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Laboratories, Analytes, and Methods 

 

A - ALS Laboratory Group, Salt Lake City, UT. VOCs, SVOCs, pesticides, TCBs, TICs determined using methods specified under the CLP.  

 

A4 - A4 Scientific, The Woodlands, TX. TAL metals determined using methods specified under the CLP. 

 

E
1
 - Energy Laboratories Inc., Billings, MT. Heterotrophic plate counts, iron reducing bacteria, sulfur reducing bacteria. 

 

E
2
 - Energy Laboratories Inc., Billings, MT. GRO, DRO, THE, and TPH. 

 

I
1
 - Isotech Laboratories, Champaign, IL under contract by EnCana. Fixed gases and light hydrocarbons determined using ASTM D1945-03 in gas samples 

and headspace of aqueous samples.  δ
13

C and δD for C1 determined using gas stripping and IRMS in aqueous samples. δ
13

C and δD for C1-C4 determined 

using IRMS for gas samples. 

 

I
2
 - Isotech Laboratories, Champaign, IL. Fixed gases and light hydrocarbons determined using ASTM D1945-03 in headspace of aqueous samples. δ

13
C and 

δD for C1 and δ
13

C for C2 and C3 determined using gas stripping and IRMS in aqueous samples. δ
13

C DIC using gas stripping and IRMS. 

 

I
3
 - Isotech Laboratories, Champaign, IL. Fixed gases and light hydrocarbons determined using ASTM D1945-03 in headspace of aqueous samples. δ

13
C and 

δD for C1 , δ
13

C  for C2 - C5, and δ
13

C for DIC gas stripping and IRMS in aqueous samples. 

  

I
4
 - Isotech Laboratories, Champaign, IL. Fixed gases and light hydrocarbons determined using ASTM D1945-03 in gas samples.  δ

13
C and δD for C1 - C3 using 

IRMS in gas samples.  

 

I
5
 - Isotech Laboratories,  Champaign, IL. Fixed gases and light hydrocarbons determined using ASTM D1945-03 in gas samples. δ

13
C and δD for C1 - C3 using 

IRMS in gas samples. 
14

C using AMS in gas samples. 

 

K - KAP Laboratories, Vancouver, WA.  TAL metals determined under the CLP. 

 

L - Liberty Analytical, Salt Lake City, UT. VOCs, SVOCs, PCBs, and TICs determined under the CLP. 

 

O
1
 - EPA, ORD, Ada, OK.  SO4, Cl, F, and Br determined using RSKSOP 276v3 and EPA Method 6500.  NO3 + NO2 and NH4 determined using RSKSOP 214v5 

and EPA Method 350.1 and 353.2 

 

O
2 

- EPA, ORD, Ada, OK.  DIC and DOC determined using RSKSOP-330v0 and EPA Method 9060A. 

 

O
3
 - EPA, ORD, Ada, OK.  C1 determined using RSKSOP 175v5 and Cali-5 gas sampling bags. 

 

R3 - U.S. EPA Region 3 Laboratory, Fort Mead, MD. Diethylene glycol, triethylene glycol, tetraethylene glycol, and 2-butoxyethanol analysis by LC/MS/MS.  

This method is under development with no finalized SOP.  EPA Methods 8000C and 8321 were followed for method development and QA/QC limits where 

applicable. 

  

R8
1
 - U.S. EPA Region 8 Laboratory, Golden, CO (fluoride, chloride, nitrite-N, nitrate-N, orthophosphate-P, and sulfate determined using EPA Method 300.0 

and EPA Region SOP 310.  Alkalinity determined using EPA Method 310.0).  

 

R8
2
 - U.S. EPA Region 8 Laboratory, Golden, CO. VOCs determined using EPA Method 8260B. 

 

R8
3
 - U.S. EPA Region 8 Laboratory, Golden, CO.  SVOCs determined using ORGM-515 r1.1 and EPA Method 8270D. 

 

R8
4
 - U.S. EPA Region 8 Laboratory, Golden, CO.  GRO determined using ORGM-506 r1.0 and EPA Method 8015D. DRO determined using ORGM-508 r1.0 

and EPA Method 8015D. 

 

R8
5 

- U.S. EPA Region 8 Laboratory, Golden, CO. Dissolved C1 in Phase I and dissolved C1-C3 in Phase II using EPA Method 524.2. 

 

S
1
 - Shaw Inc, Ada, OK in Phases III and IV. Metals and metals speciation determined using RSKSOP 213v4 and 257v2, or 332V0 and EPA Methods 200.7 and 

6020. 

 

S
2
 - Shaw Inc, Ada, OK in Phases III and IV.  Aromatics and chlorinated hydrocarbons determined using method RSKSOP-259v1 and EPA Method 5021A plus 

8260C. 

 

S
3
 - Shaw Inc, Ada, OK . Alcohols, aromatics, and chlorinated hydrocarbons determined using method RSKSOP-259v1. 

 

S
4
 - Shaw Inc, Ada, OK. Low molecular weight acids determined using RSKSOP-112v6. 

 

S
5
 - Shaw Inc, Ada, OK.  Dissolved gases C1-C4 determined using RSKSOP 194v4 and 175v5. 

 

S
6
 - Shaw Inc, Ada, OK.  Hydrogen and oxygen isotope ratios of water determined using RSKSOP-296v0. 
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Abbreviations 

 

I () - Phase I(laboratory/method). Samples collected March, 2009    VOCs - volatile organic compounds 

II() - Phase II(laboratory/method). Samples collected January, 2010   SVOCs - semivolatile organic compounds 

III() - Phase III(laboratory/method). Samples collected September and October 2010  PCBs - polychlorinated biphenyls 

IV() - Phase IV(laboratory/method). Samples collected April 2011.    TICs - tentatively identified compounds 

PG - gas production well       DRO - diesel range organics 

MW - deep monitoring wells       GRO - gasoline range organics 

PGM - shallow monitoring wells near pits      TEH - total extractable hydrocarbons 

PGS - soil samples near pits       TPH - total purgeable hydrocarbons 

DW - domestic wells         DIC - dissolved inorganic carbon 

PGP - municipal wells in the Town of Pavillion     TAL - target analyte list 

IRMS - isotope-ratio mass spectrometry      CLP - U.S. EPA Contract Laboratory Program 

AMS - accelerated mass spectrometry  

C1 (methane), C2 (ethane), C3 (propane), iC4 (isobutane), nC4 (normal butane), iC5 (isopentane), nC5 (normal pentane), C6
+
 (hexanes + other light 

hydrocarbons) 

 

Analytical Methods 

 

ORGM-506 r1.0 - Region 8 Standard Operating Procedure.  

 

ORGM-508 r1.0 - Region 8 Standard Operating Procedure.  

 

ORGM-515 r1.1 - Region 8 Standard Operating Procedure.  

 

RSKSOP-112v6 – Standard Operating Procedure for Quantitative Analysis of Low Molecular Weight Acids in Aqueous Samples by HPLC, 22 p. 

 

RSKSOP-175v5 - Sample Preparation and Calculations for Dissolved Gas Analysis in Water Samples Using a GC Headspace Equilibration Technique, 16 p. 

 

RSKSOP-194v4 - Gas Analysis by Micro Gas Chromatographs (Agilent MIcro 3000), 13 p. 

 

RSKSOP-213v4 - Standard operating procedure for operation of Perkin Elmer Optima 3300 DV ICP-OES, 21 p. 

 

RSKSOP-214v5 - Quality control procedures for general parameters analysis using Lachat Flow Injection analysis (FIA), 10 p. 

 

RSKSOP-259v1 - Determination of volatile organic compounds (fuel oxygenates, aromatic and chlorinated hydrocarbons) in water using automated 

headspace gas chromatography/mass spectrometry  TEKMAR 7000 HS-Varian 2100T GC/MS system-ION trap detector, 28 p. 

 

RSKSOP-257v2 - Standard operating procedure for elemental analysis by ICP-MS, 16 p. 

 

RSKSOP-299v1 – Determination of Volatile Organic Compounds (Fuel Oxygenates, Aromatic and Chlorinated Hydrocarbons) in Water Using Automated 

Headspace Gas Chromatography/Mass Spectrometry (Agilent 6890/5973 Quadruple GC/MS System), 25 p. 

 

RSKSOP-276v3 - Determination of major anions in aqueous samples using capillary ion electrophoresis with indirect UV detection and Empower 2 

software, 11 p. 

 

RSKSOP-296v0 - Determination of hydrogen and oxygen isotope ratios in water samples using high temperature conversion elemental analyzer (TC/EA), a 

continuous flow unit, and an isotope ratio mass spectrometer (IRMS), 8 p. 

 

RSKSOP-297v1 – Metals Speciation Determination by LC/ICP-MS, 21 p. 

 

RSKSOP-298v1 - Arsenic Speciation Determination by LC/ICP-MS with Anion Suppression and NaOH Mobile Phase, 21 p. 

 

RSKSOP-313v1 - Determination of R-123 using the H25-IR Infrared Refrigerant Gas Leak Detector, 12 p.  

  

RSKSOP-314v1 - Determination of Fixed Gases using the GEM2000 and GEM2000 Plus Gas Analyzers & Extraction Monitors, 13 p.   

 

RSKSOP-320v1 - Determination of Organic and Inorganic Vapors Using the TVA-1000B Toxic Vapor Analyzer, 18 p. 

 

RSKSOP-330v0 – Determination of Various Fractions of Carbon in Aqueous Samples Using the Shimadzu TOC-VCPH Analyzer, 16 p. 

 

U.S. EPA Method 200.7 - Determination of Metals and Trace Elements in Water and Wastes by Inductively Coupled Plasma-Atomic Spectrometry, Rev. 5, 

Jan 2001. 

 

U.S. EPA Method 300.0 - Determination of Inorganic Anions by Ion Chromatography, Rev. 2.1, Aug. 1993. 

. 

U.S. EPA method 310.1 - Alkalinity (Titrimetric, pH 4.5), Rev. 1978. 

 

U.S. EPA Method 350.1 - Determination of Ammonia Nitrogen by Semi-Automated Colorimetry, Rev. 2, Aug. 1993. 
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U.S. EPA Method 5021A - Volatile Organic Compounds in Various Sample Matrices Using Equilibrium Headspace Analysis, Rev. 1, June 2003. 

 

U.S. EPA Method 6020 - Inductively Coupled Plasma-Mass Spectrometry, Rev. 1, Feb. 2007. 

 

U.S. EPA Method 6500 - Dissolved Inorganic Anions in Aqueous Matrices by Capillary Electrophoresis, Rev. 0, Feb. 2007. 

 

U.S.  EPA Method 8260C - Volatile Organic Compounds by Gas Chromatography/Mass Spectrometry (GC/MS), Rev. 3, Aug. 2006. 

 

U.S.  EPA Method 8015B - Determination of Nonhalogenated Organics Using GC/FID, Rev. 2, Dec. 1996. 

 

U.S. EPA Method 8015D - Nonhalogenated Organics Using GC/FID, Rev. 4, May 2003. 

 

U.S.  EPA Method 8270D - Determination of Semivolatile Organic Compounds by Gas Chromatography/Mass Spectrometry (GC/MS), Rev. 4, Feb. 2007. 

 

U.S.  EPA Method 8000C - Determinative Chromatographic Separations, Rev. 3, Mar. 2003. 

 

U.S. EPA Method 8260C - Volatile Organic Compounds by Gas Chromatography/Mass Spectrometry (GC/MS), Rev. 3, Aug. 2006. 

 

U.S. EPA Method 8270D - Semivolatile Organic Compounds by Gas Chromatography/Mass Spectrometry (GC/MS), Rev. 4, Feb. 2007. 

 

U.S. EPA Method 9060A - Total Organic Carbon, Rev. 1, Nov. 2004. 
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Appendix B 

 
Quality Assurance and Quality Control  

(QA/QC) for Analysis 
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Appendix C 

Photographic Log of Deep Monitoring Well 

Construction 
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Figure C1.  Photograph of drilling rig on platform with shakers for mud recirculation at MW02.  

Figure C2.  Photograph 

of blowout prevention 

(BOP) for annular space 

at base of drilling rig 

platform at MW02. 

Figure C3.  Photograph 

of blowout preventer 

for drillstem. 
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Figure C4.  Photograph of bit and drillstem with bit for mud rotary drilling at MW02. 
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Figure C6.  Photograph of Quik-Gel 

bentonite (Halliburton) used to create 

mud for drilling. 

Figure C7.  Photograph of 

mud additives EZ Mud 

Gold (Halliburton) and 

Dense Soda Ash. 

 

Figure C5.  Photograph of water truck used to transport water to mix mud. 

Figure C8.  Photograph of 

mud additive Penetrol 

(Halliburton). 
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Figure C9.  Photograph of flow of mud and cuttings 

from borehole at MW02. 

Figure C10.  Photograph of monitoring of mud and cuttings using a Thermo Scientific 

TVA-1000B FID/PID at MW02. 
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Figure C11.  Photograph of pump used to transport mud and cuttings to shakers at MW02. 

Figure C12.  

Photograph of flow of 

mud and cuttings to 

shakers at MW02. 
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Figure C13.  Photograph of shakers separating mud from cuttings at MW02. 
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Figure C14.  Photograph of cuttings transported to disposal bins at MW02. 
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Figure C15.  Photograph of pumping of mud back to borehole at MW02. 
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Figure C16.  Photograph 

of injection of mud to 

borehole at MW02. 
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Figure C17.  Photograph of collection of cuttings for lithologic characterization at MW02. 

Figure C18.  Photograph of removal of mud from 

cuttings at MW02. 

Figure C19.  Photograph of white coarse‐grained sand 
targeted by local well drillers and media in which 
screens are set in for both deep monitoring wells. 
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Figure C20.  Photograph 

of setting of stainless-

steel pre-packed 

screen and sand basket 

into borehole at 

MW02. 
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Figure C21.  Photograph 

of securing sand basket 

and casing above 

screen. 

 

Figure C22.  Photograph 

of placement of sand in 

sandbasket. 
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Figure C23.  Photograph of well development at MW02. 
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Appendix D 

Photographic Log of Ground Water Sampling 
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Figure D1.  Photograph of flow from submersible pump through flowmeter at MW02. 

Figure D2.  Photograph of flow 

of water to purge water 

disposal tank at MW02. 
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Figure D3.  Photograph (close-up) of flow of water into purge water disposal tank at MW02. 

Figure D4.  

Photograph of 

water (foaming) 

flowing into YSI 

flow cell at MW02. 
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Figure D6.  Photograph of field filtering samples for metals analysis at MW02. 

 

Figure D5.  Photograph of sampling at MW02.  The sample train was split prior to entry into 

purge water disposal container. 
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Figure D7.  Photograph 

of sample collection at 

PGDW14. 

Figure D8.  Photograph of cooler packed with samples for shipment. 
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Appendix E 

Examples of Cement Bond/Variable  

Density Log Interpretation 
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Figure E1. Example of CBL/VDL indicating "no cement" at Pavillion Fee 34-03B.  The CBL/VDL indicates no 

cement 2750 feet below ground surface at the time of logging. 
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Figure E2. Example of "sporadic bonding" at Pavillion Fee 41-10 from 1000 to 1640 ft bgs.   Hydraulic fracturing 

occurred at 1618 feet below ground surface.  Arrow denotes interval of hydraulic fracturing. 
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Figure E3a. Example of "sporadic bonding" at Pavillion Fee 11-11B.  Hydraulic fracturing occurred at 1516 feet 

below ground surface.  Arrow denotes interval of hydraulic fracturing.  Depths on CBL/VDL difficult to read 

and inserted on left margin.  
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Figure E3b.  Example of "sporadic bonding" Pavillion Fee 11-11B between 2350-3200 feet below ground 

suface.  Hydraulic fracturing occurred at 3165 feet below ground surface. Arrow denotes interval of hydraulic 

fracturing.  Depths on CBL/VDL difficult to read and inserted on left margin.  

3200’   

2450’   
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Figure E4. Example of "Sporadic Bonding" at Tribal Pavillion 24-02.  Hydraulic fracturing occurred at 1538 feet 

bgs.  Arrow denotes interval of hydraulic fracturing.   
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Figure E5. Example of "Good Bonding" (from surface casing at 645 ft bgs to 820 ft bgs) followed by "Sporadic 

Bonding" (from 820 ft bgs 1310 ft bgs) to "Good Bonding" at 1310 to target depth at Pavillion Fee 41-10B. 
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