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Executive SummaryExecutive SummaryExecutive SummaryExecutive Summary    
 

The Gallup Refinery, which is located 17 miles east of Gallup, New Mexico, has been in operation 

since the 1950s.  Past inspections by State [New Mexico Environment Department (NMED)] and 

federal environmental inspectors have identified locations where releases to the environment may 

have occurred.  These locations are generally referred to as Solid Waste Management Units 

(SWMUs).  Pursuant to the terms and conditions of the facility Resource Conservation and Recovery 

Act (RCRA) Post-Closure Care Permit and 20.4.1.500 New Mexico Administrative Code, this 

Investigation Work Plan has been prepared for the SWMU No. 13 – Drainage Ditch between API 

Evaporation Ponds and Neutralization Tank Evaporation Ponds.  Attachment G of the facility’s Post-

Closure Care Permit provides a list of designated SWMUs and Areas of Concern (AOCs).   

An initial investigation of the SWMU was conducted in 1991.  Four soil borings were completed with 

two soil samples collected from each boring.  The samples were analyzed for Skinner List volatile 

organic compounds (VOCs), semi-volatile organic compounds (SVOCs) and metals.  None of the 

organic constituents were detected in the eight samples and all metals results were reported to be 

below background limits.  A second sampling effort was completed in 1996, three angle borings 

completed beneath the ditch.  The samples were analyzed for VOCs, SVOCs, and metals.  All of the 

VOC and SVOCs results were reported as non-detect and the metals concentrations were described 

as being comparable to (or lower) than those found in the original RFI sampling in 1991. 

The purpose of this investigation is to determine using recently collected samples if constituents are 

present at concentrations above the applicable screening levels.  This will be accomplished through 

the collection of soil and possibly groundwater samples.  Seven shallow soil borings will be 

completed within the drainage ditch and associate pond area using a hand auger and seven deep 

borings will be completed immediately adjacent to the drainage ditch and pond area using hollow 

stem augers.  Soil samples will be collected from each boring and if groundwater is encountered, 

then groundwater samples will be collected.  The samples will be analyzed for VOCs, SVOCs, Skinner 

List Metals, and Gasoline, Diesel, and Motor Oil Range Organics.  Groundwater samples will have 

additional general water quality analyses. 
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Section 1    
InInInIntroductroductroductroductiontiontiontion    

 

The Gallup Refinery is located approximately 17 miles east of Gallup, New Mexico along the north 

side of Interstate Highway I-40 in McKinley County.  The physical address is I-40, Exit #39 

Jamestown, New Mexico 87347.  The Gallup Refinery is located on 810 acres.  Figure 1 presents the 

refinery location and the regional vicinity. 

The Gallup Refinery generally processes crude oil from the Four Corners area transported to the 

facility by pipeline or tanker truck.  Various process units are operated at the facility, including crude 

distillation, reforming, fluidized catalytic cracking, alkylation, sulfur recovery, merox treater, and 

hydrotreating.  Current and past operations have produced gasoline, diesel fuels, jet fuels, kerosene, 

propane, butane, and residual fuel. 

On October 31, 2013, the NMED issued a RCRA Post-Closure Care Permit (“Permit”) to Western, 

which was subsequently modified in September 2017.  The Permit authorizes post-closure care at a 

hazardous waste land treatment unit and also includes corrective action provisions.  Section 

IV.H.5.a.i requires the Permittee to prepare and submit RCRA Facility Investigation Work Plans to the 

NMED in accordance with the schedule set forth in Permit Attachment E.  The investigation work plan 

for SWMU No. 13 (Drainage Ditch between API Evaporation Ponds and Neutralization Tank 

Evaporation Ponds) is due May 30, 2019. 

The location of SWMU No. 13 is shown on Figure 2.  Photographs of the SWMU and the surrounding 

area are included in Appendix A.  The purpose of the site investigation is to determine and evaluate 

the presence, nature, and extent of releases of contaminants in accordance with 20.4.1.500 New 

Mexico Administrative Code (NMAC) incorporating 40 Code of Federal Regulations (CFR) Section 

264.101.   
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Section 2    
BackgroundBackgroundBackgroundBackground    

 

This section presents background information for SWMU No. 13, including a review of historical 

waste management activities to identity the following: 

• Type and characteristics of waste and contaminants handled in the subject areas; 

• Known and possible sources of contamination; 

• History of operations; and 

• Prior investigations. 

SWMU No. 13 is located between Evaporation Ponds No. 2 and No. 12 (Figure 2).  In the Inventory of 

Solid Waste Management Units prepared in June 1985, SWMU No. 13 is not specifically described, 

but the series of related evaporation ponds and their respective uses are described (Geoscience 

Consultants, Ltd, 1985).  An unlined conveyance ditch associated with water softener regeneration 

wastewater is identified by Unit Number 24 in Table 4-1 in the 1987 RCRA Facility Assessment (RFA) 

Report (Black and Veatch, 1987).  However, as shown on Figure 4-1, this ditch is shown to be 

located immediately adjacent to the former neutralization tank and is not the same ditch that is later 

identified as SWMU No. 13.  The area currently identified as SWMU No. 13 is discussed in Section 

5.4 of the 1987 RFA Report and is noted as being observed during the Visual Site Inspection, but 

that information related to the contents of the ditch was insufficient to evaluate releases to all 

media. 

In 1990, the “Drainage Ditch between APIS Evaporation Ponds and Neutralization Tank Evaporation 

Ponds” was identified as a SWMU targeted for investigation in the SWMU Site-Specific Facility 

Investigation Workplan (Applied Earth Sciences, Inc., 1990).  Three soil borings (collected at the 

water’s edge – ditch maximum width of 12 feet, 18 inches deep with no dikes) to a depth of five feet 

with samples collected at 2 - 2.5’ and 3.5 – 4.0’ were proposed in the Investigation Workplan, which 

was subsequently modified to four borings to address comments received from EPA on May 30, 

1990.  The exact boring locations were to be based on field observations with criteria such as 

stained soil, stressed vegetation, and significant discharge patterns.  The general location was 

depicted as area #24 on Figure 1 – Site Map, which is included in Appendix A.  The proposed 

analyses included the Skinner List constituents. 
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During the Phase II RCRA Facility Investigation (RFI) conducted in 1991, four soil borings (RFI 1301 

through RFI 1304) were completed with two soil samples collected from each boring as proposed in 

the Investigation Workplan.  The location of the borings is shown on the map from the 1991 Phase II 

RFI Report, which is included in Appendix A (Giant, 1991).  The area of investigation was described 

as “the small overflow lagoon from Evaporation Pond #2 and the associated drainage ditch.”  The 

samples were analyzed for Skinner List volatile organic compounds (VOCs), semi-volatile organic 

compounds (SVOCs) and metals.  None of the organic constituents were detected in the eight 

samples and all metals results were reported to be below background limits.  A copy of the original 

data summary table from the 1991 RFI Report is included in Appendix A. 

Giant requested a No Further Action designation from EPA and based on the sampling results no 

further investigation of the area was required, but rather in 1995 EPA required that the area be 

resampled every five years going forward as Giant planned to continue use of the ditch.  The first 

sampling event was conducted in October 1996.  Three angle borings were completed beneath the 

ditch with samples collected from the 6.0’ -  6.5’ interval, as measured along the length of the 

borings, and analyzed for VOCs, SVOCs, and metals.  All of the VOC and SVOCs results were reported 

as non-detect and the metals concentrations were described as being comparable to (or lower) than 

those found in the original RFI sampling.  A map showing the boring locations and the analytical 

report are provided in Appendix B.  The location of the SWMU was surveyed at EPA direction and a 

copy is provided in Appendix B. 

Practical Environmental Services, Inc. (PES) was hired in 1998 by Giant Industries to perform a visual 

inspection, data evaluation, and status assessment of SMWU 13.  No additional sampling was 

conducted as the area was recently sampled in 1996.  Their findings are summarized below: 

• The drainage ditch was observed in active service conveying wastewater to north area 

evaporation ponds; 

• The ditch sidewalls were visually inspected and found to be intact and stable.  No erosion, 

damage, or sign of containment failure was observed; 

• Native shrubs and grasses were observed growing around the perimeter of the ditch.  No signs of 

distress were evident; and 

• Local soil in the vicinity of the drainage ditch is bentonitic clays and silts.  Similar soil strata from 

neighboring SWMU exhibited a hydraulic conductivity of less than 10-7 cm/sec. 
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They (PES) determined that the No Further Action proposal previously recommended by Giant and 

approved by EPA (with requirement for continued sampling) was appropriate for the site. 

In August 2001, Giant Industries prepared a No Further Action Report to summarize previous 

activities at SWMU No. 13.  Based on the earlier sampling conducted in the Phase II RFI and more 

recently in 1996, Giant proposed no further action for SWMU No. 13 (Giant, 2001).  NMED 

responded to Giant’s request for no further action via letter dated November 2, 2001 and a 

response letter prepared by PES was submitted October 2, 2002.  Items specific to SWMU No. 13 

are discussed below. 

• NMED requested an updated site plan. 

o It was noted by PES that the requested site plan was provided. 

• NMED requested background and current information on the influent and effluent to the SWMU. 

o The requested information was provided in the October 2, 2002 response letter.  

Essentially, the ditch has been and continues to be used to transfer refinery 

wastewater between evaporation ponds. 

• NMED requested analyses of water samples from the ditch and bottom sludge or sediment 

samples, if available.   

o PES noted neither water sample or bottom sludge/sediment samples had been 

collected from the ditch. 

• NMED requested boring logs from the 1991 and 1996 sampling efforts. 

o The requested boring logs were provided. 

• NMED asked what depths the soil samples were collected from in the 1996 borings. 

o PES clarified the samples were collected from 6 feet as measured along the length of 

the angled borings. 

After submission of the requested information to NMED on October 2, 2002, the next 

correspondence on SMWU No. 13 that is found in the available records is a letter from Western 

Refining Southwest, Inc. (dated June 24, 2013) requesting that NMED proceed with review of 

information previously submitted in the 2001 Petition for No Further Action and the Supplementary 

Information submitted on October 2, 2002.  NMED replied to the request on November 18, 2014 

stating they would proceed with the requested review and on April 13, 2015 a request for additional 

information was issued.  Comments 23 through 25 were specific to SWMU 13.  Western provided a 
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response on June 15, 2015.  Copies of NMED’s letter and Western’s response, including relevant 

enclosures are included in Appendix C. 

The responses in 2015 noted the drainage ditch was being used to convey non-contact storm water 

and that the ditch did not receive flows from the evaporation ponds.  The area has since been 

regraded such that stormwater is no longer conveyed through either the ditch or the small “pond” 

area to the south.  The only water entering these areas now is rainfall and there is no active use of 

these features. 
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Section 3    
Site ConditionsSite ConditionsSite ConditionsSite Conditions    

 

3.13.13.13.1 Surface ConditionsSurface ConditionsSurface ConditionsSurface Conditions    

A topographic map of the area near SWMU 13 is included as Figure 3.  Site topographic features 

include high ground in the southeast gradually decreasing to a lowland fluvial plain to the northwest.  

Elevations on the refinery property range from 7,040 feet to 6,860 feet.  The area of the site near 

SWMU 13 is at an approximate elevation of 6,896 feet above mean sea level (msl). 

The soils in the vicinity of SWMU 13 are identified as the Rehobeth silty clay loam.  Rehobeth soil 

properties include a pH ranging from 8 to 9 standard units and salinity measuring up to 

approximately 8 mmhos/cm (slightly saline).  It is classified as well drained.  The parent material is 

described as stream alluvium derived from gypsiferous shale. 

Regional surface water features include the refinery evaporation ponds and a number of small ponds 

(one cattle water pond and two small unnamed spring fed ponds).  The site is located in the Puerco 

River Valley, north of the Zuni Uplift with overland flows directed northward to the tributaries of the 

Puerco River.  The Puerco River continues to the west to the confluence with the Little Colorado 

River.  The South Fork of the Puerco River is intermittent and retains flow only during and 

immediately following precipitation events. 

3.23.23.23.2 Subsurface ConditionsSubsurface ConditionsSubsurface ConditionsSubsurface Conditions    

The shallow subsurface soils consist of fluvial and alluvial deposits comprised of clay and silt with 

minor inter-bedded sand layers.  Very low permeability bedrock (e.g., claystones and siltstones) 

underlie the surface soils and effectively form an aquitard.  The Chinle Group, which is Upper 

Triassic, crops out over a large area on the southern margin of the San Juan Basin.  The uppermost 

recognized local formation is the Petrified Forest Formation and the Sonsela Sandstone Bed is the 

uppermost recognized regional aquifer.  Aquifer test of the Sonsela Bed northeast of Prewitt 

indicated a transmissivity of greater than 100 ft2/day (Stone and others, 1983).  The Sonsela 

Sandstone’s highest point occurs southeast of the site and slopes downward to the northwest as it 

passes under the refinery.  The Sonsela Sandstone forms a water-bearing reservoir with artesian 

conditions throughout the central and western portions of the refinery property. 
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The diverse properties and complex, irregular stratigraphy of the surface soils across the site cause a 

wide range of hydraulic conductivity ranging from less than 10-2 cm/sec for gravel like sands 

immediately overlying the Petrified Forest Formation to 10-8 cm/sec in the clay soils located near the 

surface (Western, 2009).  Generally, shallow groundwater at the refinery follows the upper contact of 

the Petrified Forest Formation with prevailing flow from the southeast to the northwest, although 

localized areas may have varying flow directions (Figure 4). 
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Section 4    
Scope of ServicesScope of ServicesScope of ServicesScope of Services    

 

The site investigation of soils will be conducted to define the nature and extent of impacts to the 

environment and facilitate remedy selection, as necessary.  A groundwater investigation is not 

proposed in this work plan, as there are currently two new permanent monitoring wells proposed in 

the immediate area under the SMW-2 & GMW-1 Areas Investigation Work Plan (Figure 5) (DiSorbo, 

2018).  However, if groundwater is encountered during drilling of the soil borings, then a temporary 

well will be installed and groundwater samples will be collected.  The investigation will commence 

upon approval of this investigation work plan by NMED. 

4.14.14.14.1 InvestigationInvestigationInvestigationInvestigation    

An investigation of soils along and beneath drainage ditch and associated pond area will be 

conducted to characterize current concentrations of constituents associated with historical refinery 

operations and define the extent of any such impacts.  Five soil borings will be located within the 

drainage ditch and two within the pond area (Figure 6).  These borings will be completed using a 

hand auger with target completion depths of 3 feet, unless refusal is reached at a shallower depth.  

If there is field evidence of impacts at depths greater than 3 feet, then soil borings using the hand 

auger will be drilled deeper to achieve full vertical delineation, unless refusal is reached.  The soil 

borings will be located along the center line of the drainage ditch.  Due to physical limitations 

accessing locations within the ditch and pond areas, deeper borings to be completed using the 

hollow stem auger method will be located outside but immediately adjacent to the ditch and pond 

areas.  There are five deep soil borings located adjacent to the ditch and two deep soil borings 

adjacent to the pond area (Figure 6). 

The deeper borings to be completed using hollow stem augers will have a target completion depth of 

10 feet to determine if soils beneath the ditch and pond have been impacted.  If there is field 

evidence of impacts at depths greater than 10 feet, then soil borings will be drilled deeper to achieve 

full vertical delineation.  If saturation is encountered, then the boring will be extended to five feet 

below the depth of saturation.  As necessary, additional investigation of soils may be conducted to 

define the lateral extent of any identified releases.  If there are indications of lateral migration of 

constituents, then additional borings may be completed within approximately 30 feet of the original 

boring location.  Additional borings will continue to be added in a similar manner, as necessary, to 
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define the lateral and vertical extent of impacts to soil.  Selection of additional sample locations will 

be coordinated with NMED. 

4.1.14.1.14.1.14.1.1 Soil Sample Field Screening and LSoil Sample Field Screening and LSoil Sample Field Screening and LSoil Sample Field Screening and Loggingoggingoggingogging    

Hand auger borings will be completed to a depth of 3 feet unless refusal occurs at a shallower depth 

and all soil borings using the hollow stem auger method will be drilled to a minimum depth of 10 

feet.  All boring will be continuously logged and samples field screened.  Samples obtained from the 

soil borings will be screened in the field on 2.0 foot intervals for evidence of contaminants.  Field 

screening results will be recorded on the exploratory boring logs.  Field screening results will be used 

to aid in selection of soil samples for laboratory analysis.  The primary screening methods include: 

(1) visual examination, (2) olfactory examination, and (3) headspace vapor screening for volatile 

organic compounds.  Additional screening for site- or release-specific characteristics such as pH or 

for specific compounds using field test kits may be conducted where appropriate. 

Visual screening includes examination of soil samples for evidence of staining caused by petroleum-

related compounds or other substances that may cause staining of natural soils such as elemental 

sulfur or cyanide compounds.  Headspace vapor screening targets volatile organic compounds and 

involves placing a soil sample in a plastic sample bag or a foil sealed container allowing space for 

ambient air.  The container will be sealed and then shaken gently to expose the soil to the air 

trapped in the container.  The sealed container will be allowed to rest for a minimum of 5 minutes 

while vapors equilibrate.  Vapors present within the sample bag's headspace will then be measured 

by inserting the probe of the instrument in a small opening in the bag or through the foil.  The 

maximum value and the ambient air temperature will be recorded on the field boring or test pit log 

for each sample. 

The monitoring instruments will be calibrated each day to the manufacturer’s standard for 

instrument operation.  A photoionization detector (PID) equipped with a 10.6 or higher electron volt 

(eV) lamp or a combustible gas indicator will be used for VOC field screening.  Field screening results 

may be site- and boring-specific and the results may vary with instrument type, the media screened, 

weather conditions, moisture content, soil type, and type of contaminant, therefore, all conditions 

capable of influencing the results of field screening will be recorded on the field logs. 

Discrete soil samples will be retained for laboratory analysis from within the following intervals: 

• From the upper 0.5 foot interval of the ground surface; 
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• From the 1.5 to 2.0 foot interval; 

• From the upper 0.5 foot interval of native soils (i.e., below any fill material); 

• From the interval in each soil boring with the greatest apparent degree of contamination in 

the vadose zone, based on field observations and field screening;  

• From the bottom of each borehole; 

• From the 0.5 foot interval at the top of saturation, if encountered; and 

• Any additional intervals as determined based on field screening results. 

The physical characteristics of the samples (such as mineralogy, ASTM soil classification, moisture 

content, texture, color, presence of stains or odors, and/or field screening results), depth where each 

sample was obtained, method of sample collection, and other observations will be recorded in the 

field log by a qualified geologist or engineer.  Detailed logs of each boring will be completed in the 

field by a qualified engineer or geologist.  Additional information, such as the presence of water-

bearing zones and any unusual or noticeable conditions encountered during drilling, will be recorded 

on the logs. 

Quality Assurance/Quality Control (QA/QC) samples will be collected to monitor the validity of the soil 

sample collection procedures as follows: 

• Field duplicates will be collected at a rate of 10 percent; and 

• Equipment blanks will be collected from all sampling apparatus at a frequency of one per day. 

4.1.24.1.24.1.24.1.2 Drilling ActivitiesDrilling ActivitiesDrilling ActivitiesDrilling Activities    

The drilling equipment (e.g., hollow stem augers and hand augers) will be properly decontaminated 

before drilling each boring.  The NMED will be notified as early as practicable if conditions arise or 

are encountered that do not allow the advancement of borings to the specified depths or at planned 

sampling locations.  Appropriate actions (e.g., installation of protective surface casing or relocation 

of borings to a less threatening location) will be taken to minimize any negative impacts from 

investigative borings.  Slotted (0.01 inch) rigid polyvinyl chloride (PVC) well screen will be placed at 

the bottom of soil borings completed as a temporary well completion, if any, and will extend for 10 to 

15 feet bgs to ensure that the well is screened across the water table, where water table conditions 

exist, and to the extent possible the entire saturated zone is open to the well.  A 10/20 sand filter 

pack will be installed to a minimum of two feet over the top of the well screen.  A minimum two feet 
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thick annular bentonite seal will be installed on top of the filter pack.  The bentonite seal will be 

allowed to hydrate a minimum of 4 to 24 hours before well development.  

The temporary well will be developed until the column of water in the well is free of visible sediment, 

and the pH, temperature, turbidity, and specific conductivity have stabilized.  If the well is developed 

dry, the water level will be allowed to sufficiently recover before the next development period is 

initiated.  Well development will be conducted using a disposable bailer and rope.  The volume of 

water removed will be recorded.  The depth to water measurements and the total well depths will be 

recorded before and after well development.  The field parameters pH, temperature, turbidity and 

specific conductivity readings will be recorded during the well development.  

The temporary well completion will be left open for a minimum of two weeks to allow for the possible 

entry of phase-separated hydrocarbons into the well, if present.  If after two weeks has passed and 

no SPH has entered the well, then groundwater samples will be collected from the temporary well 

completion pursuant to Section 4.1.3 below.  After sample collection, the well screen will be pulled 

and all borings will be grouted to the ground surface. 

4.1.34.1.34.1.34.1.3 Groundwater Sample CollectionGroundwater Sample CollectionGroundwater Sample CollectionGroundwater Sample Collection    

Groundwater samples will be collected from any temporary well completions no sooner than two 

weeks after well development.  Depth to water and total well depth measurements will be collected 

to calculate volumes used for purging.  The groundwater quality parameters pH, temperature, 

dissolved oxygen, redox potential, turbidity, and specific conductivity will be recorded during purging 

until the parameters stabilize.  Readings will be recorded for at each ½ well volume removed and 

values must stabilize within 10% over three consecutive measurements.  Groundwater samples will 

be collected within 24 hours of the completion of well purging using disposal bailers.  Alternatively, 

well sampling may also be conducted in accordance with the NMED’s Position Paper Use of Low-Flow 

and other Non-Traditional Sampling Techniques for RCRA Compliant Groundwater Monitoring 

(October 30, 2001, as updated).  Sample collection methods will be documented in the field 

monitoring reports.  The samples will be transferred to the appropriate, clean, laboratory-prepared 

containers provided by the analytical laboratory.  Sample handling and chain-of-custody procedures 

will be in accordance with the procedures presented below in Section 4.1.4. 

Groundwater samples intended for metals analysis will be submitted to the laboratory as both total 

and dissolved metals samples.  QA/QC samples will be collected to monitor the validity of the 

groundwater sample collection procedures as follows: 
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• Field duplicate water samples will be obtained at a frequency of ten percent, with a minimum, of 

one duplicate sample per sampling event; 

• Equipment rinsate blanks will be obtained for chemical analysis at the rate of ten percent or a 

minimum of one rinsate blank per sampling day.  Equipment rinsate blanks will be collected at a 

rate of one per sampling day if disposable sampling equipment is used.  Rinsate samples will be 

generated by rinsing deionized water through unused or decontaminated sampling equipment.  

The rinsate sample will be placed in the appropriate sample container and submitted with the 

groundwater samples to the analytical laboratory for the appropriate analyses; and 

• Trip blanks will accompany laboratory sample bottles and shipping and storage containers 

intended for VOC analyses.  Trip blanks will consist of a sample of analyte-free deionized water 

prepared by the laboratory and placed in an appropriate sample container.  The trip blank will be 

prepared by the analytical laboratory prior to the sampling event and will be kept with the 

shipping containers and placed with other water samples obtained from the site each day.  Trip 

blanks will be analyzed at a frequency of one for each shipping container of groundwater samples 

to be analyzed for VOCs. 

4.1.44.1.44.1.44.1.4 Sample HandlingSample HandlingSample HandlingSample Handling    

At a minimum, the following procedures will be used at all times when collecting samples during 

investigation, corrective action, and monitoring activities: 

1. Neoprene, nitrile, or other protective gloves will be worn when collecting samples.  New 

disposable gloves will be used to collect each sample; 

2. All samples collected of each medium for chemical analysis will be transferred into clean sample 

containers supplied by the project analytical laboratory with the exception of soil, rock, and 

sediment samples obtained in Encore® samplers.  Sample container volumes and preservation 

methods will be in accordance with the most recent standard EPA and industry accepted 

practices for use by accredited analytical laboratories.  Sufficient sample volume will be obtained 

for the laboratory to complete the method-specific QC analyses on a laboratory-batch basis; and 

3. Sample labels and documentation will be completed for each sample following procedures 

discussed below.  Immediately after the samples are collected, they will be stored in a cooler 

with ice or other appropriate storage method until they are delivered to the analytical laboratory.  

Standard chain-of-custody procedures, as described below, will be followed for all samples 

collected.  All samples will be submitted to the laboratory soon enough to allow the laboratory to 

conduct the analyses within the method holding times.  
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Chain-of-custody and shipment procedures will include the following: 

1. Chain-of-custody forms will be completed at the end of each sampling day, prior to the transfer of 

samples off site. 

2. Individual sample containers will be packed to prevent breakage and transported in a sealed 

cooler with ice or other suitable coolant or other EPA or industry-wide accepted method.  The 

drainage hole at the bottom of the cooler will be sealed and secured in case of sample container 

leakage.  Temperature blanks will be included with each shipping container. 

3. Each cooler or other container will be delivered directly to the analytical laboratory. 

4. Glass bottles will be separated in the shipping container by cushioning material to prevent 

breakage. 

5. Plastic containers will be protected from possible puncture during shipping using cushioning 

material. 

6. The chain-of-custody form and sample request form will be shipped inside the sealed storage 

container to be delivered to the laboratory. 

7. Chain-of-custody seals will be used to seal the sample-shipping container in conformance with 

EPA protocol. 

8. Signed and dated chain-of-custody seals will be applied to each cooler prior to transport of 

samples from the site. 

9. Upon receipt of the samples at the laboratory, the custody seals will be broken, the chain-of-

custody form will be signed as received by the laboratory, and the conditions of the samples will 

be recorded on the form.  The original chain-of-custody form will remain with the laboratory and 

copies will be returned to the relinquishing party. 

10. Copies of all chain-of-custody forms generated as part of sampling activities will be maintained 

on-site. 

4.1.54.1.54.1.54.1.5 Collection and Management of Investigation Derived WasteCollection and Management of Investigation Derived WasteCollection and Management of Investigation Derived WasteCollection and Management of Investigation Derived Waste    

Drill cuttings, excess sample material and decontamination fluids, and all other investigation derived 

waste (IDW) associated with soil borings will be contained and characterized using methods based 

on the boring location, boring depth, drilling method, and type of contaminants suspected or 

encountered.  All purged groundwater and decontamination water will be characterized prior to 

disposal unless it is disposed in the refinery wastewater treatment system upstream of the API 

Separator.  An IDW management plan is included as Appendix D.    
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Field equipment requiring calibration will be calibrated to known standards, in accordance with the 

manufacturers' recommended schedules and procedures.  At a minimum, calibration checks will be 

conducted daily, or at other intervals approved by the Department, and the instruments will be 

recalibrated, if necessary.  Calibration measurements will be recorded in the daily field logs.  If field 

equipment becomes inoperable, its use will be discontinued until the necessary repairs are made.  In 

the interim, a properly calibrated replacement instrument will be used. 

4.1.64.1.64.1.64.1.6 Documentation of Field ActivitiesDocumentation of Field ActivitiesDocumentation of Field ActivitiesDocumentation of Field Activities    

Daily field activities, including observations and field procedures, will be recorded in a field log book.  

Copies of the completed forms will be maintained in a bound and sequentially numbered field file for 

reference during field activities.  Indelible ink will be used to record all field activities.  Photographic 

documentation of field activities will be performed, as appropriate.  The daily record of field activities 

will include the following: 

1. Site or unit designation; 

2. Date; 

3. Time of arrival and departure; 

4. Field investigation team members including subcontractors and visitors; 

5. Weather conditions; 

6. Daily activities and times conducted; 

7. Observations; 

8. Record of samples collected with sample designations and locations specified; 

9. Photographic log, as appropriate; 

10. Field monitoring data, including health and safety monitoring; 

11. Equipment used and calibration records, if appropriate; 

12. List of additional data sheets and maps completed; 

13. An inventory of the waste generated and the method of storage or disposal; and 

14. Signature of personnel completing the field record. 

4.1.74.1.74.1.74.1.7 Chemical AnalysesChemical AnalysesChemical AnalysesChemical Analyses    

All samples collected for laboratory analysis will be submitted to an accredited laboratory.  The 

laboratory will use the most recent standard EPA and industry-accepted analytical methods for target 

analytes as the testing methods for each medium sampled.  Chemical analyses will be performed in 

accordance with the most recent EPA standard analytical methodologies and extraction methods. 
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Groundwater and soil samples will be analyzed by the following methods: 

• SW-846 Method 8260 for volatile organic compounds; 

• SW-846 Method 8270 for semi-volatile organic compounds; and 

• SW-846 Method 8015B gasoline range (C5-C10), diesel range (>C10-C28), and motor oil range 

(>C28-C36) organics. 

Groundwater and soil samples will also be analyzed for the following Skinner List metals and iron 

and manganese using the indicated analytical methods shown.  The groundwater samples collected 

for metals analysis will be analyzed for total and dissolved concentrations.  Groundwater samples 

will also be analyzed for chloride, fluoride, and sulfate. 

Inorganic Analytical MethodsInorganic Analytical MethodsInorganic Analytical MethodsInorganic Analytical Methods    

AnalyteAnalyteAnalyteAnalyte Analytical Analytical Analytical Analytical MethodMethodMethodMethod 

Antimony SW-846 method 6010/6020 

Arsenic SW-846 method 6010/6020 

Barium SW-846 method 6010/6020 

Beryllium SW-846 method 6010/6020 

Cadmium SW-846 method 6010/6020 

Chromium SW-846 method 6010/6020 

Cobalt SW-846 method 6010/6020 

Cyanide SW-846 method 335.4/335.2 mod 

Lead SW-846 method 6010/6020 

Mercury SW-846 method 7470/7471 

Nickel SW-846 method 6010/6020 

Selenium SW-846 method 6010/6020 

Silver SW-846 method 6010/6020 

Vanadium SW-846 method 6010/6020 

Zinc SW-846 method 6010/6020 

Iron SW-846 method 6010/6020 

Manganese SW-846 method 6010/6020 

In addition, groundwater samples will also be analyzed for the following general chemistry parameters. 
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AnalyteAnalyteAnalyteAnalyte    Analytical MethodAnalytical MethodAnalytical MethodAnalytical Method    

Total Dissolved Solids SM-2510B 

Bicarbonate SM-2320B 

Chloride EPA method 300.0 

Sulfate EPA method 300.0 

Calcium EPA method 6010/6020 

Magnesium EPA method 6010/6020 

Sodium EPA method 6010/6020 

Potassium EPA method 6010/6020 

Nitrate/nitrite EPA method 300.0 

Groundwater field measurements will be obtained for pH, specific conductance, dissolved oxygen 

concentrations, oxidation-reduction potential, temperature, and turbidity.  If separate-phase 

hydrocarbon (SPH) is present in any of the temporary well completions, then a sample of the SPH will 

be collected instead of a groundwater sample and the SPH sample will be submitted to an off-site 

laboratory for hydrocarbon fingerprinting analysis. 

4.1.84.1.84.1.84.1.8 Data QualityData QualityData QualityData Quality    ObjectivesObjectivesObjectivesObjectives    

The Data Quality Objectives (DQOs) were developed to ensure that newly collected data are of 

sufficient quality and quantity to address the project goals, including Quality Assurance/Quality 

Control (QA/QC) issues (EPA, 2006).  The project goals are established to determine and evaluate 

the presence, nature, and extent of releases of contaminants at specified SWMUs.  The type of data 

required to meet the project goals includes chemical analyses of soil and groundwater to determine 

if there has been a release of contaminants. 

The quantity of data is location specific and is based on the historical operations at individual 

locations.  Method detection limits should be 20% or less of the applicable background levels, 

cleanup standards and screening levels. 

Additional DQOs include precision, accuracy, representativeness, completeness, and comparability.  

Precision is a measurement of the reproducibility of measurements under a given set of 
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circumstances and is commonly stated in terms of standard deviation or coefficient of variation (EPA, 

1987).  Precision is also specific to sampling activities and analytical performance.  Sampling 

precision will be evaluated through the analyses of duplicate field samples and laboratory replicates 

will be utilized to assess laboratory precision. 

Accuracy is a measurement in the bias of a measurement system and may include many sources of 

potential error, including the sampling process, field contamination, preservation, handling, sample 

matrix, sample preparation, and analysis techniques (EPA, 1987).  An evaluation of the accuracy will 

be performed by reviewing the results of field/trip blanks, matrix spikes, and laboratory QC samples. 

Representativeness is an expression of the degree to which the data accurately and precisely 

represent the true environmental conditions.  Sample locations and the number of samples have 

been selected to ensure the data is representative of actual environmental conditions.  Based on 

SWMU specific conditions, this may include either biased (i.e., judgmental) locations/depths or 

unbiased (systematic grid samples) locations.  In addition, sample collection techniques (e.g., field 

monitoring and decontamination of sampling equipment) will be utilized to help ensure 

representative results. 

Completeness is defined as the percentage of measurements taken that are actually valid 

measurements, considering field QA and laboratory QC problems.  EPA Contract Laboratory Program 

(CLP) data has been found to be 80-85% complete on a nationwide basis and this has been 

extrapolated to indicate that Level III, IV, and V analytical techniques will generate data that are 

approximately 80% complete (EPA, 1987).  As an overall project goal, the completeness goal is 85%; 

however, some samples may be critical based on location or field screening results and thus a 

sample–by-sample evaluation will be performed to determine if the completeness goals have been 

obtained. 

Comparability is a qualitative parameter, which expresses the confidence with which one data set 

can be compared to another.  Industry standard sample collection techniques and routine EPA 

analytical methods will be utilized to help ensure data are comparable to historical and future data.  

Analytical results will be reported in appropriate units for comparison to historical data and cleanup 

levels.  
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Figure 1 Site Location Map 

Figure 2 Site Map 

Figure 3 Topographic Map 

Figure 4 Potentiometric Surface Alluvium/Chinle GP Interface  
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Figure 6 Sample Location Map 
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Appendix AAppendix AAppendix AAppendix A    

1991 RFI Sampling Information1991 RFI Sampling Information1991 RFI Sampling Information1991 RFI Sampling Information    
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SWHU tl3 PHASE I I , RFI 1991 
GIANT REFINING 

CINIZA 

HETALS 

SAMPLE POINT NUMBER 01 01 02 02 03 03 04 04 04 02 
SAMPLE POINT DEPTH V2.0 V3.5 V2.0 V3.5 V2.0 V3.5 V2.0 V3.5 D3.5 E2.0 

(ag/1) 
PARAMETER UNITS 

Antiaony ag/kg <3 <3 <3 <3 <3 <3- <3 <3 <3 <0.05 
Arsenic ag/kg <3 <3 <3 <3 <3 <3 <3 <3 <3 <0.005 
Bariua ag/kg 281 287 244 377 244 312 266 250 262 <0.010 
Beryllius ag/kg 2.4 3.6 4.3 3.2 4.1 4.3 4.3 4.6 4.9 <0.C05 
Cadaiua ag/kg <0.3 <0.3 <0.3 <0.3 <0.3 <0.3 <0.3 <0.3 <0.3 <0.C05 
Chroaiuo ag/kg 4.5 5.2 6.0 5.1 5.2 5.3 ' 7.1 6.4 6.5 <0.010 
Cobalt ag/kg 4.4 5.5 5.1 5.0 6.0 5.1 5.9 5.3 <0.01Q 
Copper ag/kg 4.6 4.1 4.4 5.4 5.3 4.9 5.5 4.9 5.1 K0.010 
Lead ag/kg 10 10 12 10 11 12 10 9 11 <0.0O2 
Mercury ag/kg <0.02 <0.02 <0.02. <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.0002 
Nickel ag/kg 8.5 8.9 9.0 9.2 10.9 8.9̂  11.3 9.6 9.1 <0.020 
Potassiua ag/kg 1080 1200 1720 1190 1680 1270 1830 2370 2190 <1.0 
Seieniua ag/kg <0.3 <0.3 <0.3 <0.3 <0.3 <0.3 <0.3 <0.3 <0.3 <0.005 
Vanadiua ag/kg 10.0 11.5 12.3 9.3 12.1 12.0 10.0 12.2 12.6 <0.010 
Zinc ag/kg 9.7 12.4 14.3 13.0 14.6 12.6 16.1 15.3 14.1 0.014 

f t A n 



SSUU #13 PHASE II , RFI 1991 
GIANT REFINING 

CINIZA 

8240 VOLATILE ORGANICS 

SAMPLE POINT NUMBER 
SAMPLE POINT DEPTH 

PARAMETER . UNITS 

Carbon Sulfide ig/Jcg 
1,2-Dichloroethane ag/kg 
Benzene ag/kg 
2-Chloroethyl vinyl ether ag/kg 
Toluene ag/kg 
Chlorobenzene ig/kg 
Ethylbenzene ag/kg 
2-Butanone (BED ag/kg 
Styrene ag/kg 
Xylenes (total) ag/kg 
1,4-Dioxane ag/kg 
1,2-Dibroaoethane (EDB) ag/kg 

01 01 02 02 03 
V2.0 V3.5 V2.0 V3.S V2.0 

<0.5 <0.S <0.5 <0.S <0.5 
<0.5 <0.5 <0.5 <0.S <0.5 
<0.5 <0.5 <0.5 <0.S <d.s 
<0.5 <0.5 <0.5 <0.5 <0.S 
<0.5 <0.S <0.5 <0.5 <0.5 
<0.5 <0.5 <0.5 <0.5 <0.5 
<0.5 <0.5 <0.5 <0.5 <0.5 
<0.S <0.S <0.5 <0.S <0.S 
<0.S <0.5 <0.5 <0.5 <0.5 
<0.5 <0.5 <0.S <0.S <0.S, 
<7.5 <7.S <7.5 <7.5 <7.S 
<0.25 <0.2S <0.2S <0.2S <0.2S 

03 04 04 04 02 
V3.5 V2.0 V3.S D3.5 E2.0 

(ug/l) 

<0.S <0.S <0.5 <O.S <S 
<0.5 <0.5 <0.S <0.S <5 
<0.5 <0.5 <0.5 <0.S <5 
<0.S <0.S <0.S <0.5 <5 
<0.5 <0.5 <0.5 <0.5 <S 
<0.5 <0.5 <0.S <0.5 <5 
<0.5 <0.S <0.5 <0.5 <5 
<0.5 <O.S <0.S <0.S <5 
<0.5 <0.5 <0.5 <0.5 '<5 
<0.S <0.5 <0.S <0.S <5 
<7.S <7.S <7.5 <7.S <10 
<0.2S <0.25 <0.25 <0.25 <2.5 

6.41 



SWMJ 113 PHASE II , 8FI 1991 
GIANT REFINING 

CINIZA 

8270 SEMI-VOLATILE ORGANICS 

SAMPLE POINT NUMBER 01 01 02 02 03 03 04 04 04 02 
SAMPLE POINT DEPTH V2.0 V3.5 V2.0 V3.5 V2.0 V3.5 V2.0 V3.S D3.S E2.0 

PARAMETER UNITS 
(ug/l) 

Anthracene eg/kg <0.17 <0.17 <0.17 <0.17 <0.17 <0.17 <0.17 0.17 <0.17 <5 
Benzenethiol ng/kg «U7 <0.17 <0.17 <0.17 <0.17 <0.17 <0.17 0.17 ' <0.I7 <5 
Benzo(a)anthracene ag/kg <0,17 <0.17 <0.17 <0.17 <0.17 <0.17 <0.17 <0.17 <0.17 <5 
Benzo(b)fluoranthene ag/kg «U7 <0.17 <0.17 <0.17 <0.17 <0.17 <0.17 <0.17 <0.17 <5 
Benzo(k)fluoranthene ag/kg <0.17 <0.17 <0.17 <0.17 <0.17 <0.17 <0.17 <0.17 <0.17 <5 
Benzo(a)pyrene ag/kg <0.17 <0.17 <0.17 <0.17 <0.17 <0.17 <0.17 <0.17 <0.17 <S 
Butyl benzyl phthalate ag/kg <0.17 <0.17 <0.17 <0.17 <0.17 <0.17 <0.17 <0.17 <0.17 <5 
Chrysene ng/kg <0.17 <0.17 <0.17 <0.17 <0.17 <0.17 <0.17 <0.17 <0.17 <5 
Dibenz(a,h)anthracene ag/kg <0.17 <0.17 <0.17 <0.17 <0.17 <0.17 <0.17 <0.17 <0.17 I <5 
Di-n-butyl phthalate ag/kg <0.17 <0.17 <0.17 <0.17 <0.17 <0.17 <0.17 <0.17 <0.17 <S 
1,2-Dichlorobenzene ag/kg <0.17 <0.17 <0.17 <0.17 <0.17 <0.17 <0.17 <0.17 <0.17 <5 
1,3-Dichlorobenzene ag/kg <0.17 <0.17 <0.17 <0.17 <0.17 <0.1Z, <0.17 <0.17 <0.17 <5 
1,4-Dichlorobenzene ag/kg <0.17 <0.17 <0.17 <0.17 <0.17 <0.17 <0.17 <0.17 <0.17 <S 
Diethyl phthalate ag/kg <0.17 <0.17 <0.17 <0.17 <0.17 <0.17 <0.17 <0.17 <0.17 <5 
7,12-Diiethylbenz(a)-

anthracene ag/kg <0.17 <0.17 <0.17 <0.17 <0.17 <0.17 <0.17 <0.17 <0.17 <5 
2,4-Disethylphenol ag/kg <0.17 <0.17 <0.17 <0.17 <0.17 <0.17 <0.17 <0.17 <0.17 <S 
Diiethyl phthalate ag/kg <0.17 <0.17 <0.17 <0.17 <0.17 <0.17 <0.17 <0.17 <0.17 <S 
2,4-Dinitrophenol ag/kg <0.8S <0.85 <0.85 <0.85 <0.85 <0.85 <0.85 <0.85 <0.85 <2S 
Fluoranthene ag/kg <0.17 <0.17 <0.17 <0.17 <0.17 <0.17 <0.17 <0.17 <0.17 <S 
Naphthalene ag/kg <0.17 <0.17 <0.17 <0.17 <0.17 <0.17 <0.17 <0.i7 <0.17 <s 
4-Nitrophenol ag/kg <0.85 <0.8S <0.85 <0.85 <0.8S <0.85 <0,35 <0.8f <0.35 <2S 
Phenanthrene ag/kg <0.17 <0.17 <0.17 <0.17 <0.17 <0.17 <0.17 <0.17 <0.17 <5 
Phenol ag/kg <0.17 <0.17 <0.17 <0.17 <0.17 <0.17 <0.17 <0.17 <0.17 <5 
Pyrene ag/kg <0.17 <0.17 <0.17 <0.17 <0.17 <0.17 <0.17 <0.17 <0.17 <5 
Methylchrysene ag/kg <0.17 <0.17 <0.17 <0.17 <0.17 <0.17 <0.17 <0.17 <0.17 <5 
1-Methylnaphthalene ag/kg <0.17 <0.17 <0.17 <0.17 <0.17 <0.17 <0.17 <0.17 <0.17 <S 
3-Methyl Phenol ag/kg <5 <5 <5 <5 <5 <5 <5 <5 <5 <S 
Pyridine ag/kg <S <S <5 <S <S <5 <5 <S <S <s 
Ouinoline ng/kg <0.85 <0.S5 . <0.8S <0.85 <0.85 <0.8S <0.85 <0.85 <0.85 <2S 

6.42 
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r ln ter f f lounta in Laboratories, Inc. 

2 5 0 6 W. M a i n St reet 

Fa rm ing ton . N e w M e x i c o 8 7 4 0 1 

TRACE METAL CONCENTRATION 

Client: Giant Refining Company 
Project: Ciniza Refinery 
Sample ID: RFI 1301 A6 
Matrix: Soil 
Condition: Intact 
Lab ID: 0396G02343 

Date Reported: 
Date Sampled: 
Date Received: 

11/14/96 
10/24/96 
10/25/96 

Detection , 

Result Limit 

Parameter (mg/Kg) (mg/Kg) Method 

Arsenic < 0 . 2 5 0.25 SW-846-7000 

Barium 119 0.50 SW-846 6010 

Cadmium < 0 . 0 5 0.05 SW-846 6010 

Chromium 4.45 0.50 SW-846 6010 

Cobalt 2.25 0.50 SW-846 6010 

Copper 2.05 0.50 SW-846 6010 

Selenium < 0 . 2 5 0 0.250 SW-846-7000 

Lead 4.60 2.50 SW-846-6010 

Mercury < 0 . 0 5 0 0.050 SW-846 7171A 

Nickel 4.05 0.50 SW-846 6010 

Ant imony < 0 . 2 5 0 0.250 SW-846 6010 

Vanadium 6.90 0.50 SW-846 6010 

Zinc 6.40 2.50 SW-846 6010 

Beryllium 4.750 0.200 SW-846 6010 

References: 

Reported By: 

Method 3050: Acid Digestion for Sediments, Sludges, and Soil, 
SW-846, Rev. 1, July 1992. 

Reviewed By: 



Inter-mountain Laboratories, Inc. 

2506 W. Main Street 

Farmington. New Mexico 87401 

TRACE METAL CONCENTRATION 

Client: Giant Refining Company 
Project: Ciniza Refinery 
Sample ID: RFI1302A6 
Matrix: Soil 
Condition: Intact 
Lab ID: 0396G02344 

Date Reported: 
Date Sampled: 
Date Received: 

11/14/96 
10/24/96 
10/25/96 

Parameter 

Result 

(mg/Kg) 

Detection ' 

Limit 

(mg/Kg) Method 

Arsenic < 0 . 2 5 0.25 SW-846-7000 

Barium 84.5 0.50 SW-846 6010 

Cadmium < 0 . 0 5 0.05 SW-846 6010 

Chromium 5.15 0.50 SW-846 6010 

Cobalt 2.60 0.50 ' SW-846 6010 

Copper 2.30 0.50 SW-846 6010 

Selenium < 0 . 2 5 0 0.250 SW-846-7000 

Lead 5.55 2.50 Sw-846-6010 

Mercury < 0 . 0 5 0 0.050 SW-846 71 71A 

Nickel 4.60 0.50 SW-846 6010 

Ant imony < 0 . 2 5 0 0.250 SW-846 6010 

Vanadium 8.05 0.50 SW-846 6010 

Zinc 7.30 2.50 SW-846 6010 

Beryllium 6.00 0.200 SW-846 6010 

References: Method 3050: Acid Digestion for Sediments, Sludges, and Soil, 
SW-846, Rev. 1, July 1992. 

Reported By: Reviewed By: ^Asj3 



Inter-mountain Laboratories, Inc. 

2506 W. Main Street 

Farmington, New Mexico 87401 

TRACE METAL CONCENTRATION 

Client: Giant Refining Company 
Project: Ciniza Refinery 
Sample ID: RFI 1303 A6 
Matrix: Soil 
Condition: Intact 
Lab ID: 0396G02345 

Date Reported: 
Date Sampled: 
Date Received: 

11/14/96 
10/24/96 
10/25/96 

Parameter 

Result 

(mg/Kg) 

Detection ' 
Limit 

(mg/Kg) Method 

Arsenic <0 .25 0.25 SW-846-7000 

Barium 93.5 0.50 SW-846 6010 

Cadmium < 0 . 0 5 0.05 SW-846 6010 

Chromium 4.90 0.50 SW-846 6010 

Cobalt 2.55 0.50 SW-846 6010 

Copper 2.55 0.50 SW-846 6010 

Selenium < 0 . 2 5 0 0.250 Sw-846-7000 

Lead 5.00 2.50 SW-846-6010 

Mercury < 0 . 0 5 0 0.050 SW-846 71 71A 

Nickel 4.50 0.50 SW-846 6010 

Ant imony < 0 . 2 5 0 0.250 SW-846 6010 

Vanadium 7.55 0.50 SW-846 6010 

Zinc 7.30 2.50 SW-846 6010 

Beryllium 0.590 0.200 SW-846 6010 

References: Method 3050: Acid Digestion for Sediments, Sludges, and Soil, 
SW-846, Rev. 1, July 1992. 

Reported By: Reviewed By: ^Stf? 



* In ter-Founta in Laboratories, Inc. 

2506 W. Main Street 
Farmington. (Mew Mexico 8740t 

Client: 

Project: 

Sample Matrix: 

References: 

Comments: 

Reported by. 

Quality Control / Quality Assurance 
Spike Analysis / Blank Analysis 

TOTAL METALS 

Giant Refining Company Date Reported: 

Ciniza Refinery Date Analyzed: 

soil Date Received:. 

Spike Analysis 

Spike Sample Spike 

Result Result Added Percent 

Parameter tmg/L) (mg/L) tmgiL) Recovery 

Antimony 0.506 0.500 , 0.500 101% 

Arsenic* * * * * 

Barium 0.55 0.50 0.50 98% 

Cadium* * * * * 

Chromium 0.53 0.50 0.50 106% 

Lead 0.51 0.500 0.50 102% 

Mercury 0.520 0.50 0.500 96% 

Selenium 0.022 0.025 0.025 114% 

Beryllium 0.52 0.50 0.50 104% 

Cobalt 0.52 0.50 0.50 104% 

Copper 0.52 0.50 0.50 104% 

Nickel 0.50 0.50 0.50 101% 

Vanadium 0.53 0.50 0.500 107% 

Zinc 0.57 0.50 0.50 88% 

Method Blank Analysis 

Detection 

Parameter Result Limit Uniis 

Antimony ND 0.25 mg/L 

Arsenic • ND 0.25 mg/L 

Barium ND 0.50 mg/L 

Cadmium ND 0.25 mg/L 

Chromium ND 0.50 mg/L 

Lead ND 0.75 mg/L 

Mercury ND 0.05 mg/L 

Selenium ND 0.25 mg/L 

Silver ND 0.50 mg/L 

Beryllium ND 0.20 mg/L 

Cobalt ND 0.50 mg/L 

Copper ND 0.50 mg/L 

Nickel ND 0.5 mg/L 

Vanadium ND 0.50 mg/L 

Method 3050: Acid Digestion for Sediments, Sludges, and Soil 

SW-846, Rev. 1, July 1992. 

*Spikes did not recover due to matrix interferences. 

11/14/96 

11/13/96 

10/25/96 

Reviewed 



Inter-ff lountain Laboratories, Inc. 

2506 W. Main Street 

Farmington, New Mexico 87401 

Quality Control / Quality Assurance 
Known Analysis 
TOTAL METALS 

Client: 
Project: 
Sample Matrix: 

Giant Refining Company 
Ciniza Refinery 
soil 

Date Reported 
Date Analyzed 
Date Received 

11/14/96 
11/13/96 
10/25/96 

Known Analysis 

Found Known Percent 
Parameter Result Result Recovery Units 

Antimony 1.06 1.00 < 106% mg/L 
Arsenic 0.010 0.010 100% mg/L 
Barium 1.07 1.00 107% mg/L 

Cadmium 1.08 1.00 108% mg/L 

Chromium 1.06 1.00 106% mg/L 
Lead 1.03 1.00 103% mg/L 

Mercury 0.004 0.004 103% mg/L 

Selenium 0.010 0.010 100% mg/L 
Silver 0.49 0.50 98% mg/L 

Beryllium 1.00 1.00 100% mg/L 
Cobalt 1.01 1.00 101% mg/L 
Copper 1.04 1.00 104% mg/L 
Nickel 0.99 1.00 99% mg/L 

Vanadium 1.00 1.00 100% mg/L 

References'. Method 3050: Acid Digestion for Sediments, Sludges, and Soil, 
SW-846, Rev. 1, July 1992. 

Reported by. Reviewed by_ 



TABLE -1 
BACXGROUND METALS 

l o c a l Mecais 

parameter A n a l y t i c a l Me chad Rsoarcinz L i a i t ag/kg 

Antimony 
Arseaic 
Barium 
3ery i l i u m 
Cadmium 
Chromium 
Cobalt 
Capper 
Lead 
Mercury 
N i c k e l 

Selenium 
Vanadi ua 
Zinc 

6010 
7060 
6010 
6010 
6010 
6010 
6010 
6010 
6010 
7471 
6010 
6010 
7740 
6010 
6010 

o 
0 
1 
0 
0 

1 
2 
5 
0 
4 
500 
0.5 
1.0 
2.0 

0 
, 5 
,0 
, 2 
. 5 
,0 
a 
,o 
o 
, 2 
,0 





Intec- mountain laboratories 

1160 Research Drive 
Bozeman, Montana 59715 

EPA METHOD 8260 
VOLATILE ORGANIC COMPOUNDS 

Client: GIANT REFINING COMPANY 
Sample ID: RFI 1301 A6 Date Reported: 11/07/96 

Project ID: Ciniza Date Sampled: 10/23/96 

Lab ID: B969762 0396G02343 Date Received: 10/29/96 

Matrix: Soil Date Extracted: 11/04/96 
Date Analyzed: 11/05/96 

Parameter Result PQL Units 

1,1,1,2-Tetrachloroethane ND 0.2 mg/kg 

1,1,1-Trichloroethane ND 0.2 mg/kg 
1,1,2,2-Tetrachloroethane ND 0.2 mg/kg 

1,1,2-Trichloroethane ND 0.2 mg/kg 
1,1-Dichloroethane ND 0.2 mg/kg 
1,1 -Dichloroethene ND 0.2 mg/kg 
1,1 -Dichloropropene ND 0.2 mg/kg 

1,2,3-Trichlorobenzene ND 0.2 mg/kg 

1,2,3-Trichloropropane ND 0.2 mg/kg 

1,2,4-Trichlorobenzene ND 0.2 mg/kg 
1,2,4-Trimethylbenzene ND 0.2 mg/kg 

1,2-Dibromo-3-chloropropane (DBCP) ND 0.2 mg/kg 

1,2-Dibromoethane (EDB) ' ND 0.2 mg/kg 
1,2-Dichlorobenzene ND 0.2 mg/kg 

1,2-Dichloroethane ND 0.2 mg/kg 

1,2-Dichloropropane ND 0.2 mg/kg 

1,3,5-Trimethylbenzene ND 0.2 mg/kg 

1,3-Dichlorobenzene ND 0.2 mg/kg 

1,3-Dichloropropane ND 0.2 mg/kg 

1,4-Dichlorobenzene ND 0.2 mg/kg 

2,2-Dichloropropane ND 0.2 mg/kg 

2-Chlorotoluene ND 0.2 mg/kg 

4-Chlorotoluene ND 0.2 mg/kg 

4-lsopropyltoluene ND 0.2 mg/kg 

Benzene ND 0.2 mg/kg 

Bromobenzene ND 0.2 mg/kg 

Bromochloromethane ND 0.2 mg/kg 

Bromodichloromethane ND 0.2 mg/kg 

Bromoform ND 0.2 mg/kg 

Bromomethane ND 0.2 mg/kg 

Continued 



lnletf- mountain taborotarie/J 

1160 Research Drive 
Bozeman, Montana 59715 

EPA METHOD 8260 
VOLATILE ORGANIC COMPOUNDS 

Client: GIANT REFINING COMPANY 
Sample ID: RFI 1301 A6 Date Reported: 11/07/96 

Project ID: Ciniza Date Sampled: 10/23/96 

Lab ID: B969762 0396G02343 Date Received: 10/29/96 

Matrix: Soil Date Extracted: 11 /04/96 
Date Analyzed: 11/05/96 

Parameter Result PQL Units 

ontinued 

Carbon Tetrachloride ND 0.2 mg/kg 

Chlorobenzene ND 0.2 mg/kg 

Chloroethane ND 0.2 mg/kg 

Chloroform ND 0.2 mg/kg 

Chloromethane ND 0.2 mg/kg 

cis-1,2-Dichloroethene ND 0.2 mg/kg 

cis-1,3-Dichloropropene ND 0.2 mg/kg 

Dibromochloromethane ND 0.2 mg/kg 

Dibromomethane ND 0.2 mg/kg 

Dichlorodif luoromethane ND 0.2 mg/kg 

Ethylbenzene ND 0.2 mg/kg 

Hexachlorobutadiene ND 0.2 mg/kg 

Isopropylbenzene ND 0.2 mg/kg 

m,p-Xylene ND 0.2 mg/kg 

Methylene chloride ND 1.0 mg/kg 

n-Butylbenzene ND 0.2 mg/kg 

n-Propylbenzene ND 0.2 mg/kg 

Naphthalene ND 0.2 mg/kg 

o-Xylene ND 0.2 mg/kg 

sec-Butylbenzene ND 0.2 mg/kg 

Styrene ND 0.2 mg/kg 

tert-Butylbenzene ND 0.2 mg/kg 

Tetrachloroethene (PCE) ND 0.2 mg/kg 

Toluene ND 0.2 mg/kg 

trans-1,2-Dichloroethene ND 0.2 mg/kg 

Trichloroethene (TCE) ND 0.2 mg/kg 

Trichlorof luoromethane ND 0.2 mg/kg 

Vinyl Chloride ND 0.2 mg/kg 

Xylenes (total) ND 0.2 mg/kg 

Continued 



Inter • mountain taboratorie/.j 

1160 Research Drive 
Bozeman, Montana 59715 

EPA METHOD 8260 
VOLATILE ORGANIC COMPOUNDS 

Client: 

Sample ID: 

Project ID: 

Lab ID: 

Matrix: 

GIANT REFINING COMPANY 

RFI 1301 A6 

Ciniza 

B969762 

Soil 

0396G02343 

Date Reported: 

Date Sampled: 

Date Received: 

Date Extracted: 

Date Analyzed: 

11/07/96 

10/23/96 

10/29/96 

11/04/96 

11/05/96 

Parameter Result PQL Units 

Continued 

QUALITY CONTROL - Surrogate Recovery % QC Limits 

1,2-Dichloroethane-d4 

Bromofluorobenzene 

Toluene-d8 

93 

100 

104 

70 

74 

81 

121 

121 

117 

ND - Not Detected at Practical Quantitation Level (PQL) 

Reference: Method 8260, Gas Chromatography/Mass Spectrometry for Volatile Organics, Test Methods for 
Evaluating Solid Wastes, SW-846, United States Environmental Protection Agency, Rev. 1, 
November 1992. 

Analyst f?'Q- Reviewed 



„ Inter.* mountain laborotarie/. 

1160 Research Orive 
Bozeman, Montana 59715 

EPA METHOD 8270 
HSL SEMI-VOLATILE COMPOUNDS 

BASE/NEUTRAL/ACID EXTRACTABLES 

Client: GIANT REFINING COMPANY 
Sample ID: RFI 1301 A6 Date Reported: 11/08/96 

Project ID: Ciniza Date Sampled: 10/23/96 

Lab ID: B969762 0396G02343 Date Received: 10/29/96 

Matrix: "Soil Date Extracted: 11/04/96 

Date Analyzed: 11/05/96 

Parameter Result P Q L Units 

1,2,4-Trichlorobenzene ND 1.0* mg/kg 

1,2-Dichlorobenzene ND 1.0 mg/kg 

1,3-Dichlorobenzene ND 1.0 mg/kg 

1,4-Dichlorobenzene ND 1.0 mg/kg 

2,4,5-Trichlorophenol ND 2.0 mg/kg 

2,4,6-Trichlorophenol ND 2.0 mg/kg 

2,4-Dichlorophenol ND 1.0 mg/kg 

2,4-Dimethylphenol ND 1.0 mg/kg 

2,4-Dinitrophenol ND 2.0 mg/kg 

2,4-Dinitrotoluene ND 1.0 mg/kg 

2,6-Dinitrotoluene ND 1.0 mg/kg 

2-Chloronaphthalene ND 1.0 mg/kg 

2-Chlorophenol ND 1.0 mg/kg 

2-Methylnaphthalene ND 1.0 mg/kg 

2-Methylphenol ND 1.0 mg/kg 

2-Nitroaniline ND 5.0 mg/kg 

2-Nitrophenol ND 1.0 mg/kg 

3,3'-Dichlorobenzidine ND 2.0 mg/kg 

3-Methylphenol/4-Methy!phenol ND 1.0 mg/kg 

3-Nitroaniline ND 5.0 mg/kg 

4,6-Dinitro-2-methylphenol ND 5.0 mg/kg 

4-Bromophenyl-phenylether ND 1.0 mg/kg 

4-Chloro-3-methylphenol ND 2.0 mg/kg 

4-Chloroaniline ND 2.0 mg/kg 

4-Chlorophenyl-phenylether ND 1.0 mg/kg 

4-Nitroaniline ND 2.0 mg/kg 

4-Nitrophenol ND 2.0 mg/kg 

Acenaphthene ND 1.0 mg/kg 

Continued 



inter-'mountain laboratories. 

1160 Research Drive 
Bozeman, Montana 59715 

EPA METHOD 8270 
HSL SEMI-VOLATILE COMPOUNDS 

BASE/NEUTRAL/ACID EXTRACTABLES 

Client: GIANT REFINING COMPANY 
Sample ID: RFI 1301 A6 Date Reported: 11/08/96 

Project ID: Ciniza Date Sampled: 10/23/96 

Lab ID: B969762 0396G02343 Date Received: 10/29/96 

Matrix: Soil Date Extracted: 11/04/96 

Date Analyzed: 11/05/96 

Parameter Result PQL Units 

ontinued 

Acenaphthylene ND 1.0 mg/kg 

Anthracene ND 1.0 mg/kg 

Benzo(a)anthracene ND 1.0 mg/kg 

Benzo(a)pyrene ND 1.0 mg/kg 

Benzo(b)f luoranthene ND 1.0 mg/kg 

Benzo(g,h,i)perylene ND 1.0 mg/kg 

Benzo(k)fluoranthene ND 1.0 mg/kg 

Benzoic Acid ND 5.0 mg/kg 

Benzyl Alcohol ND 2.0 mg/kg 

bis (2-Chloroethoxy) methane ND 1.0 mg/kg 

bis(2-Chloroethyl)ether ND 1.0 mg/kg 

bis[2-Chloroisopropyl)ether ND 1.0 mg/kg 

bis(2-Ethylhexyl)phthalate ND 5.0 mg/kg 

Butylbenzylphthalate ND 1.0 mg/kg 

Chrysene ND 1.0 mg/kg 

Di-n-Butylphthalate ND 5.0 mg/kg 

Di-n-Octylphthalate ND 5.0 mg/kg 

Dibenz(a,h)anthracene ND 1.0 mg/kg 

Dibenzofuran ND 1.0 mg/kg 

Diethylphthalate ND 1.0 mg/kg 

Dimethylphthalate ND 1.0 mg/kg 

Fluoranthene ND 1.0 mg/kg 

Fluorene ND 1.0 mg/kg 

Hexachlorobenzene ND 2.0 mg/kg 

Hexachlorobutadiene ND 2.0 mg/kg 

Hexachlorocyclopentadiene ND 1.0 mg/kg 

Hexachloroethane ND 2.0 mg/kg 

Indenod ,2,3-cd)pyrene ND 1.0 mg/kg 

Continued 



Inter.* mountain laboratories. 

1160 Research Drive 
Bozeman, Montana 59715 

EPA METHOD 8270 

HSL SEMI-VOLATILE COMPOUNDS 

BASE/NEUTRAL/ACID EXTRACTABLES 

Client: GIANT REFINING COMPANY 

Sample ID: RFI 1301 A6 Date Reported: 11/08/96 

Project ID: Ciniza Date Sampled: 10/23/96 

Lab ID: B969762 0396G02343 Date Received: 10/29/96 

Matrix: Soil Date Extracted: 11/04/96 

Date Analyzed: 11/05/96 

Parameter Result PQL Units 

ontinued 

Isophorone ND 1.0 mg/kg 

N-Nitrosodi-n-propylamine ND 1.0 mg/kg 

N-Nitrosodiphenylamine ND 1.0 mg/kg 

Naphthalene ND 1.0 mg/kg 

Nitrobenzene ND 1.0 mg/kg 

Pentachlorophenol ND 5.0 mg/kg 

Phenanthrene ND 1.0 mg/kg 

Phenol ND 1.0 mg/kg 

Pyrene ND 1.0 mg/kg 

QUALITY CONTROL - Surrogate Recovery % QC Limits 

2,4,6-Tribromophenol 59 19 - 122 

2-Fluorobiphenyl 59 30 - 115 

2-Fluorophenol 62 25 - 121 

Nitrobenzene-d5 51 23 - 120 

Phenol-d6 78 2 4 - 113 

Terphenyl-d1 4 62 1 8 - 137 

ND - Not Detected at Practical Quantitation Level (PQL) 

Reference: Method 8270, Gas Chromatography/Mass Spectrometry for Semivolatile 
Organics, Test Methods for Evaluating Solid Wastes, SW-846, 
United States Environmental Protection Agency, November 1990. 

Analyst Reviewed 



Inter •* mountain laboratories. 

1160 Research Drive 
Bozeman, Montana 59715 

EPA METHOD 8260 
VOLATILE ORGANIC COMPOUNDS 

Client: GIANT REFINING COMPANY 
Sample ID: RFI 1302 A6 Date Reported: 11/07/96 

Project ID: Ciniza Date Sampled: 10/23/96 

Lab ID: 8969763 0396G02344 Date Received: 10/29/96 

Matrix: Soil Date Extracted: 11/04/96 

Date Analyzed: 11/05/96 

Parameter Result PQL Units 

1,1,1,2-Tetrachloroethane ND 0.2 mg/kg 

1,1,1 -Trichloroethane ND 0.2 mg/kg 

1,1,2,2-Tetrachloroethane ND 0.2 mg/kg 

1,1,2-Trichloroethane ND 0.2 mg/kg 

1,1-Dichloroethane ND 0.2 mg/kg 

1,1-Dichloroethene ND 0.2 mg/kg 

1,1-Dichloropropene ND 0.2 mg/kg 

1,2,3-Trichlorobenzene ND 0.2 mg/kg 

1,2,3-Trichloropropane ND 0.2 mg/kg 

1,2,4-Trichlorobenzene ND 0.2 mg/kg 

1,2,4-TrimethyJbenzene ND 0.2 mg/kg 

1,2-Dibromo-3-chloropropane (DBCP) ND 0.2 mg/kg 

1,2-Dibromoethane (EDB) ND 0.2 mg/kg 

1,2-Dichlorobenzene ND 0.2 mg/kg 

1,2-Dichloroethane ND 0.2 mg/kg 

1,2-Dichloropropane ND 0.2 mg/kg 

1,3,5-Trimethylbenzene ND 0.2 mg/kg 

1,3-Dichlorobenzene ND 0.2 mg/kg 

1,3-Dichloropropane ND 0.2 mg/kg 

1,4-Dichlorobenzene ND 0.2 mg/kg 

2,2-Dichloropropane ND 0.2 mg/kg 

2-Chlorotoluene ND 0.2 mg/kg 

4-Chlorotoluene ND 0.2 mg/kg 

4-lsopropyltoluene ND 0.2 mg/kg 

Benzene ND 0.2 mg/kg 

Bromobenzene ND 0.2 mg/kg 

Bromochloromethane ND 0.2 mg/kg 

Bromodichloromethane ND 0.2 mg/kg 

Bromoform ND 0.2 mg/kg 

Bromomethane ND 0.2 mg/kg 

Continued 



, Iritef • mountain laboratories 

1160 Research Drive 
Bozeman, Montana 59715 

EPA METHOD 8260 
VOLATILE ORGANIC COMPOUNDS 

Client: GIANT REFINING COMPANY 
Sample ID: RFI 1302 A6 Date Reported: 11/07/96 

Project ID: Ciniza Date Sampled: 10/23/96 

Lab ID: B969763 0396G02344 Date Received: 10/29/96 

Matrix: Soil Date Extracted: 11/04/96 

Date Analyzed: 11/05/96 

Parameter Result PQL Units 

ontinued 

Carbon Tetrachloride ND 0.2 mg/kg 

Chlorobenzene ND 0.2 mg/kg 

Chloroethane ND 0.2 mg/kg 

Chloroform ND 0.2 mg/kg 

Chloromethane ND 0.2 mg/kg 

cis-1,2-Dichloroethene ND 0.2 mg/kg 

cis-1,3-Dichloropropene ND 0.2 mg/kg 

Dibromochloromethane ND 0.2 mg/kg 

Dibromomethane ND 0.2 mg/kg 

Dichlorodif luoromethane ND 0.2 mg/kg 

Ethylbenzene ND 0.2 mg/kg 

Hexachlorobutadiene ND 0.2 mg/kg 

Isopropylbenzene ND 0.2 mg/kg 

m,p-Xylene ND 0.2 mg/kg 

Methylene chloride ND 1.0 mg/kg 

n-Butylbenzene ND 0.2 mg/kg 

n-Propylbenzene ND 0.2 mg/kg 

Naphthalene ND 0.2 mg/kg 

o-Xylene ND 0.2 mg/kg 

sec-Butylbenzene ND 0.2 mg/kg 

Styrene ND 0.2 mg/kg 

tert-Butylbenzene ND 0.2 mg/kg 

Tetrachloroethene (PCE) ND 0.2 mg/kg 

Toluene ND 0.2 mg/kg 

trans-1,2-Dichloroethene ND 0.2 mg/kg 

Trichloroethene (TCE) ND 0.2 mg/kg 

Trichlorof luoromethane ND 0.2 mg/kg 

Vinyl Chloride ND 0.2 mg/kg 

Xylenes (total) ND 0.2 mg/kg 

Continued 



Inter.-mountain laboratories., 

1160 Research Drive 
Bozeman, Montana 59715 

EPA METHOD 8260 
VOLATILE ORGANIC COMPOUNDS 

Client: 

Sample ID: 

Project ID: 

Lab ID: 

Matrix: 

GIANT REFINING COMPANY 

RFI 1302 A6 

Ciniza 

B969763 

Soil 

0396G02344 

Date Reported: 

Date Sampled: 

Date Received: 

Date Extracted: 

Date Analyzed: 

11/07/96 

10/23/96 

10/29/96 

11/04/96 

11/05/96 

Parameter Result PQL Units 

Continued 

QUALITY CONTROL - Surrogate Recovery % QC Limits 

1,2-Dichloroethane-d4 

Bromofluorobenzene 

Toluene-d8 

91 

100 

104 

70 -

74 -

81 -

121 

121 

117 

ND - Not Detected at Practical Quantitation Level (PQL) 

Reference: Method 8260 , Gas Chromatography/Mass Spectrometry for Volatile Organics, Test Methods for 
Evaluating Solid Wastes, SW-846, United States Environmental Protection Agency, Rev. 1, 
November 1992. 

Analyst £ ' Q ' Reviewed / rZZ-t 



I filer.- mountain l abora to r ies .^^ . 

1160 Research Drive 
Bozeman, Montana 59715 

EPA METHOD 8270 
HSL SEMI-VOLATILE COMPOUNDS 

BASE/NEUTRAL/ACID EXTRACTABLES 

Client: GIANT REFINING COMPANY 
Sample ID: RFI 1302 A6 Date Reported: 11/08/96 

Project ID: Ciniza Date Sampled: 10/23/96 

Lab ID: B969763 0396G02344 Date Received: 10/29/96 

Matrix: Soil Date Extracted: 11/04/96 

Date Analyzed: 11/05/96 

Parameter Result PQL Units 

1,2,4-Trichlorobenzene ND 1.0 mg/kg 

1,2-Dichlorobenzene ND 1.0 mg/kg 

1,3-Dichlorobenzene ND 1.0 mg/kg 

1,4-Dichlorobenzene ND 1.0 mg/kg 

2,4,5-Trichlorophenol ND 2.0 mg/kg 

2,4,6-Trichlorophenol ND 2.0 mg/kg 

2,4-Dichlorophenol ND 1.0 mg/kg 

2,4-Dimethylphenol ND 1.0 mg/kg 

2,4-Dinitrophenol ND 2.0 mg/kg 

2,4-Dinitrotoluene ND 1.0 mg/kg 

2,6-Dinitrotoluene ND 1.0 mg/kg 

2-Chloronaphthalene ND 1.0 mg/kg 

2-Chlorophenol ND 1.0 mg/kg 

2-Methylnaphthalene ND 1.0 mg/kg 

2-Methylphenol ND 1.0 mg/kg 

2-Nitroaniline ND 5.0 mg/kg 

2-Nitrophenol ND 1.0 mg/kg 

3,3'-Dichlorobenzidine ND 2.0 mg/kg 

3-Methylphenol/4-Methylphenol ND 1.0 mg/kg 

3-Nitroaniline ND 5.0 mg/kg 

4,6-Dinitro-2-methylphenol ND 5.0 mg/kg 

4-Bromophenyl-phenylether ND 1.0 mg/kg 

4-Chloro-3-methylphenol ND 2.0 mg/kg 

4-Ch/oroanifine ND 2.0 mg/kg 

4-Chlorophenyl-phenylether ND 1.0 mg/kg 

4-Nitroaniline ND 2.0 mg/kg 

4-Nitrophenol ND 2.0 mg/kg 

Acenaphthene ND 1.0 mg/kg 

Continued 



. Inter • mountain labora tor ies . 

1160 Research Drive 
Bozeman, Montana 59715 

EPA METHOD 8270 
HSL SEMI-VOLATILE COMPOUNDS 

BASE/NEUTRAL/ACID EXTRACTABLES 

Client: GIANT REFINING COMPANY 
Sample ID: RFI 1302 A6 Date Reported: 11/08/96 

Project ID: Ciniza Date Sampled: 10/23/96 

Lab ID: B969763 0396G02344 Date Received: 10/29/96 

Matrix: Soil Date Extracted: 11/04/96 

Date Analyzed: 11/05/96 

P a r a m e t e r Resu l t P Q L Un i t s 

ontinued 

Acenaphthylene ND 1.0 mg/kg 

Anthracene ND 1.0 mg/kg 

Benzo(a)anthracene ND 1.0 mg/kg 

Benzo(a)pyrene ND 1.0 mg/kg 

Benzo(b)f luoranthene ND 1.0 mg/kg 

Benzo(g,h,i)perylene ND 1.0 mg/kg 

Benzo(k)f luoranthene ND 1.0 mg/kg 

Benzoic Acid ND 5.0 mg/kg 

Benzyl Alcohol ND 2.0 mg/kg 

bis(2-Chloroethoxy)methane ND 1.0 mg/kg 

bis(2-Chloroethyl)ether ND 1.0 mg/kg 

bis(2-Chloroisopropyl)ether ND 1.0 mg/kg 

bis(2-Ethylhexyl)phthalate ND 5.0 mg/kg 

Butylbenzylphthalate ND 1.0 mg/kg 

Chrysene ND 1.0 mg/kg 

Di-n-Butylphthalate ND 5.0 mg/kg 

Di-n-Octylphthalate ND 5.0 mg/kg 

Dibenz(a,h)anthracene ND 1.0 mg/kg 

Dibenzofuran ND 1.0 mg/kg 

Diethylphthalate ND 1.0 mg/kg 

Dimethylphthalate ND 1.0 mg/kg 

Fluoranthene ND 1.0 mg/kg 

Fluorene ND 1.0 mg/kg 

Hexachlorobenzene ND 2.0 mg/kg 

Hexachlorobutadiene ND 2.0 mg/kg 

Hexachlorocyclopentadiene ND 1.0 mg/kg 

Hexachloroethane ND 2.0 mg/kg 

Indenod ,2,3-cd)pyrene ND 1.0 mg/kg 

Continued 



1160 Research Drive 
Bozeman, Montana 59715 

EPA METHOD 8270 
HSL SEMI-VOLATILE COMPOUNDS 

BASE/NEUTRAL/ACID EXTRACTABLES 

Client: GIANT REFINING COMPANY 

Sample ID: RFI 1302 A6 Date Reported: 11/08/96 

Project ID: Ciniza Date Sampled: 10/23/96 

Lab ID: B969763 0396G02344 Date Received: 10/29/96 

Matrix: Soil Date Extracted: 11/04/96 

Date Analyzed: 11/05/96 

Parameter Result PQL Units 

ontinued 

Isophorone ND 1.0 mg/kg 

N-Nitrosodi-n-propylamine ND 1.0 mg/kg 

N-Nitrosodiphenylamine ND 1.0 mg/kg 

Naphthalene ND 1.0 mg/kg 

Nitrobenzene ND 1.0 mg/kg 

Pentachlorophenol ND 5.0 mg/kg 

Phenanthrene ND 1.0 mg/kg 

Phenol ND 1.0 mg/kg 

Pyrene ND 1.0 mg/kg 

QUALITY CONTROL - Surrogate Recovery % QC Limits 

2,4,6-Tribromophenol 59 1 9 - 122 

2-Fluorobiphenyl 58 30 - 115 

2-Fluorophenol 55 2 5 - 121 

Nitrobenzene-d5 49 23 - 120 

Phenol-d6 69 2 4 - 113 

Terphenyl-d14 58 1 8 - 137 

ND - Not Detected at Practical Quantitation Level (PQL) 

Reference: Method 8270 , Gas Chromatography/Mass Spectrometry for Semivolatile 
Organics, Test Methods for Evaluating Solid Wastes, SW-846, 
United States Environmental Protection Agency, November 1990. 

Analyst_ Reviewed 



Inter- mountain laboratories.J 

1160 Research Drive 
Bozeman, Montana 59715 

EPA METHOD 8260 
VOLATILE ORGANIC COMPOUNDS 

Client: GIANT REFINING COMPANY 
Sample ID: RFI 1303 A6 Date Reported: 11/07/96 

Project ID: Ciniza Date Sampled: 10/23/96 

Lab ID: B969764 0396G02345 Date Received: 10/29/96 

Matrix: Soil Date Extracted: 11 /04/96 

Date Analyzed: 11/05/96 

Parameter Result PQL Units 

1,1,1,2-Tetrachloroethane ND 0.2 mg/kg 

1,1,1-Trichloroethane ND 0.2 mg/kg 

1,1,2,2-Tetrachloroethane ND 0.2 mg/kg 

1,1,2-Trichloroethane ND 0.2 mg/kg 

1,1-Dichloroethane ND 0.2 mg/kg 

1,1-Dichloroethene ND 0.2 mg/kg 

1,1 -Dichloropropene ND 0.2 mg/kg 

1,2,3-Trichlorobenzene ND 0.2 mg/kg 

1,2,3-Trichloropropane ND 0.2 mg/kg 

1,2,4-Trichlorobenzene ND 0.2 mg/kg 

1,2,4-Trimethylbenzene ND 0.2 mg/kg 

1,2-Dibromo-3-chloropropane (DBCP) ND 0.2 mg/kg 

1,2-Dibromoethane (EDB) ND 0.2 mg/kg 

1,2-Dichlorobenzene ND 0.2 mg/kg 

1,2-Dichloroethane ND 0.2 mg/kg 

1,2-Dichloropropane ND 0.2 mg/kg 

1,3,5-Trimethylbenzene ND 0.2 mg/kg 

1,3-Dichlorobenzene ND 0.2 mg/kg 

1,3-Dichloropropane ND 0.2 mg/kg 

1,4-Dichlorobenzene ND 0.2 mg/kg 

2,2-Dichloropropane ND 0.2 mg/kg 

2-Chlorotoluene ND 0.2 mg/kg 

4-Chlorotoluene ND 0.2 mg/kg 

4-lsopropyltoluene ND 0.2 mg/kg 

Benzene ND 0.2 mg/kg 

Bromobenzene ND 0.2 mg/kg 

Bromochloromethane ND 0.2 mg/kg 

Bromodichloromethane ND 0.2 mg/kg 

Bromoform ND 0.2 mg/kg 

Bromomethane ND 0.2 mg/kg 

Continued 



Inter.- Mounta in laborator ies. , 

1160 Research Drive 
Bozeman. Montana 59715 

EPA METHOD 8260 
VOLATILE ORGANIC COMPOUNDS 

Client: GIANT REFINING COMPANY 
Sample ID: RFI 1303 A6 Date Reported: 11/07/96 

Project ID: Ciniza Date Sampled: 10/23/96 

Lab ID: B969764 0396G02345 Date Received: 10/29/96 

Matrix: Soil Date Extracted: 11/04/96 
Date Analyzed: 11/05/96 

Parameter Result PQL Units 

ontinued 

Carbon Tetrachloride ND 0.2 mg/kg 

Chlorobenzene ND 0.2 mg/kg 

Chloroethane ND 0.2 mg/kg 

Chloroform ND 0.2 mg/kg 

Chloromethane ND 0.2 ~ mg/kg 

cis-1,2-Dichloroethene ND 0.2 mg/kg 

cis-1,3-Dichloropropene ND 0.2 mg/kg 

Dibromochloromethane ND 0.2 mg/kg 

Dibromomethane ND 0.2 mg/kg 

Dichlorodif luoromethane ND 0.2 mg/kg 

Ethylbenzene ND 0.2 mg/kg 

Hexachlorobutadiene ND 0.2 mg/kg 

Isopropylbenzene ND 0.2 mg/kg 

m,p-Xylene ND 0.2 mg/kg 

Methylene chloride ND 1.0 mg/kg 

n-Butylbenzene ND 0.2 mg/kg 

n-Propylbenzene ND 0.2 mg/kg 

Naphthalene ND 0.2 mg/kg 

o-Xylene ND 0.2 mg/kg 

sec-Butylbenzene ND 0.2 mg/kg 

Styrene ND 0.2 mg/kg 

tert-Butylbenzene ND 0.2 mg/kg 

Tetrachloroethene (PCE) ND 0.2 mg/kg 

Toluene ND 0.2 mg/kg 

trans-1,2-Dichloroethene ND 0.2 mg/kg 

Trichloroethene (TCE) ND 0.2 mg/kg 

Trichlorof luoromethane ND 0.2 mg/kg 

Vinyl Chloride ND 0.2 mg/kg 

Xylenes (total) ND 0.2 mg/kg 

Continued 



Inter.- mounta in laborator ies. , 

1160 Research Drive 
Bozeman, Montana 59715 

EPA METHOD 8260 
VOLATILE ORGANIC COMPOUNDS 

Client: 

Sample ID: 

Project ID: 

Lab ID: 

Matrix: 

GIANT REFINING COMPANY 

RFI 1303 A6 

Ciniza 

B969764 

Soil 

0396G02345 

Date Reported: 

Date Sampled: 

Date Received: 

Date Extracted: 

Date Analyzed: 

11/07/96 

10/23/96 

10/29/96 

11/04/96 

11/05/96 

Parameter Result PQL Units 

Continued 

QUALITY CONTROL - Surrogate Recovery QC Limits 

1,2-Dichloroethane-d4 

Bromofluorobenzene 

Toluene-d8 

95 

104 

116 

70 

74 

81 

121 

121 

117 

ND - Not Detected at Practical Quantitation Level (PQL) 

Reference: Method 8260 , Gas Chromatography/Mass Spectrometry for Volatile Organics, Test Methods for 
Evaluating Solid Wastes, SW-846, United States Environmental Protection Agency, Rev. 1 , 
November 1992. 

Analyst ^ -0 . Reviewed 



I n te r * m o u n t a i n l a b o r a t o r i e s , i 

1160 Research Drive 
Bozeman, Montana 59715 

EPA METHOD 8270 
HSL SEMI-VOLATILE COMPOUNDS 

BASE/NEUTRAL/ACID EXTRACTABLES 

Client: GIANT REFINING COMPANY 
Sample ID: RFI 1303 A6 Date Reported: 11/08/96 

Project ID: Ciniza Date Sampled: 10/23/96 

Lab ID: B969764 0396G02345 Date Received: 10/29/96 

Matrix: Soil Date Extracted: 1 1/04/96 

Date Analyzed: 11/05/96 

Parameter Result PQL Units 

1,2,4-Trichlorobenzene ND 1.0 mg/kg 

1,2-Dichlorobenzene ND 1.0 mg/kg 

1,3-Dichlorobenzene ND 1.0 mg/kg 

1,4-Dichlorobenzene ND 1.0 . mg/kg 

2,4,5-Trichlorophenol ND 2.0 mg/kg 

2,4,6-Trichlorophenol ND 2.0 mg/kg 

2,4-Dichlorophenol ND 1.0 mg/kg 

2,4-Dimethylphenol ND 1.0 . mg/kg 

2,4-Dinitrophenol ND 2.0 mg/kg 

2,4-Dinitrotoluene ND 1.0 mg/kg 

2,6-Dinitrotoluene ND 1.0 mg/kg 

2-Chloronaphthalene ND 1.0 mg/kg 

2-Chlorophenol ND 1.0 mg/kg 

2-Methylnaphthalene ND 1.0 mg/kg 

2-Methylphenol ND 1.0 mg/kg 

2-Nitroaniline ND 5.0 mg/kg 

2-Nitrophenol ND * 1.0 mg/kg 

3,3'-Dichlorobenzidine ND 2.0 mg/kg 

3-Methylphenol/4-Methylphenol ND 1.0 mg/kg 

3-Nitroaniline ND 5.0 mg/kg 

4,6-Dinitro-2-methylphenol ND 5.0 mg/kg 

4-Bromophenyl-phenylether ND 1.0 mg/kg 

4-Chloro-3-methylphenol ND 2.0 mg/kg 

4-Chloroaniline ND 2,0 mg/kg 

4-Chlorophenyl-phenylether ND 1.0 mg/kg 

4-Nitroaniline ND 2.0 mg/kg 

4-Nitrophenol ND 2.0 mg/kg 

Acenaphthene ND 1.0 mg/kg 

Continued 



Inter* mountain labora tor ies . 

1160 Research Drive 
Bozeman, Montana 59715 

EPA METHOD 8270 
HSL SEMI-VOLATILE COMPOUNDS 

BASE/NEUTRAL/ACID EXTRACTABLES 

Client: GIANT REFINING COMPANY 
Sample ID: RFI 1303 A6 

Project ID: Ciniza 

Lab ID: B969764 

Matrix: Soil 

0396G02345 

Date Reported: 

Date Sampled: 

Date Received: 

Date Extracted: 

Date Analyzed: 

11/08/96 

10/23/96 

10/29/96 

11/04/96 

11/05/96 

Parameter Result PQL Units 

o n t i n u e d 

Acenaphthylene ND 1.0 mg/kg 

Anthracene ND 1.0 mg/kg 

Benzo(a)anthracene ND 1.0 mg/kg 

Benzotalpyrene ND 1.0 mg/kg 

Benzo(b)f luoranthene ND 1.0 mg/kg 

Benzo(g,h,i)perylene ND 1.0 mg/kg 

Benzo(k)f luoranthene ND 1.0 mg/kg 

Benzoic Acid ND 5.0 mg/kg 

Benzyl Alcohol ND 2.0 mg/kg 

bis (2-Chloroethoxy) methane ND 1.0 mg/kg 

bis(2-Chloroethyl) ether ND 1.0 mg/kg 

bis(2-Chloroisopropyl)ether ND 1.0 mg/kg 

bis(2-Ethylhexyl)phthalate ND 5.0 mg/kg 

Butylbenzylphthalate ND 1.0 mg/kg 

Chrysene ND 1.0 mg/kg 

Di-n-Butylphthalate ND 5.0 mg/kg 

Di-n-Octylphthalate ND 5.0 mg/kg 

Dibenz(a,h)anthracene ND 1.0 mg/kg 

Dibenzofuran ND 1.0 mg/kg 

Diethylphthalate ND 1.0 mg/kg 

Dimethylphthalate ND 1.0 mg/kg 

Fluoranthene ND 1.0 mg/kg 

Fluorene ND 1.0 mg/kg 

Hexachlorobenzene ND 2.0 mg/kg 

Hexachlorobutadiene ND 2.0 mg/kg 

Hexachlorocyclopentadiene ND 1.0 mg/kg 

Hexachloroethane ND 2.0 mg/kg 

Indenod ,2,3-cd)pyrene ND 1.0 mg/kg 

Continued 



* Inter** m o u n t a i n l a b o r a t o r i e s . 

1160 Research Orive 
Bozeman. Montana 59715 

EPA METHOD 8270 
HSL SEMI-VOLATILE COMPOUNDS 

BASE/NEUTRAL/ACID EXTRACTABLES 

Client: 

Sample ID: 

Project ID: 

Lab ID: 

Matrix: 

GIANT REFINING COMPANY 

RFI 1303 A6 

Ciniza 

B969764 
Soil 

0396G02345 

Date Reported: 

Date Sampled: 

Date Received: 

Date Extracted: 

Date Analyzed: 

11/08/96 

10/23/96 

1 0/29/96 

11/04/96 

11/05/96 

Parameter Result PQL Units 

Continued 

Isophorone ND 1.0 mg/kg 

N-Nitrosodi-n-propylamine ND 1.0 mg/kg 

N-Nitrosodiphenylamine ND 1.0 mg/kg 

Naphthalene ND 1.0 mg/kg 

Nitrobenzene ND 1.0 mg/kg 

Pentachlorophenol ND 5.0 mg/kg 

Phenanthrene ND 1.0 mg/kg 

Phenol ND 1.0 mg/kg 

Pyrene ND 1.0 mg/kg 

QUALITY CONTROL - Surrogate Recovery % QC Limits 

2,4,6-Tribromophenol 62 19 - 122 

2-Fluorobiphenyl 59 30 - 115 

2-Fluorophenol 58 25 - 121 

Nitrobenzene-d5 53 23 - 120 

Phenol-d6 72 24 - 113 

Terphenyl-d14 64 18 - 137 

ND - Not Detected at Practical Quantitation Level (PQL) 

Reference: Method 8270 , Gas Chromatography/Mass Spectrometry for Semivolatile 
Organics, Test Methods for Evaluating Solid Wastes, SW-846, 
United States Environmental Protection Agency, November 1990. 

Analyst Reviewed 



• lntef* mountain laboratories. 

1160 Research Drive 
Bozeman. Montana 59715 

LAB QA/QC 
EPA METHOD 8260 
INSTRUMENT BLANK 

Date Analyzed: 11/04/96 
Lab ID: IBS96309A 
Matrix: Water 

Parameter Result PQL Units 

1,1,1,2-Tetrachloroethane ND 0.2 mg/kg 

1,1,1 -Trichloroethane ND 0.2 mg/kg 

1,1,2,2-Tetrachloroethane ND 0.2 mg/kg 

1,1,2-Trichloroethane ND 0.2 - mg/kg 

1,1-Dichloroethane ND 0.2 mg/kg 

1,1 -Dichloroethene ND 0.2 mg/kg 

1,1-Dichloropropene ND 0.2 mg/kg 

1,2,3-Trichlorobenzene ND 0.2 mg/kg 

1,2,3-Trichloropropane ND 0.2 mg/kg 

1,2,4-Trichlorobenzene ND 0.2 mg/kg 

1,2,4-Trimethylbenzene ND 0.2 mg/kg 

1,2-Dibromo-3-chloropropane (DBCP) ND 0.2 mg/kg 

1,2-Dibromoethane (EDB) ND 0.2 mg/kg 

1,2-Dichlorobenzene ND 0.2 mg/kg 

1,2-Dichloroethane ND 0.2 mg/kg 

1,2-Dichloropropane ND 0.2 mg/kg 

1,3,5-Trimethylbenzene ND 0.2 mg/kg 

1,3-Dichlorobenzene ND 0.2 mg/kg 

1,3-Dichloropropane ND 0.2 mg/kg 

1,4-Dichlorobenzene ND 0.2 mg/kg 

2,2-Dichloropropane ND 0.2 mg/kg 

2-Chlorotoluene ND 0.2 mg/kg 

4-Chlorotoluene ND 0.2 mg/kg 

4-lsopropyltoluene ND 0.2 mg/kg 

Benzene ND 0.2 mg/kg 

Bromobenzene ND 0.2 mg/kg 

Bromochloromethane ND 0.2 mg/kg 

Bromodichloromethane ND 0.2 mg/kg 

Bromoform ND 0.2 mg/kg 

Bromomethane ND 0.2 mg/kg 

Carbon Tetrachloride ND 0.2 mg/kg 

Chlorobenzene ND 0.2 mg/kg 

Chloroethane ND 0.2 mg/kg 

Continued 



Inter-mountain laboratories. 

1160 Research Drive 
Bozeman. Montana 59715 

LAB QA/QC 
EPA METHOD 8260 
INSTRUMENT BLANK 

Date Analyzed: 11 /04/96 
Lab ID: IBS96309A 
Matrix: Water 

Parameter Result PQL Units 

Continued 

Chloroform ND 0.2 mg/kg 

Chloromethane ND 0.2 mg/kg 

cis-1,2-Dichloroethene ND 0.2 mg/kg 

cis-1,3-Dichloropropene ND 0.2 mg/kg 

Dibromochloromethane ND 0.2 mg/kg 

Dibromomethane ND 0.2 mg/kg 

Dichlorodif luoromethane ND 0.2 mg/kg 

Ethylbenzene ND 0.2 mg/kg 

Hexachlorobutadiene ND 0.2 mg/kg 

Isopropylbenzene ND 0.2 mg/kg 

m,p-Xylene ND 0.2 mg/kg 

Methylene chloride ND 1.0 mg/kg 

n-Butylbenzene ND 0.2 mg/kg 

n-Propylbenzene ND 0.2 mg/kg 

Naphthalene ND 0.2 mg/kg 

o-Xylene ND 0.2 mg/kg 

sec-Butylbenzene ND 0.2 mg/kg 

Styrene ND 0.2 mg/kg 

tert-Butylbenzene ND 0.2 mg/kg 

Tetrachloroethene (PCE) ND 0.2 mg/kg 

Toluene ND 0.2 mg/kg 

trans-1,2-Dichloroethene ND 0.2 mg/kg 

Trichloroethene (TCE) ND 0.2 mg/kg 

Trichlorof luoromethane ND 0.2 mg/kg 

Vinyl Chloride ND 0.2 mg/kg 

Xylenes (total) ND 0.2 mg/kg 

Continued 



I n t e r - m o u n t a i n l a b o r a t o r i e s . ! 

1160 Research Orive 
Bozeman, Montana 59715 

LAB QA/QC 
EPA METHOD 8260 
INSTRUMENT BLANK 

Date Analyzed: 11/04/96 

Lab ID: IBS96309A 

Matrix: Water 

Parameter Result PQL Units 

Continued 

QUALITY CONTROL - Surrogate Recovery % QC Limits 

1,2-Dichloroethane-d4 

Bromofluorobenzene 

Toluene-d8 

89 

103 

115 

8 0 - 120 

7 4 - 121 

81 - 117 

ND - Not Detected at Practical Quantitation Level (PQL) 

Analyst \£. 0. Reviewed 



Inter*- mountain labora tor ies . 

1160 Research Drive 
Bozeman, Montana 59715 

LAB QA/QC 
EPA METHOD 8260 

METHOD BLANK 

Date Analyzed: 11 /05/96 
Lab ID: MBS96309 
Matrix: Soil 
Date Extracted: 11/04/96 

Parameter Result PQL Units 

1,1,1,2-Tetrachloroethane ND 0.2 mg/kg 
1,1,1 -Trichloroethane ND 0.2 mg/kg 

1,1,2,2-Tetrachloroethane ND 0.2 mg/kg 

1,1,2-Trichloroethane ND 0.2 - mg/kg 
1,1-Dichloroethane ND 0.2 mg/kg 

1,1-Dichloroethene ND 0.2 mg/kg 

1,1 -Dichloropropene ND 0.2 mg/kg 

1,2,3-Trichlorobenzene ND 0.2 mg/kg 

1,2,3-Trichloropropane ND 0.2 mg/kg 

1,2,4-Trichlorobenzene ND 0.2 mg/kg 
1,2,4-Trimethylbenzene ND 0.2 mg/kg 

1,2-Dibromo-3-chloropropane (DBCP) ND 0.2 mg/kg 

1,2-Dibromoethane (EDB) ND 0.2 mg/kg 

1,2-Dichlorobenzene ND 0.2 mg/kg 

1,2-Dichloroethane ND 0.2 mg/kg 

1,2-Dichloropropane ND 0.2 mg/kg 

1,3,5-Trimethylbenzene ND 0.2 mg/kg 

1,3-Dichlorobenzene ND 0.2 . mg/kg 

1,3-Dichloropropane ND 0.2 mg/kg 

1,4-Dichlorobenzene ND 0.2 mg/kg 

2,2-Dichloropropane ND 0.2 mg/kg 

2-Butanone (MEK) ND 2.0 mg/kg 

2-Chlorotoluene ND 0.2 mg/kg 

4-Chlorotoluene ND 0.2 mg/kg 

4-lsopropyltoluene ND 0.2 mg/kg 

Benzene ND 0.2 mg/kg 

Bromobenzene ND 0.2 mg/kg 

Bromochloromethane ND 0.2 mg/kg 

Bromodichloromethane ND 0.2 mg/kg 

Bromoform ND 0.2 mg/kg 

Bromomethane ND 0.2 mg/kg 

Carbon Tetrachloride ND 0.2 mg/kg 

Chlorobenzene ND 0.2 mg/kg 

Continued 



Intel • mountain labora tor ie /^nc . 

1160 Research Drive 
Bozeman, Montana 59715 

LAB QA/QC 
EPA METHOD 8260 
METHOD BLANK 

Date Analyzed: 11/05/96 

Lab ID: MBS96309 

Matrix: Soil 

Date Extracted: 11/04/96 

Parameter Result PQL Units 

Continued 

Chloroethane ND 0.2 mg/kg 

Chloroform ND 0.2 mg/kg 

Chloromethane ND 0.2 mg/kg 

cis-1,2-Dichloroethene ND 0.2 mg/kg 

cis-1,3-Dichloropropene ND 0.2 mg/kg 

Dibromochloromethane ND 0.2 mg/kg 

Dibromomethane ND 0.2 mg/kg 

Dichlorodif luoromethane ND 0.2 mg/kg 

Ethylbenzene ND 0.2 mg/kg 

Hexachlorobutadiene ND 0.2 mg/kg 

Isopropylbenzene ND 0.2 mg/kg 

m,p-Xylene ND 0.2 mg/kg 

Methylene chloride ND 1.0 mg/kg 

n-Butylbenzene ND 0.2 mg/kg 

n-Propylbenzene ND 0.2 mg/kg 

Naphthalene ND 0.2 mg/kg 

o-Xylene ND 0.2 mg/kg 

sec-Butylbenzene ND 0.2 mg/kg 

Styrene ND 0.2 mg/kg 

tert-Butyl benzene ND 0.2 mg/kg 

Tetrachloroethene (PCE) ND 0.2 mg/kg 

Toluene ND 0.2 mg/kg 

trans-1,2-Dichloroethene ND 0.2 mg/kg 

Trichloroethene (TCE) ND 0.2 mg/kg 

Trichlorof luoromethane ND 0.2 mg/kg 

Vinyl Chloride ND 0.2 mg/kg 

Xylenes (total) ND 0.2 mg/kg 

Continued 



Inter.* mountain laboratories. 

1160 Research Drive 
Bozeman, Montana 59715 

LAB QA/QC 
EPA METHOD 8260 
METHOD BLANK 

Date Analyzed: 11/05/96 

Lab ID: MBS96309 

Matrix: Soil 

Date Extracted: 11/04/96 

Parameter Result PQL Units 

Continued 

QUALITY CONTROL - Surrogate Recovery % ' QC Limits 

1,2-Dichloroethane-d4 99 80 - 120 

Bromofluorobenzene 107 74 - 121 

Toluene-d8 111 8 1 - 1 1 7 

ND - Not Detected at Practical Quantitation Level (PQL) 

Analyst £ -ft Reviewed 



Inter- mountain labora tor ies . 

1160 Research Drive 
Bozeman, Montana 59715 

LAB QA/QC 
EPA METHOD 8270 

METHOD BLANK 

Date Analyzed: 11/05/96 
Lab ID: MBS96308 
Matrix: Soil 
Date Extracted: 11/05/96 

Parameter Result PQL ' Units 

1,2,4-Trichlorobenzene ND 1.0 mg/kg 

1,2-Dichlorobenzene ND 1.0 mg/kg 

1,3-Dichlorobenzene ND 1.0 mg/kg 

1,4-Dichlorobenzene ND 1.0 mg/kg 

2,4,5-Trichlorophenol ND 2.0 mg/kg 

2,4,6-Trichlorophenol ND 2.0 mg/kg 

2,4-Dichlorophenol ND 1.0 mg/kg 

2,4-Dimethylphenol ND 1.0 mg/kg 

2,4-Dinitrophenol ND 2.0 mg/kg 

2,4-Dinitrotoluene ND 1.0 mg/kg 

2,6-Dinitrotoluene ND 1.0 mg/kg 

2-Chloronaphthalene ND 1.0 mg/kg 

2-Chlorophenol ND 1.0 mg/kg 

2-Methylnaphthalene ND 1.0 mg/kg 

2-Methylphenol ND 1.0 mg/kg 

2-Nitroaniline ND 5.0 mg/kg 

2-Nitrophenol ND 1.0 mg/kg 

3,3'-Dichlorobenzidine ND 2.0 mg/kg 

3-Methylphenol/4-Methylphenol ND 1.0 mg/kg 

3-Nitroaniline ND 5.0 mg/kg 

4,6-Dinitro-2-methylphenol ND 5.0 mg/kg 

4-Bromophenyl-phenylether ND 1.0 mg/kg 

4-Chloro-3-methylphenol ND 2.0 mg/kg 

4-Chloroaniline ND 2.0 mg/kg 

4-Chlorophenyl-phenylether ND 1.0 mg/kg 

4-Nitroaniline ND 2.0 mg/kg 
4-Nitrophenol ND 2.0 mg/kg 

Acenaphthene ND 1.0 mg/kg 
Acenaphthylene ND 1.0 mg/kg 
Anthracene ND 1.0 mg/kg 

Benzo(a)anthracene ND 1.0 mg/kg 

Benzo(a)pyrene ND 1.0 mg/kg 
Benzo(b)f luoranthene ND 1.0 mg/kg 

Continued 



' In le?• mountain l a b o r a t o r i e s . A c . 

1160 Research Drive 
Bozeman, Montana 59715 

LAB QA/QC 
EPA METHOD 8260 
MATRIX SPIKE / MATRIX SPIKE DUPLICATE SUMMARY 

Date Analyzed: 11 /05/96 
Lab ID: 0596H09764 
Matrix: Soil 
Date Extracted: 11/04/96 

Original Sample Parameters 

Spike 
Added 

Sample 
Result 

Spike 
Result 

MS 
Recovery 

QC Limits 

Parameter (mg/kg) (mg/kg) (mg/kg) % R e c 

1,1 -Dichloroethene 12.5 0 8.0 64 * 75 .145 

Benzene 12.5 0 11 88 71 -120 

Chlorobenzene 12.5 o- 11 88 76 -127 

Toluene 12.5 0 14 11 2 71 .127 

Trichloroethene (TCE) 12.5 0 9.7 78 75 -130 

Duplicate Sample Parameters 

Spike 
Added 

MSD 
Result 

MSD 
Recovery RPD 

QC Limits 

Parameter (mg/kg) (mg/kg) % % RPD R e c 

1,1-Dichloroethene 12.5 6.7 54 * 18 22 75 -145 

Benzene 12.5 8.8 70 * 22 24 71 -.120 

Chlorobenzene 12.5 8.7 70 * 23 21 76 -127 

Toluene 12.5 10 80 33 * 21 71 -127 

Trichloroethene (TCE) 12.5 8.1 65 * 18 21 75 -130 

Note: Spike Recoveries are calculated using zero for Sample result 
if Sample result was less than PQL (Practical Quantitation Level). 

Spike Recovery: 5 out of 10 outside QC limits. 
RPD: 2 out of 5 outside QC limits. 
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SUSANA MARTINEZ 
Governor 

JOHN A. SANCHEZ 
Lieutenant Governor 

NEW MEXICO 
ENVIRONMENT DEPARTMENT 

2905 Rodeo Park Drive East, Building 1 
Santa Fe, New Mexico 87505-6303 

Phone (505) 476-6000 Fax (505) 476-6030 
www.nmenv.state.nm.us 

CERTIFIED MAIL - RETURN RECEIPT REQUE~TED 

April 13, 2015 

Ms. Leslie Ann Allen 
Senior Vice President 
Environment and Regulatory Affairs 
Western Refining, Southwest Inc., Gallup Refinery 
123 W. Mills Avenue, Suite 200 
El Paso, TX 79901 

RE: DISAPPROVAL 
NO FURTHER ACTION REPORT 
AND SUPPLEMENTAL INFORMATION 
WESTERN REFINING SOUTHWEST INC., GALLUP REFINERY 
EPA ID# NMD000333211 
HWB-WRG-15-MISC 

Dear Ms. Allen: 

RYAN FLYNN 
Cabinet Secretary 
BUTCH TONGATE 
Deputy Secretary 

The New Mexico Environment Department (NMED) is in receipt of Western Refining 
Southwest Inc., Gallup Refinery's (Permittee) letter titled Request to Proceed with Review of the 
"Petition for No Further Action" dated August 10, 2001 and "Supplementary Information" 
submitted on October 2, 2002 (Letter), dated June 24, 2013. In the June 24, 2013 
correspondence, the Permittee requested review of seven (7) solid waste management units 
(SWMU): SWMU 3, SWMU 4, SWMU 5, SWMU 7, SWMU 9, SWMU 10, and SWMU 13 in 
order to remove these SWMUs from the Permit. Western's request could result in a change in 
status of these units from Corrective Action Required to Corrective Action Complete rather than 
a removal from the Permit. Two of the above-referenced SWMUs are currently in use. SWMU 3 
(Empty Storage Container Unit) is now the Heat Exchanger Bundle Cleaning Pad and SWMU 7 
(Fire Training Area) continues to be used as a fire training area. These two SWMUs will not be 
reviewed at this time. 



Ms. Allen 
Gallup Refinery 
April 13, 2015 
Page 2 

NMED has reviewed the information provided in the August 10, 2001 SWMU Assessment Report 
I No Further Action Report (NFA Report) and the Supplemental Information provided in the 
October 2, 2002 letter and attachments regarding five SWMUs (SWMU 4 (Old Bum Pit), 
SWMU 5 (Landfill Areas), SWMU 9 (Drainage Ditch and Inactive Landfarm), SWMU 10 
(Sludge Pits), and SWMU 13 (Drainage 'Ditch between API Evaporation Pond and 
Neutralization Tank Evaporation Ponds)). Based upon its review, NMED requires additional 
information regarding SWMUs 4, 5, 9, 10 and 13 and therefore provides the following 
comments. 

General Comments 
Commentl 
A "Generic Sampling Plan" is referenced in both documents; NMED does not have a copy of the 
"Generic Sampling Plan" or any correspondence indicating approval of such plan in its 
administrative record. Please provide a copy of the "Generic Sampling Plan" for NMED review. 
If an associated approval letter exists, provide the approval letter. 

Comment2 
NMED's administrative record does not contain an approval letter for the additional sampling 
conducted in 1994. The Environmental Protection Agency (EPA) issued a Notice of Deficiency 
on December 19, 1994, requiring additional information and the Permittee responded on January 
6, 1995. Please provide the EPA's response to the Permittee's January 1995 response to 
comments. 

Comment3 
The arsenic levels reported for some of the SWMUs in the analytical reports in the Phase I and 
Phase III Investigation Reports (specifically, samples from SWMU 10, SWMU 5 with results 
ranging from 4.3 mg/kg to 27 .9 mg/kg) for the soil investigations are higher than the current 
residential soil screening level (4.25 mg/kg). According to the USGS, McKinley County arsenic 
levels generally range from 5.6 to 11 ppm. Because the concentrations of arsenic are 
significantly higher than the maximum concentration of the background range (11 ppm), the 
Permittee must conduct a soil background study to account for the higher levels of arsenic in 
order to reach corrective action complete status. 

Comment4 
Provide data tables which list the SWMUs, the constituents of concern, the analytical results (and 
the chemical analytical methods and detection limits utilized by the laboratory), and the soil 
screening levels for the historic site investigations. Also, please provide the references to the 
documents where the data were obtained. NMED may use information from the data tables as 
part of the statement of basis and public notice for sites that meet corrective action complete 
criteria. If further investigation is required, and the arsenic levels are below applicable soil 
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screening levels, then the Permittee may use the new data in addition to the existing data to 
achieve corrective action complete status rather than solely rely on the historic data. 

Comments 
The Permittee must discuss the levels of chromium found at several of the SWMUs (RFI10V6.0 
398 mg/kg, RFI1005V6.0 4020 mg/kg, RFI0503VO.O 110 mg/kg, RFI0504V3.0 270 mg/kg). 
Discuss whether or not chromium VI was used at the refinery at any point, and whether or not 
speciation for chromium was ever performed in order to determine whether the chromium levels 
should be compared to chromium III or VI. 

Comment6 
In 1997 or 1998, both the Old Bum Pit (SWMU 4) and the Landfill Areas (SWMU 5) were 
covered by a soil cap and required periodic inspections. Provide documentation demonstrating 
that inspections of the caps were conducted, as required, as well as documentation of the 
inspections to confirm that maintenance activities and repair of the caps and drainage systems 
(when necessary) were implemented. 

Comment7 
The description of sample collection provided in the Additional RFI Sampling (dated October 
1994) indicates that the method used to collect volatile organic compounds (VOC) samples 
likely caused a loss of volatiles. The methods used to collect soil samples were described as, 
"[t]he soil samples were collected in a clean steel pan and were then placed into laboratory 
supplied containers ... " Based on this description, the samples collected and analyzed during the 
1994 investigation cannot be used to characterize VOCs at the SWMUs, because the analytical 
results do not accurately represent site conditions. Additional sampling is required to fully 
characterize the SWMUs (see individual SWMU comments for NMED's sampling 
requirements). The Permittee must ensure that proper sampling methods are employed. 

Comments 
According to the EPA's letter Approval with Modifications RF/ Phase I Supplementary Report, 
RF/ Phase II Report and the Voluntary Corrective Actions Plans, dated January 1994 and 
another EPA letter titled RCRA Facility Investigation (RF/) Phase III Report and Voluntary 
Corrective Action Plan, also dated January 1994 voluntary corrective action (VCA) plans were 
submitted to the EPA regarding the landfills and the sludge pits in December 1992 and March 
1993. The documents are not in NMED's administrative record. Please provide copies of the 
VCAplans. 

Old Burn Pit (SWMU 4) 
Comment9 
Provide any and all existing information regarding the disposition of acid soluble oil from the 
alkylation unit after use of the bum pit was terminated. 
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Comment 10 
In the NFA Report, a section titled "Unit Area Characteristics" under the heading "Operating 
Practices (Past and Present)" states, "[a]n old metal box uphill from the pit was used in the past 
to feet [sic] oil through a metal pipe in the burn pit. The area was then covered with soil." 
Discuss whether or nor the metal box and pipe were removed from the site and•whether or not 
soil samples were collected to determine if there were spills or leaks from the box or pipe. If the 
metal box and pipe were not removed or soil samples have not been collected for appropriate 
chemical analyses, the Permittee must submit a work plan to propose to collect soil samples from 
the location of the metal box and along the pipeline to the burn pit. 

Comment 11 
The NF A Report and Supplemental Information do not provide information on the presence 
(e.g., depth to groundwater) of groundwater beneath SWMU 4. Provide information regarding 
groundwater at SWMU 4. 

Comment 12 
During investigations in 1992 and 1994 a "black layer" or "asphalt burn residue" layer was 
encountered, but never sampled. The soil boring logs for the 1992 investigation include 
descriptions of a "black layer" encountered in soil boring RFI0402 at 20 inches below ground 
surface (bgs) and at RFI0403 from 2.5-3.5 feet bgs. The black layer was described as a "black 
layer w/some tar like material" and "the black layer required steaming, solvent, steaming, and 
then regular washing to get augers and equipment clean." It does not appear that samples were 
collected directly from the black layer - samples were collected from RFI0402 at the ground 
surface and from depths of, 3, and 4.5 feet bgs, respectively, and from the same intervals in soil 
boring RFI0403. The black layer was not encountered in soil boring RFI0401. The soil sample 
collected from RFI0403 that was within the black layer contained high levels of lead, ethyl 
benzene, total xylenes, and dimethyl phthalate compared to the other soil boring samples. The 
black layer was encountered again during the 1994 investigation and described as "asphalt burn 
residue" at 3.8 feet bgs (RFI0405) and 5 feet bgs (RFI0406); no samples were collected for 
laboratory analysis from that layer. The Permittee must propose to install a soil boring within 
the Burn Pit in accordance with RCRA Permit Section N.J.2.d (Drilling and Soil, Rock, and 
Sediment Sampling). Ensure that if the "black layer" or "asphalt burn residue" are encountered 
that samples of the black material are collected and analyzed. The "black layer" /"asphalt burn 
residue" presents a potential risk to construction workers and if the cap was not properly 
maintained over the years, a potential leaching concern. Soil sample analysis must include 
RCRA 8 (total) metals, total petroleum hydrocarbons (as gasoline, diesel and oil range organics), 
methyl tertiary-butyl ether (MTBE), VOCs, semi-volatile organic compounds (SVOCs), and 
dioxins and furans. Additionally, the soil boring must be advanced to a depth of two feet into the 
native soil. Soil samples must be collected from the waste/native soil interface and from the 
bottom of the boring. In order to protect the integrity of the soil cap, the Permittee must propose 
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to properly abandon the borehole and include a description of proposed abandonment procedures 
in the Work Plan. 

Comment 13 
The soil boring logs from the 1994'investigation for SWMU 4 state that "spent FCC cataly~t had 
blown into the low-lying area and was scraped back to reveal original surface for sampling." 
Discuss whether or not the spent FCC catalyst may have adversely affected the underlying soils. 

Landfill Areas (SWMU 5) 
Comment 14 
Discuss groundwater elevations at SWMU 5. The EPA's Approval with Modifications required 
that the Permittee install deeper borings at the landfill area to: "l) verify that saturated zones 
found in 3 of the 12 deepest soil boring intervals are isolated and are not connected to the 
groundwater; 2) ensure that the vertical delineation of waste emplacement has been identified 
(soil boring logs indicate waste at the 8-9' zone, the deepest samples were at 9.5'); and, 3) ensure 
that the vertical extent of metal contamination has been identified (some of the 9.5' samples had 
elevated metals." In the Additional Sampling Report (1994), the boring logs do not indicate 
whether or not the soils encountered were moist and contain only very general descriptions of the 
lithology encountered; therefore, it is difficult to determine whether or not the saturated intervals 
encountered in the Phase Ill investigation were present and the EPA's inquiry cannot be 
addressed. 

Comment 15 
The Permittee must propose to advance one soil boring through the center of each landfill cell 
(for a total of four soil borings). The borings must be advanced to a minimum of two feet into 
native soil. Samples must be collected based on field observations of the waste and soils, from 
the native soil directly below the waste, and from the bottom of the boring. To address the data 
gap discussed in Comment 14, the Permittee must propose (in the Work Plan) to install 
additional soil borings at SWMU 5 and properly log the soil borings to identify soil types and 
saturated intervals. If saturated intervals are encountered, the Permittee must propose to collect 
groundwater samples for chemical analysis, if sufficient water is present. The soil samples must 
be analyzed for RCRA 8 (total) metals, total petroleum hydrocarbons (as gasoline-, diesel- and 
oil-range organics), MTBE, VOCs, and SVOCs. The boreholes must be properly logged in 
accordance with Permit Section N.J.2.d.v and describe any waste encountered. The boreholes 
must also be properly abandoned. 

Drainage Ditch and Inactive Landfarm (SWMU 9) 
Comment 16 
Please provide a detailed description of the drainage ditch. The Permittee must describe the 
dimensions of the ditch, the direction of flow, the origin and termination of the flow, the type of 
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material the ditch conveyed, and whether or not soil or sludge samples were collected from 
within the ditch. 

Comment17 
Provide a more detailed description of activities conducted at'the landfarm. Specifically, discuss 
whether or not the soil was tilled, the depth of tilling, and the frequency of tilling. 

Comment 18 
The description of soil sample collection during the Phase I investigation does not include a 
description of the field methods used to collect soil samples. The sampling methods are 
described in the Phase I Report as follows: "[t]he first sample was taken with an open end auger. 
The backhoe dug down 3' where we took the next sample with the closed end auger. Then the 
backhoe dug to 5' where we sampled with an open end auger. Again the backhoe dug down to 7' 
where we took a sample with open end auger." SWMU 9 was not investigated further after the 
Phase I investigation. The Permittee must provide a description demonstrating that the samples 
were collected appropriately in accordance with RCRA Permit Section IV.J.2.d.ii (Soil and Rock 
Sampling); otherwise, additional sampling may be required. 

Comment 19 
Discuss whether or not the landfarm area is demarcated (i.e., with signs or fencing) and whether 
or not the area was or is currently used for any other activities since its closure. 

Sludge Pits (SWMU 10) 
Comment20 
The Permittee does not present any information regarding the presence of groundwater beneath 
the SWMU. The Permittee must discuss the groundwater table depth and groundwater 
conditions at SWMU 10. 

Comment21 
It appears that when the sludge pits were excavated, only a portion of the sludge was removed 
from the pit. The Permittee must provide the depths of the pits. The pits contained listed 
hazardous waste: API Separator Sludge (K051) and Slop Oil Emulsified Solids (K049). 
Additionally, a SVOC, Di-n-butyl phthalate, was detected at concentrations of 11 ug/kg at a 
depth 20-25' below ground surface (bgs) during the additional investigation; however, no voes 
were detected. In an Approval with Modifications letter dated January 1994, the EPA expressed 
concern regarding the presence of the SVOC at depth. In addition to the presence of a SVOC at 
depth, it appears that VOC sampling was conducted improperly during the Additional 
Investigation (1994) (see Comment 7). VOCs are a component of K051 and K049 wastes, which 
were disposed of in the pits. Submit a Work Plan proposing to conduct additional soil sampling 
to complete characterization (specifically, VOC and SVOC contamination) of the SWMU and to 
determine whether there is potential for contaminant migration. 
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Comment22 
Discuss the amount of sludge removed from the pit and where the sludge was disposed, if 
known. Discuss whether or not the overflow pipe from the pit was removed and identify the pipe 
location and outfall. 

Drainage Ditch Between API Evaporation Ponds and Neutralization Tank Evaporation 
Ponds (SWMU 13) 
Comment23 
Discuss whether or not the drainage ditch is still in use. If it is not in use, please provide the dates 
of operation. If it is still in use, describe the influent source. Provide a figure depicting the 
location of the ditch with the API Evaporation Ponds and Neutralization Tank Evaporation 
Ponds labeled and any other identifying features marked (e.g., roads, above ground and below 
ground pipelines, buildings, tanks). 

Comment24 
Discuss whether or not the five-year sampling required by the EPA (Approval with 
Modifications dated January 7, 1994) was conducted. If so, reference the documents where the 
results were reported. If the sampling was discontinued, provide documentation demonstrating 
that termination of the sampling was approved by either EPA or NMED. Also, please provide 
additional information as to whether or not samples of the sludge or sediments that accumulated 
in the ditch were ever collected for laboratory analysis to allow the NMED to evaluate the 
adequacy of the previous analytical suites. 

Comment25 
The Supplemental Information that is the subject of this Disapproval was supposed to contain an 
Appendix L, addressing SWMU 13. The submittal did not include the Appendix L. Please 
provide the information that was supposed to be Appendix L. 

The work proposed in the Work Plans approved by NMED will provide much of the information 
required in this Disapproval. Following the schedule in the RCRA Post-Closure Permit, the 
Permittee has submitted an Investigation Work Plan SWMU No. JO Sludge Pits, dated September 
2014. NMED reviewed this document and the Permittee is in receipt of an Approval with 
Modifications dated March 2, 2015. The Permittee also submitted an Investigation Work Plan 
SWMU No. 4 Old Burn Pit and SWMU No.5 Landfill Areas, dated June 2014. NMED is 
reviewing the document and will respond to that Work Plan in separate correspondence. 

The Permittee must provide responses to the above comments and submit additional information 
to NMED on or before June 16, 2015. 
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If you have questions regarding this letter, please contact Kristen Van Horn of my staff at 505-
476-6046. 

... 

Hazardous Waste Bureau 

cc: D. Cobrain NMED HWB 
N. Dhawan, NMED HWB 
K. Van Horn NMED HWB 
A. Haines WRG 
E. Riege, WRG 

File: Reading File and WRG 2015 File 
WRG-15-MISC 



Western 
Refining 
GALLUP 

Certified Mail# 7014 1820 000174891485 

June 15, 2015 

Mr. John E. Kieling, Chief 
Hazardous Waste Bureau 
New Mexico Environment Department 
2905 Rodeo Park Drive East, Bldg 1 
Santa Fe, New Mexico 87505-6303 

RE: RESPONSE TO DISAPPROVAL 
NO FURTHER ACTION REPORT AND SUPPLEMENTAL INFORMATION 
WESTERN REFINING SOUTHWEST, INC., GALLUP REFINERY 
EPA ID# NMD000333211 

Dear Mr. Kieling: 

Western Refining Southwest, Inc. ("Western") has prepared the following response to the New 
Mexico Environment Department's ("NMED") comments dated April 13, 2015. Western and 
NMED will schedule a meeting to discuss a path forward. 

General Comments 
NMED Comment 1 
A "Generic Sampling Plan" is referenced in both documents; NMED does not have a copy of the 
"Generic Sampling Plan" or any correspondence indicating approval of such plan in its 
administrative record. Please provide a copy of the "Generic Sampling Plan" for NMED review. 
If an associated approval letter exists, provide the approval letter. 

Western Response 
Please find a copy of the "Generic Sampling Plan" (dated May 17, 1990) and EPA's approval 
letter (dated May 30, 1990) enclosed. 

NMED Comment 2 
NMED's administrative record does not contain an approval letter for the additional sampling 
conducted in 1994. The Environmental Protection Agency (EPA) issued a Notice of Deficiency 
on December 19, 1994, requiring additional infonnation and the Permittee responded on 
January 6, 1995. Please provide the EPA's response to the Permittee's January 1995 response 
to comments. 

Western Response 
Western has not yet been able to locate the requested records. We have submitted an open 
records request to EPA, but have not yet received a response as to whether the records are 
available. We also continue to search our records for the requested documents. 

NMED Comment 3 
The arsenic levels reported for some of the SWMUs in the analytical reports in the Phase I and 
Phase Ill Investigation Reports (specifically, samples from SWMU 10, SWMU 5 with results 
ranging from 4.3 mg/kg to 27.9 mg/kg) for the soil investigations are higher than the current 
residential soil screening level (4.25 mg/kg). According to the USGS, McKinley County arsenic 

92 Giant Crossing Road, Gallup, New Mexico 87301 • 505 722-3833 • www.wnr.com 
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levels generally range from 5. 6 to 11 ppm. Because the concentrations of arsenic are 
significantly higher than the maximum concentration of the background range (11 ppm), the 
Permittee must conduct a soil background study to account for the higher levels of arsenic in 
order to reach corrective action complete status. 

Western Response 
A background study was previously conducted during the RFI and the results are included in the 
1991 Phase II RFI Report. The upper tolerance limit {UTL) for the 0 - 5 foot interval was 11. 73 
mg/kg and a UTL of 12.23 mg/kg was calculated for soils deeper than 5 feet. Based on 
previous sampling, there may be locations with concentrations of arsenic above background 
concentrations. The important question is whether there are arsenic concentrations in soils that 
exceed health-based screening/remediation levels. 

NMED Comment 4 
Provide data tables which list the SWMUs, the constituents of concern, the analytical results 
(and the chemical analytical methods and detection limits utilized by the laboratory), and the soil 
screening levels for the historic site investigations. Also, please provide the references to the 
documents where the data were obtained. NMED may use information from the data tables as 
part of the statement of basis and public notice for sites that meet corrective action complete 
criteria. If further investigation is required, and the arsenic levels are below applicable soil 
screening levels, then the Permittee may use the new data in addition to the existing data to 
achieve corrective action complete status rather than solely rely on the historic data. 

Western Response 
The requested information is contained in reports prepared for the original Resource 
Conservation and Recovery Act (RCRA) Facility Investigations (RFls), which were previously 
submitted to the Environmental Protection Agency (EPA) and the NMED. The reports are listed 
in the "Western Index" that NMED provided to Montgomery and Andrews (Western's legal 
counsel) in response to their request of November 4, 2011 for a copy of the "work file" that 
NMED had previously referenced when justifying inclusion of new AOCs. In addition, the 
historical analytical results for SMWUs 4, 5 and 10 were recently summarized again in table 
form and provided to NMED in the respective SWMU Investigation Work Plans. It was 
Western's understanding that NMED already had all of this information in the previously 
submitted documents and Western believed NMED was reviewing this information to support 
preparation of NMED's April 13, 2015 letter. 

NMED Comment 5 
The Permittee must discuss the levels of chromium found at several of the SWMUs (RF/10V6.0 
398 mg/kg, RF/1005V6.0 4020 mg/kg, RFI0503VO.O 110 mg/kg, RFI0504V3.0 270 mg/kg). 
Discuss whether or not chromium VI was used at the refinery at any point, and whether or not 
speciation for chromium was ever performed in order to determine whether the chromium levels 
should be compared to chromium Ill or VI. 

Western Response 
SWMU 1 O is currently being investigated and the soil samples will be analyzed for both 
chromium Ill and VI to determine which is present. Regarding the detections of chromium at 
SWMU 5, the valence state is not relevant at this time, as this area has already been capped 
based on the possibility that any constituents (e.g., chromium Ill or VI) were present at 
concentrations above remediation standards. 



Based on information contained in the RCRA Facility Assessment conducted in 1987 chromate 
was used in the cooling water. Western is not knowledgeable of all historic sampling that has 
been conducted at the site; however, Western has not identified historical analytical data that 
indicate chromium was speciated to determine if chromium VI was present. 

NMED Comment 6 
Jn 1997or1998, both the Old Burn Pit (SWMU 4) and the Landfill Areas (SWMU 5) were 
covered by a soil cap and required periodic inspections. Provide documentation demonstrating 
that inspections of the caps were conducted, as required, as well as documentation of the 
inspections to confirm that maintenance activities and repair of the caps and drainage systems 
(when necessary) were implemented. 

Western Response 
Western has not yet been able to locate the requested records. We have submitted an open 
records request to EPA, but have not yet received a response as to whether the records are 
available. We also continue to search our records for the requested documents. 

NMED Comment 7 
The description of sample collection provided in the Additional RF/ Sampling (dated October 
1994) indicates that the method used to collect volatile organic compounds (VOC) samples 
likely caused a Joss of volatiles. The methods used to collect soil samples were described as, " 
[t]he soil samples were collected in a clean steel pan and were then placed into laboratory 
supplied containers ... "Based on this description, the samples collected and analyzed during 
the 1994 investigation cannot be used to characterize voes at the SWMUs, because the 
analytical results do not accurately represent site conditions. Additional sampling is required to 
fully characterize the SWMUs (see individual SWMU comments for NMED's sampling 
requirements). The Permittee must ensure that proper sampling methods are employed. 

Western Response 
See the response to Comments 12, 15, 18 and 21 . 

NMED Comment 8 
According to the EPA 's Jetter Approval with Modifications RF/ Phase I Supplementary Report, 
RF/ Phase II Report and the Voluntary Corrective Actions Plans, dated January 1994 and 
another EPA Jetter titled RCRA Facility Investigation (RF/) Phase Ill Report and Voluntary 
Corrective Action Plan, also dated January 1994 voluntary corrective action (VGA) plans were 
submitted to the EPA regarding the JandfN/s and the sludge pits in December 1992 and March 
1993. The documents are not in NMED's administrative record. Please provide copies of the 
VGA plans. 

Western Response 

The VCA Plans for SWMUs No. 5 and No. 7 are enclosed. The VCA Plan for SWMU No. 4 
could not be located and it is possible, based on the discussion in the SWMU No. 4 Summary 
Report prepared by Practical Environmental Services, Inc. on April 23, 1998, that SWMU No. 4 
was closed following the technical specifications in the SWMU No. 5 VCA Plan. 

Western has submitted an open records request to EPA, but have not yet received a response 
as to whether the records are available. We also continue to search our records for the 
requested documents. 



Old Burn Pit (SWMU 4) 
NMED Comment 9 
Provide any and all existing information regarding the disposition of acid soluble oil from the 
alkylation unit after use of the burn pit was terminated. 

Western Response 
After termination of use of the former burn pit, the ASO was placed into the wastewater system 
at the API. This caused problems with globular mass issues and this was discontinued. 
Subsequently, the ASO was disposed off-site through Clean Harbors and it continues to be 
disposed off-site. 

NMED Comment 10 
In the NFA Report, a section titled "Unit Area Characteristics" under the heading "Operating 
Practices (Past and Present)" states, "[a]n old metal box uphill from the pit was used in the past 
to feet [sic] oil through a metal pipe in the burn pit. The area was then covered with soil." 
Discuss whether or not the metal box and pipe were removed from the site and whether or not 
soil samples were collected to determine if there were spills or leaks from the box or pipe. If the 
metal box and pipe were not removed or soil samples have not been collected for appropriate 
chemical analyses, the Permittee must submit a work plan to propose to collect soil samples 
from the location of the metal box and along the pipeline to the burn pit. 

Western Response 
According to interviews with refinery staff, the ASO was transported to the area using a mobile 
tank. An aboveground pipe was used to feed ASO into the burn pit. The pipe was removed 
after the burn pit was no longer used and apparently before the cap was constructed over the 
area. Western has not been able to locate any maps or figures showing the former location of 
the metal pipe, thus it is uncertain if or where soil samples were collected. Because the former 
location is unknown, Western cannot propose to collect soil samples from these unknown 
locations. 

NMED Comment 11 
The NFA Report and Supplemental Information do not provide information on the presence 
(e.g., depth to groundwater) of groundwater beneath SWMU 4. Provide information regarding 
groundwater at SWMU 4. 

Western Response 
OW-13 is one of the closest existing monitoring wells. It is approximately 200 feet east of the 
former burn pit. OW-13 is screened across the Sonsela sandstone at a depth of 78.2 to 98.2 
feet below ground surface. On November 11, 2011 the depth to groundwater was measured at 
22.38 feet below the top of casing for an actual elevation of 6896.57 ft above mean sea level. 
The boring log for OW-13 is enclosed and it shows the Petrified Forest Member (logged as 
shale) at a depth of 6 feet below the land surface and does not record the presence of 
saturation at this shallow depth. 

As part of an unrelated assessment, a soil boring (NDD-3) was recently completed a short 
distance to the north of SWMU No. 4. In this boring, claystone was encountered at 12 feet 
below the land surface. Saturated clayey, gravelly, sand was observed overlying (10'-12') the 
claystone and a temporary well completion was installed to facilitate collection of a groundwater 
sample. The analysis of the water sample indicates the presence of low concentrations of 
gasoline and diesel range organics, benzene, 1,2-dichloroethane, methyl tert butyl ether, 
isopropylbenzene, and sec-butylbenzene. Methyl tert butyl ether and 1.2-dicloroethane were 



detected at concentrations above screening levels. The laboratory analysis is enclosed along 
with a map and a copy of the field boring log. 

NMED Comment 12 
During investigations in 1992 and 1994 a "black layer" or "asphalt burn residue" layer was 
encountered, but never sampled. The soil boring logs for the 1992 investigation include 
descriptions of a "black layer" encountered in soil boring RFI0402 at 20 inches below ground 
surface (bgs) and at RFI0403 from 2. 5-3. 5 feet bgs. The black layer was described as a "black 
layer wlsome tar like material" and "the black layer required steaming, solvent, steaming, and 
then regular washing to get augers and equipment clean." It does not appear that samples were 
collected directly from the black layer- samples were collected from RFI0402 at the ground 
surface and from depths of, 3, and 4. 5 feet bgs, respectively, and from the same intervals in soil 
boring RFI0403. The black layer was not encountered in soil boring RFI0401. The soil sample 
collected from RFI0403 that was within the black layer contained high levels of lead, ethyl 
benzene, total xylenes, and dimethyl phthalate compared to the other soil boring samples. The 
black layer was encountered again during the 1994 investigation and described as "asphalt burn 
residue" at 3. 8 feet bgs (RFI0405) and 5 feet bgs (RFI0406); no samples were collected for 
laboratory analysis from that layer. The Permittee must propose to install a soil boring within the 
Bum Pit in accordance with RCRA Permit Section IV.J.2.d (Drilling and Soil, Rock, and 
Sediment Sampling). Ensure that if the "black layer" or "asphalt burn residue" are encountered 
that samples of the black material are collected and analyzed. The "black layer" I "asphalt burn 
residue" presents a potential risk to construction workers and if the cap was not properly 
maintained over the years, a potential leaching concern. Soil sample analysis must include 
RCRA 8 (total) metals, total petroleum hydrocarbons (as gasoline, diesel and oil range 
organics), methyl tertiary-butyl ether (MTBE), VOCs, semi-volatile organic compounds 
(SVOCs), and dioxins and furans. Additionally, the soil boring must be advanced to a depth of 
two feet into the native soil. Soil samples must be collected from the waste/native soil interface 
and from the bottom of the boring. In order to protect the integrity of the soil cap, the Permittee 
must propose to properly abandon the borehole and include a description of proposed 
abandonment procedures in the Work Plan. 

Western Response 

Based on NMED's comment above and the soil descriptions provided in the Phase Ill RFI 
Report, a sample (RFI0403V3.0) of the burn residue was collected and analyzed at boring 
RFI0403, "The soil sample collected from RFI0403 that was within the black layer contained 
high levels of lead, ethyl benzene, total xylenes, and dimethyl phthalate compared to the other 
soil boring samples." In addition to sample RF10403V3.0, sample RFI0402V3.0 was also 
collected from the burn residue layer. Sample RFI0402V3.0 was collected at a depth of 3.0 feet 
and the sample description for this interval was as follows, "2.5' - 3.25' black layer w/some tar 
like material." 

A cap was previously constructed over this area to address any and all constituents that may 
have been present in the pit due to the historic practice of burning ASO. Western does not 
understand what value or added protection to human health or the environment there is from 
collecting a sample of the material that is already contained beneath the cap. Similarly, there is 
no value of collecting samples of clean soil at deeper intervals beneath the cap. The risk of 
spreading contamination by drilling through the contaminated interval to deeper clean intervals 
certainly does not seem to be warranted considering the value of data: further characterization 



of soils that are already beneath a cap. 

NMED Comment 13 
The soil boring logs from the 1994 investigation for SWMU 4 state that "spent FCC catalyst had 
blown into the low-lying area and was scraped back to reveal original surface for sampling." 
Discuss whether or not the spent FCC catalyst may have adversely affected the underlying 
soils. 

Western Response 
As shown on the boring logs, apparent catalysts were mixed in the soils at some of the sampling 
locations. If the catalyst had affected the underlying soils, then this would be indicated in the 
sample results. 

landfill Areas (SWMU 5) 
NMED Comment 14 
Discuss groundwater elevations at SWMU 5. The EPA 's Approval with Modifications required 
that the Permittee install deeper borings at the landfill area to: "1) verify that saturated zones 
found in 3 of the 12 deepest soil boring intervals are isolated and are not connected to the 
groundwater; 2) ensure that the vertical delineation of waste emplacement has been identified 
(soil boring logs indicate waste at the 8-9' zone, the deepest samples were at 9.5J; and, 3) 
ensure that the vertical extent of metal contamination has been identified (some of the 9. 5' 
samples had elevated metals." In the Additional Sampling Report (1994), the boring logs do not 
indicate whether or not the soils encountered were moist and contain only very general 
descriptions of the lithology encountered; therefore, it is difficult to determine whether or not the 
saturated intervals encountered in the Phase/// investigation were present and the EPA' s 
inquiry cannot be addressed. 

Western Response 
Detailed soil boring logs were included in the Phase 111 RFI and they did clearly indicate the 
degree of saturation within the various lithologic intervals. Copies of these logs for RFI 0513, 
RFI 0514, RFI 0515, RFJ 0516, RFI 0517, RFI 0518, and RFI 0519 are enclosed. In addition, 
Western recently completed a soil boring (NDD-2), which was located immediately north of 
SWMU No 5, for an unrelated assessment and groundwater was not found to be present in the 
sediments overlying the claystone/mudstone of the Petrified Forest Member of the Chinle 
Group. A copy of the boring log and a reference map is enclosed. 

NMED Comment 15 
The Permittee must propose to advance one soil boring through the center of each landfill cell 
(for a total of four soil borings). The borings must be advanced to a minimum of two feet into 
native soil. Samples must be collected based on field observations of the waste and soils, from 
the native soil directly below the waste, and from the bottom of the boring. To address the data 
gap discussed in Comment 14, the Permittee must propose (in the Work Plan) to install 
additional soil borings at SWMU 5 and properly log the soil borings to identify soil types and 
saturated intervals. If saturated intervals are encountered, the Permittee must propose to collect 
groundwater samples for chemical analysis, if sufficient water is present. The soil samples must 
be analyzed for RCRA 8 (total) metals, total petroleum hydrocarbons (as gasoline-, diesel- and 
oil-range organics), MTBE, VOCs, and SVOCs. The boreholes must be properly logged in 
accordance with Permit Section IV.J 2. d. v and describe any waste encountered. The boreholes 
must also be properly abandoned. 



Western Response 
Western does not understand what value or added protection to human health or the 
environment there is from collecting a sample of the material that is already contained beneath 
the cap. Similarly, there is no value of collecting samples of clean soil at deeper intervals 
beneath the cap. The risk of spreading contamination by drilling through the contaminated 
interval to deeper clean intervals certainly does not seem to be warranted considering the value 
of data: further characterization of soils that are already beneath a cap. 

Drainage Ditch and Inactive Landfarm (SWMU 9) 
Comment 16 
Please provide a detailed description of the drainage ditch. The Permittee must describe the 
dimensions of the ditch, the direction of flow, the origin and termination of the flow, the type of 
material the ditch conveyed, and whether or not soil or sludge samples were collected from 
within the ditch. 

Western Response 
Please see the enclosed aerial map that shows the location of the subject drainage ditch. The 
ditch picks up stormwater on the northeast side of the refinery from locations outside 
containment (e.g. , the bullet tanks that store gases under standard temperature and pressure). 
It extends in a northerly direction for approximately 600 feet before it crosses a dirt road that 
runs on refinery property to the north of the tank farm and then the ditch bifurcates with some 
flow continuing to the northeast and the rest in a westerly direction. The drainage ditch is not 
part of the actual area used for landfarming operations but is just west of the western boundary 
of the landfarm. The width of the ditch varies from approximately 12' to 22' and the depth varies 
from 2' to 3'. 

Soil samples were collected along the ditch at locations RFI0901, RFI0902, and RFI0903. Soil 
samples were collected from depths of 0-0.5', 3'-3.5', 5'-5.5', and 7'-7.5' at all three of the 
borings located within the drainage ditch. The collection and analysis of soil samples at SWMU 
No. 9 is discussed in the Phase I RFI Report dated April 8, 1991 . 

Comment 17 
Provide a more detailed description of activities conducted at the landfarm. Specifically, discuss 
whether or not the soil was tilled, the depth of tilling, and the frequency of tilling. 

Western Response 
The inactive landfarm was operated from 1958 through 1975. Based on information provided in 
the 1987 RFA, the materials (e.g., API Separator sludge, tanks bottoms, waste oils, and slop oil) 
placed in the inactive landfarm were incorporated into the upper 12 inches. The frequency of 
tilling is unknown. 



Comment 18 
The description of soil sample collection during the Phase I investigation does not include a 
description of the field methods used to collect soil samples. The sampling methods are 
described in the Phase I Report as follows: "[t]he first sample was taken with an open end 
auger. The backhoe dug down 3' where we took the next sample with the closed end auger. 
Then the backhoe dug to 5' where we sampled with an open end auger. Again the backhoe dug 
down to 7' where we took a sample with open end auger." SWMU 9 was not investigated further 
after the Phase I investigation. The Permittee must provide a description demonstrating that the 
samples were collected appropriately in accordance with RCRA Permit Section IV.J.2.d.ii (Soil 
and Rock Sampling); otherwise, additional sampling may be required. 

Western Response 
The soil samples were collected in accordance with the investigation work plan that was 
approved for the Phase I investigation (see Section 3.4.2.2 below from the Generic Sampling 
Plan dated May 17, 1990). The requirements of RCRA Permit referenced by NMED were not in 
effect at the time of the data collection for the earlier RFI. 

3.4. 2. 2 Hand Augers 
Manual soil probes, referred to as hand augers, may be used to collect samples up to several 
feet in depth, depending upon soil conditions. The soil sampler tube will be of stainless steel 
construction. The tube has a T-shaped handle which is used to push or auger the tube into the 
ground. When the tube has been filled with soil to the desired depth of sampling, it is removed 
and the soil sample extruded from the tube. The sample is placed in the appropriate sample 
bottles for delivery to the laboratory. Samples may be collected by using the combination of a 
backhoe and hand auger. This will be accomplished by using the backhoe to excavate the area 
where samples will be collected. A hand auger will then be used to bore horizontal soil cores at 
the desired sample depths. Vertical samples may also be collected from the bottom of the 
excavated area. 

The Phase I investigation report does include a description of the sample collection activities, as 
quoted above. A backhoe was used to remove overburden material to facilitate collection of a 
discrete soil sample at the target depth using a hand auger. This is a common method of soil 
sample collection, which allows for collection of discrete soil samples without the extreme labor 
required to auger to deeper intervals and this method also eliminates the difficultly of collecting 
samples at depth that may otherwise contain "fluff'' material that falls to the bottom of the 
borehole when using hand augers. 

Comment 19 
Discuss whether or not the landfarm area is demarcated (i.e., with signs or fencing) and whether 
or not the area was or is currently used for any other activities since its closure. 

Western Response 
The landfarm is not demarcated with signs or fencing. The area is not currently in use and has 
not been used since its closure with exception of the liquefied petroleum gas (LPG) tank for 
blow-down. A steel box structure and connected steel blow-down tank were recently removed 
from service and excavated on September 15, 2014. The steel box measured approximately 4 
feet on all three sides. The steel tank is cylindrical in shape with a diameter of approximately 9 
feet and length of 15 feet. Information regarding the removal activities will be provided to NMED 
under separate cover. 



Sludge Pits (SWMU 10) 
Comment 20 
The Permittee does not present any information regarding the presence of groundwater beneath 
the SWMU. The Permittee must discuss the groundwater table depth and groundwater 
conditions at SWMU 10. 

Western Response 
The groundwater conditions at SWMU 1 O are currently being investigated and the information 
will be included in the Site Investigation Report, which is due by March 8, 2016. 

Comment 21 
It appears that when the sludge pits were excavated, only a portion of the sludge was removed 
from the pit. The Permittee must provide the depths of the pits. The pits contained listed 
hazardous waste: AP/ Separator Sludge (K051) and Slop Oil Emulsified Solids (K049). 
Additionally, a SVOC, Di-n-butyl phthalate, was detected at concentrations of 11 uglkg at a 
depth 20-25' below ground swface (bgs) during the additional investigation; however, no voes 
were detected. In an Approval with Modifications letter dated January 1994, the EPA expressed 
concern regarding the presence of the SVOC at depth. In addition to the presence of a SVOC at 
depth. it appears that VOC sampling was conducted improperly during the Additional 
Investigation (1994) (see Comment 7). VOCs are a component of K051 and K049 wastes, 
which were disposed of in the pits. Submit a Work Plan proposing to conduct additional soil 
sampling to complete characterization (specifically, VOC and SVOC contamination) of the 
SWMU and to determine whether there is potential for contaminant migration. 

Western Response 
An Investigation Work Plan for SWMU 10 was previously submitted to NMED and approved with 
modifications on March 2, 2015. This work plan is currently being implemented and the 
resulting information will be submitted to NMED as noted above in response to comment no. 20. 

Comment 22 
Discuss the amount of sludge removed from the pit and where the sludge was disposed, if 
known. Discuss whether or not the ove1flow pipe from the pit was removed and identify the pipe 
location and outfall. 

Western Response 
Western could not find documentation on the amount of sludge removed from the pits. Based 
on a review of historical records, including the 1985 Discharge Plan Application and the 1987 
RFA Report, it appears most likely that the sludge removed from the pits in 1980 was moved to 
the now closed Land Treatment Unit. 

Drainage Ditch Between API Evaporation Ponds and Neutralization Tank Evaporation 
Ponds (SWMU 13) 
Comment 23 
Discuss whether or not the drainage ditch is still in use. If it is not in use, please provide the 
dates of operation. If it is still in use, describe the influent source. Provide a figure depicting the 
location of the ditch with the AP/ Evaporation Ponds and Neutralization Tank Evaporation 
Ponds labeled and any other identifying features marked (e.g., roads, above ground and below 
ground pipelines, buildings, tanks). 



Western Response 
The drainage ditch is currently only used to convey non-contact storm water and does not 
receive flows from the evaporation ponds. In response to NMED's request for historical 
information, Western was able to find a figure and description from the 1985 Discharge Plan 
Application. Figure 6-1 depicts the location of SWMU 13 relative to the evaporation ponds at 
that time. This figure and description are enclosed. 

Comment 24 
Discuss whether or not the five-year sampling required by the EPA (Approval with 
Modifications dated January 7, 1994) was conducted. If so, reference the documents where the 
results were reported. If the sampling was discontinued, provide documentation demonstrating 
that termination of the sampling was approved by either EPA or NMED. Also, please provide 
additional information as to whether or not samples of the sludge or sediments that accumulated 
in the ditch were ever collected for laboratory analysis to allow the NMED to evaluate the 
adequacy of the previous analytical suites. 

Western Response 
The first five-year sampling was conducted on October 23 and 24, 1996 and this information 
was provided in a RFI Quarterly Progress Report that covered the 4Qtr of 1996 and 1st Qtr of 
1997. This RFI Quarterly Progress report was submitted to EPA and NMED on March 20, 1997. 
No volatile or semi-volatile constituents were detected in the soil samples and metals were 
found at only low concentrations similar to or lower than those found during the original RFI. 

Based on the findings of both the original RFI and five-year sampling showing no releases, 
Giant submitted a technical request for a NFA determination in 2001. Thus no further five-year 
sampling was conducted pending receipt of NMED's response to the 2001 submittal. 

Comment 25 
The Supplemental Information that is the subject of this Disapproval was supposed to contain 
an Appendix L, addressing SWMU 13. The submittal did not include the Appendix L. Please 
provide the information that was supposed to be Appendix L. 

Western Response 
Western has not yet been able to locate Appendix L of the Supplemental Information dated 
October 2, 2002. The following information was referenced to have been included in Appendix L 
and should be satisfactory. 

Enclosed is an updated site plan and borings logs from sampling conducted in 1991. An 
updated site plan showing the location of SWMU 13 is enclosed along with site maps showing 
the boring locations from sampling completed in 1991 and 1996. The soil descriptions for the 
1991 sampling are also enclosed. The borings conducted in 1996 were completed in similar 
locations to those completed in 1991 and new soil descriptions do not appear to have been 
provided in the RCRA Quarterly Progress Report for the 4th Qtr 2006/1 st Qtr 2007 in which the 
chemical analyses were presented. 



If there are any questions regarding the investigation work plan, please contact Ed Riege at 
(505) 722-0217. 

Certification 

I certify under penalty of law that this document and all attachments were prepared under my 
direction or supervision according to a system designed to assure that qualified personnel 
property gather and evaluate the information submitted. Based on my inquiry of the person or 
persons who manage the system, or those persons directly responsible for gathering the 
information, the information submitted is, to the best of my knowledge and belief, true, accurate, 
and complete. I am aware that there are significant penalties for submitting false information, 
including the possibility of fine and imprisonment for knowing violations. 

Mr. William Carl McClain 
Refinery Manager 
Western Refining Southwest, Inc. - Gallup Refinery 

cc D. Cobrain NMED HWB without enclosure 
K. Van Horn, NMED HWB without enclosure 
C. Chavez, OCD 
A. Allen, Western Refining El Paso 
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1.0 INTRODUCTION 

It is essential to assure that data generated during 

the Giant Refinery RCRA Facilities Investigation (RFI) are 

valid. For data to be valid, it must be supported by 

documented procedures so that it can be used with the 

appropriate level of confidence to support decisions 

regarding the need for, and design of, subsequent monitoring 

and remediation activities. 

Through the development and implementation of a 

comprehensive sample collection plan, all parties involved 

can consistently strive to achieve data of known and 

acceptable quality. In order to achieve the data quality 

objective, the generic sampling plan includes specific 

Quality Assurance (QA) and Quality Control (QC) procedures 

to: 

Define responsibilities 

Define sampling and analytical techniques 

Confirm and document correct sample identity 

Establish precision and accuracy of reported data 

Establish detection limits for constituents of 

concern 
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Establish any bias arising from sampling or 

analytical activities 

Documentation of all analytical steps in 

determining constituent concentrations 

The QA/QC program outlined in this manual must be 

adhered to during all data collection activities. Before 

initiating any sample collection activities which are not 

specifically mentioned in this document, it is imperative to 

verify that the level of data quality sought (especially in 

regard to sampling and analytical techniques) is sufficient 

for its intended use. 

It is important to remember that QA/QC is a dynamic 

process, therefore this plan is subject to periodic updates. 

One must also remember that data quality needs may vary, 

depending upon the intended use. This document outlines 

QA/QC procedures designed to meet or exceed US EPA and N~w 

Mexico Environmental Improvements Division guidelines for 

monitoring at RCRA facilities. 

In addition, an important use of this document is in 

the area of training new personnel in order to maintain a 

constant high level of data quality. Appendix A contains 

useful information. 

2 



2.0 RESPONSIBILITIES 

original Date 05/31/89 
Revision Date 12/15/89 

The importance of defining responsibilities for the 

implementation of the procedures cannot be stressed enough. 

Each individual involved with the RFI program must clearly 

understand her/his responsibilities so the procedures 

detailed in this document will be conducted successfully and 

efficiently. 

2.1 RFI Project Manager 

Maintain information for the data collection 

program 

Set up sampling program that complies with 

regulatory requirements 

Schedule all sampling events 

Review analytical results and submit to proper 

agencies 

Interact with contractors involved in RFI 

QA/QC report to management 

Determine need to re-sample 
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2.2 QA/QC Manager 

Notify contract lab of sampling schedule 

Review all data for validity 

Determine analytical methods 

2.3 RFI Sampling Personnel 

2.3.l General 

Follow all procedures in this manual to prevent 

contamination of samples or sampling locations 

Collect samples as prescribed in the site 

specific sampling plan 

Inventory sample bottles and preservatives 

Affix labels to sample bottles 

Notify QA/QC manager if there are any problems 

with bottle order 

Maintain all sampling equipment 

Calibrate field instruments 

2.3.2 Ground Water Sampling 

Inspect all wells for integrity and notify 

project manager of any problems. 
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Perform field 

temperature 

original Date 05/31/89 
Revision Date 12/15/89 

measurements, pH, conductivity, 

Determine water level elevations 

Check wells for immiscible layers 

Evacuate wells and collect samples 

Field filter samples as required 

Check that samples are properly labeled 

Follow prescribed decontamination procedures 

Prepare equipment and field blanks 

2.3.3 Soil Sampling 

Collect site specific soil samples 

Check that samples are properly labeled 

Follow prescribed decontamination procedures 

2.3.4 Surface Water 

Collect site specific surface water samples 

Check that samples are properly labeled 

Follow prescribed decontamination procedures 

5 



2.3.5 Air Sampling 

Original Date 05/31/89 
Revision Date 12/15/89 

Collect site specific air samples 

Check that samples are properly labeled 

Follow prescribed decontamination procedures 

2.3.6 Sample Transfer 

Complete chain of custody form 

Make sure samples are packed securely and are 

maintained at 4°C prior to sample pick-up by 

laboratory 

Relinquish samples to the contract laboratory 

Input sample results into RFI data base 

2.4 Contract Laboratory 

Provide high quality ar.~lytical services in 

conjunction with the RFI sampling program 

Assure that all data generated is supported by 

adequate documentation and QA/QC procedures that 

meet EID and EPA requirements for RCRA analyses 

Provide sample containers and coolers upon request 

Maintain Standard Operating Procedures (S.O.P. 's) 

for all analytical methods performed 
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Utilize only EPA approved methods for all analyses 

Assure that technical personnel performing 

analyses are qualified and adequately trained 

Provide feedback to Giant regarding analytical 

method limitations and quality control data 

pertinent to the program 
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3.0 SAMPLING PROCEDURES 
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Revision Date 12/15/89 

Sampling can be divided into four distinct stages: 

Preparation, Pre-Sampling Operations, Sampling, and 

Post-sampling Operations. 

3.1 Preparation 

Preparation for a sample collection event should be 

initiated two weeks prior to the anticipated sample 

collection date whenever possible. This will assure that 

the sample collection can proceed in an organized and 

efficient manner. Preparation is one of the most important 

steps since it defines the scope of the sampling event. 

The contract laboratory will be notified Of the 

proposed sampling schedule at the beginning of each RFI 

investigation. The purpose of sharing the sampling schedule 

with the contract laboratory is to allow the laboratory to 

adjust its personnel needs to meet the demands of the 

sampling requirements. Sampling frequencies for specific 

sites will be contained in the site specific RFI work plans. 

Two weeks prior to sampling, the sample collector will 

arrange for delivery of sample bottles from the contract 
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The laboratory will sort the bottles into sets prior 

to placing them into the coolers. The bottles will be 

delivered to Giant and stored in a secure area prior to the 

sampling event. 

The sampling personnel will inventory the bottles to 

verify receipt of all bottles. Sampling personnel will 

notify the laboratory of any discrepancies between the 

requested bottles and the contents received. Labels will be 

affixed to each bottle. It is imperative that the 

preservative listed on the label match the preservative 

label placed on the sample bottle by the contract lab. 

The day before sampling, the sampling personnel should 

review the pertinent field checklist (Table 1 for surface 

and ground water, Table 2 for soil and sludge, and Table 3 

for air) to assure all equipment is available, operational, 

and calibrated if necessary. All rechargeable batteries are 

to be fully charged. Any other battery operated equipment 

should be checked for adequate power level and the batteries 

replaced if necessary. Decontamination supplies (gloves, 

distilled water, etc.) should be inventoried. 
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TABLE 1 

Field Equipment Checklist 

Surface and Ground Water Sampling 

ITEM 

pH Meter 
pH Buffers 
Conductivity Meter 
Conductivity Standard 
Thermometer 
Water Level Indicator 
PID Meter 

Bailers 
2 11 Well 
4 11 Well 

Hand Calculator 
Site Map With Well Locations 
Well Keys 

REMARKS 

Calibrated 

Calibrated 

Battery Checked 
Calibrated 

Decontaminated 
Decontaminated 

Sample Bottles and Additional Preservatives 
Ice Chests 
Trip Blanks 
Methanol 
Deionized Wz::.ter 
Squeeze Bottles 
Personal Protective Equipment 
Chain of Custody and Sample Record Forms 
Tape Measure (0.01 feet increments) 
Plastic Bags (to provide clean surfaces) (1 per well) 
Watch With Second Hand 
(2) 5 Gallon Buckets 
Disposable Gloves 
Paper Towels 
Tape (for labels and dispenser) 
Sharpie, Pens, Pencils 
Blue Ice or Ice 
Zip-Lock Bags, 1 Gallon 
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TABLE 2 

Field Equipment Checklist 
Soil and Sludge Sampling 

ITEM 

PID Meter 
Site Specific SWMU Work Plan 
Generic Sampling Plan 
Site Map With Sample Locations 
Sample Bottles 
Ice Chests 
Trip Blanks 
Methanol 
Deionized Water 
Squeeze Bottles 
Personal Protective Equipment 
Chain of Custody and Sample Record Forms 
Plastic Bags (to provide clean surfaces) 
Disposable Gloves 
Paper Towels 
Tape (for labels and dispenser) 
Sharpie, Pens, Pencils 
Blue Ice or Ice 
Zip-Lock Bags, 1 gallon 

REMARKS 

Calibrated 



TABLE 3 

Original Date 05/31/89 
Revision Date 12/15/89 

Field Equipment Checklist 
Air Monitoring 

Ten ax 
Tubing 

ITEM 

Pumps (+ spare) 
Sampler mounting 
Batteries 
Timer (with alarm) 
Record Log Book 
Labels 
Chain-of-custody certificates 
Wind monitoring system 
Wind system mounting bracket 
Wind recording system 
Connector cables 

REMARKS 

Tripod mount for wind system - with anchor stakes 
Compass 
Level 
Sling psychrometer 
Ice Bath 
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3.2 Pre-Sampling Operations 

This section describes the activities which occur 

prior to the actual collection of the sample. 

3.2.1 Calibration of Field Instruments 

Before the start of water sampling, calibrate pH and 

conductivity meters according to procedures described in 

Section 8. Take pH and conductivity standards along for 

calibration verification and field re-calibration as 

required. Obtain a copy of the monitoring well sample 

record and chain of custody record from the files. 

3.2.2 Ice 

If Blue Ice is unavailable, ice should be obtained and 

placed in 1-gallon Zip-Lock bags, and placed in the 

cooler(s) before departing the lab. If Blue Ice is used, 

remove it from the freezer and place in the ice chest(s). 

3.2.3 Sample Record 

A sample record is needed for each sampling event. 

The following information should be recorded in the field 
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notes: 

Location of sampling 

Sample identification 

Date and time of sampling 

Sample collection method 

Field measurements 

Original Date 05/31/89 
Revision Date 12/15/89 

Other comments and observations 

It is important that during each sampling event that 

specific observations regarding site conditions be 

recorded. These observations include: 

Weather conditions and wind direction 

Physical surroundings (high weeds, standing 

water, nearby activities) 

Evidence of external contamination 

Odors or color abnormalities 

3.3 Fluid Sample Collection 

3.3.l Field Observations and Measurements 

All ground water sampling information is to be 

14 
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recorded on the monitoring well sampling form (Figure 1). 

3.3.1.1 Well Condition 

Observations regarding the well condition include: 

Condition of well identification markings 

Condition of lock 

Condition of well cap 

Condition of concrete pad 

Sediment in the well 

Obstructions 

The ground water sampling personnel should notify the 

RFI manager of any deficiencies noted in the well 

integrity. If the well is damaged, it will be repaired. If 

the damage is so extensive that the well integrity cannot be 

restored, the well will be plugged and a new well 

installed. If the well screen is found to be blocked or 

partially blocked with sediment, the well will be 

redeveloped prior to any sampling activities. 

3.3.1.2 Fluid Level Measurements 

Upon arrival at the unit to be sampled, obtain static 
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fluid level measurement for each well to be sampled prior ta 

any evacuation. Remove each well cap and perform the 

following steps: 

1> Air in the well head will be sampled for organic 

vapors. The well cap will be partially removed 

and a PID reading will be taken of the air 

escaping the well head. 

2> Between each well, decontaminate the probe of the 

water level indicator following the procedures 

listed in Section 5.0. 

3) Slowly lower the probe into the well until the 

light comes an. 

4) By moving the probe up and down <light on, light 

off>, it is possible to accurately locate the air

fluid interface. 

5> The water level will be indicated by a constant 

light. 

6) With a finger, mark this position an the cable, 

using the surveyed elevation mark at the tap of 

the casing <T.o.c. > as the measurement point 
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Record the measurement on the ground water 

monitoring sample record to the nearest 0.01 foot. 

3.3.1.3 Depth of Well Measurements 

Measure the total depth of the well by dropping the 

weighted probe to the bottom of the well. 

After the static water level measurement is 

obtained, lower the probe until it reaches the 

bottom of the well. 

Slowly pull up the probe until the slack is gone 

and a slight tension is felt. 

Raise the probe up and down slowly until a "feel" 

for the bottom of the well is established. 

Measure the depth of the well from the cable at 

the same elevation point as the water level 

measurement. 

All measurements should be to the nearest 0.01 

foot. 

Record measurement on the ground water monitoring 

sample record. 

After each well reading is completed, thoroughly 

decontaminate the probe following the procedures 

listed in Section 5.0. 

18 
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3.3.1.4 Purge Volume Calculations 

In order to assure that the sample collected is indeed 

representative of actual aquifer conditions, it is necessary 

to purge the well of stagnant water in the casing. This is 

accomplished by bailing or evacuating three casing volumes 

of water from the well or until it is bailed dry, whichever 

comes first. If a well can be bailed dry, it requires 

sufficient time to elapse for an adequate volume of water to 

accumulate for the sampling event. 
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The casing volume is calculated according to the 

following formula: 

One Casing Volume = L x F where 

L = Length of water column = Total Depth - Depth to 

Water 

F = Gallons/Foot based upon well casing diameter 

For 2 11 wells, F = 0.2 gallons/foot 

For 4 11 wells, F = 0.7 gallons/foot 

For 5 11 wells, F = 1.0 gallons/foot 

The volume to be purged from each well is calculated 

as follows: 

Purge Volume = Casing Volume x 3 

Example: 

Total Depth, T.O.C. = 25.01 ft 

Depth to Water, T.O.C. = 15.01 ft 

Length of Water Column = 25.01-15.01 = 10.00 ft 

casing Diameter = 4 11 = 0.7 gallons/foot 

Casing Volume= 0.7 gal./ft x 10 ft= 7 gal. 

Purge Volume = 7 x 3 = 21 gallons 

20 



3.3.1.5 Well Evacuation 

Before sample collection can begin, the water 

collected from the monitoring well must be fresh aquifer 

water. Well evacuation replaces stagnant well water with 

representative aquifer water. An interface probe will be 

used ta measure the water level in the well, the total depth 

of the well, and measure the thickness of floating product, 

if present. A bailer may be used to check for the visual 

presence and measure the thickness of floating product. If 

product is present, a ground water sample is typically not 

obtained. 

Wells are evacuated by handbailing or by pumping. 

The actual method of evacuation is based upon site 

conditions. Each of the methods are discussed below. 

In low yielding wells, the standing water will be 

removed until the well is essentially dry. The water level 

in the well will be allowed ·to recover until a surricient 

volume is present to obtain a sample. 

The rirst sample should be tested ror pH, 

temperature, and speciric conductance. Samples should then 

be collected and containerized in the order 0% the 

parameter•s 
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volatilization sensitivity (See Section 3.3.2.4>. 1'he ~rell 

should be retested ~or pH, temperature and specific 

conductance after sampling as a measure of purging 

efficiencey and as a check on the stability of the water 

samples over time. All well evacuation information should 

be recorded on the Ground Water Monitoring Sample Record 

<Figure 1). 

3. 3. 1. 5. 1 

Hand bailing is conducted by lowering a Teflon<TM} or 

stainless steel bailer slowly into the well, allowing water 

to enter the bailer, and lifting the collected water out of 

the well. The bailer is positioned just below the top of 

the standing water in the well, so that the bailed water is 

removed ~ram the top of the water column. 

three standing well volumes ere removed. 

A minimum o.:I.'.' 

When using a bailer to evacuate a well, place a new trash 

can liner .in a 5-gallon bucket so that as the bailer is 

lowered and raised, the rope stays .in the bucket and does 

not contact the ground. 

22 



1} New rope should be used at each well when using 

non-ded~cated bailers. 

2) New d~sposable gloves should be worn at each well. 

3) The bailer should be emptied into a 5-gallan 

bucket each time it is raised so that the volume 

of water evacuated can be measured. 

4) Lower the bailer slowly into the well until it 

contacts the water. 

5) Allow the bailer to fill and raise it. 

6) Empty the bailer into the 5-gallon bucket. 

3.3. 1.5.2 Pumping 

A Well W~zard is a pneumatic pump used to remove water 

from the well. During sample collection a maximum flow 

rate of 100 milliliters/minute C0.03 gal/min) should be 

used. The actual flow rate should be measured using a 

graduated container and timed us1ng a watch w~th a 

second hand. Th~s rate can change as the water levei 

~n the weli drops. 
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The flow rate can be calculated by: 

Flow Rate, gpm = Volume Collected (gallons) x 60 sec 
# seconds to fill container 

If a gasoline generated engine is used, place the 

engine at least 10 feet downwind from the well to 

eliminate sample contamination from the exhaust. 

Wells MW-1, 2, 4, 5 and OW-11 will be evacuated 

using a well wizard pump. 

3.3.2 Monitor Well Sampling 

3.3.2.1 Collection of Light Immiscible Layers 
(Floaters) 

The floater must be collected prior to any purging 

activities. If the thickness of the floater is two feet or 

greater, a bottom valve bailer will be used. 

When the thickness of the floating layer is less than 

two feet, then the bailer will be modified to allow filling 

only from the top. The bottom check valve will be 

disassembled and modified to allow filling only from the 

top. A Teflon™ sheet is placed between the ball and ball 

seat to seal off the bottom value. The ball from the top 

check valve is removed to allow the samples to enter from 
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the top. Ta overcame buoancy a stainless steel pipe is 

placed an the retrieval line above the bailer. The bailer 

should be lowered ta one-half thickness ar the floating 

layer and the sample collected. 

3.3.2.2 Collection of Heavy Immiscibles (Sinker} 

The bailer will be lowered to the bottom or the well and 

remain there for a few minutes before removing the bailer 

out of the well. 

Bottle Filling Procedure 

I% the well was not bailed dry and the water level is 

recovering to provide sufficient water to fill all of the 

sample bottlesp then samples should be collected 

immediately. I£ the well was completely evacuated and /or 

recovery is slow, wait for a suffic~ent volume of water to 

recover ~n the well to r~ll all or the sample bottles before 

beginn~ng to collect samples. 

Do not aver flow the bottles when r~lling them as th~s 

w~ll dilute the preservat~ve. 
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When filling VOA and TOK containers, slowly fill the 

container until the meniscus is just above the lip o~ the 

container. Place the cap <Teflon <TMJ side towards sample> 

on the container and tighten. Check for air bubbles by 

inverting the container and tapping gently. There should be 

Q9 headspace (air) in the container. If headspsce is 

present the sample should be discarded and the container 

<Nate: If the sample is discarded, additional 

preservative will need to be added to the container. > 

Do not touch the inside of the bottle cap. Caps should 

never be placed on the ground. II a cap is accidentally 

dropped, it should be rinsed with deionized water followed 

by a rinse with the sample prior to being placed on the 

bet tie. Note in the ~ield notes if th~s occurs. 

Replace the well cap end lock the well. 
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3.3.2.4 Order of Collection 

Sample bottles should be filled in the order listed 

below: 

Parameter 
-~~~~~~-~ 

Volatile Organics 

TOX 

Tac, Phenols, Nitrate, 

Ammonia 

Extractable Organics 

Chloride and Sulfate 

Cynade 

Rad1onuclides 

VOA vials/ Septa cap of 
Teflon <THJ material 

Pint amber glasa/Septa 
cap, H2S04 

Quart glass H2S04 

Quart glasa/TFE 

Quart plastic, none 

Quart glass, NaOH 

Quart plastic, HN03 

Metals Pint plastic 

3.3.2.5 Filtration 

Ground water samples may require filtering prior to 

metals analysis. The filtering or samples is performed with 

0.45 micron Lilter paper when analyzing for dissolved 

metals. The sample is not filtered if analyzing for total 

The liquid ~s preserved with nitric acid when 

analyzing %or metals. 
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3.3.2.6 Disposition 0% Fluids 

Excess sample water (with the bailed water> will be 

retained in drums on the site until the analytical results 

determine if the water is contaminated. Ir the analytical 

results indicate that the waters need no special handling, 

the water will be discharged into the wastewater treatment 

system ansite. When the purged water is deemed a hazardous 

materiel, it will be drummed and disposed properly. The 

amount of water from the decontamination effort is expected 

to be relatively small. This water will be disposed or in 

the Giant Refinery wastewater treatment plant system. 
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3.4 Soil Sampling 

3.4.1 Soil Sampling Locations and Techniques 

The purpose of the soil sampling plan is to initially 

determine if a release has occurred at a particular Solid 

Waste Management Unit (SWMU). If the soil sample results 

indicate a significant release, then additional soil 

sampling locations and/or the installation of wells adjacent 

to the particular SWMU will be required. 

Soil sampling locations will be selected in order to 

adequately determine if a release has occurred. The number 

and depth of each soil sampling location will be specified 

in each SWMU Site-Specific Facility Investigation Work Plan. 

The choice of which sampling technique to be used will 

be determined on the basis of a number of factors; such as 

depth of the sample to be collected and the composition of 

the material to be sampled. 

3.4.2 Surficial Sampling 

3.4.2.1 Shovels, Spatulas and Scoops 

Surface grab samples may be obtained with shovels, 

spatulas, or scoops. These implements will be of stainless 
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steele construction if available. Grab samples are an 

efficient collection technique and the samples may be 

indicative of the range of contamination at the site. 

3.4.2.2 Hand Augers 

Manual soil probes, referred to as hand augers, may be 

used to collect samples up to several feet in depth, 

depending upon soil conditions. The soil sampler tube will 

be of stainless steel construction. The tube has a T-shaped 

handle which is used ta push or auger the tube into the 

ground. When the tube has been filled with soil to the 

desired depth of sampling, it is removed and ·the soil sample 

extruded ~ram the tube. The sample is placed in the 

appropriate sample bottles for delivery to the laboratory. 

Samples may be collected by using the comb~nation or a 

backhoe end hand auger. This will be accomplished by us~ng 

·the backhoe to excavate the area where samples will be 

collected. A hand auger will then be used to bore 

horizontal soil cores at the des~red sample depths. 

Verticle samples may also be collected rrom the bottom 0% 

the excavated area. 
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3.4.3 Boreholes/Core Samples 

Boreholes for samples will be advanced by a drilling 

rig employing hollow stem augers. 

compositing of sail sampling. 

There will be no 

Core samplers are used in conjunction with hollow-stem 

augers to collect soil samples from depths which cannot be 

reached by a soil probe. Samples are collected by removing 

the stem of the auger and inserting a core sampler. three 

types of core samples which may be used in the RFI are 

described below. 

3.4.3. 1 Shelby Tube 

A Shelby tube is a metal cylinder with sharpened ends 

for cutting into the soil. The tube is pushed into the soil 

by applying downward pressure from a drilling rig or other 

apparatus. Shelby tubes will be of stainless steel 

construction. Shelby tubes will not be used ~n loose soils 

because the soil will fell out of the tube during removal 0% 

the tube. The soil will be extruded ~ram the tube and a 

sample collected at the desired paint of the core. The 

sample will be placed ~nto a wide-mouth jar %or chemical 

analysis. Alternatively, the ends of the tube mey be capped 

end the entire core transported ~ntact, depending upon the 

nature 0% the analyses to be per%crmed. 
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3.4.3.2 Split-Spoon Samplers 

A split spoon consists or a hollow steel cylinder split 

in half and screwed into an outer tube and tip. The split-

spoon is typically 8 hammered" into the soil. Af~er the tube 

is pulled from the soil, the soil cylinder is removed from 

the drill rod end opened to remove the soil core. Split-

spoons will be used for obtaining samples of unconsolidated 

soil and may also be used to penetrate some types of rock. 

3.4.3.3 9 Five Foot CME Tubes• 

A five foot CHE tube is a 3-1/2 inch diameter split 

core barrel which is placed into the lead auger. The tube 

is pushed into the soil at the same drilling rate as the 

augers. After the tube is pulled from the soil, it is 

detached from the drill rod and opened to remove the soii 

core. CME tubes will be used for obtaining samples or 

consolidated soii and used to penetrate some types 0% rock. 

3.4.4 Soii Sampiing Screening Techniques 

Field instruments are useful to provide a limited 

degree 0% onsite characterization c% sail contamination. A 

photo ionization detection meter (PID> will be used ta 

screen %or volatiles. The PID meter will be calibrated to 
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benzene. Other methods for soil screening will include 

visual signs of contamination and/ or noticeable odors. 

3.4.5 Lithologic Logging 

Detailed logs will be maintained for each boring. 

Listed below is a general description of soils to be used to 

describe their physical characteristics: 

1> Li tho.logy 

2> Color (adjectives -light, dark, mottled, mixed) 

3) Size C%ine, medium, coarse> 

4> Moisture Cdry, moist, wet> 

5) Odor (or no odor} 

6) Other descriptive terms: 

a. Lens ·r. 1 :l.nch 

b. Layer > 1 inch 

c. Interbedded 

d. Slickensided-soils having inclined planes 0£ 

weakness, glossy in appearance 

3.4.6 Disposition of Soils 

All drill cuttings generated by borehole advancement 

for soil samples will be placed back in the hale or 

collected and containerized at each SWHU. Following receipt 

of the analytical results rrom each SWHU the containerized 

sails will be transported to the land treatment area at 
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Giant Rerinery, Soils placed back in the bore holes or 

excavated area must be compacted with a probe or the 

backhoe unit used for excavation. Ir the drill cuttings 

must be taken to another regulated facility, appropriate 

laboratory samples or cuttings from borings will be 

collected. 

3.5 Surrace Water Sampling 

3.5. 1 Sampling Criteria and Methods 

Samples will be collected from locations which will 

adequately define if a release has occurred from a 

particular swnu. The locations for each sampling event will 

be specified in each SWHU Site Specific Facility 

Investigation Work Plan. 

Beakers, jars or dippers may be used to obtain a 

surface water sample. They can be attached to a rod or pole 

to extend the reach of the samples away %ram the bank Cthis 

type of sampling dev~ce is commonly called a pond sample>. 

The sample collect~an container should be constructed c~ 

glass, l~near polyethylene <LPE>, Teflon <TH>P or stainless 

We~gt1ted bottles may be used to collect a water sample at 

tt1. These dev~ces are bas~cally a jar w~th a cork or 
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plug ;in the mouth that can be opened a~ter the bottle is 

lowered an a rope or chain to a desired depth; once the 

sample fills the jar, the apparatus is raised to the 

surface. 

If a multiple phase contaminant (%or exapmle, 

immiscible organic liquids) or stratified water layers are 

suspected, a sampler such as the Coliwasa Sampler may be 

used to obtain composite water samples in the vertical 

profile. This sampler is a tube with a stopper at the 

bottom connected through the tube to a locking handle at the 

top. The stopper is locked into its open position before 

the sampler is lowered through the water. As the sampler is 

slowly lowered into the water the layers ox contaminants or 

other fluids encountered will enter the tube. After the 

sampler reaches bottom (or the desired depth>, the stopper 

is pulled upward and locked into a seal with the bottom of 

the tube. The sampler is removed ~ram the water and its 

contents transferred to a sample bottle or multiple bottles 

i% samples of the stratified layers are desired. 

Descriptions of the design, canstruaction and use of 

the weighted bottle and Coliwasa samplers are contained in 

EPA publication 600/2-BO-OiB, "Samplers and Sampling 

Procedures for Hazardous Waste Streams, • by E. R. deVera, et 

al, January 1980; this document is presented as an Appendix 

to •Test Methods for Evaluating Solid Waste,• EPA 

publlcat1on SW-846, 1980. 
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3.5.2 Running Water 

The Giant Refinery facility is located in an arid 

desert environment, with no perennial streams. Intermittent 

surface water flaw occurs during and immediately after 

infrequent rainfall events and snow melts. Because of the 

infrequent surface water flows, no discussions are included 

on sampling techniques of running waters. 

If a low flow rate or shallow channel prohibit direct 

use of a dipper, a stainless steel shovel can be used to dig 

a small hole into which water can collect. Sufficient time 

should be allowed ror distrubed sediments to settle before 

the sample is obtained. 

3.6 Air Monitoring 

Air monitoring may be required in later sampling 

events. If this is necessary, monitoring £or the 

hydrocarbons will be done using Tenax tubes. This approach 

allows for sensitive detection levels and compound analyses. 

Samples can be obtained ~ram the tubes for detailed gas 

chromatograph analysis or specific compounds. A diaphragm 

type pump will be used to draw the air through the tube with 

a flow meter to check the flow rates. The sampling height 

will be approximately 1.5 meters. With the availability or 

personnel onsite, the sampling will be done with manual 

starts and stops. 
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A meteorological system, consisting or wind direction, 

wind speed, and temperature will be installed Lor the sample 

period on a tripod approximately three meters above ground 

surface. The rerinery already collects precipitation and 

these data will be available for the study. Stability will 

be calculated by the data collection system and recorded. 

IL a strip chart data collection system is used, the 

stability will be calculated from the fluctuations or wind 

direction combined with the wind speed and ·time or day 

rollowing established EPA procedures. Appendix B contains 

data on wind direction and speed, temperature, 

precipitation, and stability Ior Gallup, New Mex~ca. 
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4.0 SAMPLE LABELING 

Original Date 05/31/89 
Revision Date 12/15/89 

As soon as all sample containers have been properly 

filled with sample, the bottle labels should be completed 

with the following information: 

Sample identification or well number 

Location 

Date/Time of collection 

Collector's initials 

Sample preservation techniques 

Analytical parameters 

Comments 

The label will be filled out with waterproof, 

indelible ink. All information except sample ID or well 

number and date/time of collection shall be completed prior 

to going into the field. The sample ID and date/time of 

collection will be handwritten on the label by the sample 
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Original Date 05/31/89 
Revision Date 12/15/89 

collector. After filling out the labels, they should be 

sealed with a piece of two inch wide clear tape. Make sure 

that the tape is long enough to go completely around the 

container so that it sticks to itself~ 
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5.0 DECONTAMINATION PROCEDURES 

The following procedures 

decontamination of: 

Original Date 05/31/89 
Revision Date 12/15/89 

are applicable to 

Drilling equipment and vehicles 

Sampling equipment 

5.1 Drilling Equipment and Vehicles 

Decontamination of large drilling equipment and 

vehicles is required to prevent cross contamination of 

boreholes from which soil samples will be retrieved for 

chemical analysis. This procedure also provides for the 

protection of personnel subsequent to demobilization from 

restricted areas. 

Steam or water rinse with potable water if needed 

to remove mud or dirt. 

Rinse with clean, potable water. 

During decontamination of drilling equipment and 

accessories, it is especially critical to clean the inside 
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Original Date 05/31/89 
Revision Date 12/15/89 

of hollow-stem augers flights, drill rods and drill bits 

(particularly roller bits), as well as all couplings and 

threads. As a general rule, decontamination can be limited 

to the back portion of the drill rig and those parts which 

come in direct contact with samples or casing, or drilling 

equipment that is placed into the borehole. 

5.2 Sampling Equipment 

Sampling equipment includes all sampling devices and 

containers which are used to collect or contain a sample 

prior to final sample analysis. Before its initial use, all 

sampling equipment which may contribute to the contamination 

of a sample must be thoroughly decontaminated. Unless 

specific documentation exists that sample equipment has been 

decontaminated, decontamination should be conducted before 

use. 

Sampling equipment can generally be cleaned by hand. 

The following procedure is given as a sequence which should 

be modified to be consistent with onsite conditions. 

Scrub with potable water to remove mud and 

residue. 
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Original Date 05/31/89 
Revision Date 12/15/89 

Scrub with a non-phosphate detergent if necessary 

to remove mud and residue. 

Rinse with clean potable water. 

Rinse with an approved organic solvent (i.e. 

isoproyl or methanol alcohols) . 

Allow the equipment to air dry as long as 

practical. 

Wrap in plastic bags or other appropriate 

containers if necessary to prevent 

recontamination. 
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6.0 SAMPLE CUSTODY 

Assuring the integrity of a sample from the time of 

collection to data reporting is essential. Chain of custody 

procedures are intended to document sample possession from 

the time of collection of final disposition. 

A sample is considered to be under a person's custody 

if it is in a person•a physical possession, in view or the 

person after taking possession, secured by that person so 

that no one may tamper with it, or secured by that person in 

an area that is restricted to authorized personnel. 

6. 1 Chain cf Custody Record 

The chain of custody record shall include the following 

information: 

1) Facility name 

2> Type and number of samples 

3> Sample location and ID 

4> Collect~cn date<s> and time<s> 

5> Analyses required 
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6) Number of containers for each sample 

7) Additional remarks or comments as needed 

a> Sample team leaders signature 

9) Signatures of all individuals involved in the 

chain of possessio 

10) Inclusive dates and time of possession 

A sample form is shown in Figure 2. The original chain 

of custody form must accompany the samples. One copy of the 

chain of custody form should be kept in the project files. 

6.2 Transfer of Custody 

This section describes the disposition of the samples 

after collection. 

6. :2. 1 Onsi te Cue:1tody 

The sample collectors will prepare the requested 

performance check samples and place the samples in a cooler. 

The inf'orma t.ion regard:Lng date and ·t:Lme 
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original Date 05/31/89 
Revision Date 12/15/89 

control sample preparation will be recorded on the chain 

of custody form at this time. 

6.2.2 Contract Laboratory custody 

The delivery person will relinquish the samples to the 

contract laboratory. The contract lab will notify Giant of 

samples receipt and condition. 

The contract lab will be responsible for documenting 

custody within their laboratory and documenting custody of 

samples transferred to their subcontractors for analysis. 

This documentation is to be made available to Giant upon 

request. 
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7.0 ANALYTICAL PROCEDURES 

7.1 Methods 

Original Date 05/31/89 
Revision Date 12/15/89 

In order to adequately evaluate analytical data, 

consistency of methodologies is crucial. EPA-approved 

methodologies, such as those identified in the third edition 

of Test Methods for Evaluating Solid Wastes or equivalent, 

should be utilized when available. Any and all method 

modifications of the analytical procedures should be clearly 

defined and justifiable based upon the nature of the samples 

being submitted. The following factors are to be considered 

when selecting methodologies: 

Scope and application of procedure 

Sample matrix 

Potential interferences 

Precision and accuracy 

Method detection limits 

A list of methods currently utilized by Giant in the 

RFI program is listed in Table 4 for ground water sampling, 

and Table 5 for soil sampling. Appendix C lists analytes 

and methodologies for Appendix IX. Appendix VIII is a list 

of approximately 375 constituents, some of which cannot be 
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TABLE 4 

GROlMD \.!ATER SAMPLING AND ANALYSIS PUl.N 
AflALYTICAL PROCEDURES 

EPA Method Holding Detection 
Parameter S\.1-846 600 Description Container Preservative Time, Days Limit* 

pH 9040 150.1 Electrode p None On-Site NA 
Analysis 

Specific 
Conductivity 9050 120.1 \.lheatstone Bridge p None On-Site NA 

Analysis 

TOC 415.1 Combustion or GIT H2S04 28 1.0 
Oxidation 

TOX 9020 Microcoulometric G/A/T H2S04 7 0.010 
Septa seal 

Chloride 9252 325.3 Titration p None 28 1·5 

Iron 6010 200.7 ICP p HN~ 180 0.02 

Manganese 6010 200.7 ICP p HN~ 180 0.01 

Sodium 6010 200.7 ICP p HN~ 180 0.02 

Phenols 9065 420.1 Colorimetric, 4-AAP G H2S04 28 0.005 
Distillation, solvent 
Extraction 

Sul fate 375.4 Turbidimetric p None 28 1. 0 

Arsenic 7061 206.3 AA/Hydride p HN~ 180 0.005 
206.2 GFAA 0.005 

Barium 6010 200.7 ICP p HN~ 180 0.05 

Cadmium 6010 200.7 ICP p HN~ 180 0.01 

Chromium 6010 200.7 ICP p HN~ 180 0.02 

*All units in mg/L unless otherwise noted. 

p - Plastic, G - Glass, A · Amber, T · Teflon 



TABLE 4 (Continued) 

GROlRIO YATER SAMPLING AHO ANALYSIS PLAN 
ANALYTICAL PROCEDURES 

EPA Method Holding Detection 
Parameter S\.1-846 600 Description Container Preservative Time, Days Limit* 

Lead 7421 239.2 GFAA p HN0:3 180 0.005 

Mercury 7470 245.1 Cold Vapor p HN0:3 180 0.0005 

Selenium 7741 270.3 AA/Hydride p HN0:3 180 0.002 
270.2 GFAA 0.005 

Silver 6010 200.7 ICP p HN0:3 180 0.01 

Fluoride 340.2 Electrode p None 28 0.10 
340.1 SPADNS (Distillation p None 28 0.10 

Required) 

I 
Nitrate 352.1 Colorimetric p H2S04 14 0. 10 

Endrin 8080 608 GC/EC GIT None 7 0.0002 

Lindane 8080 608 GC/EC GIT None 7 0.004 

Methoxychlor 8080 608 GC/EC GIT None 7 0.10 

Toxaphene 8080 608 GC/EC GIT None 7 0.005 

2,4-D 8150 GC/EC GIT None 7 0.10 

2,4,5-TP 8150 GC/EC GIT None 7 0.01 
Si lvex 

Radium SM 705 Precipitation p HN0:3 180 1pCi/L 

Gross Alpha SM 703 p None 180 2pCi/L 

Gross Beta SM 703 p None 180 3pCi/L 

Total 
Coli form 9132 Membrane Filtration Sterilized Na2s2o3 0.25-1 1/100ml 

Vanadium 6010 00.7 ICP p HN0:3 180 0.02 

*All units in mg/L unless otherwise noted. 

p - Plastic, G - Glass, T - Teflon 



TABLE 4 (Continued) 

GROUND \.IATER SAMPLING AHO ANALYSIS PLAN 
AMALYTICAL PROCEDURES 

EPA Method Holding Detection 
Parameter S\.1·846 600 Description Container Preservative Time, Days Limit* 

Molybdenum 6010 200.7 ICP p HNCJ:3 180 0.05 

Calciun 6010 200.7 ICP p HNCJ:3 180 0.05 

Potassiun 6010 200.7 ICP p HNCJ:3 180 Variable 

Magnesiun 6010 200.7 ICP p HNCJ:3 180 0.030 

Nickel 6010 200.7 ICP p HNCJ:3 180 0.05 

Copper 6010 200.7 ICP p HNCJ:3 180 0.01 

Bicarbonate Titration p None 1/14 

Carbonate Titration p None 1/14 

Cyanide 9010 335.2 Colorimetric G NaOH 14 0.02 

Ammonia 350.2 Nesslerization p H2S04 28 0.05 
Distillation 

VOA's 8240 624 GC/MS VOA HCl 14 0.005 

Semi·VOA's 8250 625 
or 8270 GC/MS VOA HCl 14 0.010 

*All units in mg/L unless otherwise noted. 

p • Plastic, G · Glass, VOA · 40 ml of glass container with Septa seal 



Original Date 05/31/89 
Revision Date 12/15/89 

TABLE 5 

Soil ~ling and Analysis Plan 
Analytical Procedires 

EPA Method Holding Detection< 1> 
Parameter S\.1-846 Description Container Preservative Time, Days Limit 

TPH Modified 
8015 GC·FID G 4°C 28 25 

Oil & 
Grease 9071 Gravimetric G 4°C 28 100 

Background 
Metals: 

Antmony 6010 ICP P,G 4°C 180 0.05 
Arsenic 7061 GFAA P,G 4°C 180 0.005 
Baril.111 6010 ICP P,G 4°C 180 0.01 
Beryllium 6010 ICP P,G 4°C 180 0.001 
Cadmium 6010 ICP P,G 4°C 180 0.005 
Chromil.111 6010 ICP P,G 4°C 180 0.01 
Copper 6010 ICP P,G 4°C 180 0.01 
Lead 6010 ICP P,G 4°C 180 0.05 
Mercury 7470 Cold Vapor P,G 4°C 28 0.0002 
Nickel 6010 ICP P,G 4°C 180 0.001 
Potassium- 6010 ICP P,G 4°C 180 5.00 
Selenil.111 7710 GFAA P,G 4°C 180 0.005 
Vanadil.111 6010 ICP P,G 4°C 180 0.002 
Zinc 6010 ICP P,G 4°C 180 0.01 

pH 9045 Electrode P,G 4°C 14 NA 

TOC 9060 Combustion/ G 4°C 28 0.02 percent 
Oxidation 

Benzene 8020 GC/PID G 4°C 14 0.005 
Toluene 8020 GC/PID G 4°C 14 0.005 
Ethyl· 
Benzene 8020 GC/PID G 4°C 14 0.005 
Xylenes 8020 GC/PID G 4°C 14 0.005 
Phenolics 9065 Colorimetric G 4°C 14 1.0 
Cyanide 9010 Colorimetric P,G 4°C 28 0.5 

Asbestos 600 - Phase P,G None 180 Particles/ 
Interim Contrast Volume 

Microscopy 

*All units in mg/kg unless otherwise noted. 
(1) Detection limits in soil may vary depending upon the matrix of the individual sarrples. 
p Plastic 
G Glass 



Original Date 05/31/89 
Revision Date 12/15/89 

measured. The Appendix IX list contains those analytes in 

Appendix VIII which can be quantified. 

7.2 Detection Limits 

It is imperative that the analytical procedures chosen 

have method detection limits appropriate for the intended 

use of the data. Ideally, procedures should be selected 

which have a Method Detection Limit (MDL) that is five times 

lower than the regulatory threshold limit. The detection 

limits for ground water samples for the procedures are 

listed in Table 4. Table 5 lists detection limits for soil 

samples. Appendix C lists detection limits for soil samples 

for Appendix IX constituents. 

7.3 Sample Container, Preservation and Holding Times 

Sample container selection, preservation techniques 

and holding times (length of time between sample collection 

and analyses) must be addressed for every sampling 

activity. This is necessary to assure that the sample does 

not deteriorate or become contaminated. Sample 

deterioration can occur through processes such as biological 

degradation or chemical precipitation. Sample contamination 

or alteration can occur due to adsorption, absorption, or 
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leaching effects due to the interaction of the sample and 

the container material. Appropriate sample containers, 

preservation, and holding times are listed in Table 4 for 

ground water samples and Table 5 for soil samples. Appendix 

C lists sample containers, preservation, and holding times 

for Appendix IX analytes. Additionally, all samples except 

trace metals preserved with nitric acid should be maintained 

at 4°c from the time of collection until analyses. 

Note: Nitric acid for trace metal preservation must 

be of ultra-trace grade quality. Samples preserved with 

acids should be at pH <2. 

hydroxide should be at pH >12. 

7.4 Sample Preparation 

Samples preserved with sodium 

Proper sample preparation is an integral part of any 

analytical program. Sample preparation techniques i.r.::::lude 

filtration, digestion, and distillation. These steps may 

not be omitted from the various methodologies unless 

approval is obtained from the Giant RFI Project Manager. 

Any additional preparation above and beyond normal standard 

operating procedures should be documented and confirmed by 

the QA/QC manager. 
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7.5 Laboratory QA/QC 

Original Date 05/31/89 
Revision Date 12/15/89 

The laboratory's QA/QC program is included as Appendix 

D of the Generic Sampling Plan. 
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8.0 CALIBRATION PROCEDURES AND FREQUENCY 

8.1 Field Instruments 

8.1.1 pH Meter 

The pH meter should be calibrated before leaving the 

lab using a two point calibration method. Normally, the 

meter will be calibrated with pH 7 and pH 10 buffers. At 

each well, pH calibration should be verified using the pH 7 

buffer solution. If the result of this calibration does not 

agree within + 0.05 units, the meter should be recalibrated 

as above. Results of all calibration verification and 

recalibration must be recorded in the field notes for a 

given sampling event. 

8.1.2 Conductivity Meter 

The conductivity meter calibration should be checked 

according to manufacturer's specifications. The 

conductivity reading should be within 5% of the expected 

value of the standard. Calibration should be checked at the 

lab before going into the field and every four hours 

thereafter. Results of the calibration verifications made 

in the lab and in the field must be recorded in the field 

55 



Original Date 05/31/89 
Revision Date 12/15/89 

notes for a particular sampling event. 

8.1.3 PID Meter 

The PID meter should be calibrated each day it is used 

in the field. Three steps need to be taken in order to 

calibrate the PID meter: 

Check the battery 

Set the zero point 

Use calibration gas according to manufacture's 

instructions. 

Results of all calibration verification must be recorded in 

the field notes during a particular sampling event. 

8.2 Laboratory Instrumentation 

It is recognized that instrument calibration 

procedures vary from instrument to instrument. 

Manufacturers' guidelines should be followed. The frequency 

of calibration for a number of instruments is addressed 

below. This information is obtained from SW-846, third 

edition, Test Methods for Evaluating Solid Waste. This 

section is not intended to be comprehensive in nature. The 
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contract laboratory is responsible for detailing its own 

QA/QC protocol in addition to the items listed here. 

8.2.1 ICP 

Calibrate the instrument according to 

manufacturer's recommended procedures. 

Two types of blanks are required: calibration 

blank and reagent blank. 

Check calibration using a blank and two standards. 

Verify calibration every 10 samples and at the 

end of each run by analyzing blank and check 

standard. Standard should be within 10% of 

expected value; if not, terminate analysis, 

correct problem, and recalibrate. The 

calibration blank should agree within three 

standard deviations of the mean blank. If not, 

terminate analysis, corLect problem, recalibrate, 

and reanalyze the previous 10 samples. 

Analyze interference check sample at the 

beginning and end of an analytical run or twice 

during every 8-hour work shift. 

Replicate samples and spiked samples should be 

run at a frequency of 10%. 
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Duplicate spiked samples must be run at a 

frequency of 20%. The Relative Percent 

Difference (RPO) shall be + 20% for sample values 

greater than 10 times the detection limit. Spike 

recovery is to be ± 20% of the actual value. 

Serial dilution checks where applicable. 

Detection limit verification on a quarterly basis. 

8.2.2 Atomic Absorption Spectrophotometer 

Calibrate each run using a blank and three 

standards. 

Verify calibration by running blank, and 

mid-point standard every 10 samples and at the 

end of each run. Results must be + 10% of true 

result or terminate analysis, correct problem, 

recalibrate, and reanalyze samples. 

Replicate and spikes must be run every 10 samples 

or with each matrix type, whichever is more 

frequent. 

Method of standard additions should be employed 

as required. 
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8.2.3 TOC Analyzer 

Original Date 05/31/89 
Revision Date 12/15/89 

Calibrate according to instrument manufacturer's 

recommendations each run. 

Verify calibration by analyzing blank and check 

standard every 10 samples. If results are not + 

10% of expected value, terminate analysis, 

correct problem, recalibrate, and reanalyze 

previous 10 samples. 

Quadruplicate analyses are required for most 

ground water samples. 

Replicates and spikes must be analyzed at a 

frequency of 10%, or at least one in each 

analytical batch. 

8.2.4 Gas Chromatographs 

Initial demonstration of capability. 

QA/QC as per individual methods in SW-846, 3rd 

edition. 

Five point calibration curve for each compound. 

Blank and calibration verification every 8 hours. 

Internal standard added to all blanks, standards, 

and samples. 
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8.2.5 Gas Chromatography/Mass Spectrometry 

Initial demonstration of capability. 

Meet tuning criteria as per SW-846, 3rd edition 

Internal and surrogate standards added to blanks, 

standards, samples. 

Blank and standard calibration verification each 

run. 

8.2.6 UV-Vis Spectrophotometer 

Multi-point calibration as specified in 

individual methods in SW-846, 3rd edition. 

Calibration verification as per individual 

methods in SW-846. 

Replicates and spikes will be analyzed at a 

frequency of 10% or at least one in every 

analytical batch. 

8.2.7 TOX Analyzer 

All samples will be analyzed in replicate at a 

minimum. Most ground water samples are to be 

analyzed in quadruplicate. 

60 



Original Date 05/31/89 
Revision Date 12/15/89 

Check absorption efficiency of each newly 

prepared batch of carbon. 

Run at least two nitrate wash blanks at the 

beginning of the day and one nitrate wash blank 

after every eight pyrolysis determinations. 

Run duplicate instrument calibration standards at 

the beginning of each day and after every eight 

pyrolysis determinations. 

Verify calibration with an independently prepared 

check standard every fifteen samples. 

Analyze duplicate spiked samples every ten 

samples. 
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9.0 STATISTICAL METHODOLOGY 

In order to determine if a release of metallic 

constituents has occurred from a unit, a One-Way Parametric 

Analysis of Variance will be calculated at specific SWMU's. 

These data will be compared with the background metals data 

obtained during the Land Treatment Demonstration. One 

sampling interval with four independent samples per boring 

and at least three borings will fulfill the minimum sample 

requirements. 

9.1 statistical Comparison of Background Metals Data 

Based on the Demonstration Permit (NMD000333211-1) and 

the Permit Application Report (June 1986, Appendix A), a 

Land Treatment Demonstration was conducted to show treatment 

capabilities for refinery waste generated by Giant Refinery 

Company. The demonstration period lasted from April 1987 

through March 1988. The following table lists the 

background metallic data, which was collected from a plot of 

land adjacent to the land treatment demonstration. 

62 



Background 

Metal 

Sb 
As 
Ba 
Be 
Cd 
Cr 
Cu 
Pb 
Hg 
Ni 
K 
Se 
v 
Zn 

Metals, 

Original Date 05/31/89 
Revision Date 12/15/89 

Statistical Information 

Background 

Mean Variance N 

0 0 18 
3.0 9.0 18 

258 2147 18 
1. 06 0.1 18 
0.04 0.02 18 
4.41 1. 74 18 
4.82 0.68 18 
5.25 28.4 18 
0 0 18 
7.75 2.2 18 

1325 78540 18 
0 0 18 

12.6 3.26 18 
11. 2 4014 18 

The statistical methodology as outlined in the 

"Statistical Analysis of Ground water Monitoring Data at 

RCRA (Resource Conservation and Recovery Act) Facilities, 

Interim Final Guidance, February 1989 follows: 

9.2 One-Way Parametric Analysis of Variance 

In order to apply a parametric one-way analysis of 

variance, a minimum number observations is needed to give 

meaningful results. At least p > 2 groups are to be 

compared (i.e., two or more borings). It is recommended 

that each group (here, borings) have at least three 

observations and that the total sample size, N, be large 

enough so that N-p > 5. A variety of combinations of groups 
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and number of observations in groups will fulfill this 

minimum. One sampling interval with four independent 

samples per boring and at least three borings would fulfill 

the minimum sample size requirements. The borings should be 

spaced so as to maximize the probability of intercepting a 

plume of contamination. 

9.2.1 Purpose 

One-way analysis of variance is a statistical 

procedure to determine whether differences in mean 

concentrations among borings, or groups of borings, are 

statistically significant. For example, is there 

significant contamination of metals at a SWMU compared to 

background conditions. 

9.2.2 Procedure 

Suppose the regulated unit has p borings and that ni 

data points (concentrations of a constituent) are available 

for the ith boring. These data can be from either a single 

sampling period or from more than one. In the latter case, 

the user could check for seasonality before proceeding by 

plotting the data over time. Usually the computation will 

be done on a computer using a commerically available 
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program. However, the procedure is presented so that 

computations 

necessary. 

Step 1. 

can be done using a desk calculator, if 

p 
Arrange the N = £ Di data points in a data 

i=l 
as follows: 

(N is the total sample size at this specific regulated 
unit) : 

Boring Total Boring Mean 
(from (from 

Observations Step 1) Step 2) 

I 
Boring No. 1 I 

I 
2 I 
3 I . I 
u I Xul Xu. Xu. . I 

I 
p I Xpl . . . . . . Xpn Xp. 

x x 
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Step 2 . 

x· 1. = n· 1 
£ 
j=l 

1 
Xi. = n· 1 

Compute boring 
follows: 

x·. lJ I total of all 

Original Date 05/31/89 
Revision Date 12/15/89 

totals and boring means 

ni observations at boring 

x· 1. I average of all n· 1 observations at boring 

X x .. , grand mean of all observations. 

as 

i 

i 

These totals and means are shown in the last two columns 
of the table above. 

Step 3. Compute the sum of squares of differences 
between boring means and the grand mean: 

SSwells = p p 
£ n· (X• - x ) 2 = £ 1 x2. - 1 x2 1 1. .. 1 

i=l i=l n· 1 N 

(The formula on the far right is usually most convenient for 

calculation.) This sum of squares has (p-1) degrees of 

freedom associated with it and is a measure of 

variability between borings. 

Step 4. Compute the corrected total sum of squares 

SSTotal = P 
£ 
i-1 

n· 1 
£ 
j=l 

(x · · - x ) 2 lJ .. 
P ni 

= £ £ 
i=l j=l 
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(The formula on the far right is usually most convenient for 

calculation.) This sum of squares has (N-1) degrees of 

freedom associated with it and is a measure of the 

variability in the whole data set. 

step 5. Compute the sum of squares of differences of 

observations within borings from the borings 

means. This is the sum of squares due to 

error and is obtained by subtraction: 

SSError = SSTotal - SSBorings 

It has associated with it (N-p) degrees of freedom and is a 

measure of the variability within borings. 

step 6. Set up the ANOVA tables as shown below. The 

sums of squares and their degree of freedom 

were obtained from Steps 3 th:::ough 5. The 

mean square quantities are simply obtained 

by dividing each sum of squares by its 

corresponding degrees of freedom. 
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ONE-WAY PARAMETRIC ANOVA TABLE 

Source of 
Variation 

sums of 
Squares 

Degrees of 
Freedom 

Mean 
Squares 

F 

Between 
borings SS Borings p-1 MS Borings F 

= SSBorings/(p-1) 

= MS . Borings 
MS Error 

Error 
(within 
borings) SS Error N-p MS Error 

Total 

= SSError/(N-p) 

SS Total N-1 

Step 7. To test the hypothesis of equal means for 

all p borings, compute F = MSBorings/MSError (last 

column in above table). Compare this statistic to the 

tabulated F statistic with (p-1) and (N-p) degrees of 

freedom at the 5% significance level. If the 

calulated F value exceeds the tabulated value, reject 

the hypothesis of equal boring means. Otherwise, 

conclude that there is no significant difference 

between the concentrations at the p borings and thus 

no evidence of boring contamination. 

In the case of a significant F (calculated F greater than 

tabulated Fin Step 7), the user will conduct the next few 

steps to determine which compliance boring(s) is (are) 

contaminated. This will be done by comparing each 

compliance boring with the background boring(s). 

Concentration differences between a pair of background 
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borings and compliance borings or between a compliance 

boring and a set of background borings are called contrasts 

in the ANOVA and multiple comparisons framework. 

Step 8. Determine if the significant F is due to 

differences between background and compliance borings 

(computation of Bonferroni t-statistics) 

Assume that of the p borings, u are background 

borings and m are compliance borings (thus u + m = 
p) • The 

compared 

m differences--m compliance 

with the average of 

borings each 

the background 

borings--need 

statistical 

to be 

significance. 

computed and tested for 

If there are more than five 

downgradient borings, the individual comparisons are 

done at the comparisonwise significance level of one 

percent, which may make the experiment-wise 

significance level greater than five percent. 

Obtain the total sample size of all u background 
borings. 

nup = u 
£ ni 
i=l 

Compute the average concentration from the u 
background borings. 

u 
= 1 £ x· l. 

nup i=l 

Compute the m differences between 
concentrations from each compliance 
the average background borings. 

x· l. - Xup i=l, ... ,m 
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Compute the standard error of each difference as 

SEi = [MSError (1/nup + 1/ni)/1/ni)Jl/2 

where MSError is determined from the ANOVA table 
and ni is the number of observations at boring i. 

Obtain the t-statistic t = t(N-p), (1-
Bonferroni's t-table with c = 0.05 
degrees of freedom). 

c/m) 
and 

from 
(N-p) 

Compute the m quantities Di = SEi x t for each 
compliance boring i. If m > 5 use the entry for 
t(N-p), (1-0.01). That is, use the entry at m = 
5. 

9.2.3 Interpretation 

If the difference Xi. - Xup exceeds the value Di, 

conclude that the ith compliance boring has significantly 

higher concentrations than the average background borings. 

Otherwise conclude that the boring is not contaminated. 

This exercise needs to be performed for each of the m 

compliance borings individually. The test is designed so 

that the overall experminent-wise error is five percent if 

there are no more than five compliance borings. 

9.2.4 Cautionary Note 

Should the regulated unit consist of more than five 

compliance borings, then the Bonferroni t-test should be 
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modified by doing the individual comparisons at the one 

percent level so that the Part 264 Subpart F regulatory 

requirement pursuant to §264.97(i) (2) will be met. 

Alternately, a difference analysis of contrasts, such as 

Scheffe's, may be used. 
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10.0 DATA REDUCTION, VALIDATION AND REPORTING 

The contract lab will send the analytical results to 

the project manager who will process the report for 

purchasing. The project manager will review the report for 

completeness, making sure sample analyses reported 

correspond exactly with analyses requested on the chain of 

custody form. If the report is incomplete, the laboratory 

will be notified immediately of any discrepancies. After 

the report has been reviewed for completeness, the report 

will be submitted to the QA/QC manager for technical 

review. This should be done the day the report is received. 

10.1 QA/QC Manager 

The QA/QC manager will review the report and assess 

validity based on: 

Methodology 

Detection limits 

Results of internal quality control checks 

Holding times 

Comparison with historical data base 

Review of precision and accuracy data reported by 

lab 
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The QA/QC manager should notify the outside lab of any 

suspected quality problems within one week of data receipt. 

The contract laboratory should implement corrective action 

regarding data quality within one week of notification by 

the QA/QC manager that a problem exists. After the data has 

been reviewed and validated by the QA/QC manager, a cover 

sheet containing the following information will be placed in 

the project file. 

Summary of internal quality control check samples 

List of invalid data points based upon review of 

methodology, detection limits, holding time, 

precision and accuracy review 

List of outliers as compared to historical data 

base 

10.2 RFI Project Manager 

The RFI Project Manager will review the report 

received from the QA/QC manager and will make the decision 

to resample if necessary due to invalid data or outliers 

associated with the sampling event. 

After data from a particular sampling event is 

approved, the data will be input into the project data 
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base. The project manager will incorporate the results into 

a report or submit the results to the appropriate regulatory 

agencies. 

74 



11. 0 INTERNAL QUALITY CONTROL CHECKS 

11. 1 Equipment Blanks 

Equipment blanks will be analyzed to check for 

contamination due to improper/insufficient decontamination 

procedures. These blanks will be taken only when non-

ded~cated equipment is used. 

To assure that the bailer has been sufficiently 

decontaminated Cin the laboratory or in the field}, fill the 

bailer with deionized water and pour this water into a set 

of sample bottles and sub~it to the laboratory for analysis. 

Sufficient equipment blanks will be collected to assure 

proper equipment decontamination. 

11.2 Trip Blanks 

Trip blanks will be analyzed to check for container 

con tam.ins ti cm. Trip blanks will be prepared and labeled by 

the contract laboratory. One bottle or each type will be 

filled with Type II reagent grade water, transported to the 

site with the empty sample bottles, carried with the sample 

battles during all sampling activities, and returned to the 

contract laboratory %or an lysis. Trip blanks should not be 
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opened at any time prior to analysis. They should be kept 

with the sample bottles with which they are associated at 

all times. One trip blank will be used per sampling event. 

Analyze only if the field blank contained detectable 

concentrations of a constituent which would indicate cross 

contamination. 

11.3 Field Duplicates 

To measure the precision of the sampling activities, 

duplicate samples will be collected and analyzed. 

Duplicates will be collected at a frequency of 5% or one 

with each sample set, whichever is more. For example, if 

two samples are taken, then one duplicate is needed. If 10 

samples are collected, then one duplicate is needed. 

The duplicates will be assigned a fictitious 

identification number and submitted to the laboratory as a 

blind duplicate. Record the ID number of the real well name 

and fictitious number on the ground water well information 

form. 

In order to evaluate the precision of the analysis, it 

is necessary to calculate the relative percent deviation 

(RPD) between the two results of the duplicate analysis. 
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Calculate Relative Percent Deviation, RPD = 

RPD = (Sl-S2) 
(Sl+S2)/2 x 100% where 

Sl = Sample Result 1 

S2 = Sample Result 2 

Example: The sulfate result reported for MW-999 is 1000 

mg/l. The result for the duplicate sample of MW-999 is 1050 

mg/1. 

The RPD = (1050 - 1000} x 100 
(1050 + 1000/2) 

= 50 x 100% 
1025 

= 4.9% 

RPD should be less than or equal to 10% for values 

five times greater than the MDL and plus or minus the 

detection limit for values less than five times the MDL. 
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12.0 SYSTEM AUDITS 

Original Date 05/31/89 
Revision Date 12/15/89 

A system audit is a qualitative evaluation in order to 

determine whether the guidelines set forth in this manual 

are being followed. A system audit will be conducted on a 

annual basis by the QA/QC manager. 

The completed audit results will be given to the 

project manager so that it may be used as a guide for 

additional training and continual improvement objectives. 

It is important that all parties involved recognize that 

this system audit is NOT to be utilized in a punitive or 

negative manner, but that it be viewed as a tool to be used 

to achieve the data quality objectives. 
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APPENDIX A 

Helpful Information 



Source: Test Methods for Evaluating Solid Waste - Physical/Chemical Methods, 
SW-846 (3rd edition, 1986). * 

Paraneter 

GROUP I: 

pH 

Specific <XJOductance 

TOC 

TCIX 

GROUP II: 

Chloride 

Iron 
~anese 
SOOiun 
Rienols 

Sulfate 

GROUP III: 

Arsenic 
Bariun 
~i1m 

~_un 

Lead 
Mercury 
Se.leniun 
Silver 

Fluoride 

Nitrate 

TABLE ll-1 

SA~ AND PRESERVATICN PRaIDJRES FOR DEIECI.'ICN ~a 

Preservative 
M3x::i.m..m 

lblding Time 

Min:imun Volune 
P.equired for 

llnalysis 

Iniicators of Ground Water O::>ntaninationc (Quadruplicate Analyses) 

T, P, G Field determined lble 25 mL 

T, P, G Field determined l'ble 100 mL 

G, Teflon-lined C.001 4°C, H2S04 to 28 days 100 mL 
cap pH <2 

G, anber, Teflon- C.001 4 °C, H2S04 to 28 days 250 mL 
lined Septa Cap pH<. 2 

Ground Water Q.Jalit;i: 01aracteristics 

T, P, G 4°C 28 days so mL 

T, p Field acidified 6 m:mths 200 mL 
to pH <2 with~ 

G 4 °C/8iS()
4 

tO pH (2 28 days '.:illmL 

T, P, G C.001, 4 °C 28 days so mL 

EPA Interim Drinking Water characteristics 

T, p Tutal ~tals 6 months 500 mL 
Field acidified to 
pH <2 with IN)3 

6 months 500 mL 
Dissolved 1-Etals 
1. Field filtration 

(0.45 micron) 
2. .Acidify to pH <2 

with IN)3 

T, p Cool, 4°c 28 days 300 mL 

T, P, G 4 OC/H._z S()4 to pH <2 14 days 100 mL 

( O:m tinued) 



' 
\ 

IABLE 11-1 ( O:mtinued) 

SAMPLrn:; AND PRESERVATIOO PRCa!XJRES FOR DEIBCTI.00 H:NITORI.N::;a 

Min.:i.mu:n Volure 

~ Max:1m..m Required for 
Parareter Preservative 1-blding Time .Analysis 

Eh:irin T, G C.001, 4 °C 7 days 2 ,CJXJ mL 
L1ndane 
~tOOxychl.or 

Toxapt-ene 
2,4 D 
2 ,4 ,5 'IP Sil vex 

Radiun P, G Field acidified to 6 !OCJl1ths 1 Quart 
Gross Alpha pH <'.2 with ~ 
Gross Beta 

Cblif orm bacteria PP, G (sterilized) C.001, 4°C 6 OOurs 100 mL 

Other Ground Water Cbaracted..stics of Interest 

Cyanide P, G C.001, 4 °C, NaQl to 14 days ~m.L 

pH )12 

Oil and Grease G only C.001, 4oc ltz9J4 to 28 days lC'JO mL 
pH <'.2 

San! volatile, T, G C.001, 4 °C 7 days 2000 wL 
volatile organics + 2 VOA vials 

~erences : Test 1-Ethxis for Evaluating Solid Waste - Physical/ 01ernical 1-Ethxis , s.¥-84 6 (3rd edition, 
1986). 
1-Eth::xis for Oiemical Analysis of Water and Wastes, FJ'trtflJ/4-79--020. 
Stan:l.ard !-Ethxis for the Exan1.nation of Water and Wast~ter, 16th edition (1985). 

b Container Types: 

P .. Plastic (i:olyethylene) 
G .. Glass 
T .. Teflon 

PP .. Polypropylene 

~ on the requirements for detection o.x:xrltoring ( 265. 93), the ov.uer/ operator must rollect a sufficient 
volu:ne of grom:i water to allow for the analysis of four separate replicates. 
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Meterological Conditions 
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original Date 05/31/89 
Revision Date 12/15/89 

13.0 CORRECTIVE ACTION 

Corrective action may be indicated based upon the 

results of the system audit, performance audit, or normal QC 

procedures. Corrective action consists of the following 

steps: 

Identify and define problem 

Assign responsibility to investigate problem 

Investigate and identify cause of problem 

Determine responsibility for implementing 

corrective action 

Implement and assess effectiveness of corrective 

action 

Confirm that the problem has been eliminated 

Corrective action may be initiated at all levels of 

responsibility and at all stages of the ground water 

sampling program. The QA/QC manager 'is responsible for 

assuring that the above steps are taken and that the problem 

initiating corrective action is solved. 

79 



14.0 QA/QC REPORTS TO MANAGEMENT 

original Date 05/31/89 
Revision Date 12/15/89 

The QA/QC manager and project manager will provide 

reports to management on a quarterly basis which include: 

Results of System Audit 

Review of problems encountered and solutions 

obtained 

Review of any unresolved problems 

Recommendations to achieve continual improvements 

in the sampling program 

80 
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b
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b
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b
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b
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b
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b
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ra
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c
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c
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b
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ra
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b
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ra
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d
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ra
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b
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c
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c
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ra
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b
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u
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VOLATILE ORGAN!C COMPOUNDS - EXAMPLES 
Practical 

Quantitation 
Limitsb 

Ground water Low Soil/Sediment 

Volatiles CAS Number ug/L ug/Kg 

1. Chloromethane 74-87-3 10 10 
2. Bromomethane 74-83-9 10 10 
3. Vinyl Chloride 75-01-4 10 10 
4. Chloroethane 75-00-3 10 10 
5. Methylene Chloride· 75-09-2 5 5 

6. Acetone 67-64-1 100 100 
7. Carbon Disulfide 75-15-0 5 5 
8. 1,1-Dichloroethene 75-35-4 5 5 
9. 1,1-Dlchloroethane 75-35-3 5 5 

10. trans-1,2-Dlchloroethene 156-60-5 5 5 

11. Chloroform 67-66-3 5 5 
12. 1,2-Dichloroethane 107-06-2 5 5 
13. 2-Butanone 78-93-3 100 100 
14. 1,1,1-Trichloroethane 71-55-6 5 5 
15. Carbon Tetrachloride 56-23-5 5 5 

16. Vinyl Acetate 108-05-4 50 50 
17. Bromodlchloromethane 75-27-4 5 5 
18. 1,1,2,2-Tetrachloroethane 79-34-5 5 5 
19. 1,2-Dlchloropropane 78-87-5 5 5 
20. trans-1,3-Dlchloropropene 10061-02-6 5 5 

21. Tri ch l oroethene 79-01-6 5 5 
22. Dlbromochloromethane 124-48-1 5 5 
23. 1,1,2-Trichloroethane 79-00-5 5 5 
24. Benzene 71-43-2 5 5 
25. cis-1,3-Dichloropropene 10061-01-5 5 5 

26. 2-Chloroethyl Vinyl Ether 110-75-8 10 10 
27. Bromoform 75-25-2 5 5 
28. 2-Hexanone 591-78-6 50 50 
29. 4-Methyl-2-pentanone 108-10-1 50 50 
30. Tetrachloroethene 127-18-4 5 5 
31. Toluene 108-88-3 5 5 
32. Chlorobenzene 108-90-7 5 5 
33. Ethyl Benzene 100-41-4 5 5 
34. Styrene 100-42-5 5 5 
35. Tota 1 Xyl enes 5 5 

asample PQLs are highly matrix-dependent. The PQLs listed her~:n are provided 
for guidance and may not always be achleveable. See the following information 
for further guidance on matrix-dependent PQLs. 

bpqLs listed for soil/sediment are based on wet weight. Normally data ls 
reported on a dry weight basis; therefore, PQLs will be higher, based on the 
X moisture 1n each sample. 

Other Matrices: 

Water miscible 11qu1d waste 
High-level soil & sludges 
Non-water miscible waste 

Factorl 

50 
125 
500 

lpqL = [PQL for ground water (Table 2)) X [Factor]. For non-aqueous 
samples, the factor ls on a wet-weight basis. 



SEMI-VOLATILE ORGANIC COMPOUNDS - EXAMPLES 

Base/Neutral Extractables 

Parameter 

Acenaphthene 
Acenaphthylene 
Anthracene 
Aldrin 
Benzo(a)anthracene 
Benzo(b)fluoranthene 
Benzo(k)fluoranthene 
Benzo(a)pyrene 
Benzo(ghi)perylene 
Benzyl butyl phthalate 
(J-BHC 
o-BHC 
Bis(2-chloroethy/Jether 
Bis(2-chloroethoxyJmethane 
Bis(2-ethylhexyl)phthalate 
Bis(2-chloroisopropy/Jether 
4-Bromophenyl phenyl ether 
Chlordane 
2-Chloronaphthalene 
4-Chlorophenyl phenyl ether 
Chrysene 
4,4'-DDD 
4,4'-DDE 
4,4'-DDT 
Dibenzo(e,h)enthracene 
Di-n-butylphthelete 
1, 3-Dichlorobenzene 
1,2-Dichlorobenzene 
1,4-Dichlorobenzene 
3, 3 '·Dichlorobenzidine 
Dieldn'n 
Diethyl phthelete 
Dimethyl phthelete 
2,4-Dt'nitrotoluene 
2, 6-Dinitrotoluene 
Di-n-octylphthelete 
Endosulfen sulfate 
Endrin aldehyde 
Fluorenthene 
Fluorene 
Heptechlor 
Heptechlor epoxide 
Hexechlorobenzene 
Hexechlorobutediene 
Hexechloroethene 
lndeno( 1,2, 3-cd)pyrene 
lsophorone 
Nephthelene 
Nitrobenzene 
N-Nitrosodt~n-propylemine 

PCB-1016 
PCB-1221 
PCB-1232 
PCB-1242 
PCB-1248 
PCB-1254 
PCB-1260 
Phenenthrene 
Pyrene 
Toxephene 
1, 2, 4- Trichloroberuene 

Acid Extractables 
Parameter 

4-Chloro-3·methy/phenol 
2·Chlorophenol 
2, 4 -Dichlorophenol 
2, 4 ·Dimethylphenol 
2, 4-Dinitrophenol 
2-Methyl-4, 6-dinitrophenol 
2-Nitrophenol 
4-Nitrophenol 
Pentachlorophenol 
Phenol 
2, 4, 6- Trichlorophenol 

CASNo. 

83-32-9 
208-96-8 
120-12-7 
309-00-2 

56-55-3 
205-99-2 
207-08-9 

50-32-8 
191-24-2 
85-68-7 

319-85-7 
319-86-8 
111-44-4 
111-91·1 
117-81-7 
108-60-1 
101-55-3 
57.74.9 
91-58-7 

7005-72-3 
218-01-9 

72-54-8 
72-55-9 
50-29-3 
53-70-3 
84-74-2 

541-73-1 
95-50-1 

106-46-7 
91-94-1 
60-57-1 
84-66-2 

131-11-3 
121-14-2 
606-20-2 
117-84-0 

1031-07-8 
7421-93-4 

206-44..() 
86-73-7 
76-44-8 

1024.57:3 
118-74-1 
87-68-3 
67-72-1 

193-39-5 
78-59·1 
91-20-3 
98-95-3 

621-64-7 
12674-11-2 
11104-28.-2 
11141-16-5 
53469-21-9 
12672-29-6 
1109 7-69-1 
11096-82-5 

85-01-8 
129-00-0 

8001-35-2 
120-82-1 

CASNo. 

59-50-7 
95-57-8 

120-83-2 
105-67-9 
51-28-5 

534-52-1 
88-75-5 

100-02·7 
87·86-5 

108-95-2 
88-06·2 



REGULATORY LIMITS - DRINKING WATER 

Contaminant Unit MCL 

Primary regulations• 
lnorganics 

Arsenic mg!L o.os 
Barium mg/L 1.0 

Cadmium mg/L O.Ql 
Chromium mg/L 0.05 

Fluoride mg/L 4.0 

Lead mg/L 0.05 

Mercury mg/L 0.002 

Nitrate (as N) mg!L . 10.0 

Selenium mg/L 0.01 

Silver mg/L 0.05 

Microbials 
Coliforms 11100 mL 

Turbidity ntu 1-5 

Organics 
2,4·D mg!L 0.1 

Endrin mg/L 0.0002 

Lindane mg/I. 0.0004 

Methoxychlor mg/L 0.1 
Toxaphene mg IL 0.005 
2,4,5-TP silvex mg IL 0.01 
Trihalomethanes (chloroform, 

bromoforrn, bromodichlo- . 
romethane, dibromochloromethane) 0.10 

Radionuclides 
Beta particle and 

photon radioactivity mrcm 4 (annual dose 
equivalent) 

Gross alpha particle 
activity pCi/L 15 

Radium·226 + radium-228 pCi/L 5 
Volatile organic chemicals 

Benzene mlo(/L 0.005 

Carbon tetrachloride mg/L 0.005 

1,2-Dichloroet hane mg IL 0.005 

1.1 ·Dichloroethylene mg/L 0.007 

I, I, I· Trichlornet hane mg/L 0.20 

para-Dichlorobenzene mg/L 0.075 

Trichlorocthylene mg/L 0.005 

Vinyl chloride mg/L 0.002 

Secondary rcgulationst 
Chloride mg/L 250 

Color color units LS 

Copper mg/L I 

Corrosivity noncorrosi .-e 

Fluoride mg/L 2 

Foaming agents mg/L 0.5 

Iron mg!L 0.3 

Manganese me'L 0.05 

Odor TO>J · .1 

pH 6.5-8.S 

Sulfa le mg IL 250 

Total dissolved solids mgll. fiOO 

Zinc mg IL 5 
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) 
VOLATILE COMPOUNDS (cont.) 

TEST PARAMETERS BY REGULATIONS 

CWA RCRA SUPERFUND 

ANALYTE NPDES 624 APPENDIX IX 8240 SKINNER TClP CLP 
Toxicity Land ban 

Chlorobenzene v v v v v v v v 
Chlorodibromomethane y'f y'f y'f v v 
Chloroethane v v v v v 
2-Chloroethylvinyl ether v v v 
Chloroform v v v v v v v 
Chloromethane v v v v v 
Chloropropene v 

D 
1,2 Dichlorobenzene v v 
1,3 Dichlorobenzene v v 
1,4 Dichlorobenzene v v 
1,2-Dibromo-3-chloropropane v 
Dibromomethane y'g v 
1,2· Dibromo~thane v y'h 

1,4-Dichloro-2-butane v 
trans-1,4-Dichloro-2-butene v v 
Dichlorodifluoromethane v v 
1, 1-Dichloroethane v v v v v 
1,2· Dichloroethane v v v v v v v 
1, 1-Dichloroethylene v v v v v v 
tra 11s-l,2-dichloroethylene v v v v v 
1,2· Dichloropropane ~ v v v v v 
cis-1,3-Dichloropropene v v v v v 
trans-1,3-Dichloropropene v v v v v 
1,4 Dioxane .. v v 

E 
Ethanol v 
Ethyl acetate v 
Ethyl< .benzene: v v v v v v v 
Ethyl ether v 
Ethyl methacrylate v v 

H 
2-Hexanone v v v 

1 Listed as dibromochloromethane 
' Listed as methylene dibromide 
h Listed as ethylene dibromide 
'Listed as methyl iodide 

(cont P..) 
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VOLATILE COMPOUNDS (cont.) 

TEST PARAMETERS BY REGULATIONS 

CWA RCRA SUPERFUND 

ANALYTE NPDES 624 APPENDIX IX 8240 SKINNER TCLP CLP 
Toxicity Land ban 

I 
Iodomethane y'i v' 
Isobutanol v' v' 

M 

Methacrylonitrile v' 
Methanol v' 
Methylene chloride v' v' v' v' v' v' v' 
Methyl ethyl keton.e v' j v' v' v' v' v' 
Methyl isobutyl ketone y'k y'k v' v' 
Methyl methacrylate v' 

p 

Propionitrile v' 

s 
Styrene·: " v' v' v' v' 

T 
1, 1, 1,2.'.fetrachloroethane v' v' 
1, 1,2,2.'.fetrachloroethane v' v' v' v' v' v' 
Tetrachloroethylene v' v' v' v' v' v' v' 
Toluene v' v' v' v' v' v' v' v' 
1, 1, 1.'.frichloroethane v' v' v' v' v' v' v' 
1,1,2.'.frichloroethane v' v' v' v' v' v' 
Trichloroethylene v' v' v' v' v' v' v' 
Trichlorofluoromethane v' v' v' v' 
1,2 ,3.'.frichloropropane v' v' 
1, l ,2.'.frichloro-2,2, 1 ·trifluoroethane v' 

v 
Vinyl acetate v' v' v' 
Vinyl chloride v' v' v' v' v' v' 

x 
Xylenes v' v v 

, 
v' v' 

i Listed as 2·butatone 
k Listed as 4-methyl·2·pentanone 

3 



APPENDIX VIII HASS SPECTRA LIBRARY 
·~ .· .. 

·· ... ,.\ '· . . ·. ,• 

l-Acey1-2-thiourea Saccharin 
5-(Aminomethy1)·3-isoxazo1 2;4-To1uene diamine 
Amitro1e 2,3-To1uene diamine 
Auramine · · 2,6-To1uene diamine 
Benz(c)acridine 3,4~Toluene diam1ne 

; ~·.. ; ~·~ .~ ... :~ ·;-\ 
:.~:.s:, .. ' ' ... 

' ::.·~· . .. 

Benzene, Dichloromethyl Trichloromethanethiol 
~enzo(j)f1uoroanthene Tris(l-azridinyl)phosphine sulfide 
p-Benzoquinone Tris .. (2,3 DBP)phosphate 

·Benzotrieh1oride · Warfarin 
·£enz~l chloride . ,.Allyl alcohol 
3-Chloropropionitrile . . . . . . . . . ; ·:. N,N .. bis (2-chloroethyl) .. 2 ... naphthylamine 

.~:2:Cyc:1ohexyl-4!6:dinitroph nol .. ·:._:,~:: :.:.; '.<>~ .. · . .;;,;~ ... <;::·::~:·/~~.'~- Bruci ne • . , . . ... : ·:: ; "·,~ · · .. · ;:-., 
01benz(a,h)aer1drne ... - "'. · : "· · ... · .. · ... :·"" 2·Butanone peroxide 
Dibe~zo(a,j) acridine ·. · . . : '.· . ·· ·. :· .. . " >.. . .... Dihydrosafrole 
7H-D1benzo(c,g)carbazo1e · -, .. . · ·~" ..... ; . .,1,1-0imethylhydrazine 

;oiben:zo(a,e)pyrene ··" ~ .. ·:·.~: .. '1,2-Dimethylhydrazine 
. D1benzo(a;h)pyrene . . . "· . . .~'_ .. ::. :.,.:·::·;Dimethyl sulfate , .. '• . 

. . :Dibenzo(a, i)pyrene _ .... .,:.,.' ... ··.',: .. ~::;l '..:· ;.:·" ... ~·,.~"L):<:;;',~2,4-Dithiobiuret · . .:,.: ·.-' .... ~·:. :· .. \.: .. ; 
: ·' · ~3 3 1 D 1'methoxybenz1· d1" ne· '.';;: .-:t _,· ·:~; »r.~ .-·-.~·::-_;,;:-"~·''d::;o.·1>-"'~ . .:;:.~~ Ethl ene l·m • ne : .. , .. ·~·, ~::;•"":,,,:ac"'=i:·j;,,'':.~, .;...if..J:::i · .:·. ·~··, .. ; • - . ,·,,'~·~"..·.: ... ~.·,. .... ,~.1;. . .:.~,,,, .. '.;"'::•'.:">~i··. ·>c,..-:1,.·~;· , ·.,, ... ;;.~.·r;;.~~~lf·:·~·~<:.: ..... :l;'!;'.·: .... ....... • b - '"'>'4;' .,.. _ _,,_~~ ·-· - ·-ftf ~ ....,...... . . .,, ...... ,.~ .. ·'. ,... .. ~,m>· 
~·:':.,l7-t.1,2-0in1tro enzene·: ·_:·~"t~t.·: t..~;$)$1:~~~::.r·~~~.;-~> '~<~~Ethlene bis dithi9(!arl>amft.;.;aC:fd:. · · :.: 
>~ih::-it,4-0initrobenzene ·.~:.i~'.t;~:ff£:·~t~~.;-~.~1'.;;,;,~~.-.i? -?";;~~ltSl'Fonuic: acid .:.~::-~*~@~~!~~~;~~:. ~,~ 
"! :'·: .~ r!'thyl carbamate ':":>'.':;;)}.-:· ·::'.if.§J~·:';.: .. .;:.~:.~~:.:'ff.;,.,;' ·~T7·:::-;;o.~·t:Hydr.,..,.1·ne · :":<:'·:<·:'f~=J.~~,;.::;;';:'.". ... ,;,r".'.-. 

' ··-·.·~ . : ..... ' r -:. . :··.;.'..:--:.:· ·: \. :.~. ·: .:·:·-.-.:::·:1",;--···:·~, . . ~ .. :·- ~ .. ' ~·· .. :·-1r··· ;:--...... ····':v;t"· .... :.·· 

.Ethy1enethiourea " .f · ..... '. · ... .-:'. .··:·: .... · .. ::'.'Isosafrole · · · · :. ,~ ·,· .,:: . 

. Malanonitrile ·:I <::,:.. . . · · <·.Male!c anhydr~de .:;... ;· · 
Methomyl ·

1 
., .... ·· · ,·Male1chydrazrne ··" 

Methykhol anthrene ! · 2-Methyl aziridine 
4·, 41 -Methyl enebi s (2-ch 1 or¢an il ine) ':· 2-Methyl 1actonitri1e 
2-Methyl-2-(methylthio) PfOPionaldehyde Phthalic anhydride 
Methylthiouracil 1 Propylthiouracil 
1-Naphthy1-2-thiourea / ·. 2-Propyn-l·o 1 

: Mi cot i ne ... ·:"·Sa fro 1 e 
· N-nitrosodi ethane 1 amine I _ .. · .,. ~.. .. .. ~~· .. turad 1 mustard 
N-nitroso-n-ethylurea · I "r 
N-nitroso-n-methylurea i 
N-nitroso-n-methylurethan~ 
N-n itrosomethy 1 vinyl amine' 
N-nitrosonornicotine 
N-nitrososarcosine 
l,3-Propane sulfone 

. N-propyl amine 
Resorcinol 

300'3!:JtJd 

. , ·~~ ,._ . "" 
' •'' "':°' ...... 

ll:H-Jd OJ3S~B ~W.'::J.:1 1717:51 58, 6~ ()Ot--1 

: .. 



INDUSTRtAL INORGANIC CHEMISTRY 
i 

METALS DEPARTMENT 
I 

ICP INSTRUMENT DETECTION LIMITS NOVEMBER 1989 
I 

: of°'.b 
ELEMENT ltol * ... d' EHSECO 

Gmg/l) REPORTING LIMIT 

Aluminum 0.03 0.1 
Antimony 0.02 o.os 
Barium 0.002 0.01 
Beryllium 0.002 0.002 
Cadmium 0.004 0.005 
Calcium 0.02 0.1 
Chromium 0.01 0.01 
Cobalt 0.005 0.01 
Copper 0.004 0.01 
Iron 0.001 0.1 
Lead 0.008 o.os 
Magnesium. 0.009 0.2 

. ·Manganese 0.006 0.01 
Molybdenum 0.003 0.02 
Nickel o.ooa 0.04 
Potassium 0.06 5 
Silver o.oo~ : \" 0.01 
Sodium .0.01 .· 5 
Vanadium .0.003 . 0.01 
Zinc :1 0.001 ·. 0.01 , 

Additional 
i 

anal,Yrtes and levels available 

Arseni~ 0.02 
Boran 0.001 
Lithium 0.008 
Phosphorus 0.05 
Selenium 0.05 

, Silica as Si02 I 0.04 
Strontium 0.02 
Th a 11 i um 1 0. 4 
Tin / a.as 
Titanium ! 0.001 

I 

0.1 
0.02 
0.05 
0.2 
0.2 
0,2 
0.05 
2 
o.os 
o.oos 

I * IDL s Instrll!llent Detection L1m1t 
ILL s Instr~ent linear Limit 

I 

Ill* 
(mgfL.) 

500 
100 
100 
40 

100 
500 
100 
100 
100 
500 
100 
500 
100 
100 
100 
500 
100 

: 800 
100 
100 

100 
100 
soo 
400 
100 
500 
100 
100 
100 
100 



SEMIVOLATILE COMPOUNDS* 

TEST PARAMETERS BY REGULATIONS 

CWA RCRA SUPERFUND 

ANALYTE NPDES 6251 APPENDIX IX 8270m SKINNER TCLP CLP 
Toxicity Land ban 

A 
Acenaphthene y' y' y' y' y' 

Acenaphthylene y' y' y' y' y' 

Acetophenone y' y' 

2-Acetylaminofluorene y' 

4-Aminobiphenyl y' y' 

Aniline y' y' 

Anthracene : y' y' y' y' y' y' 

Aramite y' 

B 
Benzenethiol · y' 

Benzidine y' y' 

Benzoic acid y' y' 

--
y' y' y' y' y' y' 

y' y' y' y' y' y' 

y' y' y' y' y' y' 

Benzo(g,h,i)perylene y' y' y' y' y' 
~ y' y' y' y' y' y' 

Benzyl alcohol y' y' y' 

Bis(2-chloroethoxy)methane y' y' y' y' y' 

~-*· 
v v 

, 
y' y' y' y' 

Bis(2-chloroisopropyl)ether y'n v y'o y' 

Bis(2-ethylhexyl)phthalate y' y' y' v y' y' 

4-Bromophenyl phenyl ether y' y' y' y' y' 

Butyl benzyl phthalate y'P y' y' y' y' y' 

c 
4-Chloroaniline y'q y' y' 

Chlorobenzilate y' 

4-Chloro-3-methylphenol y'r y' y' r y' y' 

1-Chloronaphthane y' 

2-Chioronaphthane y' y' y' y' y' 

2-Chlorophenol y' y' y' y' y' 

4-Chlorophenyl phenyl ether y' y' y' y' y' 

'This list of compounds, which is a comparison of lists and methods as performed at Radian, is current as of publication date. It should not be used as 
a substitute for consulting the most recent issue of 40 CFR or methods for any changes. Chromatographicable pesticides are excluded from this list. 

140 CFR, Pt. 136, Appendix A. 
mSIJ!.846, 3rd Edition 
0 Listed as 2,2'.oxybis(l-chloropropane) 
"Listed as bis(2-chloro-1 methylethyl )ether 
P Listed as benzyl butyl phthlate 
" Listed as p·chloraniline 
'Listed as p-chloro-m-cresol (cont~) 

4 



SEMIVOLATILE COMPOUNDS (cont.) 

TEST PARAMETERS BY REGULATIONS 

CWA RCRA SUPERFUND 
ANALYTE NPDES 625 APPENDIX IX 8270 SKINNER TCLP CL Pd 

Toxicity Land ban 

~ v v v v v v 
Cyclohexanone v 
D 
Diallate v 

v 
~"" 

Dibenzo(a,j)acridine v 
~· v v v v v v 
Dibenzofurans v v * v 

tetrachloro 
pentachloro 
hexachloro 

1,2-Dibromo-3-chloropropane v 
! v v v v v v 

~ 
v v v v v v v v 
v v v v v v 

1 !lllll v v v v v v v 
3,3~Dichlorobenzidine v v v v v 
2,4-Dichlorophenol v v v v v 
2,6-Dichlorophenol v v v 

v -,- v v v v v 
p(Dimethylamino)azobenzene v v 
74':&1";',,"····-· v v v 
3-3~Dimethylbenzidine 

.. ,, v 
a,a-Dimethylphenethylamine v v 
I -- v v v v v v 

. v v v v v v 
m-Dinitro benzene v 
4,6-Dinitro-2-methylphenol v v vs vs v 

i v v v v v v 
2,4-Dinitrotoluene v v v v v v 
2,6-Dinitrotoluene v v v v v 

v v v v v v 
Dioxins • 

tetrachlorodibenzo-p-
pentachlorodibenzo-p-
hexachlorodibenzo-p-

Diphenylamine v v 
1,2-Diphenylhydrazine v v' 

' Listed as 4,6-dinitro·o·cresol 
•Dioxin Wastes (F020, 021, 022, 023, 026, 027, 028) 

(cont 11>) 
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SEMIVOLATILE COMPOUNDS (cont.I 

TEST PARAMETERS BY REGULATIONS 

CWA RCRA SUPERFUND 

ANALYTE NP DES 625 APPENDIX IX 8270 SKINNER TCLP CLP 
Toxicity Land ban 

E 
Ethyl methanesulfonate ii ii 

F ...... ii ii ii ii ii ii 
Fluorene ii ii ii ii ii 

H 
Hexachlorobenzene ii ii ii ii ii ii 
Hexachlorobutadiene ii ii ii ii ii ii 
Hexachlorocyclopentadiene ii ii ii ii 
Hexachloroethane ii ii ii ii ii ii 
Hexachlorophene ii 
Hexachloropropene ii 
2-Hexanone ii 

I 
ii 

Indeno(l,2,3-cd)pyrene ii ii ii ii ii 
Isodrin ii 
Isophorone ii ii ii ii ii 
Isosafrole ii 

M 
Methapyrilene ii 
3-Methylcholanthrene ii ii 

'Imil I I ii 
Methyl methanesulfonate ii ii 

- ii 
2-Methylnaphthalene ii ii ii 

~ 
ilt ii ii ilt ilt ii 
ilt ii ilt ilt 

·-~c'.,........ 

ilt ii ii ilt ilt ii 

·~··---

- v v ii ii ii ii 
1,4-N aphthoquinone ii 

1 Listed as o,m,p cresols 
"Listed as o,m,p nitroanilines 
'Listed as o nitrophenol 

(cont fll>) 
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SEMIVOLATILE COMPOUNDS (cont.) 

TEST PARAMETERS BY REGULATIONS 

CWA RCRA SUPERFUND 

ANALYTE NPDES 625 APPENDIX IX 8270 SKINNER TCLP CLP 
Toxicity Land ban 

1-Naphthylamine v' v' 
2-Naphthylamine v' v' 
2-Nitroaniline y'u v' v' 
3-Nitroaniline y'u v' v' 
4-Nitroaniline y'u v' v' 
Nitrobenzene v' v' v' v' v' v' v' 
5-Nitro-o-toluidine v' 
2-Nitrophenol v' v' y'v v' v' 

,. 
v' v' y'w v' v' v' 

4-Nitroquinoline-1-oxide v' 
N-Nitrosodiethylamine v' 
N-Nitrosodimethylamine v' v' v' 
N-Nitroso-di-n-butylamine v' v' 
N-Nitrosodi-n-propylamine v' v' v' v' v' 
N-Nitrosopiperidine v' v' 
N-Nitrosodiphenylamine v' v' v' v' 
N-N itrosomethylethylamine v' 
N-Nitrosomorpholine v' 
N-Nitrosopyrrolidine v' 

p 

Pentachlorobenzene v' v' 
Pentachloroethane v' 
Pentachloronitrobenzene v' v' 
Pentachlorophenol v' v' v' v' v' * v' 
Phenacetin v' v' 
~· v' v' v' v' v' v' 
q t v' v' v' v' v' v' v' 
p-Phenylenediamine v' 
2-Picoline v' v' 
Polychlorinated dibenzofurans y'x 

Polychlorinated dioxins y'x 

Pronamide v' v' 

~ 
v' v' v' v' v' v' 

v' v' v' v' 

Q 
v' 

w Listed as p-nitrophenol 
' Listed as polychlorinated dibenzo-p-dioxins and polychlorinated dibenzofurans by Method SW8280, SW.846, 3rd Edition 
*Dioxin Wastes (F020, 021, 022, 023, 026, 027, 028) (cont 11>) 
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SEMIVOLATILE COMPOUNDS (cont.) 

TEST PARAMETERS BY REGULATIONS 

CWA RCRA SUPERFUND 

ANALYTE NP DES" 625 APPENDIX IX 8270 SKINNER TCLP CLP 
Toxicity Land ban 

s 
Sa fro le v 

T 
1,2,4,5.'.fetrachlorobenzene v v 
2,3,4,6.'.fetrachlorophenol v v v * 
o.'.foluidine v 
1,2,4.'.frichlorobenzene v v v v v 
2,4,5.'.frichlorophenol v v v * v 
2,4,6.'.frichlorophenol v v v v v * v 
sym.'.frinitrobenzene v 
0,0,0 Triethylphosphorothlate v 

•Dioxin Wastes (F020, 021, 022, 023, 026, 027, 028) 

RADIAN 
COAPORATIOH BULK RATE 

Return Address: U.S. POSTAGE PD. 

P.O. Box 201088 AUSTIN, TEXAS 

Austin, Texas 78720-1088 PERMIT NO. 266 

Radian Laboratories: 

AUSTIN 
8501 Mo·Pac Blvd. 
P.O. Box 201088 
Austin, TX 78720-1088 
(512) 454.4 797 

MILWAUKEE 
5101 West Beloit Rd. 
Milwaukee, WI 5321-1 
(414)643-2701 

PERIMETER PARK 
P.O. Box 13000 
Research Triangle Park. NC 27709 
(919)481-0212 

SACRAMENTO 
10395 Old Placm·ille Road 
Sacramento, CA 95827 
(916) 362-5332 

A company of The Hartford Steam Boiler Inspection and Insurance Co. 
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Appendix VIII I 

Appendix VIII is a liSt of lapproximat 375 ·tuents some of which cannot be measured. The 
ppen x 1st con ·n analytes In Appendix VIII which can be measur . 1ti0nal work 

can e pe ormed upon :request to a ress ppen 1x c.oncems on p ec -specific basis. Due 
to the unique and custlized nature of this work, standard prices cannot be established. 

I 
Appendix IX I 

I 
On July 9, 1987, the~~ finalized new gfoundwater monitoring requirements for TSD facilities. The 
new requirements speci~ monitoring for a list of 252 organic, metallic a.nd inorganic analytes con
tained In Appendix IX of 

1
:40 CFR Part 264. Although the regulation is specific for groundwater 

analyses, the analytes can be determined in other matrices. 
I 

ion 6/89 
Enseco lno. 

300'38tld l ti l~ d 0 J 3 ~; N 3 ~·I 0 d .::! 08: ~ l 68, 63 ()ON 
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Tit Volatile Organics ... Appendix IX List 

Method 8240 
(" 

Cod • #VOAM-AP9-SW \, 

Uni : ug/kg {wet weight) 
Mat x: Soi 1 I 

I 
I 
I Reporting I 

TCL I Analyte\ Lirnit 

67- ... 1 6 . Acetone [ 5000 
75 .:a .. Acetonitti1e 5000 
107 2 .. a * Acro1ein 5000 
107 3 ... 1 'ii Aeryl oni tri 1 e 5000 
010 05 00 1 * Allyl Ch1oride (3 .. Chloroprene) 1000 

7h 
I 

500 23. Benzene i 
75 .. 17. Bromodic~loromethane 500 
75 .. 25. Bromo f o rI1' 500 
74 2. Bromomet~ane 1000 
78- 13. 2-Butano~e (MEK) 5000 

I 

7. Carbon o1sulfide 500 
15. Carbon Tetrachloride 500 
31. Chlorobe~i:ene 500 
4. Chloroet~ane 1000 

(' 11. Ch lorofotm 500 

1. Chlorome~hane · 1000 •1., 

* Chloropr ne (2-chloro·l,3butadiene) 500 
21. Dibromoc~oromethane 500 
* 1,2-Dibr o·3-chloropropane (DBCP) 1000 
* 1,2-0ibr moethane (EDB) 1000. 

* Dibromom~thane 500 
* trans-1,4-Dichlaro-2-butene 500 
* Dichlorodifluoromethane (Freon 12) 2000 
9. 1,1-0ich~oroethane 500 
12. 1,2-Dichloroethane 500 

I 

I 
8. 1,1-0ich~oroethene ~-ethylene) 500 
10. 1,2-Dich~oroethene total) 500 
18. 1,2-Dichloropropane 500 
19. cis-1,3- ich.loropropene . 500 
24. trans-!; -Diehloropropene 500 

* 1,4-Diox~ne 10000 
32. Ethyl Be~zene 500 
* Iodomethan~ 500 
* !sobutandl 5000 
27. 2-Hexanone 1000 

* Methylacrylonitrile 500 
(_ 5. Methylen~ Chloride(dichloromethane) 2500 

26. 4-Methyl ~:2-pentanone (MIBK) iooo 
* Prapioni~rile {ethyl cyanide) 500 
33. Styrene 500 

8[HJ. :3!'.:ltJd ltJWd OJ::JSN::J WOd~ os:s1 68, 83 noN 
--------- ... -----------------------------------------------------------------------~- .... -------~---------~ 

"" 



Pag 2 
r··· #VO .. AP9-SW 
\ 

I 

630 * l,l,l,2-Tetrachloroethane 500 
79 .... 30. l,l,2,2~Jetrachloroethane 500 
127 28. Tetrachl roethene 500 
71- 14. 1,1,1-Trichloroethane 500 
79 .. 22. 1,1,2-Trichloroethane 500 

I, 

i 

20. Trichlo~thene 500 
* Trichlo fluoromethane (Freon 11) 500 
• 1,2,3-Tr chloropropane 500 
29. Toluene 500 
16. Vinyl Ac tate 1000 

75• 3. Vinyl Chl oride 1000 
133 34. · Xylenes tot a 1) 500 

Sur ates: 
460. 0 .. 4 S2 4-Bromofluorobenzene (BFB) 
170 -07-0 S3 1, 2-D i ch rroet hane-d4 · 
203 26-5 Sl Toluene- 8 

•.• I 
(~:; 

I 
... ;.· .::') 

....... 

I 

1700. 38C:ld 1C:ll'1d 0:) 3St'-l 3 l.<JOd .::I I 8: £I 68, 63 1'lON 
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Tit 
I 

Chlorinated Pesticides and PCB 1 s - Appendix IX List 
Method 8080 I 

Cod IOCPM-AP9-SW 
Uni : ug/kg (~t weight) 
Mat x: Soil 

CAS 

959 -8 
332 -65-9 
103 I 07-8 
72- -8 
7421 93-4 

7.6~ -8 
102 57-3 
465- 3-6 
143.. -0 
72- -5 
8001 5-2 

TCL I 

105. 
120. 
121. 
122. 
123. 

124. 
125. 
126. 
100. 
101. 

102. 
103. 
117. 
118. 
* 
112. 
109. 
114. 
"II 

108. 

107. 
111. 
113. 
110. 
"' 
104. 
106. 
* 
'/; 

115. 
119. 

Analyte 
I 

Al4rin 
Arf.lor 1016 Ar lor 1221 
Ar clor 1232 
Ar clor 1242 

Arqclor 1248 
Ar~cl or 1254 Ar clor 1260 
al ha~BHC 
be a-BHC 

d~a .. BHC 
g a-BHC (Lindane) 
alpha .. Chlordane 
gafi1ma-Chlordane 
Ch rrobenzi late 

4, ·-ooo · 
4 41 -DDE 

I ' 

4, f ·DDT 
Di911ate 
Oieldrin 

Endosu1fan I 
Endosulfan II 
En~osulfan Sulfate 
Endirin 
En&rin Aldehyde 

I 

Hepiitac:h l or 
Hep~achlor Epoxide 
Isoarin 
Kepbne 
Methoxyc:hlor 
Tox~phene 

I 
I 
I 
I 

Reporting 
Limit 

60 
600 
600 
600 
600 

600 
1200 
1200 
60 
60 

60 
60. 
600 
600 
120 

120 
120 
120 
120 
·120 

60 
120 
120 
120 
120 

60 
60 
120 
120 
600 
1200 

ate: 1 

QvS Sl Dibptyl Chlorendate (DBC) . 

Note Deviation from TCL ·1i~t 0 Endrin ketone is replaced with Endrin aldehyde. 
The* compounds (except endrin aldehyde) can be analyzed as semivolatiles. 

'1 

The chlordane isomersj a.re the major components of technical chlordane and 
are reported instead 9f total chlordane as listed in Appendix IX. 
EPA has stated the measurement of alpha- and gamma-chlordane is the more 
accurate ~nd preferred method of determining chlo.rdane in samples. 

i 
S00' 3!:)tld ltlWd OJ3SN3 WOd~ 2s:s1 88, 63 noN 
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10 I ~ • 



I 
I 
I 
I 

I 

Title: Semivolatile Organifs - Appendix IX List 11/10/88 

{ Method 8270 
I I 

Code: IBNAM-AP9-Slil I 
Units: ug/kg (wet weight) 

1 
Matrix.: Soil 

I Reporting ' ·,. 

CASI TCL I Ana1yte\ Limit .. 
., 

I 
a3 ... 3z .. g l 69. Acenaphthene 5000 
2oa .. 95 .. a 2 66. Acenaph hylene 5000 
9s.;as .. 1 3 * Acetophtnone 5000 
53.;,96 ... 3 4 ~ 2-Aeety aminofluorene 
92;.67-1 6 * 4-Amino?iphenyl 

I 

62.;.53-3 7 * Anilinei 5000 
120-12-7 8 84. Anthracrne 5000 
140-57-8 9 * Araroite ~ 

56-55-3 18 90. Benzo(a)anthracene 5000 
50-32"':8 19 96. Benzo(a)pyrene 5000 

I 
I 

205-99-2 20 94. Benzo(b)fluoranthene ( 11) 5000 
191-24-2 21 99. Benzo(g~h;i)perylene 5000 
207-08-9 22 95. Benzo(k fluoranthene (11) 5000 
100-51-6 24 40. Senzyl ~lcohol 5000 
101-55-3 29 80. 4-Bromophenyl-phenylether 5000 

c:" I 
85·68-7 30 88. Butylbenzylphthalate 5000. 
88-85-7 31 * 2-sec-B*tyl-4,p-dinitrophenol 
106-47 .. 8 33 56. 4-Chloroaniline 5000 . 
510 ... 15-6 34 • Chlorob~zilate 
i11 ... 91 .. 1 35 52. bis(2-C loroethoxy)methane 5000 

111.44 .. 4 36 36. bis~2~C loroethyl)ether 5000 
ioa .. so .. 1 37 43. bis 2~C~loroisopropy1)ether 5000 
59~50-7 38 58. 4-Chlor -3-methylpheno1 5000 
91-58-7 40 63. 2-Chlor~naphthalene 5000 
g5 .. 57..g 41 37.· 2-Chlor phenol 5000 

I 
I 

7005-72~3 42 
I . . 

75. 4-Chlorqphenyl-phenylether 5000 
218-01~9 43 * Chrysene 330 
84--:74-2 47 85. Oi-n-bu~ylphthalate 5000 
117 .. 84-0 48 93. Di-n-oc yl)hthalate 5000 
53 .. 70 .. ·3 49 98. Oibenz(,;h anthracene 5000 

132-64-9 51 72. Oibenzo'fiuran 5000 
95- -1 sz 41. 1,2-0ic~lorobenzene sooo 
541 3-1 53 38. 1,3-0ichlorobeniene 5000 
1-06 6-7 54 39. 1,4-0icHlorobenzene 5000 
91- -1 55 89. 3,3'-Dtdhlorobenzidine 10000 

I 

120 3 ... 2 56 53. 2,4-Dic~lorophenol 5000 

l. 87- ~o 57 * 2,6-0ichlorophenol 5000 
84- ~2 59 74. Oiethylphthalate 5000 
60Q a5 60 "" Dimethoate 
50 ... w] 61 * p-Oimethylaminoazobenzene 5000 

i 
I 

900. 3t:ll::ld ll::ll,Jd OJ 3::;t,l 3 ~JOd .:! 38: s; l 68, 63 rlOt--l 
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Page 3 

( IBMAM-AP9-SW 

Reporting 
CAS# TCL # Ana lyte i Limit 

88-74-4 114 54. 2-Nitrolni 1 i ne 25000 . !'' ' 

99-09-2 115 58. 3~Nitrodniline ·25000 ,_· i_.:' I I{/ 
... J '')C /> 100-01-6 116 77. 4-Nitroani1ine 25000 I /, 

....... 1.../ 

gg .. 95 .. 3 117 47. Nitrobe~zene 5000 
;,-.:; ,, 
/.· ..... .. ·, ...... 

aa .. 75 .. 5 118 49. 2-Nitro heno1 5000 <._; 
, . 

! 
'. 

' 
. 100-02-7 119 71. 4-Nitrophenol 25000 

56 .. 57-5 120 * 4-Nit'r'Oquinoline-1-oxide 
924.-92-2 121 * N-Nitroso-di-n-butylamine 5000 
55 .. 13:..5 122 * N-Nitro~odiethylamine 
62-75 .. 9 1.23 * N ... Nitrosodimethylamine (4) 5000 

I 

86-30;..6 124 79. N-NitroJodiphenylamine 5000 
621 .. 64-7 125 45. N·Nitro~ovdi-n·prop,lamine 5000 
10595-96-6 126 -ft N-Nitro ¢methy1ethy amine 
59~9 .. 2 127 * N-Nitro,omorpholine 
100-75-4 128 'II ff-Nitro opiperidine 5000 

930-55•2 129 * N-Nitro opyrrolidine 
9-55-8 130 * 5-Nitro o·toluidine 
56-38-2 131 * · Parathi n (--. 76-0lw7 133 * Pentachl oroethane 

, 82 .. 68·8 134 * Pentachl oronitrobenzene 25000 .. , 

87-86 .. 5 135 82. Pentac::hl orophenol 25000 
62-44-2 136 111 Ph en ace in 5000 
85-01-8 137 83. Phenant rene 5000 
108-95-2. 138 35. Phenol I 5000 
105 .. 50 .. 3 139 ., 4-Phenylenediamine 

I 
I 

298 .. 02·2 140 * Phorate I 
1Q9 .. Q6 .. 8 141 * 2-Picolire 5000 
23950 .. 58 .. 5 142 * Pronamid,e 5000 
129-oo .. o 143 87. Pyrene , 5000 
110 .. a5 .. 1 144 .. Pyridine! 10000 

I 
94 .. 59 .. 7 145 * Safrole i 
3689-24-5 146 * Sulfotep~ 
95-94-3 147 * 1,2,4,5-! etrachlorobenzene 5000 
58-90-2 148 * 2,3,4,6-retrachlorophenol 25000 
95 .. 53 .. 4 149 * 2-Toluid~ne . --
120 .. a2-1 151 54. " 1,2,4-Tr~chlorobenzene 5000 
95-95-4 152 62. 2,4,5-Trich1orophenol 25000 
aa .. 06-2 153 51. 2,4,6~Trjchlorophenol 5000 
126-68-1 154 * o,o,o-Triethyl phosphorothioate 
99 .. 3 5 ""4 155 * l,3,5-Trinitrobenzene 

( 
'-,. 

800. 38l::;jd l~W~ OJ3SN3 WO~~ 88:51 59, sa noN 
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I 
TABLE m-7 - RECOMMENDIID CONTAINERS AND PRESERVATIVES 

I 

Teetinkies and IIolding Times for RM.A.L's Proposed 
\ Qllantitative Analytical Screen ( QAS) 
I 

&tmele Container Jeservation ........ 
I 

A. Ground Water Sarneles - I 4°c ·. 2. x 40 ml glass (VOA)1 

g·~ 1 liter glass 

. Polyethylene 

.' Pla.Stic 

I 

I, 

I 

4°c 

2 JI 50% l!N03 
ipH<2 

2 m[ 50% Ne.OH 
to ~H.>'12, 4°C 

1 ml ;in ZnAcetate 
1ml50% NaOH 
to pH> 9, 4°0 

Minimum 
8am12le Size 

40 ml ea.. 

1000 ml ea. 

500 ml 

500 ml 

250 ml 

Methods/ 
Parameters 

8240 

8080,8140,8150, 
8270,832018330 

Metals 
Mercury 

Cyanide 

Sul.fide 

Recommended 
Holslin§i Tim~ 

14 days 

7 days until 
extraction 

40 days after 
extraction 

6 months 
·2s days 

14 days 

7 days 

Plastic 100 ml Hexavalent chromium 24 hours 

: ~ Waste Sameles 

.: ! liter wide-mouth 
g'lass 

40 ml glass via.11 

Notes: 

'. '. 

· 1. Duplicate samples are desirable. 
2. nd :;; Insufficient data to determine. 

60CJ' 39i:::Jd 

56 

. ,.,_.. 

500 g 

• 0 

40 ml 

Organics except 
volatiles; m etal.s; 

inorganics 

8240 

17s:~1 sa, s::::: (!OH 
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ELEMENT 

Antimony 
Arsenic 
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·, Mercury 
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(mg/l) 

0.002 
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0.002 

. Arsenic and seleni are analyzed using Zeeman background 
correction. An Iron 1 p 1s used for background correction 
in the mercury determi at1on. All other elements are 
determined using Deute ium arc background correction. 

* IDL • Instrument Detection Li~it 
ILL ~ Instrument 1inear Limit 
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Enseco Incorporated (Enseco) is the largest and most experienced 
environmental testing laboratory in the United States. The environmental 
component of Enseco consists of the combined resources of: 

• Enseco-Erco Laboratory in Cambridge, Massachusetts, 

• Enseco-Marblehead in Marblehead, Massachusetts, 

• Enseco-East in Somerset, New Jersey, 

• Enseco-Rocky Mountain Analytical Laboratory in Denver, Colorado, 

• Enseco-Houston in Houston, Texas, 

• Enseco-California Analytical Laboratory in Sacramento, California, 

• Enseco-CRL in Garden Grove, California, 

• Enseco-El Monte in El Monte, California, 

• Enseco-Santa Maria in Santa Maria, California, 

• Enseco-Ventura in Ventura, California, and 

• Enseco-Mobile Laboratories headquartered in Garden Grove, 
California. 

Addresses and telephone numbers for these Enseco laboratories are listed 

in Table 1-1. 

This document describes the Enseco Quality Assurance policies and 
procedures related to chemical monitoring for environmental pollutants. 
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ENSECO LABORATORY LOCATIONS 

Enseco-California Analytical 
Laboratory 

2544 Industrial Boulevard 
West Sacramento, CA 95691 
(916) 372-1393 
Facsimile (916) 372-1059 

Enseco-CRL 
7440 Lincoln Way 
Garden Grove, CA 92641 
(714) 898-6370 
Facsimile (714) 891-5917 

Enseco-East 
2200 Cottontail Lane 
Somerset, NJ 08873 
(201) 469-5800 
Facsimile (201) 469-7516 

Enseco-El Monte 
9537 Telstar Avenue #118 
El Monte, CA 91731 
(818) 442-8400 
Facsimile (818) 442-3758 

Enseco-Erco Laboratory 
205 Alewife Brook Parkway 
Cambridge, MA 02138 
(617) 661-3111 
Facsimile (617) 354-5258 

Enseco-Houston 
1420 East North Belt Suite 120 
Houston, TX 77032 
(713) 987-9767 
Facsimile (713) 987-9769 

Enseco-Marblehead 
Doaks Lane at Little Harbor 
Marblehead, Massachusetts 01945 
(617) 639-2695 
Facsimile (617) 639-2637 

Enseco-Mobile Laboratories 
7440 Lincoln Way 
Garden Grove, CA 92641 
(714) 898-6370 
Facsimile (714) 891-5917 

Enseco-Rocky Mountain Analytical 
Laboratory 

4955 Yarrow Street 
Arvada, CO 80002 
(303) 421-6611 
Facsimile (303) 431-7171 

Enseco-Santa Maria 
2325 Skyway Drive, Suite K 
Santa Maria, CA 93455 
(805) 922-2776 
Facsimile (805) 922-5897 

Enseco-Ventura 
2810 Bunsen Avenue, Unit A 
Ventura, CA 93003 
(805) 650-0546 
Facsimile (805) 650-0756 

Enseco, Inc. (Corporate Office) 
2200 Cottontail Lane 
Somerset, NJ 08873 
(201). 469-5800 
Facsimile (201) 469-7516 
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Enseco is committed to providing quality environmental analytical 
services to both the public and private sectors. To ensure the 
production of scientifically sound, legally defensible data of known and 

documentable quality, an extensive Quality Assurance (QA) program has 
been implemented within Enseco. This program relies on clearly defined 
objectives, well-documented procedures, a comprehensive audit system, and 

management support, both Corporate and Divisional, for its effectiveness. 
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3. PURPOSE AND SCOPE OF DOCUMENT 

Purpose 

This QA Program Plan presents an overview of the essential elements of 
the Enseco QA program. Enseco has modeled this plan along EPA guidelines 
as outlined in "Interim Guidelines and Specifications for Preparing 
Quality Assurance Program Plans," QAMS-004/80, December 29, 1980 and 
"Interim Guidelines and Specifications for Preparing Quality Assurance 
Project Plans," QAMS-005/80, February, 1983. Both of these documents 
have been issued by the Office of Monitoring Systems and Quality 
Assurance, Office of Research and Development, U.S. Environmental 
Protection Agency (U.S. EPA). Elements above and beyond those specified 
in these two documents have been included in this QA Program Plan in 
order to completely describe the Enseco QA/QC system. 

Scope 

The Enseco QA program is designed to control and monitor the quality of 
data generated in Enseco laboratories. The program has four key 
elements. 

Demonstrating laboratory capability by providing information which 
documents the overall qualifications of the laboratory to perform 
environmental analyses; 

Controlling laboratory operations by establishing procedures which 
measure the laboratory's performance on a daily basis; 

Measuring matrix effects to determine the effect of a specific 
matrix on method performance, and 

• Reporting appropriate QC information with the analytical results to 
enable the end-user to assess the quality of the data. 

The specific procedures involved in implementing each aspect of the 
Enseco program are described in this document. An overview of these QC 
procedures, along with the section number in which each is discussed, is 

given in Table 3-1. 
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The QA/QC policies and procedures described herein are designed to 
eliminate systematic errors and minimize the occurrence of other errors. 
However, no QA program, regardless of how elaborate, can eliminate all 
errors which may occur during an analysis. The QA program forms the 
framework for minimizing errors and identifying and correcting those 
errors which do occasionally occur. These QA/QC policies and procedures 
must be coupled with the professional judgement of the technical staff in 
interpreting the events surrounding the generation of the final result to 
ensure that quality data is consistently produced. 
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Evaluation Criteria 

LABORATORY QUALIFICATIONS 

LABORATORY PERFORMANCE 

MA TRIX EFFECTS 

DATA REPORTING 

Table 3-1 
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Operational Elements 
Section of 

QA Plan 

Facilities/equipment/staff ................ . 
Written SOPs for all laboratory 
procedures, including: •.................... 

Sample custody ......................... . 
Calibration procedures ................. . 
Analytical procedures .................. . 
Data validation ........................ . 

Documented QA program ......•••............. 
Laboratory certifications ..•...•........... 

Check samples •.....•....................... 
Method blanks ............................. . 
Calibration data .......................... . 
Method detection limits 

* 

15 
5 
6 
7 
8 

1-15 
10 

9 
9 
6 

(determined on method blank)............... 12 

Matrix spike/matrix duplicate/ 
matrix spike duplicate analyses ........... . 
Sample surrogate recoveries ....•........... 
Standard additions •.•.•..•.....•..••....... 
Field blanks .............................. . 
Method detection limits (determined 

9 
9 
9 
9 

with specific sample matrix)............... 12 

Data reduction and validation.............. 10 
Data reporting............................. 10 
Reporting Limits........................... 12 

* Described in a separate document available from Enseco. 
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Quality Assurance (QA): the total integrated program for assuring the 

reliability of data generated in the laboratory. 

Quality Control (QC): the routine application of specific, well

documented procedures to ensure the generation of data of known and 

accepted quality, thus fulfilling the objectives of the QA program. 

Quality Assurance Program Plan (QAPP): an assemblage of management 
policies, objectives, principles, and general procedures outlining the 
techniques by which the laboratory produces data of known and accepted 

quality. 

Standard Operating Procedure (SOP): a detailed, written description of a 
procedure designed to systematize and standardize the performance of the 
procedure. 

Quality Assurance Project Plan (QAPjP): an assemblage of detailed 
procedures describing how the laboratory will generate data that meet the 
Data Quality Objective (DQOs) of a specific project. 

Holding Time: the period of time during which a sample can be stored 
after collection and preservation without significantly affecting the 

accuracy of the analysis. 

Sample Delivery Acceptance: the point in time at which Enseco determines 
that it can proceed with the analytical work. Sample delivery acceptance 
follows receipt and inspection of the samples and complete definition of 

analyses required. 

Initiate Preparation: the point in time at which the separation of 
organic extractable compounds or metals from the sample matrix by solvent 

extraction or acid digestion is begun. 
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Initiate Analysis: the point in time at which the sample, extract or 
digestate is introduced into an instrument or process which complies with 
the SOP for analysis of the parameter of interest. 
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Executing an effective QA program in a large and complex multi-laboratory 
system demands the commitment and attention of both management and staff. 
The QA effort at Enseco is directed by the Vice President of Quality 
Assurance who manages the Corporate Quality Assurance Office. The VP of 
QA reports directly to the Chief Executive Officer (CEO) and has the 
responsibility for overseeing and regulating all laboratory functions 
(see Figure 5-1). The QA Office operates independently of all areas 
generating analytical data to ensure complete objectivity in the 
evaluation of laboratory operations. 

The implementation of the QA program within each individual Enseco 
laboratory is the responsibility of the Division QA Director. The QA 
Director reports to both the VP of QA and to the Division Director, who 
manages the laboratory. In addition, all scientists within the 
organization play a vital role in assuring the quality of their work. We 
believe that the success of Enseco is dependent upon the continued 
commitment of all within the organization to a strong and viable QA 
Program. The responsibilities and levels of authority within the 
organization are described below. 

Corporate Quality Assurance Office 

Members 

The QA effort within Enseco is directed by the VP of QA who 
reports directly to the CEO of Enseco. The Corporate QA Office 
also includes a QA specialist who assists the VP in carrying 
out the responsibilities of the department. 
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SVP of 
Operations 

Division 
Director 

Division 
Management 

Division 
Personnel 

Figure 5-1 

ENSECO QA ORGANIZATIONAL CHART 
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VP of 
QA 
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QA Director 
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Responsibilities 

The VP of QA is responsible for: 

• Developing and implementing a Corporate QA program that 
ensures that all data generated in Enseco laboratories are 
scientifically sound, legally defensible, and of known 
precision and accuracy; 

Monitoring the QA Plan to ensure compliance with QA 
objectives in all Enseco laboratories; 

Developing and implementing new QA procedures within the 
corporation to improve data quality; 

• Conducting audits and inspections of all Enseco 
laboratories on a regular basis, reporting the results of 
those audits to management, and applying corrective 
actions as needed to ensure compliance with the Enseco QA 
Plan; 

Coordinating the distribution of Performance Evaluation 
(PE) samples to all Enseco laboratories on a routine 
basis, evaluating the results of those samples, reporting 
to management, and applying corrective actions as needed 
to ensure that all Enseco laboratories are able to 
generate data that meet the data quality objectives 
defined in the QA Plan; 

Establishing databases that accurately reflect the 
performance of each of the Enseco laboratories; 

Directing Division QA Directors in the implementation of 
the Enseco QA Plan within individual facilities; 

• Chairing the Enseco QA Committee, a working committee 
which includes all of the Division QA Directors and QA 
Specialists and deals with QA issues on an ongoing basis; 

• Coordinating certification programs within Enseco; 

• Conducting seminars on QA issues for both clients and 
laboratory staff; and 

Promoting sound QA practices within the environmental 
regulatory and analytical communities. 
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The VP of QA is the final authority on all issues dealing with 
data quality and has the authority to require that procedures 
be amended or discontinued, or analyses suspended or repeated. 
Also, the VP of QA has the authority to suspend or terminate 
employees on the grounds of dishonesty, incompetence, or 
repeated non-compliance with QA procedures. In addition, the 
VP of QA has the authority to overrule decisions and actions of 
the Division QA Directors and must approve the termination or 
transfer of any Division QA Director. The authority of the VP 
of QA comes directly from the CEO of Enseco. 

Divisional Quality Assurance Departments 

Members 

Each Divisional QA Department is managed by a QA Director. The 
QA Director reports directly to the Division Director and 
indirectly to the Corporate VP of QA. The QA Director is 
supported by a QA staff within the laboratory. 

Responsibilities 

The Division QA Director is responsible for: 

• Implementing Enseco QA policies; 

• Monitoring the implementation of the QA Plan within the 
laboratory to ensure complete compliance with QA 
objectives; 

Conducting in-house audits to identify potential problems 
and ensure compliance with written SOPs; 

• Performing statistical analyses of QC data and 
establishing databases that accurately reflect the 
performance of the laboratory; 
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Monitoring the preparation and verification of analytical 
standards; 

• Assisting chemists in the writing of SOPs; 

• Reporting the status of the laboratory QA program to the 
Corporate VP of QA with formal and informal 
communications; 

Maintaining records and archives of all QC data, PE 
results, audit comments, and customer inquiries concerning 
data quality; 

Assuring that the laboratory staff has access to current 
SOPs; 

• Monitoring laboratory performance in the areas of holding 
times, turn-around times, and meeting contractual 
obligations; 

Conducting seminars on QA issues for clients and 
laboratory staff; 

• Preparing QA Project Plans when needed; 

• Assisting the Corporate QA office in the writing of QA 
policies and procedures; 

• Serving as a member of the Enseco QA Committee; and 

• Auditing subcontractors. 

Authority 

The Division QA Director is the final authority within each 
laboratory on all issues dealing with data quality. He/she has 

the authority to require that procedures be amended or 
discontinued or analyses suspended or repeated. He/she can 
make recommendations to the Division Director and the Corporate 

VP of QA regarding suspension or termination of employees for 
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incompetence or non-compliance with QA procedures. The 
authority of the Division QA Director comes directly from the 
Corporate VP of QA. 

Divisional Management 

Members 

The managers and supervisors who direct the analytical work at each 
laboratory are directly responsible for ensuring that all employees 
reporting to them are complying with the Enseco QA Plan. 

Responsibilities 

Laboratory management is responsible for: 

Actively supporting the implementation of the Enseco QA Plan 
within the laboratory; 

Maintaining accurate SOPs and enforcing their use in the 
laboratory; 

Maintaining a work environment that emphasizes the importance 
of data quality; and 

Providing management support to the Corporate and Divisional QA 
departments. 

Authority 

The managers and supervisors of the laboratory have the authority to 
accept or reject databased on compliance with well-defined QC 
criteria. In addition, managers and supervisors, with the approval 
of the QA department, can accept or reject data that fall outside of 
established QC guidelines if, in their judgment, there are technical 
reasons which warrant the acceptance or rejection of the data. 
These circumstances must be well documented and any need for 
corrective action identified by the incident must be defined and 
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initiated. The authority of the laboratory management comes 
directly from the Corporate VP of Operations and the Division 
Director. 

Divisional Personnel 

Members 

All laboratory personn~l involved in the generation and reporting of 
data have a responsibility to understand and follow the Enseco QA 
Plan. 

Responsibilities 

Laboratory personnel are responsible for: 

• Having a working knowledge of the Enseco QA Plan; 

• Ensuring that all work is generated in compliance with the 
Enseco QA Plan; 

• Performing all work according to written SOPs; 

• Ensuring that all documentation related to their work is 
complete and accurate; and 

Providing management with immediate notification of quality 
problems. 

Authority 

Laboratory personnel have the authority to accept or reject 
databased on compliance with well-defined QC criteria. The 
acceptance or rejection of data that fall outside of established QC 
guidelines must be approved by laboratory management and the QA 
department. The authority of the laboratory personnel flows from 
the Division Director. 
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6. SAMPLING PROCEDURES 

The generation of quality data begins with the collection of the sample, 
and therefore the integrity of the sample collection process is of 
concern to the laboratory. Samples must be collected in such a way that 
no foreign material is introduced into the sample and no material of 
interest escapes from the sample prior to analysis. To ensure sample 

integrity, the following must be considered: 

Samples must be collected in appropriate containers. In general, 
glass containers are used for organic parameters and polyethylene 
containers for inorganic/metal parameters (see Appendix I); 

• The sample containers must be properly cleaned to ensure that the 
sample is not contaminated during the collection process; 

• Samples must be preserved appropriately to minimize the loss of 
materials of interest due to adsorption, chemical or biological 
degradation, or volatilization (see Appendix I); 

• Appropriate volumes of sample must be collected to ensure that the 
required detection limits can be met and quality control samples can 
be analyzed (see Appendix I); and 

Samples must be properly shipped to the laboratory, in the 
appropriate time frame, to ensure that holding times for the 
analyses can be met (see Appendix I). 

Sample Containers and Preservatives 

Enseco can assist in the sample collection process by providing 
consultation and assistance to clients designing sampling programs. Also 

Enseco can make available to the client the Enseco "Sample Safe™,'' a set 
of sample containers that are properly cleaned and preserved for use in 
sample collection. Appropriate containers and preservatives, and minimum 

sample volumes required for analyzing routine organic, metal, and 

conventional parameters are listed in Appendix I. 



Enseco QA Program Plan 

Holding Times 

Section No. 
Revision No. 

Date 
Page 

6 
3.3 
5/89 

17 of 58 

EPA has established holding time requirements for some analyses. These 
holding time requirements are listed in Appendix I, along with container 

and preservative requirements. As indicated in Appendix I, holding time 
requirements differ depending on the regulatory program. Enseco follows 
the holding times given in SW-846, Update I unless otherwise instructed 

by the client. CLP holding times are followed when CLP protocols are 
requested by the client. Other holding times can be honored if special 
arrangements are made with the laboratory. 

Enseco is obligated to initiate preparation and/or analysis of the sample 
within holding times if sample delivery acceptance occurs within 72 hours 
of sampling or before one-half of the holding time period has expired, 
whichever is less. (See Section 4 for definition of above terms.) 

On occasion, a sample must be reanalyzed to comply with this QA Program 
Plan. If this reanalysis is conducted outside of the holding time, the 
laboratory will be considered to have fulfilled its obligation to meet 
holding times if the first preparation and/or analysis was initiated 

within the prescribed holding time. 
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Upon receipt by Enseco, samples proceed through an orderly processing 

sequence specifically designed to ensure continuous integrity of both the 
sample and its documentation. 

All samples are received by Enseco 1 s Sample Control Group and are 
carefully checked for label identification, and completed, accurate 
chain-of-custody records. Photographs document the condition of samples 
and each sample is then assigned a unique laboratory identification 
number through a computerized Laboratory Information Management System 
(LIMS) that stores all identifications and essential information. The 
LIMS system tracks the sample from storage through the laboratory system 
until the analytical process is completed and the sample is returned to 

the custody of the Sample Control Group for disposal. This process is 
summarized in Figure 7-1. Access to all Enseco laboratories is 
restricted to prevent any unauthorized contact with samples, extracts, or 

documentation. 

An example of the Enseco Chain-Of-Custody Record used to transmit samples 

from the client to the laboratory is given in Figure 7-2. The Chain-Of
Custody Record (Interlaboratory Analysis Form) used to transmit samples 
between laboratories within Enseco is given in Figure 7-3. 

Sample bottles provided to the client by Enseco are transmitted under 

custody using the Enseco "Sample Safe™". 
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ENSECO SAMPLE PROCESSING FLOW CHART 

Sample Control 

Proper Storage 

Laboratories 

Sample Control 

* 

* 

* 
* 

* 

* 

* 
* 

Check and document physical condition 
of sample 
Verify documentation and parameter 
assignment 
Log into LIMS 
Send acknowledgement letter to client 

Store sample according to preservation 
gu.i de lines 
Transfer sample to lab with proper 
documentation 

Document analytical work 
Return unused samples to Sample Control 

* Return sample to client or arrange for 
sample disposal 
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A critical element in the generation of quality data is the 
purity/quality and traceability of the standard solutions and 
reagents used in the analytical operations. Enseco continually 
monitors the quality of reagents and standard solutions through a 
series of well-documented procedures. 

To ensure the highest purity possible, all primary reference 
standards and standard solutions used by Enseco are obtained from the 
National Institue of Standards and Technology, the EPA Repository or 

other reliable commercial sources. All standards and standard 
solutions are logged into a database that identifies the supplier, 

lot number, purity/concentration, receipt/preparation date, 
preparer's name, method of preparation, expiration date, and all 

other pertinent information. 

Standard solutions are validated prior to use. Validation procedures 

can range from a check for chromatographic purity to verification of 
the concentration of the standard using a standard prepared at a 
different time or obtained from a different source. Stock and 

working standards are checked regularly for signs of deterioration, 
such as discoloration, formation of precipitates, or change in 

concentration. Care is exercised in the proper storage and handling 
of standard solutions, and all containers are labeled as to compound, 
concentration, solvent, expiration date, and preparation data 

(initials of preparer/date of preparation). 

Reagents are examined for purity by subjecting an aliquot or 
subsample to the analytical method in which it will be used; for 

example, every lot of dichloromethane (for organic extractables) is 
analyzed for undesirable contaminants prior to use in the laboratory. 
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A database is used to store essential information on specific 
standards or reagents. The system is designed to serve various 
functions (e.g., the system issues warnings on expiration dates and 
allows chemists to obtain a list of all working standard solutions 
prepared from the same stock solution). The program also facilitates 
the management and auditing of reagents and standards. 

Instrument Calibration and Tuning 

Calibration of instrumentation is required to ensure that the 
analytical system is operating correctly and functioning at the 
proper sensitivity to meet established reporting limits. Each 
instrument is calibrated with standard solutions appropriate to the 
type of instrument and the linear range established for the 
analytical method. The frequency of calibration and the 
concentration of calibration standards is determined by the 
manufacturer's guidelines, the analytical method, or the requirements 
of special contracts. 

Gas Chromatography/Mass Spectrometry (GC/MS) 

Each day prior to analysis of samples, the instrument is tuned with 
bromofluorobenzene (BFB) for volatile compounds and 
decafluorotriphenylphosphine (DFTPP) for semivolatile compounds 
(according to the tuning criteria specified in the U.S. EPA Contract 
Laboratory Program (CLP)). No samples are analyzed until the 
instrument has met tuning criteria. 

The instrument is then calibrated for all target compounds. An 
initial calibration curve is produced and certain key compounds 
referred to as System Performance Calibration Compounds (SPCC) and 
Continuing Calibration Compounds (CCC) are evaluated on a daily basis 
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The field of chromatography involves a variety of instrumentation and 

detection systems. While calibration standards and acceptance 
criteria vary depending on the type of system and analytical 

methodology required for a specific analysis, the general principles 

of calibration apply uniformly. Each chromatographic system is 
calibrated prior to performance of analyses. Initial calibration 

consists of determining the linear range, establishing limits of 

detection, and establishing retention time windows. The calibration 

is checked on a daily basis to ensure that the system remains within 
specifications. If the daily calibration check does not meet 

established criteria, the system is recalibrated and samples analyzed 

since the last acceptable calibration check are reanalyzed. 

Metals 

Metals analysis basically involves two types of analytical 

instrumentation: inductively coupled argon plasma emission 
spectroscopy (ICP), and atomic absorption spectroscopy (AA). 

Each ICP is calibrated prior to any analyses being performed using 
criteria prescribed in the CLP protocol. The calibration is then 
verified using standards from an independent source. The linear 
range of the instrument is established once every quarter using a 

linear range verification check standard. No values are reported 

above this upper concentration value without dilution. 
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A calibration curve is established daily by analyzing a minimum of 
two standards, one of which is a calibration blank. The calibration 
is monitored throughout the day by analyzing a Continuing Calibration 
Blank (CCB) and a Continuing Calibration Verification standard (CCV). 
The standard must meet established criteria or the system is 
recalibrated and all samples analyzed since the last acceptable 
calibration check are reanalyzed. 

An interelement check standard is analyzed at the beginning and end 
of each analytical run, and on a continuing basis, to verify that 
interelement and background correction factors have remained 
constant. Results outside of the established criteria trigger 
reanalysis of samples. 

Each AA unit is calibrated prior to any analyses being conducted. A 
calibration curve is prepared with a minimum of a calibration blank 
and three standards and then verified with a standard that has been 
prepared from an independent source at a concentration near the 
middle of the calibration range. The calibration is then verified on 
an ongoing basis with a midpoint calibration standard. If the 
ongoing calibration standard does not meet established acceptance 
criteria, the system is recalibrated and all samples analyzed since 
the last acceptable calibration check are reanalyzed. All samples 
are spiked to verify the absence of matrix effects or interferences. 
The method of standard additions is used when matrix interferences 
are present. 

Conventional Analyses 

The field of conventional, non-metals analysis involves a variety of 
instrumental and wet chemical techniques. While calibration and 
standardization procedures vary depending on the type of system and 
analytical methodology required for a specific analysis, the general 
principles of calibration apply uni~ersally. Each system is 
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Most analyses performed by Enseco are driven by regulatory concerns. 
Therefore, methods used at Enseco predominantly originate from regulatory 
agencies. Generally the methods used are those specified by the U.S. EPA 
and other federal agencies, state agencies, and professional 
organizations, as provided in the following references: 

• Current EPA (CLP) protocols for the analysis of organic and inorganic 
hazardous substances including chlorinated dioxins and furans. 

"Guidelines Establishing Test Procedures for the Analysis of 
Pollutants Under the Clean Water Act," 40 CFR, Part 136. 

• "Methods for Chemical Analysis of Water and Wastes," EPA-600/4-79-020 
(revised March, 1983). 

"Methods for Organic Chemical Analysis of Municipal and Industrial 
Wastewater," EPA-600/4-82-057 (July, 1982). 

• "Test Methods for Evaluating Solid Waste" (SW-846), 2nd Edition 
(revised), Update I (1984), Update II (1985), 3rd Edition (1986), 
Update I (1989), Office of Solid Waste and Emergency Response, U.S. 
EPA. 

• "Standard Methods for the Examination of Water and Wastewater," 16th 
Edition, American Public Health Association, American Water Works 
Association, Water Pollution Control Federation, Washington, DC 
(1985). 

• "Official Methods of Analysis," 14th Edition, Association of Official 
Analytical Chemists, Arlington, VA (1984). 

• "Methods for the Determination of Organic Compounds in Finished 
Drinking Water and Raw Source Water," U.S. EPA, Environmental 
Monitoring and Support Laboratory - Cincinnati (September, 1986). 

"Annual Book of ASTM Standards," Volumes 11.01 and 11.02, American 
Society for Testing and Materials (ASTM), Philadelphia, PA (1987). 

"Techniques of Water Resources Investigations of the United States 
Geological Survey (USGS), Book 5, Laboratory Analysis," USGS, 
Washington, DC (1979). 
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The choice of method is dependent on the objectives of the study in terms 
of qualitative certainty, quantitative sensitivity, precision and 
accuracy, and the type of matrix to be analyzed. Each method used 
routinely is documented in the form of an SOP. The SOP contains detailed 
instructions concerning both the use and the expected performance of the 
method. Any deviations from published methodology are documented and 
explained in the SOP. A complete description of the contents of 
laboratory SOPs is given in Section 17. 

Before any methods are routinely used to generate analytical data, the 
method is validated. Validation criteria consist of: 

• Method selection by a senior staff member; 

• Documentation of the method in an SOP • 
the method, detailed description of the 
calculations, reporting formats, safety 
remarks; 

This includes a summary of 
analytical procedure, 
concerns, and special 

Testing of the method to verify detection limits and linear range, 
establish reporting limits and precision and accuracy criteria; and 

Establishment of data acceptance criteria that must be approved by a 
senior staff member and the Divisional QA Director. 
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All analytical data generated within Enseco laboratories are 
extensively checked for accuracy and completeness. The data 
validation process consists of data generation, reduction, and three 
levels of review, as described below (also see Figure 10-1). 

The analyst who generates the analytical data has the prime 
responsibility for the correctness and completeness of the data. All 
data are generated and reduced following protocols specified in 
laboratory SOPs. Each analyst reviews the quality of his or her work 
based on an established set of guidelines. The analyst reviews the 
data package to ensure that: 

• Sample preparation information is correct and complete; 

• Analysis information is correct and complete; 

• The appropriate SOPs have been followed; 

• Analytical results are correct and complete; 

• QC samples are within established control limits; 

• Blanks are within appropriate QC limits; 

• Special sample preparation and analytical requirements have been 
met; and 

• Documentation is complete (e.g., all anomalies in the 
preparation and analysis have been documented, Out-of-Control 
forms [if required] are complete; holding times are documented, 
etc.) . 
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The data reduction and validation steps are documented, signed and 

dated by the analyst. This initial review step, performed by the 

analyst, is designated Level 1 review. The analyst then passes the 
data package to an independent reviewer, who performs a Level 2 
review. 

Level 2 review is performed by a supervisor or data review specialist 
whose function is to provide an independent review of the data 
package. This review is also conducted according to an established 

set of guidelines and is structured to ensure that: 

• Calibration data are scientifically sound, appropriate to the 
method, and completely documented; 

• QC samples are within established guidelines; 

• Qualitative identification of sample components is correct; 

• Quantitative results are correct; 

• Documentation is complete and correct (e.g., anomalies in the 
preparation and analysis have been documented; Out-of-Control 
forms [if required] are complete; holding times are documented, 
etc.); 

• The data are ready for incorporation into the final report; and 

• The data package is complete and ready for data archive. 

Level 2 review is structured so that all calibration data and QC 
sample results are reviewed and all of the analytical results from 10% 
of the samples are checked back to the bench sheet. If no problems 

are found with the data package, the review is complete. If any 
problems are found with the data package, an additional 10% of the 
samples are checked to the bench sheet. The process continues until 

no errors are found or until the data package has been reviewed in its 

entirety. 
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An important element of Level 2 review is the documentation of any 

errors that have been identified and corrected during the review 
process. Enseco believes that the data package submitted by the 
analyst for Level 2 review should be free of errors. Errors that are 
found are documented and transmitted to the appropriate supervisor. 
The cause of the errors is then addressed with additional training or 
clarification of procedures to ensure that quality data will be 
generated at the bench. 

Level 2 data review is also documented and the signature of the 
reviewer and the date of review recorded. The reviewed data are then 
approved for release and a final report is prepared. 

Before the report is released to the client, the Program Administrator 
who is responsible for interfacing directly with the client reviews 
the report to ensure that the data meet the overall objectives of the 
client, as understood by the Program Administrator. This review is 

labeled Level 3 review. 

Each step of this review process involves evaluation of data quality 
based on both the results of the QC data and the professional 
judgement of those conducting the review. This application of 
technical knowledge and experience to the evaluation of the data is 
essential in ensuring that data of high quality are generated 

consistently. 

In addition to the three levels of review discussed above, the 
Divisional QA department randomly audits 5% of all projects reported. 
The QA audit includes verifying that holding times have been met, 
calibration checks are adequate, qualitative and quantitative results 
are correct, documentation is complete, and QC results are complete 
and accurate. During the review, the QA department checks the data 
from 20% of the samples back to the bench sheet. If no problems are 
found with the data package, the review is complete. If any problems 
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are found with the data package, an additional 10% of the samples are 
checked to the bench sheet. The process continues until no errors are 
found or until the data package has been reviewed in its entirety. 

Data Reporting 

A variety of reporting formats, from computerized data tables, to 
complex reports discussing regulatory issues, to a CLP-deliverables 
package, are available. In general, Enseco reports contain: 

General Discussion: Description of samples types, tests performed, 
any problems encountered and general comments are given. 

Analytical Data: Data are reported by sample or by test. Pertinent 
information including dates sampled, received, prepared, and extracted 
are included· on each results page. The Enseco reporting limit for 
each analyte is also given. 

QC Information: The results (Percent Recovery and Relative Percent 
Difference) of the Laboratory Control Samples analyzed with the 
project are listed, together with the control limits. Also, the 
analytical results for method blanks generated during analysis of 
organic and metals parameters are given. 

Results of any matrix spikes, duplicates, matrix spike duplicates or 
other project-specific QC are also reported. 

Methodology: Reference for analytical methodology used is cited. 

Custom Services: Special services including data interpretation, 
special consultation, and raw data packages (when requested) are 

included. 
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11. INTERNAL QC CHECKS 

The Enseco QA/QC program monitors data quality with internal QC checks. 
Internal QC checks are used to answer two questions: 

1) Are laboratory operations "in control," (i.e., operating within 
acceptable QC guidelines), during data generation? 

2) What effect does the sample matrix have on the data being generated? 

The first question is answered by Laboratory Performance QC. Laboratory 
performance QC is based on the use of a standard, control matrix to 
generate precision and accuracy data that are compared, on a daily basis, 
to control limits. This information, in conjunction with method blank 
data, is used to assess daily laboratory performance. 

The second question is addressed with Matrix-Specific QC. Matrix
Specific QC is based on the use of an actual environmental sample for 
precision and accuracy determinations and commonly relies on the analysis 
of matrix spikes, matrix duplicates, and matrix spike duplicates. This 
information, supplemented with field blank results, is used to assess the 
effect of the matrix and field conditions on analytical data. 

Laboratory Performance QC is provided as a standard part of every routine 
Enseco analysis. Matrix-Specific QC is available as an option to the 
client and should be specified based on the types of matrices to be 
analyzed and the Data Quality Objectives (DQOs) and regulatory 
requirements of the project. 

A complete discussion of the Enseco Internal QC Check program follows. 
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Laboratory Performance QC is provided as a standard part of every 
routine Enseco analysis. The main elements of Laboratory 
Performance QC are: 

The analysis of Laboratory Control Samples, which include 
Duplicate Control Samples (DCS), Single Control Samples (SCS), 
and method blanks, and 

The generation of daily calibration data. 

The Laboratory Control Sample program is discussed below. Please 
refer to Section 8 of this manual for a discussion of calibration 
procedures. 

Laboratory Control Samples (LCS) 

Laboratory Control Samples (LCS) are well-characterized, laboratory 
generated samples used to monitor the laboratory's day-to-day performance 
of routine analytical methods. Certain LCS are used to monitor the 
precision and accuracy of the analytical process, independent of matrix 
effects. Other LCS are used to identify any background interference or 
contamination of the analytical system which may lead to the reporting of 
elevated concentration levels or false positive data. 

The results of the LCS are compared to well-defined laboratory acceptance 
criteria to determine whether the laboratory system is "in control." 
Controlling lab operations with LCS (as opposed to matrix spike/matrix 
spike duplicate samples), offers the advantage of being able to 
differentiate low recoveries due to procedural errors from those due to 
matrix effects. As a result, procedural errors can be identified and 
corrected by the analyst at the bench, without waiting for extensive 
senior level review or costly and time-consuming reanalysis of the 
sample. 
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Three types of LCS are routinely analyzed: Duplicate Control Samples 
(DCS), Single Control Samples (SCS), and Method Blanks. Each of these 
LCS are described below. 

Duplicate Control Samples (DCS) 

Duplicate Control Samples (DCS) are used to monitor the precision and 
accuracy of the analytical system on an on-going basis. Each DCS 
consists of a standard, control matrix that is spiked with a group of 
target compounds representative of the method analytes. A DCS pair is 
analyzed for every 20 samples processed by the method. DCS are analyzed 
with environmental samples to provide evidence that the laboratory is 
performing the method within accepted QC guidelines for accuracy and 
precision. 

Accuracy (average recovery of each analyte in the DCS pair) and prec1s1on 
(Relative Percent Difference [RPO] between each analyte in the DCS pair) 
data are compared to control limits that have been established for each 
of the analytes contained in the DCS. Initially, control limits for 
analytes spiked into the DCS are taken directly from the CLP program. If 
CLP limits are not available, Enseco historical data are used to set the 
control limits. As sufficient laboratory data become available, the 
control limits are redefined based upon the most recent nine months of 
DCS data. Control limits for accuracy for each analyte are based on the 
historical average recovery (mean of the average recoveries of the DCS 
pairs) plus or minus three standard deviation units. Control limits for 
precision for each analyte are based on the historical RPO and range from 
zero (no difference between DCS results) to the average RPO plus three 
standard deviation units. Calculated control limit~ tend to be tighter 
than CLP limits because of the use of a control matrix. However, if the 
calculated limits are broader than the CLP limits, the CLP limits are 
used to control the laboratory. 
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Analytical data that are generated with a DCS pair which falls within the 
established control limits are judged to be in control. Data generated 
with a DCS pair which falls outside of the control limits are considered 
suspect and are repeated or reported with qualifiers. The procedure used 
to evaluate data from control samples is given in Figure 11-1. The 
protocols include examination of instrument performance and preparation 
and analysis information, consultation with the supervisor, and finally a 
decision path for determining whether reanalysis is warranted. 

DCS have been established for each routine analytical method. Reagent 
water is used as the control matrix for the analysis of aqueous samples. 
The DCS compounds are spiked into reagent water and carried through the 
appropriate steps of the analysis. The control matrix for solids samples 
is standard Ottawa sand, an ASTM approved material for use in highway 
construction, due to its fine degree of homogeneity. The DCS compounds 
are spiked into the Ottawa sand and carried through the appropriate steps 
of the analysis. 

As stated previously, DCS are analyzed at a frequency of no less than one 
DCS pair per 20 samples. The DCS program is supplemented with the SCS 
program to ensure that Laboratory Performance QC is available with each 
batch of samples processed (see following subsection). 

DCS precision and accuracy data are archived in the LIMS. In addition, 
the associated DCS data are reported with each set of sample results to 
enable the client to make a quality assessment of the data. 
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As stated above, a DCS pair is analyzed with every 20 samples to measure 
the precision and accuracy of an analysis on an ongoing basis. However, 
samples are often anaJyzed in lots of less than 20, due to holding time 
or turn-around time requirements. Since it is necessary to have a 
measure of laboratory performance with each batch of samples processed, 
Enseco has instituted the SCS program. 

An SCS consists of a control matrix that is spiked with surrogate 
compounds appropriate to the method being used. In cases where no 
surrogate is available, (e.g., metals or conventional analyses) a single 
DCS serves as the control sample. An SCS is prepared for each sample lot 
for which the DCS pair are not analyzed. Recovery data generated from 
the SCS are compared to control limits that have been established for 
each of the compounds being monitored. Initially, CLP control limits or 
Enseco historical data are used to set the control limits. When 
sufficient SCS data are available, control limits are redefined based on 
the most recent nine months of data. Control limits for SCS components 
are based on the historical average recovery in the SCS plus or minus 
three standard deviation units. 

Analytical data that are generated with an SCS which falls within the 
control limits are judged to be in control. Data that are generated with 
an SCS which falls outside of acceptance criteria are considered suspect 
and are reanalyzed or reported with qualifiers. The protocols for 
evaluating SCS are identical to those established for DCS (see Figure 

11-1). 

SCS recovery (accuracy) data are archived in the LIMS. In addition, the 
associated SCS data are reported with each set of sample results to 
enable the client to make a quality assessment of the data. 
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Method blanks, also known as reagent, analytical, or preparation blanks, 
are analyzed to assess the level of background interference or 

contamination which exists in the analytical system and which might lead 
to the reporting of elevated concentration levels or false positive data. 

As part of the standard Enseco QC program, a method blank is analyzed 
with every batch of samples processed. A method blank consists of 
reagents specific to the method which are carried through every aspect of 

the procedure, including preparation, clean-up, and analysis. The 

results of the method blank analysis are evaluated, in conjunction with 
other QC information, to determine the acceptability of the data 
generated for that batch of samples. 

Ideally, the concentration of target analytes in the blank should be 
below the Reporting Limit for that analyte. In practice, however, some 

common laboratory solvents and metals are difficult to eliminate to the 
parts-per-billion levels commonly reported in environmental analyses. 
Therefore, criteria for determining blank acceptability must be based on 
consideration of the analytical techniques used, analytes reported, and 

Reporting Limits required. 

For organic analyses, the concentration of target analytes in the blank 
must be below the Reporting Limit for that analyte in order for the blank 
to be considered acceptable. An exception is made for common laboratory 
contaminants [methylene chloride, acetone, 2-butanone, toluene, and 
bis(2-ethylhexyl)phthalate] which may be present in the blank at up to 5 
times the Reporting Limit and still be considered acceptable. This 
policy is consistent with the CLP policy and has been established in 
recognition of the fact that these compounds are frequently found at low 

levels in method blanks due to the materials used in the collection, 
preparation, and analysis of samples for organic parameters. 
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For metals analysis, where the Reporting Limits are typically near the 
Instrument Detection Limit (IDL) and background levels for certain metals 
are difficult to completely eliminate, the policy is that the 
concentration of the target analytes in the blank must be below two times 
the Reporting Limit. If the blank value for a target analyte lies below 
the Reporting Limit, the Reporting Limit for that analyte in the 
associated samples is unaffected. If the blank value lies between the 
Reporting Limit and two times the Reporting Limit, the Reporting Limit 
for that analyte in thP. associated samples is raised to the level found 
in the blank. A blank containing an analyte(s) above two times the 
Reporting Limit is considered unacceptable unless the lowest 
concentration of the analyte in the associated samples is at least ten 
times the blank concentration (as per CLP protocol). 

For conventional inorganic tests, the method SOP directs how the blank is 
treated. Generally, a reagent blank is used both to zero the equipment 
and as one of the calibration standards. If a preparation step is 
required for the analysis, then a prep blank is also analyzed to 
determine the extent of contamination or background interference. In 
most cases, the concentration found in the prep blank is subtracted from 
the concentration found in any associated sample prior to calculating the 
final result. Blanks have no application or significance for some 
conventional inorganic parameters (e.g. pH). 

If the blank does not meet acceptance criteria, the source of 
contamination must be investigated and appropriate corrective action must 
be taken and documented. Investigation includes an evaluation of the 
data to determine the extent and effect of the contamination on the 
sample results. Corrective actions may include reanalysis of the blank, 
and/or repreparation and reanalysis of the blank and all associated 

samples. 

For organic and metals analyses, and selected conventional inorganic 
tests, method blank results are reported with each set of sample results. 
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Sample results are not corrected for blank contamination. Occasionally, 
due to limited sample volume or other constraints, the laboratory reports 
data associated with an unacceptable blank. In these cases, the 
Reporting Limit for the each analyte contained in the blank is raised to 
the level found in the blank. 

Matrix-Specific QC 

Matrix-Specific QC is used to assess the effects of a sample matrix or 
field conditions on the analytical data. The main elements of Matrix
Specific QC are: 

The analysis of matrix spikes, matrix duplicates, and matrix spike 
duplicates; 

Monitoring the recovery of surrogate compounds from environmental 
samples; 

• Monitoring the results of standard additions in environmental 
samples; 

• The analysis of field blanks; and 

• The determination of method detection limits in a specific matrix. 

Different regulatory programs have different requirements in terms of 
Matrix-Specific QC. In order to ensure that the data generated meet all 
Data Quality Objectives, Enseco encourages its clients to include Matrix
Specific QC that fulfills the Data Quality Objectives and regulatory 
requirements of the project. A discussion of the different elements of 
Matrix-Specific QC follows. 

Matrix Spikes, Matrix Duplicates, and Matrix Spike Duplicates 

A Matrix Spike (MS) is an environmental sample to which known 
concentrations of analytes have been added. The MS is taken through the 
entire analytical procedure and the recovery of the analytes is 
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calculated. Results are expressed as percent recovery. The MS is used 
to evaluate the effect of the sample matrix on the accuracy of the 
analysis. 

A Matrix Duplicate (MD) is an environmental sample that is divided into 
two separate aliquots. The aliquots are processed separately and the 
results compared to determine the effects of the matrix on the precision 
of the analysis. Results are expressed as RPO. 

A Matrix Spike Duplicate (MSD) is an environmental sample that is divided 
into two separate aliquots, each of which is spiked with known 
concentrations of analytes. The two spiked aliquots are processed 
separately and the results compared to determine the effects of the 
matrix on the precision and accuracy of the analysis. Results are 
expressed as RPO and percent recovery. 

Surrogate Recoveries and Standard Additions 

Surrogates are organic compounds which are similar to the analytes of 
interest in chemical behavior, but which are not normally found in 
environmental samples. Surrogates are added to samples to monitor the 
effect of the matrix on the accuracy of the analysis. Results are 
reported in terms of percent recovery. 

Enseco routinely adds surrogates to samples requiring GC/MS analysis and 
reports these surrogate recoveries to the client. The laboratory does 
not control its operations based on surrogate recoveries in environmental 
samples. As discussed earlier in this section, Enseco controls its 
operations based on the results of Laboratory Control Samples. The 
surrogate recoveries are primarily used by the laboratory to assess 
matrix effects. However, obvious problems with sample preparation and 
analysis (e.g. evaporation to dryness, leaking septum, etc.) which can 
lead to poor surrogate spike recoveries must be ruled out prior to 
attributing low surrogate recoveries to matrix effects. 
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Standard Additions (SA) is the practice of adding a series of known 
amounts of an analyte to an environmental sample. The fortified ~amples 
are then analyzed and the recovery of the analytes calculated. The 
practice of SA's is generally used with metal and conventional analyses 
to determine the effect of the sample matrix on the accuracy of the 
analyses. 

Field Blanks 

Field blanks are check samples that monitor contamination originating 
from the collection, transport or storage of environmental samples. One 
example of a field blank is an equipment blank. An equipment blank is 
blank water that is poured through the sample collection device to check 
the adequacy of the cleaning procedures for the sampling equipment. 
Another type of field blank is a trip blank. A trip blank is a 
laboratory control matrix (typically water) which is sent to the field in 
an appropriate sample container, remains unopened in the field, and then 
is sent back to the laboratory. The purpose of the trip blank is to 
assess the impact of field and shipping conditions on the samples. The 
results from field blanks are reported to the client as samples in the 
same concentration units as the samples. No correction of the analytical 
data is done in the laboratory based on the analysis of field blanks. 

Matrix-Specific Detection Limits 

Method Detection Limits (MDL's) determined on a specific sample matrix 
are called Matrix-Specific Detection Limits. See Section 14 for a 
discussion of detection and reporting limits. 
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12. PERFORMANCE AND SYSTEM AUDITS 

Enseco laboratories participate in a variety of federal and state 
certification programs, (including the U.S. EPA CLP), that subject each 
of the laboratories to stringent system and performance audits on a 
regular basis. A system audit is a review of laboratory operations 
conducted to verify that the laboratory has the necessary facilities, 
equipment, staff and procedures in place to generate acceptable data. A 
performance audit verifies the ability of the laboratory to correctly 
identify and quantitate compounds in blind check samples submitted by the 
auditing agency. The purpose of these audits is to identify those 
laboratories that are capable of generating scientifically sound data. 
Enseco is certified to perform environmental analyses under programs 
administered by the U.S. EPA, U.S. Army, U.S. Navy, and over 15 states. 
The most current list of Enseco certifications is available upon request. 

In addition to external audits conducted by certifying agencies or 
clients, Enseco regularly conducts the following internal audits: 

• Quarterly systems audits conducted by the Divisional QA Director. 

• Periodic (at least yearly) audits conducted by the Corporate QA 
Office. 

Special audits by the Divisional QA Director or Corporate QA Office 
when a problem is suspected. 

Enseco laboratories also routinely analyze check samples as described 
below: 

Laboratory Control Samples (DCS, SCS, and method blanks) are 
analyzed at a frequency equal to at least 10% of the total number of 
samples analyzed (see Section 11). 

All Enseco laboratories participate in the analyses of EPA check 
samples provided under the Water Supply (WS) and Water Pollution 
(WP) Performance Evaluation Studies. The results of these PE 
samples are tabulated by the Corporate QA Office to identify 
performance trends within the Enseco laboratories. 
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Blind check samples from an independent commercial firm are sent to 
the laboratories periodically by the Corporate QA Office. The 
frequency and type of samples sent is based on problem areas 
identified by evaluation of tabulated PE results. 

The results of these check samples are used to identify areas where 
additional training is needed or clarification of procedures is required. 
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13. PREVENTIVE MAINTENANCE 

To minimize downtime and interruption of analytical work, preventive 
maintenance is routinely performed on each analytical instrument. 
Designated laboratory personnel are trained in routine maintenance 
procedures for all major instrumentation. When repairs are necessary, 
they are performed by either trained staff or trained service engineers 
employed by the instrument manufacturer. 

Each laboratory has detailed SOPs on file that describe preventive 
maintenance procedures and schedules. The laboratories also maintain 
detailed logbooks documenting the preventive maintenance and repairs 
performed on each analytical instrument. 
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14. SPECIFIC ROUTINE PROCEDURES USED TO ASSESS DATA QUALITY AND DETERMINE 
REPORTING LIMITS 

Data Quality Assessment 

The effectiveness of a QA program is measured by the quality of data 
generated by the laboratory. Data quality is judged in terms of its 
precision, accuracy, representativeness, completeness and comparability. 
These terms are described as follows: 

Precision is the degree to which the measurement is reproducible. 
Precision can be assessed by replicate measurements of DCS, reference 
materials, or environmental samples. Enseco routinely monitors precision 
by comparing the RPD between DCS measurements with control limits 
established at plus three standard deviations from the mean RPD of 
historical DCS data. 

Precision is frequently determined by comparison of replicates. The 
standard deviation of "n'' measurements of "x" is commonly used to 
estimate precision. 

Standard deviation (S) is calculated as follows: 

n 

1 E 

s = i=l (X1 - X)2 

where a quantity "x" (e.g., a concentration) is measured "n" times. 

The relative standard deviation (or sample coefficient of variation, CV), 
which expresses standard deviation as a percentage of the mean, is 
generally useful in the comparison of three or more replicates (although 
it may be applied in the case of n = 2). 
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or 

CV = 100 (s/X) 

where: RSD = relative standard deviation 

CV = coefficient of variation 

s = standard deviation 
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In the case of duplicates, the RPO between the two samples may be used to 
estimate precision. 

101 - D2I 
RPO=------

(D1 + D2)/2 
x 100 

where: RPO = relative percent difference 

D1 = first sample value 

D2 = second sample value (duplicate) 

Accuracy is a determination of how close the measurement is to the true 
value. Accuracy can be assessed using LCS, standard reference materials, 
or spiked environmental samples. Unless specified otherwise in special 
contracts, Enseco monitors accuracy by comparing LCS results with control 

limits established at plus or minus three standard deviation units from 

the mean of historical LCS results. 

The determination of the accuracy of a measurement requires a knowledge 
of the true or accepted value for the signal being measured. Accuracy 
may be calculated in terms of percent recovery as follows: 

x 
Percent Recovery = f x 100 

where: X = the observed value of measurement 

T = "true" value 
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Representativeness is the degree to which data accurately and precisely 

represent a characteristic of a population, parameter variations at a 
sampling point, a process condition, or an environmental condition. 
Analytical data should represent the sample analyzed regardless of the 
heterogeneity of the original sample matrix. Enseco strives to 
accommodate all sample matrices. Some samples may require analysis of 
multiple phases to obtain representative results. 

Completeness is a measure of the amount of valid data obtained from a 
measurement system compared with the amount that was expected to be 
obtained under normal conditions. 

To be considered complete, the data set must contain all QC check 
analyses verifying precision and accuracy for the analytical protocol. 
In addition, all data are reviewed in terms of stated goals in order to 
determine if the database is sufficient. 

When possible, the percent completeness for each set of samples is 
calculated as follows: 

valid data obtained 
Completeness = ~~~~~~~~~ x 100% 

total data planned 

Comparability expresses the confidence with which one data set can be 
compared to another data set measuring the same property. Comparability 
is ensured through the use of established and approved analytical 
methods, consistency in the basis of analysis (wet weight, volume, etc.), 
consistency in reporting units (ppm, ppb, etc.), and analysis of standard 

reference materials. 

Reporting Limits 

Assuring the validity of quantitative measurements at low concentrations 
is an extremely difficult technical problem. With regulatory action 
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A number of terms have been used, by the EPA and other technical groups, 
to express the lowest concentration of an analyte which can be measured. 
Some of these terms, their definitions, and sources are listed in Table 
14-1. A graphical representation of these terms is given in Figure 14-1. 

Enseco takes very seriously its responsibility to report technically 
defensible data. Therefore, we have established a Reporting Limit (RL) 
for each analyte in each method. The RL represents the value above which 
we believe reliable data can be routinely obtained. 

These Reporting Limits were established by collecting Method Detection 
Limit (MDL) data for organic analyses and Instrument Detection Limit 
(IDL) data for metals analyses from each Enseco laboratory. The MDL data 
were collected using the procedures described in 40CFR136 Appendix B. 
IDL data were calculated using the procedures outlined in the EPA 
Contract Laboratory Program (CLP) Statement of Work dated 12/87. The 
MDL/IDL data were then compared to various limits published in EPA 
methods and in the regulations. For example for Volatile Organics, the 
MDL data generated in Enseco laboratories were compared to the Practical 
Quantitation Limits (PQLs) published in SW-846 method 8240; the PQLs 
contained in the July 9, 1987, Federal Register Final Rulemaking on 
Appendix IX; the Contract Required Detection Limits (CRDLs) in the CLP 
Method for Volatile Organics; and the MDLs in Method 624. Then a 
Reporting Limit for each analyte was established which considered all of 
this information. The RL was set at a level above which we were 
confident that our laboratories could detect and quantify the analyte 
consistently. Using this procedure, the Reporting Limits established are 
generally between 2 to 5 times the laboratory MDL/IDL. This range is 
consistent with the American Chemical Society definition for the Limit of 
Quantitation (LOQ). (See Table 14-1) 
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53 of 58 
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·o 

NOTE: The values along the horizontal "Standard Deviation (SD)" axis are 
approximate values and are meant to show the relative, not absolute, 
relationship between the terms. 
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When errors, deficiencies, or out-of-control situations exist, the QA 
program provides systematic procedures, called "corrective actions," to 

resolve problems and restore proper functioning to the analytical system. 

Laboratory personnel are alerted that corrective actions may be necessary 

if: 

QC data are outside the acceptable windows for precision and 
accuracy; 

• Blanks, DCS or SCS contain contaminants above acceptable levels; 

• Undesirable trends are detected in spike recoveries or RPO between 
duplicates; 

• There are unusual changes in detection limits; 

• Deficiencies are detected by the QA department during internal or 
external audits or from the results of performance evaluation 
samples; or 

• Inquiries concerning data quality are received from clients. 

Corrective action procedures are often handled at the bench level by the 

analyst, who reviews the preparation or extraction procedure for possible 
errors, checks the instrument calibration, spike and calibration mixes, 
instrument sensitivity, and so on. If the problem persists or cannot be 
identified, the matter is referred to the laboratory supervisor, manager 

and/or QA department for further investigation. Once resolved, full 

documentation of the corrective action procedure is filed with the QA 
department. Corrective action documentation is routinely reviewed by the 

VP of QA. 
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Examples of anomalous situation include: formation of a precipitate in 
an extract; formation of an emulsion during an extraction step; or 
missed holding times. These situations are thoroughly documented to 
enable a thorough review of the data to occur. 

Out-of-Control situations are also documented on Anomaly Forms. An Out
of-Control situation occurs when QC data fall outside of established 
control limits. The documentation associated with and Out-of-Control 
situation is reviewed by the supervisor and the QA Department. Out-of
Control situations trigger Corrective Action. Corrective Actions taken 
are also documented on the Anomaly Form. 

Project Files 

A project file is created for each project handled within the laboratory. 
The project file contains all documents associated with the project. 
This includes correspondence from the client, chain-of-custody records, 
raw data, copies of laboratory notebook entries pertaining to the 
project, and a copy of the final report. When a project is complete, all 
records are passed to the Document Custodian who inventories the file, 
checks for completeness, and puts the file into document archive. 



APPENDIX I 

MAXIMUM HOLDING TIMES AND 
SAMPLE COLLECTION/PRESERVATION INFORMATION 

Sources: Tables A-E: 
Federal Register, October 26, 1984 
SW-846, 3rd Edition, Update I 
State of California Leaking Underground 

Fuel Tank Field Manual, May 1988 

Table F: 
Contract Laboratory Program Statement of 

Work for Organic Analysis dated 10/86 
Contract Laboratory Program Statement of 

Work for Inorganic Analysis dated 12/87 

(QA Program Plan, Revision 3.3) 
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FORMAT FOR SOP - LABORATORY, ANALYTICAL METHOD 
(cont.) 

9. QA/QC Requirements 

9.1 QC samples 
9.2 Acceptance criteria (precision and accuracy, % of multi-component QC 

analytes which must be within windows) 
9.3 Corrective action required (reference current QC manual) 

10. Calculations 

11. Reporting 

11.1 Reporting units 
11.2 Reporting limits 
11.3 Significant figures and reporting values below detection limit 
11.4 LIMS data entry 

12. References 

12.1 Method source 
12.2 Deviations from source method and rationale 

AII-2 (QA Program Plan, Revision 3.3) 



FORMAT FOR SOP - LABORATORY, STANDARDS AND REAGENTS 

Title 

1. Reagent/Standard Name 

2. Type (reagent, calibration standard, DCS, SCS, stock solution, etc.) 

3. Constituents/concentration 

4. Solvent 

5. Safety Issues (specific to the reagent or standard) 

6. Shelf Life 

7. Procedure 

7.1 Preparation 
7.2 Documentation (purchase date, open date, labeling, etc.) 
7.3 Verification 

AII-3 (QA Program Plan, Revision 3.3) 



FORMAT FOR SOP - LABORATORY, EQUIPMENT OPERATION, 
CALIBRATION, AND MAINTENANCE 

Title 

1. Purpose 

2. Safety Issues (applicable to the specific equipment) 

3. Procedure 

3.1 Initial start-up 
3.2 Calibration and performance documentation 
3.3 Example output 
3.4 Shut-down 
3.5 Maintenance and maintenance records 

4. Responsibilities 

5. Comments 

6. Definitions 

AII-4 (QA Program Plan, Revision 3.3) 



FORMAT FOR SOP - LABORATORY, PROCEDURAL 

Title 

1. Purpose 

2. Policies 

3. Safety Issues 

4. Procedure 

5. Responsibilities 

6. Comments 

z. Definitions 

AII-5 (QA Program Plan, Revision 3.3) 
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APPENDIX II 

FORMATS FOR STANDARD OPERATING PROCEDURES (SOP) 

(QA Program Plan, Revision 3.3) 



FORMAT FOR SOP - LABORATORY, ANALYTICAL METHOD 

Title (includes method number) 

1. 

2. 

3. 

4. 

5. 

Scope and Application 

1.1 Analytes 
1.2 Detection limit (instrument and method) 
1.3 Applicable matrices 
1.4 Dynamic range 
1.5 Approximate analytical time (i.e., 5 minutes, 2 days) 

Summary of Method 

2.1 Generic description of method and chemistry behind it (i.e., extract 
with solvent, convert to methyl ester, analyze by electron-capture 
gas chromatography) 

Comments 

3.1 Interferences 
3.2 Helpful hints 

Safety Issues (specific to the method) 

Sample Collection, Preservation, Containers, and Holding Times 

6. Apparatus 

7. Reagents and Standards 

8. Procedure (detailed step-by-step) 

8.1 Sample preparation 
8.2 Calibration 
8.3 Analysis 

AII-1 (QA Program Plan, Revision 3.3) 
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Location of SWMU No. 13 
Evaporation Pond 2 
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cn 
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DATA MANAGEMENT 

Sample Location: S AV\ (A ' Sample Date: -P-p-f / 

Sample Type: S Ol -~ 

Team Leader: A. . 3 14A L TV AJ 

Sample Personnel: X. 6 O <>S f fV\. 0 AT/ZAJP- / , T, A QL-T~Z-

Sampling Method: PUA^AAZ. 

Sample No. \2>Q\ V 2., O Sample Time/Description: /pl SV Avt\ /vi0l6T C-i-A-Y 
- eip- / 

^ . muaoA 
Sample No. j 30 I V 3. * Sample Time/Description: / /.' OfPr/n «v>a 1 ST C L A V 

PIP- 0 
Sample No. Sample Time/Description: 

Sample No. Sample Time/Description: 

Sample No. Sample Time/Description: 

Surface Terrain: <oPG-ti) CiP-OUrJS> 

Weather Conditions: CL-OUb*! • fc>4-V ts-Su) 1A1AI& 10 -)S~ /»API 

General Field Observations: D/£/ A~7~~ AAU>rrf AtAA SAAZAYf & I O U J S 
OA/TO SAsr?A<L,*AA A A A/1 QGCA frQAA^Y' . 

Boring Lithology: f%i~U <Y\OK^T £-LAY ; K)0 STTZATIP/CATTOAJ , ttl) 
IAAT&A AV 3, . 

4. 109 



DATA MANAGEMENT 

Sample Location: Su//V) U &-/3 Sample Date: S~- f - ? / 

Sample Type: SOIL. f J- AA-AA*?-) 

Team Leader: __. SUAL-TDAJ 

Sample Personnel: -_f. 6 0S>5 ? /V) , QfrMd V ,7^ 6 0 LTZ-

Sampling Method: Q\J&£(Z. 

Sample No. /3 02. VZ. £> Sample Time/Description: / /,' Ti"/Ml @)0/5T~££O 
/°/4> - ^ 

Sample No. /SoZV 3. PSample Time/Description: /.'gP ^7 n*a/ <>r <Z£& CZA-f 
/ * / / > - <0 

Sample No. iSozPZ* O Sample Time/Description: /z;</r A A\ IA/A 

Sample No. Sample Time/Description: 

Sample No. Sample Time/Description: 

Surface Terrain: ALAf £iZAt/fi/b j AfZAS S A)Ab /' tfSAAjps 

Weather Conditions: CL.Qu^V/ £>/-V / 0 - IT sin * t-J SLO /A , AJ b 

General Field Observations: f?AZ>AT~ pAlf/vl Aj>M-b SA/3.AAA £L-0,A 
CPAJ S/T£- (0<Z-<zAf S OAAL-<L A. 

3 

Boring Lithology: AZA~b A^J-Aj AAA> Ai ^U>ALAAc£l VO ^ J " 7 . 

i. i i r\ 



DATA MANAGEMENT 

Sample Location: CjjJ /n U ^ 13 Sample Date: i~- ?- ff 

Sample Type: L 

Team Leader: L c SNA LTDAJ 

Sample Personnel: U~.Cv0$$ j/Yl. SAMltY f l AoLTZ-

Sampling Method: (X\AA£>(Z~ 

Sample No. 13o? V2..O Sample Time/Description: / ,' So r^ionA CLPi 
; Plb~ <0 

Sample No. l3o 1 V3. 5" Sample Time/Description: ?^>f~ Art not?/S A AL^y 

. Plb-f 
Sample No. Sample Time/Description: 

Sample No. Sample Time/Description: 

Sample No. Sample Time/Description: 

Surface Terrain: 

Weather Conditions: ( Z l o u b i . 2>£Y . A ĉ> tA/Ab 2 d - g T ' / n / V / 

General Field Observations: TZ/AA/££> AdAb sAAA-fS o f f - ~n A£.CAAAsA 
£• HA-Ac-A C0A7~A-»vt / A/A-7-7 G^A* 

TAX- fj^-f-'YA. tP-l' ,*/~< J <i„^<^cA, 

Boring Lithology: /,/ AY £A*>«<\ Su>AAAc^= ~fa 5>T'* 

/ . 1 i .1 



DATA MANAGEMENT 

Sample Location: $ iA m U ~& 13 Sample Date: f~ ?~ f / 

Sample Type: <, o I 

Team Leader: /_ > S UP/TTVAI 

Sample Personnel: J~. A OSS , M < GA/Z *JA A. , 7~; Af QAAZ^ 

Sampling Method: AtUAPA-

Sample No. llfypVZ.O Sample Time/Description: pm CLAY 

Pth - 0 
Sample No. \1oYi7.< Sample Time/Description: 2 !ZlT P*i P£>b C-LAi 

. P/& - <?? , 
Sample No. )7oLll> ?S Sample Time/Description: 3 > 3f Ps* PlP-b C-L, A H 

" Pth. - 0 

Sample No. Sample Time/Description: 

Sample No. Sample Time/Description: 

Surface Terrain: BAPP C\PU)UIJP> 

Weather Conditions: CLAAA. A-/^ SLA<A(A& snflH 

General Field Observations: 

Ai^ A?-*J ' (Ar 5 La^ J a „ *A 

Boring Lithology: PA,i\ A A AY - S tSAZPA-C^l ? . f f 

( 9 C C A S I D A A L ~ A 4 A A A / - 7~ A A \A/ /AC (S~ *<P' - / . S~" ' P f . c t ^ i A . P / 
J!P+, : 
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AppendixAppendixAppendixAppendix    DDDD    

Investigation Derived Waste Management PlanInvestigation Derived Waste Management PlanInvestigation Derived Waste Management PlanInvestigation Derived Waste Management Plan    

     



 

 

InvestigationInvestigationInvestigationInvestigation    DerivedDerivedDerivedDerived    WasteWasteWasteWaste    (IDW)(IDW)(IDW)(IDW)    ManagementManagementManagementManagement    PlanPlanPlanPlan    

All IDW will be properly characterized and disposed of in accordance with all federal, State, and local 

rules and regulations for storage, labeling, handling, transport, and disposal of waste.  The IDW may 

be characterized for disposal based on the known or suspected contaminants potentially present in 

the waste. 

A dedicated decontamination area will be setup prior to any sample collection activities.  The 

decontamination pad will be constructed so as to capture and contain all decontamination fluids 

(e.g., wash water and rinse water) and foreign materials washed off the sampling equipment.  The 

fluids will be pumped directly into suitable storage containers (e.g., labeled 55-gallon drums), which 

will be located at satellite accumulation areas until the fluids are disposed in the refinery wastewater 

treatment system upstream of the API separator.  The solids captured in the decontamination pad 

will be shoveled into 55-gallon drums and stored at the designated satellite accumulation area 

pending proper waste characterization for off-site disposal. 

Drill cuttings generated during installation of soil borings will be placed directly into 55-gallon drums 

and staged in the satellite accumulation area pending results of the waste characterization 

sampling.  The portion of soil cores, which are not retained for analytical testing, will be placed into 

the same 55-gallon drums used to store the associated drill cuttings. 

The solids (e.g., drill cuttings and used soil cores) will be characterized by testing to determine if 

there are any hazardous characteristics in accordance with 40 Code of Federal Regulations (CFR) 

Part 261.  This includes tests for ignitability, corrosivity, reactivity, and toxicity.  If the materials are 

not characteristically hazardous, then further testing will be performed pursuant to the requirements 

of the facility to which the materials will be transported.  Depending upon the results of analyses for 

individual investigation soil samples, additional analyses may include VOCs, TPH and polynuclear 

aromatic hydrocarbons (PAHs). 
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Photo of SWMU 13 ditch from southeast end, looking to northwest. 

  



 

Photo of SWMU 13 ditch from northwest end of ditch looking southeast. 

 

 

 

 



 

 

FigurFigurFigurFigureseseses     

Figure 1 Site Location Map 

Figure 2 Site Map 

Figure 3 Topographic Map 

Figure 4 Potentiometric Surface Alluvium/Chinle GP Interface  

Figure 5 SMW-2 Area Proposed Wells 

Figure 6 Sample Location Map 
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SWMU 2
EVAPORATION PONDS

SWMU 13
DRAINAGE DITCH BETWEEN 
API EVAPORATION PONDS
AND NEUTRALIZATION TANK 
EVAPORATION PONDS

LEGEND

SWMU LOCATIONS

8501 N. MoPac Expy.

Austin, Texas 78759
Suite 300

MARATHON PETROLEUM COMPANY
GALLUP REFINERY

FIGURE 2
SITE LOCATION MAP



SWMU 13

SITE LOCATION

NEW MEXICO

Map Source:  Compiled by Photogrammetric Methods from Photography 
                      Acquired on March 1, 1998.

FIGURE 3
TOPOGRAPHIC MAP
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Austin, Texas 78759
Suite 300

MARATHON PETROLEUM COMPANY
GALLUP REFINERY
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SWHU tl3 PHASE I I , RFI 1991 
GIANT REFINING 

CINIZA 

HETALS 

SAMPLE POINT NUMBER 01 01 02 02 03 03 04 04 04 02 
SAMPLE POINT DEPTH V2.0 V3.5 V2.0 V3.5 V2.0 V3.5 V2.0 V3.5 D3.5 E2.0 

(ag/1) 
PARAMETER UNITS 

Antiaony ag/kg <3 <3 <3 <3 <3 <3- <3 <3 <3 <0.05 
Arsenic ag/kg <3 <3 <3 <3 <3 <3 <3 <3 <3 <0.005 
Bariua ag/kg 281 287 244 377 244 312 266 250 262 <0.010 
Beryllius ag/kg 2.4 3.6 4.3 3.2 4.1 4.3 4.3 4.6 4.9 <0.C05 
Cadaiua ag/kg <0.3 <0.3 <0.3 <0.3 <0.3 <0.3 <0.3 <0.3 <0.3 <0.C05 
Chroaiuo ag/kg 4.5 5.2 6.0 5.1 5.2 5.3 ' 7.1 6.4 6.5 <0.010 
Cobalt ag/kg 4.4 5.5 5.1 5.0 6.0 5.1 5.9 5.3 <0.01Q 
Copper ag/kg 4.6 4.1 4.4 5.4 5.3 4.9 5.5 4.9 5.1 K0.010 
Lead ag/kg 10 10 12 10 11 12 10 9 11 <0.0O2 
Mercury ag/kg <0.02 <0.02 <0.02. <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.0002 
Nickel ag/kg 8.5 8.9 9.0 9.2 10.9 8.9̂  11.3 9.6 9.1 <0.020 
Potassiua ag/kg 1080 1200 1720 1190 1680 1270 1830 2370 2190 <1.0 
Seieniua ag/kg <0.3 <0.3 <0.3 <0.3 <0.3 <0.3 <0.3 <0.3 <0.3 <0.005 
Vanadiua ag/kg 10.0 11.5 12.3 9.3 12.1 12.0 10.0 12.2 12.6 <0.010 
Zinc ag/kg 9.7 12.4 14.3 13.0 14.6 12.6 16.1 15.3 14.1 0.014 

f t A n 



SSUU #13 PHASE II , RFI 1991 
GIANT REFINING 

CINIZA 

8240 VOLATILE ORGANICS 

SAMPLE POINT NUMBER 
SAMPLE POINT DEPTH 

PARAMETER . UNITS 

Carbon Sulfide ig/Jcg 
1,2-Dichloroethane ag/kg 
Benzene ag/kg 
2-Chloroethyl vinyl ether ag/kg 
Toluene ag/kg 
Chlorobenzene ig/kg 
Ethylbenzene ag/kg 
2-Butanone (BED ag/kg 
Styrene ag/kg 
Xylenes (total) ag/kg 
1,4-Dioxane ag/kg 
1,2-Dibroaoethane (EDB) ag/kg 

01 01 02 02 03 
V2.0 V3.5 V2.0 V3.S V2.0 

<0.5 <0.S <0.5 <0.S <0.5 
<0.5 <0.5 <0.5 <0.S <0.5 
<0.5 <0.5 <0.5 <0.S <d.s 
<0.5 <0.5 <0.5 <0.5 <0.S 
<0.5 <0.S <0.5 <0.5 <0.5 
<0.5 <0.5 <0.5 <0.5 <0.5 
<0.5 <0.5 <0.5 <0.5 <0.5 
<0.S <0.S <0.5 <0.S <0.S 
<0.S <0.5 <0.5 <0.5 <0.5 
<0.5 <0.5 <0.S <0.S <0.S, 
<7.5 <7.S <7.5 <7.5 <7.S 
<0.25 <0.2S <0.2S <0.2S <0.2S 

03 04 04 04 02 
V3.5 V2.0 V3.S D3.5 E2.0 

(ug/l) 

<0.S <0.S <0.5 <O.S <S 
<0.5 <0.5 <0.S <0.S <5 
<0.5 <0.5 <0.5 <0.S <5 
<0.S <0.S <0.S <0.5 <5 
<0.5 <0.5 <0.5 <0.5 <S 
<0.5 <0.5 <0.S <0.5 <5 
<0.5 <0.S <0.5 <0.5 <5 
<0.5 <O.S <0.S <0.S <5 
<0.5 <0.5 <0.5 <0.5 '<5 
<0.S <0.5 <0.S <0.S <5 
<7.S <7.S <7.5 <7.S <10 
<0.2S <0.25 <0.25 <0.25 <2.5 

6.41 



SWMJ 113 PHASE II , 8FI 1991 
GIANT REFINING 

CINIZA 

8270 SEMI-VOLATILE ORGANICS 

SAMPLE POINT NUMBER 01 01 02 02 03 03 04 04 04 02 
SAMPLE POINT DEPTH V2.0 V3.5 V2.0 V3.5 V2.0 V3.5 V2.0 V3.S D3.S E2.0 

PARAMETER UNITS 
(ug/l) 

Anthracene eg/kg <0.17 <0.17 <0.17 <0.17 <0.17 <0.17 <0.17 0.17 <0.17 <5 
Benzenethiol ng/kg «U7 <0.17 <0.17 <0.17 <0.17 <0.17 <0.17 0.17 ' <0.I7 <5 
Benzo(a)anthracene ag/kg <0,17 <0.17 <0.17 <0.17 <0.17 <0.17 <0.17 <0.17 <0.17 <5 
Benzo(b)fluoranthene ag/kg «U7 <0.17 <0.17 <0.17 <0.17 <0.17 <0.17 <0.17 <0.17 <5 
Benzo(k)fluoranthene ag/kg <0.17 <0.17 <0.17 <0.17 <0.17 <0.17 <0.17 <0.17 <0.17 <5 
Benzo(a)pyrene ag/kg <0.17 <0.17 <0.17 <0.17 <0.17 <0.17 <0.17 <0.17 <0.17 <S 
Butyl benzyl phthalate ag/kg <0.17 <0.17 <0.17 <0.17 <0.17 <0.17 <0.17 <0.17 <0.17 <5 
Chrysene ng/kg <0.17 <0.17 <0.17 <0.17 <0.17 <0.17 <0.17 <0.17 <0.17 <5 
Dibenz(a,h)anthracene ag/kg <0.17 <0.17 <0.17 <0.17 <0.17 <0.17 <0.17 <0.17 <0.17 I <5 
Di-n-butyl phthalate ag/kg <0.17 <0.17 <0.17 <0.17 <0.17 <0.17 <0.17 <0.17 <0.17 <S 
1,2-Dichlorobenzene ag/kg <0.17 <0.17 <0.17 <0.17 <0.17 <0.17 <0.17 <0.17 <0.17 <5 
1,3-Dichlorobenzene ag/kg <0.17 <0.17 <0.17 <0.17 <0.17 <0.1Z, <0.17 <0.17 <0.17 <5 
1,4-Dichlorobenzene ag/kg <0.17 <0.17 <0.17 <0.17 <0.17 <0.17 <0.17 <0.17 <0.17 <S 
Diethyl phthalate ag/kg <0.17 <0.17 <0.17 <0.17 <0.17 <0.17 <0.17 <0.17 <0.17 <5 
7,12-Diiethylbenz(a)-

anthracene ag/kg <0.17 <0.17 <0.17 <0.17 <0.17 <0.17 <0.17 <0.17 <0.17 <5 
2,4-Disethylphenol ag/kg <0.17 <0.17 <0.17 <0.17 <0.17 <0.17 <0.17 <0.17 <0.17 <S 
Diiethyl phthalate ag/kg <0.17 <0.17 <0.17 <0.17 <0.17 <0.17 <0.17 <0.17 <0.17 <S 
2,4-Dinitrophenol ag/kg <0.8S <0.85 <0.85 <0.85 <0.85 <0.85 <0.85 <0.85 <0.85 <2S 
Fluoranthene ag/kg <0.17 <0.17 <0.17 <0.17 <0.17 <0.17 <0.17 <0.17 <0.17 <S 
Naphthalene ag/kg <0.17 <0.17 <0.17 <0.17 <0.17 <0.17 <0.17 <0.i7 <0.17 <s 
4-Nitrophenol ag/kg <0.85 <0.8S <0.85 <0.85 <0.8S <0.85 <0,35 <0.8f <0.35 <2S 
Phenanthrene ag/kg <0.17 <0.17 <0.17 <0.17 <0.17 <0.17 <0.17 <0.17 <0.17 <5 
Phenol ag/kg <0.17 <0.17 <0.17 <0.17 <0.17 <0.17 <0.17 <0.17 <0.17 <5 
Pyrene ag/kg <0.17 <0.17 <0.17 <0.17 <0.17 <0.17 <0.17 <0.17 <0.17 <5 
Methylchrysene ag/kg <0.17 <0.17 <0.17 <0.17 <0.17 <0.17 <0.17 <0.17 <0.17 <5 
1-Methylnaphthalene ag/kg <0.17 <0.17 <0.17 <0.17 <0.17 <0.17 <0.17 <0.17 <0.17 <S 
3-Methyl Phenol ag/kg <5 <5 <5 <5 <5 <5 <5 <5 <5 <S 
Pyridine ag/kg <S <S <5 <S <S <5 <5 <S <S <s 
Ouinoline ng/kg <0.85 <0.S5 . <0.8S <0.85 <0.85 <0.8S <0.85 <0.85 <0.85 <2S 

6.42 
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r ln ter f f lounta in Laboratories, Inc. 

2 5 0 6 W. M a i n St reet 

Fa rm ing ton . N e w M e x i c o 8 7 4 0 1 

TRACE METAL CONCENTRATION 

Client: Giant Refining Company 
Project: Ciniza Refinery 
Sample ID: RFI 1301 A6 
Matrix: Soil 
Condition: Intact 
Lab ID: 0396G02343 

Date Reported: 
Date Sampled: 
Date Received: 

11/14/96 
10/24/96 
10/25/96 

Detection , 

Result Limit 

Parameter (mg/Kg) (mg/Kg) Method 

Arsenic < 0 . 2 5 0.25 SW-846-7000 

Barium 119 0.50 SW-846 6010 

Cadmium < 0 . 0 5 0.05 SW-846 6010 

Chromium 4.45 0.50 SW-846 6010 

Cobalt 2.25 0.50 SW-846 6010 

Copper 2.05 0.50 SW-846 6010 

Selenium < 0 . 2 5 0 0.250 SW-846-7000 

Lead 4.60 2.50 SW-846-6010 

Mercury < 0 . 0 5 0 0.050 SW-846 7171A 

Nickel 4.05 0.50 SW-846 6010 

Ant imony < 0 . 2 5 0 0.250 SW-846 6010 

Vanadium 6.90 0.50 SW-846 6010 

Zinc 6.40 2.50 SW-846 6010 

Beryllium 4.750 0.200 SW-846 6010 

References: 

Reported By: 

Method 3050: Acid Digestion for Sediments, Sludges, and Soil, 
SW-846, Rev. 1, July 1992. 

Reviewed By: 



Inter-mountain Laboratories, Inc. 

2506 W. Main Street 

Farmington. New Mexico 87401 

TRACE METAL CONCENTRATION 

Client: Giant Refining Company 
Project: Ciniza Refinery 
Sample ID: RFI1302A6 
Matrix: Soil 
Condition: Intact 
Lab ID: 0396G02344 

Date Reported: 
Date Sampled: 
Date Received: 

11/14/96 
10/24/96 
10/25/96 

Parameter 

Result 

(mg/Kg) 

Detection ' 

Limit 

(mg/Kg) Method 

Arsenic < 0 . 2 5 0.25 SW-846-7000 

Barium 84.5 0.50 SW-846 6010 

Cadmium < 0 . 0 5 0.05 SW-846 6010 

Chromium 5.15 0.50 SW-846 6010 

Cobalt 2.60 0.50 ' SW-846 6010 

Copper 2.30 0.50 SW-846 6010 

Selenium < 0 . 2 5 0 0.250 SW-846-7000 

Lead 5.55 2.50 Sw-846-6010 

Mercury < 0 . 0 5 0 0.050 SW-846 71 71A 

Nickel 4.60 0.50 SW-846 6010 

Ant imony < 0 . 2 5 0 0.250 SW-846 6010 

Vanadium 8.05 0.50 SW-846 6010 

Zinc 7.30 2.50 SW-846 6010 

Beryllium 6.00 0.200 SW-846 6010 

References: Method 3050: Acid Digestion for Sediments, Sludges, and Soil, 
SW-846, Rev. 1, July 1992. 

Reported By: Reviewed By: ^Asj3 



Inter-mountain Laboratories, Inc. 

2506 W. Main Street 

Farmington, New Mexico 87401 

TRACE METAL CONCENTRATION 

Client: Giant Refining Company 
Project: Ciniza Refinery 
Sample ID: RFI 1303 A6 
Matrix: Soil 
Condition: Intact 
Lab ID: 0396G02345 

Date Reported: 
Date Sampled: 
Date Received: 

11/14/96 
10/24/96 
10/25/96 

Parameter 

Result 

(mg/Kg) 

Detection ' 
Limit 

(mg/Kg) Method 

Arsenic <0 .25 0.25 SW-846-7000 

Barium 93.5 0.50 SW-846 6010 

Cadmium < 0 . 0 5 0.05 SW-846 6010 

Chromium 4.90 0.50 SW-846 6010 

Cobalt 2.55 0.50 SW-846 6010 

Copper 2.55 0.50 SW-846 6010 

Selenium < 0 . 2 5 0 0.250 Sw-846-7000 

Lead 5.00 2.50 SW-846-6010 

Mercury < 0 . 0 5 0 0.050 SW-846 71 71A 

Nickel 4.50 0.50 SW-846 6010 

Ant imony < 0 . 2 5 0 0.250 SW-846 6010 

Vanadium 7.55 0.50 SW-846 6010 

Zinc 7.30 2.50 SW-846 6010 

Beryllium 0.590 0.200 SW-846 6010 

References: Method 3050: Acid Digestion for Sediments, Sludges, and Soil, 
SW-846, Rev. 1, July 1992. 

Reported By: Reviewed By: ^Stf? 



* In ter-Founta in Laboratories, Inc. 

2506 W. Main Street 
Farmington. (Mew Mexico 8740t 

Client: 

Project: 

Sample Matrix: 

References: 

Comments: 

Reported by. 

Quality Control / Quality Assurance 
Spike Analysis / Blank Analysis 

TOTAL METALS 

Giant Refining Company Date Reported: 

Ciniza Refinery Date Analyzed: 

soil Date Received:. 

Spike Analysis 

Spike Sample Spike 

Result Result Added Percent 

Parameter tmg/L) (mg/L) tmgiL) Recovery 

Antimony 0.506 0.500 , 0.500 101% 

Arsenic* * * * * 

Barium 0.55 0.50 0.50 98% 

Cadium* * * * * 

Chromium 0.53 0.50 0.50 106% 

Lead 0.51 0.500 0.50 102% 

Mercury 0.520 0.50 0.500 96% 

Selenium 0.022 0.025 0.025 114% 

Beryllium 0.52 0.50 0.50 104% 

Cobalt 0.52 0.50 0.50 104% 

Copper 0.52 0.50 0.50 104% 

Nickel 0.50 0.50 0.50 101% 

Vanadium 0.53 0.50 0.500 107% 

Zinc 0.57 0.50 0.50 88% 

Method Blank Analysis 

Detection 

Parameter Result Limit Uniis 

Antimony ND 0.25 mg/L 

Arsenic • ND 0.25 mg/L 

Barium ND 0.50 mg/L 

Cadmium ND 0.25 mg/L 

Chromium ND 0.50 mg/L 

Lead ND 0.75 mg/L 

Mercury ND 0.05 mg/L 

Selenium ND 0.25 mg/L 

Silver ND 0.50 mg/L 

Beryllium ND 0.20 mg/L 

Cobalt ND 0.50 mg/L 

Copper ND 0.50 mg/L 

Nickel ND 0.5 mg/L 

Vanadium ND 0.50 mg/L 

Method 3050: Acid Digestion for Sediments, Sludges, and Soil 

SW-846, Rev. 1, July 1992. 

*Spikes did not recover due to matrix interferences. 

11/14/96 

11/13/96 

10/25/96 

Reviewed 



Inter-ff lountain Laboratories, Inc. 

2506 W. Main Street 

Farmington, New Mexico 87401 

Quality Control / Quality Assurance 
Known Analysis 
TOTAL METALS 

Client: 
Project: 
Sample Matrix: 

Giant Refining Company 
Ciniza Refinery 
soil 

Date Reported 
Date Analyzed 
Date Received 

11/14/96 
11/13/96 
10/25/96 

Known Analysis 

Found Known Percent 
Parameter Result Result Recovery Units 

Antimony 1.06 1.00 < 106% mg/L 
Arsenic 0.010 0.010 100% mg/L 
Barium 1.07 1.00 107% mg/L 

Cadmium 1.08 1.00 108% mg/L 

Chromium 1.06 1.00 106% mg/L 
Lead 1.03 1.00 103% mg/L 

Mercury 0.004 0.004 103% mg/L 

Selenium 0.010 0.010 100% mg/L 
Silver 0.49 0.50 98% mg/L 

Beryllium 1.00 1.00 100% mg/L 
Cobalt 1.01 1.00 101% mg/L 
Copper 1.04 1.00 104% mg/L 
Nickel 0.99 1.00 99% mg/L 

Vanadium 1.00 1.00 100% mg/L 

References'. Method 3050: Acid Digestion for Sediments, Sludges, and Soil, 
SW-846, Rev. 1, July 1992. 

Reported by. Reviewed by_ 



TABLE -1 
BACXGROUND METALS 

l o c a l Mecais 

parameter A n a l y t i c a l Me chad Rsoarcinz L i a i t ag/kg 

Antimony 
Arseaic 
Barium 
3ery i l i u m 
Cadmium 
Chromium 
Cobalt 
Capper 
Lead 
Mercury 
N i c k e l 

Selenium 
Vanadi ua 
Zinc 

6010 
7060 
6010 
6010 
6010 
6010 
6010 
6010 
6010 
7471 
6010 
6010 
7740 
6010 
6010 

o 
0 
1 
0 
0 

1 
2 
5 
0 
4 
500 
0.5 
1.0 
2.0 

0 
, 5 
,0 
, 2 
. 5 
,0 
a 
,o 
o 
, 2 
,0 





Intec- mountain laboratories 

1160 Research Drive 
Bozeman, Montana 59715 

EPA METHOD 8260 
VOLATILE ORGANIC COMPOUNDS 

Client: GIANT REFINING COMPANY 
Sample ID: RFI 1301 A6 Date Reported: 11/07/96 

Project ID: Ciniza Date Sampled: 10/23/96 

Lab ID: B969762 0396G02343 Date Received: 10/29/96 

Matrix: Soil Date Extracted: 11/04/96 
Date Analyzed: 11/05/96 

Parameter Result PQL Units 

1,1,1,2-Tetrachloroethane ND 0.2 mg/kg 

1,1,1-Trichloroethane ND 0.2 mg/kg 
1,1,2,2-Tetrachloroethane ND 0.2 mg/kg 

1,1,2-Trichloroethane ND 0.2 mg/kg 
1,1-Dichloroethane ND 0.2 mg/kg 
1,1 -Dichloroethene ND 0.2 mg/kg 
1,1 -Dichloropropene ND 0.2 mg/kg 

1,2,3-Trichlorobenzene ND 0.2 mg/kg 

1,2,3-Trichloropropane ND 0.2 mg/kg 

1,2,4-Trichlorobenzene ND 0.2 mg/kg 
1,2,4-Trimethylbenzene ND 0.2 mg/kg 

1,2-Dibromo-3-chloropropane (DBCP) ND 0.2 mg/kg 

1,2-Dibromoethane (EDB) ' ND 0.2 mg/kg 
1,2-Dichlorobenzene ND 0.2 mg/kg 

1,2-Dichloroethane ND 0.2 mg/kg 

1,2-Dichloropropane ND 0.2 mg/kg 

1,3,5-Trimethylbenzene ND 0.2 mg/kg 

1,3-Dichlorobenzene ND 0.2 mg/kg 

1,3-Dichloropropane ND 0.2 mg/kg 

1,4-Dichlorobenzene ND 0.2 mg/kg 

2,2-Dichloropropane ND 0.2 mg/kg 

2-Chlorotoluene ND 0.2 mg/kg 

4-Chlorotoluene ND 0.2 mg/kg 

4-lsopropyltoluene ND 0.2 mg/kg 

Benzene ND 0.2 mg/kg 

Bromobenzene ND 0.2 mg/kg 

Bromochloromethane ND 0.2 mg/kg 

Bromodichloromethane ND 0.2 mg/kg 

Bromoform ND 0.2 mg/kg 

Bromomethane ND 0.2 mg/kg 

Continued 



lnletf- mountain taborotarie/J 

1160 Research Drive 
Bozeman, Montana 59715 

EPA METHOD 8260 
VOLATILE ORGANIC COMPOUNDS 

Client: GIANT REFINING COMPANY 
Sample ID: RFI 1301 A6 Date Reported: 11/07/96 

Project ID: Ciniza Date Sampled: 10/23/96 

Lab ID: B969762 0396G02343 Date Received: 10/29/96 

Matrix: Soil Date Extracted: 11 /04/96 
Date Analyzed: 11/05/96 

Parameter Result PQL Units 

ontinued 

Carbon Tetrachloride ND 0.2 mg/kg 

Chlorobenzene ND 0.2 mg/kg 

Chloroethane ND 0.2 mg/kg 

Chloroform ND 0.2 mg/kg 

Chloromethane ND 0.2 mg/kg 

cis-1,2-Dichloroethene ND 0.2 mg/kg 

cis-1,3-Dichloropropene ND 0.2 mg/kg 

Dibromochloromethane ND 0.2 mg/kg 

Dibromomethane ND 0.2 mg/kg 

Dichlorodif luoromethane ND 0.2 mg/kg 

Ethylbenzene ND 0.2 mg/kg 

Hexachlorobutadiene ND 0.2 mg/kg 

Isopropylbenzene ND 0.2 mg/kg 

m,p-Xylene ND 0.2 mg/kg 

Methylene chloride ND 1.0 mg/kg 

n-Butylbenzene ND 0.2 mg/kg 

n-Propylbenzene ND 0.2 mg/kg 

Naphthalene ND 0.2 mg/kg 

o-Xylene ND 0.2 mg/kg 

sec-Butylbenzene ND 0.2 mg/kg 

Styrene ND 0.2 mg/kg 

tert-Butylbenzene ND 0.2 mg/kg 

Tetrachloroethene (PCE) ND 0.2 mg/kg 

Toluene ND 0.2 mg/kg 

trans-1,2-Dichloroethene ND 0.2 mg/kg 

Trichloroethene (TCE) ND 0.2 mg/kg 

Trichlorof luoromethane ND 0.2 mg/kg 

Vinyl Chloride ND 0.2 mg/kg 

Xylenes (total) ND 0.2 mg/kg 

Continued 



Inter • mountain taboratorie/.j 

1160 Research Drive 
Bozeman, Montana 59715 

EPA METHOD 8260 
VOLATILE ORGANIC COMPOUNDS 

Client: 

Sample ID: 

Project ID: 

Lab ID: 

Matrix: 

GIANT REFINING COMPANY 

RFI 1301 A6 

Ciniza 

B969762 

Soil 

0396G02343 

Date Reported: 

Date Sampled: 

Date Received: 

Date Extracted: 

Date Analyzed: 

11/07/96 

10/23/96 

10/29/96 

11/04/96 

11/05/96 

Parameter Result PQL Units 

Continued 

QUALITY CONTROL - Surrogate Recovery % QC Limits 

1,2-Dichloroethane-d4 

Bromofluorobenzene 

Toluene-d8 

93 

100 

104 

70 

74 

81 

121 

121 

117 

ND - Not Detected at Practical Quantitation Level (PQL) 

Reference: Method 8260, Gas Chromatography/Mass Spectrometry for Volatile Organics, Test Methods for 
Evaluating Solid Wastes, SW-846, United States Environmental Protection Agency, Rev. 1, 
November 1992. 

Analyst f?'Q- Reviewed 



„ Inter.* mountain laborotarie/. 

1160 Research Orive 
Bozeman, Montana 59715 

EPA METHOD 8270 
HSL SEMI-VOLATILE COMPOUNDS 

BASE/NEUTRAL/ACID EXTRACTABLES 

Client: GIANT REFINING COMPANY 
Sample ID: RFI 1301 A6 Date Reported: 11/08/96 

Project ID: Ciniza Date Sampled: 10/23/96 

Lab ID: B969762 0396G02343 Date Received: 10/29/96 

Matrix: "Soil Date Extracted: 11/04/96 

Date Analyzed: 11/05/96 

Parameter Result P Q L Units 

1,2,4-Trichlorobenzene ND 1.0* mg/kg 

1,2-Dichlorobenzene ND 1.0 mg/kg 

1,3-Dichlorobenzene ND 1.0 mg/kg 

1,4-Dichlorobenzene ND 1.0 mg/kg 

2,4,5-Trichlorophenol ND 2.0 mg/kg 

2,4,6-Trichlorophenol ND 2.0 mg/kg 

2,4-Dichlorophenol ND 1.0 mg/kg 

2,4-Dimethylphenol ND 1.0 mg/kg 

2,4-Dinitrophenol ND 2.0 mg/kg 

2,4-Dinitrotoluene ND 1.0 mg/kg 

2,6-Dinitrotoluene ND 1.0 mg/kg 

2-Chloronaphthalene ND 1.0 mg/kg 

2-Chlorophenol ND 1.0 mg/kg 

2-Methylnaphthalene ND 1.0 mg/kg 

2-Methylphenol ND 1.0 mg/kg 

2-Nitroaniline ND 5.0 mg/kg 

2-Nitrophenol ND 1.0 mg/kg 

3,3'-Dichlorobenzidine ND 2.0 mg/kg 

3-Methylphenol/4-Methy!phenol ND 1.0 mg/kg 

3-Nitroaniline ND 5.0 mg/kg 

4,6-Dinitro-2-methylphenol ND 5.0 mg/kg 

4-Bromophenyl-phenylether ND 1.0 mg/kg 

4-Chloro-3-methylphenol ND 2.0 mg/kg 

4-Chloroaniline ND 2.0 mg/kg 

4-Chlorophenyl-phenylether ND 1.0 mg/kg 

4-Nitroaniline ND 2.0 mg/kg 

4-Nitrophenol ND 2.0 mg/kg 

Acenaphthene ND 1.0 mg/kg 

Continued 



inter-'mountain laboratories. 

1160 Research Drive 
Bozeman, Montana 59715 

EPA METHOD 8270 
HSL SEMI-VOLATILE COMPOUNDS 

BASE/NEUTRAL/ACID EXTRACTABLES 

Client: GIANT REFINING COMPANY 
Sample ID: RFI 1301 A6 Date Reported: 11/08/96 

Project ID: Ciniza Date Sampled: 10/23/96 

Lab ID: B969762 0396G02343 Date Received: 10/29/96 

Matrix: Soil Date Extracted: 11/04/96 

Date Analyzed: 11/05/96 

Parameter Result PQL Units 

ontinued 

Acenaphthylene ND 1.0 mg/kg 

Anthracene ND 1.0 mg/kg 

Benzo(a)anthracene ND 1.0 mg/kg 

Benzo(a)pyrene ND 1.0 mg/kg 

Benzo(b)f luoranthene ND 1.0 mg/kg 

Benzo(g,h,i)perylene ND 1.0 mg/kg 

Benzo(k)fluoranthene ND 1.0 mg/kg 

Benzoic Acid ND 5.0 mg/kg 

Benzyl Alcohol ND 2.0 mg/kg 

bis (2-Chloroethoxy) methane ND 1.0 mg/kg 

bis(2-Chloroethyl)ether ND 1.0 mg/kg 

bis[2-Chloroisopropyl)ether ND 1.0 mg/kg 

bis(2-Ethylhexyl)phthalate ND 5.0 mg/kg 

Butylbenzylphthalate ND 1.0 mg/kg 

Chrysene ND 1.0 mg/kg 

Di-n-Butylphthalate ND 5.0 mg/kg 

Di-n-Octylphthalate ND 5.0 mg/kg 

Dibenz(a,h)anthracene ND 1.0 mg/kg 

Dibenzofuran ND 1.0 mg/kg 

Diethylphthalate ND 1.0 mg/kg 

Dimethylphthalate ND 1.0 mg/kg 

Fluoranthene ND 1.0 mg/kg 

Fluorene ND 1.0 mg/kg 

Hexachlorobenzene ND 2.0 mg/kg 

Hexachlorobutadiene ND 2.0 mg/kg 

Hexachlorocyclopentadiene ND 1.0 mg/kg 

Hexachloroethane ND 2.0 mg/kg 

Indenod ,2,3-cd)pyrene ND 1.0 mg/kg 

Continued 



Inter.* mountain laboratories. 

1160 Research Drive 
Bozeman, Montana 59715 

EPA METHOD 8270 

HSL SEMI-VOLATILE COMPOUNDS 

BASE/NEUTRAL/ACID EXTRACTABLES 

Client: GIANT REFINING COMPANY 

Sample ID: RFI 1301 A6 Date Reported: 11/08/96 

Project ID: Ciniza Date Sampled: 10/23/96 

Lab ID: B969762 0396G02343 Date Received: 10/29/96 

Matrix: Soil Date Extracted: 11/04/96 

Date Analyzed: 11/05/96 

Parameter Result PQL Units 

ontinued 

Isophorone ND 1.0 mg/kg 

N-Nitrosodi-n-propylamine ND 1.0 mg/kg 

N-Nitrosodiphenylamine ND 1.0 mg/kg 

Naphthalene ND 1.0 mg/kg 

Nitrobenzene ND 1.0 mg/kg 

Pentachlorophenol ND 5.0 mg/kg 

Phenanthrene ND 1.0 mg/kg 

Phenol ND 1.0 mg/kg 

Pyrene ND 1.0 mg/kg 

QUALITY CONTROL - Surrogate Recovery % QC Limits 

2,4,6-Tribromophenol 59 19 - 122 

2-Fluorobiphenyl 59 30 - 115 

2-Fluorophenol 62 25 - 121 

Nitrobenzene-d5 51 23 - 120 

Phenol-d6 78 2 4 - 113 

Terphenyl-d1 4 62 1 8 - 137 

ND - Not Detected at Practical Quantitation Level (PQL) 

Reference: Method 8270, Gas Chromatography/Mass Spectrometry for Semivolatile 
Organics, Test Methods for Evaluating Solid Wastes, SW-846, 
United States Environmental Protection Agency, November 1990. 

Analyst Reviewed 



Inter •* mountain laboratories. 

1160 Research Drive 
Bozeman, Montana 59715 

EPA METHOD 8260 
VOLATILE ORGANIC COMPOUNDS 

Client: GIANT REFINING COMPANY 
Sample ID: RFI 1302 A6 Date Reported: 11/07/96 

Project ID: Ciniza Date Sampled: 10/23/96 

Lab ID: 8969763 0396G02344 Date Received: 10/29/96 

Matrix: Soil Date Extracted: 11/04/96 

Date Analyzed: 11/05/96 

Parameter Result PQL Units 

1,1,1,2-Tetrachloroethane ND 0.2 mg/kg 

1,1,1 -Trichloroethane ND 0.2 mg/kg 

1,1,2,2-Tetrachloroethane ND 0.2 mg/kg 

1,1,2-Trichloroethane ND 0.2 mg/kg 

1,1-Dichloroethane ND 0.2 mg/kg 

1,1-Dichloroethene ND 0.2 mg/kg 

1,1-Dichloropropene ND 0.2 mg/kg 

1,2,3-Trichlorobenzene ND 0.2 mg/kg 

1,2,3-Trichloropropane ND 0.2 mg/kg 

1,2,4-Trichlorobenzene ND 0.2 mg/kg 

1,2,4-TrimethyJbenzene ND 0.2 mg/kg 

1,2-Dibromo-3-chloropropane (DBCP) ND 0.2 mg/kg 

1,2-Dibromoethane (EDB) ND 0.2 mg/kg 

1,2-Dichlorobenzene ND 0.2 mg/kg 

1,2-Dichloroethane ND 0.2 mg/kg 

1,2-Dichloropropane ND 0.2 mg/kg 

1,3,5-Trimethylbenzene ND 0.2 mg/kg 

1,3-Dichlorobenzene ND 0.2 mg/kg 

1,3-Dichloropropane ND 0.2 mg/kg 

1,4-Dichlorobenzene ND 0.2 mg/kg 

2,2-Dichloropropane ND 0.2 mg/kg 

2-Chlorotoluene ND 0.2 mg/kg 

4-Chlorotoluene ND 0.2 mg/kg 

4-lsopropyltoluene ND 0.2 mg/kg 

Benzene ND 0.2 mg/kg 

Bromobenzene ND 0.2 mg/kg 

Bromochloromethane ND 0.2 mg/kg 

Bromodichloromethane ND 0.2 mg/kg 

Bromoform ND 0.2 mg/kg 

Bromomethane ND 0.2 mg/kg 

Continued 



, Iritef • mountain laboratories 

1160 Research Drive 
Bozeman, Montana 59715 

EPA METHOD 8260 
VOLATILE ORGANIC COMPOUNDS 

Client: GIANT REFINING COMPANY 
Sample ID: RFI 1302 A6 Date Reported: 11/07/96 

Project ID: Ciniza Date Sampled: 10/23/96 

Lab ID: B969763 0396G02344 Date Received: 10/29/96 

Matrix: Soil Date Extracted: 11/04/96 

Date Analyzed: 11/05/96 

Parameter Result PQL Units 

ontinued 

Carbon Tetrachloride ND 0.2 mg/kg 

Chlorobenzene ND 0.2 mg/kg 

Chloroethane ND 0.2 mg/kg 

Chloroform ND 0.2 mg/kg 

Chloromethane ND 0.2 mg/kg 

cis-1,2-Dichloroethene ND 0.2 mg/kg 

cis-1,3-Dichloropropene ND 0.2 mg/kg 

Dibromochloromethane ND 0.2 mg/kg 

Dibromomethane ND 0.2 mg/kg 

Dichlorodif luoromethane ND 0.2 mg/kg 

Ethylbenzene ND 0.2 mg/kg 

Hexachlorobutadiene ND 0.2 mg/kg 

Isopropylbenzene ND 0.2 mg/kg 

m,p-Xylene ND 0.2 mg/kg 

Methylene chloride ND 1.0 mg/kg 

n-Butylbenzene ND 0.2 mg/kg 

n-Propylbenzene ND 0.2 mg/kg 

Naphthalene ND 0.2 mg/kg 

o-Xylene ND 0.2 mg/kg 

sec-Butylbenzene ND 0.2 mg/kg 

Styrene ND 0.2 mg/kg 

tert-Butylbenzene ND 0.2 mg/kg 

Tetrachloroethene (PCE) ND 0.2 mg/kg 

Toluene ND 0.2 mg/kg 

trans-1,2-Dichloroethene ND 0.2 mg/kg 

Trichloroethene (TCE) ND 0.2 mg/kg 

Trichlorof luoromethane ND 0.2 mg/kg 

Vinyl Chloride ND 0.2 mg/kg 

Xylenes (total) ND 0.2 mg/kg 

Continued 



Inter.-mountain laboratories., 

1160 Research Drive 
Bozeman, Montana 59715 

EPA METHOD 8260 
VOLATILE ORGANIC COMPOUNDS 

Client: 

Sample ID: 

Project ID: 

Lab ID: 

Matrix: 

GIANT REFINING COMPANY 

RFI 1302 A6 

Ciniza 

B969763 

Soil 

0396G02344 

Date Reported: 

Date Sampled: 

Date Received: 

Date Extracted: 

Date Analyzed: 

11/07/96 

10/23/96 

10/29/96 

11/04/96 

11/05/96 

Parameter Result PQL Units 

Continued 

QUALITY CONTROL - Surrogate Recovery % QC Limits 

1,2-Dichloroethane-d4 

Bromofluorobenzene 

Toluene-d8 

91 

100 

104 

70 -

74 -

81 -

121 

121 

117 

ND - Not Detected at Practical Quantitation Level (PQL) 

Reference: Method 8260 , Gas Chromatography/Mass Spectrometry for Volatile Organics, Test Methods for 
Evaluating Solid Wastes, SW-846, United States Environmental Protection Agency, Rev. 1, 
November 1992. 

Analyst £ ' Q ' Reviewed / rZZ-t 



I filer.- mountain l abora to r ies .^^ . 

1160 Research Drive 
Bozeman, Montana 59715 

EPA METHOD 8270 
HSL SEMI-VOLATILE COMPOUNDS 

BASE/NEUTRAL/ACID EXTRACTABLES 

Client: GIANT REFINING COMPANY 
Sample ID: RFI 1302 A6 Date Reported: 11/08/96 

Project ID: Ciniza Date Sampled: 10/23/96 

Lab ID: B969763 0396G02344 Date Received: 10/29/96 

Matrix: Soil Date Extracted: 11/04/96 

Date Analyzed: 11/05/96 

Parameter Result PQL Units 

1,2,4-Trichlorobenzene ND 1.0 mg/kg 

1,2-Dichlorobenzene ND 1.0 mg/kg 

1,3-Dichlorobenzene ND 1.0 mg/kg 

1,4-Dichlorobenzene ND 1.0 mg/kg 

2,4,5-Trichlorophenol ND 2.0 mg/kg 

2,4,6-Trichlorophenol ND 2.0 mg/kg 

2,4-Dichlorophenol ND 1.0 mg/kg 

2,4-Dimethylphenol ND 1.0 mg/kg 

2,4-Dinitrophenol ND 2.0 mg/kg 

2,4-Dinitrotoluene ND 1.0 mg/kg 

2,6-Dinitrotoluene ND 1.0 mg/kg 

2-Chloronaphthalene ND 1.0 mg/kg 

2-Chlorophenol ND 1.0 mg/kg 

2-Methylnaphthalene ND 1.0 mg/kg 

2-Methylphenol ND 1.0 mg/kg 

2-Nitroaniline ND 5.0 mg/kg 

2-Nitrophenol ND 1.0 mg/kg 

3,3'-Dichlorobenzidine ND 2.0 mg/kg 

3-Methylphenol/4-Methylphenol ND 1.0 mg/kg 

3-Nitroaniline ND 5.0 mg/kg 

4,6-Dinitro-2-methylphenol ND 5.0 mg/kg 

4-Bromophenyl-phenylether ND 1.0 mg/kg 

4-Chloro-3-methylphenol ND 2.0 mg/kg 

4-Ch/oroanifine ND 2.0 mg/kg 

4-Chlorophenyl-phenylether ND 1.0 mg/kg 

4-Nitroaniline ND 2.0 mg/kg 

4-Nitrophenol ND 2.0 mg/kg 

Acenaphthene ND 1.0 mg/kg 

Continued 



. Inter • mountain labora tor ies . 

1160 Research Drive 
Bozeman, Montana 59715 

EPA METHOD 8270 
HSL SEMI-VOLATILE COMPOUNDS 

BASE/NEUTRAL/ACID EXTRACTABLES 

Client: GIANT REFINING COMPANY 
Sample ID: RFI 1302 A6 Date Reported: 11/08/96 

Project ID: Ciniza Date Sampled: 10/23/96 

Lab ID: B969763 0396G02344 Date Received: 10/29/96 

Matrix: Soil Date Extracted: 11/04/96 

Date Analyzed: 11/05/96 

P a r a m e t e r Resu l t P Q L Un i t s 

ontinued 

Acenaphthylene ND 1.0 mg/kg 

Anthracene ND 1.0 mg/kg 

Benzo(a)anthracene ND 1.0 mg/kg 

Benzo(a)pyrene ND 1.0 mg/kg 

Benzo(b)f luoranthene ND 1.0 mg/kg 

Benzo(g,h,i)perylene ND 1.0 mg/kg 

Benzo(k)f luoranthene ND 1.0 mg/kg 

Benzoic Acid ND 5.0 mg/kg 

Benzyl Alcohol ND 2.0 mg/kg 

bis(2-Chloroethoxy)methane ND 1.0 mg/kg 

bis(2-Chloroethyl)ether ND 1.0 mg/kg 

bis(2-Chloroisopropyl)ether ND 1.0 mg/kg 

bis(2-Ethylhexyl)phthalate ND 5.0 mg/kg 

Butylbenzylphthalate ND 1.0 mg/kg 

Chrysene ND 1.0 mg/kg 

Di-n-Butylphthalate ND 5.0 mg/kg 

Di-n-Octylphthalate ND 5.0 mg/kg 

Dibenz(a,h)anthracene ND 1.0 mg/kg 

Dibenzofuran ND 1.0 mg/kg 

Diethylphthalate ND 1.0 mg/kg 

Dimethylphthalate ND 1.0 mg/kg 

Fluoranthene ND 1.0 mg/kg 

Fluorene ND 1.0 mg/kg 

Hexachlorobenzene ND 2.0 mg/kg 

Hexachlorobutadiene ND 2.0 mg/kg 

Hexachlorocyclopentadiene ND 1.0 mg/kg 

Hexachloroethane ND 2.0 mg/kg 

Indenod ,2,3-cd)pyrene ND 1.0 mg/kg 

Continued 



1160 Research Drive 
Bozeman, Montana 59715 

EPA METHOD 8270 
HSL SEMI-VOLATILE COMPOUNDS 

BASE/NEUTRAL/ACID EXTRACTABLES 

Client: GIANT REFINING COMPANY 

Sample ID: RFI 1302 A6 Date Reported: 11/08/96 

Project ID: Ciniza Date Sampled: 10/23/96 

Lab ID: B969763 0396G02344 Date Received: 10/29/96 

Matrix: Soil Date Extracted: 11/04/96 

Date Analyzed: 11/05/96 

Parameter Result PQL Units 

ontinued 

Isophorone ND 1.0 mg/kg 

N-Nitrosodi-n-propylamine ND 1.0 mg/kg 

N-Nitrosodiphenylamine ND 1.0 mg/kg 

Naphthalene ND 1.0 mg/kg 

Nitrobenzene ND 1.0 mg/kg 

Pentachlorophenol ND 5.0 mg/kg 

Phenanthrene ND 1.0 mg/kg 

Phenol ND 1.0 mg/kg 

Pyrene ND 1.0 mg/kg 

QUALITY CONTROL - Surrogate Recovery % QC Limits 

2,4,6-Tribromophenol 59 1 9 - 122 

2-Fluorobiphenyl 58 30 - 115 

2-Fluorophenol 55 2 5 - 121 

Nitrobenzene-d5 49 23 - 120 

Phenol-d6 69 2 4 - 113 

Terphenyl-d14 58 1 8 - 137 

ND - Not Detected at Practical Quantitation Level (PQL) 

Reference: Method 8270 , Gas Chromatography/Mass Spectrometry for Semivolatile 
Organics, Test Methods for Evaluating Solid Wastes, SW-846, 
United States Environmental Protection Agency, November 1990. 

Analyst_ Reviewed 



Inter- mountain laboratories.J 

1160 Research Drive 
Bozeman, Montana 59715 

EPA METHOD 8260 
VOLATILE ORGANIC COMPOUNDS 

Client: GIANT REFINING COMPANY 
Sample ID: RFI 1303 A6 Date Reported: 11/07/96 

Project ID: Ciniza Date Sampled: 10/23/96 

Lab ID: B969764 0396G02345 Date Received: 10/29/96 

Matrix: Soil Date Extracted: 11 /04/96 

Date Analyzed: 11/05/96 

Parameter Result PQL Units 

1,1,1,2-Tetrachloroethane ND 0.2 mg/kg 

1,1,1-Trichloroethane ND 0.2 mg/kg 

1,1,2,2-Tetrachloroethane ND 0.2 mg/kg 

1,1,2-Trichloroethane ND 0.2 mg/kg 

1,1-Dichloroethane ND 0.2 mg/kg 

1,1-Dichloroethene ND 0.2 mg/kg 

1,1 -Dichloropropene ND 0.2 mg/kg 

1,2,3-Trichlorobenzene ND 0.2 mg/kg 

1,2,3-Trichloropropane ND 0.2 mg/kg 

1,2,4-Trichlorobenzene ND 0.2 mg/kg 

1,2,4-Trimethylbenzene ND 0.2 mg/kg 

1,2-Dibromo-3-chloropropane (DBCP) ND 0.2 mg/kg 

1,2-Dibromoethane (EDB) ND 0.2 mg/kg 

1,2-Dichlorobenzene ND 0.2 mg/kg 

1,2-Dichloroethane ND 0.2 mg/kg 

1,2-Dichloropropane ND 0.2 mg/kg 

1,3,5-Trimethylbenzene ND 0.2 mg/kg 

1,3-Dichlorobenzene ND 0.2 mg/kg 

1,3-Dichloropropane ND 0.2 mg/kg 

1,4-Dichlorobenzene ND 0.2 mg/kg 

2,2-Dichloropropane ND 0.2 mg/kg 

2-Chlorotoluene ND 0.2 mg/kg 

4-Chlorotoluene ND 0.2 mg/kg 

4-lsopropyltoluene ND 0.2 mg/kg 

Benzene ND 0.2 mg/kg 

Bromobenzene ND 0.2 mg/kg 

Bromochloromethane ND 0.2 mg/kg 

Bromodichloromethane ND 0.2 mg/kg 

Bromoform ND 0.2 mg/kg 

Bromomethane ND 0.2 mg/kg 

Continued 



Inter.- Mounta in laborator ies. , 

1160 Research Drive 
Bozeman. Montana 59715 

EPA METHOD 8260 
VOLATILE ORGANIC COMPOUNDS 

Client: GIANT REFINING COMPANY 
Sample ID: RFI 1303 A6 Date Reported: 11/07/96 

Project ID: Ciniza Date Sampled: 10/23/96 

Lab ID: B969764 0396G02345 Date Received: 10/29/96 

Matrix: Soil Date Extracted: 11/04/96 
Date Analyzed: 11/05/96 

Parameter Result PQL Units 

ontinued 

Carbon Tetrachloride ND 0.2 mg/kg 

Chlorobenzene ND 0.2 mg/kg 

Chloroethane ND 0.2 mg/kg 

Chloroform ND 0.2 mg/kg 

Chloromethane ND 0.2 ~ mg/kg 

cis-1,2-Dichloroethene ND 0.2 mg/kg 

cis-1,3-Dichloropropene ND 0.2 mg/kg 

Dibromochloromethane ND 0.2 mg/kg 

Dibromomethane ND 0.2 mg/kg 

Dichlorodif luoromethane ND 0.2 mg/kg 

Ethylbenzene ND 0.2 mg/kg 

Hexachlorobutadiene ND 0.2 mg/kg 

Isopropylbenzene ND 0.2 mg/kg 

m,p-Xylene ND 0.2 mg/kg 

Methylene chloride ND 1.0 mg/kg 

n-Butylbenzene ND 0.2 mg/kg 

n-Propylbenzene ND 0.2 mg/kg 

Naphthalene ND 0.2 mg/kg 

o-Xylene ND 0.2 mg/kg 

sec-Butylbenzene ND 0.2 mg/kg 

Styrene ND 0.2 mg/kg 

tert-Butylbenzene ND 0.2 mg/kg 

Tetrachloroethene (PCE) ND 0.2 mg/kg 

Toluene ND 0.2 mg/kg 

trans-1,2-Dichloroethene ND 0.2 mg/kg 

Trichloroethene (TCE) ND 0.2 mg/kg 

Trichlorof luoromethane ND 0.2 mg/kg 

Vinyl Chloride ND 0.2 mg/kg 

Xylenes (total) ND 0.2 mg/kg 

Continued 



Inter.- mounta in laborator ies. , 

1160 Research Drive 
Bozeman, Montana 59715 

EPA METHOD 8260 
VOLATILE ORGANIC COMPOUNDS 

Client: 

Sample ID: 

Project ID: 

Lab ID: 

Matrix: 

GIANT REFINING COMPANY 

RFI 1303 A6 

Ciniza 

B969764 

Soil 

0396G02345 

Date Reported: 

Date Sampled: 

Date Received: 

Date Extracted: 

Date Analyzed: 

11/07/96 

10/23/96 

10/29/96 

11/04/96 

11/05/96 

Parameter Result PQL Units 

Continued 

QUALITY CONTROL - Surrogate Recovery QC Limits 

1,2-Dichloroethane-d4 

Bromofluorobenzene 

Toluene-d8 

95 

104 

116 

70 

74 

81 

121 

121 

117 

ND - Not Detected at Practical Quantitation Level (PQL) 

Reference: Method 8260 , Gas Chromatography/Mass Spectrometry for Volatile Organics, Test Methods for 
Evaluating Solid Wastes, SW-846, United States Environmental Protection Agency, Rev. 1 , 
November 1992. 

Analyst ^ -0 . Reviewed 



I n te r * m o u n t a i n l a b o r a t o r i e s , i 

1160 Research Drive 
Bozeman, Montana 59715 

EPA METHOD 8270 
HSL SEMI-VOLATILE COMPOUNDS 

BASE/NEUTRAL/ACID EXTRACTABLES 

Client: GIANT REFINING COMPANY 
Sample ID: RFI 1303 A6 Date Reported: 11/08/96 

Project ID: Ciniza Date Sampled: 10/23/96 

Lab ID: B969764 0396G02345 Date Received: 10/29/96 

Matrix: Soil Date Extracted: 1 1/04/96 

Date Analyzed: 11/05/96 

Parameter Result PQL Units 

1,2,4-Trichlorobenzene ND 1.0 mg/kg 

1,2-Dichlorobenzene ND 1.0 mg/kg 

1,3-Dichlorobenzene ND 1.0 mg/kg 

1,4-Dichlorobenzene ND 1.0 . mg/kg 

2,4,5-Trichlorophenol ND 2.0 mg/kg 

2,4,6-Trichlorophenol ND 2.0 mg/kg 

2,4-Dichlorophenol ND 1.0 mg/kg 

2,4-Dimethylphenol ND 1.0 . mg/kg 

2,4-Dinitrophenol ND 2.0 mg/kg 

2,4-Dinitrotoluene ND 1.0 mg/kg 

2,6-Dinitrotoluene ND 1.0 mg/kg 

2-Chloronaphthalene ND 1.0 mg/kg 

2-Chlorophenol ND 1.0 mg/kg 

2-Methylnaphthalene ND 1.0 mg/kg 

2-Methylphenol ND 1.0 mg/kg 

2-Nitroaniline ND 5.0 mg/kg 

2-Nitrophenol ND * 1.0 mg/kg 

3,3'-Dichlorobenzidine ND 2.0 mg/kg 

3-Methylphenol/4-Methylphenol ND 1.0 mg/kg 

3-Nitroaniline ND 5.0 mg/kg 

4,6-Dinitro-2-methylphenol ND 5.0 mg/kg 

4-Bromophenyl-phenylether ND 1.0 mg/kg 

4-Chloro-3-methylphenol ND 2.0 mg/kg 

4-Chloroaniline ND 2,0 mg/kg 

4-Chlorophenyl-phenylether ND 1.0 mg/kg 

4-Nitroaniline ND 2.0 mg/kg 

4-Nitrophenol ND 2.0 mg/kg 

Acenaphthene ND 1.0 mg/kg 

Continued 



Inter* mountain labora tor ies . 

1160 Research Drive 
Bozeman, Montana 59715 

EPA METHOD 8270 
HSL SEMI-VOLATILE COMPOUNDS 

BASE/NEUTRAL/ACID EXTRACTABLES 

Client: GIANT REFINING COMPANY 
Sample ID: RFI 1303 A6 

Project ID: Ciniza 

Lab ID: B969764 

Matrix: Soil 

0396G02345 

Date Reported: 

Date Sampled: 

Date Received: 

Date Extracted: 

Date Analyzed: 

11/08/96 

10/23/96 

10/29/96 

11/04/96 

11/05/96 

Parameter Result PQL Units 

o n t i n u e d 

Acenaphthylene ND 1.0 mg/kg 

Anthracene ND 1.0 mg/kg 

Benzo(a)anthracene ND 1.0 mg/kg 

Benzotalpyrene ND 1.0 mg/kg 

Benzo(b)f luoranthene ND 1.0 mg/kg 

Benzo(g,h,i)perylene ND 1.0 mg/kg 

Benzo(k)f luoranthene ND 1.0 mg/kg 

Benzoic Acid ND 5.0 mg/kg 

Benzyl Alcohol ND 2.0 mg/kg 

bis (2-Chloroethoxy) methane ND 1.0 mg/kg 

bis(2-Chloroethyl) ether ND 1.0 mg/kg 

bis(2-Chloroisopropyl)ether ND 1.0 mg/kg 

bis(2-Ethylhexyl)phthalate ND 5.0 mg/kg 

Butylbenzylphthalate ND 1.0 mg/kg 

Chrysene ND 1.0 mg/kg 

Di-n-Butylphthalate ND 5.0 mg/kg 

Di-n-Octylphthalate ND 5.0 mg/kg 

Dibenz(a,h)anthracene ND 1.0 mg/kg 

Dibenzofuran ND 1.0 mg/kg 

Diethylphthalate ND 1.0 mg/kg 

Dimethylphthalate ND 1.0 mg/kg 

Fluoranthene ND 1.0 mg/kg 

Fluorene ND 1.0 mg/kg 

Hexachlorobenzene ND 2.0 mg/kg 

Hexachlorobutadiene ND 2.0 mg/kg 

Hexachlorocyclopentadiene ND 1.0 mg/kg 

Hexachloroethane ND 2.0 mg/kg 

Indenod ,2,3-cd)pyrene ND 1.0 mg/kg 

Continued 



* Inter** m o u n t a i n l a b o r a t o r i e s . 

1160 Research Orive 
Bozeman. Montana 59715 

EPA METHOD 8270 
HSL SEMI-VOLATILE COMPOUNDS 

BASE/NEUTRAL/ACID EXTRACTABLES 

Client: 

Sample ID: 

Project ID: 

Lab ID: 

Matrix: 

GIANT REFINING COMPANY 

RFI 1303 A6 

Ciniza 

B969764 
Soil 

0396G02345 

Date Reported: 

Date Sampled: 

Date Received: 

Date Extracted: 

Date Analyzed: 

11/08/96 

10/23/96 

1 0/29/96 

11/04/96 

11/05/96 

Parameter Result PQL Units 

Continued 

Isophorone ND 1.0 mg/kg 

N-Nitrosodi-n-propylamine ND 1.0 mg/kg 

N-Nitrosodiphenylamine ND 1.0 mg/kg 

Naphthalene ND 1.0 mg/kg 

Nitrobenzene ND 1.0 mg/kg 

Pentachlorophenol ND 5.0 mg/kg 

Phenanthrene ND 1.0 mg/kg 

Phenol ND 1.0 mg/kg 

Pyrene ND 1.0 mg/kg 

QUALITY CONTROL - Surrogate Recovery % QC Limits 

2,4,6-Tribromophenol 62 19 - 122 

2-Fluorobiphenyl 59 30 - 115 

2-Fluorophenol 58 25 - 121 

Nitrobenzene-d5 53 23 - 120 

Phenol-d6 72 24 - 113 

Terphenyl-d14 64 18 - 137 

ND - Not Detected at Practical Quantitation Level (PQL) 

Reference: Method 8270 , Gas Chromatography/Mass Spectrometry for Semivolatile 
Organics, Test Methods for Evaluating Solid Wastes, SW-846, 
United States Environmental Protection Agency, November 1990. 

Analyst Reviewed 



• lntef* mountain laboratories. 

1160 Research Drive 
Bozeman. Montana 59715 

LAB QA/QC 
EPA METHOD 8260 
INSTRUMENT BLANK 

Date Analyzed: 11/04/96 
Lab ID: IBS96309A 
Matrix: Water 

Parameter Result PQL Units 

1,1,1,2-Tetrachloroethane ND 0.2 mg/kg 

1,1,1 -Trichloroethane ND 0.2 mg/kg 

1,1,2,2-Tetrachloroethane ND 0.2 mg/kg 

1,1,2-Trichloroethane ND 0.2 - mg/kg 

1,1-Dichloroethane ND 0.2 mg/kg 

1,1 -Dichloroethene ND 0.2 mg/kg 

1,1-Dichloropropene ND 0.2 mg/kg 

1,2,3-Trichlorobenzene ND 0.2 mg/kg 

1,2,3-Trichloropropane ND 0.2 mg/kg 

1,2,4-Trichlorobenzene ND 0.2 mg/kg 

1,2,4-Trimethylbenzene ND 0.2 mg/kg 

1,2-Dibromo-3-chloropropane (DBCP) ND 0.2 mg/kg 

1,2-Dibromoethane (EDB) ND 0.2 mg/kg 

1,2-Dichlorobenzene ND 0.2 mg/kg 

1,2-Dichloroethane ND 0.2 mg/kg 

1,2-Dichloropropane ND 0.2 mg/kg 

1,3,5-Trimethylbenzene ND 0.2 mg/kg 

1,3-Dichlorobenzene ND 0.2 mg/kg 

1,3-Dichloropropane ND 0.2 mg/kg 

1,4-Dichlorobenzene ND 0.2 mg/kg 

2,2-Dichloropropane ND 0.2 mg/kg 

2-Chlorotoluene ND 0.2 mg/kg 

4-Chlorotoluene ND 0.2 mg/kg 

4-lsopropyltoluene ND 0.2 mg/kg 

Benzene ND 0.2 mg/kg 

Bromobenzene ND 0.2 mg/kg 

Bromochloromethane ND 0.2 mg/kg 

Bromodichloromethane ND 0.2 mg/kg 

Bromoform ND 0.2 mg/kg 

Bromomethane ND 0.2 mg/kg 

Carbon Tetrachloride ND 0.2 mg/kg 

Chlorobenzene ND 0.2 mg/kg 

Chloroethane ND 0.2 mg/kg 

Continued 



Inter-mountain laboratories. 

1160 Research Drive 
Bozeman. Montana 59715 

LAB QA/QC 
EPA METHOD 8260 
INSTRUMENT BLANK 

Date Analyzed: 11 /04/96 
Lab ID: IBS96309A 
Matrix: Water 

Parameter Result PQL Units 

Continued 

Chloroform ND 0.2 mg/kg 

Chloromethane ND 0.2 mg/kg 

cis-1,2-Dichloroethene ND 0.2 mg/kg 

cis-1,3-Dichloropropene ND 0.2 mg/kg 

Dibromochloromethane ND 0.2 mg/kg 

Dibromomethane ND 0.2 mg/kg 

Dichlorodif luoromethane ND 0.2 mg/kg 

Ethylbenzene ND 0.2 mg/kg 

Hexachlorobutadiene ND 0.2 mg/kg 

Isopropylbenzene ND 0.2 mg/kg 

m,p-Xylene ND 0.2 mg/kg 

Methylene chloride ND 1.0 mg/kg 

n-Butylbenzene ND 0.2 mg/kg 

n-Propylbenzene ND 0.2 mg/kg 

Naphthalene ND 0.2 mg/kg 

o-Xylene ND 0.2 mg/kg 

sec-Butylbenzene ND 0.2 mg/kg 

Styrene ND 0.2 mg/kg 

tert-Butylbenzene ND 0.2 mg/kg 

Tetrachloroethene (PCE) ND 0.2 mg/kg 

Toluene ND 0.2 mg/kg 

trans-1,2-Dichloroethene ND 0.2 mg/kg 

Trichloroethene (TCE) ND 0.2 mg/kg 

Trichlorof luoromethane ND 0.2 mg/kg 

Vinyl Chloride ND 0.2 mg/kg 

Xylenes (total) ND 0.2 mg/kg 

Continued 



I n t e r - m o u n t a i n l a b o r a t o r i e s . ! 

1160 Research Orive 
Bozeman, Montana 59715 

LAB QA/QC 
EPA METHOD 8260 
INSTRUMENT BLANK 

Date Analyzed: 11/04/96 

Lab ID: IBS96309A 

Matrix: Water 

Parameter Result PQL Units 

Continued 

QUALITY CONTROL - Surrogate Recovery % QC Limits 

1,2-Dichloroethane-d4 

Bromofluorobenzene 

Toluene-d8 

89 

103 

115 

8 0 - 120 

7 4 - 121 

81 - 117 

ND - Not Detected at Practical Quantitation Level (PQL) 

Analyst \£. 0. Reviewed 



Inter*- mountain labora tor ies . 

1160 Research Drive 
Bozeman, Montana 59715 

LAB QA/QC 
EPA METHOD 8260 

METHOD BLANK 

Date Analyzed: 11 /05/96 
Lab ID: MBS96309 
Matrix: Soil 
Date Extracted: 11/04/96 

Parameter Result PQL Units 

1,1,1,2-Tetrachloroethane ND 0.2 mg/kg 
1,1,1 -Trichloroethane ND 0.2 mg/kg 

1,1,2,2-Tetrachloroethane ND 0.2 mg/kg 

1,1,2-Trichloroethane ND 0.2 - mg/kg 
1,1-Dichloroethane ND 0.2 mg/kg 

1,1-Dichloroethene ND 0.2 mg/kg 

1,1 -Dichloropropene ND 0.2 mg/kg 

1,2,3-Trichlorobenzene ND 0.2 mg/kg 

1,2,3-Trichloropropane ND 0.2 mg/kg 

1,2,4-Trichlorobenzene ND 0.2 mg/kg 
1,2,4-Trimethylbenzene ND 0.2 mg/kg 

1,2-Dibromo-3-chloropropane (DBCP) ND 0.2 mg/kg 

1,2-Dibromoethane (EDB) ND 0.2 mg/kg 

1,2-Dichlorobenzene ND 0.2 mg/kg 

1,2-Dichloroethane ND 0.2 mg/kg 

1,2-Dichloropropane ND 0.2 mg/kg 

1,3,5-Trimethylbenzene ND 0.2 mg/kg 

1,3-Dichlorobenzene ND 0.2 . mg/kg 

1,3-Dichloropropane ND 0.2 mg/kg 

1,4-Dichlorobenzene ND 0.2 mg/kg 

2,2-Dichloropropane ND 0.2 mg/kg 

2-Butanone (MEK) ND 2.0 mg/kg 

2-Chlorotoluene ND 0.2 mg/kg 

4-Chlorotoluene ND 0.2 mg/kg 

4-lsopropyltoluene ND 0.2 mg/kg 

Benzene ND 0.2 mg/kg 

Bromobenzene ND 0.2 mg/kg 

Bromochloromethane ND 0.2 mg/kg 

Bromodichloromethane ND 0.2 mg/kg 

Bromoform ND 0.2 mg/kg 

Bromomethane ND 0.2 mg/kg 

Carbon Tetrachloride ND 0.2 mg/kg 

Chlorobenzene ND 0.2 mg/kg 

Continued 



Intel • mountain labora tor ie /^nc . 

1160 Research Drive 
Bozeman, Montana 59715 

LAB QA/QC 
EPA METHOD 8260 
METHOD BLANK 

Date Analyzed: 11/05/96 

Lab ID: MBS96309 

Matrix: Soil 

Date Extracted: 11/04/96 

Parameter Result PQL Units 

Continued 

Chloroethane ND 0.2 mg/kg 

Chloroform ND 0.2 mg/kg 

Chloromethane ND 0.2 mg/kg 

cis-1,2-Dichloroethene ND 0.2 mg/kg 

cis-1,3-Dichloropropene ND 0.2 mg/kg 

Dibromochloromethane ND 0.2 mg/kg 

Dibromomethane ND 0.2 mg/kg 

Dichlorodif luoromethane ND 0.2 mg/kg 

Ethylbenzene ND 0.2 mg/kg 

Hexachlorobutadiene ND 0.2 mg/kg 

Isopropylbenzene ND 0.2 mg/kg 

m,p-Xylene ND 0.2 mg/kg 

Methylene chloride ND 1.0 mg/kg 

n-Butylbenzene ND 0.2 mg/kg 

n-Propylbenzene ND 0.2 mg/kg 

Naphthalene ND 0.2 mg/kg 

o-Xylene ND 0.2 mg/kg 

sec-Butylbenzene ND 0.2 mg/kg 

Styrene ND 0.2 mg/kg 

tert-Butyl benzene ND 0.2 mg/kg 

Tetrachloroethene (PCE) ND 0.2 mg/kg 

Toluene ND 0.2 mg/kg 

trans-1,2-Dichloroethene ND 0.2 mg/kg 

Trichloroethene (TCE) ND 0.2 mg/kg 

Trichlorof luoromethane ND 0.2 mg/kg 

Vinyl Chloride ND 0.2 mg/kg 

Xylenes (total) ND 0.2 mg/kg 

Continued 



Inter.* mountain laboratories. 

1160 Research Drive 
Bozeman, Montana 59715 

LAB QA/QC 
EPA METHOD 8260 
METHOD BLANK 

Date Analyzed: 11/05/96 

Lab ID: MBS96309 

Matrix: Soil 

Date Extracted: 11/04/96 

Parameter Result PQL Units 

Continued 

QUALITY CONTROL - Surrogate Recovery % ' QC Limits 

1,2-Dichloroethane-d4 99 80 - 120 

Bromofluorobenzene 107 74 - 121 

Toluene-d8 111 8 1 - 1 1 7 

ND - Not Detected at Practical Quantitation Level (PQL) 

Analyst £ -ft Reviewed 



Inter- mountain labora tor ies . 

1160 Research Drive 
Bozeman, Montana 59715 

LAB QA/QC 
EPA METHOD 8270 

METHOD BLANK 

Date Analyzed: 11/05/96 
Lab ID: MBS96308 
Matrix: Soil 
Date Extracted: 11/05/96 

Parameter Result PQL ' Units 

1,2,4-Trichlorobenzene ND 1.0 mg/kg 

1,2-Dichlorobenzene ND 1.0 mg/kg 

1,3-Dichlorobenzene ND 1.0 mg/kg 

1,4-Dichlorobenzene ND 1.0 mg/kg 

2,4,5-Trichlorophenol ND 2.0 mg/kg 

2,4,6-Trichlorophenol ND 2.0 mg/kg 

2,4-Dichlorophenol ND 1.0 mg/kg 

2,4-Dimethylphenol ND 1.0 mg/kg 

2,4-Dinitrophenol ND 2.0 mg/kg 

2,4-Dinitrotoluene ND 1.0 mg/kg 

2,6-Dinitrotoluene ND 1.0 mg/kg 

2-Chloronaphthalene ND 1.0 mg/kg 

2-Chlorophenol ND 1.0 mg/kg 

2-Methylnaphthalene ND 1.0 mg/kg 

2-Methylphenol ND 1.0 mg/kg 

2-Nitroaniline ND 5.0 mg/kg 

2-Nitrophenol ND 1.0 mg/kg 

3,3'-Dichlorobenzidine ND 2.0 mg/kg 

3-Methylphenol/4-Methylphenol ND 1.0 mg/kg 

3-Nitroaniline ND 5.0 mg/kg 

4,6-Dinitro-2-methylphenol ND 5.0 mg/kg 

4-Bromophenyl-phenylether ND 1.0 mg/kg 

4-Chloro-3-methylphenol ND 2.0 mg/kg 

4-Chloroaniline ND 2.0 mg/kg 

4-Chlorophenyl-phenylether ND 1.0 mg/kg 

4-Nitroaniline ND 2.0 mg/kg 
4-Nitrophenol ND 2.0 mg/kg 

Acenaphthene ND 1.0 mg/kg 
Acenaphthylene ND 1.0 mg/kg 
Anthracene ND 1.0 mg/kg 

Benzo(a)anthracene ND 1.0 mg/kg 

Benzo(a)pyrene ND 1.0 mg/kg 
Benzo(b)f luoranthene ND 1.0 mg/kg 

Continued 



' In le?• mountain l a b o r a t o r i e s . A c . 

1160 Research Drive 
Bozeman, Montana 59715 

LAB QA/QC 
EPA METHOD 8260 
MATRIX SPIKE / MATRIX SPIKE DUPLICATE SUMMARY 

Date Analyzed: 11 /05/96 
Lab ID: 0596H09764 
Matrix: Soil 
Date Extracted: 11/04/96 

Original Sample Parameters 

Spike 
Added 

Sample 
Result 

Spike 
Result 

MS 
Recovery 

QC Limits 

Parameter (mg/kg) (mg/kg) (mg/kg) % R e c 

1,1 -Dichloroethene 12.5 0 8.0 64 * 75 .145 

Benzene 12.5 0 11 88 71 -120 

Chlorobenzene 12.5 o- 11 88 76 -127 

Toluene 12.5 0 14 11 2 71 .127 

Trichloroethene (TCE) 12.5 0 9.7 78 75 -130 

Duplicate Sample Parameters 

Spike 
Added 

MSD 
Result 

MSD 
Recovery RPD 

QC Limits 

Parameter (mg/kg) (mg/kg) % % RPD R e c 

1,1-Dichloroethene 12.5 6.7 54 * 18 22 75 -145 

Benzene 12.5 8.8 70 * 22 24 71 -.120 

Chlorobenzene 12.5 8.7 70 * 23 21 76 -127 

Toluene 12.5 10 80 33 * 21 71 -127 

Trichloroethene (TCE) 12.5 8.1 65 * 18 21 75 -130 

Note: Spike Recoveries are calculated using zero for Sample result 
if Sample result was less than PQL (Practical Quantitation Level). 

Spike Recovery: 5 out of 10 outside QC limits. 
RPD: 2 out of 5 outside QC limits. 
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SUSANA MARTINEZ 
Governor 

JOHN A. SANCHEZ 
Lieutenant Governor 

NEW MEXICO 
ENVIRONMENT DEPARTMENT 

2905 Rodeo Park Drive East, Building 1 
Santa Fe, New Mexico 87505-6303 

Phone (505) 476-6000 Fax (505) 476-6030 
www.nmenv.state.nm.us 

CERTIFIED MAIL - RETURN RECEIPT REQUE~TED 

April 13, 2015 

Ms. Leslie Ann Allen 
Senior Vice President 
Environment and Regulatory Affairs 
Western Refining, Southwest Inc., Gallup Refinery 
123 W. Mills Avenue, Suite 200 
El Paso, TX 79901 

RE: DISAPPROVAL 
NO FURTHER ACTION REPORT 
AND SUPPLEMENTAL INFORMATION 
WESTERN REFINING SOUTHWEST INC., GALLUP REFINERY 
EPA ID# NMD000333211 
HWB-WRG-15-MISC 

Dear Ms. Allen: 

RYAN FLYNN 
Cabinet Secretary 
BUTCH TONGATE 
Deputy Secretary 

The New Mexico Environment Department (NMED) is in receipt of Western Refining 
Southwest Inc., Gallup Refinery's (Permittee) letter titled Request to Proceed with Review of the 
"Petition for No Further Action" dated August 10, 2001 and "Supplementary Information" 
submitted on October 2, 2002 (Letter), dated June 24, 2013. In the June 24, 2013 
correspondence, the Permittee requested review of seven (7) solid waste management units 
(SWMU): SWMU 3, SWMU 4, SWMU 5, SWMU 7, SWMU 9, SWMU 10, and SWMU 13 in 
order to remove these SWMUs from the Permit. Western's request could result in a change in 
status of these units from Corrective Action Required to Corrective Action Complete rather than 
a removal from the Permit. Two of the above-referenced SWMUs are currently in use. SWMU 3 
(Empty Storage Container Unit) is now the Heat Exchanger Bundle Cleaning Pad and SWMU 7 
(Fire Training Area) continues to be used as a fire training area. These two SWMUs will not be 
reviewed at this time. 



Ms. Allen 
Gallup Refinery 
April 13, 2015 
Page 2 

NMED has reviewed the information provided in the August 10, 2001 SWMU Assessment Report 
I No Further Action Report (NFA Report) and the Supplemental Information provided in the 
October 2, 2002 letter and attachments regarding five SWMUs (SWMU 4 (Old Bum Pit), 
SWMU 5 (Landfill Areas), SWMU 9 (Drainage Ditch and Inactive Landfarm), SWMU 10 
(Sludge Pits), and SWMU 13 (Drainage 'Ditch between API Evaporation Pond and 
Neutralization Tank Evaporation Ponds)). Based upon its review, NMED requires additional 
information regarding SWMUs 4, 5, 9, 10 and 13 and therefore provides the following 
comments. 

General Comments 
Commentl 
A "Generic Sampling Plan" is referenced in both documents; NMED does not have a copy of the 
"Generic Sampling Plan" or any correspondence indicating approval of such plan in its 
administrative record. Please provide a copy of the "Generic Sampling Plan" for NMED review. 
If an associated approval letter exists, provide the approval letter. 

Comment2 
NMED's administrative record does not contain an approval letter for the additional sampling 
conducted in 1994. The Environmental Protection Agency (EPA) issued a Notice of Deficiency 
on December 19, 1994, requiring additional information and the Permittee responded on January 
6, 1995. Please provide the EPA's response to the Permittee's January 1995 response to 
comments. 

Comment3 
The arsenic levels reported for some of the SWMUs in the analytical reports in the Phase I and 
Phase III Investigation Reports (specifically, samples from SWMU 10, SWMU 5 with results 
ranging from 4.3 mg/kg to 27 .9 mg/kg) for the soil investigations are higher than the current 
residential soil screening level (4.25 mg/kg). According to the USGS, McKinley County arsenic 
levels generally range from 5.6 to 11 ppm. Because the concentrations of arsenic are 
significantly higher than the maximum concentration of the background range (11 ppm), the 
Permittee must conduct a soil background study to account for the higher levels of arsenic in 
order to reach corrective action complete status. 

Comment4 
Provide data tables which list the SWMUs, the constituents of concern, the analytical results (and 
the chemical analytical methods and detection limits utilized by the laboratory), and the soil 
screening levels for the historic site investigations. Also, please provide the references to the 
documents where the data were obtained. NMED may use information from the data tables as 
part of the statement of basis and public notice for sites that meet corrective action complete 
criteria. If further investigation is required, and the arsenic levels are below applicable soil 



Ms. Allen 
Gallup Refinery 
April 13, 2015 
Page3 

screening levels, then the Permittee may use the new data in addition to the existing data to 
achieve corrective action complete status rather than solely rely on the historic data. 

Comments 
The Permittee must discuss the levels of chromium found at several of the SWMUs (RFI10V6.0 
398 mg/kg, RFI1005V6.0 4020 mg/kg, RFI0503VO.O 110 mg/kg, RFI0504V3.0 270 mg/kg). 
Discuss whether or not chromium VI was used at the refinery at any point, and whether or not 
speciation for chromium was ever performed in order to determine whether the chromium levels 
should be compared to chromium III or VI. 

Comment6 
In 1997 or 1998, both the Old Bum Pit (SWMU 4) and the Landfill Areas (SWMU 5) were 
covered by a soil cap and required periodic inspections. Provide documentation demonstrating 
that inspections of the caps were conducted, as required, as well as documentation of the 
inspections to confirm that maintenance activities and repair of the caps and drainage systems 
(when necessary) were implemented. 

Comment7 
The description of sample collection provided in the Additional RFI Sampling (dated October 
1994) indicates that the method used to collect volatile organic compounds (VOC) samples 
likely caused a loss of volatiles. The methods used to collect soil samples were described as, 
"[t]he soil samples were collected in a clean steel pan and were then placed into laboratory 
supplied containers ... " Based on this description, the samples collected and analyzed during the 
1994 investigation cannot be used to characterize VOCs at the SWMUs, because the analytical 
results do not accurately represent site conditions. Additional sampling is required to fully 
characterize the SWMUs (see individual SWMU comments for NMED's sampling 
requirements). The Permittee must ensure that proper sampling methods are employed. 

Comments 
According to the EPA's letter Approval with Modifications RF/ Phase I Supplementary Report, 
RF/ Phase II Report and the Voluntary Corrective Actions Plans, dated January 1994 and 
another EPA letter titled RCRA Facility Investigation (RF/) Phase III Report and Voluntary 
Corrective Action Plan, also dated January 1994 voluntary corrective action (VCA) plans were 
submitted to the EPA regarding the landfills and the sludge pits in December 1992 and March 
1993. The documents are not in NMED's administrative record. Please provide copies of the 
VCAplans. 

Old Burn Pit (SWMU 4) 
Comment9 
Provide any and all existing information regarding the disposition of acid soluble oil from the 
alkylation unit after use of the bum pit was terminated. 



Ms. Allen 
Gallup Refinery 
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Comment 10 
In the NFA Report, a section titled "Unit Area Characteristics" under the heading "Operating 
Practices (Past and Present)" states, "[a]n old metal box uphill from the pit was used in the past 
to feet [sic] oil through a metal pipe in the burn pit. The area was then covered with soil." 
Discuss whether or nor the metal box and pipe were removed from the site and•whether or not 
soil samples were collected to determine if there were spills or leaks from the box or pipe. If the 
metal box and pipe were not removed or soil samples have not been collected for appropriate 
chemical analyses, the Permittee must submit a work plan to propose to collect soil samples from 
the location of the metal box and along the pipeline to the burn pit. 

Comment 11 
The NF A Report and Supplemental Information do not provide information on the presence 
(e.g., depth to groundwater) of groundwater beneath SWMU 4. Provide information regarding 
groundwater at SWMU 4. 

Comment 12 
During investigations in 1992 and 1994 a "black layer" or "asphalt burn residue" layer was 
encountered, but never sampled. The soil boring logs for the 1992 investigation include 
descriptions of a "black layer" encountered in soil boring RFI0402 at 20 inches below ground 
surface (bgs) and at RFI0403 from 2.5-3.5 feet bgs. The black layer was described as a "black 
layer w/some tar like material" and "the black layer required steaming, solvent, steaming, and 
then regular washing to get augers and equipment clean." It does not appear that samples were 
collected directly from the black layer - samples were collected from RFI0402 at the ground 
surface and from depths of, 3, and 4.5 feet bgs, respectively, and from the same intervals in soil 
boring RFI0403. The black layer was not encountered in soil boring RFI0401. The soil sample 
collected from RFI0403 that was within the black layer contained high levels of lead, ethyl 
benzene, total xylenes, and dimethyl phthalate compared to the other soil boring samples. The 
black layer was encountered again during the 1994 investigation and described as "asphalt burn 
residue" at 3.8 feet bgs (RFI0405) and 5 feet bgs (RFI0406); no samples were collected for 
laboratory analysis from that layer. The Permittee must propose to install a soil boring within 
the Burn Pit in accordance with RCRA Permit Section N.J.2.d (Drilling and Soil, Rock, and 
Sediment Sampling). Ensure that if the "black layer" or "asphalt burn residue" are encountered 
that samples of the black material are collected and analyzed. The "black layer" /"asphalt burn 
residue" presents a potential risk to construction workers and if the cap was not properly 
maintained over the years, a potential leaching concern. Soil sample analysis must include 
RCRA 8 (total) metals, total petroleum hydrocarbons (as gasoline, diesel and oil range organics), 
methyl tertiary-butyl ether (MTBE), VOCs, semi-volatile organic compounds (SVOCs), and 
dioxins and furans. Additionally, the soil boring must be advanced to a depth of two feet into the 
native soil. Soil samples must be collected from the waste/native soil interface and from the 
bottom of the boring. In order to protect the integrity of the soil cap, the Permittee must propose 
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to properly abandon the borehole and include a description of proposed abandonment procedures 
in the Work Plan. 

Comment 13 
The soil boring logs from the 1994'investigation for SWMU 4 state that "spent FCC cataly~t had 
blown into the low-lying area and was scraped back to reveal original surface for sampling." 
Discuss whether or not the spent FCC catalyst may have adversely affected the underlying soils. 

Landfill Areas (SWMU 5) 
Comment 14 
Discuss groundwater elevations at SWMU 5. The EPA's Approval with Modifications required 
that the Permittee install deeper borings at the landfill area to: "l) verify that saturated zones 
found in 3 of the 12 deepest soil boring intervals are isolated and are not connected to the 
groundwater; 2) ensure that the vertical delineation of waste emplacement has been identified 
(soil boring logs indicate waste at the 8-9' zone, the deepest samples were at 9.5'); and, 3) ensure 
that the vertical extent of metal contamination has been identified (some of the 9.5' samples had 
elevated metals." In the Additional Sampling Report (1994), the boring logs do not indicate 
whether or not the soils encountered were moist and contain only very general descriptions of the 
lithology encountered; therefore, it is difficult to determine whether or not the saturated intervals 
encountered in the Phase Ill investigation were present and the EPA's inquiry cannot be 
addressed. 

Comment 15 
The Permittee must propose to advance one soil boring through the center of each landfill cell 
(for a total of four soil borings). The borings must be advanced to a minimum of two feet into 
native soil. Samples must be collected based on field observations of the waste and soils, from 
the native soil directly below the waste, and from the bottom of the boring. To address the data 
gap discussed in Comment 14, the Permittee must propose (in the Work Plan) to install 
additional soil borings at SWMU 5 and properly log the soil borings to identify soil types and 
saturated intervals. If saturated intervals are encountered, the Permittee must propose to collect 
groundwater samples for chemical analysis, if sufficient water is present. The soil samples must 
be analyzed for RCRA 8 (total) metals, total petroleum hydrocarbons (as gasoline-, diesel- and 
oil-range organics), MTBE, VOCs, and SVOCs. The boreholes must be properly logged in 
accordance with Permit Section N.J.2.d.v and describe any waste encountered. The boreholes 
must also be properly abandoned. 

Drainage Ditch and Inactive Landfarm (SWMU 9) 
Comment 16 
Please provide a detailed description of the drainage ditch. The Permittee must describe the 
dimensions of the ditch, the direction of flow, the origin and termination of the flow, the type of 
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material the ditch conveyed, and whether or not soil or sludge samples were collected from 
within the ditch. 

Comment17 
Provide a more detailed description of activities conducted at'the landfarm. Specifically, discuss 
whether or not the soil was tilled, the depth of tilling, and the frequency of tilling. 

Comment 18 
The description of soil sample collection during the Phase I investigation does not include a 
description of the field methods used to collect soil samples. The sampling methods are 
described in the Phase I Report as follows: "[t]he first sample was taken with an open end auger. 
The backhoe dug down 3' where we took the next sample with the closed end auger. Then the 
backhoe dug to 5' where we sampled with an open end auger. Again the backhoe dug down to 7' 
where we took a sample with open end auger." SWMU 9 was not investigated further after the 
Phase I investigation. The Permittee must provide a description demonstrating that the samples 
were collected appropriately in accordance with RCRA Permit Section IV.J.2.d.ii (Soil and Rock 
Sampling); otherwise, additional sampling may be required. 

Comment 19 
Discuss whether or not the landfarm area is demarcated (i.e., with signs or fencing) and whether 
or not the area was or is currently used for any other activities since its closure. 

Sludge Pits (SWMU 10) 
Comment20 
The Permittee does not present any information regarding the presence of groundwater beneath 
the SWMU. The Permittee must discuss the groundwater table depth and groundwater 
conditions at SWMU 10. 

Comment21 
It appears that when the sludge pits were excavated, only a portion of the sludge was removed 
from the pit. The Permittee must provide the depths of the pits. The pits contained listed 
hazardous waste: API Separator Sludge (K051) and Slop Oil Emulsified Solids (K049). 
Additionally, a SVOC, Di-n-butyl phthalate, was detected at concentrations of 11 ug/kg at a 
depth 20-25' below ground surface (bgs) during the additional investigation; however, no voes 
were detected. In an Approval with Modifications letter dated January 1994, the EPA expressed 
concern regarding the presence of the SVOC at depth. In addition to the presence of a SVOC at 
depth, it appears that VOC sampling was conducted improperly during the Additional 
Investigation (1994) (see Comment 7). VOCs are a component of K051 and K049 wastes, which 
were disposed of in the pits. Submit a Work Plan proposing to conduct additional soil sampling 
to complete characterization (specifically, VOC and SVOC contamination) of the SWMU and to 
determine whether there is potential for contaminant migration. 
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Comment22 
Discuss the amount of sludge removed from the pit and where the sludge was disposed, if 
known. Discuss whether or not the overflow pipe from the pit was removed and identify the pipe 
location and outfall. 

Drainage Ditch Between API Evaporation Ponds and Neutralization Tank Evaporation 
Ponds (SWMU 13) 
Comment23 
Discuss whether or not the drainage ditch is still in use. If it is not in use, please provide the dates 
of operation. If it is still in use, describe the influent source. Provide a figure depicting the 
location of the ditch with the API Evaporation Ponds and Neutralization Tank Evaporation 
Ponds labeled and any other identifying features marked (e.g., roads, above ground and below 
ground pipelines, buildings, tanks). 

Comment24 
Discuss whether or not the five-year sampling required by the EPA (Approval with 
Modifications dated January 7, 1994) was conducted. If so, reference the documents where the 
results were reported. If the sampling was discontinued, provide documentation demonstrating 
that termination of the sampling was approved by either EPA or NMED. Also, please provide 
additional information as to whether or not samples of the sludge or sediments that accumulated 
in the ditch were ever collected for laboratory analysis to allow the NMED to evaluate the 
adequacy of the previous analytical suites. 

Comment25 
The Supplemental Information that is the subject of this Disapproval was supposed to contain an 
Appendix L, addressing SWMU 13. The submittal did not include the Appendix L. Please 
provide the information that was supposed to be Appendix L. 

The work proposed in the Work Plans approved by NMED will provide much of the information 
required in this Disapproval. Following the schedule in the RCRA Post-Closure Permit, the 
Permittee has submitted an Investigation Work Plan SWMU No. JO Sludge Pits, dated September 
2014. NMED reviewed this document and the Permittee is in receipt of an Approval with 
Modifications dated March 2, 2015. The Permittee also submitted an Investigation Work Plan 
SWMU No. 4 Old Burn Pit and SWMU No.5 Landfill Areas, dated June 2014. NMED is 
reviewing the document and will respond to that Work Plan in separate correspondence. 

The Permittee must provide responses to the above comments and submit additional information 
to NMED on or before June 16, 2015. 
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If you have questions regarding this letter, please contact Kristen Van Horn of my staff at 505-
476-6046. 

... 

Hazardous Waste Bureau 

cc: D. Cobrain NMED HWB 
N. Dhawan, NMED HWB 
K. Van Horn NMED HWB 
A. Haines WRG 
E. Riege, WRG 

File: Reading File and WRG 2015 File 
WRG-15-MISC 



Western 
Refining 
GALLUP 

Certified Mail# 7014 1820 000174891485 

June 15, 2015 

Mr. John E. Kieling, Chief 
Hazardous Waste Bureau 
New Mexico Environment Department 
2905 Rodeo Park Drive East, Bldg 1 
Santa Fe, New Mexico 87505-6303 

RE: RESPONSE TO DISAPPROVAL 
NO FURTHER ACTION REPORT AND SUPPLEMENTAL INFORMATION 
WESTERN REFINING SOUTHWEST, INC., GALLUP REFINERY 
EPA ID# NMD000333211 

Dear Mr. Kieling: 

Western Refining Southwest, Inc. ("Western") has prepared the following response to the New 
Mexico Environment Department's ("NMED") comments dated April 13, 2015. Western and 
NMED will schedule a meeting to discuss a path forward. 

General Comments 
NMED Comment 1 
A "Generic Sampling Plan" is referenced in both documents; NMED does not have a copy of the 
"Generic Sampling Plan" or any correspondence indicating approval of such plan in its 
administrative record. Please provide a copy of the "Generic Sampling Plan" for NMED review. 
If an associated approval letter exists, provide the approval letter. 

Western Response 
Please find a copy of the "Generic Sampling Plan" (dated May 17, 1990) and EPA's approval 
letter (dated May 30, 1990) enclosed. 

NMED Comment 2 
NMED's administrative record does not contain an approval letter for the additional sampling 
conducted in 1994. The Environmental Protection Agency (EPA) issued a Notice of Deficiency 
on December 19, 1994, requiring additional infonnation and the Permittee responded on 
January 6, 1995. Please provide the EPA's response to the Permittee's January 1995 response 
to comments. 

Western Response 
Western has not yet been able to locate the requested records. We have submitted an open 
records request to EPA, but have not yet received a response as to whether the records are 
available. We also continue to search our records for the requested documents. 

NMED Comment 3 
The arsenic levels reported for some of the SWMUs in the analytical reports in the Phase I and 
Phase Ill Investigation Reports (specifically, samples from SWMU 10, SWMU 5 with results 
ranging from 4.3 mg/kg to 27.9 mg/kg) for the soil investigations are higher than the current 
residential soil screening level (4.25 mg/kg). According to the USGS, McKinley County arsenic 
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levels generally range from 5. 6 to 11 ppm. Because the concentrations of arsenic are 
significantly higher than the maximum concentration of the background range (11 ppm), the 
Permittee must conduct a soil background study to account for the higher levels of arsenic in 
order to reach corrective action complete status. 

Western Response 
A background study was previously conducted during the RFI and the results are included in the 
1991 Phase II RFI Report. The upper tolerance limit {UTL) for the 0 - 5 foot interval was 11. 73 
mg/kg and a UTL of 12.23 mg/kg was calculated for soils deeper than 5 feet. Based on 
previous sampling, there may be locations with concentrations of arsenic above background 
concentrations. The important question is whether there are arsenic concentrations in soils that 
exceed health-based screening/remediation levels. 

NMED Comment 4 
Provide data tables which list the SWMUs, the constituents of concern, the analytical results 
(and the chemical analytical methods and detection limits utilized by the laboratory), and the soil 
screening levels for the historic site investigations. Also, please provide the references to the 
documents where the data were obtained. NMED may use information from the data tables as 
part of the statement of basis and public notice for sites that meet corrective action complete 
criteria. If further investigation is required, and the arsenic levels are below applicable soil 
screening levels, then the Permittee may use the new data in addition to the existing data to 
achieve corrective action complete status rather than solely rely on the historic data. 

Western Response 
The requested information is contained in reports prepared for the original Resource 
Conservation and Recovery Act (RCRA) Facility Investigations (RFls), which were previously 
submitted to the Environmental Protection Agency (EPA) and the NMED. The reports are listed 
in the "Western Index" that NMED provided to Montgomery and Andrews (Western's legal 
counsel) in response to their request of November 4, 2011 for a copy of the "work file" that 
NMED had previously referenced when justifying inclusion of new AOCs. In addition, the 
historical analytical results for SMWUs 4, 5 and 10 were recently summarized again in table 
form and provided to NMED in the respective SWMU Investigation Work Plans. It was 
Western's understanding that NMED already had all of this information in the previously 
submitted documents and Western believed NMED was reviewing this information to support 
preparation of NMED's April 13, 2015 letter. 

NMED Comment 5 
The Permittee must discuss the levels of chromium found at several of the SWMUs (RF/10V6.0 
398 mg/kg, RF/1005V6.0 4020 mg/kg, RFI0503VO.O 110 mg/kg, RFI0504V3.0 270 mg/kg). 
Discuss whether or not chromium VI was used at the refinery at any point, and whether or not 
speciation for chromium was ever performed in order to determine whether the chromium levels 
should be compared to chromium Ill or VI. 

Western Response 
SWMU 1 O is currently being investigated and the soil samples will be analyzed for both 
chromium Ill and VI to determine which is present. Regarding the detections of chromium at 
SWMU 5, the valence state is not relevant at this time, as this area has already been capped 
based on the possibility that any constituents (e.g., chromium Ill or VI) were present at 
concentrations above remediation standards. 



Based on information contained in the RCRA Facility Assessment conducted in 1987 chromate 
was used in the cooling water. Western is not knowledgeable of all historic sampling that has 
been conducted at the site; however, Western has not identified historical analytical data that 
indicate chromium was speciated to determine if chromium VI was present. 

NMED Comment 6 
Jn 1997or1998, both the Old Burn Pit (SWMU 4) and the Landfill Areas (SWMU 5) were 
covered by a soil cap and required periodic inspections. Provide documentation demonstrating 
that inspections of the caps were conducted, as required, as well as documentation of the 
inspections to confirm that maintenance activities and repair of the caps and drainage systems 
(when necessary) were implemented. 

Western Response 
Western has not yet been able to locate the requested records. We have submitted an open 
records request to EPA, but have not yet received a response as to whether the records are 
available. We also continue to search our records for the requested documents. 

NMED Comment 7 
The description of sample collection provided in the Additional RF/ Sampling (dated October 
1994) indicates that the method used to collect volatile organic compounds (VOC) samples 
likely caused a Joss of volatiles. The methods used to collect soil samples were described as, " 
[t]he soil samples were collected in a clean steel pan and were then placed into laboratory 
supplied containers ... "Based on this description, the samples collected and analyzed during 
the 1994 investigation cannot be used to characterize voes at the SWMUs, because the 
analytical results do not accurately represent site conditions. Additional sampling is required to 
fully characterize the SWMUs (see individual SWMU comments for NMED's sampling 
requirements). The Permittee must ensure that proper sampling methods are employed. 

Western Response 
See the response to Comments 12, 15, 18 and 21 . 

NMED Comment 8 
According to the EPA 's Jetter Approval with Modifications RF/ Phase I Supplementary Report, 
RF/ Phase II Report and the Voluntary Corrective Actions Plans, dated January 1994 and 
another EPA Jetter titled RCRA Facility Investigation (RF/) Phase Ill Report and Voluntary 
Corrective Action Plan, also dated January 1994 voluntary corrective action (VGA) plans were 
submitted to the EPA regarding the JandfN/s and the sludge pits in December 1992 and March 
1993. The documents are not in NMED's administrative record. Please provide copies of the 
VGA plans. 

Western Response 

The VCA Plans for SWMUs No. 5 and No. 7 are enclosed. The VCA Plan for SWMU No. 4 
could not be located and it is possible, based on the discussion in the SWMU No. 4 Summary 
Report prepared by Practical Environmental Services, Inc. on April 23, 1998, that SWMU No. 4 
was closed following the technical specifications in the SWMU No. 5 VCA Plan. 

Western has submitted an open records request to EPA, but have not yet received a response 
as to whether the records are available. We also continue to search our records for the 
requested documents. 



Old Burn Pit (SWMU 4) 
NMED Comment 9 
Provide any and all existing information regarding the disposition of acid soluble oil from the 
alkylation unit after use of the burn pit was terminated. 

Western Response 
After termination of use of the former burn pit, the ASO was placed into the wastewater system 
at the API. This caused problems with globular mass issues and this was discontinued. 
Subsequently, the ASO was disposed off-site through Clean Harbors and it continues to be 
disposed off-site. 

NMED Comment 10 
In the NFA Report, a section titled "Unit Area Characteristics" under the heading "Operating 
Practices (Past and Present)" states, "[a]n old metal box uphill from the pit was used in the past 
to feet [sic] oil through a metal pipe in the burn pit. The area was then covered with soil." 
Discuss whether or not the metal box and pipe were removed from the site and whether or not 
soil samples were collected to determine if there were spills or leaks from the box or pipe. If the 
metal box and pipe were not removed or soil samples have not been collected for appropriate 
chemical analyses, the Permittee must submit a work plan to propose to collect soil samples 
from the location of the metal box and along the pipeline to the burn pit. 

Western Response 
According to interviews with refinery staff, the ASO was transported to the area using a mobile 
tank. An aboveground pipe was used to feed ASO into the burn pit. The pipe was removed 
after the burn pit was no longer used and apparently before the cap was constructed over the 
area. Western has not been able to locate any maps or figures showing the former location of 
the metal pipe, thus it is uncertain if or where soil samples were collected. Because the former 
location is unknown, Western cannot propose to collect soil samples from these unknown 
locations. 

NMED Comment 11 
The NFA Report and Supplemental Information do not provide information on the presence 
(e.g., depth to groundwater) of groundwater beneath SWMU 4. Provide information regarding 
groundwater at SWMU 4. 

Western Response 
OW-13 is one of the closest existing monitoring wells. It is approximately 200 feet east of the 
former burn pit. OW-13 is screened across the Sonsela sandstone at a depth of 78.2 to 98.2 
feet below ground surface. On November 11, 2011 the depth to groundwater was measured at 
22.38 feet below the top of casing for an actual elevation of 6896.57 ft above mean sea level. 
The boring log for OW-13 is enclosed and it shows the Petrified Forest Member (logged as 
shale) at a depth of 6 feet below the land surface and does not record the presence of 
saturation at this shallow depth. 

As part of an unrelated assessment, a soil boring (NDD-3) was recently completed a short 
distance to the north of SWMU No. 4. In this boring, claystone was encountered at 12 feet 
below the land surface. Saturated clayey, gravelly, sand was observed overlying (10'-12') the 
claystone and a temporary well completion was installed to facilitate collection of a groundwater 
sample. The analysis of the water sample indicates the presence of low concentrations of 
gasoline and diesel range organics, benzene, 1,2-dichloroethane, methyl tert butyl ether, 
isopropylbenzene, and sec-butylbenzene. Methyl tert butyl ether and 1.2-dicloroethane were 



detected at concentrations above screening levels. The laboratory analysis is enclosed along 
with a map and a copy of the field boring log. 

NMED Comment 12 
During investigations in 1992 and 1994 a "black layer" or "asphalt burn residue" layer was 
encountered, but never sampled. The soil boring logs for the 1992 investigation include 
descriptions of a "black layer" encountered in soil boring RFI0402 at 20 inches below ground 
surface (bgs) and at RFI0403 from 2. 5-3. 5 feet bgs. The black layer was described as a "black 
layer wlsome tar like material" and "the black layer required steaming, solvent, steaming, and 
then regular washing to get augers and equipment clean." It does not appear that samples were 
collected directly from the black layer- samples were collected from RFI0402 at the ground 
surface and from depths of, 3, and 4. 5 feet bgs, respectively, and from the same intervals in soil 
boring RFI0403. The black layer was not encountered in soil boring RFI0401. The soil sample 
collected from RFI0403 that was within the black layer contained high levels of lead, ethyl 
benzene, total xylenes, and dimethyl phthalate compared to the other soil boring samples. The 
black layer was encountered again during the 1994 investigation and described as "asphalt burn 
residue" at 3. 8 feet bgs (RFI0405) and 5 feet bgs (RFI0406); no samples were collected for 
laboratory analysis from that layer. The Permittee must propose to install a soil boring within the 
Bum Pit in accordance with RCRA Permit Section IV.J.2.d (Drilling and Soil, Rock, and 
Sediment Sampling). Ensure that if the "black layer" or "asphalt burn residue" are encountered 
that samples of the black material are collected and analyzed. The "black layer" I "asphalt burn 
residue" presents a potential risk to construction workers and if the cap was not properly 
maintained over the years, a potential leaching concern. Soil sample analysis must include 
RCRA 8 (total) metals, total petroleum hydrocarbons (as gasoline, diesel and oil range 
organics), methyl tertiary-butyl ether (MTBE), VOCs, semi-volatile organic compounds 
(SVOCs), and dioxins and furans. Additionally, the soil boring must be advanced to a depth of 
two feet into the native soil. Soil samples must be collected from the waste/native soil interface 
and from the bottom of the boring. In order to protect the integrity of the soil cap, the Permittee 
must propose to properly abandon the borehole and include a description of proposed 
abandonment procedures in the Work Plan. 

Western Response 

Based on NMED's comment above and the soil descriptions provided in the Phase Ill RFI 
Report, a sample (RFI0403V3.0) of the burn residue was collected and analyzed at boring 
RFI0403, "The soil sample collected from RFI0403 that was within the black layer contained 
high levels of lead, ethyl benzene, total xylenes, and dimethyl phthalate compared to the other 
soil boring samples." In addition to sample RF10403V3.0, sample RFI0402V3.0 was also 
collected from the burn residue layer. Sample RFI0402V3.0 was collected at a depth of 3.0 feet 
and the sample description for this interval was as follows, "2.5' - 3.25' black layer w/some tar 
like material." 

A cap was previously constructed over this area to address any and all constituents that may 
have been present in the pit due to the historic practice of burning ASO. Western does not 
understand what value or added protection to human health or the environment there is from 
collecting a sample of the material that is already contained beneath the cap. Similarly, there is 
no value of collecting samples of clean soil at deeper intervals beneath the cap. The risk of 
spreading contamination by drilling through the contaminated interval to deeper clean intervals 
certainly does not seem to be warranted considering the value of data: further characterization 



of soils that are already beneath a cap. 

NMED Comment 13 
The soil boring logs from the 1994 investigation for SWMU 4 state that "spent FCC catalyst had 
blown into the low-lying area and was scraped back to reveal original surface for sampling." 
Discuss whether or not the spent FCC catalyst may have adversely affected the underlying 
soils. 

Western Response 
As shown on the boring logs, apparent catalysts were mixed in the soils at some of the sampling 
locations. If the catalyst had affected the underlying soils, then this would be indicated in the 
sample results. 

landfill Areas (SWMU 5) 
NMED Comment 14 
Discuss groundwater elevations at SWMU 5. The EPA 's Approval with Modifications required 
that the Permittee install deeper borings at the landfill area to: "1) verify that saturated zones 
found in 3 of the 12 deepest soil boring intervals are isolated and are not connected to the 
groundwater; 2) ensure that the vertical delineation of waste emplacement has been identified 
(soil boring logs indicate waste at the 8-9' zone, the deepest samples were at 9.5J; and, 3) 
ensure that the vertical extent of metal contamination has been identified (some of the 9. 5' 
samples had elevated metals." In the Additional Sampling Report (1994), the boring logs do not 
indicate whether or not the soils encountered were moist and contain only very general 
descriptions of the lithology encountered; therefore, it is difficult to determine whether or not the 
saturated intervals encountered in the Phase/// investigation were present and the EPA' s 
inquiry cannot be addressed. 

Western Response 
Detailed soil boring logs were included in the Phase 111 RFI and they did clearly indicate the 
degree of saturation within the various lithologic intervals. Copies of these logs for RFI 0513, 
RFI 0514, RFI 0515, RFJ 0516, RFI 0517, RFI 0518, and RFI 0519 are enclosed. In addition, 
Western recently completed a soil boring (NDD-2), which was located immediately north of 
SWMU No 5, for an unrelated assessment and groundwater was not found to be present in the 
sediments overlying the claystone/mudstone of the Petrified Forest Member of the Chinle 
Group. A copy of the boring log and a reference map is enclosed. 

NMED Comment 15 
The Permittee must propose to advance one soil boring through the center of each landfill cell 
(for a total of four soil borings). The borings must be advanced to a minimum of two feet into 
native soil. Samples must be collected based on field observations of the waste and soils, from 
the native soil directly below the waste, and from the bottom of the boring. To address the data 
gap discussed in Comment 14, the Permittee must propose (in the Work Plan) to install 
additional soil borings at SWMU 5 and properly log the soil borings to identify soil types and 
saturated intervals. If saturated intervals are encountered, the Permittee must propose to collect 
groundwater samples for chemical analysis, if sufficient water is present. The soil samples must 
be analyzed for RCRA 8 (total) metals, total petroleum hydrocarbons (as gasoline-, diesel- and 
oil-range organics), MTBE, VOCs, and SVOCs. The boreholes must be properly logged in 
accordance with Permit Section IV.J 2. d. v and describe any waste encountered. The boreholes 
must also be properly abandoned. 



Western Response 
Western does not understand what value or added protection to human health or the 
environment there is from collecting a sample of the material that is already contained beneath 
the cap. Similarly, there is no value of collecting samples of clean soil at deeper intervals 
beneath the cap. The risk of spreading contamination by drilling through the contaminated 
interval to deeper clean intervals certainly does not seem to be warranted considering the value 
of data: further characterization of soils that are already beneath a cap. 

Drainage Ditch and Inactive Landfarm (SWMU 9) 
Comment 16 
Please provide a detailed description of the drainage ditch. The Permittee must describe the 
dimensions of the ditch, the direction of flow, the origin and termination of the flow, the type of 
material the ditch conveyed, and whether or not soil or sludge samples were collected from 
within the ditch. 

Western Response 
Please see the enclosed aerial map that shows the location of the subject drainage ditch. The 
ditch picks up stormwater on the northeast side of the refinery from locations outside 
containment (e.g. , the bullet tanks that store gases under standard temperature and pressure). 
It extends in a northerly direction for approximately 600 feet before it crosses a dirt road that 
runs on refinery property to the north of the tank farm and then the ditch bifurcates with some 
flow continuing to the northeast and the rest in a westerly direction. The drainage ditch is not 
part of the actual area used for landfarming operations but is just west of the western boundary 
of the landfarm. The width of the ditch varies from approximately 12' to 22' and the depth varies 
from 2' to 3'. 

Soil samples were collected along the ditch at locations RFI0901, RFI0902, and RFI0903. Soil 
samples were collected from depths of 0-0.5', 3'-3.5', 5'-5.5', and 7'-7.5' at all three of the 
borings located within the drainage ditch. The collection and analysis of soil samples at SWMU 
No. 9 is discussed in the Phase I RFI Report dated April 8, 1991 . 

Comment 17 
Provide a more detailed description of activities conducted at the landfarm. Specifically, discuss 
whether or not the soil was tilled, the depth of tilling, and the frequency of tilling. 

Western Response 
The inactive landfarm was operated from 1958 through 1975. Based on information provided in 
the 1987 RFA, the materials (e.g., API Separator sludge, tanks bottoms, waste oils, and slop oil) 
placed in the inactive landfarm were incorporated into the upper 12 inches. The frequency of 
tilling is unknown. 



Comment 18 
The description of soil sample collection during the Phase I investigation does not include a 
description of the field methods used to collect soil samples. The sampling methods are 
described in the Phase I Report as follows: "[t]he first sample was taken with an open end 
auger. The backhoe dug down 3' where we took the next sample with the closed end auger. 
Then the backhoe dug to 5' where we sampled with an open end auger. Again the backhoe dug 
down to 7' where we took a sample with open end auger." SWMU 9 was not investigated further 
after the Phase I investigation. The Permittee must provide a description demonstrating that the 
samples were collected appropriately in accordance with RCRA Permit Section IV.J.2.d.ii (Soil 
and Rock Sampling); otherwise, additional sampling may be required. 

Western Response 
The soil samples were collected in accordance with the investigation work plan that was 
approved for the Phase I investigation (see Section 3.4.2.2 below from the Generic Sampling 
Plan dated May 17, 1990). The requirements of RCRA Permit referenced by NMED were not in 
effect at the time of the data collection for the earlier RFI. 

3.4. 2. 2 Hand Augers 
Manual soil probes, referred to as hand augers, may be used to collect samples up to several 
feet in depth, depending upon soil conditions. The soil sampler tube will be of stainless steel 
construction. The tube has a T-shaped handle which is used to push or auger the tube into the 
ground. When the tube has been filled with soil to the desired depth of sampling, it is removed 
and the soil sample extruded from the tube. The sample is placed in the appropriate sample 
bottles for delivery to the laboratory. Samples may be collected by using the combination of a 
backhoe and hand auger. This will be accomplished by using the backhoe to excavate the area 
where samples will be collected. A hand auger will then be used to bore horizontal soil cores at 
the desired sample depths. Vertical samples may also be collected from the bottom of the 
excavated area. 

The Phase I investigation report does include a description of the sample collection activities, as 
quoted above. A backhoe was used to remove overburden material to facilitate collection of a 
discrete soil sample at the target depth using a hand auger. This is a common method of soil 
sample collection, which allows for collection of discrete soil samples without the extreme labor 
required to auger to deeper intervals and this method also eliminates the difficultly of collecting 
samples at depth that may otherwise contain "fluff'' material that falls to the bottom of the 
borehole when using hand augers. 

Comment 19 
Discuss whether or not the landfarm area is demarcated (i.e., with signs or fencing) and whether 
or not the area was or is currently used for any other activities since its closure. 

Western Response 
The landfarm is not demarcated with signs or fencing. The area is not currently in use and has 
not been used since its closure with exception of the liquefied petroleum gas (LPG) tank for 
blow-down. A steel box structure and connected steel blow-down tank were recently removed 
from service and excavated on September 15, 2014. The steel box measured approximately 4 
feet on all three sides. The steel tank is cylindrical in shape with a diameter of approximately 9 
feet and length of 15 feet. Information regarding the removal activities will be provided to NMED 
under separate cover. 



Sludge Pits (SWMU 10) 
Comment 20 
The Permittee does not present any information regarding the presence of groundwater beneath 
the SWMU. The Permittee must discuss the groundwater table depth and groundwater 
conditions at SWMU 10. 

Western Response 
The groundwater conditions at SWMU 1 O are currently being investigated and the information 
will be included in the Site Investigation Report, which is due by March 8, 2016. 

Comment 21 
It appears that when the sludge pits were excavated, only a portion of the sludge was removed 
from the pit. The Permittee must provide the depths of the pits. The pits contained listed 
hazardous waste: AP/ Separator Sludge (K051) and Slop Oil Emulsified Solids (K049). 
Additionally, a SVOC, Di-n-butyl phthalate, was detected at concentrations of 11 uglkg at a 
depth 20-25' below ground swface (bgs) during the additional investigation; however, no voes 
were detected. In an Approval with Modifications letter dated January 1994, the EPA expressed 
concern regarding the presence of the SVOC at depth. In addition to the presence of a SVOC at 
depth. it appears that VOC sampling was conducted improperly during the Additional 
Investigation (1994) (see Comment 7). VOCs are a component of K051 and K049 wastes, 
which were disposed of in the pits. Submit a Work Plan proposing to conduct additional soil 
sampling to complete characterization (specifically, VOC and SVOC contamination) of the 
SWMU and to determine whether there is potential for contaminant migration. 

Western Response 
An Investigation Work Plan for SWMU 10 was previously submitted to NMED and approved with 
modifications on March 2, 2015. This work plan is currently being implemented and the 
resulting information will be submitted to NMED as noted above in response to comment no. 20. 

Comment 22 
Discuss the amount of sludge removed from the pit and where the sludge was disposed, if 
known. Discuss whether or not the ove1flow pipe from the pit was removed and identify the pipe 
location and outfall. 

Western Response 
Western could not find documentation on the amount of sludge removed from the pits. Based 
on a review of historical records, including the 1985 Discharge Plan Application and the 1987 
RFA Report, it appears most likely that the sludge removed from the pits in 1980 was moved to 
the now closed Land Treatment Unit. 

Drainage Ditch Between API Evaporation Ponds and Neutralization Tank Evaporation 
Ponds (SWMU 13) 
Comment 23 
Discuss whether or not the drainage ditch is still in use. If it is not in use, please provide the 
dates of operation. If it is still in use, describe the influent source. Provide a figure depicting the 
location of the ditch with the AP/ Evaporation Ponds and Neutralization Tank Evaporation 
Ponds labeled and any other identifying features marked (e.g., roads, above ground and below 
ground pipelines, buildings, tanks). 



Western Response 
The drainage ditch is currently only used to convey non-contact storm water and does not 
receive flows from the evaporation ponds. In response to NMED's request for historical 
information, Western was able to find a figure and description from the 1985 Discharge Plan 
Application. Figure 6-1 depicts the location of SWMU 13 relative to the evaporation ponds at 
that time. This figure and description are enclosed. 

Comment 24 
Discuss whether or not the five-year sampling required by the EPA (Approval with 
Modifications dated January 7, 1994) was conducted. If so, reference the documents where the 
results were reported. If the sampling was discontinued, provide documentation demonstrating 
that termination of the sampling was approved by either EPA or NMED. Also, please provide 
additional information as to whether or not samples of the sludge or sediments that accumulated 
in the ditch were ever collected for laboratory analysis to allow the NMED to evaluate the 
adequacy of the previous analytical suites. 

Western Response 
The first five-year sampling was conducted on October 23 and 24, 1996 and this information 
was provided in a RFI Quarterly Progress Report that covered the 4Qtr of 1996 and 1st Qtr of 
1997. This RFI Quarterly Progress report was submitted to EPA and NMED on March 20, 1997. 
No volatile or semi-volatile constituents were detected in the soil samples and metals were 
found at only low concentrations similar to or lower than those found during the original RFI. 

Based on the findings of both the original RFI and five-year sampling showing no releases, 
Giant submitted a technical request for a NFA determination in 2001. Thus no further five-year 
sampling was conducted pending receipt of NMED's response to the 2001 submittal. 

Comment 25 
The Supplemental Information that is the subject of this Disapproval was supposed to contain 
an Appendix L, addressing SWMU 13. The submittal did not include the Appendix L. Please 
provide the information that was supposed to be Appendix L. 

Western Response 
Western has not yet been able to locate Appendix L of the Supplemental Information dated 
October 2, 2002. The following information was referenced to have been included in Appendix L 
and should be satisfactory. 

Enclosed is an updated site plan and borings logs from sampling conducted in 1991. An 
updated site plan showing the location of SWMU 13 is enclosed along with site maps showing 
the boring locations from sampling completed in 1991 and 1996. The soil descriptions for the 
1991 sampling are also enclosed. The borings conducted in 1996 were completed in similar 
locations to those completed in 1991 and new soil descriptions do not appear to have been 
provided in the RCRA Quarterly Progress Report for the 4th Qtr 2006/1 st Qtr 2007 in which the 
chemical analyses were presented. 



If there are any questions regarding the investigation work plan, please contact Ed Riege at 
(505) 722-0217. 

Certification 

I certify under penalty of law that this document and all attachments were prepared under my 
direction or supervision according to a system designed to assure that qualified personnel 
property gather and evaluate the information submitted. Based on my inquiry of the person or 
persons who manage the system, or those persons directly responsible for gathering the 
information, the information submitted is, to the best of my knowledge and belief, true, accurate, 
and complete. I am aware that there are significant penalties for submitting false information, 
including the possibility of fine and imprisonment for knowing violations. 

Mr. William Carl McClain 
Refinery Manager 
Western Refining Southwest, Inc. - Gallup Refinery 

cc D. Cobrain NMED HWB without enclosure 
K. Van Horn, NMED HWB without enclosure 
C. Chavez, OCD 
A. Allen, Western Refining El Paso 
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1.0 INTRODUCTION 

It is essential to assure that data generated during 

the Giant Refinery RCRA Facilities Investigation (RFI) are 

valid. For data to be valid, it must be supported by 

documented procedures so that it can be used with the 

appropriate level of confidence to support decisions 

regarding the need for, and design of, subsequent monitoring 

and remediation activities. 

Through the development and implementation of a 

comprehensive sample collection plan, all parties involved 

can consistently strive to achieve data of known and 

acceptable quality. In order to achieve the data quality 

objective, the generic sampling plan includes specific 

Quality Assurance (QA) and Quality Control (QC) procedures 

to: 

Define responsibilities 

Define sampling and analytical techniques 

Confirm and document correct sample identity 

Establish precision and accuracy of reported data 

Establish detection limits for constituents of 

concern 
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Establish any bias arising from sampling or 

analytical activities 

Documentation of all analytical steps in 

determining constituent concentrations 

The QA/QC program outlined in this manual must be 

adhered to during all data collection activities. Before 

initiating any sample collection activities which are not 

specifically mentioned in this document, it is imperative to 

verify that the level of data quality sought (especially in 

regard to sampling and analytical techniques) is sufficient 

for its intended use. 

It is important to remember that QA/QC is a dynamic 

process, therefore this plan is subject to periodic updates. 

One must also remember that data quality needs may vary, 

depending upon the intended use. This document outlines 

QA/QC procedures designed to meet or exceed US EPA and N~w 

Mexico Environmental Improvements Division guidelines for 

monitoring at RCRA facilities. 

In addition, an important use of this document is in 

the area of training new personnel in order to maintain a 

constant high level of data quality. Appendix A contains 

useful information. 

2 



2.0 RESPONSIBILITIES 

original Date 05/31/89 
Revision Date 12/15/89 

The importance of defining responsibilities for the 

implementation of the procedures cannot be stressed enough. 

Each individual involved with the RFI program must clearly 

understand her/his responsibilities so the procedures 

detailed in this document will be conducted successfully and 

efficiently. 

2.1 RFI Project Manager 

Maintain information for the data collection 

program 

Set up sampling program that complies with 

regulatory requirements 

Schedule all sampling events 

Review analytical results and submit to proper 

agencies 

Interact with contractors involved in RFI 

QA/QC report to management 

Determine need to re-sample 
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2.2 QA/QC Manager 

Notify contract lab of sampling schedule 

Review all data for validity 

Determine analytical methods 

2.3 RFI Sampling Personnel 

2.3.l General 

Follow all procedures in this manual to prevent 

contamination of samples or sampling locations 

Collect samples as prescribed in the site 

specific sampling plan 

Inventory sample bottles and preservatives 

Affix labels to sample bottles 

Notify QA/QC manager if there are any problems 

with bottle order 

Maintain all sampling equipment 

Calibrate field instruments 

2.3.2 Ground Water Sampling 

Inspect all wells for integrity and notify 

project manager of any problems. 
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Perform field 

temperature 

original Date 05/31/89 
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measurements, pH, conductivity, 

Determine water level elevations 

Check wells for immiscible layers 

Evacuate wells and collect samples 

Field filter samples as required 

Check that samples are properly labeled 

Follow prescribed decontamination procedures 

Prepare equipment and field blanks 

2.3.3 Soil Sampling 

Collect site specific soil samples 

Check that samples are properly labeled 

Follow prescribed decontamination procedures 

2.3.4 Surface Water 

Collect site specific surface water samples 

Check that samples are properly labeled 

Follow prescribed decontamination procedures 
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2.3.5 Air Sampling 

Original Date 05/31/89 
Revision Date 12/15/89 

Collect site specific air samples 

Check that samples are properly labeled 

Follow prescribed decontamination procedures 

2.3.6 Sample Transfer 

Complete chain of custody form 

Make sure samples are packed securely and are 

maintained at 4°C prior to sample pick-up by 

laboratory 

Relinquish samples to the contract laboratory 

Input sample results into RFI data base 

2.4 Contract Laboratory 

Provide high quality ar.~lytical services in 

conjunction with the RFI sampling program 

Assure that all data generated is supported by 

adequate documentation and QA/QC procedures that 

meet EID and EPA requirements for RCRA analyses 

Provide sample containers and coolers upon request 

Maintain Standard Operating Procedures (S.O.P. 's) 

for all analytical methods performed 
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Utilize only EPA approved methods for all analyses 

Assure that technical personnel performing 

analyses are qualified and adequately trained 

Provide feedback to Giant regarding analytical 

method limitations and quality control data 

pertinent to the program 
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3.0 SAMPLING PROCEDURES 

Original Date 05/31/89 
Revision Date 12/15/89 

Sampling can be divided into four distinct stages: 

Preparation, Pre-Sampling Operations, Sampling, and 

Post-sampling Operations. 

3.1 Preparation 

Preparation for a sample collection event should be 

initiated two weeks prior to the anticipated sample 

collection date whenever possible. This will assure that 

the sample collection can proceed in an organized and 

efficient manner. Preparation is one of the most important 

steps since it defines the scope of the sampling event. 

The contract laboratory will be notified Of the 

proposed sampling schedule at the beginning of each RFI 

investigation. The purpose of sharing the sampling schedule 

with the contract laboratory is to allow the laboratory to 

adjust its personnel needs to meet the demands of the 

sampling requirements. Sampling frequencies for specific 

sites will be contained in the site specific RFI work plans. 

Two weeks prior to sampling, the sample collector will 

arrange for delivery of sample bottles from the contract 
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The laboratory will sort the bottles into sets prior 

to placing them into the coolers. The bottles will be 

delivered to Giant and stored in a secure area prior to the 

sampling event. 

The sampling personnel will inventory the bottles to 

verify receipt of all bottles. Sampling personnel will 

notify the laboratory of any discrepancies between the 

requested bottles and the contents received. Labels will be 

affixed to each bottle. It is imperative that the 

preservative listed on the label match the preservative 

label placed on the sample bottle by the contract lab. 

The day before sampling, the sampling personnel should 

review the pertinent field checklist (Table 1 for surface 

and ground water, Table 2 for soil and sludge, and Table 3 

for air) to assure all equipment is available, operational, 

and calibrated if necessary. All rechargeable batteries are 

to be fully charged. Any other battery operated equipment 

should be checked for adequate power level and the batteries 

replaced if necessary. Decontamination supplies (gloves, 

distilled water, etc.) should be inventoried. 
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TABLE 1 

Field Equipment Checklist 

Surface and Ground Water Sampling 

ITEM 

pH Meter 
pH Buffers 
Conductivity Meter 
Conductivity Standard 
Thermometer 
Water Level Indicator 
PID Meter 

Bailers 
2 11 Well 
4 11 Well 

Hand Calculator 
Site Map With Well Locations 
Well Keys 

REMARKS 

Calibrated 

Calibrated 

Battery Checked 
Calibrated 

Decontaminated 
Decontaminated 

Sample Bottles and Additional Preservatives 
Ice Chests 
Trip Blanks 
Methanol 
Deionized Wz::.ter 
Squeeze Bottles 
Personal Protective Equipment 
Chain of Custody and Sample Record Forms 
Tape Measure (0.01 feet increments) 
Plastic Bags (to provide clean surfaces) (1 per well) 
Watch With Second Hand 
(2) 5 Gallon Buckets 
Disposable Gloves 
Paper Towels 
Tape (for labels and dispenser) 
Sharpie, Pens, Pencils 
Blue Ice or Ice 
Zip-Lock Bags, 1 Gallon 



Original Date 05/31/89 
Revision Date 12/15/89 

TABLE 2 

Field Equipment Checklist 
Soil and Sludge Sampling 

ITEM 

PID Meter 
Site Specific SWMU Work Plan 
Generic Sampling Plan 
Site Map With Sample Locations 
Sample Bottles 
Ice Chests 
Trip Blanks 
Methanol 
Deionized Water 
Squeeze Bottles 
Personal Protective Equipment 
Chain of Custody and Sample Record Forms 
Plastic Bags (to provide clean surfaces) 
Disposable Gloves 
Paper Towels 
Tape (for labels and dispenser) 
Sharpie, Pens, Pencils 
Blue Ice or Ice 
Zip-Lock Bags, 1 gallon 

REMARKS 

Calibrated 



TABLE 3 

Original Date 05/31/89 
Revision Date 12/15/89 

Field Equipment Checklist 
Air Monitoring 

Ten ax 
Tubing 

ITEM 

Pumps (+ spare) 
Sampler mounting 
Batteries 
Timer (with alarm) 
Record Log Book 
Labels 
Chain-of-custody certificates 
Wind monitoring system 
Wind system mounting bracket 
Wind recording system 
Connector cables 

REMARKS 

Tripod mount for wind system - with anchor stakes 
Compass 
Level 
Sling psychrometer 
Ice Bath 
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3.2 Pre-Sampling Operations 

This section describes the activities which occur 

prior to the actual collection of the sample. 

3.2.1 Calibration of Field Instruments 

Before the start of water sampling, calibrate pH and 

conductivity meters according to procedures described in 

Section 8. Take pH and conductivity standards along for 

calibration verification and field re-calibration as 

required. Obtain a copy of the monitoring well sample 

record and chain of custody record from the files. 

3.2.2 Ice 

If Blue Ice is unavailable, ice should be obtained and 

placed in 1-gallon Zip-Lock bags, and placed in the 

cooler(s) before departing the lab. If Blue Ice is used, 

remove it from the freezer and place in the ice chest(s). 

3.2.3 Sample Record 

A sample record is needed for each sampling event. 

The following information should be recorded in the field 

13 



notes: 

Location of sampling 

Sample identification 

Date and time of sampling 

Sample collection method 

Field measurements 

Original Date 05/31/89 
Revision Date 12/15/89 

Other comments and observations 

It is important that during each sampling event that 

specific observations regarding site conditions be 

recorded. These observations include: 

Weather conditions and wind direction 

Physical surroundings (high weeds, standing 

water, nearby activities) 

Evidence of external contamination 

Odors or color abnormalities 

3.3 Fluid Sample Collection 

3.3.l Field Observations and Measurements 

All ground water sampling information is to be 

14 
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recorded on the monitoring well sampling form (Figure 1). 

3.3.1.1 Well Condition 

Observations regarding the well condition include: 

Condition of well identification markings 

Condition of lock 

Condition of well cap 

Condition of concrete pad 

Sediment in the well 

Obstructions 

The ground water sampling personnel should notify the 

RFI manager of any deficiencies noted in the well 

integrity. If the well is damaged, it will be repaired. If 

the damage is so extensive that the well integrity cannot be 

restored, the well will be plugged and a new well 

installed. If the well screen is found to be blocked or 

partially blocked with sediment, the well will be 

redeveloped prior to any sampling activities. 

3.3.1.2 Fluid Level Measurements 

Upon arrival at the unit to be sampled, obtain static 
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fluid level measurement for each well to be sampled prior ta 

any evacuation. Remove each well cap and perform the 

following steps: 

1> Air in the well head will be sampled for organic 

vapors. The well cap will be partially removed 

and a PID reading will be taken of the air 

escaping the well head. 

2> Between each well, decontaminate the probe of the 

water level indicator following the procedures 

listed in Section 5.0. 

3) Slowly lower the probe into the well until the 

light comes an. 

4) By moving the probe up and down <light on, light 

off>, it is possible to accurately locate the air

fluid interface. 

5> The water level will be indicated by a constant 

light. 

6) With a finger, mark this position an the cable, 

using the surveyed elevation mark at the tap of 

the casing <T.o.c. > as the measurement point 
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Record the measurement on the ground water 

monitoring sample record to the nearest 0.01 foot. 

3.3.1.3 Depth of Well Measurements 

Measure the total depth of the well by dropping the 

weighted probe to the bottom of the well. 

After the static water level measurement is 

obtained, lower the probe until it reaches the 

bottom of the well. 

Slowly pull up the probe until the slack is gone 

and a slight tension is felt. 

Raise the probe up and down slowly until a "feel" 

for the bottom of the well is established. 

Measure the depth of the well from the cable at 

the same elevation point as the water level 

measurement. 

All measurements should be to the nearest 0.01 

foot. 

Record measurement on the ground water monitoring 

sample record. 

After each well reading is completed, thoroughly 

decontaminate the probe following the procedures 

listed in Section 5.0. 
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3.3.1.4 Purge Volume Calculations 

In order to assure that the sample collected is indeed 

representative of actual aquifer conditions, it is necessary 

to purge the well of stagnant water in the casing. This is 

accomplished by bailing or evacuating three casing volumes 

of water from the well or until it is bailed dry, whichever 

comes first. If a well can be bailed dry, it requires 

sufficient time to elapse for an adequate volume of water to 

accumulate for the sampling event. 
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The casing volume is calculated according to the 

following formula: 

One Casing Volume = L x F where 

L = Length of water column = Total Depth - Depth to 

Water 

F = Gallons/Foot based upon well casing diameter 

For 2 11 wells, F = 0.2 gallons/foot 

For 4 11 wells, F = 0.7 gallons/foot 

For 5 11 wells, F = 1.0 gallons/foot 

The volume to be purged from each well is calculated 

as follows: 

Purge Volume = Casing Volume x 3 

Example: 

Total Depth, T.O.C. = 25.01 ft 

Depth to Water, T.O.C. = 15.01 ft 

Length of Water Column = 25.01-15.01 = 10.00 ft 

casing Diameter = 4 11 = 0.7 gallons/foot 

Casing Volume= 0.7 gal./ft x 10 ft= 7 gal. 

Purge Volume = 7 x 3 = 21 gallons 
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3.3.1.5 Well Evacuation 

Before sample collection can begin, the water 

collected from the monitoring well must be fresh aquifer 

water. Well evacuation replaces stagnant well water with 

representative aquifer water. An interface probe will be 

used ta measure the water level in the well, the total depth 

of the well, and measure the thickness of floating product, 

if present. A bailer may be used to check for the visual 

presence and measure the thickness of floating product. If 

product is present, a ground water sample is typically not 

obtained. 

Wells are evacuated by handbailing or by pumping. 

The actual method of evacuation is based upon site 

conditions. Each of the methods are discussed below. 

In low yielding wells, the standing water will be 

removed until the well is essentially dry. The water level 

in the well will be allowed ·to recover until a surricient 

volume is present to obtain a sample. 

The rirst sample should be tested ror pH, 

temperature, and speciric conductance. Samples should then 

be collected and containerized in the order 0% the 

parameter•s 
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volatilization sensitivity (See Section 3.3.2.4>. 1'he ~rell 

should be retested ~or pH, temperature and specific 

conductance after sampling as a measure of purging 

efficiencey and as a check on the stability of the water 

samples over time. All well evacuation information should 

be recorded on the Ground Water Monitoring Sample Record 

<Figure 1). 

3. 3. 1. 5. 1 

Hand bailing is conducted by lowering a Teflon<TM} or 

stainless steel bailer slowly into the well, allowing water 

to enter the bailer, and lifting the collected water out of 

the well. The bailer is positioned just below the top of 

the standing water in the well, so that the bailed water is 

removed ~ram the top of the water column. 

three standing well volumes ere removed. 

A minimum o.:I.'.' 

When using a bailer to evacuate a well, place a new trash 

can liner .in a 5-gallon bucket so that as the bailer is 

lowered and raised, the rope stays .in the bucket and does 

not contact the ground. 
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1} New rope should be used at each well when using 

non-ded~cated bailers. 

2) New d~sposable gloves should be worn at each well. 

3) The bailer should be emptied into a 5-gallan 

bucket each time it is raised so that the volume 

of water evacuated can be measured. 

4) Lower the bailer slowly into the well until it 

contacts the water. 

5) Allow the bailer to fill and raise it. 

6) Empty the bailer into the 5-gallon bucket. 

3.3. 1.5.2 Pumping 

A Well W~zard is a pneumatic pump used to remove water 

from the well. During sample collection a maximum flow 

rate of 100 milliliters/minute C0.03 gal/min) should be 

used. The actual flow rate should be measured using a 

graduated container and timed us1ng a watch w~th a 

second hand. Th~s rate can change as the water levei 

~n the weli drops. 
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The flow rate can be calculated by: 

Flow Rate, gpm = Volume Collected (gallons) x 60 sec 
# seconds to fill container 

If a gasoline generated engine is used, place the 

engine at least 10 feet downwind from the well to 

eliminate sample contamination from the exhaust. 

Wells MW-1, 2, 4, 5 and OW-11 will be evacuated 

using a well wizard pump. 

3.3.2 Monitor Well Sampling 

3.3.2.1 Collection of Light Immiscible Layers 
(Floaters) 

The floater must be collected prior to any purging 

activities. If the thickness of the floater is two feet or 

greater, a bottom valve bailer will be used. 

When the thickness of the floating layer is less than 

two feet, then the bailer will be modified to allow filling 

only from the top. The bottom check valve will be 

disassembled and modified to allow filling only from the 

top. A Teflon™ sheet is placed between the ball and ball 

seat to seal off the bottom value. The ball from the top 

check valve is removed to allow the samples to enter from 
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the top. Ta overcame buoancy a stainless steel pipe is 

placed an the retrieval line above the bailer. The bailer 

should be lowered ta one-half thickness ar the floating 

layer and the sample collected. 

3.3.2.2 Collection of Heavy Immiscibles (Sinker} 

The bailer will be lowered to the bottom or the well and 

remain there for a few minutes before removing the bailer 

out of the well. 

Bottle Filling Procedure 

I% the well was not bailed dry and the water level is 

recovering to provide sufficient water to fill all of the 

sample bottlesp then samples should be collected 

immediately. I£ the well was completely evacuated and /or 

recovery is slow, wait for a suffic~ent volume of water to 

recover ~n the well to r~ll all or the sample bottles before 

beginn~ng to collect samples. 

Do not aver flow the bottles when r~lling them as th~s 

w~ll dilute the preservat~ve. 
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When filling VOA and TOK containers, slowly fill the 

container until the meniscus is just above the lip o~ the 

container. Place the cap <Teflon <TMJ side towards sample> 

on the container and tighten. Check for air bubbles by 

inverting the container and tapping gently. There should be 

Q9 headspace (air) in the container. If headspsce is 

present the sample should be discarded and the container 

<Nate: If the sample is discarded, additional 

preservative will need to be added to the container. > 

Do not touch the inside of the bottle cap. Caps should 

never be placed on the ground. II a cap is accidentally 

dropped, it should be rinsed with deionized water followed 

by a rinse with the sample prior to being placed on the 

bet tie. Note in the ~ield notes if th~s occurs. 

Replace the well cap end lock the well. 
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3.3.2.4 Order of Collection 

Sample bottles should be filled in the order listed 

below: 

Parameter 
-~~~~~~-~ 

Volatile Organics 

TOX 

Tac, Phenols, Nitrate, 

Ammonia 

Extractable Organics 

Chloride and Sulfate 

Cynade 

Rad1onuclides 

VOA vials/ Septa cap of 
Teflon <THJ material 

Pint amber glasa/Septa 
cap, H2S04 

Quart glass H2S04 

Quart glasa/TFE 

Quart plastic, none 

Quart glass, NaOH 

Quart plastic, HN03 

Metals Pint plastic 

3.3.2.5 Filtration 

Ground water samples may require filtering prior to 

metals analysis. The filtering or samples is performed with 

0.45 micron Lilter paper when analyzing for dissolved 

metals. The sample is not filtered if analyzing for total 

The liquid ~s preserved with nitric acid when 

analyzing %or metals. 
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3.3.2.6 Disposition 0% Fluids 

Excess sample water (with the bailed water> will be 

retained in drums on the site until the analytical results 

determine if the water is contaminated. Ir the analytical 

results indicate that the waters need no special handling, 

the water will be discharged into the wastewater treatment 

system ansite. When the purged water is deemed a hazardous 

materiel, it will be drummed and disposed properly. The 

amount of water from the decontamination effort is expected 

to be relatively small. This water will be disposed or in 

the Giant Refinery wastewater treatment plant system. 
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3.4 Soil Sampling 

3.4.1 Soil Sampling Locations and Techniques 

The purpose of the soil sampling plan is to initially 

determine if a release has occurred at a particular Solid 

Waste Management Unit (SWMU). If the soil sample results 

indicate a significant release, then additional soil 

sampling locations and/or the installation of wells adjacent 

to the particular SWMU will be required. 

Soil sampling locations will be selected in order to 

adequately determine if a release has occurred. The number 

and depth of each soil sampling location will be specified 

in each SWMU Site-Specific Facility Investigation Work Plan. 

The choice of which sampling technique to be used will 

be determined on the basis of a number of factors; such as 

depth of the sample to be collected and the composition of 

the material to be sampled. 

3.4.2 Surficial Sampling 

3.4.2.1 Shovels, Spatulas and Scoops 

Surface grab samples may be obtained with shovels, 

spatulas, or scoops. These implements will be of stainless 
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steele construction if available. Grab samples are an 

efficient collection technique and the samples may be 

indicative of the range of contamination at the site. 

3.4.2.2 Hand Augers 

Manual soil probes, referred to as hand augers, may be 

used to collect samples up to several feet in depth, 

depending upon soil conditions. The soil sampler tube will 

be of stainless steel construction. The tube has a T-shaped 

handle which is used ta push or auger the tube into the 

ground. When the tube has been filled with soil to the 

desired depth of sampling, it is removed and ·the soil sample 

extruded ~ram the tube. The sample is placed in the 

appropriate sample bottles for delivery to the laboratory. 

Samples may be collected by using the comb~nation or a 

backhoe end hand auger. This will be accomplished by us~ng 

·the backhoe to excavate the area where samples will be 

collected. A hand auger will then be used to bore 

horizontal soil cores at the des~red sample depths. 

Verticle samples may also be collected rrom the bottom 0% 

the excavated area. 
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3.4.3 Boreholes/Core Samples 

Boreholes for samples will be advanced by a drilling 

rig employing hollow stem augers. 

compositing of sail sampling. 

There will be no 

Core samplers are used in conjunction with hollow-stem 

augers to collect soil samples from depths which cannot be 

reached by a soil probe. Samples are collected by removing 

the stem of the auger and inserting a core sampler. three 

types of core samples which may be used in the RFI are 

described below. 

3.4.3. 1 Shelby Tube 

A Shelby tube is a metal cylinder with sharpened ends 

for cutting into the soil. The tube is pushed into the soil 

by applying downward pressure from a drilling rig or other 

apparatus. Shelby tubes will be of stainless steel 

construction. Shelby tubes will not be used ~n loose soils 

because the soil will fell out of the tube during removal 0% 

the tube. The soil will be extruded ~ram the tube and a 

sample collected at the desired paint of the core. The 

sample will be placed ~nto a wide-mouth jar %or chemical 

analysis. Alternatively, the ends of the tube mey be capped 

end the entire core transported ~ntact, depending upon the 

nature 0% the analyses to be per%crmed. 
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3.4.3.2 Split-Spoon Samplers 

A split spoon consists or a hollow steel cylinder split 

in half and screwed into an outer tube and tip. The split-

spoon is typically 8 hammered" into the soil. Af~er the tube 

is pulled from the soil, the soil cylinder is removed from 

the drill rod end opened to remove the soil core. Split-

spoons will be used for obtaining samples of unconsolidated 

soil and may also be used to penetrate some types of rock. 

3.4.3.3 9 Five Foot CME Tubes• 

A five foot CHE tube is a 3-1/2 inch diameter split 

core barrel which is placed into the lead auger. The tube 

is pushed into the soil at the same drilling rate as the 

augers. After the tube is pulled from the soil, it is 

detached from the drill rod and opened to remove the soii 

core. CME tubes will be used for obtaining samples or 

consolidated soii and used to penetrate some types 0% rock. 

3.4.4 Soii Sampiing Screening Techniques 

Field instruments are useful to provide a limited 

degree 0% onsite characterization c% sail contamination. A 

photo ionization detection meter (PID> will be used ta 

screen %or volatiles. The PID meter will be calibrated to 

32 



benzene. Other methods for soil screening will include 

visual signs of contamination and/ or noticeable odors. 

3.4.5 Lithologic Logging 

Detailed logs will be maintained for each boring. 

Listed below is a general description of soils to be used to 

describe their physical characteristics: 

1> Li tho.logy 

2> Color (adjectives -light, dark, mottled, mixed) 

3) Size C%ine, medium, coarse> 

4> Moisture Cdry, moist, wet> 

5) Odor (or no odor} 

6) Other descriptive terms: 

a. Lens ·r. 1 :l.nch 

b. Layer > 1 inch 

c. Interbedded 

d. Slickensided-soils having inclined planes 0£ 

weakness, glossy in appearance 

3.4.6 Disposition of Soils 

All drill cuttings generated by borehole advancement 

for soil samples will be placed back in the hale or 

collected and containerized at each SWHU. Following receipt 

of the analytical results rrom each SWHU the containerized 

sails will be transported to the land treatment area at 
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Giant Rerinery, Soils placed back in the bore holes or 

excavated area must be compacted with a probe or the 

backhoe unit used for excavation. Ir the drill cuttings 

must be taken to another regulated facility, appropriate 

laboratory samples or cuttings from borings will be 

collected. 

3.5 Surrace Water Sampling 

3.5. 1 Sampling Criteria and Methods 

Samples will be collected from locations which will 

adequately define if a release has occurred from a 

particular swnu. The locations for each sampling event will 

be specified in each SWHU Site Specific Facility 

Investigation Work Plan. 

Beakers, jars or dippers may be used to obtain a 

surface water sample. They can be attached to a rod or pole 

to extend the reach of the samples away %ram the bank Cthis 

type of sampling dev~ce is commonly called a pond sample>. 

The sample collect~an container should be constructed c~ 

glass, l~near polyethylene <LPE>, Teflon <TH>P or stainless 

We~gt1ted bottles may be used to collect a water sample at 

tt1. These dev~ces are bas~cally a jar w~th a cork or 
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plug ;in the mouth that can be opened a~ter the bottle is 

lowered an a rope or chain to a desired depth; once the 

sample fills the jar, the apparatus is raised to the 

surface. 

If a multiple phase contaminant (%or exapmle, 

immiscible organic liquids) or stratified water layers are 

suspected, a sampler such as the Coliwasa Sampler may be 

used to obtain composite water samples in the vertical 

profile. This sampler is a tube with a stopper at the 

bottom connected through the tube to a locking handle at the 

top. The stopper is locked into its open position before 

the sampler is lowered through the water. As the sampler is 

slowly lowered into the water the layers ox contaminants or 

other fluids encountered will enter the tube. After the 

sampler reaches bottom (or the desired depth>, the stopper 

is pulled upward and locked into a seal with the bottom of 

the tube. The sampler is removed ~ram the water and its 

contents transferred to a sample bottle or multiple bottles 

i% samples of the stratified layers are desired. 

Descriptions of the design, canstruaction and use of 

the weighted bottle and Coliwasa samplers are contained in 

EPA publication 600/2-BO-OiB, "Samplers and Sampling 

Procedures for Hazardous Waste Streams, • by E. R. deVera, et 

al, January 1980; this document is presented as an Appendix 

to •Test Methods for Evaluating Solid Waste,• EPA 

publlcat1on SW-846, 1980. 
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3.5.2 Running Water 

The Giant Refinery facility is located in an arid 

desert environment, with no perennial streams. Intermittent 

surface water flaw occurs during and immediately after 

infrequent rainfall events and snow melts. Because of the 

infrequent surface water flows, no discussions are included 

on sampling techniques of running waters. 

If a low flow rate or shallow channel prohibit direct 

use of a dipper, a stainless steel shovel can be used to dig 

a small hole into which water can collect. Sufficient time 

should be allowed ror distrubed sediments to settle before 

the sample is obtained. 

3.6 Air Monitoring 

Air monitoring may be required in later sampling 

events. If this is necessary, monitoring £or the 

hydrocarbons will be done using Tenax tubes. This approach 

allows for sensitive detection levels and compound analyses. 

Samples can be obtained ~ram the tubes for detailed gas 

chromatograph analysis or specific compounds. A diaphragm 

type pump will be used to draw the air through the tube with 

a flow meter to check the flow rates. The sampling height 

will be approximately 1.5 meters. With the availability or 

personnel onsite, the sampling will be done with manual 

starts and stops. 
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A meteorological system, consisting or wind direction, 

wind speed, and temperature will be installed Lor the sample 

period on a tripod approximately three meters above ground 

surface. The rerinery already collects precipitation and 

these data will be available for the study. Stability will 

be calculated by the data collection system and recorded. 

IL a strip chart data collection system is used, the 

stability will be calculated from the fluctuations or wind 

direction combined with the wind speed and ·time or day 

rollowing established EPA procedures. Appendix B contains 

data on wind direction and speed, temperature, 

precipitation, and stability Ior Gallup, New Mex~ca. 
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4.0 SAMPLE LABELING 

Original Date 05/31/89 
Revision Date 12/15/89 

As soon as all sample containers have been properly 

filled with sample, the bottle labels should be completed 

with the following information: 

Sample identification or well number 

Location 

Date/Time of collection 

Collector's initials 

Sample preservation techniques 

Analytical parameters 

Comments 

The label will be filled out with waterproof, 

indelible ink. All information except sample ID or well 

number and date/time of collection shall be completed prior 

to going into the field. The sample ID and date/time of 

collection will be handwritten on the label by the sample 
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collector. After filling out the labels, they should be 

sealed with a piece of two inch wide clear tape. Make sure 

that the tape is long enough to go completely around the 

container so that it sticks to itself~ 
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5.0 DECONTAMINATION PROCEDURES 

The following procedures 

decontamination of: 

Original Date 05/31/89 
Revision Date 12/15/89 

are applicable to 

Drilling equipment and vehicles 

Sampling equipment 

5.1 Drilling Equipment and Vehicles 

Decontamination of large drilling equipment and 

vehicles is required to prevent cross contamination of 

boreholes from which soil samples will be retrieved for 

chemical analysis. This procedure also provides for the 

protection of personnel subsequent to demobilization from 

restricted areas. 

Steam or water rinse with potable water if needed 

to remove mud or dirt. 

Rinse with clean, potable water. 

During decontamination of drilling equipment and 

accessories, it is especially critical to clean the inside 
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of hollow-stem augers flights, drill rods and drill bits 

(particularly roller bits), as well as all couplings and 

threads. As a general rule, decontamination can be limited 

to the back portion of the drill rig and those parts which 

come in direct contact with samples or casing, or drilling 

equipment that is placed into the borehole. 

5.2 Sampling Equipment 

Sampling equipment includes all sampling devices and 

containers which are used to collect or contain a sample 

prior to final sample analysis. Before its initial use, all 

sampling equipment which may contribute to the contamination 

of a sample must be thoroughly decontaminated. Unless 

specific documentation exists that sample equipment has been 

decontaminated, decontamination should be conducted before 

use. 

Sampling equipment can generally be cleaned by hand. 

The following procedure is given as a sequence which should 

be modified to be consistent with onsite conditions. 

Scrub with potable water to remove mud and 

residue. 
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Scrub with a non-phosphate detergent if necessary 

to remove mud and residue. 

Rinse with clean potable water. 

Rinse with an approved organic solvent (i.e. 

isoproyl or methanol alcohols) . 

Allow the equipment to air dry as long as 

practical. 

Wrap in plastic bags or other appropriate 

containers if necessary to prevent 

recontamination. 
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6.0 SAMPLE CUSTODY 

Assuring the integrity of a sample from the time of 

collection to data reporting is essential. Chain of custody 

procedures are intended to document sample possession from 

the time of collection of final disposition. 

A sample is considered to be under a person's custody 

if it is in a person•a physical possession, in view or the 

person after taking possession, secured by that person so 

that no one may tamper with it, or secured by that person in 

an area that is restricted to authorized personnel. 

6. 1 Chain cf Custody Record 

The chain of custody record shall include the following 

information: 

1) Facility name 

2> Type and number of samples 

3> Sample location and ID 

4> Collect~cn date<s> and time<s> 

5> Analyses required 
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6) Number of containers for each sample 

7) Additional remarks or comments as needed 

a> Sample team leaders signature 

9) Signatures of all individuals involved in the 

chain of possessio 

10) Inclusive dates and time of possession 

A sample form is shown in Figure 2. The original chain 

of custody form must accompany the samples. One copy of the 

chain of custody form should be kept in the project files. 

6.2 Transfer of Custody 

This section describes the disposition of the samples 

after collection. 

6. :2. 1 Onsi te Cue:1tody 

The sample collectors will prepare the requested 

performance check samples and place the samples in a cooler. 

The inf'orma t.ion regard:Lng date and ·t:Lme 
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control sample preparation will be recorded on the chain 

of custody form at this time. 

6.2.2 Contract Laboratory custody 

The delivery person will relinquish the samples to the 

contract laboratory. The contract lab will notify Giant of 

samples receipt and condition. 

The contract lab will be responsible for documenting 

custody within their laboratory and documenting custody of 

samples transferred to their subcontractors for analysis. 

This documentation is to be made available to Giant upon 

request. 
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7.0 ANALYTICAL PROCEDURES 

7.1 Methods 

Original Date 05/31/89 
Revision Date 12/15/89 

In order to adequately evaluate analytical data, 

consistency of methodologies is crucial. EPA-approved 

methodologies, such as those identified in the third edition 

of Test Methods for Evaluating Solid Wastes or equivalent, 

should be utilized when available. Any and all method 

modifications of the analytical procedures should be clearly 

defined and justifiable based upon the nature of the samples 

being submitted. The following factors are to be considered 

when selecting methodologies: 

Scope and application of procedure 

Sample matrix 

Potential interferences 

Precision and accuracy 

Method detection limits 

A list of methods currently utilized by Giant in the 

RFI program is listed in Table 4 for ground water sampling, 

and Table 5 for soil sampling. Appendix C lists analytes 

and methodologies for Appendix IX. Appendix VIII is a list 

of approximately 375 constituents, some of which cannot be 
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TABLE 4 

GROlMD \.!ATER SAMPLING AND ANALYSIS PUl.N 
AflALYTICAL PROCEDURES 

EPA Method Holding Detection 
Parameter S\.1-846 600 Description Container Preservative Time, Days Limit* 

pH 9040 150.1 Electrode p None On-Site NA 
Analysis 

Specific 
Conductivity 9050 120.1 \.lheatstone Bridge p None On-Site NA 

Analysis 

TOC 415.1 Combustion or GIT H2S04 28 1.0 
Oxidation 

TOX 9020 Microcoulometric G/A/T H2S04 7 0.010 
Septa seal 

Chloride 9252 325.3 Titration p None 28 1·5 

Iron 6010 200.7 ICP p HN~ 180 0.02 

Manganese 6010 200.7 ICP p HN~ 180 0.01 

Sodium 6010 200.7 ICP p HN~ 180 0.02 

Phenols 9065 420.1 Colorimetric, 4-AAP G H2S04 28 0.005 
Distillation, solvent 
Extraction 

Sul fate 375.4 Turbidimetric p None 28 1. 0 

Arsenic 7061 206.3 AA/Hydride p HN~ 180 0.005 
206.2 GFAA 0.005 

Barium 6010 200.7 ICP p HN~ 180 0.05 

Cadmium 6010 200.7 ICP p HN~ 180 0.01 

Chromium 6010 200.7 ICP p HN~ 180 0.02 

*All units in mg/L unless otherwise noted. 

p - Plastic, G - Glass, A · Amber, T · Teflon 



TABLE 4 (Continued) 

GROlRIO YATER SAMPLING AHO ANALYSIS PLAN 
ANALYTICAL PROCEDURES 

EPA Method Holding Detection 
Parameter S\.1-846 600 Description Container Preservative Time, Days Limit* 

Lead 7421 239.2 GFAA p HN0:3 180 0.005 

Mercury 7470 245.1 Cold Vapor p HN0:3 180 0.0005 

Selenium 7741 270.3 AA/Hydride p HN0:3 180 0.002 
270.2 GFAA 0.005 

Silver 6010 200.7 ICP p HN0:3 180 0.01 

Fluoride 340.2 Electrode p None 28 0.10 
340.1 SPADNS (Distillation p None 28 0.10 

Required) 

I 
Nitrate 352.1 Colorimetric p H2S04 14 0. 10 

Endrin 8080 608 GC/EC GIT None 7 0.0002 

Lindane 8080 608 GC/EC GIT None 7 0.004 

Methoxychlor 8080 608 GC/EC GIT None 7 0.10 

Toxaphene 8080 608 GC/EC GIT None 7 0.005 

2,4-D 8150 GC/EC GIT None 7 0.10 

2,4,5-TP 8150 GC/EC GIT None 7 0.01 
Si lvex 

Radium SM 705 Precipitation p HN0:3 180 1pCi/L 

Gross Alpha SM 703 p None 180 2pCi/L 

Gross Beta SM 703 p None 180 3pCi/L 

Total 
Coli form 9132 Membrane Filtration Sterilized Na2s2o3 0.25-1 1/100ml 

Vanadium 6010 00.7 ICP p HN0:3 180 0.02 

*All units in mg/L unless otherwise noted. 

p - Plastic, G - Glass, T - Teflon 



TABLE 4 (Continued) 

GROUND \.IATER SAMPLING AHO ANALYSIS PLAN 
AMALYTICAL PROCEDURES 

EPA Method Holding Detection 
Parameter S\.1·846 600 Description Container Preservative Time, Days Limit* 

Molybdenum 6010 200.7 ICP p HNCJ:3 180 0.05 

Calciun 6010 200.7 ICP p HNCJ:3 180 0.05 

Potassiun 6010 200.7 ICP p HNCJ:3 180 Variable 

Magnesiun 6010 200.7 ICP p HNCJ:3 180 0.030 

Nickel 6010 200.7 ICP p HNCJ:3 180 0.05 

Copper 6010 200.7 ICP p HNCJ:3 180 0.01 

Bicarbonate Titration p None 1/14 

Carbonate Titration p None 1/14 

Cyanide 9010 335.2 Colorimetric G NaOH 14 0.02 

Ammonia 350.2 Nesslerization p H2S04 28 0.05 
Distillation 

VOA's 8240 624 GC/MS VOA HCl 14 0.005 

Semi·VOA's 8250 625 
or 8270 GC/MS VOA HCl 14 0.010 

*All units in mg/L unless otherwise noted. 

p • Plastic, G · Glass, VOA · 40 ml of glass container with Septa seal 



Original Date 05/31/89 
Revision Date 12/15/89 

TABLE 5 

Soil ~ling and Analysis Plan 
Analytical Procedires 

EPA Method Holding Detection< 1> 
Parameter S\.1-846 Description Container Preservative Time, Days Limit 

TPH Modified 
8015 GC·FID G 4°C 28 25 

Oil & 
Grease 9071 Gravimetric G 4°C 28 100 

Background 
Metals: 

Antmony 6010 ICP P,G 4°C 180 0.05 
Arsenic 7061 GFAA P,G 4°C 180 0.005 
Baril.111 6010 ICP P,G 4°C 180 0.01 
Beryllium 6010 ICP P,G 4°C 180 0.001 
Cadmium 6010 ICP P,G 4°C 180 0.005 
Chromil.111 6010 ICP P,G 4°C 180 0.01 
Copper 6010 ICP P,G 4°C 180 0.01 
Lead 6010 ICP P,G 4°C 180 0.05 
Mercury 7470 Cold Vapor P,G 4°C 28 0.0002 
Nickel 6010 ICP P,G 4°C 180 0.001 
Potassium- 6010 ICP P,G 4°C 180 5.00 
Selenil.111 7710 GFAA P,G 4°C 180 0.005 
Vanadil.111 6010 ICP P,G 4°C 180 0.002 
Zinc 6010 ICP P,G 4°C 180 0.01 

pH 9045 Electrode P,G 4°C 14 NA 

TOC 9060 Combustion/ G 4°C 28 0.02 percent 
Oxidation 

Benzene 8020 GC/PID G 4°C 14 0.005 
Toluene 8020 GC/PID G 4°C 14 0.005 
Ethyl· 
Benzene 8020 GC/PID G 4°C 14 0.005 
Xylenes 8020 GC/PID G 4°C 14 0.005 
Phenolics 9065 Colorimetric G 4°C 14 1.0 
Cyanide 9010 Colorimetric P,G 4°C 28 0.5 

Asbestos 600 - Phase P,G None 180 Particles/ 
Interim Contrast Volume 

Microscopy 

*All units in mg/kg unless otherwise noted. 
(1) Detection limits in soil may vary depending upon the matrix of the individual sarrples. 
p Plastic 
G Glass 
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measured. The Appendix IX list contains those analytes in 

Appendix VIII which can be quantified. 

7.2 Detection Limits 

It is imperative that the analytical procedures chosen 

have method detection limits appropriate for the intended 

use of the data. Ideally, procedures should be selected 

which have a Method Detection Limit (MDL) that is five times 

lower than the regulatory threshold limit. The detection 

limits for ground water samples for the procedures are 

listed in Table 4. Table 5 lists detection limits for soil 

samples. Appendix C lists detection limits for soil samples 

for Appendix IX constituents. 

7.3 Sample Container, Preservation and Holding Times 

Sample container selection, preservation techniques 

and holding times (length of time between sample collection 

and analyses) must be addressed for every sampling 

activity. This is necessary to assure that the sample does 

not deteriorate or become contaminated. Sample 

deterioration can occur through processes such as biological 

degradation or chemical precipitation. Sample contamination 

or alteration can occur due to adsorption, absorption, or 
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leaching effects due to the interaction of the sample and 

the container material. Appropriate sample containers, 

preservation, and holding times are listed in Table 4 for 

ground water samples and Table 5 for soil samples. Appendix 

C lists sample containers, preservation, and holding times 

for Appendix IX analytes. Additionally, all samples except 

trace metals preserved with nitric acid should be maintained 

at 4°c from the time of collection until analyses. 

Note: Nitric acid for trace metal preservation must 

be of ultra-trace grade quality. Samples preserved with 

acids should be at pH <2. 

hydroxide should be at pH >12. 

7.4 Sample Preparation 

Samples preserved with sodium 

Proper sample preparation is an integral part of any 

analytical program. Sample preparation techniques i.r.::::lude 

filtration, digestion, and distillation. These steps may 

not be omitted from the various methodologies unless 

approval is obtained from the Giant RFI Project Manager. 

Any additional preparation above and beyond normal standard 

operating procedures should be documented and confirmed by 

the QA/QC manager. 
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7.5 Laboratory QA/QC 

Original Date 05/31/89 
Revision Date 12/15/89 

The laboratory's QA/QC program is included as Appendix 

D of the Generic Sampling Plan. 
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8.0 CALIBRATION PROCEDURES AND FREQUENCY 

8.1 Field Instruments 

8.1.1 pH Meter 

The pH meter should be calibrated before leaving the 

lab using a two point calibration method. Normally, the 

meter will be calibrated with pH 7 and pH 10 buffers. At 

each well, pH calibration should be verified using the pH 7 

buffer solution. If the result of this calibration does not 

agree within + 0.05 units, the meter should be recalibrated 

as above. Results of all calibration verification and 

recalibration must be recorded in the field notes for a 

given sampling event. 

8.1.2 Conductivity Meter 

The conductivity meter calibration should be checked 

according to manufacturer's specifications. The 

conductivity reading should be within 5% of the expected 

value of the standard. Calibration should be checked at the 

lab before going into the field and every four hours 

thereafter. Results of the calibration verifications made 

in the lab and in the field must be recorded in the field 

55 



Original Date 05/31/89 
Revision Date 12/15/89 

notes for a particular sampling event. 

8.1.3 PID Meter 

The PID meter should be calibrated each day it is used 

in the field. Three steps need to be taken in order to 

calibrate the PID meter: 

Check the battery 

Set the zero point 

Use calibration gas according to manufacture's 

instructions. 

Results of all calibration verification must be recorded in 

the field notes during a particular sampling event. 

8.2 Laboratory Instrumentation 

It is recognized that instrument calibration 

procedures vary from instrument to instrument. 

Manufacturers' guidelines should be followed. The frequency 

of calibration for a number of instruments is addressed 

below. This information is obtained from SW-846, third 

edition, Test Methods for Evaluating Solid Waste. This 

section is not intended to be comprehensive in nature. The 
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contract laboratory is responsible for detailing its own 

QA/QC protocol in addition to the items listed here. 

8.2.1 ICP 

Calibrate the instrument according to 

manufacturer's recommended procedures. 

Two types of blanks are required: calibration 

blank and reagent blank. 

Check calibration using a blank and two standards. 

Verify calibration every 10 samples and at the 

end of each run by analyzing blank and check 

standard. Standard should be within 10% of 

expected value; if not, terminate analysis, 

correct problem, and recalibrate. The 

calibration blank should agree within three 

standard deviations of the mean blank. If not, 

terminate analysis, corLect problem, recalibrate, 

and reanalyze the previous 10 samples. 

Analyze interference check sample at the 

beginning and end of an analytical run or twice 

during every 8-hour work shift. 

Replicate samples and spiked samples should be 

run at a frequency of 10%. 
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Duplicate spiked samples must be run at a 

frequency of 20%. The Relative Percent 

Difference (RPO) shall be + 20% for sample values 

greater than 10 times the detection limit. Spike 

recovery is to be ± 20% of the actual value. 

Serial dilution checks where applicable. 

Detection limit verification on a quarterly basis. 

8.2.2 Atomic Absorption Spectrophotometer 

Calibrate each run using a blank and three 

standards. 

Verify calibration by running blank, and 

mid-point standard every 10 samples and at the 

end of each run. Results must be + 10% of true 

result or terminate analysis, correct problem, 

recalibrate, and reanalyze samples. 

Replicate and spikes must be run every 10 samples 

or with each matrix type, whichever is more 

frequent. 

Method of standard additions should be employed 

as required. 
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8.2.3 TOC Analyzer 

Original Date 05/31/89 
Revision Date 12/15/89 

Calibrate according to instrument manufacturer's 

recommendations each run. 

Verify calibration by analyzing blank and check 

standard every 10 samples. If results are not + 

10% of expected value, terminate analysis, 

correct problem, recalibrate, and reanalyze 

previous 10 samples. 

Quadruplicate analyses are required for most 

ground water samples. 

Replicates and spikes must be analyzed at a 

frequency of 10%, or at least one in each 

analytical batch. 

8.2.4 Gas Chromatographs 

Initial demonstration of capability. 

QA/QC as per individual methods in SW-846, 3rd 

edition. 

Five point calibration curve for each compound. 

Blank and calibration verification every 8 hours. 

Internal standard added to all blanks, standards, 

and samples. 
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8.2.5 Gas Chromatography/Mass Spectrometry 

Initial demonstration of capability. 

Meet tuning criteria as per SW-846, 3rd edition 

Internal and surrogate standards added to blanks, 

standards, samples. 

Blank and standard calibration verification each 

run. 

8.2.6 UV-Vis Spectrophotometer 

Multi-point calibration as specified in 

individual methods in SW-846, 3rd edition. 

Calibration verification as per individual 

methods in SW-846. 

Replicates and spikes will be analyzed at a 

frequency of 10% or at least one in every 

analytical batch. 

8.2.7 TOX Analyzer 

All samples will be analyzed in replicate at a 

minimum. Most ground water samples are to be 

analyzed in quadruplicate. 
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Check absorption efficiency of each newly 

prepared batch of carbon. 

Run at least two nitrate wash blanks at the 

beginning of the day and one nitrate wash blank 

after every eight pyrolysis determinations. 

Run duplicate instrument calibration standards at 

the beginning of each day and after every eight 

pyrolysis determinations. 

Verify calibration with an independently prepared 

check standard every fifteen samples. 

Analyze duplicate spiked samples every ten 

samples. 
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9.0 STATISTICAL METHODOLOGY 

In order to determine if a release of metallic 

constituents has occurred from a unit, a One-Way Parametric 

Analysis of Variance will be calculated at specific SWMU's. 

These data will be compared with the background metals data 

obtained during the Land Treatment Demonstration. One 

sampling interval with four independent samples per boring 

and at least three borings will fulfill the minimum sample 

requirements. 

9.1 statistical Comparison of Background Metals Data 

Based on the Demonstration Permit (NMD000333211-1) and 

the Permit Application Report (June 1986, Appendix A), a 

Land Treatment Demonstration was conducted to show treatment 

capabilities for refinery waste generated by Giant Refinery 

Company. The demonstration period lasted from April 1987 

through March 1988. The following table lists the 

background metallic data, which was collected from a plot of 

land adjacent to the land treatment demonstration. 
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Background 

Metal 

Sb 
As 
Ba 
Be 
Cd 
Cr 
Cu 
Pb 
Hg 
Ni 
K 
Se 
v 
Zn 

Metals, 

Original Date 05/31/89 
Revision Date 12/15/89 

Statistical Information 

Background 

Mean Variance N 

0 0 18 
3.0 9.0 18 

258 2147 18 
1. 06 0.1 18 
0.04 0.02 18 
4.41 1. 74 18 
4.82 0.68 18 
5.25 28.4 18 
0 0 18 
7.75 2.2 18 

1325 78540 18 
0 0 18 

12.6 3.26 18 
11. 2 4014 18 

The statistical methodology as outlined in the 

"Statistical Analysis of Ground water Monitoring Data at 

RCRA (Resource Conservation and Recovery Act) Facilities, 

Interim Final Guidance, February 1989 follows: 

9.2 One-Way Parametric Analysis of Variance 

In order to apply a parametric one-way analysis of 

variance, a minimum number observations is needed to give 

meaningful results. At least p > 2 groups are to be 

compared (i.e., two or more borings). It is recommended 

that each group (here, borings) have at least three 

observations and that the total sample size, N, be large 

enough so that N-p > 5. A variety of combinations of groups 
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and number of observations in groups will fulfill this 

minimum. One sampling interval with four independent 

samples per boring and at least three borings would fulfill 

the minimum sample size requirements. The borings should be 

spaced so as to maximize the probability of intercepting a 

plume of contamination. 

9.2.1 Purpose 

One-way analysis of variance is a statistical 

procedure to determine whether differences in mean 

concentrations among borings, or groups of borings, are 

statistically significant. For example, is there 

significant contamination of metals at a SWMU compared to 

background conditions. 

9.2.2 Procedure 

Suppose the regulated unit has p borings and that ni 

data points (concentrations of a constituent) are available 

for the ith boring. These data can be from either a single 

sampling period or from more than one. In the latter case, 

the user could check for seasonality before proceeding by 

plotting the data over time. Usually the computation will 

be done on a computer using a commerically available 
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program. However, the procedure is presented so that 

computations 

necessary. 

Step 1. 

can be done using a desk calculator, if 

p 
Arrange the N = £ Di data points in a data 

i=l 
as follows: 

(N is the total sample size at this specific regulated 
unit) : 

Boring Total Boring Mean 
(from (from 

Observations Step 1) Step 2) 

I 
Boring No. 1 I 

I 
2 I 
3 I . I 
u I Xul Xu. Xu. . I 

I 
p I Xpl . . . . . . Xpn Xp. 

x x 
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Step 2 . 

x· 1. = n· 1 
£ 
j=l 

1 
Xi. = n· 1 

Compute boring 
follows: 

x·. lJ I total of all 

Original Date 05/31/89 
Revision Date 12/15/89 

totals and boring means 

ni observations at boring 

x· 1. I average of all n· 1 observations at boring 

X x .. , grand mean of all observations. 

as 

i 

i 

These totals and means are shown in the last two columns 
of the table above. 

Step 3. Compute the sum of squares of differences 
between boring means and the grand mean: 

SSwells = p p 
£ n· (X• - x ) 2 = £ 1 x2. - 1 x2 1 1. .. 1 

i=l i=l n· 1 N 

(The formula on the far right is usually most convenient for 

calculation.) This sum of squares has (p-1) degrees of 

freedom associated with it and is a measure of 

variability between borings. 

Step 4. Compute the corrected total sum of squares 

SSTotal = P 
£ 
i-1 

n· 1 
£ 
j=l 

(x · · - x ) 2 lJ .. 
P ni 

= £ £ 
i=l j=l 
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(The formula on the far right is usually most convenient for 

calculation.) This sum of squares has (N-1) degrees of 

freedom associated with it and is a measure of the 

variability in the whole data set. 

step 5. Compute the sum of squares of differences of 

observations within borings from the borings 

means. This is the sum of squares due to 

error and is obtained by subtraction: 

SSError = SSTotal - SSBorings 

It has associated with it (N-p) degrees of freedom and is a 

measure of the variability within borings. 

step 6. Set up the ANOVA tables as shown below. The 

sums of squares and their degree of freedom 

were obtained from Steps 3 th:::ough 5. The 

mean square quantities are simply obtained 

by dividing each sum of squares by its 

corresponding degrees of freedom. 
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ONE-WAY PARAMETRIC ANOVA TABLE 

Source of 
Variation 

sums of 
Squares 

Degrees of 
Freedom 

Mean 
Squares 

F 

Between 
borings SS Borings p-1 MS Borings F 

= SSBorings/(p-1) 

= MS . Borings 
MS Error 

Error 
(within 
borings) SS Error N-p MS Error 

Total 

= SSError/(N-p) 

SS Total N-1 

Step 7. To test the hypothesis of equal means for 

all p borings, compute F = MSBorings/MSError (last 

column in above table). Compare this statistic to the 

tabulated F statistic with (p-1) and (N-p) degrees of 

freedom at the 5% significance level. If the 

calulated F value exceeds the tabulated value, reject 

the hypothesis of equal boring means. Otherwise, 

conclude that there is no significant difference 

between the concentrations at the p borings and thus 

no evidence of boring contamination. 

In the case of a significant F (calculated F greater than 

tabulated Fin Step 7), the user will conduct the next few 

steps to determine which compliance boring(s) is (are) 

contaminated. This will be done by comparing each 

compliance boring with the background boring(s). 

Concentration differences between a pair of background 
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borings and compliance borings or between a compliance 

boring and a set of background borings are called contrasts 

in the ANOVA and multiple comparisons framework. 

Step 8. Determine if the significant F is due to 

differences between background and compliance borings 

(computation of Bonferroni t-statistics) 

Assume that of the p borings, u are background 

borings and m are compliance borings (thus u + m = 
p) • The 

compared 

m differences--m compliance 

with the average of 

borings each 

the background 

borings--need 

statistical 

to be 

significance. 

computed and tested for 

If there are more than five 

downgradient borings, the individual comparisons are 

done at the comparisonwise significance level of one 

percent, which may make the experiment-wise 

significance level greater than five percent. 

Obtain the total sample size of all u background 
borings. 

nup = u 
£ ni 
i=l 

Compute the average concentration from the u 
background borings. 

u 
= 1 £ x· l. 

nup i=l 

Compute the m differences between 
concentrations from each compliance 
the average background borings. 

x· l. - Xup i=l, ... ,m 
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Compute the standard error of each difference as 

SEi = [MSError (1/nup + 1/ni)/1/ni)Jl/2 

where MSError is determined from the ANOVA table 
and ni is the number of observations at boring i. 

Obtain the t-statistic t = t(N-p), (1-
Bonferroni's t-table with c = 0.05 
degrees of freedom). 

c/m) 
and 

from 
(N-p) 

Compute the m quantities Di = SEi x t for each 
compliance boring i. If m > 5 use the entry for 
t(N-p), (1-0.01). That is, use the entry at m = 
5. 

9.2.3 Interpretation 

If the difference Xi. - Xup exceeds the value Di, 

conclude that the ith compliance boring has significantly 

higher concentrations than the average background borings. 

Otherwise conclude that the boring is not contaminated. 

This exercise needs to be performed for each of the m 

compliance borings individually. The test is designed so 

that the overall experminent-wise error is five percent if 

there are no more than five compliance borings. 

9.2.4 Cautionary Note 

Should the regulated unit consist of more than five 

compliance borings, then the Bonferroni t-test should be 
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modified by doing the individual comparisons at the one 

percent level so that the Part 264 Subpart F regulatory 

requirement pursuant to §264.97(i) (2) will be met. 

Alternately, a difference analysis of contrasts, such as 

Scheffe's, may be used. 
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10.0 DATA REDUCTION, VALIDATION AND REPORTING 

The contract lab will send the analytical results to 

the project manager who will process the report for 

purchasing. The project manager will review the report for 

completeness, making sure sample analyses reported 

correspond exactly with analyses requested on the chain of 

custody form. If the report is incomplete, the laboratory 

will be notified immediately of any discrepancies. After 

the report has been reviewed for completeness, the report 

will be submitted to the QA/QC manager for technical 

review. This should be done the day the report is received. 

10.1 QA/QC Manager 

The QA/QC manager will review the report and assess 

validity based on: 

Methodology 

Detection limits 

Results of internal quality control checks 

Holding times 

Comparison with historical data base 

Review of precision and accuracy data reported by 

lab 
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The QA/QC manager should notify the outside lab of any 

suspected quality problems within one week of data receipt. 

The contract laboratory should implement corrective action 

regarding data quality within one week of notification by 

the QA/QC manager that a problem exists. After the data has 

been reviewed and validated by the QA/QC manager, a cover 

sheet containing the following information will be placed in 

the project file. 

Summary of internal quality control check samples 

List of invalid data points based upon review of 

methodology, detection limits, holding time, 

precision and accuracy review 

List of outliers as compared to historical data 

base 

10.2 RFI Project Manager 

The RFI Project Manager will review the report 

received from the QA/QC manager and will make the decision 

to resample if necessary due to invalid data or outliers 

associated with the sampling event. 

After data from a particular sampling event is 

approved, the data will be input into the project data 
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base. The project manager will incorporate the results into 

a report or submit the results to the appropriate regulatory 

agencies. 
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11. 0 INTERNAL QUALITY CONTROL CHECKS 

11. 1 Equipment Blanks 

Equipment blanks will be analyzed to check for 

contamination due to improper/insufficient decontamination 

procedures. These blanks will be taken only when non-

ded~cated equipment is used. 

To assure that the bailer has been sufficiently 

decontaminated Cin the laboratory or in the field}, fill the 

bailer with deionized water and pour this water into a set 

of sample bottles and sub~it to the laboratory for analysis. 

Sufficient equipment blanks will be collected to assure 

proper equipment decontamination. 

11.2 Trip Blanks 

Trip blanks will be analyzed to check for container 

con tam.ins ti cm. Trip blanks will be prepared and labeled by 

the contract laboratory. One bottle or each type will be 

filled with Type II reagent grade water, transported to the 

site with the empty sample bottles, carried with the sample 

battles during all sampling activities, and returned to the 

contract laboratory %or an lysis. Trip blanks should not be 
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opened at any time prior to analysis. They should be kept 

with the sample bottles with which they are associated at 

all times. One trip blank will be used per sampling event. 

Analyze only if the field blank contained detectable 

concentrations of a constituent which would indicate cross 

contamination. 

11.3 Field Duplicates 

To measure the precision of the sampling activities, 

duplicate samples will be collected and analyzed. 

Duplicates will be collected at a frequency of 5% or one 

with each sample set, whichever is more. For example, if 

two samples are taken, then one duplicate is needed. If 10 

samples are collected, then one duplicate is needed. 

The duplicates will be assigned a fictitious 

identification number and submitted to the laboratory as a 

blind duplicate. Record the ID number of the real well name 

and fictitious number on the ground water well information 

form. 

In order to evaluate the precision of the analysis, it 

is necessary to calculate the relative percent deviation 

(RPD) between the two results of the duplicate analysis. 
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Calculate Relative Percent Deviation, RPD = 

RPD = (Sl-S2) 
(Sl+S2)/2 x 100% where 

Sl = Sample Result 1 

S2 = Sample Result 2 

Example: The sulfate result reported for MW-999 is 1000 

mg/l. The result for the duplicate sample of MW-999 is 1050 

mg/1. 

The RPD = (1050 - 1000} x 100 
(1050 + 1000/2) 

= 50 x 100% 
1025 

= 4.9% 

RPD should be less than or equal to 10% for values 

five times greater than the MDL and plus or minus the 

detection limit for values less than five times the MDL. 
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12.0 SYSTEM AUDITS 
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A system audit is a qualitative evaluation in order to 

determine whether the guidelines set forth in this manual 

are being followed. A system audit will be conducted on a 

annual basis by the QA/QC manager. 

The completed audit results will be given to the 

project manager so that it may be used as a guide for 

additional training and continual improvement objectives. 

It is important that all parties involved recognize that 

this system audit is NOT to be utilized in a punitive or 

negative manner, but that it be viewed as a tool to be used 

to achieve the data quality objectives. 
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APPENDIX A 

Helpful Information 



Source: Test Methods for Evaluating Solid Waste - Physical/Chemical Methods, 
SW-846 (3rd edition, 1986). * 

Paraneter 

GROUP I: 

pH 

Specific <XJOductance 

TOC 

TCIX 

GROUP II: 

Chloride 

Iron 
~anese 
SOOiun 
Rienols 

Sulfate 

GROUP III: 

Arsenic 
Bariun 
~i1m 

~_un 

Lead 
Mercury 
Se.leniun 
Silver 

Fluoride 

Nitrate 

TABLE ll-1 

SA~ AND PRESERVATICN PRaIDJRES FOR DEIECI.'ICN ~a 

Preservative 
M3x::i.m..m 

lblding Time 

Min:imun Volune 
P.equired for 

llnalysis 

Iniicators of Ground Water O::>ntaninationc (Quadruplicate Analyses) 

T, P, G Field determined lble 25 mL 

T, P, G Field determined l'ble 100 mL 

G, Teflon-lined C.001 4°C, H2S04 to 28 days 100 mL 
cap pH <2 

G, anber, Teflon- C.001 4 °C, H2S04 to 28 days 250 mL 
lined Septa Cap pH<. 2 

Ground Water Q.Jalit;i: 01aracteristics 

T, P, G 4°C 28 days so mL 

T, p Field acidified 6 m:mths 200 mL 
to pH <2 with~ 

G 4 °C/8iS()
4 

tO pH (2 28 days '.:illmL 

T, P, G C.001, 4 °C 28 days so mL 

EPA Interim Drinking Water characteristics 

T, p Tutal ~tals 6 months 500 mL 
Field acidified to 
pH <2 with IN)3 

6 months 500 mL 
Dissolved 1-Etals 
1. Field filtration 

(0.45 micron) 
2. .Acidify to pH <2 

with IN)3 

T, p Cool, 4°c 28 days 300 mL 

T, P, G 4 OC/H._z S()4 to pH <2 14 days 100 mL 

( O:m tinued) 



' 
\ 

IABLE 11-1 ( O:mtinued) 

SAMPLrn:; AND PRESERVATIOO PRCa!XJRES FOR DEIBCTI.00 H:NITORI.N::;a 

Min.:i.mu:n Volure 

~ Max:1m..m Required for 
Parareter Preservative 1-blding Time .Analysis 

Eh:irin T, G C.001, 4 °C 7 days 2 ,CJXJ mL 
L1ndane 
~tOOxychl.or 

Toxapt-ene 
2,4 D 
2 ,4 ,5 'IP Sil vex 

Radiun P, G Field acidified to 6 !OCJl1ths 1 Quart 
Gross Alpha pH <'.2 with ~ 
Gross Beta 

Cblif orm bacteria PP, G (sterilized) C.001, 4°C 6 OOurs 100 mL 

Other Ground Water Cbaracted..stics of Interest 

Cyanide P, G C.001, 4 °C, NaQl to 14 days ~m.L 

pH )12 

Oil and Grease G only C.001, 4oc ltz9J4 to 28 days lC'JO mL 
pH <'.2 

San! volatile, T, G C.001, 4 °C 7 days 2000 wL 
volatile organics + 2 VOA vials 

~erences : Test 1-Ethxis for Evaluating Solid Waste - Physical/ 01ernical 1-Ethxis , s.¥-84 6 (3rd edition, 
1986). 
1-Eth::xis for Oiemical Analysis of Water and Wastes, FJ'trtflJ/4-79--020. 
Stan:l.ard !-Ethxis for the Exan1.nation of Water and Wast~ter, 16th edition (1985). 

b Container Types: 

P .. Plastic (i:olyethylene) 
G .. Glass 
T .. Teflon 

PP .. Polypropylene 

~ on the requirements for detection o.x:xrltoring ( 265. 93), the ov.uer/ operator must rollect a sufficient 
volu:ne of grom:i water to allow for the analysis of four separate replicates. 
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Meterological Conditions 
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original Date 05/31/89 
Revision Date 12/15/89 

13.0 CORRECTIVE ACTION 

Corrective action may be indicated based upon the 

results of the system audit, performance audit, or normal QC 

procedures. Corrective action consists of the following 

steps: 

Identify and define problem 

Assign responsibility to investigate problem 

Investigate and identify cause of problem 

Determine responsibility for implementing 

corrective action 

Implement and assess effectiveness of corrective 

action 

Confirm that the problem has been eliminated 

Corrective action may be initiated at all levels of 

responsibility and at all stages of the ground water 

sampling program. The QA/QC manager 'is responsible for 

assuring that the above steps are taken and that the problem 

initiating corrective action is solved. 
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14.0 QA/QC REPORTS TO MANAGEMENT 

original Date 05/31/89 
Revision Date 12/15/89 

The QA/QC manager and project manager will provide 

reports to management on a quarterly basis which include: 

Results of System Audit 

Review of problems encountered and solutions 

obtained 

Review of any unresolved problems 

Recommendations to achieve continual improvements 

in the sampling program 

80 
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ra
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c
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ra
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b
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ra
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b
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ra
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d
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ra
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b
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c
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c
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ra
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b
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ta
l 

c
lo

u
d

 
c
o

v
e
r-

:=
4

/1
0

, 
u

se
 

n
e
t 

ra
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ra
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ra
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c
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c
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c
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s
te

p
s
 

(1
),

 
(2

),
 

o
r 

(3
) 

a
b

o
v

e
, 

a
ss

u
m

e
 

m
o

d
if

ie
d

 
c
la

s
s
 

n
u

m
b

er
 

e
q

u
a
l 

to
 

in
s
o

la
ti

o
n

 
c
la

s
s
 

n
u

m
b

e
r.

 
5

) 
I
f
 
m

o
d

if
ie

d
 

in
s
o

la
ti

o
n

 
c
la

s
s
 

n
u

m
b

er
 

is
 

le
s
s
 

th
a
n

 
1

, 
le

t 
i
t
 
e
q

u
a
l 

1
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VOLATILE ORGAN!C COMPOUNDS - EXAMPLES 
Practical 

Quantitation 
Limitsb 

Ground water Low Soil/Sediment 

Volatiles CAS Number ug/L ug/Kg 

1. Chloromethane 74-87-3 10 10 
2. Bromomethane 74-83-9 10 10 
3. Vinyl Chloride 75-01-4 10 10 
4. Chloroethane 75-00-3 10 10 
5. Methylene Chloride· 75-09-2 5 5 

6. Acetone 67-64-1 100 100 
7. Carbon Disulfide 75-15-0 5 5 
8. 1,1-Dichloroethene 75-35-4 5 5 
9. 1,1-Dlchloroethane 75-35-3 5 5 

10. trans-1,2-Dlchloroethene 156-60-5 5 5 

11. Chloroform 67-66-3 5 5 
12. 1,2-Dichloroethane 107-06-2 5 5 
13. 2-Butanone 78-93-3 100 100 
14. 1,1,1-Trichloroethane 71-55-6 5 5 
15. Carbon Tetrachloride 56-23-5 5 5 

16. Vinyl Acetate 108-05-4 50 50 
17. Bromodlchloromethane 75-27-4 5 5 
18. 1,1,2,2-Tetrachloroethane 79-34-5 5 5 
19. 1,2-Dlchloropropane 78-87-5 5 5 
20. trans-1,3-Dlchloropropene 10061-02-6 5 5 

21. Tri ch l oroethene 79-01-6 5 5 
22. Dlbromochloromethane 124-48-1 5 5 
23. 1,1,2-Trichloroethane 79-00-5 5 5 
24. Benzene 71-43-2 5 5 
25. cis-1,3-Dichloropropene 10061-01-5 5 5 

26. 2-Chloroethyl Vinyl Ether 110-75-8 10 10 
27. Bromoform 75-25-2 5 5 
28. 2-Hexanone 591-78-6 50 50 
29. 4-Methyl-2-pentanone 108-10-1 50 50 
30. Tetrachloroethene 127-18-4 5 5 
31. Toluene 108-88-3 5 5 
32. Chlorobenzene 108-90-7 5 5 
33. Ethyl Benzene 100-41-4 5 5 
34. Styrene 100-42-5 5 5 
35. Tota 1 Xyl enes 5 5 

asample PQLs are highly matrix-dependent. The PQLs listed her~:n are provided 
for guidance and may not always be achleveable. See the following information 
for further guidance on matrix-dependent PQLs. 

bpqLs listed for soil/sediment are based on wet weight. Normally data ls 
reported on a dry weight basis; therefore, PQLs will be higher, based on the 
X moisture 1n each sample. 

Other Matrices: 

Water miscible 11qu1d waste 
High-level soil & sludges 
Non-water miscible waste 

Factorl 

50 
125 
500 

lpqL = [PQL for ground water (Table 2)) X [Factor]. For non-aqueous 
samples, the factor ls on a wet-weight basis. 



SEMI-VOLATILE ORGANIC COMPOUNDS - EXAMPLES 

Base/Neutral Extractables 

Parameter 

Acenaphthene 
Acenaphthylene 
Anthracene 
Aldrin 
Benzo(a)anthracene 
Benzo(b)fluoranthene 
Benzo(k)fluoranthene 
Benzo(a)pyrene 
Benzo(ghi)perylene 
Benzyl butyl phthalate 
(J-BHC 
o-BHC 
Bis(2-chloroethy/Jether 
Bis(2-chloroethoxyJmethane 
Bis(2-ethylhexyl)phthalate 
Bis(2-chloroisopropy/Jether 
4-Bromophenyl phenyl ether 
Chlordane 
2-Chloronaphthalene 
4-Chlorophenyl phenyl ether 
Chrysene 
4,4'-DDD 
4,4'-DDE 
4,4'-DDT 
Dibenzo(e,h)enthracene 
Di-n-butylphthelete 
1, 3-Dichlorobenzene 
1,2-Dichlorobenzene 
1,4-Dichlorobenzene 
3, 3 '·Dichlorobenzidine 
Dieldn'n 
Diethyl phthelete 
Dimethyl phthelete 
2,4-Dt'nitrotoluene 
2, 6-Dinitrotoluene 
Di-n-octylphthelete 
Endosulfen sulfate 
Endrin aldehyde 
Fluorenthene 
Fluorene 
Heptechlor 
Heptechlor epoxide 
Hexechlorobenzene 
Hexechlorobutediene 
Hexechloroethene 
lndeno( 1,2, 3-cd)pyrene 
lsophorone 
Nephthelene 
Nitrobenzene 
N-Nitrosodt~n-propylemine 

PCB-1016 
PCB-1221 
PCB-1232 
PCB-1242 
PCB-1248 
PCB-1254 
PCB-1260 
Phenenthrene 
Pyrene 
Toxephene 
1, 2, 4- Trichloroberuene 

Acid Extractables 
Parameter 

4-Chloro-3·methy/phenol 
2·Chlorophenol 
2, 4 -Dichlorophenol 
2, 4 ·Dimethylphenol 
2, 4-Dinitrophenol 
2-Methyl-4, 6-dinitrophenol 
2-Nitrophenol 
4-Nitrophenol 
Pentachlorophenol 
Phenol 
2, 4, 6- Trichlorophenol 

CASNo. 

83-32-9 
208-96-8 
120-12-7 
309-00-2 

56-55-3 
205-99-2 
207-08-9 

50-32-8 
191-24-2 
85-68-7 

319-85-7 
319-86-8 
111-44-4 
111-91·1 
117-81-7 
108-60-1 
101-55-3 
57.74.9 
91-58-7 

7005-72-3 
218-01-9 

72-54-8 
72-55-9 
50-29-3 
53-70-3 
84-74-2 

541-73-1 
95-50-1 

106-46-7 
91-94-1 
60-57-1 
84-66-2 

131-11-3 
121-14-2 
606-20-2 
117-84-0 

1031-07-8 
7421-93-4 

206-44..() 
86-73-7 
76-44-8 

1024.57:3 
118-74-1 
87-68-3 
67-72-1 

193-39-5 
78-59·1 
91-20-3 
98-95-3 

621-64-7 
12674-11-2 
11104-28.-2 
11141-16-5 
53469-21-9 
12672-29-6 
1109 7-69-1 
11096-82-5 

85-01-8 
129-00-0 

8001-35-2 
120-82-1 

CASNo. 

59-50-7 
95-57-8 

120-83-2 
105-67-9 
51-28-5 

534-52-1 
88-75-5 

100-02·7 
87·86-5 

108-95-2 
88-06·2 



REGULATORY LIMITS - DRINKING WATER 

Contaminant Unit MCL 

Primary regulations• 
lnorganics 

Arsenic mg!L o.os 
Barium mg/L 1.0 

Cadmium mg/L O.Ql 
Chromium mg/L 0.05 

Fluoride mg/L 4.0 

Lead mg/L 0.05 

Mercury mg/L 0.002 

Nitrate (as N) mg!L . 10.0 

Selenium mg/L 0.01 

Silver mg/L 0.05 

Microbials 
Coliforms 11100 mL 

Turbidity ntu 1-5 

Organics 
2,4·D mg!L 0.1 

Endrin mg/L 0.0002 

Lindane mg/I. 0.0004 

Methoxychlor mg/L 0.1 
Toxaphene mg IL 0.005 
2,4,5-TP silvex mg IL 0.01 
Trihalomethanes (chloroform, 

bromoforrn, bromodichlo- . 
romethane, dibromochloromethane) 0.10 

Radionuclides 
Beta particle and 

photon radioactivity mrcm 4 (annual dose 
equivalent) 

Gross alpha particle 
activity pCi/L 15 

Radium·226 + radium-228 pCi/L 5 
Volatile organic chemicals 

Benzene mlo(/L 0.005 

Carbon tetrachloride mg/L 0.005 

1,2-Dichloroet hane mg IL 0.005 

1.1 ·Dichloroethylene mg/L 0.007 

I, I, I· Trichlornet hane mg/L 0.20 

para-Dichlorobenzene mg/L 0.075 

Trichlorocthylene mg/L 0.005 

Vinyl chloride mg/L 0.002 

Secondary rcgulationst 
Chloride mg/L 250 

Color color units LS 

Copper mg/L I 

Corrosivity noncorrosi .-e 

Fluoride mg/L 2 

Foaming agents mg/L 0.5 

Iron mg!L 0.3 

Manganese me'L 0.05 

Odor TO>J · .1 

pH 6.5-8.S 

Sulfa le mg IL 250 

Total dissolved solids mgll. fiOO 

Zinc mg IL 5 
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APPENDIX C 

Appendix IX - Analyses and Methodology 
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VOLATILE COMPOUNDS (cont.) 

TEST PARAMETERS BY REGULATIONS 

CWA RCRA SUPERFUND 

ANALYTE NPDES 624 APPENDIX IX 8240 SKINNER TClP CLP 
Toxicity Land ban 

Chlorobenzene v v v v v v v v 
Chlorodibromomethane y'f y'f y'f v v 
Chloroethane v v v v v 
2-Chloroethylvinyl ether v v v 
Chloroform v v v v v v v 
Chloromethane v v v v v 
Chloropropene v 

D 
1,2 Dichlorobenzene v v 
1,3 Dichlorobenzene v v 
1,4 Dichlorobenzene v v 
1,2-Dibromo-3-chloropropane v 
Dibromomethane y'g v 
1,2· Dibromo~thane v y'h 

1,4-Dichloro-2-butane v 
trans-1,4-Dichloro-2-butene v v 
Dichlorodifluoromethane v v 
1, 1-Dichloroethane v v v v v 
1,2· Dichloroethane v v v v v v v 
1, 1-Dichloroethylene v v v v v v 
tra 11s-l,2-dichloroethylene v v v v v 
1,2· Dichloropropane ~ v v v v v 
cis-1,3-Dichloropropene v v v v v 
trans-1,3-Dichloropropene v v v v v 
1,4 Dioxane .. v v 

E 
Ethanol v 
Ethyl acetate v 
Ethyl< .benzene: v v v v v v v 
Ethyl ether v 
Ethyl methacrylate v v 

H 
2-Hexanone v v v 

1 Listed as dibromochloromethane 
' Listed as methylene dibromide 
h Listed as ethylene dibromide 
'Listed as methyl iodide 

(cont P..) 
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VOLATILE COMPOUNDS (cont.) 

TEST PARAMETERS BY REGULATIONS 

CWA RCRA SUPERFUND 

ANALYTE NPDES 624 APPENDIX IX 8240 SKINNER TCLP CLP 
Toxicity Land ban 

I 
Iodomethane y'i v' 
Isobutanol v' v' 

M 

Methacrylonitrile v' 
Methanol v' 
Methylene chloride v' v' v' v' v' v' v' 
Methyl ethyl keton.e v' j v' v' v' v' v' 
Methyl isobutyl ketone y'k y'k v' v' 
Methyl methacrylate v' 

p 

Propionitrile v' 

s 
Styrene·: " v' v' v' v' 

T 
1, 1, 1,2.'.fetrachloroethane v' v' 
1, 1,2,2.'.fetrachloroethane v' v' v' v' v' v' 
Tetrachloroethylene v' v' v' v' v' v' v' 
Toluene v' v' v' v' v' v' v' v' 
1, 1, 1.'.frichloroethane v' v' v' v' v' v' v' 
1,1,2.'.frichloroethane v' v' v' v' v' v' 
Trichloroethylene v' v' v' v' v' v' v' 
Trichlorofluoromethane v' v' v' v' 
1,2 ,3.'.frichloropropane v' v' 
1, l ,2.'.frichloro-2,2, 1 ·trifluoroethane v' 

v 
Vinyl acetate v' v' v' 
Vinyl chloride v' v' v' v' v' v' 

x 
Xylenes v' v v 

, 
v' v' 

i Listed as 2·butatone 
k Listed as 4-methyl·2·pentanone 
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APPENDIX VIII HASS SPECTRA LIBRARY 
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. Malanonitrile ·:I <::,:.. . . · · <·.Male!c anhydr~de .:;... ;· · 
Methomyl ·

1 
., .... ·· · ,·Male1chydrazrne ··" 

Methykhol anthrene ! · 2-Methyl aziridine 
4·, 41 -Methyl enebi s (2-ch 1 or¢an il ine) ':· 2-Methyl 1actonitri1e 
2-Methyl-2-(methylthio) PfOPionaldehyde Phthalic anhydride 
Methylthiouracil 1 Propylthiouracil 
1-Naphthy1-2-thiourea / ·. 2-Propyn-l·o 1 

: Mi cot i ne ... ·:"·Sa fro 1 e 
· N-nitrosodi ethane 1 amine I _ .. · .,. ~.. .. .. ~~· .. turad 1 mustard 
N-nitroso-n-ethylurea · I "r 
N-nitroso-n-methylurea i 
N-nitroso-n-methylurethan~ 
N-n itrosomethy 1 vinyl amine' 
N-nitrosonornicotine 
N-nitrososarcosine 
l,3-Propane sulfone 

. N-propyl amine 
Resorcinol 
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INDUSTRtAL INORGANIC CHEMISTRY 
i 

METALS DEPARTMENT 
I 

ICP INSTRUMENT DETECTION LIMITS NOVEMBER 1989 
I 

: of°'.b 
ELEMENT ltol * ... d' EHSECO 

Gmg/l) REPORTING LIMIT 

Aluminum 0.03 0.1 
Antimony 0.02 o.os 
Barium 0.002 0.01 
Beryllium 0.002 0.002 
Cadmium 0.004 0.005 
Calcium 0.02 0.1 
Chromium 0.01 0.01 
Cobalt 0.005 0.01 
Copper 0.004 0.01 
Iron 0.001 0.1 
Lead 0.008 o.os 
Magnesium. 0.009 0.2 

. ·Manganese 0.006 0.01 
Molybdenum 0.003 0.02 
Nickel o.ooa 0.04 
Potassium 0.06 5 
Silver o.oo~ : \" 0.01 
Sodium .0.01 .· 5 
Vanadium .0.003 . 0.01 
Zinc :1 0.001 ·. 0.01 , 

Additional 
i 

anal,Yrtes and levels available 

Arseni~ 0.02 
Boran 0.001 
Lithium 0.008 
Phosphorus 0.05 
Selenium 0.05 

, Silica as Si02 I 0.04 
Strontium 0.02 
Th a 11 i um 1 0. 4 
Tin / a.as 
Titanium ! 0.001 

I 

0.1 
0.02 
0.05 
0.2 
0.2 
0,2 
0.05 
2 
o.os 
o.oos 

I * IDL s Instrll!llent Detection L1m1t 
ILL s Instr~ent linear Limit 

I 

Ill* 
(mgfL.) 

500 
100 
100 
40 

100 
500 
100 
100 
100 
500 
100 
500 
100 
100 
100 
500 
100 

: 800 
100 
100 

100 
100 
soo 
400 
100 
500 
100 
100 
100 
100 



SEMIVOLATILE COMPOUNDS* 

TEST PARAMETERS BY REGULATIONS 

CWA RCRA SUPERFUND 

ANALYTE NPDES 6251 APPENDIX IX 8270m SKINNER TCLP CLP 
Toxicity Land ban 

A 
Acenaphthene y' y' y' y' y' 

Acenaphthylene y' y' y' y' y' 

Acetophenone y' y' 

2-Acetylaminofluorene y' 

4-Aminobiphenyl y' y' 

Aniline y' y' 

Anthracene : y' y' y' y' y' y' 

Aramite y' 

B 
Benzenethiol · y' 

Benzidine y' y' 

Benzoic acid y' y' 

--
y' y' y' y' y' y' 

y' y' y' y' y' y' 

y' y' y' y' y' y' 

Benzo(g,h,i)perylene y' y' y' y' y' 
~ y' y' y' y' y' y' 

Benzyl alcohol y' y' y' 

Bis(2-chloroethoxy)methane y' y' y' y' y' 

~-*· 
v v 

, 
y' y' y' y' 

Bis(2-chloroisopropyl)ether y'n v y'o y' 

Bis(2-ethylhexyl)phthalate y' y' y' v y' y' 

4-Bromophenyl phenyl ether y' y' y' y' y' 

Butyl benzyl phthalate y'P y' y' y' y' y' 

c 
4-Chloroaniline y'q y' y' 

Chlorobenzilate y' 

4-Chloro-3-methylphenol y'r y' y' r y' y' 

1-Chloronaphthane y' 

2-Chioronaphthane y' y' y' y' y' 

2-Chlorophenol y' y' y' y' y' 

4-Chlorophenyl phenyl ether y' y' y' y' y' 

'This list of compounds, which is a comparison of lists and methods as performed at Radian, is current as of publication date. It should not be used as 
a substitute for consulting the most recent issue of 40 CFR or methods for any changes. Chromatographicable pesticides are excluded from this list. 

140 CFR, Pt. 136, Appendix A. 
mSIJ!.846, 3rd Edition 
0 Listed as 2,2'.oxybis(l-chloropropane) 
"Listed as bis(2-chloro-1 methylethyl )ether 
P Listed as benzyl butyl phthlate 
" Listed as p·chloraniline 
'Listed as p-chloro-m-cresol (cont~) 
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SEMIVOLATILE COMPOUNDS (cont.) 

TEST PARAMETERS BY REGULATIONS 

CWA RCRA SUPERFUND 
ANALYTE NPDES 625 APPENDIX IX 8270 SKINNER TCLP CL Pd 

Toxicity Land ban 

~ v v v v v v 
Cyclohexanone v 
D 
Diallate v 

v 
~"" 

Dibenzo(a,j)acridine v 
~· v v v v v v 
Dibenzofurans v v * v 

tetrachloro 
pentachloro 
hexachloro 

1,2-Dibromo-3-chloropropane v 
! v v v v v v 

~ 
v v v v v v v v 
v v v v v v 

1 !lllll v v v v v v v 
3,3~Dichlorobenzidine v v v v v 
2,4-Dichlorophenol v v v v v 
2,6-Dichlorophenol v v v 

v -,- v v v v v 
p(Dimethylamino)azobenzene v v 
74':&1";',,"····-· v v v 
3-3~Dimethylbenzidine 

.. ,, v 
a,a-Dimethylphenethylamine v v 
I -- v v v v v v 

. v v v v v v 
m-Dinitro benzene v 
4,6-Dinitro-2-methylphenol v v vs vs v 

i v v v v v v 
2,4-Dinitrotoluene v v v v v v 
2,6-Dinitrotoluene v v v v v 

v v v v v v 
Dioxins • 

tetrachlorodibenzo-p-
pentachlorodibenzo-p-
hexachlorodibenzo-p-

Diphenylamine v v 
1,2-Diphenylhydrazine v v' 

' Listed as 4,6-dinitro·o·cresol 
•Dioxin Wastes (F020, 021, 022, 023, 026, 027, 028) 

(cont 11>) 
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SEMIVOLATILE COMPOUNDS (cont.I 

TEST PARAMETERS BY REGULATIONS 

CWA RCRA SUPERFUND 

ANALYTE NP DES 625 APPENDIX IX 8270 SKINNER TCLP CLP 
Toxicity Land ban 

E 
Ethyl methanesulfonate ii ii 

F ...... ii ii ii ii ii ii 
Fluorene ii ii ii ii ii 

H 
Hexachlorobenzene ii ii ii ii ii ii 
Hexachlorobutadiene ii ii ii ii ii ii 
Hexachlorocyclopentadiene ii ii ii ii 
Hexachloroethane ii ii ii ii ii ii 
Hexachlorophene ii 
Hexachloropropene ii 
2-Hexanone ii 

I 
ii 

Indeno(l,2,3-cd)pyrene ii ii ii ii ii 
Isodrin ii 
Isophorone ii ii ii ii ii 
Isosafrole ii 

M 
Methapyrilene ii 
3-Methylcholanthrene ii ii 

'Imil I I ii 
Methyl methanesulfonate ii ii 

- ii 
2-Methylnaphthalene ii ii ii 

~ 
ilt ii ii ilt ilt ii 
ilt ii ilt ilt 

·-~c'.,........ 

ilt ii ii ilt ilt ii 

·~··---

- v v ii ii ii ii 
1,4-N aphthoquinone ii 

1 Listed as o,m,p cresols 
"Listed as o,m,p nitroanilines 
'Listed as o nitrophenol 

(cont fll>) 
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SEMIVOLATILE COMPOUNDS (cont.) 

TEST PARAMETERS BY REGULATIONS 

CWA RCRA SUPERFUND 

ANALYTE NPDES 625 APPENDIX IX 8270 SKINNER TCLP CLP 
Toxicity Land ban 

1-Naphthylamine v' v' 
2-Naphthylamine v' v' 
2-Nitroaniline y'u v' v' 
3-Nitroaniline y'u v' v' 
4-Nitroaniline y'u v' v' 
Nitrobenzene v' v' v' v' v' v' v' 
5-Nitro-o-toluidine v' 
2-Nitrophenol v' v' y'v v' v' 

,. 
v' v' y'w v' v' v' 

4-Nitroquinoline-1-oxide v' 
N-Nitrosodiethylamine v' 
N-Nitrosodimethylamine v' v' v' 
N-Nitroso-di-n-butylamine v' v' 
N-Nitrosodi-n-propylamine v' v' v' v' v' 
N-Nitrosopiperidine v' v' 
N-Nitrosodiphenylamine v' v' v' v' 
N-N itrosomethylethylamine v' 
N-Nitrosomorpholine v' 
N-Nitrosopyrrolidine v' 

p 

Pentachlorobenzene v' v' 
Pentachloroethane v' 
Pentachloronitrobenzene v' v' 
Pentachlorophenol v' v' v' v' v' * v' 
Phenacetin v' v' 
~· v' v' v' v' v' v' 
q t v' v' v' v' v' v' v' 
p-Phenylenediamine v' 
2-Picoline v' v' 
Polychlorinated dibenzofurans y'x 

Polychlorinated dioxins y'x 

Pronamide v' v' 

~ 
v' v' v' v' v' v' 

v' v' v' v' 

Q 
v' 

w Listed as p-nitrophenol 
' Listed as polychlorinated dibenzo-p-dioxins and polychlorinated dibenzofurans by Method SW8280, SW.846, 3rd Edition 
*Dioxin Wastes (F020, 021, 022, 023, 026, 027, 028) (cont 11>) 
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SEMIVOLATILE COMPOUNDS (cont.) 

TEST PARAMETERS BY REGULATIONS 

CWA RCRA SUPERFUND 

ANALYTE NP DES" 625 APPENDIX IX 8270 SKINNER TCLP CLP 
Toxicity Land ban 

s 
Sa fro le v 

T 
1,2,4,5.'.fetrachlorobenzene v v 
2,3,4,6.'.fetrachlorophenol v v v * 
o.'.foluidine v 
1,2,4.'.frichlorobenzene v v v v v 
2,4,5.'.frichlorophenol v v v * v 
2,4,6.'.frichlorophenol v v v v v * v 
sym.'.frinitrobenzene v 
0,0,0 Triethylphosphorothlate v 

•Dioxin Wastes (F020, 021, 022, 023, 026, 027, 028) 

RADIAN 
COAPORATIOH BULK RATE 

Return Address: U.S. POSTAGE PD. 

P.O. Box 201088 AUSTIN, TEXAS 

Austin, Texas 78720-1088 PERMIT NO. 266 

Radian Laboratories: 

AUSTIN 
8501 Mo·Pac Blvd. 
P.O. Box 201088 
Austin, TX 78720-1088 
(512) 454.4 797 

MILWAUKEE 
5101 West Beloit Rd. 
Milwaukee, WI 5321-1 
(414)643-2701 

PERIMETER PARK 
P.O. Box 13000 
Research Triangle Park. NC 27709 
(919)481-0212 

SACRAMENTO 
10395 Old Placm·ille Road 
Sacramento, CA 95827 
(916) 362-5332 

A company of The Hartford Steam Boiler Inspection and Insurance Co. 
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Appendix VIII I 

Appendix VIII is a liSt of lapproximat 375 ·tuents some of which cannot be measured. The 
ppen x 1st con ·n analytes In Appendix VIII which can be measur . 1ti0nal work 

can e pe ormed upon :request to a ress ppen 1x c.oncems on p ec -specific basis. Due 
to the unique and custlized nature of this work, standard prices cannot be established. 

I 
Appendix IX I 

I 
On July 9, 1987, the~~ finalized new gfoundwater monitoring requirements for TSD facilities. The 
new requirements speci~ monitoring for a list of 252 organic, metallic a.nd inorganic analytes con
tained In Appendix IX of 

1
:40 CFR Part 264. Although the regulation is specific for groundwater 

analyses, the analytes can be determined in other matrices. 
I 

ion 6/89 
Enseco lno. 

300'38tld l ti l~ d 0 J 3 ~; N 3 ~·I 0 d .::! 08: ~ l 68, 63 ()ON 



-:-.. --. ' . 
Tit Volatile Organics ... Appendix IX List 

Method 8240 
(" 

Cod • #VOAM-AP9-SW \, 

Uni : ug/kg {wet weight) 
Mat x: Soi 1 I 

I 
I 
I Reporting I 

TCL I Analyte\ Lirnit 

67- ... 1 6 . Acetone [ 5000 
75 .:a .. Acetonitti1e 5000 
107 2 .. a * Acro1ein 5000 
107 3 ... 1 'ii Aeryl oni tri 1 e 5000 
010 05 00 1 * Allyl Ch1oride (3 .. Chloroprene) 1000 

7h 
I 

500 23. Benzene i 
75 .. 17. Bromodic~loromethane 500 
75 .. 25. Bromo f o rI1' 500 
74 2. Bromomet~ane 1000 
78- 13. 2-Butano~e (MEK) 5000 

I 

7. Carbon o1sulfide 500 
15. Carbon Tetrachloride 500 
31. Chlorobe~i:ene 500 
4. Chloroet~ane 1000 

(' 11. Ch lorofotm 500 

1. Chlorome~hane · 1000 •1., 

* Chloropr ne (2-chloro·l,3butadiene) 500 
21. Dibromoc~oromethane 500 
* 1,2-Dibr o·3-chloropropane (DBCP) 1000 
* 1,2-0ibr moethane (EDB) 1000. 

* Dibromom~thane 500 
* trans-1,4-Dichlaro-2-butene 500 
* Dichlorodifluoromethane (Freon 12) 2000 
9. 1,1-0ich~oroethane 500 
12. 1,2-Dichloroethane 500 

I 

I 
8. 1,1-0ich~oroethene ~-ethylene) 500 
10. 1,2-Dich~oroethene total) 500 
18. 1,2-Dichloropropane 500 
19. cis-1,3- ich.loropropene . 500 
24. trans-!; -Diehloropropene 500 

* 1,4-Diox~ne 10000 
32. Ethyl Be~zene 500 
* Iodomethan~ 500 
* !sobutandl 5000 
27. 2-Hexanone 1000 

* Methylacrylonitrile 500 
(_ 5. Methylen~ Chloride(dichloromethane) 2500 

26. 4-Methyl ~:2-pentanone (MIBK) iooo 
* Prapioni~rile {ethyl cyanide) 500 
33. Styrene 500 

8[HJ. :3!'.:ltJd ltJWd OJ::JSN::J WOd~ os:s1 68, 83 noN 
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Pag 2 
r··· #VO .. AP9-SW 
\ 

I 

630 * l,l,l,2-Tetrachloroethane 500 
79 .... 30. l,l,2,2~Jetrachloroethane 500 
127 28. Tetrachl roethene 500 
71- 14. 1,1,1-Trichloroethane 500 
79 .. 22. 1,1,2-Trichloroethane 500 

I, 

i 

20. Trichlo~thene 500 
* Trichlo fluoromethane (Freon 11) 500 
• 1,2,3-Tr chloropropane 500 
29. Toluene 500 
16. Vinyl Ac tate 1000 

75• 3. Vinyl Chl oride 1000 
133 34. · Xylenes tot a 1) 500 

Sur ates: 
460. 0 .. 4 S2 4-Bromofluorobenzene (BFB) 
170 -07-0 S3 1, 2-D i ch rroet hane-d4 · 
203 26-5 Sl Toluene- 8 

•.• I 
(~:; 

I 
... ;.· .::') 

....... 

I 
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I 

Chlorinated Pesticides and PCB 1 s - Appendix IX List 
Method 8080 I 

Cod IOCPM-AP9-SW 
Uni : ug/kg (~t weight) 
Mat x: Soil 

CAS 

959 -8 
332 -65-9 
103 I 07-8 
72- -8 
7421 93-4 

7.6~ -8 
102 57-3 
465- 3-6 
143.. -0 
72- -5 
8001 5-2 

TCL I 

105. 
120. 
121. 
122. 
123. 

124. 
125. 
126. 
100. 
101. 

102. 
103. 
117. 
118. 
* 
112. 
109. 
114. 
"II 

108. 

107. 
111. 
113. 
110. 
"' 
104. 
106. 
* 
'/; 

115. 
119. 

Analyte 
I 

Al4rin 
Arf.lor 1016 Ar lor 1221 
Ar clor 1232 
Ar clor 1242 

Arqclor 1248 
Ar~cl or 1254 Ar clor 1260 
al ha~BHC 
be a-BHC 

d~a .. BHC 
g a-BHC (Lindane) 
alpha .. Chlordane 
gafi1ma-Chlordane 
Ch rrobenzi late 

4, ·-ooo · 
4 41 -DDE 

I ' 

4, f ·DDT 
Di911ate 
Oieldrin 

Endosu1fan I 
Endosulfan II 
En~osulfan Sulfate 
Endirin 
En&rin Aldehyde 

I 

Hepiitac:h l or 
Hep~achlor Epoxide 
Isoarin 
Kepbne 
Methoxyc:hlor 
Tox~phene 

I 
I 
I 
I 

Reporting 
Limit 

60 
600 
600 
600 
600 

600 
1200 
1200 
60 
60 

60 
60. 
600 
600 
120 

120 
120 
120 
120 
·120 

60 
120 
120 
120 
120 

60 
60 
120 
120 
600 
1200 

ate: 1 

QvS Sl Dibptyl Chlorendate (DBC) . 

Note Deviation from TCL ·1i~t 0 Endrin ketone is replaced with Endrin aldehyde. 
The* compounds (except endrin aldehyde) can be analyzed as semivolatiles. 

'1 

The chlordane isomersj a.re the major components of technical chlordane and 
are reported instead 9f total chlordane as listed in Appendix IX. 
EPA has stated the measurement of alpha- and gamma-chlordane is the more 
accurate ~nd preferred method of determining chlo.rdane in samples. 

i 
S00' 3!:)tld ltlWd OJ3SN3 WOd~ 2s:s1 88, 63 noN 
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I 
I 
I 
I 

I 

Title: Semivolatile Organifs - Appendix IX List 11/10/88 

{ Method 8270 
I I 

Code: IBNAM-AP9-Slil I 
Units: ug/kg (wet weight) 

1 
Matrix.: Soil 

I Reporting ' ·,. 

CASI TCL I Ana1yte\ Limit .. 
., 

I 
a3 ... 3z .. g l 69. Acenaphthene 5000 
2oa .. 95 .. a 2 66. Acenaph hylene 5000 
9s.;as .. 1 3 * Acetophtnone 5000 
53.;,96 ... 3 4 ~ 2-Aeety aminofluorene 
92;.67-1 6 * 4-Amino?iphenyl 

I 

62.;.53-3 7 * Anilinei 5000 
120-12-7 8 84. Anthracrne 5000 
140-57-8 9 * Araroite ~ 

56-55-3 18 90. Benzo(a)anthracene 5000 
50-32"':8 19 96. Benzo(a)pyrene 5000 

I 
I 

205-99-2 20 94. Benzo(b)fluoranthene ( 11) 5000 
191-24-2 21 99. Benzo(g~h;i)perylene 5000 
207-08-9 22 95. Benzo(k fluoranthene (11) 5000 
100-51-6 24 40. Senzyl ~lcohol 5000 
101-55-3 29 80. 4-Bromophenyl-phenylether 5000 

c:" I 
85·68-7 30 88. Butylbenzylphthalate 5000. 
88-85-7 31 * 2-sec-B*tyl-4,p-dinitrophenol 
106-47 .. 8 33 56. 4-Chloroaniline 5000 . 
510 ... 15-6 34 • Chlorob~zilate 
i11 ... 91 .. 1 35 52. bis(2-C loroethoxy)methane 5000 

111.44 .. 4 36 36. bis~2~C loroethyl)ether 5000 
ioa .. so .. 1 37 43. bis 2~C~loroisopropy1)ether 5000 
59~50-7 38 58. 4-Chlor -3-methylpheno1 5000 
91-58-7 40 63. 2-Chlor~naphthalene 5000 
g5 .. 57..g 41 37.· 2-Chlor phenol 5000 

I 
I 

7005-72~3 42 
I . . 

75. 4-Chlorqphenyl-phenylether 5000 
218-01~9 43 * Chrysene 330 
84--:74-2 47 85. Oi-n-bu~ylphthalate 5000 
117 .. 84-0 48 93. Di-n-oc yl)hthalate 5000 
53 .. 70 .. ·3 49 98. Oibenz(,;h anthracene 5000 

132-64-9 51 72. Oibenzo'fiuran 5000 
95- -1 sz 41. 1,2-0ic~lorobenzene sooo 
541 3-1 53 38. 1,3-0ichlorobeniene 5000 
1-06 6-7 54 39. 1,4-0icHlorobenzene 5000 
91- -1 55 89. 3,3'-Dtdhlorobenzidine 10000 

I 

120 3 ... 2 56 53. 2,4-Dic~lorophenol 5000 

l. 87- ~o 57 * 2,6-0ichlorophenol 5000 
84- ~2 59 74. Oiethylphthalate 5000 
60Q a5 60 "" Dimethoate 
50 ... w] 61 * p-Oimethylaminoazobenzene 5000 

i 
I 

900. 3t:ll::ld ll::ll,Jd OJ 3::;t,l 3 ~JOd .:! 38: s; l 68, 63 rlOt--l 
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Page 3 

( IBMAM-AP9-SW 

Reporting 
CAS# TCL # Ana lyte i Limit 

88-74-4 114 54. 2-Nitrolni 1 i ne 25000 . !'' ' 

99-09-2 115 58. 3~Nitrodniline ·25000 ,_· i_.:' I I{/ 
... J '')C /> 100-01-6 116 77. 4-Nitroani1ine 25000 I /, 

....... 1.../ 

gg .. 95 .. 3 117 47. Nitrobe~zene 5000 
;,-.:; ,, 
/.· ..... .. ·, ...... 

aa .. 75 .. 5 118 49. 2-Nitro heno1 5000 <._; 
, . 

! 
'. 

' 
. 100-02-7 119 71. 4-Nitrophenol 25000 

56 .. 57-5 120 * 4-Nit'r'Oquinoline-1-oxide 
924.-92-2 121 * N-Nitroso-di-n-butylamine 5000 
55 .. 13:..5 122 * N-Nitro~odiethylamine 
62-75 .. 9 1.23 * N ... Nitrosodimethylamine (4) 5000 

I 

86-30;..6 124 79. N-NitroJodiphenylamine 5000 
621 .. 64-7 125 45. N·Nitro~ovdi-n·prop,lamine 5000 
10595-96-6 126 -ft N-Nitro ¢methy1ethy amine 
59~9 .. 2 127 * N-Nitro,omorpholine 
100-75-4 128 'II ff-Nitro opiperidine 5000 

930-55•2 129 * N-Nitro opyrrolidine 
9-55-8 130 * 5-Nitro o·toluidine 
56-38-2 131 * · Parathi n (--. 76-0lw7 133 * Pentachl oroethane 

, 82 .. 68·8 134 * Pentachl oronitrobenzene 25000 .. , 

87-86 .. 5 135 82. Pentac::hl orophenol 25000 
62-44-2 136 111 Ph en ace in 5000 
85-01-8 137 83. Phenant rene 5000 
108-95-2. 138 35. Phenol I 5000 
105 .. 50 .. 3 139 ., 4-Phenylenediamine 

I 
I 

298 .. 02·2 140 * Phorate I 
1Q9 .. Q6 .. 8 141 * 2-Picolire 5000 
23950 .. 58 .. 5 142 * Pronamid,e 5000 
129-oo .. o 143 87. Pyrene , 5000 
110 .. a5 .. 1 144 .. Pyridine! 10000 

I 
94 .. 59 .. 7 145 * Safrole i 
3689-24-5 146 * Sulfotep~ 
95-94-3 147 * 1,2,4,5-! etrachlorobenzene 5000 
58-90-2 148 * 2,3,4,6-retrachlorophenol 25000 
95 .. 53 .. 4 149 * 2-Toluid~ne . --
120 .. a2-1 151 54. " 1,2,4-Tr~chlorobenzene 5000 
95-95-4 152 62. 2,4,5-Trich1orophenol 25000 
aa .. 06-2 153 51. 2,4,6~Trjchlorophenol 5000 
126-68-1 154 * o,o,o-Triethyl phosphorothioate 
99 .. 3 5 ""4 155 * l,3,5-Trinitrobenzene 

( 
'-,. 
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I 
TABLE m-7 - RECOMMENDIID CONTAINERS AND PRESERVATIVES 

I 

Teetinkies and IIolding Times for RM.A.L's Proposed 
\ Qllantitative Analytical Screen ( QAS) 
I 

&tmele Container Jeservation ........ 
I 

A. Ground Water Sarneles - I 4°c ·. 2. x 40 ml glass (VOA)1 

g·~ 1 liter glass 

. Polyethylene 

.' Pla.Stic 

I 

I, 

I 

4°c 

2 JI 50% l!N03 
ipH<2 

2 m[ 50% Ne.OH 
to ~H.>'12, 4°C 

1 ml ;in ZnAcetate 
1ml50% NaOH 
to pH> 9, 4°0 

Minimum 
8am12le Size 

40 ml ea.. 

1000 ml ea. 

500 ml 

500 ml 

250 ml 

Methods/ 
Parameters 

8240 

8080,8140,8150, 
8270,832018330 

Metals 
Mercury 

Cyanide 

Sul.fide 

Recommended 
Holslin§i Tim~ 

14 days 

7 days until 
extraction 

40 days after 
extraction 

6 months 
·2s days 

14 days 

7 days 

Plastic 100 ml Hexavalent chromium 24 hours 

: ~ Waste Sameles 

.: ! liter wide-mouth 
g'lass 

40 ml glass via.11 

Notes: 

'. '. 

· 1. Duplicate samples are desirable. 
2. nd :;; Insufficient data to determine. 

60CJ' 39i:::Jd 

56 

. ,.,_.. 

500 g 

• 0 

40 ml 

Organics except 
volatiles; m etal.s; 

inorganics 

8240 

17s:~1 sa, s::::: (!OH 
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~,t~ .:l; ~£ ~;~1:.:~if~"'J:'J~:r;ENDfX \mt COMPOUNDS DETERMlNED. BY METBODS . .:• 
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1

.":. .. . .• · ,;,-_";!:··::~. ~·~:;jt;r_t!lli~~:f iili-~1:.if j: 
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' f:'.i ~~~~~~i!~~i.! f~:~ ~1 

.• : .•.. i·~·',0itit~J,~,~7,iit~ii:~~i~i.~~~~t~~f ;{ 
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· :_·:_· · -·~:~~~,-;J~~:~~f ;.2·"1:;:,;:'£7:111 T:-~y~~;~1:1f: t=-r~~~::",y,~R!~~~:,f~1'.'''f~_ 
Zinc , ...... '):'.<·~·: .. / . ~ , . .. 1 .. 

·,· .... .. 
; .. . · .... 

·~ ,.-... 
... 
: .. · ··.· ,"· .. ' 

', -

Sulfide 
·"'.: 

·.;,· 
t,"• 

Antimony . ~" 

tr 

.............. · 
"'f-. ·~~~" 

4 
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I 
INDUSTRIAL INORGANIC CHEMISTRY 

I 
METALS DEPARTMENT 
I 

GRAPHITE ,FURNACE AND COLD VAPOR AA 
I 

INSTRUMENT DETECTION LIMITS NOVEMBER 1989 

GFAA 

ELEMENT 

Antimony 
Arsenic 
Cadmium 
Chromium 
Lead 
Selenium 
S11ver 
Thall 1um 

CVAA 

·, Mercury 

I IDL* 
(mg/l) 

0.002 
0.001 
0.0001 
0.0006 
0.0002 
0.001 
0.0001 
0.002 

0.0001 

ENS ECO 
REPORTING LIMIT 

0.01 
0.005 
0.0005 
0.001 
0.005 
0.005 

. ·.; 0.0005 
0.005 

0.0002 

ILL* 
(mg/L) 

0.1 
0.1 
0.005 
0.1 
0.1 
0.1 
o.oos 
0.1 

0.002 

. Arsenic and seleni are analyzed using Zeeman background 
correction. An Iron 1 p 1s used for background correction 
in the mercury determi at1on. All other elements are 
determined using Deute ium arc background correction. 

* IDL • Instrument Detection Li~it 
ILL ~ Instrument 1inear Limit 

"""I I I I I •, I ,.~, .-.,, "9 ,-, 1 I -.. 
! I .~ .. ' l l 

,-,l_. - .. ·-·""! 
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Enseco QA Program Plan 

1. INTRODUCTION 

Section No. 
Revision No. 

Date 
Page 

1 
3.3 
5/89 

1 of 58 

Enseco Incorporated (Enseco) is the largest and most experienced 
environmental testing laboratory in the United States. The environmental 
component of Enseco consists of the combined resources of: 

• Enseco-Erco Laboratory in Cambridge, Massachusetts, 

• Enseco-Marblehead in Marblehead, Massachusetts, 

• Enseco-East in Somerset, New Jersey, 

• Enseco-Rocky Mountain Analytical Laboratory in Denver, Colorado, 

• Enseco-Houston in Houston, Texas, 

• Enseco-California Analytical Laboratory in Sacramento, California, 

• Enseco-CRL in Garden Grove, California, 

• Enseco-El Monte in El Monte, California, 

• Enseco-Santa Maria in Santa Maria, California, 

• Enseco-Ventura in Ventura, California, and 

• Enseco-Mobile Laboratories headquartered in Garden Grove, 
California. 

Addresses and telephone numbers for these Enseco laboratories are listed 

in Table 1-1. 

This document describes the Enseco Quality Assurance policies and 
procedures related to chemical monitoring for environmental pollutants. 
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TABLE 1-1 

Section No. 
Revision No. 

Date 
Page 

1 
3.3 
5/89 

2 of 58 

ENSECO LABORATORY LOCATIONS 

Enseco-California Analytical 
Laboratory 

2544 Industrial Boulevard 
West Sacramento, CA 95691 
(916) 372-1393 
Facsimile (916) 372-1059 

Enseco-CRL 
7440 Lincoln Way 
Garden Grove, CA 92641 
(714) 898-6370 
Facsimile (714) 891-5917 

Enseco-East 
2200 Cottontail Lane 
Somerset, NJ 08873 
(201) 469-5800 
Facsimile (201) 469-7516 

Enseco-El Monte 
9537 Telstar Avenue #118 
El Monte, CA 91731 
(818) 442-8400 
Facsimile (818) 442-3758 

Enseco-Erco Laboratory 
205 Alewife Brook Parkway 
Cambridge, MA 02138 
(617) 661-3111 
Facsimile (617) 354-5258 

Enseco-Houston 
1420 East North Belt Suite 120 
Houston, TX 77032 
(713) 987-9767 
Facsimile (713) 987-9769 

Enseco-Marblehead 
Doaks Lane at Little Harbor 
Marblehead, Massachusetts 01945 
(617) 639-2695 
Facsimile (617) 639-2637 

Enseco-Mobile Laboratories 
7440 Lincoln Way 
Garden Grove, CA 92641 
(714) 898-6370 
Facsimile (714) 891-5917 

Enseco-Rocky Mountain Analytical 
Laboratory 

4955 Yarrow Street 
Arvada, CO 80002 
(303) 421-6611 
Facsimile (303) 431-7171 

Enseco-Santa Maria 
2325 Skyway Drive, Suite K 
Santa Maria, CA 93455 
(805) 922-2776 
Facsimile (805) 922-5897 

Enseco-Ventura 
2810 Bunsen Avenue, Unit A 
Ventura, CA 93003 
(805) 650-0546 
Facsimile (805) 650-0756 

Enseco, Inc. (Corporate Office) 
2200 Cottontail Lane 
Somerset, NJ 08873 
(201). 469-5800 
Facsimile (201) 469-7516 



Enseco QA Program Plan 

2. QUALITY ASSURANCE POLICY 

Section No. 
Revision No. 

Date 
Page 

2 
3.3 
5/89 

3 of 58 

Enseco is committed to providing quality environmental analytical 
services to both the public and private sectors. To ensure the 
production of scientifically sound, legally defensible data of known and 

documentable quality, an extensive Quality Assurance (QA) program has 
been implemented within Enseco. This program relies on clearly defined 
objectives, well-documented procedures, a comprehensive audit system, and 

management support, both Corporate and Divisional, for its effectiveness. 
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3. PURPOSE AND SCOPE OF DOCUMENT 

Purpose 

This QA Program Plan presents an overview of the essential elements of 
the Enseco QA program. Enseco has modeled this plan along EPA guidelines 
as outlined in "Interim Guidelines and Specifications for Preparing 
Quality Assurance Program Plans," QAMS-004/80, December 29, 1980 and 
"Interim Guidelines and Specifications for Preparing Quality Assurance 
Project Plans," QAMS-005/80, February, 1983. Both of these documents 
have been issued by the Office of Monitoring Systems and Quality 
Assurance, Office of Research and Development, U.S. Environmental 
Protection Agency (U.S. EPA). Elements above and beyond those specified 
in these two documents have been included in this QA Program Plan in 
order to completely describe the Enseco QA/QC system. 

Scope 

The Enseco QA program is designed to control and monitor the quality of 
data generated in Enseco laboratories. The program has four key 
elements. 

Demonstrating laboratory capability by providing information which 
documents the overall qualifications of the laboratory to perform 
environmental analyses; 

Controlling laboratory operations by establishing procedures which 
measure the laboratory's performance on a daily basis; 

Measuring matrix effects to determine the effect of a specific 
matrix on method performance, and 

• Reporting appropriate QC information with the analytical results to 
enable the end-user to assess the quality of the data. 

The specific procedures involved in implementing each aspect of the 
Enseco program are described in this document. An overview of these QC 
procedures, along with the section number in which each is discussed, is 

given in Table 3-1. 
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The QA/QC policies and procedures described herein are designed to 
eliminate systematic errors and minimize the occurrence of other errors. 
However, no QA program, regardless of how elaborate, can eliminate all 
errors which may occur during an analysis. The QA program forms the 
framework for minimizing errors and identifying and correcting those 
errors which do occasionally occur. These QA/QC policies and procedures 
must be coupled with the professional judgement of the technical staff in 
interpreting the events surrounding the generation of the final result to 
ensure that quality data is consistently produced. 
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Evaluation Criteria 

LABORATORY QUALIFICATIONS 

LABORATORY PERFORMANCE 

MA TRIX EFFECTS 

DATA REPORTING 

Table 3-1 

ELEMENTS OF QA PROGRAM PLAN 

Section No. 
Revision No. 

Date 
Page 

3 
3.3 
5/89 

6 of 58 

Operational Elements 
Section of 

QA Plan 

Facilities/equipment/staff ................ . 
Written SOPs for all laboratory 
procedures, including: •.................... 

Sample custody ......................... . 
Calibration procedures ................. . 
Analytical procedures .................. . 
Data validation ........................ . 

Documented QA program ......•••............. 
Laboratory certifications ..•...•........... 

Check samples •.....•....................... 
Method blanks ............................. . 
Calibration data .......................... . 
Method detection limits 

* 

15 
5 
6 
7 
8 

1-15 
10 

9 
9 
6 

(determined on method blank)............... 12 

Matrix spike/matrix duplicate/ 
matrix spike duplicate analyses ........... . 
Sample surrogate recoveries ....•........... 
Standard additions •.•.•..•.....•..••....... 
Field blanks .............................. . 
Method detection limits (determined 

9 
9 
9 
9 

with specific sample matrix)............... 12 

Data reduction and validation.............. 10 
Data reporting............................. 10 
Reporting Limits........................... 12 

* Described in a separate document available from Enseco. 
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Quality Assurance (QA): the total integrated program for assuring the 

reliability of data generated in the laboratory. 

Quality Control (QC): the routine application of specific, well

documented procedures to ensure the generation of data of known and 

accepted quality, thus fulfilling the objectives of the QA program. 

Quality Assurance Program Plan (QAPP): an assemblage of management 
policies, objectives, principles, and general procedures outlining the 
techniques by which the laboratory produces data of known and accepted 

quality. 

Standard Operating Procedure (SOP): a detailed, written description of a 
procedure designed to systematize and standardize the performance of the 
procedure. 

Quality Assurance Project Plan (QAPjP): an assemblage of detailed 
procedures describing how the laboratory will generate data that meet the 
Data Quality Objective (DQOs) of a specific project. 

Holding Time: the period of time during which a sample can be stored 
after collection and preservation without significantly affecting the 

accuracy of the analysis. 

Sample Delivery Acceptance: the point in time at which Enseco determines 
that it can proceed with the analytical work. Sample delivery acceptance 
follows receipt and inspection of the samples and complete definition of 

analyses required. 

Initiate Preparation: the point in time at which the separation of 
organic extractable compounds or metals from the sample matrix by solvent 

extraction or acid digestion is begun. 



Enseco QA Program Plan Section No. 
Revision No. 

Date 
Page 

4 
3.3 
5/89 

8 of 58 

Initiate Analysis: the point in time at which the sample, extract or 
digestate is introduced into an instrument or process which complies with 
the SOP for analysis of the parameter of interest. 
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Executing an effective QA program in a large and complex multi-laboratory 
system demands the commitment and attention of both management and staff. 
The QA effort at Enseco is directed by the Vice President of Quality 
Assurance who manages the Corporate Quality Assurance Office. The VP of 
QA reports directly to the Chief Executive Officer (CEO) and has the 
responsibility for overseeing and regulating all laboratory functions 
(see Figure 5-1). The QA Office operates independently of all areas 
generating analytical data to ensure complete objectivity in the 
evaluation of laboratory operations. 

The implementation of the QA program within each individual Enseco 
laboratory is the responsibility of the Division QA Director. The QA 
Director reports to both the VP of QA and to the Division Director, who 
manages the laboratory. In addition, all scientists within the 
organization play a vital role in assuring the quality of their work. We 
believe that the success of Enseco is dependent upon the continued 
commitment of all within the organization to a strong and viable QA 
Program. The responsibilities and levels of authority within the 
organization are described below. 

Corporate Quality Assurance Office 

Members 

The QA effort within Enseco is directed by the VP of QA who 
reports directly to the CEO of Enseco. The Corporate QA Office 
also includes a QA specialist who assists the VP in carrying 
out the responsibilities of the department. 
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QA Director 
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Responsibilities 

The VP of QA is responsible for: 

• Developing and implementing a Corporate QA program that 
ensures that all data generated in Enseco laboratories are 
scientifically sound, legally defensible, and of known 
precision and accuracy; 

Monitoring the QA Plan to ensure compliance with QA 
objectives in all Enseco laboratories; 

Developing and implementing new QA procedures within the 
corporation to improve data quality; 

• Conducting audits and inspections of all Enseco 
laboratories on a regular basis, reporting the results of 
those audits to management, and applying corrective 
actions as needed to ensure compliance with the Enseco QA 
Plan; 

Coordinating the distribution of Performance Evaluation 
(PE) samples to all Enseco laboratories on a routine 
basis, evaluating the results of those samples, reporting 
to management, and applying corrective actions as needed 
to ensure that all Enseco laboratories are able to 
generate data that meet the data quality objectives 
defined in the QA Plan; 

Establishing databases that accurately reflect the 
performance of each of the Enseco laboratories; 

Directing Division QA Directors in the implementation of 
the Enseco QA Plan within individual facilities; 

• Chairing the Enseco QA Committee, a working committee 
which includes all of the Division QA Directors and QA 
Specialists and deals with QA issues on an ongoing basis; 

• Coordinating certification programs within Enseco; 

• Conducting seminars on QA issues for both clients and 
laboratory staff; and 

Promoting sound QA practices within the environmental 
regulatory and analytical communities. 
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The VP of QA is the final authority on all issues dealing with 
data quality and has the authority to require that procedures 
be amended or discontinued, or analyses suspended or repeated. 
Also, the VP of QA has the authority to suspend or terminate 
employees on the grounds of dishonesty, incompetence, or 
repeated non-compliance with QA procedures. In addition, the 
VP of QA has the authority to overrule decisions and actions of 
the Division QA Directors and must approve the termination or 
transfer of any Division QA Director. The authority of the VP 
of QA comes directly from the CEO of Enseco. 

Divisional Quality Assurance Departments 

Members 

Each Divisional QA Department is managed by a QA Director. The 
QA Director reports directly to the Division Director and 
indirectly to the Corporate VP of QA. The QA Director is 
supported by a QA staff within the laboratory. 

Responsibilities 

The Division QA Director is responsible for: 

• Implementing Enseco QA policies; 

• Monitoring the implementation of the QA Plan within the 
laboratory to ensure complete compliance with QA 
objectives; 

Conducting in-house audits to identify potential problems 
and ensure compliance with written SOPs; 

• Performing statistical analyses of QC data and 
establishing databases that accurately reflect the 
performance of the laboratory; 
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Monitoring the preparation and verification of analytical 
standards; 

• Assisting chemists in the writing of SOPs; 

• Reporting the status of the laboratory QA program to the 
Corporate VP of QA with formal and informal 
communications; 

Maintaining records and archives of all QC data, PE 
results, audit comments, and customer inquiries concerning 
data quality; 

Assuring that the laboratory staff has access to current 
SOPs; 

• Monitoring laboratory performance in the areas of holding 
times, turn-around times, and meeting contractual 
obligations; 

Conducting seminars on QA issues for clients and 
laboratory staff; 

• Preparing QA Project Plans when needed; 

• Assisting the Corporate QA office in the writing of QA 
policies and procedures; 

• Serving as a member of the Enseco QA Committee; and 

• Auditing subcontractors. 

Authority 

The Division QA Director is the final authority within each 
laboratory on all issues dealing with data quality. He/she has 

the authority to require that procedures be amended or 
discontinued or analyses suspended or repeated. He/she can 
make recommendations to the Division Director and the Corporate 

VP of QA regarding suspension or termination of employees for 
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incompetence or non-compliance with QA procedures. The 
authority of the Division QA Director comes directly from the 
Corporate VP of QA. 

Divisional Management 

Members 

The managers and supervisors who direct the analytical work at each 
laboratory are directly responsible for ensuring that all employees 
reporting to them are complying with the Enseco QA Plan. 

Responsibilities 

Laboratory management is responsible for: 

Actively supporting the implementation of the Enseco QA Plan 
within the laboratory; 

Maintaining accurate SOPs and enforcing their use in the 
laboratory; 

Maintaining a work environment that emphasizes the importance 
of data quality; and 

Providing management support to the Corporate and Divisional QA 
departments. 

Authority 

The managers and supervisors of the laboratory have the authority to 
accept or reject databased on compliance with well-defined QC 
criteria. In addition, managers and supervisors, with the approval 
of the QA department, can accept or reject data that fall outside of 
established QC guidelines if, in their judgment, there are technical 
reasons which warrant the acceptance or rejection of the data. 
These circumstances must be well documented and any need for 
corrective action identified by the incident must be defined and 
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initiated. The authority of the laboratory management comes 
directly from the Corporate VP of Operations and the Division 
Director. 

Divisional Personnel 

Members 

All laboratory personn~l involved in the generation and reporting of 
data have a responsibility to understand and follow the Enseco QA 
Plan. 

Responsibilities 

Laboratory personnel are responsible for: 

• Having a working knowledge of the Enseco QA Plan; 

• Ensuring that all work is generated in compliance with the 
Enseco QA Plan; 

• Performing all work according to written SOPs; 

• Ensuring that all documentation related to their work is 
complete and accurate; and 

Providing management with immediate notification of quality 
problems. 

Authority 

Laboratory personnel have the authority to accept or reject 
databased on compliance with well-defined QC criteria. The 
acceptance or rejection of data that fall outside of established QC 
guidelines must be approved by laboratory management and the QA 
department. The authority of the laboratory personnel flows from 
the Division Director. 
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6. SAMPLING PROCEDURES 

The generation of quality data begins with the collection of the sample, 
and therefore the integrity of the sample collection process is of 
concern to the laboratory. Samples must be collected in such a way that 
no foreign material is introduced into the sample and no material of 
interest escapes from the sample prior to analysis. To ensure sample 

integrity, the following must be considered: 

Samples must be collected in appropriate containers. In general, 
glass containers are used for organic parameters and polyethylene 
containers for inorganic/metal parameters (see Appendix I); 

• The sample containers must be properly cleaned to ensure that the 
sample is not contaminated during the collection process; 

• Samples must be preserved appropriately to minimize the loss of 
materials of interest due to adsorption, chemical or biological 
degradation, or volatilization (see Appendix I); 

• Appropriate volumes of sample must be collected to ensure that the 
required detection limits can be met and quality control samples can 
be analyzed (see Appendix I); and 

Samples must be properly shipped to the laboratory, in the 
appropriate time frame, to ensure that holding times for the 
analyses can be met (see Appendix I). 

Sample Containers and Preservatives 

Enseco can assist in the sample collection process by providing 
consultation and assistance to clients designing sampling programs. Also 

Enseco can make available to the client the Enseco "Sample Safe™,'' a set 
of sample containers that are properly cleaned and preserved for use in 
sample collection. Appropriate containers and preservatives, and minimum 

sample volumes required for analyzing routine organic, metal, and 

conventional parameters are listed in Appendix I. 
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EPA has established holding time requirements for some analyses. These 
holding time requirements are listed in Appendix I, along with container 

and preservative requirements. As indicated in Appendix I, holding time 
requirements differ depending on the regulatory program. Enseco follows 
the holding times given in SW-846, Update I unless otherwise instructed 

by the client. CLP holding times are followed when CLP protocols are 
requested by the client. Other holding times can be honored if special 
arrangements are made with the laboratory. 

Enseco is obligated to initiate preparation and/or analysis of the sample 
within holding times if sample delivery acceptance occurs within 72 hours 
of sampling or before one-half of the holding time period has expired, 
whichever is less. (See Section 4 for definition of above terms.) 

On occasion, a sample must be reanalyzed to comply with this QA Program 
Plan. If this reanalysis is conducted outside of the holding time, the 
laboratory will be considered to have fulfilled its obligation to meet 
holding times if the first preparation and/or analysis was initiated 

within the prescribed holding time. 
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Upon receipt by Enseco, samples proceed through an orderly processing 

sequence specifically designed to ensure continuous integrity of both the 
sample and its documentation. 

All samples are received by Enseco 1 s Sample Control Group and are 
carefully checked for label identification, and completed, accurate 
chain-of-custody records. Photographs document the condition of samples 
and each sample is then assigned a unique laboratory identification 
number through a computerized Laboratory Information Management System 
(LIMS) that stores all identifications and essential information. The 
LIMS system tracks the sample from storage through the laboratory system 
until the analytical process is completed and the sample is returned to 

the custody of the Sample Control Group for disposal. This process is 
summarized in Figure 7-1. Access to all Enseco laboratories is 
restricted to prevent any unauthorized contact with samples, extracts, or 

documentation. 

An example of the Enseco Chain-Of-Custody Record used to transmit samples 

from the client to the laboratory is given in Figure 7-2. The Chain-Of
Custody Record (Interlaboratory Analysis Form) used to transmit samples 
between laboratories within Enseco is given in Figure 7-3. 

Sample bottles provided to the client by Enseco are transmitted under 

custody using the Enseco "Sample Safe™". 
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ENSECO SAMPLE PROCESSING FLOW CHART 
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A critical element in the generation of quality data is the 
purity/quality and traceability of the standard solutions and 
reagents used in the analytical operations. Enseco continually 
monitors the quality of reagents and standard solutions through a 
series of well-documented procedures. 

To ensure the highest purity possible, all primary reference 
standards and standard solutions used by Enseco are obtained from the 
National Institue of Standards and Technology, the EPA Repository or 

other reliable commercial sources. All standards and standard 
solutions are logged into a database that identifies the supplier, 

lot number, purity/concentration, receipt/preparation date, 
preparer's name, method of preparation, expiration date, and all 

other pertinent information. 

Standard solutions are validated prior to use. Validation procedures 

can range from a check for chromatographic purity to verification of 
the concentration of the standard using a standard prepared at a 
different time or obtained from a different source. Stock and 

working standards are checked regularly for signs of deterioration, 
such as discoloration, formation of precipitates, or change in 

concentration. Care is exercised in the proper storage and handling 
of standard solutions, and all containers are labeled as to compound, 
concentration, solvent, expiration date, and preparation data 

(initials of preparer/date of preparation). 

Reagents are examined for purity by subjecting an aliquot or 
subsample to the analytical method in which it will be used; for 

example, every lot of dichloromethane (for organic extractables) is 
analyzed for undesirable contaminants prior to use in the laboratory. 



Enseco QA Program Plan Section No. 
Revision No. 

Date 
Page 

8 
3.3 
5/89 

23 of 58 

A database is used to store essential information on specific 
standards or reagents. The system is designed to serve various 
functions (e.g., the system issues warnings on expiration dates and 
allows chemists to obtain a list of all working standard solutions 
prepared from the same stock solution). The program also facilitates 
the management and auditing of reagents and standards. 

Instrument Calibration and Tuning 

Calibration of instrumentation is required to ensure that the 
analytical system is operating correctly and functioning at the 
proper sensitivity to meet established reporting limits. Each 
instrument is calibrated with standard solutions appropriate to the 
type of instrument and the linear range established for the 
analytical method. The frequency of calibration and the 
concentration of calibration standards is determined by the 
manufacturer's guidelines, the analytical method, or the requirements 
of special contracts. 

Gas Chromatography/Mass Spectrometry (GC/MS) 

Each day prior to analysis of samples, the instrument is tuned with 
bromofluorobenzene (BFB) for volatile compounds and 
decafluorotriphenylphosphine (DFTPP) for semivolatile compounds 
(according to the tuning criteria specified in the U.S. EPA Contract 
Laboratory Program (CLP)). No samples are analyzed until the 
instrument has met tuning criteria. 

The instrument is then calibrated for all target compounds. An 
initial calibration curve is produced and certain key compounds 
referred to as System Performance Calibration Compounds (SPCC) and 
Continuing Calibration Compounds (CCC) are evaluated on a daily basis 
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The field of chromatography involves a variety of instrumentation and 

detection systems. While calibration standards and acceptance 
criteria vary depending on the type of system and analytical 

methodology required for a specific analysis, the general principles 

of calibration apply uniformly. Each chromatographic system is 
calibrated prior to performance of analyses. Initial calibration 

consists of determining the linear range, establishing limits of 

detection, and establishing retention time windows. The calibration 

is checked on a daily basis to ensure that the system remains within 
specifications. If the daily calibration check does not meet 

established criteria, the system is recalibrated and samples analyzed 

since the last acceptable calibration check are reanalyzed. 

Metals 

Metals analysis basically involves two types of analytical 

instrumentation: inductively coupled argon plasma emission 
spectroscopy (ICP), and atomic absorption spectroscopy (AA). 

Each ICP is calibrated prior to any analyses being performed using 
criteria prescribed in the CLP protocol. The calibration is then 
verified using standards from an independent source. The linear 
range of the instrument is established once every quarter using a 

linear range verification check standard. No values are reported 

above this upper concentration value without dilution. 
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A calibration curve is established daily by analyzing a minimum of 
two standards, one of which is a calibration blank. The calibration 
is monitored throughout the day by analyzing a Continuing Calibration 
Blank (CCB) and a Continuing Calibration Verification standard (CCV). 
The standard must meet established criteria or the system is 
recalibrated and all samples analyzed since the last acceptable 
calibration check are reanalyzed. 

An interelement check standard is analyzed at the beginning and end 
of each analytical run, and on a continuing basis, to verify that 
interelement and background correction factors have remained 
constant. Results outside of the established criteria trigger 
reanalysis of samples. 

Each AA unit is calibrated prior to any analyses being conducted. A 
calibration curve is prepared with a minimum of a calibration blank 
and three standards and then verified with a standard that has been 
prepared from an independent source at a concentration near the 
middle of the calibration range. The calibration is then verified on 
an ongoing basis with a midpoint calibration standard. If the 
ongoing calibration standard does not meet established acceptance 
criteria, the system is recalibrated and all samples analyzed since 
the last acceptable calibration check are reanalyzed. All samples 
are spiked to verify the absence of matrix effects or interferences. 
The method of standard additions is used when matrix interferences 
are present. 

Conventional Analyses 

The field of conventional, non-metals analysis involves a variety of 
instrumental and wet chemical techniques. While calibration and 
standardization procedures vary depending on the type of system and 
analytical methodology required for a specific analysis, the general 
principles of calibration apply uni~ersally. Each system is 
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Most analyses performed by Enseco are driven by regulatory concerns. 
Therefore, methods used at Enseco predominantly originate from regulatory 
agencies. Generally the methods used are those specified by the U.S. EPA 
and other federal agencies, state agencies, and professional 
organizations, as provided in the following references: 

• Current EPA (CLP) protocols for the analysis of organic and inorganic 
hazardous substances including chlorinated dioxins and furans. 

"Guidelines Establishing Test Procedures for the Analysis of 
Pollutants Under the Clean Water Act," 40 CFR, Part 136. 

• "Methods for Chemical Analysis of Water and Wastes," EPA-600/4-79-020 
(revised March, 1983). 

"Methods for Organic Chemical Analysis of Municipal and Industrial 
Wastewater," EPA-600/4-82-057 (July, 1982). 

• "Test Methods for Evaluating Solid Waste" (SW-846), 2nd Edition 
(revised), Update I (1984), Update II (1985), 3rd Edition (1986), 
Update I (1989), Office of Solid Waste and Emergency Response, U.S. 
EPA. 

• "Standard Methods for the Examination of Water and Wastewater," 16th 
Edition, American Public Health Association, American Water Works 
Association, Water Pollution Control Federation, Washington, DC 
(1985). 

• "Official Methods of Analysis," 14th Edition, Association of Official 
Analytical Chemists, Arlington, VA (1984). 

• "Methods for the Determination of Organic Compounds in Finished 
Drinking Water and Raw Source Water," U.S. EPA, Environmental 
Monitoring and Support Laboratory - Cincinnati (September, 1986). 

"Annual Book of ASTM Standards," Volumes 11.01 and 11.02, American 
Society for Testing and Materials (ASTM), Philadelphia, PA (1987). 

"Techniques of Water Resources Investigations of the United States 
Geological Survey (USGS), Book 5, Laboratory Analysis," USGS, 
Washington, DC (1979). 
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The choice of method is dependent on the objectives of the study in terms 
of qualitative certainty, quantitative sensitivity, precision and 
accuracy, and the type of matrix to be analyzed. Each method used 
routinely is documented in the form of an SOP. The SOP contains detailed 
instructions concerning both the use and the expected performance of the 
method. Any deviations from published methodology are documented and 
explained in the SOP. A complete description of the contents of 
laboratory SOPs is given in Section 17. 

Before any methods are routinely used to generate analytical data, the 
method is validated. Validation criteria consist of: 

• Method selection by a senior staff member; 

• Documentation of the method in an SOP • 
the method, detailed description of the 
calculations, reporting formats, safety 
remarks; 

This includes a summary of 
analytical procedure, 
concerns, and special 

Testing of the method to verify detection limits and linear range, 
establish reporting limits and precision and accuracy criteria; and 

Establishment of data acceptance criteria that must be approved by a 
senior staff member and the Divisional QA Director. 
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All analytical data generated within Enseco laboratories are 
extensively checked for accuracy and completeness. The data 
validation process consists of data generation, reduction, and three 
levels of review, as described below (also see Figure 10-1). 

The analyst who generates the analytical data has the prime 
responsibility for the correctness and completeness of the data. All 
data are generated and reduced following protocols specified in 
laboratory SOPs. Each analyst reviews the quality of his or her work 
based on an established set of guidelines. The analyst reviews the 
data package to ensure that: 

• Sample preparation information is correct and complete; 

• Analysis information is correct and complete; 

• The appropriate SOPs have been followed; 

• Analytical results are correct and complete; 

• QC samples are within established control limits; 

• Blanks are within appropriate QC limits; 

• Special sample preparation and analytical requirements have been 
met; and 

• Documentation is complete (e.g., all anomalies in the 
preparation and analysis have been documented, Out-of-Control 
forms [if required] are complete; holding times are documented, 
etc.) . 



Initiate 
Sample 
Analysis 

Chemist 
Reviews 

Data 

Data 
Review 

Specialist 

Figure 10-1 

Data Validation Scheme 

No Reanalyze 
if Necessary 

Yes 

Program 
Administrator 

No Reanalyze 
if Necessary 

5% Audits --------

Hard copy 
Report to 

Client 

Quality 
Assurance 

Office 



Enseco QA Program Plan Section No. 
Revision No. 

Date 
Page 

10 
3.3 
5/89 

31 of 58 

The data reduction and validation steps are documented, signed and 

dated by the analyst. This initial review step, performed by the 

analyst, is designated Level 1 review. The analyst then passes the 
data package to an independent reviewer, who performs a Level 2 
review. 

Level 2 review is performed by a supervisor or data review specialist 
whose function is to provide an independent review of the data 
package. This review is also conducted according to an established 

set of guidelines and is structured to ensure that: 

• Calibration data are scientifically sound, appropriate to the 
method, and completely documented; 

• QC samples are within established guidelines; 

• Qualitative identification of sample components is correct; 

• Quantitative results are correct; 

• Documentation is complete and correct (e.g., anomalies in the 
preparation and analysis have been documented; Out-of-Control 
forms [if required] are complete; holding times are documented, 
etc.); 

• The data are ready for incorporation into the final report; and 

• The data package is complete and ready for data archive. 

Level 2 review is structured so that all calibration data and QC 
sample results are reviewed and all of the analytical results from 10% 
of the samples are checked back to the bench sheet. If no problems 

are found with the data package, the review is complete. If any 
problems are found with the data package, an additional 10% of the 
samples are checked to the bench sheet. The process continues until 

no errors are found or until the data package has been reviewed in its 

entirety. 
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An important element of Level 2 review is the documentation of any 

errors that have been identified and corrected during the review 
process. Enseco believes that the data package submitted by the 
analyst for Level 2 review should be free of errors. Errors that are 
found are documented and transmitted to the appropriate supervisor. 
The cause of the errors is then addressed with additional training or 
clarification of procedures to ensure that quality data will be 
generated at the bench. 

Level 2 data review is also documented and the signature of the 
reviewer and the date of review recorded. The reviewed data are then 
approved for release and a final report is prepared. 

Before the report is released to the client, the Program Administrator 
who is responsible for interfacing directly with the client reviews 
the report to ensure that the data meet the overall objectives of the 
client, as understood by the Program Administrator. This review is 

labeled Level 3 review. 

Each step of this review process involves evaluation of data quality 
based on both the results of the QC data and the professional 
judgement of those conducting the review. This application of 
technical knowledge and experience to the evaluation of the data is 
essential in ensuring that data of high quality are generated 

consistently. 

In addition to the three levels of review discussed above, the 
Divisional QA department randomly audits 5% of all projects reported. 
The QA audit includes verifying that holding times have been met, 
calibration checks are adequate, qualitative and quantitative results 
are correct, documentation is complete, and QC results are complete 
and accurate. During the review, the QA department checks the data 
from 20% of the samples back to the bench sheet. If no problems are 
found with the data package, the review is complete. If any problems 
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are found with the data package, an additional 10% of the samples are 
checked to the bench sheet. The process continues until no errors are 
found or until the data package has been reviewed in its entirety. 

Data Reporting 

A variety of reporting formats, from computerized data tables, to 
complex reports discussing regulatory issues, to a CLP-deliverables 
package, are available. In general, Enseco reports contain: 

General Discussion: Description of samples types, tests performed, 
any problems encountered and general comments are given. 

Analytical Data: Data are reported by sample or by test. Pertinent 
information including dates sampled, received, prepared, and extracted 
are included· on each results page. The Enseco reporting limit for 
each analyte is also given. 

QC Information: The results (Percent Recovery and Relative Percent 
Difference) of the Laboratory Control Samples analyzed with the 
project are listed, together with the control limits. Also, the 
analytical results for method blanks generated during analysis of 
organic and metals parameters are given. 

Results of any matrix spikes, duplicates, matrix spike duplicates or 
other project-specific QC are also reported. 

Methodology: Reference for analytical methodology used is cited. 

Custom Services: Special services including data interpretation, 
special consultation, and raw data packages (when requested) are 

included. 
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11. INTERNAL QC CHECKS 

The Enseco QA/QC program monitors data quality with internal QC checks. 
Internal QC checks are used to answer two questions: 

1) Are laboratory operations "in control," (i.e., operating within 
acceptable QC guidelines), during data generation? 

2) What effect does the sample matrix have on the data being generated? 

The first question is answered by Laboratory Performance QC. Laboratory 
performance QC is based on the use of a standard, control matrix to 
generate precision and accuracy data that are compared, on a daily basis, 
to control limits. This information, in conjunction with method blank 
data, is used to assess daily laboratory performance. 

The second question is addressed with Matrix-Specific QC. Matrix
Specific QC is based on the use of an actual environmental sample for 
precision and accuracy determinations and commonly relies on the analysis 
of matrix spikes, matrix duplicates, and matrix spike duplicates. This 
information, supplemented with field blank results, is used to assess the 
effect of the matrix and field conditions on analytical data. 

Laboratory Performance QC is provided as a standard part of every routine 
Enseco analysis. Matrix-Specific QC is available as an option to the 
client and should be specified based on the types of matrices to be 
analyzed and the Data Quality Objectives (DQOs) and regulatory 
requirements of the project. 

A complete discussion of the Enseco Internal QC Check program follows. 
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Laboratory Performance QC is provided as a standard part of every 
routine Enseco analysis. The main elements of Laboratory 
Performance QC are: 

The analysis of Laboratory Control Samples, which include 
Duplicate Control Samples (DCS), Single Control Samples (SCS), 
and method blanks, and 

The generation of daily calibration data. 

The Laboratory Control Sample program is discussed below. Please 
refer to Section 8 of this manual for a discussion of calibration 
procedures. 

Laboratory Control Samples (LCS) 

Laboratory Control Samples (LCS) are well-characterized, laboratory 
generated samples used to monitor the laboratory's day-to-day performance 
of routine analytical methods. Certain LCS are used to monitor the 
precision and accuracy of the analytical process, independent of matrix 
effects. Other LCS are used to identify any background interference or 
contamination of the analytical system which may lead to the reporting of 
elevated concentration levels or false positive data. 

The results of the LCS are compared to well-defined laboratory acceptance 
criteria to determine whether the laboratory system is "in control." 
Controlling lab operations with LCS (as opposed to matrix spike/matrix 
spike duplicate samples), offers the advantage of being able to 
differentiate low recoveries due to procedural errors from those due to 
matrix effects. As a result, procedural errors can be identified and 
corrected by the analyst at the bench, without waiting for extensive 
senior level review or costly and time-consuming reanalysis of the 
sample. 
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Three types of LCS are routinely analyzed: Duplicate Control Samples 
(DCS), Single Control Samples (SCS), and Method Blanks. Each of these 
LCS are described below. 

Duplicate Control Samples (DCS) 

Duplicate Control Samples (DCS) are used to monitor the precision and 
accuracy of the analytical system on an on-going basis. Each DCS 
consists of a standard, control matrix that is spiked with a group of 
target compounds representative of the method analytes. A DCS pair is 
analyzed for every 20 samples processed by the method. DCS are analyzed 
with environmental samples to provide evidence that the laboratory is 
performing the method within accepted QC guidelines for accuracy and 
precision. 

Accuracy (average recovery of each analyte in the DCS pair) and prec1s1on 
(Relative Percent Difference [RPO] between each analyte in the DCS pair) 
data are compared to control limits that have been established for each 
of the analytes contained in the DCS. Initially, control limits for 
analytes spiked into the DCS are taken directly from the CLP program. If 
CLP limits are not available, Enseco historical data are used to set the 
control limits. As sufficient laboratory data become available, the 
control limits are redefined based upon the most recent nine months of 
DCS data. Control limits for accuracy for each analyte are based on the 
historical average recovery (mean of the average recoveries of the DCS 
pairs) plus or minus three standard deviation units. Control limits for 
precision for each analyte are based on the historical RPO and range from 
zero (no difference between DCS results) to the average RPO plus three 
standard deviation units. Calculated control limit~ tend to be tighter 
than CLP limits because of the use of a control matrix. However, if the 
calculated limits are broader than the CLP limits, the CLP limits are 
used to control the laboratory. 
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Analytical data that are generated with a DCS pair which falls within the 
established control limits are judged to be in control. Data generated 
with a DCS pair which falls outside of the control limits are considered 
suspect and are repeated or reported with qualifiers. The procedure used 
to evaluate data from control samples is given in Figure 11-1. The 
protocols include examination of instrument performance and preparation 
and analysis information, consultation with the supervisor, and finally a 
decision path for determining whether reanalysis is warranted. 

DCS have been established for each routine analytical method. Reagent 
water is used as the control matrix for the analysis of aqueous samples. 
The DCS compounds are spiked into reagent water and carried through the 
appropriate steps of the analysis. The control matrix for solids samples 
is standard Ottawa sand, an ASTM approved material for use in highway 
construction, due to its fine degree of homogeneity. The DCS compounds 
are spiked into the Ottawa sand and carried through the appropriate steps 
of the analysis. 

As stated previously, DCS are analyzed at a frequency of no less than one 
DCS pair per 20 samples. The DCS program is supplemented with the SCS 
program to ensure that Laboratory Performance QC is available with each 
batch of samples processed (see following subsection). 

DCS precision and accuracy data are archived in the LIMS. In addition, 
the associated DCS data are reported with each set of sample results to 
enable the client to make a quality assessment of the data. 
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As stated above, a DCS pair is analyzed with every 20 samples to measure 
the precision and accuracy of an analysis on an ongoing basis. However, 
samples are often anaJyzed in lots of less than 20, due to holding time 
or turn-around time requirements. Since it is necessary to have a 
measure of laboratory performance with each batch of samples processed, 
Enseco has instituted the SCS program. 

An SCS consists of a control matrix that is spiked with surrogate 
compounds appropriate to the method being used. In cases where no 
surrogate is available, (e.g., metals or conventional analyses) a single 
DCS serves as the control sample. An SCS is prepared for each sample lot 
for which the DCS pair are not analyzed. Recovery data generated from 
the SCS are compared to control limits that have been established for 
each of the compounds being monitored. Initially, CLP control limits or 
Enseco historical data are used to set the control limits. When 
sufficient SCS data are available, control limits are redefined based on 
the most recent nine months of data. Control limits for SCS components 
are based on the historical average recovery in the SCS plus or minus 
three standard deviation units. 

Analytical data that are generated with an SCS which falls within the 
control limits are judged to be in control. Data that are generated with 
an SCS which falls outside of acceptance criteria are considered suspect 
and are reanalyzed or reported with qualifiers. The protocols for 
evaluating SCS are identical to those established for DCS (see Figure 

11-1). 

SCS recovery (accuracy) data are archived in the LIMS. In addition, the 
associated SCS data are reported with each set of sample results to 
enable the client to make a quality assessment of the data. 
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Method blanks, also known as reagent, analytical, or preparation blanks, 
are analyzed to assess the level of background interference or 

contamination which exists in the analytical system and which might lead 
to the reporting of elevated concentration levels or false positive data. 

As part of the standard Enseco QC program, a method blank is analyzed 
with every batch of samples processed. A method blank consists of 
reagents specific to the method which are carried through every aspect of 

the procedure, including preparation, clean-up, and analysis. The 

results of the method blank analysis are evaluated, in conjunction with 
other QC information, to determine the acceptability of the data 
generated for that batch of samples. 

Ideally, the concentration of target analytes in the blank should be 
below the Reporting Limit for that analyte. In practice, however, some 

common laboratory solvents and metals are difficult to eliminate to the 
parts-per-billion levels commonly reported in environmental analyses. 
Therefore, criteria for determining blank acceptability must be based on 
consideration of the analytical techniques used, analytes reported, and 

Reporting Limits required. 

For organic analyses, the concentration of target analytes in the blank 
must be below the Reporting Limit for that analyte in order for the blank 
to be considered acceptable. An exception is made for common laboratory 
contaminants [methylene chloride, acetone, 2-butanone, toluene, and 
bis(2-ethylhexyl)phthalate] which may be present in the blank at up to 5 
times the Reporting Limit and still be considered acceptable. This 
policy is consistent with the CLP policy and has been established in 
recognition of the fact that these compounds are frequently found at low 

levels in method blanks due to the materials used in the collection, 
preparation, and analysis of samples for organic parameters. 
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For metals analysis, where the Reporting Limits are typically near the 
Instrument Detection Limit (IDL) and background levels for certain metals 
are difficult to completely eliminate, the policy is that the 
concentration of the target analytes in the blank must be below two times 
the Reporting Limit. If the blank value for a target analyte lies below 
the Reporting Limit, the Reporting Limit for that analyte in the 
associated samples is unaffected. If the blank value lies between the 
Reporting Limit and two times the Reporting Limit, the Reporting Limit 
for that analyte in thP. associated samples is raised to the level found 
in the blank. A blank containing an analyte(s) above two times the 
Reporting Limit is considered unacceptable unless the lowest 
concentration of the analyte in the associated samples is at least ten 
times the blank concentration (as per CLP protocol). 

For conventional inorganic tests, the method SOP directs how the blank is 
treated. Generally, a reagent blank is used both to zero the equipment 
and as one of the calibration standards. If a preparation step is 
required for the analysis, then a prep blank is also analyzed to 
determine the extent of contamination or background interference. In 
most cases, the concentration found in the prep blank is subtracted from 
the concentration found in any associated sample prior to calculating the 
final result. Blanks have no application or significance for some 
conventional inorganic parameters (e.g. pH). 

If the blank does not meet acceptance criteria, the source of 
contamination must be investigated and appropriate corrective action must 
be taken and documented. Investigation includes an evaluation of the 
data to determine the extent and effect of the contamination on the 
sample results. Corrective actions may include reanalysis of the blank, 
and/or repreparation and reanalysis of the blank and all associated 

samples. 

For organic and metals analyses, and selected conventional inorganic 
tests, method blank results are reported with each set of sample results. 
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Sample results are not corrected for blank contamination. Occasionally, 
due to limited sample volume or other constraints, the laboratory reports 
data associated with an unacceptable blank. In these cases, the 
Reporting Limit for the each analyte contained in the blank is raised to 
the level found in the blank. 

Matrix-Specific QC 

Matrix-Specific QC is used to assess the effects of a sample matrix or 
field conditions on the analytical data. The main elements of Matrix
Specific QC are: 

The analysis of matrix spikes, matrix duplicates, and matrix spike 
duplicates; 

Monitoring the recovery of surrogate compounds from environmental 
samples; 

• Monitoring the results of standard additions in environmental 
samples; 

• The analysis of field blanks; and 

• The determination of method detection limits in a specific matrix. 

Different regulatory programs have different requirements in terms of 
Matrix-Specific QC. In order to ensure that the data generated meet all 
Data Quality Objectives, Enseco encourages its clients to include Matrix
Specific QC that fulfills the Data Quality Objectives and regulatory 
requirements of the project. A discussion of the different elements of 
Matrix-Specific QC follows. 

Matrix Spikes, Matrix Duplicates, and Matrix Spike Duplicates 

A Matrix Spike (MS) is an environmental sample to which known 
concentrations of analytes have been added. The MS is taken through the 
entire analytical procedure and the recovery of the analytes is 
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calculated. Results are expressed as percent recovery. The MS is used 
to evaluate the effect of the sample matrix on the accuracy of the 
analysis. 

A Matrix Duplicate (MD) is an environmental sample that is divided into 
two separate aliquots. The aliquots are processed separately and the 
results compared to determine the effects of the matrix on the precision 
of the analysis. Results are expressed as RPO. 

A Matrix Spike Duplicate (MSD) is an environmental sample that is divided 
into two separate aliquots, each of which is spiked with known 
concentrations of analytes. The two spiked aliquots are processed 
separately and the results compared to determine the effects of the 
matrix on the precision and accuracy of the analysis. Results are 
expressed as RPO and percent recovery. 

Surrogate Recoveries and Standard Additions 

Surrogates are organic compounds which are similar to the analytes of 
interest in chemical behavior, but which are not normally found in 
environmental samples. Surrogates are added to samples to monitor the 
effect of the matrix on the accuracy of the analysis. Results are 
reported in terms of percent recovery. 

Enseco routinely adds surrogates to samples requiring GC/MS analysis and 
reports these surrogate recoveries to the client. The laboratory does 
not control its operations based on surrogate recoveries in environmental 
samples. As discussed earlier in this section, Enseco controls its 
operations based on the results of Laboratory Control Samples. The 
surrogate recoveries are primarily used by the laboratory to assess 
matrix effects. However, obvious problems with sample preparation and 
analysis (e.g. evaporation to dryness, leaking septum, etc.) which can 
lead to poor surrogate spike recoveries must be ruled out prior to 
attributing low surrogate recoveries to matrix effects. 
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Standard Additions (SA) is the practice of adding a series of known 
amounts of an analyte to an environmental sample. The fortified ~amples 
are then analyzed and the recovery of the analytes calculated. The 
practice of SA's is generally used with metal and conventional analyses 
to determine the effect of the sample matrix on the accuracy of the 
analyses. 

Field Blanks 

Field blanks are check samples that monitor contamination originating 
from the collection, transport or storage of environmental samples. One 
example of a field blank is an equipment blank. An equipment blank is 
blank water that is poured through the sample collection device to check 
the adequacy of the cleaning procedures for the sampling equipment. 
Another type of field blank is a trip blank. A trip blank is a 
laboratory control matrix (typically water) which is sent to the field in 
an appropriate sample container, remains unopened in the field, and then 
is sent back to the laboratory. The purpose of the trip blank is to 
assess the impact of field and shipping conditions on the samples. The 
results from field blanks are reported to the client as samples in the 
same concentration units as the samples. No correction of the analytical 
data is done in the laboratory based on the analysis of field blanks. 

Matrix-Specific Detection Limits 

Method Detection Limits (MDL's) determined on a specific sample matrix 
are called Matrix-Specific Detection Limits. See Section 14 for a 
discussion of detection and reporting limits. 
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12. PERFORMANCE AND SYSTEM AUDITS 

Enseco laboratories participate in a variety of federal and state 
certification programs, (including the U.S. EPA CLP), that subject each 
of the laboratories to stringent system and performance audits on a 
regular basis. A system audit is a review of laboratory operations 
conducted to verify that the laboratory has the necessary facilities, 
equipment, staff and procedures in place to generate acceptable data. A 
performance audit verifies the ability of the laboratory to correctly 
identify and quantitate compounds in blind check samples submitted by the 
auditing agency. The purpose of these audits is to identify those 
laboratories that are capable of generating scientifically sound data. 
Enseco is certified to perform environmental analyses under programs 
administered by the U.S. EPA, U.S. Army, U.S. Navy, and over 15 states. 
The most current list of Enseco certifications is available upon request. 

In addition to external audits conducted by certifying agencies or 
clients, Enseco regularly conducts the following internal audits: 

• Quarterly systems audits conducted by the Divisional QA Director. 

• Periodic (at least yearly) audits conducted by the Corporate QA 
Office. 

Special audits by the Divisional QA Director or Corporate QA Office 
when a problem is suspected. 

Enseco laboratories also routinely analyze check samples as described 
below: 

Laboratory Control Samples (DCS, SCS, and method blanks) are 
analyzed at a frequency equal to at least 10% of the total number of 
samples analyzed (see Section 11). 

All Enseco laboratories participate in the analyses of EPA check 
samples provided under the Water Supply (WS) and Water Pollution 
(WP) Performance Evaluation Studies. The results of these PE 
samples are tabulated by the Corporate QA Office to identify 
performance trends within the Enseco laboratories. 
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Blind check samples from an independent commercial firm are sent to 
the laboratories periodically by the Corporate QA Office. The 
frequency and type of samples sent is based on problem areas 
identified by evaluation of tabulated PE results. 

The results of these check samples are used to identify areas where 
additional training is needed or clarification of procedures is required. 
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13. PREVENTIVE MAINTENANCE 

To minimize downtime and interruption of analytical work, preventive 
maintenance is routinely performed on each analytical instrument. 
Designated laboratory personnel are trained in routine maintenance 
procedures for all major instrumentation. When repairs are necessary, 
they are performed by either trained staff or trained service engineers 
employed by the instrument manufacturer. 

Each laboratory has detailed SOPs on file that describe preventive 
maintenance procedures and schedules. The laboratories also maintain 
detailed logbooks documenting the preventive maintenance and repairs 
performed on each analytical instrument. 
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14. SPECIFIC ROUTINE PROCEDURES USED TO ASSESS DATA QUALITY AND DETERMINE 
REPORTING LIMITS 

Data Quality Assessment 

The effectiveness of a QA program is measured by the quality of data 
generated by the laboratory. Data quality is judged in terms of its 
precision, accuracy, representativeness, completeness and comparability. 
These terms are described as follows: 

Precision is the degree to which the measurement is reproducible. 
Precision can be assessed by replicate measurements of DCS, reference 
materials, or environmental samples. Enseco routinely monitors precision 
by comparing the RPD between DCS measurements with control limits 
established at plus three standard deviations from the mean RPD of 
historical DCS data. 

Precision is frequently determined by comparison of replicates. The 
standard deviation of "n'' measurements of "x" is commonly used to 
estimate precision. 

Standard deviation (S) is calculated as follows: 

n 

1 E 

s = i=l (X1 - X)2 

where a quantity "x" (e.g., a concentration) is measured "n" times. 

The relative standard deviation (or sample coefficient of variation, CV), 
which expresses standard deviation as a percentage of the mean, is 
generally useful in the comparison of three or more replicates (although 
it may be applied in the case of n = 2). 
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In the case of duplicates, the RPO between the two samples may be used to 
estimate precision. 

101 - D2I 
RPO=------

(D1 + D2)/2 
x 100 

where: RPO = relative percent difference 

D1 = first sample value 

D2 = second sample value (duplicate) 

Accuracy is a determination of how close the measurement is to the true 
value. Accuracy can be assessed using LCS, standard reference materials, 
or spiked environmental samples. Unless specified otherwise in special 
contracts, Enseco monitors accuracy by comparing LCS results with control 

limits established at plus or minus three standard deviation units from 

the mean of historical LCS results. 

The determination of the accuracy of a measurement requires a knowledge 
of the true or accepted value for the signal being measured. Accuracy 
may be calculated in terms of percent recovery as follows: 

x 
Percent Recovery = f x 100 

where: X = the observed value of measurement 

T = "true" value 



Enseco QA Program Plan Section No. 14 
Revision No. 3.3 

5/89 Date 
Page 50 of 58 

Representativeness is the degree to which data accurately and precisely 

represent a characteristic of a population, parameter variations at a 
sampling point, a process condition, or an environmental condition. 
Analytical data should represent the sample analyzed regardless of the 
heterogeneity of the original sample matrix. Enseco strives to 
accommodate all sample matrices. Some samples may require analysis of 
multiple phases to obtain representative results. 

Completeness is a measure of the amount of valid data obtained from a 
measurement system compared with the amount that was expected to be 
obtained under normal conditions. 

To be considered complete, the data set must contain all QC check 
analyses verifying precision and accuracy for the analytical protocol. 
In addition, all data are reviewed in terms of stated goals in order to 
determine if the database is sufficient. 

When possible, the percent completeness for each set of samples is 
calculated as follows: 

valid data obtained 
Completeness = ~~~~~~~~~ x 100% 

total data planned 

Comparability expresses the confidence with which one data set can be 
compared to another data set measuring the same property. Comparability 
is ensured through the use of established and approved analytical 
methods, consistency in the basis of analysis (wet weight, volume, etc.), 
consistency in reporting units (ppm, ppb, etc.), and analysis of standard 

reference materials. 

Reporting Limits 

Assuring the validity of quantitative measurements at low concentrations 
is an extremely difficult technical problem. With regulatory action 
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A number of terms have been used, by the EPA and other technical groups, 
to express the lowest concentration of an analyte which can be measured. 
Some of these terms, their definitions, and sources are listed in Table 
14-1. A graphical representation of these terms is given in Figure 14-1. 

Enseco takes very seriously its responsibility to report technically 
defensible data. Therefore, we have established a Reporting Limit (RL) 
for each analyte in each method. The RL represents the value above which 
we believe reliable data can be routinely obtained. 

These Reporting Limits were established by collecting Method Detection 
Limit (MDL) data for organic analyses and Instrument Detection Limit 
(IDL) data for metals analyses from each Enseco laboratory. The MDL data 
were collected using the procedures described in 40CFR136 Appendix B. 
IDL data were calculated using the procedures outlined in the EPA 
Contract Laboratory Program (CLP) Statement of Work dated 12/87. The 
MDL/IDL data were then compared to various limits published in EPA 
methods and in the regulations. For example for Volatile Organics, the 
MDL data generated in Enseco laboratories were compared to the Practical 
Quantitation Limits (PQLs) published in SW-846 method 8240; the PQLs 
contained in the July 9, 1987, Federal Register Final Rulemaking on 
Appendix IX; the Contract Required Detection Limits (CRDLs) in the CLP 
Method for Volatile Organics; and the MDLs in Method 624. Then a 
Reporting Limit for each analyte was established which considered all of 
this information. The RL was set at a level above which we were 
confident that our laboratories could detect and quantify the analyte 
consistently. Using this procedure, the Reporting Limits established are 
generally between 2 to 5 times the laboratory MDL/IDL. This range is 
consistent with the American Chemical Society definition for the Limit of 
Quantitation (LOQ). (See Table 14-1) 
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·o 

NOTE: The values along the horizontal "Standard Deviation (SD)" axis are 
approximate values and are meant to show the relative, not absolute, 
relationship between the terms. 
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When errors, deficiencies, or out-of-control situations exist, the QA 
program provides systematic procedures, called "corrective actions," to 

resolve problems and restore proper functioning to the analytical system. 

Laboratory personnel are alerted that corrective actions may be necessary 

if: 

QC data are outside the acceptable windows for precision and 
accuracy; 

• Blanks, DCS or SCS contain contaminants above acceptable levels; 

• Undesirable trends are detected in spike recoveries or RPO between 
duplicates; 

• There are unusual changes in detection limits; 

• Deficiencies are detected by the QA department during internal or 
external audits or from the results of performance evaluation 
samples; or 

• Inquiries concerning data quality are received from clients. 

Corrective action procedures are often handled at the bench level by the 

analyst, who reviews the preparation or extraction procedure for possible 
errors, checks the instrument calibration, spike and calibration mixes, 
instrument sensitivity, and so on. If the problem persists or cannot be 
identified, the matter is referred to the laboratory supervisor, manager 

and/or QA department for further investigation. Once resolved, full 

documentation of the corrective action procedure is filed with the QA 
department. Corrective action documentation is routinely reviewed by the 

VP of QA. 
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Examples of anomalous situation include: formation of a precipitate in 
an extract; formation of an emulsion during an extraction step; or 
missed holding times. These situations are thoroughly documented to 
enable a thorough review of the data to occur. 

Out-of-Control situations are also documented on Anomaly Forms. An Out
of-Control situation occurs when QC data fall outside of established 
control limits. The documentation associated with and Out-of-Control 
situation is reviewed by the supervisor and the QA Department. Out-of
Control situations trigger Corrective Action. Corrective Actions taken 
are also documented on the Anomaly Form. 

Project Files 

A project file is created for each project handled within the laboratory. 
The project file contains all documents associated with the project. 
This includes correspondence from the client, chain-of-custody records, 
raw data, copies of laboratory notebook entries pertaining to the 
project, and a copy of the final report. When a project is complete, all 
records are passed to the Document Custodian who inventories the file, 
checks for completeness, and puts the file into document archive. 



APPENDIX I 

MAXIMUM HOLDING TIMES AND 
SAMPLE COLLECTION/PRESERVATION INFORMATION 

Sources: Tables A-E: 
Federal Register, October 26, 1984 
SW-846, 3rd Edition, Update I 
State of California Leaking Underground 

Fuel Tank Field Manual, May 1988 

Table F: 
Contract Laboratory Program Statement of 

Work for Organic Analysis dated 10/86 
Contract Laboratory Program Statement of 

Work for Inorganic Analysis dated 12/87 

(QA Program Plan, Revision 3.3) 
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FORMAT FOR SOP - LABORATORY, ANALYTICAL METHOD 
(cont.) 

9. QA/QC Requirements 

9.1 QC samples 
9.2 Acceptance criteria (precision and accuracy, % of multi-component QC 

analytes which must be within windows) 
9.3 Corrective action required (reference current QC manual) 

10. Calculations 

11. Reporting 

11.1 Reporting units 
11.2 Reporting limits 
11.3 Significant figures and reporting values below detection limit 
11.4 LIMS data entry 

12. References 

12.1 Method source 
12.2 Deviations from source method and rationale 

AII-2 (QA Program Plan, Revision 3.3) 



FORMAT FOR SOP - LABORATORY, STANDARDS AND REAGENTS 

Title 

1. Reagent/Standard Name 

2. Type (reagent, calibration standard, DCS, SCS, stock solution, etc.) 

3. Constituents/concentration 

4. Solvent 

5. Safety Issues (specific to the reagent or standard) 

6. Shelf Life 

7. Procedure 

7.1 Preparation 
7.2 Documentation (purchase date, open date, labeling, etc.) 
7.3 Verification 

AII-3 (QA Program Plan, Revision 3.3) 



FORMAT FOR SOP - LABORATORY, EQUIPMENT OPERATION, 
CALIBRATION, AND MAINTENANCE 

Title 

1. Purpose 

2. Safety Issues (applicable to the specific equipment) 

3. Procedure 

3.1 Initial start-up 
3.2 Calibration and performance documentation 
3.3 Example output 
3.4 Shut-down 
3.5 Maintenance and maintenance records 

4. Responsibilities 

5. Comments 

6. Definitions 

AII-4 (QA Program Plan, Revision 3.3) 



FORMAT FOR SOP - LABORATORY, PROCEDURAL 

Title 

1. Purpose 

2. Policies 

3. Safety Issues 

4. Procedure 

5. Responsibilities 

6. Comments 

z. Definitions 

AII-5 (QA Program Plan, Revision 3.3) 
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APPENDIX II 

FORMATS FOR STANDARD OPERATING PROCEDURES (SOP) 

(QA Program Plan, Revision 3.3) 



FORMAT FOR SOP - LABORATORY, ANALYTICAL METHOD 

Title (includes method number) 

1. 

2. 

3. 

4. 

5. 

Scope and Application 

1.1 Analytes 
1.2 Detection limit (instrument and method) 
1.3 Applicable matrices 
1.4 Dynamic range 
1.5 Approximate analytical time (i.e., 5 minutes, 2 days) 

Summary of Method 

2.1 Generic description of method and chemistry behind it (i.e., extract 
with solvent, convert to methyl ester, analyze by electron-capture 
gas chromatography) 

Comments 

3.1 Interferences 
3.2 Helpful hints 

Safety Issues (specific to the method) 

Sample Collection, Preservation, Containers, and Holding Times 

6. Apparatus 

7. Reagents and Standards 

8. Procedure (detailed step-by-step) 

8.1 Sample preparation 
8.2 Calibration 
8.3 Analysis 

AII-1 (QA Program Plan, Revision 3.3) 
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Investigation Derived Waste Management PlanInvestigation Derived Waste Management PlanInvestigation Derived Waste Management PlanInvestigation Derived Waste Management Plan    

     



 

 

InvestigationInvestigationInvestigationInvestigation    DerivedDerivedDerivedDerived    WasteWasteWasteWaste    (IDW)(IDW)(IDW)(IDW)    ManagementManagementManagementManagement    PlanPlanPlanPlan    

All IDW will be properly characterized and disposed of in accordance with all federal, State, and local 

rules and regulations for storage, labeling, handling, transport, and disposal of waste.  The IDW may 

be characterized for disposal based on the known or suspected contaminants potentially present in 

the waste. 

A dedicated decontamination area will be setup prior to any sample collection activities.  The 

decontamination pad will be constructed so as to capture and contain all decontamination fluids 

(e.g., wash water and rinse water) and foreign materials washed off the sampling equipment.  The 

fluids will be pumped directly into suitable storage containers (e.g., labeled 55-gallon drums), which 

will be located at satellite accumulation areas until the fluids are disposed in the refinery wastewater 

treatment system upstream of the API separator.  The solids captured in the decontamination pad 

will be shoveled into 55-gallon drums and stored at the designated satellite accumulation area 

pending proper waste characterization for off-site disposal. 

Drill cuttings generated during installation of soil borings will be placed directly into 55-gallon drums 

and staged in the satellite accumulation area pending results of the waste characterization 

sampling.  The portion of soil cores, which are not retained for analytical testing, will be placed into 

the same 55-gallon drums used to store the associated drill cuttings. 

The solids (e.g., drill cuttings and used soil cores) will be characterized by testing to determine if 

there are any hazardous characteristics in accordance with 40 Code of Federal Regulations (CFR) 

Part 261.  This includes tests for ignitability, corrosivity, reactivity, and toxicity.  If the materials are 

not characteristically hazardous, then further testing will be performed pursuant to the requirements 

of the facility to which the materials will be transported.  Depending upon the results of analyses for 

individual investigation soil samples, additional analyses may include VOCs, TPH and polynuclear 

aromatic hydrocarbons (PAHs). 
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Photo of SWMU 13 ditch from southeast end, looking to northwest. 

  



 

Photo of SWMU 13 ditch from northwest end of ditch looking southeast. 
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Executive Summary 

 

The Gallup Refinery, which is located 17 miles east of Gallup, New Mexico, has been in operation 

since the 1950s.  Past inspections by State [New Mexico Environment Department (NMED)] and 

federal environmental inspectors have identified locations where releases to the environment may 

have occurred.  These locations are generally referred to as Solid Waste Management Units 

(SWMUs) or Areas of Concern (AOCs).  Pursuant to the terms and conditions of the facility’s Resource 

Conservation and Recovery Act (RCRA) Post-Closure Care Permit and 20.4.1.500 New Mexico 

Administrative Code (NMAC), this environmental site investigation was completed for the area 

identified as SWMU No. 13 - Drainage Ditch between API Evaporation Ponds and Neutralization Tank 

Evaporation Ponds, which is just north of Evaporation Pond (EP) -2.   

The activities completed include sampling and analysis of soils and groundwater along the length of 

the drainage ditch.  Seven deep soil borings were completed immediately adjacent to the drainage 

ditch and associated pond area using hollow stem augers and all were completed as temporary 

monitoring wells.  Seven shallow soil borings were completed within the drainage ditch and 

associated pond area using a hand auger.  Fifty-eight soil samples (excluding additional quality 

assurance samples) were collected for analysis of potential site-related constituents (e.g., volatile 

and semi-volatile organics, total petroleum hydrocarbons (TPH), and metals).  Six groundwater 

samples (excluding additional quality assurance samples) were collected for analysis of potential 

site-related constituents (e.g., volatile and semi-volatile organics, TPH, metals, and inorganic/general 

water quality parameters).  One of the temporary well completions did not yield groundwater. 

Chromium (total) was detected at a concentration above the residential soil screening level in one 

soil sample [SWMU 13-4 (0-0.5’)] and above the non-residential screening level in two soil samples 

[SWMU 13-9 (0-0.5’) and SWMU 13-10 (0-0.5’)].  Five soil samples [SWMU 13-1 (1.5-2’), SWMU 13-

2 (1.5-2’), SWMU 13-5 (1.5-2’), SWMU 13-7 (17.5-18’), and SWMU 13-12 (0-0.5’)] have manganese 

concentrations that exceed the non-residential screening level.  Both Diesel Range Organics and 

Motor Oil Range Organics were detected at concentrations above the residential soil screening level 

in three soil samples [SWMU 13-4 (0-0.5'), SWMU 13-9 (0-0.5'), and SWMU 13-10 (0-0.5') and 

concentrations exceed the non-residential screening level two samples [SWMU 13-11 (0-0.5') and 

SWMU 13-13 (0-0.5')].  
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The groundwater analyses indicate total and dissolved arsenic was detected above the screening 

level in one sample collected at SWMU 13-7.  Beryllium (total analyses only) was detected above the 

screening level in one groundwater sample collected at SWMU 13-2.  Iron was detected above the 

screening level in samples analyzed for total (four exceedances at SWMU 13-2, SWMU 13-4, SWMU 

13-6, and SWMU13-7) and dissolved analyses (one exceedance at SWMU 13-7).  Lead (total 

analyses) was detected at a concentration above the screening level in one of the groundwater 

samples collected which was collected at SWMU 13-2.  Manganese was detected above the 

screening level in both total and dissolved analyses collected at all six locations (SWMU 13-2, SWMU 

13-3, SWMU 13-4, SWMU 13-5, SWMU 13-6, and SWMU13-7).  Chloride was detected above the 

screening level in five of the groundwater samples (SWMU 13-3, SWMU 13-4, SWMU 13-5, SWMU 

13-6, and SWMU13-7).  Sulfate was detected above the screening level in four of the groundwater 

samples (SWMU 13-2, SWMU 13-3, SWMU 13-4, and SWMU 13-6).  Fluoride was detected in one 

groundwater sample (SWMU 13-7) above the screening level.  Gasoline Range Organics were 

detected above the screening level in five groundwater samples (SWMU 13-2, SWMU 13-3, SWMU 

13-4, SWMU 13-5, and SWMU13-7).  Diesel Range Organics were detected above the screening level 

in four groundwater samples (SWMU 13-2, SWMU 13-3, SWMU 13-5, and SWMU13-7). 

 

 

 

 



 

 

1-1 

Section 1 

Introduction 

 

The Gallup Refinery is located approximately 17 miles east of Gallup, New Mexico along the north 

side of Interstate Highway I-40 in McKinley County.  The physical address is I-40, Exit #39 

Jamestown, New Mexico 87347.  The Gallup Refinery property covers approximately 810 acres.  

Figure 1 presents the refinery location and the regional vicinity, which is characterized as high desert 

plain comprised primarily of public lands used for grazing by cattle and sheep.  

The Gallup Refinery generally processes crude oil from the Four Corners area transported to the 

facility by pipeline or tanker truck.  Various process units are operated at the facility, including crude 

distillation, reforming, fluidized catalytic cracking, alkylation, isomerization, sulfur recovery, merox 

treater, and hydrotreating.  Current and past operations have produced gasoline, diesel fuels, jet 

fuels, kerosene, propane, butane, and residual fuel. 

The area of investigation that is the subject of this report is shown on Figure 2.  The purpose of the 

site investigation is to determine and evaluate the presence, nature, and extent of releases of 

contaminants in accordance with 20.4.1.500 New Mexico Administrative Code (NMAC) incorporating 

40 Code of Federal Regulations (CFR) Section 264.101.  The investigation activities were conducted 

in accordance with 20.4.1.500 NMAC incorporating 40 CFR Section 264.101, Section IV.H.5 of the 

Post-Closure Care Permit and the Investigation Work Plan SWMU No. 13 - Drainage Ditch between 

API Evaporation Ponds and Neutralization Tank Evaporation Ponds dated May 2016 (approved with 

modifications July 11, 2019). 

Section 2 presents background information for SWMU No. 13, including a review of historical waste 

management activities to help identity the types of waste handled, sources of releases, and 

previously known impacts to the environment.  Section 3 describes the scope of work completed 

during the site investigation, including completion of soil borings, installation of temporary 

monitoring wells, and sample collection.  Section 4 of the report explains the results of the field 

investigation, including the general surface and subsurface conditions and detailed site-specific 

information acquired during subsurface investigations.  Section 5 explains the regulatory standards 

that are used for comparison to the analytical results and Section 6 presents the analytical results of 

soil and groundwater samples analyzed for volatile and semi-volatile organic compounds, Total 
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Petroleum Hydrocarbons (TPH), metals, and inorganic/general chemistry constituents.  The results of 

these analyses are compared to applicable state or federal screening levels.  Section 7 summarizes 

the results, provides an evaluation of the potential impacts and provides recommendations for any 

future actions. 
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Section 2 

Background 

 

This section presents background information for the area near SWMU No. 13, including a review of 

historical waste management activities to identity the following: 

• Type and characteristics of waste and contaminants handled in the SWMU; 

• Known and possible sources of impacts; 

• History of releases; and 

• Known extent of impacts prior to the current investigation. 

SWMU No. 13 is located between Evaporation Ponds No. 2 and No. 12 (Figure 2).  In the Inventory of 

Solid Waste Management Units prepared in June 1985, SWMU No. 13 is not specifically described, 

but the series of related evaporation ponds and their respective uses are described (Geoscience 

Consultants, Ltd, 1985).  An unlined conveyance ditch associated with water softener regeneration 

wastewater is identified by Unit Number 24 in Table 4-1 in the 1987 RCRA Facility Assessment (RFA) 

Report (Black and Veatch, 1987).  However, as shown on Figure 4-1 in the RFA, this ditch is shown to 

be located immediately adjacent to the former neutralization tank and is not the same ditch that is 

later identified as SWMU No. 13.  The area currently identified as SWMU No. 13 is discussed in 

Section 5.4 of the 1987 RFA Report and is noted as being observed during the Visual Site 

Inspection, but the information related to the contents of the ditch was insufficient to evaluate 

releases to all media. 

In 1990, the “Drainage Ditch between APIS Evaporation Ponds and Neutralization Tank Evaporation 

Ponds” was identified as a SWMU targeted for investigation in the SWMU Site-Specific Facility 

Investigation Workplan (Applied Earth Sciences, Inc., 1990).  Three soil borings (collected at the 

water’s edge – ditch maximum width of 12 feet, 18 inches deep with no dikes) to a depth of five feet 

with samples collected at 2 - 2.5’ and 3.5 – 4.0’ were proposed in the Investigation Workplan, which 

was subsequently modified to four borings to address comments received from EPA on May 30, 

1990.  The exact boring locations were to be based on field observations with criteria such as 

stained soil, stressed vegetation, and significant discharge patterns.  The general location was 

depicted as area #24 on Figure 1 – Site Map, which is included in Appendix A.  The proposed 

analyses included the Skinner List constituents. 
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During the Phase II RCRA Facility Investigation (RFI) conducted in 1991, four soil borings (RFI 1301 

through RFI 1304) were completed with two soil samples collected from each boring as proposed in 

the Investigation Workplan.  The location of the borings is shown on the map from the 1991 Phase II 

RFI Report, which is included in Appendix A (Giant, 1991).  The area of investigation was described 

as “the small overflow lagoon from Evaporation Pond #2 and the associated drainage ditch.”  The 

samples were analyzed for Skinner List volatile organic compounds (VOCs), semi-volatile organic 

compounds (SVOCs) and metals.  None of the organic constituents were detected in the eight 

samples and all metals results were reported to be below background limits.  A copy of the original 

data summary table from the 1991 RFI Report is included in Appendix A. 

Giant requested a No Further Action designation from EPA and based on the sampling results no 

further investigation of the area was required, but rather in 1995 EPA required that the area be 

resampled every five years going forward as Giant planned to continue use of the ditch.  The first 

sampling event was conducted in October 1996.  Three angle borings were completed beneath the 

ditch with samples collected from the 6.0’ - 6.5’ interval, as measured along the length of the 

borings, and analyzed for VOCs, SVOCs, and metals.  All of the VOC and SVOCs results were reported 

as non-detect and the metals concentrations were described as being comparable to (or lower) than 

those found in the original RFI sampling.  A map showing the boring locations and the analytical 

report are provided in Appendix B.  The location of the SWMU was surveyed at EPA direction and a 

copy is provided in Appendix B. 

Practical Environmental Services, Inc. (PES) was hired in 1998 by Giant Industries to perform a visual 

inspection, data evaluation, and status assessment of SMWU 13.  No additional sampling was 

conducted as the area was recently sampled in 1996.  Their findings are summarized below: 

• The drainage ditch was observed in active service conveying wastewater to north area 

evaporation ponds; 

• The ditch sidewalls were visually inspected and found to be intact and stable.  No erosion, 

damage, or sign of containment failure was observed; 

• Native shrubs and grasses were observed growing around the perimeter of the ditch.  No signs of 

distress were evident; and 

• Local soil in the vicinity of the drainage ditch is bentonitic clays and silts.  Similar soil strata from 

neighboring SWMU exhibited a hydraulic conductivity of less than 10-7 cm/sec. 
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They (PES) determined that the No Further Action proposal previously recommended by Giant and 

approved by EPA (with requirement for continued sampling) was appropriate for the site. 

In August 2001, Giant Industries prepared a No Further Action Report to summarize previous 

activities at SWMU No. 13.  Based on the earlier sampling conducted in the Phase II RFI and more 

recently in 1996, Giant proposed no further action for SWMU No. 13 (Giant, 2001).  NMED 

responded to Giant’s request for no further action via letter dated November 2, 2001 and a 

response letter prepared by PES was submitted October 2, 2002.  Items specific to SWMU No. 13 

are discussed below. 

NMED requested an updated site plan. 

o It was noted by PES that the requested site plan was provided. 

NMED requested background and current information on the influent and effluent to the SWMU. 

o The requested information was provided in the October 2, 2002 response letter.  

Essentially, the ditch has been and continues to be used to transfer refinery 

wastewater between evaporation ponds. 

NMED requested analyses of water samples from the ditch and bottom sludge or sediment samples, 

if available.   

o PES noted neither water sample or bottom sludge/sediment samples had been 

collected from the ditch. 

NMED requested boring logs from the 1991 and 1996 sampling efforts. 

o The requested boring logs were provided. 

NMED asked what depths the soil samples were collected from in the 1996 borings. 

o PES clarified the samples were collected from 6 feet as measured along the length of 

the angled borings. 

After submission of the requested information to NMED on October 2, 2002, the next 

correspondence on SMWU No. 13 that is found in the available records is a letter from Western 

Refining Southwest, Inc. (dated June 24, 2013) requesting that NMED proceed with review of 

information previously submitted in the 2001 Petition for No Further Action and the Supplementary 

Information submitted on October 2, 2002.  NMED replied to the request on November 18, 2014 

stating they would proceed with the requested review and on April 13, 2015 a request for additional 

information was issued.  Comments 23 through 25 were specific to SWMU 13.  Western provided a 

response on June 15, 2015.  Copies of NMED’s letter and Western’s response, including relevant 
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enclosures are included in Appendix C of the Investigation Work Plan SWMU No. 13 – Drainage Ditch 

between API Evaporation Ponds and Neutralization Tank Evaporation Ponds (DiSorbo, 2019a).  

The responses in 2015 noted the drainage ditch was being used to convey non-contact storm water 

and that the ditch did not receive flows from the evaporation ponds.  The area has since been 

regraded such that stormwater is no longer conveyed through either the ditch or the small “pond” 

area to the south.  The only water entering these areas now is rainfall and there is no active use of 

these features.  The regrading did not affect the drainage itself and surface soils within the ditch 

were not affected.
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Section 3 

Scope of Activities 

 

3.1 Soil Boring, Temporary Monitoring Well Installation and Sample Collection 

Pursuant to the approved Investigation Work Plan, an investigation of soils and groundwater was 

conducted to determine and evaluate the presence, nature, extent, fate, and transport of 

contaminants.  To accomplish this objective, soil borings and temporary monitoring wells were 

installed (Figure 3). 

3.1.1 Site Investigation 

The scope of work focused an investigation of soils along and beneath the drainage ditch and 

associated pond area and was conducted to characterize current concentrations of constituents 

associated with historical refinery operations and define the extent of any such impacts.  Five 

shallow soil borings (SWMU 13-8 through SWMU 13-12) were located along the center line of the 

drainage ditch and two within the pond area (SWMU 13-13 and SWMU 13-14).  These borings were 

completed using a hand auger to a completion depth of 3 feet.  Due to physical limitations accessing 

locations within the ditch and pond areas, deeper borings were completed using the hollow stem 

auger method outside, but immediately adjacent to the ditch and pond areas.  There are five deep 

soil borings located adjacent to the ditch (SWMU 13-1 through SWMU 13-5) and two deep soil 

borings adjacent to the pond area (SWMU 13-6 and SWMU 13-7) (Figure 3). 

The seven deep borings were completed using hollow stem augers to depths ranging from 16 feet 

below ground level (bgl) to 18 feet bgl.  Temporary wells were installed in the seven deeper borings.  

Groundwater samples were collected from six of the seven temporary wells.  One temporary well 

(SWMU 13-1) was dry.  The groundwater samples were analyzed for VOCs, SVOCs, TPH, Skinner List 

metals, cyanide, iron, manganese, chloride, fluoride, nitrate, nitrite, and sulfate. 

Discrete soil samples were proposed in the work plan to be retained for laboratory analysis from 

within the following intervals at each of the soil borings: 

• From the upper 0.5 foot interval of the ground surface; 
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• From the 1.5 to 2.0 foot interval; 

• From the upper 0.5 foot interval of native soils (i.e., below any fill material); 

• From the interval in each soil boring with the greatest apparent degree of contamination 

in the vadose zone, based on field observations and field screening;  

• From the bottom of each borehole; 

• From the 0.5 foot interval at the top of saturation, if encountered; and 

• Any additional intervals as determined based on field screening results. 

Discrete soil samples were collected for laboratory analysis from within the following intervals at 

each of the seven hand auger borings: 

• From the upper 0.5 foot interval of the ground surface; 

• From the 1.5 to 2.0 foot interval; and  

• From the bottom of each borehole (2 to 3 foot interval). 

The objectives were met at each deep soil boring with discussions below detailing the exact sample 

collection intervals at each soil boring.  The soil samples were analyzed for VOCs, SVOCs, TPH, 

Skinner List metals, iron, and manganese. 

The following list provides a summary of the soil borings advanced using hollow stem augers: 

• SWMU 13-1; advanced to 16 feet bgl; temporary well installed; 

• SWMU 13-2; advanced to 16 feet bgl; temporary well installed; 

• SWMU 13-3; advanced to 16 feet bgl; temporary well installed; 

• SWMU 13-4; advanced to 16 feet bgl; temporary well installed; 

• SWMU 13-5; advanced to 16 feet bgl; temporary well installed; 

• SWMU 13-6; advanced to 18 feet bgl; temporary well installed; and 

• SWMU 13-7; advanced to 18 feet bgl; temporary well installed. 
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3.2 Collection and Management of Investigation Derived Waste 

Drill cuttings, excess sample material and other investigation derived waste (IDW) associated with 

soil borings were placed in containers.  All drill cuttings generated during the investigation were 

collected and put into 55-gallon drums.  The drums are currently on-site pending finalization of waste 

characterization before being sent off-site for disposal.  All purge water and decontamination water 

were disposed in the refinery wastewater system upstream of the API Separator. 

3.3 Surveys 

A global positioning system receiver was used to record the coordinates of each soil boring.  These 

coordinates were recorded on the field boring logs.  Surveys of each location and the land surface 

were completed by a registered land surveyor.  The survey is included in Appendix C (page 3 of 9). 
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Section 4 

Field Investigation Results  

 

This section provides a summary of the surface and subsurface conditions at the refinery, including 

the area near SWMU No. 13.  A discussion is included on the installation of soil borings, field 

screening of soils, and collection of soil samples for analysis.  This is followed by a description of the 

installation of temporary well completions and the collection of groundwater samples.  

4.1 Surface Conditions 

A topographic map of the area near SWMU No. 13 is included as Figure 4.  Site topographic features 

include high ground in the southeast gradually decreasing to a lowland fluvial plain to the northwest.  

Elevations on the refinery property range from 6,860 feet to 7,040 feet.  The area of the site near 

SWMU No. 13 at an approximate elevation of 6,886 feet above mean sea level (msl). 

The soils in the vicinity of SWMU No. 13 are identified as the Rehobeth silty clay loam.  Rehobeth soil 

properties include a pH ranging from 8 to 9 standard units and salinity measuring up to 

approximately 8 mmhos/cm (slightly saline).  It is classified as well drained.  The parent material is 

described as stream alluvium derived from gypsiferous shale (USDA, 2005). 

Regional surface water features include the refinery evaporation ponds and a number of small ponds 

(one cattle water pond and two small unnamed spring fed ponds).  The site is located in the Puerco 

River Valley, north of the Zuni Uplift with overland flows directed northward to the tributaries of the 

Puerco River.  The Puerco River continues to the west to the confluence with the Little Colorado 

River.  The South Fork of the Puerco River is intermittent and retains flow only during and 

immediately following precipitation events. 

4.2 Subsurface Conditions 

An underground pipeline was detected during clearance of utilities in the area of the borings at 

SWMU No. 13.  The location of the pipeline is shown on Figure 3.  The pipeline is 4-inch PVC and was 

exposed at the land surface in some areas and increased with depth near the north end of SWMU 

No. 13. 
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4.2.1 Geology 

The shallow subsurface soils consist of fluvial and alluvial deposits comprised of clay and silt with 

minor inter-bedded sand layers.  The diverse properties and complex, irregular stratigraphy of the 

surface soils across the site cause a wide range of hydraulic conductivity ranging from less than 10-2 

cm/sec for gravely sands immediately overlying the Petrified Forest Formation to 10-8 cm/sec in the 

clay soils located near the surface (Western Refining, 2009).  Generally, shallow groundwater at the 

refinery follows the upper contact of the Chinle Group with prevailing flow from the southeast to the 

northwest, with some flow potentially to the northeast on the northeastern portion of the refinery 

property.   

The Quaternary alluvium, which occurs at the land surface in the area of the refinery is mapped 

regionally as a narrow band trending west-northwest and running just north of I-40 (Figure 5).  The 

Quaternary alluvium is thought to be the parent material of the Rehobeth soils discussed above in 

Section 4.1.  A cross section of the shallow subsurface in the immediate vicinity of SWMU No. 13 is 

included as Figure 6.  Figure 3 shows the location of the cross section.  As shown on the cross 

section, the predominant lithology is clay with sandy clay/clayey sand layers. 

Subcropping beneath the Quaternary alluvium is the Triassic Chinle Group (Figure 5).  The 

stratigraphy of the Chinle Group was described in detail for the nearby Fort Wingate quadrangle by 

Lucas et al., 1997.  The Painted Desert Member of the Petrified Forest Formation is the uppermost 

member of the Chinle Group present in the area of the refinery.  The Painted Desert Member is 

described as reddish-brown and grayish red mudstone with minor beds of resistant, laminated or 

crossbedded, litharenite.  This is consistent with the bedrock encountered at the refinery.  Beneath 

the Painted Desert Member is the Sonsela Member, which is described by Lucas et al. (1997) as 

gray to yellowish-brown, fine-grained to conglomeratic, crossbedded sandstone.  The base of the 

Sonsela Member is recognized as a basin wide unconformity, which was termed the Tr-4 

unconformity (Heckert and Lucas, 1996).  The Blue Mesa Member, which underlies the Sonsela 

Member, is the lowest member of the Petrified Forest Formation.  The Blue Mesa Member is 

described as mostly purple and greenish-gray mudstone. 

4.2.2 Hydrogeology 

Figure 6 presents the potentiometric surface measured during field work activities conducted in the 

month of November 2019.  A potentiometric surface map (Figure 7) is included using measurements 



 

 

4-3 

collected in August 2018.  The groundwater flow direction in the area of SWMU No. 13 is to the 

northwest.   

The diverse properties and complex, irregular stratigraphy of the Quaternary alluvium across the 

refinery cause a wide range of hydraulic conductivity ranging from less than 10-2 cm/sec for gravel 

like sands immediately overlying the Painted Desert Member to 10-8 cm/sec in the clay soils located 

near the surface (Western Refining, 2009).  Permeability tests performed on the Quaternary alluvium 

beneath the nearby Land Treatment Unit (LTU) indicated an average permeability of 1.9E-05 cm/sec 

(Appendix D).  Permeability tests performed on soils in the area of the firewater pond indicated an 

average permeability of 1.1E-07 cm/sec (Appendix D).   

As described above, the bedrock (i.e., Petrified Forest Formation) is mainly composed of low 

permeability materials (e.g., mudstone) with the exception of the Sonsela Member and some thinner 

sandstones within the overlying Painted Desert Member.  Yield tests, including slug tests and 

pumping tests have been performed at the refinery to estimate the hydraulic conductivity of the 

Painted Desert Member (Appendix D).  A slug test performed on July 3, 1984 in well OW-4 indicated 

a hydraulic conductivity of 4.0E-7 cm/sec.  A pump test was performed in well OW-24 on February 

20, 1985 and it yielded a hydraulic conductivity of 2.5E-7 cm/sec.  The Painted Desert Member 

appears to be a competent aquitard capable of reducing the potential for downward migration of 

contaminants from groundwater that may occur within the overlying Quaternary alluvium.   

The Sonsela Member is identified as the uppermost aquifer for RCRA monitoring purposes at the LTU 

because the overlying groundwater bearing units are not capable of supplying sufficient quantities of 

groundwater to meet the definitions of an aquifer.  Wells completed in a thinner permeable 

sandstone layer within the Painted Desert Member are also monitored near the LTU as a potential 

early warning network.  The Sonsela’s highest point occurs southeast of the site and slopes 

downward to the northwest as it passes under the refinery.  The Sonsela Member forms a water-

bearing reservoir with artesian conditions throughout the central and western portions of the refinery 

property (Western, 2009).  Aquifer test of the Sonsela Member conducted northeast of Prewitt 

indicated a transmissivity of greater than 100 ft2/day (Stone and others, 1983).  Yield tests 

conducted at the site have shown a much lower hydraulic conductivity of 0.34 ft/day (1.2E-04 

cm/sec) (Appendix D).   
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4.3 Exploratory Drilling Investigations, Soil Sampling and Boring Abandonment 

This subsection provides a detailed description of subsurface investigations to delineate impacts to 

soils and groundwater in the area of SWMU No. 13.  This includes soil field screening results, soil 

sampling intervals and methods for detection of subsurface impacts in soils.   

A description of the field screening and soil sampling procedures are presented in Appendix E – Field 

Methods.  Copies of the boring/well logs are provided in Appendix F.  In addition to being included on 

the soil boring logs, the soil vapor (i.e., headspace) screening results are summarized in Table 1.  

The locations of the soil borings/wells appear on Figure 3.  

4.3.1 Soil Investigation 

Seven deep soil borings (SWMU 13-1 through SWMU 13-7) were advanced using the hollow-stem 

auger (HSA) method.  A hand auger was used to clear each drilling location to a depth of 5 feet.  Soil 

samples for logging, screening and sample collection were collected from the auger bucket from 0 to 

5 feet.  After each location was cleared, the CME 55 track drilling rig was set up at the location.  

Sample collection was then accomplished using the HSA drilling method and split spoon samplers.  

Temporary groundwater monitoring wells were installed in these seven borings.  Seven shallow soil 

borings (SWMU 13-8 through SWMU 13-14) were advanced using a hand auger.  The drilling 

equipment was decontaminated between each borehole, as described in Appendix E.  The soil boring 

logs describe the subsurface lithology, the presence of saturation, the field screening results, soil 

sample collection intervals, and any temporary well construction details.  Soil samples that were 

collected with the split spoon sampler were photographed.  Electronic copies of these photographs 

are included in Appendix G.  The installation of soil borings and collection of soil samples are 

discussed below in numerical order. 

SWMU 13-1 

On October 22, 2019 the CME 55 track drilling rig was set up on location SWMU 13-1.  SWMU 13-1 

is located north of the drainage ditch at the west end of the ditch.  The ground surface at SWMU 13-

1 is approximately 2.54 feet above the bottom of the drainage ditch.  Sample collection from 0 – 5 

feet below ground level (bgl) was accomplished using a decontaminated hand auger.  Sample 

collection from 5 to 16 feet was accomplished using the HSA drilling method and split spoon 

samplers.  The split spoon samplers were decontaminated between each sample.  Five soil samples 

were collected for laboratory analysis from the following intervals: 
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• 0 – 0.5 feet bgl: PID reading – 1.4 ppm, no odor, required interval;  

• 1.5 feet bgl to 2 feet bgl:  PID reading - 1.2 ppm, no odor, required interval;  

• 5 feet bgl to 6 feet bgl:  PID reading - 89.7 ppm, no odor, elevated PID reading; 

• 8 feet bgl to 10 feet bgl: PID reading - 4.7 ppm, no odor, interval immediately above 

saturation; and 

• 14 feet bgl to 16 feet bgl:  PID reading – 2.8 ppm, no odor, bottom of the borehole.  

The lithology encountered consisted of the following: 

• Silt/Clayey Silt:  0 – 2 feet bgl (very fine grain, low plasticity, soft, damp, brown, no odor); 

• Silty Clay:  2 feet bgl – 5 feet bgl (low plasticity, firm, damp, brown, no odor); 

• Clay:  5 feet bgl – 8 feet bgl (high plasticity, firm, damp, brown, no odor, becomes sandy at 

base – clayey sand); 

• Clayey Sand/Sand:  8 feet bgl – 10 feet bgl (fine grain, loose, damp, brown, no odor); 

• Clayey Sand/Sand:  10 feet bgl – 12 feet bgl (fine grain, loose, very moist to saturated, 

brown, no odor); 

• Clayey Sand/Sand:  12 feet bgl – 14 feet bgl (fine grain, loose, very moist to saturated at 

base, brown, no odor); and 

•  Clay:  14 feet bgl – 16 feet bgl (high plasticity, stiff, damp, brown, no odor). 

The sampling was terminated at 16 feet bgl.  A temporary monitoring well was installed at this 

location with 2-inch Schedule 40 PVC screen and casing.  The well was installed with the screened 

interval ranging from 6 feet bgl to 16 feet bgl.  Groundwater samples were collected as discussed 

below in Section 4.4.1.  On November 12, 2019 the well casing and screen were removed and the 

borehole was grouted. 

SWMU 13-2 

On October 22, 2019 the CME 55 track drilling rig was set up on location SWMU 13-2.  SWMU 13-2 

is located south of the drainage ditch at the west end of the ditch.  The ground surface at SWMU 13-

2 is approximately 2.38 feet above the bottom of the drainage ditch.  Sample collection from 0 – 5 

feet bgl was accomplished using a decontaminated hand auger.  Sample collection from 5 to 16 feet 

was accomplished using the HSA drilling method and split spoon samplers.  The split spoon 

samplers were decontaminated between each sample.  Four soil samples were collected for 

laboratory analysis from the following intervals: 
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• 0 – 0.5 feet bgl: PID reading – 6.3 ppm, no odor, required interval;  

• 1.5 feet bgl to 2 feet bgl:  PID reading – 2.3 ppm, no odor, required interval;  

• 8 feet bgl to 10 feet bgl: PID reading – 1.3 ppm, no odor, interval immediately above 

saturation; and 

• 14 feet bgl to 16 feet bgl:  PID reading – 1.1 ppm, no odor, bottom of the borehole.  

The lithology encountered consisted of the following: 

• Silt/Clayey Silt:  0 – 2 feet bgl (very fine grain, low plasticity, soft, damp, brown, no odor); 

• Silty Clay:  2 feet bgl – 5 feet bgl (low plasticity, firm, damp, brown, no odor, high plasticity at 

the base); 

• Clay:  5 feet bgl – 7 feet bgl (high plasticity, stiff, damp, brown, no odor); 

• Silty Clay:  7 feet bgl – 8 feet bgl (low plasticity, firm/crumbly, damp, brown, no odor, trace 

sand at base); 

• Clayey Sand/Sandy Clay:  8 feet bgl – 10 feet bgl (fine grain, compact, damp to moist at 

base, brown, no odor); 

• Sand:  10 feet bgl – 11 feet bgl (fine to medium grain, loose, damp to moist, brown, no odor); 

• Clay:  11 feet bgl – 12 feet bgl (high plasticity, very soft, damp to moist, brown, no odor); 

• Clay:  12 feet bgl – 13.5 feet bgl (high plasticity, very soft, moist to saturated in very soft 

lense, brown, no odor); 

• Clay:  13.5 feet bgl – 15.5 feet bgl (high plasticity, stiff, damp, brown, no odor); and 

• Silty Clay: 15.5 feet bgl – 16 feet bgl (low plasticity, firm, damp, brown, no odor). 

The sampling was terminated at 16 feet bgl.  A temporary monitoring well was installed at this 

location with 2-inch Schedule 40 PVC screen and casing.  The well was installed with the screened 

interval ranging from 6 feet bgl to 16 feet bgl.  Groundwater samples were collected as discussed 

below in Section 4.4.1.  On November 12, 2019 the well casing and screen were removed and the 

borehole was grouted. 

SWMU 13-3 

On October 22, 2019 the CME 55 track drilling rig was set up on location SWMU 13-3.  SWMU 13-3 

is located south of and along the western half of the ditch.  The ground surface at SWMU 13-3 is 

approximately 1.64 feet above the bottom of the drainage ditch.  Sample collection from 0 – 5 feet 

bgl was accomplished using a decontaminated hand auger.  Sample collection from 5 to 16 feet was 
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accomplished using the HSA drilling method and split spoon samplers.  The split spoon samplers 

were decontaminated between each sample.  Five soil samples were collected for laboratory analysis 

from the following intervals: 

• 0 – 0.5 feet bgl: PID reading – 0.8 ppm, no odor, required interval;  

• 1.5 feet bgl to 2 feet bgl:  PID reading – 1.4 ppm, no odor, required interval;  

• 8 feet bgl to 10 feet bgl: PID reading – 1.3 ppm, no odor, interval immediately above 

saturation; 

• 14 feet bgl to 15.25 feet bgl: PID reading – 0.9 ppm, no odor, bottom of confining clay; and 

• 15.25 feet bgl to 16 feet bgl:  PID reading – 2.1 ppm, no odor, bottom of the borehole. 

The lithology encountered consisted of the following: 

• Silt/Clayey Silt:  0 – 1.5 feet bgl (very fine grain, low plasticity, soft/loose, damp, brown, no 

odor); 

• Silty Clay:  1.5 feet bgl – 5 feet bgl (high plasticity, firm, damp, brown, no odor); 

• Clay:  5 feet bgl – 7 feet bgl (high plasticity, stiff, damp, brown, no odor); 

• Silty Clay:  7 feet bgl – 8 feet bgl (low plasticity, firm/crumbly, damp, brown, no odor); 

• Silty Clay:  8 feet bgl – 10 feet bgl (low plasticity, very soft, moist, brown, no odor); 

• Sandy Clay:  10 feet bgl – 12.75 feet bgl (low plasticity, very soft, saturated in fine grain sand 

lenses throughout, brown, no odor); 

• Clay:  12.75 feet bgl – 15.25 feet bgl (high plasticity, stiff, damp, brown, no odor); and 

• Clayey Sand: 15.25 feet bgl – 16 feet bgl (fine grain, compact to loose, saturated, brown, no 

odor). 

The sampling was terminated at 16 feet bgl.  A temporary monitoring well was installed at this 

location with 2-inch Schedule 40 PVC screen and casing.  The well was installed with the screened 

interval ranging from 6 feet bgl to 16 feet bgl.  Groundwater samples were collected as discussed 

below in Section 4.4.1.  On November 12, 2019 the well casing and screen were removed and the 

borehole was grouted. 

SWMU 13-4 

On October 23, 2019 the CME 55 track drilling rig was set up on location SWMU 13-4.  SWMU 13-4 

is located south of the drainage ditch near the middle of the ditch.  The ground surface at SWMU 13-
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4 is 1.93 feet above the bottom of the drainage ditch.  Sample collection from 0 – 5 feet bgl was 

accomplished using a decontaminated hand auger.  Sample collection from 5 to 16 feet was 

accomplished using the HSA drilling method and split spoon samplers.  The split spoon samplers 

were decontaminated between each sample.  Five soil samples were collected for laboratory analysis 

from the following intervals: 

• 0 – 0.5 feet bgl: PID reading – 1.9 ppm, no odor, required interval;  

• 1.5 feet bgl to 2 feet bgl:  PID reading – 1.6 ppm, no odor, required interval;  

• 8 feet bgl to 10 feet bgl: PID reading – 13.4/10.4 ppm, no odor, interval immediately above 

saturation; 

• 14 feet bgl to 14.5 feet bgl: PID reading – 10.1 ppm, no odor, bottom of confining clay 

(above lower saturated interval); and 

• 15.5 feet bgl to 16 feet bgl:  no odor, bottom of the borehole. 

The lithology encountered consisted of the following: 

• Silt/Clayey Silt:  0 – 1.5 feet bgl (very fine grain, low plasticity, soft, damp, brown, no odor); 

• Clay:  1.5 feet bgl – 9 feet bgl (high plasticity, firm to stiff, damp, brown, no odor, very stiff 

and calcareous from 6 feet bgl to 8 feet bgl); 

• Silty Clay:  9 feet bgl – 10 feet bgl (low plasticity, very soft, damp, brown, no odor); 

• Clayey Sand:  10 feet bgl – 13.75 feet bgl (fine grain, compact, saturated, brown, no odor); 

• Clay:  13.75 feet bgl – 14.5 feet bgl (moderate to high plasticity, firm, damp, brown, no odor); 

• Silty Clay:  14.5 feet bgl – 15.5 feet bgl (low plasticity, soft, damp, brown, no odor); and 

• Sand: 15.5 feet bgl – 16 feet bgl (fine to medium grain, loose, saturated, brown, no odor). 

The sampling was terminated at 16 feet bgl.  A temporary monitoring well was installed at this 

location with 2-inch Schedule 40 PVC screen and casing.  The well was installed with the screened 

interval ranging from 6 feet bgl to 16 feet bgl.  Groundwater samples were collected as discussed 

below in Section 4.4.1.  On November 12, 2019 the well casing and screen were removed and the 

borehole was grouted. 

SWMU 13-5 

On October 23, 2019 the CME 55 track drilling rig was set up on location SWMU 13-5.  SWMU 13-5 

is located south of and along the eastern half of the ditch.  The ground surface at SWMU 13-5 is 
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approximately 2.76 feet above the bottom of the drainage ditch.  Sample collection from 0 – 5 feet 

bgl was accomplished using a decontaminated hand auger.  Sample collection from 5 to 16 feet was 

accomplished using the HSA drilling method and split spoon samplers.  The split spoon samplers 

were decontaminated between each sample.  Five soil samples were collected for laboratory analysis 

from the following intervals: 

• 0 – 0.5 feet bgl: PID reading – 5.0 ppm, no odor, required interval;  

• 1.5 feet bgl to 2 feet bgl:  PID reading – 7.2 ppm, no odor, required interval;  

• 8 feet bgl to 10 feet bgl: PID reading – 15.6 ppm, no odor, highest PID reading: 

• 10 feet bgl to 10.5 feet bgl: PID reading – 13.1 ppm, no odor, bottom of clay interval and 

interval immediately above saturation; and 

• 14 feet bgl to 16 feet bgl:  no odor, bottom of the borehole. 

The lithology encountered consisted of the following: 

• Silt:  0 – 1.5 feet bgl (very fine grain, loose, dry to damp, brown, no odor); 

• Silty Clay:  1.5 feet bgl – 5 feet bgl (low to moderate plasticity, firm, damp, brown, calcareous, 

no odor); 

• Clay:  5 feet bgl – 10.5 feet bgl (high plasticity, stiff, damp, brown, no odor, increase in silt at 

10 feet bgl); 

• Clayey Sand/Sand:  10.5 feet bgl – 12 feet bgl (fine grain, compact to loose, saturated, 

brown, no odor); 

• Silty Sand/Sandy Silt:  12 feet bgl – 14 feet bgl (very fine grain, loose, saturated, brown, no 

odor); and 

• Clay:  14 feet bgl – 16 feet bgl (high plasticity, stiff, damp, brown, no odor). 

The sampling was terminated at 16 feet bgl.  A temporary monitoring well was installed at this 

location with 2-inch Schedule 40 PVC screen and casing.  The well was installed with the screened 

interval ranging from 6 feet bgl to 16 feet bgl.  Groundwater samples were collected as discussed 

below in Section 4.4.1.  On November 12, 2019 the well casing and screen were removed and the 

borehole was grouted. 
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SWMU 13-6 

On October 23, 2019 the CME 55 track drilling rig was set up on location SWMU 13-6.  SWMU 13-6 

is located east of the small retention pond (located south of the drainage ditch).  The ground surface 

at SWMU 13-6 is approximately 2.31 feet above the bottom of the retention pond.  Sample collection 

from 0 – 5 feet bgl was accomplished using a decontaminated hand auger.  Sample collection from 

5 to 18 feet was accomplished using the HSA drilling method and split spoon samplers.  The split 

spoon samplers were decontaminated between each sample.  Six soil samples were collected for 

laboratory analysis from the following intervals: 

• 0 – 0.5 feet bgl: PID reading – 5.1 ppm, no odor, required interval;  

• 1.5 feet bgl to 2 feet bgl:  PID reading – 15.6 ppm, no odor, required interval;  

• 2 feet bgl to 3 feet bgl: PID reading – 15.7 ppm, no odor, highest PID reading and interval 

immediately above saturation; 

• 6 feet bgl to 8 feet bgl: PID reading – 11.3 ppm, exhibited a hydrocarbon odor; 

• 10 feet bgl to 11 feet bgl: PID reading – 4.7 ppm, no odor, interval immediately above 

saturation; and 

• 17 feet bgl to 18 feet bgl:  PID reading – 1.2 ppm, no odor, bottom of the borehole. 

The lithology encountered consisted of the following: 

• Silty Clay:  0 – 3 feet bgl (low plasticity, soft, damp, brown, no odor, moisture increases from 

2 feet bgl to 3 feet bgl); 

• Clayey Silt/Silty Clay:  3 feet bgl – 5 feet bgl (low plasticity, very soft/creamy, saturated, 

hydrocarbon odor); 

• Clay:  5 feet bgl – 6 feet bgl (moderate to low plasticity, soft, damp, brown, faint odor); 

• Clay:  6 feet bgl – 11 feet bgl (high plasticity, stiff, damp, brown, hydrocarbon odor, no odor 

detected from 8 feet bgl to 11 feet bgl); 

• Clayey Sand:  11 feet bgl – 12 feet bgl (fine grain, compact, saturated, brown, no odor); 

• Sand/Silty Sand:  12 feet bgl – 14 feet bgl (fine to medium grain, loose, saturated, brown, no 

odor, gravelly at base). 

The sampling for the day ceased at 14 feet bgl.  On October 24, 2019 sampling resumed.  The 

lithology encountered consisted of the following: 
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• Silty Sand: 14 feet bgl – 17 feet bgl (fine grain, compact, damp to saturated, brown, no odor, 

high plasticity at the base); and 

• Clay: 17 feet bgl – 18 feet bgl (high plasticity, stiff, damp, brown, no odor). 

The sampling was terminated at 18 feet bgl.  A temporary monitoring well was installed at this 

location with 2-inch Schedule 40 PVC screen and casing.  The well was installed with the screened 

interval ranging from 2 feet bgl to 17 feet bgl.  Groundwater samples were collected as discussed 

below in Section 4.4.1.  On November 12, 2019 the well casing and screen were removed and the 

borehole was grouted. 

SWMU 13-7 

On October 24, 2019 the CME 55 track drilling rig was set up on location SWMU 13-7.  SWMU 13-7 

is located east of the small retention pond (located south of the drainage ditch).  The ground surface 

at SWMU 13-7 is approximately 3.01 feet above the bottom of the retention pond.  Sample collection 

from 0 – 3 feet bgl was accomplished using a decontaminated hand auger.  Discrete soil samples 

could not be collected from 3 feet bgl to 5 feet bgl using the hand auger due to collapsing 

soil/sediment.  Sample collection from 3 to 18 feet was accomplished using the HSA drilling method 

and split spoon samplers.  The split spoon samplers were decontaminated between each sample.  

Six soil samples were collected for laboratory analysis from the following intervals: 

• 0 – 0.5 feet bgl: PID reading – 0.9 ppm, no odor, required interval;  

• 1.5 feet bgl to 2 feet bgl:  PID reading – 2.3 ppm, no odor, required interval and immediately 

above saturation;  

• 4 feet bgl to 6 feet bgl:  Saturated, no PID reading, exhibited odor and was black; 

• 10 feet bgl to 12 feet bgl: PID reading – 10.6 ppm, base of clay; 

• 12 feet bgl to 13 feet bgl: PID reading – 8.0 ppm, no odor, interval immediately above 

saturation; and 

• 17.5 feet bgl to 18 feet bgl:  PID reading – 6.6 ppm, no odor, bottom of the borehole. 

The lithology encountered consisted of the following: 

• Silty Clay:  0 – 2 feet bgl (low plasticity, soft, damp, brown, no odor); 

• Clayey Silt:  2 feet bgl – 3 feet bgl (low plasticity, very soft, saturated, hydrocarbon odor); 



 

 

4-12 

• Sand:  3 feet bgl – 4 feet bgl (poor recovery, black sand in shoe, hydrocarbon odor/organic 

odor); 

• Sand:  4 feet bgl – 7.5 feet bgl (medium grained, soft/loose, saturated, black, hydrocarbon 

odor/organic odor, CL clay at 6 feet bgl); 

• Clay:  7.5 feet bgl – 12 feet bgl (high plasticity, firm, damp, brown, no odor); 

• Silty Clay:  12 feet bgl – 13 feet bgl (low plasticity, soft, damp, brown); 

• Silty Sand: 13 feet bgl – 14 feet bgl (very fine grain, loose to compact, saturated, brown, no 

odor; 

• Clay:  14 feet bgl to 16 feet bgl – poor recovery – high plasticity clay in split spoon shoe 

• Silty Sand 16 feet bgl to 17.5 feet bgl (very fine grain, loose to compact, saturated, brown, no 

odor); and 

• Clay: 17.5 feet bgl – 18 feet bgl (high plasticity, firm, damp, no odor). 

The sampling was terminated at 18 feet bgl.  A temporary monitoring well was installed at this 

location with 2-inch Schedule 40 PVC screen and casing.  The well was installed with the screened 

interval ranging from 1.5 feet bgl to 16.5 feet bgl.  Groundwater samples were collected as 

discussed below in Section 4.4.1.  On November 12, 2019 the well casing and screen were removed 

and the borehole was grouted. 

SWMU 13-8 

On October 24, 2019 soil samples were collected from boring location SWMU 13-8.  SWMU 13-8 is 

located at the western end of the drainage ditch.  The ground surface of SWMU 13-8 is the base of 

the drainage ditch.  Sample collection from 0 – 3 feet bgl was accomplished using a decontaminated 

hand auger.  Three soil samples were collected for laboratory analysis from the following intervals: 

• 0 – 0.5 feet bgl: PID reading – 2.1 ppm, no odor, required interval;  

• 1.5 feet bgl to 2 feet bgl:  PID reading – 3.5 ppm, no odor, required interval; and  

• 2 feet bgl to 3 feet bgl:  PID reading – 2.6 ppm, no odor, bottom of the borehole. 

The lithology encountered consisted of the following: 

• Silty Clay:  0 – 1 feet bgl (low plasticity, firm, damp, brown, no odor); and 

• Clay:  1 feet bgl – 3 feet bgl (high plasticity, firm to stiff, damp, brown, no odor). 
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The sampling was terminated at 3 feet bgl.  The borehole was filled with bentonite pellets and 

hydrated with potable water. 

SWMU 13-9 

On October 24, 2019 soil samples were collected from boring location SWMU 13-9.  SWMU 13-9 is 

located at the western end of the drainage ditch.  The ground surface of SWMU 13-9 is the base of 

the drainage ditch.  Sample collection from 0 – 3 feet bgl was accomplished using a decontaminated 

hand auger.  Three soil samples were collected for laboratory analysis from the following intervals: 

• 0 – 0.5 feet bgl: PID reading – 3.3 ppm, hydrocarbon odor, stained black and grayish green, 

required interval;  

• 1.5 feet bgl to 2 feet bgl:  PID reading – 3.7 ppm, odor, required interval; and  

• 2 feet bgl to 3 feet bgl:  PID reading – 6.7 ppm, odor, bottom of the borehole. 

The lithology encountered consisted of the following: 

• Silty Clay:  0 – 1 feet bgl (low plasticity, firm, damp, stained black and grayish green, 

hydrocarbon odor); and 

• Clay:  1 feet bgl – 3 feet bgl (high plasticity, firm to stiff, damp, brown, no odor). 

The sampling was terminated at 3 feet bgl.  The borehole was filled with bentonite pellets and 

hydrated with potable water. 

SWMU 13-10 

On October 25, 2019 soil samples were collected from boring location SWMU 13-10.  SWMU 13-10 

is located approximately at the midpoint of the drainage ditch.  The ground surface of SWMU 13-10 

is the base of the drainage ditch.  Sample collection from 0 – 3 feet bgl was accomplished using a 

decontaminated hand auger.  Three soil samples were collected for laboratory analysis from the 

following intervals: 

• 0 – 0.5 feet bgl:  PID reading – 1.3 ppm, faint odor, stained black and greenish gray, 

required interval;  

• 1.5 feet bgl to 2 feet bgl:  PID reading – 1.7 ppm, odor, required interval; and  

• 2 feet bgl to 3 feet bgl:  PID reading – 1.7 ppm, odor, bottom of the borehole. 
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The lithology encountered consisted of the following: 

• Silty Clay:  0 – 1 feet bgl (low plasticity, firm, damp, stained black and greenish gray, faint 

odor); and 

• Clay:  1 feet bgl – 3 feet bgl (high plasticity, firm, damp, brown, odor, sticky). 

The sampling was terminated at 3 feet bgl.  The borehole was filled with bentonite pellets and 

hydrated with potable water. 

SWMU 13-11 

On October 25, 2019 soil samples were collected from boring location SWMU 13-11.  SWMU 13-11 

is located in the eastern half of the drainage ditch.  The ground surface of SWMU 13-11 is the base 

of the drainage ditch.  Sample collection from 0 – 3 feet bgl was accomplished using a 

decontaminated hand auger.  Three soil samples were collected for laboratory analysis from the 

following intervals: 

• 0 – 0.5 feet bgl:  PID reading – 2.6 ppm, odor, stained black and greenish gray, required 

interval;  

• 1.5 feet bgl to 2 feet bgl:  PID reading – 5.1 ppm, odor, required interval; and  

• 2 feet bgl to 3 feet bgl:  PID reading – 5.1 ppm, odor, bottom of the borehole. 

The lithology encountered consisted of the following: 

• Clayey Silt/Sand:  0 – 1 feet bgl (low plasticity, fine grain, compact, damp, odor, stained 

black and greenish gray); and 

• Clay:  1 feet bgl – 3 feet bgl (high plasticity, firm, damp, brown, odor). 

The sampling was terminated at 3 feet bgl.  The borehole was filled with bentonite pellets and 

hydrated with potable water. 

SWMU 13-12 

On October 25, 2019 soil samples were collected from boring location SWMU 13-12.  SWMU 13-12 

is located at the eastern end of the drainage ditch.  The ground surface of SWMU 13-12 is the base 

of the drainage ditch.  Sample collection from 0 – 3 feet bgl was accomplished using a 
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decontaminated hand auger.  Four soil samples were collected for laboratory analysis from the 

following intervals: 

• 0 – 0.5 feet bgl:  PID reading – 2.9 ppm, no odor, required interval;  

• 0.5 feet bgl to 1.5 feet bgl:  PID reading – 16.3 ppm, light yellowish gray, faint odor, highest 

PID reading; 

• 1.5 feet bgl to 2 feet bgl:  PID reading – 5.3 ppm, no odor, required interval; and  

• 2 feet bgl to 3 feet bgl:  PID reading – 7.1 ppm, no odor, bottom of the borehole. 

The lithology encountered consisted of the following: 

• Clayey Silt:  0 – 0.5 feet bgl (low plasticity, soft, damp, dark brown, no odor); 

• Clayey Sand: 0.5 – 1.5 feet bgl (fine grain, light yellowish gray, faint odor, damp, crumbly); 

and  

• Silty Clay:  1.5 feet bgl – 3 feet bgl (low to moderate plasticity, firm, damp, no odor). 

The sampling was terminated at 3 feet bgl.  The borehole was filled with bentonite pellets and 

hydrated with potable water. 

SWMU 13-13 

On October 25, 2019 soil samples were collected from boring location SWMU 13-13.  SWMU 13-13 

is located in the northern end of the retention pond.  The ground surface of SWMU 13-13 is the base 

of the retention pond.  Sample collection from 0 – 3 feet bgl was accomplished using a 

decontaminated hand auger.  Three soil samples were collected for laboratory analysis from the 

following intervals: 

• 0 – 0.5 feet bgl:  PID reading – 13.7 ppm, odor, stained black, green and orange, required 

interval;  

• 1.5 feet bgl to 2 feet bgl:  PID reading – 204 ppm, hydrocarbon odor, highest PID reading, 

black, required interval; and  

• 2 feet bgl to 3 feet bgl:  PID reading – 45 ppm, hydrocarbon odor, bottom of the borehole. 

The lithology encountered consisted of the following: 
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• Silt/Sand:  0 – 0.5 feet bgl (shrinkage cracks present, fine grain, dry to damp, odor, becomes 

stained black, green and orange, soft at base); 

• Clay/Silty Clay:  0.5 – 2 feet bgl (moderate to high plasticity, very soft, hydrocarbon odor, 

damp to moist, black); and  

• Clayey Sand/Sandy Clay:  2 feet bgl – 3 feet bgl (low plasticity, soft, moist to saturated, 

brown, hydrocarbon odor). 

The sampling was terminated at 3 feet bgl.  The borehole was filled with bentonite pellets and 

hydrated with potable water. 

SWMU 13-14 

On October 25, 2019 soil samples were collected from boring location SWMU 13-14.  SWMU 13-14 

is located in the southern end of the retention pond.  The ground surface of SWMU 13-14 is the base 

of the retention pond.  Sample collection from 0 – 3 feet bgl was accomplished using a 

decontaminated hand auger.  Three soil samples were collected for laboratory analysis from the 

following intervals: 

• 0 – 0.5 feet bgl:  PID reading – 6.3 ppm, odor, brown/ yellowish brown, trace black 

discoloration, required interval;  

• 1.5 feet bgl to 2 feet bgl:  PID reading – 18.7 ppm, faint odor, required interval; and  

• 2 feet bgl to 3 feet bgl:  PID reading – 13.3 ppm, faint odor, bottom of the borehole. 

The lithology encountered consisted of the following: 

• Sandy Clay:  0 – 0.5 feet bgl (low plasticity, soft, damp to very moist, odor, brown/yellowish 

brown, trace black discoloration); and 

• Clayey Sand:  2 feet bgl – 3 feet bgl (very fine grain, soft, saturated, brown, faint odor). 

The sampling was terminated at 3 feet bgl.  The borehole was filled with bentonite pellets and 

hydrated with potable water. 

4.4 Monitor Well Construction and Groundwater Sampling 

Groundwater samples were collected from six temporary well completions in November 2019.  The 

following list provides a brief summary of the well development and groundwater sample collection 

activities:   
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• SWMU 13-1; well was dry and was not sampled;  

• SWMU 13-2; developed and sampled; yielded enough water for a full analytical suite; 

• SWMU 13-3; developed and sampled; yielded enough water for a full analytical suite; 

• SWMU 13-4; developed and sampled; yielded enough water for a full analytical suite; 

• SWMU 13-5; developed and sampled; yielded enough water for a full analytical suite; 

• SWMU 13-6; developed and sampled; yielded enough water for a full analytical suite; and 

• SWMU 13-7; developed and sampled; yielded enough water for a full analytical suite. 

4.4.1 Groundwater Investigation 

The drilling equipment was decontaminated between each borehole, as described in Appendix E.  

The well development and purging are also discussed in Appendix E.  The installation of the 

temporary wells and the collection of groundwater samples are discussed below in numerical order.  

The fluid level measurements discussed below are provided in Table 2 with the field water quality 

measurements. 

SWMU 13-1 

On October 22, 2019 the CME 55 track drilling rig was set up on location SWMU 13-1.  The boring 

was installed using the HSA drilling method.  Groundwater was encountered in a clayey sand/sand 

(10 feet bgl to 14 feet).  The sampling was terminated at 16 feet bgl.  A temporary monitoring well 

was installed at this location with 2-inch Schedule 40 PVC screen and casing.  The well was installed 

with the screened interval ranging from 6 feet bgl to 16 feet bgl.  The top of the screen was set 

approximately 4 feet above the uppermost saturated interval (clayey sand/sand – 10 feet bgl to 14 

feet bgl).  The screen was extended to a depth of 16 feet bgl which allowed for screening across the 

saturated interval.   The screen terminated in a clay (14 feet bgl to 16 feet bgl) that was damp and 

did not exhibit visual or olfactory evidence of being impacted.  The top of casing was 3 feet above the 

ground surface.  Filter pack sand was installed around the screen and extended to 4 feet bgl.  A 

bentonite seal was installed from ground level to 4 feet bgl. 

On October 23, 2019, October 28, 2019, November 5, 2019, and November 11, 2019, the well was 

gauged and no fluids were detected.  On November 12, 2019 the well casing and screen were 

removed and the borehole was grouted. 
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SWMU 13-2 

On October 22, 2019 the CME 55 track drilling rig was set up on location SWMU 13-2.  The boring 

was installed using the HSA drilling method.  The sampling was terminated at 16 feet bgl.  A 

temporary monitoring well was installed at this location with 2-inch Schedule 40 PVC screen and 

casing.  The well was installed with the screened interval ranging from 6 feet bgl to 16 feet bgl.  The 

top of the screen was set approximately 6 feet above the uppermost saturated interval (clay –12 feet 

bgl to 13.5 feet bgl).  The screen was extended to a depth of 16 feet bgl which allowed for screening 

across saturated interval.  The screen terminated in a silty clay (15.5 feet bgl to 16 feet bgl) that was 

damp and did not exhibit visual or olfactory evidence of being impacted.  The top of casing was 3 

feet above the ground surface.  Filter pack sand was installed around the screen and extended to 4 

feet bgl.  A bentonite seal was installed from ground level to 4 feet bgl. 

On October 23, 2019 the well was gauged.  Groundwater was detected 14.86 feet below top of 

casing (btoc) / 11.86 bgl.  The well was developed on October 23, 2019 and bailed dry after 3.10 

gallons.  Additional gauging was conducted with the following results: 

• October 24, 2019 – No SPH was detected.  Depth to groundwater was 17.11 feet btoc / 

14.11 feet bgl; 

• October 28, 2019 - No SPH was detected.  Depth to groundwater was 15.48 feet btoc / 

12.48 feet bgl; and   

• November 5, 2019 – No SPH was detected.  Depth to groundwater was 14.94 feet btoc / 

11.94 feet bgl. 

The well was purged on November 5, 2019 and sampled on November 6, 2019.  The well yielded 

enough water to collect samples for all analyses.  On November 12, 2019 the well casing and screen 

were removed and the borehole was grouted. 

SWMU 13-3 

On October 22, 2019 the CME 55 track drilling rig was set up on location SWMU 13-3.  The sampling 

was terminated at 16 feet bgl.  A temporary monitoring well was installed at this location with 2-inch 

Schedule 40 PVC screen and casing.  The well was installed with the screened interval ranging from 

6 feet bgl to 16 feet bgl.  The top of the screen was set approximately 4 feet above the uppermost 



 

 

4-19 

saturated interval (sandy clay – 10 feet bgl to 12.75 feet bgl).  The screen was extended to a depth 

of 16 feet bgl which allowed for screening across the uppermost saturated interval encountered (10 

feet bgl to 12.75 feet bgl) and a lower saturated interval (15.25 feet bgl to 16 feet bgl).  The screen 

terminated in saturated clayey sand (15.25 feet bgl to 16 feet bgl).  This interval did not exhibit 

visual or olfactory evidence of being impacted.  The top of casing was 3 feet above the ground 

surface. Filter pack sand was installed around the screen and extended to 4 feet bgl.  A bentonite 

seal was installed from ground level to 4 feet bgl. 

On October 23, 2019 the well was gauged.  Groundwater was detected 12.52 feet btoc / 9.52 feet 

bgl.  The well was developed on October 23, 2019.  Sixty-six gallons of groundwater were removed 

during development.  Additional gauging was conducted with the following results: 

• October 24, 2019 – No SPH was detected.  Depth to groundwater was 12.57 feet btoc / 

9.57 feet bgl; 

• October 28, 2019 - No SPH was detected.  Depth to groundwater was 12.35 feet btoc / 

9.35 feet bgl; and 

• November 5, 2019 – No SPH was detected.  Depth to groundwater was 12.77 feet btoc / 

9.77 feet bgl. 

The well was purged on November 5, 2019 and sampled on November 6, 2019.  The well yielded 

enough water to collect samples for all analyses.  On November 12, 2019 the well casing and screen 

were removed and the borehole was grouted. 

SWMU 13-4 

On October 23, 2019 the CME 55 track drilling rig was set up on location SWMU 13-4.  The sampling 

was terminated at 16 feet bgl.  A temporary monitoring well was installed at this location with 2-inch 

Schedule 40 PVC screen and casing.  The well was installed with the screened interval ranging from 

6 feet bgl to 16 feet bgl.  The top of the screen was set approximately 4 feet above the uppermost 

saturated interval (clayey sand – 10 feet bgl to 13.75 feet bgl).  The screen was extended to a depth 

of 16 feet bgl which allowed for screening across the uppermost saturated interval encountered (10 

feet bgl to 13.75 feet bgl) and a lower saturated interval (15.5 feet bgl to 16 feet bgl).  The screen 

terminated in saturated sand (15.5 feet bgl to 16 feet bgl).  This interval did not exhibit visual or 

olfactory evidence of being impacted.  The top of casing was 3 feet above the ground surface.  Filter 
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pack sand was installed around the screen and extended to 4 feet bgl.  A bentonite seal was 

installed from ground level to 4 feet bgl. 

On October 24, 2019 the well was gauged.  Groundwater was detected 12.78 feet btoc / 9.78 feet 

bgl.  The well was developed on October 24, 2019.  The well bailed dry after 3.5 gallons of 

groundwater were removed.  Additional gauging was conducted with the following results: 

• October 28, 2019 – No SPH was detected.  Depth to groundwater was 12.64 feet btoc / 

9.64 feet bgl.  An additional 3.5 gallons of groundwater were developed from this well; 

• October 29, 2019 - No SPH was detected.  Depth to groundwater was 12.74 feet btoc / 

9.74 feet bgl; and 

• November 5, 2019 – No SPH was detected.  Depth to groundwater was 12.77 feet btoc / 

9.77 feet bgl. 

The well was purged dry on November 5, 2019 and sampled on November 6, 2019.  The well yielded 

enough water to collect samples for all analyses.  On November 12, 2019 the well casing and screen 

were removed and the borehole was grouted. 

SWMU 13-5 

On October 23, 2019 the CME 55 track drilling rig was set up on location SWMU 13-5.  The sampling 

was terminated at 16 feet bgl.  A temporary monitoring well was installed at this location with 2-inch 

Schedule 40 PVC screen and casing.  The well was installed with the screened interval ranging from 

6 feet bgl to 16 feet bgl.  The top of the screen was set approximately 4.5 feet above the uppermost 

saturated interval (clayey sand – 10.5 feet bgl to 12 feet bgl).  The screen was extended to a depth 

of 16 feet bgl which allowed for screening across the uppermost saturated interval encountered.  

The screen terminated in clay (14 feet bgl to 16 feet bgl).  This interval did not exhibit visual or 

olfactory evidence of being impacted.  The top of casing was 3 feet above the ground surface.  Filter 

pack sand was installed around the screen and extended to 4 feet bgl.  A bentonite seal was 

installed from ground level to 4 feet bgl. 

On October 24, 2019 the well was gauged.  Groundwater was detected 13.14 feet btoc / 10.14 feet 

bgl.  The well was developed on October 24, 2019.  The well bailed dry after 6.5 gallons of 

groundwater were removed.  Additional gauging was conducted with the following results:  
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• October 28, 2019 – No SPH was detected.  Depth to groundwater was 12.85 feet btoc / 

9.85 feet bgl; 

• October 29, 2019 - No SPH was detected.  Depth to groundwater was 12.78 feet btoc / 

9.78 feet bgl.  An additional 7 gallons of groundwater were developed from this well; and 

• November 5, 2019 – No SPH was detected.  Depth to groundwater was 12.96 feet btoc / 

9.96 feet bgl. 

On November 5, 2019 the well was purged.  Approximately 6.3 gallons of groundwater were purged 

from the well.  The well was sampled on November 7, 2019.  The well yielded enough water to 

collect samples for all analyses.  On November 12, 2019 the well casing and screen were removed 

and the borehole was grouted. 

SWMU 13-6 

On October 23, 2019 the CME 55 track drilling rig was set up on location SWMU 13-6.  The sampling 

for the day ceased at 14 feet bgl.  On October 24, 2019 sampling resumed.  The sampling was 

terminated at 18 feet bgl.  A temporary monitoring well was installed at this location with 2-inch 

Schedule 40 PVC screen and casing.  The well was installed with the screened interval ranging from 

2 feet bgl to 17 feet bgl.  The top of the screen was set approximately 1 foot above the uppermost 

saturated interval (clayey silt/silty clay – 3 feet bgl to 5 feet bgl).  The screen was extended to a 

depth of 17 feet bgl which allowed for screening across the uppermost saturated interval 

encountered and the lowermost saturated interval (11 feet bgl to 17 feet bgl).  The screen 

terminated in clay (17 feet bgl to 18 feet bgl).  This interval did not exhibit visual or olfactory 

evidence of being impacted.  The top of casing was 2 feet above the ground surface.  Filter pack 

sand was installed around the screen and extended to 1 foot bgl.  A bentonite seal was installed 

from ground level to 1 foot bgl. 

On October 28, 2019 the well was gauged.  No SPH was detected.  Groundwater was detected 

13.98 feet btoc / 11.98 feet bgl.  The well was developed on October 28, 2019.  The well bailed dry 

after 1.1 gallons of groundwater were removed.  Additional gauging was conducted with the following 

results:  

• October 29, 2019 – No SPH was detected.  Depth to groundwater was 13.94 feet btoc / 

11.94 feet bgl; and 
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• November 6, 2019 – No SPH was detected.  Depth to groundwater was 13.96 feet btoc / 

11.96 feet bgl. 

On November 6, 2019 the well was purged.  Approximately 0.75 gallons of groundwater were purged 

from the well.  The well was sampled on November 7, 2019.  The well yielded enough water to 

collect samples for all analyses.  On November 12, 2019 the well casing and screen were removed 

and the borehole was grouted. 

SWMU 13-7 

On October 24, 2019 the CME 55 track drilling rig was set up on location SWMU 13-7.  The sampling 

was terminated at 18 feet bgl.  A temporary monitoring well was installed at this location with 2-inch 

Schedule 40 PVC screen and casing.  The well was installed with the screened interval ranging from 

1.5 feet bgl to 16.5 feet bgl.  The top of the screen was set approximately 0.5 foot above the 

uppermost saturated interval (clayey silt – 2 feet bgl to 3 feet bgl).  The screen was extended to a 

depth of 16.5 feet bgl which allowed for screening across the uppermost saturated interval 

encountered and the lowermost saturated interval (13 feet bgl to 17.5 feet bgl).  The screen 

terminated in silty sand (16 feet bgl to 17.5 feet bgl).  This interval did not exhibit visual or olfactory 

evidence of being impacted.  The top of casing was 3 feet above the ground surface.  Filter pack 

sand was installed around the screen and extended to 1 foot bgl.  A bentonite seal was installed 

from ground level to 1 foot bgl. 

On October 28, 2019 the well was gauged.  No SPH was detected.  Groundwater was detected 

15.44 feet btoc / 12.44 feet bgl.  The well was developed on October 28, 2019.  The well bailed dry 

after 2.6 gallons of groundwater were removed.  Additional gauging was conducted with the following 

results:  

• October 29, 2019 – No SPH was detected.  Depth to groundwater was 15.39 feet btoc / 

12.39 feet bgl.  An additional 2.2 gallons of groundwater were developed from this well; 

and 

• November 6, 2019 – No SPH was detected.  Depth to groundwater was 15.40 feet btoc / 

12.40 feet bgl. 

On November 6, 2019 the well was purged.  Approximately 1.5 gallons of groundwater were purged 

from the well.  The well was sampled on November 7, 2019.  The well yielded enough water to 
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collect samples for all analyses.  On November 12, 2019 the well casing and screen were removed 

and the borehole was grouted. 

 



 

 

5-1 

Section 5 

Regulatory Criteria 

 

The applicable screening and potential cleanup levels are specified in NMED’s Risk Assessment 

Guidance for Site Investigations and Remediation dated March 2019 and in the Environmental 

Protection Agency’s (EPA) Regional Screening Levels dated November 2019.   

For non-residential properties (e.g., the Gallup Refinery), the soil screening levels must be protective 

of commercial/industrial workers throughout the upper one foot of surface soils and construction 

workers throughout the upper ten feet based on NMED criteria.  NMED residential soil screening 

levels are applied to the upper ten feet and soil screening levels for protection of groundwater apply 

throughout the vadose zone.  EPA soil screening levels for direct contact exposure apply to the upper 

two feet of the vadose zone.  To achieve closure as “corrective action complete without controls,” the 

affected media must meet residential screening levels, which are presented in Table 3.  Table 3 also 

provides a list of the available NMED and EPA soil screening levels for non-residential properties.  

While Table 3 indicates the various depths to which the individual soil screening levels are 

applicable, Table 5 discussed below does not include this level of detail.  Table 3 has soil screening 

levels for the soil-to-groundwater pathway that are based on a dilution/attenuation factor (DAF) of 

1.0, which is NMED’s most conservative screening level for this pathway. 

The groundwater cleanup levels are based on New Mexico Water Quality Control Commission (WQCC) 

standards (20.6.2.7 WW NMAC, 20.6.2.3103, and 20.6.2.4103) unless there is a federal maximum 

contaminant level (MCL), in which case the lower of the two values is selected as the cleanup level.  

If neither a WCQQ standard nor an MCL is available, then the cleanup level is based on a NMED Tap 

Water Screening Level.  If a NMED Tap Water Screening Level is not available for a constituent, then 

an EPA Regional Screening Level is used.  If an EPA Regional Screening Level is for a carcinogenic 

compound, then the screening level is multiplied by 10 to bring the risk level to 1E-05 to be 

consistent with the NMED screening levels.  Table 4 presents the groundwater cleanup levels. 

The screening levels that are compared to individual soil sample results are presented in Table 5.  

The screening levels included in Table 5 are based on residential and non-residential land use.  For 

the non-residential screening levels, the lower of the construction worker scenario and 

commercial/industrial scenario screening levels for each constituent is included in the data tables if 
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NMED screening levels are available.  If NMED soil screening levels are not available for a particular 

constituent, then EPA soils screening levels are used.  If an EPA soil screening level is for a 

carcinogenic compound, then the screening level is multiplied by 10 to bring the risk level to 1E-05 

to be consistent with the NMED screening levels.  The screening levels in Table 5 have not been 

segregated based on depth of the soil sample as discussed above for Table 3.  The screening levels 

that are compared to individual groundwater sample results are presented in Table 6. 

A review of the NMED guidelines for TPH indicates that the TPH screening levels were developed 

based on screening levels and compositional assumptions developed by the Massachusetts 

Department of Environmental Protection (MADEP).  The analytical results, as presented in Table 5, 

are reported for gasoline range organics (C6-C10), diesel range organics (>C10-C28), and motor oil 

range organics (>C28-C35).  The applicable TPH screening levels for comparison to the individual soil 

samples are selected from Table 6-2 of the NMED guidance (NMED, 2019).   

As there could have been a variety of petroleum types (e.g., various refined products) in contact with 

the refinery wastewater water that flowed through SWMU No. 13, the screening level for “unknown 

oil” was selected for comparison to the gasoline range, diesel range and motor oil range soil 

analytical results.  The motor oil range analytical results are compared to the “unknown oil” 

screening level as directed by NMED.  However, it is noted that the laboratory analyses for motor oil 

range organics only reports results for the >C28 to C35 hydrocarbon range, while the “unknown oil” 

screening level is based on a hydrocarbon mixture assumed to include only C11-C22 aromatics. 

Some of the individual constituents reported by the laboratory in the soil results do not have 

screening levels but were all non-detect with the exception of 4-isopropyltoluene.  With respect to 

groundwater, there were also detections of constituents that do not have screening levels, but only 

for calcium, magnesium, potassium, and sodium. 
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Section 6 

Site Impacts 

 

This section discusses the chemical analyses performed and presents the analytical results that 

were obtained through the analysis of soil and groundwater samples.  The results for soils and 

groundwater analyses are compared to applicable screening levels, as described in Section 5.0. 

6.1 Soil Analytical Results 

Soil samples were analyzed by Hall Environmental Analysis Laboratory in Albuquerque, New Mexico 

using the following methods for organic constituents: 

• SW-846 Method 8260/5035 volatile organic compounds; 

• SW-846 Method 8270C semi-volatile organic compounds; and 

• SW-846 Method 8015D gasoline, diesel, and motor oil range petroleum hydrocarbons. 

Soil samples were analyzed for the following metals using the indicated analytical methods, 

respectively.  

Analyte Analytical Method 

Antimony SW-846 Method 6010B 

Arsenic SW-846 Method 6010B 

Barium SW-846 Method 6010B  

Beryllium SW-846 Method 6010B  

Cadmium SW-846 Method 6010B  

Chromium SW-846 Method 6010B  

Cobalt SW-846 Method 6010B 

Cyanide SW-846 Method 9012B 

Iron SW-846 Method 6010B  

Lead SW-846 Method 6010B 

Mercury SW-846 Method 7471 

Manganese SW-846 Method 6010B  

Nickel SW-846 Method 6010B  
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Analyte Analytical Method 

Selenium SW-846 Method 6010B  

Silver SW-846 Method 6010B  

Vanadium SW-846 Method 6010B  

Zinc SW-846 Method 6010B  

The analytical results for soil samples are summarized in Table 5.  The individual results that exceed 

the applicable cleanup levels are highlighted and/or bolded, as noted in the table footnotes.  Maps 

showing the distribution of constituents detected in soils above the lowest applicable screening 

levels are included as Figures 8 through 11.  The concentrations shown on figures that exceed the 

screening levels in Table 5 are underlined.  The laboratory analytical reports are included in Appendix 

H and the data validation of the results, which includes the analytical results for the associated 

QA/QC samples, is included in Appendix I.  The constituents that have concentrations in soils above 

screening levels are discussed below. 

Chromium (total) was detected at a concentration of 110 mg/kg, which is above the residential soil 

screening level of 96.6 mg/kg, in sample SWMU 13-4 (0-0.5’).  It was detected at 270 mg/kg and 

160 mg/kg, which exceeds the non-residential screening level of 134 mg/kg, in samples SWMU 13-

9 (0-0.5’) and SWMU 13-10 (0-0.5’).  The detected concentrations range from 4.8 to 270 mg/kg.  

The concentrations are plotted on Figure 8.   

All manganese sample results are less than the residential soil screening level of 10,500 mg/kg.  

Five soil samples [SWMU 13-1 (1.5-2’), SWMU 13-2 (1.5-2’), SWMU 13-5 (1.5-2’), SWMU 13-7 (17.5-

18’), and SWMU 13-12 (0-0.5’)] have concentrations ranging from 520 mg/kg to 920 mg/kg, which 

exceed the non-residential screening level of 464 mg/kg.  The detected concentrations range from 

170 mg/kg to 920 mg/kg.  The concentrations are plotted on Figure 9.  

Diesel Range Organics were detected at concentrations above the residential soil screening level of 

1,000 mg/kg in three soil samples [SWMU 13-4 (0-0.5'), SWMU 13-9 (0-0.5'), and SWMU 13-10 (0-

0.5')] at concentrations of 1,200 mg/kg, 2,400 mg/kg, and 2,300 mg/kg , respectively, as indicated 

with highlighting in Table 5.  Concentrations exceed the non-residential screening level of 3,800 

mg/kg in samples SWMU 13-11 (0-0.5') and SWMU 13-13 (0-0.5') at concentrations of 4,300 mg/kg 

and 5,500 mg/kg, respectively.  The detected concentrations range from 1.9 mg/kg to 5,500 mg/kg.  

The concentrations are plotted on Figure 10.  
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Motor Oil Range Organics were detected at concentrations above the residential soil screening level 

of 1,000 mg/kg in three soil samples [SWMU 13-4 (0-0.5'), SWMU 13-9 (0-0.5'), and SWMU 13-10 

(0-0.5')] at concentrations of 1,300 mg/kg, 1,900 mg/kg, and 2,600 mg/kg, respectively.  

Concentrations exceed the non-residential screening level of 3,800 mg/kg in samples SWMU 13-11 

(0-0.5') and SWMU 13-13 (0-0.5') at concentrations of 4,400 mg/kg and 5,400 mg/kg, respectively.  

The detected concentrations range from 65 mg/kg to 5,400 mg/kg.  The concentrations are plotted 

on Figure 11. 

6.2 Groundwater Analytical Results 

The groundwater samples were analyzed for organic constituents by the following methods: 

• SW-846 Method 8260 volatile organic compounds; 

• SW-846 Method 8270 semi-volatile organic compounds;  

• SW-846 Method 8015D gasoline range organics; and 

• SW-846 Method 8015M/D diesel and motor oil range organics. 

Groundwater samples were analyzed for the following total and dissolved metals using the indicated 

analytical methods. 

Analyte Analytical Method 

Antimony SW-846 Method 200.8 

Arsenic SW-846 Method 200.8 

Barium SW-846 Method 200.7 

Beryllium SW-846 Method 200.7 

Cadmium SW-846 Method 200.7 

Chromium SW-846 Method 200.7 

Cobalt SW-846 Method 200.7 

Iron SW-846 Method 200.7 

Lead SW-846 Method 200.8 

Manganese SW-846 Method 200.7 

Nickel SW-846 Method 200.7 
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Analyte Analytical Method 

Selenium SW-846 Method 200.8 

Silver SW-846 Method 200.7 

Vanadium SW-846 Method 200.7 

Zinc SW-846 Method 200.7 

Groundwater samples were also analyzed for the following total metals using the indicated analytical 

methods. 

Analyte Analytical Method 

Cyanide SW-846 Method 9012B 

Mercury SW-846 Method 245.1 

In addition, groundwater samples were analyzed for chloride, fluoride, nitrate, nitrite, and sulfate 

using EPA method 300.  Groundwater samples were also evaluated in the field using field test kits 

for nitrate and nitrite as discussed in Appendix E. 

The analytical results and the applicable cleanup levels are presented in Table 6.  The individual 

results that exceed the applicable cleanup levels are bolded.  Maps depicting the distribution of the 

various constituents detected in groundwater samples above the screening levels are provided in 

Figures 12 through 15, with the concentrations that exceed the screening levels underlined.  The 

results for the associated QA/QC samples and the data validation are provided in Appendix I.  The 

laboratory analytical reports are included in Appendix H.  The constituents with reported 

concentrations that exceed screening levels are discussed below. 

Total arsenic was detected above the screening level of 10 micrograms per liter (ug/l) in one sample 

collected at SWMU 13-7 at a concentration of 22 ug/l.  The detected total arsenic concentrations 

range from 3 ug/l to 22 ug/l.  The total analyses are shown on Figure 12.  One sample (SWMU 13-7) 

has a dissolved arsenic concentration above the screening level at 14 ug/l, with dissolved detections 

ranging from 1.6 ug/l to 14 ug/l.  The dissolved analyses are shown on Figure 14. 

Beryllium (total analyses only) was detected above the screening level of 4 ug/l in one groundwater 

sample collected at SWMU 13-2 at a concentration of 6.7 ug/l.  None of the samples from the 
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dissolved analyses detected the presence of beryllium above the screening level.  The detected total 

analyses range from 0.57 ug/l to 6.7 ug/l.  The total analyses are shown on Figure 12. 

Iron was detected above the screening level in samples analyzed for total (four exceedances at 

SWMU 13-2, SWMU 13-4, SWMU 13-6, and SWMU13-7) and dissolved analyses (one exceedance at 

SWMU 13-7).  The total iron analyses range from 150 ug/l to 20,000 ug/l in comparison to a 

screening level of 1,000 ug/l.  The dissolved analyses range from 11 ug/l to 1,600 ug/l vs. a 

screening level of 1,000 ug/l.  The total analyses are shown on Figure 12 and the dissolved analyses 

results are shown on Figure 14. 

Lead (total analyses) was detected at a concentration (44 ug/l) above the screening level (15 ug/l) in 

one of the groundwater samples collected that was collected at SWMU 13-2.  The total lead analyses 

range from 0.8 ug/l to 44 ug/l.  None of the dissolved analyses exceed the screening level of 15 

ug/l, with the dissolved analyses for lead ranging from 0.38 ug/l to 0.81 ug/l.  The total analyses are 

shown on Figure 12. 

Manganese was detected above the screening level (200 ug/l) in both total and dissolved analyses 

collected at all six locations (SWMU 13-2, SWMU 13-3, SWMU 13-4, SWMU 13-5, SWMU 13-6, and 

SWMU13-7).  The total analyses results range from 4,700 ug/l to 27,000 ug/l.  The dissolved 

manganese concentrations range from 4,400 ug/l to 27,000 ug/l.  The total analyses are shown on 

Figure 13 and the dissolved analyses results are shown on Figure 14. 

Chloride was detected above the screening level (250,000 ug/l) in five of the groundwater samples 

(SWMU 13-3, SWMU 13-4, SWMU 13-5, SWMU 13-6, and SWMU13-7).  The analytical results range 

from 5,700 ug/l to 6,100,000 ug/l.  The concentrations are shown on Figure 13. 

Sulfate was detected above the screening level (600,000 ug/l) in four of the groundwater samples 

(SWMU 13-2, SWMU 13-3, SWMU 13-4, and SWMU 13-6) with concentrations ranging from 660,000 

ug/l to 1,200,000 ug/l.  The detected analytical results range from 240,000 ug/l to 1,200,000 ug/l.  

The concentrations are shown on Figure 13. 

Fluoride was detected in one groundwater sample (SWMU 13-7) and it was above the screening level 

(1,600 ug/l) with a concentration of 12,000 ug/l.  The concentrations are shown on Figure 13. 

Nitrate exceeded the screening level of 10,000 ug/l in samples SWMU 13-5 and SWMU 13-7 at 

concentrations of 14,000 ug/l and 12,000 ug/l, respectively, based on the field analyses using a 
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field test kit as described in Appendix E.  However, the same samples were analyzed by the off-site 

laboratory and had reported concentrations of 170 ug/l for SWMU 13-5 and <30 ug/l for SWMU 13-

7.  The laboratory analytical results and the results using the field test kit are included in Table 6.  

Gasoline Range Organics were detected above the screening level (39.8 ug/l) in five groundwater 

samples (SWMU 13-2, SWMU 13-3, SWMU 13-4, SWMU 13-5, and SWMU13-7).  The detected 

concentrations range from 42 ug/L to 730 ug/L.  The concentrations are shown on Figure 15. 

Diesel Range Organics were detected above the screening level (39.8 ug/l) in four groundwater 

samples (SWMU 13-2, SWMU 13-3, SWMU 13-5, and SWMU13-7).  The detected concentrations 

range from 280 ug/L to 610 ug/L.  The concentrations are shown on Figure 15. 

6.3 General Groundwater Chemistry  

The measurement of field purging parameters included measurement of groundwater pH, specific 

conductance, dissolved oxygen concentrations, oxidation-reduction potential, turbidity, and 

temperature.  The final results of the measurements taken before sample collection are included in 

Table 2.   
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Section 7 

Conclusions and Recommendations 

 

This section summarizes and provides an evaluation of the potential impacts as shown in field 

screening data and analytical data.  This is followed by recommendations for any future actions. 

7.1 Conclusions 

Soils 

The analytical results from soil samples indicate impacts to the environment from past operations at 

SWMU No. 13, which included flow of refinery wastewater through an unlined earthen ditch.  As 

noted above in Section 6.1, two metals (chromium and manganese) were detected at concentrations 

above screening levels.  The exceedance of screening levels for organic analyses was limited to 

diesel range and motor oil range organics.  The exceedances occur primarily within the upper two 

feet with one exception of manganese that occurred at a depth of 17.5 feet to 18.0 feet at boring 

SWMU 13-7.  The highest concentrations of organic constituents were detected in soil samples 

collected from within the drainage ditch vs. soil samples collected adjacent to the ditch in the deeper 

soil borings installed to support collection of groundwater samples. 

Groundwater 

Concentrations of five metals (arsenic, beryllium, iron, lead, and manganese) in the total metals 

analyses exceed screening levels, while three (arsenic, iron, and manganese) of the same 

constituents exceed screening levels in the dissolved metals analyses.  Chloride and sulfate were 

found at concentrations exceeding screening levels in the majority of the groundwater samples, with 

fluoride present above the screening level in only one groundwater sample.  The exceedances of 

groundwater screening levels occurred for at least one constituent in each of the temporary wells 

indicating potential groundwater impacts across the area of investigation. 

While the soil samples indicate impacts from historical operations at SWMU No. 13, groundwater 

samples collected from temporary wells located immediately adjacent to the drainage ditch may also 

indicate impacts from the historical operations at SWMU No. 13.  However, it is also noted that 

similar concentrations of gasoline range and diesel range organics have been detected in 
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groundwater samples collected at monitoring well OW-59 that is approximately 260 feet north-

northeast and cross-gradient to SWMU No. 13. 

7.2 Recommendations 

Two permanent monitoring wells that are to be located near SWMU No. 13 are included in the Work 

Plan SMW-2 and GWM-1 Areas (DiSorbo, 2019b).  These two wells will be installed upon NMED 

approval of the Work Plan and will provide additional information on groundwater and soil conditions 

near SWMU No. 13.  It is recommended to review the results of the sampling conducted at these two 

additional locations and then prepare a new Work Plan to delineate the lateral extent of impacts 

observed at SMWU No. 13. 
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Figures 

Figure 1 Site Location Map 

Figure 2  Site Map 

Figure 3 Location of Soil Borings and Wells 

Figure 4 Topographic Map 

Figure 5 Geologic Map of New Mexico  

Figure 6 Cross Section A-A’ 

Figure 7 August 2018 Potentiometric Surface Map 

Figure 8 Chromium (total) Soils Concentration Map  

Figure 9 Manganese Soils Concentration Map 

Figure 10 Diesel Range Organics Soils Concentration Map 

Figure 11 Motor Oil Range Organics Soils Concentration Map 

Figure 12 Arsenic, Beryllium, Iron, and Lead Totals Groundwater Concentration Map 

Figure 13 Manganese (total), Chloride, Sulfate, and Fluoride Groundwater 

Concentration Map 

Figure 14 Arsenic, Iron and Manganese Dissolved Groundwater Concentration Map 

Figure 15 Gasoline Range and Diesel Range Organics Groundwater Concentration 

Map 
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8501 N. MoPac Expy.

Austin, Texas 78759
Suite 300

MARATHON PETROLEUM COMPANY
GALLUP REFINERY

FIGURE 7
AUGUST 2018

POTENTIOMETRIC SURFACE MAP

Map Source: Intertek psi, Figure 10 2018 Annual Ground Water Monitoring Report, Marathon Gallup Refinery.
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SURVEYOR'S CERTIFICATE

I, Clyde J. King, a New Mexico Professional Surveyor do hereby certify

that this plat was prepared from a field survey performed by me or under

my direct supervision, that I am responsible for this survey, that this

survey is true and correct to the best of my knowledge and belief, that

this plat and the field survey upon which it is based meet the Minimum

Standards for Surveying in New Mexico and that this survey is not a land

division or subdivision as defined by the New Mexico Subdivision Act.

Clyde J. King, PS13979
Date

NOTES

1

2 FIELD MEASUREMENTS PERFORMED UTILIZING TOPCON 'GR-3' BASE AND

ROVER G.P.S. SYSTEM WHICH CAN NOT BE CALIBRATED.

FIELD SURVEY PERFORMEDNOVEMBER 18, 2019, 8:00 a.m. to 5:00 p.m.

3 THE BORE SITES WERE IDENTIFIED BY DISORBO CONSULTING, LLC.

PERSONNEL AND WERE VISIBLE AS EVIDENCE OF A BORE HOLE.

4 STATE PLANE COORDINATES BASED ON THE BRASS CAP I-040-105

USING DIFFERENTIAL G.P.S. DERIVED MEASUREMENTS.

5 THE COORDINATE LIST SHOWN ARE N.M. STATE PLANE WEST ZONE GRID

COORDINATES, ELEVATIONS ARE NAVD88 (-3.37 TO REACH NGVD29).
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Field Methods 

Pursuant to the Investigation Work Plan for the SWMU 13 – Drainage Ditch between API Evaporation 

Ponds and Neutralization Tank Evaporation Ponds, an investigation of soils and groundwater was 

conducted to determine and evaluate the presence, nature, extent, fate, and transport of 

contaminants.  To accomplish this objective, soil borings and temporary monitoring wells were 

installed within and adjacent to the drainage ditch and retention pond north of Evaporation Pond EP-

2.  The field methods are described below and individual discussions are presented for the following 

activities:   

• Drilling procedures; 

• Soil screening; 

• Decontamination procedures; 

• Fluid level measurements; 

• Well development/purging; 

• Sample collection and handling procedures;  

• Equipment calibration; and 

• Management of investigation derived waste. 

Drilling Procedures 

The soil borings were drilled using the hollow-stem auger (HSA) method.  The drilling rig was a track 

mounted CME 55.  In addition, a hand auger was used to collect soil samples from the ground surface 

to a depth of five feet.  Soil samples were collected continuously and logged by a qualified geologist 

in accordance with the Unified Soil Classification System (USCS) nomenclature.  As shown on the 

boring logs, the data recorded included the lithologic interval, symbol, percent recovery, field 

screening results, and a sample description of the cuttings and core samples.  Soil samples that 

were collected using the split spoon sampler were photographed.   

Soil Screening 

Samples obtained from the borings were screened in the field on 2-foot intervals for evidence of 

contaminants.  Samples collected using a hand auger were screened in smaller intervals and 

generally coincided with the required sampling interval (e.g., 0 to 0-5’, 0.5-1.5’, 1.5-2’, 2-4’, and 4-

5’).  Field screening results were recorded on the soil boring logs.  Field screening results were used 
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to aid in the selection of soil samples for laboratory analysis.  The primary screening methods 

include: (1) visual examination, (2) olfactory examination, and (3) headspace vapor screening for 

volatile organic compounds.  

Visual screening included examining the soil samples for evidence of staining caused by petroleum-

related compounds or other substances that may have caused staining of soils such as elemental 

sulfur or cyanide compounds.  Headspace vapor screening was conducted and involved placing a 

soil sample in a plastic sealable bag allowing space for ambient air.  The bag was sealed, labeled 

and then shaken gently to expose the soil to the air trapped in the container.  The sealed bag was 

allowed to rest for a minimum of 5 minutes while the vapors equilibrated.  If the ambient 

temperatures were 45 degrees or less, the bags were placed inside a warm vehicle prior to 

screening. 

Vapors present within the sample bag's headspace were then measured by inserting the probe of a 

MiniRae 3000 portable volatile organic constituent (VOC) monitor in a small opening in the bag.  The 

maximum value and the ambient air temperature were recorded on the field boring log for each 

sample.  Field screening results and any conditions that were considered to be capable of 

influencing the results of the field screening were recorded on the field logs. 

Decontamination Procedures 

The drilling equipment (e.g., hollow-stem augers) was decontaminated between each borehole using 

a high-pressure potable water wash.  The sampling equipment coming in direct contact with the 

samples (e.g., hand augers and split-spoon samplers) were decontaminated using a brush, as 

necessary, to remove larger particulate matter followed by a rinse with potable water, wash with non-

phosphate detergent, rinse with potable water, and double rinse with deionized water. 

Fluid Level Measurements 

The depth to separate phase hydrocarbon, if present, and groundwater was measured prior to and 

after well development.  Fluid levels were also measured prior to and after well purging.  If a well was 

bailed down or bailed dry and required sampling at a later time, fluid level measurements were 

collected prior to sampling.  A Geotech Interface Probe was used to measure fluid levels to 0.01 foot. 
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Well Development/Purging 

The temporary monitoring wells were developed/purged using a new disposable bailer attached to 

the end of the clean rope.  The groundwater and sediment removed from the wells were transported 

to the bundle cleaning pad in sealed 5-gallon buckets or in a 65-gallon horizontal leg polyethylene 

tank. 

The purge volumes are calculated as follows: 

Volume (gallons) = water column thickness (ft) x 3.14 x radius of well casing2 (ft) x 7.48 (gals/ft).  

The calculated purge volumes and actual volumes removed from each well are presented below. 

Well (Date) Water Column 

Thickness (ft) 

Calculated Purge 

Volume (gallons) – 3 

well volumes 

Actual Purge Volume 

(gallons) 

SWMU 13-1 DRY NA NA 

SWMU 13-2 4.50 2.30 2.75 

SWMU 13-3 6.63 3.40 6.50 

SWMU 13-4 6.84 3.50 Bailed dry at 3.0 

SWMU 13-5 6.19 3.30 Bailed dry at 6.3 

SWMU 13-6 5.89 3.00 Bailed dry at 0.75 

SWMU 13-7 5.05 2.58 Bailed dry at 1.5 

 

NA – not applicable 

During well development and well purging the following information was recorded on a field 

worksheet: 

• Time; 

• Purge Volume; 

• Temperature (oF); 

• Dissolved Oxygen (mg/L); 

• Conductivity (uS/cm); 

• Total Dissolved Solids (mg/L); 

• pH; 

• Oxidation-Reduction Potential (MV); and 

• Turbidity (NTUs). 
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The field work sheets are included at the end of this appendix. 

Sample Collection and Handling Procedures 

Soil samples were collected using split-spoon samplers or directly from the auger bucket for borings 

completed with a hand auger.  The selected portion of the sample interval was placed in pre-cleaned, 

laboratory-prepared sample containers for laboratory chemical analysis.  Two soil samples were 

collected for VOC analysis in the following manner: 

• Two sample aliquots were collected using a syringe for preservation with methanol.  For the 

methanol preserved kits, 10 grams (10 cc) of soil was injected into each methanol vial using 

the syringe.  The syringes were disposed after soil collection; and 

• The third sample aliquot was placed in an 8-ounce glass jar, which was filled to the top to 

minimize any head space. 

Two additional soil samples were collected in 8-ounce glass jars for semi-volatile and metals 

analyses. 

Groundwater samples were collected using disposable bailers and clean rope.  The water was 

immediately poured directly into clean laboratory supplied sample containers with the exception of 

samples collected for dissolved metals analyses.  Samples specified for dissolved metals analyses 

were filtered in the field using a disposable 0.45 micron filter.  A new filter and syringe were used for 

each sample. 

All samples were immediately placed into an ice chest with ice.  The samples were maintained in the 

custody of the sampler until the chain-of-custody form was completed and the ice chest was sealed 

for delivery to the laboratory. 

In addition to collecting groundwater samples for nitrate/nitrite analyses, field tests were conducted 

to determine the comparability of field data with laboratory data.  In accordance with the instruction 

manual for the Nitrate-Nitrite Test Kit, Hach Model NI-12, the color disc was placed in the color 

comparator box. Two vials were each filed with 5mL of sample water. The nitrate test method was 

diazotization cadmium reduction, with a result range between 0 - 40 mg/L. The nitrite method was 

diazotization with a range of 0 - 0.4 mg/L. The reagents, NitraVer 5 Nitrate Reagent Powder Pillow 

and NitriVer 3 Nitrite Reagent Powder Pillow, were mixed with the water to create a solution. The cap 
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was placed on the vials and shook for 1 minute. After 10 minutes the solutions’ colors were 

compared to the individual color wheels and when the color of the solution matched the color on the 

wheel, the numeric value was recorded. To calculate the results in mg/L, the nitrate result was 

multiplied by 4.4 and the nitrite result was multiplied by 3.33.  The data was recorded on the 

groundwater sampling worksheets. 

 

Equipment Calibration 

Soil vapor screening was conducted using a MiniRae 3000 portable VOC monitor.  The instrument 

was calibrated at the beginning of each work day to a concentration of 100 ppm isobutylene. 

The instruments used to measure groundwater stabilization parameters included an YSI Professional 

Series Data Logger and YSI Quatro Sonde.  The calibration solutions used prior to using the water 

quality meter are as follows: 

• 4.0 pH solution; 

• 7.0 pH solution;  

• 10.0 pH solution; and 

• 1.413 uS/cm conductivity solution. 

Management of Investigation Derived Waste 

The drilling rig and drilling equipment were decontaminated on the bundle cleaning pad.  The water 

is diverted to the Refinery’s wastewater treatment system up-stream of the API Separator.  The 

decontamination water generated from sampling equipment was collected in buckets and disposed 

at the bundle cleaning pad at the end of each day of sampling.  All development/purge water was 

collected in five-gallon buckets or a 65-gallon horizontal leg polyethylene tank and disposed at the 

bundle cleaning pad.  

Soil cuttings were placed into open top 55-gallon drums and were sealed when not in use.  Each 

drum of soils was labeled and temporarily stored in a concrete curbed area pending waste 

characterization and disposal. 
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Marathon Petroleum Company LP
Gallup Refinery - SWMU 13

WEST19038-02

1001 Louisiana Street, Suite 3250
Houston, Texas 77002
713-955-1230

Geologist : Tracy Payne
Drilling Company : Terracon
Driller : Cothron
Drilling Rig : CME 55 Track Rig
Drilling Method : Hollow-Stem Augers 8"
Sampling Method : 2' Split Spoon
Total Depth : 16'
Saturation Depth : 10'
Start Date/Time : 10/22/19 - 09:20
Finish Date/Time : 10/22/19 - 10:40

BORING NO. SWMU 13-1
(Sheet 1 of 1)

Northing : 1635283.76
Easting : 2544450.28
Ground Elevation : 6884.38 ft. MSL
Comments : Elev. 2.54' above bottom

of ditch. Hand augered to
5'.
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DESCRIPTION

Saturation
Saturation

SILT/CLAYEY SILT - very fine, low, soft, 
damp, brown, no odor.

SILTY CLAY - low, firm, damp, brown, no odor.

CLAY - high, firm, damp, brown, no odor.

CLAY - Similar to above (STA), no odor, 
becomes sandy at base (clayey sand).

CLAYEY SAND/SAND - fine, loose, damp, 
brown, no odor.

CLAYEY SAND/SAND - STA, very moist to 
saturated, no odor.

CLAYEY SAND/SAND - STA, moist to 
saturated at base, no odor.

CLAY - high, stiff, damp, brown, no odor.

Temporary Well SWMU 13-1

Bentonite Pellets

10/20 Sieve Sand Filter Pack

Top of Casing 3'
Above Ground Level

2" Sch 40 PVC
w/Threaded Joints

2" Sch 40 PVC Slotted 0.01"
Screen w/Threaded Joints

2" Flush Threaded
Sch 40 PVC Cap

Completion Results

8501 N. MoPac Expy, Suite 300 
Austin, Texas 78759

512-693-4190

DiSorbo Consulting, LLC



Marathon Petroleum Company LP
Gallup Refinery - SWMU 13

WEST19038-02

1001 Louisiana Street, Suite 3250
Houston, Texas 77002
713-955-1230

Geologist : Tracy Payne
Drilling Company : Terracon
Driller : Cothron
Drilling Rig : CME 55 Track Rig
Drilling Method : Hollow-Stem Augers 8"
Sampling Method : 2' Split Spoon
Total Depth : 16'
Saturation Depth : ~12'
Start Date/Time : 10/22/19 - 12:35
Finish Date/Time : 10/22/19 - 13:25

BORING NO. SWMU 13-2
(Sheet 1 of 1)

Northing : 1635255.51
Easting : 2544452.89
Ground Elevation : 6884.22 ft. MSL
Comments : Elev. 2.38' above bottom

of ditch. Hand augered to
5'.
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DESCRIPTION

Saturation
Saturation

SILT/CLAYEY SLIT - very fine, low, soft, 
damp, brown, no odor.

SILTY CLAY - low, firm, damp, brown, no 
odor - high plasticity at base.

CLAY - high, stiff, damp, brown, no odor.

CLAY - Similar to above (STA), no odor.

SILTY CLAY - low, firm/crumbly, damp, 
brown, no odor, trace sand at base.
CLAYEY SAND/SANDY CLAY - fine compact, 
damp to moist at base, brown, no odor.

SAND - fine to medium, loose, brown, damp to 
moist, no odor.
CLAY - high, very soft, damp to moist, brown, 
no odor
CLAY - STA, moist to saturated in very soft 
lense, no odor

CLAY - high, stiff, damp, brown, no odor.
CLAY - STA, no odor

SILTY CLAY - low, firm, damp, brown, no 
odor.

Temporary Well SWMU 13-2

Bentonite Pellets

10/20 Sieve Sand Filter Pack

Top of Casing 3'
Above Ground Level

2" Sch 40 PVC
w/Threaded Joints

2" Sch 40 PVC Slotted 0.01"
Screen w/Threaded Joints

2" Flush Threaded
Sch 40 PVC Cap

Completion Results

8501 N. MoPac Expy, Suite 300 
Austin, Texas 78759

512-693-4190

DiSorbo Consulting, LLC



Marathon Petroleum Company LP
Gallup Refinery - SWMU 13

WEST19038-02

1001 Louisiana Street, Suite 3250
Houston, Texas 77002
713-955-1230

Geologist : Tracy Payne
Drilling Company : Terracon
Driller : Cothron
Drilling Rig : CME 55 Track Rig
Drilling Method : Hollow-Stem Augers 8"
Sampling Method : 2' Split Spoon
Total Depth : 16'
Saturation Depth : 10' & 15.25'
Start Date/Time : 10/22/19 - 14:40
Finish Date/Time : 10/22/19 - 16:35

BORING NO. SWMU 13-3
(Sheet 1 of 1)

Northing : 1635235.05
Easting : 2544528.80
Ground Elevation : 6883.78 ft. MSL
Comments : Elev. 1.64' above bottom

of ditch. Hand augered to
5'.

D
ep

th
 (f

t.)

-3

-2

-1

0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

PI
D

 (p
pm

)

0.8

0.8

1.4

1.3

1.3

3.0

4.0

1.3

2.1

1.8

1.8

0.9

2.1

Sa
tu

ra
tio

n

Li
th

ol
og

y

U
SC

S

ML

CH

CH

CH

CL

CL

CL

CL

CH

CH

SC

R
ec

ov
er

y 
(%

)

100

100

100

50

50

50

90

90

90

90

90

Sa
m

pl
e

DESCRIPTION

Saturation
Saturation

SILT/CLAYEY SLIT - very fine, low, 
soft/loose, damp, brown, no odor.

SILTY CLAY - high, firm, damp, brown, no 
odor.

CLAY - Similar to above (STA), no odor, stiff.

CLAY - STA, no odor.

SILTY CLAY - low, firm/crumbly, damp, 
brown, no odor.
SILTY CLAY - low, very soft, moist, brown, 
no odor.

SANDY CLAY - low, very soft, saturated in 
fine grain sand lenses throughout, brown, no 
odor.

SANDY CLAY - STA, saturated, no odor.

CLAY - high, stiff, damp, brown, no odor.

CLAY - STA, no odor.

CLAYEY SAND - fine, compact to loose, 
saturated, brown, no odor.

Temporary Well SWMU 13-3

Bentonite Pellets

10/20 Sieve Sand Filter Pack

Top of Casing 3'
Above Ground Level

2" Sch 40 PVC
w/Threaded Joints

2" Sch 40 PVC Slotted 0.01"
Screen w/Threaded Joints

2" Flush Threaded
Sch 40 PVC Cap

Completion Results

8501 N. MoPac Expy, Suite 300 
Austin, Texas 78759

512-693-4190

DiSorbo Consulting, LLC



Marathon Petroleum Company LP
Gallup Refinery - SWMU 13

WEST19038-02

1001 Louisiana Street, Suite 3250
Houston, Texas 77002
713-955-1230

Geologist : Tracy Payne
Drilling Company : Terracon
Driller : Cothron
Drilling Rig : CME 55 Track Rig
Drilling Method : Hollow-Stem Augers 8"
Sampling Method : 2' Split Spoon
Total Depth : 16'
Saturation Depth : 10' & 15.25'
Start Date/Time : 10/23/19 - 08:40
Finish Date/Time : 10/23/19 - 10:15

BORING NO. SWMU 13-4
(Sheet 1 of 1)

Northing : 1635221.64
Easting : 2544608.45
Ground Elevation : 6884.65 ft. MSL

Comments : Elev. 1.93' above bottom
of ditch. Hand augered to
5'.
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DESCRIPTION

Saturation
Saturation

SILT/CLAYEY SILT - very fine, low, soft, 
damp, brown, no odor.

CLAY - high, firm to stiff, damp, brown, no 
odor.

CLAY - Similar to above (STA), no odor.

CLAY - STA, very stiff, no odor, calcareous.

CLAY - STA, no odor.

SILTY CLAY - low, very soft, damp, brown, 
no odor.
CLAYEY SAND - fine, compact, saturated, 
brown, no odor.

CLAYEY SAND - STA, saturated, no odor.

CLAY - moderate to high, firm, damp, brown, 
no odor.
CLAY - STA, no odor.
SILTY CLAY - low, soft, damp, brown, no 
odor.
SAND - fine to medium, loose, brown, 
saturated, no odor.

Temporary Well SWMU 13-4

Bentonite Pellets

10/20 Sieve Sand Filter Pack

Top of Casing 3'
Above Ground Level

2" Sch 40 PVC
w/Threaded Joints

2" Sch 40 PVC Slotted 0.01"
Screen w/Threaded Joints

2" Flush Threaded
Sch 40 PVC Cap

Completion Results

8501 N. MoPac Expy, Suite 300 
Austin, Texas 78759

512-693-4190

DiSorbo Consulting, LLC



Marathon Petroleum Company LP
Gallup Refinery - SWMU 13

WEST19038-02

1001 Louisiana Street, Suite 3250
Houston, Texas 77002
713-955-1230

Geologist : Tracy Payne
Drilling Company : Terracon
Driller : Cothron
Drilling Rig : CME 55 Track Rig
Drilling Method : Hollow-Stem Augers 8"
Sampling Method : 2' Split Spoon
Total Depth : 16'
Saturation Depth : 10.5'
Start Date/Time : 10/23/19 - 12:15
Finish Date/Time : 10/23/19 - 13:45

BORING NO. SWMU 13-5
(Sheet 1 of 1)

Northing : 1635207.59
Easting : 2544674.13
Ground Elevation : 6885.36 ft. MSL

Comments : Elev. 2.76' above bottom
of ditch. Hand augered to
5'.
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DESCRIPTION

Saturation
Saturation

SILT - very fine, loose, dry to damp, brown, 
no odor.

SILTY CLAY - low to moderate, firm, damp, 
brown, calcareous, no odor.

CLAY - high, stiff, damp, brown, no odor.

CLAY - Similar to above (STA), no odor.

CLAY - STA, no odor, increase silt at base.

CLAY - STA.
CLAYEY SAND/SAND - fine, compact to 
loose, saturated, brown, no odor

SILTY SAND/SANDY SILT - very fine grain, 
loose, saturated, brown, no odor

CLAY - high, stiff, damp, brown, no odor.

Temporary Well SWMU 13-5

Bentonite Pellets

10/20 Sieve Sand Filter Pack

Top of Casing 3'
Above Ground Level

2" Sch 40 PVC
w/Threaded Joints

2" Sch 40 PVC Slotted 0.01"
Screen w/Threaded Joints

2" Flush Threaded
Sch 40 PVC Cap

Completion Results

8501 N. MoPac Expy, Suite 300 
Austin, Texas 78759

512-693-4190

DiSorbo Consulting, LLC



Marathon Petroleum Company LP
Gallup Refinery - SWMU 13

WEST19038-02

1001 Louisiana Street, Suite 3250
Houston, Texas 77002
713-955-1230

Geologist : Tracy Payne
Drilling Company : Terracon
Driller : Cothron
Drilling Rig : CME 55 Track Rig
Drilling Method : Hollow-Stem Augers 8"
Sampling Method : 2' Split Spoon
Total Depth : 18'
Saturation Depth(s) : 3' & 11'
Start Date/Time : 10/23/19 - 15:10
Finish Date/Time : 10/24/19 - 08:20

BORING NO. SWMU 13-6
(Sheet 1 of 1)

Northing : 1635168.07
Easting
Ground Elevation

Comments

: 2544762.81
: 6887.13 ft. MSL

: Elev. 2.31' above bottom of 
retention pond. Hand augered 
to 5'
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DESCRIPTION

Saturation
Saturation

SILTLY CLAY - low, soft, damp, brown, no 
odor.

SILTY CLAY - Similar to above (STA), more 
moisture than above.
CLAYEY SILT/SILTY CLAY - low, very 
soft/creamy, saturated, hydrocarbon odor.

CLAY - moderate to low, soft, damp, brown, 
faint odor
CLAY - high, stiff, damp, brown, hydrocarbon 
odor.

CLAY - STA, no odor.

CLAY - STA, no odor.

CLAYEY SAND - fine, compact, saturated, 
brown, no odor.
SAND/SILTY SAND - fine to medium, loose, 
saturated, brown, gravelly at base

SILTY SAND - fine, compact, damp, brown, 
saturated, no odor, CH CLAY at base.

SILTY SAND - STA, saturated, no odor.

CLAY - high, stiff, damp, brown, no odor.

Temporary Well SWMU 13-6

Bentonite Pellets

10/20 Sieve Sand Filter Pack

Top of Casing 2' 
Above Ground Level

2" Sch 40 PVC
w/Threaded Joints

2" Sch 40 PVC Slotted 0.01"
Screen w/Threaded Joints

2" Flush Threaded
Sch 40 PVC Cap

Completion Results

8501 N. MoPac Expy, Suite 300 
Austin, Texas 78759

512-693-4190

DiSorbo Consulting, LLC



Marathon Petroleum Company LP
Gallup Refinery - SWMU 13

WEST19038-02

1001 Louisiana Street, Suite 3250
Houston, Texas 77002
713-955-1230

Geologist : Tracy Payne
Drilling Company : Terracon
Driller : Cothron
Drilling Rig : CME 55 Track Rig
Drilling Method : Hollow-Stem Augers 8"
Sampling Method : 2' Split Spoon
Total Depth : 18'
Saturation Depth(s) : 2', 3', & 12'
Start Date/Time : 10/24/19 - 11:15
Finish Date/Time : 10/24/19 - 12:35

BORING NO. SWMU 13-7
(Sheet 1 of 1)

Northing : 1635126.04
Easting : 2544777.26
Ground Elevation : 6888.17 ft. MSL
Comments : Elev. 3.0' above bottom

of retention pond.: 
Hand augered to 3'.
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DESCRIPTION

Saturation
Saturation

SILTLY CLAY - low, soft, damp, brown, no 
odor.

CLAYEY SILT - low, very soft, saturated, 
hydrocarbon odor.
Poor recovery - black sand in shoe - 
hydrocarbon/biological odor.
SAND - medium, soft/loose, saturated, black, 
biological/organic odor, clay (CL) at base.

SAND - Similar to above (STA), saturated, black.

CLAY - high, firm, damp, brown, no odor.
CLAY - STA.

CLAY - STA.

SILTY CLAY - low, soft, damp, brown.

SILTY SAND - very fine, loose to compact, 
saturated, brown, no odor.
Poor recovery - CLAY

SILTY SAND - very fine, loose to compact, 
saturated, no odor

CLAY - high, firm, damp, brown, no odor.

Temporary Well SWMU 13-7

Bentonite Pellets

10/20 Sieve Sand Filter Pack

Top of Casing 3'
Above Ground Level

2" Sch 40 PVC
w/Threaded Joints

2" Sch 40 PVC Slotted 0.01"
Screen w/Threaded Joints

2" Flush Threaded
Sch 40 PVC Cap

Completion Results

8501 N. MoPac Expy, Suite 300 
Austin, Texas 78759

512-693-4190

DiSorbo Consulting, LLC



Marathon Petroleum Company LP
Gallup Refinery - SWMU 13

WEST19038-02

1001 Louisiana Street, Suite 3250
Houston, Texas 77002
713-955-1230

Geologist : Tracy Payne
Drilling Method : Hand Auger
Sampling Method : Auger Bucket
Total Depth : 3'
Saturation Depth : Not encountered
Start Date/Time : 10/24/19 - 14:35
Finish Date/Time : 10/24/19 - 14:50

BORING NO. SWMU 13-8
(Sheet 1 of 1)

Northing : 1635270.92
Easting : 2544442.83
Ground Elevation : 6881.84 ft. MSL
Comments : 
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DESCRIPTION

Saturation
Saturation

SILTY CLAY - low, firm, damp, brown, no 
odor.

CLAY - high, firm to stiff, damp, brown, no 
odor.

Completion Results

8501 N. MoPac Expy, Suite 300 
Austin, Texas 78759

512-693-4190

DiSorbo Consulting, LLC



Marathon Petroleum Company LP
Gallup Refinery - SWMU 13

WEST19038-02

1001 Louisiana Street, Suite 3250
Houston, Texas 77002
713-955-1230

Geologist : Tracy Payne
Drilling Method : Hand Auger
Sampling Method : Auger Bucket
Total Depth : 3'
Saturation Depth : Not encountered
Start Date/Time : 10/24/19 - 15:35
Finish Date/Time : 10/24/19 - 15:55

BORING NO. SWMU 13-9
(Sheet 1 of 1)

Northing : 1635258.03
Easting : 2544506.40
Ground Elevation : 6882.14 ft. MSL

Comments : 
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DESCRIPTION

Saturation
Saturation

SILTY CLAY - low, firm, damp, hydrocarbon 
odor, stained black and grayish green.

CLAY - high, firm to stiff, damp, brown, odor.

Completion Results

8501 N. MoPac Expy, Suite 300 
Austin, Texas 78759

512-693-4190

DiSorbo Consulting, LLC



Marathon Petroleum Company LP
Gallup Refinery - SWMU 13

WEST19038-02

1001 Louisiana Street, Suite 3250
Houston, Texas 77002
713-955-1230

Geologist : Tracy Payne
Drilling Method : Hand Auger
Sampling Method : Auger Bucket
Total Depth : 3'
Saturation Depth : Not encountered
Start Date/Time : 10/25/19 - 10:00
Finish Date/Time : 10/25/19 - 10:30

 BORING NO. SWMU 13-10
(Sheet 1 of 1)

Northing : 1635239.56
Easting : 2544583.37
Ground Elevation : 6882.72 ft. MSL
Comments : 
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DESCRIPTION

Saturation
Saturation

SILTY CLAY - low, firm, damp, faint odor, 
stained black and greenish gray.

CLAY - high, firm, damp, brown, odor, sticky.

Completion Results

8501 N. MoPac Expy, Suite 300 
Austin, Texas 78759

512-693-4190

DiSorbo Consulting, LLC



Marathon Petroleum Company LP
Gallup Refinery - SWMU 13

WEST19038-02

1001 Louisiana Street, Suite 3250
Houston, Texas 77002
713-955-1230

Geologist : Tracy Payne
Drilling Method : Hand Auger
Sampling Method : Auger Bucket
Total Depth : 3'
Saturation Depth : Not encountered
Start Date/Time : 10/25/19 - 11:30
Finish Date/Time : 10/25/19 - 12:00

 BORING NO. SWMU 13-11
(Sheet 1 of 1)

Northing : 1635226.59
Easting : 2544648.37
Ground Elevation : 6882.60 ft. MSL

Comments : 
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DESCRIPTION

Saturation
Saturation

CLAYEY SILT/SAND - low, fine, compact, 
damp, odor, stained back and greenish gray.

CLAY - high, firm, damp, brown, odor.

Completion Results

8501 N. MoPac Expy, Suite 300 
Austin, Texas 78759

512-693-4190

DiSorbo Consulting, LLC



Marathon Petroleum Company LP
Gallup Refinery - SWMU 13

WEST19038-02

1001 Louisiana Street, Suite 3250
Houston, Texas 77002
713-955-1230

Geologist : Tracy Payne
Drilling Method : Hand Auger
Sampling Method : Auger Bucket
Total Depth : 3'
Saturation Depth : Not encountered
Start Date/Time : 10/25/19 - 12:55
Finish Date/Time : 10/25/19 - 13:55

 BORING NO. SWMU 13-12
(Sheet 1 of 1)

Northing : 1635209.89
Easting : 2544718.62
Ground Elevation : 6874.45 ft. MSL
Comments : 
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DESCRIPTION

Saturation
Saturation

CLAYEY SILT - low, soft, damp, dark brown, 
no odor.

CLAYEY SAND - fine grain, light yellowish 
gray, faint odor, damp, crumbly.

SILTY CLAY - low to moderate, firm, damp, no 
odor.

Completion Results

8501 N. MoPac Expy, Suite 300 
Austin, Texas 78759

512-693-4190

DiSorbo Consulting, LLC



Marathon Petroleum Company LP
Gallup Refinery - SWMU 13

WEST19038-02

1001 Louisiana Street, Suite 3250
Houston, Texas 77002
713-955-1230

Geologist : Tracy Payne
Drilling Method : Hand Auger
Sampling Method : Auger Bucket
Total Depth : 3'
Saturation Depth : Not encountered
Start Date/Time : 10/25/19 - 14:55
Finish Date/Time : 10/25/19 - 15:20

 BORING NO. SWMU 13-13
(Sheet 1 of 1)

Northing : 1635171.39
Easting : 2544739.77
Ground Elevation : 6884.82 ft. MSL
Comments : 
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DESCRIPTION

Saturation
Saturation

SILT/SAND - shrinkage cracks present, fine 
grain, dry to damp, odor, becomes stained, 
black/green/orange, soft at base.
CLAY/SILTY CLAY - moderate to high, very 
soft, hydrocarbon odor, damp to moist, black.

CLAYEY SAND/SANDY CLAY - soft, low, 
moist to saturated, brown, hydrocarbon odor.

Completion Results

8501 N. MoPac Expy, Suite 300 
Austin, Texas 78759

512-693-4190

DiSorbo Consulting, LLC



Marathon Petroleum Company LP
Gallup Refinery - SWMU 13

WEST19038-02

1001 Louisiana Street, Suite 3250
Houston, Texas 77002
713-955-1230

Geologist : Tracy Payne
Drilling Method : Hand Auger
Sampling Method : Auger Bucket
Total Depth : 3'
Saturation Depth : 0.5'
Start Date/Time : 10/25/19 - 16:20
Finish Date/Time : 10/25/19 - 16:40

 BORING NO. SWMU 13-14
(Sheet 1 of 1)

Northing : 1635136.50
Easting : 2544756.75
Ground Elevation : 6885.16 ft. MSL
Comments : 
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DESCRIPTION

Saturation
Saturation

SANDY CLAY - low, soft, damp to very moist, 
odor, brown/yellowish brown, trace black 
discoloration.
CLAYEY SAND - very fine, soft, saturated, 
brown, faint odor.

Completion Results

8501 N. MoPac Expy, Suite 300 
Austin, Texas 78759

512-693-4190

DiSorbo Consulting, LLC



 

 

Appendix G 

Photographs of Soil Cores  

(Included on CD) 

  



 

 

Appendix H 

Analytical Data Reports  

(Included on CD) 

  



 

 

Appendix I  

Quality Assurance/Quality Control Review 



 

 

DATA  VALIDATION  INTRODUCTION 

This summary presents data verification results for soil and groundwater samples collected from soil 

boring and monitoring wells installed at the Solid Waste Management Unit (SWMU) No. 13 – 

Drainage Ditch Between API Evaporation Ponds and Neutralization Tank Evaporation Ponds at the 

Gallup Refinery.  The data review was performed in accordance with Provision IV.J.3.b (Review of 

Field and Laboratory QA/QC Data) of the RCRA Permit issued by NMED in October 2013, USEPA 

Functional Guidelines for Organic and Inorganic Data Review, and quality assurance and control 

parameters set by the project laboratory Hall Environmental Analysis Laboratory, Inc. 

A total of 58 soil samples and six groundwater samples (excluding QA samples) were collected from 

October 22, 2019 through November 7, 2019 in accordance with the Investigation Work Plan SWMU 

No. 13 – Drainage Ditch Between API Evaporation Ponds and Neutralization Tank Evaporation 

Ponds (DiSorbo, 2019).  Soil and groundwater samples were submitted to Hall Environmental 

Analysis Laboratory for the following parameters in accordance with the approved Work Plan: 

• volatile organic compounds (VOCs) by USEPA Method 8260B; 

• semi-volatile organic compounds (SVOCs) by USEPA Method 8270; 

• Gasoline, diesel, and motor oil range organics by SW-846 Method 8015B; 

• Total recoverable and dissolved metals (antimony, arsenic, barium, beryllium, cadmium, 

chromium, cobalt, lead, nickel, selenium, silver, vanadium, and zinc) by EPA Method 200.7; 

• Cyanide by SW-846 method 9012; and 

• Mercury by EPA Method 7470. 

The groundwater samples were analyzed for water quality parameters including, sulfate, chloride, 

nitrate, nitrite, and fluoride by EPA Method 300.  

Additionally, 22 quality assurance samples consisting of trip blanks, methanol blanks, equipment 

rinsate blanks, and field duplicates were collected and analyzed as part of the investigation 

activities. Table A-1 presents a summary of the field sample identifications, laboratory sample 

identifications, and sample collection dates. 

  



 

 

QUALITY CONTROL PARAMETERS REVIEWED 

Sample results were subject to a Level II data review that includes an evaluation of the following 

quality control (QC) parameters: 

• Chain-of-Custody; 

• Sample Preservation and Temperature Upon Laboratory Receipt 

• Holding Times; 

• Blank Contamination (method blanks, trip blanks, methanol blanks, and equipment rinsate 

blanks); 

• Surrogate Recovery (for organic parameters); 

• Laboratory Control Sample (LCS) Recovery and Relative Percent Difference (RPD); 

• Matrix Spike/Matrix Spike Duplicate (MS/MSD) Recovery and RPD; 

• Duplicates (field duplicate, laboratory duplicate); and 

• Other Applicable QC Parameters.  

The data qualifiers used to qualify the analytical results associated with QC parameters outside of 

the established data quality objectives are defined below: 

J+ The analyte was positively identified; however, the result should be 
considered an estimated value with a potential high bias. 

J- The analyte was positively identified; however, the result should be 
considered an estimated value with a potential low bias. 

UJ The reporting limit for a constituent that was not 
detected is considered an estimated value.  

R Quality control indicates that the data is not usable. 

Results qualified as “J+”, “J-“, or “UJ” are of acceptable data quality and may be used quantitatively 

to fulfill the objectives of the analytical program, per EPA guidelines.  Results for the performance 

monitoring events that required qualification based on the data verification are summarized in Table 

A-2. 

CHAIN-OF-CUSTODY 

The chain-of-custody documentation associated with project samples was found to be complete. 

Chain-of-custodies included sample identifications, date and time of collection, requested 

parameters, and relinquished/received signatures. 



 

 

SAMPLE PRESERVATION  AND TEMPERATURE UPON LABORATORY  RECEIPT 

Samples were received preserved and intact by Hall Environmental Laboratories, Inc. Samples were 

received by the laboratory at a temperature of 6.0 degrees Celsius or lower. 

HOLDING TIMES 

All samples were extracted and analyzed within method-specified holding time limits. 

BLANK CONTAMINATION 

Method Blank 

Method blanks were analyzed at the appropriate frequency. Target compounds were not detected in 

the method blanks, with the exception of the following: 

• Methylene chloride was detected at 0.01 part per million (ppm) in batch S64028 in lab 

report 1910D16 and 1910D68.  It was detected at mostly lower concentrations and below 

the quantitation limits in associated field samples SWMU 13-1 (14-16'), SWMU 13-2 (8-10'), 

SWMU 13-3 (14-15.25'), DUP02, SWMU 13-5 (1.5-2'), SWMU 13-5 (14-16'), and SWMU 13-6 

(2-3').  The samples are J-flagged in the lab reports due to being at concentrations below the 

reporting limit and are shown as J+ in Table A-2 

 

• Di-n-butyl phthalate was detected at 0.16 ppm in batch 48455 in lab report 1910D16.  It 

was detected at similar concentrations in associated field samples SWMU 13-3 (15.25-16'), 

SWMU 13-4 (1.5-2'), SWMU 13-4 (14-15.5'), SWMU 13-4 (8-10'), SWMU 13-5 (10-10.5'), SWMU 

13-5 (14-16'), SWMU 13-6 (1.5-2'), and SWMU 13-6 (17-18').  The samples are J-flagged in the 

lab reports due to being at concentrations below the reporting limit and are shown as J+ in Table 

A-2. 

 

 

• Benzyl alcohol, bis(2-ethylhexyl)phthalate, di-n-butyl phthalate were detected in batch # 48439, 

lab report 1910D16 at concentrations of 0.85 ug/l, 4.1 ug/l, and 3.1 ug/l, respectively.  The only 

associated sample is EB102219 and all of the related results were non-detect; no data 

qualification required. 

 

• Vanadium was detected at a concentration of 0.0012 mg/l in batch 48486, lab report 1910D68.  

The only associated sample is EB102219 and the related sample result was non-detect; no data 

qualification required. 



 

 

 

• Cadmium, chromium, manganese, and zinc were detected in batch # 48433, lab report 1910D68  

at concentrations of 0.025J ppm, 0.12J ppm, 0.079J ppm, and 0.92J ppm, respectively.  

Cadmium was non-detect in the associated samples and no qualification is required.  Chromium, 

manganese and zinc were detected in all related samples with concentrations much higher than 

the reported results in the method blank and none of the associated samples are qualified. 

 

• Cadmium, iron, manganese, and zinc were detected in batch # 48519, lab report 1910D68 at 

concentrations of 0.033J ppm, 1.7J ppm, 0.021J ppm, and 0.40J ppm, respectively.  Cadmium 

was non-detect in the associated samples and no qualification is required.  Chromium, iron and 

zinc were detected in all related samples with concentrations much higher than the reported 

results in the method blank and none of the associated samples are qualified. 

 

 

• Cadmium, chromium, manganese, and silver were detected in batch # 48651, lab report 1910D68 

at concentrations of 0.045 ppm, 0.086J ppm, 0.049J ppm, and 0.044J ppm, respectively.  

Cadmium and silver were non-detect in the associated sample and no qualification is required.  

Chromium and manganese were detected in the related sample with concentrations much higher 

than the reported results in the method blank and none of the associated samples are qualified. 

 

• Lead and Vanadium were detected in batch #48486, lab report 1910D68 at concentrations of 

0.0043J ppm and 0.0012J ppm, respectively.  Vanadium was non-detect in the associated 

sample (EB102319), while lead was detected at 0.0069 ppm.  The lead result is qualified as J+ in 

Table A-2. 

 

• Di-n-butyl phthalate was detected at 0.25J ppm in batch 48494 in lab report 1910E04.  It 

was not detected in a number of associated samples, which are not qualified.  However, it 

was detected at similar concentrations in associated field samples SWMU 13-11 (2-3'), 

SWMU 13-7 (1.5-2'), SWMU 13-7 (10-12'), SWMU 13-8 (1.5-2'), SWMU 13-8 (2-3'), SWMU 13-9 

(2-3') and DUP04.  The samples are J-flagged in the lab reports due to being at concentrations 

below the reporting limit and are shown as J+ in Table A-2. 

 

• Acenaphthene, benzyl alcohol, bis(2-ethylhexyl)phthalate, di-n-butyl phthalate, diethyl 

phthalate, dimethyl phthalate, N-nitrosodiphenylamine, 3-nitroaniline, and pyrene was 

detected at low concentrations batch 48455 in lab report 1910E04.  However, there were 

only detections for bis (2-ethylhexyl)phthalate and di-n-butyl phthalate.  The associated 

samples are qualified as J+ in Table A-2. 



 

 

 

• Azobene, benzyl alcohol, bis(2-ethylhexyl)phthalate, di-n-butyl phthalate, diethyl phthalate, 3-

nitroaniline, and phenol were detected at low concentrations in batch #48536, lab report 

1910E04.  Only phenol, bis(2-ethylhexyl)phthalate and di-n-butyl phthalate are qualified as J+ in 

Table A-2 as the other constituents were non-detect. 

 

• Cadmium, chromium, manganese, and zinc were detected in batch # 48433, lab report 1910E04 

at concentrations of 0.025 ppm, 0.12J ppm, 0.079J ppm, and 0.92J ppm, respectively.  Cadmium 

was non-detect in the associated samples and no qualification is required.  Chromium, 

manganese, and zinc were detected in the related sample with concentrations much higher than 

the reported results in the method blank and none of the associated samples are qualified. 

 

• Cadmium, iron, lead, manganese, and nickel were detected in batch # 48604, lab report 1910E04 

at concentrations of 0.05J ppm, 2.1J ppm, 0.25J ppm, 0.05J ppm and 0.25J ppm, respectively.  

Cadmium was non-detect in the associated samples and no qualification is required.  Iron, lead, 

manganese, and nickel were detected in the related samples with concentrations either non-

detect (one sample for nickel) or at much higher concentrations than the reported results in the 

method blank and none of the associated samples are qualified. 

 

• 2-Butanone was detected in batch 48453, lab report 1910E49 at 0.086J ppm, but was not 

detected in the related samples and therefore none of the associated sample results are qualified. 

 

• Azobene, benzyl alcohol, bis(2-ethylhexyl)phthalate, di-n-butyl phthalate, diethyl phthalate, 3-

nitroaniline, and phenol were detected at low concentrations in batch #48536, lab report 

1910E49.  Only di-n-butyl phthalate was detected in the associated samples and it is qualified as 

J+ in Table A-2. 

 

• Cadmium, iron, manganese, and zinc were detected in batch # 48519, lab report 1910E49 at 

concentrations of 0.033J ppm, 1.7J ppm, 0.021J ppm, and 0.40J ppm, respectively.  Cadmium 

was non-detect in the associated samples and no qualification is required.  Iron, manganese, and 

zinc were detected in the related sample with concentrations much higher than the reported 

results in the method blank and none of the associated samples are qualified. 

 

Trip Blank 

Trip blanks were analyzed at the appropriate frequency as specified in the Permit. Target 

compounds were not detected in the trip blanks. 



 

 

Equipment Rinsate Blank 

Equipment rinsate blanks were collected as specified in the SWMU No. 13 Investigation Work Plan 

and the Permit.  The following constituents were detected in equipment rinsate blanks. 

• In sample EB102219 (1910D16-017) mercury was detected at 0.00019J mg/l and it was 

also detected at 0.00018J mg/l in the associated method blank.  The sample result is 

qualified as J+ in table A-2.  

• In sample EB102319 (1910D38-018) mercury was detected at 0.00017J mg/l and it was 

also detected at 0.00018J mg/l in the associated method blank.  The sample result is 

qualified as J+ in table A-2.  Manganese (0.00093J mg/L) was also detected in the 

equipment blank, but is not qualified other than being an estimate concentration.  Benzyl 

alcohol was also detected at a low concentration (2.5 ug/l), but was detected in the 

associated method blank and thus it is qualified in Table A-2 as j+.  

• In sample EB102419, mercury was detected at 0.00011J mg/l, but was also detected in the 

associated method blank at 0.00012J mg/l resulting in a j+ flag in Table A-2.  Manganese 

was also detected at a low estimated concentration, but is otherwise not qualified. 

• In sample EB102519, mercury was detected at 0.00013J mg/l, but was also detected in the 

associated method blank at 0.00012J mg/l resulting in a j+ flag in Table A-2.  Iron was also 

detected at a low estimated concentration, but is otherwise not qualified. 

• Sample EB01 had detections of chloride, dissolved manganese and dissolved sodium all at 

low estimated concentrations that are not otherwise qualified.  Total manganese was 

detected at 0.00048J mg/l and also detected at 0.00015J mg/l in the associated method 

blank.  The total manganese result is qualified as J+ in Table A-2.  Benzene and toluene were 

detected at 0.17J ug/l and 0.42J ug/l, respectively and are not otherwise qualified. 

• Sodium was detected at 0.59J mg/l and is not otherwise qualified.  Manganese and nickel 

were detected at 0.00027J mg/l and 0.0016J mg/l in the dissolved analyses.  Both 

constituents were also detected in the associated method blank at 0.000089J mg/l and 

0.0023J mg/l and are qualified as J+ in Table A-2. 

Common Laboratory Contaminants 

Per USEPA guidelines, common laboratory contaminants for VOC analysis are acetone, 2-butanone 

(MEK), cyclohexane, chloromethane, and methylene chloride. Common laboratory contaminants for 

SVOC analysis include phthalates.  Data qualification was required for samples with methylene 

chloride and phthalates since there were detection in blanks and field analytical results were 



 

 

detected at concentrations less than 10 times the blank concentration in field samples.  See Table 

A-2 for qualified data.   

Methanol Blanks 

Methanol Blanks provided by the laboratory were analyzed for VOCs. There were no analytes 

detected in the methanol blanks above the respective laboratory reporting limits. 

SURROGATE  RECOVERY 

Surrogate recoveries for the organic and inorganic analyses were performed at the required 

frequency and were within laboratory acceptance limits, with the following exceptions: 

Lab Report 1910D68 

• Surrogate recovery for gasoline range organics was above the acceptance limit for field 

sample SWMU 13-6 (10-11’); however, the result was non-detect and is not qualified. 

• Surrogate recovery for diesel range organics was low for the laboratory control samples (LCS) 

in batch # 48457; however, the recovery for the same surrogate was within range for the 

associated method blank, matrix spike (MS) and matrix spike duplicate (MSD) analyses and 

all of the associated field samples.  The results are not qualified. 

Lab Report 1910E04 

• One of the six surrogates for the semi-volatile analysis of sample SWMU 13-7 (0-0.5’) was 

above the acceptance limit, but as the others were all within range the results are not 

qualified. 

• Two of the six surrogates for the semi-volatile analysis of sample SWMU 13-8 (0-0.5’) were 

above the acceptance limits, but as the others were all within range the results are not 

qualified.  

• Surrogate recovery for gasoline range organics was above the acceptance limit for field 

sample SWMU 13-9 (2-3’); however, the result was non-detect and is not qualified. 

Lab Report 1910E49 

• Surrogate recovery for gasoline range organics was above the acceptance limit for field 

samples SWMU 13-13 (0-0.5’), SWMU 13-13 (1.5-2’), and SWMU 13-13 (2-3’); however, the 

results were non-detect and are not qualified. 



 

 

• Two of the six surrogates for the semi-volatile analysis of sample SWMU 13-14 (0-0.5’) were 

below the acceptance limits, but as the others were all within range the results are not 

qualified. 

Lab Report 1911232 

• The surrogate recovery for gasoline range organics was significantly above the acceptance 

limit (2710 vs. 143) for field sample SWMU 13-2-GW and the associated result is qualified in 

Table A-2 as J+. 

• The surrogate recovery for gasoline range organics was significantly above the acceptance 

limit (2830 vs. 143) for field sample SWMU 13-3-GW and the associated result is qualified in 

Table A-2 as J+. 

• The surrogate recovery for gasoline range organics was significantly above the acceptance 

limit (748 vs. 143) for field sample SWMU 13-4-GW and the associated result is qualified in 

Table A-2 as J+. 

Lab Report 1911310 

• The surrogate recovery for gasoline range organics was significantly above the acceptance 

limit (1610 vs. 143) for field sample SWMU 13-5-GW and the associated result is qualified in 

Table A-2 as J+. 

• The surrogate recovery for gasoline range organics was significantly above the acceptance 

limit (363 vs. 143) for field sample SWMU 13-6-GW and the associated result is qualified in 

Table A-2 as J+. 

• The surrogate recovery for gasoline range organics was significantly above the acceptance 

limit (2410 vs. 143) for field sample SWMU 13-7-GW and the associated result is qualified in 

Table A-2 as J+. 

LCS RECOVERY AND RELATIVE PERCENT DIFFERENCE 

Laboratory control samples (LCS)/LCS duplicates were performed at the required frequency and were 

evaluated based on the following criteria: 

• If the analyte recovery was above acceptance limits for the LCS or LCS duplicate, but the 

analyte was not detected in the associated batch, then data qualification was not required. 



 

 

• If the analyte recovery was above acceptance limits for the LCS or LCS duplicate and the 

analyte was detected in the associated batch, then the analyte results were qualified “J+” to 

account for a potential high bias. 

• If the analyte recovery was below acceptance limits for LCS or LCS duplicate then the analyte 

results in the associated analytical batch were qualified (“UJ” for non-detects and “J-” for 

detected results) to account for a potential low bias. 

LCS/LCSD percent recoveries and relative percent differences (RPDs) were within acceptance limits 

and no qualification was required, except as noted below: 

Lab Report 1910E49 

• LCS recovery RPDs for two semivolatiles (2-chlorophenol and n-nitrosodi-n-propylamine) in 

batch 48505 was above the acceptance limit.  The actual recovery percentages in both the 

LCS and LCSD were within range and the related samples are not qualified. 

MS/MSD RECOVERY AND RELATIVE PERCENT DIFFERENCE 

Matrix Spike/Matrix Spike Duplicate (MS/MSD) samples were performed at the required frequency 

and were evaluated by the following criteria: 

• If the MS or MSD recovery for an analyte was above acceptance limits but the analyte was 

not detected in the associated analytical batch, then data qualification was not required. 

• If the MS or MSD recovery for an analyte was above acceptance limits and the analyte was 

detected in the associated analytical batch, then analyte results were qualified “J+” to 

account for a potential high bias. 

• Low MS/MSD recoveries for organic or inorganic parameters result in sample qualification of 

the associated analytical batch with a “J-“. 

• Results were not qualified based on non-project specific MS/MSD (i.e., batch QC) recoveries. 

MS/MSD percent recoveries and RPDs were within acceptance limits except for the following: 

Lab Report 1910D16 

• The MS and MSD RPD exceeded the limit for 1,4-dichlorobenzene in batch 48455; however, 

both the MS and MDS recoveries met acceptance criteria and all related samples were non-

detect.  None of the data are qualified. 



 

 

Lab Report 1910E04 

• The MS and MSD recoveries for antimony, barium, chromium, manganese, silver, and zinc 

were outside the limits in batch 48433.  Barium recoveries exceeded the limits and the 

associated results are qualified as J+ and the other constituents except manganese 

recovered low and are flagged as J- if detected and UJ if not detected in Table A-2.  

Manganese had a low recovery in the MDS and exceeded limits in the MS, therefore the 

associated results are flagged as “J.” 

• Laboratory batch #48519 for metals analyses had two runs.  The MS and MSD recoveries for 

run #64624 were all within limits and most related samples are reported for this run.  The MS 

and/or MSD recoveries were out of range for antimony, barium, manganese, selenium, and 

silver for run #64655.  The detected sample results are qualified J- and non-detects as UJ in 

Table A-2 as the recoveries were low. 

• For laboratory batch #48434, the MS and MSD recoveries were low for barium and silver, 

while the MS was high for manganese, but the MSD was low for manganese.  The barium and 

silver results are flagged as J- and manganese is flagged as J in Table A-2. 

Lab Report 1910E49 

• The MS and MSD recoveries both exceed the limit for mercury in batch #48648 and the 

associated results are flagged as J+ in Table A-2. 

 

Lab Report 1911232 

• The MS and MSD recoveries were both below the limit for mercury in batch #48912 and the 

associated detected result is flagged as J- and the non-detect results are flagged as UJ in 

Table A-2. 

Lab Report 1605999 

• The MS and/or MSD recoveries for several metals (antimony, barium, cobalt, lead, nickel, 

and zinc) were below acceptance limits for batch 25681.  This affects only samples DUP-01 

and DUP-02.  However, the reference values are significant in comparison to the spike 



 

 

values, thus the low recoveries are not reflective of a laboratory problem and the associated 

results are not qualified. 

DUPLICATES 

Field Duplicates 

Field duplicates were collected at a rate as stated in the approved Investigation Work Plan. The 

RPDs between the field duplicate and its associated sample were calculated and are presented in 

Table A-3. The field duplicates were evaluated by the following criteria: 

• If an analyte was detected at a concentration greater than five times the method reporting 

limit, the RPD should be less than 35 percent for soil and 25 percent for ground water 

samples. 

• If an analyte was detected at a concentration that is less than five times the method 

reporting limit, then the difference between the sample and the field duplicate should not 

exceed the method reporting limit. 

• Duplicate RPDs are calculated by dividing the difference of the concentrations by the average 

of the concentrations. 

Field duplicate RPDs were within acceptance limits with the exception of several metals analyses 

(dissolved cobalt, iron, lead, nickel; and total iron and nickel) and gasoline range organics in 

groundwater duplicate DUP01.  See Table 3A for a field duplicate summary.  

COMPLETENESS SUMMARY 

The following equation was used to calculate the technical completeness: 

 

The technical completeness attained for Investigation activities was 100 percent. The 

completeness results are provided in Table A-4. The analytical results for the required analytes 

per the approved Work Plan were considered usable for the intended purposes and the project 

DQOs have been met. 

 



Table A-1
Sample Identification

SWMU13 Investigation Report
Marathon Petroleum Company - Gallup Refinery

Sample ID Lab ID Date Collected Sample Type
SWMU 13-1 (0-0.5') 1910d16-001 10/22/2019 SO
SWMU13-1 (1.5-2') 1910d16-002 10/22/2019 SO
SWMU13-1 (5-6') 1910d16-003 10/22/2019 SO
SWMU 13-1 (8-10') 1910D16-004 10/22/2019 SO
SWMU 13-1 (14-16') 1910d16-005 10/22/2019 SO
SWMU 13-2 (0-0.5') 1910d16-006 10/22/2019 SO
SWMU 13-2 (1.5-2') 1910d16-007 10/22/2019 SO
SWMU 13-2 (8-10') 1910d16-008 10/22/2019 SO
SWMU 13-2 (14-16') 1910d16-009 10/22/2019 SO
SWMU 13-3 (0-0.5') 1910d16-010 10/22/2019 SO
SWMU 13-3 (1.5-2') 1910D16-011 10/22/2019 SO
SMWU 13-3 (8-10') 1910D16-012 10/22/2019 SO
SWMU 13-3 (14-15.25') 1910d16-013 10/22/2019 SO
SWMU 13-3 (15.25-16') 1910D16-014 10/22/2019 SO
DUP01 1910d16-015 10/22/2019 FD
MeOH Blank 1910d16-016 10/22/2019 MB
EB102219 1910d16-017 10/22/2019 EB
SWMU 13-4 (0-0.5') 1910d68-001 10/23/2019 SO
SWMU 13-4 (1.5-2') 1910d68-002 10/23/2019 SO
SWMU 13-4 (8-10') 1910d68-003 10/23/2019 SO
SWMU 13-4 (14-15.5') 1910d68-004 10/23/2019 SO
SWMU 13-4 (15.5-16') 1910D68-005 10/23/2019 SO
SWMU 13-5 (0-0.5') 1910d68-006 10/23/2019 SO
SWMU 13-5 (1.5-2') 1910D68-007 10/23/2019 SO
SWMU 13-5 (8-10') 1910d68-008 10/23/2019 SO
SWMU 13-5 (10-10.5') 1910D68-009 10/23/2019 SO
SWMU 13-5 (14-16') 1910D68-010 10/23/2019 SO
SWMU 13-6 (0-0.5') 1910d68-011 10/23/2019 SO
SWMU 13-6 (1.5-2') 1910d68-012 10/23/2019 SO
SWMU 13-6 (2-3') 1910d68-013 10/23/2019 SO
SWMU 13-6 (6-8') 1910d68-014 10/23/2019 SO
SWMU 13-6 (10-11') 1910d68-015 10/23/2019 SO
DUP02 1910d68-016 10/23/2019 FD
MeOH Blank 1910d68-017 10/23/2019 MB
EB102319 1910d68-018 10/23/2019 EB
SWMU 13-6 (17-18') 1910e04-001 10/24/2019 SO
SWMU 13-7 (0-0.5') 1910e04-002 10/24/2019 SO
SWMU 13-7 (1.5-2') 1910E04-003 10/24/2019 SO
MeOH Blank 1910E04-004 10/24/2019 MB
SWMU 13-7 (4-6') 1910e04-005 10/24/2019 SO
SWMU 13-7 (10-12') 1910E04-006 10/24/2019 SO
SWMU 13-7 (12-13'') 1910e04-007 10/24/2019 SO
SWMU 13-7 (17.5-18') 1910e04-008 10/24/2019 SO
SWMU 13-8 (0-0.5') 1910e04-009 10/24/2019 SO
SWMU 13-8 (1.5-2') 1910E04-010 10/24/2019 SO
SWMU 13-8 (2-3') 1910e04-011 10/24/2019 SO
SWMU 13-9 (0-0.5') 1910e04-012 10/24/2019 SO
SWMU 13-9 (1.5-2') 1910e04-013 10/24/2019 SO
SWMU 13-9 (2-3') 1910e04-014 10/24/2019 SO
DUP03 1910e04-015 10/24/2019 FD
DUP04 1910E04-016 10/24/2019 FD
MeOH Blank 1910E04-017 10/24/2019 MB
EB102419 1910E04-018 10/24/2019 EB
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Table A-1
Sample Identification

SWMU13 Investigation Report
Marathon Petroleum Company - Gallup Refinery

Sample ID Lab ID Date Collected Sample Type
SWMU 13-10 (0-0.5') 1910e04-019 10/25/2019 SO
SWMU 13-10 (1.5-2') 1910e04-020 10/25/2019 SO
SWMU 13-10 (2-3') 1910e04-021 10/25/2019 SO
SWMU 13-11 (0-0.5') 1910e04-022 10/25/2019 SO
SWMU 13-11 (1.5-2') 1910e04-023 10/25/2019 SO
SWMU 13-11 (2-3') 1910e04-024 10/25/2019 SO
SWMU 13-12 (0-0.5') 1910e04-025 10/25/2019 SO
SWMU 13-12 (0.5-1.5') 1910e04-026 10/25/2019 SO
SWMU 13-12 (1.5-2') 1910E04-027 10/25/2019 SO
SWMU 13-12 (2-3') 1910e04-028 10/25/2019 SO
DUP05 1910E04-029 10/25/2019 FD
MeOH Blank 1910E04-030 10/25/2019 MB
SWMU 13-13 (0-0.5') 1910e49-001 10/25/2019 SO
SWMU 13-13 (1.5-2') 1910E49-002 10/25/2019 SO
SWMU 13-13 (2-3') 1910e49-003 10/25/2019 SO
SWMU 13-14 (0-0.5') 1910e49-004 10/25/2019 SO
SWMU 13-14 (1.5-2') 1910e49-005 10/25/2019 SO
SWMU 13-14 (2-3') 1910e49-006 10/25/2019 SO
EB102519 1910e49-007 10/25/2019 EB
SWMU 13-2-GW 1911232-001 11/6/2019 GW
SWMU 13-3-GW 1911232-002 11/6/2019 GW
SWMU 13-4-GW 1911232-003 11/6/2019 GW
DUP01 1911232-004 11/6/2019 FD
EB01 1911232-005 11/6/2019 EB
Trip Blank-1 1911232-006 11/6/2019 TB
Trip Blank-2 1911232-007 11/6/2019 TB
Trip Blank-3 1911232-008 11/6/2019 TB
SWMU 13-5-GW 1911310-001 11/7/2019 GW
SWMU 13-6-GW 1911310-002 11/7/2019 GW
SWMU 13-7-GW 1911310-003 11/7/2019 GW
EB02 1911310-004 11/7/2019 EB
Trip Blank-1 1911310-005 11/7/2019 TB
Trip Blank-2 1911310-006 11/7/2019 TB
SO = Soil Sample TB = Trip Blank
FD = Field Duplicate EB = Equipment Blank
MB = Methanol Blank GW = Groundwater
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Table A-3
Field Duplicate Summary

SWMU 13  Investigation Report
Marathon Petroleum Company - Gallup Refinery

RPD
 Sample Result Duplicate Result (%)

Metals (mg/kg)
Antimony < 0.7358 u < 0.739 u NC
Arsenic < 2.854 u < 2.8666 u NC
Barium 260.00 v 290 v 2.7
Beryllium 1.40 v 1.4 v 0.0
Cadmium < 0.0485 u < 0.0488 u NC
Chromium (Total) 30.00 v 40 v 7.1
Cobalt 6.10 v 6.6 v 2.0
Cyanide 0.52 v 0.59 v 3.2
Iron 19000.00 v 22000 v 3.7
Lead 0.87 v 1 v 3.5
Manganese 280.00 v 400 v 8.8
Mercury (elemental) 0.07 v 0.14 v 15.4
Nickel 13.00 v 14 v 1.9
Selenium < 2.5105 u < 2.5215 u NC
Silver < 0.0641 u < 0.0644 u NC
Vanadium 26.00 v 30.00000 v 3.6
Zinc 41.00 v 45.00000 v 2.3
Volatiles (mg/kg)
1,1,1,2-Tetrachloroethane < 0.002 u < 0.0027 u NC
1,1,1-Trichloroethane < 0.0027 u < 0.0036 u NC
1,1,2,2-Tetrachloroethane < 0.003 u < 0.004 u NC
1,1,2-Trichloroethane < 0.0021 u < 0.0028 u NC
1,1-Dichloroethane < 0.0019 u < 0.0025 u NC
1,1-Dichloroethene < 0.0118 u < 0.0159 u NC
1,1-Dichloropropene < 0.0027 u < 0.0036 u NC
Trichlorobenzene, 1,2,3- < 0.0026 u < 0.0035 u NC
1,2,3-Trichloropropane < 0.0048 u < 0.0064 u NC
1,2,4-Trichlorobenzene < 0.003 u < 0.004 u NC
Trimethylbenzene, 1,2,4- < 0.0027 u < 0.0036 u NC
1,2-Dibromo-3-chloropropane < 0.003 u < 0.0041 u NC
1,2-Dibromoethane (Ethylene dibromide) < 0.0027 u < 0.0036 u NC
1,2-Dichlorobenzene < 0.0024 u < 0.0033 u NC
1,2-Dichloroethane < 0.003 u < 0.004 u NC
1,2-Dichloropropane < 0.0022 u < 0.0029 u NC
Trimethylbenzene, 1,3,5- < 0.0029 u < 0.0038 u NC
1,3-Dichlorobenzene < 0.0026 u < 0.0034 u NC
Dichloropropane, 1,3- < 0.0032 u < 0.0043 u NC
1,4-Dichlorobenzene < 0.0025 u < 0.0033 u NC
1-Methylnaphthalene < 0.017 u < 0.0228 u NC
2,2-Dichloropropane < 0.0096 u < 0.0129 u NC
2-Butanone (Methyl ethyl ketone, MEK) 0.06 J 0.05400 J 2.2
o-Chlorotoluene < 0.0026 u < 0.0035 u NC
Hexanone, 2- < 0.0049 u < 0.0066 u NC
2-Methylnaphthalene < 0.0129 u < 0.0173 u NC
Chlorotoluene, p- < 0.0024 u < 0.0032 u NC
4-Isopropyltoluene < 0.0024 u < 0.0033 u NC
Methyl isobutyl ketone < 0.0056 u < 0.0075 u NC
Acetone < 0.0245 u < 0.0329 u NC
Benzene < 0.0024 u < 0.0032 u NC
Bromobenzene < 0.0028 u < 0.0038 u NC
Bromodichloromethane < 0.0027 u < 0.0036 u NC
Tribromomethane (Bromoform) < 0.0027 u < 0.0036 u NC
Bromomethane < 0.0071 u < 0.0096 u NC
Carbon disulfide < 0.0098 u < 0.0131 u NC
Carbon tetrachloride < 0.0028 u < 0.0038 u NC
Chlorobenzene (Monochlorobenzene) < 0.0038 u < 0.0051 u NC

SWMU 13-3 (0-0.5') DUP01
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Table A-3
Field Duplicate Summary

SWMU 13  Investigation Report
Marathon Petroleum Company - Gallup Refinery

RPD
 Sample Result Duplicate Result (%)

SWMU 13-3 (0-0.5') DUP01

Ethyl chloride < 0.0044 u < 0.0058 u NC
Chloroform < 0.0024 u < 0.0032 u NC
Chloromethane < 0.0028 u < 0.0038 u NC
cis-1,2-Dichloroethene < 0.004 u < 0.0054 u NC
cis-1,3-Dichloropropene < 0.0025 u < 0.0033 u NC
Dibromochloromethane < 0.0021 u < 0.0028 u NC
Dibromomethane (Methylene Bromide) < 0.0032 u < 0.0043 u NC
Dichlorodifluoromethane < 0.0069 u < 0.0092 u NC
Ethylbenzene < 0.0017 u < 0.0023 u NC
Hexachloro-1,3-butadiene < 0.003 u < 0.004 u NC
Cumene (isopropylbenzene) < 0.0021 u < 0.0029 u NC
tert-Butyl methyl ether (MTBE) < 0.007 u < 0.0094 u NC
Methylene chloride (Dichloromethane) < 0.0052 u < 0.007 u NC
Naphthalene < 0.0059 u < 0.0079 u NC
Butylbenzene, n- < 0.0028 u < 0.0037 u NC
Propyl benzene < 0.0024 u < 0.0032 u NC
Butylbenzene, sec- < 0.0033 u < 0.0045 u NC
Styrene < 0.0023 u < 0.0031 u NC
Butylbenzene, tert- < 0.0028 u < 0.0037 u NC
Tetrachloroethene < 0.0024 u < 0.0032 u NC
Toluene < 0.0028 u < 0.0038 u NC
trans-1,2-Dichloroethene < 0.0027 u < 0.0036 u NC
trans-1,3-Dichloropropene < 0.0031 u < 0.0042 u NC
Trichloroethylene < 0.0034 u < 0.0046 u NC
Trichlorofluoromethane < 0.01 u < 0.0135 u NC
Vinyl chloride < 0.0019 u < 0.0026 u NC
Xylenes < 0.0075 u < 0.01 u NC
Semi-volatiles (mg/kg)
1,2,4-Trichlorobenzene < 0.7637 u < 0.7743 u NC
1,2-Dichlorobenzene < 0.5903 u < 0.5985 u NC
1,3-Dichlorobenzene < 0.5174 u < 0.5246 u NC
1,4-Dichlorobenzene < 0.5234 u < 0.5307 u NC
1-Methylnaphthalene < 0.7355 u < 0.7458 u NC
2,4,5-Trichlorophenol < 0.637 u < 0.6459 u NC
2,4,6-Trichlorophenol < 0.5165 u < 0.5237 u NC
2,4-Dichlorophenol < 0.5715 u < 0.5795 u NC
2,4-Dimethylphenol < 0.5416 u < 0.5491 u NC
2,4-Dinitrophenol < 0.357 u < 0.362 u NC
2,4-Dinitrotoluene < 0.5792 u < 0.5873 u NC
2,6-Dintitrotoluene < 0.6467 u < 0.6557 u NC
b-Chloronaphthalene < 0.6132 u < 0.6217 u NC
2-Chlorophenol < 0.6113 u < 0.6198 u NC
2-Methylnaphthalene < 0.7159 u < 0.7259 u NC
Cresol, o- < 0.5828 u < 0.5909 u NC
Nitroaniline, 2- < 0.7018 u < 0.7116 u NC
2-Nitrophenol < 0.671 u < 0.6803 u NC
3,3-Dichlorobenzidine < 0.4368 u < 0.4429 u NC
3+4-Methylphenol < 0.6031 u < 0.6115 u NC
3-Nitroaniline < 0.678 u < 0.6875 u NC
4,6-Dinitro-o-cresol < 0.4539 u < 0.4602 u NC
4-Bromophenyl phenyl ether < 0.5776 u < 0.5857 u NC
4-Chloro-3-methylphenol < 0.7539 u < 0.7644 u NC
Chloroaniline, p- < 0.6961 u < 0.7058 u NC
4-Chlorophenyl phenyl ether < 0.5356 u < 0.543 u NC
Nitroaniline, 4- < 0.6274 u < 0.6362 u NC
4-Nitrophenol < 0.6664 u < 0.6757 u NC
Acenaphthene < 0.5895 u < 0.5977 u NC
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Table A-3
Field Duplicate Summary

SWMU 13  Investigation Report
Marathon Petroleum Company - Gallup Refinery

RPD
 Sample Result Duplicate Result (%)

SWMU 13-3 (0-0.5') DUP01

Acenaphthylene < 0.5386 u < 0.5461 u NC
Aniline < 0.6318 u < 0.6407 u NC
Anthracene < 0.5254 u < 0.5327 u NC
Azobenzene < 0.6879 u < 0.6975 u NC
Benzo(a)anthracene < 0.4734 u < 0.4801 u NC
Benzo(a)pyrene < 0.4367 u < 0.4428 u NC
Benzo(b)fluoranthene < 0.4346 u < 0.4407 u NC
Benzo(g,h,i)perylene < 0.4215 u < 0.4274 u NC
Benzo(k)fluoranthene < 0.4466 u < 0.4528 u NC
Benzoic acid < 0.5075 u < 0.5146 u NC
Benzyl alcohol < 0.6096 u < 0.6181 u NC
Bis(2-chloroethoxy)methane < 0.7264 u < 0.7365 u NC
Bis(2-chloroethyl) ether < 0.5989 u < 0.6072 u NC
Bis(2-chloroisopropyl) ether < 0.5594 u < 0.5672 u NC
Bis(2-ethylhexyl)phthalate [Di(2-
ethylhexyl)phthalate, DEHP] < 0.7059 u < 0.7158 u NC

Butyl Benzyl Phthalate < 0.5023 u < 0.5093 u NC
Carbazole < 0.5762 u < 0.5843 u NC
Chrysene < 0.4333 u < 0.4394 u NC
Dibenz(a,h)anthracene < 0.4467 u < 0.453 u NC
Dibenzofuran < 0.6439 u < 0.6529 u NC
Diethyl phthalate < 0.7012 u < 0.711 u NC
Dimethyl phthalate (DMP, Phthalic Acid) < 0.6553 u < 0.6644 u NC
Di-n-butyl phthalate (Dibutyl phthalate) < 0.7334 u < 0.7437 u NC
Di-n-octyl phthalate < 0.5014 u < 0.5084 u NC
Fluoranthene < 0.5503 u < 0.558 u NC
Fluorene < 0.56 u < 0.5678 u NC
Hexachlorobenzene < 0.6083 u < 0.6168 u NC
Hexachloro-1,3-butadiene < 0.6851 u < 0.6947 u NC
Hexachlorocyclopentadiene < 0.5617 u < 0.5696 u NC
Hexachloroethane < 0.5474 u < 0.5551 u NC
Indeno(1,2,3-c,d)pyrene < 0.4892 u < 0.496 u NC
Isophorone < 0.7236 u < 0.7337 u NC
Naphthalene < 0.7431 u < 0.7535 u NC
Nitrobenzene < 0.6795 u < 0.689 u NC
Nitroso-di-N-propylamine, N- < 0.7016 u < 0.7113 u NC
N-Nitrosodiphenylamine < 0.5166 u < 0.5238 u NC
Pentachlorophenol < 0.5064 u < 0.5135 u NC
Phenanthrene < 0.5318 u < 0.5393 u NC
Phenol < 0.6113 u < 0.6198 u NC
Pyrene < 0.4616 u < 0.4681 u NC
Pyridine < 0.5918 u < 0.6 u NC
Total Petroleum Hydrocarbons (mg/kg)
Gasoline Range Organics (GRO) < 0.8949 u < 1.2 u NC
Diesel Range Organics (DRO) 110.00 v 100 v 2.4
Motor Oil Range Organics (MRO) 160.00 v 160 v 0.0
Notes:
RPD = Relative percent difference; [(difference)/(average)]* 100
NC = Not calculated; RPD values were not calculated for non-detects
ug/kg-dry = micrograms per kilogram dry
mg/kg-dry = milligrams per kilogram
bold value = Field Duplicate RPD Outlier
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Table A-3
Field Duplicate Summary

SWMU 13  Investigation Report
Marathon Petroleum Company - Gallup Refinery

RPD
 Sample Result Duplicate Result (%)

Metals (mg/kg)
Antimony < 0.7064 u < 0.7491 u NC
Arsenic < 2.7401 u < 2.9057 u NC
Barium 270.00 v 280 v 0.9
Beryllium 1.50 v 1.5 v 0.0
Cadmium < 0.0466 u < 0.0494 u NC
Chromium (Total) 62.00 v 57 v 2.1
Cobalt 7.10 v 7.1 v 0.0
Cyanide < 0.25 u 1.1 v NC
Iron 24000.00 v 23000 v 1.1
Lead 1.20 v 1.3 v 2.0
Manganese 320.00 v 340 v 1.5
Mercury (elemental) 0.15 v 0.16 v 1.6
Nickel 15.00 v 15 v 0.0
Selenium < 2.4103 u 3.3 J NC
Silver < 0.0615 u < 0.0653 u NC
Vanadium 33.00 v 35.00000 v 1.5
Zinc 65.00 v 59.00000 v 2.4
Volatiles (mg/kg)
1,1,1,2-Tetrachloroethane < 0.0027 u < 0.0029 u NC
1,1,1-Trichloroethane < 0.0035 u < 0.0039 u NC
1,1,2,2-Tetrachloroethane < 0.004 u < 0.0044 u NC
1,1,2-Trichloroethane < 0.0028 u < 0.0031 u NC
1,1-Dichloroethane < 0.0025 u < 0.0028 u NC
1,1-Dichloroethene < 0.0157 u < 0.0173 u NC
1,1-Dichloropropene < 0.0036 u < 0.0039 u NC
Trichlorobenzene, 1,2,3- < 0.0034 u < 0.0038 u NC
1,2,3-Trichloropropane < 0.0064 u < 0.007 u NC
1,2,4-Trichlorobenzene < 0.004 u < 0.0044 u NC
Trimethylbenzene, 1,2,4- < 0.0036 u < 0.004 u NC
1,2-Dibromo-3-chloropropane < 0.004 u < 0.0044 u NC
1,2-Dibromoethane (Ethylene dibromide) < 0.0036 u < 0.004 u NC
1,2-Dichlorobenzene < 0.0032 u < 0.0036 u NC
1,2-Dichloroethane < 0.004 u < 0.0044 u NC
1,2-Dichloropropane < 0.0029 u < 0.0032 u NC
Trimethylbenzene, 1,3,5- < 0.0038 u < 0.0042 u NC
1,3-Dichlorobenzene < 0.0034 u < 0.0038 u NC
Dichloropropane, 1,3- < 0.0042 u < 0.0047 u NC
1,4-Dichlorobenzene < 0.0033 u < 0.0036 u NC
1-Methylnaphthalene < 0.0226 u < 0.0249 u NC
2,2-Dichloropropane < 0.0128 u < 0.0141 u NC
2-Butanone (Methyl ethyl ketone, MEK) < 0.0454 u < 0.0502 u NC
o-Chlorotoluene < 0.0034 u < 0.0038 u NC
Hexanone, 2- < 0.0065 u < 0.0072 u NC
2-Methylnaphthalene < 0.0172 u < 0.0189 u NC
Chlorotoluene, p- < 0.0032 u < 0.0036 u NC
4-Isopropyltoluene < 0.0033 u < 0.0036 u NC
Methyl isobutyl ketone < 0.0074 u < 0.0082 u NC
Acetone < 0.0326 u < 0.0359 u NC
Benzene < 0.0032 u < 0.0035 u NC
Bromobenzene < 0.0038 u < 0.0042 u NC
Bromodichloromethane < 0.0036 u < 0.004 u NC
Tribromomethane (Bromoform) < 0.0035 u < 0.0039 u NC
Bromomethane < 0.0095 u < 0.0105 u NC
Carbon disulfide < 0.013 u < 0.0143 u NC
Carbon tetrachloride < 0.0037 u < 0.0041 u NC

SWMU 13-5 (0-0.5') DUP02
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Table A-3
Field Duplicate Summary

SWMU 13  Investigation Report
Marathon Petroleum Company - Gallup Refinery

RPD
 Sample Result Duplicate Result (%)

SWMU 13-5 (0-0.5') DUP02

Chlorobenzene (Monochlorobenzene) < 0.005 u < 0.0056 u NC
Ethyl chloride < 0.0058 u < 0.0064 u NC
Chloroform < 0.0032 u < 0.0035 u NC
Chloromethane < 0.0038 u < 0.0041 u NC
cis-1,2-Dichloroethene < 0.0054 u < 0.0059 u NC
cis-1,3-Dichloropropene < 0.0033 u < 0.0037 u NC
Dibromochloromethane < 0.0028 u < 0.0031 u NC
Dibromomethane (Methylene Bromide) < 0.0042 u < 0.0047 u NC
Dichlorodifluoromethane < 0.0091 u < 0.0101 u NC
Ethylbenzene < 0.0023 u < 0.0025 u NC
Hexachloro-1,3-butadiene < 0.004 u < 0.0044 u NC
Cumene (isopropylbenzene) < 0.0028 u < 0.0031 u NC
tert-Butyl methyl ether (MTBE) < 0.0093 u < 0.0103 u NC
Methylene chloride (Dichloromethane) < 0.0069 u 0.01300 J NC
Naphthalene < 0.0079 u < 0.0087 u NC
Butylbenzene, n- < 0.0037 u < 0.004 u NC
Propyl benzene < 0.0031 u < 0.0035 u NC
Butylbenzene, sec- < 0.0044 u < 0.0049 u NC
Styrene < 0.0031 u < 0.0034 u NC
Butylbenzene, tert- < 0.0037 u < 0.0041 u NC
Tetrachloroethene < 0.0031 u < 0.0035 u NC
Toluene < 0.0038 u < 0.0041 u NC
trans-1,2-Dichloroethene < 0.0036 u < 0.004 u NC
trans-1,3-Dichloropropene < 0.0042 u < 0.0046 u NC
Trichloroethylene < 0.0045 u < 0.005 u NC
Trichlorofluoromethane < 0.0133 u < 0.0147 u NC
Vinyl chloride < 0.0026 u < 0.0028 u NC
Xylenes < 0.0099 u < 0.0109 u NC
Semi-volatiles (mg/kg)
1,2,4-Trichlorobenzene < 1.5543 u < 1.56 u NC
1,2-Dichlorobenzene < 1.2014 u < 1.2058 u NC
1,3-Dichlorobenzene < 1.053 u < 1.0569 u NC
1,4-Dichlorobenzene < 1.0653 u < 1.0692 u NC
1-Methylnaphthalene < 1.497 u < 1.5025 u NC
2,4,5-Trichlorophenol < 1.2965 u < 1.3013 u NC
2,4,6-Trichlorophenol < 1.0513 u < 1.0552 u NC
2,4-Dichlorophenol < 1.1632 u < 1.1675 u NC
2,4-Dimethylphenol < 1.1023 u < 1.1063 u NC
2,4-Dinitrophenol < 0.7266 u < 0.7293 u NC
2,4-Dinitrotoluene < 1.1788 u < 1.1832 u NC
2,6-Dintitrotoluene < 1.3163 u < 1.3212 u NC
b-Chloronaphthalene < 1.248 u < 1.2526 u NC
2-Chlorophenol < 1.2442 u < 1.2488 u NC
2-Methylnaphthalene < 1.4571 u < 1.4625 u NC
Cresol, o- < 1.1862 u < 1.1905 u NC
Nitroaniline, 2- < 1.4284 u < 1.4337 u NC
2-Nitrophenol < 1.3657 u < 1.3707 u NC
3,3-Dichlorobenzidine < 0.889 u < 0.8923 u NC
3+4-Methylphenol < 1.2275 u < 1.2321 u NC
3-Nitroaniline < 1.38 u < 1.3851 u NC
4,6-Dinitro-o-cresol < 0.9238 u < 0.9272 u NC
4-Bromophenyl phenyl ether < 1.1757 u < 1.18 u NC
4-Chloro-3-methylphenol < 1.5345 u < 1.5401 u NC
Chloroaniline, p- < 1.4168 u < 1.422 u NC
4-Chlorophenyl phenyl ether < 1.0901 u < 1.0941 u NC
Nitroaniline, 4- < 1.2771 u < 1.2818 u NC
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Table A-3
Field Duplicate Summary

SWMU 13  Investigation Report
Marathon Petroleum Company - Gallup Refinery

RPD
 Sample Result Duplicate Result (%)

SWMU 13-5 (0-0.5') DUP02

4-Nitrophenol < 1.3563 u < 1.3613 u NC
Acenaphthene < 1.1998 u < 1.2042 u NC
Acenaphthylene < 1.0962 u < 1.1002 u NC
Aniline < 1.286 u < 1.2908 u NC
Anthracene < 1.0694 u < 1.0733 u NC
Azobenzene < 1.4001 u < 1.4053 u NC
Benzo(a)anthracene < 0.9636 u < 0.9672 u NC
Benzo(a)pyrene < 0.8889 u < 0.8921 u NC
Benzo(b)fluoranthene < 0.8845 u < 0.8878 u NC
Benzo(g,h,i)perylene < 0.8579 u < 0.861 u NC
Benzo(k)fluoranthene < 0.909 u < 0.9123 u NC
Benzoic acid < 1.033 u < 1.0368 u NC
Benzyl alcohol < 1.2408 u < 1.2454 u NC
Bis(2-chloroethoxy)methane < 1.4784 u < 1.4839 u NC
Bis(2-chloroethyl) ether < 1.2189 u < 1.2234 u NC
Bis(2-chloroisopropyl) ether < 1.1386 u < 1.1428 u NC
Bis(2-ethylhexyl)phthalate [Di(2-
ethylhexyl)phthalate, DEHP] < 1.4368 u < 1.4421 u NC

Butyl Benzyl Phthalate < 1.0223 u < 1.0261 u NC
Carbazole < 1.1729 u < 1.1772 u NC
Chrysene < 0.882 u < 0.8852 u NC
Dibenz(a,h)anthracene < 0.9093 u < 0.9126 u NC
Dibenzofuran < 1.3106 u < 1.3154 u NC
Diethyl phthalate < 1.4272 u < 1.4325 u NC
Dimethyl phthalate (DMP, Phthalic Acid) < 1.3337 u < 1.3386 u NC
Di-n-butyl phthalate (Dibutyl phthalate) < 1.4928 u < 1.4983 u NC
Di-n-octyl phthalate < 1.0205 u < 1.0243 u NC
Fluoranthene < 1.1201 u < 1.1242 u NC
Fluorene < 1.1398 u < 1.144 u NC
Hexachlorobenzene < 1.2381 u < 1.2426 u NC
Hexachloro-1,3-butadiene < 1.3944 u < 1.3995 u NC
Hexachlorocyclopentadiene < 1.1433 u < 1.1476 u NC
Hexachloroethane < 1.1142 u < 1.1183 u NC
Indeno(1,2,3-c,d)pyrene < 0.9956 u < 0.9993 u NC
Isophorone < 1.4727 u < 1.4782 u NC
Naphthalene < 1.5125 u < 1.518 u NC
Nitrobenzene < 1.3831 u < 1.3882 u NC
Nitroso-di-N-propylamine, N- < 1.4279 u < 1.4332 u NC
N-Nitrosodiphenylamine < 1.0514 u < 1.0552 u NC
Pentachlorophenol < 1.0308 u < 1.0346 u NC
Phenanthrene < 1.0825 u < 1.0865 u NC
Phenol < 1.2442 u < 1.2488 u NC
Pyrene < 0.9396 u < 0.9431 u NC
Pyridine < 1.2044 u < 1.2089 u NC
Total Petroleum Hydrocarbons (mg/kg)
Gasoline Range Organics (GRO) < 1.1887 u < 1.3124 u NC
Diesel Range Organics (DRO) 87.00 v 120 v 8.0
Motor Oil Range Organics (MRO) 120.00 v 130 v 2.0
Notes:
RPD = Relative percent difference; [(difference)/(average)]* 100
NC = Not calculated; RPD values were not calculated for non-detects
ug/kg-dry = micrograms per kilogram dry
mg/kg-dry = milligrams per kilogram
bold value = Field Duplicate RPD Outlier
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Table A-3
Field Duplicate Summary

SWMU 13  Investigation Report
Marathon Petroleum Company - Gallup Refinery

RPD
 Sample Result Duplicate Result (%)

Metals (mg/kg)
Antimony < 0.7464 u < 0.7421 u NC
Arsenic < 2.8951 u < 2.8785 u NC
Barium 210.00 v 260 v 5.3
Beryllium 1.10 v 1 v 2.4
Cadmium < 0.0492 u < 0.049 u NC
Chromium (Total) 11.00 v 8.9 v 5.3
Cobalt 4.80 v 4.4 v 2.2
Cyanide < 0.25 u < 0.25 u NC
Iron 17000.00 v 15000 v 3.1
Lead 1.80 v 3 v 12.5
Manganese 320.00 v 370 v 3.6
Mercury (elemental) 0.00 J 0.007 J 10.3
Nickel 9.80 v 8.9 v 2.4
Selenium < 2.5466 u < 2.532 u NC
Silver < 0.065 u < 0.0647 u NC
Vanadium 20.00 v 17.00000 v 4.1
Zinc 20.00 v 16.00000 v 5.6
Volatiles (mg/kg)
1,1,1,2-Tetrachloroethane < 0.002 u < 0.002 u NC
1,1,1-Trichloroethane < 0.0027 u < 0.0027 u NC
1,1,2,2-Tetrachloroethane < 0.003 u < 0.003 u NC
1,1,2-Trichloroethane < 0.0021 u < 0.0021 u NC
1,1-Dichloroethane < 0.0019 u < 0.0019 u NC
1,1-Dichloroethene < 0.0118 u < 0.0118 u NC
1,1-Dichloropropene < 0.0027 u < 0.0027 u NC
Trichlorobenzene, 1,2,3- < 0.0026 u < 0.0026 u NC
1,2,3-Trichloropropane < 0.0048 u < 0.0048 u NC
1,2,4-Trichlorobenzene < 0.003 u < 0.003 u NC
Trimethylbenzene, 1,2,4- < 0.0027 u < 0.0027 u NC
1,2-Dibromo-3-chloropropane < 0.003 u < 0.003 u NC
1,2-Dibromoethane (Ethylene dibromide) < 0.0027 u < 0.0027 u NC
1,2-Dichlorobenzene < 0.0024 u < 0.0024 u NC
1,2-Dichloroethane < 0.003 u < 0.003 u NC
1,2-Dichloropropane < 0.0021 u < 0.0022 u NC
Trimethylbenzene, 1,3,5- < 0.0029 u < 0.0029 u NC
1,3-Dichlorobenzene < 0.0026 u < 0.0026 u NC
Dichloropropane, 1,3- < 0.0032 u < 0.0032 u NC
1,4-Dichlorobenzene < 0.0025 u < 0.0025 u NC
1-Methylnaphthalene < 0.0169 u < 0.017 u NC
2,2-Dichloropropane < 0.0096 u < 0.0096 u NC
2-Butanone (Methyl ethyl ketone, MEK) < 0.0341 u < 0.0341 u NC
o-Chlorotoluene < 0.0026 u < 0.0026 u NC
Hexanone, 2- < 0.0049 u < 0.0049 u NC
2-Methylnaphthalene < 0.0129 u < 0.0129 u NC
Chlorotoluene, p- < 0.0024 u < 0.0024 u NC
4-Isopropyltoluene < 0.0024 u < 0.0024 u NC
Methyl isobutyl ketone < 0.0056 u < 0.0056 u NC
Acetone < 0.0244 u < 0.0245 u NC
Benzene < 0.0024 u < 0.0024 u NC
Bromobenzene < 0.0028 u < 0.0028 u NC
Bromodichloromethane < 0.0027 u < 0.0027 u NC
Tribromomethane (Bromoform) < 0.0027 u < 0.0027 u NC
Bromomethane < 0.0071 u < 0.0071 u NC
Carbon disulfide < 0.0097 u < 0.0097 u NC
Carbon tetrachloride < 0.0028 u < 0.0028 u NC

SWMU 13-7 (0-0.5') DUP03
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Table A-3
Field Duplicate Summary

SWMU 13  Investigation Report
Marathon Petroleum Company - Gallup Refinery

RPD
 Sample Result Duplicate Result (%)

SWMU 13-7 (0-0.5') DUP03

Chlorobenzene (Monochlorobenzene) < 0.0038 u < 0.0038 u NC
Ethyl chloride < 0.0043 u < 0.0043 u NC
Chloroform < 0.0024 u < 0.0024 u NC
Chloromethane < 0.0028 u < 0.0028 u NC
cis-1,2-Dichloroethene < 0.004 u < 0.004 u NC
cis-1,3-Dichloropropene < 0.0025 u < 0.0025 u NC
Dibromochloromethane < 0.0021 u < 0.0021 u NC
Dibromomethane (Methylene Bromide) < 0.0032 u < 0.0032 u NC
Dichlorodifluoromethane < 0.0068 u < 0.0069 u NC
Ethylbenzene < 0.0017 u < 0.0017 u NC
Hexachloro-1,3-butadiene < 0.003 u < 0.003 u NC
Cumene (isopropylbenzene) < 0.0021 u < 0.0021 u NC
tert-Butyl methyl ether (MTBE) < 0.007 u < 0.007 u NC
Methylene chloride (Dichloromethane) < 0.0052 u < 0.0052 u NC
Naphthalene < 0.0059 u < 0.0059 u NC
Butylbenzene, n- < 0.0027 u < 0.0028 u NC
Propyl benzene < 0.0023 u < 0.0024 u NC
Butylbenzene, sec- < 0.0033 u < 0.0033 u NC
Styrene < 0.0023 u < 0.0023 u NC
Butylbenzene, tert- < 0.0028 u < 0.0028 u NC
Tetrachloroethene < 0.0024 u < 0.0024 u NC
Toluene < 0.0028 u < 0.0028 u NC
trans-1,2-Dichloroethene < 0.0027 u < 0.0027 u NC
trans-1,3-Dichloropropene < 0.0031 u < 0.0031 u NC
Trichloroethylene < 0.0034 u < 0.0034 u NC
Trichlorofluoromethane < 0.01 u < 0.01 u NC
Vinyl chloride < 0.0019 u < 0.0019 u NC
Xylenes < 0.0074 u < 0.0074 u NC
Semi-volatiles (mg/kg)
1,2,4-Trichlorobenzene < 0.3139 u < 0.3145 u NC
1,2-Dichlorobenzene < 0.2426 u < 0.2431 u NC
1,3-Dichlorobenzene < 0.2127 u < 0.2131 u NC
1,4-Dichlorobenzene < 0.2151 u < 0.2156 u NC
1-Methylnaphthalene < 0.3023 u < 0.3029 u NC
2,4,5-Trichlorophenol < 0.2618 u < 0.2624 u NC
2,4,6-Trichlorophenol < 0.2123 u < 0.2127 u NC
2,4-Dichlorophenol < 0.2349 u < 0.2354 u NC
2,4-Dimethylphenol < 0.2226 u < 0.2231 u NC
2,4-Dinitrophenol < 0.1467 u < 0.147 u NC
2,4-Dinitrotoluene < 0.2381 u < 0.2385 u NC
2,6-Dintitrotoluene < 0.2658 u < 0.2664 u NC
b-Chloronaphthalene < 0.252 u < 0.2526 u NC
2-Chlorophenol < 0.2513 u < 0.2518 u NC
2-Methylnaphthalene < 0.2943 u < 0.2949 u NC
Cresol, o- < 0.2395 u < 0.24 u NC
Nitroaniline, 2- < 0.2885 u < 0.2891 u NC
2-Nitrophenol < 0.2758 u < 0.2764 u NC
3,3-Dichlorobenzidine < 0.1795 u < 0.1799 u NC
3+4-Methylphenol < 0.2479 u < 0.2484 u NC
3-Nitroaniline < 0.2787 u < 0.2793 u NC
4,6-Dinitro-o-cresol < 0.1866 u < 0.1869 u NC
4-Bromophenyl phenyl ether < 0.2374 u < 0.2379 u NC
4-Chloro-3-methylphenol < 0.3099 u < 0.3105 u NC
Chloroaniline, p- < 0.2861 u < 0.2867 u NC
4-Chlorophenyl phenyl ether < 0.2201 u < 0.2206 u NC
Nitroaniline, 4- < 0.2579 u < 0.2584 u NC
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Table A-3
Field Duplicate Summary

SWMU 13  Investigation Report
Marathon Petroleum Company - Gallup Refinery

RPD
 Sample Result Duplicate Result (%)

SWMU 13-7 (0-0.5') DUP03

4-Nitrophenol < 0.2739 u < 0.2745 u NC
Acenaphthene < 0.2423 u < 0.2428 u NC
Acenaphthylene < 0.2214 u < 0.2218 u NC
Aniline < 0.2597 u < 0.2602 u NC
Anthracene < 0.216 u < 0.2164 u NC
Azobenzene < 0.2828 u < 0.2833 u NC
Benzo(a)anthracene < 0.1946 u < 0.195 u NC
Benzo(a)pyrene < 0.1795 u < 0.1799 u NC
Benzo(b)fluoranthene < 0.1786 u < 0.179 u NC
Benzo(g,h,i)perylene < 0.1733 u < 0.1736 u NC
Benzo(k)fluoranthene < 0.1836 u < 0.1839 u NC
Benzoic acid < 0.2086 u < 0.209 u NC
Benzyl alcohol < 0.2506 u < 0.2511 u NC
Bis(2-chloroethoxy)methane < 0.2986 u < 0.2992 u NC
Bis(2-chloroethyl) ether < 0.2462 u < 0.2467 u NC
Bis(2-chloroisopropyl) ether < 0.2299 u < 0.2304 u NC
Bis(2-ethylhexyl)phthalate [Di(2-
ethylhexyl)phthalate, DEHP] < 0.2902 u < 0.2908 u NC

Butyl Benzyl Phthalate < 0.2065 u < 0.2069 u NC
Carbazole < 0.2369 u < 0.2373 u NC
Chrysene < 0.1781 u < 0.1785 u NC
Dibenz(a,h)anthracene < 0.1836 u < 0.184 u NC
Dibenzofuran < 0.2647 u < 0.2652 u NC
Diethyl phthalate < 0.2882 u < 0.2888 u NC
Dimethyl phthalate (DMP, Phthalic Acid) < 0.2693 u < 0.2699 u NC
Di-n-butyl phthalate (Dibutyl phthalate) < 0.3015 u < 0.3021 u NC
Di-n-octyl phthalate < 0.2061 u < 0.2065 u NC
Fluoranthene < 0.2262 u < 0.2267 u NC
Fluorene < 0.2302 u < 0.2307 u NC
Hexachlorobenzene < 0.25 u < 0.2505 u NC
Hexachloro-1,3-butadiene < 0.2816 u < 0.2822 u NC
Hexachlorocyclopentadiene < 0.2309 u < 0.2314 u NC
Hexachloroethane < 0.225 u < 0.2255 u NC
Indeno(1,2,3-c,d)pyrene < 0.2011 u < 0.2015 u NC
Isophorone < 0.2974 u < 0.298 u NC
Naphthalene < 0.3054 u < 0.3061 u NC
Nitrobenzene < 0.2793 u < 0.2799 u NC
Nitroso-di-N-propylamine, N- < 0.2884 u < 0.289 u NC
N-Nitrosodiphenylamine < 0.2123 u < 0.2128 u NC
Pentachlorophenol < 0.2082 u < 0.2086 u NC
Phenanthrene < 0.2186 u < 0.2191 u NC
Phenol < 0.2513 u < 0.2518 u NC
Pyrene < 0.1898 u < 0.1901 u NC
Pyridine < 0.2432 u < 0.2437 u NC
Total Petroleum Hydrocarbons (mg/kg)
Gasoline Range Organics (GRO) < 0.8912 u < 0.8933 u NC
Diesel Range Organics (DRO) < 1.759 u 3.2 J NC
Motor Oil Range Organics (MRO) < 43.9754 u < 39.4322 u NC
Notes:
RPD = Relative percent difference; [(difference)/(average)]* 100
NC = Not calculated; RPD values were not calculated for non-detects
ug/kg-dry = micrograms per kilogram dry
mg/kg-dry = milligrams per kilogram
bold value = Field Duplicate RPD Outlier
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Table A-3
Field Duplicate Summary

SWMU 13  Investigation Report
Marathon Petroleum Company - Gallup Refinery

RPD
 Sample Result Duplicate Result (%)

Metals (mg/kg)
Antimony < 0.7201 u < 0.7471 u NC
Arsenic < 2.7932 u < 2.8981 u NC
Barium 210.00 v 240 v 3.3
Beryllium 1.40 v 1.4 v 0.0
Cadmium < 0.0475 u < 0.0493 u NC
Chromium (Total) 18.00 v 18 v 0.0
Cobalt 6.00 v 6.7 v 2.8
Cyanide < 0.25 u < 0.25 u NC
Iron 19000.00 v 20000 v 1.3
Lead 1.60 v 1.8 v 2.9
Manganese 270.00 v 310 v 3.4
Mercury (elemental) 0.00 J 0.0047 J 1.1
Nickel 13.00 v 14 v 1.9
Selenium < 2.4569 u < 2.5492 u NC
Silver < 0.0627 u < 0.0651 u NC
Vanadium 24.00 v 25.00000 v 1.0
Zinc 22.00 v 22.00000 v 0.0
Volatiles (mg/kg)
1,1,1,2-Tetrachloroethane < 0.0018 u < 0.0017 u NC
1,1,1-Trichloroethane < 0.0025 u < 0.0023 u NC
1,1,2,2-Tetrachloroethane < 0.0028 u < 0.0026 u NC
1,1,2-Trichloroethane < 0.0019 u < 0.0018 u NC
1,1-Dichloroethane < 0.0017 u < 0.0016 u NC
1,1-Dichloroethene < 0.0109 u < 0.0101 u NC
1,1-Dichloropropene < 0.0025 u < 0.0023 u NC
Trichlorobenzene, 1,2,3- < 0.0024 u < 0.0022 u NC
1,2,3-Trichloropropane < 0.0044 u < 0.0041 u NC
1,2,4-Trichlorobenzene < 0.0028 u < 0.0025 u NC
Trimethylbenzene, 1,2,4- < 0.0025 u < 0.0023 u NC
1,2-Dibromo-3-chloropropane < 0.0028 u < 0.0026 u NC
1,2-Dibromoethane (Ethylene dibromide) < 0.0025 u < 0.0023 u NC
1,2-Dichlorobenzene < 0.0022 u < 0.0021 u NC
1,2-Dichloroethane < 0.0028 u < 0.0026 u NC
1,2-Dichloropropane < 0.002 u < 0.0018 u NC
Trimethylbenzene, 1,3,5- < 0.0026 u < 0.0024 u NC
1,3-Dichlorobenzene < 0.0024 u < 0.0022 u NC
Dichloropropane, 1,3- < 0.003 u < 0.0027 u NC
1,4-Dichlorobenzene < 0.0023 u < 0.0021 u NC
1-Methylnaphthalene < 0.0157 u < 0.0145 u NC
2,2-Dichloropropane < 0.0089 u < 0.0082 u NC
2-Butanone (Methyl ethyl ketone, MEK) < 0.0317 u < 0.0292 u NC
o-Chlorotoluene < 0.0024 u < 0.0022 u NC
Hexanone, 2- < 0.0045 u < 0.0042 u NC
2-Methylnaphthalene < 0.012 u < 0.011 u NC
Chlorotoluene, p- < 0.0022 u < 0.0021 u NC
4-Isopropyltoluene < 0.0023 u < 0.0021 u NC
Methyl isobutyl ketone < 0.0052 u < 0.0048 u NC
Acetone < 0.0227 u < 0.0209 u NC
Benzene < 0.0022 u < 0.0021 u NC
Bromobenzene < 0.0026 u < 0.0024 u NC
Bromodichloromethane < 0.0025 u < 0.0023 u NC
Tribromomethane (Bromoform) < 0.0025 u < 0.0023 u NC
Bromomethane < 0.0066 u < 0.0061 u NC
Carbon disulfide < 0.009 u < 0.0083 u NC
Carbon tetrachloride < 0.0026 u < 0.0024 u NC

SWMU 13-9 (1.5-2') DUP04
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Table A-3
Field Duplicate Summary

SWMU 13  Investigation Report
Marathon Petroleum Company - Gallup Refinery

RPD
 Sample Result Duplicate Result (%)

SWMU 13-9 (1.5-2') DUP04

Chlorobenzene (Monochlorobenzene) < 0.0035 u < 0.0032 u NC
Ethyl chloride < 0.004 u < 0.0037 u NC
Chloroform < 0.0022 u < 0.002 u NC
Chloromethane < 0.0026 u < 0.0024 u NC
cis-1,2-Dichloroethene < 0.0037 u < 0.0034 u NC
cis-1,3-Dichloropropene < 0.0023 u < 0.0021 u NC
Dibromochloromethane < 0.0019 u < 0.0018 u NC
Dibromomethane (Methylene Bromide) < 0.0029 u < 0.0027 u NC
Dichlorodifluoromethane < 0.0064 u < 0.0058 u NC
Ethylbenzene < 0.0016 u < 0.0015 u NC
Hexachloro-1,3-butadiene < 0.0028 u < 0.0026 u NC
Cumene (isopropylbenzene) < 0.002 u < 0.0018 u NC
tert-Butyl methyl ether (MTBE) < 0.0065 u < 0.006 u NC
Methylene chloride (Dichloromethane) < 0.0048 u < 0.0045 u NC
Naphthalene < 0.0055 u < 0.005 u NC
Butylbenzene, n- < 0.0026 u < 0.0024 u NC
Propyl benzene < 0.0022 u < 0.002 u NC
Butylbenzene, sec- < 0.0031 u < 0.0028 u NC
Styrene < 0.0021 u < 0.002 u NC
Butylbenzene, tert- < 0.0026 u < 0.0024 u NC
Tetrachloroethene < 0.0022 u < 0.002 u NC
Toluene < 0.0026 u < 0.0024 u NC
trans-1,2-Dichloroethene < 0.0025 u < 0.0023 u NC
trans-1,3-Dichloropropene < 0.0029 u < 0.0027 u NC
Trichloroethylene < 0.0032 u < 0.0029 u NC
Trichlorofluoromethane < 0.0093 u < 0.0086 u NC
Vinyl chloride < 0.0018 u < 0.0016 u NC
Xylenes < 0.0069 u < 0.0064 u NC
Semi-volatiles (mg/kg)
1,2,4-Trichlorobenzene < 0.3209 u < 0.1526 u NC
1,2-Dichlorobenzene < 0.2481 u < 0.1179 u NC
1,3-Dichlorobenzene < 0.2174 u < 0.1034 u NC
1,4-Dichlorobenzene < 0.22 u < 0.1046 u NC
1-Methylnaphthalene < 0.3091 u < 0.147 u NC
2,4,5-Trichlorophenol < 0.2677 u < 0.1273 u NC
2,4,6-Trichlorophenol < 0.2171 u < 0.1032 u NC
2,4-Dichlorophenol < 0.2402 u < 0.1142 u NC
2,4-Dimethylphenol < 0.2276 u < 0.1082 u NC
2,4-Dinitrophenol < 0.15 u < 0.0713 u NC
2,4-Dinitrotoluene < 0.2434 u < 0.1157 u NC
2,6-Dintitrotoluene < 0.2718 u < 0.1292 u NC
b-Chloronaphthalene < 0.2577 u < 0.1225 u NC
2-Chlorophenol < 0.2569 u < 0.1221 u NC
2-Methylnaphthalene < 0.3009 u < 0.143 u NC
Cresol, o- < 0.2449 u < 0.1164 u NC
Nitroaniline, 2- < 0.2949 u < 0.1402 u NC
2-Nitrophenol < 0.282 u < 0.1341 u NC
3,3-Dichlorobenzidine < 0.1836 u < 0.0873 u NC
3+4-Methylphenol < 0.2535 u < 0.1205 u NC
3-Nitroaniline < 0.2849 u < 0.1355 u NC
4,6-Dinitro-o-cresol < 0.1907 u < 0.0907 u NC
4-Bromophenyl phenyl ether < 0.2428 u < 0.1154 u NC
4-Chloro-3-methylphenol < 0.3168 u < 0.1506 u NC
Chloroaniline, p- < 0.2925 u < 0.1391 u NC
4-Chlorophenyl phenyl ether < 0.2251 u < 0.107 u NC
Nitroaniline, 4- < 0.2637 u < 0.1254 u NC
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Table A-3
Field Duplicate Summary

SWMU 13  Investigation Report
Marathon Petroleum Company - Gallup Refinery

RPD
 Sample Result Duplicate Result (%)

SWMU 13-9 (1.5-2') DUP04

4-Nitrophenol < 0.28 u < 0.1331 u NC
Acenaphthene < 0.2477 u < 0.1178 u NC
Acenaphthylene < 0.2263 u < 0.1076 u NC
Aniline < 0.2655 u < 0.1262 u NC
Anthracene < 0.2208 u < 0.105 u NC
Azobenzene < 0.2891 u < 0.1374 u NC
Benzo(a)anthracene < 0.199 u < 0.0946 u NC
Benzo(a)pyrene < 0.1835 u < 0.0873 u NC
Benzo(b)fluoranthene < 0.1826 u < 0.0868 u NC
Benzo(g,h,i)perylene < 0.1771 u < 0.0842 u NC
Benzo(k)fluoranthene < 0.1877 u < 0.0892 u NC
Benzoic acid < 0.2133 u < 0.1014 u NC
Benzyl alcohol < 0.2562 u < 0.1218 u NC
Bis(2-chloroethoxy)methane < 0.3053 u < 0.1451 u NC
Bis(2-chloroethyl) ether < 0.2517 u < 0.1197 u NC
Bis(2-chloroisopropyl) ether < 0.2351 u < 0.1118 u NC
Bis(2-ethylhexyl)phthalate [Di(2-
ethylhexyl)phthalate, DEHP] < 0.2967 u 0.18000 J NC

Butyl Benzyl Phthalate < 0.2111 u < 0.1004 u NC
Carbazole < 0.2422 u < 0.1151 u NC
Chrysene < 0.1821 u < 0.0866 u NC
Dibenz(a,h)anthracene < 0.1877 u < 0.0893 u NC
Dibenzofuran < 0.2706 u < 0.1287 u NC
Diethyl phthalate < 0.2947 u < 0.1401 u NC
Dimethyl phthalate (DMP, Phthalic Acid) < 0.2754 u < 0.1309 u NC
Di-n-butyl phthalate (Dibutyl phthalate) < 0.3082 u 0.21000 J NC
Di-n-octyl phthalate < 0.2107 u < 0.1002 u NC
Fluoranthene < 0.2313 u < 0.11 u NC
Fluorene < 0.2353 u < 0.1119 u NC
Hexachlorobenzene < 0.2556 u < 0.1215 u NC
Hexachloro-1,3-butadiene < 0.2879 u < 0.1369 u NC
Hexachlorocyclopentadiene < 0.2361 u < 0.1122 u NC
Hexachloroethane < 0.2301 u < 0.1094 u NC
Indeno(1,2,3-c,d)pyrene < 0.2056 u < 0.0977 u NC
Isophorone < 0.3041 u < 0.1446 u NC
Naphthalene < 0.3123 u < 0.1485 u NC
Nitrobenzene < 0.2856 u < 0.1358 u NC
Nitroso-di-N-propylamine, N- < 0.2948 u < 0.1402 u NC
N-Nitrosodiphenylamine < 0.2171 u < 0.1032 u NC
Pentachlorophenol < 0.2128 u < 0.1012 u NC
Phenanthrene < 0.2235 u < 0.1063 u NC
Phenol < 0.2569 u < 0.1221 u NC
Pyrene < 0.194 u < 0.0922 u NC
Pyridine < 0.2487 u < 0.1182 u NC
Total Petroleum Hydrocarbons (mg/kg)
Gasoline Range Organics (GRO) < 0.8282 u < 0.7627 u NC
Diesel Range Organics (DRO) 20.00 v 6.5 J 25.5
Motor Oil Range Organics (MRO) < 43.3276 u < 47.1254 u NC
Notes:
RPD = Relative percent difference; [(difference)/(average)]* 100
NC = Not calculated; RPD values were not calculated for non-detects
ug/kg-dry = micrograms per kilogram dry
mg/kg-dry = milligrams per kilogram
bold value = Field Duplicate RPD Outlier
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Table A-3
Field Duplicate Summary

SWMU 13  Investigation Report
Marathon Petroleum Company - Gallup Refinery

RPD
 Sample Result Duplicate Result (%)

Metals (mg/kg)
Antimony < 0.7356 u < 0.7376 u NC
Arsenic < 2.8535 u < 2.8609 u NC
Barium 260.00 v 320 v 5.2
Beryllium 1.20 v 1.1 v 2.2
Cadmium < 0.0485 u < 0.0487 u NC
Chromium (Total) 27.00 v 26 v 0.9
Cobalt 5.40 v 5.3 v 0.5
Cyanide 0.44 v 0.39 v NC
Iron 18000.00 v 14000 v 6.3
Lead < 0.4855 u < 0.4867 u NC
Manganese 270.00 v 270 v 0.0
Mercury (elemental) 0.25 v 0.33 v 6.9
Nickel 12.00 v 11 v 2.2
Selenium < 2.51 u < 2.5165 u NC
Silver < 0.0641 u < 0.0643 u NC
Vanadium 30.00 v 28.00000 v 1.7
Zinc 66.00 v 77.00000 v 3.8
Volatiles (mg/kg)
1,1,1,2-Tetrachloroethane < 0.0023 u < 0.0019 u NC
1,1,1-Trichloroethane < 0.003 u < 0.0026 u NC
1,1,2,2-Tetrachloroethane < 0.0034 u < 0.0029 u NC
1,1,2-Trichloroethane < 0.0024 u < 0.002 u NC
1,1-Dichloroethane < 0.0021 u < 0.0018 u NC
1,1-Dichloroethene < 0.0134 u < 0.0114 u NC
1,1-Dichloropropene < 0.0031 u < 0.0026 u NC
Trichlorobenzene, 1,2,3- < 0.0029 u < 0.0025 u NC
1,2,3-Trichloropropane < 0.0054 u < 0.0046 u NC
1,2,4-Trichlorobenzene < 0.0034 u < 0.0029 u NC
Trimethylbenzene, 1,2,4- < 0.0031 u < 0.0026 u NC
1,2-Dibromo-3-chloropropane < 0.0034 u < 0.0029 u NC
1,2-Dibromoethane (Ethylene dibromide) < 0.0031 u < 0.0026 u NC
1,2-Dichlorobenzene < 0.0027 u < 0.0023 u NC
1,2-Dichloroethane < 0.0034 u < 0.0029 u NC
1,2-Dichloropropane < 0.0024 u < 0.0021 u NC
Trimethylbenzene, 1,3,5- < 0.0032 u < 0.0028 u NC
1,3-Dichlorobenzene < 0.0029 u < 0.0025 u NC
Dichloropropane, 1,3- < 0.0036 u < 0.0031 u NC
1,4-Dichlorobenzene < 0.0028 u < 0.0024 u NC
1-Methylnaphthalene < 0.0193 u < 0.0164 u NC
2,2-Dichloropropane < 0.0109 u < 0.0093 u NC
2-Butanone (Methyl ethyl ketone, MEK) < 0.0388 u < 0.033 u NC
o-Chlorotoluene < 0.0029 u < 0.0025 u NC
Hexanone, 2- < 0.0056 u < 0.0047 u NC
2-Methylnaphthalene < 0.0147 u < 0.0125 u NC
Chlorotoluene, p- < 0.0027 u < 0.0023 u NC
4-Isopropyltoluene < 0.0028 u < 0.0024 u NC
Methyl isobutyl ketone < 0.0063 u < 0.0054 u NC
Acetone < 0.0278 u < 0.0237 u NC
Benzene < 0.0027 u < 0.0023 u NC
Bromobenzene < 0.0032 u < 0.0027 u NC
Bromodichloromethane < 0.0031 u < 0.0026 u NC
Tribromomethane (Bromoform) < 0.003 u < 0.0026 u NC
Bromomethane < 0.0081 u < 0.0069 u NC
Carbon disulfide < 0.0111 u < 0.0094 u NC
Carbon tetrachloride < 0.0032 u < 0.0027 u NC

SWMU 13-12 (0.5-1.5') DUP05
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Table A-3
Field Duplicate Summary

SWMU 13  Investigation Report
Marathon Petroleum Company - Gallup Refinery

RPD
 Sample Result Duplicate Result (%)

SWMU 13-12 (0.5-1.5') DUP05

Chlorobenzene (Monochlorobenzene) < 0.0043 u < 0.0037 u NC
Ethyl chloride < 0.0049 u < 0.0042 u NC
Chloroform < 0.0027 u < 0.0023 u NC
Chloromethane < 0.0032 u < 0.0027 u NC
cis-1,2-Dichloroethene < 0.0046 u < 0.0039 u NC
cis-1,3-Dichloropropene < 0.0028 u < 0.0024 u NC
Dibromochloromethane < 0.0024 u < 0.002 u NC
Dibromomethane (Methylene Bromide) < 0.0036 u < 0.0031 u NC
Dichlorodifluoromethane < 0.0078 u < 0.0066 u NC
Ethylbenzene < 0.0019 u < 0.0017 u NC
Hexachloro-1,3-butadiene < 0.0034 u < 0.0029 u NC
Cumene (isopropylbenzene) < 0.0024 u < 0.0021 u NC
tert-Butyl methyl ether (MTBE) < 0.008 u < 0.0068 u NC
Methylene chloride (Dichloromethane) 0.01 J < 0.005 u NC
Naphthalene < 0.0067 u < 0.0057 u NC
Butylbenzene, n- < 0.0031 u < 0.0027 u NC
Propyl benzene < 0.0027 u < 0.0023 u NC
Butylbenzene, sec- < 0.0038 u < 0.0032 u NC
Styrene < 0.0026 u < 0.0022 u NC
Butylbenzene, tert- < 0.0032 u < 0.0027 u NC
Tetrachloroethene < 0.0027 u < 0.0023 u NC
Toluene < 0.0032 u < 0.0027 u NC
trans-1,2-Dichloroethene < 0.0031 u < 0.0026 u NC
trans-1,3-Dichloropropene < 0.0035 u < 0.003 u NC
Trichloroethylene < 0.0039 u < 0.0033 u NC
Trichlorofluoromethane < 0.0114 u < 0.0097 u NC
Vinyl chloride < 0.0022 u < 0.0019 u NC
Xylenes < 0.0085 u < 0.0072 u NC
Semi-volatiles (mg/kg)
1,2,4-Trichlorobenzene < 1.5273 u < 1.453 u NC
1,2-Dichlorobenzene < 1.1805 u < 1.1231 u NC
1,3-Dichlorobenzene < 1.0347 u < 0.9844 u NC
1,4-Dichlorobenzene < 1.0468 u < 0.9959 u NC
1-Methylnaphthalene < 1.471 u < 1.3994 u NC
2,4,5-Trichlorophenol < 1.274 u < 1.212 u NC
2,4,6-Trichlorophenol < 1.033 u < 0.9828 u NC
2,4-Dichlorophenol < 1.143 u < 1.0874 u NC
2,4-Dimethylphenol < 1.0831 u < 1.0304 u NC
2,4-Dinitrophenol < 0.714 u < 0.6793 u NC
2,4-Dinitrotoluene < 1.1583 u < 1.102 u NC
2,6-Dintitrotoluene < 1.2934 u < 1.2305 u NC
b-Chloronaphthalene < 1.2263 u < 1.1667 u NC
2-Chlorophenol < 1.2226 u < 1.1631 u NC
2-Methylnaphthalene < 1.4318 u < 1.3622 u NC
Cresol, o- < 1.1656 u < 1.1089 u NC
Nitroaniline, 2- < 1.4036 u < 1.3353 u NC
2-Nitrophenol < 1.342 u < 1.2767 u NC
3,3-Dichlorobenzidine < 0.8736 u < 0.8311 u NC
3+4-Methylphenol < 1.2062 u < 1.1475 u NC
3-Nitroaniline < 1.356 u < 1.2901 u NC
4,6-Dinitro-o-cresol < 0.9078 u < 0.8636 u NC
4-Bromophenyl phenyl ether < 1.1553 u < 1.0991 u NC
4-Chloro-3-methylphenol < 1.5078 u < 1.4345 u NC
Chloroaniline, p- < 1.3922 u < 1.3245 u NC
4-Chlorophenyl phenyl ether < 1.0711 u < 1.019 u NC
Nitroaniline, 4- < 1.2549 u < 1.1938 u NC
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Table A-3
Field Duplicate Summary

SWMU 13  Investigation Report
Marathon Petroleum Company - Gallup Refinery

RPD
 Sample Result Duplicate Result (%)

SWMU 13-12 (0.5-1.5') DUP05

4-Nitrophenol < 1.3328 u < 1.2679 u NC
Acenaphthene < 1.1789 u < 1.1216 u NC
Acenaphthylene < 1.0772 u < 1.0248 u NC
Aniline < 1.2637 u < 1.2022 u NC
Anthracene < 1.0508 u < 0.9997 u NC
Azobenzene < 1.3758 u < 1.3089 u NC
Benzo(a)anthracene < 0.9469 u < 0.9008 u NC
Benzo(a)pyrene < 0.8734 u < 0.8309 u NC
Benzo(b)fluoranthene < 0.8692 u < 0.8269 u NC
Benzo(g,h,i)perylene < 0.843 u < 0.802 u NC
Benzo(k)fluoranthene < 0.8932 u < 0.8498 u NC
Benzoic acid < 1.015 u < 0.9657 u NC
Benzyl alcohol < 1.2193 u < 1.16 u NC
Bis(2-chloroethoxy)methane < 1.4527 u < 1.3821 u NC
Bis(2-chloroethyl) ether < 1.1977 u < 1.1394 u NC
Bis(2-chloroisopropyl) ether < 1.1188 u < 1.0644 u NC
Bis(2-ethylhexyl)phthalate [Di(2-
ethylhexyl)phthalate, DEHP] < 1.4119 u < 1.3432 u NC

Butyl Benzyl Phthalate < 1.0046 u < 0.9557 u NC
Carbazole < 1.1525 u < 1.0964 u NC
Chrysene < 0.8667 u < 0.8245 u NC
Dibenz(a,h)anthracene < 0.8935 u < 0.85 u NC
Dibenzofuran < 1.2878 u < 1.2252 u NC
Diethyl phthalate < 1.4024 u < 1.3342 u NC
Dimethyl phthalate (DMP, Phthalic Acid) < 1.3105 u < 1.2468 u NC
Di-n-butyl phthalate (Dibutyl phthalate) < 1.4668 u < 1.3955 u NC
Di-n-octyl phthalate < 1.0028 u < 0.954 u NC
Fluoranthene < 1.1007 u < 1.0471 u NC
Fluorene < 1.12 u < 1.0655 u NC
Hexachlorobenzene < 1.2166 u < 1.1574 u NC
Hexachloro-1,3-butadiene < 1.3702 u < 1.3035 u NC
Hexachlorocyclopentadiene < 1.1235 u < 1.0688 u NC
Hexachloroethane < 1.0948 u < 1.0416 u NC
Indeno(1,2,3-c,d)pyrene < 0.9783 u < 0.9307 u NC
Isophorone < 1.4472 u < 1.3768 u NC
Naphthalene < 1.4862 u < 1.4139 u NC
Nitrobenzene < 1.3591 u < 1.293 u NC
Nitroso-di-N-propylamine, N- < 1.4031 u < 1.3349 u NC
N-Nitrosodiphenylamine < 1.0331 u < 0.9829 u NC
Pentachlorophenol < 1.0129 u < 0.9636 u NC
Phenanthrene < 1.0637 u < 1.0119 u NC
Phenol < 1.2226 u < 1.1631 u NC
Pyrene < 0.9233 u < 0.8784 u NC
Pyridine < 1.1835 u < 1.126 u NC
Total Petroleum Hydrocarbons (mg/kg)
Gasoline Range Organics (GRO) < 1.0149 u 4.5 v NC
Diesel Range Organics (DRO) 320.00 v 790 v 21.2
Motor Oil Range Organics (MRO) 250.00 v 530 v 17.9
Notes:
RPD = Relative percent difference; [(difference)/(average)]* 100
NC = Not calculated; RPD values were not calculated for non-detects
ug/kg-dry = micrograms per kilogram dry
mg/kg-dry = milligrams per kilogram
bold value = Field Duplicate RPD Outlier
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Table A-3
Field Duplicate Summary

SWMU 13  Investigation Report
Marathon Petroleum Company - Gallup Refinery

RPD
 Sample Result Duplicate Result (%)

Metals (ug/l) TOTAL
Antimony <0.78 u <0.78 u NC
Arsenic 3.40 J 7 v 17.3
Barium 190.00 v 77 v 21.2
Beryllium 1.30 J 0.62 J 17.7
Cadmium <0.74 u <0.74 u NC
Chromium 4.40 J <1.2 u NC
Cobalt 2.50 J 24 v 40.6
Cyanide 25.10 v 30.8 v 5.1
Iron 3300.00 Z 220 v 43.8
Lead 4.10 v 1.1 J 28.8
Manganese 8600.00 Z 24000 Z 23.6
Mercury <0.04 u <0.04 u NC
Nickel 56.00 v 340 Z 35.9
Selenium <2.39 u <2.39 u NC
Silver 23.00 v 17.00 v 7.5
Vanadium 16.00 J 7.50000 J 18.1
Zinc <5.77 u <5.77 u NC
Chloride 5200000.00 Z 5700000.00000 Z 2.3
Fluoride <144.91 u <144.91 u NC
Sulfate 1200000.00 Z 680000.00000 Z 13.8
Nitrogen, Nitrate (As N) 1600.00 v 800.00000 v 16.7
Nitrogen, Nitrite (As N) <108 u <108 u NC
Metals (ug/l) DISSOLVED
Antimony (D) <1.95 u < 0.002 u NC
Arsenic (D) 2.70 J 5.50000 v 17.1
Barium (D) 59.00 v 71.00000 v 4.6
Beryllium (D) 0.34 J 0.35000 J 0.7
Cadmium (D) <0.55 u <0.55 u NC
Calcium (D) 1600000.00 v 1200000.00000 v 7.1
Chromium (D) <1.53 u <1.53 u NC
Cobalt (D) <3.09 u 25.00000 v NC
Iron (D) 11.00 J 100.00000 v 40.1
Lead (D) <0.00013 u 1.10000 J NC
Magnesium (D) 290000.00 v 210000.00000 v 8.0
Manganese (D) 12000.00 Z 26000.00000 Z 18.4
Nickel (D) 75.00 v 340.00000 Z 31.9
Potassium (D) 4000.00 v 3100.00000 v 6.3
Selenium (D) <0.86 u 0.98000 J NC
Sodium (D) 2400000.00 v 2700000.00000 v 2.9
Silver (D) 29.00 v 22.00000 v 6.9
Vanadium (D) 7.10 J 5.50000 J 6.3
Zinc (D) 7.00 J 8.70000 J 5.4
Volatiles (ug/l)
1,1,1,2-Tetrachloroethane <0.21 u <1.03 u NC
1,1,1-Trichloroethane <0.17 u <0.86 u NC
1,1,2,2-Tetrachloroethane <0.55 u <2.74 u NC
1,1,2-Trichloroethane <0.22 u <1.08 u NC
1,1-Dichloroethane <0.14 u <0.7 u NC
1,1-Dichloroethene <0.21 u <1.03 u NC
1,1-Dichloropropene <0.16 u <0.81 u NC
1,2,3-Trichlorobenzene <0.3 u <1.49 u NC
1,2,4-Trichlorobenzene (V) <0.2 u <0.98 u NC
1,2,4-Trimethylbenzene <0.21 u <1.07 u NC
1,2-Dibromoethane (EDB) <0.17 u <0.83 u NC
1,2-Dichlorobenzene (V) <0.3 u <1.49 u NC
1,2-Dichloroethane (EDC) <0.19 u <0.97 u NC
1,2-Dichloropropane <0.21 u <1.04 u NC
1,3,5-Trimethylbenzene <0.19 u <0.94 u NC
1,3-Dichlorobenzene (V) <0.25 u <1.24 u NC
1,3-Dichloropropane <0.2 u <1 u NC
1,4-Dichlorobenzene (V) <0.29 u <1.47 u NC

SWMU 13-4-GW DUP01
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Table A-3
Field Duplicate Summary

SWMU 13  Investigation Report
Marathon Petroleum Company - Gallup Refinery

RPD
 Sample Result Duplicate Result (%)
SWMU 13-4-GW DUP01

1-Methylnaphthalene (V) <0.31 u <1.57 u NC
2,2-Dichloropropane <0.23 u <1.17 u NC
2-Butanone <2.09 u <10.45 u NC
2-Chlorotoluene <0.25 u <1.23 u NC
2-Hexanone <1.55 u <7.74 u NC
2-Methylnaphthalene (V) <0.35 u <1.73 u NC
4-Chlorotoluene <0.23 u <1.17 u NC
4-Isopropyltoluene <0.22 u <1.09 u NC
4-Methyl-2-pentanone <0.71 u <3.57 u NC
Acetone <1.2 u <6 u NC
Benzene <0.17 u <0.83 u NC
Bromobenzene <0.24 u <1.22 u NC
Bromodichloromethane <0.13 u <0.67 u NC
Bromoform <0.29 u <1.44 u NC
Bromomethane <0.27 u <1.37 u NC
Carbon disulfide <0.45 u <2.26 u NC
Carbon Tetrachloride <0.14 u <0.7 u NC
Chlorobenzene <0.19 u <0.97 u NC
Chloroethane <0.18 u <0.89 u NC
Chloroform <0.12 u <0.61 u NC
Chloromethane <0.32 u <1.6 u NC
cis-1,2-DCE <0.19 u <0.95 u NC
cis-1,3-Dichloropropene <0.14 u <0.69 u NC
Dibromochloromethane <0.24 u <1.19 u NC
Dibromomethane <0.21 u <1.05 u NC
Dichlorodifluoromethane <0.26 u <1.3 u NC
Ethylbenzene <0.13 u <0.66 u NC
Hexachlorobutadiene (V) < 0.31 u <1.55 u NC
Isopropylbenzene <0.19 u <0.96 u NC
Methyl tert-butyl ether (MTBE) 15.00 v 22.00000 Z 9.5
Methylene Chloride <0.15 u <0.77 u NC
Naphthalene (V) <0.28 u <1.38 u NC
n-Butylbenzene <0.23 u <1.14 u NC
n-Propylbenzene <0.21 u <1.07 u NC
sec-Butylbenzene <0.25 u <1.24 u NC
Styrene <0.19 u <0.96 u NC
tert-Butylbenzene <0.21 u < 1.035 u NC
Tetrachloroethene (PCE) <0.15 u <0.75 u NC
Toluene <0.35 u <1.75 u NC
trans-1,2-DCE <0.18 u <0.9 u NC
trans-1,3-Dichloropropene <0.17 u <0.83 u NC
Trichloroethene (TCE) <0.17 u <0.83 u NC
Trichlorofluoromethane <0.19 u <0.95 u NC
Vinyl chloride <0.18 u <0.9 u NC
Xylenes, Total <0.45 u <2.27 u NC
Semivolatiles (ug/l)
1,2,4-Trichlorobenzene <0.5 u <0.5 u NC
1,2-Dichlorobenzene <0.5 u <0.5 u NC
1,3-Dichlorobenzene <0.5 u <0.5 u NC
1,4-Dichlorobenzene <0.5 u <0.5 u NC
1-Methylnaphthalene <0.5 u <0.5 u NC
2,4,5-Trichlorophenol <0.5 u <0.5 u NC
2,4,6-Trichlorophenol <0.5 u <0.5 u NC
2,4-Dichlorophenol <0.5 u <0.5 u NC
2,4-Dimethylphenol <0.5 u <0.5 u NC
2,4-Dinitrophenol <0.5 u <0.5 u NC
2,4-Dinitrotoluene <0.5 u <0.5 u NC
2,6-Dinitrotoluene <0.2 u <0.2 u NC
2-Chloronaphthalene <0.5 u <0.5 u NC
2-Chlorophenol <0.5 u <0.5 u NC
2-Methylnaphthalene <0.5 u <0.5 u NC
2-Methylphenol <0.5 u <0.5 u NC
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Table A-3
Field Duplicate Summary
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RPD
 Sample Result Duplicate Result (%)
SWMU 13-4-GW DUP01

2-Nitroaniline <0.5 u <0.5 u NC
2-Nitrophenol <0.5 u <0.5 u NC
3,3´-Dichlorobenzidine <0.5 u <0.5 u NC
3+4-Methylphenol <0.5 u <0.5 u NC
3-Nitroaniline <0.5 u <0.5 u NC
4,6-Dinitro-2-methylphenol <0.5 u <0.5 u NC
4-Bromophenyl phenyl ether <0.5 u <0.5 u NC
4-Chloro-3-methylphenol <0.5 u <0.5 u NC
4-Chlorophenyl phenyl ether <0.5 u <0.5 u NC
4-Nitroaniline <0.5 u <0.5 u NC
4-Nitrophenol <0.5 u <0.5 u NC
Acenaphthene <0.5 u <0.5 u NC
Acenaphthylene <0.5 u <0.5 u NC
Aniline <0.5 u <0.5 u NC
Anthracene <0.5 u <0.5 u NC
Benz(a)anthracene <0.1 u <0.1 u NC
Benzo(a)pyrene <0.1 u <0.1 u NC
Benzo(b)fluoranthene <0.1 u <0.1 u NC
Benzo(g,h,i)perylene <0.5 u <0.5 u NC
Benzo(k)fluoranthene <0.5 u <0.5 u NC
Benzoic acid <1 u <1 u NC
Benzyl alcohol <0.5 u <0.5 u NC
Bis(2-chloroethoxy)methane <0.5 u <0.5 u NC
Bis(2-chloroisopropyl)ether <0.5 u <0.5 u NC
Bis(2-ethylhexyl)phthalate <0.5 u <0.5 u NC
Butyl benzyl phthalate 0.90 v 0.7 v NC
Carbazole <0.5 u <0.5 u NC
Chrysene <0.5 u <0.5 u NC
Dibenz(a,h)anthracene <0.03 u <0.03 u NC
Dibenzofuran <0.5 u <0.5 u NC
Diethyl phthalate <0.5 u <0.5 u NC
Dimethyl phthalate <0.5 u <0.5 u NC
Di-n-butyl phthalate <0.5 u <0.5 u NC
Di-n-octyl phthalate <0.5 u <0.5 u NC
Fluoranthene <0.5 u <0.5 u NC
Fluorene <0.5 u <0.5 u NC
Hexachlorobenzene <0.5 u <0.5 u NC
Hexachlorobutadiene <0.5 u <0.5 u NC
Hexachlorocyclopentadiene <0.5 u <0.5 u NC
Hexachloroethane <0.5 u <0.5 u NC
Indeno(1,2,3-cd)pyrene <0.2 u <0.2 u NC
Isophorone <0.5 u <0.5 u NC
Naphthalene <0.5 u <0.5 u NC
Nitrobenzene <0.5 u <0.5 u NC
N-Nitrosodiphenylamine <0.5 u <0.5 u NC
Phenanthrene <0.5 u <0.5 u NC
Pentachlorophenol <0.5 u <0.5 u NC
Phenol <0.5 u <0.5 u NC
Pyrene <0.5 u <0.5 u NC
Pyridine <0.5 u <0.5 u NC
TPH (ug/l)
Gasoline Range Organics (GRO) 100.00 v 450 v 31.8
Diesel Range Organics (DRO) <132 u 370 J NC
Motor Oil Range Organics (MRO) <2500 u <2500 u NC
Notes:
RPD = Relative percent difference; [(difference)/(average)]* 100
NC = Not calculated; RPD values were not calculated for non-detects
ug/kg-dry = micrograms per kilogram dry
mg/kg-dry = milligrams per kilogram
bold value = Field Duplicate RPD Outlier
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