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Dear Mr. Anderson:

Big West Oil, LLC (BWO) entered into a STIPULATION AND CONSENT ORDER 

issued by the Director of the Division of Waste Management and Radiation Control 

(WMRC) pursuant the Utah Solid and Hazardous Waste Act, Utah Code Annotated 19-6- 

101, £7 seq., dated August 5, 2015, for the purpose of conducting a Resource Conservation 

Recovery Act (RCRA) Facility Investigation (RFI). On behalf of BWO, Johnston Leigh, 

Inc. is submitting the attached Response to Comments and Revised RFI Phase 1 Work 

Plan (Phase I WP) for the BWO North Salt Lake Refinery located at 333 West Center 

Street in North Salt Lake, Utah.

The WMRC comment is cited below followed by BWO response. The BWO response has 

been incorporated into the attached Revised Phase I WP dated May 1, 2017.

1. WMRC Comment Site Sampling Strategy Rational.

Please provide discussions regarding historic waste characteristics at each Solid 

Waste Management Unit (SWMU). This discussion should identify the nature of the 

waste (solid, liquid, et.) identify specific constituents of concern (COCs), the 

identification of any hazardous waste which may have been present and provide 

conceptual models of how waste constituents are expected to have moved and may be 

distributed at each SWMU.

BWO Response:
The updated sections of the Contaminant Conceptual Model (Sections 2.3.5, 2.3.6) of 

the Phase I WP presents the potential waste streams known at the refinery, the 

analytical methods to detect the waste streams and the background sampling data that 

shows the distribution of known impacts to soil and groundwater. Additionally, 

background groundwater data is used in the conceptual model to demonstrate that soil 

and groundwater impacts are limited to the upper unconfined aquifer and impacts to 

the lower confined aquifer are highly unlikely given the vertical potential gradient 

separating the upper and lower aquifers.
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In addition to the contaminant conceptual model presented in Section 2.0, a new section 

has been added under the description of each S WMU, titled “S WMU Potential Waste 

Characteristics”. This new section, in table format (example as included below for SWMU 

1), further describes the potential waste stream, COCs, and conceptual model for impact 

and migration at each SWMU.

4.1.1 SWMU 1 Potential Waste Characteristics

The potential wastes that may be present at SWMU 1 are presented below. Surface soil 

staining was noted by WMRC during their initial inspection in 1998.

SWMU 1

Waste Characterization Conceptual Model

Solid Liquid Other Potential COC
Waste Distribution/Migration 

Potential

K051 API Separator 
sludge

D004-D011 Metals Metals SVOC VOC
1. Potential overflow of 
separator causing surface 
impacts.

D004-D001 Metals
D018 Reformer
reactor waste

Metals SVOC VOC
2. Potential surface impacts 
migrate to groundwater.

F037 Oil/water 
separation debris

K049 Slop oil Metals SVOC VOC
3. Potential leaks in subsurface 
influent and effluent piping and 
migration to groundwater.

4. Comingling with former tank 
water draw groundwater 
plume.

2. Of the COCs identified for the site and at each SWMU, risk may be driven by 

Volatile Organic Contaminants (VOCs) and metals. How will laser-induced 

fluorescence (LIF) readings ensure that site risks are adequately being 

characterized? Some complex hydrocarbon chains that are relatively non-soluble 

may tend to adhere to soil and concentrate in shallow subsurface soil (greater than 

/: foot). LIF readings could target those shallow hydrocarbons for sampling. 

Whereas, simple hydrocarbon constituents that are water soluble may have 

migrated to greater depths. PID readings may confirm the presence of soluble 

hydrocarbons at depth. Please revise the proposed sampling rational to ensure 

adequate characterization of site risk.

BWQ Response:
BWO understands the WMRC concern for subsurface impacts by simple hydrocarbons 

like benzene that may be vertically separated from the residual LNAPL impacted soil 

detected by the LIF. The Contaminant Conceptual Model in Section 2.3.5 has been 

updated to include the following:

“Between September 11-18, 1991, 42 test pits were excavated at the Refinery to below 

first encountered groundwater (GeoWest, 1993). The soil was screened in the field
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using a PID with a 10.2 eV bulb for general levels of volatile organics, and an air 

pump with a detector tube specific for benzene.

The results of this investigation indicate that although benzene, toluene, ethylbenzene 

and xylenes (BTEX) were detected in all of the soil samples; the distribution of the 

four compounds in relation to the total BTEX concentration showed xylenes the most 

abundant compound followed by ethylbenzene then toluene and lastly benzene. 

Benzene has a significantly higher vapor pressure and water solubility than the other 

BTEX compounds. The benzene in the soil most likely migrated to groundwater 

leaving the less volatile and less water soluble compounds adhered to soil.

The method used to field screen soil for benzene during the 1991 investigation was a 

PID and detector tube for benzene. The PID measurement and corresponding 

analytical result for benzene in soil and groundwater (GeoWest, 1993) are presented in 

Table 2-1. Cursory review of the data in Table 2-1 suggests there was significant 

variability in field benzene concentrations compared to analytical concentrations of 

benzene.”

The significant variability of PID measurements and benzene concentrations in soil 

samples is widely known in the industry. However, BWO agrees that PID field 

screening techniques in combination with the LIE may increase the probability that the 

higher concentrations of petroleum impacted soil are being sampled. Each soil core 

sample will be screened using a PID following the procedures outlined in SOP 6 

(Appendix C). If a PID measurement above 100 parts per million (ppm) suggests 

inconsistencies between LIE and PID screening data, a second soil sample may be 

collected and analyzed only for VOC. The most likely location for benzene is just 

above or in the groundwater based on its higher vapor pressure and water solubility.

Section 3.5 was updated to include discussion on potential metals impacts and highest 

LIE %R£ values as shown below.

3.5 Metals

Metals are more likely associated with the refinery waste water collection and 

treatment. The API separators, bundle cleaning pad, and pump wash down pad are 

examples of potential locations for waste water impacts with metals. Lead may be 

encountered given its use in gasoline prior to 1980. The conceptual model is that 

metals are more likely to be associated with petroleum contamination that would be 

detected using LIE. Sampling the highest LIE RE% and/or highest PID measurement 

at each boring is a reasonable approach to potentially detect metals contamination.

3. Section 5.2.3.1. What is the site/SWMU LNAPL standard characteristic to be used 

and how are they determined? This should correlate to question one above. How 

does the standard correlate to the likely risk drivers [VOCs, Semi-volatile Organic 

Contaminants (SVOCs) and metals] for the site and specific SWMUs? Targeting
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the greatest concentration of hydrocarbons does not necessarily adequately 

characterize risk.

BWO Response:

The site/SWMU LNAPL standard is explained in updated Section 3.2.1: “The laser 

is sensitive to a known range of common fuels. Each product fluoresces uniquely 

and the LIF system detects the differences between them. Impacted soil and 

LNAPL collected from the Refinery will be compared to the standard in an 

emulation test before the sampling begins. The emulation test will verify that the 

LIF can detect the LNAPL and/or differentiate between several LNAPL fuels (i.e 

gasoline, diesel, jet fuel, crude oil). The SOP for daily LIF calibration is included 

in Appendix C.”

The following Sections have been added to Section 3.0 to further describe the field 

techniques to identify the potentially greatest concentrations of the COCs and 

assist in identification of potential risks:

3.3 P1D Screening for VOC

Benzene impacts to soil were detected at the Refinery by GeoWest in 1993. 

GeoWest excavated test pits to depths of less than two (2) feet to 12 feet below 

grade. Most of the test pits were excavated to a depth of four to eight feet below 

grade. Soil samples collected by GeoWest were representative of worst-case 

conditions based on visual observations and P1D screening measurements.

Judgmental screening of the soil core samples will be used in addition to the LIF 

results. PID screening of the soil may be necessary if visual or olfactory 

indications suggest simple hydrocarbon impacts (i.e. benzene) are present within 

or below the LIF smear zone interval. Each soil core sample will be screened 

using a PID following the procedures outlined in SOP 6 (Appendix C). If a 

relatively high PID measurement suggests impacted soil not coincidental with the 

highest LIF measurement, a second soil sample may be collected and analyzed 

only for VOC. However, as shown in Table 2-1 (GeoWest 1993), the highest PID 

field measurement does not necessarily yield high detections of benzene.

3.4 SVOC

SVOC are comprised of more complex hydrocarbons and the greatest LIF %RE is 

more likely to be associated with the highest concentration of SVOC. Therefore, 

the highest LIF %RE will be sampled for SVOC.

3.5 Metals

Metals are more likely associated with the refinery waste water collection and 

treatment. The API separators, bundle cleaning pad, and pump wash down pad are 

examples of potential locations for waste water impacts with metals. Lead may be 

encountered given its use in gasoline prior to 1980. The conceptual model is that 

metals are more likely to be associated with petroleum contamination that would 

be detected using LIF. Sampling the highest LIF RE% and/or highest PID
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measurement at each boring is a reasonable approach to potentially detect metals 

contamination.

4. At what level is the LIF deemed too low to direct sampling efforts and is there any 

level where PID measurements that do not correlate with LIF readings become 

significant for sample consideration?

BWO Response:
There is not an analytical concentration that is used for this type of comparison. 

Experience has shown that a RE% less than 5% correlates to BTEX concentrations 

that are generally less than most clean up levels. The Field Sampling Techniques 

in Section 3.0 has been updated to include specific procedures for field screening 

soil for VOC, SVOC and metals. Field screening using a PID in conjunction with 

laboratory analysis of at least one soil and one groundwater sample at each boring 

will ensure sufficient data collection in the event the LIF readings are below 

detection.

5. Neither the Standard Operating Procedures (SOPs) nor plan narratives appears to 

address LIF calibration, yet address other equipment standards. Please revise as 

needed.

BWO Response:
The LIF calibration procedures have been updated in Section 3.2.1 and included in

Appendix C.

6. Section 3.6- The plan proposes to use four-foot screened interval lowered to the 

bottom of borings to collect groundwater samples. SWMUs typically specify 

borings proposed for groundwater sampling will be advanced from 12 to 15 feet in 

depth without regards to depth of the upper most groundwater interface. The 

screened interval needs to be sampled from the top of the groundwater, especially 

when LNAPLs are likely present. Please revise as needed.

BWO Response:

The reference to screen interval in Section 3.9 has been revised to read: “After the 

collection of the continuous soil core samples to the total depth, a 0.75-inch prepack 

well screen is lowered to the bottom of the outer casing with the screen interval 

extending above the groundwater surface.”

7. SOP 3 - Section 2.1, Well Gauging. The text specifies that wells can be used to 

assess LNAPL thickness if present. This can only be accomplished if it is ensured 

that the screen interval coincides with the upper most groundwater level. Please 

revise as needed.
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BWQ Response:

The reference to screen interval in Section 3.9 has been revised to read: “After the 

collection of the continuous soil core samples to the total depth, a 0.75-inch prepack 

well screen is lowered to the bottom of the outer casing with the screen interval 

extending above the first encountered groundwater surface.”

8. Please indicate if existing groundwater wells will be utilized for elevation 

measurements and sampling.

BWQ Response:

BWO proposes to utilize select pre-existing Refinery and LTA wells for elevation 

and groundwater sampling. Section 4.3 Groundwater Monitoring Wells has been 

added to the text.

4.30.1 Refinery Groundwater Monitoring Wells

A total of 19 groundwater monitor wells were installed inside the refinery and 

downgradient in the undeveloped area to the west in response to Utah Department 

of Environmental Quality (DEQ) concerns over potential impacts to groundwater 

from the fonner surface impoundments (SWMUs 6, 7 and 8). The wells were 

installed in 1985 and include S-85-1 through S-85-19 and P-85-10. All ofthese 

wells were screened in the first encountered shallow aquifer at depths of between

2.5 and 25 feet BGS except well P-85-10. Well P-85-10 was screened in the deeper 

confined aquifer at a depth of 65-70 feet BGS. The equilibrated groundwater 

elevations in well P-85-10 typically rose above ground surface meaning it was a 

flowing well. The groundwater elevation in the shallow or unconfined aquifer 

remained below grade typically between 4-8 feet BGS. Therefore, the vertical 

potential gradient was up and groundwater in the shallow aquifer does not migrate 

to the deeper aquifer.

The current Refinery well database presented in Table 3-1 indicates that some of 

the wells have had groundwater surface above the screen interval. For the purpose 

of groundwater elevation data, all the wells in Table 3-1 can be used after the 

damaged ones are repaired and all are re-surveyed. However, only Refinery and 

LTA wells S-85-2, S-85-4, S-85-6, S-85-8, S-85-12, S-85-15A, S-85-18, S-2 and S- 

4 are screened across the groundwater surface and can be used for groundwater 

sampling wells.

4.30.2 Groundwater Sampling
The Refinery monitoring wells will be inventoried for well integrity and wells that 

are deemed salvageable for future use will be repaired accordingly. The repair data 

will be documented in the Phase 1 report. It is anticipated that at a minimum wells 

S-85-2, S-85-4, S-85-6, S-85-8, S-85-12, S-85-15A, S-85-18, S-2 and S-4 will be 

sampled following procedures in SOP 3.
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9. Slug tests are to be conducted at select wells but no wells are identified for testing. 

Please provide a list of wells proposed to be tested. If an assessment ofpotential 

plume migration is to be modeled by the data, the Division recommends 

performing the tests towards the leading edge of plumes.

BWO Response:
The slug tests are to be performed on the temporary well points. In Section 4.0, a 

slug test is identified and the temporary well it is proposed to be performed on is 

also identified. Additionally, the slug tests are identified on Table 4-1 Phase 1 Soil 

and Groundwater Sampling Schedule.

10. SOP 9 Investigation Derived Waste (IDW). Analytical methods specified are those 

in Section 3.3.4. No such numbered section exists. Section 2.3.4 lists analytical 

methods usedfor site characterization purposes, mainly for risk assessment 

purposes which are generally on a total basis. The specified analysis may be 

needed however, to address LDR requirements to assess concentrations of 

underlying hazardous constituents or to verify the presence of listed hazardous 

waste. The Division feels that applicable hazardous waste determinations for site 

waste should also assess corrosively, ignitability and toxicity through appropriate 

analysis. Please revise as warranted.

BWO Response:
In SOP 9 the section under “Soil” has been changed and now reads, “The soil will 

be disposed of at Safety Clean Grassy Mountain facility in Tooele County, Utah. A 

Waste Profile Sheet will be completed with the required analytical documentation 

and reviewed by Safety Clean prior to disposal. All waste manifests will be 

included in the report documentation of the Phase I activities.”

11. The Community Relations Plan's community profile is exclusive to the 84054 zip 

code. The Division notes that the refinery is located generally near the center of 

this area. It is also noted that a highly populated community begins about 2,000 

feet northeast of the northeast most corner of the site (this is a void that exists in 

the 84054 zip area). The Division recommends Big West Oil consider expanding 

the community relation plan’s community profile.

BWO Response:
The community relations plan’s focus area will include the general area of zip code

84054 and a small portion of 84011 zip code as shown on Figure 3-1 in the

Community Relations Plan.

12. The listed information repository at the Big West Oil North Salt Lake Refinery may 

not be considered by some members of the public as a community friendly 

location. To address this concern the Division recommends adding the Multi- 

Agency State Office Building to the repository list.
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BWQ Response:

BWO will add the additional information repository as recommended. The 

Community Relations Plan has been updated accordingly.

13. Division staff recalls facility representatives in a past meeting indicating that Big 

West Oil would maintain a public assessable website to share facility RCRA 

related information. The draft plan does not mention this option. The Division 

notes that Big West Oil maintains a website under which the Community tab 

identifies a 2013 EPA Consent Decree, but nothing related to RCRA. Is this the 

website that was being considered to include the RCRA information?

BWO Response:

BWO plans to add information concerning RCRA to this website. The purpose of the 

website information will be to provide interested parties with contact information and 

direction on obtaining documents or additional information concerning the RCRA 

status of the refinery. The Community Relation Plan has been updated accordingly.

14. 6.0 Data Management and Reporting Plan. The reporting plan narrative focuses 

on software, spreadsheets, digital maps and pull down menus. This is adequate for 

the purpose of Division staff review. However, as a public agency, hardcopy 

reports are required in a format that is public friendly. Perhaps the mention of 

such a report was merely an oversight.

BWO Response:
Section 6.5 Reporting has been added to the text and reads as follows. “Draft and 

final version of all reports will be prepared in electronic and hardcopy formats, and 

delivered to the WMRC. The reports will include text, tables, figures and 

supporting appendices.”

15. Wind Rose 1.3.4 and Figure 1-4. The wind rose provided was for the Salt Lake 

International Airport. Is there other available data closer to the facility or to the 

Wasatch Front? The Wind Rose presented depicts wind directions and speed from 

July 1. 2015 to December 31, 2015. This appears rather seasonal in 

representation. Does this short time interval (184 days correlate well with historic 

data.

BWO Response:

Section 1.3.4 has been updated and now reads: “Based on information from the 

Western Regional Climate Center (WRCC), the prevailing wind direction in Salt 

Lake City from 1992 to 2002 was from the south-southeast (WRCC, 2016). The 

wind speed and direction chart near the Salt Lake City airport from January 1, 1998 

to December 31, 2016 was south-southeast as shown below on Figure 1-5 

(MetroBlue, 2017). Based on data from WRCC, winds are generally calm in the
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morning and increase in velocity in the afternoon. From July 1 to December 31, 

2015 average wind speeds peaked between 19-25 miles per hour (MPH) from the 

south-southeast approximately 15% of the time and are associated with typical 

weather fronts that impact the Salt Lake Valley.”

16. Section 29 of the Consent Order specifies that the Phase IRFI Work Plan shall 

contain a schedule.

BWO Response:

The estimated schedule has been added to the text in Section 3.13 Schedule, and 

includes the following table:

Task Approximate Dates

Work Plan Submittal 06/08/2017

Survey and repair BWO monitoring wells June 2017

Geophysical survey for utilities at all proposed sampling locations June-July 2017

Phase I Sampling Within 90 days following 

receipt of Work Plan approval

Prepare Report of Phase I Sampling Within 180 days following 

receipt of Work Plan approval

17. The Division notes that Appendix A HASP contains an Appendix A (SOPs) within 

itself Appendix C also contains SOPs with similar topics. Are the two sets of 

SOPs identical?

ESWO Response:

Although it’s repetitive when submitting the Work Plan, it’s efficient when using 

the individual documents in the field.

18. Section 5.3. The certification provided in Appendix E specifies that certification 

expired 6/30/2013. Please provide current certification or provide for a 

replacement analytical laboratory.

BWO Response:

The current certification for ESC Laboratory has been included in Appendix E.

19. The title of the subject proposal is RCRA RFI Phase I Work Plan. This is 

redundant. RFI stands for RCRA Facility Investigation.

BWO Response:

The title has been changed to RFI Phase 1 Work Plan. The headers and footers have 

been changed as needed.
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20. The proposed project completion of 90 percent is low. Missing data can however 

be made up during the Phase II especially if there is a request for NFA.

BWO Response:

The proposed project completeness has been changed to a goal of 95 percent or 

higher.

If you have questions or require additional information please contact me by phone at 

(801) 726-6845, email at leigh@iohnslonleighinc.com. or Molly Gregersen of BWO at 

(801) 296-7700.

Sincerely,

v>

Leigh Beem, P.G., UT 5538610-2250 

Johnston Leigh, Inc.

CC: Ms. Molly Gregersen, P.G., Big West Oil

Attachments: RFI Phase I Work Plan, BWO North Salt Lake Refinery, EPA ID 

UTD045267127012, June 8, 2017 (paper version and CD disk)
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1.0 Introduction 
Big West Oil, LLC (BWO) entered into a STIPULATION AND CONSENT ORDER issued by the Director of 
the Division of Waste Management and Radiation Control (WMRC) (former DSHW) pursuant the Utah 
Solid and Hazardous Waste Act, Utah Code Annotated 19-6-101, et seq., dated August 5, 2015, for the 
purpose of conducting a Resource Conservation Recovery Act (RCRA) Facility Investigation (RFI). BWO 
shall undertake the investigation and corrective action (if necessary) for the Solid Waste Management 
Units (SWMUs) and Areas of Concern (AOC) identified at the BWO Refinery (Refinery) according to the 
terms of this Order.   A SWMU is any discernible unit at the Refinery at which solid wastes have been 
placed at any time, irrespective of whether the unit was intended for the management of solid or 
hazardous waste.  An AOC includes any area having a probable release of a hazardous waste or hazardous 
constituent which is not from a SWMU and is determined by the Director to pose a current or potential 
threat to human health or the environment.  The list of SWMUs and AOCs are provided in Table 1-1. 


The BWO RFI is being conducted under the RCRA process, which consists of the following general 
phases: 


• Current Conditions (review of current and past site use, to be utilized in determining potential
contaminant sources, location, and nature),


• RCRA Facility Investigation (RFI) (determines nature and extent of contamination),
• Risk Assessment (determines ecological and human health risks associated with contamination),
• Corrective Action (implementation of selected remedial technologies),
• Site Management Plan (long-term in-place management of remaining contamination) and
• Determination of No Further Action (petition for NFA may be based on results of RFI, following


closure by removal of contamination, or by performing a risk assessment and subsequent Site
Management Plan).


The first deliverable in the RFI process, the Current Conditions Report (CCR), was submitted to the 
WMRC July 19, 2016 and approved by WMRC on August 12, 2016.  The purpose of the CCR was to review 
and compile relevant available background information on the Refinery pertinent to identify potential 
environmental impacts from Refinery operations. The objective of the CCR is to evaluate the available 
background information and develop a contaminant conceptual model that can then be used to prepare 
this Phase I Work Plan for the implementation of a RFI to investigate SWMUs and AOCs. 


1.1 Purpose and Objective 
The purpose of the Phase I Work Plan (WP) is to determine presence or absence of compounds of concern 
(COCs) at the 27 SWMUs and two (2) AOCs at the Refinery, and describe potential migration pathways 
including physiography, hydrology, pedology, geology, hydrogeology, and meteorology.  The list of 
SWMUs and AOCs are presented on Table 1-1.  The SWMU and AOC locations are shown on Figure 1-1.  
The SWMU outline shown on Figure 1-1 is a reference figure for the approximate boundary of each 
SWMU.     
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The objective of the WP is to prepare an investigation plan that not only determines the presence or 
absence of COCs, but also presents documentation that adequately describes the: 


• Technical approach and qualifications of project personnel (Project Management Plan),
• Verification of data precision, accuracy, representativeness, completeness, comparability and


statistically valid (Data Collection Quality Assurance/Quality Control Plan),
• Data management that documents the data collection and tracks the progress of the investigation


(Project Data Management Plan),
• Health and Safety procedures to follow during the field investigation (Health and Safety Plan,


Appendix A), and
• Plan to keep the community informed of the progress and results of the investigation


(Community Relation Plan, Appendix B).
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1.2 Refinery History 
BWO owns and operates the Refinery located at 333 West Center Street in North Salt Lake, Utah (Figure 
1-2).  The Refinery is a complex high conversion refinery that currently employs about 220 people and 
supplies fuel products to many customers in seven western states. The Refinery refines a combination of 
Utah, Wyoming and Canadian crude oils into motor fuels.  The Refinery processing units include crude 
fractionation, catalytic cracking, alkylation, pentane/hexane isomerization and catalytic reforming. 


A subsidiary of FJ Management Inc., and predecessor in interest to BWO, purchased the Refinery from a 
subsidiary of Husky Oil Corporation (Husky), RMT Properties, Inc., (RMT) in 1985.  The Refinery has 
been the site of petroleum refining activities by several operators since mid-1949 when operations began 
with a processing capacity of 500 barrels of crude oil per day.  Numerous expansions have taken place 
since 1949 and the Refinery has a current capacity of 33,000 barrels per day.  The current Refinery 
configuration is shown on Figure 1-2. 


Three former surface water impoundments were operated at the Refinery from 1973 through 1988 at the 
locations shown on Figure 1-2.  The WMRC ruled that the sludge’s in these ponds were hazardous waste 
by State definition and a Stipulation and Consent Order (No. 8503170) was signed between WMRC and 
then parent company Flying J Inc. on April 14, 1987.  Closure activities were conducted on the surface 
impoundments from September 1988 through September 1989 and included the removal of 8,200 tons of 
sludge and underlying soil disposed of at off-site hazardous waste landfill (Dames and Moore, 1990).  
Groundwater sampling of the well network surrounding the former impoundments was conducted for 
approximately two years.   


United States Environmental Protection Agency (US EPA) conducted an Environmental Priorities 
Initiative Preliminary Assessment of the Refinery on April 16, 1992 (URS, 1992).  Waste streams including 
K048, K049, K050, K051, and K052 were identified and 12 SWMUs and 1 Area of Concern were 
identified.  URS summarized that each SWMU had adequate containment to prevent release of 
contaminants to the environment; workers working around various areas of stained soil should be 
cautious, and health and safety procedures of BWO are well implemented and if followed should pose no 
threat to workers at the facility.    


A Land Treatment Area (LTA) was operated by Husky from 1962 to 1982 as an interim status land 
treatment disposal facility for refinery wastes (see Figure 1-2 for location).  On February 1, 1985, US EPA 
and Utah Department of Health requested that RMT, submit either a RCRA Part B Application by August 
1, 1985, to obtain a permit to continue operating the LTA, or plans to close the LTA.  RMT Properties Inc. 
notified the Executive Secretary of the Utah Hazardous Waste Committee of its intent to close the LTA in 
a letter dated February 13, 1985.  RMT submitted the Closure/Post-Closure Plan for the LTA Hazardous 
Waste Management Facility to the Utah Department of Health in August 1985 , and the LTA was certified 
closed as a RCRA interim status facility on November 18, 1986.  


BWO performed monthly inspections and quarterly groundwater monitoring of the former LTA in 
accordance with the Closure/Post-Closure Plan (Dames & Moore, 1985a) and the Sampling and Analysis 
Plan from 1986 through March 2013.  The LTA was investigated and characterized in 2012 and 2013.  The 
LTA was granted regulatory closure under an industrial risk-based scenario on September 27, 2013 by the 
Utah Division of Solid and Hazardous Waste (now the WMRC) (see CCR Section 1.8, JLI, 2016).  
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1.3 Geographic Location 
The BWO Refinery is located on the east limb of a north-south trending incised valley, with the limbs of 
the valley defined by the Jordan River (Figure 1-1).   The center of the Refinery has coordinates of 
approximately -111.921638 longitude and 40.838424 latitude (decimal degree) and covers an area of 
approximately 110 acres of developed refinery property and approximately 40 acres of undeveloped 
property to the west as shown on Figure 1-2.  The topography gently slopes from east to west with an 
approximate gradient of 0.016 feet/foot (ft/ft) and elevation difference of approximately 32 feet.  
Topography slopes very gently to the south with minor changes in elevation. 


1.3.1 Surrounding Land Use 
The BWO Refinery is surrounded by commercial and industrial operations and transportation 
infrastructure (Figure 1-2).  North of the Refinery is generally comprised of truck repair, railroad 
offloading, and warehouse type commercial operations.  West of the Refinery is open undeveloped land 
owned by BWO and used for agricultural purpose.  Further west are commercial and industrial 
businesses.  Interstate I-215 is adjacent to the south end of the Refinery, and across I-215 to the south is 
the Chevron Refinery.  Adjacent to the east side of the Refinery are railroad tracks that serve the Front 
Runner public transportation system and commercial railroad industry.  East of the railroad alignment is 
land that was once the Old North Salt Lake landfill.  The landfill dates back to late 1800’s /early 1900’s.  
The dimensions of the former landfill are unknown.  The former landfill has CERCLIS ID 1001230647 and 
EPA ID of UT0002401065.  High concentrations of mercury are referenced in the State of Utah, CERCLA 
Interactive Map as being detected in soils in this former landfill. 


1.3.2 Surface Water 
The areas of surface water collection or transport are shown on Figure 1-2 and include the following.  
Temporal surface water from storm water collects in the northwest low-lying area just north of the former 
spent lime area.   Stormwater and groundwater seeps collect in a low-lying area west of the Contractor 
Staging Area near well S-85-16A.  A ditch located on the south property line, referred to in previous 
reports and maps as a sewer canal (Dames and Moore, 1990; ECOVA, 1995), daylights adjacent to the 
Refinery south property boundary.  This ditch was originally designated as Former Raw Sewage Transport 
Ditch SWMU 36.  Aerial photographs from 1961 to present date demonstrate that the flow has been 
diverted at the Refinery property to the west toward the Jordan River.  The original flow direction of the 
ditch prior to the Refinery construction was from the south to the northwest.   The WMRC granted No 
Further Action (NFA) for SWMU 36 because historical information shows there has not been flow of 
storm, process or sewer water from the Refinery to the ditch (WMRC letter dated August 12, 2016). 


1.3.3 Flood Plain 
The Refinery is out of the 1% annual chance flood zone (100-year flood) except for an east to west linear 
area (Zone A) approximately 50 feet wide and located along the northern boundary (Figure 1-3).  Based 
on the Federal Emergency Management Act (FEMA) Flood Insurance Rate Map shown on Figure 1-3, 
Zone A does not have a base flood elevation determined.  Furthermore, this area has been extensively re-
developed and is unlikely to be flooded during a 1% annual chance flood. 


1.3.4 Wind Rose 
Based on information from the Western Regional Climate Center (WRCC), the prevailing wind direction 
in Salt Lake City from 1992 to 2002 was from the south-southeast (WRCC, 2016).  The wind speed chart 
near the Salt Lake City airport from January 1 1998 to December 31, 2016 was west-southwest as shown  
below on Figure 1-4 (MetroBlue, 2017).  Based on data from WRCC, winds are generally calm in the 
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morning and increase in velocity in the afternoon.  From July 1 to December 31 2015 average wind speeds 
peaked between 19-25 miles per hour (MPH) from the south-southeast approximately 15% of the time and 
are associated with typical weather fronts that impact the Salt Lake Valley. 


Figure 1-4 Wind Rose North Salt Lake Valley January 1, 1998 to December 31, 2016 
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2.0 Contaminant Conceptual Model 
The geology and hydrogeology at the Refinery has been extensively investigated through various drilling 
and test pit programs and this data provides a baseline understand the potential fate and transport of 
COCs at the Refinery.  A detailed description of the physiographic setting including regional and local 
geology and hydrogeology is presented in Section 2.0 of the CCR (JLI, 2016). 


The sources of petroleum hydrocarbon impacts to both soil and groundwater that have occurred at the 
Refinery have been well documented as presented in Sections 3.0 and 4.0 of the CCR (JLI, 2016).  Past 
soil sampling within the Refinery was completed through excavation of 41 test pits and collection of 41 soil 
and 41 groundwater samples and completing a soil vapor survey.  A total of 19 groundwater monitoring 
wells were installed at the Refinery and sampled at various times, most notably wells S-85-4, S-85-5, S-
85-6, S-85-11, S-85-12, S-85-13, S-85-17, S-85-18 and S-85-19 were sampled for benzene, toluene, ethyl 
benzene and xylenes (BTEX) and arsenic 11 times since 1987.  The Perimeter groundwater monitoring 
wells have been sampled for BTEX annually since 1996. 


Background data exists on the nature and extent of total petroleum hydrocarbons (TPH), BTEX and 
arsenic.  Less data is available on SVOC and other RCRA metals.  However, given the chemical properties 
of TPH and BTEX, it is likely that the distribution of potential SVOC and other metals is spatially less than 
that of TPH and BTEX just based on the chemical properties alone.  Thus, preparing a contaminant 
conceptual model using the current analytical database on TPH and BTEX is essential in developing the 
sampling program for this WP. 


2.1 Geology 
The BWO refinery is located on the eastern edge of the Salt Lake Valley, a deep basin flanked by the 
Wasatch Mountains to the east, Oquirrh Mountains to the west, and Traverse Mountains to the south.  
The basin fill deposits consist of older Tertiary-age deposits (upwards of 1,000 feet thick) from alluvial 
fans and volcanic ash, overlain by Quaternary-age deposits of silts, sands and clay, generally less than 200 
feet thick.  The Quaternary sediments were deposited in lacustrine and fluvial deposits associated with 
Lake Bonneville and predecessor Alpine Lake. 


Based on local drilling at the Refinery, the upper 70 feet of sediments generally consist of clayey silts and 
clays in the upper 2-10 feet, underlain by 5-10 feet of coarser grained sands and gravels, and then 
underlain by 20-50 feet of silty clay (see Figures 2-1 and 2-2).  Near the depth of 60-70 feet BGS a 
lower sand and gravel unit is encountered. 


The shallow sand lenses are lenticular and discontinuous and thin to the west; whereas the silty clay 
generally thickens to the west based on depositional processes associated with regressive phase of Lake 
Bonneville (Miller, 1980). 


2.2 Groundwater 
Regionally, groundwater in the Salt Lake Valley occurs in three distinct aquifer units: Unit 1) an 
unconfined, coarse grained aquifer along the Wasatch Mountain Front; Unit 2) a deep, confined, fine to 
coarse grained aquifer, and Unit 3) a shallow, unconfined, fine grained aquifer in the Salt Lake Valley 
(Healy et al., 1971; Wallace, 2009).  A generalized block diagram (Anderson et. al., 1994) of the recharge 
areas and the basin-fill aquifer system is shown on Figure 2-3. 
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Two aquifers have been identified at the Refinery; a shallow unconfined aquifer and a deeper confined 
aquifer.  The shallow unconfined aquifer is encountered at depths of between 9 and 12 feet BGS along the 
eastern boundary but is present at depth of 1 to 7 feet BGS over most of the process areas of the Refinery.  
The deeper confined aquifer is encountered at an approximate depth of 65-70 feet BGS (Figure 2-2).  
These aquifers are separated by an aquitard composed of silty clay. 


2.2.1 Hydraulic Gradient 
The hydraulic gradient in the shallow unconfined aquifer is typically about 0.012-0.015 feet/foot (ft/ft).  
The groundwater flow is relatively consistent, generally to the west in spring and summer and to the west 
and southwest in winter (Figure 2-4). Based on the average assumed hydraulic conductivity of between 
5.5 and 28 feet/day (ft/day) and a saturated zone porosity of 30 percent (GeoWest, 1993), the average 
horizontal hydraulic velocity is approximately 0.25-1.2 ft/day. 


2.2.2 Vertical Potential Gradient 
The vertical potential gradient between the upper and lower aquifers was defined in 1993 (GeoWest, 1993) 
using former wells P-85-10 (screened 65-70 feet) and S-85-10 (screened 2.5 to 15 feet). The hydraulic 
head difference between the two wells ranged from 3.5 to 7 feet greater in the deeper well indicating a 
significant vertical upward potential gradient of 0.06 to 0.15 ft/ft. 


2.3 Contamination 
2.3.1 Compounds of Concern (COCs) 
Listed on the RCRA Subtitle C Identification form for BWO, the Refinery handles the following wastes: 


• D001 Ignitable;
• D002Corrosive;
• D003 Reactive;
• D004 Wastes containing arsenic;
• D005 Wastes containing barium;
• D006 Wastes containing cadmium;
• D007 Wastes containing chromium;
• D008 Wastes containing lead;
• D009 Wastes containing mercury;
• D010 Wastes containing selenium;
• D011 Wastes containing silver;
• D018 Reformer Reactor Unit Waste;
• D035  Wastes containing methyl ethyl ketone;
• F003 Spent non-halogenated solvents;
• F037 Other primary oil-water separation sludge, bar screen debris;
• F038 All other sludge, floats, and used filter bags;
• K048 Dissolved air floatation floats;
• K049 Slop oil and emulsion solids;
• K051 API Separator Sludge;
• K169 Crude oil storage tank sediments; and
• K171 Hydro Treating Unit Waste.


The waste codes D001 through D003, (ignitable, corrosive and reactive) further describe the waste when 
shipping material offsite for disposal but not necessarily define a particular COC.   The remaining codes 
are applicable to the potential COCs that may be encountered during soil and groundwater sampling.  The 
analytical methods described in the following sections would detect the potential COCs that comprise the 
waste steams shown above, and are proposed for Phase I sampling. 
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2.3.2 Volatile and Semi-Volatile Organic Compounds 
Many of the waste streams listed above will be detectable by analyzing for volatile organic compounds 
(VOC) using EPA Methods 8260B and 524; and semi volatile organic compounds (SVOC) using EPA 
Methods 8270C and 8270 SIM.  Reformer reactive waste includes benzene which is a VOC.  Wastes 
containing methyl ethyl ketone are also a VOC.  Spent non-halogenated solvents comprised of 
hydrocarbons with carbon ranges between C5 and C12 are VOCs.  Other primary oil/water separation 
sludges may contain primarily VOC, SVOC and metals.  Dissolved air floatation, slop oil wastes and API 
separator waste are mostly comprised of VOC, SVOC and heavier ended hydrocarbons.  For instance, 
recent MSDS of API Separator Sludge identifies four major chemicals of concern including phenanthrene 
(SVOC) naphthalene (VOC and SVOC), 2-methylnaphthalene (VOC and SVOC), and pyrene (SVOC).    


2.3.3 Metals 
EPA Method 6010 will detect the metals arsenic, barium, cadmium, chromium, lead, selenium and silver; 
and EPA Method 7420 will detect mercury.  These metals are collectively referred to as RCRA metals. 


2.3.4 Summary of Analytical Methods 
The following methods are proposed to analyze the soil and groundwater samples collected during Phase I 
sampling program: 


• Volatile Organic Compounds (VOC) using EPA Methods 8260B and 8260B SIM;
• Semi Volatile Organic Compounds (SVOC), using EPA Method 8270C and 8270C SIM;
• RCRA metals using EPA Methods 7471 (mercury), 6010 and 6020.


2.3.5 Soil  
The investigations in the early 1990s demonstrated that the Refinery soils have most likely been impacted 
from the former tank-water draw practice and subsurface pipeline releases (GeoWest 1990, 1993).  These 
releases have potentially impacted soil throughout the central part of the Refinery and likely migrated into 
the shallow unconfined groundwater. 


Between September 11-18, 1991, 42 test pits were excavated at the Refinery to below first encountered 
groundwater (GeoWest, 1993).  The depths of the test pits ranged from less than two (2) feet to 12 feet 
below grade. Most of the test pits were excavated to a depth of four to eight feet below grade.   Soil 
samples which were representative of worst-case conditions were collected from the sides of each test pit 
or from soil excavated from the test pit.  The soil was screened in the field using a HNU PID with a 10.2 eV 
bulb for general levels of volatile organics, and an air pump with a detector tube specific for benzene.   


The results of this investigation indicate that although benzene, toluene, ethylbenzene and xylenes 
(BTEX) were detected in all of the soil samples; the distribution of the four compounds in relation to the 
total BTEX concentration showed xylenes the most abundant compound followed by ethylbenzene then 
toluene and lastly benzene.  Benzene has a significantly higher vapor pressure and water solubility than 
the other BTEX compounds.  The benzene in the soil most likely migrated to groundwater leaving the less 
volatile and less water soluble compounds adhered to soil. 


The method used to field screen soil for benzene during the 1991 investigation was a PID and detector 
tube for benzene.  The PID measurement and corresponding analytical result for benzene in soil and 
groundwater (GeoWest, 1993) are presented in Table 2-1.  Cursory review of the data in Table 2-1 
suggests there was significant variability in field benzene concentrations compared to analytical 
concentrations of benzene.  Table 2-1 is included to support BWO Response to Comment #2 that PID 
screening is not necessarily a reliable tool for correlation of benzene concentrations.  However, BWO 
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agrees that utilizing both PID and LIF could prove beneficial and will incorporate both into sampling 
procedure. 


2.3.6 Groundwater 
Groundwater samples were collected from the test pits during the 1991 investigation described above 
(GeoWest, 1993).   As soon as groundwater accumulated in the test pit, a water sample was collected using 
a peristaltic pump.  In the central part of the Refinery, groundwater equilibrated at depths of 6 feet below 
ground surface and at shallower depths moving west to only 0.5 feet below ground surface.  Along the 
eastern side of the Refinery, groundwater equilibrated as deep as 7 to 12 feet below grade. 


The distribution of BTEX in relation to the total BTEX value was evaluated in the water samples as it was 
in the soil samples.  However, the outcome was much different.  The benzene component had the highest 
concentration in about 70% of the samples followed by xylenes, then ethylbenzene and lastly toluene.  
From this evaluation, it is assumed that most of the benzene in the soil leaches to the first encountered 
groundwater and that potential benzene in soil may be more concentrated near the first encountered 
groundwater surface. 


Hydrogeologic investigations indicate that COCs in the shallow aquifer would be unlikely to migrate to the 
lower confined aquifer based on the significant vertical upward potential gradient.  Based on 20 years of 
groundwater monitoring of the perimeter wells for TPH and BTEX,  only a few detections of benzene have 
occurred and these detections were typically in well S-85-12, which is installed downgradient of the 
former Surface Impoundments 1 and 2.  The remaining perimeter wells west of refinery operations have 
not contained TPH and BTEX, except for one detection of benzene in S-85-15A in 2014. 


Based on soil and groundwater data collected over various subsurface investigations, it is evident that 
distributions of COCs in groundwater at the Refinery have remained relatively centrally located within the 
process areas.  This is demonstrated by comparing the 1991 groundwater test pits and monitor well 
isoconcentration map for benzene to the 2002 groundwater monitoring well isoconcentration map for 
benzene (Figure 3-1).  The dissolved benzene plume in 2002 has lower concentrations and is spatially 
less than the benzene plume in 1991.  RETEC (2003) thought this was in part due to natural attenuation 
and better housekeeping practices.  There may be another component of the groundwater hydrogeologic 
system that might influence the COCs distribution as presented below. 


2.3.7 Fate and Transport 
The shallow aquifer is present in lenticular and often discontinuous lenses of sand within less permeable 
silts and clays.  COC migration in these saturated sands may be limited based on the lack of 
interconnectivity of the saturated sand units.  Where the sand units pinch out, lateral migration may be 
impeded by thicker finer-grained silt and clay to the west.  Groundwater becomes increasing shallower 
downgradient to the west.  Potential stagnation areas caused by discontinuous saturated sand lenses may 
allow the shallow groundwater to slowly migrate to the ground surface and become influenced by 
groundwater evapotranspiration (GWT). 


For a water table within approximately 1.5 feet of the land surface, nearly all evapotranspiration from 
groundwater occurs due to the close hydraulic connection between the unsaturated and the saturated 
zones (Shah, et. al, 2007).  This process may be occurring along with natural attenuation to reduce the 
concentrations of COCs down gradient of the Refinery process areas.  If verified, the down gradient 
migration of COCs in groundwater may be limited to the area where the shallow saturated sand lenses 
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pinch out and the groundwater is then influenced by GWT.  Some pinching out of sand lenses appears to 
occur near the western boundary of the developed Refinery boundary. 


2.4 Presence or Absence 
The purpose of the Phase I WP is to design an investigation that answers the primary question at each 
SWMU, whether contaminants are present or absent.    There is sufficient historical data on TPH and 
BTEX soil and groundwater contamination at the following SWMUs to confirm the presence of 
contamination: 


• SWMU 2 API Separator 2, 
• SWMU 3 API Separator 3, 
• SWMU 4 DAF, 
• SWMU 5 Process Tank 1A, 
• SWMU 8 Surface Impoundment 3, 
• SWMU 20 Tank Farm Draw, 
• SWMU 24 Rail Loading Unloading Area, 
• SWMU 29 90-Day Hazardous Waste Storage Area, 
• SWMU 34 Open Ditch between API 2 and 3, 
• SWMU 39 Flare Stained Soil, and 
• AOC-1 Former Administration Building 


Of the SWMU listed above, the former tank-water draw process may have impacted the following 
SWMUs: 


• SWMU 2 API Separator 2, 
• SWMU 3 API Separator 3, 
• SWMU 4 DAF, 
• SWMU 5 Process Tank 1A, 
• SWMU 8 Surface Impoundment 3, 
• SWMU 20 Tank Farm Draw, and 
• SWMU 29 90-Day Hazardous Waste Storage Area, and  
• SWMU 34 Open Ditch between API 2 and 3. 


The remaining SWMUs that presence or absence is known include SWMU 24 and 39 and AOC 1. SWMU 
24 and AOC 1 were jointly investigated in 2013. SWMU 39 is potentially impacted by the tank-water draw 
process given the test-pit sample results from 1990’s investigation.  Soil and groundwater impacts at AOC-
1 have been defined, but the source(s) remain inconclusive. 
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3.0 Field Sampling Techniques 


3.1 Sampling Approach 
The sampling approach to determine sample locations will be a combination of judgmental and 
systematic sampling.  These two methods are appropriate because of the historic sampling performed at 
the Refinery (Section 4.0, CCR, JLI 2016).  Based on the extent of the available historic and current data, 
together with visual inspection, judgmental sampling is an appropriate sampling methodology for the 
listed SWMUs.  Judgmental sampling is particularly effective in determining presence or absence when 
historical data exists on soil and groundwater conditions.  Systematic sampling will also be used where no 
previous data exists on a SWMU, and the nature of the SWMU would tend to have a more homogeneous 
distribution of potential contaminants (i.e., ponds, ditches, excavations, etc.).  


3.2 Laser Induced Fluorescence (LIF) 
BWO proposes using Laser Induced Fluorescence (LIF) for real-time, in situ field screening of residual 
and non-aqueous phase organic contaminants in vadose, capillary fringe and saturated soils and 
groundwater.   LIF is used for highly detailed, qualitative to semi-quantitative evaluation on the 
distribution of subsurface contamination of petroleum products containing polycyclic aromatic 
hydrocarbons (PAH).  Electrons in the aromatic molecules adsorb light energy at given wavelengths and 
fluoresces back at lower energy level.  Fuels, oils and creosotes are mixtures and create overlapping 
spectra.  Using LIF it’s possible to determine the relative concentrations and the type of product present.  


LIF will be conducted at each boring location prior to collection of soil samples.  This methodology can 
effectively determine the depth to collect the soil samples in each boring.  Consistent with Judgmental 
Sampling methodology, LIF maximizes the ability to collect the soil sample from each boring with 
potentially the greatest concentration of petroleum hydrocarbons, resulting in better characterizing data 
with a minimized number of soil borings.  Additional information on LIF can be found at 
www.dakotatechnologies.com.  


3.2.1 LIF Technology 
Ultraviolet light from a laser attached to the lead probe of a Geoprobe® can stimulate the release of 
photons (light) from light non-aqueous phase liquid (LNAPL) in the soil (smear zone).  The wavelengths 
are combined into a waveform that is displayed on a real-time log of response factor (%RE) and depth.  
The waveform is characteristic of fuel type (i.e., gasoline, diesel, oils, crude, etc.). 


The laser is sensitive to a known range of common fuels.  Each product fluoresces uniquely and the LIF 
system detects the differences between them.  Impacted soil and LNAPL collected from the Refinery will 
be compared to the standard in an emulation test before the sampling begins.  The emulation test will 
verify that the LIF can detect the LNAPL and/or tell the difference between several LNAPL fuels (i.e 
gasoline, diesel, jet fuel, crude oil).  The SOP for daily LIF calibration is included in Appendix C.    An 
Example LIF log is shown below in Figure 3-1.  
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Figure 3-1 Example LIF Log 
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The LIF borings logs are divided into three separate strip-logs as shown on Figure 3-1.  Each strip-log 
has a common vertical scale which depicts depth in the boring.  The left center strip-log represents the 
laser waveform and %RE.  The second strip-log is conductivity measured in micro semen per millimeter 
(uS/m).  Clays and silts are more conductive than sands and gravel.  The third strip-log depicts boring 
advancement rate in inches per second.  The optimal advancement rate of the probe is approximately 0.8 
inch/second. 


LIF provides “Real-Time” information that can rapidly identify the areas of highest concentration of 
hydrocarbon contamination, eliminating multiple rounds of sampling.   For example the LIF log in 
Figure 3-1 identifies: 


• The highest %RE and more likely the greatest concentration of petroleum contamination is
between eight and nine feet below ground surface (BGS).


• Sand encountered at approximately four feet and extending to approximately 7 feet BGS.  Although
the sand unit is impacted based on the %RE, the contamination may not be adsorbed to the silica
sand grains and much of the potential contamination in the sample may be lost through
volatilization if sampled.


• The impacted soil begins at approximately 5 feet and extends to a depth of approximately 12 feet
BGS.  Soil samples collected above 5 five feet and below 12 feet would most likely not be impacted
with more complex hydrocarbons.


• Field screening of soil using a PID would be used to detect and potentially sample soil within
and/or below the smear zone for simple hydrocarbons (i.e, benzene) as described below.


3.3 PID Screening for VOC 
Judgmental screening of the soil core samples will be used in addition to the LIF results.  Each soil core 
sample will be screened using a PID following the procedures outlined in SOP 6 (Appendix C).  If a PID 
measurement above 100 parts per million (ppm) suggests impacted soil not coincidental with the highest 
LIF measurement, a second soil sample may be collected and analyzed only for VOC.  However, as shown 
in Table 2-1 (GeoWest 1993), the highest PID field measurement does not necessarily yield high 
detections of benzene.  As indicated in Section 2.3.5 above, benzene may have migrated to or near the first 
encountered groundwater.   


3.4 SVOC 
SVOC are comprised of more complex hydrocarbons and the greatest LIF %RE is more likely to be 
associated with the highest concentration of SVOC.  Therefore, the highest LIF %RE will be sampled for 
SVOC. 


3.5 Metals 
Metals are more likely associated with the refinery waste water collection and treatment.  The API 
separators, bundle cleaning pad, and pump wash down pad are examples of potential locations for waste 
water impacts with metals.  Lead is a concern given its use in gasoline prior to 1980.  The conceptual 
model is that metals are more likely to be associated with petroleum contamination that would be 
detected using LIF.  Sampling the highest LIF RE% at each boring is a reasonable approach to potentially 
detect metals contamination. 
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3.6 Sample Data Point  
The sample documentation procedures are further described in Standard Operating Procedure (SOP) 1 
located in Appendix C.  The Sample Data Point (SDP) is the unique ID for a location at a SWMU where 
samples were collected.  An individual SDP may include surface soil samples, soil boring samples and 
groundwater sample(s).  Having one SDP allows management; retrieval and query of analytical results 
under one XYZ coordinate for multiple samples and media type collected at an individual SDP. 


The SDP identification (ID) will consist of a string of letters followed by numbers.  Each SDP will be 
labeled using an “S” for “SWMU”; followed by the SWMU number; and a sequential number indicating 
the location where the sample(s) were collected.  For instance, S1-1 is SDP number 1 at SWMU 1.  The 
individual sample ID for surface soil, subsurface soil and groundwater samples are described below.  


3.7 Surface Soil 
Surface soil sampling is described in SOP1 included in Appendix C.  Surface soil samples are designated 
as those samples collected no more than 0.5 feet in depth.  A one-foot square form will be placed on the 
ground surface and any debris or vegetation will be removed from within the form.  The surface soil 
sample will be collected with a decontaminated stainless steel trowel and placed directly in the sample 
containers.  If more than one sample container is filled, then the soil aliquot will be evenly distributed to 
all the containers from the sample depth within the one foot form.   


Decontamination of the stainless steel trowel will be accomplished using the three bucket system 
consisting of washing the trowel in low phosphate soap with tap water, followed by a triple rinse in tap 
water and one final triple rinse in deionized water.  The trowel will be allowed to air dry before proceeding 
to the next soil sample location.   


The surface soil sample designation will consist of a string of letters and numbers.  The letters “SS” is the 
designation for “surface soil”.  Following the “SS”, the SWMU number will be listed.  Following the 
SWMU number will be the SDP number at that SWMU.  For instance, SS1-1 would designate surface soil 
collected at SDP 1 at SWMU 1. 


3.8 Subsurface Soil 
Subsurface soil samples will be collected using a Geoprobe® push probe rig and tooling.  The SOP for 
collecting subsurface soil is included in SOP2 in Appendix C.  The Geoprobe® Dual Tube 22 (DT22) soil 
sampling system will be used to collect soil samples and install groundwater sampling wells.  The soil 
sampling system is described below.  


The DT22 system will be used to collect continuous soil core samples from ground surface to total depth 
of each soil boring.  A 2.25-inch outside diameter (OD) rod is driven into the ground as an outer casing.  
The outer rods receive the driving force of the hammer.  The second smaller set of 1.25-inch OD rods is 
placed inside the outer casing through which the soil samples are recovered.  A cutting shoe is threaded 
into the leading end of the outer rod string.  When the outer rods are driven into the subsurface, the 
cutting shoe shears a 1.125-inch OD soil core inside a clear plastic liner that is attached to the smaller 
inner rods.  Once filled, the liner with the soil sample is removed from the bottom of the outer casing by 
lifting the inner rods. 


Sampling soil from a cased hole is advantageous in that there is no side wall slough into the open boring.  
Additionally, perched groundwater is isolated from the soil core eliminating potential cross contamination 
of soil with perched water. 
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The subsurface soil sample designation will consist of a string of letters and numbers similar to the 
formatting for surface soil.  The letters “SB” is the designation for soil boring.  Following the “SB”, the 
SWMU number will be listed.  Following the SWMU number will be the SDP number at that SWMU.  
Lastly the final number in the sample ID will be the depth of the sample.  For instance, SB1-1-5 would 
designate a soil sample collected from soil boring at SDP #1 at SWMU 1 and at a depth of 5 feet BGS. 


Decontamination of the DT22 outer and inner rods will be accomplished using a mobile decontamination 
pad (MDP) constructed in an open double axel trailer.  The outer and inner rods will be pressured washed 
within the MDP and the fluids would be contained and disposed of in the Refinery process wastewater 
sewer system (see SOP5 in Appendix C). 


3.9 Groundwater Well Installation 
The DT22 dual casing system will also be used to install small diameter pre-pack well screen and blank 
riser for the purpose of collecting groundwater samples and measuring groundwater levels (calculating 
hydraulic gradient).  The well installation procedures are described in SOP3 (Appendix C). 


An expendable cutting shoe will be used which allows setting prepacked well screen and blank riser 
through the DT22 outer casing.  After the collection of the continuous soil core samples to the total depth, 
a 0.75-inch prepack well screen is lowered to the bottom of the outer casing with the screen interval 
extending above the groundwater surface.  Blank casing is flush threaded to the pre-pack screen up to the 
ground surface.  Pressure is exerted on the well riser while the outer casing is slowly raised.  This 
dislodges the expendable cutting shoe and the well stays at the total depth while the outer casing is 
removed.   The well head will be protected by either placing a 6-inch OD stove pipe casing over the well 
pipe and cementing it into a 12-inch OD hole excavated by hand using a shovel; or, surface completion of 
well head inside a circular vault sealed with concrete apron. 


A groundwater sample collected from the well will be designated using the following letters and numbers. 
The letters “GW” is the designation for groundwater.  Following the “GW”, the SWMU number will be 
listed.  Following the SWMU number will be the SDP number at that SWMU.  For instance, GW1-3 would 
designate a groundwater sample collected from SDP 3 at SWMU 1. 


3.10 Slug Testing 
Slug testing of the shallow groundwater will be performed at select locations with an adequate 
distribution to calculate a range of hydraulic conductivity (K) values throughout the Refinery.  The 
purpose of determining K values is instrumental in evaluating fate and transport rates in groundwater 
and risk assessment scenarios, and is valuable information for determining potential Phase II sampling 
locations.  Slug test procedures are described in SOP4 included in Appendix C. 


Using the same DT22 dual rod system, a screen point 22 (SP22) groundwater system will be used to 
perform slug tests.  An expendable cutting shoe is used on the lead rod of the DT22 casing.  Continuous 
soil cores are collected as described above.  The saturated zone is logged during soil sampling and the slug 
test target depth is determined from the soil log.  


The SP22 is lowered through the outer casing to the desired depth.  The outer casing is retracted while the 
SP22 screen is held in place.  This will expose the screen to the formation groundwater.  The well screen is 
developed using a peristaltic pump and field parameters of dissolved oxygen (DO), oxidation reduction 
potential (ORP), conductivity and temperature are monitored for stabilization. 
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A slug test performed at a well will be documented in the same manner as the soil and groundwater 
samples.  The slug test will be referenced as a “K” for hydraulic conductivity.  The value of K is what is 
determined from a slug test.   The letter “K” is followed by the SWMU number and SDP number.  For 
instance, K1-3 would designate a slug test K value calculated from SDP3 at SWMU 1.   


In pneumatic slug testing, the well head is sealed and air pressure or vacuum is used to change the static 
water level.  As air pressure in the well is increased or decreased, the water level changes until the water 
pressure "up" and the air pressure "down" are equal.  Once the water level is stable, a release valve is 
quickly opened, instantaneously releasing the air pressure or vacuum.  The water level recovers without 
splashing and the pressure transducer and data logger/computer record the changes in water level and 
time. A slug test data logger enables use of sampling of 1, 2, 10 and 38 hertz to meet the requirements for 
low-K formations and high-K formations producing oscillatory response. 


3.11 Decontamination 
3.11.1 Hand Tools and Equipment 
Decontamination procedures are included as SOP5 in Appendix C.  Hand tools and equipment will be 
decontaminated between each sample location by using a three bucket wash and rinse system.  The 
sampling equipment will be washed in the first bucket using low-phosphate detergent and tap water, 
followed by a triple rinse in bucket two containing tap water and lastly a triple rinse in bucket three 
containing deionized/distilled water.  The sampling equipment will then be allowed to air dry before 
proceeding to the next sampling grid.   


One equipment rinseate sample per day will be collected by pouring distilled water over the 
decontaminated field equipment and collecting the rinseate water into the sample containers.  The 
equipment rinseate sample will be submitted to the laboratory for analyses of COCs listed in the Phase I 
Work Plan. 


3.11.2 Push Probe/Drilling Equipment 
All down hole drilling equipment and associated tools will be pressure-washed between boreholes.  Pipe 
racks or similar will be used to elevate the drilling equipment (e.g., rods and augers) during pressure 
washing.  Decontamination of the DT22 outer and inner rods will be accomplished using a mobile 
decontamination pad (MDP) constructed in an open double axel trailer.  The outer and inner rods would 
be pressured washed within the MDP and the fluids would be contained and disposed of in the BWO 
process wastewater treatment system. 


3.12. Investigation Derived Waste 
Investigation derived waste (IDW) will include soil, groundwater, and personal protection equipment 
(PPE).  The following IDW rules will apply for the SAP. 


Soil is generated from core samples recovered from the push probe plastic sleeves.  The unused soil and 
used plastic sleeve will be placed in drums or an 8-yard roll off bin to be sampled in accordance with 
requirements for appropriate off-site disposal.  The soil will be disposed of at Safety Clean Grassy 
Mountain facility in Tooele County, Utah.  A Waste Profile Sheet will be completed with the required 
analytical documentation and reviewed by Safety Clean prior to disposal.  All waste manifests and Safety 
Clean Receipt of Waste will be included in the report documentation of the Phase I activities.   
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Groundwater collected from the wells during sampling will be placed in 55-gallon drums.  Following the 
completion of the investigation, the drummed groundwater will be discharged to the refinery process 
sewer system.   


Based on the screening results, used PPE does not warrant any special disposal.  PPE will be disposed of 
in refinery trash receptacles located on the Refinery property. 


3.13 Schedule 
The schedule for completing the Phase I investigation is presented below.  The start and completion dates 
are estimated and may change during the course of the Phase I investigation. 


Task Approximate Dates 
Work Plan Submittal 06/08/2017 
Survey and repair BWO monitoring wells June 2017 
Geophysical survey for utilities at all proposed sampling locations June-July 2017 
Phase I Sampling Within 90 days following receipt 


of Work Plan approval 
Prepare Report of Phase I Sampling Within 180 days following 


receipt of Work Plan approval 
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4.0 SWMU/AOC Phase I Sampling 
The Utah WMRC identified a total of 30 SWMUs and 2 AOC s in the Stipulation and Consent Order for 
Corrective Action effective August 5, 2015.  The WMRC approved the CCR and the request for No Further 
Action (NFA) of the following: 


• SWMU 30 TEL Weathering Area;
• SWMU 38 Former Drum Storage;  and
• SWMU 36 Former Raw Sewage Transport Ditch (WMRC, 2016).


Therefore there are a total of 27 SWMUs and two (2) AOC presented in the Phase I WP.  The SWMU and 
AOC locations are shown on Figure 1-1.  The SWMU outline shown on Figure 1-1 is a reference figure 
for the approximate boundary of each SWMU.     


The rationale for analytical methods proposed to detect the potential COCs was presented in Section 3.3.  
All the soil and groundwater samples except those collected based on PID measurements alone (typically 
the second sample collected from the boring and analyzed for VOC only), will be analyzed for the 
following to establish presence or absence unless otherwise specified: 


• VOC using EPA Methods 8260B and 8260B SIM;
• SVOC using EPA Method 8270C and 8270C SIM;
• RCRA metals using EPA Methods 7471 (mercury), 6010 and 6020 (selenium).


In this section each SWMU is first briefly described followed by the potential waste characteristics at each 
SWMU, and lastly the proposed SDP locations.  The proposed sampling locations are approximate and 
may be adjusted at the time of sampling due to underground utilities and other safety and logistical 
considerations.  However the intent is to complete the indicated number of borings as close as possible to 
the locations presented in the following sections.  The Phase I sampling approach was described in 
Section 3.0.  The sampling depth in each soil boring is determined by the greatest %RE determined by 
LIF, and potentially by the greatest PID measurement.  If the LIF %RE does not indicate any petroleum 
hydrocarbon impacts in a boring, the depth which records the highest PID measurement will be collected.  
If neither the LIF nor the PID methods detect potential petroleum hydrocarbons, the depth immediately 
above first encountered groundwater will be collected.  Refer to SOPs in Appendix C for detailed 
procedures. 


The proposed sample locations for all SWMUs and AOCs are presented on Figure 4-1.  The sample 
schedule for Phase I sampling is presented in Table 4-1.   In Table 4-1, a blank row is included below 
each soil boring in the event a second soil sample is collected.  The blank row is then filled in with the 
appropriate information in the field at the time the second sample is collected.  The final version of this 
table will be used in the field to verify the correct sampling locations, COCs to sample for at each location 
and verification of the correct sample containers for each SWMU. 


The following sections include each SWMU sampling plan with a figure showing the sampling locations 
and the number and type of samples to be collected.  The intent was to be able to remove each SWMU 
sampling plan from the WP and use it in the field at the time of sampling. 
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4.1 SWMU 1 API 1 Separator 
4.1.1 SWMU1 Description 
SWMU 1 is an oil-water separator termed API 1.  It is designed to separate oil and suspended solids from 
process water discharged from the Millisecond Catalytic Cracking (MSCC) and hydrofluoric (HF) 
Alkylation process areas located in the northeast area of the Refinery (Figure 4-1).  Recovered oil at the 
water surface is piped back to Tank 1B and reprocessed as refinery stock.  Sediment collected at the 
bottom of the API 1 is centrifuged for disposal.  The concrete pad and berm south of the MSCC Separator 
is a heat exchanger bundle cleaning pad. 


4.1.2 SWMU 1 Potential Waste Characteristics 
The potential wastes that may be present at SWMU 1 are presented below.  Surface soil staining was noted 
by WMRC during their initial inspection in 1998. 


SWMU 1 


Waste Characterization Conceptual Model 


Solid Liquid Other Potential COC Waste Distribution/Migration 
Potential 


K051 API Separator 
sludge D004-D011 Metals Metals SVOC VOC 


1. Potential overflow of
separator causing surface 
impacts. 


D004-D001 Metals D018 Reformer 
reactor waste Metals SVOC VOC 2. Potential surface impacts


migrate to groundwater. 


F037 Oil/water 
separation debris K049 Slop oil Metals SVOC VOC 


3. Potential leaks in subsurface 
influent and effluent piping and 
migration to groundwater. 


4. Comingling with former tank-
water draw groundwater 
plume. 


4.1.3 Proposed Sampling Locations SWMU 1 
The proposed sampling locations are shown in Figure 4-2.  The samples proposed for collection at the 
locations shown in Figure 4-2 include one surface soil sample at each SDP; three soil borings collecting 
one or two soil samples per boring from the depth where the greatest LIF %RE and/or PID value is 
recorded; and one groundwater sample collected at S1-1.  A slug test will be performed at S1-1. 
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Figure 4-2 SWMU 1 API 1 Sampling Locations 


4.1.4 Summary of Samples at SWMU 1 
SWMU 1 S1-1: 


• One surface soil sample (SS1-1)
• One soil boring to a depth of 12 feet BGS and one or two soil boring samples (SB1-1-_ )(SB1-1-_)
• One groundwater sample from well installed approximately 12-15 feet BGS (GW1-1)
• Perform one slug test at GW1-1


SWMU 1 S1-2: 
• One surface soil sample (SS1-2)
• One soil boring to a depth of 12 feet BGS and one or two soil boring samples (SB1-2-_)(SB1-2_)


SWMU 1 S1-3: 
• One surface soil sample (SS1-3)
• One soil boring to a depth of 12 feet BGS and one or two soil boring samples (SB1-3-_ )(SB1-3-_)


S1-3 


S1-1 


S1-2 
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4.2 SWMU 2 API 2 Separator 
4.2.1 SWMU1 Description 
SWMU 2 is the second API oil-water separator designed to treat process wastewater from the Crude Unit.   
Process wastewater from the Crude Unit would potentially come in contact with the crude oil distillation 
process.  Recovered oil from API2 Separator is piped to Process Tank 1-B and re-processed.  Sediment is 
removed and centrifuged for disposal. 


4.2.2 SWMU 2 Potential Waste Characteristics 
The potential wastes that may be present at SWMU 2 are presented below.  Surface soil staining was 
noted by WMRC during their initial inspection in 1998. 


SWMU 2 


Waste Characterization Conceptual Model 


Solid Liquid Other Potential COC Waste Distribution/Migration 
Potential 


K051 API Separator 
sludge D004-D011 Metals   Metals SVOC VOC 


1. Potential overflow of 
separator causing surface 
impacts. 


D004-D001 Metals 
F003 Spent non-
halogenated 
solvents 


  Metals SVOC VOC 2. Potential surface impacts 
migrate to groundwater. 


F037 Oil/water 
separation debris K049 Slop oil   Metals SVOC VOC 


3. Potential leaks in subsurface 
influent and effluent piping and 
migration to groundwater. 


  D035 Wastes 
containing MEK   VOC 


4. Comingling with former tank-
water draw groundwater 
plume. 


  
   


4.2.3 Proposed Sampling Locations SWMU 2 
The proposed sampling locations are shown in Figure 4-3.  The samples proposed for collection at the 
locations shown in Figure 4-3 include one surface soil samples at each SDP; three soil borings collecting 
one or two soil samples per boring from the depth where the greatest LIF %RE and/or PID value is 
recorded; and one groundwater sample collected at S2-1.  
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Figure 4-3 SWMU 2 API 2 Sampling Locations 
 


4.2.4 Summary of Samples at SWMU 2 
SWMU 2 S2-1: 


• One surface soil sample (SS2-1) 
• One soil boring to a depth of 12 feet BGS and one or two soil boring samples (SB2-1-_ )(SB2-1-_) 
• One groundwater sample from well installed approximately 12-15 feet BGS (GW2-1) 


 
SWMU 2 S2-2: 


• One surface soil sample (SS2-2) 
• One soil boring to a depth of 12 feet BGS and one or two soil boring samples (SB2-2-_ )(SB2-2-_) 


 
SWMU 2 S2-3: 


• One surface soil sample (SS2-3) 
• One soil boring to a depth of 12 feet BGS and one or two soil boring samples (SB2-3-_ )(SB2-3-_) 


 
  


S2-1 


S2-3 


S2-2 


API 2 
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4.3 SWMU 3 API 3 Separator 
4.3.1 SWMU 3 Description 
SWMU 3 is a third separator that is installed downstream of the API 1 and API 2 Separators and up-
gradient of the Dissolved Air Floatation (DAF).  API 3 Separator is located just west of API 2 Separator 
(Figure 4-1).  API 3 Separator is designed to remove oil and suspended solids.  Wastewater is pumped 
from the API 3 Separator to Tanks 9 and 90 to further settle out suspended solids and float potential oil 
droplets to the water surface for removal.  Recovered oil from the API 3 Separator and Tanks 9 and 90 are 
contained in Process Tank 1-B. Wastewater from Tanks 9 and 90 are discharged downstream to the DAF. 


4.3.2 SWMU 3 Potential Waste Characteristics 
The potential wastes that may be present at SWMU 3 are presented below.  Surface soil staining was 
noted by WMRC during their initial inspection in 1998. 


SWMU 3 


Waste Characterization Conceptual Model 


Solid Liquid Other Potential COC Waste Distribution/Migration 
Potential 


K051 API Separator 
sludge D004-D011 Metals   Metals SVOC VOC 


1. Potential overflow of 
separator causing surface 
impacts. 


D004-D001 Metals 
F003 Spent non-
halogenated 
solvents 


  Metals SVOC VOC 2. Potential surface impacts 
migrate to groundwater. 


F037 Oil/water 
separation debris K049 Slop oil   Metals SVOC VOC 


3. Potential leaks in subsurface 
influent and effluent piping and 
migration to groundwater. 


  D035 Wastes 
containing MEK   VOC 


4. Comingling with former tank-
water draw groundwater 
plume. 


 
4.3.3 Proposed Sampling Locations SWMU 3 
The proposed sampling locations are shown on Figure 4-4.  The samples proposed for collection at the 
locations shown in Figure 4-4 include one surface soil sample at each SDP; three soil borings collecting 
one or two soil samples per boring from the depth where the greatest LIF %RE and/or PID value is 
recorded; and one groundwater sample collected at S3-1.  
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Figure 4-4 SWMU 3 API 3 Sampling Locations 
 


4.3.4 Summary of Samples at SWMU 3 
SWMU 3 S3-1: 


• One surface soil sample (SS3-1) 
• One soil boring to a depth of 12 feet BGS and one or two soil boring samples (SB3-1-_ )(SB3-1-_) 
• One groundwater sample from well installed approximately 12-15 feet BGS (GW3-1) 
• Perform one slug test at GW3-1 


 
SWMU 3 S3-2: 


• One surface soil sample (SS3-2) 
• One soil boring to a depth of 12 feet BGS and one or two soil boring samples (SB3-2-_ )(SB3-2-_) 


 
SWMU 3 S3-3: 


• One surface soil sample (SS3-3) 
• One soil boring to a depth of 12 feet BGS and one or two boring samples (SB3-3-_ )(SB3-3-_) 


  


S3-2 


S3-3 


S3-1 


API 3 Separator 
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4.4 SWMU 4 DAF 
4.4.1 SWMU 4 Description 
SWMU 4 is the DAF unit that further removes oil and/or solids from the process wastewaters down-
stream of API Separators 1 and 2 (Figure 4-1).  A new DAF was installed in August of 2008 adjacent to 
the former DAF.  The former DAF remains in place but is no longer used. 


4.4.2 SWMU 4 Potential Waste Characteristics 
The potential wastes that may be present at SWMU 4 are presented below.  Surface soil staining was 
noted by WMRC during their initial inspection in 1998. 


SWMU 4 


Waste Characterization Conceptual Model 


Solid Liquid Other Potential COC Waste Distribution/Migration 
Potential 


K048 Dissolved air 
floatation  floats D004-D011 Metals   Metals SVOC VOC 


1. Potential overflow of 
separator causing surface 
impacts. 


D004-D001 Metals 
F003 Spent non-
halogenated 
solvents 


  Metals SVOC VOC 2. Potential surface impacts 
migrate to groundwater. 


F037 Oil/water 
separation debris K049 Slop oil   Metals SVOC VOC 


3. Potential leaks in subsurface 
influent and effluent piping and 
migration to groundwater. 


K051 API Separator 
sludge 


D035 Wastes 
containing MEK   Metals SVOC VOC 


4. Comingling with former tank-
water draw groundwater 
plume. 


 


4.4.3 Proposed Sampling Locations SWMU 4 
The proposed sampling locations are shown on Figure 4-5. The samples proposed for collection at the 
locations shown in Figure 4-5 include one surface soil sample at each SDP and three soil borings 
collecting one or two soil samples per boring from the depth where the greatest LIF %RE and/or PID 
value is recorded. 
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Figure 4-5 SWMU 4 DAF Sampling Locations 
 


4.4.4 Summary of Samples at SWMU 4 
SWMU 4 S4-1: 


• One surface soil sample (SS4-1) 
• One soil boring to a depth of 12 feet BGS and one or two soil boring samples (SB4-1-_ )(SB4-1-_) 


 
SWMU 4 S4-2: 


• One surface soil sample (SS4-2) 
• One soil boring to a depth of 12 feet BGS and one or two soil boring samples (SB4-2-_ )(SB4-2-_) 


 
SWMU 4 S4-3: 


• One surface soil sample (SS4-3) 
• One soil boring to a depth of 12 feet BGS and one or two soil boring samples (SB4-3-_ )(SB4-3-_) 


S4-3 


S4-1 


S4-2 


Former DAF 
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4.5 SWMU 5 Tank 1A 
4.5.1 SWMU 5 Description 
SWMU 5 is a wastewater process tank located immediately north of API 2 Separator and is designed to 
containerize sludge and solids removed from API 2 and 3 Separators (Figure 4-1).  This unit lacked a 
concrete berm surrounding the tank when it was inspected by WMRC in 1999. 


4.5.2 SWMU 5 Potential Waste Characteristics 
The potential wastes that may be present at SWMU 5 are presented below.  Surface soil staining was 
noted by WMRC during their initial inspection in 1998. 


SWMU 5 


Waste Characterization Conceptual Model 


Solid Liquid Other Potential COC Waste Distribution/Migration 
Potential 


K051 API Separator 
sludge D004-D011 Metals   Metals SVOC VOC 


1. Potential overflow of 
separator causing surface 
impacts. 


D004-D001 Metals 
F003 Spent non-
halogenated 
solvents 


  Metals SVOC VOC 2. Potential surface impacts 
migrate to groundwater. 


F037 Oil/water 
separation debris K049 Slop oil   Metals SVOC VOC 


3. Potential leaks in subsurface 
influent and effluent piping and 
migration to groundwater. 


  D035 Wastes 
containing MEK   VOC 


4. Comingling with former tank-
water draw groundwater 
plume. 


MEK methyl ethyl ketone 
   


4.5.3 Proposed Sampling Locations SWMU 5  
The proposed sampling locations are shown on Figure 4-6. The list of samples proposed for collection at 
the locations shown in Figure 4-6 include one surface soil sample at each SDP and three soil borings 
collecting one or two soil samples per boring from the depth where the greatest LIF %RE and/or PID 
value is recorded. 
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Figure 4-6 SWMU 5 Tank 1A Sampling Locations 


4.5.4 Summary of Samples at SWMU 5 
SWMU 5 S5-1: 


• One surface soil sample (SS5-1)
• One soil boring to a depth of 12 feet BGS and one or two soil boring samples (SB5-1-_ )(SB5-1-_)
• One groundwater sample from well installed approximately 12-15 feet BGS (GW5-1)


SWMU 5 S5-2: 
• One surface soil sample (SS5-2)
• One soil boring to a depth of 12 feet BGS and one or two soil boring samples (SB5-2-_ )(SB5-2-_)


SWMU 5 S5-3: 
• One surface soil sample (SS5-3)
• One soil boring to a depth of 12 feet BGS and one or two soil boring samples (SB5-3-_ )(SB5-3-_)


S5-3 


S5-1 


S5-2 


Tank 1A 


SWMU 2 
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4.6 SWMU 6 Surface Impoundment 1 
4.6.1 SWMU 6 Description 
SWMU 6 is Surface Impoundment 1; a former process wastewater pond.  Closure activities were 
conducted on the surface impoundments from September 1988 through September 1989 and included the 
removal of 8,200 tons of sludge and underlying soil disposed of at off-site hazardous waste landfill 
(Dames and Moore, 1990).  


4.6.2 SWMU 6 Potential Waste Characteristics 
The potential wastes that may be present at SWMU 6 are presented below. 


SWMU 6 


Waste Characterization Conceptual Model 


Solid Liquid Other Potential COC Waste Distribution/Migration 
Potential 


Former wastewater 
pond contaminated 
soil 


Former wastewater 
pond contaminated 
groundwater 


Metals SVOC VOC 
1. Potential residual impacted 
soil from former wastewater 
pond. 


F037 Oil/water 
separation debris 


F003 Spent non-
halogenated 
solvents 


Metals SVOC VOC 
2. Potential groundwater
impacts from former wasewater 
pond. 
3. Potential migration of
impacted groundwater. 
4. Comingling with former tank-
water draw groundwater 
plume. 


4.6.3 Proposed Sampling Locations SWMU 6 
The proposed sampling locations are shown on Figure 4-7. The list of samples proposed for collection at 
the locations shown in Figure 4-7 include three soil borings collecting one or two soil samples per boring 
from the depth where the greatest LIF %RE and/or PID value is recorded, and one well at location S6-1. 
Note existing well S85-12 downgradient and west of both SWMUs 6 and 7. 
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Figure 4-7 SWMU 6 Surface Impoundment 1 Sampling Locations 
 


4.6.4 Summary of Samples at SWMU 6 
SWMU 6 S6-1: 


• One soil boring to a depth of 12 feet BGS and one or two soil boring samples (SB6-1-_ )(SB6-1-_) 
• One groundwater sample from well installed approximately 12-15 feet BGS (GW6-1) 


 
SWMU 6 S6-2: 


• One soil boring to a depth of 12 feet BGS and one or two soil boring samples (SB6-2-_ )(SB6-2-_) 
 
SWMU 6 S6-3: 


• One soil boring to a depth of 12 feet BGS and one or two soil boring samples (SB6-3-_ )(SB6-3-_) 


  


S6-3 


S6-2 


S6-1 


Surface 
Impoundment 1 


Well S-85-12 
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4.7 SWMU 7 Surface Impoundment 2 
4.7.1 SWMU 7 Description 
SWMU 7 is Surface Impoundment 2; the second former process wastewater pond adjacent to Surface 
Impoundment 1 which is now partially occupied by Tanks 9 and 90 and part of Tank 29.  It too was closed 
in 1988 and 1989 by removing all sludge and sediments and excavating some soil below the pond (Dames 
and Moore, 1990).  


4.7.2 SWMU 7 Potential Waste Characteristics 
The potential wastes that may be present at SWMU 7 are presented below. 


SWMU 7 


Waste Characterization Conceptual Model 


Solid Liquid Other Potential COC Waste Distribution/Migration 
Potential 


Former wastewater 
pond contaminated 
soil 


Former wastewater 
pond contaminated 
groundwater 


Metals SVOC VOC 
1. Potential residual impacted 
soil from former wastewater 
pond. 


F037 Oil/water 
separation debris 


F003 Spent non-
halogenated 
solvents 


Metals SVOC VOC 
2. Potential groundwater
impacts from former 
wastewater pond. 
3. Potential migration of
impacted groundwater. 
4. Comingling with former tank-
water draw groundwater 
plume. 


4.7.3 Proposed Sampling Locations SWMU 7 
The list of samples proposed for collection at the locations shown in Figure4-8 include three soil borings 
collecting one or two soil samples per boring from the depth where the greatest LIF %RE and/or PID 
value is recorded, and one well at location S7-1. Note existing well S85-12 downgradient and west of both 
SWMUs 6 and 7. 
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Figure 4-8 SWMU 7 Surface Impoundment 2 Sampling Locations 
 


4.7.4 Summary of Samples at SWMU 7 
SWMU 7 S7-1: 


• One soil boring to a depth of 12 feet BGS and one or two soil boring samples (SB7-1-_ )(SB7-1-_) 
 
SWMU 7 S7-2: 


• One soil boring to a depth of 12 feet BGS and one or two soil boring samples (SB7-2-_)(SB7-2-_) 
 
SWMU 7 S7-3: 


• One soil boring to a depth of 12 feet BGS and one or two soil boring samples (SB7-3-_ )(SB7-3-_) 


  


S7-3 


S7-1 


S7-2 


Surface 
Impoundment 2 


Well S-85-12 
Former Tank 7 
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4.8 SWMU 8 Surface Impoundment 3 
4.8.1 SWMU 8 Description 
SWMU 8 is Surface Impoundment 3; the third former process wastewater pond which was located just 
east of the Boneyard and now occupied by Tanks 19 and 45 (Figure 4.1).  It too was closed in 1988 and 
1989 by removing all sludge and sediments and excavating some soil below the pond (Dames and Moore, 
1990).   


4.8.2 SWMU 8 Potential Waste Characteristics 
The potential wastes that may be present at SWMU 8 are presented below. 


SWMU 8 


Waste Characterization Conceptual Model 


Solid Liquid Other Potential COC Waste Distribution/Migration 
Potential 


Former wastewater 
pond contaminated 
soil 


Former wastewater 
pond contaminated 
groundwater 


Metals SVOC VOC 
1. Potential residual impacted 
soil from former wastewater 
pond. 


F037 Oil/water 
separation debris 


F003 Spent non-
halogenated 
solvents 


Metals SVOC VOC 
2. Potential groundwater
impacts from former 
wastewater pond. 
3. Potential migration of
impacted groundwater. 
4. Comingling with former tank-
water draw groundwater 
plume. 


4.8.3 Proposed Sampling Locations SWMU 8 
The list of samples proposed for collection at the locations shown in Figure 4-9 include one surface soil 
sample at each SDP; three soil borings collecting one or two soil samples per boring from the depth where 
the greatest LIF %RE and/or PID value is recorded, and one well at location S8-2. Note existing well S85-
18 downgradient and southwest of SWMU 8. 
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Figure 4-9 SWMU 8 Surface Impoundment 3 Sampling Locations 
 
4.8.4 Summary of Samples at SWMU 8 
SWMU 8 S8-1: 


• One surface soil sample (SS8-1) 
• One soil boring to a depth of 12 feet BGS and one or two soil boring samples (SB8-1-_ )(SB8-1-_) 
• One groundwater sample from well installed approximately 12-15 feet BGS (GW8-1) 
• Perform slug test GW8 


 
SWMU 8 S8-2: 


• One surface soil sample (SS8-2) 
• One soil boring to a depth of 12 feet BGS and one or two soil boring samples (SB8-2-_ )(SB8-2-_) 


 
SWMU 8 S8-3: 


• One surface soil sample (SS8-3) 
• One soil boring to a depth of 12 feet BGS and one or two soil boring samples (SB8-3-_)(SB8-3-_) 


  


S8-3 


S8-2 


S8-1 


Surface 
Impoundment 3 


Well S-85-18 
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4.9 SWMU 13 Boneyard 
4.9.1 SWMU 13 Description 
SWMU 13 is the equipment and material yard termed the Boneyard located just west of SWMU 8 
(Figure 4-1).  The EPA Preliminary Assessment identified asphalt and heavy wax piles, oily debris, 
Thermal Catalytic Cracking (TCC) catalyst piles, lime sludge piles, transformers and drum storage at this 
unit.  Consistent with contemporary records, BWO maintains that the Boneyard has never contained 
RCRA hazardous waste.  


4.9.2 SWMU 13 Potential Waste Characteristics 
The potential wastes that may be present at SWMU 13 are presented below. 


SWMU 13 


Waste Characterization Conceptual Model 


Solid Liquid Other Potential COC Waste Distribution/Migration 
Potential 


Impacted soil Impacted 
groundwater Metals SVOC VOC 1. Construction building debris


may leach COCs into soil. 


2. Potential groundwater
impacts from surface material 
leaching COC to groundwater. 


3. Potential migration of
impacted groundwater. 
4. Comingling with former tank-
water draw groundwater 
plume. 


4.9.3 Proposed Sampling Locations SWMU 13 
The list of samples proposed for collection at the locations shown in Figure 4-10 include one surface soil 
sample at each SDP; four soil borings collecting one or two soil samples per boring from the depth where 
the greatest LIF %RE and/or PID value is recorded and one well at location S13-1. 







RFI Phase I Work Plan 
Big West Oil North Salt Lake Refinery 


UTDO45267127 
 


 


Big West/North Salt Lake/Reports/RCRA/RFI Phase I WP June 8, 2017 48 
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Figure 4-10 SWMU 13 Boneyard Sampling Locations 
 


4.9.4 Summary of Samples at SWMU 13 
SWMU 13 S13-1: 


• One surface soil sample (SS13-1) 
• One soil boring, depth of 12 feet BGS and one or two soil boring samples (SB13-1-_ )(SB13-1-_) 
• One groundwater sample from well installed approximately 12-15 feet BGS (GW13-1) 
• Perform slug test GW13 


 
SWMU 13 S13-2: 


• One surface soil sample (SS13-2) 
• One soil boring, depth of 12 feet BGS and one or two soil boring samples (SB13-2-_ )(SB13-2-_) 


 
SWMU 13 S13-3: 


• One surface soil sample (SS13-3) 
• One soil boring, depth of 12 feet BGS and one or two soil boring samples (SB13-3-_ )(SB13-3-_) 


S13-3 


S13-1 


S13-2 


Boneyard 


S13-4 
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SWMU 13 S13-4: 
• One surface soil sample (SS13-4)
• One soil boring, depth of 12 feet BGS and one or two soil boring samples (SB13-4-_ )(SB13-4-_)
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4.10 SWMU 15 Skimmer Following DAF 
4.10.1 SWMU 15 Description 
SWMU 15, the Skimmer following the DAF, is located west of Lower Road adjacent to the north side of the 
Storage Shop (Figure 4-1).  The primary purpose of the Skimmer is to manage wastewater flow to the 
South Davis POTW. 


4.10.2 SWMU 15 Potential Waste Characteristics 
The potential wastes that may be present at SWMU 15 are presented below. 


SWMU 15 


Waste Characterization Conceptual Model 


Solid Liquid Other Potential COC Waste Distribution/Migration 
Potential 


F037 Oil/water 
separation debris D004-D011 Metals   Metals SVOC VOC 1. Potential overflow of DAF 


causing surface impacts. 


K051 API Separator 
sludge 


F003 Spent non-
halogenated 
solvents 


  Metals SVOC VOC 2. Potential surface impacts 
migrate to groundwater. 


  


K049 Slop oil   Metals SVOC VOC 
3. Potential leaks in subsurface 
influent and effluent piping and 
migration to groundwater. 


  


D035 Wastes 
containing MEK   Metals SVOC VOC 


4. Comingling with former tank-
water draw groundwater 
plume. 


 


4.10.3 Proposed Sampling Locations SWMU 15 
The samples proposed for collection at the locations shown in Figure 4-11 include one surface soil 
sample at each SDP; three soil borings collecting one or two soil samples per boring from the depth where 
the greatest LIF %RE and/or PID value is recorded; and one groundwater sample collected at S15-1.  
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Figure 4-11 SWMU 15 Skimmer following DAF Sampling Locations 
 
4.10.3 Summary of Samples at SWMU 15 
SWMU 15 S15-1: 


• One surface soil sample (SS15-1) 
• One soil boring, depth of 12 feet BGS and one or two soil boring samples (SB15-1-_ )(SB15-1-_) 
• One groundwater sample from well installed approximately 12-15 feet BGS (GW15-1) 


 
SWMU 15 S15-2: 


• One surface soil sample (SS15-2) 
• One soil boring, depth of 12 feet BGS and one or two soil boring samples (SB15-2-_ )(SB15-2-_) 


 
SWMU 15 S15-3: 


• One surface soil sample (SS15-3) 
• One soil boring, depth of 12 feet BGS and one or two soil boring samples (SB15-3-_ )(SB15-3-_) 


  


S15-1 S15-3 


S15-2 


Skimmer 
following DAF 
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4.11 SWMU 17 Tank 7 
4.11.1 SWMU 17 Description 
SWMU 17 is a former wastewater process tank (Tank 7) that was used to meter wastewater to the DAF 
unit.  The former tank outline is shown on Figure 4-12.  Tank 7 was removed in 2010 and replaced by 
Tanks 9 and 90. 


4.11.2 SWMU 17 Potential Waste Characteristics 
The potential wastes that may be present at SWMU 17 are presented below. 


SWMU 17 


Waste Characterization Conceptual Model 


Solid Liquid Other Potential COC Waste Distribution/Migration 
Potential 


Soil below/around 
former wastewater 
AST 


Former wastewater 
AST contaminated 
groundwater 


  Metals SVOC VOC 
1. Potential residual impacted 
soil from leaks/discharge from 
AST. 


  
F003 Spent non-
halogenated 
solvents 


  Metals SVOC VOC 
2. Potential groundwater 
impacts from leaks/discharge 
from AST. 


  D0035 Waste 
containing MEK     3. Potential migration of 


impacted groundwater. 


        
4. Comingling with former tank-
water draw groundwater 
plume. 


AST Above Ground Storage Tank 
   


4.11.3 Proposed Sampling Locations SWMU 17  
The samples proposed for collection at the locations shown in Figure 4-12 include one surface soil 
sample at each SDP because the former tank postdates the former impoundments; two soil borings 
collecting one or two soil samples per boring from the depth where the greatest LIF %RE and/or PID 
value is recorded; and one groundwater sample collected at S17-1.  Two sample locations are sufficient 
because additional soil and groundwater samples will be collected from SWMUs 6 and 7 in the same 
general area. 
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Figure 4-12 SWMU 17 Tank 7 Sampling Locations 


4.11.4 Summary of Samples at SWMU 17 
SWMU 17 S17-1: 


• One surface soil sample (SS17-1)
• One soil boring, depth of 12 feet BGS and one or two soil boring samples (SB17-1-_ )(SB17-1-_)
• One groundwater sample from well installed approximately 12-15 feet BGS (GW17-1)
• Perform slug test GW17


SWMU 17 S17-2: 
• One surface soil sample (SS17-2)
• One soil boring, depth of 12 feet BGS and one soil boring sample (SB17-2-_ )(SB17-2-_)


S17-1 


S17-2 


Former Tank 7 
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4.12 SWMU 19 Former Flare Pit 
4.12.1 SWMU 19 Former Flare Pit 
SWMU 19 is the former flare pit located east of the South Flare.  The former flare pit is now the site of new 
vapor emission knock-out tank that is piped in-line to the South Flare.  The former flare pit, shown in a 
1960’s aerial overlain on a current image (Figure 4-13), was a ground flare system that was operated in 
the 1960’s and contained a discharge port surrounded by an earthen berm constructed at or near the 
ground surface. 


4.12.2 SWMU 19 Potential Waste Characteristics 
The potential wastes that may be present at SWMU 19 are presented below. 


SWMU 19 


Waste Characterization Conceptual Model 


Solid Liquid Other Potential COC Waste Distribution/Migration 
Potential 


Contaminated soil 
below/around 
former flare pit 


Contaminated 
groundwater below 
former flare pit 


  Metals SVOC VOC 
1. Potential impacted soil from 
incomplete combustion in flare 
pit. 


        
2. Potential groundwater 
impacts from impacted soil in 
flare pit. 


        3. Potential migration of 
impacted groundwater. 


        
4. Comingling with former tank-
water draw groundwater 
plume. 


 


4.12.3 Proposed Sampling Locations SWMU 19 Former Flare Pit 
The samples proposed for collection at the locations shown in Figure 4-13 include one surface soil 
sample at each SDP; two soil borings collecting one or two soil sample per boring from the depth where 
the greatest LIF %RE and/or PID value is recorded; and one groundwater sample collected at S19-1.  
Former Land Treatment Area (LTA) wells S-1, S-2 and S-13 are located south and southwest of the Former 
Flare Pit. 
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Figure 4-13 SWMU 19 Former Flare Pit Sampling Locations 
 


4.12.4 Summary of Samples at SWMU 19 
SWMU 19 S19-1: 


• One surface soil sample (SS19-1) 
• One soil boring, depth of 12 feet BGS and one or two soil boring samples (SB19-1-_ )(SB19-1-_) 
• One groundwater sample from well installed approximately 12-15 feet BGS (GW19-1) 
• Perform slug test GW19 


 
SWMU 19 S19-2: 


• One surface soil sample (SS19-2) 
• One soil boring, depth of 12 feet BGS and one or two soil boring samples (SB19-2-_ )(SB19-2-_) 


 
SWMU 19 S19-3: 


• One surface soil sample (SS19-3) 
• One soil boring, depth of 12 feet BGS and one or two soil boring samples (SB19-3-_ )(SB19-3-_) 


  


S19-1 


S19-2 


Former Flare Pit 


Former LTA 


S19-3 


Well S-1 
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4.13 SWMU 20 Tank Farm, Tank-water draw Disposal Area 
4.13.1 SWMU 20 Description 
The former tank dewatering procedure was to discharge tank-water to the ground surface within the tank 
berm.  Since 1990, the tank-draw system is connected to the Refinery sewer system as shown by the blue 
lines in Figure 4-14.  Elevated BTEX concentrations in soil and groundwater (GeoWest 1993 and 2002), 
potentially associated with historic tank-water draw activities, and were identified in the general tank 
farm area so sampling the individual tanks is not needed to determine presence or absence. 


4.13.2 SWMU 20 Potential Waste Characteristics 
The potential wastes that may be present at SWMU 20 are presented below. 


SWMU 20 


Waste Characterization Conceptual Model 


Solid Liquid Other Potential COC Waste Distribution/Migration 
Potential 


Contaminated soil 
from former tank-
water draw 
practice.  


Contaminated 
groundwater from 
former tank-water 
draw practice. 


  Metals SVOC VOC 
1. Potential soil contamination 
from former tank-water draw 
process. 


  LNAPL   VOC 
2. Potential groundwater 
contamination from former 
tank-water draw process. 


        3. Potential leaks from AST and 
AST piping. 


          
LNAPL Light non-aqueous phase liquid 


   


4.13.3 Proposed Sampling Locations SWMU 20 
The list of samples proposed for collection at the locations shown in Figure 4-14 include one surface soil 
sample at each SDP; 12 soil borings collecting one or two soil samples per boring from the depth where 
the greatest LIF %RE and/or PID  value is recorded and 4 wells at locations S20-1 , S20-2, S20-3 and 
S20-4. 
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Figure 4-14 SWMU 20 Tank Farm, Tank-water draw Disposal Area 


4.13.3 Summary of Samples at SWMU 20 
SWMU 20 S20-1: 


• One surface soil sample (S20-1)
• One soil boring, depth of 12 feet BGS and one or two soil boring samples (SB20-1-_ )(SB20-1-_)
• One groundwater sample from well installed approximately 12-15 feet BGS (GW20-1)
• One slug test at GW20-1


SWMU 20 S20-2: 
• One surface soil sample (S20-2)
• One soil boring, depth of 12 feet BGS and one or two soil boring samples (SB20-2-_ )(SB20-2-_)
• One groundwater sample from well installed approximately 12-15 feet BGS (GW20-2)
• One slug test at GW20-2


SWMU 20 S20-3: 
• One surface soil sample (S20-3)
• One soil boring, depth of 12 feet BGS and one or two soil boring samples (SB20-3-_ )(SB20-3-_)
• One groundwater sample from well installed approximately 12-15 feet BGS (GW20-3)


S20-9 


S20-7 


S20-3 


S20-10 


S20-4 


S20-5 
S20-1 


S20-2 
S20-8 


S20-6 


S20-11 


S20-12 
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SWMU 20 S20-4: 


• One surface soil sample (S20-4) 
• One soil boring, depth of 12 feet BGS and one or two soil boring samples (SB20-4-_ )(SB20-4-_) 
• One groundwater sample from well installed approximately 12-15 feet BGS (GW20-4) 
• One slug test at GW20-4 


 
SWMU 20 S20-5: 


• One surface soil sample (S20-5) 
• One soil boring, depth of 12 feet BGS and one or two soil boring samples (SB20-5-_ )(SB20-5-_) 


SWMU 20 S20-6: 
• One surface soil sample (S20-6) 
• One soil boring, depth of 12 feet BGS and one or two soil boring samples (SB20-6-_ )(SB20-6-_) 


SWMU 20 S20-7: 
• One surface soil sample (S20-7) 
• One soil boring, depth of 12 feet BGS and one or two soil boring samples (SB20-7-_ )(SB20-7-_) 


SWMU 20 S20-8: 
• One surface soil sample (S20-8) 
• One soil boring, depth of 12 feet BGS and one or two soil boring samples (SB20-8-_ )(SB20-8-_) 


SWMU 20 S20-9: 
• One surface soil sample (S20-9) 
• One soil boring, depth of 12 feet BGS and one or two soil boring samples (SB20-9-_ )(Sb20-9-_) 


SWMU 20 S20-10: 
• One surface soil sample (S20-10) 
• One soil boring, depth 12 feet BGS and one or two soil boring samples (SB20-10-_ )(Sb20-10-_) 


SWMU 20 S20-11: 
• One surface soil sample (S20-11) 
• One soil boring, depth 12 feet BGS and one or two soil boring samples (SB20-11-_ )(SB20-11-_) 


SWMU 20 S20-12: 
• One surface soil sample (S20-12) 
• One soil boring, depth 12 feet BGS and one or two soil boring samples (SB20-12-_)(SB20-12-_)  
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4.14 SWMU 21 Waxy Crude Truck Unloading Areas 
4.14.1 SWMU 21 Description 
The Crude Truck Unloading Area is located on the northwest property boundary west of the Refinery 
entrance (Figure 4-1).  Trucks hauling crude from various well fields offload the crude at this rack.  
There is a catch drain and sump installed in the floor of the off-loading rack to catch potential spills.  The 
collection sump is piped to API 2 (SWMU 2). 


4.14.2 SWMU 21 Potential Waste Characteristics 
The potential wastes that may be present at SWMU 21 are presented below. 


SWMU 21 


Waste Characterization Conceptual Model 


Solid Liquid Other Potential COC Waste Distribution/Migration 
Potential 


Contaminated soil 
from offloading 
pad runoff.  


Contaminated 
groundwater from 
offloading area 
runoff. 


Metals SVOC VOC 1. Potential soil contamination 
from offloading area runoff. 


K169 Crude oil 
storage tank 
sediments 


Metals SVOC VOC 
2. Potential soil and 
groundwater contamination 
from off sump overflow. 


Residual crude oil Metals SVOC VOC 3. Potential leaks from drain and 
sump piping. 


4.14.3 Proposed Sampling Locations SWMU 21 
The samples proposed for collection at the locations shown in Figure 4-15 include one surface soil 
sample at each SDP; two soil borings collecting one or two soil samples per boring from the depth where 
the greatest LIF %RE and or PID value is recorded; and one groundwater sample collected at S21-1.  
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Figure 4-15 SWMU 21 Waxy Crude Unloading Area Sampling Locations 


4.14.4 Summary of Samples at SWMU 21 
SWMU 21 S21-1: 


• One surface soil sample (SS21-1)
• One soil boring, depth of 12 feet BGS and one or two soil boring samples (SB21-1-_ )(SB21-1-_)
• One groundwater sample from well installed approximately 12-15 feet BGS (GW21-1)


SWMU 21 S21-2: 
• One surface soil sample (SS21-2)
• One soil boring, depth of 12 feet BGS and one or two soil boring samples (SB21-2-_ )(SB21-2-_)


SWMU 21 S21-3: 
• One surface soil sample (SS21-3)
• One soil boring, depth of 12 feet BGS and one or two soil boring samples (SB21-3-_ )(SB21-3-_)


S21-1 
S21-2 


Waxy Crude Unloading Area 


S21-3 
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4.15 SWMU 22 Heat Exchanger Bundle Cleaning Pad 
4.15.1 SWMU 22 Description 
The Heat Exchanger Bundle Cleaning Pad was used from approximately 1990 to 2005 and located on the 
south end of the alkylation unit.   In 2005, the Heat Exchanger Bundle Cleaning pad was removed to 
construct the Alkylation unit. 


4.15.2 SWMU 22 Potential Waste Characteristics 
The potential wastes that may be present at SWMU 22 are presented below. 


SWMU 22 


Waste Characterization Conceptual Model 


Solid Liquid Other Potential COC Waste Distribution/Migration 
Potential 


Contaminated soil 
below/around 
former cleaning 
pad. 


Contaminated 
groundwater below 
former cleaning 
pad 


Metals SVOC VOC 1. Potential impacted soil from
cleaning pad runoff. 


F003 Spent non-
halogenated 
solvents 


VOC 
2. Potential groundwater
impacts from cleaning pad 
runoff. 
3. Potential migration of
impacted groundwater. 
4. Comingling with former tank-
water draw groundwater 
plume. 


4.15.3 Proposed Sampling Locations SWMU 22 
The samples proposed for collection at the locations shown in Figure 4-16 include one surface soil 
sample at each SDP; two soil borings collecting one or two  soil samples per boring from the depth where 
the greatest LIF %RE and/or PID value is recorded; and one groundwater sample collected at S22-1.   
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Figure 4-16 SWMU 22 Heat Exchanger Bundle Cleaning Pad Sampling Locations 
 


4.15.4 Summary of Samples at SWMU 22 
SWMU 22 S22-1: 


• One surface soil sample (SS22-1) 
• One soil boring, depth of 12 feet BGS and one or two soil boring samples (SB22-1-_ )(SB22-1-_) 
• One groundwater sample from well installed approximately 12-15 feet BGS (GW22-1) 


 
SWMU 22 S22-2: 


• One surface soil sample (SS22-2) 
• One soil boring, depth of 12 feet BGS and one or two soil boring samples (SB22-2-_ )(SB22-2-_) 


 
SWMU 22 S22-3: 


• One surface soil sample (SS22-3) 
• One soil boring, depth of 12 feet BGS and one or two soil boring samples (SB22-3-_ )(SB22-3-_) 


  


S22-3 


S22-2 


Former Location Heat Exchanger Bundle Cleaning Pad 


S22-1 
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4.16 SWMU 23 Refinery Sewer System 
4.16.1 SWMU 23 Description 
The Refinery wastewater piping is shown on Figure 4-17. Process wastewater that comes in contact with 
the petroleum refining process is piped to API Separators identified as SWMUs 1 through 3. The bottom 
sediment from the API separators is removed with a sludge pump and placed into Tank 1A (SWMU 5).  
Treated wastewater is further treated down-stream by piping the wastewater to Tanks 9 and 90 where it is 
discharged to the DAF unit (SWMU 4).  Wastewater flows from the DAF unit downstream to the Skimmer 
unit (SWMU 15).  Potential COCs identified near the process sewer water piping may be from another 
source(s).  The locations shown below are more random and less judgmental. 


4.16.2 SWMU 23 Potential Waste Characteristics 
The potential wastes that may be present at SWMU 23 are presented below. 


SWMU 23 


Waste Characterization Conceptual Model 


Solid Liquid Other Potential COC Waste Distribution/Migration 
Potential 


K051 API Separator 
sludge 


F003 Spent non-
halogenated 
solvents 


  Metals SVOC VOC 1. Potential leaks in process 
water sewer piping. 


D004-D001 Metals D018 Reformer 
reactor waste   Metals SVOC VOC 


2. Potential groundwater 
impacts from process water 
sewer piping. 


F037 Oil/water 
separation debris K049 Slop oil   Metals SVOC VOC 


3. Comingling with former tank-
water draw groundwater 
plume. 


Hydro Treating 
Unit Waste 


Hydro Treating 
Unit Waste   Metals SVOC VOC   


 


4.16.3 Proposed Sampling Locations SWMU 23 
The list of samples proposed for collection at the locations shown in Figure 4-17 include four soil borings 
collecting one or two soil samples per boring from the depth where the greatest LIF %RE and/or PID  
value is recorded and four wells, one at each boring location. 
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Figure 4-17 SWMU 23 Refinery Sewer System Sampling Locations 


4.16.4 Summary of Samples at SWMU 23 
SWMU 23 S23-1: 


• One soil boring, depth of 12 feet BGS and one or two soil boring samples (SB23-1-_ )(SB23-1-_)
• One groundwater sample from well installed approximately 12-15 feet BGS (GW23-1)
• Perform slug test GW23-1


SWMU 23 S23-2: 
• One soil boring, depth of 12 feet BGS and one or two soil boring samples (SB23-2-_ )(SB23-2-_)
• One groundwater sample from well installed approximately 12-15 feet BGS (GW23-2)


SWMU 23 S23-3: 
• One soil boring, depth of 12 feet BGS and one or two soil boring samples (SB23-3-_ )(SB23-3-_)
• One groundwater sample from well installed approximately 12-15 feet BGS (GW23-3)


SWMU 23 S23-4: 
• One soil boring, depth of 12 feet BGS and one or two soil boring samples (SB23-4-_ )(SB23-4-_)
• One groundwater sample from well installed approximately 12-15 feet BGS (GW23-4)


S23-4 


S23-3 S23-2 


S23-1 
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4.17 SWMU 24 Rail Loading/Unloading Area 
4.17.1 SWMU 24 Description 
The Rail Loading/Unloading area is located in the northeast corner of the Refinery (Figure 4-1).  Heavy 
end petroleum materials including crude, heavy diesel, cat bottoms (sold as industrial fuel oil), and 
naphtha (natural gas condensate) are handled at the north rail loading/unloading area.  


4.17.2 SWMU 24 Potential Waste Characteristics 
The potential wastes that may be present at SWMU 24 are presented below. 


SWMU 24 


Waste Characterization Conceptual Model 


Solid Liquid Other Potential COC Waste Distribution/Migration 
Potential 


Contaminated soil 
from offloading 
crude and naphtha.  


Contaminated 
groundwater from 
offloading crude 
and naphtha. 


  Metals SVOC VOC 1. Potential soil contamination 
from offloading area. 


K169 Crude oil 
storage tank 
sediments 


    Metals SVOC VOC 
2. Potential groundwater 
contamination from offloading 
area. 


Residual crude oil     Metals SVOC VOC 3. Potential leaks from piping 
and ASTs. 


        
4. Potential comingle with 
upgradient pipeline releases 
owned by others. 


  
    


4.17.3 Proposed Sampling Locations SWMU 24 Rail Loading/Unloading Area 
The proposed sampling locations are shown on Figure 4-18. The list of samples proposed for collection 
at the locations shown in Figure 4-18 include one surface soil sample at each SDP; four soil borings 
collecting one or two soil samples per boring from the depth where the greatest LIF %RE and/or PID 
value is recorded and one well each at location S24-1 and S24-4. 
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Figure 4-18 SWMU 24 Rail Loading/Unloading Area Sampling Locations 
 


4.17.4 Summary of Samples at SWMU 24 
SWMU 24 S24-1: 


• One surface soil sample (SS24-1) 
• One soil boring, depth of 12 feet BGS and one or two soil boring samples (SB24-1-_ )(SB24-1-_) 
• One groundwater sample from well installed approximately 12-15 feet BGS (GW24-1) 
• Perform slug test GW24 


 
SWMU 24 S24-2: 


• One surface soil sample (SS24-2) 
• One soil boring, depth of 12 feet BGS and one or two soil boring samples (SB24-2-_ )(SB24-2-_) 


 


S24-3 


S24-4 


S24-2 


S24-1 







RFI Phase I Work Plan 
Big West Oil North Salt Lake Refinery 


UTDO45267127 
 


 


Big West/North Salt Lake/Reports/RCRA/RFI Phase I WP June 8, 2017 67 


SWMU 23 S23-3: 
• One surface soil sample (SS24-3) 
• One soil boring, depth of 12 feet BGS and one or two soil boring samples (SB24-3-_ )(SB24-3-_) 


SWMU 23 S23-4: 
• One surface soil sample (SS24-4) 
• One soil boring, depth of 12 feet BGS and one or two soil boring samples (SB23-4-_ )(SB23-4-_) 
• One groundwater sample from well installed approximately 12-15 feet BGS (GW24-4) 
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4.18 SWMU 26 Former Spent Caustic Tank 
4.18.1 SWMU 26 Description 
SWMU 26 is the former Spent Caustic Tank (Tank B) that was located in the center of the Gas Plant 
(Figure 4-1).  The Spent Caustic Tank was used to store spent caustic material from the butamer and 
alkylation unit. 


4.18.2 SWMU 26 Potential Waste Characteristics 
The potential wastes that may be present at SWMU 26 are presented below. 


SWMU 26 


Waste Characterization Conceptual Model 


Solid Liquid Other Potential COC Waste Distribution/Migration 
Potential 


Potential soil 
impacts 
below/around 
former spent 
caustic AST 


Potential 
groundwater 
impacts below 
former spent 
caustic AST. 


Metals SVOC VOC 
1. Potential residual impacted 
soil from leaks/discharge from 
AST. 


2. Potential groundwater
impacts from leaks/discharge 
from AST. 
3. Potential migration of
impacted groundwater. 
4. Comingling with former tank-
water draw groundwater 
plume. 


4.18.3 Proposed Sampling Locations SWMU 26 
The proposed sampling locations are shown in Figure 4-19.  The samples proposed for collection at the 
locations shown in Figure 4-19 include one surface soil sample at each SDP; two soil borings collecting 
one or two soil samples per boring from the depth where the greatest LIF %RE and/or PID  value is 
recorded; and one groundwater sample collected at S26-1. 
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\


Figure 4-19 SWMU 26 Former Spent Caustic Tank (Tank B) 2006 Photograph 


4.18.4 Summary of Samples at SWMU 26 
SWMU 26 S26-1: 


• One surface soil sample (SS26-1)
• One soil boring, depth of 12 feet BGS and one or two soil boring samples (SB26-1-_ )(SB26-1-_)
• One groundwater sample from well installed approximately 12-15 feet BGS (GW26-1)


SWMU 26 S26-2: 
• One surface soil sample (SS26-2)
• One soil boring, depth of 12 feet BGS and one or two soil boring samples (SB26-2-_ )(SB26-2-_)


S26-2 


S26-1 


Former Spent Caustic Tank B 
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4.19 SWMU 29 90-Day Hazardous Waste Storage Area 
4.19.1 SWMU 29 Description 
The 90-day Hazardous Waste Storage Area consists of an approximate 770 ft2 concrete pad located east of 
the Crude Separator, and is used to temporarily store 55-gallon drums containing hazardous waste 
pending off-site transport and disposal (Figure 4-1). 


4.19.2 SWMU 29 Potential Waste Characteristics 
The potential wastes that may be present at SWMU 29 are presented below. 


  


SWMU 29 


Waste Characterization Conceptual Model 


Solid Liquid Other Potential COC Waste Distribution/Migration 
Potential 


K051 API Separator 
sludge 


F003 Spent non-
halogenated 
solvents 


  Metals SVOC VOC 


1. Potential leaks in 
containment drums impacting 
surrounding soil 
surrounding/below concrete 
pad. 


D004-D001 Metals D004-D001 Metals   Metals SVOC VOC 


2. Potential groundwater 
impacts from leaks in 
containment drums on concrete 
pad. 


F037 Oil/water 
separation debris K049 Slop oil   Metals SVOC VOC 


3. Comingling with former tank-
water draw groundwater 
plume. 


Hydro Treating 
Unit Waste 


Hydro Treating 
Unit Waste   Metals SVOC VOC   


D018 Reformer 
reactor waste 


D018 Reformer 
reactor waste   Metals SVOC VOC   


Hydro Treating 
Unit Waste 


Hydro Treating 
Unit Waste   Metals SVOC VOC   


K169 Crude oil 
storage tank 
sediments 


D035 Wastes 
containing MEK   Metals SVOC VOC   


  
    


4.19.3 Proposed Sampling Locations SWMU 29 
The proposed sampling locations are shown in Figure 4-20.  The samples proposed for collection at the 
locations shown in Figure 4-20 include one surface soil sample at each SDP; two soil borings collecting 
one or two soil samples per boring from the depth where the greatest LIF %RE and/or PID value is 
recorded; and one groundwater sample collected at S29-1.   
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Figure 4-20 SWMU 29 90-Day Hazardous Waste Storage Area Sampling Locations 


4.19.4 Summary of Samples at SWMU 29 
SWMU 29 S29-1: 


• One surface soil sample (SS29-1)
• One soil boring, depth of 12 feet BGS and one or two soil boring samples (SB29-1-_ )(SB29-1-_)
• One groundwater sample from well installed approximately 12-15 feet BGS (GW29-1)


SWMU 29 S29-2: 
• One surface soil sample (SS29-2)
• One soil boring, depth of 12 feet BGS and one or two soil boring samples (SB29-2-_ )(SB29-2-_)


SWMU 29 S29-3: 
• One surface soil sample (SS29-3)
• One soil boring, depth of 12 feet BGS and one or two soil boring samples (SB29-3-_ )(SB29-3-_)


S29-2 


90-Day Hazardous Waste Storage Area 


S29-1 


S29-3 


SWMU 2 
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4.20 SWMU 31 Pump Wash-off Pad 
4.20.1 SWMU 22 Description 
SWMU 31 is a relatively small 500 ft2 concrete pad with concrete berm and center sump used to wash 
pumps with hot water, steam and soap before performing maintenance.  It is located just west of the 
current maintenance building and south of the Boneyard (Figure 4-1).  The water that enters the floor 
drain is piped to the Tank 35 Dike area then flows to the API 2 Separator (SWMU 2). 


4.20.2 SWMU 31 Potential Waste Characteristics 
The potential wastes that may be present at SWMU 31 are presented below. 


SWMU 31 


Waste Characterization Conceptual Model 


Solid Liquid Other Potential COC Waste Distribution/Migration 
Potential 


Contaminated soil 
below/around 
wash-off pad. 


Contaminated 
groundwater below 
former cleaning 
pad 


Metals SVOC VOC 1. Potential impacted soil from
cleaning pad runoff. 


F003 Spent non-
halogenated 
solvents 


VOC 
2. Potential groundwater
impacts from wash-off pad 
runoff. 


D035 Wastes 
containing MEK VOC 3. Potential migration of


impacted groundwater. 
4. Comingling with former tank-
water draw groundwater 
plume. 


4.20.3 Proposed Sampling Locations SWMU 22 
The proposed sampling locations are shown in Figure 4-21.  The samples proposed for collection at the 
locations shown in Figure 4-21 include one surface soil sample at each SDP; two soil borings collecting 
one or two soil samples per boring from the depth where the greatest LIF %RE and/or PID value is 
recorded; and one groundwater sample collected at S31-1.   
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Figure 4-21 SWMU 31 Pump Wash-off Pad Sampling Locations 
 


4.20.4 Summary of Samples at SWMU 31 
SWMU 31 S31-1: 


• One surface soil sample (SS31-1) 
• One soil boring, depth of 12 feet BGS and one or two soil boring samples (SB31-1-_ )(SB31-1-_) 
• One groundwater sample from well installed approximately 12-15 feet BGS (GW31-1) 


 
SWMU 31 S31-2: 


• One surface soil sample (SS31-2) 
• One soil boring, depth of 12 feet BGS and one or two soil boring samples (SB31-2-_ )(SB31-2-_) 


 
SWMU 31 S31-3: 


• One surface soil sample (SS31-3) 
• One soil boring, depth of 12 feet BGS and one or two soil boring samples(SB31-3-_ )(SB31-3-_) 


  


S31-3 


S31-2 


Pump Wash-off Pad 


S31-1 
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4.21 SWMU 33 Former Pond in Northwest Corner of Facility 
4.21.1 SWMU 33 Description  
SWMU 33 is a former storm water pond located in the northwest corner of the undeveloped BWO 
property used to collect storm water from the Refinery in the mid-1970s. The former location of this pond 
is shown on Figure 4-1.  Based on historic management of refinery process wastewater and storm water, 
it is not clear whether process wastewater could have entered the pond. 


4.21.2 SWMU 33 Potential Waste Characteristics 
The potential wastes that may be present at SWMU 33 are presented below.  


SWMU 33 


Waste Characterization Conceptual Model 


Solid Liquid Other Potential COC Waste Distribution/Migration 
Potential 


Former 
stormwater/process 
water pond may 
have contaminated 
soil. 


Former 
stormwater/process 
wastewater pond 
may have 
contaminated 
groundwater 


  Metals SVOC VOC 


1. Potential residual impacted 
soil from former 
stormwater/process 
wastewater pond. 


F037 Oil/water 
separation debris 


F003 Spent non-
halogenated 
solvents 


  Metals SVOC VOC 


2. Potential groundwater 
impacts from former 
stormwater/process 
wastewater pond. 


        3. Potential migration of 
impacted groundwater. 


  


4.21.3 Proposed Sampling Locations SWMU 33 
The 1970 aerial photograph of the pond is overlain on the current aerial and proposed sampling locations 
are shown on Figure 4-22.  No surface soil samples are proposed for this SWMU because it was a former 
pond that was backfilled, and current land use includes a recently installed gravel road.  The samples 
proposed for collection include three soil borings collecting one or two soil samples per boring from the 
depth where the greatest LIF %RE and/or PID value is recorded, and one groundwater sample collected at 
S33-1.   
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Figure 4-22 SWMU 33 Former Pond in Northwest Corner of Facility Sampling Locations 


4.21.4 Summary of Samples at SWMU 33 
SWMU 33 S33-1: 


• One soil boring, depth of 12 feet BGS and one or two soil boring samples (SB33-1-_ )(SB34-1-_)
• One groundwater sample from well installed approximately 12-15 feet BGS (GW33-1)
• Perform slug test on well GW33


SWMU 33 S33-2: 
• One soil boring, depth of 12 feet BGS and one or two soil boring samples (SB33-2-_ )(SB33-2-_)


SWMU 33 S33-3: 
• One soil boring, depth of 12 feet BGS and one or two soil boring samples (SB33-3-_ )(SB33-3-_)


S33-3 


S33-2 


Former Pond Northwest Corner 


S33-1 
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4.22 SWMU 34 Open Ditch between API 2 and API 3 
4.22.1 SWMU 34 Description  
SWMU 34 is located between the Lower Road on the west and the Middle Road to the east, and just north 
of SWMUs 2 through 5 (Figure 4-1).  The storm water ditch carries storm water from the processing area 
to the storm water detention pond (Lake McKnight) as shown in Figure 4-16.  A second piping structure 
in the ditch carries recovered oil from the API 3 Separator and DAF unit back to Tanks 1 and 1B. 


4.22.2 SWMU 34 Potential Waste Characteristics 
The potential wastes that may be present at SWMU 34 are presented below.  


SWMU 34 


Waste Characterization Conceptual Model 


Solid Liquid Other Potential COC Waste Distribution/Migration 
Potential 


K051 API Separator 
sludge D004-D011 Metals   Metals SVOC VOC 1. Potential process water 


causing surface impacts. 


D004-D001 Metals D018 Reformer 
reactor waste   Metals SVOC VOC 


2. Potential process water 
contamination of shallow 
groundwater. 


F037 Oil/water 
separation debris K049 Slop oil   Metals SVOC VOC 3. Potential leaks in wastewater 


piping above ditch. 


  
F003 Spent non-
halogenated 
solvents 


  VOC 
4. Comingling with former tank-
water draw groundwater 
plume. 


 


4.22.3 Proposed Sampling Locations SWMU 34 
Proposed sampling locations are shown on Figure 4-23.  Surface soil and potential water in the ditch will 
be sampled at four locations.  Subsurface soil samples will be collected adjacent to the south side of the 
piping structure.  These locations will be highly dependent on access below and around the piping 
stucture but will generally be in the locations shown.  One well is proposed for SWMU 5 (Figure 5-6) just 
south of the piping structure near Tank 1A and one additional well will be installed at SDP S34-1. 
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Figure 4-23 SWMU 34 Open Ditch between API 2 and API 3 Sampling Locations 
 


4.22.4 Summary of Samples at SWMU 34 
SWMU 34 S34-1: 


• One surface soil sample (SS34-1) 
• One soil boring, depth of 12 feet BGS and one or two soil boring samples (SB34-1-_ )(SB34-1-_) 
• One groundwater sample from well installed approximately 12-15 feet BGS (GW34-1) 


 
SWMU 34 S34-2: 


• One surface soil sample (SS34-2) 
• One surface water sample (SW34-2) 


 
SWMU 34 S34-3: 


• One surface soil sample (SS34-3) 
• One surface water sample (SW34-3) 


 
SWMU 34 S34-4: 


• One surface soil sample (SS34-4) 
• One soil boring, depth of 12 feet BGS and one or two soil boring samples (SB34-4-_ )(SB34-4-_) 


S34-3 S34-2 


Open Ditch between API 2 and API 3 


S34-1 


S34-4 
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4.23 SWMU 35 Former Excavation in Open Field Northeast of Open Ditch 
4.23.1 SWMU 35 Description  
SWMU 35 is potentially one or two former excavations that can be seen in a 1966 aerial photograph 
overlain on a current image (Figure 4-24) just north of the ditch to Cudahy Drain (SWMU 40) and 
adjacent to the former lime solids repository.  No information was available on this site and it is not clear 
in the photographs what the excavations were used for.  The excavations are adjacent to the known Tesoro 
Product pipelines (see Figure 1-2). 


4.23.2 SWMU 35 Potential Waste Characteristics 
The potential wastes that may be present at SWMU 35 are presented below. 


SWMU 35 


Waste Characterization Conceptual Model 


Solid Liquid Other Potential COC Waste Distribution/Migration 
Potential 


Unknown Unknown   Metals SVOC VOC 1. Potential residual impacted 
soil from excavation. 


        2. Potential groundwater 
impacts from excavation. 


        3. Potential migration of 
impacted groundwater. 


 


4.23.3 Proposed Sampling Locations SWMU 35 
The samples proposed for collection include three soil borings collecting one or two soil samples per 
boring from the depth where the greatest LIF %RE and/or PID value is recorded, and one groundwater 
sample collected at S35-1.  Additionally, existing well 85-15A will be sampled.   
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Figure 4-24 SWMU 35 Former Excavation in Open Field Northeast of Open Ditch 
 


4.23.4 Summary of Samples at SWMU 35 
SWMU 35 S35-1: 


• One soil boring, depth of 12 feet BGS and one or two soil boring samples (SB35-1-_ )(SB35-1-_) 
• One groundwater sample from well installed approximately 12-15 feet BGS (GW35-1) 
• Perform slug test on well GW35 


 
SWMU 35 S35-2: 


• One soil boring, depth of 12 feet BGS and one or two soil boring samples (SB35-2-_ )(SB35-2-_) 
 
SWMU 35 S35-3: 


• One soil boring, depth of 12 feet BGS and one or two soil boring samples (SB33-3-_ )(SB35-3-_) 
• Sample existing well 85-15A 


 
  


S35-3 


S35-2 


Former Excavation in Open Field Northeast of Open Ditch 


S35-1 


Well 85-15A 


Tank 3 


Tank 43 
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4.24 SWMU 37 Historic Waste Piles (west of facility entrance) 
4.24.1 SWMU 37 Description  
SWMU 37 is adjacent to the current crude unloading area (Figure 4-1).  This area was designated a 
SWMU based on a 1980 aerial photograph below (overlain on a current image) from which the WMRC 
identified piles of waxy crude unloading piles in this area.  BWO stated that the piles were collected and 
placed back into the refining process. 


4.24.2 SWMU 37 Potential Waste Characteristics 
The potential wastes that may be present at SWMU 37 are presented below. 


SWMU 37 


Waste Characterization Conceptual Model 


Solid Liquid Other Potential COC Waste Distribution/Migration 
Potential 


Waxy Crude None   Metals SVOC VOC 
1. Potential residual impacted 
soil from waxy crude 
stockpiling. 


          
          


 


4.24.3 Proposed Sampling Locations SWMU 37 
The area where potential waxy crude piles were located is currently paved with asphalt, therefore no 
surface soil samples will be collected.  The samples proposed for collection shown on Figure 4-25 
include three soil borings collecting one or two soil samples per boring from the depth where the greatest 
LIF %RE and/or PID value is recorded, and one groundwater sample collected at S37-1.   
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Figure 4-25 SWMU 37 Historic Waste Piles (west of facility entrance) Sampling Locations 
 


4.24.4 Summary of Samples at SWMU 37 
SWMU 37 S37-1: 


• One soil boring, a depth of 12 feet BGS and one or two soil boring samples (SB37-1-_ )(SB37-1-_) 
• One groundwater sample from well installed approximately 12-15 feet BGS (GW37-1) 


 
SWMU 37 S37-2: 


• One soil boring, a depth of 12 feet BGS and one or two soil boring samples (SB37-2-_ )(SB37-2-_) 
 
SWMU 37 S37-3: 


• One soil boring, a depth of 12 feet BGS and one or two soil boring samples (SB37-3-_ )(SB37-3-_) 


  


S37-1 


S37-2 


S37-3 


Waxy Crude Piles 1980 
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4.25 SWMU 39 Flare Stained Area 
4.25.1 SWMU 39 Description 
The Flare Stained Soils are adjacent to the South Flare and are reportedly stained rust color from previous 
practice of washing out the flare line knockout pot with water (Figure 4-26).  This practice ceased some 
time ago. 


4.25.2 SWMU 39 Potential Waste Characteristics 
The potential wastes that may be present at SWMU 39 are presented below. 


SWMU 39 


Waste Characterization Conceptual Model 


Solid Liquid Other Potential COC Waste Distribution/Migration 
Potential 


Contaminated soil 
with VOC SVOC 
below/around flare 
knockout pot 


Contaminated 
groundwater with 
VOC SVOC below 
flare knockout pot 


Metals SVOC VOC 
1. Potential impacted soil from
fluids discharged to knockout 
pot. 


D004-D001 Metals D004-D001 Metals Metals 
2. Potential groundwater
impacts from fluids discharged 
to knockout pot. 
3. Potential migration of
impacted groundwater. 
4. Comingling with former tank-
water draw groundwater 
plume. 


4.25.2 Proposed Sampling Locations SWMU 39 
The samples proposed for collection at the locations shown in Figure 4-26 include one surface soil 
sample at each SDP; two soil borings collecting one or two soil samples per boring from the depth where 
the greatest LIF %RE and/or PID  value is recorded; and one groundwater sample collected at S39-1.   
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Figure 4-26 SWMU 39 Flare Stained Area Sampling Locations 
 
4.25.4 Summary of Samples at SWMU 39 
SWMU 39 S39-1: 


• One surface soil sample (SS39-1) 
• One soil boring, a depth of 12 feet BGS and one or two soil boring samples (SB39-1-_ )(SB39-1-_) 
• One groundwater sample from well installed approximately 12-15 feet BGS (GW39-1) 
• Perform slug test GW39 


 
SWMU 39 S39-2: 


• One surface soil sample (SS39-2) 
• One soil boring, a depth of 12 feet BGS and one or two soil boring samples (SB39-2-_ )(SB39-2-_) 


 
SWMU 39 S39-3: 


• One surface soil sample (SS39-3) 
• One soil boring, a depth of 12 feet BGS and one or two soil boring samples (SB39-3-_ )(SB39-3-_) 


S39-3 


S39-2 


Flare Knockout Pot Stained Soil  


S39-1 







RFI Phase I Work Plan 
Big West Oil North Salt Lake Refinery 


UTDO45267127 
 


 


Big West/North Salt Lake/Reports/RCRA/RFI Phase I WP June 8, 2017 84 


4.26 SWMU 40 Drainage Ditch to Cudahy Drain 
4.26.1 SWMU 40 Description  
This ditch appears in a 1966 aerial photograph which was overlain on a current image to identify the 
location of the ditch.  This ditch may have been concrete lined and was later used in the 1970’s to carry 
storm water to the Northwest Pond (SWMU 33, Figure 4-20). 


4.26.2 SWMU 40 Potential Waste Characteristics 
The potential wastes that may be present at SWMU 40 are presented below. 


SWMU 40 


Waste Characterization Conceptual Model 


Solid Liquid Other Potential COC Waste Distribution/Migration 
Potential 


Former 
stormwater/process 
water ditch may 
have contaminated 
soil. 


Former 
stormwater/process 
wastewater ditch 
may have 
contaminated 
groundwater 


  Metals SVOC VOC 


1. Potential residual impacted 
soil from former 
stormwater/process 
wastewater ditch. 


F037 Oil/water 
separation debris 


F003 Spent non-
halogenated 
solvents 


  Metals SVOC VOC 


2. Potential groundwater 
impacts from former 
stormwater/process 
wastewater ditch. 


        3. Potential migration of 
impacted groundwater. 


 


4.26.3 Proposed Sampling Locations SWMU 40 
The samples proposed for collection shown on Figure 4-27 include three surface soil samples; three soil 
borings collecting one or two soil samples per boring from the depth where the greatest LIF %RE and/or 
PID value is recorded, and one groundwater sample collected at S40-1.  
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Figure 4-27 SWMU 40 Drainage Ditch to Cudahy Drain Sampling Locations 
 
4.26.4 Summary of Samples at SWMU 40 
SWMU 40 S40-1: 


• One surface soil sample (SS40-1) 
• One soil boring, depth of 12 feet BGS and one or two soil boring samples (SB40-1-_ )(SB40-1-_) 
• One groundwater sample from well installed approximately 12-15 feet BGS (GW40-1) 


 
SWMU 40 S40-2: 


• One surface soil sample (SS40-2) 
• One soil boring, depth of 12 feet BGS and one soil boring sample (SB40-2-_ )(SB40-2-_) 


 
SWMU 40 S40-3: 


• One surface soil sample (SS40-3) 
• One soil boring, depth of 12 feet BGS and one soil boring sample (SB40-3-_ )(SB40-3-_) 


S40-1 


S40-2 


Former Drainage Ditch to Cudahy Drain 


S40-3 
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4.27 SWMU 41 Former Ponds at Current Location of Tank 17 
4.27.1 SWMU 41 Description  
Two ponds (or one pond with three sections) are visible at the current location of Tank 17 in a 1972 aerial 
photograph overlain on a current image (Figure 4-28). Tank 17 was constructed in this location in the 
1980’s. This pond was not discussed with BWO prior to finalizing the SWMU list. Information concerning 
the purpose and use of the ponds was not discovered.  


Approximately 2,400 barrels of black wax crude oil were released as a result of a rupture at the roof line of 
Tank 17 on April 6, 2015.  The waxy crude oil did not migrate vertically down in the soil given the viscosity 
of the material, temperature, and chemical characteristics.  The recovered crude oil was re-circulated back 
through the refinery process.  BWO added SDP S41-3 and S41-4 to determine presence or absence of 
impacts from the 2015 release. 


4.27.2 SWMU 41 Potential Waste Characteristics 
The potential wastes that may be present at SWMU 41 are presented below. 


SWMU 41 


Waste Characterization Conceptual Model 


Solid Liquid Other Potential COC Waste Distribution/Migration 
Potential 


Potential former 
wastewater pond 
contaminated soil 


Potential former 
wastewater pond 
contaminated 
groundwater 


  Metals SVOC VOC 
1. Potential residual impacted 
soil from former potential 
wastewater pond. 


F037 Oil/water 
separation debris 


F003 Spent non-
halogenated 
solvents 


  Metals SVOC VOC 
2. Potential groundwater 
impacts from former potential 
wastewater pond. 


        3. Potential migration of 
impacted groundwater. 


        
4. Comingling with former tank-
water draw groundwater 
plume. 


 


4.27.3 Proposed Sampling Locations SWMU 41 
The samples proposed for collection shown on Figure 4-28 include four surface soil samples; four soil 
borings collecting one or two soil samples per boring from the depth where the greatest LIF %RE and/or 
PID value is recorded, and one groundwater sample collected at S41-1.  
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Figure 4-28 SWMU 41 Former Ponds at Current Location of Tank 17 Sampling Locations 


4.27.4 Summary of Samples at SWMU 41 
SWMU 41 S41-1: 


• One surface soil sample (SS41-1)
• One soil boring, depth of 12 feet BGS and one or two soil boring samples (SB41-1-_ )(SB41-1-_)
• One groundwater sample from well installed approximately 12-15 feet BGS (GW41-1)
• Perform slug test on well GW41


SWMU 41 S41-2: 
• One surface soil sample (SS41-2)
• One soil boring, depth of 12 feet BGS and one or two soil boring samples (SB41-2-_ )(SB41-2-_)


SWMU 41 S41-3: 
• One surface soil sample (SS41-3)
• One soil boring, depth of 12 feet BGS and one or two soil boring samples (SB41-3-_ )(SB41-3-_)


SWMU 41 S41-4: 
• One surface soil sample (SS41-4)
• One soil boring, depth of 12 feet BGS and one or two soil boring samples (SB41-4-_ )SB41-4-_)


S41-1 


S41-2 


Former Drainage Ditch to Cudahy 


S41-3 


Former Ponds at Tank 17 


Tank 17 


S41-4 
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4.28 AOC1 Former Administration Building 
4.28.1 AOC1 Description 
A total of 47 soil borings and 8 groundwater monitor wells were installed to investigate the nature and 
extent of the petroleum impacts at the locations shown on Figure 4-29.  A total of 110 soil samples were 
collected and analyzed by ESC laboratory, a Utah certified laboratory, GRO and DRO using EPA Method 
8015B, and benzene, toluene, ethyl benzene, and naphthalene (BTEXN) using EPA Method 8260B.  A 
total of 17 soil samples were also analyzed for volatile organic compounds (VOC) using EPA Method 
8260B, and for semi-volatile organics (SVOC) using EPA Method 8270C.  Based on the soil sample 
results, only one compound, naphthalene between 25.7 and 44 mg/kg, is above the industrial RSL of 17 
mg/kg.  


4.28.2 AOC1 Potential Waste Characteristics 
The potential wastes that may be present at AOC1 are presented below. 


AOC 1 


Waste Characterization Conceptual Model 


Solid Liquid Other Potential COC Waste Distribution/Migration 
Potential 


Petroleum 
impacted soil 


Petroleum 
impacted 
groundwater 


Metals SVOC VOC 1. Petroleum impacted soil.


2. Petroleum impacted 
groundwater. 
3. Potential migration of
impacted groundwater. 


4.28.3 Proposed Sampling Locations AOC1 
The proposed sampling locations AOC1-1 through AOC1-3 are shown below on Figure 4-29.  Two of the 
locations (AOC1-2 and AOC1-3) are within the area that was above RSL values for naphthalene in soil, and 
the other location is proposed to further define the naphthalene impact area.  The samples proposed for 
collection include four soil borings collecting one or two soil samples per boring from the depth where the 
greatest LIF %RE and/or PID value is recorded, and two groundwater samples, one at AOC1-1 and one at 
AOC1-4. 
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Figure 4-29 AOC1 Former Administration Building Sampling Locations 
4.28.4 Summary of Samples at AOC1 
AOC1-1: 


• One soil boring, depth of 12 feet BGS and one or two soil boring samples (SBAOC1-1-_)(SBAOC1-
1-_)


AOC1-2: 
• One soil boring, depth of 12 feet BGS and one or two soil boring samples (SBAOC1-2-_)(SBAOC2-


2-_) 
• One groundwater sample from well installed approximately 12-15 feet BGS (GWAOC1-2)
• Perform slug test on well GWAOC1-2


AOC1-3: 
• One soil boring, depth of 12 feet BGS and one or two soil boring samples (SBAOC1-3-_)(SBAOC1-


3-_) 


AOC1-2 


Former Administration Building 


AOC1-1 


AOC1-3 
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4.29 AOC2 Former Cardlock 
4.29.1 AOC2 Description 
A total of 13 soil and 10 groundwater samples were collected from below the fuel dispensers, product 
piping, and AST locations following Utah R311-204 (Figure4-30).  The soil samples were submitted to 
ESC and analyzed for gasoline range organics (GRO) and diesel range organics (DRO) using EPA Method 
8015B, and for VOC compounds using EPA Method 8260B.   No VOCs were detected above residential 
RSL values.  Total petroleum hydrocarbons as GRO were detected in 10 of the 13 samples ranging from 
2.9 to 440 mg/kg.    Total petroleum hydrocarbons as DRO were detected in 11 of the 13 samples ranging 
from 54 to 3,000 mg/kg.  A total of 447 tons of petroleum impacted soil was removed and disposed of at 
Clean Harbors Grassy Mountain facility in Grantsville, Utah. 


4.29.2 AOC2 Potential Waste Characteristics 
The potential wastes that may be present at AOC2 are presented below. 


AOC 2 


Waste Characterization Conceptual Model 


Solid Liquid Other Potential COC Waste Distribution/Migration 
Potential 


Petroleum 
impacted soil 


Petroleum 
impacted 
groundwater 


Metals SVOC VOC 1. Petroleum impacted soil.


2. Petroleum impacted 
groundwater. 
3. Potential migration of
impacted groundwater. 







RFI Phase I Work Plan 
Big West Oil North Salt Lake Refinery 


UTDO45267127 


Big West/North Salt Lake/Reports/RCRA/RFI Phase I WP June 8, 2017 91 


Figure 4-30 AOC2 Former Cardlock Sampling Locations 
The proposed sampling locations AOC2-1 through AOC2-3 are shown above on Figure 4-30.  The three 
proposed locations are the areas where the highest concentrations of DRO and GRO were detected in July 
2014 (see CCR Table 4-4, JLI, 2016).  The samples proposed for collection include three soil borings 
collecting one soil samples per boring from the depth where the greatest PID value is recorded, and three 
groundwater samples, one at each location. 


4.29.3 Summary of Samples at AOC2 
AOC2-1: 


• One soil boring to a depth of 12 feet BGS and one soil boring sample (SBAOC2-1-_)
• One groundwater sample from well installed approximately 12-15 feet BGS (GWAOC2-1)


AOC2-2: 
• One soil boring to a depth of 12 feet BGS and one soil boring sample (SBAOC2-2-_)
• One groundwater sample from well installed approximately 12-15 feet BGS (GWAOC2-2)


AOC2-3: 
• One soil boring to a depth of 12 feet BGS and one soil boring sample (SBAOC2-3-_)
• One groundwater sample from well installed approximately 12-15 feet BGS (GWAOC2-3)


AOC2-3 


AOC2-1 


Former Cardlock Overlay Image 


AOC2-2 
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4.30 Groundwater Monitoring Wells 
4.30.1 Refinery Groundwater Monitoring Wells 
A total of 19 groundwater monitor wells were installed inside the refinery and downgradient in the 
undeveloped area to the west in response to Utah Department of Environmental Quality (DEQ) concerns 
over potential impacts to groundwater from the former surface impoundments (SWMUs 6, 7 and 8).  The 
wells were installed in 1985 and include S-85-1 through S-85-19 and P-85-10.  All of these wells were 
screened in the first encountered shallow aquifer at depths of between 2.5 and 25 feet BGS except well P-
85-10.  Well P-85-10 was screened in the deeper confined aquifer at a depth of 65-70 feet BGS.  The 
equilibrated groundwater elevations in well P-85-10 typically rose above ground surface meaning it was a 
flowing well.  The groundwater elevation in the shallow or unconfined aquifer remained below grade 
typically between 4-8 feet BGS.  Therefore, the vertical potential gradient was up and groundwater in the 
shallow aquifer does not migrate to the deeper aquifer.   


The current Refinery well database presented in Table 3-1 indicates that some of the wells have had 
groundwater surface above the screen interval.  For the purpose of groundwater elevation data, all the 
wells in Table 3-1 can be used after the damaged ones are repaired and all are re-surveyed.  However, only 
Refinery and LTA wells S-85-2, S-85-4, S-85-6, S-85-8, S-85-12, S-85-15A, S-85-18, S-2 and S-4 are 
screened across the groundwater surface and can be used for groundwater sampling wells. 


4.30.2 Groundwater Sampling  
The Refinery monitoring wells will be inventoried for any repair that is needed and repaired accordingly.  
The repair data will be documented in the Phase I report.  Wells S-85-2, S-85-4, S-85-6, S-85-8, S-85-12, 
S-85-15A, S-85-18, S-2 and S-4 will be sampled following procedures in SOP 3. 
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5.0 QUALITY ASSURANCE PROJECT PLAN  
The Quality Assurance Project Plan (QAPP) outlines the specific procedures to follow after sample 
collection to insure that environmental decisions are supported by data of known and documented 
quality.  The procedures outlined in the QAPP will be implemented for the RCRA RFI Investigation and 
Risk Assessment. 


Detailed  procedures  for  collection  of  samples,  preparation  of  sampling  equipment  and containers, 
decontamination, and documentation are contained in the SOPs included in Appendix C.  These 
procedures meet criteria stated in WMRC R315-50-6.  The analytical laboratory will use methods and 
procedures approved by the U.S. EPA, the American Society of Testing and materials (ASTM), and the 
Association of Official Analytical Chemists (AOAC).  The remainder of this section describes the 
procedures to follow to insure that environmental decisions are supported by data of known and 
documented quality and including Sample Collection; Analytical Testing; and Data Quality Objectives 
(DQO).  


5.1 Project Team Organization and Responsibility 
The specific project responsibilities of key project personnel are presented below. The Project Manager 
may be responsible for both positions listed below, if needed.  


5.1.1 Project Manager 
The Project Manager (Leigh Beem, P.G.) will be responsible for the overall schedule, budget, and quality 
of the project.   Mr. Beem has 27 years’ experience in the environmental investigation and restoration 
including the Site Field Coordinator for the PetroChem Ekotek Superfund RIFS and Project Field 
Manager for the Ensign Bickford RFI.  Additionally, Mr. Beem has prepared the following documents 
specific to the BWO RFI: 


Johnston Leigh Inc., 2012. Sampling and Analyses Plan (SAP) and Quality Assurance Project Plan (QAPP) 
Plan, Land Treatment Area (LTA), Big West Oil, North Salt Lake Refinery, EPA ID 
UTDO45267127. July 19, 2012. 


Johnston Leigh, Inc., 2013a. Annual Report, Former Land Treatment Area at the North Salt Lake 
Refinery, Big West Oil North Salt Lake Refinery, EPA ID UTD045267127, May 2013a. 


Johnston Leigh, Inc., 2013b. Site Characterization Report, Land Treatment Area, Big West Oil North Salt 
Lake Refinery, EPA ID UTD045267127, May 2013. 


Johnston Leigh, Inc., 2013c. Revised Risk Assessment Work Plan, Land Treatment Area, Big West Oil 
North Salt Lake Refinery, EPA ID UTD045267127, July 2013. 


Johnston Leigh Inc., 2013d. Human Health and Ecological Risk Assessment Land Treatment Area North 
Salt Lake Refinery, EPA ID UTD045267127, September 27, 2013. 


Johnston Leigh, Inc., 2014a.  Cardlock and AST Removal, Big West Refinery, LLC. August 18, 2014. 


Johnston Leigh, Inc., 2014. Site Management Plan Land Treatment Area North Salt Lake Refinery, EPA 
ID UT045267127, December 15, 2014. 
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Mr. Beem will also ensure adequate resources are made available to perform the field sampling and 
ensure QAPP procedures are followed.  Mr. Beem will also perform the field work with one additional 
geologist (Steve Johnston. P.G.), prepare the Site Health and Safety Plan (HASP), and will ensure that 
necessary health and safety equipment is available to the field personnel.  Mr. Beem is the primary contact 
for the Client concerning the status of the project  


5.1.2. QAPP Manager 
The QAPP Manager (Mr. Beem) is responsible for assuring that the QAPP program is implemented for all 
project activities.   Periodic audits will be conducted by the QAPP Manager to see that all deliverables are 
properly reviewed and checked.  The QAPP Manager will prepare appropriate documentation to ensure 
that all quality objectives are met. 


5.1.3. Field Geologist 
The Field Geologist (Steve Johnston) will be assisting Mr. Beem in all soil sample collections, well 
installation, groundwater sampling and slug testing.  Mr. Johnston has 26 years’ experience in the 
environmental field investigation and restoration.  Mr. Johnston currently oversees the operational 
programs for the FJ Petroleums closed refineries in Williston, ND and Cody, WY. 


5.2 Sample Collection 
5.2.1 Sample Management 
The analytical data from each SDP will be entered into an environmental data management system that 
tracks the sampling dates and locations, sample containers and laboratory analysis, analytical results, 
duplicate analysis, matrix spike/matrix spike duplicates, boring log data and monitor well construction 
information.  The analytical results for each SDP are easily retrieved and can be graphically displayed on a 
site map.  Multiple analytical results for one SDP can be queried and presented.   


5.2.2 Sample Data Point  
The Sample Data Point (SDP) is the unique ID for a location at a SWMU where samples were collected.  
An individual SDP may include surface soil samples, soil boring samples and groundwater sample(s).  
Having one SDP for multiple samples and media collected at an individual SDP allows management, 
retrieval and query of analytical results under one X YZ coordinate. 


Each SDP will be designated as “S” for “SWMU”; the SWMU number; and a sequential number indicating 
the location where the sample(s) were collected.  For instance, S1-1 is SDP number 1 at SWMU 1. 


5.2.3 Sample Documentation  
The sample documentation procedure is outlined in the SOP1 located in Appendix C.  The field forms 
that will be used are included in Appendix D.  Pertinent information about each sample will be recorded 
in a field notebook using permanent ink pens and/or in sampling record forms.   The procedures 
performed and problems encountered will be documented in the notebook or on the forms in such a 
manner that the events of the day could be reconstructed.  Corrections in the notebooks and on forms will 
be made by a single line through the incorrect information.  


The surface soil sample designation will consist of a string of letters and numbers.  The letters “SS” is the 
designation for “surface soil”.  Following the “SS”, the SWMU number will be listed.  Following the 
SWMU number will be the SDP number at that SWMU.  For instance, SS1-1 would designate surface soil 
sample collected at SDP1 at SWMU1. 
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The subsurface soil sample designation will consist of a string of letters and numbers similar to the 
formatting for surface soil.  The letters “SB” is the designation for soil boring.  Following the “SB”, the 
SWMU number will be listed.  Following the SWMU number will be the SDP number at that SWMU.  
Lastly the final number in the sample ID will be the depth of the sample.  For instance, SB1-1-5 would 
designate a soil sample collected from soil boring at SDP1 at SWMU1 and at a depth of 5 feet below 
ground surface (BGS). 


A groundwater sample collected from the well will be designated using the following letters and numbers.  
The letters “GW” is the designation for groundwater.  Following the “GW”, the SWMU number will be 
listed.  Following the SWMU number will be the SDP number at that SWMU.  For instance, GW1-3 would 
designate a groundwater sample collected from SDP3 at SWMU1. 


5.2.3.1 Sample Labeling 
The laboratory will pre-print all the labels for the samples.  The only information that will be added to the 
label in the field is the sample depth, time, and date in the case of soil samples, and date and time for 
groundwater samples.  The following information shall be recorded on the label: 


• Date and time of collection; 
• Unique sample number. 


 
 
5.2.4 Field Measurements 
5.2.4.1 Laser Induced Fluorescence 
Laser Induced Fluorescence (LIF) will be used to identify the greatest concentration of petroleum 
hydrocarbons in the soil borings and this methodology will determine the depth to collect the soil samples 
in each boring.  The laser is calibrated to a LNAPL standard characteristic of the site or SWMU prior to 
each boring, and the Response Factor (%RE) is the relative waveform intensity of the subsurface 
petroleum impact compared to the standard.  In each boring, the subsurface sample will be collected from 
the depth from which the highest %RE was recorded.  The advantages of using LIF are as follows: 


1. Each soil boring location would first be evaluated using the LIF and the depth of the greatest 
concentration of petroleum impacted soil is identified.  Additionally, the waveform is used to 
evaluate the type of petroleum and/or mixtures of petroleum at the location (i.e., gasoline diesel, 
oil, crude oil, etc.); and the conductivity measurement gives an indication of the type of soil 
encountered at the location. 


2. The subsurface soil sample depth is targeted using the LIF record.  This maximizes the potential 
for collecting the soil sample with the greatest concentration of petroleum impacted soil; and 
reduces the time the soil core is open for subjective analyses using photo ionization (PID) 
screening techniques (see Section 5.2.4.2).  


3. Using all the %RE values from each boring, the surveyed boring location, and a string-pot which 
measures the depth of the laser relative to a known datum on the ground surface, the %RE values 
(smear zone) can be mapped in three dimensions using geologic modeling software. 
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5.2.4.2 Photo Ionization (PID) 
The PID field-screening method of analyzing organic vapors emitted from within the pore spaces of a soil 
sample is a technique to estimate relative levels of organic contamination in the soil.   The detailed 
procedures for screening soil samples with the PID are found in SOP6 Appendix C. 


The soil sample is collected using a split-spoon sampler, core barrel, hand auger or other apparatus which 
will yield a soil core or intact sample.  Immediately after exposing the soil core from the sleeve, extract a 
small aliquot of the soil and place it in a sealable plastic bag (zip lock).   The sample should be broken 
apart by squeezing the plastic bag gently so as not to break the bag.   Let the baggie sit in exposed in 
sunlight or in a heated environment for approximately five minutes and then open one end of the baggie 
just enough to accept the PID probe, and take a reading.  Record the PID reading on the boring log at the 
sample depth. 


5.2.4.3 Slug Test 
Slug testing of the shallow groundwater will be performed at select locations to calculate a range of 
hydraulic conductivity (K) values over the Refinery.  The purpose of determining K values is instrumental 
in evaluating fate and transport rates in groundwater and risk assessment scenarios, and is valuable 
information for determining potential Phase II sampling locations.  Slug test SOP4 is included in 
Appendix C. 


A pneumatic slug test apparatus is connected to the well head.  A hand pump and valve assembly allows 
for performing rising head or falling head slug tests.  A slug test data logger enables use of sampling of 1, 
2, 10 and 38 hertz to meet the requirements for low-K formations and high-K formations producing 
oscillatory response. 


5.2.4.4 Measuring Groundwater Field Parameters 
Groundwater sampling procedures are included as SOP 3 in Appendix C.  Part of the sampling 
procedure requires measurement of groundwater field parameters to determine when groundwater has 
stabilized using low flow procedures.  Measurements of Dissolved Oxygen (DO), Specific Conductance 
(SC), temperature, pH, and Oxidation Reduction Potential (ORP) will occur by way of probes attached to a 
multi-meter that are installed in a clear flow through cell. The peristaltic pump flow rate will be set to an 
approximate flow rate of between 100-200 milliliters per minute (mL/min).  The flow rate will be 
adjusted for long pulses of water, so one pump cycle will deliver a minimum of 40 mL of water as 
recommended by EPA Low-Stress Standard Operating Procedure (US EPA, 2010).   The field parameters 
will be recorded at a frequency of five minute intervals.  Stabilization is considered to be achieved when 
three consecutive readings are within the following limits: 


• DO.  10% for values greater than 0.5 mg/L; if three DO values are less than 0.5 mg/L, consider
the values stable;


• SC.  3%;
• Temperature.  3%;
• pH +- 0.2 unit; and
• ORP.  +- 100 millivolts (mV).


5.2.5 Equipment Calibration and Maintenance 
Equipment calibration will be performed using SOP 7 located in Appendix C.  The daily calibration of 
field equipment is the responsibility of the QAPP manager.  The field equipment is calibrated each 
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morning before sampling activities begins, and during the day if equipment drift is suspected.  Field 
equipment that will not calibrate to the manufactures guidelines will be taken out of service. 


5.2.5.1 Calibration 
Calibration of the PID, multi-meter and LIF are done each day prior to collecting samples or field 
parameters.  In general, calibration and operation of all equipment used for collection of samples and 
field parameters from monitoring wells will conform to the respective manufacturer’s specifications.  
Instrument calibrations and calibration checks shall be recorded on the daily field log.   


The PID is calibrated to a standard of 100 parts per million (PPM) isobutylene following manufactures 
procedures.  Isobutylene is an industry standard gas for representation of benzene in soil.  Calibration of 
pH meters shall be performed to pH standards (4, 7, or 10 standard units) bracketing the actual field 
measured value.  The specific conductivity meter shall be calibrated to one of three standards, 2,000, 
6,000, or 10,000 micro Siemens per centimeter (mS/cm), whichever is closer to the field measured value.  
Dissolved oxygen is calibrated using the barometric pressure method outlined by the manufacturer.  ORP 
calibration standard is 220 mv at 25○C.The laser is calibrated to a LNAPL standard characteristic of the 
site or SWMU prior to each boring.  This calibration is performed by the personnel operating the LIF 
equipment.   


5.2.5.2 Maintenance 
Equipment will be maintained according to the manufacture’s specifications at a minimum, and all 
equipment will be housed in protective containers to prevent damage during transportation and normal 
field operations.  The field equipment will be returned to the containers at the end of the day free of debris 
and completely dried before closing the container for storage. 


5.2.6 Field Duplicates/Matrix Spike 
A duplicate sample collected in the field is a second sample of the same matrix collected at the same 
location and at the same time as the original.  A laboratory duplicate is a laboratory split of a submitted 
field sample.  A matrix spike/matrix spike duplicate is a split sample collected in the field and used by the 
laboratory to spike the sample with a known concentration of a compound, and then split the sample and 
analyze the second sample for the original compound.   


Field duplicates will be collected in the field at the rate of 10 percent of total samples collected.  Matrix 
spike and matrix spike duplicates will be collected in the field at a rate of 5 percent of total samples 
collected.  The laboratory will analyze laboratory duplicates at a rate of 5 percent of total samples 
analyzed. 


5.2.7 Waste Management 
Soil generated during the advancement of soil borings and collecting soil samples will be minimal because 
push probe technology will be used.  Soil is generated from core samples recovered from the push probe 
plastic sleeves.  The unused soil and used plastic sleeves will be placed in an 8-yard roll off bin located in 
the 90-day Hazardous Waste storage area.  The soil will be disposed of at Safety Clean Grassy Mountain 
facility in Tooele County, Utah.  A Waste Profile Sheet will be completed with the required analytical 
documentation and reviewed by Safety Clean prior to disposal.  All waste manifests and Safety Clean 
Receipt of Waste will be included in the report documentation of the Phase I activities.  
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5.3 Analytical Testing 
The samples will be analyzed by Environmental Science Corporation (ESC), a Utah certified laboratory 
(#6157585858) located in Mt Juliet, Tennessee.  The State of Utah, Department of Health Laboratory 
Certification for ESC is included in Appendix E.  The laboratory’s address, phone numbers and contact 
are: 


Environmental Science Corporation (ESC) 
12065 Lebanon Rd. 
Mt. Juliet, TN 37122 
Ph.: 800-767-5859 
Fax: (615) 758-5859 
Internet: www.envsci.com 


 


ESC Contact Information for RFI Investigation: 


John Hawkins  
Environmental Science Corp.  
Technical Service Representative 
JHawkins@esclabsciences.com       
(615)-773-9669 


 
5.3.1 Chain of Custody 
An ESC chain-of-custody form will be used to record the sample ID’s, matrix, number of containers, date 
and time of collection, requested analyses, and any remarks for the laboratory.  The chain-of-custody will 
be filled out in the field as the samples are collected, and then reviewed at the end of each day comparing 
samples in the cooler with samples identified on the chain-of-custody.  The samples are the responsibility 
of the sampler, and are never out of the sampler’s custody until they are shipped.  The sampler will sign 
the chain-of-custody and relinquish custody of the cooler with the samples only at the end of the day to 
the shipping company delivering the samples to the laboratory.  The sampler will retain a carbon copy of 
the chain-of-custody when transferring custody to the shipping company.  The shipping number receipt 
will be attached to the carbon copy chain of custody. 


The laboratory logs the samples into receiving department and identifies the requested analyses for each 
sample.  A laboratory log-in form is completed identifying every sample they received and the analyses 
requested, and this form is emailed to the sampler (JLI) as verification they have received the samples, 
and will be analyzed according to the chain-of-custody form. 


5.3.2 Shipping 
Each sample jar will be individually placed inside a protective bubble wrap container and placed inside an 
appropriate sized sealable plastic bag.  The samples will be placed inside a large cooler-size interior plastic 
bag.  Ice will be added to the inside of the large plastic bag, and the bag will be sealed with a zip-tie ring.  
The chain of custody will be placed inside a separate plastic baggie, sealed and taped to the inside lid of 
the cooler.  The cooler will be sealed with packing tape.  Security seals will be placed over the tape and 
signed.  The cooler will be shipped to ESC by Federal Express on an overnight/next morning delivery 
schedule. 
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5.3.3 Analytical Procedures 
Analyses to be performed on samples and the analytical methods to be used include the following: 


• TPH fractionation using EPA Methods 8260B and 8270B with Method 5030 preparation;
• Volatile Organic Compounds (VOC) using EPA Methods 8260B and 8260B SIM;
• Semi Volatile Organic Compounds (SVOC), using EPA Method 8270C and 8270C SIM;
• RCRA metals using EPA Methods 7471 (mercury), 6010 and 6020.
• Hexavalent chromium using EPA Method 3060A/7196.


5.3.4 Level II QAQC 
The laboratory reduces the raw laboratory data and prepares the analytical reports and the laboratory 
QAQC results.  The laboratory supplies calibration and internal standards information, raw data, and all 
instrumentation output in a Level II QAQC package, if required.  The Project manager will verify the 
laboratory testing methods, detection limits, calibration data, holding times, and data qualifiers. Level II 
MOD QAQC will be performed on the Phase I samples.  This includes the laboratory analyses and 
reporting of the following: 


Level 2 “MOD” Data Package 


1. Analytical Results
2. Wet – Chemical Data


2.1. Quality Control Data 
2.1.1. Method Blanks 
2.1.2. Laboratory Control Samples 
2.1.3. Duplicates 
2.1.4. Matrix / Matrix Spike Duplicates 


3. Inorganic Data
3.1. Quality Control Data 


3.1.1. Method Blanks 
3.1.2. Laboratory Control Samples 
3.1.3. Duplicates 
3.1.4. Matrix Spike / Matrix Spike Duplicates 


4. GC Volatiles Data
4.1. Quality Control Data 


4.1.1. Blanks 
4.1.2. Laboratory Control Samples 
4.1.3. Surrogate Summaries 
4.1.4. Matrix Spike / Matrix Spike Duplicates 


5. GC/MS Volatiles Data
5.1. Quality Control Data 


5.1.1. Blanks 
5.1.2. Laboratory Control Samples 
5.1.3. Surrogate Summaries 
5.1.4. Matrix Spike / Matrix Spike Duplicates 
5.1.5. Internal Standard Response and Retention Time Summaries 


6. GC Semi-volatiles Data
6.1. Quality Control Data 


6.1.1. Blanks 
6.1.2. Laboratory Control Samples 
6.1.3. Surrogate Summaries 
6.1.4. Matrix Spike / Matrix Spike Duplicates 
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7. GC/MS Semi-volatiles Data 
7.1. Quality Control Data 


7.1.1. Blanks 
7.1.2. Laboratory Control Samples 
7.1.3. Surrogate Summaries 
7.1.4. Matrix Spike / Matrix Spike Duplicates 
7.1.5. Internal Standard Response and Retention Time Summaries 


8. Chain of Custody 


5.4 Quality Assurance Data Quality Objectives 
Data  Quality  Objectives (DQOs) are  qualitative  and  quantitative  statements  that  specify the  quality of  
data required to meet the goals of the site characterization and risk assessment.   The overall purpose of 
DQO is to ensure that data of known and acceptable quality are provided.  The data  developed  during  
this  investigation  must  meet  the  chosen  objectives  for  accuracy, precision, completeness, 
representativeness, comparability, and sensitivity as described in the following paragraphs. 


5.4.1 Accuracy 
Accuracy is the degree to which a measurement agrees with the actual value and is as the percent recovery 
of a known concentration of reference material.  Accuracy will be evaluated by having the laboratory spike 
a known amount of a chemical compound to a field sample or standard matrix.  After analysis for the 
spike is completed, the accuracy of the laboratory procedure is expressed as a percent recovery as shown 
by the following equation: 


PERCENT RECOVERY =  (C2-C1) x 100% 
   C0 


 Where: 
C0=amount of analyte added to the sample matrix, 
C1=amount of analyte present in the un-spiked sample matrix (equal to zero for the standard 
matrix), and 
C2 =amount of spiked material recovered in the analysis. 


 


The  amount  of  an  analyte  spiked  into  a  field  sample matrix  is  specified  by the laboratory quality 
control program.  Samples cannot be spiked for all compounds that could possibly exist in the field 
sample matrix; however, a set of surrogate compounds, each of whose physical and chemical properties is 
similar, is used as surrogate matrix spikes, or surrogates. 


For data evaluation purposes, the goal of this project is to obtain percent recovery data that are: 


• Greater than 60 percent and less than 140 percent for soil, and  
• Greater than 75 percent and less than 125 percent for groundwater. 


  Results outside of these limits will be qualified as "estimated". 


Sampling accuracy will be assessed by evaluating the results obtained by the collection and analysis of trip 
blanks and rinseate blanks.  The presence of contaminants in these samples may indicate improper 
decontamination procedures, contaminated rinse water, or cross-contamination during shipping.  Each 
cooler will contain one trip blank and will be analyzed for VOC COCs.  One rinseate sample of sampling 
equipment will be collected and analyzed daily if re-usable sampling equipment is used. 







RFI Phase I Work Plan 
Big West Oil North Salt Lake Refinery 


UTDO45267127 


Big West/North Salt Lake/Reports/RCRA/RFI Phase I WP June 8, 2017 101 


The analytical results from the trip and rinseate blanks will be tabulated.  If contaminants are detected, an 
examination of sample data will be conducted to determine if any data may be suspect.  The source of 
contamination will be investigated and possible solutions explored. 


5.4.2 Precision 
Precision is a measure of the degree of reproducibility of an analytical value and is used to evaluate the 
quality of the sampling procedures and as a check on the analytical procedures.  Precision is determined 
by analyzing field, laboratory, and matrix spike duplicate sample.  A duplicate sample collected in the field 
is a second sample of the same matrix collected at the same location and at the same time as the original.  
A laboratory duplicate is a laboratory split of a submitted field sample.  A matrix spike/matrix spike 
duplicate is a split sample collected in the field and used by the laboratory to spike the sample with a 
known concentration of a compound, and then split the sample and analyze the second sample for the 
original compound.   


Field duplicates will be collected in the field at the rate of 10 percent of total samples collected.  Matrix 
spike and matrix spike duplicates will be collected in the field at a rate of 5 percent of total samples 
collected and be analyzed by the laboratory. 


Precision of the analytical method is determined by calculation of a relative percent difference (RPD) 
between the value reported for the sample and the value reported for the duplicate sample as follows: 


RPD =│(C2-C1) x 100%│ 
(C2+C1)/2) 


 Where: 
C1 = analyte concentration in the sample, 
C2 = analyte concentration in the sample duplicate, 
and│ │= absolute value. 


The laboratory has been notified that the goal for this project is to obtain duplicate data that demonstrate 
20 percent RPD or less for groundwater and leachate (Synthetic Precipitation Leaching Procedure SPLP) 
and 35 percent RPD or less for soil.  Results outside these limits will be qualified as "estimated". 


In instances where one or both of the reported values are less than five times the quantitation limit, 
precision will be measured by calculation of the absolute difference (AD), as follows: 


AD = │C2 - C1│ 


Where: 
C1 = analyte concentration in the sample, 
C2 = analyte concentration in the sample duplicate, 
and│ │= absolute value. 


The goal for this project is to obtain duplicate data that demonstrate an AD less than, or equal to, the 
quantitation limit for all media.  Results outside these limits will be qualified as "estimated". 


5.4.3 Completeness 
Field completeness will be assessed by comparing the number of samples collected to the number of 
samples planned.  Analytical completeness will be assessed by comparing the total number of samples 
with valid analytical results to the number of samples collected.  Completeness (C) is determined by: 
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C   =  P1 x 100% 
P0 


Where: 
P0 = total number of samples planned, and 
P1 = number of valid data points. 


 
The laboratory has been notified that a value of 95 percent or higher is the goal. 
 
5.4.4 Representativeness 
Representativeness is a qualitative measurement of how accurately the data set represents the actual site 
conditions.  The determination of the representativeness of the data will be performed by comparing: 


• The actual sampling procedures and chain-of-custody forms to those described in the WP, 
• Evaluating holding times and condition of samples on arrival at the laboratory, and  
• Examining blanks for cross-contamination. 


 


The representativeness objective of this project is to eliminate all non-representative data by providing 
and conducting a sound sampling approach, as described in the WP. 


5.4.5 Comparability 
Comparability is a qualitative measure of the confidence with which one data set can be compared to 
another.  The data sets collected for this investigation will be analyzed by the same laboratory.  The field 
methods to collect site investigation samples will follow the SOPs.   Comparability will be evaluated by 
maintaining consistency in sample collecting procedures, analytical testing using the same laboratory and 
consistent early review of analytical results to detect potential outliers in QAQC. 


5.4.6 Sensitivity 
Sensitivity refers to the calibration sensitivity and the analytical sensitivity of a piece of equipment.  The 
analytical sensitivity is the ratio of the calibration sensitivity to the standard deviation of the analytical 
signal at a given analyte concentration.  Sensitivity is evaluated by the laboratory reporting limit.  The 
practical quantitation limit (PQL) as defined by ESC, is the detection limit, and is the smallest reported 
concentration in a sample within a specified level of confidence.  The PQL for each COC will be reviewed 
with ESC to ensure the limit is at or below regulatory clean up and/or risk based levels before sampling is 
performed. 
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6.0 Data Management and Reporting Plan 


6.1 Data Input Process  
The overall approach to the data management process is to have all the investigation data in one software 
application and be able to query the data by location(s), analytical results, individual COCs 
concentrations, sample medium, sample depth(s), etc.  The investigation data results will be referenced to 
each SDP.  The software application will import the laboratory analytical results directly into the reporting 
format with the RSL values for each COC.  The intent is to not have any data manually reproduced into 
spreadsheets which can lead to input error. 


The sample data and test results will be available by viewing a site map with all the SDP locations.  
Selecting an individual SDP will produce a drop-down menu that contains all the information recorded for 
that location.  This is further described below.  


6.2 Data Tracking and Recording 
The data tracking and recording will be managed using the software application that divides the data 
information by Location, Chemistry, Geology, Hydrogeology, Slug Test and LNAPL thickness as described 
below. 


6.2.1 Location Information 
Each SDP will be surveyed for latitude, longitude and ground surface/top of casing elevation.  These data 
will be entered into the software application using the SDP identification.  All the SDPs are posted on an 
image map.  Clicking on an individual SDP can be retrieved all the data.  At each SDP location the 
following types of samples can be selected: 


a) Well
b) Piezometer
c) Boring
d) Probe
e) Surface Sample
f) Station


SDPs location information can be queried for the following: 


g) Sample Date
h) Sample Type
i) Sampling Method
j) Number of Samples
a) Soil Boring Date
b) Soil Boring Drill Method
c) Soil Boring Sample Depths
d) Soil Boring Samples
e) Install Date
f) Boring Total Depth
g) Boring Depth Units
h) Drilling Method
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6.2.2 Chemistry 
The analytical data collected at each SDP can be retrieved, sorted, graphed and contoured within the 
software application.  Individual COC or groups of COCs can be selected at each SDP and evaluated in 
table format or be graphed using analytical concentration and date.  The analytical data can be filtered by 
depth to evaluate particular depths of interest, for example just above the groundwater surface. 


6.2.3 Geology 
The geology at each SDP is input into the software application and includes surface soil and subsurface 
sediments descriptions.  Each soil sample depth is identified in the soil boring logs.  Reference to the 
analytical suite performed on each soil sample is also logged on the soil boring.  Geologic cross sections 
can be complied from the soil boring logs with the analytical concentrations plotted versus depth. 


6.2.4 Hydrogeology 
Groundwater elevation and LNAPL elevations are retained in the software application.  The individual 
groundwater elevations, LNAPL thickness, and analytical data of groundwater samples are stored within 
each SDP.  These data can be queried by individual well or site wide using all the wells.  The data can be 
displayed in graph or table format.  Additionally, the data can be exported to contouring program for 
preparation of isoconcentration maps. 


6.2.5 Slug Test 
Slug test results will be input into the software application.  The slug test data can be retrieved in table 
format and contoured for site wide evaluation of hydraulic conductivity. 


6.2.6 LNAPL 
Potential LNAPL thickness will be recorded and input into the software application.  These data can be 
queried by individual well or site wide using all the wells.  The data can be displayed in graph or table 
format.  Additionally, the data can be exported to contouring program for preparation of isoconcentration 
maps. 


6.3 Tabular Display 
The analytical results will be displayed in reports and through data query in Excel format.  Reference RSL 
values for soil and groundwater will be included in each table where applicable.  The excel table formats 
will consist of the following: 


• Date sample collected
• Units
• COCs
• Analytical Result
• Qualifier (when listed)
• Industrial and Residential RSL value
• Analytical Methods


6.4 Graphical Display 
An aerial photograph of the Refinery was completed in 2015 and the resulting aerial photograph (image) 
was used in the CCR.  This aerial photograph is referenced to geographical coordinates in decimal degree 
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format.  The image is of significant resolution to accuracy zoom in to specific SWMUs.  The image will be 
used as the base map in the Data Management software package, and each SDP will be located on the 
image using the coordinate system of the sample location. 


The Refinery image will also be used  to locate and place geologic information including distribution of 
sedimentary units and cross sections, isoconcentration maps of COCs and groundwater equal-potential 
lines, and modeled interpretation of hydraulic conductivity based on slug test results. 


6.5 Reporting 
Draft and final version of all reports will be prepared in electronic and hardcopy formats, and delivered to 
the WMRC.  The reports will include text, tables, figures and supporting appendices.  







RFI Phase I Work Plan 
Big West Oil North Salt Lake Refinery 


UTDO45267127 
 


 


Big West/North Salt Lake/Reports/RCRA/RFI Phase I WP June 8, 2017 106 


7.0 References 
 


Anderson, P.B.;  Susong, D.D.; Wold, S.R.; Heilweil, VM.; and Baskin, R.L., 1994. Hydrogeology of 
Recharge Areas and Water Quality of the Principal Aquifers Along the Wasatch Front and 
Adjacent Areas, Utah.  U.S. Geological Survey Water Resources Investigations Report 93-4221, 
1994. 


Baskin, R.I., 1990.  Selected Factors Related to the Potential for Contamination of the Principal Aquifer, 
Salt Lake Valley, Utah. U.S. Geological Survey Water Resources Investigations Report 90-4110, 
1990. 


Dames and Moore, 1985a. Groundwater Quality Assessment Report of Second Determination for 
Husky/RMT, Inc. North Salt Lake Refinery, Utah. July 1, 1985. 


Dames and Moore, 1985b. Closure/Post Closure Plan, Land Treatment Area Hazardous Waste 
Management Facility, RMT Properties, Inc., Refinery, North Salt Lake, Utah, August 1, 1985. 


Dames and Moore, 1990.  Report of Closure Activities Conducted During 1988 and 1989, Flying J Inc., 
North Salt Lake, Surface Impoundments, under Stipulation and Consent Order 8503170. 


ECOVA, 1995. Risk Assessment Former Land Treatment Area, Flying J Refinery, North Salt Lake, Utah. 


GeoWest Golden 1993.  Report of Investigation Evaluation of Extent and Magnitude of Subsurface 
Contamination Flying J North Salt Lake Refinery, March 1, 1993. 


Healy, A., R.W. Mower, and C.A. Harr, 1971. Water Resources of Salt Lake County, Utah, Technical 
Publication No. 31. Utah Department of Natural Resources. 


Horn, R., V., 1982 Surficial Geologic Map of Salt Lake City North Quadrangle, Davis and Salt lake 
Counties, Utah. US Geological Survey, 1982. 


Johnston Leigh Inc., 2016. Current Conditions Report Big West Oil North Salt Lake Refinery, EPA ID 
UTD045267127. July 19, 2016. 


Miller, R.D., 1980. Surficial Geologic Map Along Part of Wasatch Front, Salt Lake Valley, Utah. U.S. 
Geological Survey Miscellaneous Field Studies map MF-1198, scale 1:100,000. 


RETEC, 2003.  Sampling and Analysis Plan, Land Treatment Area, Flying J Refinery, Big West Oil 
Company, North Salt Lake, Utah. Revised February 28, 2003. 


Shah, N., Nachabe, M., and Ross, M., 2007.  Extinction Depth and Evapotranspiration from Groundwater 
under Select Land Covers. Ground Water, May-June, 2007. 


US EPA, 2010. EQASOP-GW 001 Region 1 Low Stress (Low Flow) SOP, Revised, January 19, 2010. 


Wallace, Janeae, and Mike, 2009. Groundwater-Water Quality Classification for the Principal Basin-Fill 
Aquifer, Salt Lake Valley, Salt Lake County, Utah. 


 







RFI Phase I Work Plan 
Big West Oil North Salt Lake Refinery 


UTDO45267127 


Big West/North Salt Lake/Reports/RCRA/RFI Phase I WP June 8, 2017 107 


WRCC, 2016. Western Regional Climate Center, July 1, 2015 through December 31, 2015 Wind Rose Mean 
Wind Speed and Direction. Salt lake City International Airport., 


WMRC, 2016. Current Conditions Report (Approval), August 12, 2016. 







FIGURES 







BIG WEST OIL


REFINERY


PREPARED BY: DATE:
REVISION:


FILE NAME:


Johnston Leigh Inc.
(801) 726-6845


FIGURE 1-1


BWO Refinery and


Location Map


RFI Phase 1 Work Plan


BIG WEST OIL, LLC


NORTH SALT LAKE, UTPJS 11/30/2016 0


SCALE IN FEET


0 2000 4000


TOPO: USGS SALT LAKE CITY NORTH


7.5 MINUTE QUADRANGLE, 1975


REVISED BY USDA FOREST SERVICE 1998


2015 AERIAL PHOTO







SAFETY


ADMINISTRATION


R


A


I
L
 
U


N


L
O


A


D


I
N


G


FIRE


LABORATORY


CRUDE


UNLOADING


CHANGE


HOUSE


SWEET CRUDE


UNLOADING


FORMER SURFACEWATER


IMPOUNDMENTS 1 AND 2


1
2


DAF


UNIT


SEPARATOR


(API 2)


NORTH


FLARE


SEPARATOR


(API 3)


3


FORMER SURFACE-


WATER IMPOUNDMENT 3


CONTRACTOR


STAGING


AREA


BONEYARD


P


O


T


W


SKIMMER


PARSHALL FLUME


FLOW


SOUTH


FLARE


TESORO


PRODUCT


LINE


TESORO


PLAINS


PRODUCT


LINE


HOLLY


PRODUCT


LINE


SEPARATOR


(API 1)


FORMER


LTA


PROPANE


TANKS


HF ALKY-


LATION UNIT


MSCC


UNIT


GAS


PLANT


CRUDE


UNITTREATMENT


BLENDING


PRODUCT


LOADING


RACK


REFORMER


TRUCK


REPAIR


COMMERCIAL


COMMERCIAL


RAILROAD


COMMERCIAL


COMMERCIAL


STORAGE


UNDEVELOPED


BWO PROPERTY


(APPROX. 40


ACRES)
INDUSTRIAL


SURFACE WATER


GROUNDWATER SEEPS


INTERSTATE


I-215


CHEVRON


REFINERY


CANAL


DAYLIGHT


R


A


I
L


R


O


A


D


I
-
2
5


Job No:


Drawn By:


Date:


QC:


File:


PE:


F
I
G


U
R


E


Johnston Leigh Inc.
(801) 726-6845 11/28/2016


PJS


1
-
2


SUROUNDING LAND USE


REFINERY FEATURES AND


RFI PHASE 1 WORK PLAN


BIG WEST OIL, LLC


SCALE IN FEET


0 400 800







BIG WEST OIL, LLC


REFINERY PROPERTY


PREPARED BY: DATE: REVISION: FILE NAME:


Johnston Leigh Inc.
(801) 726-6845


FIGURE 1-3


PJS 11/28/2016


FLOOD INSURANCE RATE MAP


(FIRM)


RFI PHASE I WORK PLAN


BIG WEST OIL, LLC


NORTH SALT LAKE CITY, UT


SCALE IN FEET


0 800 1,600


IMAGE:


FEDERAL EMERGENCY MANAGEMENT AGENCY


FLOOD INSURANCE RATE MAP (FIRM)


MAP NUMBER 49011C0508E


EFFECTIVE DATE JUNE 18, 2007


ZONE A


ZONE AE


(EL 4217')


ZONE A FLOOD DEPTH IS UNDEFINED


ZONE A HAS BEEN EXTENSIVELY


REDEVELOPED AND UNLIKELY TO BE


FLOODED DURING A 1% ANNUAL


CHANCE FLOOD







PREPARED BY: DATE:
REVISION:


FILE NAME:


Johnston Leigh Inc.
(801) 726-6845


FIGURE 1-4


WIND ROSE 1998-2016 SALT 


LAKE CITY AIRPORT RFI PHASE 


1 WORK PLAN


BIG WEST OIL, LLC


NORTH SALT LAKE, UT
PJS 11/28/2016 0







Jo
b 


N
o:


D
ra


w
n 


B
y:


D
at


e:


Q
C


:


Fi
le


:


PE
:


FIGURE


Jo
hn


st
on


 L
ei


gh
 I


nc
.


(8
01


) 7
26


-6
84


5
1


1
/
2


8
/
2


0
1


6


p
j
s


2-1


G
E


N
E


R
A


L
I
Z


E
D


 
W


E
S


T
 
T


O
 
E


A
S


T
 
G


E
O


L
O


G
I
C


 
C


R
O


S
S


S
E


C
T


I
O


N
 
N


O
R


T
H


E
R


N
 
R


E
F


I
N


E
R


Y
 
A


R
E


A


R
F


I
 
P


H
A


S
E


 
1
 
W


O
R


K
 
P


L
A


N


B
I
G


 
W


E
S


T
 
O


I
L
,
 
L
L
C


N
O


R
T


H
 
S


A
L
T


 
L
A


K
E


,
 
U


T
A


H


SCALE IN FEET


0 150 300







Jo
b 


N
o:


D
ra


w
n 


B
y:


D
at


e:


Q
C


:


Fi
le


:


PE
:


FIGURE


Jo
hn


st
on


 L
ei


gh
 I


nc
.


(8
01


) 7
26


-6
84


5
1


1
/
2


8
/
2


0
1


6


p
j
s


2-2


G
E


N
E


R
A


L
I
Z


E
D


 
N


O
R


T
H


 
T


O
 
S


O
U


T
H


 
G


E
O


L
O


G
I
C


C
R


O
S


S
 
S


E
C


T
I
O


N
 
C


E
N


T
R


A
L
 
R


E
F


I
N


E
R


Y
 
A


R
E


A


R
F


I
 
P


H
A


S
E


 
1
 
W


O
R


K
 
P


L
A


N


B
I
G


 
W


E
S


T
 
O


I
L
,
 
L
L
C


N
O


R
T


H
 
S


A
L
T


 
L
A


K
E


,
 
U


T
A


H


SCALE IN FEET


0 100 200







Approximate Location of BWO Refinery


Jo
b 


N
o:


D
ra


w
n 


B
y:


D
at


e:


Q
C


:


Fi
le


:


PE
:


FIGURE


Jo
hn


st
on


 L
ei


gh
 I


nc
.


(8
01


) 7
26


-6
84


5
1


1
/
2


8
/
2


0
1


6


p
j
s


2-3


G
E


N
E


R
A


L
I
Z


E
D


 
B


L
O


C
K


 
D


I
A


G
R


A
M


 
O


F


S
A


L
T


 
L
A


K
E


 
B


A
S


I
N


 
A


Q
U


I
F


E
R


 
S


Y
S


T
E


M
S


R
F


I
 
P


H
A


S
E


 
1
 
W


O
R


K
 
P


L
A


N


B
I
G


 
W


E
S


T
 
O


I
L
,
 
L
L
C


N
O


R
T


H
 
S


A
L
T


 
L
A


K
E


,
 
U


T
A


H


Generalized block diagram showing relation of recharge areas and the basin-fill aquifer system along the Wasatch Front, Utah.  (from Anderson, et al. 1994)







!U


!U


!U


!U


!U


!U


!U


!U


!U


!U!U
!U


!U


!U


!U


!U


!U


!U


!U
!U


!U


!U


!U


!U


P-85-10
0
0


S-4
0


4237.26


T-20
0


4221.82


S-85-9
4227.75


0


S-85-8
4226.82


0


S-85-7
4229.95


0


S-85-6
4230.23


0


S-85-5
4229.27


0


S-85-3
4237.25


0


S-85-2
4240.51


0


S-85-1
4254.32


0


S-85-19
4224.65


0


S-85-18
4225.05


0
S-85-17
4226.56


0


S-85-13
4225.23


0


S-85-11
4225.03


0
S-85-10
4226.18


0


S-85-16B
0


4223.89


S-85-15B
0


4226.77


S-85-4
4226.07
4238.39


S-85-14
4219.68
4240.33


S-85-12
4225.04
4232.16


S-85-16A
4218.35
4230.23


S-85-15A
4220.86
4230.46


4234


4232


4230


4236


4238


4240


4239


4228
4226


4235


4233


4231


4237


4229


4227


4224


4225


4241


4223


4222


42
36


4227


4231


4233


4241


4237


4237


4228


4233


4235


4229


4227


4233


4235


4229


4231


4231


42
39


4235


4229


4225
4228


42
24


42
32


4236


4240


4238


4234


4222 4226 42
30


4244
4246


4242


4220


4248
4250


4252


42
30


4234


4226


4226


42
22


4234


4222


4238


4238


BI
G


 W
ES


T 
O


IL
, L


LC


N
O


R
TH


 S
AL


T 
LA


KE
, U


TA
H


TY
P


IC
A


L 
G


R
O


U
N


D
W


AT
E


R
P


O
TE


N
TI


O
M


E
TR


IC
 S


U
R


FA
C


E
S


IN
 S


U
M


M
E


R
 A


N
D


 W
IN


TE
R


FIGURE


2-4


D
ra


w
n 


B
y:


D
at


e:


Fi
le


:


Jo
shn


sto
n L


eig
h I


nc
.


(80
1) 


72
6-6


84
5


Jo
b 


N
o.


:
 PJ


S


11
/3


0/
20


16


 
R


FI
 P


H
A


S
E


 1
 W


O
R


K
 P


LA
N


£130 0 130 260 390 52065
Feet


Legend


!U MONITOR WELL WITH GROUNDWATER DEPTH


SUMMER GROUNDWATER POTENTIOMETRIC SURFACE


WINTER GROUNDWATER POTENTIOMETRIC SURFACE


NOTE:  SUMMER GROUNDWATER ELEVATION SHOWN
             ABOVE WINTER GROUNDWATER ELEVATION
             0 INDICATES WELL NOT GAUGED







!U


!U


!U


!U


!U


!U


!U!U
!U


!U


!U


!U


!U


!U


S-85-5
0


P-85-10
0


S-85-8
2.6


S-85-18
6.1


S-85-13
4.1


S-85-6
1.07


S-85-9
0.573


S-85-7
0.544


S-85-19
0.441


S-85-17
0.759


S-85-10
0.001


S-85-4
0.0049


S-85-12
0.0042


S-85-11
0.0385


10.
5


1.5


234


2.5


5
2.


5


0.
5


1.5


0.
5


2


1


1.5


0.5


1


0.5


1.5
1


1


2


BI
G


 W
ES


T 
O


IL
, L


LC


N
O


R
TH


 S
AL


T 
LA


KE
, U


TA
H


C
O


M
PA


R
IS


O
N


 O
F 


D
IS


SO
LV


E
D


 B
E


N
ZE


N
E


IN
 G


R
O


U
N


D
W


AT
ER


 M
O


N
IT


O
R


IN
G


 W
EL


LS
19


91
 A


N
D


 2
00


2


FIGURE


2-5


D
ra


w
n 


B
y:


D
at


e:


Fi
le


:


Jo
shn


sto
n L


eig
h I


nc
.


(80
1) 


72
6-6


84
5


Jo
b 


N
o.


:


PJ
S


11
/3


0/
20


16


R
FI


 P
H


A
S


E
 1


 W
O


R
K


 P
LA


N


!U


!U


!U


!U


!U


!U


!U!U
!U


!U


!U


!U


!U


!U


S-85-5
0


P-85-10
0


S-85-19
0


S-85-6
0.2


S-85-17
1.9


S-85-9
0.65


S-85-7
0.11


S-85-4
0.22


S-85-11
0.33


S-85-10
0.33


S-85-8
0.095


S-85-12
0.005


S-85-18
0.0005


S-85-13
0.0037


0.1


0.
3


0.2


0.
4


0.5


0.
6


1


0.7


0.
8


0.9


1.1


0.2


0.4


0.
2


0.
2


0.2


0.5


0.6


DISSOLVED BENZENE ISOCONCENTRATION
1991


DISSOLVED BENZENE ISOCONCENTRATION
2002


0 220 440
Feet£


Legend
DISSOLVED BENZENE ISOCONCENTRATION - 1991


DISSOLVED BENZENE ISOCONCENTRATION - 2002







!A


!A
!A


!A


!A
!A


!A !A !A


!A
!A


!A!A !A


!A
!A
!A


!A!A!A!A!A
!A


!A


!A


!A


!A


!A


!A


!A


!A


!A


!A


!A
!A


!A


!A


!A


!A
!A


!A !A
!A


!A


!A


!A


!A


!A


!A


!A


!A


!A
!A


!A


!A


!A!A
!A


!A
!A
!A


!A


!A


!A


!A


!A


!A
!A


!A


!A


!A


!A


!A


!A


!A


!A


!A
!A


!A!A!A


!A


!A


!A


!A


!A
!A


!A
!A!A


!A
!A
!A!A


!A


!A


!A
!A!A


!A


S8-3


S8-2


S8-1


S7-3
S7-2


S7-1


S6-3


S6-2


S4-2
S4-3S4-1


S3-3
S3-1 S5-3


S1-1S1-2S1-3


S2-1S2-2
S2-3


S5-1
S5-2


S34-1


S31-3S32-2
S31-1


S22-3


S15-3 S29-3S29-2 S26-2S26-1
S41-3


S41-2S41-1


S41-4


S40-3


S40-2


S40-1


S39-3S39-2
S39-1


S35-1
S35-2
S35-3


S33-2
S33-1


S33-3


S24-4


S24-1


S24-2
S24-3


S22-2
S22-1


S23-4


S23-4


S23-1


S23-3
S23-2


S37-1
S37-2S37-3


S21-2
S21-3


S21-1


S20-9


S20-8


S20-7


S20-6


S20-5


S20-4


S20-3


S20-2


S20-1


S19-3
S19-2S19-1


S15-2
S15-1


S13-4


S13-3


S13-2


S13-1


S17-1


S20-12


S20-11


S20-10


SAOC1-1
SAOC1-2


SAOC1-3


SAOC2-3SAOC2-2
SAOC2-1


BW
O


 R
EF


IN
E


R
Y


N
O


R
TH


 S
AL


T 
LA


KE
, U


TA
H


PH
A


S
E


 I


FIGURE


4-1


D
ra


w
n 


B
y:


D
at


e:


Fi
le


:


Jo
shn


sto
n L


eig
h I


nc
.


(80
1) 


72
6-6


84
5


Jo
b 


N
o.


:


pj
s


05
/2


3/
20


17


SA
M


P
LE


 L
O


C
AT


IO
N


S


£
125 0 125 250 375 50062.5


Feet







TABLES 







TABLE 2-1
COMPARISON OF 1991 PID MEASUREMENTS WITH ANALYTICAL RESULTS


BWO RFI Phase I WP
EPA ID UTDO45267127


Page 1 of 1


BWO RFI Phase I WP 4/5/2017


Test Pit No. Peak PID Benzene Soil Benzene GW
(ppm) (mg/kg) (mg/l)


1 22 <0.01 <0.001
2 24 <0.05 0.003
3 156 1.55 0.051
4 240 3.57 9.52
5 192 7.89 3.11
6 290 0.53 0.02
7 220 30.5 5.58
8 184 10.6 4.69
9 200+ <0.5 5.63
10 100 0.21 0.268
11 50 <0.05 <0.001
12 190 <0.02 0.003
13 10 <0.01 0.036
14 240 2.38 0.328
15 260 23.5 4.2
16 130 159 19
17 280 23 15.9
18 210 71.1 21.6
19 190 2.58 0.903
20 190 19 3.85
21 195 20.2 6.35
22 150 3.96 4.49
23 25 0.02 <0.001
24 26 <0.01 <0.001
25 16 <0.01 0.039
26 4 <0.01 <0.001
27 220 1.79 0.016
28 90 0.65 0.038
29 120 0.58 0.458
30 230 0.64 0.067
31 220 2.01 0.225
32 190 3.23 0.908
33 100 18.4 5.49
34 190 3.37 3.59
35 240 0.75 0.409
36 6 <0.01
37 90 0.81 1.22
38 160 33.8 11.88
39 220 0.84 1.22
40 180 26.6 8.83
41 185 16.9 1.31
42 <0.001
Notes:
ppm soil headspace measurement
mg/kg milligrams per killogram
mg/l milligrams per liter
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BWO RFI Phase I WP 4/6/2017


Well Installation 
Date Refinery Area


Hydraulic 
Gradient 
Location


SWMU Total Well 
Depth (ft bgs)


Screen Interval 
(ft bmp)


Ground Surface 
Elevation (ft 


amsl)


Measuring Point 
Elevation (ft 


amsl)
Well Status


Refinery Wells High Low
S-85-1 10/26/1985 Rail Unloading Up NE Corner 24 29.5 9.5 - 24.5 4252.2 4254.12 Damaged 7.1 10.34
S-85-2 10/26/1985 Rail Unloading Up NE Corner 24 29.5 10.0 - 25.0 4253.3 4254.98 Damaged 11 14.47
S-85-4 10/26/1985 Admin Building Middle No 19.5 2.5 - 15.0 4230 4231.74 Good 11.49 14.44
S-85-6 10/26/1985 Treatment Middle East of 29 21.5 2.5 - 15.0 4232.7 4236.37 Good 4.47 8.14
S-85-7 10/26/1985 Treatment Middle North of 1 21.5 2.5 - 15.0 4234.8 4234.61 Damaged 1.97 6.23
S-85-8 10/26/1985 Tank Farm Middle 7 19.5 2.5 - 15.0 4229.7 4231.38 Unknown 3.44 5.30
S-85-9 10/26/1985 Tank Farm Middle East of 17 19.5 2.5 - 15.0 4227.4 4229.39 Unknown 0.9 4.06
S-85-11 10/26/1985 Tank Farm Middle NW 20 21.5 4.5 - 17.0 4226.8 4228.50 Good 2.14 4.01
S-85-12 10/26/1985 Tank Farm Middle 6 19.5 1.5 - 14.0 4227.7 4229.51 Good 3.68 5.55
S-85-13 10/26/1985 Tank Farm Middle 4 19.5 2.5 - 15.0 4227.2 4229.05 Good 2 5.09
S-85-14 10/26/1985 McNight Down No 16.5 3.0 - 13.0 4223.2 4225.02 Good 0.62 6.14
S-85-15A 10/26/1985 Open Field Down 35 16.5 2.0 - 12.0 4224.5 4226.34 Good 2.05 6.87
S-85-15B 10/26/1985 Open Field Down No 16 2.0 - 12.0 4226.34 Damaged 3.44 7.27
S-85-16A 10/26/1985 Open Field Down No 21.5 4.5 - 17.0 4223.9 4225.87 Good 1.58 8.28
S-85-16B 10/26/1985 Open Field Down No 21 4.5 - 17.0 4225.28 Damaged 2.29 8.33
S-85-17 10/26/1985 Tank Farm Middle South of 20 21.5 2.5 - 15.0 4228.2 4229.75 Unknown 1.97 3.19
S-85-18 10/26/1985 Tank Farm Middle 8 21.5 2.5 - 15.0 4226.7 4228.39 Good 2.71 6.03
D-1 09/03/1981 Propane Tank Up No 95.0 75 - 95 4247.8 Good
LTA Wells
S-1 09/04/1981 LTA Middle 19 17.0 7.0 - 17.0 4235.2 4237.61 Good 6.44 11.18
S-2 09/04/1981 LTA Middle No 17.0 7.0 - 17.0 4234.5 4237.57 Good 8.6 10.60
S-3 09/04/1981 LTA Middle Down No 17.0 7.0 - 17.0 4233.6 4236.34 Good 6.16 9.89
S-4 09/04/1981 LTA Up No 17.0 7.0 - 17.0 4247.9 4250.67 Good 10.77 12.73
S-5 07/13/1983 LTA Up No 16.3 6.3 - 16.3 4245.07 Good 6.99 9.01
S-6 07/08/1983 LTA Middle Down No 14.7 4.7 - 14.7 4233.80 Good 3.88 6.48
T-13 06/09/1983 South Flair Down Middle South of S 20 9.4 3.0 - 8.0 4233.36 Good 2.83 5.60
T-15 06/09/1983 South Flair Down No 10.0 4.9 - 9.9 4232.76 Damaged 2.6 7.10
T-18 06/09/1983 South Flair Down South of S 20 10.0 2.5 - 6.5 4228.38 Good 0.5 3.67
T-19 06/09/1983 South Flair Down No 9.8 4.0 - 9.0 4229.00 Good 2.47 6.44
T-20 06/09/1983 South Flair Down No 10.0 5.0 - 10.0 4228.50 Good 4.39 6.67
Notes: ft = feet
bgs = below ground surface 
bmp = below ground surface 
amsl = above means sea level 
Range Depth to Water - Refinery Wells 1991 to 2002
Range Depth to Water - LTA  Wells 2010 to 2013


Above Screen


Range Depth to Water
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PHASE I SAMPLING SCHEDULE
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BWO RFI Phase I Work Plan 5/5/2017


Slug Test


SS SB1 Depth SB2 Depth GW SS SB1 Depth GW SS SB1 Depth GW
1 API 1 S1-1 1 1 1 1 1 1 1 1 1 SS1-1 SB1-1-_ SB1-1-_ GW1-1 1
1 API 1 S1-2 1 1 1 1 1 1 SS1-2 SB1-2-_ SB1-2-_
1 API 1 S1-3 1 1 1 1 1 1 SS1-3 SB1-3-_ SB1-3-_
2 API 2 S2-1 1 1 1 1 1 1 1 1 1 SS2-1 SB2-1-_ SB2-1-_ GW2-1
2 API 2 S2-2 1 1 1 1 1 1 SS2-2 SB2-2-_ SB2-2-_
2 API 2 S2-3 1 1 1 1 1 1 SS2-3 SB2-3-_ SB2-3-_
3 API 3 S3-1 1 1 1 1 1 1 1 1 1 SS3-1 SB3-1-_ SB3-1-_ GW3-1 1
3 API 3 S3-2 1 1 1 1 1 1 SS3-2 SB3-2-_ SB3-2-_
3 API 3 S3-3 1 1 1 1 1 1 SS3-3 SB3-3_ SB3-3_
4 Former DAF S4-1 1 1 1 1 1 1 SS4-1 SB4-1-_ SB4-1_
4 Former DAF S4-2 1 1 1 1 1 1 SS4-2 SB4-2-_ SB4-2-_
4 Former DAF S4-3 1 1 1 1 1 1 SS4-3 SB4-3-_ SB4-3-_
5 Tank 1A S5-1 1 1 1 1 1 1 1 1 1 SS5-1 SB5-1-_ SB5-1-_ GW5-1
5 Tank 1A S5-2 1 1 1 1 1 1 SS5-2 SB5-2-_ SB5-2-_
5 Tank 1A S5-3 1 1 1 1 1 1 SS5-3 SB5-3-_ SB5-3-_
6 SI 1 S6-1 1 1 1 1 1 1 SS6-1 SB6-1-_ SB6-1-_ GW6-1
6 SI 1 S6-2 1 1 1 SS6-2 SB6-2-_ SB6-2-_
6 SI 1 S6-3 1 1 1 SS6-3 SB6-3-_ SB6-3-_
7 SI 2 S7-1 1 1 1 SS7-1 SB7-1-_ SB7-1-_
7 SI 2 S7-2 1 1 1 SS7-2 SB7-2-_ SB7-2-_
7 SI 2 S7-3 1 1 1 SS7-3 SB7-3-_ SB7-3-_
8 SI 3 S8-1 1 1 1 1 1 1 1 1 1 SS8-1 SB8-1-_ SB8-1-_ GW8-1 1
8 SI 3 S8-2 1 1 1 1 1 1 SS8-2 SB8-2-_ SB8-2-_
8 SI 3 S8-3 1 1 1 1 1 1 SS8-3 SB8-3-_ SB8-3-_


13 Boneyard S13-1 1 1 1 1 1 1 1 1 1 SS13-1 SB13-1-_ SB13-1-_ GW13-1 1
13 Boneyard S13-2 1 1 1 1 1 1 SS13-2 SB13-2-_ SB13-2-_
13 Boneyard S13-3 1 1 1 1 1 1 SS13-3 SB13-3-_ SB13-3-_
13 Boneyard S13-4 1 1 1 1 1 1 SS13-4 SB13-4-_ SB13-4-_
15 Skimmer S15-1 1 1 1 1 1 1 1 1 1 SS15-1 SB15-1-_ SB15-1-_ GW15-1
15 Skimmer S15-2 1 1 1 1 1 1 SS15-2 SB15-2-_ SB15-2-_
15 Skimmer S15-3 1 1 1 1 1 1 SS15-3 SB15-3-_ SB15-3-_
17 Tank 7 S17-1 1 1 1 1 1 1 1 1 1 SS17-1 SB17-1_ SB17-1_ GW17-1 1
17 Tank 7 S17-2 1 1 1 1 1 1 SS17-2 SB17-2-_ SB17-2-_
19 Flare Pit S19-1 1 1 1 1 1 1 1 1 1 SS19-1 SB19-1-_ SB19-1-_ GW19-1 1
19 Flare Pit S19-2 1 1 1 1 1 1 SS19-2 SB19-2-_ SB19-2-_
19 Flare Pit S19-3 1 1 1 1 1 1 SS19-3 SB19-3-_ SB19-3-_
20 Tank Draw Area S20-1 1 1 1 1 1 1 1 1 1 SS20-1 SB20-1-_ SB20-1-_ GW20-1 1
20 Tank Draw Area S20-2 1 1 1 1 1 1 1 1 1 SS20-2 SB20-2-_ SB20-2-_ GW20-2 1
20 Tank Draw Area S20-3 1 1 1 1 1 1 1 1 1 SS20-3 SB20-3-_ SB20-3-_ GW20-3
20 Tank Draw Area S20-4 1 1 1 1 1 1 1 1 1 SS20-4 SB20-4-_ SB20-4-_ GW20-4 1
20 Tank Draw Area S20-5 1 1 1 1 1 1 SS20-5 SB20-5-_ SB20-5-_
20 Tank Draw Area S20-6 1 1 1 1 1 1 SS20-6 SB20-6-_ SB20-6-_
20 Tank Draw Area S20-7 1 1 1 1 1 1 SS20-7 SB20-7-_ SB20-7-_
20 Tank Draw Area S20-8 1 1 1 1 1 1 SS20-8 SB20-8-_ SB20-8-_
20 Tank Draw Area S20-9 1 1 1 1 1 1 SS20-9 SB20-9-_ SB20-9-_
20 Tank Draw Area S20-10 1 1 1 1 1 1 SS20-10 SB20-10-_ SB20-10-_
20 Tank Draw Area S20-11 1 1 1 1 1 1 SS20-11 SB20-11-_ SB20-11-_
20 Tank Draw Area S20-12 1 1 1 1 1 1 SS20-11 SB20-12-_ SB20-12-_
21 Crude Unloading S21-1 1 1 1 1 1 1 1 1 1 SS21-1 SB21-1-_ SB21-1-_ GW21-1
21 Crude Unloading S21-2 1 1 1 1 1 1 SS21-2 SB21-2-_ SB21-2-_
21 Crude Unloading S21-3 1 1 1 1 1 1 SS21-3 SB21-3-_ SB21-3-_
22 Bundle Clean Pad S22-1 1 1 1 1 1 1 1 1 1 SS22-1 SB22-1-_ SB22-1-_ GW22-1
22 Bundle Clean Pad S22-2 1 1 1 1 1 1 SS22-2 SB22-2-_ SB22-2-_
22 Bundle Clean Pad S22-3 1 1 1 1 1 1 SS22-3 SB22-3-_ SB22-3-_
23 Process Sewer S23-1 1 1 1 1 1 1 SS23-1 SB23-1-_ SB23-1-_ GW23-1 1


VOC SVOC RCRA Metals


EPA Method 8260B EPA Method 8270C EPA Methods 7471(Hg) 6010B


Date
Soil 


Boring1 


Sample ID


Soil 
Sample ID


Soil 
Boring2 


Sample ID


GW 
Sample IDSWMU Location SDP SS 


Time
SB1 


Time
SB2 


Time
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23 Process Sewer S23-2 1 1 1 1 1 1 SS23-2 SB23-2-_ SB23-2-_ GW23-2
23 Process Sewer S23-3 1 1 1 1 1 1 SS23-3 SB23-3-_ SB23-3-_ GW23-3
23 Process Sewer S23-4 1 1 1 1 1 1 SS23-4 SB23-4-_ SB23-4-_ GW23-4
24 Rail Load Unload S24-1 1 1 1 1 1 1 1 1 1 SS24-1 SB24-1-_ SB24-1-_ GW24-1 1
24 Rail Load Unload S24-2 1 1 1 1 1 1 SS24-2 SB24-2-_ SB24-2-_
24 Rail Load Unload S24-3 1 1 1 1 1 1 SS24-3 SB24-3-_ SB24-3-_
24 Rail Load Unload S24-4 1 1 1 1 1 1 1 1 1 SS24-4 SB24-4-_ SB24-4-_ GW24-4
26 Spent Caustic Tank S26-1 1 1 1 1 1 1 1 1 1 SS26-1 SB26-1_ SB26-1_ GW26-1
26 Spent Caustic Tank S26-2 1 1 1 1 1 1 SS26-2 SB26-2-_ SB26-2-_
29 90-Day Area S29-1 1 1 1 1 1 1 1 1 1 SS29-1 SB29-1-_ SB29-1-_ GW29-1
29 90-Day Area S29-2 1 1 1 1 1 1 SS29-2 SB29-2-_ SB29-2-_
29 90-Day Area S29-3 1 1 1 1 1 1 SS29-3 SB29-3-_ SB29-3-_
31 Pump Wash Pad S31-1 1 1 1 1 1 1 1 1 1 SS31-1 SB31-1-_ SB31-1-_ GW31-1
31 Pump Wash Pad S31-2 1 1 1 1 1 1 SS31-2 SB31-2-_ SB31-2-_
31 Pump Wash Pad S31-3 1 1 1 1 1 1 SS31-3 SB31-3-_ SB31-3-_
33 NW Pond S33-1 1 1 1 1 1 1 SS33-1 SB33-1-_ SB33-1-_ GW33-1 1
33 NW Pond S33-2 1 1 1 SS33-2 SB33-2-_ SB33-2-_
33 NW Pond S33-3 1 1 1 SS33-3 SB33-3-_ SB33-3-_
34 Open Ditch S34-1 1 1 1 1 1 1 1 1 1 SS34-1 SB34-1-_ SB34-1-_ GW34-1
34 Open Ditch S34-2 1 1 1 1 SS34-2 SW34-2
34 Open Ditch S34-3 1 1 1 1 SS34-3 SW34-3
34 Open Ditch S34-4 1 1 1 1 1 1 SS34-4 SB34-4-_ SB34-4-_
35 Field Excavation S35-1 1 1 1 1 1 1 SS35-1 SB35-1-_ SB35-1-_ GW35-1 1
35 Field Excavation S35-2 1 1 1 SS35-2 SB35-2-_ SB35-2-_
35 Field Excavation S35-3 1 1 1 SS35-3 SB35-3-_ SB35-3-_ GW85-15A
37 Waxy Crude Piles S37-1 1 1 1 1 1 1 SS37-1 SB37-1-_ SB37-1-_ GW37-1 1
37 Waxy Crude Piles S37-2 1 1 1 SS37-2 SB37-2-_ SB37-2-_
37 Waxy Crude Piles S37-3 1 1 1 SS37-3 SB37-3-_ SB37-3-_
39 Flare Stained Soils S39-1 1 1 1 1 1 1 1 1 1 SS39-1 SB39-1-_ SB39-1-_ GW39-1 1
39 Flare Stained Soils S39-2 1 1 1 1 1 1 SS39-2 SB39-2-_ SB39-2-_
39 Flare Stained Soils S39-3 1 1 1 1 1 1 SS29-3 SB39-3_ SB39-3_
40 Cudahy Drain S40-1 1 1 1 1 1 1 1 1 1 SS40-1 SB40-1-_ SB40-1-_ GW40-1
40 Cudahy Drain S40-2 1 1 1 1 1 1 SS40-2 SB40-2-_ SB40-2-_
40 Cudahy Drain S40-3 1 1 1 1 1 1 SS40-3 SB40-3-_ SB40-3-_
41 Pond Tank 17 S41-1 1 1 1 1 1 1 1 1 1 SS41-1 SB41-1-_ SB41-1-_ GW41-1 1
41 Pond Tank 17 S41-2 1 1 1 1 1 1 SS41-2 SB41-2-_ SB41-2-_
41 Pond Tank 17 S41-3 1 1 1 1 1 1 SS41-3 SB41-3-_ SB41-3-_
41 Pond Tank 17 S41-3 1 1 1 1 1 1 SS41-4 SB41-4-_ SB41-4-_


AOC-1 Old Admin Bld AOC1-1 1 1 1 SSAOC1-1 SBAOC1-1-_SBAOC1-1-_
AOC-1 Old Admin Bld AOC1-2 1 1 1 1 1 1 SSAOC1-2 SBAOC1-2-_SBAOC1-2-_ GWAOC1-2 1
AOC-1 Old Admin Bld AOC1-3 1 1 1 SSAOC1-3 SBAOC1-3-_SBAOC1-3-_
AOC-2 Former Cardlock AOC2-1 1 1 1 1 1 1 SSAOC2-1 SBAOC2-1 GWAOC2-1
AOC-2 Former Cardlock AOC2-2 1 1 1 1 1 1 SSAOC2-2 SBAOC2-2 GWAOC2-2
AOC-2 Former Cardlock AOC2-3 1 1 1 1 1 1 SSAOC2-3 SBAOC2-3 GWAOC2-3


Total 74 97 36 74 97 36 74 99 36 17


208
39


Notes: * 85-15A = Sample existing well at this location.
DUP = Duplicate Sample
MS/MSD = Matrix Matrix Spike Duplicate


Total Soil Samples 173 20% DUP
Total GW Samples 35 10% MS/MSD
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1.0 INTRODUCTION 
This site-specific Health and Safety Plan (HASP) has been prepared by Johnston Leigh Inc. (JLI) in 
accordance with the regulatory requirements of 29 CFR 1910.120, "Hazardous Waste Operations and 
Emergency Response".   


The purpose of this HASP is to:  


• identify safety training requirements specific to the BWO Refinery; 


• identify BWO Refinery Process Areas and access requirements to all areas of the refinery; 


• identify job and task hazards and procedures to abate hazards 


• summarize the project personnel and responsibilities;  


• identify Standard Operating Procedures (SOPs); 


• identify personal protective equipment that may be used at the site; 


• establish emergency procedures; 


• identify appropriate first aid equipment; and 


• identify HASP audit procedures. 


The HASP will be implemented by JLI during field work.  Big West Oil, LLC (BWO) has specific requirements 
for all workers inside the refinery and this HASP is designed to complement the BWO safety requirements.  
All personnel working with or for JLI at the BWO Refinery are required to comply with this HASP and the 
BWO safety requirements 


1.1 RCRA Facility Investigation (RFI) 
BWO entered into a STIPULATION AND CONSENT ORDER issued by the Director of the Division of Waste 
Management and Radiation Control (WMRC) (former DSHW) pursuant the Utah Solid and Hazardous 
Waste Act, Utah Code Annotated 19-6-101, et seq., dated August 5, 2015, for the purpose of conducting a 
Resource Conservation Recovery Act (RCRA) Facility Investigation (RFI).  


1.1.1 Purpose and Objective 
The purpose of the RFI is to determine presence or absence and nature and extent of compounds of 
concern (COCs) at the 27 Solid Waste Management Units (SWMU) and two (2) Areas of Concern (AOC) 
shown on Figure 1 at the BWO Refinery, and describe potential migration pathways including 
physiography, hydrology, pedology, geology, hydrogeology, and meteorology. 







Health and Safety Plan 
for RCRA Facility Investigation 


BWO Refinery, North Salt Lake, Utah 
June 8, 2017 


 


BWOBWO NSL HASP June 2017.Docx Jun 2017.docx  7 


The objective of the RFI is to adequately describe the potential risks to refinery staff and contractor 
personnel from soil and groundwater contamination and procedures, if needed, to abate the risks.  


1.2 Refinery Description 
The BWO Refinery description including operation, location, surrounding land use, geographic setting, 
geology and hydrogeology is presented in detail in the CCR (JLI, 2016) and the Phase I Work Plan (JLI, 
2017). 


1.3 Project Personnel 
The following personnel and responsibilities are assigned for the HASP activities, unless written 
notification of change is provided: 


 


Person (Contact Information) Responsibility 
Mr. Rolf Johnsson 


Waste Management and Radiation Control 
195 North 1950 West 
Salt Lake City, UT 84114 
Office:  (801) 536-0242 
rjohnsson@utah.gov 


WMRC Project Regulator  
UT DEQ Contact 


Ms. Molly Gregersen, P.G. 
BWO, LLC 
333 West Center  
North Salt Lake, UT 84054 
Office: (801) 296-7711 
molly.gregersen@bigwestoil.com 


BWO Environmental Specialist 
Site Contact 


Mr. Leigh Beem, P.G. 
Johnston Leigh Inc. 
6205 View Drive 
Park City, UT 84098 
Cell: (801) 726-6845 
leigh@johnstonleighinc.com 


Environmental Consultant  
Project Manager 


 



mailto:rjohnsson@utah.gov

mailto:molly.gregersen@bigwestoil.com

mailto:leigh@johnstonleighinc.com
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1.4 Refinery Training Requirements 
Specific training requirements must be completed by JLI and its subcontractors before access to the 
refinery.  These include the following: 


1. 24 or 40 Hour HAZWOPER Training and annual 8 hour refresher course. 
2. 8 hours Contractor Training (C-Stop equivalent). 
3. BWO Site Specific Training 4 hour course 
4. Respirator Use Certification 
5. Annual Drug Test 


These are further described below. 


1.4.1 OSHA 1910.120(e)(3)(i) 
General site workers (such as equipment operators, general laborers and supervisory personnel) engaged 
in hazardous substance removal or other activities which expose or potentially expose workers to 
hazardous substances and health hazards shall receive a minimum of 40 hours of HAZWOPER Training, 
and a minimum of three days actual field experience under the direct supervision of a trained experienced 
supervisor.  This training is applicable to all soil investigation and excavation work.  Prior to 
commencement of the field investigation(s) the training will be documented and recorded in the project 
logbook and available for review.  


1.4.2 OSHA 1910.120 (e)(3)(iii) 
Workers on site only occasionally for a specific limit task (such as, but not limited to, ground water 
monitoring, land surveying, or geophysical surveying) and who are unlikely to be exposed over permissible 
exposure limits and published exposure limits shall receive a minimum of 24 hours of instruction off the 
site, and the minimum of one day actual field experience under the direct supervision of a trained, 
experienced supervisor.  Prior to commencement of the field investigation(s) the training will be 
documented and recorded in the project logbook and available for review. 


1.4.3 Contractor Training 
Workers must take an 8-hour Contractor Training Class which provides required safety training for 
individuals who work in highly hazardous environments.  Options for this class include a class room setting 
or on-line program.  This basic training includes the following: Process Safety Management, Hazardous 
Materials including Asbestos Hazard Awareness, Confined Spaces, Emergency Response, Excavation, 
Trenching, and Shoring Safety, Fall Protection, Hand and Power Tools, Hazard Communication, Lead 
Awareness, Lock and Tag, Hazardous Energy training, Overhead and Gantry Crane Safety, Personal 
Protective Equipment, Scaffold Safety and more.   
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1.4.4 BWO Refinery Training 
BWO refinery requires contractors to undergo a 4-hour orientation and training program before they are 
allowed to work in the refinery.  Each worker is required to bring a copy of their Contractor Training 
Certification for BWO to retain in their personal file.  This class must be repeated each year.  BWO offers 
this class each Monday and Thursday starting a 7:00 AM. 


1.4.5 Respirator Use Certification 
JLI and its subcontractors are required to have a respirator use certification sign by a medical physician.  
This requirement is only required by JLI for workers involved with sub-surface soil sampling and/or 
groundwater monitor well installation.  This is not a requirement by BWO.  


1.4.6 Drug Test 
JLI and its subcontractors are required to have an annual drug test and the results are available for review 
in the project log book.  BWO does not require a drug test prior to completing the BWO Refinery Training.  
However, BWO does random drug test on all workers in the refinery.  If any worker is tested for drugs 
and/or alcohol and shows positive results, they will be immediately removed from the refinery property 
and their refinery access will be permanently revoked.   


1.4.7 Document Contents 
The document going forward contains the following descriptions 


• Section 2.0 Refinery Process Areas 
• Section 3.0 BWO Refinery Departments 
• Section 4.0 Muster Locations 
• Section 5.0 Hazard Assessment 
• Section 6.0 General Safe Work Practices and Communications 
• Section 7.0 Personal Protective Equipment 
• Section 8.0 Site Control Measures 
• Section 9.0 Decontamination Procedures 
• Section 10.0 Medical Surveillance Program 
• Section 11.0 Emergency Procedures 
• Section 12.0 HASP Acceptance Signature Page 


 
For ease of reading, Figures 2 through 5 are included in the text, and a larger version is included in the 
Figures section of the report following the text. 
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2.0 Refinery Process Areas 
The refinery is divided into seven process areas (Figure 2).  These include the following: 


1. Crude Unit 


2. Millisecond Catalytic Cracking Unit (MSCC) 


3. Hydrofluoric Alkaline Unit (HF Alky) 


4. Catalytic Reformer (Reformer) 


5. Gas Plant 


6. Butamer 


7. Hydrogen desulfurization (HDS)/MIDW 


On Figure 2, the storage tanks associated with the process areas are listed under the above headings, and 
the tanks are color coded by contents.  The storage tanks are listed below by contents and process. 


1. Black - Crude Storage Tanks 3, 5, 6, 43, and 44 


2. White – MSCC Charge, Bottoms, Naphtha Charge, OOS, and Sweet Naphtha Tanks 13, 14, 16, 17, 
19, 85 and 86;  


3. White – Liquefied Petroleum Gas (LPG) Tanks 322, 323, 324, 325, 326, 327, 328, 329 and 330 


4. Purple – MIDW and HDS Charge gas product to the Flare Unit Tanks 21, 22 and 23 


5. Dark Green – Diesel Blend Storage Tanks 18, 24, 30, 31 and 40 


6. Light Green – Fresh Caustic Tanks A and H, Spent Caustic Tanks B and I 


7. Yellow -  Hydrogen Sulfide Potential including Natural, Hvy Ref, Alkylate Cat Gas and ethanol 
Tanks 42, 50, 51, 52, 54, 75, 87 and 95 


8. Red – Gasoline Storage Tanks 4, 29, 35, 45, 53, 62, 65 and 72 


9. Blue – Waste water and sour water tanks 9, 33, 34 and 90.  
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The piping in the refinery is also color coded by content and the legend is shown on Figure 2. The pipe 
colors at the refinery include: 


• Blue – Water
• Purple – Flare
• Red – Gasoline
• Dark Green – Diesel
• Light Green – Amine Sweet Gas
• Yellow – Hydrogen Sulfide Hazard
• Brown – Air
• Orange – Hydrogen
• Black - Crude Pipeline
• Magenta – LPG to Blend
• Blue Insulated – Boiler Feed
• Tan Insulated – Spent Caustic.
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Figure 2. Refinery Process Areas and Tank IDs 
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3.0 BWO Refinery Departments 
The BWO refinery is divided into four departments (Figure 3).  These consist of the following: 


• Department 1 - Crude Unit, Butamer, Isomerization (ISOM) and Catalytic Reformer (Reformer)
Units (Orange area on Figure 3).  On the BWO radio network, contact Area 1 Operator for permit.


• Department 2 – Sour Water Stripper (SWS), HDS, Hydrofluoric Alkaline Unit (HF Alky) and
Millisecond Catalytic Cracking (MSCC) Units (Yellow and Purple areas on Figure 3).  On the BWO
radio network, contact Area 2 Operator for permit.


• Department 3 – Laboratory (Within the Red Areas on Figure 3)


• Department 4 – Oil Movement including Tank Farms, LPG and Railroad Spur (Green areas on
Figure 3).  On the BWO radio network, contact Tank Farm Oil Movement or Tank Farm Operator
for permit.


Each department is managed under separate group.  Access to the different areas of the refinery is by 
permit only. 


Figure 3. Refinery Departments – Permit Entry 
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3.1 Department 1 
Permits to enter Department 1 areas are issued at the Blue Box for entry into Department 1 areas.  The 
Blue Box is located adjacent to the former laboratory (Figure 4). 


3.2 Department 2 
Permits to enter Department 2 areas are issued at the Red Box to enter Department 2.  The Red Box is 
located east of the HF Alky Unit (Figure 4). 


3.3 Department 3  
Permits to enter the laboratory building are obtained from the Safety Department.  The Safety 
Department is located in the former Administration building (Figure 1).  The Safety Department can also 
be contacted on the radio channel “Safety”. 


3.4 Department 4  
Permits to enter Department 4 areas are obtained at one of the four Job Boxes; these are located on the 
Lower Road, Middle Road, LPG Tanks and Rail Spur (Figure 4).   


All other areas within the refinery are under the jurisdiction of the Safety Department.  Permits for these 
areas can be obtained by contacting the Safety Department either at the former Administration Building 
or on the radio on channel “Safety”. 
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4.0 Refinery Muster Locations 
In the event of a refinery emergency, a siren will alert all refinery personnel.  All contractors will stop work 
immediately and proceed on foot to the refinery muster locations.  These locations are shown on Figure 4 
and include: 


• Contractor Area – West side of refinery in the middle adjacent to the Contractor Offices.
• FireHouse – East side of former Safety Building
• Safety Building – West parking lot adjacent to Safety Building
• Administration Building – East Parking lot adjacent to Administration Building.


Figure 4. Blue Box, Red Box and Muster Locations 


Blue Box 


Red Box 


Muster Location 


Muster Location 
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5.0 HAZARD ASSESSMENT 
All personnel have stop-work authorization that they can execute upon determination of an imminent 
safety hazard, emergency situation, or other potentially dangerous situations, such as detrimental 
weather conditions.  The RFI investigation will include collecting soil and groundwater samples 
throughout the refinery.  Air monitoring will occur during the sample collection procedures.  Standard 
Operating Procedures are included in this HASP in Appendix A.  Hazards assessment information is 
presented below and in table format referenced in this Section. 


5.1 Waste Description/Characterization 
The following chemical information is presented in order to identify the types of materials that may be 
encountered at the facility.  The following is a list of chemicals and compounds, and the laboratory 
analytical method used to detect the compounds that are potentially found on-site and collectively 
referred to as the compounds of concern (COCs): 


• Gasoline range organics (GRO) using EPA Method 8015B; 
• Diesel range organics (DRO) using EPA Methods 3546/8015B; 
• TPH fractionation using EPA Methods 8260B and 8270B with Method 5030 preparation; 
• Volatile Organic Compounds (VOC) using EPA Methods 8260B and 8260B SIM; 
• Semi Volatile Organic Compounds (SVOC), using EPA Method 8270C and 8270C SIM; 
• RCRA metals using EPA Methods 7471 (mercury), 6010 and 6020Metal 


 


Waste Types:   Liquid      X         Solid         X               Vapor      X              


 Sludge     X         Semi-solid                Other                   


 


Characteristics: Corrosive        X           Flammable      X         


  Explosive       X            Volatile          X           


  Radioactive                Inert                            


Other:     Toxic                                                           
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5.2 Soil 
The Standard Operating Procedure for surface and sub-surface soil sampling is included as SOP 2 in 
Appendix A.  Personnel will be exposed to soil during surface and sub-surface soil sampling.  Hazard 
evaluation forms have been prepared for soil sampling.  These include Job Hazard Analysis (JHA) designed 
to identify hazards associated with mobilization, sample location preparation, and equipment storage 
procedures (Table 1); and Task Hazard Analysis (THA) designed to identify hazards associated with soil 
sampling and well installation procedures (Table 2).  These hazard evaluation forms will be reviewed and 
signed each day by the personnel performing the soil sampling during the mandatory daily Site Safety 
Meeting.  Additional hazards may be added to JHA and THA at any time by any personnel performing the 
tasks.  The JHA and THA forms are designed to efficiently identify potential hazards and prepare a 
mitigation plan to eliminate the hazards.  The daily JHA and THA forms are kept with the personnel 
performing the soil sampling at all times and then logged in the project book at the end of each day. 


All personnel handling soil will wear nitrile gloves and change these gloves after every soil sample is 
collected.  Exposure to skin during soil sampling procedures by absorption can be prevented by use of 
proper PPE and good hygiene practices.  Personnel are also required to wear a good pair of leather gloves 
for handling equipment and moving to a new sampling location.  


5.3 Groundwater 
Groundwater may contain Light Non-Aqueous Phase Liquids (LNAPL) and dissolved COCs.  Personnel may 
come in contact with groundwater during advancement of soil borings and installation and sampling of 
groundwater monitoring wells.  The relevant SPOs for procedures that may expose workers to 
groundwater are SOPs 2, 3, 4, and 7 included in Appendix A.   


The THA form for groundwater sampling is presented in Table 3.  This hazard evaluation form will be 
reviewed and signed each day by the personnel performing the sampling. Additional hazards may be 
added to the THA at any time by all personnel performing the tasks.  Exposure to COCs volatilization from 
groundwater during sampling is possible and therefore monitoring the Breathing Zone (BZ) during 
sampling will be performed.  These procedures are discussed below in Section 5.5. 


Groundwater recovered from the monitor wells from sampling activities will be containerized in 55-gallon 
drums.  Purge groundwater will be discharged to the process wastewater treatment system at the 
refinery. 


5.4 LNAPL 
LNAPL has been detected in previous investigations.  The LNAPL at the site is most likely a mixture of 
diesel and gasoline and less likely crude oil.  Personnel may be exposed to LNAPL during advancement of 
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soil borings and installation of groundwater monitoring wells.  Personnel will review and follow the THA 
presented on Table 3.  Exposure to COCs volatilization from LNAPL during soil sampling is possible and 
therefore monitoring the BZ during sampling will be performed.  These procedures are discussed below in 
Section 5.5.  All personnel handling soil and groundwater will wear nitrile gloves and change these gloves 
after every soil sample is collected.  Exposure to skin during soil and groundwater sampling procedures by 
absorption can be prevented by use of proper PPE and good hygiene practices 


5.5 Breathing Zone Monitoring  
Breathing zone atmosphere is monitored during the advancement of soil borings, collection of soil 
samples and collection of groundwater samples.  These activities shall be initiated in Level D protection 
with the contingency to upgrade the level of protection based on the action levels.  A photoionization 
detector (PID) and hydrogen sulfide (H2S) meter shall be used to monitor the breathing zone and to 
monitor the borehole and environmental samples upon their retrieval.  Background PID measurements of 
the Work Zone breathing zone will be documented each day and recorded in the field logs.  The following 
action levels will be used: 


 


INSTRUMENT BREATHING ZONE LEVEL PROTECTION / 
ACTION 


PID Continuous readings to 5 ppm above background in 
BZ 


Level D 


PID Continuous readings of 5 to 10 ppm above 
background 


Level C 


PID Continuous readings at 10 to 100 ppm above 
background 


Stop Work 


H2S Continuous readings to 5 ppm Alarm Level 


H2S Continuous readings to 10 ppm Stop Work 


5.5.1 Instrument Calibration and Maintenance 
Instrument calibration and maintenance shall be performed according to manufacturer's specifications 
and documented on Field Instrument Calibration Logs or Field Log Books.  PID calibration shall be 
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completed on a daily basis.  Combustible gas/oxygen meters, if used, shall be calibrated according to 
manufacturer's recommended frequency (i.e., daily or weekly). 


5.6 Physical Hazards 
Primary physical hazards are included in Tables 1 through 3 and are reiterated below: 


• Slip, trip and fall,
• Pinch and Crush Points
• Lifting Heavy Objects
• Skin and eye irritants,
• Heat stress and cold exposure
• Buried Utilities
• Eye injuries


Depending on seasonal weather conditions, there is potential for workers on-site to be affected by heat 
stress or cold exposure.  JLI will monitor for heat stress or cold exposure in accordance with Section 5.7.1 
of this HASP.   


Soil boring activities and monitoring well installation provide potential for encountering buried hazards 
such as utilities.  Blue Stakes of Utah will be notified prior to any subsurface investigations.  Blue Stakes 
locating personnel will have to be escorted into the refinery after passing the refinery safety meeting.    
Overhead electrical lines shall also be identified.  Noise related to soil boring operations and monitoring 
well installations is expected and hearing protection will be worn.   


5.7 Natural Hazards 
Natural hazards such as weather and bites from insects must be avoided.  Black Widow and Brown 
Recluse spiders are known to exist at the refinery.  Features where these spiders nest including dark 
confined small areas (i.e., drains, pipes, manways, etc.) must be checked first before extending a hand 
inside the feature.  Afternoon thunderstorms are common in the summer and fall in the area.  
Contractors will be notified by BWO Safety Department on the radio of any lighting issues.  


5.7.1 Heat Stress 
The Project Manager shall visually monitor personnel to note for signs of heat stress.  Field personnel will 
also be instructed to observe for symptoms of heat stress and methods on how to control it.  One or more 
of the following control measures can be used to help control heat stress: 
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• Provide adequate liquids to replace lost body fluids.  Personnel must replace water and salt lost 
from sweating.  Personnel must be encouraged to drink more than the amount required to satisfy 
thirst.  Thirst satisfaction is not an accurate indicator of adequate salt and fluid replacement. 


• Replacement fluids can be commercial mixes such as Gatorade. 
• Establish a work regime that will provide adequate rest periods for cooling down.  This may 


require additional shifts of workers. 
• Cooling devices such as vortex tubes or cooling vests can be worn beneath protective garments. 
• Breaks are to be taken in a cool rest area (77oF is best). 
• Personnel shall remove impermeable protective garments during rest periods. 
• Personnel shall not be assigned other tasks during rest periods. 
• Personnel shall be informed of the importance of adequate rest, acclimation, and proper diet in 


the prevention of heat stress.   
 


One of the following biological monitoring procedures may be used when the workplace temperature is 
70oF or above.   


• Heart rate (HR) shall be measured by the pulse for 30 seconds as early as possible in the resting 
period.  The HR at the beginning of the rest period should not exceed 110 beats/minute.  If the HR 
is higher, the next work period should be shortened by 10 minutes (or 33 percent), while the 
length of rest period stays the same.  If the pulse rate is 100 beats/minute at the beginning of the 
next rest period, the following work cycle should be shortened by 33 percent.  The length of the 
initial work period will be determined by using the table below.   


 


PERMISSIBLE HEAT EXPOSURE THRESHOLD LIMIT VALUES 


WORK-REST 
REGIMEN 


WORKLOAD 
LIGHT MODERATE HEAVY 


Continuous Work 80.0oF 80.0oF 77.0oF 
75% Work -  


25% Rest, Each Hour 
87.0oF 82.4oF 78.6oF 


50% Work - 
50 % Rest, Each Hour 


88.5oF 85.0oF 82.2oF 


25% Work - 
75% Rest, Each Hour 


90.0oF 88.0oF 86.0oF 
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• Body temperature shall be measured orally with a clinical thermometer as early as possible in the 
resting period.  Oral Temperature (OT) at the beginning of the rest period should not exceed 99oF.  
If it does, the next work period should be shortened by 10 minutes (or 33 percent), while the 
length of the rest period stays the same.  However, if the oral  temperature exceeds 99.7oF at the 
beginning of the next rest period, the following work cycle shall be further shortened by 33 
percent.  OT should be measured at the end of the rest period to make sure that it has dropped 
below 99oF.  At no time shall work begin with the oral temperature above 99oF. 


5.7.2 Cold Exposure 
If field activities occur during a period when temperatures average below freezing, the following 
guidelines will be followed.   


Persons working outdoors in temperatures at or below freezing may be subject to frostbite.  Extreme cold 
for a short time may cause severe injury to the surface of the body, or result in profound generalized 
cooling of the body core, resulting in coma and death.  Areas of the body which have high surface area-to-
volume ratio such as fingers, toes, and ears are the most susceptible.   


Two factors influence the development of a cold injury; ambient temperature and the velocity of the 
wind.  Wind chill is used to describe the chilling effect of moving air in combination with low temperature.  
For instance, 10oF with a 15-mile per hour (mph) wind is equivalent to chilling still air to -18oF.  Refer to 
Table 4 Windchill Index. 


As a general rule, the greatest incremental increase in wind chill occurs when a wind of 5 mph increases 
to 10 mph.  Additionally, water conducts heat 240 times faster than air.  Thus, the body cools suddenly 
when chemical-protective equipment is removed if the clothing underneath is perspiration-soaked.   


Local injury resulting from cold is included in the generic term frostbite.  There are several degrees of 
damage.  Frostbite of the extremities can be categorized into: 


• Frost nip or incipient frostbite: Characterized by sudden blanching or whitening of skin. 
• Superficial frostbite: Skin has a waxy or white appearance and is firm to the touch, but tissue 


beneath is resilient. 
• Deep frostbite: Tissue is cold, pale, and solid; extremely serious injury.   


 


Prevention of frostbite is vital.  Keep the extremities warm.  Wear insulated clothing as part of one's 
protective gear during extremely cold conditions.  Check for symptoms of frostbite at every break.  The 
onset is painless and gradual--you may never know you have been injured until it is too late. 
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TABLE 4 
WIND CHILL INDEX 


ACTUAL THERMOMETER READING (F): 


Wind Speed (mph) 50 40 30 20 10 0 -10 -20 -30 -40 


EQUIVALENT TEMPERATURE (F): 


Calm 50 40 30 20 10 0 -10 -20 -30 -40 


5 48 37 27 16 6 -5 -15 -26 -36 -47 


10 40 28 16 4 -9 -21 -33 -46 -58 -70 


15 36 22 9 -5 -18 -36 -45 -58 -72 -85 


20 32 18 4 -10 -25 -39 -53 -67 -82 -96 


25 30 16 0 -15 -29 -44 -59 -74 -88 -104 


30 28 13 -2 -18 -33 -48 -63 -79 -94 -109 


35 27 11 -4 -20 -35 -49 -67 -82 -98 -113 


40 26 10 -6 -21 -37 -53 -69 -85 -100 -116 


over 40 mph 


(little added effect) 


Little Danger 


(For properly clothed person) 


                 Increased Danger                 Great Danger 


(Danger from freezing of exposed flesh) 


Source: Fundamentals of Industrial Hygiene, Third Edition, Plog, B.A., Benjamin, G.S., Kerwin, M.A., 
National Safety Council, 1988. 
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To administer first aid for frostbite, bring the victim indoors and rewarm the areas quickly in water 
between 39oC and 41oC (102oF to 105oF).  Give a warm drink but not coffee, tea, or alcohol.  The victim 
should not smoke.  Keep the frozen parts in warm water or covered with warm clothes for 30 minutes, 
even though the tissue will be very painful as it thaws.  Then elevate the injured area and protect it from 
injury.  Do not allow blisters to be broken.  Use sterile, soft, dry material to cover the injured areas.  Keep 
victim warm and get immediate medical care.   


After thawing, the victim should try to move the injured areas a little, but no more than can be done 
alone (without help). 


• Do not rub the frostbitten part (this may cause gangrene). 
• Do not use ice, snow, gasoline, or anything cold on frostbite. 
• Do not use heat lamps or hot water bottles to rewarm the frostbitten area. 
• Do not place the body part near a hot stove.   


 


Systemic hypothermia is caused by exposure to freezing or rapidly dropping temperature.  Its symptoms 
are usually exhibited in five stages:  1) shivering; 2) apathy, listlessness, sleepiness, and (sometimes) rapid 
cooling of the body to less than 95oF; 3) unconsciousness, glassy stare, slow pulse, and slow respiratory 
rate; 4) freezing of the extremities; and, finally, 5) death.   


Effects arising from cold exposure will be minimized by providing workers with insulated clothing when 
the equivalent chill temperature is less than 30oF as defined and presented in the ACGIH booklet in Table 
5.  Furthermore, field activities will generally be curtailed or halted if the equivalent chill temperature is 
below -20oF.  The ultimate responsibility for delaying work at a site due to inclement weather rests with 
the SSO.   


5.8 Confined Space Entry 
Confined space entry is not permitted under this HASP.  If confined space entry is deemed necessary, 
work will be halted and the Project Manager will be notified.   


5.9 Spill Containment 
Field trucks will be inspected daily for drips of automotive fluids and repaired before allowed to enter the 
site.  The daily inspection of field vehicles will be recorded on the Daily Field Vehicle Inspection Form.  
(Appendix B).  Push probe equipment will be inspected daily for hydraulic, oil, and other fluid leaks and if 
found must be repaired before entering the site.   During push probe operation, plastic will cover the 
ground surface below the rig.  
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6.0 GENERAL SAFE WORK PRACTICES AND COMMUNICATIONS 


6.1 Mandatory Morning Safety Meetings 
Project personnel will have a mandatory safety meeting every day prior to commencement of field work. 
The JHA and Task Hazard Analysis THA forms for soil and groundwater sampling, Breathing Zone 
monitoring and potential LNAPL exposure (Tables 1 through 4) will be reviewed and signed each day by 
the personnel performing the tasks. Existing and new work activities, changes in work practices 
implemented due to new project information, and changing site or environmental conditions will be 
discussed every day before work.  Briefings will also be given to facilitate conformance with prescribed 
safety practices when performance deficiencies are identified during routine daily activities or as a result 
of safety audits.  Briefings by the Project Manager will also occur as-needed to further assist site 
personnel in conducting their activities safely. 


6.2 Safety Equipment 
Basic emergency and first aid equipment will be available in the Project Managers field vehicle.  This shall 
include communications equipment, first aid kit (sufficient to accommodate field team), emergency eye 
wash, and other safety-related equipment.  One 10 pound fire extinguisher will be in each field vehicle 
onsite.  One 20 pound fire extinguisher will be located in the Project Managers field truck.   


6.3 Communications 
Cellular telephones are not allowed to be used inside the refinery.  JLI and its subcontractors will be 
equipped with two-way radios and will be able to communicate with refinery safety and emergency 
personnel.      


Field teams in conjunction with the buddy system may use hand signals.  These signals are very important 
when working with heavy equipment.  The entire field team shall know them before operations 
commence and reviewed during site-specific training. 
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SIGNAL MEANING 
Hand gripping throat Out of air, can't breathe 


Grip partner's wrist Leave area immediately; no debate 


Hands on top of head Need assistance 


Thumbs up OK; I'm all right; I understand 


Thumbs down No; negative 


6.4 Safe Work Practices 
The following safe work practices will be implemented during site operations: 


• Only properly trained and equipped personnel will be allowed to work in potentially contaminated
areas.


• The number of personnel and equipment in the sampling areas will be kept to a minimum, consistent
with safe site operations.


• Workers shall adhere to the "buddy system.


• Smoking is allowed in designated smoking areas in the refinery.  Chewing gum or tobacco, or any
practice that increases the probability of hand-to-mouth transfer, ingestion, and inhalation of
potentially contaminated materials is prohibited.


• As necessary, personnel will thoroughly wash their hands and faces upon leaving the investigation
areas.


• Contact with potentially contaminated materials and surfaces shall be avoided.  Personnel shall
comply with contamination control measures.


• Work shall only be conducted if adequate illumination is provided, i.e., visual observation is not
impaired due to loss of daylight conditions.
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6.4.1 Push Probe/Drill Rig 
Personnel working near the push probe/drill rig shall be aware of the following safe work practices: 


• Pinch points will be identified by the driller and helpers must keep hands and clothing away from the
operating push probe rig at all times.


• Drillers shall inform personnel working nearby as to the location of the emergency stop device.


• No drilling within 20 feet in any direction of overhead power lines will be permitted.  The locations of
all underground utilities must be identified and marked prior to initiating any subsurface activities.


• In the event the push probe/drill rig would come in contact with an electrical source, do not touch any
part of the equipment or attempt to enter or leave it.  Do not touch any person who may be in contact
with electrical current.  If rescue is attempted, only use a dry, clean rope or unpainted wooden pole.


• Personnel must develop hand signals with equipment operators.


• Samplers must not reach into or near the rotating equipment.  If personnel must work near any tools
which could rotate, the driller must shut down the rig prior to initiating such work.


• Drillers, helpers, and samplers must secure all loose clothing when in the vicinity of drilling operations.


6.5 Safety Audits 
The Project Manager may conduct safety audits of field operations and subcontractor performance to 
review for compliance with health and safety policies and procedures.  Safety audits will be recorded in 
the daily field log and if necessary, any corrective action procedures that were instituted based on the 
audit review. 


6.6 First Aid and CPR 
All JLI and its subcontractors will have completed basic First Aid and Pulmonary Cardiac Resuscitation 
(CPR) class.  A major First Aid kit is available in the Project Managers truck.  All emergencies will be 
responded to by the BWO Fire Department by calling Safety Department on the two-way radio. 


6.7 Site-Specific Training 
Site-specific training will be conducted by BWO Safety Department for contractors and visitors to 
minimize exposure to potential on-site hazards.  Site-specific training will address the requirements for 
contractors and visitors entering the refinery, clothing and safety equipment that must be worn (i.e. flame 
resistant clothing, safety glasses, hardhat) emergency preparedness, location of assembly areas, proper 
entry and exit procedures for work zones and warning systems and response.  Contractors and visitors will 
not operate a cell phone while in the refinery except in specific areas approved for such use.  Contractors 
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will use the BWO Permit Entry procedures to move into different areas of the refinery.  Visitors must be 
escorted by refinery personnel at all times. 


JLI will instruct visitors on the specific field operations such as soil sampling, well installation, drilling, slug 
testing and other field related activities including:   


• Site description and history. 
• Job and Task Hazard assessments. 
• On-site safety responsibilities JLI and subcontractors follow. 
• Site control and work zones specific to the RFI investigation.   
• Decontamination procedures. 
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7.0 PERSONAL PROTECTIVE EQUIPMENT 


7.1 General 
The level of protection to be worn by field personnel will be defined and controlled by the Project 
Manager.  Personal protective equipment for general operations will be consistent with the requirements 
of 29 CFR 1910 Subpart I, "Personal Protective Equipment."  Basic levels of protection for hazardous waste 
operations will be selected in accordance with the provisions of 29 CFR 1910.120(g)(3), "Personal 
Protective Equipment Selection," and Appendix A, "General Description and Discussion of the Levels of 
Protection and Protective Gear."  Modification to basic protective equipment ensembles may be 
necessary for specific operations.  In these cases, further definition will be provided by review of specific 
hazards, conditions, and proposed operational requirements, and by conducting air monitoring at the 
particular operation.  Protection may be upgraded or downgraded, as deemed appropriate by the Project 
Manager. 


7.2 Anticipated Levels of Protection for Site Operations 
All activities performed during the RFI investigation will be performed in Level D.  Action levels used to 
determine the need to upgrade or downgrade the levels of protection are described in Breathing Zone 
Monitoring located in Section 5.5 of this HASP. 


Level D personal protective clothing and equipment includes: 


• Hard Hat 
• Flame Resistant Clothing. 
• Long sleeve shirt. 
• Steel toe, steel shank boots. 
• Safety glasses. 
• Safety color vest. 
• Disposable nitrile gloves. 
• Leather work gloves 
• Hearing protection (required at all times inside the refinery) 
• H2S Monitor (required at all times inside the refinery) 
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If required and/or determine by the Project Manager, upgrading to Level C will consist of the following: 


• Same as Level D with the addition of: 
• Full-face air-purifying respirator National Institute for Occupational Safety & Health (NIOSH) 


approved fitted with acid gas/organic vapor/HEPA (High Efficiency Particulate Air Filter) cartridges. 
• Nitrile outer gloves. 
• Disposable outer boots. 
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8.0  SITE CONTROL MEASURES 
The purposes of the site control measures discussed in this section are to minimize chemical and physical 
hazards to on-site personnel and potential visitors.  Site control zones will include a Work Zone, a 
decontamination zone and a support zone. 


8.1 Site Access 
Access to the investigation area(s) will be controlled and supervised by JLI personnel, and/or by JLI 
approved subcontractor. 


8.2 Work Zones 
The WZ is the physical area surrounding the sample collection point or monitoring station.  The WZ may 
or may not contain contaminated materials.  The dimensions of the WZ are set by the personnel 
conducting the sampling or monitoring event.  Visitors are allowed into a WZ at the discretion of the 
Project Manager.  A portable eye wash unit, fire extinguisher, towels, plastic garbage bags, 
decontamination supplies, and a first aid kit (sufficient to accommodate the field team) shall be placed in 
the WZ. 


8.3 Decontamination Zone 
Most of the field procedures will involve light decontamination of field equipment, and this occurs at the 
sample point.  Decontamination of equipment used for soil and groundwater sampling will include rinsing 
the equipment with a phosphate free detergent followed by a triple rinse in tap water, and triple rinse in 
deionized water.  If the sampling equipment encounters LNAPL, the equipment will are rinses in an 
isopropyl alcohol followed by a triple rinse in tap water. 


Push probe/drilling down-hole equipment will be placed inside a bermed area that is lined with plastic. 
This area may be a portable unit or stationary. The wash water will be captured and transferred to the 
refinery process wastewater system.  Solids will be recovered and placed in roll-off bins specifically 
located on the refinery property for disposal of soil cuttings.  The soil will be characterized and shipped 
off-site for disposal at Grassy Mountain facility in Tooele County, Utah. 


8.4 Support Zone 
The Support Zone is considered the uncontaminated area and will be identified by the Project Manager 
before field activities begin.  Appropriate sanitary facilities, safety, medical, and support equipment will 
be identified.  No potentially contaminated personnel or materials are allowed in the Support Zone except 
for appropriately packaged/decontaminated and labeled environmental samples.   
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9.0  DECONTAMINATION PROCEDURES 


9.1 Equipment 
Most of the field procedures will involve light decontamination of field equipment, and this occurs at the 
sample point.  Decontamination of equipment used for soil and groundwater sampling will include rinsing 
the equipment with a phosphate free detergent followed by a triple rinse in tap water, and triple rinse in 
deionized water.  If the sampling equipment encounters LNAPL, the equipment will are rinses in an 
isopropyl alcohol followed by a triple rinse in tap water. 


Push probe/drilling down-hole equipment will be placed inside a bermed area that is lined with plastic. 
This area may be a portable unit or stationary. The wash water will be captured and transferred to the 
refinery process wastewater system.  Solids will be recovered and placed in roll-off bins specifically 
located on the refinery property for disposal of soil cuttings.  The soil will be characterized and shipped 
off-site for disposal in accordance with applicable regulations. 


9.2 Personnel 
Decontamination of personnel in Level D will consist of removal and disposal disposable boots, and 
gloves.  These items will be disposed of in trash receptacles.   


9.3 Contamination Prevention 
One of the most important aspects of decontamination is the prevention of contamination.  Good 
contamination prevention should minimize worker exposure and help ensure valid sample results by 
precluding cross-contamination.  Procedures for contamination avoidance include:   


Personnel 


• Know the limitations of all personal protective equipment being used.
• Do not walk through areas of obvious or known contamination.
• Do not handle or touch contaminated materials directly.
• Do not sit or lean on potentially contaminated surfaces.
• Make sure all personal protective equipment has no cuts or tears prior to donning.
• Particular care should be taken to protect any skin injuries.
• Stay upwind of airborne contaminants.
• Do not carry edible items into contaminated areas.
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Sampling/Monitoring 


• Keep instruments away from the dust at sampling locations, and change gloves before touching 
the instruments. 


• Manage soil spoils by removing them from the sample preparation table before initiating a new 
sampling location. 


• Place soil spoils directly in the approved temporary storage container. 
• Place the peel and stick sample label debris in the plastic lined trash receptacle immediately after 


use. 


9.4 Disposal Procedures 
Sampling PPE is non-hazardous and can be disposed of in normal trash receptacles.  Waste materials and 
other field equipment/supplies shall be handled in such a way as to preclude the potential for spreading 
contamination, creating a sanitary hazard, or causing litter to be left on-site.  Decontamination water is 
collected and disposed of in the refinery process wastewater sewer system.  All soil is placed in the 
temporary storage receptacle (drum or roll-off box) designated specific to the RFI investigation and 
characterized for offsite disposal at an appropriate facility in accordance with applicable regulations. 
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10.0  MEDICAL SURVEILLANCE PROGRAM 
JLI personnel performing environmental field will be required to have passed a pre-assignment and/or 
annual medical examination that is consistent with 29 CFR 1910.120(f).  Medical examinations shall be 
performed by or under the supervision of a licensed physician, preferably one knowledgeable in 
occupational medicine. 


Contractors/subcontractors will maintain the medical records for their own employees, but shall also 
provide the Project Manager with written documentation certifying that each employee at the site has 
met the requirements of the Medical Surveillance Program.  This documentation will be provided before 
the first day of work for each employee assigned to the site.  The pre-assignment and annual 
examinations are essentially the same in content and are the examining physician's discretion but 
generally include:   


1. Drug test


2. A screening physical examination


3. Blood and urine laboratory tests


4. Electrocardiogram


5. Pulmonary function tests


6. Audiometry


7. Visual acuity test


The medical surveillance occurs annual and the reports are maintained in the employee files.  The annual 
drug test is provided to the Project Manager at the beginning of each project, and includes JLI employees 
and all subcontractor employees. 
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11.0 EMERGENCY PREPAREDNESS 


11.1 Emergency Procedure 
DO NOT CALL 911 


All emergencies will be attended to by the BWO Fire Department (BWO FD).  The BWO FD is trained for 
response to any and all emergencies inside the refinery property.  They have the knowledge of refinery 
operations, layout and chemicals.  Off-site responders will only complicate the situation and valuable time 
will be lost through off-site emergency personnel trying to access the refinery.  


For any and all emergencies within the refinery property call: 


EMERGENCY PHONE NUMBERS: 


Any Emergency:  Call Safety and/or Unit Operator on the radio 


 


Resources for other non-emergency situations can be found by contacting the following agencies: 


Johnston Leigh Inc.   801-726-6845 


EPA (RCRA-Superfund Hotline)   800-424-9346 


Chemtrec (24 Hours)    800-424-9300 


National Response Center (NRC)   800-424-8802 


DOT (Office of Hazardous Operations)  202-426-0656 


DOT (Regulatory Matters)    202-426-2075 


 


The closest hospital to the refinery in Lakeview Hospital located at 630 Medical Dr., Bountiful, Utah 
84010.  The route to the hospital is shown in Figure 4 and the directions are outlined below. 
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Lakeview Hospital Route: 


Exit refinery and turn right (east) on West Center Street for 0.5 mile, turn left (north) on US-89 take ramp 
right and follow signs for UT-68 for 2.1 miles, turn right (east) onto W 500 S for 1.1 mile, road name 
changes to E 500 S, turn left (north) onto S 650 E and then immediately turn left (west) onto E 450 S.  The 
last intersection is E 450 S.  0.3 mile, West on Road 2Ab, turn left onto Pearson Ave., turn left onto WY 
120, turn right onto 16th St, turn right onto Sheridan Avenue, turn right onto Sheridan Ave hospital is 
adjacent to north side of Buffalo Bill Center of the West. 


Figure 5. Route to Hospital 
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11.2 Implementation 
The Project Manager shall implement the emergency action procedures whenever conditions at the site 
warrant such action.  These procedures may include coordinating the evacuation, emergency treatment, 
and emergency transport of site personnel as necessary, and for notification of BWO emergency response 
units.  In the event an evacuation is necessary, the Project Manager will take a role count at the muster 
location with the use of the daily sign in and sign out sheet.  The following conditions may require 
implementation of emergency action procedures: 


• Fire or explosion on-site.
• Serious personal injury.
• Release of hazardous materials, including gases or vapors at levels greater than the maximum use


concentrations of respirators.
• Unsafe working conditions, such as inclement weather.


11.3 Fire or Explosion 
If a fire or explosion has taken place, emergency steps will include: 


1. Evacuation of work area and report to muster area for headcount,
2. Notification of the BWO FD and Emergency Response.


11.4 Personal Injury Reporting and Recordkeeping 
Emergency first aid will be administered on-site as appropriate first by JLI and/or subcontractors with JLI; 
and then by BWO Emergency Response, if needed.  Any injury will be recorded in the Log Book and a 
separate BWO Incident Report (Appendix B) will be filled out by the Project Manager utilizing personal 
account information from interviews with all personnel in attendance.  Afterward, the Incident Report will 
be reviewed by the Project Manager and procedures implemented to prevent a similar accident in the 
future.  These procedures will be logged into the THA (Tables 2, 3 and 4) and be part of the review and 
discussion at daily safety meeting.   


11.5 Overt Chemical Exposure 
Typical response procedures include:   


SKIN CONTACT: 


Use copious amounts of cleaner and water.  Wash/rinse affected area thoroughly, then provide 
appropriate medical attention.  Eye wash will be provided on-site in the Work and Support Zones.  
Eyes should be rinsed for 15 minutes upon chemical contamination.   


INHALATION: 
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Move to fresh air and/or, if necessary, notify BWO Emergency Response.  


INGESTION: 


Notify BWO Emergency Response.  


PUNCTURE WOUND OR LACERATION: 


Notify BWO Emergency Response.  The Project Manager will provide work zone specific 
information where accident occurred, and the list of potential COCs the victim may have come in 
contact with. 
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12.0 HASP ACCEPTANCE 
Each field team member shall sign this section after site-specific training is completed and before being 
permitted to work on site.   


I have read and understand this Health and Safety Plan. 


I will comply with the provisions contained therein. 


Site/Project: BWO NSL REFINERY RFI INVESTIGATION, NORTH SALT LAKE, UTAH 


PRINTED NAME SIGNATURE DATE 
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REFINERY MUSTER LOCATIONS/


BLUE AND RED BOX LOCATIONS


BIG WEST OIL, LLC


NORTH SALT LAKE, UTAHPJS 01/05/2017 0
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0 300 600


LEGEND


MUSTER LOCATIONS


BLUE BOX


RED BOX


- CONTRACTOR AREA - West side of refinery in


the middle adjacent to the Contractor Offices.


- FIREHOUSE - East side of former Safety Building


- SAFETY BUILDING - West parking lot adjacent


to Safety building


- ADMINISTRATION BUILDING - East parking lot


adjacent to Administration Building
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TABLE 1
Job Hazard Analysis, Set Up Soil Boring/Groundwater Gauging and Sampling, BWO Refinery RFI HASP, North Salt Lake, Utah


Page 1 of 1 


BWO Refinery RFI June 2017


Project Description:
Location: Prepared:


PPE: Prepared By:


Task Energy or Biological Sources
Result of exposure to biological or 


energy source
Environmental Impacts Management Plan Responsible Party


Travel to Job Site and Return Motion, gravity, chemical
collision, force trauma or death, 


exposure to spilled fuel, explosion of 
vehicle


yes


Alert driving, no cell phone usage while 
driving, obey speed limits, wear seat 


belt, stop when drowsy, or after 8 
continuous hours of driving.


all personnel


Identify Route to borings and/or wells motion, biological
slip trip fall, biting insects, noxious 


weeds, uneven dirt roads, debris in road
no


Establish drive route to boring/well, 
remove debris from route, note 


potential hazards, exit vehicle walk 
cautiously, look closely at each 


boring/well location for ingress and 
egress routes, avoid contact with 


vegetation, check well vaults for insects 
before placing hand in valut


all personnel


Loading and Unloading Sampling 
Equipment


motion, gravity pinch points, lifting injury, slip trip fall no


Avoid pinch points, two person lifting 
techniques of equipment, clear path to 
truck from storage for moving sampling 


equipment.


all personnel


Sample Cooler Storage motion, biological


slip trip falls, lifting coolers causes 
injury, glass sample jars can break 
causing lacerations, potential skin 


contact with HCL preservative


no


Establish cooler location on anchored 
table, proper lifting technique, wear 


nitrile gloves handling samples, bubble 
wrap glass jars and bubble wrap base 


inside cooler before putting samples in 
cooler


all personnel


Print Name Date Company


Set Up Soil Boring/Groundwater Sampling
BWO Refinery North Salt Lake, Utah 1/12/2017


Modified Level D Leigh Beem


Signature







TABLE  2
Task Hazard Analysis, Soil Boring/Groundwater Well Installation, BWO Refinery RFI HASP, North Salt Lake, Utah


Page 1 of 2 


BWO Refinery RFI June 2017


Project Description:
Location: Prepared:


PPE: Prepared By:


Task Energy or Biological Sources
Result of exposure to biological or 


energy source
Environmental Impacts Management Plan Responsible Party


Clear location to sample Motion gravity biological chemical
slip trip fall, strain from moving debris, 


impaled with object, spider bit
no


3 pt contact, review area to sample 
first, remove debris cautiously


all personnel


Position Geoprobe on sample location motion, chemical rig could hit personnel yes


driver is directed by spotter to sample 
location, observe area for potential 
debris that could damage rig fluid 


systems


all personnel


Hand auger on sample location motion, chemical
slip trip and fall, potential vapors from 


boring
no


Walk cautiousely to each sample 
location, careful carrying sample 


equipment, avoid unneccessary twisting 
motion while hand auger ing, monitor 


BZ during hand augering


all personnel


Collect sample with Geoprobe motion, pressure, heat/cold, chemical


hands and feet can get pinched and 
crushed, lifting probe equipment, 


moving machinery parts, heat stress 
working in sun, hypothermia, potential 


contact with chemicals


yes


Wear nitrile gloves under leather 
gloves, avoid pinch point areas of 
machinery, have assistance lifting 


equipment , maintain fluid levels and 
rest periods, wear nitrile gloves when 


handeling soil


all personnel


Collect sample with hand auger motion, pressure, heat/cold, chemical
hands can get blisters turning auger, 
heat stress working in sun, potential 


contact with chemicals
no


Wear gloves, maintain fluid levels and 
rest periods, wear warm clothing and 


water protective gear, wear nitrile 
gloves when handeling soil, monitor BZ 


with PID


all personnel


Cutting plastic core sleeve and filling 
soil jars with soil sample


motion, pressure, chemical


Can get cut using razor knife to cut 
plastic cores, glass can break filling with 


soil cutting hands, vapors from 
potential hydrocarbons in breathing 


zone


no


Use Geoprobe designed plastic sleeve 
cutting tool, never cut with unprotected 


razor knife, do notapply too much 
pressure placing soil in jar and closing 
sample lid. Limit the exposre time to 


soil core and monitor with a PID


all personnel


Backfill soil boring motion, chemical
lifting bentonite bags can cause injury, 


displaced vapors from boring during 
backfilling


no
Proper lifting techniques, 2 people over 


50 lbs, monitor BZ during bentonite 
placement


all personnel


Geoprobing Soil Sampling Well Installation


Level D Leigh Beem
BWO Refinery North Salt Lake, Utah 1/12/2017







TABLE  2
Task Hazard Analysis, Soil Boring/Groundwater Well Installation, BWO Refinery RFI HASP, North Salt Lake, Utah


Page 2 of 2 


BWO Refinery RFI June 2017


Task Energy or Biological Sources
Result of exposure to biological or 


energy source
Environmental Impacts Management Plan Responsible Party


Install Well motion, chemical


Installing and removing well installation 
material can be difficult and pinch and 
crush points are a potential, potential 


vapors from well installation can impact 
breathing zone 


yes


Use Geoprobe lifting equipment when 
possible avoiding pinch point areas, 


keep face away from open hole during 
well installation to avoid potential 


vapors


all personnel


Print Name Date CompanySignature







TABLE 3
Task Hazard Analysis, Groundwater Gauging, Sampling Slug Testing, BWO Refinery RFI HASP, North Salt Lake, Utah


Page 1 of 1 


BWO Refinery RFI June 2017


Project Description:
Location: Prepared:


PPE: Prepared By:


Task Energy or Biological Sources Result of exposure to biological or energy source Environmental Impacts Management Plan Responsible Party


Travel to Well Motion, gravity, biological
pinch points, slips trips falls, driving hazards, dirt 


roads, uneven surface
yes


3 pt contact, review route to drive to well, drive 
10 MPH or less, check road conditions, wear seat 


belts, inspect vehicle for any leaks
all personnel


Guage Water Level Motion, gravity, biological
rotating sounder, pinch points, slips trips falls, 


insects in well cover
no


3 pt contact, review area to sample first, remove 
debris, check for insects, slowly lower and remove 


water sounder
all personnel


Open Well Motion, gravity, biological pinch points, slips trips falls, insects in well cover no
3 pt contact, review area to sample first, remove 


debris insects cautiously
all personnel


Encountering LNAPL in Geoprobe boring Motion, gravity, chemical
Dermal contact with LNAPL, inhalation of LNAPL 


vapors, Cleaning equipment of LNAPL
yes


Wear nitrile gloves, use PID to monitor for 
exceedence of vapors threshold, if contineous 


reading of between 5 to 10 ppm wear resperator. 
Decontaminate equipment in Mobile 


Decontamination Pad, capture wastewater and 
dispose of in process water sewer system. 


all personnel


Install or remove dedicated sampling 
pumps/tubing


motion, gravity
injury from lifting, injury from falling pump 


equipment, cuts from knives/blades 
no


proper lifting technique, keep hand away from 
potential dropped equipment, don't wrap fingers 


hand around rope for equipent, use small 
rertractable blades to cut sampling rope


all personnel


Collect groundwater sample  chemical, motion
groundwater contact to exposed skin may cause 
irritation, over tightening bottle may break and 


cause cut to hands
no


wear proper PPE, gently tighten bottle lids, 
enclose the sealed bottles in bubble wrap


all personnel


Perform Slug Test  chemical, motion
lowering slug test equipment down well may 
cause pinch points, groundwater contact to 


exposed skin may cause irritation, 
no


wear proper PPE, gently lower slug test transducer 
down well, aavoid pinch points with cables 


installed in well
all personnel


Packing samples in cooler motion, chemical
Lifting coolers can cause injurys, pinch popints, 
broken containers in cooler can cause cuts to 


hands
no


Wear proper nitrile gloves, wear leather gloves 
moving coolers, use two person lifting techniques 
to move coolers, line cooler bottom with bubble 


wrap before placing samplings inside cooler


all personnel


Print Name Date Company


Groundwater Sampling
BWO Refinery North Salt Lake, Utah 1/12/2017


Level D Leigh Beem


Signature
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Acronyms and Abbreviations 


AR Administrative Record 


BTEX benzene, toluene, ethylbenzene, xylene 


BWO Big West Oil, LLC 


CAB Citizens Advisory Board 


CI Community Involvement 


COC Compound of Concern 


CRP Community Relations Plan 


DRO Diesel Range Organics 


DSHW Division of Solid and Hazardous Waste 


EPA United States Environmental Protection Agency 


GRO Gasoline Range Organics 


Husky Husky Oil Corporation 


IR Information Repository 


LTA Land Treatment Area 


RCRA Resource Conservation Recovery Act 


RFI RCRA Facility Investigation 


RMT RMT Properties, Inc. 


TOC Total Organic Carbon 


TPH Total Petroleum Hydrocarbons 


WMRC Waste Management and Radiation Control  
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1.0 Overview of the Community Relations Plan 


1.1 Introduction 
This Community Relations Plan (CRP) was prepared for Big West Oil, LLC (BWO). The community 
involvement and outreach approach outlined in this CRP pertains to upcoming remedial activities relative 
to the Resource Conservation Recover Act (RCRA) Facility Investigation (RFI) at the Big West Oil 
Refinery located in North Salt Lake, Utah. The RFI is being conducted pursuant to BWO entering into a 
STIPULATION AND CONSENT ORDER issued by the Director of the Division of Waste Management and 
Radiation Control (WMRC) pursuant the Utah Solid and Hazardous Waste Act, Utah Code Annotated 19-
6-101, et seq., dated August 5, 2015 (Consent Order, 2015).   


A CRP is required for various intermediary steps of the RCRA RFI Process. The intention of this CRP is to 
provide a working document that is applicable to all steps of the investigation and remediation process, 
that will be modified as necessary throughout the project.  


1.2 Community Relations Plan Objectives 
The objectives of the community involvement effort are to: 


• Establish effective mechanisms for informing interested parties throughout the RCRA process.   
• Identify concerns the local community or stakeholders may have regarding the planned remedial 


investigation and corrective action at the BWO Refinery; 
• Establish a strategy for ongoing, two-way communication between BWO and the community. 


This CRP identifies methods for information sharing and addressing informational needs and project 
concerns as they are identified. Area residents, interested or involved agencies, affected businesses, and 
environmental/community organizations may be involved in this information sharing.  


This CRP was prepared utilizing the following guidance:  


• Superfund Community Involvement Handbook (EPA, 2016).  
• Superfund Community Involvement Toolkit (EPA, 2016a). 


Project information (if not specifically referenced) is derived from the Current Conditions Report (JLI, 
2016). 


RCRA RFI Process 
The BWO RFI is being conducted under the RCRA process, which consists of the following general 
phases: 


• Current Conditions (review of current and past site use, to be utilized in determining potential 
contaminant sources, location, and nature) 


• RCRA Facility Investigation (RFI) (determines nature and extent of contamination) 
• Risk Assessment (determines ecological and human health risks associated with contamination) 
• Corrective Action (implementation of selected remedial technologies) 
• Site Management Plan (long-term in-place management of remaining contamination) 
• Determination of No Further Action (petition for NFA may be based on results of RFI, following 


closure by removal of contamination, or by performing a risk assessment and subsequent Site 
Management Plan). 
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The first deliverable in the RFI process, the Current Conditions Report (CCR), was submitted to the 
WMRC July 19, 2016 and approved by WMRC on August 12, 2016.  The purpose of the CCR is to review 
and compile relevant available background information on the Refinery pertinent to identify potential 
environmental impacts from Refinery operations. The objective of the CCR is to evaluate the available 
background information and develop a contaminant conceptual model that can then be used to prepare 
the Phase I Work Plan for the implementation of a RFI to investigate Solid Waste Management Units 
(SWMU) and Areas of Concern (AOC). 


The RFI process will be conducted in accordance with the Consent Order (2015) and the Utah Division of 
Waste Management and Radiation Control will oversee and provide approval during each phase.   
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2.0 Site Information 


2.1 Site Location and Description 
The center of the Refinery has coordinates of approximately -111.921638 longitude and 40.838424 
latitude (decimal degree) and covers an area of approximately 110 acres of developed Refinery property 
and approximately 40 acres of undeveloped property to the west as shown on Figure 1-2.  The 
topography gently slopes from east to west with an approximate gradient of 0.016 feet/foot (ft/ft) and 
elevation difference of approximately 32 feet.  North to south elevations are relatively similar with minor 
changes in elevation. 


2.2 Site History 
Refining activities began around mid-1949. A predecessor in interest to BWO, purchased the Refinery 
from a subsidiary of Husky Oil Corporation (Husky), RMT Properties, Inc., (RMT) in 1985.  The Refinery 
has been the site of petroleum refining activities by several operators since mid-1949 when operations 
began with a processing capacity of 500 barrels of crude oil per day.  Numerous expansions have taken 
place since 1949 and the Refinery has a current capacity of 33,000 barrels per day.  The current Refinery 
configuration is shown on Figure 2-1. 


Three former surface water impoundments were operated at the Refinery from 1973 through 1988 at the 
locations shown in (Figure 2-1).  The DSHW ruled that the sludge in these ponds were hazardous waste 
by State definition and a Stipulation and Consent Order (No. 8503170) was signed between DSHW and 
then parent company Flying J Inc. on April 14, 1987.  Closure activities were conducted on the surface 
impoundments from September 1988 through September 1989 and included the removal of 8,200 tons of 
sludge and underlying soil disposed of at off-site hazardous waste landfill (Dames and Moore, 1990).   


United States EPA conducted an Environmental Priorities Initiative Preliminary Assessment of the 
Refinery on April 16, 1992.Waste streams typical of refinery process including K048, K049, K050, K051, 
and K052 were identified and 12 SWMUs and 1 Area of Concern were identified.  URS summarized that 
each SWMU had adequate containment to prevent release of contaminants to the environment; workers 
working around various areas of stained soil should be cautious, and health and safety procedures of BWO 
are well implemented and if followed should pose no threat to workers at the facility.    


A Land Treatment Area (LTA) was operated by Husky from 1962 to 1982 as an interim status land 
treatment disposal facility for refinery wastes (see Figure 2-1 for location).  Then owner RMT Properties 
Inc. notified the Executive Secretary of the Utah Hazardous Waste Committee of its intent to close the 
LTA in a letter dated February 13, 1985.  RMT submitted the Closure/Post-Closure Plan for the LTA 
Hazardous Waste Management Facility to the Utah Department of Health in August 1985, and the LTA 
was certified closed as a RCRA interim status facility on November 18, 1986.  


BWO performed monthly inspections and quarterly groundwater monitoring of the former LTA in 
accordance with the Closure/Post-Closure Plan (Dames & Moore, 1985) and the Sampling and Analysis 
Plan (RETEC, 2003) from 1986 through March 2013.  Evaluation of the Human Health and Ecological 
Risk Assessment dated August 31, 2013 resulted in risk-based closure of the LTA (DSHW letter dated 
September 27, 2013).   


2.3 Compounds of Concern 
Several environmental investigations and monitoring activities have historically been completed at the 
Refinery property.   
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Based on data collected during previous investigations, potential compounds of concern (COC) that may 
be present in the soil and shallow groundwater beneath the Refinery include the following: 
 


• Volatile Organic Compounds (VOC); 
• Semi Volatile Organic Compounds (SVOC); 
• RCRA metals. 
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3.0 Community Information 


3.1 Area Description 
The BWO Refinery is surrounded by commercial and industrial operations and transportation 
infrastructure (Figure 2-1). North of the Refinery is generally comprised of truck repair, railroad 
offloading, and warehouse type commercial operations. West of the Refinery is open, undeveloped land 
owned by BWO and used for agricultural purpose.  Further west is commercial and industrial businesses.  
Interstate I-215 is adjacent to the south end of the Refinery. The Chevron Refinery is located across I-215 
to the south.   


Adjacent to the east side of the Refinery are railroad tracks that serve the Front Runner public 
transportation system and commercial railroad industry.  East of the railroad alignment is land that was 
once the Old North Salt Lake landfill that dates back to late 1800’s to the early 1900’s.  The former landfill 
is now partially occupied by AAA Storage. 


3.2 Community Profile 
CRPs are used to assist project personnel in understanding the specific interests and needs of the local 
population and other interested parties during investigation and cleanup activities associated with a 
FIRFI project.  


The Refinery is located centrally within the 84054 zip code and the southwest section of 84011 zip codes.  
The focus area of the CRP as well as a one mile radius area for reference is shown on Figure 3-1.    There 
are approximately 1010 square miles of land area within these zip codes and 0.07 square miles of water.  
Based on Census data (US Census Bureau, 2010), 16,196 people live in 84054 zip code and approximately 
5,000 live in the section of 84011 zip code.  The median age of both zip codes is 30approximately 30. 


Approximately 92 percent of 25 and older residents in this zip code are high school graduates, and 41.3 
percent have a bachelor's degree or higher.  Approximately 65-70% is employed, and 30% are not in the 
labor force.  Median household income is approximately $71,00000.  
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4.0 Community Involvement  


 
4.1 Objectives of Community Involvement 
The community involvement program is designed to provide an overall framework of outreach activities 
and opportunities for the community to be informed and participate during the RCRA process.  The focus 
of this outreach program is to ensure the availability of means for communication between BWO and the 
community.   The outlined community involvement approach for the BWO Refinery will: 


• Provide residents with accurate, timely, and understandable information; 
• Provide avenues for public participation; 
• Notify property owners/operators about background field work being planned near their property 


before work begins.  
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4.2 Communication Activities 
The activities described below may be revised as the interested party list is more defined and the avenue 
for information dissemination becomes more established. 


Activity Objective Details Schedule 
Establish Point 


of Contact 
To provide residents and 
stakeholders with an 
individual to contact with 
questions and concerns 


Mark Keim, President 
Big West Oil, LLC 
333 West Center Street 
Salt Lake City, UT 84054 
(801) 296-7700 
Email: bwo.info@bigwestoil.com 


Within 30 days 
following 
approval of RFI 
Workplan 


Establish 
Hard Copy 


Information 
Repository 


To provide complete, 
factual documentation on 
the methods and results of 
all investigations and 
remedial alternatives 
involved in the RFI 


Hard copy documents pertaining to the RFI process 
may be reviewed during normal business hours at: 


Utah Department of Environmental Quality 
195 North 1950 West 
Salt Lake City, UT 84114 
Hours: Monday through Friday 8-5 
(801) 536-0200 


Within 30 days 
following 
approval of RFI 
Workplan 


Maintain 
Access to 


Information 
on Company 


Website 


To provide residents and 
stakeholders with an 
individual to contact with 
questions and concerns 
and applicable 
documents/links 


The Big West Oil website will be utilized to provide 
contact information, a link to the State website with 
site documents (as available), and other information 
as deemed pertinent based on feedback provided by 
community members and stakeholders. 


BWO Website: www.bigwestoil.com 


Within 30 days 
following 
approval of RFI 
Workplan 


Prepare and 
Distribute 


Information 


To provide interested 
parties with Contact 
Information and the means 
to obtain additional 
information and/or be 
added to mailing lists to 
receive project updates 


BWO will publish a summary of the RCRA project 
information in the local newspaper, the Davis 
Clipper (available both online and in print format). 
The newspaper ad will run for 2 consecutive weeks, 
and will include a brief site background, Point of 
Contact information (address, phone, website 
address, and email), and the Information Repository 
address and hours. 


Within 30 days 
following 
approval of RFI 
Workplan 


Maintain 
Email and 


Mailing Lists 


To provide a means of 
regular email and other 
written communication 
with interested parties 


An email and direct mail list of interested parties 
will be created, based on expressed interest.  This 
list will be maintained and updated as deemed 
necessary. 


Within 90 days 
following 
approval of RFI 
Workplan 


Public 
Meetings/ 


Workshops 


To provide a means for in-
person communication in a 
small group setting 


Public meetings  and concerned citizen group 
meetings may be held at aa public venue during the 
RCRA process as deemed necessary based on 
community feedback. 


As needed or 
requested 
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4.3 Key Project Contacts 
Project Questions, Requests for Information, Comments: 
Mark Keim, President 
Big West Oil, LLC 
333 W Center St 
North Salt Lake UT 84054 
(801) 296-7700 
bwo.info@bigwestoil.comEmail: bwo.info@bigwestoil.com 


Project Technical Information: 
Molly Gregersen, Environmental Specialist 
Big West Oil, LLC 
333 W Center St 
North Salt Lake UT 84054 
(801) 296-7700 
Email: molly.gregersen@bigwestoil.com 


4.4 Information Repositories 


Document Repositories: 
Utah Department of Environmental Quality 
195 North 1950 West 
Salt Lake City, UT 84114 
Hours: Monday through Friday 8-5 


4.5 Preliminary List of Potentially Interested Parties 


CITY AND COUNTY OFFICIALS: 


Davis County Health Department 
22 South State Street 
Clearfield, Utah 84015 


City of North Salt Lake 
10 East Center Street 
North Salt Lake, Utah 84054 


STATE AND LOCAL AGENCIES: 


Utah Division of Waste Management and Radiation Control 
195 North 1950 West 
P.O. Box 144880 
Salt Lake City, Utah 84114-4880 


COMMUNITY ORGANIZATIONS, CITIZENS GROUPS, MEDIA: 
TBD 



mailto:bwo.info@bigwestoil.com

mailto:bwo.info@bigwestoil.com

mailto:molly.gregersen@bigwestoil.com
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SOP 1 
SAMPLE DOCUMENTATION 


1.0 Sample Data Point 
The Sample Data Point (SDP) is the unique ID for a location at a SWMU where samples were 
collected.  An individual SDP may include surface soil samples, soil boring samples and 
groundwater sample(s).  Having one SDP allows management; retrieval and query of analytical 
results under one X YZ coordinate for multiple samples and media type collected at an 
individual SDP. 


Each SDP will be designated as “S” for “SWMU”; the SWMU number; and a sequential number 
indicating the location where the sample(s) were collected.  For instance, S1-1 is SDP number 1 
at SWMU 1.  The individual sample ID for surface soil, subsurface soil and groundwater 
samples are described below. 


1.1 Surface Soil  
The surface soil sample designation will consist of a string of letters and numbers.  The letters 
“SS” is the designation for “surface soil”.  Following the “SS”, the SWMU number will be listed.  
Following the SWMU number will be the SDP number at that SWMU.  For instance, SS1-1 
would designate surface soil sample #1 collected at SDP #1 at SWMU 1. 


1.2 Subsurface Soil Sample 
The subsurface soil sample designation will consist of a string of letters and numbers similar to 
the formatting for surface soil.  The letters “SB” is the designation for soil boring.  Following the 
“SB”, the SWMU number will be listed.  Following the SWMU number will be the SDP number at 
that SWMU.  Lastly the final number in the sample ID will be the depth of the sample.  For 
instance, SB1-1-5 would designate a soil sample collected from soil boring at SDP #1 at SWMU 
1 and at a depth of 5 feet below ground surface (BGS). 


1.3 Groundwater Sample 
A groundwater sample collected from the well will be designated using the following letters and 
numbers.  The letters “GW” is the designation for groundwater.  Following the “GW”, the SWMU 
number will be listed.  Following the SWMU number will be the SDP number at that SWMU.  For 
instance, GW1-3 would designate a groundwater sample collected from SDP #3 at SWMU 1. 


1.4 Slug Test 
A slug test performed at a well will be referenced in the database management system in the 
same manner as the soil and groundwater samples.  This will allow the selection of the 
calculated K value derived from the slug test from the same XYZ data management system and 
contouring the results.   The letter “K” is the designation for hydraulic conductivity value, 
followed by the SWMU number and SDP number.  For instance, K1-3 would designate a slug 
test K value calculated from SDP #3 at SWMU 1. 
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SOP 2 
SURFACE AND SUBSURFACE SOIL SAMPLING 


1.0 Surface Soil 
Surface soil samples are designated as those samples collected no more than 0.5 feet in depth.  
A one-foot wood square form will be placed on the ground surface and any debris or vegetation 
will be removed from within the form.  The surface soil sample will be collected with a 
decontaminated stainless steel or aluminum trowel and placed directly in the sample containers.  
No mixing of the soil will occur.  If more than one sample container is filled, then the soil aliquot 
will be evenly distributed to all the containers from the sample depth within the one foot form.  
  
A label with the subsurface soil sample ID will be attached to the glass jars and placed inside a 
labeled ziplock baggie.  The sample will be retained inside a cooler containing ice enclosed in a 
plastic bag. 
 
After the surface soil sample is collected, the sampling trowel will be decontaminated using the 
three bucket wash system consisting of washing the trowel in low phosphate soap with tap 
water, followed by a triple rinse in tap water and one final triple rinse in deionized water.  The 
trowel will be allowed to air dry before proceeding to the next soil sample location.   


2.0 Subsurface Soil  
The Geoprobe® Dual Tube 22 (DT22) soil sampling system will be used to collect soil samples.   
The DT22 system will collect continuous soil core samples from ground surface to total depth of 
each soil boring.  A 2.25-inch outside diameter (OD) rod is driven into the ground as an outer 
casing.  The outer rods receive the driving force of the hammer.  The second smaller set of 
1.25-inch OD rods is placed inside the outer casing through which the soil samples are 
recovered.  A cutting show is treaded into the leading end of the outer rod string.  When the 
outer rods are driven into the subsurface, the cutting shoes shears a 1.125-inch OD soil core 
inside a clear plastic liner that is attached to the smaller inner rods.  Once filled, the liner with 
the soil sample is removed from the bottom of the outer casing by lifting the inner rods. 
 
Sampling soil from a cased hole is advantageous in that there is no side wall slough into the 
open boring.  Additionally, perched groundwater is isolated from the soil core eliminating 
potential cross contamination of soil with perched water.  Each boring will be advanced to first 
encountered groundwater.  The final depth most likely will be 4-5 feet below first encountered 
groundwater.  
 
The sample depth is determined by the results of the Laser Induced Fluorescence (LIF) and PID 
measurements.  The SOP for LIF is included in SOP 2.  The SOP for PID screening is included 
in SOP 6. 
 
The LIF results will be used to identify the greatest concentration of petroleum hydrocarbons in 
the soil borings.  The highest RE% value for each boring will be collected for analytical testing. 
The LIF target sample depth will be removed from the 1.125-inch diameter clear plastic sleeve 
by cutting the sleeve along the axis and placing the sample depth into sample jars. The sample 
jar(s) will be labeled and placed inside a labeled ziplock baggie.  The sample will be retained 
inside a cooler containing ice enclosed in a plastic bag. 
 
The soil exhibiting the highest PID value for each boring may be collected if the depth does not 
coincide with the highest %RE.  The PID target sample depth will be removed from the 1.125-
inch diameter clear plastic sleeve by cutting the sleeve along the axis and placing the sample 
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depth into sample jars. The sample jar(s) will be labeled and placed inside a labeled ziplock 
baggie.  The sample will be retained inside a cooler containing ice enclosed in a plastic bag.   
 
Decontamination of the DT22 outer and inner rods will be accomplished using a mobile 
decontamination pad (MDP) constructed in an open double axel trailer.  The outer and inner 
rods would be pressured washed within the MDP and the fluids would be contained and 
disposed of in the BWO process wastewater treatment system (SOP 5).  
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SOP 3 
PRE-PACK WELL INSTALLATION AND SAMPLING 


1.0 Well Installation 
The DT22 dual casing system will also be used to install small diameter pre-pack well screen 
and blank riser for the purpose of collecting groundwater samples and measuring groundwater 
levels (calculating hydraulic gradient. 
 
An expendable cutting shoe will be used which allows setting prepacked well screen and blank 
riser through the DT22 outer casing.  After the collection of the continuous soil core samples to 
the total depth, a 0.75-inch prepack well screen four feet in length is lowered to the bottom of 
the outer casing.  Blank casing is flush threaded to the pre-pack screen up to the ground 
surface.  Pressure is exerted on the well riser while the outer casing is slowly raised.  This 
dislodges the expendable cutting show and the well stays at the total depth while the outer 
casing is removed.  The well head will be protected by either placing a 6-inch OD stove pipe 
casing over the well pipe and cementing it into a 12-inch OD hole excavated by hand using a 
shovel; or, surface completion of well head inside a circular vault sealed with a concrete apron. 


2.0 Groundwater Sampling 
This SOP provides a description of field procedures related to collection of groundwater 
samples.  Sampling activities performed in the monitoring wells shall be conducted in an order 
of least-to-most contaminated to minimize the potential for cross-contamination. If free product 
is encountered in a monitoring well, a groundwater sample at that location will not be collected 
 
Specific field information regarding general activities, water level measurement, and sampling 
activities will be recorded in the field on specific forms.  Forms for recording field information 
include: 


• Form A Daily Field Log, 
• Form B Groundwater Gauging Log, and 
• Form C Groundwater Sampling Log.  


 


2.1 Well Gauging 
Procedures for groundwater level measurements and LNAPL thickness measurements in 
monitoring wells are provided in this section.  Based on the background information (if present) 
on the monitoring wells, it is known which wells have or have had measurable LNAPL in the 
past.  These wells will only be gauged using an oil/water interface probe.  The following 
procedure shall be used for a well with potential LNAPL: 


• Lower the probe of a decontaminated electronic sounding oil/water interface meter into 
the monitoring well until the meter indicates the probe has contacted the oil/groundwater 
surface.   


• Measure the depth to product and depth to water from the survey reference mark (on the 
polyvinyl chloride [PVC] well casing) to the nearest 0.01 foot.  If no mark is present, 
measure the depth to product and depth to water to the north side of the casing.  


• Record the oil and water level measurements and total well depth on Form B. 
• Decontaminate the probe and tape in accordance with the decontamination procedures 


outlined in SOP 5.  
 
The following procedure shall be used for a well with no LNAPL: 


• Begin with the wells that historically have had the lowest concentration of dissolved 
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BTEX (i.e, clean to dirty).  Lower the decontaminated electronic water level meter into 
the monitoring well until the meter indicates the probe has contacted the groundwater 
surface.   


• Measure the depth to water from the survey reference mark (on the PVC well casing) to 
the nearest 0.01 foot.  If no mark is present, measure the depth to water to the north side 
of the casing.  


• Record the water level measurements and total well depth on Form B. 
• Decontaminate the probe and tape in accordance with the decontamination procedures 


outlined in SOP 5.  


2.2 Groundwater Sampling 
A groundwater sample collected from the well will be designated using the following letters and 
numbers.  The letters “GW” is the designation for groundwater.  Following the “GW”, the SWMU 
number will be listed.  Following the SWMU number will be the SDP number at that SWMU.  For 
instance, GW1-3 would designate a groundwater sample collected from SDP #3 at SWMU 1. 
 
Groundwater purging and sampling may be performed utilizing a disposable bailer, a dedicated 
bladder pump, or a peristaltic pump.  These data are recorded on Form C.   


2.2.1 Field Equipment Calibration 
Field equipment is used during sampling activities to measure groundwater elevations, collect 
samples, and measure field parameters.  Calibration of the multi-meter is done each day prior to 
collecting groundwater parameters. 
 
In general, calibration and operation of all equipment used for collection of samples and field 
parameters from monitoring wells will conform to the respective manufacturer’s specifications.  
Instrument calibrations and calibration checks shall be recorded on Form C. 
 
Field equipment function checks shall be performed in accordance with procedures described in 
this section.  Calibration of pH meters shall be performed to pH standards (4, 7, or 10 standard 
units) bracketing the actual field measured value.  The specific conductivity meter shall be 
calibrated to one of three standards, 2,000, 6,000, or 10,000 micro Siemens per centimeter 
(mS/cm), whichever is closer to the field measured value.  Dissolved oxygen is calibrated using 
the barometric pressure method outlined by the manufacturer.  ORP calibration standard is 220 
mv at 25○C. 


2.2.2 Peristaltic Pump Sampling Procedures 
The ¼-inch polyethylene tubing used to purge the groundwater is set in the mid-screen level in 
each well.  These wells will be sampled in accordance with EPA SOP Low Stress (Low Flow) 
Purging and Sampling Procedure for The Collection of Groundwater Samples from Monitoring 
Wells (US EPA, 1996 and 2010). 


The well purging process for a monitoring well using a peristaltic pump consists of the following 
steps: 


1. Measurements of DO, SC, temperature, pH, and ORP will occur by way of probes that 
are installed in a clear flow through cell. The pumps flow rate will be set to an 
approximate flow rate of between 100-200 milliliters per minute (mL/min). The flow rate 
will be adjusted for long pulses of water, so one pump cycle will deliver a minimum of 40 
mL of water as recommended by EPA Low-Stress Standard Operating Procedure (US 
EPA, 2010).    


2. Purge groundwater from the monitoring well into a bucket to check for potential sheen. 
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3. Record the parameters DO, SC, temperature, pH, and ORP at a frequency of 5 minute 
intervals.  Stabilization is considered to be achieved when three consecutive readings 
are within the following limits: 


• DO.  10% for values greater than 0.5 mg/L; if three DO values are less than 0.5 
mg/L, consider the values stable; 


• SC.  3%;  
• Temperature.  3%; 
• pH +- 0.2 unit; and 
• ORP.  +- 100 millivolts (mV). 


4. Fill the sample bottles for BTEX first.  Sample bottles for these analytes must be filled 
such that there is no headspace in the bottle.   


5. Continue to collect groundwater to fill all other sample bottles filling the VOC bottles first 
(no headspace), SVOC second (no Headspace), metals third and any remaining COCs 
fourth.  


6. Purge water is containerized and transported to the refinery process wastewater 
treatment system. 


7. Record the sample description and required information on the chain-of-custody form. 


2.2.3 Bailer Purging and Sampling Procedures  
Well purging and sampling procedures will be performed using disposable bailers in wells that 
do not contain dedicated sampling pumps.  The procedure for sampling using disposable bailers 
is provided below.  The purge and sample data is recorded on Form C.  The well purging 
process for a monitoring well using a disposable bailer consists of the following steps: 


1. Attach new nylon rope to a disposable bailer before well evacuation activities.  Discard 
the nylon rope after the monitoring well has been sampled. 


2. Purge groundwater from the monitoring well into a bucket to gauge the volume of water 
recovered.  After purging each well volume, take field parameter measurements by 
following these directions. Pour well water directly from the bailer into a sample cup and 
measure temperature, pH, and specific conductance, dissolved oxygen and ORP with 
the multi parameter meter.  Record the groundwater parameter measurements on Form 
C, after the readings on the meter have stabilized.   


3. Bail three well casing volumes and record the volume bailed on Form C.  Because the 
wells are completed with a 2-inch casing, the following equation can be used to calculate 
one casing volume: 


(TD – DTW) X 0.163 = 1 casing volume in gallons 
Where: 


TD = total well depth 
DTW = depth to water 


 
4. Discharge purged water into an approved polyethylene drum.  The purge water will be 


discharged to the refinery process wastewater treatment system. 
 


5. If the well is bailed dry before three well casing volumes have been evacuated, then 
record the volume bailed on Form C and allow the well to recover (no longer than 24 
hours). 


6. Once three well volumes have been removed (or purged dry and recovered 24 hours) 
and the field parameters have been recorded, slowly lower the bailer into the monitoring 
well to avoid agitation of the groundwater.  Fill the sample bottles for VOC first (no 
headspace), SVOC second (no Headspace), metals third and any remaining COCs 
fourth.  Sample bottles for these analytes must be filled such that there is no headspace 
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in the bottle.   
 


7. Record the sample description and required information on the chain-of-custody form. 
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SOP 4 
SLUG TEST 


1.0 Slug Test 
Slug testing of the shallow groundwater will be performed at select locations to calculate a 
range of hydraulic conductivity (K) values over the Refinery.  Using the same DT22 dual rod 
system, a screen point 22 (SP22) groundwater system will be used to perform slug tests.  An 
expendable cutting shoe is used on the lead rod of the DT22 casing.  Continuous soil cores are 
collected as described in SOP 2.  The saturated zone is logged during soil sampling and the 
slug test target depth is determined from the soil log.  
 
The SP22 screen is lowered through the outer casing to the desired depth.  The outer casing is 
retracted while the SP22 screen is held in place.  This will expose the screen to the formation 
groundwater.  The well screen is developed using a peristaltic pump and field parameters of 
dissolved oxygen (DO), oxidation reduction potential (ORP), conductivity and temperature are 
monitored for stabilization.  If the well has been developed and a groundwater sample has been 
collected, monitoring field parameters DO, ORP conductivity and temperature is not required 
before slug testing the well. 
 


1.1 Pneumatic Test Apparatus 
In pneumatic slug testing, the well head is sealed and air pressure or vacuum is used to change 
the static water level.  As air pressure in the well is increased or decreased, the water 
level changes until the water pressure "up" and the air pressure "down" are equal.  Once the 
water level is stable, a release valve is quickly opened, instantaneously releasing the air 
pressure or vacuum.  The water level recovers without splashing and the pressure transducer 
and data logger/computer record the changes in water level and time 
 
A slug test performed at a well will be referenced in the database management system in the 
same manner as the soil and groundwater samples.  This will allow the selection of the 
calculated K value derived from the slug test from the same XYZ data management system.   
The letter “K” is the designation for hydraulic conductivity value, followed by the SWMU number 
and SDP number.  For instance, K1-3 would designate a slug test K value calculated from SDP 
#3 at SWMU 1.   
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SOP 5 
DECONTAMINATION 


1.0 Hand Tools and Equipment 
Hand tools and equipment will be decontaminated between each sample location by using a 
three bucket wash and rinse system.  The sampling equipment will be washed in the first bucket 
using low-phosphate detergent and tap water, followed by a triple rinse in bucket two containing 
tap water and lastly a triple rinse in bucket three containing deionized/distilled water.  The 
sampling equipment will then be allowed to air dry before proceeding to the next sampling grid.   
 
One equipment rinseate sample per day will be collected by pouring distilled water over the 
decontaminated field equipment and collecting the rinseate water into the sample containers.  
The equipment rinseate sample will be submitted to the laboratory for analyses of COCs listed 
in the Phase I Work Plan. 


2.0 Push Probe/Drilling Equipment 
All down hole drilling equipment and associated tools will be pressure-washed between 
boreholes.  Pipe racks or similar will be used to elevate the drilling equipment (e.g., rods and 
augers) during pressure washing.  Decontamination of the DT22 outer and inner rods will be 
accomplished using a mobile decontamination pad (MDP) constructed in an open double axel 
trailer.  The outer and inner rods would be pressured washed within the MDP and the fluids 
would be contained and disposed of in the BWO process wastewater treatment system. 
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SOP 6 
FIELD SCREENING PHOTO IONIZATION DETECTOR (PID) 


1.0 Objective 
This procedure describes the field-screening method of analyzing organic vapors emitted from 
within the pore spaces of a soil sample. Following appropriate techniques, the real-time data 
can be used to estimate relative levels of organic contamination in the soil.  In addition to 
providing assessment information, headspace analysis can be used for health and safety 
purposes. 


2.0 EQUIPMENT AND SUPPLIES 
The following equipment and supplies are necessary to conduct field headspace testing: 
 


• Photoionization detector (PID)  
• Calibration gas standards for PID of known concentrations (SOP 8) 
• DT22 Dual tube sampling system. 
• Ziplock plastic baggies. 


3.0 PROCEDURE 
The following procedure will be used for field headspace testing of soil samples: 
 


1. The PID is calibrated daily to a standard of 100 parts per million (PPM) isobutylene 
(SOP 8). 


2. When the outer rods are driven into the subsurface, the cutting shoes shears a 1.125-
inch OD soil core inside a clear plastic liner that is attached to the smaller inner rods.  
Once filled, the liner with the soil sample is removed from the bottom of the outer casing 
by lifting the inner rods. 


3. Cut the plastic sleeve length wise to expose the sample and remove the soil to be tested 
with the PID.  Granular soils should be broken apart and cohesive soils should be 
broken by crushing the sample as it is placed in the ziplock plastic bag.  Place 
approximately 100-500 grams of soil in the ziplock plastic bag.  Place the ziplock plastic 
bag in the sun to warm or on the dashboard of the truck to warm the sample for 
approximately 5-10 minutes.   


4. Turn the PID on before opening the ziplock plastic bag.  Open one end of the ziplock 
bag just enough to insert the PID probe and then pinch the plastic bag around the PID 
probe tip.  Take a PID reading, results will be PPM. 


 
5. Record the PID reading on the boring log at the depth of the sample tested.  Repeat this 


process for any sampled depth of interest. 
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SOP 7 
EQUIPMENT CALIBRATION 


1.0 Objective 
Parameters which would be likely to change with time prior to delivery to the laboratory are 
generally measured in the field.  Because of the potential for temporal differences in measured 
values, laboratory measurements of these parameters, although potentially more precise, would 
be less accurate than measurements collected in the field.  In addition, field measurements can 
serve as an initial screening tool to evaluate relative degree of physical properties of samples.   
 
Field measurements are typically performed for the following parameters: (1) total volatile 
organic vapors in soil, (2) fluid pH, (3) fluid specific conductance (Cond), (4) fluid temperature 
(T),fluid oxidation/reduction potential (ORP), and dissolved oxygen (DO).  The equipment to be 
used for the above parameters include, a Photovac 2020 for total organic vapors in soil and 
groundwater, a YSI 6500 Water Quality Meter for pH, T, Cond,  ORP and DO.  JLI uses a 
Geopump® peristaltic pump connected to a flow through cell to collected groundwater samples 
when the depth to groundwater is less than 20 feet. 
 
The calibration and maintenance history, as appropriate, of all equipment used to make 
measurements will be recorded in the field note book.  In general, equipment must be checked 
for calibration on a daily basis and according to manufacturer's equipment operation procedure. 
 
2.0 CALIBRATION 
2.1 Photoionization Detector (PID) 
The Photovac 2020 must be calibrated in order to display concentration in units’ equivalent to 
PPM.  First a supply of clean air, which contains no off gases or vapors, is used to set the zero 
point.  Then, isobutylene at 100 PPM (span gas), is used to set the reference standard. The 
cylinder of span gas and flow regulator needed for calibration is included with the PID 
instrument. 
 
2.2 YSI 6500 Water Quality Meter 
The YSI meter is calibrated daily for pH, T, Cond and DO.  The YSI meter is factory calibrated 
for T and ORP and this calibration is updated every 6 months.  The YSI meter is calibrated for 
ph, Cond and DO by turning on the instrument and selecting the calibration function.  The 
screen displays the calibration steps the user follows using the following standards: 


• pH – calibrated to 4, 7 and 10 
• Cond – calibrated to known solution of 10,000 microsiemens per centimeter (ugS/cm) 
• DO – calibrated by entering the local barometric pressure in mm/hg. 
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SOP 8 
SAMPLING MANAGEMENT CHAIN OF CUSTODY 


1.0 Objective 
This section describes sample handling and shipping documentation requirements to ensure the 
integrity of the samples collected and submitted to the laboratory for analysis, and to provide the 
laboratory with explicit instructions for the analytical services required.  The following general 
procedures are summarized in this section: 


• Sample labeling, 
• Sample packaging and shipping, and 
• Chain-of-custody.   


2.0 Sample Labeling 
All sample containers will be labeled using waterproof ink with the following information on 
labels: 


• Client or project name, 
• Sample identification number, 
• Date and time of collection, 
• Requested analysis, and 
• Container type and  type of preservation used. 


 
All groundwater samples collected each day are to be listed on the Daily Field Log (Form A). 
Duplicate samples will be labeled with a “D” after the well ID.  A fictitious sample ID number is 
not needed since the internal QAQC laboratory report serves as additional checks on the 
laboratory QAQC policy. 


3.0 Sample Packaging and Shipping 
The following procedures apply to all groundwater samples packed for transport to the 
laboratory: 


• Place each sample into an individual laboratory supplied bubble wrap bag. 
• Each sample from the well will be comprised of 4-40milliliters (mL) vials for BTEX and 


GRO, and 4-40 mL vial for DRO. These are all placed into a 1-liter sealable baggie and 
labeled on the outside of the baggie with the sample name, date, and sample time. This 
is performed to verify the sample during preparation of the chain of custody, and to 
assist the laboratory personnel at the log in procedure at the laboratory. 


• Place bubble wraps on the inside bottom of the cooler. 
• Line the cooler with a laboratory supplied 6-millimeter thick clear plastic bag (plastic bag) 


that extends above the cooler at least 18-inches so the bag can be sealed with a zip-tie 
strap. 


• Place the samples inside the plastic bag and pack the plastic bag with the contents of 
one bag of crushed ice. Spread the ice evenly over the entire contents of the plastic bag. 
Zip tie the plastic bag shut. 


• Place the completed chain of custody inside a 1-liter sealable baggie and tape the 
baggie to the inside lid of the cooler. 


• Remove any expired shipping label for the cooler. Place the laboratory supplied 
overnight priority shipping label on the cooler. Remove the receipt of the shipping label 
and attach it to the copy of the chain of custody that is inside the cooler. 


• Attach two signed custody seals over the cooler lid where it seals to the body of the 
cooler. Tape the cooler shut by wrapping shipping tape around the cooler lid and base 
and over the custody seals at least two layers thick. 
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• Ship the coolers using Federal Express or United Parcel Service only from a distribution 
location that is staffed by company personnel. No shipping cooler is ever to be left 
unattended at a drop location. 


4.0 Chain-of-Custody 
Chain-of-custody is a mechanism employed to ensure that data resulting from laboratory 
analysis are credible and defensible.  Chain-of-custody begins at the time and point of sample 
collection.  Documentation of sample possession and chain-of-custody is provided by the use of 
sample labels and chain-of-custody forms. 
 
The chain-of-custody record will be initiated in the field and will accompany each sample during 
shipment to the laboratory.  The chain-of-custody record allows transfer of custody of a sample 
or group of samples in the field to any laboratory.  Information listed on the chain-of-custody 
includes: 


• Sample Identification; 
• Project name, location, and number; 
• Sampling dates and times; 
• Name of sampling technician(s); 
• Media being tested for each sample; 
• Number of containers per sample; 
• Signature of person relinquishing and receiving custody; 
• Requested analyses for each sample; and 
• Special requirements/comments for project or analysis. 


 
The sampler relinquishing the samples will keep one copy of the chain-of-custody forms and 
send the remaining copies with the samples.  The chain-of-custody form shall be sealed in a 
waterproof plastic bag and placed inside the shipping container. 
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SOP 9 
INVESTIGATION DERIVED WASTE 


1.0 Classification 
Investigation derived waste (IDW) will include soil, groundwater, and personal protection 
equipment (PPE).  The following IDW rules will apply for the SAP. 


2.0 Soil 
Soil is generated from core samples recovered from the push probe plastic sleeves.  The 
unused soil and used plastic sleeves will be placed in an 8-yard roll off bin located in the 90-day 
Hazardous Waste storage area.  The soil will be disposed of at Safety Clean Grassy Mountain 
facility in Tooele County, Utah.  A Waste Profile Sheet will be completed with the required 
analytical documentation and reviewed by Safety Clean prior to disposal.  All waste manifests 
and Safety Clean Receipt of Waste will be included in the report documentation of the Phase I 
activities.  


3.0 Groundwater 
Groundwater will be collected from the wells and placed in 55-gallon drum(s).  Following the 
completion of the investigation, the drummed groundwater will be discharged to the refinery 
process wastewater sewer system.   


4.0 PPE 
PPE does not warrant any special disposal.  PPE will be disposed of in refinery trash 
receptacles located on the refinery property.  
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RFI Field Forms 







Form A
Daily Field Log


BWO RFI Phase I


Page           of


Date: Project No. Field Geo/Eng
Client: Project Location


Personnel On Site:


Time On Time Off


Weather Conditions:
Temperature Wind Direction: Wind Speed:


Tasks to be completed:


Initial to document PPE used:


Fire Retardant Coverall Hearing Protection
Gloves (type) Hard hat
Boots Eye Protection
Respirator Cartridge Type


Indicate Manufacture and Model:


Water Level Meter Interface Probe
Peristaltic Pump Bailer
PID Water Meter


Time/Duration/Description of Daily Activities/Events


Name Employer PPE Level


Personal Protective Equipment


Monitoring Equipment
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BWO RFI Phase I


Continue on Reverse Side if Needed
Page             of


Time/Duration/Description of Daily Activities/Events







Boring Log
BWO RFI Phase I


Johnston Leigh, Inc.
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of _1___ Site:  BWO Refinery, North Salt Lake, Utah


 Rig:  Geoprobe 
PID Description Soil Sample
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Form C
Groundwater Sample Log


BWO RFI Phase I


Project Name: BWO RFI Phase I Well ID:
Sampler: Date:
Weather:


Depth to Water (DTW ft)):
Depth to Product (DTP (ft):
Casing Volume (gal., 2" ID: (TD-DTW) x 0.163 =


(gal., 1" ID: (TD-DTW) x 0.041 =
(gal., 4" ID: (TD-DTW) x 0.652 =


Bailer Purge Volume (gal): (3 x 1 casing volume) = 
Purge Method:


Instrumentation:
pH Meter YSI 6055 Time:
Calibrated with buffers at pH: 4, 7, and 10 Date:


SC Meter YSI 6055 Time:
Standard solution used: 1,413ug/cm Date


DO/ORP Meter YSI 6055 Time:
Standard solution used: Atm, factory Date


Gallons ∆ T Temperature pH Conductivity DO ORP
Removed (min) (F of C) (ms/cm) (mg/l) (mv)


Sample Time
Field Observations, Problems Encountered:


Samples Shipped on (date): Time:
Via:


Samples sent to:
ESC Laboratory
12065 LeBanon Pike
Mount Juliet, TN 37122
(615) 758-5858


Shipping Number:


Sampler Signature:


Metals 7471 (Hg) 6010/6020 250-mil HN03


VOC 8260B 40-mil HCL
SVOC 8270C and 8270CSIM 1-L


Analyte Analytical Method Container, Qty. Preservative


Appearance







Form D
 Slug Test 


BWO RFI Phase I


Test ID (Well) Date Depth to GW Total Drawdown
Constructed 


Well 
Depth


Air Pressure K Value Comments


Slug Test Summary Data
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APPENDIX E 


ESC Laboratory Certification Utah 







State/Agency 
Certificate 
Number  Certified Programs 


Approved 
Programs8  Cert.Type 


Cert. 
Authority 


Alabama  40660  DW  WW, RCRA, UST  Reciprocity  TN 
Alaska  UST‐080  UST  AK  AK 
Arizona  AZ0612  AIR, DW, WW, RCRA, UST Audit  AZ 
Arkansas  88‐0469  WW, RCRA, UST, BIoassay   Reciprocity  NJ 
California  2932  WW,  RCRA, UST   Reciprocity  WA 
Colorado  None  DW  WW, RCRA, UST  Reciprocity  TN 
Connecticut  PH‐0197  DW, WW, RCRA, UST, Environmental Lead  Reciprocity  NJ, AIHA 
Florida  E87487   AIR, DW, WW, RCRA, UST NELAP  NJ 
Georgia DW  923  DW Reciprocity  TN 
Georgia    None  WW, RCRA, UST   Reciprocity  NJ, A2LA 
Georgia DW 
Crypto  923  DW Reciprocity  NJ 
Idaho  TN00003  DW  WW, RCRA, UST  Reciprocity  NJ 
Illinois  200008  DW, WW, RCRA, UST NELAP  NJ 
Indiana  C‐TN‐01  DW  WW, RCRA, UST  Reciprocity  TN 
Iowa  364  DW, WW, RCRA, UST Audit  IA 
Kansas  E‐10277  DW, WW, RCRA, UST NELAP  NJ 
Kentucky DW  90010  DW  RCRA  Reciprocity  TN 
Kentucky UST  16  UST   Audit  A2LA 
Kentucky WW  90010  WW Reciprocity  NJ 
Louisiana  Agency ID 30792  WW, RCRA, UST, AIR NELAP  NJ 
Louisiana DW  LA150002  DW   NELAP  NJ 
Maine  TN0002  DW, WW, RCRA, UST  Reciprocity  TN, NJ 
Maryland  324  DW  WW, RCRA, UST  Reciprocity  TN 


Massachusetts  M‐TN003 
DW,WW(if we don’t have it in DW we 


can’t have it in WW)  RCRA, UST  Reciprocity  TN 
Michigan  9958  DW  WW, RCRA, UST  Reciprocity  TN 
Minnesota  047‐999‐395  WW, RCRA, UST   NELAP  NJ 
Mississippi  None  DW  WW, RCRA, UST  Reciprocity  NJ 
Missouri  340  DW  WW, RCRA, UST  Reciprocity  NJ 
Montana  CERT0086  DW  WW, RCRA, UST  Reciprocity  TN 
Nebraska  NA  DW  WW, RCRA, UST  Reciprocity  TN 
Nevada  TN‐03‐2002‐34  WW, DW, RCRA, UST   Reciprocity  NJ 
New 
Hampshire  2975  DW, WW, RCRA, UST  NELAP  NJ 
New Jersey ‐ 
NELAP   TN002  DW, WW, RCRA, UST, AIR NELAP  NJ 
New Mexico  None  Not accredited at this time, DW only  WW, RCRA, UST  Reciprocity  NJ 
New York  11742  DW, WW, RCRA, UST, AIR NELAP  NJ 
North C. 
Aquatic Tox  41  Aquatic Toxicity Audit  NC 
North Carolina 
DW   DW21704  DW   Audit  NC 
North 
Carolina   Env375   WW, RCRA, UST   Audit  NC 
North Dakota  R‐140  DW, WW, RCRA   Reciprocity  NJ 
Ohio VAP  CL0069  WW, RCRA, UST, AIR Audit  OH 
Oklahoma  9915  WW, RCRA, UST   Reciprocity  NJ 
Oregon  TN200002  DW, WW, RCRA, UST, Air NELAP  NJ 
Pennsylvania  68‐02979  DW, WW, RCRA, UST, Bioassay  NELAP  NJ 


Rhode Island  221  DW, WW, Env. Lead  WW, RCRA, UST  Reciprocity 
TN, NJ, 
AIHA 


South Carolina  84004  WW, RCRA, UST, Crypto   Reciprocity  NJ 







South Dakota  None  Not accredited at this time, DW only
Tennessee DW  2006  DW  WW, RCRA, UST  Audit  TN 
Tennessee DW 
Micro  2006  DW Micro   Audit  TN 
Texas ‐ Env.  T 104704245‐07‐TX  DW, WW, RCRA, AIR   Reciprocity  NJ 
Texas ‐ Mold  LAB0152  MOLD   NA  TX 
Utah  6157585858  DW, WW, RCRA, UST NELAP  NJ 
Vermont  VT2006  DW  WW, RCRA, UST  Reciprocity  TN 
Virginia VELAP  460132  DW, WW, RCRA, UST, Air  NELAP  NJ 
Washington  C1915  DW, WW, RCRA, UST, AIR Audit  A2LA 
West Virginia  233  WW, RCRA, UST   Audit  WV 
West Virginia 
Crypto  9966 M  DW Reciprocity  NJ 
Wisconsin  998093910  WW, RCRA, UST, Bioassay Audit  WI 
Wyoming  A2LA  UST  WW, RCRA  Audit  A2LA 
Other 
Agencies 
A2LA1  1461.01, 1461.02  DW, WW, RCRA, UST, AIR, MICRO Audit  A2LA 
AIHA2  100789  IHLAP4, ELLAP5, EMLAP6 Audit  AIHA 
DOD11  1461.01  RCRA, UST   Audit  A2LA 
EPA10  TN00003  Cryptospiridium Audit  EPA 
EPA10 Region 8 Drinking Water   Reciprocity  TN, NJ 
USDA7  S‐67674  Quarantine Permit Audit  USDA 


(1) A2LA = American Association for Laboratory Accred.   (6) EMLAP = Environmental Microbiology Laboratory Accreditation Program


(2) AIHA = American Industrial Hygiene Association (7) USDA = United States Department of Agriculture 


(3) NELAP = National Environmental Laboratory Accred. Program  (8) Approved Programs = The state does not have a formal certification program.


(4) IHLAP = Industrial Hygiene Laboratory Accred. Program  (9) Pending = The state is processing our application. 


(5) ELLAP = Environmental Lead Laboratory Accred. Program (10) EPA = Environmental Protection Agency





		Acronyms and Abbreviations

		1.0 Introduction

		1.1 Purpose and Objective

		1.2 Refinery History

		1.3 Geographic Location

		1.3.1 Surrounding Land Use

		1.3.2 Surface Water

		1.3.3 Flood Plain

		1.3.4 Wind Rose





		2.0 Contaminant Conceptual Model

		2.1 Geology

		2.2 Groundwater

		2.2.1 Hydraulic Gradient

		2.2.2 Vertical Potential Gradient



		2.3 Contamination

		2.3.1 Compounds of Concern (COCs)

		2.3.2 Volatile and Semi-Volatile Organic Compounds

		2.3.3 Metals

		2.3.4 Summary of Analytical Methods

		2.3.5 Soil

		2.3.6 Groundwater

		2.3.7 Fate and Transport



		2.4 Presence or Absence



		3.0 Field Sampling Techniques

		3.1 Sampling Approach

		3.2 Laser Induced Fluorescence (LIF)

		3.2.1 LIF Technology



		3.3 PID Screening for VOC

		3.4 SVOC

		3.5 Metals

		3.6 Sample Data Point

		3.7 Surface Soil

		3.8 Subsurface Soil

		3.9 Groundwater Well Installation

		3.10 Slug Testing

		3.11 Decontamination

		3.11.1 Hand Tools and Equipment

		3.11.2 Push Probe/Drilling Equipment



		3.12. Investigation Derived Waste

		3.13 Schedule



		4.0 SWMU/AOC Phase I Sampling

		4.1 SWMU 1 API 1 Separator

		4.1.1 SWMU1 Description

		4.1.2 SWMU 1 Potential Waste Characteristics

		4.1.3 Proposed Sampling Locations SWMU 1

		Figure 4-2 SWMU 1 API 1 Sampling Locations



		4.1.4 Summary of Samples at SWMU 1



		4.2 SWMU 2 API 2 Separator

		4.2.1 SWMU1 Description

		4.2.2 SWMU 2 Potential Waste Characteristics

		4.2.3 Proposed Sampling Locations SWMU 2

		Figure 4-3 SWMU 2 API 2 Sampling Locations



		4.2.4 Summary of Samples at SWMU 2



		4.3 SWMU 3 API 3 Separator

		4.3.1 SWMU 3 Description

		4.3.2 SWMU 3 Potential Waste Characteristics

		4.3.3 Proposed Sampling Locations SWMU 3

		Figure 4-4 SWMU 3 API 3 Sampling Locations



		4.3.4 Summary of Samples at SWMU 3



		4.4 SWMU 4 DAF

		4.4.1 SWMU 4 Description

		4.4.2 SWMU 4 Potential Waste Characteristics

		4.4.3 Proposed Sampling Locations SWMU 4

		Figure 4-5 SWMU 4 DAF Sampling Locations



		4.4.4 Summary of Samples at SWMU 4



		4.5 SWMU 5 Tank 1A

		4.5.1 SWMU 5 Description

		4.5.2 SWMU 5 Potential Waste Characteristics

		4.5.3 Proposed Sampling Locations SWMU 5

		Figure 4-6 SWMU 5 Tank 1A Sampling Locations



		4.5.4 Summary of Samples at SWMU 5



		4.6 SWMU 6 Surface Impoundment 1

		4.6.1 SWMU 6 Description

		4.6.2 SWMU 6 Potential Waste Characteristics

		4.6.3 Proposed Sampling Locations SWMU 6

		Figure 4-7 SWMU 6 Surface Impoundment 1 Sampling Locations



		4.6.4 Summary of Samples at SWMU 6



		4.7 SWMU 7 Surface Impoundment 2

		4.7.1 SWMU 7 Description

		4.7.2 SWMU 7 Potential Waste Characteristics

		4.7.3 Proposed Sampling Locations SWMU 7

		Figure 4-8 SWMU 7 Surface Impoundment 2 Sampling Locations



		4.7.4 Summary of Samples at SWMU 7



		4.8 SWMU 8 Surface Impoundment 3

		4.8.1 SWMU 8 Description

		4.8.2 SWMU 8 Potential Waste Characteristics

		4.8.3 Proposed Sampling Locations SWMU 8

		Figure 4-9 SWMU 8 Surface Impoundment 3 Sampling Locations



		4.8.4 Summary of Samples at SWMU 8



		4.9 SWMU 13 Boneyard

		4.9.1 SWMU 13 Description

		4.9.2 SWMU 13 Potential Waste Characteristics

		4.9.3 Proposed Sampling Locations SWMU 13

		Figure 4-10 SWMU 13 Boneyard Sampling Locations



		4.9.4 Summary of Samples at SWMU 13



		4.10 SWMU 15 Skimmer Following DAF

		4.10.1 SWMU 15 Description

		4.10.2 SWMU 15 Potential Waste Characteristics

		4.10.3 Proposed Sampling Locations SWMU 15

		Figure 4-11 SWMU 15 Skimmer following DAF Sampling Locations



		4.10.3 Summary of Samples at SWMU 15



		4.11 SWMU 17 Tank 7

		4.11.1 SWMU 17 Description

		4.11.2 SWMU 17 Potential Waste Characteristics

		4.11.3 Proposed Sampling Locations SWMU 17

		Figure 4-12 SWMU 17 Tank 7 Sampling Locations



		4.11.4 Summary of Samples at SWMU 17



		4.12 SWMU 19 Former Flare Pit

		4.12.1 SWMU 19 Former Flare Pit

		4.12.2 SWMU 19 Potential Waste Characteristics

		4.12.3 Proposed Sampling Locations SWMU 19 Former Flare Pit

		Figure 4-13 SWMU 19 Former Flare Pit Sampling Locations



		4.12.4 Summary of Samples at SWMU 19



		4.13 SWMU 20 Tank Farm, Tank-water draw Disposal Area

		4.13.1 SWMU 20 Description

		4.13.2 SWMU 20 Potential Waste Characteristics

		4.13.3 Proposed Sampling Locations SWMU 20

		Figure 4-14 SWMU 20 Tank Farm, Tank-water draw Disposal Area



		4.13.3 Summary of Samples at SWMU 20



		4.14 SWMU 21 Waxy Crude Truck Unloading Areas

		4.14.1 SWMU 21 Description

		4.14.2 SWMU 21 Potential Waste Characteristics

		4.14.3 Proposed Sampling Locations SWMU 21

		Figure 4-15 SWMU 21 Waxy Crude Unloading Area Sampling Locations



		4.14.4 Summary of Samples at SWMU 21



		4.15 SWMU 22 Heat Exchanger Bundle Cleaning Pad

		4.15.1 SWMU 22 Description

		4.15.2 SWMU 22 Potential Waste Characteristics

		4.15.3 Proposed Sampling Locations SWMU 22

		Figure 4-16 SWMU 22 Heat Exchanger Bundle Cleaning Pad Sampling Locations



		4.15.4 Summary of Samples at SWMU 22



		4.16 SWMU 23 Refinery Sewer System

		4.16.1 SWMU 23 Description

		4.16.2 SWMU 23 Potential Waste Characteristics

		4.16.3 Proposed Sampling Locations SWMU 23

		Figure 4-17 SWMU 23 Refinery Sewer System Sampling Locations



		4.16.4 Summary of Samples at SWMU 23



		4.17 SWMU 24 Rail Loading/Unloading Area

		4.17.1 SWMU 24 Description

		4.17.2 SWMU 24 Potential Waste Characteristics

		4.17.3 Proposed Sampling Locations SWMU 24 Rail Loading/Unloading Area

		Figure 4-18 SWMU 24 Rail Loading/Unloading Area Sampling Locations



		4.17.4 Summary of Samples at SWMU 24



		4.18 SWMU 26 Former Spent Caustic Tank

		4.18.1 SWMU 26 Description

		4.18.2 SWMU 26 Potential Waste Characteristics

		4.18.3 Proposed Sampling Locations SWMU 26

		Figure 4-19 SWMU 26 Former Spent Caustic Tank (Tank B) 2006 Photograph



		4.18.4 Summary of Samples at SWMU 26



		4.19 SWMU 29 90-Day Hazardous Waste Storage Area

		4.19.1 SWMU 29 Description

		4.19.2 SWMU 29 Potential Waste Characteristics

		4.19.3 Proposed Sampling Locations SWMU 29

		Figure 4-20 SWMU 29 90-Day Hazardous Waste Storage Area Sampling Locations



		4.19.4 Summary of Samples at SWMU 29



		4.20 SWMU 31 Pump Wash-off Pad

		4.20.1 SWMU 22 Description

		4.20.2 SWMU 31 Potential Waste Characteristics

		4.20.3 Proposed Sampling Locations SWMU 22

		Figure 4-21 SWMU 31 Pump Wash-off Pad Sampling Locations



		4.20.4 Summary of Samples at SWMU 31



		4.21 SWMU 33 Former Pond in Northwest Corner of Facility

		4.21.1 SWMU 33 Description

		4.21.2 SWMU 33 Potential Waste Characteristics

		4.21.3 Proposed Sampling Locations SWMU 33

		Figure 4-22 SWMU 33 Former Pond in Northwest Corner of Facility Sampling Locations



		4.21.4 Summary of Samples at SWMU 33



		4.22 SWMU 34 Open Ditch between API 2 and API 3

		4.22.1 SWMU 34 Description

		4.22.2 SWMU 34 Potential Waste Characteristics

		4.22.3 Proposed Sampling Locations SWMU 34

		Figure 4-23 SWMU 34 Open Ditch between API 2 and API 3 Sampling Locations



		4.22.4 Summary of Samples at SWMU 34



		4.23 SWMU 35 Former Excavation in Open Field Northeast of Open Ditch

		4.23.1 SWMU 35 Description

		4.23.2 SWMU 35 Potential Waste Characteristics

		4.23.3 Proposed Sampling Locations SWMU 35

		Figure 4-24 SWMU 35 Former Excavation in Open Field Northeast of Open Ditch



		4.23.4 Summary of Samples at SWMU 35



		4.24 SWMU 37 Historic Waste Piles (west of facility entrance)

		4.24.1 SWMU 37 Description

		4.24.2 SWMU 37 Potential Waste Characteristics

		4.24.3 Proposed Sampling Locations SWMU 37

		Figure 4-25 SWMU 37 Historic Waste Piles (west of facility entrance) Sampling Locations



		4.24.4 Summary of Samples at SWMU 37



		4.25 SWMU 39 Flare Stained Area

		4.25.1 SWMU 39 Description

		4.25.2 SWMU 39 Potential Waste Characteristics

		4.25.2 Proposed Sampling Locations SWMU 39

		Figure 4-26 SWMU 39 Flare Stained Area Sampling Locations



		4.25.4 Summary of Samples at SWMU 39



		4.26 SWMU 40 Drainage Ditch to Cudahy Drain

		4.26.1 SWMU 40 Description

		4.26.2 SWMU 40 Potential Waste Characteristics

		4.26.3 Proposed Sampling Locations SWMU 40

		Figure 4-27 SWMU 40 Drainage Ditch to Cudahy Drain Sampling Locations



		4.26.4 Summary of Samples at SWMU 40



		4.27 SWMU 41 Former Ponds at Current Location of Tank 17

		4.27.1 SWMU 41 Description

		4.27.2 SWMU 41 Potential Waste Characteristics

		4.27.3 Proposed Sampling Locations SWMU 41

		Figure 4-28 SWMU 41 Former Ponds at Current Location of Tank 17 Sampling Locations



		4.27.4 Summary of Samples at SWMU 41



		4.28 AOC1 Former Administration Building

		4.28.1 AOC1 Description

		4.28.2 AOC1 Potential Waste Characteristics

		4.28.3 Proposed Sampling Locations AOC1

		Figure 4-29 AOC1 Former Administration Building Sampling Locations



		4.28.4 Summary of Samples at AOC1



		4.29 AOC2 Former Cardlock

		4.29.1 AOC2 Description

		4.29.2 AOC2 Potential Waste Characteristics

		Figure 4-30 AOC2 Former Cardlock Sampling Locations



		4.29.3 Summary of Samples at AOC2



		4.30 Groundwater Monitoring Wells

		4.30.1 Refinery Groundwater Monitoring Wells

		4.30.2 Groundwater Sampling





		5.0 QUALITY ASSURANCE PROJECT PLAN

		5.1 Project Team Organization and Responsibility

		5.1.1 Project Manager

		5.1.2. QAPP Manager

		5.1.3. Field Geologist



		5.2 Sample Collection

		5.2.1 Sample Management

		5.2.2 Sample Data Point

		5.2.3 Sample Documentation

		5.2.3.1 Sample Labeling



		5.2.4 Field Measurements

		5.2.4.1 Laser Induced Fluorescence

		5.2.4.2 Photo Ionization (PID)

		5.2.4.3 Slug Test

		5.2.4.4 Measuring Groundwater Field Parameters



		5.2.5 Equipment Calibration and Maintenance

		5.2.5.1 Calibration

		5.2.5.2 Maintenance



		5.2.6 Field Duplicates/Matrix Spike

		5.2.7 Waste Management



		5.3 Analytical Testing

		5.3.1 Chain of Custody

		5.3.2 Shipping

		5.3.3 Analytical Procedures

		5.3.4 Level II QAQC



		5.4 Quality Assurance Data Quality Objectives

		5.4.1 Accuracy

		5.4.2 Precision

		5.4.3 Completeness

		5.4.4 Representativeness

		5.4.5 Comparability

		5.4.6 Sensitivity





		6.0 Data Management and Reporting Plan

		6.1 Data Input Process

		6.2 Data Tracking and Recording

		6.2.1 Location Information

		6.2.2 Chemistry

		6.2.3 Geology

		6.2.4 Hydrogeology

		6.2.5 Slug Test

		6.2.6 LNAPL



		6.3 Tabular Display

		6.4 Graphical Display

		6.5 Reporting



		7.0 References

		Table 2-1 PID Soil GW 1993.pdf

		Sheet1



		Table 3-1 Refinery LTA Wells Construction.pdf

		Table 1



		Table 4-1 Phase I soil and groundwater sample schedule.pdf

		Phase I Samples



		BWO NSL HASP June 2017.pdf

		1.0 INTRODUCTION

		1.1 RCRA Facility Investigation (RFI)

		1.1.1 Purpose and Objective



		1.2 Refinery Description

		1.3 Project Personnel

		1.4 Refinery Training Requirements

		1.4.1 OSHA 1910.120(e)(3)(i)

		1.4.2 OSHA 1910.120 (e)(3)(iii)

		1.4.3 Contractor Training

		1.4.4 BWO Refinery Training

		1.4.5 Respirator Use Certification

		1.4.6 Drug Test



		2.0 Refinery Process Areas

		3.0 BWO Refinery Departments

		3.1 Department 1

		3.2 Department 2

		3.3 Department 3

		3.4 Department 4

		4.0 Refinery Muster Locations



		5.0 HAZARD ASSESSMENT

		5.1 Waste Description/Characterization

		5.2 Soil

		5.3 Groundwater

		5.4 LNAPL

		5.5 Breathing Zone Monitoring

		5.5.1 Instrument Calibration and Maintenance



		5.6 Physical Hazards

		5.7 Natural Hazards

		5.7.1 Heat Stress

		5.7.2 Cold Exposure



		5.8 Confined Space Entry

		5.9 Spill Containment



		PROTECTION / ACTION

		BREATHING ZONE LEVEL

		INSTRUMENT

		6.0 GENERAL SAFE WORK PRACTICES AND COMMUNICATIONS

		6.1 Mandatory Morning Safety Meetings

		6.2 Safety Equipment

		6.3 Communications

		6.4 Safe Work Practices

		6.4.1 Push Probe/Drill Rig



		6.5 Safety Audits

		6.6 First Aid and CPR

		6.7 Site-Specific Training



		7.0 PERSONAL PROTECTIVE EQUIPMENT

		7.1 General

		7.2 Anticipated Levels of Protection for Site Operations



		8.0  SITE CONTROL MEASURES

		8.1 Site Access

		8.2 Work Zones

		8.3 Decontamination Zone

		8.4 Support Zone



		9.0  DECONTAMINATION PROCEDURES

		9.1 Equipment

		9.2 Personnel

		9.3 Contamination Prevention

		9.4 Disposal Procedures



		10.0  MEDICAL SURVEILLANCE PROGRAM

		11.0 EMERGENCY PREPAREDNESS

		11.1 Emergency Procedure

		11.2 Implementation

		11.3 Fire or Explosion

		11.4 Personal Injury Reporting and Recordkeeping

		11.5 Overt Chemical Exposure



		12.0 HASP ACCEPTANCE

		13.0 REFERENCES



		Table 1 JHA Set Up.pdf

		Tbl 1 JHA set up



		Table 2 THA Geoprobe.pdf

		Tbl 2 THA geoprobe



		Table 3 THA GW.pdf

		Tbl 3 THA GW



		BWO Community Relations Plan.pdf

		Acronyms and Abbreviations

		1.0 Overview of the Community Relations Plan

		1.1 Introduction

		1.2 Community Relations Plan Objectives

		RCRA RFI Process



		2.0 Site Information

		2.1 Site Location and Description

		2.2 Site History

		2.3 Compounds of Concern



		3.0 Community Information

		3.1 Area Description

		3.2 Community Profile



		4.0 Community Involvement

		4.1 Objectives of Community Involvement

		4.2 Communication Activities

		4.3 Key Project Contacts

		4.4 Information Repositories

		4.5 Preliminary List of Potentially Interested Parties



		5.0 References



		BWO RFI JLI SOPs 2017.pdf

		1.0 Sample Data Point

		1.1 Surface Soil

		1.2 Subsurface Soil Sample

		1.3 Groundwater Sample

		1.4 Slug Test



		1.0 Surface Soil

		2.0 Subsurface Soil

		1.0 Well Installation

		2.0 Groundwater Sampling

		2.1 Well Gauging

		2.2 Groundwater Sampling

		2.2.1 Field Equipment Calibration

		2.2.2 Peristaltic Pump Sampling Procedures

		2.2.3 Bailer Purging and Sampling Procedures





		1.0 Slug Test

		1.1 Pneumatic Test Apparatus



		1.0 Hand Tools and Equipment

		2.0 Push Probe/Drilling Equipment



		1.0 Objective

		2.0 EQUIPMENT AND SUPPLIES

		3.0 PROCEDURE



		1.0 Objective

		1.0 Objective

		2.0 Sample Labeling

		3.0 Sample Packaging and Shipping

		4.0 Chain-of-Custody



		1.0 Classification

		2.0 Soil

		3.0 Groundwater

		4.0 PPE





		Form A Daily.pdf

		Form A Daily Log



		Form B Boring Log.pdf

		Form B Boring Log



		Form C GW Sample.pdf

		Form C GW Sample



		Form D Slug Test.pdf

		Form D Slug Test












Johnston Leigh, Inc. 
6205 View Drive 


Park City, Utah 84098 
(801) 726-6845 
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June 8, 2017 
 
Mr. Scott T. Anderson, Director 
Division of Waste Management and Radiation Control 
PO Box 144880 
Salt Lake City, Utah 84114-4880 
 
RE: Response to Comments, RFI Phase I Work Plan 


North Salt Lake Refinery, EPA ID UTD045267127  
 


Dear Mr. Anderson: 
 
Big West Oil, LLC (BWO) entered into a STIPULATION AND CONSENT ORDER 
issued by the Director of the Division of Waste Management and Radiation Control 
(WMRC) pursuant the Utah Solid and Hazardous Waste Act, Utah Code Annotated 19-6-
101, et seq., dated August 5, 2015, for the purpose of conducting a Resource Conservation 
Recovery Act (RCRA) Facility Investigation (RFI). On behalf of BWO, Johnston Leigh, 
Inc. is submitting the attached Response to Comments and Revised RFI Phase I Work 
Plan (Phase I WP) for the BWO North Salt Lake Refinery located at 333 West Center 
Street in North Salt Lake, Utah. 
 
The WMRC comment is cited below followed by BWO response.  The BWO response has 
been incorporated into the attached Revised Phase I WP dated May 1, 2017. 
 


1. WMRC Comment Site Sampling Strategy Rational. 
Please provide discussions regarding historic waste characteristics at each Solid 
Waste Management Unit (SWMU).  This discussion should identify the nature of the 
waste (solid, liquid, et.) identify specific constituents of concern (COCs), the 
identification of any hazardous waste which may have been present and provide 
conceptual models of how waste constituents are expected to have moved and may be 
distributed at each SWMU. 
 
BWO Response: 
The updated sections of the Contaminant Conceptual Model (Sections 2.3.5, 2.3.6) of 
the Phase I WP presents the potential waste streams known at the refinery, the 
analytical methods to detect the waste streams and the background sampling data that 
shows the distribution of known impacts to soil and groundwater.  Additionally, 
background groundwater data is used in the conceptual model to demonstrate that soil 
and groundwater impacts are limited to the upper unconfined aquifer and impacts to 
the lower confined aquifer are highly unlikely given the vertical potential gradient 
separating the upper and lower aquifers. 
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In addition to the contaminant conceptual model presented in Section 2.0, a new section 
has been added under the description of each SWMU, titled “SWMU Potential Waste 
Characteristics”. This new section, in table format (example as included below for SWMU 
1), further describes the potential waste stream, COCs, and conceptual model for impact 
and migration at each SWMU.      
 
4.1.1 SWMU 1 Potential Waste Characteristics 
The potential wastes that may be present at SWMU 1 are presented below.  Surface soil 
staining was noted by WMRC during their initial inspection in 1998.  


SWMU 1 


Waste Characterization Conceptual Model 


Solid Liquid Other Potential COC Waste Distribution/Migration 
Potential 


K051 API Separator 
sludge D004-D011 Metals   Metals SVOC VOC 


1. Potential overflow of 
separator causing surface 
impacts. 


D004-D001 Metals D018 Reformer 
reactor waste   Metals SVOC VOC 2. Potential surface impacts 


migrate to groundwater. 


F037 Oil/water 
separation debris K049 Slop oil   Metals SVOC VOC 


3. Potential leaks in subsurface 
influent and effluent piping and 
migration to groundwater. 


        
4. Comingling with former tank 
water draw groundwater 
plume. 


 
 


2. Of the COCs identified for the site and at each SWMU, risk may be driven by 
Volatile Organic Contaminants (VOCs) and metals.  How will laser-induced 
fluorescence (LIF) readings ensure that site risks are adequately being 
characterized? Some complex hydrocarbon chains that are relatively non-soluble 
may tend to adhere to soil and concentrate in shallow subsurface soil (greater than 
½ foot). LIF readings could target those shallow hydrocarbons for sampling.  
Whereas, simple hydrocarbon constituents that are water soluble may have 
migrated to greater depths.  PID readings may confirm the presence of soluble 
hydrocarbons at depth.  Please revise the proposed sampling rational to ensure 
adequate characterization of site risk. 


 
BWO Response: 
BWO understands the WMRC concern for subsurface impacts by simple hydrocarbons 
like benzene that may be vertically separated from the residual LNAPL impacted soil 
detected by the LIF.  The Contaminant Conceptual Model in Section 2.3.5 has been 
updated to include the following: 
 
“Between September 11-18, 1991, 42 test pits were excavated at the Refinery to below 
first encountered groundwater (GeoWest, 1993).  The soil was screened in the field 
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using a  PID with a 10.2 eV bulb for general levels of volatile organics, and an air 
pump with a detector tube specific for benzene.  
  
The results of this investigation indicate that although benzene, toluene, ethylbenzene 
and xylenes (BTEX) were detected in all of the soil samples; the distribution of the 
four compounds in relation to the total BTEX concentration showed xylenes the most 
abundant compound followed by ethylbenzene then toluene and lastly benzene.  
Benzene has a significantly higher vapor pressure and water solubility than the other 
BTEX compounds.  The benzene in the soil most likely migrated to groundwater 
leaving the less volatile and less water soluble compounds adhered to soil. 
 
The method used to field screen soil for benzene during the 1991 investigation was a 
PID and detector tube for benzene.  The PID measurement and corresponding 
analytical result for benzene in soil and groundwater (GeoWest, 1993) are presented in 
Table 2-1.  Cursory review of the data in Table 2-1 suggests there was significant 
variability in field benzene concentrations compared to analytical concentrations of 
benzene.” 
 
The significant variability of PID measurements and benzene concentrations in soil 
samples is widely known in the industry.  However, BWO agrees that PID field 
screening techniques in combination with the LIF may increase the probability that the 
higher concentrations of petroleum impacted soil are being sampled.  Each soil core 
sample will be screened using a PID following the procedures outlined in SOP 6 
(Appendix C).  If a PID measurement above 100 parts per million (ppm) suggests 
inconsistencies between LIF and PID screening data, a second soil sample may be 
collected and analyzed only for VOC.  The most likely location for benzene is just 
above or in the groundwater based on its higher vapor pressure and water solubility.  
 
Section 3.5 was updated to include discussion on potential metals impacts and highest 
LIF %RE values as shown below.   
 
3.5 Metals  
Metals are more likely associated with the refinery waste water collection and 
treatment.  The API separators, bundle cleaning pad, and pump wash down pad are 
examples of potential locations for waste water impacts with metals.  Lead may be 
encountered given its use in gasoline prior to 1980.  The conceptual model is that 
metals are more likely to be associated with petroleum contamination that would be 
detected using LIF.  Sampling the highest LIF RE% and/or highest PID measurement 
at each boring is a reasonable approach to potentially detect metals contamination. 
 


 
3. Section 5.2.3.1. What is the site/SWMU LNAPL standard characteristic to be used 


and how are they determined? This should correlate to question one above.  How 
does the standard correlate to the likely risk drivers [VOCs, Semi-volatile Organic 
Contaminants (SVOCs) and metals] for the site and specific SWMUs? Targeting 
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the greatest concentration of hydrocarbons does not necessarily adequately 
characterize risk. 
 
BWO Response: 
The site/SWMU LNAPL standard is explained in updated Section 3.2.1: “The laser 
is sensitive to a known range of common fuels.  Each product fluoresces uniquely 
and the LIF system detects the differences between them.  Impacted soil and 
LNAPL collected from the Refinery will be compared to the standard in an 
emulation test before the sampling begins.  The emulation test will verify that the 
LIF can detect the LNAPL and/or differentiate between several LNAPL fuels (i.e 
gasoline, diesel, jet fuel, crude oil).  The SOP for daily LIF calibration is included 
in Appendix C.” 
 
The following Sections have been added to Section 3.0 to further describe the field 
techniques to identify the potentially greatest concentrations of the COCs and 
assist in identification of potential risks: 
 
3.3 PID Screening for VOC 
Benzene impacts to soil were detected at the Refinery by GeoWest in 1993.  
GeoWest excavated test pits to depths of less than two (2) feet to 12 feet below 
grade. Most of the test pits were excavated to a depth of four to eight feet below 
grade.   Soil samples collected by GeoWest were representative of worst-case 
conditions based on visual observations and PID screening measurements. 
 
Judgmental screening of the soil core samples will be used in addition to the LIF 
results.  PID screening of the soil may be necessary if visual or olfactory 
indications suggest simple hydrocarbon impacts (i.e. benzene) are present within 
or below the LIF smear zone interval.  Each soil core sample will be screened 
using a PID following the procedures outlined in SOP 6 (Appendix C).  If a 
relatively high PID measurement suggests impacted soil not coincidental with the 
highest LIF measurement, a second soil sample may be collected and analyzed 
only for VOC.  However, as shown in Table 2-1 (GeoWest 1993), the highest PID 
field measurement does not necessarily yield high detections of benzene.   
 
3.4 SVOC 
SVOC are comprised of more complex hydrocarbons and the greatest LIF %RE is 
more likely to be associated with the highest concentration of SVOC.  Therefore, 
the highest LIF %RE will be sampled for SVOC. 
 
3.5 Metals  
Metals are more likely associated with the refinery waste water collection and 
treatment.  The API separators, bundle cleaning pad, and pump wash down pad are 
examples of potential locations for waste water impacts with metals.  Lead may be 
encountered given its use in gasoline prior to 1980.  The conceptual model is that 
metals are more likely to be associated with petroleum contamination that would 
be detected using LIF.  Sampling the highest LIF RE% and/or highest PID 
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measurement at each boring is a reasonable approach to potentially detect metals 
contamination. 
 
 


4. At what level is the LIF deemed too low to direct sampling efforts and is there any 
level where PID measurements that do not correlate with LIF readings become 
significant for sample consideration? 
 
BWO Response: 
There is not an analytical concentration that is used for this type of comparison.  
Experience has shown that a RE% less than 5% correlates to BTEX concentrations 
that are generally less than most clean up levels.  The Field Sampling Techniques 
in Section 3.0 has been updated to include specific procedures for field screening 
soil for VOC, SVOC and metals.  Field screening using a PID in conjunction with 
laboratory analysis of at least one soil and one groundwater sample at each boring 
will ensure sufficient data collection in the event the LIF readings are below 
detection. 
 
 


5. Neither the Standard Operating Procedures (SOPs) nor plan narratives appears to 
address LIF calibration, yet address other equipment standards.  Please revise as 
needed. 
 
BWO Response:  
The LIF calibration procedures have been updated in Section 3.2.1 and included in 
Appendix C. 
 
   


6. Section 3.6 – The plan proposes to use four-foot screened interval lowered to the 
bottom of borings to collect groundwater samples.  SWMUs typically specify 
borings proposed for groundwater sampling will be advanced from 12 to 15 feet in 
depth without regards to depth of the upper most groundwater interface.  The 
screened interval needs to be sampled from the top of the groundwater, especially 
when LNAPLs are likely present.  Please revise as needed. 
 


BWO Response: 
The reference to screen interval in Section 3.9 has been revised to read:  “After the 
collection of the continuous soil core samples to the total depth, a 0.75-inch prepack 
well screen is lowered to the bottom of the outer casing with the screen interval 
extending above the groundwater surface.” 
 
 


7. SOP 3 – Section 2.1, Well Gauging.  The text specifies that wells can be used to 
assess LNAPL thickness if present.  This can only be accomplished if it is ensured 
that the screen interval coincides with the upper most groundwater level. Please 
revise as needed. 
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BWO Response: 
The reference to screen interval in Section 3.9 has been revised to read:  “After the 
collection of the continuous soil core samples to the total depth, a 0.75-inch prepack 
well screen is lowered to the bottom of the outer casing with the screen interval 
extending above the first encountered groundwater surface.” 
 


 
8. Please indicate if existing groundwater wells will be utilized for elevation 


measurements and sampling. 
 
BWO Response: 
BWO proposes to utilize select pre-existing Refinery and LTA wells for elevation 
and groundwater sampling.  Section 4.3 Groundwater Monitoring Wells has been 
added to the text. 
 
4.30.1 Refinery Groundwater Monitoring Wells 
A total of 19 groundwater monitor wells were installed inside the refinery and 
downgradient in the undeveloped area to the west in response to Utah Department 
of Environmental Quality (DEQ) concerns over potential impacts to groundwater 
from the former surface impoundments (SWMUs 6, 7 and 8).  The wells were 
installed in 1985 and include S-85-1 through S-85-19 and P-85-10.  All of these 
wells were screened in the first encountered shallow aquifer at depths of between 
2.5 and 25 feet BGS except well P-85-10.  Well P-85-10 was screened in the deeper 
confined aquifer at a depth of 65-70 feet BGS.  The equilibrated groundwater 
elevations in well P-85-10 typically rose above ground surface meaning it was a 
flowing well.  The groundwater elevation in the shallow or unconfined aquifer 
remained below grade typically between 4-8 feet BGS.  Therefore, the vertical 
potential gradient was up and groundwater in the shallow aquifer does not migrate 
to the deeper aquifer.   
 
The current Refinery well database presented in Table 3-1 indicates that some of 
the wells have had groundwater surface above the screen interval.  For the purpose 
of groundwater elevation data, all the wells in Table 3-1 can be used after the 
damaged ones are repaired and all are re-surveyed.  However, only Refinery and 
LTA wells S-85-2, S-85-4, S-85-6, S-85-8, S-85-12, S-85-15A, S-85-18, S-2 and S-
4 are screened across the groundwater surface and can be used for groundwater 
sampling wells. 
 
4.30.2 Groundwater Sampling  
The Refinery monitoring wells will be inventoried for well integrity and wells that 
are deemed salvageable for future use will be repaired accordingly.  The repair data 
will be documented in the Phase I report.  It is anticipated that at a minimum wells 
S-85-2, S-85-4, S-85-6, S-85-8, S-85-12, S-85-15A, S-85-18, S-2 and S-4 will be 
sampled following procedures in SOP 3. 
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9. Slug tests are to be conducted at select wells but no wells are identified for testing.  
Please provide a list of wells proposed to be tested.  If an assessment of potential 
plume migration is to be modeled by the data, the Division recommends 
performing the tests towards the leading edge of plumes. 


 
BWO Response: 
The slug tests are to be performed on the temporary well points.  In Section 4.0, a 
slug test is identified and the temporary well it is proposed to be performed on is 
also identified.  Additionally, the slug tests are identified on Table 4-1 Phase I Soil 
and Groundwater Sampling Schedule. 
 
 


10. SOP 9 Investigation Derived Waste (IDW).  Analytical methods specified are those 
in Section 3.3.4.  No such numbered section exists.  Section 2.3.4 lists analytical 
methods used for site characterization purposes, mainly for risk assessment 
purposes which are generally on a total basis.  The specified analysis may be 
needed however, to address LDR requirements to assess concentrations of 
underlying hazardous constituents or to verify the presence of listed hazardous 
waste.  The Division feels that applicable hazardous waste determinations for site 
waste should also assess corrosively, ignitability and toxicity through appropriate 
analysis.  Please revise as warranted. 


 
BWO Response: 
In SOP 9 the section under “Soil” has been changed and now reads, “The soil will 
be disposed of at Safety Clean Grassy Mountain facility in Tooele County, Utah.  A 
Waste Profile Sheet will be completed with the required analytical documentation 
and reviewed by Safety Clean prior to disposal.  All waste manifests will be 
included in the report documentation of the Phase I activities.” 
 
 


11. The Community Relations Plan’s community profile is exclusive to the 84054 zip 
code.  The Division notes that the refinery is located generally near the center of 
this area. It is also noted that a highly populated community begins about 2,000 
feet northeast of the northeast most corner of the site (this is a void that exists in 
the 84054 zip area).  The Division recommends Big West Oil consider expanding 
the community relation plan’s community profile. 
 


BWO Response: 
The community relations plan’s focus area will include the general area of zip code 
84054 and a small portion of 84011 zip code as shown on Figure 3-1 in the 
Community Relations Plan. 


 
12. The listed information repository at the Big West Oil North Salt Lake Refinery may 


not be considered by some members of the public as a community friendly 
location. To address this concern the Division recommends adding the Multi-
Agency State Office Building to the repository list. 
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BWO Response: 
BWO will add the additional information repository as recommended.  The 
Community Relations Plan has been updated accordingly. 


 
13. Division staff recalls facility representatives in a past meeting indicating that Big 


West Oil would maintain a public assessable website to share facility RCRA 
related information.  The draft plan does not mention this option.  The Division 
notes that Big West Oil maintains a website under which the Community tab 
identifies a 2013 EPA Consent Decree, but nothing related to RCRA.  Is this the 
website that was being considered to include the RCRA information? 


 
BWO Response:  
BWO plans to add information concerning RCRA to this website.  The purpose of the 
website information will be to provide interested parties with contact information and 
direction on obtaining documents or additional information concerning the RCRA 
status of the refinery.  The Community Relation Plan has been updated accordingly. 


 
 


14. 6.0 Data Management and Reporting Plan.  The reporting plan narrative focuses 
on software, spreadsheets, digital maps and pull down menus.  This is adequate for 
the purpose of Division staff review.  However, as a public agency, hardcopy 
reports are required in a format that is public friendly.  Perhaps the mention of 
such a report was merely an oversight. 


 
BWO Response: 


Section 6.5 Reporting has been added to the text and reads as follows.  “Draft and 
final version of all reports will be prepared in electronic and hardcopy formats, and 
delivered to the WMRC.  The reports will include text, tables, figures and 
supporting appendices.” 
  
  


15. Wind Rose 1.3.4 and Figure 1-4. The wind rose provided was for the Salt Lake 
International Airport.  Is there other available data closer to the facility or to the 
Wasatch Front?  The Wind Rose presented depicts wind directions and speed from 
July 1. 2015 to December 31, 2015.  This appears rather seasonal in 
representation.  Does this short time interval (184 days correlate well with historic 
data. 


 
BWO Response: 
Section 1.3.4 has been updated and now reads: “Based on information from the 
Western Regional Climate Center (WRCC), the prevailing wind direction in Salt 
Lake City from 1992 to 2002 was from the south-southeast (WRCC, 2016).  The 
wind speed and direction chart near the Salt Lake City airport from January 1, 1998 
to December 31, 2016 was south-southeast as shown below on Figure 1-5 
(MetroBlue, 2017).  Based on data from WRCC, winds are generally calm in the 
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morning and increase in velocity in the afternoon.  From July 1 to December 31, 
2015 average wind speeds peaked between 19-25 miles per hour (MPH) from the 
south-southeast approximately 15% of the time and are associated with typical 
weather fronts that impact the Salt Lake Valley.” 


 
 


16. Section 29 of the Consent Order specifies that the Phase I RFI Work Plan shall 
contain a schedule. 


 
BWO Response: 
The estimated schedule has been added to the text in Section 3.13 Schedule, and 
includes the following table: 


 
Task Approximate Dates 


Work Plan Submittal 06/08/2017 
Survey and repair BWO monitoring wells  June 2017 
Geophysical survey for utilities at all proposed sampling locations June-July 2017 
Phase I Sampling  Within 90 days following 


receipt of Work Plan approval 
Prepare Report of Phase I Sampling  Within 180 days following 


receipt of Work Plan approval 
 
 


17. The Division notes that Appendix A HASP contains an Appendix A (SOPs) within 
itself.  Appendix C also contains SOPs with similar topics.  Are the two sets of 
SOPs identical? 


 
BWO Response: 
Although it’s repetitive when submitting the Work Plan, it’s efficient when using 
the individual documents in the field. 
  
 


18. Section 5.3. The certification provided in Appendix E specifies that certification 
expired 6/30/2013.  Please provide current certification or provide for a 
replacement analytical laboratory. 


 
BWO Response: 
The current certification for ESC Laboratory has been included in Appendix E. 
 
 


19. The title of the subject proposal is RCRA RFI Phase I Work Plan.  This is 
redundant.  RFI stands for RCRA Facility Investigation. 


 
BWO Response: 
The title has been changed to RFI Phase I Work Plan.  The headers and footers have 
been changed as needed. 
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20. The proposed project completion of 90 percent is low.  Missing data can however 


be made up during the Phase II especially if there is a request for NFA. 
 
BWO Response: 
The proposed project completeness has been changed to a goal of 95 percent or 
higher. 


 
 
If you have questions or require additional information please contact me by phone at 
(801) 726-6845, email at leigh@johnstonleighinc.com, or Molly Gregersen of BWO at 
(801) 296-7700. 
 
Sincerely, 


 
Leigh Beem, P.G., UT 5538610-2250 
Johnston Leigh, Inc. 
 
CC: Ms. Molly Gregersen, P.G., Big West Oil  
 
Attachments: RFI Phase I Work Plan, BWO North Salt Lake Refinery, EPA ID 


UTD045267127012, June 8, 2017 (paper version and CD disk) 



mailto:leigh@johnstonleighinc.com
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