system capital cost, and the remaining 60 percent is for direct annual costs and overhead. To 

estimate the total annual costs for steam injection in 2008, the indirect costs were scaled from the 

1999 estimate using the CEPCI, and the direct annual costs and overhead were assumed to be the 

same as in 1999. 

Table 3-6 summarizes the recommended new cost effectiveness and capital to annual cost 

ratios values for implementing SCR plus steam injection on natural gas-fired combustion 

turbines. Table 3-6 also presents revised incremental costs of SCR relative to a RACT baseline 

of steam injection for the different categories of turbines. Note that the incremental costs are 

slightly different from the costs in Table 3-5. The costs should be the same for a given turbine 

category. They differ because the two analyses examined a different number of turbines, and the 

sizes were not exactly the same. At a later date, the analysis could be improved by combining the 

SCR costs from both analyses and developing a single set of incremental SCR costs. 
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Table 3-6. Summary of Cost Effectiveness and Supporting Data for SCR Plus Steam 

Injection (SI) 

Turbine Output, 

MW 

Cost 

Year 

Uncontrolled NOx 

Emissions SCR Outlet 

Concentration, 

ppmvd 

Cost 

Effectiveness, 

$/ton NOx 

Capital to 

Annual 

Cost Ratio 

Incremental Cost 

Relative to RACT 

Baseline of SI, 

$/ton NOx Avg. ppmvd tpy 

Small (4.2) 1999 155 <365 9 2,570 3.3 5,550 

Small (26.8) 1999 142 >365 9 1,380 3.1 2,870 

Large (83–161) 1999 300 >365 9 570 2.7 1,810 

Large (50–180) 2008 160a >365 2.5 1,420 3.9 3,170 

aUncontrolled concentrations were not reported in the referenced analysis. Thus, the value used in this analysis is an 

assumed average that results in the estimated 84 percent reduction for DLN combustion, as described in Section 

3.3.3 of this report. 

Based on regression of the data in the analysis, the revised best fit trend lines are 

represented by the following power equations for the uncontrolled scenario (R2=1 for the 2008 

costs because the analysis was based on only two data points): 

 Total capital investment (1999 dollars) = 72169 x (MMBtu/hr) ^ 0.66 (R2=0.99) 

 Total annual cost (1999 dollars) = 17551 x (MMBtu/hr) ^ 0.72 (R2=0.98) 

 Total capital investment (2008 dollars) = 46492 x (MMBtu/hr) ^ 0.82 (R2=1.0) 

 Total annual cost (2008 dollars) = 8704 x (MMBtu/hr) ^ 0.86 (R2=1.0) 

Revised best fit equations for incremental SCR costs relative to a RACT baseline of 

steam injection are assumed to be the same as noted above in the discussion of costs for SCR and 

water injection. 

3.3.6 SCR and Dry Low NOx Combustion; Gas Turbines—Natural Gas (NSCRDGTNG) 

Updated costs for combined SCR and DLN combustion control systems were estimated 

in 1999 dollars for all turbine sizes, 2007 dollars for small turbines, and 2008 dollars for large 

turbines. The 1999 costs were estimated by combining the separate costs for DLN combustion 

and SCR provided by Onsite Sycom Energy Systems (OSEC, 1999). The 2007 costs were 

estimated by combining SCR costs developed by Energy and Environmental Analysis in a report 

prepared for EPA with the OSEC costs for DLN combustion in 1999 dollars, escalated to 2007 

dollars (EEA, 2008). Similarly, costs in 2008 dollars were estimated by combining SCR costs 
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developed by EmeraChem Power in an analysis for the Bay Area Air Quality Management 

District with escalated DLN combustion costs (ECP, 2008). The EEA analysis provided only 

capital costs; therefore, we estimated annual costs using the same factors provided in ECP’s 

analysis of costs in 2008 dollars. For both the 2007 and 2008 cost estimates, DLN capital costs 

and capital recovery were escalated from 1999 dollars using the CEPCI, and annual parts and 

repairs costs were assumed to be the same in all three years. 

Table 3-7 summarizes the recommended new cost effectiveness and capital to annual cost 

ratios values for implementing SCR plus dry low NOx combustion on natural gas-fired 

combustion turbines. Table 3-7 also presents revised incremental costs of SCR relative to a 

RACT baseline of steam injection for the different categories of turbines. Note that the SCR 

outlet NOx level was assumed to be 2.5 ppmvd in the ECP analysis, which results in an overall 

control efficiency of 98 percent versus the 94 percent for the OSEC analyses. We also used an 

outlet concentration of 2.5 ppmvd to estimate emissions to use with EEA’s 2007 costs. The ECP 

and EEA analyses did not specify inlet NOx emissions concentrations to the SCR; therefore, we 

assumed 25 ppmvd, as in other DLN analyses. We also assumed an average uncontrolled 

emissions level of 160 ppmvd for all models so that the overall control efficiency of the DLN 

combustion plus the SCR was 98 percent. Note that the incremental costs in 1999 dollars are 

significantly higher than those for SCR following water injection and steam injection; this is due 

to the inlet concentration being 25 ppmvd for this analysis and 42 ppmvd for water injection and 

steam injection. 

Table 3-7. Summary of Cost Effectiveness and Supporting Data for SCR Plus DLN 

Combustion 

Turbine Output, 

MW 

Cost 

Year 

Uncontrolled NOx 

Emissions SCR Outlet 

Concentration, 

ppmvd 

Cost 

Effectiveness, 

$/ton NOx 

Capital to 

Annual 

Cost Ratio 

Incremental Cost 

Relative to RACT 

Baseline of DLN, 

$/ton NOx Avg. ppmvd tpy 

Small (4.2) 1999 134 <365 9 1,800 2.9 11,900 

Small (26.8) 1999 174 >365 9 990 3.6 6,320 

Large (161) 1999 210 >365 9 390 4.2 3,340 

Small (1–10.2) 2007 160a <365 2.5 2,910 4.3 18,900 

Small (25) 2007 160a >365 2.5 1,460 3.8 7,510 

Large (50–180) 2008 160a >365 2.5 1,040 4.5 5,560 

aUncontrolled concentrations were not reported in the referenced analysis. Thus, the value used in this analysis is an 

assumed average that results in the estimated 84 percent reduction for DLN combustion, as described in Section 

3.3.3 of this report. 
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Based on regression of the data in each analysis, the best fit trend lines are represented by 

the following power equations for uncontrolled scenarios (R2=1 for the 2008 costs because the 

analysis was based on only two data points, and note that the R2 for the 2007 equations is not 

meaningful because the DLN portion of the costs are based on a regression equation instead of 

independent, model-specific data): 

 Total capital investment (1999 dollars) = 24854 x (MMBtu/hr) ^ 0.79 (R2=1.0) 

 Total annual cost (1999 dollars) = 12725 x (MMBtu/hr) ^ 0.69 (R2=1.0) 

 Total capital investment (2007 dollars) = 187647 x (MMBtu/hr) ^ 0.54 (R2=1.0) 

 Total annual cost (2007 dollars) = 2782 x (MMBtu/hr) + 167494 (R2=1.0) 

 Total capital investment (2008 dollars) = 14790 x (MMBtu/hr) ^ 0.97 (R2=1.0) 

 Total annual cost (2008 dollars) = 5263.5 x (MMBtu/hr) ^ 0.90 (R2=1.0) 

The equations to estimate incremental costs for SCR relative to a RACT baseline of dry 

low NOx combustion in 1999 dollars and 2008 dollars are assumed to be the same as noted in 

Section 3.3.4 for incremental costs relative to a RACT baseline of water injection. Incremental 

costs for SCR relative to a RACT baseline of water injection in 2007 dollars are estimated using 

the following equations: 

 Total capital investment (2007 dollars) = 210883 x (MMBtu/hr) ^ 0.46 (R2=1.0) 

 Total annual cost (2007 dollars) = 1894 x (MMBtu/hr) + 185570 (R2=0.99) 

3.3.7 Water Injection; Gas Turbines—Oil (NWTINGTOL) 

No new data are available on costs of water injection for oil-fired combustion turbines. 

However, because the water injection costs for natural gas-fired turbines were determined to be 

essentially the same in 1999 as in 1990, we assume the same would be true for water injection on 

oil-fired turbines; the costs for both types of turbines also were the same in the 1993 ACT 

analysis. Therefore, we recommend continuing to base costs on the results of the 1993 ACT 

analysis, but to update the cost year from 1990 to 1999. In addition, we changed the size of the 

large model in the ACT analysis from 83.3 MW to 84.7 MW because it appears the incorrect 
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model was used in the ACT analysis. As for the natural gas-fired turbines, we also recommend 

splitting the single record for small sources into two records—one for source with uncontrolled 

NOx emissions <365 tpy, and the other for sources with uncontrolled NOx emissions >365 tpy. 

The resulting cost effectiveness values for the turbines with uncontrolled NOx emissions 

<365 tpy and >365 tpy are $1,630/ton of NOx and $960/ton of NOx, respectively. The capital to 

annual cost ratios also change slightly. 

As for other control technologies, the constants in the equations to estimate total capital 

costs and total annual costs differ from those in the regression analyses performed in Excel. In 

this case, the differences are small, but we recommend revising the constants so that all 

equations are developed based on the same approach. The revised equations for both the 

uncontrolled and RACT baseline scenarios are: 

 Total capital investment (1999 dollars) = 43255 x (MMBtu/hr) ^ 0.60 (R2=1.0) 

 Total annual cost (1999 dollars) = 6796.8 x (MMBtu/hr) ^ 0.80(R2=1.0) 

3.3.8 SCR and Water Injection; Gas Turbines—Oil (NSCRWGTNG) 

SCR costs were developed in a BACT analysis for a 48 MW oil-fired combustion turbine 

(FMPA, 2004). Because water injection costs in 2004 dollars are not available, we calculated 

costs in 1999 dollars as described above for the water injection option, and then estimated costs 

in 2004 dollars by scaling up the 1999 capital costs (and capital recovery) using the CEPCI; 

other annual operating and maintenance costs were assumed to be unchanged. We used the SCR 

capital cost as presented in the FMPA analysis, but we made several changes to the annual costs. 

Although the original values may have been appropriate for the specific application evaluated by 

FMPA, the following changes were made to be consistent with the calculations for other controls 

in this analysis: 

■ Estimated O&M costs assuming operation for 8,000 hr/yr instead of 4,422 hr/yr. 

■ Excluded cost for one week of lost power generation while catalyst is being replaced, 

assuming that catalyst replacement can be performed during scheduled annual 

downtime. 

■ Reduced sales tax and freight cost for catalyst from 12.25 percent of the purchased 

cost to 8 percent of the purchased cost. 

■ Deleted capital recovery cost for catalyst because the catalyst is replaced annually. 
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■ The reported annual cost for ammonia was based on a stoichiometric ratio of 1.4 

(possibly because they assumed a significant generation of NO2 relative to NO). 

They also applied a factor of 1.05, apparently to account for ammonia slip, as in the 

Control Cost Manual procedures for SCR on boilers. However, both factors should 

not be needed. For this analysis, we used just the 1.05 factor (also used the reported 

unit cost of $750/ton of ammonia, which may have been high for 2004). 

■ Reduced the property tax factor from 2.75 percent of the TCI to 1 percent of the TCI. 

Table 3-8 summarizes the recommended cost effectiveness and capital to annual cost 

ratios values for implementing SCR plus water injection on oil-fired combustion turbines. 

Table 3-8 also presents incremental costs of SCR relative to a RACT baseline of water injection. 

The 1990 costs are essentially the same as the costs currently in the CMDB, except that we 

recommend splitting the one record for small sources into two records. 

Table 3-8. Summary of Cost Effectiveness and Supporting Data for SCR Plus Water 

Injection (WI) for Oil-Fired Turbines 

Turbine 

Output, MW 

Cost 

Year 

Uncontrolled NOx 

Emissions SCR Outlet 

Concentration, 

ppmvd 

Cost 

Effectiveness, 

$/ton NOx 

Capital to 

Annual 

Cost Ratio 

Incremental Cost 

Relative to RACT 

Baseline of WI, 

$/ton NOx Avg. ppmvd tpy 

Small (3.3) 1990 179 <365 18 3,200 2.9 7,620 

Small (26.3) 1990 211 >365 18 1,320 2.3 2,450 

Large (84) 1990 228 >365 18 1,000 2.4 2,210 

Large (48) 2004 200a >365 5 1,560 2.3 4,790 

aThe referenced analysis did not report an uncontrolled emissions level. The value used in this analysis is the 

average of the uncontrolled emissions concentrations for oil-fired model turbines in the 1993 ACT. 

Based on regression of the data in the 1993 ACT, the best fit trend lines are represented 

by the following revised power equations for the uncontrolled scenario: 

 Total capital investment (1990 dollars) = 95837 x (MMBtu/hr) ^ 0.62 (R2=0.99) 

 Total annual cost (1990 dollars) = 25990 x (MMBtu/hr) ^ 0.70 (R2=1.0) 

Revised best fit equations for incremental SCR costs relative to a RACT baseline of 

water injection are: 

 Total capital investment (1990 dollars) = 4744 x (MMBtu/hr) + 368162 (R2=1.0) 
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 Total annual cost (1990 dollars) = 1522.5 x (MMBtu/hr) + 142643  (R2=1.0) 

We could not develop equations for this control system in 2004 dollars because 2004 data 

are available for only one turbine, and thus are insufficient for this purpose. 

3.3.9 Water Injection; Gas Turbines—Jet Fuel (NWTINGTJF) 

The current CMDB assumes costs for jet fuel-fired turbines are the same as for oil-fired 

turbines. Thus, we recommend the same changes for jet fuel fired turbines as noted above for oil-

fired turbines. 

3.3.10 SCR and Water Injection; Gas Turbines—Jet Fuel (NSCTWGTJF) 

The current CMDB assumes costs for jet fuel-fired turbines are the same as for oil-fired 

turbines. Thus, we recommend the same changes for jet fuel fired turbines as noted above for oil-

fired turbines. 

3.3.11 Applicable Control Measures for Gas Turbine SCCs 

The first column in Table 3-9 lists all of the gas turbine SCCs that are associated with one 

or more gas turbine control measures in the CMDB table called “Table 03_SCCs.” In addition, 

the last seven SCCs in Table 3-9 are additional gas turbine SCCs that are not currently assigned 

any NOx control measures in the CMDB. These seven SCCs, as well as many of the others at the 

top of Table 3-9, were identified with NOx emissions in an EPA query of the NEI for facilities in 

the Ozone Transport Group Assessment Region (i.e., 37 states that are partially or completely to 

the east of 100oW longitude). The first 11 control measures in column headings in Table 3-9 are 

the gas turbine control measures that are currently in the CMDB; the last three column headings 

are the new control measures identified in this review and described in Section 3.2 of this report. 

Each control measure that was determined to be applicable for a specific SCC is 

identified by either an “E” or an “N” in the cell at the intersection of the applicable SCC row and 

the control measure column. An “E” means the control measure is already listed in the CMDB 

for the particular SCC, and we concur with that designation. An “N” means the control measure 

is not currently linked to a particular SCC, but we recommend adding this link in the database. In 

some cases, we recommend applying new links between existing control measures and existing 

SCCs. For example, some of the SCCs are for turbines that are fired with relatively uncommon 

fuels such as landfill gas or gasoline. We have not located any analyses that determined the 

applicable controls and related costs for gas turbines fired with such fuels. In order to conduct 

CoST modeling analyses for these turbines, the most representative available control measures 
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Table 3-9. Recommended Control Measures for Gas Turbine SCCs 

SCCa 

SCC 

Level 

1b 

SCC 

Level 

2c SCC Level 3 SCC Level 4 

Applicable Gas Turbine Control Measures for the SCCd 
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20200101 ICE Ind Distillate Oil (Diesel) Turbine E E             

20200103 ICE Ind Distillate Oil (Diesel) Turbine: Cogeneration E E             

20200108 ICE Ind Distillate Oil (Diesel) Turbine: Evap Losses D D             

20200109 ICE Ind Distillate Oil (Diesel) Turbine: Exhaust E E             

20200201 ICE Ind Natural Gas Turbine     E E E E E E D N N N 

20200203 ICE Ind Natural Gas Turbine: Cogeneration     E E E E E E D N N N 

20200208 ICE Ind Natural Gas Turbine: Evap Losses     D D D D D D D    

20200209 ICE Ind Natural Gas Turbine: Exhaust     E E E E E E D N N N 

20200701 ICE Ind Process Gas Turbine     Ne Ne Ne Ne Ne Ne D Ne Ne Ne 

20200705 ICE Ind Process Gas Refinery Gas: Turbine     Ne Ne Ne Ne Ne Ne D Ne Ne Ne 

20200713 ICE Ind Process Gas Turbine: Evap Losses           D    

20200714 ICE Ind Process Gas Turbine: Exhaust     Ne Ne Ne Ne Ne Ne D Ne Ne Ne 

20200901 ICE Ind Kerosene/Naphtha (Jet 

Fuel) 

Turbine   E E           

20200908 ICE Ind Kerosene/Naphtha (Jet 

Fuel) 

Turbine: Evap Losses   D D           

20200909 ICE Ind Kerosene/Naphtha (Jet 

Fuel) 

Turbine: Exhaust   E E           

20201008 ICE Ind Liquified Petroleum Gas 

(LPG) 

Turbine: Evap Losses           D    

(continued) 
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Table 3-9. Recommended Control Measures for Gas Turbine SCCs (continued) 

SCCa 

SCC 

Level 

1b 

SCC 

Level 

2c SCC Level 3 SCC Level 4 

Applicable Gas Turbine Control Measures for the SCCd 
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20201009 ICE Ind Liquified Petroleum Gas 

(LPG) 

Turbine: Exhaust Ne Ne         D    

20201011 ICE Ind Liquified Petroleum Gas 

(LPG) 

Turbine Ne Ne         D    

20201013 ICE Ind Liquified Petroleum Gas 

(LPG) 

Turbine: Cogeneration Ne Ne         D    

20300102 ICE C/I Distillate Oil (Diesel) Turbine E E             

20300108 ICE C/I Distillate Oil (Diesel) Turbine: Evap Losses D D             

20300109 ICE C/I Distillate Oil (Diesel) Turbine: Exhaust E E             

20300202 ICE C/I Natural Gas Turbine     E E E E E E D N N N 

20300203 ICE C/I Natural Gas Turbine: Cogeneration     E E E E E E D N N N 

20300208 ICE C/I Natural Gas Turbine: Evap Losses     D D D D D D D    

20300209 ICE C/I Natural Gas Turbine: Exhaust     E E E E E E D N N N 

20300701 ICE C/I Digester Gas Turbine     Ne Ne Ne Ne Ne Ne D Ne Ne Ne 

20300708 ICE C/I Digester Gas Turbine: Evap Losses           D    

20300709 ICE C/I Digester Gas Turbine: Exhaust     Ne Ne Ne Ne Ne Ne D Ne Ne Ne 

20300801 ICE C/I Landfill Gas Turbine     Ne Ne Ne Ne Ne Ne D Ne Ne Ne 

20300808 ICE C/I Landfill Gas Turbine: Evap Losses           D    

20300809 ICE C/I Landfill Gas Turbine: Exhaust     Ne Ne Ne Ne Ne Ne D Ne Ne Ne 

20400301 ICE ET Turbine Natural Gas     N N N N N N D N N N 

20400304 ICE ET Turbine Landfill Gas     Ne Ne Ne Ne Ne Ne D Ne Ne Ne 

(continued) 
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Table 3-9. Recommended Control Measures for Gas Turbine SCCs (continued) 

SCCa 

SCC 

Level 

1b 

SCC 

Level 

2c SCC Level 3 SCC Level 4 

Applicable Gas Turbine Control Measures for the SCCd 
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50100420 WD SWD-G Landfill Dump Waste Gas Recovery: 

GT 
    Ne Ne Ne Ne Ne Ne D Ne Ne Ne 

20201609 ICE Ind Methanol Turbine: Exhaust Ne Ne             

20201701 ICE Ind Gasoline Turbine Ne Ne             

20300901 ICE C/I Kerosene/Naphtha (Jet 

Fuel) 

Turbine: JP-4   N N           

20400302 ICE ET Turbine Diesel/Kerosene N N             

20400303 ICE ET Turbine Distillate Oil N N             

20400305 ICE ET Turbine Kerosene/Naphtha   N N           

20400399 ICE ET Turbine Other Not Classifiedf Ne Ne             

aSCCs in regular font are associated with one or more gas turbine control measures in the current CMDB. The SCCs in bold font represent gas turbine activities 

that were identified with NOx emissions in the Ozone Transport Assessment Group Region analysis but are not associated with gas turbine control measures in 

the current CMDB. 
bICE means “Internal Combustion Engines” and WD means “Waste Disposal.” 
cInd means “Industrial,” C/I means “Commercial/Institutional,” ET means “Engine Testing,” and SWD-G means “Solid Waste Disposal-Government.” 
dAn “E” means the control measure is currently associated with the SCC in the CMDB, and no changes are recommended. A “D” means the control measure is 

currently associated with the SCC, but this control measure should be deleted because it is not appropriate for the SCC. An “N” means the control measure is 

not currently associated with the SCC in the CMDB, but adding it is recommended. 
eThe control measure is assumed to be representative for the SCC; control cost data are unavailable for the specific fuel type for the SCC. 
fThe fuel type is unknown. For the purposes of this analysis it is assumed to be a liquid because most of the emissions identified for the engine testing SCCs in 

the analysis done in the Ozone Transport Assessment Group Region were from liquid fuel-fired turbines.  
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should be assigned. For turbines that burn miscellaneous gaseous fuels, the most representative 

control measures are those for natural gas-fired turbines. Similarly, for turbines that burn 

miscellaneous liquid fuels, the most representative available control measures are those for oil-

fired turbines. The description field in the CMDB table called “Table 02_Efficiencies” could be 

revised to indicate that the control measures for natural gas units are assumed to be applicable for 

all gaseous fuel fired units, and the control measures for oil-fired units are assumed to be 

applicable for all liquid fuel-fired units (note that the separate control measures already in the 

CMDB for jet fuel-fired turbines are also based on the data for oil-fired units). 

Finally, gas turbine SCCs for evaporative losses from turbine fuel storage and delivery 

systems are associated with NOx control measures in the current CMDB. We recommend 

deleting these NOx control measure/SCC records from the CMDB table called “Table 03_SCCs” 

because there should be no NOx emissions from the sources represented by these SCCs. These 

control measure/SCC combinations are identified with a “D” in the applicable cells in Table 3-9. 

3.4 Example Emission Limits for NonEGU Combustion Turbines 

NonEGU combustion turbines are subject to several emission regulations, including 

NSPS in 40 CFR part 60 and various state regulations. Example emission limits in state 

regulations are presented in Table 3-10. 

Table 3-10. NOx Emissions Limits for NonEGU Combustion Turbines in New York 

State Type of Service 

Type of Combustion Turbine 

Operating Cycle Emission Limit 

Effective 

Date 

New York
a
 Any—gaseous fuel Combined cycle 42 ppmdv (at 15% O2) Current 

  Simple cycle or regenerative 

cycle 

50 ppmdv (at 15% O2) Current 

 Any—oil-fired Combined cycle 65 ppmdv (at 15% O2) Current 

  Simple cycle or regenerative 

cycle 

100 ppmdv (at 15% O2) Current 

aThe requirements apply to combustion turbines with a maximum heat input rate greater than or equal to 10 million 

Btu per hour at major sources of NOx emissions. The specified limits apply until July 1, 2014; beginning on July 

1, 2014, owners/operators must submit a proposal for RACT (NYCRR, 2014). 

3.5 References 

BAAQMD, 2010. Bay Area Air Quality Management District. Preliminary Determination of 

Compliance. Marsh Landing Generating Station. Application 18404. March 2010. 

Available at: http://www.energy.ca.gov/sitingcases/marshlanding/documents/other/2010-

03-24_Bay_Area_AQMD_PDOC.pdf 

http://www.energy.ca.gov/sitingcases/marshlanding/documents/other/2010-03-24_Bay_Area_AQMD_PDOC.pdf
http://www.energy.ca.gov/sitingcases/marshlanding/documents/other/2010-03-24_Bay_Area_AQMD_PDOC.pdf


 

3-27 

CARB, 2004. California Environmental Protection Agency. Air Resources Board. Report to the 

Legislature. Gas-Fired Power Plant NOx Emission Controls and Related Environmental 

Impacts. Stationary Source Division. May 2004. Available at: 

http://www.arb.ca.gov/research/apr/reports/l2069.pdf 

CH2MHill, 2002. Walnut Energy Center Application for Certification. Prepared for the 

California Energy Commission. November 2002. Available at: 

www.energy.ca.gov/sitingcases/turlock/documents/applicant_files/volume_2/App_08.01

E_Eval_Control.pdf 

Cybulski, 2006. Cybulski, A. and J. Moulin, editors. Structured Catalysts and Reactors. CRC 

Press. 2006. p. 236. 

DeCicco, 2004. DeCicco, S., B. Reyes, and T. Girdlestone. EmeraChem, LLC. SCONOX White 

Paper. Multi-Pollutant Emission Reduction Technology For Stationary Gas Turbines and 

IC Engines. January 5, 2004. Available at: 

www.emera.serveyourmarket.com/papers/SCONOx%20White%20Paper%20- 

%20r1.pdf  

ECP, 2008. EmeraChem Power. Attachment in email from J. Valmus, EmeraChem Power, to W. 

Lee, BAAQMD. Request for EMx Cost Information. September 8, 2008. Available at: 

http://www.baaqmd.gov/~/media/Files/Engineering/Public%20Notices/2010/18404/Foot

notes/EMx%20BACT%20economic%20analysis%20final09072008.ashx 

EEA, 2008. Energy and Environmental Analysis (An ICF International Company). Technology 

Characterization: Gas Turbines. Prepared for Environmental Protection Agency Climate 

Protection Partnership Division. December 2008. Available at: 

http://www.epa.gov/chp/documents/catalog_chptech_gas_turbines.pdf 

EPA, 1993. U.S. Environmental Protection Agency. Alternative Control Techniques 

Document—NOx Emissions from Stationary Gas Turbines. EPA-453/R-93-007. January 

1993. 

FMPA, 2004. Florida Municipal Power Agency. Chapters 3 and 4 of PSD BACT Analysis for 

Stock Island Facility in Key West, Florida. Available at: Available at: 

http://www.dep.state.fl.us/air/emission/construction/stockisland/BasisofBACT.pdf and 

http://www.dep.state.fl.us/air/emission/construction/stockisland/NOxBACT.pdf 

Kawasaki, 2010. Kawasaki Gas Turbines—Americas. Press Release. Kawasaki Gas Turbines 

Cogeneration System Helps Bridgewater Correctional Facility. January 25, 2010. 

Available at: 

http://www.kawasakigasturbines.com/index.php/press_releases/read/kawasaki_gas_turbi

nes_cogeneration_system_helps_bridgewater_correctional_fa 

Leposky, 2004. Leposky, G. Oil producer installs cogeneration system with ultra-low NOx 

emissions. Distributed Energy. July/August 2004. Available at: 

http://www.distributedenergy.com/DE/Articles/Oil_Producer_Installs_Cogeneration_Syst

em_With_Ult_2857.aspx?pageid=62d52359-b1c7-4115-9d0d-7837abe081cb 

http://www.arb.ca.gov/research/apr/reports/l2069.pdf
http://www.energy.ca.gov/sitingcases/turlock/documents/applicant_files/volume_2/App_08.01E_Eval_Control.pdf
http://www.energy.ca.gov/sitingcases/turlock/documents/applicant_files/volume_2/App_08.01E_Eval_Control.pdf
http://www.baaqmd.gov/~/media/Files/Engineering/Public%20Notices/2010/18404/Footnotes/EMx%20BACT%20economic%20analysis%20final09072008.ashx
http://www.baaqmd.gov/~/media/Files/Engineering/Public%20Notices/2010/18404/Footnotes/EMx%20BACT%20economic%20analysis%20final09072008.ashx
http://www.epa.gov/chp/documents/catalog_chptech_gas_turbines.pdf
http://www.dep.state.fl.us/air/emission/construction/stockisland/BasisofBACT.pdf
http://www.dep.state.fl.us/air/emission/construction/stockisland/NOxBACT.pdf
http://www.kawasakigasturbines.com/index.php/press_releases/read/kawasaki_gas_turbines_cogeneration_system_helps_bridgewater_correctional_fa
http://www.kawasakigasturbines.com/index.php/press_releases/read/kawasaki_gas_turbines_cogeneration_system_helps_bridgewater_correctional_fa
http://www.distributedenergy.com/DE/Articles/Oil_Producer_Installs_Cogeneration_System_With_Ult_2857.aspx?pageid=62d52359-b1c7-4115-9d0d-7837abe081cb
http://www.distributedenergy.com/DE/Articles/Oil_Producer_Installs_Cogeneration_System_With_Ult_2857.aspx?pageid=62d52359-b1c7-4115-9d0d-7837abe081cb


 

3-28 

NYCRR, 2014. New York Codes, Rules and Regulations. Title 6. Chapter III. Subchapter A. 

Part 227. Subpart 227-2. Reasonably Available Control Technology (RACT) For Major 

Facilities of Oxides of Nitrogen (NOx). Available at: 

http://government.westlaw.com/linkedslice/default.asp?SP=nycrr-1000 

OSEC, 1999. Onsite Sycom Energy Corporation. Cost Analysis of NOx Control Alternatives for 

Stationary Gas Turbines. Prepared for U.S. Department of Energy. Environmental 

Programs Chicago Operations Office. November 5, 1999. Available at: 

https://www1.eere.energy.gov/manufacturing/distributedenergy/pdfs/gas_turbines_nox_c

ost_analysis.pdf 

Peltier, 2003. Peltier, R. Gas turbine combustors drive emissions toward nil. Power Magazine. 

March 15, 2003. 

Quackenbush, 2012. Quackenbush, G. Cogeneration plant saves Pacific Union College $1 

million a year in energy costs. North Bay Business Journal. March 19, 2012. Available at: 

http://www.northbaybusinessjournal.com/50863/cogeneration-plant-saves-pacific-union-

college-1-million-a-year-in-energy-costs/ 

RDC, 2001. Resource Dynamics Corporation. Assessment of Distributed Generation Technology 

Applications. Prepared for Maine Public Utilities Commission. February 2001. Available 

at: http://www.distributed-generation.com/Library/Maine.pdf 

RTI, 2014. Spreadsheet “Turbines control costs.xlsx.” Prepared for U.S. Environmental 

Protection Agency. Office of Air Quality Planning and Standards. Air Economics Group. 

February 7, 2014. 

 

http://government.westlaw.com/linkedslice/default.asp?SP=nycrr-1000
https://www1.eere.energy.gov/manufacturing/distributedenergy/pdfs/gas_turbines_nox_cost_analysis.pdf
https://www1.eere.energy.gov/manufacturing/distributedenergy/pdfs/gas_turbines_nox_cost_analysis.pdf
http://www.northbaybusinessjournal.com/50863/cogeneration-plant-saves-pacific-union-college-1-million-a-year-in-energy-costs/
http://www.northbaybusinessjournal.com/50863/cogeneration-plant-saves-pacific-union-college-1-million-a-year-in-energy-costs/
http://www.distributed-generation.com/Library/Maine.pdf


 

4-1 

SECTION 4 

GLASS MANUFACTURING SECTOR 

4.1 Introduction 

The control cost database separates the glass manufacturing sector into four different 

types; flat glass, container glass, pressed glass, and general glass manufacturing. The CMDB 

listed six different control technologies for NOx emissions which were all reviewed in 2006 and 

included cullet preheat, oxy-firing, electric boost, low NOx burners, selective catalytic reduction 

(SCR) and selective non-catalytic reduction (SNCR). A literature and internet search was 

conducted to find any new control technologies for NOx or any updates to existing controls 

regarding cost and efficiencies. Operating permits for some glass manufacturing plants were 

reviewed and control system vendors were also contacted for information. A brief summary of 

data from each reference reviewed in included in the spreadsheet “CoST_Glass Mfg.xlsx.” 

4.2 Example NOx Regulatory Limits 

4.2.1 Wisconsin 

Glass manufacturing furnace with a maximum heat input capacity equal to or greater than 

50 mmBtu per hour, 2.0 pounds per ton of produced glass.1 

4.2.2 New Jersey 

Commercial container glass, specialty container glass, borosilicate recipe glass, pressed 

glass, blown glass, and fiberglass manufacturing furnaces: 4.0 lbs/ton glass removed. Flat glass 

manufacturing furnaces: 9.2 lbs/ton glass removed. 

4.2.3 New York 

NOx emissions are covered under NY’s case-by case RACT regulations. 

4.3 Recommended Additions 

The following NOx controls are recommended additions for the glass manufacturing 

industry that are not currently in the control cost database, and a tabular summary of the costs is 

presented in Table 4-1. 

■ Electric Boost—Three entries for electric boost controls were in the CMDB for 

container, flat, and pressed glass manufacturing. A cost estimate for electric boost was 

found for “general” glass manufacturing (DOE, 2002), since the CMDB did not have a 

“general” entry for electric boost controls, an entry for “Electric Boost; Glass 

Manufacturing—General” was added with a new abbreviation of NELBOGMGN. The 

                                                 
1 http://dnr.wi.gov/About/NRB/2007/January/01-07-3A4.pdf  

http://dnr.wi.gov/About/NRB/2007/January/01-07-3A4.pdf
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reference provided an annualized cost of $7,100 per ton of NOx removed based on a 

250 ton of glass per day glass melting furnace operating with an emission rate of 8-lb 

NOx per ton glass produced and a NOx removal efficiency of 30 percent. Since the 

reference did not provide capital costs, the capital to annual cost ratio could not be 

determined, and the capital recovery factor was assumed to be the same as the electric 

boost entries for container, flat, and pressed glass (i.e., 0.1424, assuming equipment 

life of 10 years). 

■ Oxy-firing—Three entries for oxy-firing were in the CMDB for container, flat, and 

pressed glass manufacturing. Similar to electric boost controls, an updated cost 

estimate for oxy-firing was found for “general” glass manufacturing (DOE, 2002); 

since the CMDB did not have a “general” entry for oxy-firing, an entry for “OXY-

Firing; Glass Manufacturing—General” was added to the CMDB with a new 

abbreviation of NOXYFGMGN. The reference provided an annualized cost of $2,352 

per ton of NOx removed based on a 250 ton of glass per day glass melting furnace 

emitting 8-lb NOx per ton glass produced and a NOx removal efficiency of 85 

percent.1 Since the capital costs were not provided the capital to annual cost ratio and 

the capital recovery factor were assumed to be the same as the oxy-firing entries for 

container, flat, and pressed glass, which all had the same values. 

■ Catalytic Ceramic Filter—This new control technology for NOx reduction was not 

previously in the database and was added for flat glass manufacturing with a new 

abbreviation of CATCFGMFT. A vendor was contacted for information (2013 

Vendor Quote). The minimum and maximum cost per ton estimates were based on 

regenerative gas-fired furnace with pull rates of 600 tons per day and 490 tons per 

day, respectively. The estimate provided by the vendor included capital cost, 

annualized capital costs, and annual operational cost in 2013 dollars; it also included 

NOx reductions based on a 95 percent NOx efficiency. 

Table 4-1. Summary of Cost Effectiveness and Supporting Data for Recommended 

Additions 

Technology 

Furnace Production 

Rate (ton/day) 

Cost 

Year 

NOx Removal 

Efficiency (%) 

Cost Effectiveness, 

$/ton NOx 

Capital to Annual 

Cost Ratio 

Electric Boost 

(general) 

250 2002 30 7,100 N/Aa 

Oxy-firing 

General 

250 2002 85 2,352 2.7 

Catalytic 

Ceramic Filter 

490 2013 95 1,045 4.6 

600 2013 95 997 4.6 

aThe ratio cannot be calculated because capital costs are not available. 
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4.4 Recommended Changes 

Changes to the CMDB are recommended for the following three types of control 

measures, which are also summarized in Table 4-2. 

■ Low NOx Burner General—Three entries for Low NOX burners were in the cost 

database for container, flat, and pressed glass manufacturing. An updated cost 

estimate for low NOx burners for flat glass and container glass manufacturing (EC, 

2013) was found and entries NLNBUGMCN and NLNBUGMFT were updated. The 

reference provided capital costs and an annualized cost in euros per kilogram of NOx 

removed which was converted to dollars per ton of NOx. For flat glass the minimum 

cost per ton estimate was based on a 900 ton per day gas fired furnace, and the 

maximum cost per ton estimate was based on a 500 ton per day gas fired furnace. For 

container glass the minimum cost per ton estimate was based on 450 ton per day gas 

fired furnace, and the maximum cost per ton estimate was based on a 200 ton per day 

gas fired furnace. The capital recovery factor and the capital to annual cost ratio were 

also updated. We also recommend changing the equipment life for low NOx burners 

on flat glass furnaces from 3 years to 10 years (EC, 2013). 

Additionally, equations for low NOx burners were added for entries NLNBUGMCN 

and NLNBUGMFT to “Table 04_Equations” of the CMDB based on the best fit trend 

lines of the total capital investment and total annual cost for the facilities with the 

production levels described above, the best fit trend line results were as follows: 

NLNBUGMCN (The correlation coefficients are high because the data are from a 

single source, and they may reflect data points from a correlation performed by that 

source) 

Total capital investment (2007 dollars) = 30,930 x (tons/day)0.45  (R² = 0.99) 

Total annual cost (2007 dollars) = 9,377 x (tons/day) 0.40  (R² = 0.99) 

NLNBUGMFT (The correlation coefficients are a perfect 1.0 because only two data 

points are available) 

Total capital investment (2007 dollars) = 527 x (tons/day) + 664,557  (R² = 1.0) 

Total annual cost (2007 dollars) = 132x (tons/day) + 150,105  (R² = 1.0) 

■ Cullet Preheating—Two entries for cullet preheating controls were in the cost 

database for container and pressed glass manufacturing. An updated annualized cost 

per ton value and NOx efficiency for pressed and container glass entries (IT, 2002) 

were found and updated for entries NCLPTGMCN and NCUPHGMPD. The 

reference provided an annualized cost of $5,000 per ton of NOx removed based on a 

250 ton of glass per day glass melting furnace emitting 8-lb NOx per ton glass 

produced and a NOx removal efficiency of 5 percent.1 Since the reference did not 

                                                 
1 Annualized cost includes capital and O&M costs and is based on 2002 dollars. 
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provide capital costs separately, the capital to annual cost ratio and the capital 

recovery factor were not updated. Additionally, based on information from EPA’s 

OECA staff, class entries for cullet preheating should be changed from “known” to 

“emerging” in Table 01_Summary of the CMDB because this control measure is 

technically feasible but has rarely been implemented.1  

■ Selective Catalytic Reduction—Three entries for selective catalytic reduction were in 

the CMDB for container, flat, and pressed glass manufacturing. An updated cost 

estimate for SCR for flat glass and container glass manufacturing (EC, 2013) was 

found, and entries NSCRGMCN and NSCRGMFT were updated. The reference 

provided capital costs and an annualized cost in euros per kilogram of NOx removed 

which was converted to dollars per ton of NOx.2 For flat glass the minimum and 

maximum cost per ton estimates were based on a 900 and 500 ton per day gas fired 

furnace, respectively. For container glass the minimum and maximum estimates were 

based on a 450 and 200 ton per day gas fired furnaces, respectively. The capital to 

annual cost ratio were also updated. 

Equations for SCR were added for entries NSCRGMCN and NSCRGMFT to Table 4 

of the CMDB based on the best fit trend lines of the total capital investment and total 

annual cost for the facilities with the production levels described above, the best fit 

trend line results were as follows: 

NSCRGMCN (The correlation coefficients are high because the data are from a 

single source, and they may reflect data points from a correlation performed by that 

source) 

Total capital investment (2007 dollars) = 79,415 x (tons/day) 0.51  (R² = 0.99) 

Total annual cost (2007 dollars) = 643 x (tons/day) + 135,302  (R² = 1.0) 

NSCRGMFT (The correlation coefficients are a perfect 1.0 because only two data 

points are available) 

Total capital investment (2007 dollars) = 3681 x (tons/day) + 1.0E+06  (R² = 1.0) 

Total annual cost (2007 dollars) = 842 x (tons/day) + 424,930  (R² = 1.0) 

                                                 
1 Personal communication.  Katie McClintock, US EPA/OCEA, with Larry Sorrels, US EPA/OAR/OAQPS, Feb. 

13, 2014.  
2 Conversion based on 2008 average exchange rate of 0.711. Source: http://www.irs.gov/Individuals/International-

Taxpayers/Yearly-Average-Currency-Exchange-Rates  

http://www.irs.gov/Individuals/International-Taxpayers/Yearly-Average-Currency-Exchange-Rates
http://www.irs.gov/Individuals/International-Taxpayers/Yearly-Average-Currency-Exchange-Rates
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Table 4-2. Summary of Cost Effectiveness and Supporting Data for Recommended 

Additions 

Technology 

Furnace Production 

Rate (ton/day) 

Cost 

Year 

NOx Removed 

(tons/year) 

Cost Effectiveness, 

$/ton NOx 

Capital to Annual 

Cost Ratio 

NLNBUGMCN 200 2007 66 1,365 4.2 

 450 2007 100 1,072 4.3 

NLNBUGMFT 500 2007 371 574 4.2 

900 2007 611 447 4.3 

NCLPTGMCN 250 2002 5% 5,000 4.5 

NCUPHGMPD 250 2002 5% 5,000 4.5 

NSCRGMCN 200 2007 121 2,169 4.5 

 450 2007 251 1,684 4.2 

NSCRGMFT 500 2007 886 957 3.4 

 900 2007 1,383 855 3.7 

 

4.5 Recommended Deletions 

■ Selective Non-Catalytic Reduction—Three entries for selective non-catalytic 

reduction were in the cost database for container, flat, and pressed glass 

manufacturing. Based on conversations between EPA and OECA staff, SNCR entries 

for glass manufacturing should be removed based on recent NSR settlements that 

indicate SNCR is not a technically feasible control technology for the removal of 

NOx.1  

4.6 Updates to Source Classification Codes 

■ There are twenty applicable SCCs for glass manufacturing as shown in Table 4-3. 

■ In an analysis of NOX emissions for the Ozone Transport Assessment Group Region 

in 2011, fourteen of the SCCs in Table 4-3 were identified. The six SCCs not 

included in the Ozone Transport Region are shown at the bottom of Table 4-3. Four 

of the SCCs, 30501401, 30501402, 30501403, and 30501404 are associated with 

glass manufacturing NOX controls in the current CMDB. 

■ Furnaces are the primary source of NOx emissions in the glass manufacturing 

industry, therefore NOx emission control techniques are typically for point emission 

sources associated with furnace emissions. The four SCCs identified in the CMDB 

pertain to four types of melting furnaces; general, flat, container, and pressed. The 

                                                 
1 Personal communication.  Katie McClintock, US EPA/OCEA, with Larry Sorrels, US EPA/OAR/OAQPS, Feb. 13, 

2014.  
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remaining sixteen SCCs in Table 4-3 are not associated with furnaces. Therefore, no 

changes related to SCCs are recommended for the CMDB. 

■ For new control techniques added to the CMDB for glass manufacturing, the 

applicable SCC from Table 4-3 was added to the Description field for each control 

technique in Table 01_Summary in the CMDB (Table C-1of Appendix C of this 

report). These related control measures and SCCs should also be added to “Table 

03_SCCs” in the CMDB.  

Table 4-3. Applicable SCCs for the Glass Manufacturing Industry 

SCC Code SCC Level One SCC Level Two SCC Level Three SCC Level Four 

30501401a Industrial Processes Mineral Products Glass Manufacture Furnace/General** 

30501402a Industrial Processes Mineral Products Glass Manufacture Container Glass: Melting Furnace 

30501403a Industrial Processes Mineral Products Glass Manufacture Flat Glass: Melting Furnace 

30501404a Industrial Processes Mineral Products Glass Manufacture Pressed and Blown Glass: 

Melting Furnace 

30501406 Industrial Processes Mineral Products Glass Manufacture Container Glass: 

Forming/Finishing 

30501407 Industrial Processes Mineral Products Glass Manufacture Flat Glass: Forming/Finishing 

30501408 Industrial Processes Mineral Products Glass Manufacture Pressed and Blown Glass: 

Forming/Finishing 

30501410 Industrial Processes Mineral Products Glass Manufacture Raw Material Handling (All 

Types of Glass) 

30501411 Industrial Processes Mineral Products Glass Manufacture General ** 

30501413 Industrial Processes Mineral Products Glass Manufacture Cullet: Crushing/Grinding 

30501414 Industrial Processes Mineral Products Glass Manufacture Ground Cullet Beading Furnace 

30501416 Industrial Processes Mineral Products Glass Manufacture Glass Manufacturing 

30501420 Industrial Processes Mineral Products Glass Manufacture Mirror Plating: General 

30501499 Industrial Processes Mineral Products Glass Manufacture See Comment ** 

SCCs Not Included in the Ozone Transport Assessment Group Region: 

30501405 Industrial Processes Mineral Products Glass Manufacture Presintering 

30501412 Industrial Processes Mineral Products Glass Manufacture Hold Tanks ** 

30501415 Industrial Processes Mineral Products Glass Manufacture Glass Etching with Hydrofluoric 

Acid Solution 

30501417 Industrial Processes Mineral Products Glass Manufacture Briquetting 

30501418 Industrial Processes Mineral Products Glass Manufacture Pelletizing 

30501421 Industrial Processes Mineral Products Glass Manufacture Demineralizer: General 

aDenotes SCCs included in the CMDB. 
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SECTION 5 

LEAN BURN ENGINES 

The CMDB includes the following NOX emissions control measures for Lean Burn 

Engines: 

■ Air to fuel ratio (AFR) (achieves 20 percent reduction) 

■ Air to fuel ratio (AFR) and Ignition retard (IR) (achieves 30 percent reduction) 

■ Ignition retard (IR) (achieves 20 percent reduction) 

■ Low emission combustion (achieves 87 percent reduction) 

■ Low emissions combustion, low speed (achieves 87 percent reduction) 

■ Low emissions combustion, medium speed (achieves 87 percent reduction) 

■ Nonselective catalytic reduction (NSCR) (achieves 90 percent reduction) 

■ Selective catalytic reduction (SCR) (achieves 90 percent reduction) 

■ Selective noncatalytic reduction (SNCR) (achieves 90 percent reduction) 

Based on the literature review and the new cost data identified for Lean Burn control 

technologies, several changes to the CMDB are recommended. No changes to existing records in 

CMDB are recommended. The following sections outline the additions and other comments 

recommended for the CMDB in relation to NOX emissions from Lean Burn Engines. 

5.1 Literature Search 

In order to update the existing control measures database, a literature search was 

conducted for articles and papers published since 2008 (to include 2008 through August 2013) 

using the following terms: 

■ engine 

■ lean burn 

■ cost 

■ NOx or “nitrogen oxides” 

■ scr or “selective catalytic reduction” 

■ turbocharge 
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■ air/fuel ratio 

■ layered combustion 

■ high energy ignition 

■ high pressure fuel injection 

■ “low emission control” or LEC 

■ electronic engine control 

■ combustion modification 

■ timing 

■ exhaust gas recirculation 

■ lean NOx catalyst 

■ lean NOx trap 

■ control efficiency 

■ emission reduction 

The literature search identified a total of 19 references, and the abstracts for these 

references were reviewed. Three references of potential interest were identified and two of these 

were obtained for review in the lean burn engine control device study. 

5.2 Document Review 

A brief summary of data from each reference reviewed in included in the spreadsheet 

“CoST_leanburn.xlsx,” in worksheet “Overall Sum—New Ref Review.” The information and 

data available from each reference is provided in table format, along with indication of whether 

the data were used or not. 

There are 6 control technique additions to be added to the CMDB from 5 references. 

The recommended additions include: 

■ Low Emission Combustion, LEC (for natural gas engines); 

■ Layered Combustion, LC (for 2 stroke natural gas engines); 

■ Layered Combustion, LC (for 2 stroke Large Bore natural gas engines); 
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■ Air to Fuel Ratio Controller, AFRC; 

■ Selective Catalytic Reduction, SCR (for 4 stroke natural gas engines); and 

■ SCR (for diesel engines). 

Recent cost data for these control techniques were available from reports dated 2001 

through 2012. 

The references for the added control techniques are included on the “Table 06 

References” worksheet and are as follows: 

OTC 2012. Technical Information Oil and Gas Sector, Significant Stationary Sources of NOx 

Emissions. Final. October 17, 2012. 

SJVAPCD 2003. RULE 4702—Internal Combustion Engines—Phase 2. Appendix B, Cost 

Effectiveness Analysis for Rule 4702 (Internal Combustion Engines—Phase 2). San 

Joaquin Valley Air Pollution Control District. July 17, 2003. 

www.arb.ca.gov/pm/pmmeasures/ceffect/rules/sjvapcd_4702.pdf 

CARB 2001. Determination of Reasonably Available Control Technology and Best Available 

Retrofit Control Technology for Stationary Spark-Ignited Internal Combustion Engines. 

California Environmental Protection Agency, Air Resources Board, Stationary Source 

Division, Emissions Assessment Branch, Process Evaluation Section. November 2001. 

EPA 2010. Alternative Control Techniques Document: Stationary Diesel Engines. March 5, 

2010. 

PA DEP 2013. Technical Support Document General Permit GP-5. Pennsylvania Department of 

Environmental Protection, Bureau of Air Quality. January 31, 2013. 

5.3 Low Emission Combustion (LEC) (NLECICENG) 

The costs and cost effectiveness for applying LEC to natural gas Lean Burn engines are 

obtained from the document Appendix B, Cost Effectiveness Analysis for Rule 4702 (Internal 

Combustion Engines—Phase 2) (SJVAPCD 2003). Information was provided on Capital costs, 

Annual costs, uncontrolled emissions, and reduction efficiency. The assumptions for the original 

reference analysis are provided in Table 5-1 for LEC along with changes in assumptions for the 

current analysis. 

LEC are described as retrofit kits that allow engines to operate on extremely lean fuel 

mixtures to minimize NOx emissions. The LEC retrofit may include: (1) redesign of cylinder 

head and pistons to improve mixing (on smaller engines), (2) Precombustion chamber (on larger 

engines), lower cost, simple versions, (3) Turbocharger, (4) High energy ignition system, 

http://www.arb.ca.gov/pm/pmmeasures/ceffect/rules/sjvapcd_4702.pdf
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Table 5-1. LEC for Natural Gas Lean Burn Engines 

Assumptions in Original Reference Changes to Assumptions Made in Current Analysis 

Capital costs  

Control efficiency: 80% None. 

Capital costs: provided for multiple models None. 

Annual Costs  

Equipment life: 10 yr None. 

Interest rate: 10% Interest rate: 7% 

Operating hours: 2000 hr/yr None. 

Emission rate, uncontrolled: 740 ppmv Emission rate, uncontrolled: Assumed mid to upper end 

hp rating for each model. 

Emission rate, controlled: 80% reduction None.  

Annualized equipment cost: provided for multiple 

model sizes 

CRF: 0.1424 

Annual O&M cost: assumed $0. None. 

 

(5) Aftercooler, and (6) Air to fuel ratio controller. (A discussion of individual technologies is 

provided in Appendix B of the original reference, pp. B-1 to B-28). No detail was provided on 

the exact combination of combustion modifications included in the example cost analysis; some 

references indicate that LEC on larger engines often includes a PCC (p.B-10) (CARB 2001). 

LEC are known or demonstrated control techniques for lean burn engines. An 80 percent NOx 

emission reduction can be achieved by LEC with little or no fuel penalty (in fact, LEC 

technologies are expected to decrease fuel consumption because they result in leaner burning 

engine, though the costs do not account for fuel consumption decrease). The original reference 

assumed an 80 percent reduction in the cost example. 

Capital and annual costs were provided for multiple size ranges of engines. The capital 

costs ranged from $14,000 to $256,000. Costs for the 1000 to 3000 hp model were given as 

$40,000 to $256,000, and a mid-range cost of $148,000 was assumed in the current analysis. The 

total annual costs ranged from $2,000 to $21,000 (these costs are very similar to the costs 

calculated in the original reference analysis). The original reference assumed there are no annual 

operation and maintenance costs incurred from the combustion modification technologies, and 

the only annual cost provided is for annualized capital costs. No emission reductions are 

provided in the document (however the final cost effectiveness values are provided and the 

reduction assumed in the original analysis can be back-calculated). In the current analysis, a hp 
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rating based on the middle or upper end of each size range was assumed for estimating the 

uncontrolled NOx emissions. An estimate of emissions was made in the current analysis. 

Uncontrolled NOx emissions were estimated based on an uncontrolled NOx concentration of 740 

ppmv (this equates to approximately 9 g/bhp-hr), the operating hours were provided as 2000 

hr/yr in the original reference, and controlled emissions were estimated based on 80 percent 

reduction as stated in the reference. Uncontrolled NOx emissions ranged from 1.1 to 34 tpy for 

the models, and the NOx reductions ranged from 0.90 to 27 tpy for the models. 

The current analysis shows a cost effectiveness of $2,200/ton of NOx reduction to 

$780/ton for 2000 hr/yr operation, and the average cost effectiveness across all the models is 

$1,000/ton of NOx reduction. 

The cost year is not provided in the reference; assumed the cost year is the date of the 

cited reference, 2001$. 

Based on the cost calculations for engines of varying hp, the following equations were 

developed for the capital cost and annual costs for LEC on natural gas Lean Burn engines: 

Capital cost = 16019 e 0.0016 x (hp) 

Annual cost = 2280.8 e 0.0016 x (hp) 

The R2 value for these equations is 0.96. These equations should be included in the CoST 

database file under a new equation type. 

See the cost calculations in worksheet “LEC (CARB)-2001” of the Excel file. 

5.4 Layered Combustion (LC), 2 Stroke (NLCICE2SNG) 

The costs and cost effectiveness for applying LC to natural gas Lean Burn engines (2 

stroke) are obtained from the document Technical Information Oil and Gas Sector, Significant 

Stationary Sources of NOx Emissions (OTC 2012). Information was provided on Capital costs; 

assumptions were made to determine Annual costs, uncontrolled emissions, and reduction 

efficiency. The assumptions for the original reference analysis are provided in Table 5-2 for LC 

for 2 stroke engines, along with changes in assumptions for the current analysis. 

LC consists of multiple combustion modification technologies. The combustion 

modifications included in this example are related to (1) Air supply; (2) Fuel supply, (3) Ignition, 

(4) Electronic controls, and (5) Engine monitoring (a discussion of individual technologies is 

provided on pp. 17 to 19 for 2 stroke Lean Burn engines). No significant detail was provided on 

which specific combustion modification technologies were applied. In the example study, 3 of 
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the most representative manufacturer and models of 2 stroke Lean Burn engines used for integral 

compressors were selected for evaluation; these 3 engines were Cooper GMVH-10 2250 hp, 

Table 5-2. LC for Natural Gas Lean Burn Engines, 2-stroke 

Assumptions in Original Reference Changes to Assumptions Made in Current Analysis 

Capital costs  

Control efficiency: Not provided. Control efficiency: derived value is 97% (this is high) 

Capital costs: based on cited ERLE 2009 project 

(First unit upgrade costs) 

Capital costs: used average based on the provided range 

for each make/model engine. 

Annual Costs  

Equipment life: Not provided. Equipment life: 10 yr 

Interest rate: Not provided. Interest rate: 7% 

Operating hours: Not provided. Operating hours: 2000 hr/yr 

Emission rate, uncontrolled: Not provided Emission rate, uncontrolled: 16.8 g/bhp-hr 

Emission rate, controlled: 0.5 g/bhp-hr None.  

Annualized equipment cost: Not provided. CRF: 0.1424 

Annual O&M cost: Not provided. Annual O&M cost: $0. 

 

Clark TLA-6 2000 hp, and Cooper GMW-10 2500 hp (cited ERLE 2009 report “ERLE Cost 

Study of the Retrofit Legacy Pipeline Engines to Satisfy 0.5 g/bhp-hr NOx”). LC are known or 

demonstrated control techniques for lean burn, 2 stroke engines. A NOx emissions rate of 0.5 

g/bhp-hr was achieved. The OTC 2012 document provided an estimate of the capital cost range 

for retrofitting technologies to achieve the outlet NOx limit for each engine. An average cost 

based on the range was estimated for each engine and used in the current analysis. Details on the 

buildup of these costs are not provided in the OTC 2012 document. No annual costs are provided 

in the document. No emission reductions are provided in the document. 

Based on the review of other references in this analysis, it was assumed that there are no 

additional annual operating costs incurred from the combustion modification technologies, 

except for annualized capital costs (CARB 2001). Because no emission reduction data were 

provided, an estimate of emissions was made in the current analysis. Uncontrolled NOx 

emissions were assumed to be 16.8 g/bhp-hr (EPA 2003), controlled emissions were 0.5 g/bhp-hr 

as stated in the reference, and the operating hours were assumed to be 2000 hr/yr (this 

assumption is consistent with the LEC operating hours in the CARB 2001 document). 
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Uncontrolled NOx emissions for the 3 similar sized engines ranged from 74 to 93 tpy, and the 

NOx reductions ranged from 72 to 90 tpy. 

Based on the 3 make and model engines, the average cost was estimated to be $2,800,000 

for approximately 2250 hp engines (average hp of the 3 units), and the average total annual cost 

was estimated to be $390,000. The average cost effectiveness is $4,900/ton of NOx reduction for 

2000 hr/yr operation. 

The cost year is not provided in the reference; we assumed the cost year is the date of the 

cited Cameron 2010 retrofit project, 2010$. 

See the cost calculations in worksheet “Overall Sum—New Ref Review” of the Excel 

file, rows 21 through 25. 

5.5 Layered Combustion (LC), Large Bore, 2 Stroke, Low Speed (NLCICE2SLBNG) 

The costs and cost effectiveness for applying LC to natural gas Lean Burn engines (2 

stroke Large Bore) are obtained from the document Technical Information Oil and Gas Sector, 

Significant Stationary Sources of NOx Emissions (OTC 2012). Large Bore RICE are those with 

large piston diameters. The larger the bore (or piston diameter), the larger the volume available 

for engine combustion, and hence the greater the power delivered by the engine. Information was 

provided on Capital costs; assumptions were made to determine Annual costs, uncontrolled 

emissions, and reduction efficiency. The assumptions for the original reference analysis are 

provided in Table 5-3 for LC for large bore 2 Stroke engines, along with changes in assumptions 

for the current analysis. 

LC consists of multiple combustion modification technologies. The combustion 

modifications included (1) High pressure fuel injection; (2) Turbocharging, (3) Precombustion 

chamber, and (4) Cylinder head modifications (a discussion of individual technologies is 

provided on pp. 18 to 19 for 2 stroke Lean Burn engines). LC are known or demonstrated control 

techniques for lean burn, large bore, 2 stroke engines. These modifications achieved a NOx 

emissions rate of 0.5 g/bhp-hr. The OTC 2012 document provided ranges of capital costs for 

retrofitting combustion modifications for large bore 2 stroke Lean Burn engines from 200 to 

11,000 hp (cited Cameron 2011 presentation “Available Emission Reduction Technology for 

Existing Large Bore Slow Speed Two Stroke Engines.” A copy of this presentation was not 

found.). Details on the buildup of these costs are not provided in the OTC 2012 document. No 

annual costs are provided in the document. No emission reductions are provided in the 

document. 
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Based on the review of other references in this analysis, it was assumed that there are no 

additional annual operating costs incurred from the combustion modification technologies, 

except for annualized capital costs (CARB 2001). Because no emission reduction data were 

provided, an estimate of emissions was made in the current analysis. Uncontrolled NOx 

Table 5-3. LC for Natural Gas Lean Burn Engines, Large Bore 2-stroke 

Assumptions in Original Reference Changes to Assumptions Made in Current Analysis 

Capital costs  

Control efficiency: Not provided. Control efficiency: derived value is 97% (this is high) 

Capital costs: based on cited Cameron 2010 

project 

None. 

Annual Costs  

Equipment life: Not provided. Equipment life: 10 yr 

Interest rate: Not provided. Interest rate: 7% 

Operating hours: Not provided. Operating hours: 2,000 hr/yr 

Emission rate, uncontrolled: Not provided Emission rate, uncontrolled: 16.8 g/bhp-hr 

Emission rate, controlled: 0.5 g/bhp-hr None.  

Annualized equipment cost: Not provided. CRF: 0.1424 

Annual O&M cost: Not provided. Annual O&M cost: $0. 

 

emissions were assumed to be 16.8 g/bhp-hr (EPA 2003), controlled emissions were 0.5 g/bhp-hr 

as stated in the reference, and the operating hours were assumed to be 2000 hr/yr (this 

assumption is consistent with the LEC operating hours in the CARB 2001 document). 

Uncontrolled NOx emissions were estimated to be 410 tpy for the larger 11,000 hp engines and 

were estimated to be 7.4 tpy for the smaller 200 hp engines. 

For the larger 11,000 hp engines, the current analysis shows a cost effectiveness of 

$1,500/ton of NOx reduction, and for the smaller 200 hp engines, the cost effectiveness is 

$38,000/ton of NOx reduction. 

The cost year is not provided in the reference; assumed the cost year is the date of the 

cited Cameron 2010 retrofit project, 2010$. 

See the cost calculations in worksheet “Overall Sum—New Ref Review” of the Excel 

file, rows 12 and 13. 
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5.6 Air to Fuel Ratio Controller (AFRC) (NAFRCICENG) 

The costs and cost effectiveness for applying AFRC to natural gas Lean Burn engines are 

obtained from the document Determination of Reasonably Available Control Technology and 

Best Available Retrofit Control Technology for Stationary Spark-Ignited Internal Combustion 

Engines (CARB 2001). Information was provided on Capital costs; assumptions were made to 

determine Annual costs, uncontrolled emissions, and reduction efficiency. The assumptions for 

the original reference analysis are provided in Table 5-4 for AFRC, along with changes in 

assumptions for the current analysis. 

Table 5-4. AFRC for Natural Gas Lean Burn Engines 

Assumptions in Original Reference Changes to Assumptions Made in Current Analysis 

Capital costs  

Control efficiency: not provided Control efficiency: assumed 20% 

Capital costs: provided for multiple models None. 

Annual Costs  

Equipment life: 10 yr None. 

Interest rate: 10% Interest rate: 7% 

Operating hours: 2000 hr/yr None. 

Emission rate, uncontrolled: 740 ppmv Emission rate, uncontrolled: Assumed mid to upper end 

hp rating for each model. 

Emission rate, controlled: 80% reduction None.  

Annualized equipment cost: provided for multiple 

model sizes 

CRF: 0.1424 

Annual O&M cost: assumed $0. None. 

 

AFRC are electronic engine controls that typically monitor engine parameters and 

atmospheric conditions to determine the correct air/fuel mixture for the operating condition, such 

as varying engine load or speed conditions, varying ambient conditions, or startup/shutdown 

conditions. (OTC 2012) (A discussion of individual technologies is provided in Appendix B of 

the original reference, CARB 2001, pp. B-1 to B-28). AFRC are known or demonstrated control 

techniques for lean burn engines. An 80 percent NOx emission reduction can be achieved by 

AFRC in combination with other combustion modifications, however a fuel consumption penalty 

of up to 3 percent can occur due to AFRC. 

Capital were provided for multiple size ranges of engines. The capital costs ranged from 

$4,200 to $6,500 per engine. 
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No annual costs were provided in the document. No emissions reductions were provided 

in the document. Based on the cost analysis for other combustion technology controls in this 

document, it was assumed that there are no additional annual operating costs incurred from the 

combustion modification technologies, except for annualized capital costs (this assumption 

ignores the fuel penalty issue). The total annual costs ranged from $600 to $930. Because no 

emission reductions were provided in the document, an estimate of emissions was made in the 

current analysis. In the current analysis, a hp rating based on the middle or upper end of each size 

range was assumed for estimating the uncontrolled NOx emissions. Uncontrolled NOx emissions 

were estimated based on an uncontrolled NOx concentration of 740 ppmv (this equates to 

approximately 9 g/bhp-hr), the operating hours were assumed to be 2000 hr/yr (similar to the 

operating hours for other control technology analyses provided in the document), and controlled 

emissions were estimated based on an assumption of 20 percent reduction. Uncontrolled NOx 

emissions ranged from 1.1 to 34 tpy for the models, and the NOx reductions ranged from 0.22 to 

6.7 tpy for the models. 

The current analysis shows a cost effectiveness of $2,700/ton of NOx reduction to 

$140/ton for 2000 hr/yr operation, and the average cost effectiveness across all the models is 

$810/ton of NOx reduction. 

The cost year is not provided in the reference; assumed the cost year is the date of the 

cited reference, 2001$. 

Based on the cost calculations for engines of varying hp, the following equations were 

developed for the capital cost and annual costs for AFRC on natural gas Lean Burn engines: 

 Capital cost = 1.3007 x (hp) + 4354.5 

 Annual cost = 0.1852 x (hp) + 619.99 

The R2 value for these equations is 0.87. These equations should be included in the CoST 

database file under a new equation type. 

See the cost calculations in worksheet “AFRC (CARB)-2001” of the Excel file. 

5.7 SCR (for 4 Stroke Natural Gas Engines) (NSCRICE4SNG) 

The costs and cost effectiveness for applying SCR to natural gas engines are obtained 

from the document Appendix B, Cost Effectiveness Analysis for Rule 4702 (Internal Combustion 
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Engines—Phase 2) (SJVAPCD 2003). Information was provided on Capital costs, Annual costs, 

uncontrolled emissions, and reduction efficiency. The assumptions for the original reference 

analysis are provided in Table 5-5 for SCR for natural gas engines along with changes in 

assumptions for the current analysis. SCR is a known or demonstrated control technique for lean 

burn engines, although multiple references indicate that the feasibility of SCR application for 

lean burn engines is highly site-specific. 

Table 5-5. SCR for Natural Gas Lean Burn Engines, 4-stroke. 

Assumptions in Original Reference Changes to Assumptions Made in Current Analysis 

Capital costs  

Control efficiency: 90% None. 

Capital costs: based on RACT/BARCT 

Determination. 

None. 

Annual Costs  

Equipment life: 10 years None. 

Interest rate: 10% Interest rate: 7% 

Operating hours rate 1: 2190 hr/yr (equivalent to 

capacity factor of 0.25) 

None. 

Operating hours rate 2: 6570 hr/yr (equivalent to 

capacity factor of 0.75) 

None. 

Emission rate, uncontrolled: 740 ppmv NOx None. 

Emission rate, controlled: 65 ppmv NOx None. 

Annualized equipment cost: based on 

RACT/BARCT Determination. 

None. 

Annual O&M cost: based on RACT/BARCT 

Determination. 

None. 

 

The installed equipment capital cost ranged from $45,000 to $185,000 for 50 hp engines 

and 1500 hp engines, respectively. The total annual costs ranged from $27,000 for a 50 hp 

engine to $140,000 for a 1500 hp engine (these costs are very similar to the costs calculated in 

the original reference analysis; the only difference in annual costs is related to the CRF, i.e., 

changing the interest rate from 10 percent in the original reference analysis to 7 percent in the 

current analysis). NOx emissions are provided for two cases: a capacity factor of 0.25 (2190 

hr/yr) and a capacity factor of 0.75 (6570 hr/yr). The uncontrolled NOx emissions ranged from 

1.2 to 37 tpy for the lower capacity case, and the NOx reductions ranged from 1.1 to 33 tpy. For 

the higher capacity case, uncontrolled NOx emissions ranged from 3.7 to 110 tpy, and the NOx 

reductions achieved ranged from 3.3 to 100 tpy. The current analysis shows an average cost 
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effectiveness of $8,700/ton of NOx reduction for 2190 hr/yr of operation, and $2,900/ton of NOx 

reduction for 6570 hr/yr operation (these cost effectiveness values are very similar to the costs 

shown in the original reference analysis). 

Based on the cost calculations for engines of varying hp and annual capacity operating, 

the following linear equations were developed for the capital cost and annual costs for SCR on 

natural gas 4-stroke lean burn engines: 

 Capital cost = 107.1 x (hp) + 27186 

 Annual cost = 83.64 x (hp) + 14718 

The R2 values for these equations are 0.95 for capital cost and 0.98 for annual cost. These 

equations should be included in the CoST database file under a new equation type for linear 

equations. 

The cost year is not provided in the reference; assumed the cost year is the date of the 

cost-basis document, 2001$. 

See the cost calculations in worksheet “SCR NG (SJVAPCD)-2003” of the Excel file. 

[Other cost effectiveness values for SCR are available from the PA DEP that are higher than the 

cost effectiveness values shown for the SJVAPCD SCR analysis, and other analyses. See the 

summary of SCR costs in worksheet “Other SCR Cost Info” of the Excel file.] 

5.8 SCR (for Diesel Engines) (NSCRICEDS) 

The costs and cost effectiveness for applying SCR to diesel lean burn engines is provided 

in Alternative Control Techniques Document: Stationary Diesel Engines (EPA 2010). The 

assumptions for the original reference analysis are provided in Table 5-6 for SCR for diesel 

engines, along with changes in assumptions for the current analysis. SCR is a known or 

demonstrated control technique for lean burn, diesel engines. 

Approximately 76 percent of the population of stationary diesel engines is less than 300 

hp and the remaining 24 percent is greater than 300 hp. Applications for stationary engines under 

300 hp include standby power generation, agriculture, and industrial applications, and less than 5 

percent are used for continuous power generation. Applications for stationary engines greater 

than 300 hp are primarily power generation and are almost evenly divided between continuous 

duty and standby applications. 
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The cost analysis provided in the original reference includes an assumption that 

stationary diesel lean burn engines operate approximately 1000 hr/yr. This assumption is likely 

appropriate for the majority of those units that are less than 300 hp and for half of the diesel 

engines greater than 300 hp, i.e., approximately 87 percent of diesel lean burn engines (this 

ignores the “fewer than 5 percent” used for continuous power generation). For the remaining 13 

percent of engines that are greater than 300 hp and used in continuous power generation 

applications, an assumption for longer operating hours, such as 8000 hr/yr, may be needed to 

estimate the cost effectiveness. 

Table 5-6. SCR for Diesel Lean Burn Engines—Assumptions 

Assumptions in Original Reference Changes to Assumptions Made in Current Analysis 

Capital costs  

Control efficiency: 90 % None. 

Equipment life: 15 year  None. 

Interest rate: 7% None. 

Capital costs: $98/hp None. 

Annual Costs  

Operating hours: 1000 hr/yr None. 

Annual costs: $40/hp (based on 1000 hr/yr 

operation; already includes Capital Recovery) 

None. 

 

The original reference analysis provided a capital cost of $98/hp, and based on the mid-

range hp rating for four model engines, the capital costs ranged from $7,300 to $98,000 for SCR. 

The original reference analysis provided an annual cost of $40/hp, and the annual costs ranged 

from $3,000 to $40,000 per year. Uncontrolled NOx emissions factors in the original reference 

were based on Tier 0 to Tier 3 values1 and an assumption of 1000 hr/yr operation. Uncontrolled 

NOx emissions range from 0.25 to 9.2 tpy across the four models, and the NOx reductions 

ranged from 0.22 to 8.3 tpy. 

The current analysis shows an average cost effectiveness of $9,300/ton of NOx reduction 

for 1000 hr/yr of operation (no weighting to the average based on engine age was applied). The 

cost effectiveness over the engine size range varied from $4,800/ton to $16,000/ton for diesel 

engines (and are very similar to the costs shown in the original reference analysis). It is 

                                                 
1 Federal Standards, from the Exhaust and Crankcase Emission Factors for Nonroad Engine Modeling—

Compression Ignition. EPA Publication No. EPA420-P-04_009. April 2004. 
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important to note that the cost effectiveness is correlated to the manufacturing year of the diesel 

engine, i.e., the Tier limit for NOx emissions. Older engines manufactured prior to 1998 have the 

most lenient emissions limit while later model years have more stringent NOx emission limits 

(lower baseline emissions). The overall magnitude of emission reduction achieved by the SCR is 

lower for later model years as compared to earlier years, and therefore, the cost effectiveness 

values are higher for later model years. 

[Note: This analysis shows emission reductions and cost effectiveness for existing and 

new diesel engines through approximately 2011, the last year for phase in of the Tiered emission 

values. The original reference provided information (circa 2005) on the age of the stationary 

engine population, with approximately 57 percent of engines at that time being manufactured 

prior to 1994 and approximately 42 percent manufactured after 1994 (note that the grouping of 

the age data does not align well with the Tier years, in that the age data shows breaks in 1994 

and 2003 while the Tier ranges show breaks in 1996, 1998, 2002, 2003, etc.). As the diesel 

engine population continues to age and older engines are retired (i.e., those diesel engines subject 

to the Pre-1998 and the Tier 1 (1998 to 2003) or Tier 1 (1996 to 2001), etc. and are replaced with 

newer engines achieving lower NOx baseline emissions, the cost effectiveness for new engines 

would tend to be in the higher end shown for each model and would contribute to a somewhat 

higher average cost-effectiveness value. The average cost effectiveness will likely move toward 

the $13,000/ton to $16,000/ton of NOx reduction range.] 

See the cost calculations in worksheet “SCR Diesel (EPA Dies ACT)-2010” of the Excel 

file. 

5.9 Applicable SCCs for Lean Burn Engine Control Measures 

Table 5-7 lists all of the ICE SCCs that are associated with one or more gas lean burn 

ICR control measures in the CMDB table called “Table 03_SCCs.” These SCCs were identified 

with NOx emissions in an EPA query of the NEI for facilities in the Ozone Transport Group 

Assessment Region (i.e., 37 states that are partially or completely to the east of 100oW 

longitude). The control measures shown in the column headings in Table 5-7 are the ICE control 

measures that are currently in the CMDB. Each control measure that was determined to be 

applicable for a specific SCC is identified with an “N” in the cell, meaning the control measure is 

“new,” i.e., not currently linked to this particular SCC, but we recommend adding this link in the 

database. In some cases, we recommend applying new links between existing control measures 

and existing SCCs. For example, some of the SCCs are for ICE that are fired with relatively 

uncommon fuels such as process gas, methanol, digester gas, or landfill gas. While we have not  
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Table 5-7. Potential Reciprocating Engine SCCs to Add to the CMDB and Applicable Control Measures 

SCCa 

SCC 

Level 

1b 

SCC 

Level 2c SCC Level 3 SCC Level 4 

Applicable Control Measures for the Reciprocating Engine SCCd 
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20200702 ICE Ind Process Gas Reciprocating Engine N N  N    N   N 

20200712 ICE Ind Process Gas Reciprocating: Exhaust N N  N    N   N 

20201602 ICE Ind Methanol Reciprocating Engine   N    N     

20201607 ICE Ind Methanol Reciprocating: Exhaust   N    N     

20201702 ICE Ind Gasoline Reciprocating Engine   N    N     

20201707 ICE Ind Gasoline Reciprocating: Exhaust   N    N     

20280001 ICE Ind Equipment Leaks Equipment Leaks            

20282001 ICE Ind Wastewater, Aggregate Process Area Drains            

20300702 ICE C/I Digester Gas Reciprocating: POTW Digester Gas N N  N    N   N 

20300707 ICE C/I Digester Gas Reciprocating: Exhaust N N  N    N   N 

20300802 ICE C/I Landfill Gas Reciprocating N N  N    N   N 

20400401 ICE ET Reciprocating Engine Gasoline   N    N     

20400402 ICE ET Reciprocating Engine Diesel/Kerosene   N  N N N  N N  

20400404 ICE ET Reciprocating Engine Process Gas N N  N       N 

20400406 ICE ET Reciprocating Engine Kerosene/Naphtha (Jet Fuel)   N    N     

20400409 ICE ET Reciprocating Engine Liquified Petroleum Gas (LPG)   N    N     

aSCCs represent reciprocating engine activities that were identified with NOx emissions in the Ozone Transport Assessment Group Region analysis but are not 

associated with reciprocating engine control measures in the current CMDB. 
bICE means “Internal Combustion Engines.” 
cInd means “Industrial,” C/I means “Commercial/Institutional,” and ET means “Engine Testing.” 
dThe control measure is assumed to be representative for the SCC; control cost data are unavailable for the specific fuel type for the SCC. 
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located any analyses that determined the applicable controls and related costs for ICE fired with 

such fuels, similar control measures can be assigned to these SCCs. In order to conduct CoST 

modeling analyses for these ICE, the most representative available control measures could be 

assigned. For ICE that burn miscellaneous gaseous fuels, the most representative control 

measures are those for natural gas-fired ICE. Similarly, for ICE that burn miscellaneous liquid 

fuels such as methanol, gasoline, kerosene/diesel, and LPG, the most representative available 

control measures are those for gas- or diesel-fired ICE. Also, for ICE that burn liquid fuels such 

as diesel/kerosene, the most representative available control measures are those for gas-, diesel-, 

or oil-fired ICE. 

Six new control measures have been added to the CMDB for lean burn engines under this 

review and these control measures are described in Sections 5.3 through 5.8 of this report. 

Table 5-8 lists those SCCs that should be associated with the newly added lean burn engine 

control measures. Each control measure that was determined to be applicable for a specific SCC 

is identified by a “Y,” which means yes. 

In Table 5-9, a number of recommendations were made to delete NOx control 

measure/SCC combinations from the CMDB. ICE SCCs for evaporative losses from fuel storage 

and delivery systems are incorrectly associated with NOx control measures in the current 

CMDB, and we recommend deleting these all NOx control measure/SCC records from the 

CMDB table called “Table 03_SCCs” because there should be no NOx emissions from the 

sources represented by these SCCs. In addition, multiple ICE control measures are misassigned 

to turbine SCCs and we recommend deleting these NOx control measure/SCC records. The 

reverse issue also exists where multiple turbine control measures are misassigned to ICE SCCs, 

and we recommend deleting these NOx control measure/SCC records, as well. These control 

measure/SCC combinations are identified in Table 5-9. 

5.10 Pennsylvania General Permit 5 (GP-5) for Natural Gas Compression and/or 

Processing Facilities 

Pennsylvania DEP recently released a general permit for Natural Gas Compression 

and/or Processing Facilities that includes limits on NOx emissions from ICE. NOx emission 

limits from this general permit, along with other NOx limits for Pennsylvania, are shown in 

Table 5-10. Typical emission rates and the cost-effectiveness values for applying certain control 

measures are shown for lean burn and rich burn engines in Table 5-11. 
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Table 5-8. Recommended New Control Measures to Associate With Lean Burn Reciprocating Engine SCCs in the CMDB 

SCCa SCC Level 1 SCC Level 2 SCC Level 3 SCC Level 4 

Applicable Control Measures for the Lean Burn 

Reciprocating Engine SCC 

N
L

E
C

IC
E

N
G

 

N
L

C
IC

E
2

S
N

G
 

N
L

C
IC

E
2

S
L

B
N

G
 

N
A

F
R

C
IC

E
N

G
 

N
S

C
R

IC
E

4
S

N
G

 

N
S

C
R

IC
E

D
S

 

20200102 Internal Combustion Engines Industrial Distillate Oil (Diesel) Reciprocating      Y 

20200107 Internal Combustion Engines Industrial Distillate Oil (Diesel) Reciprocating: Exhaust      Y 

20200252 Internal Combustion Engines Industrial Natural Gas 2-cycle Lean Burn Y Y Y Y Y  

20200254 Internal Combustion Engines Industrial Natural Gas 4-cycle Lean Burn Y Y Y Y Y  

20200255 Internal Combustion Engines Industrial Natural Gas 2-cycle Clean Burn Y Y Y Y Y  

20200256 Internal Combustion Engines Industrial Natural Gas 4-cycle Clean Burn Y Y Y Y Y  

20200401b Internal Combustion Engines Industrial Large Bore Engine Diesel   Y    

20200402 b Internal Combustion Engines Industrial Large Bore Engine Dual Fuel (Oil/Gas)   Y    

20200403 b Internal Combustion Engines Industrial Large Bore Engine Cogeneration: Dual Fuel   Y    

aSCCs represent reciprocating engine activities that were identified with NOx emissions in the recent Ozone Transport Region analysis but are not associated 

with reciprocating engine control measures in the current CMDB. 
bThe control measure is assumed to be representative for the SCC; control cost data are unavailable for the specific fuel type for the SCC. 
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Table 5-9. Recommended Control Measure Deletions From SCCs in the CMDB 

SCC SCC Level 1 SCC Level 2 SCC Level 3 SCC Level 4 

Control Measures 

Recommended for Deletion 

20200106 Internal Combustion Engines Industrial Distillate Oil (Diesel) Reciprocating: Evap 

Losses 

All NOx control measures 

20200206 Internal Combustion Engines Industrial Natural Gas Reciprocating: Evap 

Losses 

All NOx control measures 

20200306 Internal Combustion Engines Industrial Gasoline Reciprocating: Evap 

Losses 

All NOx control measures 

20200406 Internal Combustion Engines Industrial Large Bore Engine Reciprocating: Evap 

Losses 

All NOx control measures 

20200506 Internal Combustion Engines Industrial Residual/Crude Oil Reciprocating: Evap 

Losses 

All NOx control measures 

20200906 Internal Combustion Engines Industrial Kerosene/Naphtha (Jet Fuel) Reciprocating: Evap 

Losses 

All NOx control measures 

20201006 Internal Combustion Engines Industrial Liquified Petroleum Gas (LPG) Reciprocating: Evap 

Losses 

All NOx control measures 

20300106 Internal Combustion Engines Commercial/Institutional Distillate Oil (Diesel) Reciprocating: Evap 

Losses 

All NOx control measures 

20300206 Internal Combustion Engines Commercial/Institutional Natural Gas Reciprocating: Evap 

Losses 

All NOx control measures 

20300306 Internal Combustion Engines Commercial/Institutional Gasoline Reciprocating: Evap 

Losses 

All NOx control measures 

20301006 Internal Combustion Engines Commercial/Institutional Liquified Petroleum Gas (LPG) Reciprocating: Evap 

Losses 

All NOx control measures 

20200108 Internal Combustion Engines Industrial Distillate Oil (Diesel) Turbine: Evap Losses All NOx control measures 

20200109 Internal Combustion Engines Industrial Distillate Oil (Diesel) Turbine: Exhaust NNSCRRBIC 

20200208 Internal Combustion Engines Industrial Natural Gas Turbine: Evap Losses All NOx control measures 

20200209 Internal Combustion Engines Industrial Natural Gas Turbine: Exhaust NNSCRRBIC2 

20200908 Internal Combustion Engines Industrial Kerosene/Naphtha (Jet Fuel) Turbine: Evap Losses All NOx control measures 

20200909 Internal Combustion Engines Industrial Kerosene/Naphtha (Jet Fuel) Turbine: Exhaust NNSCRRBGD 

(continued) 
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Table 5-9. Recommended Control Measure Deletions From SCCs in the CMDB (continued) 

SCC SCC Level 1 SCC Level 2 SCC Level 3 SCC Level 4 

Control Measures 

Recommended for Deletion 

20201008 Internal Combustion Engines Industrial Liquified Petroleum Gas (LPG) Turbine: Evap Losses All NOx control measures 

20201009 Internal Combustion Engines Industrial Liquified Petroleum Gas (LPG) Turbine: Exhaust NNSCRRBGD 

20201011 Internal Combustion Engines Industrial Liquified Petroleum Gas (LPG) Turbine NNSCRRBGD 

20201013 Internal Combustion Engines Industrial Liquified Petroleum Gas (LPG) Turbine: Cogeneration NNSCRRBGD 

20300108 Internal Combustion Engines Commercial/Institutional Distillate Oil (Diesel) Turbine: Evap Losses All NOx control measures 

20300109 Internal Combustion Engines Commercial/Institutional Distillate Oil (Diesel) Turbine: Exhaust NNSCRRBIC 

20300208 Internal Combustion Engines Commercial/Institutional Natural Gas Turbine: Evap Losses All NOx control measures 

20300209 Internal Combustion Engines Commercial/Institutional Natural Gas Turbine: Exhaust NNSCRRBIC2 

20200105 Internal Combustion Engines Industrial Distillate Oil (Diesel) Reciprocating: Crankcase 

Blowby 

NNSCRWGTOL, NWTINGTOL 

20200107 Internal Combustion Engines Industrial Distillate Oil (Diesel) Reciprocating: Exhaust NSCRWGTOL, NWTINGTOL 

20200205 Internal Combustion Engines Industrial Natural Gas Reciprocating: Crankcase 

Blowby 

NLNBUGTNG, NSCRLGTNG, 

NSCRSGTNG, NSCRWGTNG, 

NSTINGTNG, NWTINGTNG 

20200207 Internal Combustion Engines Industrial Natural Gas Reciprocating: Exhaust NLNBUGTNG, NSCRLGTNG, 

NSCRSGTNG, NSCRWGTNG, 

NSTINGTNG, NWTINGTNG 

20200252 Internal Combustion Engines Industrial Natural Gas 2-cycle Lean Burn NLNBUGTNG, NSCRLGTNG, 

NSCRSGTNG, NSCRWGTNG, 

NSTINGTNG, NWTINGTNG 

20200253 Internal Combustion Engines Industrial Natural Gas 4-cycle Rich Burn NLNBUGTNG, NSCRLGTNG, 

NSCRSGTNG, NSCRWGTNG, 

NSTINGTNG, NWTINGTNG 

20200254 Internal Combustion Engines Industrial Natural Gas 4-cycle Lean Burn NLNBUGTNG, NSCRLGTNG, 

NSCRSGTNG, NSCRWGTNG, 

NSTINGTNG, NWTINGTNG 

20200255 Internal Combustion Engines Industrial Natural Gas 2-cycle Clean Burn NLNBUGTNG, NSCRLGTNG, 

NSCRSGTNG, NSCRWGTNG, 

NSTINGTNG, NWTINGTNG 

(continued) 
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Table 5-9. Recommended Control Measure Deletions From SCCs in the CMDB (continued) 

SCC SCC Level 1 SCC Level 2 SCC Level 3 SCC Level 4 

Control Measures 

Recommended for Deletion 

20200256 Internal Combustion Engines Industrial Natural Gas 4-cycle Clean Burn NLNBUGTNG, NSCRLGTNG, 

NSCRSGTNG, NSCRWGTNG, 

NSTINGTNG, NWTINGTNG 

20200905 Internal Combustion Engines Industrial Kerosene/Naphtha (Jet Fuel) Reciprocating: Crankcase 

Blowby 

NSCRWGTJF, NWTINGTJF 

20200907 Internal Combustion Engines Industrial Kerosene/Naphtha (Jet Fuel) Reciprocating: Exhaust NSCRWGTJF, NWTINGTJF 

20300105 Internal Combustion Engines Commercial/Institutional Distillate Oil (Diesel) Reciprocating: Crankcase 

Blowby 

NNSCRWGTOL, NWTINGTOL 

20300107 Internal Combustion Engines Commercial/Institutional Distillate Oil (Diesel) Reciprocating: Exhaust NSCRWGTOL, NWTINGTOL 

20300205 Internal Combustion Engines Commercial/Institutional Natural Gas Reciprocating: Crankcase 

Blowby 

NLNBUGTNG, NSCRLGTNG, 

NSCRSGTNG, NSCRWGTNG, 

NSTINGTNG, NWTINGTNG 

20300207 Internal Combustion Engines Commercial/Institutional Natural Gas Reciprocating: Exhaust NLNBUGTNG, NSCRLGTNG, 

NSCRSGTNG, NSCRWGTNG, 

NSTINGTNG, NWTINGTNG 
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Table 5-10. NOx Control Requirements for RICE in Pennsylvania 

State 

Source Category 

Covered NOx Control Level Reference 

Pennsylvania 153 ton NOx/season ≥2400 hp: 3 g/bhp-hr (220 ppm) IEPA 2007 

Pennsylvania 

(proposed 

values) 

[Assume 

proposal was 

2011Mar26] 

General Permit—Natural 

Gas Production and 

Processing Facility, SI, ICE 

Existing LB or RB, 100 to 1500 hp: 2 g/bhp-hr 

New, Reconfigured, LB ≤100 hp: 2 g/bhp-hr 

New, Reconfigured, LB 100 to 637 hp: 1 g/bhp-hr 

New, Reconfigured, LB >637 hp: 0.5 g/bhp-hr 

OTC 2012 

Pennsylvania 

(amended 

2013Feb02) 

Natural Gas Compression 

and Processing, NG, SI, 

ICE, includes facilities 

with actual or potential 

emissions <100 tpy NOx, 

and <25 tpy NOx in 5 

counties. 

New, Reconfigured LB or RB, ≤100 hp: 2 g/bhp-hr 

New, Reconfigured LB, 100 to 500 hp: 1 g/bhp-hr 

New, Reconfigured LB, >500 hp: 0.5 g/bhp-hr 

New, Reconfigured RB, 100 to 500 hp: 0.25 g/bhp-hr 

New, Reconfigured RB, >500 hp: 0.2 g/bhp-hr 

PA DEP 2013 

Pennsylvania Interstate Pollution 

Transport Reduction, 

Emission of NOx from 

Stationary ICE 

LB, >2400 hp: 3.0 g/bhp-hr 

RICE, RB, >2400 hp: 1.5 g/bhp-hr 

DE 2012 

 

Table 5-11. Characteristics of NOx Emissions and Controls for RICE 

Engine Type and 

Size 

Uncontrolled 

Emissions Emissions 

Cost Effectiveness for 

NOx Reductions Reference 

Lean burn     

LB >500 hp NA SCR, stack test, 0.22 

to 0.50 g/bhp-hr 

SCR: $71,000 to $60,000/ton 

(for 500 to 4000 hp) 

PA DEP 2013, 

p. 22 

LB 100 to 500 hp 1 to 16.4 g/bhp-hr NA SCR: >$42,000/ton PA DEP 2013, 

p. 20 

LB <100 hp 2 g/bhp-hr 2 g/bhp-hr SCR: >$48,000/ton PA DEP 2013, 

p. 17 

Rich burn     

RB >500 hp 13 to 16 g/bhp-hr NSCR: stack test, 0.02 

to 0.14 g/bhp-hr 

NA PA DEP 2013, 

p. 28, 29 

RB 100 to 500 hp 13 to 16.4 g/bhp-hr. NA NSCR: $177/ton PA DEP 2013, 

p. 25, 26 

RB <100 hp 11.41 to 21.08 g/bhp-

hr 

NSCR: <2 g/bhp-hr, at 

least 90% reduction 

NSCR: <$650/ton for 100 hp 

NSCR: <$1200/ton for 50 hp 

PA DEP 2013, 

p. 17 
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APPENDIX A 

AMMONIA REFORMERS 

Copies of database tables showing all records for ammonia reformer controls, 

highlighting revisions. 
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Table A-1. CMDB Table 06 References (New) 

Data Source Description 

AR-1 Indian Nations Council of Governments (INCOG), 2008: Indian Nations Council of Governments (INCOG), “Tulsa 

Metropolitan Area 8-Hour Ozone Flex Plan: 2008 8-O3 Flex Program,” March 6, 2008. Downloaded from 

http://www.epa.gov/ozoneadvance/pdfs/Flex-Tulsa.pdf 

 

  

http://www.epa.gov/ozoneadvance/pdfs/Flex-Tulsa.pdf
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Table A-2. CMDB Table 01 Summary 

cmname 
Cm 

Abbreviation 

Pechan 
Meas 
Code 

Major 
Poll 

Control 
Technology Source Group Sector Class 

Equip 
Life 

Nei Device 
Code 

Date 
Reviewed 

Data 
Source Months Description 

Low NOx 
Burner; 
Ammonia—NG-
Fired Reformers 

NLNBUFRNG N0561 NOx Low NOx 
Burner 

Ammonia—NG-Fired 
Reformers 

ptnonipm Known 10 204|205 2013 AR-1 |186   Application: This control is the use of low NOx burner (LNB) technology to reduce NOx emissions. LNBs 
reduce the amount of NOx created from reaction between fuel nitrogen and oxygen by lowering the 
temperature of one combustion zone and reducing the amount of oxygen available in another. 
 
This control is applicable to small (<1 ton NOx per OSD) ammonia production operations with natural gas-
fired reformers (SCC 30100306) and uncontrolled NOx emissions greater than 10 tons per year. 
 
Discussion: LNBs are designed to “stage” combustion so that two combustion zones are created, one fuel-
rich combustion and one at a lower temperature. Staging techniques are usually used by LNB to supply 
excess air to cool the combustion process or to reduce available oxygen in the flame zone. Staged-air 
LNBs create a fuel-rich reducing primary combustion zone and a fuel-lean secondary combustion zone. 
Staged-fuel LNBs create a lean combustion zone that is relatively cool due to the presence of excess air, 
which acts as a heat sink to lower combustion temperatures (EPA, 2002). 

Low NOx 
Burner and Flue 
Gas 
Recirculation; 
Ammonia—NG-
Fired Reformers 

NLNBFFRNG N0562 NOx Low NOx 
Burner and 
Flue Gas 
Recirculation 

Ammonia—NG-Fired 
Reformers 

ptnonipm Known 10   2006 72|172|175|
179|186 

  Application: This control is the use of low NOx burner (LNB) technology and flue gas recirculation (FGR) to 
reduce NOx emissions. LNBs reduce the amount of NOx created from reaction between fuel nitrogen and 
oxygen by lowering the temperature of one combustion zone and reducing the amount of oxygen available 
in another. 
 
This control is applicable to small (<1 ton NOx per OSD) ammonia production operations with natural gas-
fired reformers (SCC 30100306) and uncontrolled NOx emissions greater than 10 tons per year. 
 
Discussion: LNBs are designed to “stage” combustion so that two combustion zones are created, one fuel-
rich combustion and one at a lower temperature. Staging techniques are usually used by LNB to supply 
excess air to cool the combustion process or to reduce available oxygen in the flame zone. Staged-air 
LNBs create a fuel-rich reducing primary combustion zone and a fuel-lean secondary combustion zone. 
Staged-fuel LNBs create a lean combustion zone that is relatively cool due to the presence of excess air, 
which acts as a heat sink to lower combustion temperatures (EPA, 2002). 

Low NOx 
Burner and Flue 
Gas 
Recirculation; 
Ammonia—Oil-
Fired Reformers 

NLNBFFROL N0572 NOx Low NOx 
Burner and 
Flue Gas 
Recirculation 

Ammonia—Oil-Fired 
Reformers 

ptnonipm Known 10   2006 72   Application: This control is the use of low NOx burner (LNB) technology and flue gas recirculation (FGR) to 
reduce NOx emissions. LNBs reduce the amount of NOx created from reaction between fuel nitrogen and 
oxygen by lowering the temperature of one combustion zone and reducing the amount of oxygen available 
in another. 
 
This control is applicable to ammonia production operations with oil-fired reformers (SCC 30100307). 
 
Discussion: LNBs are designed to “stage” combustion so that two combustion zones are created, one fuel-
rich combustion and one at a lower temperature. Staging techniques are usually used by LNB to supply 
excess air to cool the combustion process or to reduce available oxygen in the flame zone. Staged-air 
LNBs create a fuel-rich reducing primary combustion zone and a fuel-lean secondary combustion zone. 
Staged-fuel LNBs create a lean combustion zone that is relatively cool due to the presence of excess air, 
which acts as a heat sink to lower combustion temperatures (EPA, 2002). 

Low NOx 
Burner and Flue 
Gas 
Recirculation; 
Ammonia Prod; 
Feedstock 
Desulfurization 

NLNBFAPFD N0622 NOx Low NOx 
Burner and 
Flue Gas 
Recirculation 

Ammonia Prod; 
Feedstock 
Desulfurization 

ptnonipm Known 10   2006 72|172|175|
179|185 

  Application: This control is the use of low NOx burner (LNB) technology and flue gas recirculation (FGR) to 
reduce NOx emissions. LNBs reduce the amount of NOx created from reaction between fuel nitrogen and 
oxygen by lowering the temperature of one combustion zone and reducing the amount of oxygen available 
in another. 
 
This control is applicable to small (<1 ton per OSD) feedstock desulfurization processes in ammonia 
products operations (SCC 30100305) with uncontrolled NOx emissions greater than 10 tons per year. 
 
Discussion: It is assumed that the superheated steam needed to regenerate the activated carbon bed 
used in the desulfurization process is the NOx source. 
 
LNBs are designed to “stage” combustion so that two combustion zones are created, one fuel-rich 
combustion and one at a lower temperature. Staging techniques are usually used by LNB to supply excess 
air to cool the combustion process or to reduce available oxygen in the flame zone. Staged-air LNBs 
create a fuel-rich reducing primary combustion zone and a fuel-lean secondary combustion zone. Staged-
fuel LNBs create a lean combustion zone that is relatively cool due to the presence of excess air, which 
acts as a heat sink to lower combustion temperatures (EPA, 2002). 

Oxygen Trim 
and Water 
Injection; 
Ammonia—NG-
Fired Reformers 

NOTWIFRNG N0563 NOx Oxygen Trim 
and Water 
Injection 

Ammonia—NG-Fired 
Reformers 

ptnonipm Known 10   2006 72|172|175|
179|184|18
5 

  
Application: This control is the use of OT + WI to reduce NOx emissions 

This control is applicable to small (<1 ton NOx per OSD) ammonia production operations 
with natural gas-fired reformers (SCC 30100306) and uncontrolled NOx emissions greater 
than 10 tons per year. This control is also applicable to miscellaneous combustion 
emissions from ammonia production operations (SCC 30100399). 

 
Discussion: Water is injected into the gas turbine, reducing the temperatures in the NOx-forming regions. 
The water can be injected into the fuel, the combustion air or directly into the combustion chamber (ERG, 
2000). 

(continued) 
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Table A-2. CMDB Table 01 Summary (continued) 

cmname 
Cm 

Abbreviation 

Pechan 
Meas 
Code 

Major 
Poll 

Control 
Technology Source Group Sector Class 

Equip 
Life 

Nei Device 
Code 

Date 
Reviewed 

Data 
Source Months Description 

Selective 
Catalytic 
Reduction; 
Ammonia—NG-
Fired Reformers 

NSCRFRNG N0564 NOx Selective 
Catalytic 
Reduction 

Ammonia—NG-Fired 
Reformers 

ptnonipm Known 20 139 2006 72|167|175|
179|224|22
5|226 

  Application: This control is the selective catalytic reduction of NOx through add-on controls. SCR controls 
are post-combustion control technologies based on the chemical reduction of nitrogen oxides (NOx) into 
molecular nitrogen (N2) and water vapor (H2O). The SCR utilizes a catalyst to increase the NOx removal 
efficiency, which allows the process to occur at lower temperatures. 
 
Applies to natural-gas fired reformers involved in the production of ammonia (SCC 30100306) with 
uncontrolled NOx emissions greater than 10 tons per year. 
 
Discussion: Selective Catalytic Reduction (SCR) has been widely applied to stationary source, fossil fuel-
fired, combustion units for emission control since the early 1970s. SCR is typically implemented on units 
requiring a higher level of NOx control than achievable by SNCR or other combustion controls (EPA, 
2002). 
 
Like SNCR, SCR is based on the chemical reduction of the NOx molecule. The primary difference 
between SNCR and SCR is that SCR uses a metal-based catalyst to increase the rate of reaction (EPA, 
2002). A nitrogen based reducing reagent, such as ammonia or urea, is injected into the flue gas. The 
reagent reacts selectively with the flue gas NOx within a specific temperature range and in the presence of 
the catalyst and oxygen to reduce the NOx. 
 
The use of a catalyst results in two advantages of the SCR process over SNCR, the higher NOx reduction 
efficiency and the lower and broader temperature ranges. However, the decrease in reaction temperature 
and increase in efficiency is accompanied by a significant increase in capital and operating costs (EPA, 
2002). The cost increase is due to the large amount of catalyst required. 
 
The SCR system can utilize either aqueous or anhydrous ammonia as the reagent. Anhydrous ammonia is 
a gas at atmospheric pressure and normal temperatures. There are safety issues with the use of 
anhydrous ammonia, as it must be transported and stored under pressure (EPA, 2002). Aqueous 
ammonia is generally transported and stored at a concentration of 29.4% ammonia in water. 

Selective 
Catalytic 
Reduction; 
Ammonia—Oil-
Fired Reformers 

NSCRFROL N0573 NOx Selective 
Catalytic 
Reduction 

Ammonia—Oil-Fired 
Reformers 

ptnonipm Known 20 139 2006 72   Application: This control is the selective catalytic reduction of NOx through add-on controls. SCR controls 
are post-combustion control technologies based on the chemical reduction of nitrogen oxides (NOx) into 
molecular nitrogen (N2) and water vapor (H2O). The SCR utilizes a catalyst to increase the NOx removal 
efficiency, which allows the process to occur at lower temperatures. 
 
Applies to natural-gas fired reformers involved in the production of ammonia (SCC 30100306) with 
uncontrolled NOx emissions greater than 10 tons per year. 
 
Discussion: Selective Catalytic Reduction (SCR) has been widely applied to stationary source, fossil fuel-
fired, combustion units for emission control since the early 1970s. SCR is typically implemented on units 
requiring a higher level of NOx control than achievable by SNCR or other combustion controls (EPA, 
2002). 
 
Like SNCR, SCR is based on the chemical reduction of the NOx molecule. The primary difference 
between SNCR and SCR is that SCR uses a metal-based catalyst to increase the rate of reaction (EPA, 
2002). A nitrogen based reducing reagent, such as ammonia or urea, is injected into the flue gas. The 
reagent reacts selectively with the flue gas NOx within a specific temperature range and in the presence of 
the catalyst and oxygen to reduce the NOx. 
 
The use of a catalyst results in two advantages of the SCR process over SNCR, the higher NOx reduction 
efficiency and the lower and broader temperature ranges. However, the decrease in reaction temperature 
and increase in efficiency is accompanied by a significant increase in capital and operating costs (EPA, 
2002). The cost increase is due to the large amount of catalyst required. 
 
The SCR system can utilize either aqueous or anhydrous ammonia as the reagent. Anhydrous ammonia is 
a gas at atmospheric pressure and normal temperatures. There are safety issues with the use of 
anhydrous ammonia, as it must be transported and stored under pressure (EPA, 2002). Aqueous 
ammonia is generally transported and stored at a concentration of 29.4% ammonia in water. 
 
Today, catalyst formulations include single component, multi-component, or active phase with a support 
structure. Most catalyst formulations contain additional compounds or sup-ports, providing thermal and 
structural stability or to increase surface area (EPA, 2002). 
 
The rate of reaction determines the amount of NOx removed from the flue gas. The important design and 
operational factors that affect the rate of reduction include: reaction temperature range; residence time 
available in the optimum temperature range; degree of mixing between the injected reagent and the 
combustion gases; uncontrolled NOx concentration level; molar ratio of injected reagent to uncontrolled 
NOx; ammonia slip; catalyst activity; catalyst selectivity; pressure drop across the catalyst; catalyst pitch; 
catalyst deactivation; and catalyst management (EPA, 2001). 

(continued) 
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Table A-2. CMDB Table 01 Summary (continued) 

cmname 
Cm 

Abbreviation 

Pechan 
Meas 
Code 

Major 
Poll 

Control 
Technology Source Group Sector Class 

Equip 
Life 

Nei Device 
Code 

Date 
Reviewed 

Data 
Source Months Description 

Selective Non-
Catalytic 
Reduction—
Ammonia; NG-
Fired Reformers 

NSNCRFRNG N0565 NOx Selective 
Non-Catalytic 
Reduction 

Ammonia—NG-Fired 
Reformers 

ptnonipm Known 20 107 2006 72|172|175|
179|185 

  Application: This control is the reduction of NOx emission through selective non-catalytic reduction add-on 
controls. SNCR controls are post-combustion control technologies based on the chemical reduction of 
nitrogen oxides (NOx) into molecular nitrogen (N2) and water vapor (H2O). 
 
This control applies to small (<1 ton NOx per OSD) ammonia production natural gas fired reformers (SCC 
30100306) with uncontrolled NOx emissions greater than 10 tons per year. 
 
Discussion: SNCR is the reduction of NOx in flue gas to N2 and water vapor. This reduction is done with a 
nitrogen based reducing reagent, such as ammonia or urea. The reagent can react with a number of flue 
gas components. However, the NOx reduction reaction is favored for a specific temperature range and in 
the presence of oxygen (EPA, 2002). 
 
Both ammonia and urea are used as reagents. The cost of the reagent represents a large part of the 
annual costs of an SNCR system. Ammonia is generally less expensive than urea. However, the choice of 
reagent is also based on physical properties and operational considerations (EPA, 2002). 
 
Ammonia can be utilized in either aqueous or anhydrous form. Anhydrous ammonia is a gas at 
atmospheric pressure and normal temperatures. There are safety issues with the use of anhydrous 
ammonia, as it must be transported and stored under pressure (EPA, 2002). Aqueous ammonia is 
generally transported and stored at a concentration of 29.4% ammonia in water. 
 
Urea based systems have several advantages, including several safety aspects. Urea is a nontoxic, less 
volatile liquid that can be stored and handled more safely than ammonia. Urea solution droplets can 
penetrate farther into the flue gas when injected into the boiler, enhancing mixing (EPA, 2002). Because of 
these advantages, urea is more commonly used than ammonia in large boiler applications. 

Low NOx 
Burner; 
Ammonia—Oil-
Fired Reformers 

NLNBUFROL N0571 NOx Low NOx 
Burner 

Ammonia—Oil-Fired 
Reformers 

ptnonipm Known 10 204|205 2006 72   Application: This control is the use of low NOx burner (LNB) technology to reduce NOx emissions. LNBs 
reduce the amount of NOx created from reaction between fuel nitrogen and oxygen by lowering the 
temperature of one combustion zone and reducing the amount of oxygen available in another. 
 
This control is applicable to ammonia production operations with oil-fired reformers (SCC 30100307). 
 
Discussion: LNBs are designed to “stage” combustion so that two combustion zones are created, one fuel-
rich combustion and one at a lower temperature. Staging techniques are usually used by LNB to supply 
excess air to cool the combustion process or to reduce available oxygen in the flame zone. Staged-air 
LNBs create a fuel-rich reducing primary combustion zone and a fuel-lean secondary combustion zone. 
Staged-fuel LNBs create a lean combustion zone that is relatively cool due to the presence of excess air, 
which acts as a heat sink to lower combustion temperatures (EPA, 2002). 

Selective Non-
Catalytic 
Reduction—
Ammonia; Oil-
Fired Reformers 

NSNCRFROL N0574 NOx Selective 
Non-Catalytic 
Reduction 

Ammonia—Oil-Fired 
Reformers 

ptnonipm Known 20 107 2006 72   Application: This control is the reduction of NOx emission through selective non-catalytic reduction add-on 
controls. SNCR controls are post-combustion control technologies based on the chemical reduction of 
nitrogen oxides (NOx) into molecular nitrogen (N2) and water vapor (H2O). 
 
This control applies to ammonia production natural gas fired reformers (SCC 30100306) with uncontrolled 
NOx emissions greater than 10 tons per year. 
 
Discussion: SNCR is the reduction of NOx in flue gas to N2 and water vapor. This reduction is done with a 
nitrogen based reducing reagent, such as ammonia or urea. The reagent can react with a number of flue 
gas components. However, the NOx reduction reaction is favored for a specific temperature range and in 
the presence of oxygen (EPA, 2002). 
 
Both ammonia and urea are used as reagents. The cost of the reagent represents a large part of the 
annual costs of an SNCR system. Ammonia is generally less expensive than urea. However, the choice of 
reagent is also based on physical properties and operational considerations (EPA, 2002). 
 
Ammonia can be utilized in either aqueous or anhydrous form. Anhydrous ammonia is a gas at 
atmospheric pressure and normal temperatures. There are safety issues with the use of anhydrous 
ammonia, as it must be transported and stored under pressure (EPA, 2002). Aqueous ammonia is 
generally transported and stored at a concentration of 29.4% ammonia in water. 
 
Urea based systems have several advantages, including several safety aspects. Urea is a nontoxic, less 
volatile liquid that can be stored and handled more safely than ammonia. Urea solution droplets can 
penetrate farther into the flue gas when injected into the boiler, enhancing mixing (EPA, 2002). Because of 
these advantages, urea is more commonly used than ammonia in large boiler applications. 

(continued) 
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Table A-2. CMDB Table 01 Summary (continued) 

cmname 
Cm 

Abbreviation 

Pechan 
Meas 
Code 

Major 
Poll 

Control 
Technology Source Group Sector Class 

Equip 
Life 

Nei Device 
Code 

Date 
Reviewed 

Data 
Source Months Description 

Low NOx 
Burner; 
Ammonia 
Production; 
Other Not 
Classified 

NLNBUAONC  NOx Low NOx 
Burner 

Ammonia 
Production—Other 
Not Classified 

ptnonipm Known 10 204|205 2013 AR-1|186  Application: This control is the use of low NOx burner (LNB) technology to reduce NOx emissions. LNBs 
reduce the amount of NOx created from reaction between fuel nitrogen and oxygen by lowering the 
temperature of one combustion zone and reducing the amount of oxygen available in another. 
 
This control is applicable to miscellaneous combustion emissions from ammonia production operations 
(SCC 30100399). 
 
Discussion: LNBs are designed to “stage” combustion so that two combustion zones are created, one fuel-
rich combustion and one at a lower temperature. Staging techniques are usually used by LNB to supply 
excess air to cool the combustion process or to reduce available oxygen in the flame zone. Staged-air 
LNBs create a fuel-rich reducing primary combustion zone and a fuel-lean secondary combustion zone. 
Staged-fuel LNBs create a lean combustion zone that is relatively cool due to the presence of excess air, 
which acts as a heat sink to lower combustion temperatures (EPA, 2002) 

Low NOx 
Burner and Flue 
Gas 
Recirculation; 
Ammonia 
Production; 
Other Not 
Classified 

NLNBFAONC  NOx Low NOx 
Burner and 
Flue Gas 
Recirculation 

Ammonia 
Production—Other 
Not Classified 

ptnonipm Known 10   2013 72|172|175|
179|186 

  
Application: This control is the use of low NOx burner (LNB) technology and flue gas 
recirculation (FGR) to reduce NOx emissions. LNBs reduce the amount of NOx created 
from reaction between fuel nitrogen and oxygen by lowering the temperature of one 
combustion zone and reducing the amount of oxygen available in another. 

 
This control is applicable to miscellaneous combustion emissions from ammonia production operations 
(SCC 30100399). 
 
Discussion: LNBs are designed to “stage” combustion so that two combustion zones are created, one fuel-
rich combustion and one at a lower temperature. Staging techniques are usually used by LNB to supply 
excess air to cool the combustion process or to reduce available oxygen in the flame zone. Staged-air 
LNBs create a fuel-rich reducing primary combustion zone and a fuel-lean secondary combustion zone. 
Staged-fuel LNBs create a lean combustion zone that is relatively cool due to the presence of excess air, 
which acts as a heat sink to lower combustion temperatures (EPA, 2002). 

Selective Non-
Catalytic 
Reduction—
Ammonia; 
Ammonia 
Production; 
Other Not 
Classified 

NSNCRAONC  NOx Selective 
Non-Catalytic 
Reduction 

Ammonia 
Production—Other 
Not Classified 

ptnonipm Known 20 107 2013 72|172|175|
179|185 

  Application: This control is the reduction of NOx emission through selective non-catalytic reduction add-on 
controls. SNCR controls are post-combustion control technologies based on the chemical reduction of 
nitrogen oxides (NOx) into molecular nitrogen (N2) and water vapor (H2O). 
 
This control is applicable to miscellaneous combustion emissions from ammonia production operations 
(SCC 30100399). 
 
Discussion: SNCR is the reduction of NOx in flue gas to N2 and water vapor. This reduction is done with a 
nitrogen based reducing reagent, such as ammonia or urea. The reagent can react with a number of flue 
gas components. However, the NOx reduction reaction is favored for a specific temperature range and in 
the presence of oxygen (EPA, 2002). 
 
Both ammonia and urea are used as reagents. The cost of the reagent represents a large part of the 
annual costs of an SNCR system. Ammonia is generally less expensive than urea. However, the choice of 
reagent is also based on physical properties and operational considerations (EPA, 2002). 
 
Ammonia can be utilized in either aqueous or anhydrous form. Anhydrous ammonia is a gas at 
atmospheric pressure and normal temperatures. There are safety issues with the use of anhydrous 
ammonia, as it must be transported and stored under pressure (EPA, 2002). Aqueous ammonia is 
generally transported and stored at a concentration of 29.4% ammonia in water. 
 
Urea based systems have several advantages, including several safety aspects. Urea is a nontoxic, less 
volatile liquid that can be stored and handled more safely than ammonia. Urea solution droplets can 
penetrate farther into the flue gas when injected into the boiler, enhancing mixing (EPA, 2002). Because of 
these advantages, urea is more commonly used than ammonia in large boiler applications. 

Oxygen Trim 
and Water 
Injection; 
Ammonia 
Production; 
Other Not 
Classified 

NOTWIAONC  NOx Oxygen Trim 
and Water 
Injection 

Ammonia 
Production—Other 
Not Classified 

ptnonipm Known 10   2013 72|172|175|
179|184|18
5 

  
Application: This control is the use of OT + WI to reduce NOx emissions 

This control is applicable to miscellaneous combustion emissions from ammonia 
production operations (SCC 30100399). 

 
Discussion: Water is injected into the gas turbine, reducing the temperatures in the NOx-forming regions. 
The water can be injected into the fuel, the combustion air or directly into the combustion chamber (ERG, 
2000). 

(continued) 
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Table A-2. CMDB Table 01 Summary (continued) 

cmname 
Cm 

Abbreviation 

Pechan 
Meas 
Code 

Major 
Poll 

Control 
Technology Source Group Sector Class 

Equip 
Life 

Nei Device 
Code 

Date 
Reviewed 

Data 
Source Months Description 

Selective 
Catalytic 
Reduction; 
Ammonia 
Production; 
Other Not 
Classified 

NSCRAONC  NOx Selective 
Catalytic 
Reduction 

Ammonia 
Production—Other 
Not Classified 

ptnonipm Known 20 139 2013 72|167|175|
179|224|22
5|226 

  Application: This control is the selective catalytic reduction of NOx through add-on controls. SCR controls 
are post-combustion control technologies based on the chemical reduction of nitrogen oxides (NOx) into 
molecular nitrogen (N2) and water vapor (H2O). The SCR utilizes a catalyst to increase the NOx removal 
efficiency, which allows the process to occur at lower temperatures. 
 
This control is applicable to miscellaneous combustion emissions from ammonia production operations 
(SCC 30100399). 
 
Discussion: Selective Catalytic Reduction (SCR) has been widely applied to stationary source, fossil fuel-
fired, combustion units for emission control since the early 1970s. SCR is typically implemented on units 
requiring a higher level of NOx control than achievable by SNCR or other combustion controls (EPA, 
2002). 
 
Like SNCR, SCR is based on the chemical reduction of the NOx molecule. The primary difference 
between SNCR and SCR is that SCR uses a metal-based catalyst to increase the rate of reaction (EPA, 
2002). A nitrogen based reducing reagent, such as ammonia or urea, is injected into the flue gas. The 
reagent reacts selectively with the flue gas NOx within a specific temperature range and in the presence of 
the catalyst and oxygen to reduce the NOx. 
 
The use of a catalyst results in two advantages of the SCR process over SNCR, the higher NOx reduction 
efficiency and the lower and broader temperature ranges. However, the decrease in reaction temperature 
and increase in efficiency is accompanied by a significant increase in capital and operating costs (EPA, 
2002). The cost increase is due to the large amount of catalyst required. 
 

The SCR system can utilize either aqueous or anhydrous ammonia as the reagent. 
Anhydrous ammonia is a gas at atmospheric pressure and normal temperatures. There 
are safety issues with the use of anhydrous ammonia, as it must be transported and 
stored under pressure (EPA, 2002). Aqueous ammonia is generally transported and 
stored at a concentration of 29.4% ammonia in water. 
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Table A-3. CMDB Table 02 Efficiencies 

cmabbreviation Pollutant Locale 
Effective 
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Details 

NLNBFAPFD NOx    0 0 365 60 1990 2560 100 100 cpton 0.1424  5.9 2470 Applied to small source types 

NLNBFAPFD NOx    0 365  60 1990 590 100 100 cpton 0.1424  7.5 280 Applied to large source types 

NLNBFFRNG NOx    0 0 365 60 1990 2560 100 100 cpton 0.1424  5.9 2470 Applied to small source types 

NLNBFFRNG NOx    0 365  60 1990 590 100 100 cpton 0.1424  7.5 280 Applied to large source types 

NLNBFFROL NOx    0 0 365 60 1990 1120 100 100 cpton 0.1424  5.9 1080 Applied to small source types 

NLNBFFROL NOx    0 365  60 1990 390 100 100 cpton 0.1424  7.5 190 Applied to large source types 

NLNBUFROL NOx    0 0 365 50 1990 400 100 100 cpton 0.1424  5.5  Applied to small source types 

NLNBUFROL NOx    0 365  50 1990 430 100 100 cpton 0.1424  5.5  Applied to large source types 

NOTWIFRNG NOx    0 0 365 65 1990 680 100 100 cpton 0.1424  2.9  Applied to small source types 

NOTWIFRNG NOx    0 365  65 1990 320 100 100 cpton 0.1424  2.9  Applied to large source types 

NSCRFRNG NOx    0 0 365 90 1999 2366 100 100 cpton 0.0944  10  Applied to small source types 

NSCRFRNG NOx    0 365  90 1999 2366 100 100 cpton 0.0944  9.6  Applied to large source types 

NSCRFROL NOx    0 0 365 80 1990 1480 100 100 cpton 0.0944  10 1910 Applied to small source types 

NSCRFROL NOx    0 365  80 1990 810 100 100 cpton 0.0944  9.6 940 Applied to large source types 

NSNCRFRNG NOx    0 0 365 50 1990 3870 100 100 cpton 0.0944  9.4 2900 Applied to small source types 

NSNCRFRNG NOx    0 365  50 1990 1570 100 100 cpton 0.0944  8.2 840 Applied to large source types 

NSNCRFROL NOx    0 0 365 50 1990 2580 100 100 cpton 0.0944  9.4 1940 Applied to small source types 

NSNCRFROL NOx    0 365  50 1990 1050 100 100 cpton 0.0944  8.2 560 Applied to large source types 

NLNBUFRNG NOx    0 0 365 50 1990 820 100 100 cpton 0.1424  5.5  Applied to small source types; no new 
information was available for small sources 
during 2013 update 

NLNBUFRNG NOx    0 365  50 2008 800 100 100 cpton 0.1424  5.9  Applied to large source types; equipment 
life of 10 years and 7% interest 
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APPENDIX B 

COMBUSTION TURBINES 

Copies of the database tables for showing all records for Combustion Turbines NOx 

controls are provided. Changes are highlighted in red font. 

– Table B-1. CMDB Table 01_Summary 

– Table B-2. CMDB Table 02_Efficiencies 

– Table B-3. CMDB Table 04_Equations 

– Table B-4. Additional CMDB Table 06_References 
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Table B-1. CMDB Table 01_Summary 

cmname cmabbreviation 

pechanmea

scode majorpoll controltechnology sourcegroup sector class equiplife neidevicecode datereviewed datasource months 

Dry Low NOx 

Combustion; Gas 

Turbines—Natural Gas 

NDLNCGTNG N0243 NOx Dry Low NOx 

Combustion 

Gas Turbines—

Natural Gas 

ptnonipm Known 15 204|205 2013 72|172|175|179|22

3|CT-2|CT-6 

  

SCR + Dry Low NOx 

Combustion; Gas 

Turbines—Natural Gas 

NSCRDGTNG N0244 NOx SCR + DLN 

Combustion 

Gas Turbines—

Natural Gas 

ptnonipm Known 15   2013 72|172|175|179|22

3|224|CT-2|CT-

3|CT-4|CT-6|CT-8 

  

Selective Catalytic 

Reduction and Steam 

Injecti; Gas Turbines—

Natural Gas 

NSCRSGTNG N0245 NOx Selective Catalytic 

Reduction and 

Steam Injection 

Gas Turbines—

Natural Gas 

ptnonipm Known 15   2013 72|172|175|179|22

3|224|CT-2|CT-3 

  

Selective Catalytic 

Reduction and Water 

Injecti; Gas Turbines—

Jet Fuel 

NSCRWGTJF N0502 NOx Selective Catalytic 

Reduction and 

Water Injection 

Gas Turbines—

Jet Fuel 

ptnonipm Known 15   2013 72|172|175|179|22

3|CT-2|CT-7 

  

Selective Catalytic 

Reduction and Water 

Injecti; Gas Turbines—

Natural Gas 

NSCRWGTNG N0246 NOx Selective Catalytic 

Reduction and 

Water Injection 

Gas Turbines—

Natural Gas 

ptnonipm Known 15   2013 72|172|175|179|22

3|224|CT-2|CT-

3|CT-8 

  

Selective Catalytic 

Reduction and Water 

Injecti; Gas Turbines—

Oil 

NSCRWGTOL N0232 NOx Selective Catalytic 

Reduction and 

Water Injection 

Gas Turbines—

Oil 

ptnonipm Known 15   2013 72|172|175|179|22

3|224|CT-2|CT-7 

  

Steam Injection; Gas 

Turbines—Natural Gas 

NSTINGTNG N0242 NOx Steam Injection Gas Turbines—

Natural Gas 

ptnonipm Known 15   2013 72|172|175|184|22

3|CT-2 

  

Water Injection; Gas 

Turbines—Jet Fuel 

NWTINGTJF N0501 NOx Water Injection Gas Turbines—

Jet Fuel 

ptnonipm Known 15   2013 72|172|175|184|22

3|CT-2 

  

Water Injection; Gas 

Turbines—Natural Gas 

NWTINGTNG N0241 NOx Water Injection Gas Turbines—

Natural Gas 

ptnonipm Known 15   2013 72|172|175|184|22

3|CT-2 

  

Water Injection; Gas 

Turbines—Oil 

NWTINGTOL N0231 NOx Water Injection Gas Turbines—

Oil 

ptnonipm Known 15   2013 72|172|175|184|22

3|CT-2 

  

Catalytic Combustion; 

Gas Turbine—Natural 

Gas 

NCATCGTNG N/A NOx Catalytic 

Combustion 

Gas Turbines—

Natural Gas 

ptnonipm Emerging 15  2013 CT-1|CT-2  

EMx and Dry Low NOx 

Combustion; Gas 

Turbines—Natural Gas 

NEMXDGTNG N/A NOx EMx and Dry Low 

NOx Combustion 

Gas Turbines—

Natural Gas 

ptnonipm Emerging 15  2013 CT-1|CT-2|CT-

3|CT-4|CT-5 

 

EMx and Water 

Injection; Gas 

Turbines—Natural Gas 

NEMXWGTNG N/A NOx EMx and Water 

Injection 

Gas Turbines—

Natural Gas 

ptnonipm Emerging 15  2013 CT-1|CT-3  

*For ease in reading this table, the Description field is included on separate pages. 
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Table B-1. CMDB Table 01_Summary (continued) 

cmabbreviation Description 

NDLNCGTNG 

Application: This control is the use of dry low NOx combustion (DLN) technology to reduce NOx emissions. DLN combustion reduces the amount of NOx created from reaction 
between fuel nitrogen and oxygen by lowering the temperature of one combustion zone and reducing the amount of oxygen available in another. 

 

This control applies to large (83.3 MW to 161 MW) natural gas fired turbines with uncontrolled NOx emissions greater than 10 tons per year. 
 

Discussion: LNBs are designed to “stage” combustion so that two combustion zones are created, one fuel-rich combustion and one at a lower temperature. Staging techniques are 

usually used by LNB to supply excess air to cool the combustion process or to reduce available oxygen in the flame zone. Staged-air LNBs create a fuel-rich reducing primary 
combustion zone and a fuel-lean secondary combustion zone. Staged-fuel LNBs create a lean combustion zone that is relatively cool due to the presence of excess air, which acts as 

a heat sink to lower combustion temperatures (EPA, 2002). 

NSCRDGTNG 

Application: This control is the selective catalytic reduction of NOx through add-on controls. SCR controls are post-combustion control technologies based on the chemical 

reduction of nitrogen oxides (NOx) into molecular nitrogen (N2) and water vapor (H2O). The SCR utilizes a catalyst to increase the NOx removal efficiency, which allows the 
process to occur at lower temperatures. 

 
This control applies to natural gas fired turbines with NOx emissions greater than 10 tons per year. 

 

Discussion: Selective Catalytic Reduction (SCR) has been widely applied to stationary source, fossil fuel-fired, combustion units for emission control since the early 1970s. SCR is 
typically implemented on units requiring a higher level of NOx control than achievable by SNCR or other combustion controls (EPA, 2002). 

 

Like SNCR, SCR is based on the chemical reduction of the NOx molecule. The primary difference between SNCR and SCR is that SCR uses a metal-based catalyst to increase the 
rate of reaction (EPA, 2002). A nitrogen based reducing reagent, such as ammonia or urea, is injected into the flue gas. The reagent reacts selectively with the flue gas NOx within a 

specific temperature range and in the presence of the catalyst and oxygen to reduce the NOx.  

 
The use of a catalyst results in two advantages of the SCR process over SNCR, the higher NOx reduction efficiency and the lower and broader temperature ranges. However, the 

decrease in reaction temperature and increase in efficiency is accompanied by a significant increase in capital and operating costs (EPA, 2002). The cost increase is due to the large 

amount of catalyst required. 
 

The SCR system can utilize either aqueous or anhydrous ammonia as the reagent. Anhydrous ammonia is a gas at atmospheric pressure and normal temperatures. There are safety 

issues with the use of anhydrous ammonia, as it must be transported and stored under pressure (EPA, 2002). Aqueous ammonia is generally transported and stored at a concentration 
of 29.4% ammonia in water. 

 

Today, catalyst formulations include single component, multi-component, or active phase with a support structure. Most catalyst formulations contain additional compounds or sup-

ports, providing thermal and structural stability or to increase surface area (EPA, 2002).  

 

The rate of reaction determines the amount of NOx removed from the flue gas. The important design and operational factors that affect the rate of reduction include: reaction 
temperature range; residence time available in the optimum temperature range; degree of mixing between the injected reagent and the combustion gases; uncontrolled NOx 

concentration level; molar ratio of injected reagent to uncontrolled NOx; ammonia slip; catalyst activity; catalyst selectivity; pressure drop across the catalyst; catalyst pitch; catalyst 

deactivation; and catalyst management (EPA, 2001). 

NSCRSGTNG 

Application: This control is the selective catalytic reduction of NOx through add-on controls. SCR controls are post-combustion control technologies based on the chemical 
reduction of nitrogen oxides (NOx) into molecular nitrogen (N2) and water vapor (H2O). The SCR utilizes a catalyst to increase the NOx removal efficiency, which allows the 

process to occur at lower temperatures. 

 
This control applies to natural gas fired turbines with NOx emissions greater than 10 tons per year. 

(continued) 
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Table B-1. CMDB Table 01_Summary (continued) 

cmabbreviation Description 

NSCRSGTNG 

(cont.) 

Discussion: Selective Catalytic Reduction (SCR) has been widely applied to stationary source, fossil fuel-fired, combustion units for emission control since the early 1970s. SCR is 
typically implemented on units requiring a higher level of NOx control than achievable by SNCR or other combustion controls (EPA, 2002). 

 

Like SNCR, SCR is based on the chemical reduction of the NOx molecule. The primary difference between SNCR and SCR is that SCR uses a metal-based catalyst to increase the 
rate of reaction (EPA, 2002). A nitrogen based reducing reagent, such as ammonia or urea, is injected into the flue gas. The reagent reacts selectively with the flue gas NOx within a 

specific temperature range and in the presence of the catalyst and oxygen to reduce the NOx.  

 
The use of a catalyst results in two advantages of the SCR process over SNCR, the higher NOx reduction efficiency and the lower and broader temperature ranges. However, the 

decrease in reaction temperature and increase in efficiency is accompanied by a significant increase in capital and operating costs (EPA, 2002). The cost increase is due to the large 

amount of catalyst required. 
 

The SCR system can utilize either aqueous or anhydrous ammonia as the reagent. Anhydrous ammonia is a gas at atmospheric pressure and normal temperatures. There are safety 

issues with the use of anhydrous ammonia, as it must be transported and stored under pressure (EPA, 2002). Aqueous ammonia is generally transported and stored at a concentration 
of 29.4% ammonia in water. 

 

Today, catalyst formulations include single component, multi-component, or active phase with a support structure. Most catalyst formulations contain additional compounds or sup-
ports, providing thermal and structural stability or to increase surface area (EPA, 2002).  

 

The rate of reaction determines the amount of NOx removed from the flue gas. The important design and operational factors that affect the rate of reduction include: reaction 
temperature range; residence time available in the optimum temperature range; degree of mixing between the injected reagent and the combustion gases; uncontrolled NOx 

concentration level; molar ratio of injected reagent to uncontrolled NOx; ammonia slip; catalyst activity; catalyst selectivity; pressure drop across the catalyst; catalyst pitch; catalyst 

deactivation; and catalyst management (EPA, 2001). 

NSCRWGTJF 

Application: This control is the selective catalytic reduction of NOx through add-on controls in combination with water injection. SCR controls are post-combustion control 

technologies based on the chemical reduction of nitrogen oxides (NOx) into molecular nitrogen (N2) and water vapor (H2O). The SCR utilizes a catalyst to increase the NOx 

removal efficiency, which allows the process to occur at lower temperatures. 
 

This control applies to jet fuel-fired turbines with uncontrolled NOx emissions greater than 10 tons per year. 

 
Discussion: Selective Catalytic Reduction (SCR) has been widely applied to stationary source, fossil fuel-fired, combustion units for emission control since the early 1970s. SCR is 

typically implemented on units requiring a higher level of NOx control than achievable by SNCR or other combustion controls (EPA, 2002). 

 

Like SNCR, SCR is based on the chemical reduction of the NOx molecule. The primary difference between SNCR and SCR is that SCR uses a metal-based catalyst to increase the 

rate of reaction (EPA, 2002). A nitrogen based reducing reagent, such as ammonia or urea, is injected into the flue gas. The reagent reacts selectively with the flue gas NOx within a 

specific temperature range and in the presence of the catalyst and oxygen to reduce the NOx.  
 

The use of a catalyst results in two advantages of the SCR process over SNCR, the higher NOx reduction efficiency and the lower and broader temperature ranges. However, the 

decrease in reaction temperature and increase in efficiency is accompanied by a significant increase in capital and operating costs (EPA, 2002). The cost increase is due to the large 
amount of catalyst required. 

 

The SCR system can utilize either aqueous or anhydrous ammonia as the reagent. Anhydrous ammonia is a gas at atmospheric pressure and normal temperatures. There are safety 
issues with the use of anhydrous ammonia, as it must be transported and stored under pressure (EPA, 2002). Aqueous ammonia is generally transported and stored at a concentration 

of 29.4% ammonia in water. 

(continued) 
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Table B-1. CMDB Table 01_Summary (continued) 

cmabbreviation Description 

NSCRWGTJF 

(cont.) 

Today, catalyst formulations include single component, multi-component, or active phase with a support structure. Most catalyst formulations contain additional compounds or sup-
ports, providing thermal and structural stability or to increase surface area (EPA, 2002).  

 

The rate of reaction determines the amount of NOx removed from the flue gas. The important design and operational factors that affect the rate of reduction include: reaction 
temperature range; residence time available in the optimum temperature range; degree of mixing between the injected reagent and the combustion gases; uncontrolled NOx 

concentration level; molar ratio of injected reagent to uncontrolled NOx; ammonia slip; catalyst activity; catalyst selectivity; pressure drop across the catalyst; catalyst pitch; catalyst 

deactivation; and catalyst management (EPA, 2001). 

NSCRWGTNG 

Application: This control is the selective catalytic reduction of NOx through add-on controls in combination with water injection. SCR controls are post-combustion control 
technologies based on the chemical reduction of nitrogen oxides (NOx) into molecular nitrogen (N2) and water vapor (H2O). The SCR utilizes a catalyst to increase the NOx 

removal efficiency, which allows the process to occur at lower temperatures. 

 
This control applies to natural gas-fired gas turbines with uncontrolled NOx emissions greater than 10 tons per year. 

 
Discussion: Selective Catalytic Reduction (SCR) has been widely applied to stationary source, fossil fuel-fired, combustion units for emission control since the early 1970s. SCR is 

typically implemented on units requiring a higher level of NOx control than achievable by SNCR or other combustion controls (EPA, 2002). 

 
Like SNCR, SCR is based on the chemical reduction of the NOx molecule. The primary difference between SNCR and SCR is that SCR uses a metal-based catalyst to increase the 

rate of reaction (EPA, 2002). A nitrogen based reducing reagent, such as ammonia or urea, is injected into the flue gas. The reagent reacts selectively with the flue gas NOx within a 

specific temperature range and in the presence of the catalyst and oxygen to reduce the NOx.  
 

The use of a catalyst results in two advantages of the SCR process over SNCR, the higher NOx reduction efficiency and the lower and broader temperature ranges. However, the 

decrease in reaction temperature and increase in efficiency is accompanied by a significant increase in capital and operating costs (EPA, 2002). The cost increase is due to the large 
amount of catalyst required. 

 

The SCR system can utilize either aqueous or anhydrous ammonia as the reagent. Anhydrous ammonia is a gas at atmospheric pressure and normal temperatures. There are safety 
issues with the use of anhydrous ammonia, as it must be transported and stored under pressure (EPA, 2002). Aqueous ammonia is generally transported and stored at a concentration 

of 29.4% ammonia in water. 

 
Today, catalyst formulations include single component, multi-component, or active phase with a support structure. Most catalyst formulations contain additional compounds or sup-

ports, providing thermal and structural stability or to increase surface area (EPA, 2002).  

 

The rate of reaction determines the amount of NOx removed from the flue gas. The important design and operational factors that affect the rate of reduction include: reaction 

temperature range; residence time available in the optimum temperature range; degree of mixing between the injected reagent and the combustion gases; uncontrolled NOx 

concentration level; molar ratio of injected reagent to uncontrolled NOx; ammonia slip; catalyst activity; catalyst selectivity; pressure drop across the catalyst; catalyst pitch; catalyst 
deactivation; and catalyst management (EPA, 2001). 

NSCRWGTOL 

Application: This control is the selective catalytic reduction of NOx through add-on controls in combination with water injection. SCR controls are post-combustion control 

technologies based on the chemical reduction of nitrogen oxides (NOx) into molecular nitrogen (N2) and water vapor (H2O). The SCR utilizes a catalyst to increase the NOx 

removal efficiency, which allows the process to occur at lower temperatures. 
 

This control applies to oil-fired turbines with uncontrolled NOx emissions greater than 10 tons per year. 

 
Discussion: Selective Catalytic Reduction (SCR) has been widely applied to stationary source, fossil fuel-fired, combustion units for emission control since the early 1970s. SCR is 

typically implemented on units requiring a higher level of NOx control than achievable by SNCR or other combustion controls (EPA, 2002). 

(continued) 
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Table B-1. CMDB Table 01_Summary (continued) 

cmabbreviation Description 

NSCRWGTOL 

(cont.) 

Like SNCR, SCR is based on the chemical reduction of the NOx molecule. The primary difference between SNCR and SCR is that SCR uses a metal-based catalyst to increase the 
rate of reaction (EPA, 2002). A nitrogen based reducing reagent, such as ammonia or urea, is injected into the flue gas. The reagent reacts selectively with the flue gas NOx within a 

specific temperature range and in the presence of the catalyst and oxygen to reduce the NOx.  

 
The use of a catalyst results in two advantages of the SCR process over SNCR, the higher NOx reduction efficiency and the lower and broader temperature ranges. However, the 

decrease in reaction temperature and increase in efficiency is accompanied by a significant increase in capital and operating costs (EPA, 2002). The cost increase is due to the large 

amount of catalyst required. 
 

The SCR system can utilize either aqueous or anhydrous ammonia as the reagent. Anhydrous ammonia is a gas at atmospheric pressure and normal temperatures. There are safety 

issues with the use of anhydrous ammonia, as it must be transported and stored under pressure (EPA, 2002). Aqueous ammonia is generally transported and stored at a concentration 
of 29.4% ammonia in water. 

 

Today, catalyst formulations include single component, multi-component, or active phase with a support structure. Most catalyst formulations contain additional compounds or sup-
ports, providing thermal and structural stability or to increase surface area (EPA, 2002).  

 

The rate of reaction determines the amount of NOx removed from the flue gas. The important design and operational factors that affect the rate of reduction include: reaction 
temperature range; residence time available in the optimum temperature range; degree of mixing between the injected reagent and the combustion gases; uncontrolled NOx 

concentration level; molar ratio of injected reagent to uncontrolled NOx; ammonia slip; catalyst activity; catalyst selectivity; pressure drop across the catalyst; catalyst pitch; catalyst 

deactivation; and catalyst management (EPA, 2001). 

NSTINGTNG 

Application: This control is the use of steam injection to reduce NOx emissions. 

 

This control applies to small (3.3 MW to 34.4MW) natural gas-fired gas turbines with uncontrolled NOx emissions greater than 10 tons per year. 
 

Discussion: Steam is injected into the gas turbine, reducing the temperatures in the NOx-forming regions. The steam can be injected into the fuel, the combustion air or directly into 

the combustion chamber (ERG, 2000). 

NWTINGTJF 

Application: This control is the use of water injection to reduce NOx emissions. 
 

This control applies to small (3.3 MW to 34.4MW) jet fuel-fired turbines with uncontrolled NOx emissions greater than 10 tons per year. 

 
Discussion: Water is injected into the gas turbine, reducing the temperatures in the NOx-forming regions. The water can be injected into the fuel, the combustion air or directly into 

the combustion chamber (ERG, 2000). 

NWTINGTNG 

Application: This control is the use of water injection to reduce NOx emissions. 

 
This control applies to small (3.3 MW to 34.4MW) natural gas-fired gas turbines with uncontrolled NOx emissions greater than 10 tons per year. 

 

Discussion: Water is injected into the gas turbine, reducing the temperatures in the NOx-forming regions. The water can be injected into the fuel, the combustion air or directly into 
the combustion chamber (ERG, 2000). 

NWTINGTOL 

Application: This control is the use of water injection to reduce NOx emissions. 

 
This control applies to small (3.3 MW to 34.4MW) oil-fired turbines with uncontrolled NOx emissions greater than 10 tons per year. 

 

Discussion: Water is injected into the gas turbine, reducing the temperatures in the NOx-forming regions. The water can be injected into the fuel, the combustion air or directly into 
the combustion chamber (ERG, 2000). 

(continued) 
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Table B-1. CMDB Table 01_Summary (continued) 

cmabbreviation Description 

NCATCGTNG 

Application: This control is the use of catalytic combustion to reduce NOx emissions. Catalytic combustors reduce the amount of NOx created by oxidizing fuel at lower 
temperatures (and without a flame) than in conventional combustors. Catalytic combustion uses a catalytic bed to oxidize a lean air fuel mixture within a combustor instead of 

burning with a flame. The fuel and air mixture oxidizes at lower temperatures than in a conventional combustor, producing less NOx. 

 
Currently installed only on a few 1.4 MW combustion turbines, and commercially available for turbines rated up to 10 MW (CT-1). 

NEMXDGTNG 

Application: This control is the use of EMx in combination with dry low NOx combustion. EMx is a post-combustion catalytic oxidation and absorption technology that uses a two-

stage catalyst/absorber system for the control of NOx as well as CO, VOC, and optionally SOx. A coated catalyst oxidizes NO to NO2, CO to CO2, and VOC to CO2 and water. 

The NO2 is then absorbed onto the catalyst surface where it is chemically converted to and stored as potassium nitrates and nitrites. A proprietary regeneration gas is periodically 
passed through the catalyst to desorb the NO2 from the catalyst and reduce it to elemental nitrogen (N2). EMx has been successfully demonstrated on several small combustion 

turbine projects up to 45 MW. The manufacturer has claimed that EMx can be effectively scaled up to larger turbines (CT-1). 

 
Cost estimates for DLN combustion in 2008 dollars are not available. Thus, the total system cost in this analysis in 2008 dollars was developed from 1999 cost estimates for DLN 

combustion that were escalated to 2008 dollars and added to the available 2008 estimate for the EMx system. 

NEMXWGTNG 

Application: This control is the use of EMx in combination with water injection. 
 

Cost estimates for water injection in 2008 dollars are not available. Thus, the total system cost in this analysis in 2008 dollars was developed from 1999 cost estimates for water 

injection that were escalated to 2008 dollars and added to the available 2008 estimate for the EMx system. 
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Table B-2. CMDB Table 02_Efficiencies 
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NWTINGTNG NOx 

   

0 0 365 72 1999 1790 100 100 cpton 0.1098 

 

3.1  Applied to small source types (<34.4 MW), 

uncontrolled emissions <365 tpy 

NWTINGTNG NOx 

   

0 365  72 1999 1000 100 100 cpton 0.1098 

 

2.4  Applied to small source types (<34.4 MW), 

uncontrolled emissions >365 tpy 

NWTINGTNG NOx    0 365  72 1999 730 100 100 cpton 0.1098  1.6  Applied to large source types 

NSCRWGTNG NOx 

   

0 0 365 94 1999 2790 100 100 cpton 0.1098 

 

3 5840 Applied to small source types (3 to 26 MW), 

uncontrolled emissions <365 tpy. 

NSCRWGTNG NOx 

   

0 365  94 1999 1370 100 100 cpton 0.1098 

 

2.9 3130 Applied to small source types (3 to 26 MW), 

uncontrolled emissions >365 tpy. 

NSCRWGTNG NOx    0 365  94 1999 1070 100 100 cpton 0.1098  1.5 1690 Applied to large source types (~80 to 160 MW) 

NSCRWGTNG NOx 

   

0 365  98 2008 1960 100 100 cpton 0.1098 

 

2.5 3170 Applied to large source types (~50 to 180 MW), 1999 

costs for WI assumed to be the same as 1990 costs in 

the 1993 ACT based on data in ref CT-2 that showed 

the costs were essentially the same for NG-fired units. 

1999 WI capital and indirect annual costs were 

escalated to 2008 dollars using ratio of 2008 to 1999 

CEP cost indexes, direct annual costs for WI were 

assumed to be the same in 2008 as in 1999, and 

resulting 2008 costs were added to the 2008 SCR costs 

from ref CT-3. 

NEMXWGTNG NOx 

   

0 365  99 2008 2960 100 100 cpton 0.1098 

 

2.9 7120 Applied to large source types (50 to 180 MW); WI costs 

estimated using the same procedure as for 

NSCRWGTNG applied to large sources. 

NSTINGTNG NOx 

   

0 0 365 80 1999 1690 100 100 cpton 0.1098 

 

3.5  Applied to small source types (3 to 26.3 MW), 

uncontrolled emissions <365 tpy, 1999 costs for SI 

assumed to be the same as 1990 costs in the 1993 ACT 

based on data in ref CT-2 that showed WI costs were 

essentially the same for NG-fired units (assumed same 

pattern holds for steam injection). 

NSTINGTNG NOx 

   

0 365  80 1999 820 100 100 cpton 0.1098 

 

3.5  Applied to small source types (3 to 26.3 MW), 

uncontrolled emissions >365 tpy, 1999 costs for SI 

assumed to be the same as 1990 costs in the 1993 ACT 

based on data in ref CT-2 that showed WI costs were 

essentially the same for NG-fired units (assumed same 

pattern holds for steam injection). 

NSTINGTNG NOx 

   

0 365  80 1999 500 100 100 cpton 0.1098 

 

3.0  Applied to large source types (~80 to 160 MW), 1999 

costs for SI assumed to be the same as 1990 costs in the 

1993 ACT based on data in ref CT-2 that showed WI 

costs were essentially the same for NG-fired units 

(assumed same pattern holds for steam injection). 

NSCRSGTNG NOx 

   

0 0 365 95 1999 2570 100 100 cpton 0.1098 

 

3.3 5550 Applied to small source types (3 to 26 MW), 

uncontrolled emissions <365 tpy. 
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(continued) 

Table B-2. CMDB Table 02_Efficiencies (continued) 
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NSCRSGTNG NOx 

   

0 365  95 1999 1380 100 100 cpton 0.1098 

 

3.1 2870 Applied to small source types (3 to 26.3 MW), 

uncontrolled emissions >365 tpy.  

NSCRSGTNG NOx    0 365  95 1999 570 100 100 cpton 0.1098  2.7 1810 Applied to large source types (~80 to 160 MW) 

NSCRGYNG NOx    0 365  95 2008 1420 100 100 cpton 0.1098  3.9 3170 Applied to large source types (50 to 180 MW) 

NDLNCGTNG NOx    0 0 365 84 1999 300 100 100 cpton 0.1098  5 540 Applied to small source types 

NDLNCGTNG NOx    0 365  84 1999 130 100 100 cpton 0.1098  7.4 140 Applied to large source types 

NSCRDGTNG NOx 

   

0 0 365 94 1999 1800 100 100 cpton 0.1098 

 

2.9 11900 Applied to small source types (3 to 26.3 MW), 

uncontrolled emissions <365 tpy. 

NSCRDGTNG NOx 

   

0 365  94 1999 990 100 100 cpton 0.1098 

 

3.6 6320 Applied to small source types (3 to 26.3 MW), 

uncontrolled emissions >365 tpy.  

NSCRDGTNG NOx    0 365  94 1999 390 100 100 cpton 0.1098  4.2 3340 Applied to large source types (~160 MW) 

NSCRDGTNG NOx 

   

0 365   2007      

 

 18900 Applied to small source types (up to 40 MW, 

uncontrolled emissions <365 tpy) 

NSCRDGTNG NOx 

   

0  365  2007      

 

 7510 Applied to small source types (up to 40 MW, 

uncontrolled emissions >365 tpy) 

NSCRDGTNG NOx 

   

0 365  94 2008 1040 100 100 cpton 0.1098 

 

4.6 5560 Applied to large source types (~50 to 180 MW), 1999 

costs for DLN were estimated based on data in ref CT-

2. Escalated these costs to 2008 dollars using ratio of 

2008 to 1999 CEP cost indexes and added to the 2008 

SCR costs from ref CT-3. 

NEMXDGTNG NOx 

   

  365  1999 2860     

 

 14940 Applied to small source types (<26 MW), uncontrolled 

emissions <365 tpy 

NEMXDGTNG NOx 

   

 365   1999 1720     

 

 10270 Applied to small source types (<26 MW), uncontrolled 

emissions >365 tpy 

NEMXDGTNG NOx 

   

 365   1999 840     

 

 6600 Applied to large source types (170 MW), uncontrolled 

emissions >365 tpy 

NEMXDGTNG NOx    0  365            Applied to small source types 

NEMXDGTNG NOx 

   

0 365  99 2008 2040 100 100 cpton 0.1098 

 

4.1 12370 Applied to large source types (50 to 180 MW); DLN 

costs estimated in 1999 dollars were escalated to 2008 

dollars using the CEPCI, except parts and repair costs 

were assumed to be the same in 2008 as in 1999. 

NCATCGTNG NOx 

   

0  365 98 1999 920 100 100 cpton 0.1098 

 

1.7 4760 Applied to small source types (3 to 26 MW), 

uncontrolled emissions <365 tpy. 

NCATCGTNG NOx 

   

0  365 98 1999 670 100 100 cpton 0.1098 

 

1.2 2580 Applied to small source types (3 to 26 MW), 

uncontrolled emissions >365 tpy. 

NCATCGTNG NOx    0 365  98 1999 370 100 100 cpton 0.1098  0.7 2200 Applied to large source types (~170 MW) 

NWTINGTOL NOx 

   

0 0 365 68 1999 1630 100 100 cpton 0.1098 

 

3.0  Applied to small source types (3 to 26.3 MW), 

uncontrolled emissions <365 tpy, 1999 costs assumed to 

be the same as 1990 costs in the 1993 ACT based on 

data in ref CT-2 that showed the costs were essentially 

the same for NG-fired units. 
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(continued) 

Table B-2. CMDB Table 02_Efficiencies (continued) 
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NWTINGTOL NOx 

   

0 365  68 1999 960 100 100 cpton 0.1098 

 

1.8  Applied to small source types (3 to 26.3 MW), 

uncontrolled emissions >365 tpy, 1999 costs assumed to 

be the same as 1990 costs in the 1993 ACT based on 

data in ref CT-2 that showed the costs were essentially 

the same for NG-fired units. 

NWTINGTOL NOx 

   

0 365  68 1999 650 100 100 cpton 0.1098 

 

1.6  Applied to large source types (~83 MW), uncontrolled 

emissions >365 tpy, 1999 costs assumed to be the same 

as 1990 costs in the 1993 ACT based on data in ref CT-

2 that showed the costs were essentially the same for 

NG-fired units. 

NSCRWGTOL NOx 

   

0 0 365 90 1990 3190 100 100 cpton 0.1098 

 

2.9 7620 Applied to small source types (3 to 26.3 MW), 

uncontrolled emissions <365 tpy. 

NSCRWGTOL NOx 

   

0 365  90 1990 1320 100 100 cpton 0.1098 

 

2.3 2450 Applied to small source types (3 to 26.3 MW), 

uncontrolled emissions >365 tpy.  

NSCRWGTOL NOx 

   

0 365  97 2004 1560 100 100 cpton 0.1098 

 

2.3 4790 Applied to large source types (~83 MW), uncontrolled 

emissions >365 tpy, 1999 costs for WI assumed to be 

the same as 1990 costs in the 1993 ACT based on data 

in ref CT-2 that showed the costs were essentially the 

same for NG-fired units. Escalated these costs to 2004 

dollars using ratio of 2004 to 1999 CEP cost indexes 

and added to the 2004 SCR costs from ref CT-7. 

Control efficiency based on data from analysis for one 

unit (ref CT-7). 

NWTINGTJF NOx 

   

0 0 365 68 1999 1630 100 100 cpton 0.1098 

 

3.0  Applied to small source types (3 to 26.3 MW), 

uncontrolled emissions <365 tpy, costs assumed to be 

the same as for oil-fired turbines. 

NWTINGTJF NOx 

   

0 365  68 1999 960 100 100 cpton 0.1098 

 

1.8  Applied to small source types (3 to 26.3 MW), 

uncontrolled emissions >365 tpy, costs assumed to be 

the same as for oil-fired turbines. 

NWTINGTJF NOx 

   

0 365  68 1999 650 100 100 cpton 0.1098 

 

1.6  Applied to large source types (~83 MW), uncontrolled 

emissions >365 tpy, costs and control efficiency 

assumed to be the same as for oil-fired turbines. 

NSCRWGTJF NOx 

   

0 0 365 90 1990 3190 100 100 cpton 0.1098 

 

2.9 7620 Applied to small source types (3 to 26.3 MW), 

uncontrolled emissions <365 tpy, costs assumed to be 

same as for oil-fired turbines. 

NSCRWGTJF NOx 

   

0 365  90 1990 1320 100 100 cpton 0.1098 

 

2.3 2450 Applied to small source types (3 to 26.3 MW), 

uncontrolled emissions >365 tpy, costs assumed to be 

same as for oil-fired turbines. 

NSCRWGTJF NOx 

   

0 365  97 2004 1560 100 100 cpton 0.1098 

 

2.3 4790 Applied to large source types (~83 MW), uncontrolled 

emissions >365 tpy, costs and control efficiency 

assumed to be same as for oil-fired turbines). 
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Table B-3. CMDB Table 04_Equationsa 

cmabbreviation cmeqntype pollutant costyear var1 var2 var3 var4 var5 var6 var7 var8 var9 var10 

NWTINGTNG Type 2 NOx 1999 27665 0.69 3700.2 0.95 27665 0.69 3700.2 0.95   

NSCRWGTNG Type 2 NOx 1999 62962 0.66 8590 0.87 37193 0.63 12065 0.64   

NSCRWGTNG Type 2 NOx 2007     210883 0.46     

NSCRWGTNG Type “L” NOx 2007       1893.8 185570   

NSCRWGTNG Type 2 NOx 2008 34533 0.85 7236 0.94 10323 0.96 3106 0.94   

NEMXWGTNG Type 2 NOx 2008 200894 0.68 19215 0.86 160409 0.67 20174 0.78   

NSTINGTNG Type 2 NOx 1999 43092 0.66 7282.3 0.76 43092 0.66 7282.3 0.76   

NSCRSGTNG Type 2 NOx 1999 72169 0.66 17551 0.72 37193 0.63 12065 0.64   

NSCRSGTNG Type 2 NOx 2008 46492 0.82 9434.1 0.86 10323 0.96 3106 0.94   

NDLNCGTNG Type 2 NOx 1999   676.37 0.96   676.37 0.96   

NDLNCGTNG Type “L” NOx 1999 2860.6 25427   2860.6 25427     

NSCRDGTNG Type 2 NOx 1999 24854 0.79 12725 0.69 37193 0.63 12065 0.64   

NSCRDGTNG Type 2 NOx 2007 187647 0.54   210883 0.46       

NSCRDGTNG Type “L” NOx 2007   2782 167494     1893.8 185570   

NSCRDGTNG Type 2 NOx 2008 14785 0.97 5250.8 0.9 10323 0.96 3106.1 0.94   

NEMXDGTNG Type 2 NOx 1999 58237 0.78 15004 0.78 65163 0.72 13702 0.76   

NEMXDGTNG Type 2 NOx 2008 129611 0.74 23051 0.78 160409 0.67 20174 0.78   

NCATCGTNG Type 2 NOx 1999 20668 0.57 4254.2 0.82           

NCATCGTNG Type “L” NOx 1999     N/A N/A 743.2 54105   

NWTINGTOL Type 2 NOx 1999 42533 0.6 6776.7 0.8 42533 0.6 6776.7 0.8   

NSCRWGTOL Type 2 NOx 1990 94337 0.63 25914 0.7       

NSCRWGTOL Type “L” NOx 1999     4868.5 349694 1546.1 139203   

aType “L” is a linear equation; variables are the slope and intercept. No incremental TCI for NCATCGTNG relative to DLN because the capital costs for 

catalytic combustion are lower than the capital costs for DLN for all but the smallest turbines. The underlying data for 2008 costs for SCR and EMx are for 

large turbines (50 MW to 180 MW). The underlying data for 2007 costs are for 1 MW to 40 MW turbines. 
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Table B-4. Additional CMDB Table 06 References 

Data Source Description 

CT-1 Bay Area Air Quality Management District, 2010. Preliminary Determination of Compliance. Marsh Landing Generating Station. March 2010. 

Available at: http://www.energy.ca.gov/sitingcases/marshlanding/documents/other/2010-03-24_Bay_Area_AQMD_PDOC.pdf 

CT-2 Onsite Sycom Energy Corporation, 1999. “Cost Analysis of NOx Control Alternatives for Stationary Gas Turbines.” Prepared for U.S. 

Department of Energy. Environmental Programs Chicago Operations Office. November 5, 1999. Available at: 

https://www1.eere.energy.gov/manufacturing/distributedenergy/pdfs/gas_turbines_nox_cost_analysis.pdf 

CT-3 EmeraChem Power, 2008. Attachment in email from Jeff Valmus, EmeraChem Power, to Weyman Lee, BAAQMD. Request for EMx Cost 

Information. September 8, 2008. Available at: 

http://www.baaqmd.gov/~/media/Files/Engineering/Public%20Notices/2010/18404/Footnotes/EMx%20BACT%20economic%20analysis%20f

inal09072008.ashx 

CT-4 CH2MHill, 2002. Walnut Energy Center Application for Certification.” Prepared for California Energy Commission. November 2002. 

Available at: www.energy.ca.gov/sitingcases/turlock/documents/applicant_files/volume_2/App_08.01E_Eval_Control.pdf. 

CT-5 CARB, 2004. California Environmental Protection Agency. Air Resources Board. Report to the Legislature. Gas-Fired Power Plant NOx 

Emission Controls and Related Environmental Impacts. Stationary Source Division. May 2004. Available at: 

http://www.arb.ca.gov/research/apr/reports/l2069.pdf 

CT-6 Resource Dynamics Corporation, 2001. “Assessment of Distributed Generation Technology Applications.” Prepared for Maine Public Utilities 

Commission. February 2001. Available at: http://www.distributed-generation.com/Library/Maine.pdf 

CT-7 Florida Municipal Power Agency, 2004. Chapters 3 and 4 of PSD BACT analysis for Stock Island facility in Key West, Florida. Available at 

http://www.dep.state.fl.us/air/emission/construction/stockisland/BasisofBACT.pdf and 

http://www.dep.state.fl.us/air/emission/construction/stockisland/NOxBACT.pdf  

CT-8 Energy and Environmental Analysis (An ICF International Company), 2008. Technology Characterization: Gas Turbines. Prepared for 

Environmental Protection Agency Climate Protection Partnership Division. December 2008. Available at: 

http://www.epa.gov/chp/documents/catalog_chptech_gas_turbines.pdf 
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APPENDIX C 

GLASS MANUFACTURING 

Copies of database tables showing all records for glass manufacturing controls, 

highlighting revisions. 
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Table C-1. CMDB Table 01 Summary 

cmname cmabbreviation 

pechanm

eascode 

major

poll controltechnology sourcegroup Sector Class equiplife 

neidevic

ecode 

daterevi

ewed datasource 

Month

s Description 

Cullet Preheat; Glass 

Manufacturing—Container 

NCLPTGMCN N0302 NOx Cullet Preheat Glass Manufacturing—

Container 

ptnonipm Emerging 10  2013 72|175|182|

GM-1 

  

Cullet Preheat; Glass 

Manufacturing—Pressed 

NCUPHGMPD N0322 NOx Cullet Preheat Glass Manufacturing—

Pressed 

ptnonipm Emerging 10  2013 72|175|182|

GM-1 

  

OXY-Firing; Glass 

Manufacturing—General 

NDOXYFGMG N/A NOx OXY-Firing Glass Manufacturing—

General 

ptnonipm Emerging 10   167   

Electric Boost; Glass 

Manufacturing—General 

NELBOGMGN N0301 NOx Electric Boost Glass Manufacturing—

Container 

ptnonipm Known 10  2013 GM-1   

Electric Boost; Glass 

Manufacturing—Container 

NELBOGMCN N0301 NOx Electric Boost Glass Manufacturing—

Container 

ptnonipm Known 10  2006 72|175|182   

Electric Boost; Glass 

Manufacturing—Flat 

NELBOGMFT N0311 NOx Electric Boost Glass Manufacturing—

Flat 

ptnonipm Known 10  2006 72|175|182   

Electric Boost; Glass 

Manufacturing—Pressed 

NELBOGMPD N0321 NOx Electric Boost Glass Manufacturing—

Pressed 

ptnonipm Known 10  2006 72|175|182   

Low NOx Burner; Glass 

Manufacturing—Container 

NLNBUGMCN N0303 NOx Low NOx Burner Glass Manufacturing—

Container 

ptnonipm Known 10 204|205 2013 72|175|179|

182|GM-2 

  

Low NOx Burner; Glass 

Manufacturing—Flat 

NLNBUGMFT N0312 NOx Low NOx Burner Glass Manufacturing—

Flat 

ptnonipm Known 10 204|205 2013 72|175|179|

182|GM-2 

  

Low NOx Burner; Glass 

Manufacturing—Pressed 

NLNBUGMPD N0323 NOx Low NOx Burner Glass Manufacturing—

Pressed 

ptnonipm Known 10 204|205 2006 175|179|18

2 

  

OXY-Firing; Glass 

Manufacturing—General 

NOXYFGMGN N0306 NOx OXY-Firing Glass Manufacturing—

Container 

ptnonipm Known 10  2013 GM-1   

OXY-Firing; Glass 

Manufacturing—Container 

NOXYFGMCN N0306 NOx OXY-Firing Glass Manufacturing—

Container 

ptnonipm Known 10  2006 72   

OXY-Firing; Glass 

Manufacturing—Flat 

NOXYFGMFT N0315 NOx OXY-Firing Glass Manufacturing—

Flat 

ptnonipm Known 10  2006 72   

OXY-Firing; Glass 

Manufacturing—Pressed 

NOXYFGMPD N0326 NOx OXY-Firing Glass Manufacturing—

Pressed 

ptnonipm Known 10  2006 72   

Selective Catalytic Reduction; 

Glass Manufacturing—Container 

NSCRGMCN N03403 NOx Selective Catalytic 

Reduction 

Glass Manufacturing—

Container 

ptnonipm Known 10 139 2013 72|172|175|

179|182|22

4|GM-2 

  

Selective Catalytic Reduction; 

Glass Manufacturing—Flat 

NSCRGMFT N0314 NOx Selective Catalytic 

Reduction 

Glass Manufacturing—

Flat 

ptnonipm Known 10 139 2013 72|172|175|

179|182|18

6|224|GM-2 

  

Selective Catalytic Reduction; 

Glass Manufacturing—Pressed 

NSCRGMPD N0325 NOx Selective Catalytic 

Reduction 

Glass Manufacturing—

Pressed 

ptnonipm Known 10 139 2006 72|172|175|

179|182|18

6|224 

  

Catalytic Ceramic Filter; Glass 

Manufacturing—Flat 

CATCFGMFT  NOx Catalytic Ceramic 

Filter 

Glass Manufacturing—

Flat 

ptnonipm Known 20  2013 GM-3   
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Table C-1. CMDB Table 01 Summary—Description Field 

cmabbreviation description 

NCLPTGMCN Application: This control is the use of cullet preheat technologies to reduce NOx emissions from glass manufacturing operations.  

 

This control is applicable to container glass manufacturing operations classified under 305010402. 

NCUPHGMPD Application: This control is the use of cullet preheat technologies to reduce NOx emissions from glass manufacturing operations.  

 

This control is applicable to pressed glass manufacturing operations classified under 305010404. 

NDOXYFGMG Application: This control is the use of OXY-firing in glass manufacturing furnaces to reduce NOx emissions. Oxygen enrichment refers to the substitution of oxygen for nitrogen in the combustion air used 

to burn the fuel in a glass furnace. Oxygen enrichment above 90 percent is sometimes called “oxy-firing.” 

 

Discussion: The basic rationale for oxy-firing is improved efficiency, i.e., more of the theoretical heat of combustion is transferred to the glass melt and is not lost in the flue gas. Many other combustion 

modification techniques (e.g., flue gas recirculation, staged combustion, and low excess air combustion) reduce NOx formation but also reduce the combustion efficiency. Oxy-firing was originally 

developed to improve the combustion efficiency primarily by eliminating the sensible heat lost in heating the nitrogen present in air, which is then lost in the flue gas. 

NELBOGMGN Application: This control is the use of electric boost technologies to reduce NOx emissions from glass manufacturing operations.  

 

This control applies to general glass manufacturing operations classified under SCC 30501401. 

NELBOGMCN Application: This control is the use of electric boost technologies to reduce NOx emissions from glass manufacturing operations.  

 

This control applies to container glass manufacturing operations classified under SCC 30501402. 

 

Discussion: The 250 tons per day plant is assumed to be representative of container glass plants (Pechan, 1998). 

NELBOGMFT Application: This control is the use of electric boost technologies to reduce NOx emissions from glass manufacturing operations.  

 

This control applies to flat glass manufacturing operations classified under SCC 30501403. 

 

Discussion: The 500 tons per day plant is assumed to be representative of flat glass plants (Pechan, 1998). 

NELBOGMPD Application: This control is the use of electric boost technologies to reduce NOx emissions from glass manufacturing operations.  

 

This control applies to pressed glass manufacturing operations classified under SCC 30501403. 

 

Discussion: The 50 tons per day plant is assumed to be representative of pressed glass plants (Pechan, 1998). 

NLNBUGMCN Application: This control is the use of low NOx burner (LNB) technology to reduce NOx emissions. LNBs reduce the amount of NOx created from reaction between fuel nitrogen and oxygen by lowering 

the temperature of one combustion zone and reducing the amount of oxygen available in another. 

 

This control is applicable to container glass manufacturing operations classified under 305010402 with uncontrolled NOx emissions greater than 10 tons per year. 

 

Discussion: The 250 tons per day plant is assumed to be representative of container glass plants (Pechan, 1998). 

 

LNBs are designed to “stage” combustion so that two combustion zones are created, one fuel-rich combustion and one at a lower temperature. Staging techniques are usually used by LNB to supply excess 

air to cool the combustion process or to reduce available oxygen in the flame zone. Staged-air LNBs create a fuel-rich reducing primary combustion zone and a fuel-lean secondary combustion zone. 

Staged-fuel LNBs create a lean combustion zone that is relatively cool due to the presence of excess air, which acts as a heat sink to lower combustion temperatures (EPA, 2002). 

NLNBUGMFT Application: This control is the use of low NOx burner (LNB) technology to reduce NOx emissions. LNBs reduce the amount of NOx created from reaction between fuel nitrogen and oxygen by lowering 

the temperature of one combustion zone and reducing the amount of oxygen available in another. 

 

This control is applicable to flat glass manufacturing operations classified under 305010404 with uncontrolled NOx emissions greater than 10 tons per year. 

 

Discussion: The 500 tons per day plant is assumed to be representative of flat glass plants (Pechan, 1998). 

 

LNBs are designed to “stage” combustion so that two combustion zones are created, one fuel-rich combustion and one at a lower temperature. Staging techniques are usually used by LNB to supply excess 

air to cool the combustion process or to reduce available oxygen in the flame zone. Staged-air LNBs create a fuel-rich reducing primary combustion zone and a fuel-lean secondary combustion zone. 

Staged-fuel LNBs create a lean combustion zone that is relatively cool due to the presence of excess air, which acts as a heat sink to lower combustion temperatures (EPA, 2002). 

(continued) 
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Table C-1. CMDB Table 01 Summary—Description Field (continued) 

cmabbreviation description 

NLNBUGMPD 
Application: This control is the use of low NOx burner (LNB) technology to reduce NOx emissions. LNBs reduce the amount of NOx created from reaction between fuel nitrogen and oxygen by lowering 

the temperature of one combustion zone and reducing the amo 

NOXYFGMGN 

Application: This control is the use of OXY-firing in flat glass manufacturing furnaces to reduce NOx emissions. Oxygen enrichment refers to the substitution of oxygen for nitrogen in the combustion air 

used to burn the fuel in a glass furnace. Oxygen enrichment above 90 percent is sometimes called “oxy-firing.”  

 

This control applies to general manufacturing operations. This control applies to general glass manufacturing operations classified under SCC 30501401. 

 

Discussion: The basic rationale for oxy-firing is improved efficiency, i.e., more of the theoretical heat of combustion is transferred to the glass melt and is not lost in the flue gas. Many other combustion 

modification techniques (e.g., flue gas recirculation, staged combustion, and low excess air combustion) reduce NOx formation but also reduce the combustion efficiency. Oxy-firing was originally 

developed to improve the combustion efficiency primarily by eliminating the sensible heat lost in heating the nitrogen present in air, which is then lost in the flue gas.  

NOXYFGMCN 

Application: This control is the use of OXY-firing in container glass manufacturing furnaces to reduce NOx emissions. Oxygen enrichment refers to the substitution of oxygen for nitrogen in the 

combustion air used to burn the fuel in a glass furnace. Oxygen enrichment above 90 percent is sometimes called “oxy-firing.”  

 

Discussion: The basic rationale for oxy-firing is improved efficiency, i.e., more of the theoretical heat of combustion is transferred to the glass melt and is not lost in the flue gas. Many other combustion 

modification techniques (e.g., flue gas recirculation, staged combustion, and low excess air combustion) reduce NOx formation but also reduce the combustion efficiency. Oxy-firing was originally 

developed to improve the combustion efficiency primarily by eliminating the sensible heat lost in heating the nitrogen present in air, which is then lost in the flue gas. 

NOXYFGMFT 

Application: This control is the use of OXY-firing in flat glass manufacturing furnaces to reduce NOx emissions. Oxygen enrichment refers to the substitution of oxygen for nitrogen in the combustion air 

used to burn the fuel in a glass furnace. Oxygen enrichment above 90 percent is sometimes called “oxy-firing.”  

 

This control applies to flat-glass manufacturing operations with uncontrolled NOx emissions greater than 10 tons per year. 

 

Discussion: The basic rationale for oxy-firing is improved efficiency, i.e., more of the theoretical heat of combustion is transferred to the glass melt and is not lost in the flue gas. Many other combustion 

modification techniques (e.g., flue gas recirculation, staged combustion, and low excess air combustion) reduce NOx formation but also reduce the combustion efficiency. Oxy-firing was originally 

developed to improve the combustion efficiency primarily by eliminating the sensible heat lost in heating the nitrogen present in air, which is then lost in the flue gas. 

NOXYFGMPD 

Application: This control is the use of OXY-firing in pressed glass manufacturing furnaces to reduce NOx emissions. Oxygen enrichment refers to the substitution of oxygen for nitrogen in the combustion 

air used to burn the fuel in a glass furnace. Oxygen enrichment above 90 percent is sometimes called “oxy-firing.” 

 

Discussion: The basic rationale for oxy-firing is improved efficiency, i.e., more of the theoretical heat of combustion is transferred to the glass melt and is not lost in the flue gas. Many other combustion 

modification techniques (e.g., flue gas recirculation, staged combustion, and low excess air combustion) reduce NOx formation but also reduce the combustion efficiency. Oxy-firing was originally 

developed to improve the combustion efficiency primarily by eliminating the sensible heat lost in heating the nitrogen present in air, which is then lost in the flue gas. 

(continued) 
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Table C-1. CMDB Table 01 Summary—Description Field (continued) 

cmabbreviation description 

NSCRGMCN Application: This control is the selective catalytic reduction of NOx through add-on controls. SCR controls are post-combustion control technologies based on the chemical reduction of nitrogen oxides 

(NOx) into molecular nitrogen (N2) and water vapor (H2O). The SCR utilizes a catalyst to increase the NOx removal efficiency, which allows the process to occur at lower temperatures. 

 

Applies to glass-container manufacturing processes, classified under SCC 30501402 and uncontrolled NOx emissions greater than 10 tons per year. 

 

Discussion: Selective Catalytic Reduction (SCR) has been widely applied to stationary source, fossil fuel-fired, combustion units for emission control since the early 1970s. SCR is typically implemented 

on units requiring a higher level of NOx control than achievable by SNCR or other combustion controls (EPA, 2002). 

 

Like SNCR, SCR is based on the chemical reduction of the NOx molecule. The primary difference between SNCR and SCR is that SCR uses a metal-based catalyst to increase the rate of reaction (EPA, 

2002). A nitrogen based reducing reagent, such as ammonia or urea, is injected into the flue gas. The reagent reacts selectively with the flue gas NOx within a specific temperature range and in the presence 

of the catalyst and oxygen to reduce the NOx.  

 

The use of a catalyst results in two advantages of the SCR process over SNCR, the higher NOx reduction efficiency and the lower and broader temperature ranges. However, the decrease in reaction 

temperature and increase in efficiency is accompanied by a significant increase in capital and operating costs (EPA, 2002). The cost increase is due to the large amount of catalyst required. 

 

The SCR system can utilize either aqueous or anhydrous ammonia as the reagent. Anhydrous ammonia is a gas at atmospheric pressure and normal temperatures. There are safety issues with the use of 

anhydrous ammonia, as it must be transported and stored under pressure (EPA, 2002). Aqueous ammonia is generally transported and stored at a concentration of 29.4% ammonia in water. 

 

Today, catalyst formulations include single component, multi-component, or active phase with a support structure. Most catalyst formulations contain additional compounds or sup-ports, providing thermal 

and structural stability or to increase surface area (EPA, 2002).  

 

The rate of reaction determines the amount of NOx removed from the flue gas. The important design and operational factors that affect the rate of reduction include: reaction temperature range; residence 

time available in the optimum temperature range; degree of mixing between the injected reagent and the combustion gases; uncontrolled NOx concentration level; molar ratio of injected reagent to 

uncontrolled NOx; ammonia slip; catalyst activity; catalyst selectivity; pressure drop across the catalyst; catalyst pitch; catalyst deactivation; and catalyst management (EPA, 2001). 

NSCRGMFT Application: This control is the selective catalytic reduction of NOx through add-on controls. SCR controls are post-combustion control technologies based on the chemical reduction of nitrogen oxides 

(NOx) into molecular nitrogen (N2) and water vapor (H2O). The SCR utilizes a catalyst to increase the NOx removal efficiency, which allows the process to occur at lower temperatures. 

 

Applies to large(>1 ton NOx per OSD) flat-glass manufacturing operations (SCC 30501403) with uncontrolled NOx emissions greater than 10 tons per year. 

 

Discussion: Selective Catalytic Reduction (SCR) has been widely applied to stationary source, fossil fuel-fired, combustion units for emission control since the early 1970s. SCR is typically implemented 

on units requiring a higher level of NOx control than achievable by SNCR or other combustion controls (EPA, 2002). 

 

Like SNCR, SCR is based on the chemical reduction of the NOx molecule. The primary difference between SNCR and SCR is that SCR uses a metal-based catalyst to increase the rate of reaction (EPA, 

2002). A nitrogen based reducing reagent, such as ammonia or urea, is injected into the flue gas. The reagent reacts selectively with the flue gas NOx within a specific temperature range and in the presence 

of the catalyst and oxygen to reduce the NOx.  

 

The use of a catalyst results in two advantages of the SCR process over SNCR, the higher NOx reduction efficiency and the lower and broader temperature ranges. However, the decrease in reaction 

temperature and increase in efficiency is accompanied by a significant increase in capital and operating costs (EPA, 2002). The cost increase is due to the large amount of catalyst required. 

 

The SCR system can utilize either aqueous or anhydrous ammonia as the reagent. Anhydrous ammonia is a gas at atmospheric pressure and normal temperatures. There are safety issues with the use of 

anhydrous ammonia, as it must be transported and stored under pressure (EPA, 2002). Aqueous ammonia is generally transported and stored at a concentration of 29.4% ammonia in water. 

 

Today, catalyst formulations include single component, multi-component, or active phase with a support structure. Most catalyst formulations contain additional compounds or sup-ports, providing thermal 

and structural stability or to increase surface area (EPA, 2002).  

 

The rate of reaction determines the amount of NOx removed from the flue gas. The important design and operational factors that affect the rate of reduction include: reaction temperature range; residence 

time available in the optimum temperature range; degree of mixing between the injected reagent and the combustion gases; uncontrolled NOx concentration level; molar ratio of injected reagent to 

uncontrolled NOx; ammonia slip; catalyst activity; catalyst selectivity; pressure drop across the catalyst; catalyst pitch; catalyst deactivation; and catalyst management (EPA, 2001). 

(continued) 
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Table C-1. CMDB Table 01 Summary—Description Field (continued) 

cmabbreviation description 

NSCRGMPD Application: This control is the selective catalytic reduction of NOx through add-on controls. SCR controls are post-combustion control technologies based on the chemical reduction of nitrogen oxides 

(NOx) into molecular nitrogen (N2) and water vapor (H2O). The SCR utilizes a catalyst to increase the NOx removal efficiency, which allows the process to occur at lower temperatures. 

 

Applies to pressed-glass manufacturing operations, classified under SCC 30101404 and uncontrolled NOx emissions greater than 10 tons per year. 

 

Discussion: Selective Catalytic Reduction (SCR) has been widely applied to stationary source, fossil fuel-fired, combustion units for emission control since the early 1970s. SCR is typically implemented 

on units requiring a higher level of NOx control than achievable by SNCR or other combustion controls (EPA, 2002). 

 

Like SNCR, SCR is based on the chemical reduction of the NOx molecule. The primary difference between SNCR and SCR is that SCR uses a metal-based catalyst to increase the rate of reaction (EPA, 

2002). A nitrogen based reducing reagent, such as ammonia or urea, is injected into the flue gas. The reagent reacts selectively with the flue gas NOx within a specific temperature range and in the presence 

of the catalyst and oxygen to reduce the NOx.  

 

The use of a catalyst results in two advantages of the SCR process over SNCR, the higher NOx reduction efficiency and the lower and broader temperature ranges. However, the decrease in reaction 

temperature and increase in efficiency is accompanied by a significant increase in capital and operating costs (EPA, 2002). The cost increase is due to the large amount of catalyst required. 

 

The SCR system can utilize either aqueous or anhydrous ammonia as the reagent. Anhydrous ammonia is a gas at atmospheric pressure and normal temperatures. There are safety issues with the use of 

anhydrous ammonia, as it must be transported and stored under pressure (EPA, 2002). Aqueous ammonia is generally transported and stored at a concentration of 29.4% ammonia in water. 

 

Today, catalyst formulations include single component, multi-component, or active phase with a support structure. Most catalyst formulations contain additional compounds or sup-ports, providing thermal 

and structural stability or to increase surface area (EPA, 2002).  

 

The rate of reaction determines the amount of NOx removed from the flue gas. The important design and operational factors that affect the rate of reduction include: reaction temperature range; residence 

time available in the optimum temperature range; degree of mixing between the injected reagent and the combustion gases; uncontrolled NOx concentration level; molar ratio of injected reagent to 

uncontrolled NOx; ammonia slip; catalyst activity; catalyst selectivity; pressure drop across the catalyst; catalyst pitch; catalyst deactivation; and catalyst management (EPA, 2001). 

CATCFGMFT Application: Filter tubes have nanobits of proprietary catalyst are embedded throughout the filter walls. The system can achieve excellent NOx removal using liquid ammonia that is injected upstream of the 

filters, reacting with NOx at the catalyst to form nitrogen gas and water vapor. 

This control applies to general glass manufacturing operations classified under SCC 30501403 
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Table C-2. CMDB Table 02 Efficiencies 

cmabbreviatio

n 

polluta

nt 

loca

le 

Effec

tive 

Date 

existing

measure

abbr 

neiexistingd

evcode 

minemissi

ons 

maxemissi

ons 

controleffi

ciency 

costyea

r costperton ruleeff rulepen 

equation

type 

caprecfact

or 

discou

ntrate 

capannr

atio 

incremen

talcpt details 

NCLPTGMCN NOx    0 365 0 5 2002 5000 100 100 cpton 0.1424  4.5  Applied to large source types 

NCLPTGMCN NOx    0 0 365 5 2002 5000 100 100 cpton 0.1424  4.5  Applied to small source types 

NCUPHGMPD NOx    0 365  5 2002 5000 100 100 cpton 0.1424  4.5  Applied to large source types 

NCUPHGMPD NOx    0 0 365 5 2002 5000 100 100 cpton 0.1424  4.5  Applied to small source types 

NELBOGMCN NOx    0 365  10 1990 7150 100 100 cpton 0.1424  0  Applied to large source types 

NELBOGMCN NOx    0 0 365 10 1990 7150 100 100 cpton 0.1424  0  Applied to small source types 

NELBOGMFT NOx    0 365  10 1990 2320 100 100 cpton 0.1424  0  Applied to large source types 

NELBOGMFT NOx    0 0 365 10 1990 2320 100 100 cpton 0.1424  0  Applied to small source types 

NELBOGMPD NOx    0 365  10 1990 8760 100 100 cpton 0.1424  0  Applied to large source types 

NELBOGMPD NOx    0 0 365 10 1990 2320 100 100 cpton 0.1424  0 8760 Applied to small source types 

NELBOGMGN      0 365 0 30 2002 7100 100 100 cpton 0.1424  0  Applied to large source types 

NELBOGMGN      0 0 365 30 2002 7100 100 100 cpton 0.1424  0  Applied to small source types 

NLNBUGMCN NOx    0 365  40 2007 1072 100 100 cpton 0.14  4.3 1690 Applied to large source types 

NLNBUGMCN NOx    0 0 365 40 2007 1365 100 100 cpton 0.14  4.2 1690 Applied to small source types 

NLNBUGMFT NOx    0 0 365 40 2007 574 100 100 cpton 0.14  4.2  Applied to small source types 

NLNBUGMFT NOx    0 365  40 2007 447 100 100 cpton 0.14  4.3  Applied to large source types 

NLNBUGMPD NOx    0 365  40 1990 1500 100 100 cpton 0.1424  2.2  Applied to large source types 

NLNBUGMPD NOx    0 0 365 40 1990 1500 100 100 cpton 0.1424  2.2  Applied to small source types 

NOxYFGMCN NOx    0 0 365 85 1990 4590 100 100 cpton 0.1424  2.7  Applied to small source types 

NOxYFGMCN NOx    0 365  85 1990 4590 100 100 cpton 0.1424  2.7  Applied to large source types 

NOxYFGMFT NOx    0 365  85 1990 1900 100 100 cpton 0.1424  2.7  Applied to large source types 

NOxYFGMFT NOx    0 0 365 85 1990 1900 100 100 cpton 0.1424  2.7  Applied to small source types 

NDOXYFGMG NOx    0   85 1999 4277 100 100 cpton       

NOxYFGMPD NOx    0 0 365 85 1990 3900 100 100 cpton 0.1424  2.7  Applied to small source types 

NOxYFGMPD NOx    0 365  85 1990 3900 100 100 cpton 0.1424  2.7  Applied to large source types 

NOxYFGMGN       365 0 85 2002 2353 100 100 cpton 0.1424  2.7  Applied to large source types 

NOxYFGMGN       0 365 85 2002 2353 100 100 cpton 0.1424  2.7  Applied to small source types 

NSCRGMCN NOx    0 365 0 75 2007 1684 100 100 cpton 0.1424  4.2  Applied to large source types 

NSCRGMCN NOx    0 0 365 75 2007 2169 100 100 cpton 0.1424  4.5  Applied to small source types 

NSCRGMFT NOx    0 365 0 75 2007 855 100 100 cpton 0.1424  3.7 710 Applied to large source types 

NSCRGMFT NOx    0 0 365 75 2007 957 100 100 cpton 0.1424  3.4  Applied to small source types 

(continued) 
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Table C-2. CMDB Table 02 Efficiencies (continued) 

cmabbreviatio

n 

polluta

nt 

loca

le 

Effec

tive 

Date 

existing

measure

abbr 

neiexistingd

evcode 

minemissi

ons 

maxemissi

ons 

controleffi

ciency 

costyea

r costperton ruleeff rulepen 

equation

type 

caprecfact

or 

discou

ntrate 

capannr

atio 

incremen

talcpt details 

NSCRGMPD NOx    0 365  75 1990 2530 100 100 cpton 0.1424  1.3  Applied to large source types 

NSCRGMPD NOx    0 0 365 75 1990 2530 100 100 cpton 0.1424  1.3  Applied to small source types 

CATCFGMFT NOx    0 365 0 95 2013 997 100 100 cpton 0.05  4.6  Applied to large source types 

CATCFGMFT NOx    0 0 365 95 2013 1045 100 100 cpton 0.05  4.6  Applied to small source types 
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Table C-3. CMDB Table 06 References (New) 

Data Source Description 

GM-1 Oxygen Enriched Air Staging a Cost-effective Method For Reducing NOx Emissions. Industrial Technologies. April 2002. Available at: 

http://www1.eere.energy.gov/manufacturing/resources/glass/pdfs/airstaging.pdf  

GM-2 Best Available Techniques (BAT) Reference Document for the Manufacture of Glass. European Commission 2013. Available at: 

http://eippcb.jrc.ec.europa.eu/reference/BREF/GLS_Adopted_03_2012.pdf  

GM-3 Confidential Vendor Quote 

 

Table C-4. CMDB Table 04_Equationsa 

cmabbreviation cmeqntype pollutant costyear var1 var2 var3 var4 var5 var6 var7 var8 var9 var10 

NLNBUGMCN Type 2 NOx 2008 30,930 0.45 9,377 0.40       

NLNBUGMFT Type “L” NOx 2008 527 664,557 132 150,105       

NSCRGMCN Type 2 NOx 2008 79,415 0.51         

NSCRGMCN Type “L” NOx 2008   643 135,302       

NSCRGMFT Type “L” NOx 2008 3,681 1,000,000 842 424,930       

aType “L” is a linear equation; variables are the slope and intercept. 

 

http://www1.eere.energy.gov/manufacturing/resources/glass/pdfs/airstaging.pdf
http://eippcb.jrc.ec.europa.eu/reference/BREF/GLS_Adopted_03_2012.pdf
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APPENDIX D 

LEAN BURN ENGINES 

Copies of the database tables for showing all records for Lean Burn Engine NOx controls 

are provided: 

– Table D-01_Summary 

– Table D-02_Efficiencies 

– Table D-03_SCCs 

– Table D-04_Equations 

– Table D-06_References 
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Table D-01_Summary 

cmname cmabbreviation 

pechanme

ascode 

majorp

oll 

controltechn

ology 

sourcegr

oup sector class equiplife 

neid

evic

eco

de 

datereviewe

d 

datasour

ce months description 

Low 

Emission 

Combustion; 

Lean Burn 

ICE—NG 

NLECICENG   NOx Low 

Emission 

Combustion 

Lean 

Burn 

ICE—

NG 

PTNONIPM Known 10   9/15/2013 ABCD3   Low Emission Combustion includes Precombustion 

chamber head and related equipment on a Lean Burn 

engine. 

Layered 

Combustion; 

Lean Burn 

ICE 2 

stroke—NG 

NLCICE2SNG   NOx Layered 

Combustion 

Lean 

Burn 

ICE—

NG 

PTNONIPM Known 10   9/15/2013 ABCD1   Layered combustion—2 stroke, Lean Burn, NG (Air 

Supply; Fuel Supply; Ignition; Electronic Controls; 

Engine Monitoring). Evaluation for 3 most representative 

made/models of 2 stroke LB compressor engines. All 

retrofit combustion-related controls may not be available 

for all manufacturers and models of 2-stroke lean burn 

engines. Actual NOx emission rates would be engine 

design specific. Efficiency achieved may range from 60 

to 90%, depending on the make/model of engine 

(approximate range of NOx emissions of 3.0 to 0.5 

g/bhp-hr). 

Layered 

Combustion; 

Lean Burn 

ICE 2 stroke 

Large 

Bore—NG 

NLCICE2SLBNG   NOx Layered 

Combustion 

Lean 

Burn 

ICE—

NG 

PTNONIPM Known 10   9/15/2013 ABCD1   Layered combustion—for Large Bore, 2 stroke, Lean 

Burn, Slow Speed (High Pressure Fuel Injection achieves 

90% reduction; Turbocharging achieves 75% reduction; 

Precombustion chambers achieves 90% reduction; 

Cylinder Head Modifications). All retrofit combustion-

related controls may not be available for all 

manufacturers and models of 2-stroke lean burn engines. 

Actual NOx emission rates would be engine design 

specific. Efficiency achieved may range from 60 to 90%, 

depending on the make/model of engine (approximate 

range of NOx emissions of 3.0 to 0.5 g/bhp-hr). 

Air to Fuel 

Ratio 

Controller; 

Lean Burn 

ICE—NG 

NAFRCICENG   NOx Air to Fuel 

Ratio 

Controller 

Lean 

Burn 

ICE—

NG 

PTNONIPM Known 10   12/5/2012 ABCD3     

Selective 

Catalytic 

Reduction; 

Lean Burn 

ICE 4 

Stroke—NG 

NSCRICE4SNG   NOx Selective 

Catalytic 

Reduction 

Lean 

Burn 

ICE—

NG 

PTNONIPM Known 10   9/15/2013 ABCD1| 

ABCD2| 

ABCD3 

  SCR can be used on Lean Burn, NG engines. Assumed 

SCR can meet NOx emissions of 0.89 g/bh-hr. This is a 

Known technology, however there is indication that 

applicability is engine/unit specific. 

Selective 

Catalytic 

Reduction; 

ICE—Diesel 

NSCRICEDS   NOx Selective 

Catalytic 

Reduction 

ICE—

Diesel 

PTNONIPM Known 7   9/15/2013 ABCD4   SCR can be used on Diesel engines.  
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Table D-02_Efficiencies 

cmabbreviation 

polluta

nt 

local

e 

Effec

tive 

Date 

existing

measur

eabbr 

neiexi

stingd

evcod

e 

mine

missio

ns 

maxemis

sions 

controle

fficiency costyear costperton ruleeff 

rulepe

n 

equation

type 

caprecfac

tor 

discount

rate 

capann

ratio 

increme

ntalcpt details 

NLECICENG NOx NA NA NA NA 0 365 80 2001 1,000 100 100 cpton 0.1424 7 7.025 NA   

NLCICE2SNG NOx NA NA NA NA 0 365 97 2009 4,900 100 100 cpton 0.1424 7 7.024 NA   

NLCICE2SLBNG NOx NA NA NA NA 365 0 97 2010 1,500 100 100 cpton 0.1424 7 7.024 NA Apply to large 

source types. 

Assumed Interest 

Rate of 7 percent 
(not provided in 

documentation) 

to calculate 
annual costs. 

NLCICE2SLBNG NOx NA NA NA NA 0 365 97 2010 38,000 100 100 cpton 0.1424 7 7.024 NA Apply to small 

source types. 

NAFRCICENG NOx NA NA NA NA 0 365 80 2001 200 100 100 cpton 0.1424 7 7.023 NA   

NSCRICE4SNG NOx NA NA NA NA 0 365 96 2001 2,900 100 100 cpton 0.1424 7 1.401 NA   

NSCRICEDS NOx NA NA NA NA 0 365 90 2005 9,300 100 100 cpton 0.1098 7 2.45 NA   
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Table D-03_SCCs 

cmabbreviation Source Classification Code Status 

NLECICENG 20200252   

NLECICENG 20200254   

NLECICENG 20200255   

NLECICENG 20200256   

NLCICE2SNG 20200252   

NLCICE2SNG 20200254   

NLCICE2SNG 20200255   

NLCICE2SNG 20200256   

NLCICE2SLBNG 20200252   

NLCICE2SLBNG 20200254   

NLCICE2SLBNG 20200255   

NLCICE2SLBNG 20200256   

NLCICE2SLBNG 20200401   

NLCICE2SLBNG 20200402   

NLCICE2SLBNG 20200403   

NAFRCICENG 20200252   

NAFRCICENG 20200254   

NAFRCICENG 20200255   

NAFRCICENG 20200256   

NSCRICE4SNG 20200252   

NSCRICE4SNG 20200254   

NSCRICE4SNG 20200255   

NSCRICE4SNG 20200256   

NSCRICEDS 20200102   

NSCRICEDS 20200107   
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Table D-04_Equations 

cmabbreviation cmeqntype pollutant costyear var1 var2 var3 var4 var5 var6 var7 var8 var9 var10 

NSCRICE4SNG linear capital and annual NOx 2001 107.1 27186 83.64 14718       

NLECICENG capital and annual NOx 2001 16019 0.0016 2280.8 0.0016       

NAFRCICENG linear capital and annual NOx 2001 1.0337 4354.5 0.1852 619.99       

 

Table D-06 References 

Data Source Description 

ABCD1 OTC 2012. Technical Information Oil and Gas Sector, Significant Stationary Sources of NOx Emissions. Final. October 17, 2012. 

ABCD2 SJVAPCD 2003. RULE 4702—Internal Combustion Engines—Phase 2. Appendix B, Cost Effectiveness Analysis for Rule 4702 

(Internal Combustion Engines—Phase 2). San Joaquin Valley Air Pollution Control District. July 17, 2003. 

www.arb.ca.gov/pm/pmmeasures/ceffect/rules/sjvapcd_4702.pdf  

ABCD3 CARB 2001. Determination of Reasonably Available Control Technology and Best Available Retrofit Control Technology for 

Stationary Spark-Ignited Internal Combustion Engines. California Environmental Protection Agency, Air Resources Board, Stationary 

Source Division, Emissions Assessment Branch, Process Evaluation Section. November 2001. 

ABCD4 EPA 2010. Alternative Control Techniques Document: Stationary Diesel Engines. March 5, 2010. 

 

http://www.arb.ca.gov/pm/pmmeasures/ceffect/rules/sjvapcd_4702.pdf
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APPENDIX E 

NOTES PROVIDED HERE TO EPA QUESTIONS ON LEAN BURN RICE  
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EPA Question 1: What is the applicability of SCR to RICE, especially Lean Burn? 

Notes for Question 1 

In addition to the two documents cited in Section 5 of the report with costs for selective 

catalytic reduction (SCR) for Lean Burn (LB) engines, there are several other references that 

indicate SCR is feasible for LB engines and several that provide input on technical issues related 

to SCR use for LB engines. In summary, from the references reviewed, SCR seems to be 

technically feasible in most instances for LB engines, however, SCR application may not be 

feasible in all cases due to technical issues at individual sites and individual engines. In addition, 

SCR costs are higher relative to other NOx control techniques for LB engines. See more detailed 

discussion below. 

SCR can be applied to LB engines, achieving greater than 90 percent NOx reductions 

(Table 4 on p. 6 provides a slightly different value, greater than 95 percent). The costs [assumed 

this referred to capital costs] ranged from $50/hp to $125/hp. No annual operating costs were 

provided. In discussions on p. 8 regarding “catalysts on IC engines” in general (including NSCR, 

SCR, oxidation, and Lean-NOx), it is noted that “Thousands of stationary IC engine catalyst 

applications have been effectively used for stationary IC engine gaseous emission control for 

five years or more. Some installations, however, do experience performance loss over time,” 

however the text goes on to explain remedies for catalyst poisoning issues. Costs [capital] for 

SCR, LB ranged from $50 to $125/hp (no cost year provided). (MECA 1997) 

The literature suggests that SCR is technically feasible for LB engines but there are 

problems that make SCR installation questionable. Two stroke (2S) LB engines are sensitive to 

changes in exhaust pressure, which could be problematic for retrofit of SCR on existing engines, 

but can be alleviated with proper design and sizing of airflow and exhaust components. This 

reference cited a presentation that indicated the following issues with SCR: applying SCR to 

pipeline engines is not feasible because the exhaust temperatures (T) are below the operating 

window for SCR or where SCR effectiveness is reduced; SCR installations are at unmanned 

facilities; and SCR has not been demonstrated for variable loads. However, the OTC 2012 

reference responded to each of these issues, stating that there are several manufacturers and 

suppliers that offer SCR systems that indicate their catalysts are capable of effectively operating 

over a wide range of exhaust gas T; modern software based controls and SCADA 

communication technologies allow operation from a remote location; and SCR can function 

properly over a broad range of loads given catalysts that are effective over wide T ranges, 

modern controls regulate fuel and air flows to ensure combustion O2 and T are at expected levels 
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and to regulate reagent flow. A study conducted for retrofitting existing pipeline engines 

indicates that SCR is a high cost alternative to combustion improvements, primarily due to the 

high cost of ongoing reagent consumption. (p. 25-26) (There is a similar discussion for SCR for 

four stroke (4S) LB on p. 39-40; cited presentation at Gas Machinery Conference in October 

2011.) (OTC 2012) 

Shell indicated they have installed SCR on diesel engines (LB) that they utilize in drilling 

rig operations. Shell indicated that have been able to achieve greater than 90 percent reduction in 

NOx emissions while encountering minimal operational issues (see p. 10). (OTC 2012) 

The OTC 2012 document indicated that MECA has noted there have been limited 

examples to date of SCR retrofit on 2S LB engines as demonstration test programs, but the 

results of these programs have not been published (see p. 27). It appears that SCR for NOx does 

not appear to be technically infeasible generically but that individual 2S LB engine 

characteristics and installations may be greatly problematic or not cost effective, although this 

site-specific issue is not altogether different than other emission reduction technologies (see p.27, 

40). (OTC 2012) 

The OTC 2012 document indicated that MECA has stated the commercial use of SCR 

systems for LB stationary engines have been in place since the mid-1980’s in Europe and since 

the early 1990s in the US. One MECA member company has installed over 400 SCR systems 

worldwide for stationary engines with varying fuel combinations, including dozens of NG 

compressor engines in the US. These 4S LB engines with urea-SCR achieve >90% NOx 

reduction (see p.40). (OTC 2012) 

EF&EE announced in November 2010 that is received an order from Clean Air Power 

Inc. for 6 SCR systems, to be installed on large LB NG compressor engines at gas storage sites in 

TX and MS (see p.40). (OTC 2012) 

Clean Air Power cited: 4 SCRs supplied at Pine Prairie Energy Center, Louisiana; 1 SCR 

supplied at EXTERRAN/TRESPALACIOS, Texas; and 4 SCRs supplied to EXTERRAN/LEAF 

River, Mississippi (see p.41). (OTC 2012) 

A PowerPoint slide presentation from a MARAMA workshop discusses the use of SCR 

for RICE and LB. Johnson Mathey (JM) included SCR as a feasible control for LB engines in a 

presentation at a May 2011 MARAMA Workshop. (The SCR systems included Urea and 

Ethanol as reagents.) SCR operating temperatures range from 700 to 900°F for internal 

combustion (IC) engines and achieved 90 percent NOx reductions. The budgetary costs 
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[assumed this referred to capital costs] ranged from $150/ hp for a 500 hp unit (approximately 

$75,000) to $42/hp for a 3000 hp unit (approximately $126,000) (cost year not provided). No 

annual operating costs were provided. JM cited 4 LB engine installations of SCR on gas 

compressors at 2 locations, including Loudon Compressor Station in Clarksburg, WV and Lodi 

Compressor/Storage in Kirby Hills, CA. (Chu 2011)  These engines are listed in the following 

table: 

SCR for Lean Burn Engines—Johnson Mathey presentation at 2007 MARAMA Workshop 

Engine Model Engine hp NOx, g/bhp-hr NOx Reduction, % 

CAT G3516 1,340 1.5 90% 

CAT G3608 2,370 0.7 90% 

CAT G3612 3,550 0.7 90% 

CAT G3616 4,735 0.7 90% 

 

References  

(MECA 1997). Emission Control Technology for Stationary Internal Combustion Engines: 

Status Report. Manufacturers of Emission Controls Association (MECA). July 1997. 

(Chu 2011). NOx Control for Stationary Gas Engines. W. Chu, Johnson Mathey. Presented at 

Advances in Air Pollution Control Technology, MARAMA Workshop. May 19, 2011. 

(OTC 2012). Technical Information Oil and Gas Sector, Significant Stationary Sources of NOx 

Emissions. Final. October 17, 2012. 
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EPA Question 2: What are credible estimates of the percentage of RICE NOx Emissions 

that are lean burn versus rich burn when RICE emissions are unspecified? 

Notes for Question 2 

There does not seem to be much information on NOx emission totals for LB and rich 

burn (RB) engines. A few references attempted to provide information on the numbers or 

populations of LB and RB engines. Several of the references highlighted surveys of engine 

populations and summary information from various engine databases. These data in general tend 

to point to a large LB engine population, however most of the references noted that RB engines 

are typically not captured or covered in surveys, databases, or by permits because the RB engines 

tend to be smaller in size. In general, larger engines tend to be LB and smaller engines tend to be 

RB. The ERLE 2009 study noted that approximately 73% of the 5,600 engines/horsepower 

capacity covered in their study of NG pipeline systems are LB, and approximately 6% are RB 

(the balance is not known). In the KSU 2011 database, approximately 66% of the 4,729 engines 

used in E&P at major sources are LB and 34% are RB. In addition, the EDF 2008 document 

cited a 2007 survey conducted for DFW NAA and AA that attempted to identify those engines 

that did not meet reporting requirement thresholds and were therefore not included in the TCEQ 

inventory. This reference, which included small engines, indicated that for smaller engines <500 

hp, approximately 96% are RB and 4% are LB. The reference also indicated that for larger 

engines >500 hp, there is approximately a 50-50 split of LB and RB engines and of horsepower 

capacity. The ETCG 2013 reference also highlights engines in the Barnett Shale region. Data 

from the TCEQ Barnett Shale Special Inventory (Phase I) survey indicated that the majority of 

engines in the Barnett Shale are RB (84%). For those engines <240 hp, 95% are RB and 5% are 

LB, however, in looking at those engines >240 hp, 59% are LB and 41% are RB. More details 

for each of these references are provided in the discussion that follows. 

Note also that the emissions rate in g/bhp-hr for LB engines tend to be higher, and the 

emissions rate for RB engines tends to be lower. (See the tables under Question 4 of this 

appendix for relative emission rate values for LB and RB engines in various states and local 

districts.) 

A summary of the information available from various references is provided below.  

The CARB 2001 reference indicated that LB engines tend to be larger in size, and smaller 

engines tend to be RB (p.B-4). (CARB 2001) 

EPA received comments from the Interstate Natural Gas Association of America 

(INGAA) on the 2002 proposed rule, where EPA indicated that 156 of 168 large engines listed in 



 

E-6 

the NOx SIP Call Inventory that have SIC codes associated with the NG transmission industry 

are LB engines (with the exception that the other 12 engines are no longer in service, are owned 

by a company not included in the industry database, or are duplicates). INGAA recommended 

that EPA assume all large NG stationary engines in the inventory are LB. (EPA 2003). 

One prominent use of large Reciprocating Internal Combustion Engines (RICE) is to 

drive NG pipeline compressor stations; almost all engines affected by the NOx SIP Call Phase 2 

rule in IL (except for 3 engines) are used to compress NG at NG pipeline stations. (IEPA 2007)  

A 2009 ERLE study cited in this reference indicated there are 5,600 engines on the NG 

pipeline systems with a collective rating of 9,150,000 hp. That study further indicated that 

approximately 80 percent of the rated output was low speed 2S, low speed 4S integral engines 

and diesel medium speed engines converted to spark ignition (SI). Of these 80 percent of 

engines, 78 percent were 2S LB, 14 percent were 4S LB, and 8 percent were 4S RB. (On a rated 

horsepower basis, 80 percent was 2S LB, 15 percent was 4S LB, and 5 percent 4S RB) (p. 16). 

[On an overall basis, compared to the full 9,150,000 hp collective rating, 2S LB would be 

roughly 62%, 4S LB would be roughly 11%, and 4S RB would be roughly 6% of the overall 

rating/engines. So 73% would be LB, 6% would be RB, and the balance is not known.] (OTC 

2012) 

Engine Type No. Engines, % Horsepower, % 

2S LB 78 80 

4S LB 14 15 

4S RB 8 5 

 

The DE 2012 document cited a 2003 Pipeline Research Council International (PRCI) 

document that identified 5,686 engines: 71% are LB and 29% are RB (based on dropping the 

turbine numbers in the table below) (p.19). (DE 2012) [These data may be repeated in OTC 

2012, as it looks fairly similar to the 2009 ERLE study data cited above from OTC 2012.] 

2003 Pipeline Research Council International Data (PRCI) 

Unit Type U.S. Total Units (%) Avg hp 

2S LB 2,955 (44%) 2,113 

4S LB 1,059 (16%) 1,844 

RB 1,672 (25%) 589 

Turbine 1,016 (15%) 6,121 
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Energy Information Agency (EIA) data cited in the OTC 2012 reference indicated there 

were 1201 NG mainline compressor stations in the U.S. in 2006, with combined rating of 

16,800,000 hp. Between 2007 and 2010, the Federal Energy Regulation Commission (FERC) 

approved new compressor stations or upgrades to existing compressor facilities that were 

expected to add 2,600,000 hp (p. 16). (OTC 2012) 

The Kansas State University (KSU) 2011 document included a database on 4,729 engines 

used in Exploration and Production (E&P) at major sources. LB engines accounted for 66 

percent of engines (17 percent are 2S and 49 percent are 4S), and RB engines accounted for 34 

percent. LB outnumbers RB among engines included in the database; because many engines 

rating less than 100 hp are not included, and because the majority of the smaller units are 4S RB, 

RB are actually underrepresented in the database. A listing of the engines (manufacturer and 

model), air to fuel (A/F) ratio type, cycle, and horsepower are included in Appendix I of the KSU 

2011 document. The database was not meant to collect every single engine in use but rather to 

provide a frequency distribution of engines. The data was pulled from multiple sources, 

including the State of Wyoming Engine Inventory Database, EPA ICCR Database, GTI/PRCI 

Engine and Turbine Database, and Database of Colorado and New Mexico Engines (from 

Universal Compression). The engine database likely includes only permitted engines, and lower-

hp engines are underrepresented in the database. (pp. 5-7) (KSU 2011) 

The EDF 2008 reference indicated most engines in Barnett Shale area of Texas are 100 to 

500 hp but some large engines of 1000+ hp are also used. (EDF 2008) 

The EDF 2008 reference indicated that the TCEQ Point Source Emissions Inventory 

(PSEI) does not include a substantial fraction of compressor engine emissions. Most of the 

missing engines in the DFW NAA were units with emissions below the reporting thresholds, but 

the combined emissions from large numbers of these engines can be substantial (pp. 13-14). The 

2007 DFW Engine survey indicated there were approximately 680,000 hp of installed engine 

capacity in DFW NAA not previously reported to the TCEQ PSEI (p. 14). The report also 

estimated that there is approximately 132,000 hp of engines in Attainment Area (AA) counties 

within the Barnett Shale that don’t report to PSEI (non-PSEI) (p. 14). The LB and RB engine 

data from the 2007 DFW Engine Survey for the DFW NAA is provided in the table below. In 

this survey, there seem to be fairly even numbers of LB (51%) and RB (49%) engines in the 

>500 hp category, and there seems to be fairly even horsepower capacity for the LB and RB 

engines. For smaller engines that are <500 hp, there are significantly more RB engines (736 
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engines, or 96%) than LB engines (27 engines, or 4%). In addition, for the smaller engines <500 

hp, the horsepower capacity for RB represents 15% and for LB is <1%. (EDF 2008) 

Installed Engine Capacity in 2007 DFW Engine Survey by Engine Type and Size, in DFW 

NAA (EDF 2008)  

Engine 

Type 

Engine 

Size, hp 

Number of 

Engines 

Percent of 

Engines, 

% 

Typical Size, 

hp 

Installed 

Capacity, hp 

Percent of 

Installed 

Capacity, 

% 

RB <50 12 1.03% 50 585 0.086% 

RB 50–500 724 62% 140 101,000 15% 

RB >500 200 17% 1,400 280,000 41% 

LB <500 27 2.3% 185 4,940 0.72% 

LB >500 206 18% 1,425 294,000 44% 

 

The EDF 2008 reference looked at all of the compressor engines in the Barnett Shale 

region, including both the engines located within the DFW NAA and the engines in the DFW 

AA (including those larger engines that report to the PSEI and those non-PSEI engines). New 

TCEQ rules became effective in 2009 to reduce NOx from the subset of engines located in the 

DFW NAA that typically are not reported to the PSEI (due to their small size) for major sources 

(p. 25). Engines that are located outside the DFW NAA are not subject to the 2009 rule. As 

shown in the table below, a 50% reduction of emissions from 2007 to 2009 was estimated in 

DFW NAA, taking into account the growth, regulation affect, and NSCR installations. For AA 

engines, emissions will increase from 2007 to 2009 due to growth and the fact that no regulation 

applies (these engines not subject to 2009 engine regulation) (p. 19). (EDF 2008) 

NOx Emissions from Compressor Engines in Barnett Shale of Texas (EDF 2008) 

Area 2007 NOx Emissions, tpd 2009 NOx Emissions, tpd 

DFW NAA engines 32 16 

AA engines 20 31 

Barnett Shale engines, total 52 47 

 

The reference then looked at emission reductions for extending the 2009 rule to all 

engines in the Barnett Shale (including those in the AA). By extending the 2009 engine rule, 
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NOx emissions from AA engines would drop by approximately 6.5 tpd (p.25) (this approach 

reduces emissions from a large number of engines, in particular RB engines between 50 to 500 

hp). (EDF 2008) 

The ETCG 2013 reference indicated that analysis of test reports at the TCEQ Tyler office 

showed 68 compressor engines: 9 engines (13%) <240 hp and 59 engines (87%) ≥240 hp (and 

69% of all engines ≥500 hp) (p.11). (A graph showing the distribution of the hp for all 68 

engines is shown on p.12 of the reference document.) (ETCG 2013) 

The ETCG 2013 reference discussed TCEQ Barnett Shale Special Inventory (Phase I) 

survey data. The table below is a summary of the engine horsepower distribution. (A graph 

showing the distribution of NG engines in the Barnett Shale region is shown in Figure 5-1 on 

p. 21 of the reference document.) The majority of engines in the Barnett Shale are RB and are 

<240 hp, see the two tables below. This data set shows that smaller hp engines are predominantly 

RB, with 2,089 engines <240 hp are RB (95%) and 104 engines (5%) are LB. For engines >240 

hp, 327 engines (59%) are LB and 230 engines (41%) are RB. 

2009 Equipment Inventory of Stationary NG Engines by Horsepower for Barnett Shale 

Region. (ETCG 2013) 

Engine Size Total Engines 

Percent of 

Total 

Engines 

Engine Type, 

RB or LB 

Number of 

Engines 

Percent of Each 

Size Category 

0 to 50 hp 317 12% RB 302 95% 

   LB 15 4.7% 

50 to 240 hp 1,876 68% RB 1,787 95% 

   LB 89 4.7% 

>240 hp 557 20% RB 230 41% 

   LB 327 59% 
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Barnett Shale Special Inventory Phase I Equipment Survey Data on Stationary Gas-Fired 

Engines for 2009. (ETCG 2013) 

Engine counts 

<240 hp ≥240 hp Total 

RB and LB 

2,193 557 2,750 

RB only 

2,089 230 2,319 

LB only 

104 327 431 

 

The CO DPHE reference indicates that large NG RICE represent 16% of the statewide 

point source NOx emissions (16,199 tpy of 101,818 tpy) and 73% of the ICE NOx emissions 

(16,199 tpy of 22,210 tpy) (p. 1). (CO DPHE) 

Example Emissions Estimates: It is difficult to draw conclusions for the emissions from 

LB versus RB from the data provided. However, some assumptions could be made to help draw 

conclusions for the defined scenario. If assume that the total capacity between LB and RB in the 

ERLE study is more representative of the total reporting population than the 50–50 split in the 

EDF study; assume that operating hours are similarly distributed for both LB and RB; and if the 

EFs tend to be higher for LB than for RB engines, then it is likely that 90% plus of the total 

emissions are from LB. 

References 

(CARB 2001). Determination of Reasonably Available Control Technology and Best Available 

Retrofit Control Technology for Stationary Spark-Ignited Internal Combustion Engines. 

California Environmental Protection Agency, Air Resources Board, Stationary Source 

Division, Emissions Assessment Branch, Process Evaluation Section. November 2001. 

(IEPA 2007). Technical Support Document for Controlling NOx Emissions from Stationary 

Reciprocating Internal Combustion Engines and Turbines. AQPSTR 07-01. Illinois 

Environmental Protection Agency, Air Quality Planning Section, Division of Air 

Pollution Control, Bureau of Air. March 19, 2007. 

(EPA 2003). Stationary Reciprocating Internal Combustion Engines: Technical Support 

Document for NOx SIP Call. U.S. Environmental Protection Agency. D. Grano and B. 

Neuffer. October 2003. 
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(EDF 2008). Emissions from Natural Gas Production in the Barnett Shale Area and 

Opportunities for Cost Effective Improvements. Conducted by Department of 

Environmental and Civil Engineering, Southern Methodist University, for Environmental 

Defense Fund. Peer-Review Draft. September 30, 2008. 

(KSU 2011). Final Report: Cost-Effective Reciprocating Engine Emissions Controls and 

Monitoring for E&P Field and Gathering Engines. K. Hohn and S. Nuss-Warren, Kansas 

State University. November 2011. 

(OTC 2012). Technical Information Oil and Gas Sector, Significant Stationary Sources of NOx 

Emissions. Final. October 17, 2012. [This document focuses on Offshore Gulf of 

Mexico, Rocky Mountains, Southwest, and Mid-Continent areas.] 

(ETCG 2013). Gas Compressor Engine Study for Northeast Texas, for East Texas Council of 

Governments. Prepared by ENVIRON International Corporation, for East Texas Council 

of Governments. June 2013. 

(CO DPHE). Reciprocating Internal Combustion Engine (RICE) Source Category, Reasonable 

Progress Evaluation for RICE Source Category. Colorado Department of Public Health 

and Environment—Air Pollution Control Division. 
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EPA Question 3: What is the effect of NOx SIP call controls on RICE in NOx SIP call 

states? That is, what percent reduction and types of controls have gone into place in states 

affected by the NOx SIP call?  

Notes for Question 3 

The applicability, reduction achieved, and cost for RICE NOx controls are often engine 

specific and highly variable. (DE 2012) (OTC 2012) 

Common NOx control techniques are provided in the table below, along with NOx 

emission reductions achievable. (References from other areas outside of the NOx SIP call states 

also provided details on controls and emissions reductions achieved by these controls and are 

included in the table.) 

Effectiveness of Combustion Control Technologies and Add-On Controls 

Control Technique (OTC 2012) (KSU 2011) (CARB 2001)  (CO DPHE) 

2 Stroke, LB     

Improved combustion air 

flow, Turbocharger  

(p. 18, 31): up to 

75% 

Up to 90%; 

0.5 to 2 g/bhp-hr 

(increases fuel 

economy; may 

increase CO) (p. 9) 

— — 

Retard ignition timing (p. 54): diesel, 10% 

(reduces engine 

efficiency; increases 

PM) 

Up to 10% (increase 

fuel economy; may 

increase CO) (p. 9) 

(p. B-7,8): 15 to 

30% (increases 

fuel consumption; 

increases VOC, 

HAP) 

20% (pp. 5-7); 

$310 to 

$2,000/ton 

(p. 8) 

Improved air fuel mixing, 

High Pressure Fuel Injection  

(p. 18, 31): up to 

90% 

— — — 

Advanced In-cylinder mixing — 30 to 70% (p. 11) — — 

Precombustion chamber 

(PCC) ignition system  

(p. 19, 31-32): up to 

90% 

1 g/bhp-hr (p. 10) — — 

Micro Precombustion 

chamber (MPCC), hybrid of 

High energy Ignition system 

and PCC 

— 2 to 4 g/bhp-hr (p. 10) — — 

Screw-in PCC — 1 g/bhp-hr (p. 10) — — 

Autobalance cylinders (p. 23): not 

provided 

— — — 

(continued) 
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Effectiveness of Combustion Control Technologies and Add-On Controls (continued) 

Control Technique (OTC 2012) (KSU 2011) (CARB 2001)  (CO DPHE) 

2 Stroke, LB (cont.)     

Air to Fuel Ratio Controller 

(AFRC)  

(p. 19, 32): not 

provided 

Not provided; use in 

combo with Increased 

air flow, or 

postcombustion 

Catalyst; a few 

thousand $ for small 

engine to $30K for 

larger engines (p. 12). 

(p. B-8): not 

provided (fuel 

consumption 

penalty of 3%; 

may increase CO, 

VOC) 

5 to 30% 

(pp. 5-7); $320 

to $8,300/ton 

(p. 7) 

Combustion modifications, 

Layered Combustion controls  

(p. 25): 60 to 90%; 

range of 0.5 to 3 

g/bhp-hr 

— — — 

4 stroke, LB     

EGR and NSCR  (p. 32): (emissions 

lower than SCR)a 

— — — 

Combustion modifications, 

Layered Combustion controls  

(p. 38): 90%; range 

of 0.5 to 2 g/bhp-hr 

— — — 

Engines (general) or LB     

High energy ignition system 

(HEIS) 

(p. 18, 31, 44): 10% 2.5 to 3 g/bhp-hr 

(pp. 9-10) 

(p. B-12): 200 

ppm NOx 

— 

Low emission combustion 

(LEC)/precombustion 

chamber retrofit (PCC) [also 

applicable to RB] 

— — (p. B-10): 80% 

(may increase 

VOC, CO) 

— 

Turbocharging/ 

supercharging, and 

Aftercooling 

(p. 18): Up to 75% — (p. B-13): 3 to 

35% for 

Aftercooling 

(may reduce 

VOC, CO; 

increases engine 

efficiency, power 

rating) 

— 

EGR  (p. 55): diesel, 

>40% (loss of fuel 

efficiency; loss of 

engine output) 

Still under 

development for NG 

engines; not cost 

effective at this time 

(p. 11). 

(p. B-14): 30% 

(reduces engine 

peak power; 

reduces fuel 

efficiency by 2 to 

12%) 

— 

Ignition system improvement — — (p. B-11-2): not 

provided (may 

increase VOC, 

CO) 

— 

(continued) 
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Effectiveness of Combustion Control Technologies and Add-On Controls (continued) 

Control Technique (OTC 2012) (KSU 2011) (CARB 2001)  (CO DPHE) 

Engines (general) or LB 

(cont.) 

    

Homogeneous charge 

compression ignition 

(HCCI), combines best 

features of SI and CI engines 

— Still in R&D phase, 

no reduction or cost 

info available 

(reduces PM; high 

efficiency) (p. 11-12). 

— — 

Fuel switching, 

Hydrogen/NG blended fuel 

— 40 to 50% (p. 12) 

Still under 

development, no cost 

info available; use of 

H2 blend removes 

need for PCC; H2 fuel 

would need to be 

available in the field. 

— — 

Selective Catalytic Reduction 

(SCR)  

(p. 19, 32, 55): 50 to 

95% (reduces THC, 

CO) 

80 to 90% (can 

release NH3) (p. 13) 

(p. B-23): >80% 80 to 90% 

(pp. 5-7); $430 

to $4,900/ton 

(p. 9) 

Lean-NOx catalysts (p. 55): diesel, 10 to 

50% 

Up to 80% (reduces 

CO, HC by 60%; 

reduces fuel economy 

by 3%) (p. 14) 

(p. B-24): diesel, 

25 to 50% 

(increases fuel 

consumption; 

may increase 

VOC, PM) 

— 

NOxTech — — (p. B-25): 80 to 

90%; (decreases 

CO, VOC, PM by 

80%; fuel penalty 

5 to 10%) 

— 

Lean NOx traps (p. 55): diesel, up to 

90% 

— — — 

NOx Adsorber Technology 

(SCONOx) 

— — (p. B-27): >90% 

on diesel engine 

<100 hp; [2 ppmv 

on NG turbine] 

— 

Selective noncatalytic 

reduction (SNCR) [also 

applicable to RB] 

— — — 50 to 95% 

(pp. 5-7) 

(continued) 
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Effectiveness of Combustion Control Technologies and Add-On Controls (continued) 

Control Technique (OTC 2012) (KSU 2011) (CARB 2001)  (CO DPHE) 

Engines (general) or LB 

(cont.) 

    

Fuel switching, methanol — — (p. B-16): 30% 

for conversion 

from NG to 

methanol (can 

generate 

formaldehyde 

emissions) 

— 

Hybrid system, modification 

of dual bed NSCR system 

— — (p. B-22): 3 to 4 

ppm NOx 

— 

Use of electric motors in 

place of combustion engines 

— — (p. B-27): >60% 60 to 100% 

(pp. 5-7); $100 

to $4,700/ton 

[not include 

full costs] 

(p. 9) 

RB     

Nonselective catalytic 

reduction (NSCR) plus 

AFRC 

(p. 45, 49-51): 90 to 

99% (reduces CO, 

VOC) 

>90%, < 1 g/bhp-hr 

(reduces CO, HC) 

(p. 13) 

(p. B-19-20): 

>90% (reduces 

CO >80%; 

reduces 

CO>50%; 

increases fuel 

consumption) 

80 to 90% 

(pp. 5-7); 

Capital cost is 

$35,000; O&M 

is $6,000; 

Annualized 

capital is 

$4,851; TAC is 

$10,851; 

$571/ton (p. 8) 

Convert RB to LB (p. 45): not 

provided 

— — — 

EGR (p. 49): up to 80% 

(increase power 

output by 10%; 

decrease fuel 

consumption by 

7%) 

— — — 

Pre-stratified charge 

(converts RB to LB) 

 

— For 4S, RB, 2 g/bhp-

hr (may de-rate 

engine power by 

20%; costs 

significant) (p. 11) 

(p. B-15): >80% 

(improved fuel 

efficiency) 

— 
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aSome industry literature suggests that some particular 4S RB SI reciprocating engines can be converted to LB 

configurations with the accompanying LB engine NOx reduction capabilities. One vendor indicates that 

conversion to a LB configuration and the use of exhaust gas recirculation (EGR) delivers the advantages of a LB 

engine’s efficiency and the RB engine’s capability of utilizing NSCR for NOx control. The ability to convert a RB 

engine to a LB configuration is highly unit specific and does appear to have had widespread application in 

industry (p. 45). (OTC 2012) 

Illinois: IEPA projected 2007 NOx emissions from 28 engines subject to the NOx SIP 

call to be 6,618 ton/season. NOx emission reductions from these sources were estimated to be 

5,422 ton/season, and controlled NOx emissions levels were estimated to be 1,196 ton/season. 

(So baseline emissions were estimated to be 6,618 ton/season and controlled emissions were 

estimated to be 1,196 ton/season.) (IEPA 2007) 

IEPA 2002 base year emissions inventory was 23,347 tpy NOx emitted from RICE and 

turbines, or approximately 8.4 percent of total point source NOx emissions (277,899 tpy NOx 

emissions from all point sources in Illinois) (p. 12). (IEPA 2007) 

In addition to the NOx SIP Call requirements, IEPA also included additional units in its 

NOx regulation. NOx SIP Call units were to comply by May 2007, and additional units in NAA 

and AA were to comply in 2009, 2011, and 2012 (p. 51). The IL regulation will potentially affect 

202 RICE engines and 36 turbines and reduce NOx emissions by 5,422 ton/season in 2007 ozone 

control season (p. 10). (IEPA 2007) [Full implementation of the IL regulation in 2012, to include 

additional units in NAA and AA counties down to the 500 hp size [28 NOx SIP Call units plus 

an additional 246 engines], was projected to reduce NOx emissions statewide by 17,082 tpy and 

7,206 ton/season, which is 65 percent reduction on an annual basis and 55 percent reduction in 

O3 season emissions (pp. 11 and 56). Uncontrolled NOx emissions in 2012 were projected to be 

21,532 tpy and 9,134 ton/season, for those units included under the full implementation of the 

rule (p. 56). (IEPA 2007)] 

Other Available Information 

Additional RB control technologies and data are available in the OTC 2012. 

Additional Diesel control technologies and data are available in OTC 2012. 

References 

(CARB 2001). Determination of Reasonably Available Control Technology and Best Available 

Retrofit Control Technology for Stationary Spark-Ignited Internal Combustion Engines. 

California Environmental Protection Agency, Air Resources Board, Stationary Source 

Division, Emissions Assessment Branch, Process Evaluation Section. November 2001. 



 

E-17 

(IEPA 2007). Technical Support Document for Controlling NOx Emissions from Stationary 

Reciprocating Internal Combustion Engines and Turbines. AQPSTR 07-01. Illinois 

Environmental Protection Agency, Air Quality Planning Section, Division of Air 

Pollution Control, Bureau of Air. March 19, 2007. 

(KSU 2011). Final Report: Cost-Effective Reciprocating Engine Emissions Controls and 

Monitoring for E&P Field and Gathering Engines. K. Hohn and S. Nuss-Warren, Kansas 

State University. November 2011. 

(DE 2012) Background Information, Oil and Gas Sector, Significant Sources of NOx Emissions. 

Delaware Department of Natural Resources and Environmental Quality. 

(OTC 2012). Technical Information Oil and Gas Sector, Significant Stationary Sources of NOx 

Emissions. Final. October 17, 2012. 

(CO DPHE). Reciprocating Internal Combustion Engine (RICE) Source Category, Reasonable 

Progress Evaluation for RICE Source Category. Colorado Department of Public Health 

and Environment – Air Pollution Control Division. 



 

E-18 

EPA Question 4: What are typical or realistic baseline and controlled NOx emissions 

factors (grams/hp-hr) for RICE in the OTC states?  

Notes for Question 4 

NOx control requirements for several of the Ozone Transport Commission (OTC) states 

were provided for Connecticut, New Jersey, New York, and Rhode Island, based on a 1994 

STAPPA/ALAPCO document (p. 45). (IEPA 2007) These could potentially be used as 

maximum EF for RICE units. NOx control requirements are listed in the following table. 

NOx Control Requirements for RICE in Some OTC States and Other States 

State Covered NOx Control Level Reference 

Connecticut ≥3 MMBtu/hr (1175 hp) Liquid-fired, CI: 8 g/bhp-hr (584 ppm) IEPA 2007 

New York  RACT for Major 

Facilities of NOx, Severe 

O3 NAA ≥200 hp and 

Rest of state ≥400 hp 

 Thru March 31, 2005, NG, RICE, LB: 3 
g/bhp-hr (220 ppm) 

 After April 1, 2005, LB: 1.5 g/bhp-hr (110 
ppm) 

 Thru March 31, 2005, Liquid-fired, CI: 9 
g/bhp-hr (657 ppm) 

 After April 1, 2005: 2.3 g/bhp-hr (168 ppm) 

OTC 2012, DE 

2012, IEPA 2007 

New York 

(RACT) 

Major facilities >25 tpy, 

NYC and Lower Orange 

Co: ≥200 kW 

Rest of state, major 

facilities >100 tpy: ≥400 

kW 

 NG: 1.5 g/bhp-hr 

 Landfill or digester gas: 2.0 g/bhp-hr 

 

New Jersey   NG, LB, ≥500 hp: 2.5 g/bhp-hr (182 ppm) 

 Liquid-fired, CI, ≥500 hp: 8 g/bhp-hr (584 
ppm) 

IEPA 2007 

New Jersey 

(RACT) 

≥148 kW 

Group of 2 or more 

engines, each at ≥37 to 

<148 kW, but total 

combined power ≥148 

kW 

 Gas, LB: 1.5 g/bhp-hr, or 80% reduction 

 Gas, RB: 1.5 g/bhp-hr 

 

New Jersey 

(RACT) 

≥37 kW  Commenced on or after March 7, 2007: 
0.9 g/bhp-hr 

 Modified on or after March 7, 2007: 0.9 
g/bhp-hr, or 90% reduction 

 

Maryland NG pipeline engines with 

>15% capacity factor 

NA IEPA 2007 

Other States and Areas 

Illinois NA  3 g/bhp-hr (210 ppm) NA 

(continued) 
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NOx Control Requirements for RICE in Some OTC States and Other States (continued) 

State Covered NOx Control Level Reference 

Other States and Areas (cont.) 

SJVAPCD 

(amended 

2011Aug18) 

Rule 4702 

ICE, SI and CI, 

nameplate rating ≥25 hp 

 2S, LB, NG, <100 hp: 75 ppmvd 

 LB limited use or Gas compression: 65 
ppmvd 

 LB, all others: 11 ppmvd 

OTC 2012 

Texas Oil & Gas Handling and 

Production Facilities 

 2S, SI, LB, ≥500 hp: 

– Mfg before 9/23/1982: 8 g/bhp-hr 
– Mfg before 6/18/1992, <825 hp: 8 g/bhp-

hr  
– Mfg btwn 9/23/1982 and 6/18/1992, 

>825hp: 5 g/bhp-hr 
– Mfg btwn 6/18/1992 and 6/1/2010: 2 

g/bhp-hr (except 5 g/bhp-hr at reduced 
speed and torque 80-100%) 

– Mfg after 6/1/2010: 1 g/bhp-hr 

OTC 2012 

Texas Oil & Gas Handling and 

Production Facilities  

 4S, SI, LB: 

– Mfg before 9/23/1982, ≥500hp: 5 g/bhp-hr 
(except 8 g/bhp-hr at reduced speed and 
torque 80-100%) 

–  Mfg before 6/18/1992, <825 hp: 5 g/bhp-
hr (except 8 g/bhp-hr at reduced speed and 
torque 80-100%) 

–  Mfg btwn 9/23/1982 and 6/18/1992, 
>825hp: 5 g/bhp-hr 

–  Mfg btwn 6/18/1992 and 6/1/2010, 
≥500hp: 2 g/bhp-hr (except 5 g/bhp-hr at 
reduced speed and torque 80-100%) 

–  Mfg after 6/1/2010, ≥500hp: 1 g/bhp-hr 

 After 1/1/2030, no 4S LB SI engine NOx 
emissions shall exceed 2 g/bhp-hr regardless 
of manufacture date. 

OTC 2012 

Texas Oil & Gas Handling and 

Production Facilities 

 4S SI, LB, <500hp: 

  Mfg before 7/1/2008: 2 g/bhp-hr  

 After 1/1/2030: no 4S LB SI engine NOx 
emissions shall exceed 2 g/bhp-hr regardless 
of manufacture date. 

OTC 2012 

Texas 

(NAA major 

sources) 

RACT, Major ICI, O3 

NAA, Beaumont-Port 

Arthur O3 NAA Major 

sources 

 NG, SI, RICE, LB ≥300 hp: 3 g/bhp-hr 

 NG, SI, RICE, RB, ≥300 hp: 2 g/bhp-hr 

OTC 2012, DE 

2012 

Texas 

(NAA minor 

sources) 

Combustion Control at 

Minor Sources in O3 

NAA, Houston-

Galveston-Brazoria 

 NG, RICE, >50 hp: 0.5 g/bhp-hr DE 2012, ETCG 

2013 

Texas O3 NAA, Dallas Ft. 

Worth 

 RB, >50 hp: 0.5 g/hp-hr 

 LB, >50 hp: 

– Installed or moved before June 2007: 0.7 
g/hp-hr 

– Installed or moved after June 2007: 0.5 
g/hp-hr 

EDF 2008; 

ETCG 2013 

(continued) 
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NOx Control Requirements for RICE in Some OTC States and Other States (continued) 

State Covered NOx Control Level Reference 

Other States and Areas (cont.) 

Texas East Texas Combustion 

Rule (existing engines 

comply by March 1, 

2010; new engines 

comply at startup.) 

 RB, NG, RICE, 240 to 500 hp: 1 g/hp-hr 

 RB, NG, RICE, ≥500 hp: 0.5 g/hp-hr 

 RB, Landfill gas, RICE, ≥500 hp: 0.6 g/hp-hr 

ETCG 2013 

Colorado Regulation 7, RICE, LB, 

NG, New, modified, 

relocated 

 After July 1, 2007, ≥500 hp: 2 g/bhp-hr 

 After July 1, 2010, ≥500 hp: 1 g/bhp-hr 

 After January 1, 2008, 100 to 500 hp: 2 g/bhp-
hr 

 After January 1, 2011, 100 to 500 hp: 1 g/bhp-
hr 

OTC 2012; CO 

DPHE  

USEPA Part 

60, subpart 

JJJJ (NSPS) 

(final 

2008Jan18) 

NG, SI, ICE  Mfg after 7/1/2008, ≤25 hp, Class I: 11.0 
g/hp-hr of NMHC + NOx combined 

 Mfg after 7/1/2008, ≤25 hp, Class I-B: 27.6 
g/hp-hr of NMHC + NOx combined 

 Mfg after 7/1/2008, ≤25 hp, Class II: 8.4 g/hp-
hr of NMHC + NOx combined 

 Mfg after 7/1/2008, 25 to 100 hp: 2.8 g/hp-hr 
of HC + NOx combined 

ETGC 2013 

USEPA Part 

60, subpart 

JJJJ (NSPS) 

(final 

2008Jan18) 

SI, NG and SI, LB, LPG, 

100 to 500 hp 

 Mfg after 7/1/2008: 2 g/bhp-hr 

 Mfg after 1/1/2011: 1 g/bhp-hr 

ETCG 2013 

USEPA Part 

60, subpart 

JJJJ (NSPS) 

(final 

2008Jan18) 

NG and LPG, SI, LB, 

500 to 1350 hp 

 Mfg after 7/1/2008: 2 g/bhp-hr 

 Mfg after 7/1/2010: 1 g/bhp-hr 

OTC 2012 

USEPA Part 

60, subpart 

JJJJ (NSPS) 

(final 

2008Jan18) 

 SI, NG and SI, LB, LPG 

(except LB 500 to 1350 

hp) 

 Mfg after 7/1/2007: 2 g/bhp-hr ETCG 2013 
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NOx Control Requirements for RICE in Local Areas. 

State or 

Area Criteria NOx control level Reference 

SCAQMD 

(July 2010) 

Rule 1110.2 Emissions 

from Gaseous and Liquid 

Fueled Engines 

 ≥500 hp: 0.5 g/bhp-hr (36 ppmvd) 

 <500 hp: 0.6 g/bhp-hr (45 ppmvd) 

 After July 1, 2010, ≥500 hp: 0.15 g/bhp-hr 
(11 ppmvd) 

 After July 1, 2010, <500 hp: 0.6 g/bhp-hr 
(45 ppmvd) 

 After July 1, 2011, All: 0.15 g/bhp-hr (11 
ppmvd) 

OTC 2012 

 

For engines with unknown pre-rule emissions, NOx emissions were assumed to be 

16.4 g/bhp-hr for 2S and 18.9 g/bhp-hr for 4S. (DE 2012)  

A list of Stack test results for engines in PA that are >500 hp are given in Appendix A, 

Table 3 of the PA DEP 2013 reference (p. 53). (PA DEP 2013) [Capital] costs for NSCR, RB 

ranged from $10 to $12/bhp. (p. 9) NSCR, RB ranged from $10 to $15/bhp (slightly different 

value given here). (p. 16) (MECA 1997) 

IC Engine Typical Emissions Levels (MECA 1997) 

Engine Type 

Lambda (Actual A/F ratio to 

Stoichiometric A/F ratio) Mode NOx, g/bhp-hr 

NG 0.98 Rich 8.3 

 0.99 Rich 11.0 

 1.06 Lean 18.0 

 1.74 Lean 0.7 

Diesel 1.6–3.2 Lean 11.6 

Dual Fuel 1.6–1.9 Lean 4.1 

 

For RB, CARB 2001 document has Costs for NSCR w/o AFRC achieving 96% 

reduction. Capital costs ranged from $11,000 to $44,000; Annual costs ranged from $8,200 to 

$18,000; and cost effectiveness ranged from $2,100/ton to $300/ton NOx reduction (p. V-2 to 

V-3). (CARB 2001) 

For RB, CARB 2001 document has Costs for Pre-stratified Charge, achieving 80% 

reduction. Capital costs ranged from $10,000 to $47,000; Annual costs ranged from $2,700 to 
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$11,000; and cost effectiveness ranged from $800/ton to $200/ton NOx reduction (pp. V-2 to V-

3). (CARB 2001) 

CARB 2001 document has costs for Ignition Timing Retard (ITR), although the 

description of the combustion technology indicates it is less popular on Stationary engines than 

mobile source engines (pp. V-2, B-7 to B-8). (CARB 2001) 

The EDF 2008 reference provided NOx EF for engines in the Bartlett Shale region. The 

document notes that extending the 2009 engine rules in Barnett Shale to counties outside the 

DFW NAA would likely result in many engine operators installing NSCR on RB engines. NSCR 

costs were cited as follows: $330/ton (IEPA 2007); $92 to $105/ton (EPA 2006); and $112 to 

$183/ton (northeast Texas 2005 report). Another control technique reviewed in this report 

included replacement of compressor engines with electric motors. There are multiple 

compressors driven by electric motors throughout Texas (p. 26). Use of electric motors instead of 

gas-fired engines eliminates combustion emissions (p. 27). The costs are time and site specific, 

based on the cost of electricity, cost of NG, hours of operation per year, number of compressors, 

size of compressor, etc. (EDF 2008) 

NOx Emission Factors for Engines Identified in DFW 2007 Engine Survey (EDF 2008) 

2007 EF 2009 EF 

Engine 

Type 

Engine 

Size, hp NOx, g/hp-hr Engine Type Engine Size, hp NOx, g/hp-hr 

RB <50 13.6 RB <50 13.6 

RB 50–500 13.6 RB 50–500 0.5 

RB >500 0.9 RB >500 0.5 

LB <500 6.2 LB, installed or 

moved before June 

2007 

<500 0.62 

LB >500 0.9 LB, installed or 

moved after June 

2007,  

<500 0.5 

___ ___ ___ LB, installed or 

moved before June 

2007 

>500 0.7 

___ ___ ___ LB, installed or 

moved after June 2007 

>500 0.5 
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EPA Question 5: Using FERC data or other data sources, what is the relationship between 

RICE model and age, and emissions (both for baseline and with controls)? In particular, 

what is the relationship for RICE built before the imposition of the SI (spark ignition, 

natural gas-fired) RICE NSPS in 2007?  

Notes for Question 5 

The DE 2012 reference stated that many of the installed mainline NG compressors are of 

the age (in excess of 40 years old) to have pre-dated modern original equipment manufacturer 

(OEM) installed NOx emission controls and otherwise applicable new source performance 

standards (NSPS). There is little information on the number of units that may have undergone 

NOx modifications as a result of federal or State rules and regulations. The reference cited a 

2003 Pipeline Research Council International (PRCI) document that identified 5,686 engines: 

71% are LB and 29% are RB (based on dropping the turbine numbers in the table below). The 

average age for each unit type is shown in the following table. [These data are repeated in OTC 

2012.] [Based on these data, it is estimated that the LB and RB engines are 37 years old on 

average (based on dropping the turbine numbers in the table below).] (p. 19) (DE 2012) 

2003 Pipeline Research Council International Data (PRCI) 

Unit Type U.S Total Units (%) Average Age (as of 2003) Avg hp 

2S LB 2,955 (44%) 42 2,113 

4S LB 1,059 (16%) 33 1,844 

RB 1,672 (25%) 32 589 

Turbine 1,016 (15%) 24 6,121 

 

The OTC 2012 reference indicated that many of the reciprocating engines driving 

mainline NG compressors are in excess of 40 years old, pre-dating any applicable modern OEM 

installed NOx emission control and any otherwise applicable NSPS NOx controls (p. 16). (OTC 

2012) 

The DE 2012 reference discussed a 2005 study conducted for NG field gathering engines 

in Eastern Texas; the study was able to determine the age only for a very small portion of the 

engines, and the engine age ranged from 2 to 25 years. The output ratings of engines in the study 

ranged from 26 to 1478 hp, with the majority rated between 50 and 200 hp (p. 12). (DE 2012)  

The DE 2012 reference indicated they reviewed MARAMA’s 2007 Point Source 

Inventory and 2007 FERC data. The 2007 FERC data are provided as Attachment III to the 
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reference. The two sets of data did not match: 2007 MARAMA data indicated 107 compressor 

facilities, and 2007 FERC data indicated 150 compressor facilities. The reviewed databases did 

not provide any information regarding NOx emission rates (g/bhp-hr, ppmvd). NOx emission 

rates were obtained for a small number of prime movers, through operating permits: 2SLB range 

from 1 to 13.3 g/bhp-hr; 4SLB range from 0.5 to 6 g/bhp-hr; and 4SRB were 3 g/bhp-hr. The 

data are not sufficient to estimate actual NOx emission rates and NOx reductions. Note that the 

FERC data addresses large entities, and smaller companies may not be required to report data to 

FERC. The 2007 OTC compressors from FERC are provided in the following table. (DE 2012) 

State No. Compressors Total Rated hp 

CT 10 35,300 

MA 15 25,702 

MD 17 52,250 

ME 4 33,244 

NJ 36 129,130 

NY 120 359,487 

PA 467 1,331,164 

RI 6 29,170 

VA (OTR area only) 22 49,390 

 

The KSU 2011 reference discussed control technologies testing performed in the 

laboratory on a 1966 Ajax DP-115 (Lean Burn) that has none of the low emissions controls that 

are currently OEM standard. The published emission factor (EF) for this engine is 4.4 g/bhp-hr, 

and the emissions from actual testing were 4.69±0.18 g/bhp-hr (the Lab testing results are 

discussed on pp. 19-27). There is additional discussion of Field testing conducted on multiple LB 

engines with NOx emission control techniques, including (1) Increased air flow, and 

precombustion chamber (PCC) screw-in type, (2) PCC screw-in type and Upgraded 

turbocharger, (3) Integral PCC and high-output turbocharger (pp. 27-29). Discussion of Field 

testing conducted on two RB engines with NOx emission control techniques (p. 29). Integrated 

nonselective catalytic reduction (NSCR) with modeling and enhanced controller is also 

discussed. (KSU 2011).  
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EPA Question 6: What is the variability in NOx emissions from RICE within each State, 

both for baseline and with controls? 

Notes for Question 6 

No data were found. [Likely a review of RICE SCCs in the NEI across states would be a 

useful exercise to see the relative levels of baseline and/or controlled NOx emissions, however 

this exercise was not part of this task.] 
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To:   US EPA OAQPS  

From:   SRA International, Inc. 

Subject: Review of CoST Model Emission Reduction Estimates  

Date:  September 30, 2014 

 

EPA uses the Control Strategy Tool (CoST) to estimate the emission reductions and engineering costs 

associated with control strategies applied to point, area, and mobile sources of air pollutant emissions to 

support the analyses of air pollution policies and regulations. CoST accomplishes this by matching 

control measures to emission sources using algorithms such as "maximum emissions reduction", "least 

cost", and "apply measures in series". There was a concern that the baseline inventory used by CoST did 

not completely account for emission control requirements already in place, and that the emission 

reductions were perhaps overestimated.  

 

SRA reviewed the CoST results and made recommendations for changing the CoST control measure 

assignment and the estimated reductions for oxides of nitrogen (NOx). The recommendations were based 

on a review of source permits, state regulations, enforcement actions, and other available information. 

The analysis was conducted for a 24-state area in the eastern two-thirds of the U.S. The focus was on 

stationary point sources other than electric generating units (non-EGUs). The purpose of this memo is to 

document the data used and assumptions made in recommending changes to the CoST results, and to 

summarize the differences between the CoST results and the recommended changes.   

 

The findings in this memo are based on review of CoST results for a 2018 emissions inventory projected 

from the 2011 National Emission Inventory (NEI). This work was in support of EPA’s current Transport 

Rule efforts for implementing the 75 ppb ozone standard. If EPA considers establishing a tighter ozone 

standard in the future, it is likely that a more distant future year will be used and that some of the 

conclusions reached in this memo could change. 

CoST DATA PROVIDED BY EPA 

EPA provided SRA with the outputs from a CoST scenario that identified sources for which NOx controls 

were available at a cost-effectiveness level of less than $10,000 per ton. The CoST outputs included 

source identifiers, control technology, baseline emissions and estimates of NOx emission reductions. The 

CoST results were divided into two groups. The first group included sources where CoST estimated NOx 

emission reductions of more than 100 tons per year. There were 547 sources in this group where CoST 

controls were initially applied. The second group included sources where CoST estimated emission 

reductions for sources whose 2018 projected emissions were greater than 25 tons/year, excluding those 
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with reductions greater than 100 tons/year. There were 1,280 sources in this group where CoST controls 

were initially applied. 

 

Another contractor reviewed the CoST results for additional source categories, and their 

recommendations were merged with SRA’s recommendations in the summary tables and maps that 

follow. The data used, assumptions made and results for IC engines are documented elsewhere1.  

 

REVIEW OF CoST RESULTS FOR THE GREATER THAN 100 TPY GROUP 

Table 1 summarizes the source categories included in our analysis, the CoST recommendation for NOx 

control, and the recommendation for changing the CoST control measure assignment and associated 

emission reduction estimates. Following Table 1, there is a discussion for each source group to provide 

more detail on the rationale for the recommended changes for each source group. Attachments 1 to 4 are 

tabular comparisons of the initial CoST emission reduction estimates and the recommended changes. All 

Attachments present the results in terms of tons per ozone season, simply estimated by assuming that 

ozone season emissions were equal to 5/12 of the annual emissions. Maps 1A and 1B graphically show 

the location of sources and the magnitude of the recommended emission reductions.  

 

Table 1 – CoST Controls and Recommended Changes for 
Greater than 100 TPY Sources 

 

Source Group 
CoST Control 
Recommendation 

Summary of Recommended Changes to 
CoST Controls and Reductions 

Ammonia – NG-fired 

Reformers 

Selective Catalytic 

Reduction 

Agreed with CoST recommendation of SCR 

except for those sources where a permit or 

state regulation already required the source 

to be controlled. 

By-Product Coke Mfg; 

Oven Underfiring 

Selective Non-Catalytic 

Reduction 

Review of a source-specific NOx RACT 

permit indicated that NOx controls were 

technically or economically infeasible.  

Cement Kilns Biosolid Injection 

Technology 

Disagreed with CoST recommendation 

based on concerns about biosolids 

availability and information from EPA’s ISIS 

(Industrial Sector Integrated Solutions) 

Model; recommended SNCR for all sources, 

except those that already have SNCR due to 

NOx SIP Call, NSR requirement, Consent 

Decree, or other state regulation. 

                                                           
1 Update of NOx Control Measure Data in the CoST Control Measures Database for Four Industrial 

Source Categories: Ammonia Reformers, NonEGU Combustion Turbines,Glass Manufacturing, and Lean 
Burn Reciprocating Internal Combustion Engines," prepared by Research Triangle Institute, July 2014. 
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Source Group 
CoST Control 
Recommendation 

Summary of Recommended Changes to 
CoST Controls and Reductions 

Cement Manufacturing 

- Dry 

Selective Non-Catalytic 

Reduction 

Agreed with CoST recommendation except 

when already controlled due to NOx SIP Call, 

NSR requirement, Consent Decree, or other 

state regulation. 

Cement Manufacturing 

– Wet 

Mid-kiln Firing Disagreed with CoST recommendation 

based on information from EPA’s ISIS Model; 

recommended SNCR for all sources, except 

those that already controlled 

Coal Cleaning – 

Thermal Dryer 

Low NOx Burner Agreed with CoST recommendation 

Comm/Inst Incinerators Selective Non-Catalytic 

Reduction 

Both sources are already controlled with 

SNCR 

 

External Combustion 

Boilers, Elec Gen, Solid 

Waste 

Selective Non-Catalytic 

Reduction 

All 6 sources are already controlled with 

SNCR 

Fluid Catalytic Cracking 

Units 

Low NOx Burner and Flue 

Gas Recirculation 

Nearly all FCCUs are already controlled due 

to the OECA global refinery consent decrees. 

There is one small refinery in West Texas 

that does not appear to be covered by a 

consent decree, so the CoST 

recommendation was accepted. 

Glass Manufacturing – 

Container, Flat, 

Pressed  

OXY-Firing Disagreed with CoST recommendation. 

OXY-firing is not generally required under 

recent OECA consent decrees. More 

common control is oxygen-enriched air 

staging (OEAS). OXY-firing can only be 

implemented at the time of furnace rebuild, 

which is generally done every 10-15 years. 

Changed recommended control to OEAS 

with a 50% NOx reduction instead of OXY-

firing at 85% NOx reduction, except for 

sources that already had NOx controls in 

place due to a consent decree, NSR 

requirement, or state regulation. Assumed 

that a furnace with a NOx emission limit of 

less than 4 lbs/ton of glass pulled was 

already reasonably controlled.  

ICI Boilers – 

Coal/Cyclone 

Selective Catalytic 

Reduction 

Agreed with CoST recommendation of SCR 

except for those sources where a permit or 

state regulation already required the source 

to be controlled. LADCO/OTC also 

recommends SCR 

ICI Boilers – 

Coal/Stoker 

Selective Catalytic 

Reduction 

Disagreed with CoST recommendation of 

SCR. CoST has $2200/ton, which appears 
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Source Group 
CoST Control 
Recommendation 

Summary of Recommended Changes to 
CoST Controls and Reductions 

very low for ICI boilers. Used LADCO/OTC 

recommendation of SNCR for Coal-Stokers 

with a 50% reduction, except for those 

sources where a permit or state regulation 

already required the source to be controlled. 

ICI Boilers – Coal/Wall Low NOx Burner and 

Selective Catalytic 

Reduction 

Agreed with CoST recommendation of SCR 

except for those sources where a permit or 

state regulation already required the source 

to be controlled. LADCO/OTC also 

recommends LNB/SCR 

ICI Boilers – Gas, 

Natural Gas, Process 

Gas 

Selective Catalytic 

Reduction 

Disagreed with CoST recommendation of 

SCR. CoST has $3456/ton, which appears 

very low for ICI boilers. Used LADCO/OTC 

recommendation of Low NOx Burners plus 

Flue Gas Recirculation for Gas-fire ICI 

boilers with a 60% reduction, except for 

those sources where a permit or state 

regulation already required the source to be 

controlled 

Industrial Incinerators Selective Non-Catalytic 

Reduction 

Agreed with CoST recommendation of SNCR 

except for those sources where a permit or 

state regulation already required the source 

to be controlled. 

Iron & Steel Mills – 

Reheating 

Low NOx Burner and Flue 

Gas Recirculation 

Agreed with CoST recommendation except 

for those sources where a permit or state 

regulation already required the source to be 

controlled. 

Municipal Waste 

Combustors 

Selective Non-Catalytic 

Reduction 

Agreed with CoST recommendation of SNCR 

except for those sources where a permit or 

state regulation already required the source 

to be controlled. 

Nitric Acid 

Manufacturing 

Nonselective Catalytic 

Reduction 

Agreed with CoST recommendation of NSCR 

except for those sources where a permit or 

state regulation already required the source 

to be controlled. 

Petroleum Refinery 

Process Heaters 

SCR-95% Nearly all refineries are already controlled 

due to the OECA global refinery consent 

decrees, which generally require 40-60% 

reductions across all boilers/heaters that 

each company operates. Not possible at 

present to identify the individual 

boilers/heaters that actually have been 

controlled or are scheduled to be controlled 

due to confidentiality agreements between 

EPA and companies. 
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Source Group 
CoST Control 
Recommendation 

Summary of Recommended Changes to 
CoST Controls and Reductions 

Taconite Ore 

Processing – Induration 

– Coal or Gas 

Selective Catalytic 

Reduction 

Disagree with CoST recommendation of 

SCR. EPA Region V considers SCR/SNCR 

to be infeasible. Used Low NOx Burners at 

70% reduction instead as reasonable control, 

except for those sources where a permit or 

state regulation already required the source 

to be controlled. . 

Utility Boilers* – 

Coal/Wall 

Selective Catalytic 

Reduction 

Agreed with CoST recommendation of SCR 

except for those sources where a permit or 

state regulation already required the source 

to be controlled. 

Utility Boilers* – Oil/Gas Selective Catalytic 

Reduction 

Agreed with CoST recommendation of SCR 

except for those sources where a permit or 

state regulation already required the source 

to be controlled. 

 
The utility boilers included in the context of this report are non-IPM utility boilers. In the NEI, these units 
have an SCC of 1-01—xxx-xx (the SCC series generally used for electric generating units. However, the 
sources included in this analysis do not sell electricity to the grid.  
 
 
 
 

Ammonia – NG-fired Reformers 

There are 15 sources in this category. The CoST control technology was selective catalytic reduction 

(SCR) with a 90% reduction in NOx emissions. We determined that four of these sources were already 

controlled by either SCR or ultra-NOx burners and recommended no further control/reductions. For all 

other sources, we agreed with the CoST control and emission reduction estimate. 

By-Product Coke Mfg; Oven Underfiring 

There are 14 sources in this category. The CoST control technology was selective non-catalytic reduction 

(SNCR) with a 60% reduction in NOx emissions. We reviewed a detailed RACT analysis for a facility in 

Pennsylvania that determined that no controls were feasible. For all sources in this category, we 

recommended that no controls were feasible and thus no reductions were appropriate.  

Cement Preheater/Precalciner Kilns 

There are 36 sources in this category. The CoST control technology was biosolid injection technology 

with a 23% reduction in NOx emissions. We reviewed permits and consent decrees to identify those kilns 

that are already controlled. Several kilns are already controlled based on NOx SIP Call requirements that 

typically required low NOx burners, mid-kiln firing, or an approved alternative that resulted in a 30% 

reduction. Other kilns already had SNCR installed due to a consent decree, new source review 

requirement, or other state-level requirement. 
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EPA expressed a concern whether there was sufficient biosolids availability for use by the uncontrolled 

kilns. Also, EPA has done considerable research on cement kiln NOx controls as part of its Industrial 

Sector Integrated Solutions (ISIS) project. EPA uses the ISIS-cement model help analyze policy options 

for various rulemakings. Based on the ISIS work, we recommended that low-NOx burners and SNCR as 

the appropriate control for all types of kilns. 

For uncontrolled kilns, we applied a 65% reduction in NOx emissions. For kilns already controlled with 

low-NOx burners or mid-kiln firing, we applied a 35% incremental reduction to account for the additional 

reductions from SNCR. For kilns already controlled with SNCR, we applied no additional emission 

reductions.    

Cement Manufacturing - Dry Process 

There are 20 sources in this category. The CoST control technology was SNCR with a 50% reduction in 

NOx emissions. We reviewed permits and consent decrees to identify those kilns that are already 

controlled. Several kilns are already controlled based on NOx SIP Call requirements that typically 

required low NOx burners, mid-kiln firing, or an approved alternative that resulted in a 30% reduction. 

Other kilns already had SNCR installed due to a consent decree, new source review requirement, or other 

state-level requirement. 

As discussed earlier, we recommended that low-NOx burners and SNCR as the appropriate control for all 

types of kilns based on the ISIS work. For uncontrolled kilns, we applied a 65% reduction in NOx 

emissions. For kilns already controlled with low-NOx burners or mid-kiln firing, we applied a 35% 

incremental reduction to account for the additional reductions from SNCR. For kilns already controlled 

with SNCR, we applied no additional emission reductions.   

Cement Manufacturing – Wet Process 

There are seven sources in this category. The CoST control technology was mid-kiln firing with a 30% 

reduction in NOx emissions. We determined that two of these kilns were installing a pilot SCR system as 

part of a consent decree. One kiln recently went through NSR review and has state-of-the-art control. 

Another kiln is required to install SNCR as part of a consent decree. No additional reductions were 

applied for these kilns. For the remaining kilns, we applied low-NOx burners and SNCR as described in 

the previous sections. 

Coal Cleaning – Thermal Dryer  

There was one source in this category. The CoST control technology was a low-NOx burner with a 50% 

reduction in NOx emissions. We could not find any information on this source and accepted the CoST 

controls.  
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Comm/Inst Incinerators  

There are two sources in this category. The CoST control technology was SNCR with a 45% reduction in 

NOx emissions. Both of these sources are already controlled by SNCR and we applied no additional 

emission reductions.  

External Combustion Boilers, Elec Gen, Solid Waste 

There are six sources in this category. The CoST control technology was SNCR with a 50% reduction in 

NOx emissions. All six of these sources are already controlled by SNCR and we applied no additional 

emission reductions. 

Fluid Catalytic Cracking Units  

There are six sources in this category. The CoST control technology was low-NOx burners and flue gas 

recirculation with a 55% reduction in NOx emissions. Nearly all sources are already controlled or 

required to install controls as a result of the EPA’s global refinery consent decrees. There is one small 

refinery in West Texas that does not appear to be covered by a consent decree, so the CoST 

recommendation was accepted. 

Glass Manufacturing – Container, Flat, Pressed  

There are 65 sources in this category. The CoST control technology was oxy-firing with an 85% 

reduction in NOx emissions. There were several concerns about using oxy-firing for this analysis. First, 

there is a concern about the timing of installing oxy-firing technology. Oxy-firing is typically installed at 

the time of a furnace rebuild, which is typically done every 10 to 15 years. Second, oxy-firing is not 

generally required under recent EPA consent decrees. More common control is oxygen-enriched air 

staging (OEAS).  We recommended that OEAS with a 50% NOx reduction instead of OXY-firing at 85% 

NOx reduction, except for sources that already had NOx controls in place due to a consent decree, NSR 

requirement, or state regulation. We assumed that a furnace with a NOx emission limit of less than 4 

lbs/ton of glass pulled was already reasonably controlled. 

ICI Boilers – Coal/Cyclone  

There are eight sources in this category. The CoST control technology was SCR with an 80% reduction in 

NOx emissions. We reviewed the Evaluation of Control Options for Industrial, Commercial and 

Institutional (ICI) Boilers Technical Support Document (TSD), March, 2011 prepared by the Lake 

Michigan Air Directors Consortium (LADCO) and the Ozone Transport Commission (OTC). 

LADCO/OTC also recommended SCR for coal-cyclone boilers. Since the LADCO/OTC recommendation 

was consistent with the CoST control, we agreed with the CoST control technology for five sources 

which we determined were uncontrolled. Two sources were determined to be already controlled. One 

source appears to have shut down their coal-fired boilers. No reductions were applied for these three 

sources since they are already controlled.  
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ICI Boilers – Coal/Stoker  

There are 45 sources in this category. The CoST control technology was SCR with an 80% reduction in 

NOx emissions. The LADCO/OTC recommendation was for combustion tuning and SNCR. We agreed 

with the LADCO/OTC recommendation and assumed a 50% control efficiency. We determined that most 

of these sources are currently uncontrolled. Two coal-fired boilers are scheduled to be replaced with gas-

fired boilers. Two other boilers recently installed SNCR.  

ICI Boilers – Coal/Wall  

There are 54 sources in this category. The CoST control technology was low-NOx burners and SCR with 

a 91% reduction in NOx emissions. The LADCO/OTC recommendation was also for low-NOx burners 

and SCR. Since the LADCO/OTC recommendation was consistent with the CoST control, we agreed 

with the CoST control technology and emission reductions.  

ICI Boilers – Gas, Natural Gas, Process Gas  

There are 130 sources in this category. The CoST control technology was SCR with an 80% reduction in 

NOx emissions. The LADCO/OTC recommendation was for low-NOx burners, flue gas recirculation, or 

low-NOx burners combined with flue gas recirculation. We agreed with the LADCO/OTC 

recommendation of low-NOx burners combined with flue gas recirculation and assumed a 60% control 

efficiency.  

Several of these sources are located in the OTR or ozone nonattainment areas, and as a result already have 

a RACT control requirement or emission limitation that is consistent with the LADCO/OTC 

recommendations. A few of these sources are located at petroleum refineries and were assumed to be 

already controlled due to EPA’s refinery enforcement initiative.  

Municipal Waste Combustors  

There are 55 sources in this category. The CoST control technology was SNCR with a 45% reduction in 

NOx emissions. We determined that 35 of these sources are already controlled with SNCR and no 

additional reductions were applied. For the remaining uncontrolled sources, we agreed with the CoST 

controls and emission reductions. 

Nitric Acid Manufacturing  

There are seven sources in this category. The CoST control technology was non-selective catalytic 

reduction (NSCR) with a 98% reduction in NOx emissions. All but one of these sources is already 

controlled by NSCR or SCR.  

Petroleum Refinery Process Heaters  

There are 28 sources in this category. The CoST control technology was SCR with a 95% reduction in 

NOx emissions. All of the sources in this category are covered sources under EPA’s global refinery 

enforcement initiative. The settlements generally require 40-60% reductions across all boilers/heaters that 
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each company operates. Companies have submitted NOx compliance plans to OECA that identify the 

specific sources that have been controlled or are planned to be controlled, along with the technology used. 

But it is not possible at present to identify the individual boilers/heaters that actually have been controlled 

or are scheduled to be controlled due to confidentiality agreements between EPA and companies. No 

additional reductions were included for this category. 

Taconite Ore Processing – Induration – Coal or Gas  

There are 10 sources in this category. The CoST control technology was SCR with a 90% reduction in 

NOx emissions. All of the sources in this category are already subject to Best Available Retrofit 

Technology (BART) requirements under the Regional Haze program. EPA Region V determined that 

BART is low-NOx burners and agreed that SCR controls are infeasible for indurating furnaces. No 

additional reductions were included for this category.  

Utility Boilers – Coal/Wall, Oil, Gas  

There are 11 sources in this category. The CoST control technology was SCR with a 80 to 90% reduction 

in NOx emissions depending on fuel type. All of the sources in this category appear to be uncontrolled 

and we agreed with the CoST control and emission reduction estimate. 

 

REVIEW OF CoST RESULTS FOR THE 25 TO 100 TPY GROUP 

Due to the large number of sources in this group, we were not able to review individual permits to 

determine whether the individual source was already controlled. Instead, our recommendations were 

based on of state regulations, enforcement actions, engineering judgment, and other available information. 

We generally assumed that sources located in areas with stringent NOx rules are already well controlled 

and we assumed that no additional reductions were likely from these sources. This assumption was 

generally applied in New Jersey, New York and sources located in the Houston nonattainment area. 

Given more time, we would like to have also applied this assumption in other areas with stringent existing 

regulations, such as Chicago, Milwaukee, and Baton Rouge. In any future analysis, it would be useful to 

examine the stringency of rules that apply strictly to nonattainment areas.  

 

Table 2 summarizes the source categories included in our analysis, the CoST recommendation for NOx 

control, and the recommendation for changing the CoST control measure assignment and associated 

emission reduction estimates. Following Table 2, there is a discussion for each source group to provide 

more detail on the rationale for the recommended changes for each source group. Attachments 5 to 8 are 

tabular comparisons of the initial CoST emission reduction estimates and the recommended changes. All 

Attachments present the results in terms of tons per ozone season, simply estimated by assuming that 
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ozone season emissions were equal to 5/12 of the annual emissions. Maps 3A and 3B graphically show 

the location of sources and the magnitude of the recommended emission reductions.  

 

Table 2 – CoST Controls and Recommended Changes for 
25 to 100 TPY Sources 

 

Source Group 
CoST Control 
Recommendation 

Summary of Recommended Changes to 
CoST Controls and Reductions 

Ammonia – NG-fired 
Reformers 

Selective Catalytic 
Reduction 

Agreed with CoST recommendation of SCR 
except for those sources where a permit or 
state regulation already required the source to 
be controlled. 

Cement Kilns Biosolid Injection 
Technology 

Because of low emissions, assume that the 
kiln is already controlled or have very low 
usage which would result in a unreasonably 
high cost-effectiveness 

Cement Manufacturing 
– Wet 

Mid-kiln Firing Because of low emissions, assume that the 
kiln is already controlled or have very low 
usage which would result in a unreasonably 
high cost-effectiveness 

Ceramic Clay Mfg; 
Drying 

Low NOx Burner Questions about technical feasibility for these 
category, assume zero reductions 

Coal Cleaning – 
Thermal Dryer 

Low NOx Burner Agree with CoST recommendation 

Comm/Inst Incinerators Selective Non-Catalytic 
Reduction 

Agree with CoST recommendation 

External Combustion 
Boilers, Elec Gen, 
Sub/Bit Coal 

Selective Non-Catalytic 
Reduction 

Agree with CoST recommendation, although 
questions as to whether the source is already 
controlled or very low usage which would 
result in a unreasonably high cost-
effectiveness 

Fluid Catalytic Cracking 
Units 

Low NOx Burner and Flue 
Gas Recirculation 

Nearly all FCCUs are already controlled due 
to the OECA global refinery consent decrees. 

Gas Turbines Low NOx Burners Agreed with CoST recommendation except for 
those sources where a state regulation 
already required the source to be controlled. 

Glass Manufacturing – 
Container, Flat, Pressed  

OXY-Firing Because of low emissions, assume that the 
furnace is already controlled or have very low 
usage which would result in a unreasonably 
high cost-effectiveness 
 

ICI Boilers – 
Coal/Stoker 

Selective Catalytic 
Reduction 

Disagreed with CoST recommendation of 
SCR. CoST has $2200/ton, which appears 
very low for ICI boilers. Used LADCO/OTC 
recommendation of SNCR for Coal-Stokers 
with a 50% reduction, except for those 
sources where a state regulation already 
required the source to be controlled. 

ICI Boilers – Coal/Wall Low NOx Burner and 
Selective Catalytic 
Reduction 

Agreed with CoST recommendation of SCR 
except for those sources where a state 
regulation already required the source to be 
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Source Group 
CoST Control 
Recommendation 

Summary of Recommended Changes to 
CoST Controls and Reductions 

controlled. LADCO/OTC also recommends 
LNB/SCR 

ICI Boilers – Distillate 
Oil or Process Gas 

Selective Catalytic 
Reduction 

Because of low emissions, assume that the 
boiler is already controlled or have very low 
usage which would result in a unreasonably 
high cost-effectiveness 

ICI Boilers – Natural 
Gas 

Low NOx Burner and 
Selective Catalytic 
Reduction 

Disagreed with CoST recommendation of 
SCR. Used LADCO/OTC recommendation of 
Low NOx Burners plus Flue Gas Recirculation 
for Gas-fire ICI boilers with a 60% reduction, 
except for those sources where a permit or 
state regulation already required the source to 
be controlled 

ICI Boilers – Residual 
Oil  

Low NOx Burner and 
Selective Non-Catalytic 
Reduction 

Agreed with CoST recommendation of SCR 
except for those sources where a state 
regulation already required the source to be 
controlled. 

Industrial Incinerators Selective Non-Catalytic 
Reduction 

Agreed with CoST recommendation of SNCR 
except for those sources where a state 
regulation already required the source to be 
controlled. 

Iron & Steel Mills – 
Reheating 

Low NOx Burner and Flue 
Gas Recirculation 

Agreed with CoST recommendation except for 
those sources where a state regulation 
already required the source to be controlled. 

Municipal Waste 
Combustors 

Selective Non-Catalytic 
Reduction 

Agreed with CoST recommendation of SNCR 
except for those sources where a state 
regulation already required the source to be 
controlled. 

Nitric Acid 
Manufacturing 

Nonselective Catalytic 
Reduction 

Agreed with CoST recommendation of NSCR 
except for those sources where a state 
regulation already required the source to be 
controlled. 

Petroleum Refinery 
Process Heaters 

SCR or Ultra-Low NOx 
Burner 

Nearly all refineries are already controlled due 
to the OECA global refinery consent decrees, 
which generally require 40-60% reductions 
across all boilers/heaters that each company 
operates. Not possible at present to identify 
the individual boilers/heaters that actually 
have been controlled or are scheduled to be 
control due to confidentiality agreements 
between EPA and companies. 

Utility Boilers – 
Coal/Wall 

Selective Catalytic 
Reduction 

Agreed with CoST recommendation of SCR 
except for those sources where a state 
regulation already required the source to be 
controlled 

Utility Boilers – Oil/Gas Selective Catalytic 
Reduction 

Because of low emissions, assume 
unreasonably high cost-effectiveness for 
SCR; use LNB/FGR as reasonable control. 
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Ammonia – NG-fired Reformers 

There are seven sources in this category. The CoST control technology was SCR with a 90% reduction in 

NOx emissions. For all other sources, we agreed with the CoST control and emission reduction estimate. 

Cement Kilns 

There are six sources in this category. The CoST control technology was either biosolid injection 

technology with a 23% reduction in NOx emissions or mid-kiln firing with a 30% reduction. Because of 

the low baseline emissions for these kilns, we assumed that the kilns were already controlled or have low 

usage which would result in a very high cost-effectiveness. We determined that no reductions be applied 

for these sources.   

Coal Cleaning – Thermal Dryer 

There are 10 sources in this category. The CoST control technology was a low-NOx burner with a 50% 

reduction in NOx emissions. We agreed with the CoST control and emission reduction estimate. 

Commercial/Institutional Incinerators 

There are four sources in this category. The CoST control technology was SNCR with a 45% reduction in 

NOx emissions. We agreed with the CoST control and emission reduction estimate. 

External Combustion Boilers, Electric Generation, Coal 

There are 14 sources in this category. The CoST control technology was SNCR with a 40% reduction in 

NOx emissions. It appears that the sources in this category are low usage spreader stokers. Although there 

may be a concern about the cost-effectiveness for these sources, we agreed with the CoST control and 

emission reduction estimate. 

Fluid Catalytic Cracking Units 

There are 21 sources in this category. The CoST control technology was low-NOx burners and flue gas 

recirculation with a 55% reduction in NOx emissions. All sources in this category are assumed subject to 

existing control requirements resulting from the OECA global refinery enforcement initiative. 

Additionally, eight of the sources are located in the Houston nonattainment area and are likely subject to 

stringent controls. For these reasons, we assumed no further control or emission reductions for the 

FCCUs.  

Gas Turbines 

There are 438 sources in this category. The CoST control technology was for low-NOx burners with a 

68% reduction in NOx emissions. We agreed with the CoST control and emission reduction estimate, 

except for those sources located in the OTR and Houston ozone nonattainment area, where we assumed 

that these sources already had RACT controls. 

Glass Manufacturing – Container, Flat, Pressed  
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There are eight sources in this category. The CoST control technology was SCR with a 90% reduction in 

NOx emissions. Because of the low baseline emissions for these furnaces, we assumed that the furnaces 

were already controlled and determined that no reductions be applied for these sources.   

ICI Boilers – Coal/Stoker 

There are 133 sources in this category. The CoST control technology was SCR with a 90% reduction in 

NOx emissions. The LADCO/OTC recommendation was for combustion tuning and SNCR. We agreed 

with the LADCO/OTC recommendation and assumed a 50% control efficiency. 

ICI Boilers – Coal/Wall 

There are 11 sources in this category. The CoST control technology was SCR with a 90% reduction in 

NOx emissions. The CoST control technology was low-NOx burners and SCR with a 91% reduction in 

NOx emissions. The LADCO/OTC recommendation was also for low-NOx burners and SCR. Since the 

LADCO/OTC recommendation was consistent with the CoST control, we agreed with the CoST control 

technology and emission reductions. 

ICI Boilers – Natural Gas 

There are 376 sources in this category. The CoST control technology was low-NOx burners and SCR 

with a 91% reduction in NOx emissions. The LADCO/OTC recommendation was for low-NOx burners, 

flue gas recirculation, or low-NOx burners combined with flue gas recirculation. We agreed with the 

LADCO/OTC recommendation of low-NOx burners combined with flue gas recirculation and assumed a 

50% control efficiency, except for those sources located in the OTR and Houston ozone nonattainment 

area, where we assumed that these sources already had RACT controls. 

ICI Boilers – Process Gas  

There are 57 sources in this category. The CoST control technology was SCR with a 90% reduction in 

NOx emissions. Most of these sources are located at petroleum refineries and are assumed subject to 

existing control requirements resulting from the OECA global refinery enforcement initiative, or are 

located in the Houston nonattainment area and are likely subject to stringent controls. For these reasons, 

we assumed no further control or emission reductions. 

ICI Boilers – Residual Oil  

There are 28 sources in this category. The CoST control technology was low-NOx burner and SNCR with 

a 69.5% reduction in NOx emissions. We agreed with the CoST control and emission reduction estimate, 

except for those sources located in the OTR and Houston ozone nonattainment area, where we assumed 

that these sources already had RACT controls. 

Industrial Incinerators 

There are 21 sources in this category. The CoST control technology was SNCR with a 45% reduction in 

NOx emissions. We agreed with the CoST control and emission reduction estimate, except for those 
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sources located in the OTR and Houston ozone nonattainment area, where we assumed that these sources 

already had RACT controls. 

Iron & Steel Mills – Reheating 

There are 32 sources in this category. The CoST control technology was low-NOx burners and flue gas 

recirculation with a 77% reduction in NOx emissions. We agreed with the CoST control and emission 

reduction estimate. 

Municipal Waste Combustors 

There are 25 sources in this category. The CoST control technology was SCR with a 90% reduction in 

NOx emissions. RTI identified the sources are already controlled and no additional reductions were 

applied for these sources. For the remaining sources, we agreed with the CoST controls and emission 

reductions. 

Nitric Acid Manufacturing 

There are 14 sources in this category. The CoST control technology was NSCR with a 98% reduction in 

NOx emissions. We agreed with the CoST control and emission reduction estimate.  

Petroleum Refinery Process Heaters 

There are 30 sources in this category. The CoST control technology was SCR with a 90-98% reduction or 

ultra-low NOx burners with a 30-50% reductions in NOx emissions. Most of these sources are located at 

petroleum refineries and are assumed subject to existing control requirements resulting from the OECA 

global refinery enforcement initiative, or are located in the Houston nonattainment area and are likely 

subject to stringent controls. For these reasons, we assumed no further control or emission reductions. 

Utility Boilers – Coal/Wall 

There are three sources in this category. The CoST control technology was SCR with a 90% reduction in 

NOx emissions. We agreed with the CoST control and emission reduction estimate. 

Utility Boilers – Oil/Gas 

There are 27 sources in this category. The CoST control technology was SCR with a 80% reduction in 

NOx emissions. The LADCO/OTC recommendation was for low-NOx burners or flue gas recirculation. 

We agreed with the LADCO/OTC recommendation of low-NOx burners combined with flue gas 

recirculation and assumed a 60% control efficiency. 
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Attachment 1 – NOx Emission Reductions by State for Sources in the > 100 Ton per Year Reduction Group 

State 
Number of  
Sources 

NOx emissions 
reduced from 

controls in CoST  
(tons/O3 season)  

        ( A ) 

Recommended  
NOx emissions 

reduced from 
controls in CoST  
(tons/O3 season)  

        ( B ) 

Size of correction 
in NOx emission 

reductions  
(tons/O3 season)  

    ( A - B ) 

Alabama 24 2,855 2,287 568 

Arkansas 6 455 293 162 

Delaware 2 206 0 206 

Florida 20 2,158 1,370 788 

Illinois 21 2,659 1,472 1,187 

Indiana 41 5,405 4,510 896 

Iowa 10 1,226 999 227 

Kansas 7 735 452 283 

Kentucky 11 915 838 77 

Louisiana 57 7,623 3,622 4,000 

Maryland 10 1,933 355 1,578 

Michigan 27 2,758 1,768 990 

Mississippi 7 1,054 516 538 

Missouri 15 1,698 1,562 136 

New Jersey 15 417 0 417 

New York 30 3,091 281 2,810 

Ohio 37 4,098 2,039 2,058 

Oklahoma 20 2,949 1,864 1,086 

Pennsylvania 52 5,637 2,215 3,422 

Tennessee 13 4,741 1,987 2,755 

Texas 65 8,860 6,383 2,477 

Virginia 28 3,337 3,033 303 

West Virginia 9 1,180 793 387 

Wisconsin 20 4,092 3,416 676 

 547 70,082 42,054 28,028 
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Attachment 2 – NOx Emission Reductions by Source Group for Sources in the > 100 Ton per Year Reduction Group 

Source Group 
Number of  
Sources 

NOx emissions 
reduced from 

controls in CoST  
(tons/O3 season)  

        ( A ) 

Recommended  
NOx emissions 

reduced from 
controls in CoST  
(tons/O3 season)  

        ( B ) 

Size of correction 
in NOx emission 

reductions  
(tons/O3 season)  

    ( A - B ) 

Ammonia - NG-Fired Reformers 15 2,427 1,551 875 

By-Product Coke Mfg; Oven Underfiring 14 1,199 0 1,199 

Cement Kilns 36 3,932 6,586 -2,654 

Cement Manufacturing - Dry 20 3,672 2,234 1,438 

Cement Manufacturing - Wet 7 1,294 1,120 174 

Coal Cleaning-Thrml Dryer; Fluidized Bed 1 50 50 0 

Comm./Inst. Incinerators 2 137 0 137 

External Combustion Boilers, Solid Waste 6 472 0 472 

Fluid Cat Cracking Units; Cracking Unit 6 607 52 556 

Fuel Fired Equip; Process Htrs; Pro Gas 2 143 143 0 

Glass Manufacturing - Container 34 2,759 678 2,081 

Glass Manufacturing – Flat 23 10,241 6,024 4,217 

Glass Manufacturing - Pressed 8 684 402 282 

ICI Boilers - Coal/Cyclone 8 2,987 1,840 1,147 

ICI Boilers - Coal/FBC 3 233 180 53 

ICI Boilers - Coal/Stoker 45 4,688 2,938 1,750 

ICI Boilers - Coal/Wall 54 12,041 7,996 4,045 

ICI Boilers – Gas 10 1,266 910 356 

ICI Boilers - Natural Gas 84 7,578 3,452 4,126 

ICI Boilers - Process Gas 36 3,868 1,229 2,639 

ICI Boilers - Residual Oil 2 199 82 117 

Indust. Incinerators 9 586 124 461 

In-Proc;Process Gas;Coke Oven/Blast Furn 3 299 0 299 
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Source Group 
Number of  
Sources 

NOx emissions 
reduced from 

controls in CoST  
(tons/O3 season)  

        ( A ) 

Recommended  
NOx emissions 

reduced from 
controls in CoST  
(tons/O3 season)  

        ( B ) 

Size of correction 
in NOx emission 

reductions  
(tons/O3 season)  

    ( A - B ) 

In-Process; Bituminous Coal; Cement Kiln 2 290 295 -5 

Iron & Steel - In-Process Coal Combustion 4 419 0 419 

Iron & Steel Mills – Reheating 2 156 156 0 

Municipal Waste Combustors 55 1,591 876 715 

Nitric Acid Manufacturing 7 687 82 605 

Petroleum Refinery Gas-Fired Process Heaters 28 2,025 0 2,025 

Taconite Iron Ore  - Induration - Coal or Gas 10 829 451 379 

Utility Boiler - Coal/Wall 5 555 555 0 

Utility Boiler - Oil-Gas/Tangential 2 526 526 0 

Utility Boiler - Oil-Gas/Wall 4 1,645 1,524 121 

 547 70,082 42,054 28,028 
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Attachment 3 – NOx Emission Reductions by 3-Digit NAICS Code for Sources in the > 100 Ton per Year Reduction Group 

3-Digit NAICS Code 
Number of  
Sources 

NOx emissions 
reduced from 

controls in CoST  
(tons/O3 season)  

        ( A ) 

Recommended  
NOx emissions 

reduced from 
controls in CoST  
(tons/O3 season)  

        ( B ) 

Size of correction 
in NOx emission 

reductions  
(tons/O3 season)  

    ( A - B ) 

211 Oil and Gas Extraction 1 46 30 16 

212 Mining (except Oil and Gas) 11 879 500 379 

221 Utilities 10 1,186 853 333 

311 Food Mfg 12 1,181 815 366 

312 Beverage and Tobacco Product Mfg 7 761 761 0 

322 Paper Mfg 70 11,616 7,968 3,648 

324 Petroleum and Coal Products Mfg 49 3,942 239 3,703 

325 Chemical Mfg 132 19,689 10,753 8,937 

3272 Glass and Glass Product Mfg 64 13,588 7,047 6,540 

3273 Cement and Concrete Product Mfg 64 9,113 10,183 -1,070 

3274 Lime & Gypsum Product Mfg 1 75 52 22 

331 Primary Metal Mfg 50 4,908 1,837 3,070 

333 Machinery Mfg 1 57 35 21 

336 Transportation Equipment Mfg 2 148 103 46 

424 Merchant Wholesalers, Nondurable Goods 2 160 0 160 

531 Real Estate 1 72 0 72 

562 Waste Mgmt and Remediation Services 65 2,366 843 1,523 

611 Educational Services 5 295 34 261 

 547 70,082 42,054 28,028 
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Attachment 4 – NOx Emission Reductions by 3-Digit NAICS Code for Sources in the > 100 Ton per Year Reduction Group 

Recommended Change to CoST Control 
Number of  
Sources 

NOx emissions 
reduced from 

controls in CoST  
(tons/O3 season)  

        ( A ) 

Recommended  
NOx emissions 

reduced from 
controls in CoST  
(tons/O3 season)  

        ( B ) 

Size of correction 
in NOx emission 

reductions  
(tons/O3 season)  

    ( A - B ) 

Already Controlled 138  12,973 0 12,973 

Already Controlled by Glass CD 12  1,034 0 1,034 

Already Controlled By Refinery CD 52  4,300 0 4,300 

Control Technically or Economically Infeasible 18  1,618 0 1,618 

Fuel Switch Already Occurred  4  2,370 0 2,370 

Low NOx Burner 7  629 500 129 

Low NOx Burner and Flue Gas Recirculation 88  8,792 6,022 2,769 

Low NOx Burner and SCR 44  7,996 7,996 0 

Low NOx Burner and SNCR 41  5,895 10,236 -4,341 

Non-Selective Catalytic Reduction 1  82 82 0 

Oxygen Enriched Air Staging 47  12,077 7,104 4,973 

Selective Catalytic Reduction (SCR) 27  6,088 6,088 0 

Selective Non-Catalytic Reduction (SNCR) 62  5,109 4,026 1,083 

Source Already Shutdown  6  1,120 0 1,120 

 547 70,082  42,054  28,028  
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Attachment 5 – NOx Emission Reductions by State for Sources in the 25 to 100 Ton per Year Reduction Group 

State 
Number of  
Sources 

NOx emissions 
reduced from 

controls in CoST  
(tons/O3 season)  

        ( A ) 

Recommended  
NOx emissions 

reduced from 
controls in CoST  
(tons/O3 season)  

        ( B ) 

Size of correction 
in NOx emission 

reductions  
(tons/O3 season)  

    ( A - B ) 

Alabama 38 641 517 123 

Arkansas 14 277 203 74 

Delaware 5 73 58 15 

Florida 27 532 399 133 

Illinois 91 1,519 845 675 

Indiana 44 894 580 314 

Iowa 19 422 309 113 

Kansas 31 562 421 140 

Kentucky 33 619 407 212 

Louisiana 101 2,046 1,467 579 

Maryland 18 353 209 144 

Michigan 67 1,149 844 304 

Mississippi 22 366 343 23 

Missouri 13 224 179 45 

New Jersey 7 72 11 61 

New York 41 685 59 625 

Ohio 86 1,476 1,075 402 

Oklahoma 40 749 669 81 

Pennsylvania 79 1,359 423 936 

Tennessee 42 742 514 228 

Texas 374 6,444 3,311 3,133 

Virginia 30 450 350 100 

West Virginia 21 421 334 87 

Wisconsin 37 697 471 226 

 1280 22,774 14,000 8,774 
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Attachment 6 – NOx Emission Reductions by Source Group for Sources in the 25 to 100 Ton per Year Reduction Group 

Source Group 
Number of  
Sources 

NOx emissions 
reduced from 

controls in CoST  
(tons/O3 season)  

        ( A ) 

Recommended  
NOx emissions 

reduced from 
controls in CoST  
(tons/O3 season)  

        ( B ) 

Size of correction 
in NOx emission 

reductions  
(tons/O3 season)  

    ( A - B ) 

Ammonia - NG-Fired Reformers2 7 200 155 45 

Cement Kilns 4 93 0 93 

Cement Manufacturing - Wet 2 60 0 60 

Ceramic Clay Mfg; Drying 4 29 0 29 

Coal Cleaning-Thrml Dryer; Fluidized Bed 10 188 188 0 

Comm./Inst. Incinerators 4 47 47 0 

Ext Comb Boilers, Elec Gen, Nat Gas (2) 1 28 28 0 

Ext Comb Boilers, Elec Gen, Sub/Bit Coal (3) 14 158 158 0 

Fbrglass Mfg; Txtle-Type Fbr; Recup Furn 2 9 9 0 

Fluid Cat Cracking Units; Cracking Unit 21 393 0 393 

Fuel Fired Equip; Furnaces; Natural Gas 3 18 18 0 

Fuel Fired Equip; Process Htrs; Pro Gas 7 86 86 0 

Gas Turbines - Natural Gas 438 7,193 5,749 1,444 

Glass Manufacturing - Flat 8 190 0 190 

ICI Boilers - Coal/FBC 1 35 22 13 

ICI Boilers - Coal/Stoker 133 2,502 1,629 873 

ICI Boilers - Coal/Wall 11 246 246 0 

ICI Boilers - Distillate Oil 4 75 0 75 

ICI Boilers - Gas 26 601 0 601 

ICI Boilers - Natural Gas 350 6,814 3,705 3,109 

ICI Boilers - Oil 2 41 0 41 

ICI Boilers - Process Gas 31 609 0 609 

ICI Boilers - Residual Oil 28 484 437 47 
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Source Group 
Number of  
Sources 

NOx emissions 
reduced from 

controls in CoST  
(tons/O3 season)  

        ( A ) 

Recommended  
NOx emissions 

reduced from 
controls in CoST  
(tons/O3 season)  

        ( B ) 

Size of correction 
in NOx emission 

reductions  
(tons/O3 season)  

    ( A - B ) 

Indust. Incinerators 21 230 118 113 

In-Proc;Process Gas;Coke Oven/Blast Furn 4 33 8 25 

Iron & Steel - In-Process Comb - Coal 1 19 0 19 

Iron & Steel Mills - Reheating 32 481 481 0 

Municipal Waste Combustors 25 472 228 243 

Nitric Acid Manufacturing 14 363 289 74 

Petroleum Refinery Gas-Fired Process Heaters 30 456 0 456 

Solid Waste Disp;Gov;Other Incin;Sludge 1 6 6 0 

Space Heaters - Natural Gas 2 17 13 4 

Steel Foundries; Heat Treating Furn 7 122 122 0 

Surf Coat Oper;Coating Oven Htr;Nat Gas 2 11 0 11 

Utility Boiler - Coal/Wall 2 48 48 0 

Utility Boiler - Coal/Wall2 1 13 13 0 

Utility Boiler - Oil-Gas/Tangential 8 99 62 37 

Utility Boiler - Oil-Gas/Wall 19 307 137 170 

 1280 22,774 14,000 8,774 
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Attachment 7 – NOx Emission Reductions by 3-Digit NAICS Code for Sources in the 25 to 100 Ton per Year Reduction Group 

3-Digit NAICS Code 
Number of  
Sources 

NOx emissions 
reduced from 

controls in CoST  
(tons/O3 season)  

        ( A ) 

Recommended  
NOx emissions 

reduced from 
controls in CoST  
(tons/O3 season)  

        ( B ) 

Size of correction 
in NOx emission 

reductions  
(tons/O3 season)  

    ( A - B ) 

211 Oil and Gas Extraction 146 2,674 2,573 100 

212 Mining (except Oil and Gas) 12 247 227 20 

213 Support Activities for Mining 1 20 20 0 

221 Utilities 96 1,575 1,035 540 

311 Food Manufacturing 46 715 450 266 

312 Beverage and Tobacco Products 9 151 91 60 

313 Textile Mills 1 24 15 9 

314 Textile Product Mills 1 12 7 4 

316 Leather and Allied Product Manufacturing 1 10 7 3 

321 Wood Product Manufacturing 6 100 56 44 

322 Paper Manufacturing 79 1,662 1,028 634 

324 Petroleum and Coal Products 115 2,083 527 1,556 

325 Chemical Manufacturing 332 6,480 3,218 3,262 

326 Plastics and Rubber Products 13 206 142 65 

327 Nonmetallic Mineral Product Manufacturing 24 417 32 385 

331 Primary Metal Manufacturing 87 1,380 1,094 285 

332 Fabricated Metal Product Manufacturing 4 80 46 33 

333 Machinery Manufacturing 2 20 14 6 

334 Computer and Electronic Products 1 9 9 0 

336 Transportation Equipment Manufacturing 13 261 192 69 

337 Furniture and Related Products 2 18 18 0 

447 Gasoline Stations 1 7 0 7 

454 Nonstore Retailers 1 9 0 9 
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3-Digit NAICS Code 
Number of  
Sources 

NOx emissions 
reduced from 

controls in CoST  
(tons/O3 season)  

        ( A ) 

Recommended  
NOx emissions 

reduced from 
controls in CoST  
(tons/O3 season)  

        ( B ) 

Size of correction 
in NOx emission 

reductions  
(tons/O3 season)  

    ( A - B ) 

482 Rail Transportation 3 37 23 14 

486 Pipeline Transportation 156 2,551 2,034 517 

488 Support Activities for Transportation 1 18 12 6 

531 Real Estate 8 147 0 147 

541 Professional Services 6 81 77 4 

561 Administrative and Support Services 1 8 0 8 

562 Waste Mgmt and Remediation Services 21 376 184 192 

611 Educational Services 62 963 617 346 

622 Hospitals 7 116 36 80 

713 Amusement, Gambling, and Recreation  2 49 45 4 

721 Accommodation 2 25 10 15 

922 Justice, Public Order, and Safety Activities 4 29 17 12 

923 Administration of Human Resources 1 12 8 4 

928 National Security and International Affairs 13 201 135 66 

 1280 22,774 14,000 8,774 
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Attachment 8 – NOx Emission Reductions by 3-Digit NAICS Code for Sources in the 25 to 100 Ton per Year Reduction Group 

Recommended Change to CoST Control 
Number of  
Sources 

NOx emissions 
reduced from 

controls in CoST  
(tons/O3 season)  

        ( A ) 

Recommended  
NOx emissions 

reduced from 
controls in CoST  
(tons/O3 season)  

        ( B ) 

Size of correction 
in NOx emission 

reductions  
(tons/O3 season)  

    ( A - B ) 

Already Controlled 207 3,380 0 3,380 

Already Controlled by Refinery CD 40 704 0 704 

Low NOx Burner 362 6,087 6,087 0 

Low NOx Burner and Flue Gas Recirculation 361 6,726 4,491 2,235 

Low NOx Burner and SCR 11 246 246 0 

Low NOx Burner and SNCR 24 437 437 0 

Natural Gas Reburn 1 28 28 0 

Non-Selective Catalytic Reduction 12 289 289 0 

Questions About Feasibility 1 22 0 22 

Questions About Feasibility - Cement 6 154 0 154 

Questions About Feasibility - Ceramic Clay Mfg 4 29 0 29 

Questions about Feasibility - Coating Ovens 2 11 0 11 

Questions about Feasibility - Distillate Oil 6 116 0 116 

Questions About Feasibility - Glass 7 167 0 167 

Questions about Feasibility - Process Gas 50 1,070 0 1,070 

Selective Catalytic Reduction 8 216 216 0 

Selective Non-Catalytic Reduction 178 3,094 2,207 886 

 1280 22,774 14,000 8,774 
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To:   US EPA OAQPS  

From:   SRA International, Inc.  

Subject: Summary of State NOx Regulations for Selected Stationary Sources  

Date:  September 30, 2014 

 

SRA compiled a summary of state/local NOx emission control regulations pertaining six categories of 

nonEGUs:  

 Cement kilns 

 Industrial/Commercial/Institutional (ICI) Boilers – Coal-fired 

 ICI Boilers – Gas-fired 

 ICI Boilers – Oil-fired 

 Gas Turbines 

 Internal Combustion (IC) Engines 

The analysis included 27 states in the eastern two-thirds of the U.S. For each of these states and source 

categories, we identified state-specific sub-categories (e.g. fuel type or size threshold), the NOx emission 

limit or control requirement, averaging time for the emission limit, geographic applicability within the 

state, testing/monitoring requirements, and rule citation. This information is contained in the attached 

spreadsheet (Draft State NOx RACT Limits 2014_04_01.xlsx). 

 

Attachment 1 is an overall summary of the relative stringency of the NOx requirements by geographic 

area and source category. We also prepared a 2-page summary for each of the six categories to concisely 

compare state NOx emission limits or control requirements. These are shown in Attachments 2 to 7, along 

with notes highlighting the major differences between the state regulations. 

 

Please let us know should you have questions or comments about any of the data presented in this 

memorandum.  
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Attachment 1 – Relative Stringency of NOx Requirements 

 

Source Category 
States/Areas with  

Most Stringent Regulations 
States/Areas with  

Less Stringent Regulations 
States with  

No Regulations or Sources 

Cement Kilns1 States:  IL, MD, NY, PA, TX 
Areas: Ellis County, TX 

States: AL (NOx SIP area), IN, KY, 
MO, MI, OH, SC, TN, VA, WV 

States: AR, FL, GA, MS, OK 
States with no cement kilns:  
CT, DE, LA, MA, NC, NJ, WI 

Coal-fired ICI Boilers2 States:  NY 
Areas: Chicago, St. Louis (IL portion), 
Baton Rouge, Houston-Galveston (coke-
fired), Milwaukee, 

States: FL, GA, IN, MA, MD, MI, PA, 
TN, VA 
Areas: Chicago, St. Louis (MO 
portion), Baton Rouge, Charlotte, 
Cleveland 

States: AL, AR, KY, MS, OK, SC, TX 
(except Houston-Galveston) WV 
NE States with no coal-fired ICI 
boilers: CT, DE, NJ 

Gas-fired ICI Boilers States:  NJ, NY, PA 
Areas:  Chicago, St. Louis (IL portion), 
Baton Rouge, Beaumont-Port Arthur, 
Cleveland, Dallas, Houston, Milwaukee 

States: CT, DE, FL,GA, MA, MD, MI, 
MO, TN, VA 
Areas: Clark/Floyd Counties, St. 
Louis (MO portion), Charlotte  

States: AL, AR, KY, MS, OK, SC, WV 

Oil-fired ICI Boilers States:  NJ, NY, PA 
Areas: Chicago, St. Louis (IL portion), 
Baton Rouge, Cleveland, Dallas, Houston, 
Milwaukee 

States: CT, DE, FL, GA, MA, MD, 
MI, TN, VA 
Areas: Clark/Floyd Counties, St. 
Louis (MO portion), Charlotte 

States: AL, AR, KY, MS, OK, SC, WV  

Gas Turbines States: NJ   
Areas: GA 45-county area, Dallas, 
Houston, Milwaukee 

States:  CT, DE, FL, LA, MA, MD, 
NY, PA, TN, VA 
Areas: Chicago, St. Louis (IL 
portion), St. Louis (MO portion), 
Charlotte, Cleveland,  

States: AL, AR, IN, KY, MI, MS, OK, 
SC, WV  
 

IC Engines > about 500 hp States: MD, NJ, NY  
Areas:  Chicago, St. Louis (IL portion), 
Dallas, Houston 

States: CT, DE, MA, MI, PA, TN, VA 
Areas: Baton Rouge, St. Louis (MO 
portion), Charlotte, Cleveland, 
Milwaukee 

States: AL, AR, IN, KY, MS, OK, SC, 
WV 
 

 

1) Cement kiln emission limits imposed by recent EPA enforcement settlements tend to be more stringent than the emission control 
requirements in state rules. 

2) CT, DE and NJ have no active coal-fired boilers, so the stringency of their regulations for coal-fired ICI boilers is difficult to evaluate  
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Attachment 2 - Cement Kilns 

 

  NOx Limit (lbs/ton clinker) 

State Long Dry Long Wet Pre-heater Pre-calciner 

AL Ozone season: low-NOx burners, mid-kiln system firing, or approved ACT   

AR No Limits No Limits No Limits No Limits 

CT No Cement Kilns in State 

DE No Cement Kilns in State 

FL No Limits No Limits No Limits No Limits 

GA No Limits No Limits No Limits No Limits 

IL 5.1 5.1 3.8 2.8 

IN 6.0 5.1 3.8 2.8 

IN 
(Clark/Floyd) 

10.8 (op day)/ 
6 (30 day) 

No Limits 5.9 (op day)/ 
4.4 (30 day) 

No Limits 

KY 6.6 6.6 6.6 6.6 

LA No Cement Kilns in State 

MA No Cement Kilns in State 

MD 5.1 6.0 2.8 2.8 

MI 6.0 5.1 3.8 2.8 

MO 6.0 6.8 4.1 2.7 

MS No Limits No Limits No Limits No Limits 

NC No Cement Kilns in State 

NJ No Cement Kilns in State 

NY Case-by-case RACT Determination    

OH Ozone season: low-NOx burners, mid-kiln system firing, or approved ACT   

OK No Limits No Limits No Limits No Limits 

PA 3.44* 3.88* 2.36* 2.36* 

SC Ozone season: low-NOx burners, mid-kiln system firing, or approved ACT   

TN Ozone season: low-NOx burners, mid-kiln system firing, or approved ACT   

TX 5.1 4 3.8 2.8 

TX 
(Ellis County) 

No Limits 3.4 No Limits 1.7 

VA Case-by-case RACT Determination  

WI No Cement Kilns in State 

WV Ozone season: low-NOx burners, mid-kiln system firing, or approved ACT   

ACT = Alternative Control Technology  
* Pennsylvania has proposed “RACT 2” presumptive RACT limits  
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Observations Regarding State NOx Rules for Cement Kilns: 

 

 Geographic Applicability 

 All NOx SIP Call states with cement kilns have NOx rules in place  

 Since only portions of Alabama, Michigan, and Missouri were affected by NOx SIP Call, the 

NOx rules only apply in the affected counties. 

 States not included in the NOx SIP Call do not have NOx RACT for cement kilns, except for 

Texas. The Texas NOx requirements only apply in in Bexar, Comal, Ellis, Hays, and McLennan 

Counties.  

 Form of NOx Limitation or Control Requirement 

 A few states express the requirement as “at least one of the following: low-NOx burners, mid-kiln 

system firing, alternative control techniques or reasonably available control technology approved 

by the Director and the EPA as achieving at least the same emissions decreases as with low-NOX 

burners or mid-kiln system firing.”  

 A few states specify presumptive emission limits in terms of pounds of NOx per ton of clinker. 

 Three states do not set presumptive emission limits but rather require facilities to submit a case-

by-case RACT determination. Pennsylvania has a proposed regulation that will specify 

presumptive RACT limits; current rules require sources to hold 1 trading allowance per ton of 

NOx calculated by multiplying tons clinker by the presumptive NOx limit.  

 Stringency of NOx Limitation or Control Requirement 

 For states requiring “low-NOX burners, mid-kiln system firing, or ACT”, it is generally assumed 

that this will result in a 30% reduction from uncontrolled levels.   

 For states with numerical emission limits, the limits generally represent a 20 – 40 % reduction 

from uncontrolled levels, depending on the type of kiln. 

 Texas has very stringent limits for kilns in Ellis County. 

 Pennsylvania has proposed presumptive RACT emission limitations in April 2014 that are more 

stringent than existing presumptive RACT limits in other states.  
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Attachment 3 – Coal-fired Boilers 

 

    NOx Limit (lbs/mmBtu) 

State Geographic Area 
Boilers 
50-100  

mmBtu/hr 

Boilers 
100 - 250  

mmBtu/hr 

Boilers 
>250  

mmBtu/hr 

AL Statewide No limits No limits No limits 

AR Statewide No limits No limits No limits 

CT Statewide 0.29 to 0.43 0.29 to 0.43 0.29 to 0.43 

DE Statewide LEA, Low NOx, 
FGR 

0.38 to 0.43 0.38 to 0.43 

FL Broward, Dade, Palm Beach 
Counties 

0.9 0.9 0.9 

GA 45 county area No limits 30 ppmvd @ 3% 
O2 

0.7 

IL Chicago & St Louis areas Tune-up 0.12 CFB 
0.25 Other 

0.12 CFB 
0.18 Other 

IN  Clark and Floyd Counties No limits 0.4 to 0.5  0.4 to 0.5  

KY Statewide No limits No limits No limits 

LA Baton Rouge 5 counties & 
Region of Influence 

0.2 0.1 0.1 

MA Statewide 0.43 0.33 to 0.45 0.33 to 0.45 

MD Select counties No limits 0.38 to 1.0 0.38 to 1.0 

MI Fine grid zone No limits No limits 0.4 

MO St Louis area No limits 0.45 to 0.86 0.45 to 0.86 

MS Statewide No limits No limits No limits 

NC Charlotte 6 county area No limits 0.4 to 0.5  1.8 

NJ Statewide 0.43 to 1.0 0.38 to 1.0 0.38 to 1.0 

NY Statewide No limits 0.08 to 0.20 0.08 to 0.20 

OH Cleveland 8 county area 0.3 0.3 0.3 

OK Statewide No limits No limits No limits 

PA Statewide 0.45 0.45 0.20 to 0.35 

SC Statewide No limits No limits NOx SIP Call 

TN 5 Counties Source specific 
RACT 

Source specific 
RACT 

Source specific 
RACT 

TX Houston area 0.057 
coke-fired 

0.057 
coke-fired 

0.057 
coke-fired 

VA Northern VA No limits 0.38 to 1.0 0.38 to 1.0 

WI Milwaukee 7 county area 0.10 to 0.25 0.10 to 0.25 0.10 to 0.20 

WV Statewide No limits No limits No limits 
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Observations Regarding State NOx Rules for Coal-fired Boilers: 

 

 Geographic Applicability 

 States in the OTR (CT, DE, MA, MD, NJ, NY, and PA) have NOx emission requirements that 

apply statewide, not just in ozone nonattainment areas.  

 Six states (AL, AR, KY, MS, OK, and WV) do not have regulations limiting NOx emissions. 

 For the remaining states (FL, GA, IL, IN, KY, LA, MI, MO, NC, OH, TN, VA, WI), the NOx 

emission control requirements only apply in ozone nonattainment areas.  

 Texas only has emission limitations for coke-fired boilers in the Houston-Galveston 

nonattainment area. 

 Size Applicability 

 Most of the states do not have NOx emission requirements for boilers less than 100 mmBtu/hour. 

 10 states do regulation boilers in the 50-100 mmBtu size range. 

 Form of NOx Limitation or Control Requirement 

 Nearly all states express the NOx emission limits in terms of lbs/mmBtu. 

 A few states require either a case-by-case RACT determination or specify specific types of 

control equipment (e.g., low-NOx burners, flue gas recirculation). 

 Stringency of NOx Limitation or Control Requirement 

 Most states specify different emission limits for different types of boilers and firing types (e.g., 

dry bottom tangential-fired) vs. dry bottom wall-fired) 

 A few states in the Northeast have very few or no coal-fired ICI boilers, so the stringency of the 

regulations in those states is difficult to evaluate. These states are CT, DE, NJ and MA.  

 For boilers greater than 100 mmBtu/hour, the LADCO/OTC1 Phase I recommended limits are in 

the 0.2-0.3 lbs/mmBtu range (depending on boiler/firing configuration). The LADCO/OTC Phase 

II recommended limits are in the 0.1-0.2 lbs/mmBtu range. Four areas have limits that generally 

meet the LADCO/OTC recommendations (Chicago, Baton Rouge, New York State, and 

Milwaukee.  

 Texas has a very stringent limit (0.057 lbs/mmBtu) for coke-fired boilers in the Houston-

Galveston area. 

 

  

                                                           
1 Evaluation of Control Options for Industrial, Commercial and Institutional (ICI) Boilers Technical Support 

Document (TSD), March, 2011 prepared by the Lake Michigan Air Directors Consortium (LADCO) and the Ozone 

Transport Commission (OTC). 
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Attachment 4 – Gas-fired Boilers 

 

    NOx Limit (lbs/mmBtu) 

State Geographic Area 
Boilers 
50-100  

mmBtu/hr 

Boilers 
100 - 250 

mmBtu/hr 

Boilers 
>250 

mmBtu/hr 

AL Statewide No Limits No Limits No Limits 

AR Statewide No Limits No Limits No Limits 

CT Statewide 0.2 to 0.43 0.2 to 0.43 0.2 to 0.43 

DE Statewide LEA, low NOx, FGR 0.2 0.2 

FL 
Broward, Dade, Palm Beach 
Counties 

0.2 to 0.5 0.2 to 0.5 0.2 to 0.5 

GA 45 county area 
30 ppmvd  
@ 3% O2 

30 ppmvd  
@ 3% O2 

0.2 

IL Chicago & St. Louis Areas Tune-up 0.08 0.08 

IN  Clark and Floyd Counties No Limits 0.2 0.2 

KY Statewide No Limits No Limits No Limits 

LA 
Baton Rouge 5 counties & 
Region of Influence 

0.1 to 0.2 0.1 0.1 

MA Statewide 0.1 0.2 0.2 to 0.28 

MD Select counties Tune-up 0.2 0.2 

MI Fine grid zone No limits 
Source specific 

RACT 
0.2 

MO St Louis area No limits 0.2 to 0.5 0.2 to 0.5 

MS Statewide No limits No limits No Limits 

NC Charlotte 6 county area 0.3 0.3 0.3 

NJ Statewide 0.1 to 0.5 0.1 0.1 

NY Statewide 0.05 0.06 0.08 

OH Cleveland 8 county area 0.1 0.1 0.1 

OK Statewide No limits No limits No limits 

PA Statewide 0.08 0.08 0.08 

SC Statewide No limits No limits No Limits 

TN 5 Counties Source specific 
RACT 

Source specific 
RACT 

Source specific 
RACT 

TX Dallas and Houston areas 0.03 or  
90% reduction 

0.03 or  
90% reduction 

0.03 or  
90% reduction 

TX Beaumont area 0.10 0.10 0.10 

VA Northern VA 0.2 0.2 0.2 

WI Milwaukee 7 county area No limits 0.08 0.08 

WV Statewide No limits No limits No Limits 
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Observations Regarding State NOx Rules for Gas-fired Boilers: 

 

 Geographic Applicability 

 States in the OTR (CT, DE, MA, MD, NJ, NY, and PA) have NOx emission requirements that 

apply statewide, not just in ozone nonattainment areas.  

 Six states (AL, AR, KY, MS, OK, and WV) do not have regulations limiting NOx emissions. 

 For the remaining states (FL, GA, IL, IN, KY, LA, MI, MO, NC, OH, TN, TX,VA, WI), the NOx 

emission control requirements only apply in ozone nonattainment areas.  

 Size Applicability 

 About half of the states have NOx emission requirements for boilers less than 100 mmBtu/hour, 

ranging from combustion tuning to emission limits as low as 0.05 lbs/mmBtu. 

 Form of NOx Limitation or Control Requirement 

 Nearly all states express the NOx emission limits in terms of lbs/mmBtu. 

 A few states require either a case-by-case RACT determination or specify specific types of 

control equipment (e.g., low-NOx burners, flue gas recirculation). 

 Stringency of NOx Limitation or Control Requirement 

 The LADCO/OTC Phase I recommendations are combustion tuning for boilers less than 100 

mmBtu/hour, and either 0.1 lbs/mmBtu or 50% reduction for boilers greater than 100 mmBtu/hr.  

 The LADCO/OTC Phase II recommendations are either 0.05-0.1 lbs/mmBtu or 60% reduction. 

 New Jersey and New York have state-wide limits that are consistent with the OTC/LADCO 

Phase II recommendations. Pennsylvania has proposed state-wide limits that are consistent with 

the OTC/LADCO Phase II recommendations.  

 Five areas (Chicago, Baton Rouge, Beaumont-Port Arthur, Cleveland, and Milwaukee) have 

limits that are consistent with the OTC/LADCO Phase II recommendations.  

 Dallas and Houston have the most stringent emission limitations – 0.02 lbs/mmBtu for greater 

that 100 mmBtu/hr units. 
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Attachment 5 – Oil-fired Boilers 

 

    NOx Limit (lbs/mmBtu) 

State Geographic Area 
Boilers 
50-100  

mmBtu/hr 

Boilers 
100 - 250  

mmBtu/hr 

Boilers 
>250  

mmBtu/hr 

AL Statewide No limits No limits No limits 

AR Statewide No limits No limits No limits 

CT Statewide 0.2 Distillate 
0.25-0.43 Resid. 

0.2 Distillate 
0.25-0.43 Resid. 

0.2 Distillate 
0.25-0.43 Resid. 

DE Statewide LEA, Low NOx, FGR 0.38 to 0.43 0.38 to 0.43 

GA 45 county area 30 ppmvd  30 ppmvd  0.3 

IL Chicago & St Louis areas Tune-up 0.1 Distillate 
0.15 Resid. 

0.1 Distillate 
0.15 Resid. 

IN  Clark and Floyd Counties No limits 0.2 Distillate 
0.3 Resid. 

0.2 Distillate 
0.3 Resid. 

KY Statewide No limits No limits NOx SIP Call 

LA Baton Rouge  0.2 0.1 0.1 

MA Statewide Tune-up 0.3 Distillate 
0.4 Resid. 

0.25 to 0.28 

MD Select counties No limits 0.25 0.25 

MI Fine grid zone No limits No limits 0.3 Distillate 
0.4 Residual 

MO St Louis area No limits 0.3 0.3 

MS Statewide No limits No limits No limits 

NC Charlotte 6 county area 0.2 0.2 0.2 

NJ Statewide Tune-up 0.1 Distillate 
0.2 Resid. 

0.1 Distillate 
0.2 Resid. 

NY Statewide 0.08 to 0.2 0.15 0.15 to 0.2 

OH Cleveland 8 county area 0.12 Distillate 
0.23 Resid. 

0.12 Distillate 
0.23 Resid. 

0.12 Distillate 
0.23 Resid. 

OK Statewide New only New only New only 

PA Statewide 0.12 Distillate 
0.20 Resid. 

0.12 Distillate 
0.20 Resid. 

0.12 Distillate 
0.20 Resid. 

SC Statewide No limits No limits No limits 

TN 5 Counties Case-by-Case  
RACT 

Case-by-Case 
RACT 

Case-by-Case 
RACT 

TX Dallas and Houston areas No limits ~0.01 ~0.01 

VA Northern VA 0.25 to 0.43 0.25 to 0.43 0.25 to 0.43 

WI Milwaukee 7 county area No limits 0.10 Distillate 
0.15 Resid. 

0.10 Distillate 
0.15 Resid. 

WV Statewide No limits No limits No limits 
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Observations Regarding State NOx Rules for Oil-fired Boilers: 

 

 Geographic Applicability 

 States in the OTR (CT, DE, MA, MD, NJ, NY, and PA) have NOx emission requirements that 

apply statewide, not just in ozone nonattainment areas.  

 Six states (AL, AR, MS, OK, SC, and WV) do not have regulations limiting NOx emissions. 

 For the remaining states (FL, GA, IL, IN, KY, LA, MI, MO, NC, OH, TN, TX, VA, WI), the 

NOx emission control requirements only apply in ozone nonattainment areas.  

 Size Applicability 

 About half of the states have NOx emission requirements for boilers less than 100 mmBtu/hour, 

ranging from combustion tuning to emission limits as low as 0.08 lbs/mmBtu. 

 Form of NOx Limitation or Control Requirement 

 Nearly all states express the NOx emission limits in terms of lbs/mmBtu. 

 A few states require either a case-by-case RACT determination or specify specific types of 

control equipment (e.g., low-NOx burners, flue gas recirculation). 

 Stringency of NOx Limitation or Control Requirement 

 The LADCO/OTC Phase I recommendations for distillate oil are combustion tuning for boilers 

less than 100 mmBtu/hour, and either 0.1 lbs/mmBtu or 50% reduction for boilers greater than 

100 mmBtu/hr.  The LADCO/OTC Phase II recommendations for distillate oil are either 0.08-0.1 

lbs/mmBtu or 60% reduction.  

 Only New Jersey has state-wide limits that are consistent with the OTC/LADCO Phase II 

recommendations for distillate oil.  

 Three areas (Chicago, Baton Rouge, and Milwaukee) have limits that are consistent with the 

OTC/LADCO Phase II recommendations for distillate oil.  

 The LADCO/OTC Phase I recommendations for residual oil are combustion tuning for boilers 

less than 100 mmBtu/hour, and either 0.2 lbs/mmBtu or 60% reduction for boilers greater than 

100 mmBtu/hr. The LADCO/OTC Phase II recommendations for residual oil are either 0.2 

lbs/mmBtu or 50-70% reduction. 

 New Jersey and New York have state-wide limits that are consistent with the OTC/LADCO 

Phase II recommendations for residual oil. Pennsylvania has proposed state-wide limits that are 

consistent with the OTC/LADCO Phase II recommendations for residual oil.  

 Four areas (Chicago, Baton Rouge, Charlotte, and Milwaukee) have limits that are consistent with 

the OTC/LADCO Phase II recommendations for residual oil  

 Dallas and Houston have the most stringent emission limitations – 0.01 lbs/mmBtu for greater 

that 100 mmBtu/hr units.  
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Attachment 6 – Gas Turbines  

 

    NOx Limit (ppmvd @15% O2) 

State Geographic Area 
Simple Cycle 

>25 MW 
Gas-fired 

Simple Cycle 
>25 MW 
Oil-fired 

Combined Cycle 
> 25 MW 
Gas-fired 

Combined Cycle 
> 25 MW 
Oil-fired 

AL Fine grid zone No limits No limits No limits No limits 

AR Statewide No limits No limits No limits No limits 

CT Statewide 55 258 
(0.9 lb/mmBtu) 

55 258 
(0.9 lb/mmBtu) 

DE Statewide 42 88 42 88 

GA 45 county area 6 6 6 6 

IL Chicago & St Louis 
areas 

42 96 42 96 

IN  Statewide No limits No limits No limits No limits 

KY Statewide No limits No limits No limits No limits 

LA Baton Rouge 5 
counties & Region 
of Influence 

54 
(0.2 lb/mmBtu) 

86 
(0.3 lb/mmBtu) 

54 
(0.2 lb/mmBtu) 

86 
(0.3 lb/mmBtu) 

MA Statewide 65 100 42 65 

MD Select counties 42 65 42 65 

MI Fine grid zone No limits No limits No limits No limits 

MO St Louis area 75 100 75 100 

MS Statewide No limits No limits No limits No limits 

NC Charlotte 6 county 
area 

75 95 75 95 

NJ Statewide 33 
(2.2 lb/MWh) 

53 
(3.0 lb/MWh) 

33 
(2.2 lb/MWh) 

53 
(3.0 lb/MWh) 

NY Statewide 50 100 42 65 

OH Cleveland 8 county 
area 

42 96 42 96 

OK Statewide No limits No limits No limits No limits 

PA Statewide 42 75 42 75 

SC Statewide No limits No limits No limits No limits 

TN 5 Counties  source specific 
RACT 

source specific 
RACT 

source specific 
RACT 

source specific 
RACT 

TX Dallas and Houston 
areas 

9 
(0.032 lb/mmBtu) 

9 
(0.032 lb/mmBtu) 

9 
(0.032 lb/mmBtu) 

9 
(0.032 lb/mmBtu) 

VA Northern VA 42 65/77 42 65/77 

WI Milwaukee 7 
county area 

25 to 42 65 to 96 9 9 

WV Statewide No limits No limits No limits No limits 
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Observations Regarding State NOx Rules for Gas Turbines: 

 

 Geographic Applicability 

 States in the OTR (CT, DE, MA, MD, NJ, NY, and PA) have NOx emission requirements that 

apply statewide, not just in ozone nonattainment areas.  

 Nine states (AL, AR, IN, KY, MI, MS, OK, SC, and WV) do not have regulations limiting NOx 

emissions. 

 For the remaining states (GA, IL, LA, MO, NC, OH, TN, TX, VA, WI), the NOx emission 

control requirements only apply in ozone nonattainment areas.  

 Other Applicability Criteria 

 States use a variety size thresholds. For example, Ohio’s rules differentiate between units < 3.5 

MW and > 3.5 MW. Wisconsin has requirements for three size ranges: 10-25 MW, 25-50 MW, 

and >50 MW.   

 State limits generally differ by type of fuel – gas or oil. Wisconsin also includes limits for 

biologically derived fuel.  

 Some states have different limits for simple-cycle and combined-cycle units. Other states have a 

single limit that applies to both types of units. 

 Form of NOx Limitation or Control Requirement 

 States do not specify specific types of control techniques, but rather set a numerical emission 

limit.  

 Most states express limits in terms of “ppmv at 15% oxygen”. Some states use lbs/mmBtu, and 

the equivalent limits shown in the table above were calculated using based on Part 75 Eq-F5 and 

F-factors. New Jersey’s limits are in terms of lbs/MHr.  

 Stringency of NOx Limitation or Control Requirement 

 Three areas have very low limits compared to other states/areas: the 45 county area in Georgia, 

Dallas  and Houston-Galveston 
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Attachment 7 – IC Engines Greater than ~500 hp 

 

    NOx Limit (g/hp-hr) 

State Geographic Area Gas-fired,  
Lean Burn 

Gas-fired,  
Rich Burn Diesel Dual Fuel 

AL Fine grid zone No limits No limits No limits No limits 

AR Statewide No limits No limits No limits No limits 

CT Statewide 2.5 2.5 8.0 8.0 

DE Statewide Technology Stds. Technology Stds. Technology Stds. Technology Stds. 

GA 45 county area ? ? ? ? 

IL Chicago & St Louis 
areas 

210 ppmvd @ 
15% O2  

(2.9 g/hp-hr) 

150 ppmvd @ 
15% O2  

(2.2 g/hp-hr) 

660 ppmvd @ 
15% O2 

(9.1 g/hp-hr) 

660 ppmvd @ 
15% O2 

(9.1 g/hp-hr) 

IN  Statewide No limits No limits No limits No limits 

KY Statewide No limits No limits No limits No limits 

LA Baton Rouge 5 
counties & ROI 

4.0 2.0 ? ? 

MA Statewide 3.0 1.5 9.0 9.0 

MD Select counties 150 ppmvd @ 
15% O2  

(1.7 g/hp-hr) 

110 ppmvd @ 
15% O2  

(1.6 g/hp-hr) 

175 ppmvd @ 
15% O2 

(2.0 g/hp-hr) 

125 ppmvd @ 
15% O2 

(1.4 g/hp-hr) 

MI Fine grid zone 3.0 1.5 2.3 1.5 

MO St Louis area 3.0  10.0 2.5 to 9.5 2.5 - 8.5 2.5 - 6.0 

MS Statewide No limits No limits No limits No limits 

NC Charlotte Area 2.5 2.5 8.0 8.0 

NJ Statewide 2.5 1.5 8.0 8.0 

NY Statewide 1.5 1.5 2.3 2.3 

OH Cleveland  3.0 3.0 3.0 3.0 

OK Statewide No limits No limits No limits No limits 

PA Statewide 3.0 2.0 8.0 8.0 

SC Statewide No limits No limits No limits No limits 

TN 5 Counties Source specific 
RACT 

Source specific 
RACT 

Source specific 
RACT 

Source specific 
RACT 

TX Dallas and Houston 
area 

0.5 0.5 2.8 to 6.9 0.5 

VA Northern VA Source specific 
RACT 

Source specific 
RACT 

Source specific 
RACT 

Source specific 
RACT 

WI Milwaukee 7 
county area 

3.0 3.0 3.0 3.0 

WV Statewide No limits No limits No limits No limits 
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Observations Regarding State NOx Rules for IC Engines: 

 

 Geographic Applicability 

 States in the OTR (CT, DE, MA, MD, NJ, NY, and PA) have NOx emission requirements that 

apply statewide, not just in ozone nonattainment areas.  

 Eight states (AL, AR, IN, KY, MS, OK, SC, and WV) do not have regulations limiting NOx 

emissions. 

 For the remaining states (GA, IL, LA, MI, MO, NC, OH, TN, TX, VA, WI), the NOx emission 

control requirements only apply in ozone nonattainment areas.  

 Other Applicability Criteria 

 States use a variety size thresholds. For example, Louisiana’s rules have separate limits for IC 

engines that are 150-300 hp, >300 hp, and >1500 hp. New York uses > 200 hp and > 400 hp.  

Delaware uses > 450 hp, while North Carolina uses > 650 hp. 

 State limits generally differ by type of fuel – gas, oil, dual-fuel or landfill/digester gas.  

 A few states have different limits lean-burn and rich-burn engines. Other states have a single limit 

that applies to both types of units. 

 Form of NOx Limitation or Control Requirement 

 Most states express limits in terms of “gram per brake horsepower hour”.  

 Some states use “ppmvd @ 15% O2”, and the equivalent limits shown in the table above were 

calculated using conversion factors from ppmv @ 15% O2 to g/hp-hr from EPA ACT, July 1993 

EPA453-R-93-032. 

 Delaware specifies control technology standards rather than numerical emission limits.  

 Stringency of NOx Limitation or Control Requirement 

 Maryland, New Jersey, New York and the Dallas/Houston areas of Texas have limits that are 

more stringent than other states/areas.  













































































































































































































































































































































































































































































SCR CATALYST PERFORMANCE 
UNDER SEVERE OPERATION CONDITIONS 

 
Scot G. Pritchard 

Chris E. DiFrancesco 
T. Robert von Alten 
CORMETECH, INC. 

Environmental Technologies 
Treyburn Corporate Park 

5000 International Dr. 
Durham, NC  27712 

 
 
 

Abstract  
 
Selective Catalytic Reduction (SCR) technology has been applied to a wide variety of 
applications since the late 1970s. Flue gas generated from refinery off gas combustion 
to natural gas-, oil-, and coal-fired units has been treated with SCR.  More recent 
applications include reduction of NOx emissions generated from orimulsion-fired boilers, 
diesel engines, process gas streams, i.e., nitric acid plants, calcining ovens, and gas 
turbines firing landfill and/or digester gas. 
 
At the heart of the SCR system is the catalyst.  Each application mentioned above has 
unique design parameters.  Therefore, a thorough understanding of catalyst behavior as 
it relates to the operating parameters is necessary, i.e., deactivation mechanisms, effect 
of sulfur content, load swings, ash loading, efficiency requirements, effect of 
maldistribution, etc. 
 
This paper helps the reader understand the importance of properly defining and 
evaluation design parameters to achieve the most cost-effective design and to assure 
reliable operation.  Basic relationships are presented to assess the impact of multiple 
design parameters.  In addition, we site a number of specific examples demonstrating 
our experience with design and application of homogeneous honeycomb catalyst. 
Cases include (1) a high dust arrangement SCR designed for a cyclone boiler firing high 
sulfur fuel, and requiring high NOx removal efficiency, and ash re-circulation (2) an dust, 
high flue gas flow velocity, in-duct arrangement, and (5) a high efficiency in-duct utility 
boiler application. 
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Introduction 
 
Selective Catalytic Reduction (SCR) is recognized worldwide as the most effective NOx 
control technology for utility boilers and combustion turbines when substantial NOx 
reduction of 50% to 95% is required.  In addition to its proven high performance, it is 
also an economically viable solution, with current fully burdened installed costs, in the 
United States, estimated at between $20/kW to $30/kW for natural gas and $40/kW to 
$70/kW for coal unit retrofits.  The technology has even given some utilities the 
capability to achieve lower heat rates by allowing optimization of burner operation and 
reduction or omission of flue gas re-circulation, further adding to its cost effectiveness. 
 

Figure 1 
 
The capability of SCR to meet and exceed performance expectations economically start 
in the design phase.  Cormetech draws upon the vast experience database of 
Mitsubishi Heavy Industries (MHI) and its licensees, the extrusion and materials know-
how of Corning, and the catalyst technology of Mitsubishi Chemical Company (MCC) to 
provide the most effective product to the market. 
 
This paper presents design techniques used to assure SCR performance, both catalyst 
and system, under severe operating condition.  The definition of “severe” as it relates to 
this paper is, a condition, or set of conditions, which extend beyond basic performance 
requirements, and significantly impacts SCR catalyst and/or system design. 
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First, a brief review of the SCR reaction mechanism including undesired side reactions 
in presented.  Second, parameters that must be evaluated in order to assure successful 
SCR implementation during the design phase are presented in a tabular form.  This is 
followed by a discussion on post implementation, or life analysis tools used to assure 
continued successful operation and provide valuable information on catalyst 
replacement or addition options.  Finally, specific case examples are outlined to 
demonstrate the impact of various parameters on the initial SCR system design. 
 
 
Background 
 
The governing chemical reactions that occur in the presence of the SCR catalyst, NOx 
reduction and SO2 oxidation are presented below.  The primary NOx reactions are listed 
in equations [1-3]. 
 
The catalytic reaction can take place over a wide temperature range (3000F – 11000F) 
with typical applications between (5000F – 8000F).  Low operating temperatures are not 
suitable to applications with sulfur or extremely high NOx due to the potential 
formulation changes must be made for high temperature applications to reduce the 
potential for ammonia oxidation and catalyst sintering. 
 
NO + NO2 + 2NH3   Catalyst  2N2 + 3H2O  [1] 
 
4NO + 4NH3 + O2   Catalyst  4N2 + 6H2O  [2] 
 
6NO2 + 8NH3   Catalyst  7N2 + 12H2O  [3] 
 
 
Oxidation of sulfur dioxide (SO2) to sulfur trioxide (SO3) also occurs on the catalyst. 
 
SO2 + ½ O2  Catalyst

  SO3   [4] 
 
The formation of SO3 can lead to problems in downstream equipment due to corrosion 
and/or plugging when combined with excess ammonia slip.  Equations [5-6] show the 
reactions for ammonium sulfate and bisulfate respectively.  The formation of these slats 
is highly dependent upon the concentration of each constituent; therefore, each 
component is a key design parameter for the system. 
 
2NH3 + SO3  + H2O  Catalyst  (NH4)2 SO4  [5] 
 
NH3 + SO3 + H2O Catalyst  (NH4) HSO4  [6] 
 
Figures 2 and 3 illustrate the basic SCR system layouts for gas turbines and fossil fuel 
fired boilers.  For reference; NH3 is the location of the ammonia injection grid (AIG); 
SCR is the location of the selective catalytic reduction reactor housing which contains 
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the catalyst; ESP –electro-static precipitator; FGD –flue gas desulfurization; SH –
superheater; HP, IP, LP evap- high, intermediate, and low pressure evaporator. 
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Figure 2 

Gas Turbine SCR Arrangements 
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Figure 3 

Boiler SCR Arrangements 
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System Evaluation 
 
Design Phase- Parameter Assessment 
 
A number of components may cause poor system performance if not properly addressed 
during the designed phase of a project.  Components include specific catalyst poisons 
contained in the fuel, reactor and flue design, ammonia distribution/control, and operation 
methods.  See reference 1 for more detailed information on catalyst poisoning mechanisms. 
 
Table 1 below provides each evaluation parameter and a brief description of the potential 
impact on catalyst and/or system components.  Many parameters have interrelated impacts 
on design.  In some cases, one or a few of these conditions may be severe enough to 
provide a unique challenge and govern the design.  Cormetech has, through both its 
internal and external resources, i.e., large customer base with over 120 applications and 
provide an optimized design. 
 
The information provided in the table is separated into related category topics by the 
reference symbols.  The reference symbol is utilized during the case study discussions in 
order to assist the reader.  Where the evaluation parameter is specific to a type of 
application, a designator is used, i.e. boiler (Blr), gas turbine (GT). 
 
Table 1 
Reference 
Symbol 

Evaluation Parameter Potential Impact 

FAN Fuel Analysis, including 
trace elements and firing 
duration: 
♦ Primary 
♦ Secondary 
♦ Duct Burner (GT) 

• Catalyst formulation  
• Catalyst volume 
• Catalyst 

Management 
• Monitoring plan 

FAD Fuel Additives • Catalyst volume 
• Catalyst 

Management 
• Monitoring plan 
 

FGAN Fuel gas analysis • Catalyst volume 
• Catalyst 

Management 
• Monitoring plan 

AAN Ash Analysis, including 
trace elements 

• Catalyst volume 
• Catalyst 

management 
• Monitoring plan 
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Table 1 (continued) 
Reference  
Symbol 

Evaluation Parameter Potential Impact 

Al 

 

 
AH 

 

Ash Loading &  
Characteristics 
 
♦ Handling Method re-

circulation, disposal, 
recycle 

 
 
 

i Catalyst pitch 
i Catalyst volume 
i Catalyst management 
i Ammonia slip 
i Downstream equipment design 
i Sootblower requirements 

 

CSOxL SO3 and SO2 vs. Load i Catalyst formulation 
i Catalyst volume 
i Catalyst management 
i Economizer bypass (Blr) 
i Downstream equipment design 
i Ammonia slip 

CNOL NOx vs. Load i Catalyst volume 
i Economizer bypass (Blr) 
i Water or stream injection rate 

(GT) 
TL Temperature vs. Load i Catalyst volume 

i Economizer bypass (Blr) 
i Catalyst management 

ηNOx Removal efficiency 
 
 

i Catalyst volume 
i Ammonia injection grid (AIG) 

design requirements 
NH3S Ammonia slip 

 
i Catalyst volume 
i APH design (Blr) 
i Ash Handling (Blr) 

BF Boiler firing method i NOx content 
i SO3 content 
i Ash characteristics 

∆P Pressure loss i Fan or turbine capacity 
i Catalyst reactor design 
i Boiler and/or ESP 

reinforcement 
(Blr) 

i Catalyst pitch 
i Catalyst management 
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Table 1 (continued) 
Reference 
Symbols 

Evaluation Parameter Potential Impact 

 
 
Dα 
DF 
DT 

Distribution Criteria 
 
♦ NH3:NOx 
♦ Flow 
♦ Temperature 
 

• Catalyst volume 
• AIG Design 
• Reactor and flue design 

 
 
OLS 
OCF 
OBF 

Systems Operation 
 
♦ Load swing 
♦ Capacity factor 
♦ % Time on Backup 

fuel 

• Catalyst volume 
• Catalyst pitch 
• Life management plan 
• Control logic 
• Catalyst management systems 

inspection 
 

 
 
RS 
RT 
 
 
 

Regulations 
 
♦ Seasonal reduction 

requirements 
♦ ERC or allowance 

trading environment 
 

• NOx reduction requirements 
• Catalyst volume 
• Systems capacity 
• SCR bypass  (BIr) 
 

SC Site Conditions (1)  
 
♦ Multiple boiler  
♦ Back-end 

arrangement 
♦ Foundation 
♦ Electrical 
 

• NOx reduction requirements 
• Catalyst volume 
• Reactors geometry 
• Type of reagent 
• Reagent vaporization methods 
 

(1) Site conditions can impact many segments of the design.  The items is shown in this 
table to make the reader aware to make the reader aware of some of the potential 
impact and is mot meant to be all inclusive. 

 
 
Operations Phase – Performance Assessment Tools 
 
Once the catalyst and systems have been designed and installed, the next phase of 
assuring continued satisfactory performance through system and catalyst monitoring.  
This includes analysis of field data and catalyst sample analysis. 
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The table provided in attachment 1 shows the field data necessary to assist in the 
evaluation of the SCR system performance.  Data must be measured at regular intervals 
and under consistent and repeatable operating conditions.  The purpose of measuring the 
field data is to understand the interaction between the system and the catalyst.  When 
utilizing field data to assess performance potential, a thorough understanding of the relative 
accuracy for each of the measured points and their respective impact is extremely 
important. 
 
Since the catalyst activity decreases overtime due to factor such as poisoning, surface 
masking, or thermal degradation, catalyst testing should be performed.  Testing catalyst 
sample provides specific information on the condition of the catalyst relative to expectations 
set during design.  Specific catalyst testing plans, including physical and chemical property 
test, are especially important where expected deactivation was the governing factor of the 
design.  The information is also used in conjunction with the field data to assess overall 
system performance.  For example, if catalyst testing shows a low degree of degradation 
but overall system performance is poor, further in the case of high conversion efficiency 
design where ammonia distribution is a governing factor. 
 
In addition to system assessment, catalyst testing provides vital in formation to the owner 
regarding the remaining useful life of the catalyst.  This information can be used to devise 
the most efficient catalyst management plan as it relates to catalyst volume and know plant 
outage schedules. 
 
Ultimately, all catalyst deactivation data obtained is correlated to various parameters such 
as fuel type, operation hour, temperature, etc. and applied to new project during the design 
phase. 
 
Case Studies 
 
The following case studies are presented to show the procedure or method of analysis 
performed during the proposal, design, and operation phase of the project. Case study one 
(1) details all aspect of the analysis, while cases two (2) through five (5) concentrate on 
specific areas.  Cases two (2) and three (3) relate the importance of evaluating and 
understanding fuel constituent and impact on catalyst and downstream equipment design. 
 
Case four (4) details the impact of high velocity dust laden environment, included catalyst 
and fan requirements.  Case (5) illustrates the impact of flow, ammonia, and temperature 
distribution on the effective catalyst life.  
 
Case study 1: Coal Fired Cyclone Boiler 
 
This case study utilizes a high arrangement SCR designed for cyclone boiler with high 
sulfur fuel, high NOx removal efficiency, and re-circulation to demonstrate the use of the 
design tools on parameters described above.  Data for each evaluation parameter is 
provided in Table 2. 
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Designed Data Table 2 
Reference 
symbol 

Evaluation Parameter Value 

FAN Fuel Analysis  
 Sulfur , % wt. 2.8 - 3.3 
 As, ppm 5 
 Ni, ppm 20 
 Cr, ppm 30 
 Cl, ppm 500 
FAN Fuel Additive limestone (2% by wt. of fuel) 
FGAN Fuel Gas Analysis   
 Flow Rate, lb/hr 5,400,000 
 NOx,  ppm 1500 
 O2 ,  % vol. 2.5 
 H2O, % vol. 5.0 
 SO2 ppm (max) 1800 
 SO3  ppm (max) 36 
AAN  Ash analysis, % wt  
 SiO2 50 
 As2O3 20 
 Fe2O3 3 
 CaO (Free / Amorphous) 1.5 / 1.5 
 MgO 1 
 TiO2 0.5 
 MnO 0.1 
 V2O5 0.03 
 Na2O 0.05 
AAN Ash analysis, % wt ( continued)  
 K2O 1 
 P2O6 0.3 
AH Ash recirculation, % 100 
AL Ash loading , mg/Nm3 10,000 
CSOXL SO2 and So3    vs. load flat 
C NOXL NOx  vs. load linear (min =1000 ppm) 
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Design Data Table 2 (continued) 
Reference 
Symbol 

Evaluation Parameter Value 

TL  Temperature vs. load linear (min = 6000F) 
ηNOx NOx removal efficiency 90% 
NH3S Ammonia slip, ppm 2 
BF Boiler Firing Method Cyclone 
∆P Pressure loss 5” w.g. for system 
 Distribution Criteria  
Dα NH3:NOX ± 5% RMS 
DF Flow ± 15% RMS 
DT Temperature ± 0F absolute 
 System Operation  
OLS Load Swings Base loaded 
OLS Min. operating load 50% 
OCF Capacity Factor 0.75 
R Regulations Year round reduction is 

required 
SC Site Condition  
 Air preheater type Ljungstrom 
 Retrofit difficulty Moderate 

 
 
Catalyst Design 
 
The required base catalyst surface area is determined as a function of gas constituents 
(FGAN), design efficiency (ηNOx), and operating temperature (TL) . 
 
Design ammonia slip is set at 2 ppm based of the SO2 content (FGAN) and ash handling 
method (AH).  The initial cost impact of designing with 2ppm vs. 5 ppm ammonia slip is 
estimated at 5-10 % of the total capital and includes catalyst and reactor alterations. 
 
Adjustments to the required base surface area performed based on the design distribution 
criteria (Dα  DF, DT ). The impact of flow maldistribution on a high dust design are twofold. 
Poorly distributed flow increased the potential for catalyst erosion and plugging through 
proper system design and catalyst erosion and plugged through proper system design and 
catalyst erosion and plugging through proper system design and catalyst edge hardening 
(figure 4).  The second area of impact concern meeting the required performance and 
achieving the longest possible catalyst life .   Further discussion regarding this item is 
detailed under case study 5.  
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Figure 4 

Erosion Resistant Edge Hardened Catalyst 

 
Once the base catalyst surface area is set, the next step in determining the required 
catalyst volume for an application can be taken.  The fuel analysis (FAN ), fuel additives 
(FAD), ash analysis ( AAN), ash load  (AL),  and evaluation of the effect of ash recirculation 
are performed.  The designer utilizes historical database information, laboratory and field 
test results to determine expected catalyst deactivation rates. 
 
Based on high sulfur oil experience, as well as results of the DOE clean coal demonstration 
project performed at Gulf Power’s Plant Crist, the effect of high fuel sulfur was addressed.  
The Plant Crist application burned a high sulfur coal and tested our catalyst in a high and 
low dust arrangement for over 10,000 and 6,000 hours, respectively.  The measure results 
showed that the deactivation rate was well within expected limits and in fact showed that the 
deactivation was well within expected limits and in fact surpassed expectation (see figure 
5). Figure 6 shows a typical catalyst management plan based on prediction degradation 
data for a cyclone boiler with 100% ash recirculation. 
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Plant Crist High Sulfur Coal Demonstration 
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Figure 6 
Typical Catalyst Management for Cyclone Boiler 100% ash Recircualtion 
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The design sensitivity to the use of ash recirculation and fuel additive can be significant.  In 
this case 100% ash recirculation was implemented and a limestone fuel additive was used.  
The addition of limestone to the fuel effectively mitigates much of the potential catalyst 
deactivation caused by arsenic poisoning.  Free CaO in the limestone reacts with gaseous 
arsenic to form a solid, Ca, (AsO4)2  which does not poison the catalyst.  Figure 7 shows the 
impact of Limestone injection on the gaseous arsenic content for multiple boilers.  The 
decrease in the relative rate of catalyst deactivation results in a cost saving directly for the 
reactor.  The total catalyst cost savings, of course, must be measured against the cost for 
the limestone addition. In this case, limestone addition was a viable countermeasure.  
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Figure 7 
Effect of limestone Addition 

 
 

The ash loading (AL) and characteristics dictate the catalyst pitch.  For this application a 
fairly standard 7.1mm pitch product was selected. Potential cost saving through use of a 
reduced catalyst pitch which provides higher surfaces area per unit volume is currently 
being investigated.           
 
 

 13 



System Design 
 
Impact to the system design are evaluated based on the distributed criteria established ( DA 
, DF , DT ) ash loading (AL), and SO2 and SO3  concentration (COSOXL), Pressure loss criteria 
(∆P), operating temperature (TL), regulations (R), and conditions (SC). 
 
The ammonia injection grid design is based on the distribution criteria. For this application a 
thirty- six zone (36) adjustable grid was selected.  A cold flow model and or a computer 
CFD model test will be performed prior to fabrication to assure the adequacy of the initial 
design. 
 
The reactor and flue design is dictated by the site conditions, pressure loss criteria, 
operating temperature, distribution criteria, regulations, and ash loading. The site conditions 
allowed for an in-line reactor between the economizer outlet and air-preheater inlet.  An 
economizer bypass and static mixer was required in order to maintain sufficient temperature 
at the catalyst to achieve the required NOx reduction and avoid salt formation.  Due to the 
year round NOx reduction requirement a SCR bypass was not necessary. 
 
Sufficient test ports were designed into the system to assure the capability for proper 
system tuning during plant start-up.  In addition removable catalyst sample were designed 
into the system to allow for laboratory performance audits.  The combination of field data 
and catalyst laboratory testing throughout the life of the plant will yield valuable information 
for scheduling catalyst addition and/or replacements, especially in this case where the 
catalyst management plan is a governing factor. 
 
Case Study 2: Orimulsion Fired Boiler 
 
The primary area of concern for applying SCR to a boiler fired with orimulsion fuel is 
associated with the high levels of two components, namely SO3 and vanadium.  Since 
orimulsion is relatively new fuel, there is somewhat limited full scale operating experience.  
Therefore the method of analysis relies heavily on the related experience of heavy oil. 
 
The system must be designed to with stand high SO3 concentrations. The catalyst will be 
designed to cost effectively manage the increase in SO2 to SO3 conversion that will be 
designed over time due to vanadium deposition and deactivation.  Catalyst management 
may de dictated by, either a decrease in NOx reduction performed or an increased in SO2 t to 
SO3 conversion. 
 
As previously mentioned, if proper operating temperatures are maintained SO3 does not 
have any detrimental effects on catalyst performance, however downstream equipment 
must be considered.  Measure such as enameling of cold end layers may be taken in order 
to limit air preheater corrosion and plugging.  In addition, the ash particle size distribution of 
orimulsion enhances the potential for ash agglomeration. The designer must take this into 
account when considering the catalyst formulation and cleaning method i.e. sootblower 
designer and frequency of operation. 
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Case Study 3: Gas Turbine landfill and digester gas cofiring with natural gas 
 
This case is similar to the orimulsion case the potential focuses on the effect of fuel constituents, 
however in this case the potential damage to catalyst is somewhat different and to a larger 
degree. 
 
Cormetech currently has three gas turbine unites which co-fire either land fill gas or digester 
gas with natural gas.  Catalyst has been evaluated in both turbines and duct firing of these 
waste fuels.  The primary catalyst concern when firing landfill of digester gas is a 
component in the fuel which can caused severe catalyst deactivation, namely siloxanes.  
Siloxanes are a family of polymers commonly found in health and beauty products which 
find their way into general waste streams.  They have been the subject of much study and 
concern due to their detrimental affect on both CO and NOx catalyst deactivation.  Siloxanes 
deposit on the surface and prevent the reactants from reaching active sites for conversion.  
Siloxane poisoning cannot be practically reversed.  There has been some limited success in 
rejuvenation trails on CO catalyst. 
 
Unlike the coal or orimulsion fired applications discussed above, the solution to fired this 
fuel does not lie within the catalyst or SCR system design.  Instead, fuel treatment system 
must be employed which removes the siloxanes components.  Selective elimination is not 
practical and successful treatment systems are in operation strip both siloxanes and other 
components, including VOC’s. Activated carbon is needed to reach the removal levels 
necessary and can be either regenerated or disposed of, whichever is most suited to the 
specific site demands.  Once cleaned, these waste fuel can be fired with little or no 
detriment to catalyst.  The oldest units have been successfully operating approximately two 
and one-half years with out difficulty. 
 
A catalyst testing plan has been developed to monitor catalyst performance and silicon 
levels at both sites.  Testing assure that the fuel treatment system is effective and provides 
useful information for evaluating catalyst life potential. 
 
Case Study 4: High velocity dust laden application 
 
Although traditional or stand-alone SCRs are the most effective means of reducing significant 
quantities of NOx, some focus to “high velocity SCRs” for coal and oil fired boilers. a number of 
issue arise when considering this type of application; 1) pressure drop, 2) NOx removal potential, 
and 3) erosion potential. 
 
Typical high velocity SCR pressure drop values range from 8-10 inches water versus typical 
values of 4 to 5 inches of water.  Due to the increased system pressure caused by the addition 
of the high velocity SCR, electrostatic precipitators and furnace structure must be re-evaluated to 
assure structural integrity.   
 
NOx removal potential for high velocity SCRs can vary greatly from unit to unit. Typical reduction 
efficiency is approximately 30% to 40% with a maximum of 50%. 
 
For coal fired applications where ash is present catalyst erosion must be considered. Cormetech 
has completed a short term high velocity test ( approximately 2 month duration) and is currently 
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participating in another (approximately 18 months).  Results thus far, show that catalyst erosion 
has been minimized through proper system design and catalyst leading edge hardening. 
 
Case Study 5: High efficiency in-duct utility boiler application  
 
This case addresses the impact of maldistribution on a high performance SCR system installed 
on a large gas fired utility boiler.  Three (3) components controlled much of the design for this 
application; 1) site condition 2) removal efficiency, and 3) distribution criteria. 
 
The site condition presented a very tight back-end arrangement with little room for expansion.  
The space between the economizer exit and the stack was nearly completely occupied by the 
APH.  The resulting SCR design required severe transition both to and from the reactor.  The 
ammonia injection grid was placed in an area which allowed very little residence time for mixing, 
but did provide substantial coverage of the flue.   
 
The removal efficiency of the units is 92.6% with a maximum ammonia slip of 10 ppmvd @ 3% 
O2 after four (4) years. 
 
The distribution criteria was set based on an iterative process which involved both Cormetech 
and the system supplier.  A cold flow model was built and tested.  Specific volume based on the 
performance results.  Limiting factors included cost, pressure loss and space restrictions. 
 
A simplified example of the iterative analysis and the associated impact on catalyst performance 
is provided graphically in figures 8 (before) and 9 (after). The figures depict the flue cross-section 
divided into distinct areas representing the extent of the flow, ammonia, and temperature 
distribution before and after modifications. 
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Input Output 

Flow:   +30% 
Temperature: +500F 
NH3:   -20% 

Outlet NOx:  14.6 ppmvdc 

NH3 slip:  7.1 ppmvdc 

Flow:   +15% 
Temperature: +250F 
NH3:   -10% 

Outlet NOx:  10.0 ppmvdc 

NH3 slip:  6.8 ppmvdc 

Flow:   -15% 
Temperature: +250F 
NH3:   -10% 

Outlet NOx:  4.5 ppmvdc 

NH3 slip:  10.0 ppmvdc 

Flow:   -30% 
Temperature: -500F 
NH3:   +20% 

Outlet NOx:  2.6 ppmvdc 

NH3 slip:  12.4 ppmvdc 
 
Results 
• Catalyst able to achieve NOx reduction from 122 to 9 ppmvdc 
• However, NH3 slip is 10 ppmvdc 
 

Figure 8 
Effect of Maldistribution on High Performance SCR (Before Modification) 

 
 

Input Output 
Flow:   +10% 
Temperature: +250F 
NH3:   -5% 
 

Outlet NOx:  10.8 ppmvdc 

NH3 slip:  5.2 ppmvdc 

Flow:   -10% 
Temperature: -250F 
NH3:   +5% 
 

Outlet NOx:  6.8 ppmvdc 

NH3 slip:  5.0 ppmvdc 

 
Results 
• Catalyst achieve NOx reduction from 122 to 9ppmvdcH3  
• NH3 Slip is 2.5 ppmvdc 
 

Figure 9 
Effect of Maldistribution on High Performance SCR (After Modification) 

 17 



 
Figure 10 shows the significance of proper distribution in terms of effective catalyst life. After 
only two years of operation, an improperly designed system would not be able to meet the 
required performance.  The maldistribution effectively makes the system operate as if the 
catalyst was between 5 and 6 years old. 
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Figure 10 
Effect of Maldistribution on High Performance SCR 

(Effective Catalyst Life) 
 
 

If this system had been a coal or oil fired boiler with significant quantities of sulfur, poor 
distribution would not only have caused poor NOx reduction performance, but may have also 
caused significant air heater plugging.  Therefore, it is important to understand and account for 
maldistributions in order to assure a successful and reliable system. 
 
Conclusion 
 
Severe operating condition can be defined over a wide range of parameter including fuel types, 
performance requirements, and systems operating.  It is important to understand which design 
parameters to assess and the proper evaluation techniques. Once a design is implemented it is 
important to retrieve and analyze data as well as perform laboratory tests on catalyst field 
samples. Information gained from the field and catalyst testing can be utilized to optimize future 
catalyst replacement or additions and provide valuable information for future designs. 
 
 

 18 



Reference: 
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ATTACHMENT 1 
 
Purpose:  As a tool for SR catalyst system performance monitoring over time 
 
Notes:    
• Use this form to record SCR operational parameter at start-up and monthly thereafter. 
• It is very important to achieve consistent operating condition, preferably at or near design point, before 

recording data each month. 
• Use this form as a master.  Make copies for recording data. 
 
Date  

Gas flow (lb./hr)  

SCR gas Flow Temperature (0F)   
Inlet NOx (ppmvd) @ 15% O2  

Outlet NOx (ppmvd) @ 15% ) O2  

O2 (Vol. %, dry)  

H2O (Vol. %)  

NH3 Flow (lb./hr)1  

NH3 Slip (ppmvd) @ 15% O2  

Date of last Equipment Calibration ( Analyzers, NH3 metering pump, 
etc.)  

 

Date of last Relative Accuracy  Test  

Operating Hours on Catalyst (total)   

Operating Hours on primary Fuel  

Operating Hours on Back-up Fuel  

Total Number of Stops and Starts since Catalyst Installation  

AIG Balancing Valve Positions (gauge ∆P, Zone 1,Zone 2,...)  

Catalyst ∆p, in. wg  

 
1If aqueous ammonia, % solution should be recorded. 
2Method of measurement and accuracy should be noted for all measured values, e.g., flow (boiler load signal or stack 
measurement ±___%,) NOx (dilution method chemiluminescence ±___%) NH3 (chemiluminesence subtraction method or 
calculated ±__%, ammonia flow lb./hr ±__%), etc.  
3 Impact of instrument accuracy and repeatability must be evaluated on a case basis. 
4 This form should be completed at start –up, during all relative accuracy tests, and on a monthly basis. 
5 Month to month data correction; NH3 m x (Flowm / Flow r ) x ( ∆NOxm /NOxR ) 
 Where:    NH3 C               =Corrected NH3  flow 
                 NH3 M               =Measure NH3 flow 
                 FlowM           =Measure flue gas flow 
                 FlowR               =Reference flue gas flow       
                 ∆NOxM           =(Measure Inlet NOx)- (Measure Outlet NOx)   
                 ∆NOxR            =(Reference Inlet NOx) – (Reference Inlet NOx) 
 
If measurements for temperature, oxygen, and water content vary greatly, additional corrections must be performed 
6 Corrected ammonia flow data should be trend charted to provide indication of performance capability.  
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