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Ozone SIP Planning 
RACT Analysis 
Instructions:  

● Fill in every gray section of this form. 

● Add/remove rows to tables, or duplicate existing tables and sections as needed. 

● Contact Ana Williams (anawilliams@utah.gov) with any questions. 

● Send completed form to Jon Black (jlblack@utah.gov) by 5:00pm on Tuesday, January 

31, 2023.  There will be no exceptions to this deadline. 

● Submitted RACT proposals should follow a Top-Down RACT analysis approach. 

● RACT proposals submitted to UDAQ should include the following: 

○ A list of each NOx and VOC emission unit at the facility. 

○ A physical description of each emission unit, including its operating 

characteristics. 

○ Estimates of the potential and actual NOx and VOC emissions from each 

affected source and associated supporting documentation. 

○ The proposed NOx and/or VOC RACT requirement or emission limitation (as 

applicable). 

○ Supporting documentation for the technical and economic considerations for 

each affected emission unit. 

 

 

Company Name: Chevron Products 
Company (Chevron) 

Facility Name: Salt Lake Refinery 

Permitted Site 
Location (Address): 

685 South Chevron Way 
North Salt Lake, Utah  
84054 

AO 
Number(s): 
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Site-Wide Emissions Summary (Pre-RACT 
Implementation): 

Table 1 - Facility Emissions 

Pollutant 2017 Baseline Emissions 
(tpy) 

Current PTE  
(tpy) 

NOx 265.5 tpy  

VOC 339.6 tpy  
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Emission Units/Activities Evaluated: 

Table 2 – Emissions Sources 

Emission Source Description Existing Emissions 
Controls 

Existing Control 
Efficiency 

(%) 

A. FCCU Regenerator FCCU Regenerator Electrostatic Precipitator 75% 

B. Process Heaters and 

Boilers 
Process Heaters and 

Boilers 

Some with ULNB NA 

C. SRU Sulfur Plant #1 

SRU/TGTU/TGI #1  

Sulfur Plant #2 

SRU/TGTU/TGI #2 

TGTU/TGI #1 

 

TGTU/TGI #2 

TBD 

D. Cooling Towers Cooling Towers High Efficiency Drift 

Elimination Systems 

NA 

E. Fugitive 

Emissions  
Fugitive Emissions  NA NA 

F. Storage Tanks Storage Tanks Some with Floating Roofs NA 

G. Wastewater 

System 
Wastewater System Regenerative Thermal 

Oxidizer (RTO) 

TBD 

H. Refinery Flares Refinery Flares Flare Gas Recovery NA 

I. Standby Engines Standby Engines NA NA 
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J. Loading Racks Loading Racks Vapor Combustion Unit 

(VCU) 

98% 

K. Reformer 

Catalyst 

Regenerator 

Reformer Catalyst 

Regenerator 
Flare and Adsorption 

Scrubber 

TBD 

K. Reformer 

Compressor 

Engines 

Reformer Compressor 

Engines 

Non-Selective Catalytic 

Reduction (NSCR) 

TBD 

 

  



 

5 of 44 

I. Facility Process Summary 

The Salt Lake Refinery processes crude oils and lesser quantities of other hydrocarbon feedstocks to produce 
transportation fuels, petroleum coke, sulfur, and various byproducts.  The refinery operates 24 hours per day and 365 
days per year.  The nominal capacity of the Salt Lake Refinery is approximately 56,000 barrels of crude oil per day. 
 
The refinery uses three general processes to transform crude oil into refined petroleum products: distillation, 
conversion, and purification.  These processes occur in nine primary process units and various ancillary units.  More 
detailed descriptions of the processes, process equipment, raw materials, and products have been previously 
submitted by Chevron, in materials such as the operating permit application for the refinery.  However, included in this 
section are general descriptions of the existing Salt Lake Refinery process units. 
 
Crude Unit (Plant #21) 
The first major step in the refining process is distillation of crude oil, which separates the different hydrocarbon chains 
that comprise crude oil.  Crude oil is pumped from storage tanks to the unit battery limits and preheated by exchange 
with hot products.  The crude oil then passes through a desalter to remove naturally occurring salts and solids, which 
could lead to fouling and corrosion of downstream equipment, and is then heated in a gas-fired process heater. 
The heated feed is sent to the atmospheric distillation column to separate the crude oil into various hydrocarbon 
fractions: refinery fuel gas (RFG), liquefied petroleum gas (LPG), naphtha, kerosene, diesel, and atmospheric 
residuum.  Light hydrocarbons (methane, ethane, and propane), gases (hydrogen, hydrogen sulfide, etc.), and 
naphtha leave the top of the atmospheric distillation column and go to an overhead condenser/separator. 
The light gases and hydrocarbons leave the top of the overhead separator and go to the Amine Units for sulfur 
removal before being used as RFG in the refinery process heaters and boilers.   RFG consists of both amine-treated 
refinery gases and supplemental purchased natural gas.   Supplemental purchased natural gas is added to balance 
the refinery’s energy needs. 
 
The condensed hydrocarbons go to the naphtha stabilizer to further remove light hydrocarbons, such as LPG, from 
the naphtha.  Stripping steam condensed in the overhead separator is sent to the Sour Water Stripper Unit.  The 
various straight run hydrocarbon draws (kerosene and diesel) from the side of the atmospheric distillation column go 
to side strippers and further processing in the refinery. 
Atmospheric residuum, withdrawn from the bottom of the atmospheric distillation column, comprises the primary feed 
to the vacuum distillation column.  This material is partially vaporized in a gas-fired charge heater before being 
distilled under vacuum conditions.  Vacuum gas oils are produced as liquid products and are used as feed to the Fluid 
Catalytic Cracking Unit (“FCCU”) and the Coker Unit.  Vacuum residuum, which is the remaining liquid fraction that is 
withdrawn from the bottom of the vacuum distillation column, is the primary feed to the Coker Unit.  Stripping and 
vacuum ejector steam is condensed in the vacuum distillation column overhead system and sent to the Sour Water 
Stripper Unit. 
The crude unit furnaces can fire refinery fuel gas or purchased natural gas. 
 
Coker Unit (Plant #70) 
The second major step in crude oil refining at the Salt Lake Refinery is conversion, which converts the heavy 
unfinished products from the crude unit into lighter products such as gasoline and diesel fuel.  This is accomplished 
primarily in the Delayed Coker (Coker Unit), discussed in this section, and in the FCCU, Reformer Unit, Isomerization 
Unit, and Alkylation Unit, each of which is discussed later. 
 
The Coker Unit at the Salt Lake Refinery uses the delayed coking process.  This is a semicontinuous, thermal 
cracking process whereby heavy hydrocarbon feedstocks such as FCC heavy cycle oil and vacuum residuum are 
converted to lighter liquid products and petroleum coke. 
 
The heavy feed streams are first pumped from storage tanks to a fractionator column where they are mixed with the 
fractionation column bottoms.  The combined stream of coker feed and fractionator bottoms is heated in a gas-fired 
process heater to initiate coke formation in the coke drums.  The formation of coke is a thermal cracking process in 
which the hot coker feed thermally decomposes (i.e., cracks) into hydrocarbon vapors and coke.  The hydrocarbon 
vapors leave the coke drum overhead and flow to the fractionator column.  This distillation column separates the 
cracked hydrocarbons into fuel gas, LPG, naphtha, coker diesel, and coker gas oil. 
The Coker Unit at the Salt Lake Refinery employs a pair of coke drums that are alternately switched on- and off-line 
after filling with hot feed.  After coking reactions are complete, the full coke drum is switched off-line and is steamed 
out and cooled.  Vapors are captured by the closed blowdown system and recovered in the fractionator.  After 
quenching/cooling, the coke drum bottom and top heads are opened.  The coke is cut from the drum with a high-
pressure water jet and dropped into a pit where the free water is separated from the coke and recycled.  The only fuel 
used is refinery fuel gas. 
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Hydrodenitrification (“HDN”) Unit (Plant #71) 
The third and final major step in a modern refinery such as the Salt Lake Refinery is purification, where impurities 
such as sulfur and nitrogen are removed from intermediate streams and/or final products.  Purification is required, at a 
minimum, so that when final products such as gasoline and diesel fuel are consumed they will burn more cleanly.  
Purification of intermediate streams has the additional benefit of allowing certain refinery process units to operate with 
lower levels of air emissions.  Purification at the Salt Lake Refinery is accomplished primarily in the HDN Unit and the 
Vacuum Gas Oil (“VGO”) Hydrotreater Unit and Hydrodesulfurization (“HDS”) Unit, which are discussed later. 
The HDN Unit removes sulfur and nitrogen from intermediate Coker Unit product streams such as coker diesel and 
coker gas oil.  This is accomplished by contacting the intermediate feed streams with a hydrotreating catalyst in the 
presence of hydrogen gas.  Sulfur and nitrogen are removed from the HDN Unit feed streams in a hydrotreating 
reactor to form hydrogen sulfide gas and ammonia gas, which are then routed to the Amine Units and Sour Water 
Strippers.  The HDN Unit uses two gas-fired process heaters.  The only fuel used to fire these heaters is refinery fuel 
gas. 
 
HDS Unit (Plant #64) 
The HDS Unit is very similar to the HDN Unit.  Instead of processing Coker Unit intermediates, the HDS Unit 
processes diesel fuel from the Crude Unit.  In the HDS reactor, sulfur and nitrogen are removed from the diesel and 
replaced by hydrogen.  Sulfur and nitrogen form hydrogen sulfide gas and ammonia gas, which are then routed to the 
routed to the Amine Units and Sour Water Strippers.  The HDS Unit uses two gas-fired process heaters.  The HDS 
process heaters can be fired on refinery fuel gas or purchased natural gas. 
 
VGO Hydrotreater Unit (Plant #66) 
The VGO Hydrotreater Unit removes sulfur and nitrogen from gas oil produced in the Crude Unit prior to being sent as 
feed to the FCCU.  This is accomplished by contacting the gas oil with a hydrotreating catalyst in the presence of 
hydrogen gas.  Sulfur and nitrogen are removed from the gas oil in a hydrotreating reactor to form hydrogen sulfide 
gas and ammonia gas, which are then routed to the Amine Units and Sour Water Strippers.  The VGO Hydrotreater 
Unit uses two gas-fired process heaters.  The only fuel used for these heaters is refinery fuel gas. 
 
FCCU and Gas Recovery Unit (“GRU”) (Plants #31 & #32) 
The FCCU at the Salt Lake Refinery processes gas oils into gasoline, diesel, and other light products by cracking the 
heavy molecules in a low pressure reactor.  This unit processes primarily gas oils from the Crude Unit and Coker Unit 
that have been hydrotreated in the VGO Hydrotreater Unit and HDN Unit.  The hydrotreated gas oils are first heated in 
a gas-fired process heater before being fed to the FCCU reactor.  The cracking reaction occurs at high temperatures 
and in an atmosphere of fluidized cracking catalyst.  Cracked product is then distilled into various boiling range 
products in the GRU.  Products are routed to additional process units for further treatment and processing.  Coke is a 
byproduct of the reaction and is deposited on the catalyst.  The coke is burned in the FCCU catalyst regenerator.  
Catalyst particles entrained in the combustion products from the regenerator are recovered in cyclones, and an 
electrostatic precipitator is used for control of particulate matter emissions by removal of remaining catalyst particles.  
Two furnaces that fire only refinery fuel gas are used in the FCC operations. 
 
Reformer Unit (Plant #35) 
The catalytic Reformer Unit changes the molecular size and shape of low-octane gasoline creating a high-octane 
gasoline blend component.  The reforming process includes four catalytic reactor beds.  First, a hydrotreating pre-
treatment reactor removes low levels of residual sulfur contamination and nitrogen.  The three remaining catalytic 
reactors “reform” hydrocarbons into larger, high-octane molecules for blending into gasoline.  Distillation equipment 
downstream of the reactor section separates the reactor product into various components.  The Reformer Unit utilizes 
three process heaters that are fired with refinery fuel gas and three internal combustion engines that are fired with 
natural gas. 
 
Isomerization Unit (Plant #37) 
The Isomerization Unit converts or “isomerizes” normal butane into isobutane in one of two catalytic reactors.  
Isobutane is required in the alkylation process.  The Isomerization Unit does not contain any fired furnaces. 
 
Alkylation Unit (Plant #36) 
The alkylation process reacts isobutane with propylene or butene in the presence of a hydrofluoric acid catalyst.  The 
primary product of this reaction is a high octane product called alkylate.  In addition to creating high octane blend 
components, the Alkylation Unit reduces the vapor pressure of its feed stocks.  Butane and propane are produced by 
the Alkylation Unit.  This unit uses one furnace in its operation.  Alkylation polymer and refinery fuel gas are used as 
fuels. 
 
Steam Plant (Plant #11) 
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The refinery has five boilers that produce steam for the refinery.  Natural gas and refinery fuel gas are used as fuels 
for the boilers. 
 
Amine Units and Sour Water Strippers (Plants #44, #45, #67) 
The Amine Units remove hydrogen sulfide from the fuel gas produced in the process units previously described.  In 
the amine process, hydrogen sulfide is contacted with liquid amine and absorbed into a liquid amine solution.  The 
hydrogen sulfide is then stripped from the amine solution and processed by the Sulfur Recovery Plants for recovery of 
elemental sulfur.  Amine is regenerated and recycled within the Amine Units. 
 
The Sour Water Strippers remove ammonia and hydrogen sulfide from sour water generated in the process units 
described earlier.  Using steam, the sour water is stripped of these contaminants in a packed column.  The ammonia 
and hydrogen sulfide components of the sour water are removed for further processing in the Sulfur Recovery Plants. 
There are no furnaces in the Sour Water Strippers or Amine Units. 
 
Sulfur Recovery Plants (Plants #65 & #68) 
The Sulfur Recovery Plants convert hydrogen sulfide into liquid sulfur and thermally destroy ammonia, forming water 
vapor and nitrogen.  The molten sulfur product is delivered for marketing sales.  Residual gas exiting the final 
reactor/condenser in each plant is sent to an incinerator for final combustion.  Natural gas and refinery fuel gas are 
used as combustion fuels in the Sulfur Recovery Plants. 
 
Wastewater Treatment Plant (Plant #9) 
All refinery process wastewater and storm water is treated in the Wastewater Treatment Unit.  A series of tanks, 
oil/water separators, biological treatment disks, and filters comprise this plant. 
 
Refinery Flares (Plants #35, #75) 
The Salt Lake Refinery has three flares that serve primarily as safety devices for the destruction of non-routine 
hydrocarbon releases.  The refinery also has a flare gas recovery system, which recovers and compresses process 
gases from the Coker (#1) and FCC (#2) flares that would otherwise be flared and routes these gases to the Amine 
Plant for treatment. The only fuels consistently used are natural gas and refinery fuel gas.   
 
Storage Tanks 
The Salt Lake Refinery includes approximately 64 storage tanks for crude oil and various intermediate and final 
products.  Crude oil and lighter materials are stored in external floating roof storage tanks; fixed roof storage tanks are 
used for heavier materials.   
 
Loading Racks 
The Salt Lake Refinery includes loading racks for transportation fuels and for molten sulfur.   
 
Cooling Tower 
The Salt Lake Refinery includes four cooling water towers for process cooling.  No fuels are used. 
 
Emergency Equipment 
The Salt Lake Refinery includes eight reciprocating internal combustion engines used for emergency electric 
generation and emergency liquid pumping purposes.  Diesel fuel is the only fuel used. 

II. Emission Unit/Activity RACT Evaluations 

A. FCCU Regenerator 

1. Emission Unit/Activity Description (Include AO ID#, Section II. Identifier [ex. II.A.__], and 

Inventory ID#):  

Section II..A. FCC Regenerator F32024 
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2. Identify All Existing and Potential Emission Control Technologies: 

 
NOx RACT Options (FCC Regenerator F32024) 
 
Option 1: Feedstock Hydrotreatment 
Description of Option 1: Hydrotreatment lowers FCC NOx emissions by reducing the total and basic nitrogen content 
of the feed. Feedstock is processed through the hydrocracking unit and gas oil desulfurization prior to being sent to the 
FCC.  
 
Option 2: Catalyst Additives 
Description of Option 2: There are two types of catalyst additive that can operate in an FCC to reduce NOx emissions. 
The first type is a NOx adsorbing catalyst and the second is a low NOx promoter. The second type of additive, such as 
DeNOx, can be added directly in the promoted inventory and does not require substitution of the platinum promoter. 
The catalyst additive reduces NOx emissions either by promoting the direct reaction of NO and CO or by acting on the 
nitrogen intermediates that lead to NOx formation. 
 
Option 3: Selective Catalytic Reduction (SCR) 
Description of Option 3: SCR is a post-combustion, flue gas treatment technology that uses ammonia as a reagent to 
reduce NOx to molecular nitrogen and water in the presence of a metal oxide catalyst.  The chemical reactions involved 
in the SCR process are: 

                             4 NO + 4 NH3 + O2    →     4 N2 + 6 H2O 

                             6 NO2 + 8 NH3    →     7 N2 + 12 H2O 

Catalyst performance is optimized when oxygen level in the exhaust gas stream is above 2 to 3 volume percent.  Due to 
advances in catalyst design, commercial applications of this technology can now operate over an extended temperature 
range.  Precious metal catalysts, such as platinum, can promote oxidation at temperatures as low as 350°F, and zeolite 
catalysts can operate up to 1,000°F.  SCR systems can achieve NOx reduction efficiencies of up to 90 %.  To 
implement SCR control, ammonia (NH3) storage and handling systems must be installed.  Careful control of the 
ammonia injection and operating parameters must be maintained to limit NH3 “slip” (emissions of unreacted ammonia) 
and maintain desired NOx reduction. 
 
Option 4: Low Temperature Oxidation (LoTox)  
Description of Option 4: The Low Temperature Oxidation (LoTox) System is a NOx removal system that injects ozone 
into the flue gas stream to oxidize insoluble NOx to soluble oxidized compounds. Ozone is produced on site and on 
demand by passing oxygen through an ozone generator. LoTox  is a low temperature system; therefore, it does not 
require heat input to maintain operational efficiency or to prevent the "slip" of treatment chemicals, such as ammonia, as 
is common with SCR and SNCR systems. 
 
Ozone is produced in response to the amount of NOx present in the flue gas generated by the process. The low 
operating temperature allows stable and consistent control regardless of variation in flow, load or NOx content. Ozone 
rapidly reacts with insoluble NO and NO2 molecules to form soluble N2O5. The species N2O5 is highly soluble and will 
rapidly react with moisture in the gas stream to form nitric acid. The conversion of NOx into the aqueous phase in the 
scrubber is rapid and irreversible, allowing nearly complete removal of NOx. The nitric acid, along with unreacted N2O5 
nitrous acid formed by reaction of NO2 with water, can be easily scrubbed out of the gas stream in a wet scrubber with 
water or neutralized with a caustic solution. LoTox systems can achieve a NOx reduction efficiency of 90% or more. 

3. Eliminate Technically Infeasible Control Technologies: 

 
Option 1:  Feedstock Hydrotreatment – Technically Feasible 
The use of Hydrotreatment is a technically feasible control option and has been confirmed in a review of EPA’s RBLC 
database.  Chevron currently has this control option in place. 
 
Option 2:  Catalyst Additives – Technically Infeasible 
The use of catalyst additives is a technically feasible control option and has been confirmed in a review of EPA’s RBLC 
database.  Chevron conducted extensive trials with catalyst additives in Salt Lake as part of its NSR Consent Decree 
with EPA and found no effect on NOx emissions.  
 
Option 3:  SCR – Technically Feasible 
The use of SCR is a technically feasible control option and has been confirmed in a review of EPA’s RBLC database. 
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RACT for this technology has been set at various ppm per 365 day rolling average. 
 
Option 4: LoTox – Technically Feasible 
Although a relatively new technology, LoTox has been implemented in practice for several FCCUs, which was 
confirmed in a review of EPA’s RBLC database. RACT for this technology has p set at various ppm per 365 day rolling 
average. 

4. Rank Control Effectiveness of Remaining Control Technologies:  

 
The following Technically Feasible Controls are listed below in order of increasing control effectiveness: 
 
Option 1:  Feedstock Hydrotreatment – Technically Feasible 
The use of Hydrotreatment is a technically feasible control option and has been confirmed in a review of EPA’s RBLC 
database.  Chevron currently has this control option in place. 
 
Option 3:  SCR – Technically Feasible 
The use of SCR is a technically feasible control option and has been confirmed in a review of EPA’s RBLC database. 
RACT for this technology has been set at various ppm per 365 day rolling average. 
 
Option 4: LoTox – Technically Feasible 
Although a relatively new technology, LoTox has been implemented in practice for several FCCUs, which was 
confirmed in a review of EPA’s RBLC database. RACT for this technology has been set at various ppm per 365 day 
rolling average. 

5. Evaluate Remaining Control Technologies on Economic, Energy, and Environmental Feasibility: 

 
Chevron currently fully hydrotreats the FCC feed to control emissions of the FCC Regenerator F32024. 
 
Based on estimates for SCR installation on the FCC, the total installed cost is $5,131,674.  Therefore SCR application 
for the FCC is economically unreasonable. The estimated installed cost for LoTox is $13,509,761. Therefore LoTox 
application for NOx control at the FCC is economically unreasonable. 
 
In addition to being economically unreasonable, the use of SCR has other substantial Environmental and Energy 
Impacts.  The environmental issues include: 
      Use of ammonia reagent, with associated storage, shipping and handling risks; 
      Handling and disposal of a degenerated catalyst as a new waste stream; 
      Ammonia slip emissions from the system represent a new pollutant emission; and 
      Ammonium salt precipitates may increase PM10 and visible plume emissions. 
 
SCR Ammonia Handling Risks 
SCR systems typically use either anhydrous ammonia (NH3 gas) or aqueous ammonia (NH3 in solution) as the active 
reagent.  Aqueous ammonia reagent is the preferable option due to minimal risks associated with storage and handling 
compared to anhydrous ammonia.  Process design considerations can include abatement approaches as well as 
mitigation and contingency plans to anticipate and avoid potential incidents. 
 
SCR Catalyst and Hazardous Waste Generation 
SCR processes generate a solid chemical waste in the form of spent catalyst that requires treatment and disposal.  
Since sulfur dioxide will be present in exhaust from the refinery fuel gas-fired units, SCR catalyst fouling is expected to 
occur at a faster rate than at natural gas-fired installations.  Sulfur compounds accelerate catalyst replacement, 
because fouling generally occurs due to the formation of ammonium bisulfate salts by reaction between SO2 and 
ammonia in the catalyst bed.  Accumulation of fine solids on the catalyst surfaces accelerates the deterioration of the 
catalyst, and results in increased pressure drop, reduced efficiency, and more frequent replacement.  Upon 
replacement, the spent catalyst material must be packaged and safely disposed as hazardous waste.   
Industry experience with SCR systems at both utility electric generating stations and refineries indicate that the removal 
and replacement operations can be conducted safely, with insignificant risk to the environment.  
 
SCR Ammonia Slip 
Experience indicates that simultaneous, reliable control of ammonia slip (reagent that passes through unreacted) below 
10 ppmv, and NOx concentrations below 10 ppmv in the exhaust stream is difficult over the range of operating 
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conditions that occur at a refinery unit.  
 
When SCR catalyst is new and activity is highest, operability is best and the ammonia injection rate can be set to near-
stoichiometric levels.  As the catalyst ages, its activity decreases.  To continuously meet NOx emission limits, the 
ammonia injection rate must be increased to counteract the less efficient catalyst.   
 
SCR Secondary Byproduct – PM10 
Under certain conditions, higher injection rates for ammonia reagent to achieve lower NOx outlet concentrations have 
been shown to promote formation of secondary particulate, and the phenomenon can be more pronounced as ammonia 
slip increases.  A prime cause of “secondary PM10” formation is the sulfur content in fuel.  SCR catalysts effectively 
oxidize the SO2 normally present in refinery gas fired heater exhaust to sulfite (SO3) and sulfate (SO4).  The SO3/SO4 
species react with excess ammonia to create extremely fine ammonium bisulfate salt particles that are emitted in the 
form of secondary PM10 and opacity plumes.  
 
SCR – Energy Impact 
In addition to the environmental impacts, there are energy impacts associated with SCR primarily due to increased 
system pressure drop caused by the SCR catalyst bed.  The pressure drop results in elevated back-pressure in the 
heater, thus increasing its heat rate and electric demand from the burner fan.  The EPA has investigated various 
systems (Alternative Control Techniques Document) and found that the typical efficiency loss due to pressure drop 
requirements of the SCR catalyst reactor bed is typically 5 to 15% of heat output 
 

 

6. Selection of RACT (Include proposed or existing testing, monitoring, recordkeeping, and 

reporting procedures):  

 

Pollutant Control Option 
Technically 

Feasible 
(Yes/No) 

Cost Effectiveness 
($/ton) 

RACT Selected 

NOx 

Selective Catalytic 
Reduction (SCR) 

Yes No emission reduction 

FCC Feed 
Hydrotreatment 

Low Temperature 
Oxidation (LoTox) 

Yes No emission reduction 

As a part of this RACT evaluation, Chevron has identified emission limitations and monitoring methods that would be 
appropriate for each pollutant included in the analysis. For the FCC Regenerator F32024, Chevron proposes to comply 
with the existing and future emission limitations and monitoring requirements of NSPS Subpart J and MACT Subpart 
UUU, and the requirements of the Consent Decree.  

The table below summarizes the proposed emission limits and monitoring requirements. 

Pollutant Source Proposed Emission Limit 
Proposed 
Monitoring 

NOx 

FCC 
Regenerator 

F32024 

57.8 ppmvd @0% O2 (365 Day)  

106.3 ppmv @0% O2 (7 day) 

Continuous Emission 
Monitor 

7. Implementation Schedule: 

Chevron currently fully hydrotreats the FCC feed and uses NOx Reducing Additives to control emissions of the FCC 
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Regenerator F32024. 

The installation of SCR is deemed economically unreasonable and so an implementation schedule is not required.  

However, it is important to note that the installation of SCR would require a process unit shutdown in order to perform 

the work necessary.  Thus, the earliest possible time to complete SCR installation would be at the next scheduled major 

refinery unit turnaround requiring shutdown of the FCC, assuming that the engineering and procurement required could 

be completed by then. 

8. Emissions Summary Table: 

Emission Unit/Activity RACT Summary (Actuals and Projected Actuals) 

Pollutant 2017 Inventory Baseline  
(tpy) 

2023 RACT-Applied Actuals 
(tpy) 

NOx 9.3 tpy 9.3 tpy 

VOC 0 tpy 0 tpy 

B. Process Heaters and Boilers 

1.  Emission Unit/Activity Description (Include AO ID#, Section II. Identifier [ex. II.A.__], and 

Inventory ID#): 

Section II..B. Boiler #5 F11005 and Boiler #6 F11006 

2. Identify All Existing and Potential Emission Control Technologies: 

 
For the purposes of this RACT analysis, Chevron has grouped Boiler #5 F11005 (171.0 MMBtu/hr) and Boiler #6 
F11006 (171.0 MMBtu/hr) together.  These boilers have been grouped together for this RACT analysis based on their 
similar operation and they are of the same design. 
 
NOx RACT Options 
 
Option 1: Proper Burner Design and Operation 
Description of Option 1:  Proper design of burner and firebox components in the boilers will provide the proper air-to-
fuel ratio, residence time, temperature, and combustion zone turbulence essential to maintain low NOx emission levels.  
Good combustion efficiency relies on both hardware design and operating procedures.  Air and fuel flow rates should be 
limited to vendor specifications to achieve satisfactory fuel efficiency and emission performance. 
 
Option 2: Ultra Low NOx Burners (ULNB) 
Description of Option 2:  ULNBs, the “next generation” burner after the Low NOx Burners (LNBs), alter the air to fuel 
ratio in the combustion zone by staging the introduction of air to promote a “lean-premixed” flame and by means of an 
internal flue gas recirculation.  This results in lower combustion temperatures and reduced NOx formation.  While the 
boilers were installed with what could have been considered ULNB technology at the time, further advances in burner 
design make lower emissions possible. In new installations, NOx emissions as low as 0.01 lb/MMBtu have been 
achieved. However, based on discussions with relevant vendors, for a retrofit application a value of approximately 0.025 
lb/MMBtu is more realistic. 
 
Option 3: Selective Catalytic Reduction (SCR) 
Description of Option 3: SCR is a post-combustion, flue gas treatment technology that uses ammonia as a reagent to 
reduce NOx to molecular nitrogen and water in the presence of a metal oxide catalyst.  The chemical reactions involved 
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in the SCR process are: 

                             4 NO + 4 NH3 + O2    →     4 N2 + 6 H2O 

                             6 NO2 + 8 NH3    →     7 N2 + 12 H2O 

Catalyst performance is optimized when oxygen level in the exhaust gas stream is above 2 to 3 volume percent.  Due to 
advances in catalyst design, commercial applications of this technology can now operate over an extended temperature 
range.  Precious metal catalysts, such as platinum, can promote oxidation at temperatures as low as 350°F, and zeolite 
catalysts can operate up to 1,000°F.  SCR systems can achieve NOx reduction efficiencies of up to 90 %.  To 
implement SCR control, ammonia (NH3) storage and handling systems must be installed.  Careful control of the 
ammonia injection and operating parameters must be maintained to limit NH3 “slip” (emissions of unreacted ammonia) 
and maintain desired NOx reduction. 

3. Eliminate Technically Infeasible Control Technologies: 

 
Option 1:  Proper Burner Design and Operation – Technically Feasible 
Chevron currently combusts only fuel gas in their refinery boilers and utilizes good combustion practices.  A review of 
EPA’s RACT/BACT/LAER Clearinghouse (RBLC) database for process gas fired boilers revealed that proper burner 
design and operation is considered RACT for these emission sources. 
 
Option 2: Ultra Low NOx Burners (ULNB) – Technically Feasible 
The use of ULNB is a technically feasible control option and has been confirmed in a review of EPA’s RBLC database 
for refinery boilers. 
 
Option 3: SCR – Technically Feasible 
The use of SCR is a technically feasible control option for control of NOx but due to ammonia slip should not be 
considered technically feasible for control of PM2.5 due to other ambient air quality issues. 

4. Rank Control Effectiveness of Remaining Control Technologies:  

 
The following Technically Feasible Controls are listed below in order of increasing control effectiveness: 
 
Option 1:  Proper Burner Design and Operation – Technically Feasible 
Chevron currently combusts only fuel gas in their refinery boilers and utilizes good combustion practices.  A review of 
EPA’s RACT/BACT/LAER Clearinghouse (RBLC) database for process gas fired boilers revealed that proper burner 
design and operation is considered RACT for these emission sources. 
 
Option 2: Ultra Low NOx Burners (ULNB) – Technically Feasible 
The use of ULNB is a technically feasible control option and has been confirmed in a review of EPA’s RBLC database 
for refinery boilers. 
 
Option 3: SCR – Technically Feasible 
The use of SCR is a technically feasible control option for control of NOx but due to ammonia slip should not be 
considered technically feasible for control of NOx or PM2.5 due to other ambient air quality issues. 

5. Evaluate Remaining Control Technologies on Economic, Energy, and Environmental Feasibility: 

 
The NOx Cost effectiveness for ULNB installation for Boiler #5 F11005 is $50,090 per ton of NOx abated, and Boiler #6 
F11006 is $39,759 per ton of NOx abated including the cost for CEMS installation to monitor emissions.  These costs 
are estimates and as this is a retrofit, could go up substantially. A more detailed engineering study would be required to 
more accurately determine cost. For these reasons, Chevron considers the installation of ULNB for the boilers as 
economically unreasonable. 
 
The NOx Cost effectiveness for SCR installation for Boiler #5 F11005 is $105,258 per ton of NOx abated and the cost 
effectiveness for Boiler #6 F11006 is $83,553 per ton of NOx abated.  This includes the cost of a CEMS to monitor 
emissions. This is based on an estimate of the costs to install SCR for similar boilers. Another more detailed cost 
estimate would be required for the boilers to understand all costs including potential metallurgy upgrades as well as 
piping and fuel gas system upgrades. Therefore, Chevron considers the installation of SCR for boilers as economically 
unreasonable. 
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In addition to being economically unreasonable, the use of SCR has other substantial Environmental and Energy 
Impacts.  The environmental issues include: 
      Use of ammonia reagent, with associated storage, shipping and handling risks; 
      Handling and disposal of a degenerated catalyst as a new waste stream; 
      Ammonia slip emissions from the system represent a new pollutant emission; and 
      Ammonium salt precipitates may increase PM10 and visible plume emissions. 
 
SCR Ammonia Handling Risks 
SCR systems typically use either anhydrous ammonia (NH3 gas) or aqueous ammonia (NH3 in solution) as the active 
reagent.  Aqueous ammonia reagent is the preferable option due to minimal risks associated with storage and handling 
compared to anhydrous ammonia.  Process design considerations can include abatement approaches as well as 
mitigation and contingency plans to anticipate and avoid potential incidents. 
 
SCR Catalyst and Hazardous Waste Generation 
SCR processes generate a solid chemical waste in the form of spent catalyst that requires treatment and disposal.  
Since sulfur dioxide will be present in exhaust from the refinery fuel gas-fired units, SCR catalyst fouling is expected to 
occur at a faster rate than at natural gas-fired installations.  Sulfur compounds accelerate catalyst replacement, 
because fouling generally occurs due to the formation of ammonium bisulfate salts by reaction between SO2 and 
ammonia in the catalyst bed.  Accumulation of fine solids on the catalyst surfaces accelerates the deterioration of the 
catalyst, and results in increased pressure drop, reduced efficiency, and more frequent replacement.  Upon 
replacement, the spent catalyst material must be packaged and safely disposed as hazardous waste.   
Industry experience with SCR systems at both utility electric generating stations and refineries indicate that the removal 
and replacement operations can be conducted safely, with insignificant risk to the environment.  
 
SCR Ammonia Slip 
Experience indicates that simultaneous, reliable control of ammonia slip (reagent that passes through unreacted) below 
10 ppmv, and NOx concentrations below 10 ppmv in the exhaust stream is difficult over the range of operating 
conditions that occur at a refinery unit.  
 
When SCR catalyst is new and activity is highest, operability is best and the ammonia injection rate can be set to near-
stoichiometric levels.  As the catalyst ages, its activity decreases.  To continuously meet NOx emission limits, the 
ammonia injection rate must be increased to counteract the less efficient catalyst.   
 
SCR Secondary Byproduct – PM10 
Under certain conditions, higher injection rates for ammonia reagent to achieve lower NOx outlet concentrations have 
been shown to promote formation of secondary particulate, and the phenomenon can be more pronounced as ammonia 
slip increases.  A prime cause of “secondary PM10” formation is the sulfur content in fuel.  SCR catalysts effectively 
oxidize the SO2 normally present in refinery gas fired heater/boiler exhaust to sulfite (SO3) and sulfate (SO4).  The 
SO3/SO4 species react with excess ammonia to create extremely fine ammonium bisulfate salt particles that are 
emitted in the form of secondary PM10 and opacity plumes.  
 
SCR – Energy Impact 
In addition to the environmental impacts, there are energy impacts associated with SCR primarily due to increased 
system pressure drop caused by the SCR catalyst bed.  The pressure drop results in elevated back-pressure in the 
heater/boiler, thus increasing its heat rate and electric demand from the burner fan.  The EPA has investigated various 
systems (Alternative Control Techniques Document) and found that the typical efficiency loss due to pressure drop 
requirements of the SCR catalyst reactor bed is typically 5 to 15% of heat output. 
 

 

6. Selection of RACT (Include proposed or existing testing, monitoring, recordkeeping, and 

reporting procedures):  
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Pollutant Control Option 
Technically 

Feasible 
(Yes/No) 

Cost Effectiveness 
($/ton) 

RACT Selected 

NOx 

Proper Burner Design and 
Operation 

Yes NA 

Proper Burner 
Design and 
Operation 

Ultra Low NOx Burners Yes 
$50,090/ton (Boiler 5) 

$39,759/ton (Boiler 6) 

SCR No 
$105,258/ton (Boiler 5) 

$83,553/ton (Boiler 6) 

VOC 
Proper Burner Design and 

Operation 
Yes NA 

Proper Burner 
Design and 
Operation 

As a part of this RACT evaluation, Chevron has identified emission limitations and monitoring methods that would be 
appropriate for each pollutant included in the analysis. For Boilers #5 and #6, Chevron recommends the hydrogen sulfide 
concentration limitations and monitoring requirements of NSPS Subpart Ja. Chevron does not propose any emission limits 
or monitoring for other pollutants, because SO2  is the only pollutant for which Chevron has installed emission controls 
and thus can maintain control of emission rates.  

The table below summarizes the proposed emission limits and monitoring requirements. 

Pollutant Source Proposed Emission Limit 
Proposed 
Monitoring 

SO2    Refinery Fuel Gas 
Fuel gas H2S concentration – 
162 ppmv 3-hour average, 60 

ppmv 365-day average 

Continuous H2S 
Monitor 

7. Implementation Schedule: 

 
The installation of ULNB and SCR is deemed economically unreasonable and so an implementation schedule is not 
required.  However, it is important to note that the installation of either ULNB or SCR would require a process unit 
shutdown in order to perform the work necessary.  Thus, the earliest possible time to complete ULNB or SCR 
installation would be at the next scheduled major refinery unit turnaround requiring shutdown of the Boiler #5 F11005, or 
Boiler #6 F11006, if the engineering and procurement required could be completed by then. 

8. Emissions Summary Table: 

Emission Unit/Activity RACT Summary (Actuals and Projected Actuals) 

Pollutant 2017 Inventory Baseline  
(tpy) 

2023 RACT-Applied Actuals 
(tpy) 

NOx 12.7 tpy – Boiler #5 
16.0 tpy – Boiler #6 

12.7 tpy – Boiler #5 
16.0 tpy – Boiler #6 

VOC 1.4 tpy – Boiler #5 
1.8 tpy – Boiler #6 

1.4 tpy – Boiler #5 
1.8 tpy – Boiler #6 
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1.  Emission Unit/Activity Description (Include AO ID#, Section II. Identifier [ex. II.A.__], and 

Inventory ID#): 

Section II..B. Crude Unit Heater F21001 

2. Identify All Existing and Potential Emission Control Technologies: 

 
NOx RACT Options 
 
Option 1 - Title: Proper Burner Design and Operation 
Description of Option 1:  Proper design of burner and firebox components in the heaters will provide the proper air-to-
fuel ratio, residence time, temperature, and combustion zone turbulence essential to maintain low NOx emission levels.  
Good combustion efficiency relies on both hardware design and operating procedures.  Air and fuel flow rates should be 
limited to vendor specifications to achieve satisfactory fuel efficiency and emission performance. Chevron currently has 
air preheat for this heater and if any other option is chosen a more detailed cost analysis will need to be performed.  
 
Option 2 - Title: Ultra Low NOx Burners (ULNB) 
Description of Option 2:  ULNBs, the “next generation” burner after the Low NOx Burners (LNBs), alter the air to fuel 
ratio in the combustion zone by staging the introduction of air to promote a “lean-premixed” flame and by means of an 
internal flue gas recirculation.  This results in lower combustion temperatures and reduced NOx formation.  This option 
is a feasible control for refinery process heaters and boilers.  However, it is important to note that the use of air pre-heat 
with heaters will increase NOx emissions slightly. 
 
Option 3: Selective Catalytic Reduction (SCR) 
Description of Option 3: SCR is a post-combustion, flue gas treatment technology that uses ammonia as a reagent to 
reduce NOx to molecular nitrogen and water in the presence of a metal oxide catalyst.  The chemical reactions involved 
in the SCR process are: 

                             4 NO + 4 NH3 + O2    →     4 N2 + 6 H2O 

                             6 NO2 + 8 NH3    →     7 N2 + 12 H2O 

Catalyst performance is optimized when oxygen level in the exhaust gas stream is above 2 to 3 volume percent.  Due to 
advances in catalyst design, commercial applications of this technology can now operate over an extended temperature 
range.  Precious metal catalysts, such as platinum, can promote oxidation at temperatures as low as 350°F, and zeolite 
catalysts can operate up to 1,000°F.  SCR systems can achieve NOx reduction efficiencies of up to 90 %.  To 
implement SCR control, ammonia (NH3) storage and handling systems must be installed.  Careful control of the 
ammonia injection and operating parameters must be maintained to limit NH3 “slip” (emissions of unreacted ammonia) 
and maintain desired NOx reduction. 

3. Eliminate Technically Infeasible Control Technologies: 

 
Option 1:  Proper Burner Design and Operation – Technically Feasible 
Chevron currently combusts only fuel gas in their refinery heaters and utilizes good combustion practices.  A review of 
EPA’s RACT/BACT/LAER Clearinghouse (RBLC) database for process gas fired boilers revealed that proper burner 
design and operation is considered RACT for these emission sources. 
 
Option 2: Ultra Low NOx Burners (ULNB) – Technically Feasible 
The use of ULNB is a technically feasible control option and has been confirmed in a review of EPA’s RBLC database 
for refinery boilers. 
 
Option 3: SCR – Technically Feasible 
The use of SCR is a technically feasible control option for control of NOx but due to ammonia slip should not be 
considered technically feasible for control of NOx or PM2.5 due to other ambient air quality issues. 

4. Rank Control Effectiveness of Remaining Control Technologies:  
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The following Technically Feasible Controls are listed below in order of increasing control effectiveness: 
 
Option 1:  Proper Burner Design and Operation – Technically Feasible 
Chevron currently combusts only fuel gas in their refinery boilers and utilizes good combustion practices.  A review of 
EPA’s RACT/BACT/LAER Clearinghouse (RBLC) database for process gas fired boilers revealed that proper burner 
design and operation is considered RACT for these emission sources. 
 
Option 2: Ultra Low NOx Burners (ULNB) – Technically Feasible 
The use of ULNB is a technically feasible control option and has been confirmed in a review of EPA’s RBLC database 
for refinery boilers. 
 
Option 3: SCR – Technically Feasible 
The use of SCR is a technically feasible control option for control of NOx but due to ammonia slip should not be 
considered technically feasible for control of PM2.5 due to other ambient air quality issues. 

5. Evaluate Remaining Control Technologies on Economic, Energy, and Environmental Feasibility: 

 
The NOx Cost effectiveness for ULNB installation for Crude Unit Heater F21001 is $26,555 per ton of NOx abated 
including the cost for CEMS installation to monitor emissions.  These costs are estimates and as this is a retrofit, could 
go up substantially. A more detailed engineering study would be required to more accurately determine a true cost. For 
these reasons, Chevron considers the installation of ULNB for the heater as economically unreasonable. 
 
The NOx Cost effectiveness for SCR installation for Crude Unit Heater F21001 is $80,658 per ton of NOx abated.  This 
includes the cost of a CEMS to monitor emissions. This is based on an estimate of the costs to install SCR for similar 
heaters. Another more detailed cost estimate would be required for this heater to understand all costs including 
potential metallurgy upgrades as well as piping and fuel gas system upgrades. Therefore, Chevron considers the 
installation of SCR for the heater as economically unreasonable. 
 
In addition to being economically unreasonable, the use of SCR has other substantial Environmental and Energy 
Impacts.  The environmental issues include: 
      Use of ammonia reagent, with associated storage, shipping and handling risks; 
      Handling and disposal of a degenerated catalyst as a new waste stream; 
      Ammonia slip emissions from the system represent a new pollutant emission; and 
      Ammonium salt precipitates may increase PM10 and visible plume emissions. 
 
SCR Ammonia Handling Risks 
SCR systems typically use either anhydrous ammonia (NH3 gas) or aqueous ammonia (NH3 in solution) as the active 
reagent.  Aqueous ammonia reagent is the preferable option due to minimal risks associated with storage and handling 
compared to anhydrous ammonia.  Process design considerations can include abatement approaches as well as 
mitigation and contingency plans to anticipate and avoid potential incidents. 
 
SCR Catalyst and Hazardous Waste Generation 
SCR processes generate a solid chemical waste in the form of spent catalyst that requires treatment and disposal.  
Since sulfur dioxide will be present in exhaust from the refinery fuel gas-fired units, SCR catalyst fouling is expected to 
occur at a faster rate than at natural gas-fired installations.  Sulfur compounds accelerate catalyst replacement, 
because fouling generally occurs due to the formation of ammonium bisulfate salts by reaction between SO2 and 
ammonia in the catalyst bed.  Accumulation of fine solids on the catalyst surfaces accelerates the deterioration of the 
catalyst, and results in increased pressure drop, reduced efficiency, and more frequent replacement.  Upon 
replacement, the spent catalyst material must be packaged and safely disposed as hazardous waste.   
Industry experience with SCR systems at both utility electric generating stations and refineries indicate that the removal 
and replacement operations can be conducted safely, with insignificant risk to the environment.  
 
SCR Ammonia Slip 
Experience indicates that simultaneous, reliable control of ammonia slip (reagent that passes through unreacted) below 
10 ppmv, and NOx concentrations below 10 ppmv in the exhaust stream is difficult over the range of operating 
conditions that occur at a refinery unit.  
 
When SCR catalyst is new and activity is highest, operability is best and the ammonia injection rate can be set to near-
stoichiometric levels.  As the catalyst ages, its activity decreases.  To continuously meet NOx emission limits, the 
ammonia injection rate must be increased to counteract the less efficient catalyst.   
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SCR Secondary Byproduct – PM10 
Under certain conditions, higher injection rates for ammonia reagent to achieve lower NOx outlet concentrations have 
been shown to promote formation of secondary particulate, and the phenomenon can be more pronounced as ammonia 
slip increases.  A prime cause of “secondary PM10” formation is the sulfur content in fuel.  SCR catalysts effectively 
oxidize the SO2 normally present in refinery gas fired heater exhaust to sulfite (SO3) and sulfate (SO4).  The SO3/SO4 
species react with excess ammonia to create extremely fine ammonium bisulfate salt particles that are emitted in the 
form of secondary PM10 and opacity plumes.  
 
SCR – Energy Impact 
In addition to the environmental impacts, there are energy impacts associated with SCR primarily due to increased 
system pressure drop caused by the SCR catalyst bed.  The pressure drop results in elevated back-pressure in the 
heater, thus increasing its heat rate and electric demand from the burner fan.  The EPA has investigated various 
systems (Alternative Control Techniques Document) and found that the typical efficiency loss due to pressure drop 
requirements of the SCR catalyst reactor bed is typically 5 to 15% of heat output. 
 

6. Selection of RACT (Include proposed or existing testing, monitoring, recordkeeping, and 

reporting procedures):  

 

Pollutant Control Option 
Technically 

Feasible 
(Yes/No) 

Cost Effectiveness 
($/ton) 

RACT 
Selected 

NOx 

Proper Burner Design 
and Operation 

Yes NA 
Proper Burner 

Design and 
Operation 

Ultra Low NOx Burners Yes $26,555/ton 

SCR No $80,658/ton 

VOC 
Proper Burner Design 

and Operation 
Yes NA 

Proper Burner 
Design and 
Operation 

As a part of this RACT evaluation, Chevron has identified emission limitations and monitoring methods that would be 
appropriate for each pollutant included in the analysis. For Crude Unit Heater F21001, Chevron recommends the 
hydrogen sulfide concentration limitations and monitoring requirements of NSPS Subpart Ja. Chevron does not propose 
any emission limits or monitoring for other pollutants, because SO2  is the only pollutant for which Chevron has installed 
emission controls and thus can maintain control of emission rates.  

The table below summarizes the proposed emission limits and monitoring requirements. 

Pollutant Source Proposed Emission Limit 
Proposed 
Monitoring 

SO2    Refinery Fuel Gas 
Fuel gas H2S concentration – 
162 ppmv 3-hour average, 60 

ppmv 365-day average 

Continuous H2S 
Monitor 

7. Implementation Schedule: 

 
The installation of ULNB and SCR is deemed economically unreasonable and so an implementation schedule is not 
required.  However, it is important to note that the installation of either ULNB or SCR would require a process unit 
shutdown in order to perform the work necessary.  Thus, the earliest possible time to complete ULNB or SCR 
installation would be at the next scheduled major refinery unit turnaround requiring shutdown of Crude Unit Heater 
F21001, if the engineering and procurement required could be completed by then. 
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8. Emissions Summary Table: 

Emission Unit/Activity RACT Summary (Actuals and Projected Actuals) 

Pollutant 2017 Inventory Baseline  
(tpy) 

2023 RACT-Applied Actuals 
(tpy) 

NOx 12.3 tpy 12.3 tpy 

VOC 1.3 tpy 1.3 tpy 

1.  Emission Unit/Activity Description (Include AO ID#, Section II. Identifier [ex. II.A.__], and 

Inventory ID#): 

Section II..B. Crude Unit Heater F21002 

2. Identify All Existing and Potential Emission Control Technologies: 

 
NOx RACT Options 
 
Option 1 - Title: Proper Burner Design and Operation 
Description of Option 1:  Proper design of burner and firebox components in the heaters will provide the proper air-to-
fuel ratio, residence time, temperature, and combustion zone turbulence essential to maintain low NOx emission levels.  
Good combustion efficiency relies on both hardware design and operating procedures.  Air and fuel flow rates should be 
limited to vendor specifications to achieve satisfactory fuel efficiency and emission performance. Chevron currently has 
air preheat for this heater and if any other option is chosen a more detailed cost analysis will need to be performed.  
 
Option 2 - Title: Ultra Low NOx Burners (ULNB) 
Description of Option 2:  ULNBs, the “next generation” burner after the Low NOx Burners (LNBs), alter the air to fuel 
ratio in the combustion zone by staging the introduction of air to promote a “lean-premixed” flame and by means of an 
internal flue gas recirculation.  This results in lower combustion temperatures and reduced NOx formation.  This option 
is a feasible control for refinery process heaters and boilers.  However, it is important to note that the use of air pre-heat 
with heaters will increase NOx emissions slightly. 
 
Option 3: Selective Catalytic Reduction (SCR) 
Description of Option 3: SCR is a post-combustion, flue gas treatment technology that uses ammonia as a reagent to 
reduce NOx to molecular nitrogen and water in the presence of a metal oxide catalyst.  The chemical reactions involved 
in the SCR process are: 

                             4 NO + 4 NH3 + O2    →     4 N2 + 6 H2O 

                             6 NO2 + 8 NH3    →     7 N2 + 12 H2O 

Catalyst performance is optimized when oxygen level in the exhaust gas stream is above 2 to 3 volume percent.  Due to 
advances in catalyst design, commercial applications of this technology can now operate over an extended temperature 
range.  Precious metal catalysts, such as platinum, can promote oxidation at temperatures as low as 350°F, and zeolite 
catalysts can operate up to 1,000°F.  SCR systems can achieve NOx reduction efficiencies of up to 90 %.  To 
implement SCR control, ammonia (NH3) storage and handling systems must be installed.  Careful control of the 
ammonia injection and operating parameters must be maintained to limit NH3 “slip” (emissions of unreacted ammonia) 
and maintain desired NOx reduction. 

3. Eliminate Technically Infeasible Control Technologies: 

 
Option 1:  Proper Burner Design and Operation – Technically Feasible 
Chevron currently combusts only fuel gas in their refinery heaters and utilizes good combustion practices.  A review of 
EPA’s RACT/BACT/LAER Clearinghouse (RBLC) database for process gas fired boilers revealed that proper burner 
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design and operation is considered RACT for these emission sources. 
 
Option 2: Ultra Low NOx Burners (ULNB) – Technically Feasible 
The use of ULNB is a technically feasible control option and has been confirmed in a review of EPA’s RBLC database 
for refinery boilers. 
 
Option 3: SCR – Technically Feasible 
The use of SCR is a technically feasible control option for control of NOx but due to ammonia slip should not be 
considered technically feasible for control of NOx or PM2.5 due to other ambient air quality issues. 

4. Rank Control Effectiveness of Remaining Control Technologies:  

 
The following Technically Feasible Controls are listed below in order of increasing control effectiveness: 
 
Option 1:  Proper Burner Design and Operation – Technically Feasible 
Chevron currently combusts only fuel gas in their refinery boilers and utilizes good combustion practices.  A review of 
EPA’s RACT/BACT/LAER Clearinghouse (RBLC) database for process gas fired boilers revealed that proper burner 
design and operation is considered RACT for these emission sources. 
 
Option 2: Ultra Low NOx Burners (ULNB) – Technically Feasible 
The use of ULNB is a technically feasible control option and has been confirmed in a review of EPA’s RBLC database 
for refinery boilers. 
 
Option 3: SCR – Technically Feasible 
The use of SCR is a technically feasible control option for control of NOx but due to ammonia slip should not be 
considered technically feasible for control of PM2.5 due to other ambient air quality issues. 

5. Evaluate Remaining Control Technologies on Economic, Energy, and Environmental Feasibility: 

 
The NOx Cost effectiveness for ULNB installation for Crude Unit Heater F21002 is $28,322 per ton of NOx abated 
including the cost for CEMS installation to monitor emissions.  These costs are estimates and as this is a retrofit, could 
go up substantially. A more detailed engineering study would be required to more accurately determine a true cost. For 
these reasons, Chevron considers the installation of ULNB for the heater as economically unreasonable. 
 
The NOx Cost effectiveness for SCR installation for Crude Unit Heater F21002 is $82,307 per ton of NOx abated.  This 
includes the cost of a CEMS to monitor emissions. This is based on an estimate of the costs to install SCR for similar 
heaters. Another more detailed cost estimate would be required for this heater to understand all costs including 
potential metallurgy upgrades as well as piping and fuel gas system upgrades. Therefore, Chevron considers the 
installation of SCR for the heater as economically unreasonable. 
 
In addition to being economically unreasonable, the use of SCR has other substantial Environmental and Energy 
Impacts.  The environmental issues include: 
      Use of ammonia reagent, with associated storage, shipping and handling risks; 
      Handling and disposal of a degenerated catalyst as a new waste stream; 
      Ammonia slip emissions from the system represent a new pollutant emission; and 
      Ammonium salt precipitates may increase PM10 and visible plume emissions. 
 
SCR Ammonia Handling Risks 
SCR systems typically use either anhydrous ammonia (NH3 gas) or aqueous ammonia (NH3 in solution) as the active 
reagent.  Aqueous ammonia reagent is the preferable option due to minimal risks associated with storage and handling 
compared to anhydrous ammonia.  Process design considerations can include abatement approaches as well as 
mitigation and contingency plans to anticipate and avoid potential incidents. 
 
SCR Catalyst and Hazardous Waste Generation 
SCR processes generate a solid chemical waste in the form of spent catalyst that requires treatment and disposal.  
Since sulfur dioxide will be present in exhaust from the refinery fuel gas-fired units, SCR catalyst fouling is expected to 
occur at a faster rate than at natural gas-fired installations.  Sulfur compounds accelerate catalyst replacement, 
because fouling generally occurs due to the formation of ammonium bisulfate salts by reaction between SO2 and 
ammonia in the catalyst bed.  Accumulation of fine solids on the catalyst surfaces accelerates the deterioration of the 
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catalyst, and results in increased pressure drop, reduced efficiency, and more frequent replacement.  Upon 
replacement, the spent catalyst material must be packaged and safely disposed as hazardous waste.   
Industry experience with SCR systems at both utility electric generating stations and refineries indicate that the removal 
and replacement operations can be conducted safely, with insignificant risk to the environment.  
 
SCR Ammonia Slip 
Experience indicates that simultaneous, reliable control of ammonia slip (reagent that passes through unreacted) below 
10 ppmv, and NOx concentrations below 10 ppmv in the exhaust stream is difficult over the range of operating 
conditions that occur at a refinery unit.  
 
When SCR catalyst is new and activity is highest, operability is best and the ammonia injection rate can be set to near-
stoichiometric levels.  As the catalyst ages, its activity decreases.  To continuously meet NOx emission limits, the 
ammonia injection rate must be increased to counteract the less efficient catalyst.   
 
SCR Secondary Byproduct – PM10 
Under certain conditions, higher injection rates for ammonia reagent to achieve lower NOx outlet concentrations have 
been shown to promote formation of secondary particulate, and the phenomenon can be more pronounced as ammonia 
slip increases.  A prime cause of “secondary PM10” formation is the sulfur content in fuel.  SCR catalysts effectively 
oxidize the SO2 normally present in refinery gas fired heater exhaust to sulfite (SO3) and sulfate (SO4).  The SO3/SO4 
species react with excess ammonia to create extremely fine ammonium bisulfate salt particles that are emitted in the 
form of secondary PM10 and opacity plumes.  
 
SCR – Energy Impact 
In addition to the environmental impacts, there are energy impacts associated with SCR primarily due to increased 
system pressure drop caused by the SCR catalyst bed.  The pressure drop results in elevated back-pressure in the 
heater, thus increasing its heat rate and electric demand from the burner fan.  The EPA has investigated various 
systems (Alternative Control Techniques Document) and found that the typical efficiency loss due to pressure drop 
requirements of the SCR catalyst reactor bed is typically 5 to 15% of heat output. 
 

6. Selection of RACT (Include proposed or existing testing, monitoring, recordkeeping, and 

reporting procedures):  

 

Pollutant Control Option 
Technically 

Feasible 
(Yes/No) 

Cost Effectiveness 
($/ton) 

RACT 
Selected 

NOx 

Proper Burner Design 
and Operation 

Yes NA 
Proper Burner 

Design and 
Operation 

Ultra Low NOx Burners Yes $28,322/ton 

SCR No $82,307/ton 

VOC 
Proper Burner Design 

and Operation 
Yes NA 

Proper Burner 
Design and 
Operation 

As a part of this RACT evaluation, Chevron has identified emission limitations and monitoring methods that would be 
appropriate for each pollutant included in the analysis. For Crude Unit Heater F21002, Chevron recommends the 
hydrogen sulfide concentration limitations and monitoring requirements of NSPS Subpart Ja. Chevron does not propose 
any emission limits or monitoring for other pollutants, because SO2  is the only pollutant for which Chevron has installed 
emission controls and thus can maintain control of emission rates.  

The table below summarizes the proposed emission limits and monitoring requirements. 
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Pollutant Source Proposed Emission Limit 
Proposed 
Monitoring 

SO2    Refinery Fuel Gas 
Fuel gas H2S concentration – 
162 ppmv 3-hour average, 60 

ppmv 365-day average 

Continuous H2S 
Monitor 

7. Implementation Schedule: 

 
The installation of ULNB and SCR is deemed economically unreasonable and so an implementation schedule is not 
required.  However, it is important to note that the installation of either ULNB or SCR would require a process unit 
shutdown in order to perform the work necessary.  Thus, the earliest possible time to complete ULNB or SCR 
installation would be at the next scheduled major refinery unit turnaround requiring shutdown of Crude Unit Heater 
F21002, if the engineering and procurement required could be completed by then. 

8. Emissions Summary Table: 

Emission Unit/Activity RACT Summary (Actuals and Projected Actuals) 

Pollutant 2017 Inventory Baseline  
(tpy) 

2023 RACT-Applied Actuals 
(tpy) 

NOx 10.8 tpy 10.8 tpy 

VOC 1.2 tpy 1.2 tpy 

C. SRU 

1. Emission Unit/Activity Description (Include AO ID#, Section II. Identifier [ex. II.A.__], and Inventory 

ID#):  

Section II..C. Sulfur Plant #1 SRU/TGTU/TGI #1 and Sulfur Plant #2 SRU/TGTU/TGI #2 

2. Identify All Existing and Potential Emission Control Technologies: 

 
For the purposes of this RACT analysis, Chevron has grouped Sulfur Plant #1 SRU/TGTU/TGI #1 and Sulfur Plant #2 
SRU/TGTU/TGI #2 together.  These sulfur plants have been grouped together for this RACT analysis based on their 
similar operation and they are of the same design.  Both sulfur plants utilize a Tail Gas Treatment Unit (TGTU) and Tail 
Gas Incinerator (TGI). 
 
Option 1 Title: Tail Gas Treatment Unit (TGTU) 
Description of Option 1:  A single TGTU handles effluent gases from the third stage condensers of both Sulfur 
Recovery Unit Claus trains.  The purpose of this unit, as an effective control of SO2 emissions, is to convert SO2 back 
to H2S and capture the reduced sulfur compound by amine scrubbing.  A preliminary sulfur balance indicates that 99 
percent of the sulfur in the TGTU feed stream will be converted to H2S and recycled.  This effectively provides greater 
than 99 percent control of SO2 than would be released from the Claus trains alone. 
 
Option 2 - Title: Thermal Oxidizer  
Description of Option 2:  The Thermal Oxidizer treating effluent gases from the TGTU is a simple design.  The fuel 
source for this combustion activity is a blend of refinery gas, and pipeline natural gas used to help combust SRU off 
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gases.  Combustion emissions will be minimized by using proper combustion control and an optimized air-fuel ratio. 

3. Eliminate Technically Infeasible Control Technologies: 

 
Option 1:  Tail Gas Treatment Unit – Technically Feasible 
Chevron currently operates a TGTU for the SRUs.  A review of EPA’s RACT/BACT/LAER Clearinghouse (RBLC) 
database for SRUs revealed that the use of a TGTU is considered RACT for these emission sources. 
 
Option 2:  Thermal Oxidizer – Technically Feasible 
Chevron uses thermal oxidizers to control emissions from both sulfur recovery plant, and currently combusts low sulfur 
fuel gas in their refinery thermal oxidizer and utilizes good combustion practices.  A review of EPA’s RBLC database for 
process thermal oxidizers revealed that this operation is considered RACT for these emission sources. 

4. Rank Control Effectiveness of Remaining Control Technologies:  

 
The following Technically Feasible Controls are listed below in order of increasing control effectiveness: 
 
Option 1:  Tail Gas Treatment Unit – Technically Feasible 
Chevron currently operates a TGTU for the SRUs.  A review of EPA’s RACT/BACT/LAER Clearinghouse (RBLC) 
database for SRUs revealed that the use of a TGTU is considered RACT for these emission sources. 
 
Option 2:  Thermal Oxidizer – Technically Feasible 
Chevron uses thermal oxidizers to control emissions from both sulfur recovery plant, and currently combusts low sulfur 
fuel gas in their refinery thermal oxidizer and utilizes good combustion practices.  A review of EPA’s RBLC database for 
process thermal oxidizers revealed that this operation is considered RACT for these emission sources. 

5. Evaluate Remaining Control Technologies on Economic, Energy, and Environmental Feasibility: 

As noted above, Chevron utilizes a TGTU and Thermal Oxidizer for the SRUs which is the only technically feasible 

control option for refinery SRUs and therefore an economic feasibility analysis is not required. 

6. Selection of RACT (Include proposed or existing testing, monitoring, recordkeeping, and 

reporting procedures):  

 

Pollutant 
Control 
Option 

Technically 
Feasible 
(Yes/No) 

Cost Effectiveness 
($/ton) 

RACT 
Selected 

NOx 
Thermal 
Oxidizer 

Yes NA 
Proper Design 
and Operation 

VOC 
Thermal 
Oxidizer 

Yes NA 
Proper Design 
and Operation 

 
As a part of this RACT evaluation, Chevron has identified emission limitations and monitoring methods that would be 
appropriate for each pollutant included in the analysis. For SRU/TGTU/TGI #1 and SRU/TGTU/TGI #2, Chevron 
proposes to comply with the existing limitations and monitoring requirements of MACT Subpart UUU and the 
requirements of the Consent Decree.  
 
The table below summarizes the proposed emission limits and monitoring requirements. 

Pollutant Source Proposed Emission Limit 
Proposed 
Monitoring 

SO2    
SRU/TGTU/TGI #1 and 

SRU/TGTU/TGI #2 
250 ppmv @0% O2 12hr 

Continuous 
Emission Monitor 
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7. Implementation Schedule: 

As noted above, Chevron utilizes a TGTU and Thermal Oxidizer for the SRUs which is the only technically feasible 

control option for refinery SRUs and therefore an implementation schedule is not applicable. 

8. Emissions Summary Table: 

Emission Unit/Activity RACT Summary (Actuals and Projected Actuals) 

Pollutant 2017 Inventory Baseline  
(tpy) 

2023 RACT-Applied Actuals 
(tpy) 

NOx 0.7 tpy – Sulfur Plant 1 
0.9 tpy – Sulfur Plant 2 

0.7 tpy – Sulfur Plant 1 
0.9 tpy – Sulfur Plant 2 

VOC 0.4 tpy – Sulfur Plant 1 
0.1 tpy – Sulfur Plant 2 

0.4 tpy – Sulfur Plant 1 
0.1 tpy – Sulfur Plant 2 

D. Cooling Towers 

1. Emission Unit/Activity Description (Include AO ID#, Section II. Identifier [ex. II.A.__], and Inventory 

ID#): 

Section II..D. Cooling Towers #1, #2, #3, and #4 

2. Identify All Existing and Potential Emission Control Technologies: 

For the purposes of this RACT analysis, Chevron has grouped Cooling Towers #1, #2, #3, and #4 together.  These 
cooling towers have been grouped together for this RACT analysis based on their similar operation and emissions.  All 
cooling towers utilize high efficiency drift elimination systems and are monitored for VOC emissions according to the 
requirements in 40 CFR 63 Subpart CC (Refinery MACT I). 
 
Option 1 - Title: Meet Federal Regulatory Standards 
Description of Option 1: Under the heat exchange system monitoring standards of 40 CFR 63 Subpart CC (Refinery 
MACT I), applicable heat exchange systems/cooling towers will be subject to VOC monitoring, recordkeeping, and 
repair requirements.  A review of the EPA’s RACT/BACT/LAER Clearinghouse (RBLC) indicates that previously 
approved RACT determinations include compliance with a heat exchange system leak detection and repair program as 
identified in the revised Refinery MACT I. 

3. Eliminate Technically Infeasible Control Technologies: 

 
Option 1:  Meet Federal Regulatory Standards  – Technically Feasible 
Chevron meets and will continue to meet the regulatory control requirements for heat exchange systems (including 
cooling towers) subject to 40 CFR Part 63 Subpart CC.  A review of EPA’s RBLC indicates that previously approved 
RACT determinations for cooling towers include compliance with a heat exchange system leak detection and repair 
program as identified in the revised Refinery MACT I. 
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4. Rank Control Effectiveness of Remaining Control Technologies:  

 
The following Technically Feasible Controls are listed below in order of increasing control effectiveness: 
 
Option 1:  Meet Federal Regulatory Standards  – Technically Feasible 
Chevron meets and will continue to meet the regulatory control requirements for heat exchange systems (including 
cooling towers) subject to 40 CFR Part 63 Subpart CC.  A review of EPA’s RBLC indicates that previously approved 
RACT determinations for cooling towers include compliance with a heat exchange system leak detection and repair 
program as identified in the revised Refinery MACT I. 

5. Evaluate Remaining Control Technologies on Economic, Energy, and Environmental Feasibility: 

 
As noted above, Chevron currently meets and will continue to meet the requirements for cooling towers subject to 40 
CFR Part 63 Subpart CC which is the only technically feasible control option.  Therefore an economic feasibility analysis 
is not required. 
 

6. Selection of RACT (Include proposed or existing testing, monitoring, recordkeeping, and 

reporting procedures):  

 

Pollutant Control Option 
Technically 

Feasible 
(Yes/No) 

Cost Effectiveness 
($/ton) 

RACT Selected 

VOC 
Meet Applicable Federal 
Regulatory Standards 

Yes NA 
Meet Applicable Federal 
Regulatory Standards 

 
As a part of this RACT evaluation, Chevron has identified emission limitations and monitoring methods that would be 
appropriate for each pollutant included in the analysis. For the cooling towers, Chevron proposes to meet the VOC 
emission limitations and monitoring requirements of Refinery MACT I. Chevron does not propose emission limits or 
monitoring for other pollutants. 
 
The table below summarizes the proposed emission limits and monitoring requirements. 

Pollutant Source 
Proposed Emission 

Limit 
Proposed Monitoring 

VOC 

Cooling Tower #1 
6.2 ppmv total 

strippable 
hydrocarbon 

Monthly El Paso 
Method Monitoring 

Cooling Tower #2 
Cooling Tower #3 
Cooling Tower #4 

Note that the 6.2 ppmv limit presented in the above table is not an enforceable emission limit, but instead is a leak 
action level, requiring repairs to leaking equipment. 

7. Implementation Schedule: 

 
As noted above, Chevron currently meets and will continue to meet the requirements for cooling towers subject to 40 
CFR Part 63 Subpart CC which is the only technically feasible control option.  Therefore an implementation schedule is 
not applicable. 
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8. Emissions Summary Table: 

Emission Unit/Activity RACT Summary (Actuals and Projected Actuals) 

Pollutant 2017 Inventory Baseline  
(tpy) 

2023 RACT-Applied Actuals 
(tpy) 

NOx NA NA 

VOC 0.7 tpy – Cooling Tower #1 
0.2 tpy – Cooling Tower #2 
0.2 tpy – Cooling Tower #3 
0.2 tpy – Cooling Tower #4 

0.7 tpy – Cooling Tower #1 
0.2 tpy – Cooling Tower #2 
0.2 tpy – Cooling Tower #3 
0.2 tpy – Cooling Tower #4 

E. Fugitive Emissions 

1.  Emission Unit/Activity Description (Include AO ID#, Section II. Identifier [ex. II.A.__], and 

Inventory ID#): 

Section II..E. Refinery Wide Fugitive Emissions 

2. Identify All Existing and Potential Emission Control Technologies: 

 
For the purposes of this RACT analysis, Chevron has analyzed potential Fugitive Emissions from Valves, Fittings, 
Pumps, Compressors, Drains, etc.  These emissions Include Fugitive Emissions from Boilers, Crude Unit, FCC Unit, 
Reformer Unit, HF Alkylation Unit, HDS Unit, VGO Hydrotreater Unit, Coker Unit, HDN Unit, Sulfur Recovery Plant, 
Amine Units and Sour Water Strippers, and Flare Vapor Recovery (excludes tanks and Heavy Liquid VOC’s). 
 
VOC RACT Options (Fugitive Emissions) 
 
Option 1 - Title: Fugitive Emission Leak Detection and Repair (LDAR) Program 
Description of Option 1:  The primary control strategy to minimize Fugitive Emissions is an effective LDAR program.  
The requirements for such programs are defined in the federal and state regulations.  An acceptable LDAR program 
includes a suitable definition of a “leaking” component threshold concentration and repair provisions for leaking 
components.   
 
Chevron Salt Lake Refinery is also subject to the fugitive emission requirements of EPA Consent Decree No. C 03-
04650 CRB which mandates more stringent LDAR requirements than currently required by either federal or state 
regulations.  As part of the EPA Consent Decree, the valve and pump leak definitions are stipulated at 500 and 2000 
ppm, respectively.  The Consent Decree valve leak definition is more stringent than the federal regulations. 
No further control is needed as RACT has been met by implementing the existing LDAR program.  The leak definition in 
the LDAR program is more stringent than previous RACT determinations and existing state and federal regulations. 

3. Eliminate Technically Infeasible Control Technologies: 

 
Option 1:  LDAR Program – Technically Feasible 
Chevron utilizes an approved Fugitive Emission LDAR program.   A review of EPA’s RACT/BACT/LAER Clearinghouse 
(RBLC) database revealed that the proper implementation of an approved LDAR program is considered RACT for 
Fugitive Emissions. 
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4. Rank Control Effectiveness of Remaining Control Technologies:  

 
The following Technically Feasible Controls are listed below in order of increasing control effectiveness: 
 
Option 1:  LDAR Program – Technically Feasible 
Chevron utilizes an approved Fugitive Emission LDAR program.   A review of EPA’s RACT/BACT/LAER Clearinghouse 
(RBLC) database revealed that the proper implementation of an approved LDAR program is considered RACT for 
Fugitive Emissions. 

5. Evaluate Remaining Control Technologies on Economic, Energy, and Environmental Feasibility: 

 
As noted above, Chevron utilizes an approved Fugitive Emission LDAR program which is the only technically feasible 
control option.  Therefore an economic feasibility analysis is not required. 
 

6. Selection of RACT (Include proposed or existing testing, monitoring, recordkeeping, and 

reporting procedures):  

 

Pollutant Control Option 
Technically 

Feasible 
(Yes/No) 

Cost Effectiveness 
($/ton) 

RACT Selected 

VOC 
Fugitive 

Emission LDAR 
Program 

Yes NA 
Proper LDAR Program 

Implementation 

As a part of this RACT evaluation, Chevron has identified emission limitations and monitoring methods that would be 
appropriate for each pollutant included in the analysis. Chevron is not proposing any emission limits, or any monitoring 
beyond the current required LDAR program 

7. Implementation Schedule: 

 
As noted above, Chevron utilizes an approved Fugitive Emission LDAR program which is the only technically feasible 
control option.  Therefore an implementation schedule is not applicable. 

8. Emissions Summary Table: 

Emission Unit/Activity RACT Summary (Actuals and Projected Actuals) 

Pollutant 2017 Inventory Baseline  
(tpy) 

2023 RACT-Applied Actuals 
(tpy) 

NOx NA NA 

VOC 41.1 tpy 41.1 tpy 
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F. Storage Tanks 

1.  Emission Unit/Activity Description (Include AO ID#, Section II. Identifier [ex. II.A.__], and 

Inventory ID#): 

Section II..F. Storage Tanks 

2. Identify All Existing and Potential Emission Control Technologies: 

 
For the purposes of this RACT analysis, Chevron has grouped all the refinery floating-roof storage tanks together. The 
refinery also operates a number of fixed-roof tanks that store low vapor pressure stock such as diesel, gasoil, etc. 
These fixed-roof tanks are not addressed in this analysis, because emission controls have not historically been applied 
to fixed-roof tanks storing unregulated products. 
 
VOC RACT Options (Storage Tanks) 
 
Option 1 – Install domed roofs on external floating roof tanks 
Description of Option 1:  Organic liquids with a high vapor pressure are typically stored in floating-roof tanks. The tank 
may either be an external floating roof (EFR) tank, in which a single roof floats on the surface of the liquid, or an internal 
floating roof (IFR) tank, in which there is a permanent, external roof, and the floating barrier remains in contact with the 
liquid, resulting in an open headspace at the top of the tank. Typically, IFR tank emissions are lower than EFR tank 
emissions, due to the impact of wind and solar heat on the external roof of an EFR.  
 
One method for further reducing emissions from an EFR storage tank is to install a geodesic dome on the open top of 
the tank, effectively converting it to an IFR tank. The tank cover is in the form of a dome because the tank was typically 
not designed to support a roof (e.g., internal support columns), so the roof must be self-supporting. 
 
Option 2 - Meet Federal Regulatory Standards 
Description of Option 2:  At a minimum, storage tanks that are subject to NESHAP and/ or  NSPS federal regulations 
meet RACT requirements in order to comply with the federal regulations.  A review of the EPA’s RACT/BACT/LAER 
Clearinghouse (RBLC) indicates that previously approved RACT determinations include compliance with applicable 
federal regulations.   
 
For tanks requiring controls under federal regulations, the following list identifies potential control options  

• Fixed roof (e.g., pressurized dome) tank with a closed vent system and control device; 
• Internal floating roof tank with appropriate seal design; and 
• External floating roof tank with appropriate seal design. 

3. Eliminate Technically Infeasible Control Technologies: 

 
Option 1: Install Domes on EFR Tanks – Technically Infeasible 
Domes have been installed on EFRs at many sites throughout the country. South Coast Air Quality Management 
District (SCAQMD) Regulation 1178 required operators at major facilities to retrofit EFRs storing organic liquids with a 
true vapor pressure (TVP) above 3 psia to retrofit the tanks with domed roofs by 2008. 
 
However, this measure is technically infeasible due to specific local conditions relating to Chevron’s EFRs. Much of the 
refinery’s tankfield was built decades ago under now outdated earthquake guidelines. Applying modern standards (an 
approximately 7.5 seismic event) has required derating a number of tanks in the tank farm (max levels are set artificially 
low to handle the potential seismic loading). While a detailed engineering study would be required for each tank to 
determine the precise impacts, on many tanks the foundations and shells would not support the additional weight of the 
dome plus the required snow load allowance (30 pounds per square foot). Other tanks would be significantly derated. 
This would require the building of many additional tanks with their own additional air emissions and permitting 
requirements. 
 
In addition to the technical feasibility discussed above, tank domes (especially in winter climates) could pose significant 
safety issues. This includes additional confined for entry for required periodic inspections and repairs. Additionally, due 
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to the shape of domed tanks, there is the potential for sudden snow/ice shedding around tank during winter with 
potential damage to equipment and personnel situated around the tanks. Accordingly, it would be technically infeasible 
to retrofit the refinery’s existing tanks with domes. 
 
Option 2:  Meet Federal Regulatory Standards – Technically Feasible 
Chevron currently meets the regulatory control requirements for storage tanks subject to federal NESHAP and/or 
NSPS.  A review of EPA’s RBLC indicates that previously approved RACT determinations for storage tanks include 
compliance with the federal regulatory standards. 
 
In addition to meeting the applicable federal regulatory standards for storage tanks Chevron Salt Lake Refinery also 
takes additional steps to minimize emissions from storage tanks by controlling vapors/emissions from specific tank 
cleanings/degassing using a thermal oxidizer.  The use of a thermal oxidizer to control these emissions is a best 
practice that exceeds RACT standards for storage tanks 

4. Rank Control Effectiveness of Remaining Control Technologies:  

 
The following Technically Feasible Controls are listed below in order of increasing control effectiveness: 
 
Option 1: Install Domes on EFR Tanks – Technically Infeasible 
Domes have been installed on EFRs at many sites throughout the country. South Coast Air Quality Management 
District (SCAQMD) Regulation 1178 required operators at major facilities to retrofit EFRs storing organic liquids with a 
true vapor pressure (TVP) above 3 psia to retrofit the tanks with domed roofs by 2008. 

5. Evaluate Remaining Control Technologies on Economic, Energy, and Environmental Feasibility: 

 
As noted above, the installation of domed roofs on Chevron’s EFRs is technically infeasible. Further, Chevron currently 
meets and exceeds the regulatory control requirements for storage tanks subject to federal NESHAP and/or NSPS 
which are the only technically feasible control option.  Therefore an economic feasibility analysis is not required. 
 

6. Selection of RACT (Include proposed or existing testing, monitoring, recordkeeping, and 

reporting procedures):  

 

Pollutant Control Option 
Technically 

Feasible 
(Yes/No) 

Cost Effectiveness 
($/ton) 

RACT Selected 

VOC 

Install Domed Roof on 
EFRs 

No NA 
Meet Applicable 

Federal Regulatory 
Standards Meet Applicable Federal 

Regulatory Standards 
Yes NA 

7. Implementation Schedule: 

 
As noted above, the installation of domed roofs on Chevron’s EFRs is technically infeasible. Further, Chevron currently 
meets and exceeds the regulatory control requirements for storage tanks subject to federal NESHAP and/or NSPS 
which are the only technically feasible control option.  Therefore an implementation schedule is not applicable. 

8. Emissions Summary Table: 

Emission Unit/Activity RACT Summary (Actuals and Projected Actuals) 
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Pollutant 2017 Inventory Baseline  
(tpy) 

2023 RACT-Applied Actuals 
(tpy) 

NOx NA NA 

VOC 73.4 tpy – External Floating Roof 
122.7 tpy – Vertical Fixed Roof 

73.4 tpy – External Floating Roof 
122.7 tpy – Vertical Fixed Roof 

G. Wastewater System 

1.  Emission Unit/Activity Description (Include AO ID#, Section II. Identifier [ex. II.A.__], and 

Inventory ID#): 

Section II..G. Wastewater System 

2. Identify All Existing and Potential Emission Control Technologies: 

 
For the purposes of this RACT analysis, Chevron has analyzed the emissions for the Waste Water Treatment Plant 
(WWTP).  VOC emissions were calculated based on the operation of the regenerative thermal oxidizer (RTO) and the 
wastewater flow rates. The emissions presented below are from the Induced Air Flotation (IAF) unit, which is controlled 
by the RTO. 
 
VOC RACT Options (WWTP) 
 
Option 1 - Title: Proper WWTP Design 
Description of Option 1:  Proper design/sizing of the WWTP system will minimize VOC emissions generated.  
Additionally, the range of available controls for the WWTP is defined by the requirements imposed under federal NSPS 
Subpart QQQ – Standards of Performance for VOC emissions from Petroleum Wastewater Systems, and NESHAP 
Subpart FF – Benzene Waste Operations.  These standards stipulate VOC vapor capture and control for oil-water 
separators, wastewater collection systems, and other WWTP vessels that are vented to control devices.  In effect, 
NSPS and NESHAP requirements set the floor for RACT that is to be used for refinery WWTP design. 
 
Option 2 - Title: WWTP Vapor Destruction (Regenerative Thermal Oxidizer) 
Description of Option 2:  The use of an RTO can further limit VOC emissions from the WWTP.  RTOs achieve 
emission destruction through the process of high temperature thermal oxidation using the proper mix of temperature, 
residence time, turbulence and oxygen to convert pollutants into carbon dioxide and water vapor. 
 

3. Eliminate Technically Infeasible Control Technologies: 

 
Option 1:  Proper WWTP Design – Technically Feasible 
Chevron’s WWTP is currently designed to accommodate all refinery wastewater treatment needs.  A review of EPA’s 
RACT/BACT/LAER Clearinghouse (RBLC) database revealed that the proper WWTP design is considered RACT. 
 
Option 2:  WWTP Vapor Destruction (RTO) – Technically Feasible 
The Chevron Salt Lake Refinery collection sump, IAF, and biological contactors are all covered with vapors recovered 
and destroyed in an RTO.  A review of EPA’s RBLC database revealed that the operation of an RTO to control WWTP 
vapors is considered RACT. 

4. Rank Control Effectiveness of Remaining Control Technologies:  
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The following Technically Feasible Controls are listed below in order of increasing control effectiveness: 
 
Option 1:  Proper WWTP Design – Technically Feasible 
Chevron’s WWTP is currently designed to accommodate all refinery wastewater treatment needs.  A review of EPA’s 
RACT/BACT/LAER Clearinghouse (RBLC) database revealed that the proper WWTP design is considered RACT. 
 
Option 2:  WWTP Vapor Destruction (RTO) – Technically Feasible 
The Chevron Salt Lake Refinery collection sump, IAF, and biological contactors are all covered with vapors recovered 
and destroyed in an RTO.  A review of EPA’s RBLC database revealed that the operation of an RTO to control WWTP 
vapors is considered RACT. 

5. Evaluate Remaining Control Technologies on Economic, Energy, and Environmental Feasibility: 

 
As noted above, Chevron utilizes a proper WWTP design and an RTO to control WWTP emissions which are the only 
technically feasible control options.  Therefore an economic feasibility analysis is not required. 
 

6. Selection of RACT (Include proposed or existing testing, monitoring, recordkeeping, and 

reporting procedures):  

 

Pollutant Control Option 
Technically 

Feasible 
(Yes/No) 

Cost Effectiveness 
($/ton) 

RACT Selected 

VOC 

Proper WWTP 
Design 

Yes NA 
Proper Design 
and Operation 

Regenerative 
Thermal Oxidizer 

Yes NA 
Proper Design 
and Operation 

As a part of this RACT evaluation, Chevron has identified emission limitations and monitoring methods that would be 
appropriate for each pollutant included in the analysis. For the wastewater treatment plant, Chevron will implement all of 
the applicable monitoring requirements of NSPS QQQ and NESHAP FF standards that apply to wastewater systems at 
petroleum refineries. 

7. Implementation Schedule: 

 
As noted above, Chevron utilizes a proper WWTP design and an RTO to control WWTP emissions which are the only 
technically feasible control options.  Therefore an implementation schedule is not applicable. 

8. Emissions Summary Table: 

Emission Unit/Activity RACT Summary (Actuals and Projected Actuals) 

Pollutant 2017 Inventory Baseline  
(tpy) 

2023 RACT-Applied Actuals 
(tpy) 

NOx NA NA 

VOC 12.9 tpy 12.9 tpy 
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H. Refinery Flares 

1.  Emission Unit/Activity Description (Include AO ID#, Section II. Identifier [ex. II.A.__], and 

Inventory ID#): 

Section II..H. Refinery Flares (Flare 1, 2, 3) 

2. Identify All Existing and Potential Emission Control Technologies: 

 
For the purposes of this RACT analysis, Chevron has grouped Refinery Flares 1, 2, 3 together.  These flares have been 
grouped together for this RACT analysis based on their similar operation. 
 
NOx and VOC RACT Options (Refinery Flares) 
 
Option 1 - Title: Meet Federal Regulatory Standards 
Description of Option 1:  At a minimum, flares that are subject to NESHAP Subpart A (40 CFR 63.11) and NSPS 
Subpart A (40 CFR 60.18) federal regulations meet RACT requirements in order to comply with the federal regulations.  
A review of the EPA’s RACT/BACT/LAER Clearinghouse (RBLC) indicates that previously approved RACT 
determinations include compliance with applicable federal regulations.   
 
NESHAP Subpart A and NSPS Subpart A specify the following flare performance standards: 

• Steam- or air-assist to improve fuel to air mixing (enhances mixing to ensure complete combustion); 
• Supplemental fuel firing to maintain heating value (constant fuel ensures maximum destruction of the 

waste gas stream); and 
• Correct flare design for sufficient discharge velocity (provides a sufficiently large exit velocity to ensure 

adequate mixing and proper combustion). 
 

In 2015, as part of the Refinery Sector Rule (RSR) regulations, EPA modified the requirements for flares at refineries. 
Beginning January 30, 2019, flares used as control devices at refineries will be required to meet the following 
requirements as specified in 40 CFR 63.670 and 671, instead of those in Subpart A of NSPS and NESHAP: 

• Operate with a pilot flame at all times; 
• Operate without visible emissions, except for 5 minutes during any two hours; 
• Maintain a minimum flare tip velocity; 
• Combust only gas meeting minimum heating value; 
• Install, operate, and maintain monitors for pilot flame, visible emissions, and vent gas flow and 

composition; and 
• Develop a Flare Management Plan and root cause analysis/corrective actions. 

3. Eliminate Technically Infeasible Control Technologies: 

 
Option 1:  Meet Federal Regulatory Standards – Technically Feasible 
Chevron currently meets the regulatory control requirements for flares subject to federal NESHAP and/or NSPS.  A 
review of EPA’s RBLC indicates that previously approved RACT determinations for flares include compliance with the 
federal regulatory standards. 
 
As noted above, in the coming years additional operational, monitoring, and planning requirements will apply to flares. 
Chevron will comply with all of the RSR provisions on or before the applicable dates. 
In addition to meeting the applicable federal regulatory standards for flares Chevron Salt Lake Refinery also utilizes 
flare gas recovery on Flare 1 and 2.  Flare 3 is used for the Hydrofluoric Acid Alkylation unit. Because HF acid can be 
present in the flare system in small amounts, it would pose a reliability threat to recover this flare gas and send it into 
the refinery’s fuel gas system.  The fuel gas system would require new engineering design and upgrades to receive this 
small amount of HF acid, which would be prohibitively a costly endeavor to Chevron. The HF Alky unit off gas is 
inherently low in sulfur and meets all NSPS J fuel gas requirements. 
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4. Rank Control Effectiveness of Remaining Control Technologies:  

 
The following Technically Feasible Controls are listed below in order of increasing control effectiveness: 
 
Option 1:  Meet Federal Regulatory Standards – Technically Feasible 
Chevron currently meets the regulatory control requirements for flares subject to federal NESHAP and/or NSPS.  A 
review of EPA’s RBLC indicates that previously approved RACT determinations for flares include compliance with the 
federal regulatory standards. 
 
As noted above, in the coming years additional operational, monitoring, and planning requirements will apply to flares. 
Chevron will comply with all of the RSR provisions on or before the applicable dates. 
In addition to meeting the applicable federal regulatory standards for flares Chevron Salt Lake Refinery also utilizes 
flare gas recovery on Flare 1 and 2.  Flare 3 is used for the Hydrofluoric Acid Alkylation unit. Because HF acid can be 
present in the flare system in small amounts, it would pose a reliability threat to recover this flare gas and send it into 
the refinery’s fuel gas system.  The fuel gas system would require new engineering design and upgrades to receive this 
small amount of HF acid, which would be prohibitively a costly endeavor to Chevron. The HF Alky unit off gas is 
inherently low in sulfur and meets all NSPS J fuel gas requirements. 

5. Evaluate Remaining Control Technologies on Economic, Energy, and Environmental Feasibility: 

 
As noted above, Chevron currently meets the regulatory control requirements for flares subject to federal NESHAP 
and/or NSPS which are the only technically feasible control option.  Therefore an economic feasibility analysis is not 
required. 
 

6. Selection of RACT (Include proposed or existing testing, monitoring, recordkeeping, and 

reporting procedures):  

 

Pollutant Control Option 
Technically 

Feasible 
(Yes/No) 

Cost Effectiveness 
($/ton) 

RACT Selected 

NOx and VOC  

Meet Applicable 
Federal 

Regulatory 
Standards 

Yes NA 

Meet Applicable 
Federal 

Regulatory 
Standards 

As a part of this RACT evaluation, Chevron has identified emission limitations and monitoring methods that would be 
appropriate for each pollutant included in the analysis. For the flares, Chevron will implement all of the applicable 
monitoring requirements of NSPS and NESHAP standards. 

7. Implementation Schedule: 

 
As noted above, Chevron currently meets the regulatory control requirements for flares subject to federal NESHAP 
and/or NSPS which are the only technically feasible control option.  Therefore an implementation schedule is not 
applicable.. 

8. Emissions Summary Table: 

Emission Unit/Activity RACT Summary (Actuals and Projected Actuals) 



 

33 of 44 

Pollutant 2017 Inventory Baseline  
(tpy) 

2023 RACT-Applied Actuals 
(tpy) 

NOx 2.4 tpy – Flare 1 
0.7 tpy – Flare 2 
4.3 tpy – Flare 3 

2.4 tpy – Flare 1 
0.7 tpy – Flare 2 
4.3 tpy – Flare 3 

VOC 5.0 tpy – Flare 1 
1.5 tpy – Flare 2 
8.9 tpy – Flare 3 

5.0 tpy – Flare 1 
1.5 tpy – Flare 2 
8.9 tpy – Flare 3 

I. Standby Engines 

1.  Emission Unit/Activity Description (Include AO ID#, Section II. Identifier [ex. II.A.__], and 

Inventory ID#): 

Section II..I. Standby Emergency Diesel Engines 

2. Identify All Existing and Potential Emission Control Technologies: 

 
Chevron operates 16 stationary diesel engines used to provide power or work in event of an emergency, such as a 
power failure or fire. The engines include electrical generators, pumps, and air compressors, and range in power output 
from 168 Horsepower (HP) to 1,676 HP. These engines have been grouped together for this RACT analysis based on 
their similar operation and they are of similar design.   
 
NOx RACT Options (Standby Emergency Diesel Engines) 
 
Option 1 - Title: Meet Federal Regulatory Requirements  
Description of Option 1:  The existing emergency engines must meet the federal requirements under 40 CFR Part 63 
Subpart ZZZZ.  Units that are subject to a federal NESHAP meet RACT requirements in order to comply with the federal 
regulations. The engines are required to meet the requirements for emergency engines in Subpart ZZZZ. 
 
Option 2 - Title: Operate Engine Meeting Tier Nonroad Regulatory Requirements 
Description of Option 2: All new engines manufactured in the United States are required to meet emission limits 
specified in “Tiers,” based upon date of manufacture. The current tier is Tier IV. A review of the EPA’s RBLC indicates 
that the use of Tier-compliant engines was identified as a RACT option for emergency engines. Several of the 
emergency engines currently operated at Chevron are Tier III engines. 
 
Option 3 - Title:  Post Combustion NOX Control – NSCR Catalyst 
Description of Option 3: This technique uses the residual hydrocarbons and CO in the rich-burn engine exhaust as a 
reducing agent for NOx.  In an NSCR system, hydrocarbons and CO are oxidized by O2 and NOx.  The excess 
hydrocarbons, CO, and NOx pass over a catalyst (usually a noble metal such as platinum, rhodium, or palladium) that 
oxidizes the excess hydrocarbons and CO to H2O and CO2, while reducing NOx to N2. NOx reduction efficiencies can 
be up to 75 percent, while CO reduction efficiencies are approximately 99 percent. 
 
VOC RACT Options (Standby Emergency Diesel Engines) 
 
Option 1 - Title: Meet Federal Regulatory Requirements  
Description of Option 1:  The existing emergency engines must meet the federal requirements under 40 CFR Part 63 
Subpart ZZZZ.  Units that are subject to a federal NESHAP meet RACT requirements in order to comply with the federal 
regulations. The engines are required to meet the requirements for emergency engines in Subpart ZZZZ.  
 
Option 2 - Title: Operate Engine Meeting Tier Nonroad Regulatory Requirements 
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Description of Option 2: All new engines manufactured in the United States are required to meet emission limits 
specified in “Tiers,” based upon date of manufacture. The current tier is Tier IV. A review of the EPA’s RBLC indicates 
that the use of Tier-compliant engines was identified as a RACT option for emergency engines. Several of the 
emergency engines currently operated at Chevron are Tier III engines. 
 
Option 3 - Title:  Post Combustion VOC Control – Oxidation Catalyst 
Description of Option 3: The use of a retrofit oxidation catalyst on the engine exhaust can reduce emissions of a 
number of pollutants, including carbon monoxide (CO), VOC, and PM10 and PM2.5. Oxidation catalysts can achieve a 
VOC reduction efficiency up to 90%. 

3. Eliminate Technically Infeasible Control Technologies: 

 
NOx RACT Options (Standby Emergency Diesel Engines) 
 
Option 1:  Meet Federal Regulatory Standards – Technically Feasible 
Chevron currently combusts only ultra-low sulfur diesel (ULSD) in their emergency engines and utilizes good 
combustion practices.  Additionally, as required by Subpart ZZZZ, Chevron must comply with specified maintenance 
schedules (crankcase oil, belts and hoses, etc.), and minimize time at idle.  A review of the EPA’s RACT/BACT/LAER 
Clearinghouse (RBLC) indicates that previously approved RACT determinations include compliance with applicable 
federal regulations. 
 
Option 2:  Operate Engine Meeting Tier Nonroad Regulatory Requirements – Technically Infeasible (for 
currently Non-Tier Engines) 
A review of the EPA’s RBLC database for emergency diesel engines indicates that the use of Tier III engines has been 
considered RACT.  Several of the engines currently in operation meet the Tier II standards. However, with respect to 
the non-tier engines, manufacturers design new engines to meet the current Tier standards; existing engines do not 
receive retrofits to meet new Tier standards. Therefore, meeting the current Tier standards for the Salt Lake Refinery’s 
emergency engines would require replacing the engines with engines that meet Tier standards. Replacing the engines 
would constitute “redefining the source,” which EPA as a matter of policy does not consider to be RACT. Accordingly, 
meeting Tier emission standards is not technically feasible for the existing engines that do not currently meet Tier 
standards. 
 
Option 3 - Title: NSCR – Technically Feasible 
The use of NSCR is technically feasible for reducing NOX emissions (and, as part of the control system, also VOC, PM 
and CO emissions) from diesel engines. No examples of the use of NSCR on emergency engines were identified in the 
RBLC, but manufacturers of NSCR systems have indicated that NSCR is in use on emergency diesel engines 
nationwide. 
 
VOC RACT Options (Standby Emergency Diesel Engines) 
 
Option 1:  Meet Federal Regulatory Standards – Technically Feasible 
Chevron currently combusts only ultra-low sulfur diesel (ULSD) in their emergency engines and utilizes good 
combustion practices.  Additionally, as required by Subpart ZZZZ, Chevron must comply with specified maintenance 
schedules (crankcase oil, belts and hoses, etc.), and minimize time at idle.  A review of the EPA’s RACT/BACT/LAER 
Clearinghouse (RBLC) indicates that previously approved RACT determinations include compliance with applicable 
federal regulations. 
 
Option 2:  Operate Engine Meeting Tier Nonroad Regulatory Requirements – Technically Infeasible 
A review of the EPA’s RBLC database for emergency diesel engines indicates that the use of Tier III engines has been 
considered RACT.  Several of the engines currently in operation meet the Tier II standards. However, with respect to 
the non-tier engines, manufacturers design new engines to meet the current Tier standards; existing engines do not 
receive retrofits to meet new Tier standards. Therefore, meeting the current Tier standards for the Salt Lake Refinery’s 
emergency engines would require replacing the engines with engines that meet Tier standards. Replacing the engines 
would constitute “redefining the source,” which EPA as a matter of policy does not consider to be RACT. Accordingly, 
meeting Tier emission standards is not technically feasible for existing engines that do not currently meet Tier 
standards. 
 
Option 3:  Post Combustion VOC Control – Oxidation Catalyst – Technically Feasible 
Oxidation catalysts in retrofit applications are widely used for existing engines, such as non-emergency engines subject 
to the emission limitations of Subpart ZZZZ. 
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4. Rank Control Effectiveness of Remaining Control Technologies:  

 
The following Technically Feasible Controls are listed below in order of increasing control effectiveness: 
 
NOx RACT Options (Standby Emergency Diesel Engines) 
 
Option 1:  Meet Federal Regulatory Standards – Technically Feasible 
Chevron currently combusts only ultra-low sulfur diesel (ULSD) in their emergency engines and utilizes good 
combustion practices.  Additionally, as required by Subpart ZZZZ, Chevron must comply with specified maintenance 
schedules (crankcase oil, belts and hoses, etc.), and minimize time at idle.  A review of the EPA’s RACT/BACT/LAER 
Clearinghouse (RBLC) indicates that previously approved RACT determinations include compliance with applicable 
federal regulations. 
 
Option 2:  Operate Engine Meeting Tier Nonroad Regulatory Requirements – Technically Infeasible (for 
currently Non-Tier Engines) 
A review of the EPA’s RBLC database for emergency diesel engines indicates that the use of Tier III engines has been 
considered RACT.  Several of the engines currently in operation meet the Tier II standards. However, with respect to 
the non-tier engines, manufacturers design new engines to meet the current Tier standards; existing engines do not 
receive retrofits to meet new Tier standards. Therefore, meeting the current Tier standards for the Salt Lake Refinery’s 
emergency engines would require replacing the engines with engines that meet Tier standards. Replacing the engines 
would constitute “redefining the source,” which EPA as a matter of policy does not consider to be RACT. Accordingly, 
meeting Tier emission standards is not technically feasible for the existing engines that do not currently meet Tier 
standards. 
 
Option 3 - Title: NSCR – Technically Feasible 
The use of NSCR is technically feasible for reducing NOx emissions (and, as part of the control system, also VOC, PM 
and CO emissions) from diesel engines. No examples of the use of NSCR on emergency engines were identified in the 
RBLC, but manufacturers of NSCR systems have indicated that NSCR is in use on emergency diesel engines 
nationwide. 
 
VOC RACT Options (Standby Emergency Diesel Engines) 
 
Option 1:  Meet Federal Regulatory Standards – Technically Feasible 
Chevron currently combusts only ultra-low sulfur diesel (ULSD) in their emergency engines and utilizes good 
combustion practices.  Additionally, as required by Subpart ZZZZ, Chevron must comply with specified maintenance 
schedules (crankcase oil, belts and hoses, etc.), and minimize time at idle.  A review of the EPA’s RACT/BACT/LAER 
Clearinghouse (RBLC) indicates that previously approved RACT determinations include compliance with applicable 
federal regulations. 
 
Option 3:  Post Combustion VOC Control – Oxidation Catalyst – Technically Feasible 
Oxidation catalysts in retrofit applications are widely used for existing engines, such as non-emergency engines subject 
to the emission limitations of Subpart ZZZZ. 

5. Evaluate Remaining Control Technologies on Economic, Energy, and Environmental Feasibility: 

 
The NOx Cost effectiveness for catalyst installation for the highest emitting non-Tier Standby Emergency Diesel Engine 
is $38,398 per ton of NOx abated.  This is based on an estimate of the costs to install oxidation catalysts for similar 
engines. Therefore, Chevron considers the installation of a catalyst for emergency diesel engines as economically 
unreasonable. 
 
Additionally, since SCR systems require an operating temperature between 260°C and 540°C, reaching these 
temperatures may be difficult in routine maintenance and testing operations where the engine is typically operated at 
low load for a short period of time. If the critical temperatures are not met while the engine is running, there will be no 
NOx reduction benefit. To have NOx reduction benefit, the engine would need to be operated with higher loads and for 
a longer period. This would be a challenge Chevron as each engine is limited in operating hours per year. Urea 
handling and maintenance must also be considered. Urea crystallization in the lines can damage the SCR system and 
the engine itself. Crystallization in the lines is more likely in emergency standby engines due to their periodic and low 
hours of usage. 
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The VOC Cost effectiveness for catalyst installation is $483,818 per ton of VOC abated.  This is based on an estimate 
of the costs to install oxidation catalysts for similar engines. Therefore, Chevron considers the installation of an 
oxidation catalyst for emergency diesel engines as economically unreasonable. 
 

6. Selection of RACT (Include proposed or existing testing, monitoring, recordkeeping, and 

reporting procedures):  

 

Pollutant Control Option 
Technically 

Feasible 
(Yes/No) 

Cost Effectiveness 
($/ton) 

RACT Selected 

NOx 

Meet Federal Regulatory 
Standards  

Yes NA 

Meet Federal 
Regulatory 
Standards 

Meet Federal Tier 
Requirements 

No (for current 
non-Tier engines) 

$38,398/ton 

Post Combustion Control 
(Catalyst) 

Yes No 

VOC 

Meet Federal Regulatory 
Standards  

Yes NA 

Meet Federal 
Regulatory 
Standards 

Meet Federal Tier 
Requirements 

No (for current 
non-Tier engines) 

NA 

Post Combustion Control 
(Catalyst) 

Yes $483,818/ton 

As a part of this RACT evaluation, Chevron evaluated emission limitations and monitoring methods that would be 
appropriate for each pollutant included in the analysis. For the emergency engines, Chevron does not propose any 
emission limits or monitoring for other pollutants. Meeting Federal regulatory standards and operating with good 
combustion practices are the most appropriate requirements for these engines. 

7. Implementation Schedule: 

 
As noted above, Chevron currently utilizes ULSD fuel, good combustion practices, and routine maintenance for 
Emergency Diesel Engines. This represents the only technically feasible control option for the non-tier emergency 
diesel engines. 

8. Emissions Summary Table: 

Emission Unit/Activity RACT Summary (Actuals and Projected Actuals) 

Pollutant 2017 Inventory Baseline 
(tpy) 

2023 RACT-Applied Actuals 
(tpy) 

NOx 0.2 tpy 0.2 tpy 

VOC 0.02 tpy 0.02 tpy 
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J. Loading Racks 

1. Emission Unit/Activity Description (Include AO ID#, Section II. Identifier [ex. II.A.__], and Inventory 

ID#):  

Section II..J. Crude Oil Loading 

2. Identify All Existing and Potential Emission Control Technologies: 

 
Chevron loads crude oil onto rail cars at a rail car loading rack, which is equipped with a vapor combustion unit (VCU) 
to reduce VOC emissions. Chevron also conducts loading of low vapor pressure products such as diesel and gasoil 
onto rail cars and tank trucks. However, loading of these materials does not result in substantial emissions. The racks 
are also used to unload rail cars and tank trucks, but that operation does not generate emissions at the rack itself; the 
emissions associated with unloading into storage tanks are included in the storage tank emission calculations. Thus, 
only the crude oil loading operation will be evaluated in this RACT analysis. 
 
Option 1 Title: Vapor Combustion Unit (VCU) 
Description of Option 1:  Chevron operates a VCU at all times when crude oil is being loaded at the Crude Oil 
Loading Rack. The VCU combusts the VOC emissions evolved from the loading process, using supplemental natural 
gas as necessary. 

3. Eliminate Technically Infeasible Control Technologies: 

 
Option 1:  Vapor Combustion Unit – Technically Feasible 
Chevron currently operates a VCU at the Crude Oil Loading Rack. The VCU is required to achieve a control efficiency 
of 98 percent, or a VOC emission rate of 10 milligrams per liter of oil loaded.  The implementation of crude oil loading, 
and the installation of the VCU, occurred in 2013. The use of a VCU was determined to be BACT at the time of 
implementation, and no additional RACT controls have been identified since that time. 

4. Rank Control Effectiveness of Remaining Control Technologies:  

 
The following Technically Feasible Controls are listed below in order of increasing control effectiveness: 
 
Option 1:  Vapor Combustion Unit – Technically Feasible 
Chevron currently operates a VCU at the Crude Oil Loading Rack. The VCU is required to achieve a control efficiency 
of 98 percent, or a VOC emission rate of 10 milligrams per liter of oil loaded.  The implementation of crude oil loading, 
and the installation of the VCU, occurred in 2013. The use of a VCU was determined to be BACT at the time of 
implementation, and no additional RACT controls have been identified since that time. 

5. Evaluate Remaining Control Technologies on Economic, Energy, and Environmental Feasibility: 

As noted above, Chevron utilizes a VCU for Crude Oil Loading, which is the only technically feasible control option 

identified, and therefore an economic feasibility analysis is not required 

6. Selection of RACT (Include proposed or existing testing, monitoring, recordkeeping, and 

reporting procedures):  

 

Pollutant Control Option Technically Cost Effectiveness RACT Selected 
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Feasible 
(Yes/No) 

($/ton) 

VOC Vapor Combustion Unit Yes NA Vapor Combustion Unit 

 

As a part of this RACT evaluation, Chevron has identified emission limitations and monitoring methods that would be 
appropriate for each pollutant included in the analysis. For Crude Oil Loading, Chevron proposes to meet the standards 
that were determined in the BACT analysis for the implementation of Crude Oil Loading in 2013.  

The table below summarizes the proposed emission limits and monitoring requirements. 

Pollutant Source Proposed Emission Limit 
Proposed 
Monitoring 

VOC Crude Oil Loading 
10 mg/liter crude oil loaded 

98% VCU Destruction Efficiency 

Periodic Stack 
Testing 

7. Implementation Schedule: 

As noted above, Chevron utilizes a VCU for Crude Oil Loading, which is the only technically feasible control option 

identified, and therefore an economic feasibility analysis is not applicable. 

8. Emissions Summary Table: 

Emission Unit/Activity RACT Summary (Actuals and Projected Actuals) 

Pollutant 2017 Inventory Baseline  
(tpy) 

2023 RACT-Applied Actuals 
(tpy) 

NOx NA NA 

VOC 25.1 tpy 25.1 tpy 

K. Reformer Catalyst Regenerator 

1. Emission Unit/Activity Description (Include AO ID#, Section II. Identifier [ex. II.A.__], and Inventory 

ID#):  

Section II..K. Reformer Catalyst Regenerator 

2. Identify All Existing and Potential Emission Control Technologies: 

 
Chevron Salt Lake Refinery already controls emissions from the catalyst regenerator on the Catalytic Reforming Unit.  
For catalyst regeneration the unit is taken out of service conducting the following general steps: 

• Depressurization, Shutdown, Blinding, Set-up Purging, Regen Start-up 
• Carbon (Coke) Burn 
• Maintenance Period (no venting) 
• Catalyst Rejuvenation/Oxidation 1 
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• Sulfate Removal 
• Catalyst Rejuvenation/Oxidation 2 
• Cool Down 
• Reduction 

Emissions from the depressurizing and purging of the regenerator catalyst are vented to flare for control.  Potential 
emissions from the subsequent steps are controlled using an adsorption scrubber as applicable.  Therefore, current 
emission controls already meet the federal MACT requirements under 40 CFR 63 Subpart UUU (RMACT II) for catalytic 
reforming units.  As such, the Reformer Catalyst Regenerator C35006 has no direct emissions to the atmosphere 
 
Option 1 - Title: Meet Federal Regulatory Standards 
Description of Option 1:  Reformer Catalyst Regenerator C35006 must meet the federal requirements under 40 CFR 
Part 63 Subpart UUU.  Units that are subject to a federal NESHAP meet RACT requirements in order to comply with the 
federal regulations.  A review of the EPA’s RACT/BACT/LAER Clearinghouse (RBLC) indicates that previously 
approved RACT determinations include compliance with applicable federal regulations. 

3. Eliminate Technically Infeasible Control Technologies: 

 
Option 1:  Meet Federal Regulatory Standards – Technically Feasible 
In order to meet the requirements of 40 CFR 63 Subpart UUU Chevron Salt Lake City Refinery controls the emissions 
from Reformer Catalyst Regenerator C35006.  For catalyst regeneration, potential emissions from the depressurizing 
and purging of the regenerator catalyst are vented to flare for control.  Potential emissions from the subsequent 
regeneration steps are controlled using an adsorption scrubber as applicable. 

4. Rank Control Effectiveness of Remaining Control Technologies:  

 
The following Technically Feasible Controls are listed below in order of increasing control effectiveness: 
 
Option 1:  Meet Federal Regulatory Standards – Technically Feasible 
In order to meet the requirements of 40 CFR 63 Subpart UUU Chevron Salt Lake City Refinery controls the emissions 
from Reformer Catalyst Regenerator C35006.  For catalyst regeneration, potential emissions from the depressurizing 
and purging of the regenerator catalyst are vented to flare for control.  Potential emissions from the subsequent 
regeneration steps are controlled using an adsorption scrubber as applicable. 

5. Evaluate Remaining Control Technologies on Economic, Energy, and Environmental Feasibility: 

As noted above, for catalyst regeneration, potential emissions from the depressurizing and purging of the regenerator 

catalyst are vented to flare for control.  Potential emissions from the subsequent regeneration steps are controlled using 

an adsorption scrubber as applicable.  Therefore, an economic feasibility analysis is not required. 

6. Selection of RACT (Include proposed or existing testing, monitoring, recordkeeping, and 

reporting procedures):  

 

Pollutant Control Option 
Technically 

Feasible 
(Yes/No) 

Cost 
Effectiveness 

($/ton) 
RACT Selected 

NOx and VOC/ 
Control Reformer Catalyst 

Regenerator Vent 
Yes NA 

Continue Operation Utilizing 
Control for Reformer Catalyst 

Regenerator Vent 

As a part of this RACT evaluation, Chevron has identified emission limitations and monitoring methods that would be 
appropriate for each pollutant included in the analysis. For the Catalytic Reformer, Chevron is currently subject to the 
emission limitations and monitoring requirements stipulated in 40 CFR Part 63, Subpart UUU. As no additional controls 
were deemed to be feasible, no other limitations or monitoring requirements are proposed. 
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Pollutant Source 
Process Step Proposed 

Emission Limit 
Proposed Monitoring 

VOC  
Reformer Catalyst 

Regenerator 
C35006 

Initial catalyst 
depressuring and 
catalyst purging 

Vent emissions 
to a flare  

Monitoring flare pilot 
flame 

7. Implementation Schedule: 

As noted above, for catalyst regeneration, potential emissions from the depressurizing and purging of the regenerator 

catalyst are vented to flare for control.  Potential emissions from the subsequent regeneration steps are controlled using 

an adsorption scrubber as applicable.   Therefore, an implementation schedule is not applicable. 

8. Emissions Summary Table: 

Emission Unit/Activity RACT Summary (Actuals and Projected Actuals) 

Pollutant 2017 Inventory Baseline  
(tpy) 

2023 RACT-Applied Actuals 
(tpy) 

NOx   

VOC   

L. Reformer Compressor Engines 

1.  Emission Unit/Activity Description (Include AO ID#, Section II. Identifier [ex. II.A.__], and 

Inventory ID#): 

Section II..L. Reformer Compressor Engine K35001, K35002, and K35003 

2. Identify All Existing and Potential Emission Control Technologies: 

 
For the purposes of this RACT analysis, Chevron has grouped Reformer Compressor Engines K35001, K35002, and 
K35003 (16.0 MMBtu/hr for all three compressors) together.  These compressor engines have been grouped together 
for this RACT analysis based on their similar operation and they are of the same design. 
 
In 2014, to satisfy the requirements of the Consent Decree between Chevron and EPA, Chevron installed Non-
Selective Catalytic Reduction (NSCR) emission controls on all three of the compressor engines, with enforceable 
exhaust concentration limits for NOx and CO. 
 
NOx RACT Options (Reformer Compressor Engines) 
 
Option 1 - Title: Proper Combustion Engine Design and Operation (Air-to-Fuel Ratio Controls) 
Description of Option 1:  Proper design and operation of compressor engines will provide the proper air-to-fuel ratio to 
promote stable combustion essential to maintain low NOx emission levels.  Good combustion efficiency relies on both 
hardware design and operating procedures.  Automated Air-to-Fuel Ratio (AFR) controls are used to optimize 
combustion efficiency and emission performance. 
 
Option 2 - Title: Nonselective Catalytic Reduction (NSCR) 
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Description of Option 2:  This technique uses the residual hydrocarbons and CO in the rich-burn engine exhaust as a 
reducing agent for NOx.  In an NSCR system, hydrocarbons and CO are oxidized by O2 and NOx.  The excess 
hydrocarbons, CO, and NOx pass over a catalyst (usually a noble metal such as platinum, rhodium, or palladium) that 
oxidizes the excess hydrocarbons and CO to H2O and CO2, while reducing NOx to N2.  NOx reduction efficiencies are 
usually greater than 90 percent, while CO reduction efficiencies are approximately 90 percent.  The NSCR technique is 
effectively limited to engines with normal exhaust oxygen levels of 4 percent or less. This includes 4-stroke rich-burn 
naturally aspirated engines and some 4-stroke rich-burn turbocharged engines.  Engines operating with NSCR require 
tight air-to-fuel control to maintain high reduction effectiveness without high hydrocarbon emissions.  To achieve 
effective NOx reduction performance, the engine may need to be run with a richer fuel adjustment than normal. This 
exhaust excess oxygen level would probably be closer to 1 percent. Lean-burn engines could not be retrofitted with 
NSCR control because of the reduced exhaust temperatures. 
 
Option 3: Selective Catalytic Reduction (SCR) 
Description of Option 3: SCR is a post-combustion, flue gas treatment technology that uses ammonia as a reagent to 
reduce NOx to molecular nitrogen and water in the presence of a metal oxide catalyst.  The chemical reactions involved 
in the SCR process are: 

                             4 NO + 4 NH3 + O2    →     4 N2 + 6 H2O 

                             6 NO2 + 8 NH3    →     7 N2 + 12 H2O 

Catalyst performance is optimized when oxygen level in the exhaust gas stream is above 2 to 3 volume percent.  Due to 
advances in catalyst design, commercial applications of this technology can now operate over an extended temperature 
range.  Precious metal catalysts, such as platinum, can promote oxidation at temperatures as low as 350°F, and zeolite 
catalysts can operate up to 1,000°F.  SCR systems can achieve NOx reduction efficiencies of up to 90 %.  To 
implement SCR control, ammonia (NH3) storage and handling systems must be installed.  Careful control of the 
ammonia injection and operating parameters must be maintained to limit NH3 “slip” (emissions of unreacted ammonia) 
and maintain desired NOx reduction. 
 
 
VOC RACT Options (Reformer Compressor Engines) 
 
Option 1 - Proper Combustion Engine Design and Operation (Air-to-Fuel Ratio Controls) 
Description of Option 1:  Proper design and operation of compressor engines will provide the proper air-to-fuel ratio to 
promote stable combustion essential to maintain low VOC and NH3 emission levels.  Additionally, proper combustion 
practices avoid fuel-rich conditions that may promote soot formation.  Good combustion efficiency relies on both 
hardware design and operating procedures.  Automated Air-to-Fuel Ratio (AFR) controls are used to optimize 
combustion efficiency and emission performance. 

3. Eliminate Technically Infeasible Control Technologies: 

 
NOx RACT Options (Reformer Compressor Engines) 
 
Option 1:  Proper Combustion Engine Design and Operation (Air-to-Fuel Ratio Controls) – Technically Feasible 
Chevron currently combusts only purchased natural gas in their refinery compressor engines and utilizes good 
combustion practices.  A review of EPA’s RACT/BACT/LAER Clearinghouse (RBLC) database for process gas fired 
compressor engines revealed that proper burner design and operation is considered RACT for these emission sources. 
 
Option 2 - Title: NSCR – Technically Feasible 
The use of NSCR is a technically feasible control option and has been confirmed in a review of EPA’s RBLC database 
for specific rich-burn engines. Chevron currently utilizes NSCR controls on the engines. 
 
Option 3 - Title: SCR – Technically Infeasible 
The use of SCR for rich-burn engines is a technically infeasible control option.  SCR is a post combustion technology 
that has been shown to be effective in reducing NOx in exhaust from lean-burn engines but is not effective for rich burn 
engines.  For rich-burn engines SCR systems may not function effectively, causing either periods of ammonia slip or 
insufficient ammonia to gain the reductions needed.  A review of the EPA’s RBLC database for rich-burn engines 
revealed that refinery sources listed did not use SCR control. 
 
VOC RACT Options (Reformer Compressor Engines) 
 
Option 1:  Proper Combustion Engine Design and Operation (Air-to-Fuel Ratio Controls) – Technically Feasible 
Chevron currently combusts only purchased natural gas in their refinery compressor engines and utilizes good 
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combustion practices.  Additionally, Chevron operates AFR and NSCR controls on the Reformer Compressor Engine 
K35001, K35002, and K35003.  A review of EPA’s RACT/BACT/LAER Clearinghouse (RBLC) database for process gas 
fired compressor engines revealed that proper combustion engine design and operation including the use of AFR and 
NSCR controls is considered RACT for these emission sources. 

4. Rank Control Effectiveness of Remaining Control Technologies:  

 
The following Technically Feasible Controls are listed below in order of increasing control effectiveness: 
 
NOx RACT Options (Reformer Compressor Engines) 
 
Option 1:  Proper Combustion Engine Design and Operation (Air-to-Fuel Ratio Controls) – Technically Feasible 
Chevron currently combusts only purchased natural gas in their refinery compressor engines and utilizes good 
combustion practices.  A review of EPA’s RACT/BACT/LAER Clearinghouse (RBLC) database for process gas fired 
compressor engines revealed that proper burner design and operation is considered RACT for these emission sources. 
 
Option 2 - Title: NSCR – Technically Feasible 
The use of NSCR is a technically feasible control option and has been confirmed in a review of EPA’s RBLC database 
for specific rich-burn engines. Chevron currently utilizes NSCR controls on the engines. 
 
Option 3 - Title: SCR – Technically Infeasible 
The use of SCR for rich-burn engines is a technically infeasible control option.  SCR is a post combustion technology 
that has been shown to be effective in reducing NOx in exhaust from lean-burn engines but is not effective for rich burn 
engines.  For rich-burn engines SCR systems may not function effectively, causing either periods of ammonia slip or 
insufficient ammonia to gain the reductions needed.  A review of the EPA’s RBLC database for rich-burn engines 
revealed that refinery sources listed did not use SCR control. 
 
VOC RACT Options (Reformer Compressor Engines) 
 
Option 1:  Proper Combustion Engine Design and Operation (Air-to-Fuel Ratio Controls) – Technically Feasible 
Chevron currently combusts only purchased natural gas in their refinery compressor engines and utilizes good 
combustion practices.  Additionally, Chevron operates AFR and NSCR controls on the Reformer Compressor Engine 
K35001, K35002, and K35003.  A review of EPA’s RACT/BACT/LAER Clearinghouse (RBLC) database for process gas 
fired compressor engines revealed that proper combustion engine design and operation including the use of AFR and 
NSCR controls is considered RACT for these emission sources. 

5. Evaluate Remaining Control Technologies on Economic, Energy, and Environmental Feasibility: 

 
As noted above, Chevron uses purchased natural gas and NSCR, which are the only technically feasible NOx emission 
controls for compressor engines, and therefore an economic feasibility analysis is not required. 
 
As noted above, Chevron utilizes proper combustion engine design and operation and AFR and NSCR controls for 
Reformer Compressor Engine K35001, K35002, and K35003.  This represents the only technically feasible VOC control 
option for refinery compressor engines and therefore an economic feasibility analysis is not required. 
 

6. Selection of RACT (Include proposed or existing testing, monitoring, recordkeeping, and 

reporting procedures):  

 

Pollutant Control Option 
Technically 

Feasible 
(Yes/No) 

Cost 
Effectiveness 

($/ton) 
RACT Selected 

NOx 
Proper Combustion Engine Design and 
Operation (Air-to-Fuel Ratio Controls) 

Yes NA 
Proper Combustion 
Engine Design and 
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Air-to-Fuel Ratio Controls and NSCR Yes NA 
Operation 

(Air-to-Fuel Ratio 
Controls) and NSCR SCR No NA 

VOC 
Proper Combustion Engine Design and 
Operation (Air-to-Fuel Ratio Controls) 

Yes NA 

Proper Combustion 
Engine Design and 

Operation 

(Air-to-Fuel Ratio 
Controls) and NSCR 

As a part of this RACT evaluation, Chevron has identified emission limitations and monitoring methods that would be 
appropriate for each pollutant included in the analysis. For the compressor engines, Chevron recommends that the NOx 
limitations and monitoring requirements established in compliance with the Consent Decree. Chevron does not propose 
any emission limits or monitoring for other pollutants, because NOx is the only pollutant for which Chevron has installed 
emission controls and thus can maintain control of emission rates.  

The table below summarizes the proposed emission limits and monitoring requirements. 

Pollutant Source 
Proposed 

Emission Limit 
Proposed 
Monitoring 

NOx  

K35001 236 ppmvd 

Biennial Source 
Testing 

K35002 208 ppmvd 

K35003 230 ppmvd 

Note that upon installation of the NSCR controls, Chevron also accepted limits on carbon monoxide (CO) emissions. 
However, CO is not included in this RACT analysis, so these limits are not addressed here. 

7. Implementation Schedule: 

 
As noted above, Chevron uses purchased natural gas and NSCR, which are the only technically feasible NOx emission 
controls for compressor engines. No new controls will be installed, and therefore an implementation schedule is not 
required. 
 
As noted above, Chevron utilizes proper combustion engine design and operation and AFR and NSCR controls for 
Reformer Compressor Engine K35001, K35002, and K35003.  These are the only technically feasible controls for 
compressor engines, and as such an implementation schedule is not needed. 

8. Emissions Summary Table: 

Emission Unit/Activity RACT Summary (Actuals and Projected Actuals) 

Pollutant 2017 Inventory Baseline  
(tpy) 

2023 RACT-Applied Actuals 
(tpy) 

NOx 4.0 tpy 4.0 tpy 

VOC 1.1 tpy 1.1 tpy 
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III. APPENDICES 

B. Supporting PTE Calculations and Documentation 

C. Manufacturer Cost Quotes 

D. RACT Cost Feasibility Calculations (Excel File) 

  


