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1.0 INTRODUCTION 

This report has been prepared for Marathon Oil Company (MOC) by Golder Associates Inc. (Golder) to 

describe groundwater monitoring and groundwater technical evaluations conducted for the MOC 596-32C 

produced water facility located in Garfield County, Colorado.  This facility is shown on Figures 1 and 2 

and is referred to herein as the 32C pond or pit.  

As a result of a monthly inspection, water within the pond’s leak detection system was reported to MOC’s 

local leadership on April 12, 2013.  As previously reported to the Colorado Oil and Gas Conservation 

Commission (COGCC), MOC has proactively and systematically responded to the 32C pond liner 

damage.  In support of this response, COGCC submittals have included a Spill/Release Report, an initial 

Site Investigation and Remediation Work Plan, and the May 31, 2013 Work Plan, Investigation and 

Remediation of 596-32C Produced Water Pond, Facility #421284, COGCC REM #7732 (Golder, 2013a), 

referred to herein as the Work Plan.  Other COGCC communications have included a series of 32C 

conference calls, a June 6, 2013 COGCC site visit, and supplemental technical submittals.  MOC’s 

response to the pond liner damage and the resulting soil contamination culminated in submittal of the 

August 29, 2013 Report on 32C Soil Remediation Program, MOC 596-32C Pond (Golder, 2013b), which 

is referred to herein as the Soil Remediation Report. 

1.1 32C Project Overview 

The overall objectives of the 32C project have been to investigate and/or remediate areas of soil and 

groundwater affected by the 32C pond liner damage in a timely and safe manner.  Assessment of the 32C 

pond has been performed by MOC and Golder as an iterative process, with investigative results dictating 

subsequent steps in the investigation.  These 32C assessments have included the following. 

 32C pond water quality and water level evaluations; 

 Surface water sampling of Little Creek since April 24, 2013; 

 Test pit excavations west of the 32C pond near the liner breach area; 

 Geologic mapping of the 32C pond area as detailed in the Work Plan; 

 Investigatory drilling and groundwater monitoring well installation; 

 Aquifer testing and monitoring of groundwater quality and elevations; and 

 32C pond subgrade investigations and confirmation of soil remediation. 

While this report focuses on the 32C groundwater assessment activities and results, removal of 

contaminated soil at 32C is described in the Soil Remediation Report.  It is important to note that the 32C 

contaminant source area has been removed, and that there is no longer a source for ongoing 

groundwater contamination at the site (as of August 5, 2013), as detailed in the Soil Remediation Report. 
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1.2 32C Pond Description 

The 32C pond was constructed 324 feet (ft) long, 120 ft wide, approximately 15 ft deep, and with a 

capacity of 42,272 barrels, as shown on the as-built drawings provided in the Work Plan.  Construction 

features included primary and secondary 60-mil geomembrane liners, geonet layers between the liners 

and below the secondary liner, and layers of geotextile fabric above and below the lower geonet layer.  

This pond was excavated into sedimentary rock of the Uinta Formation, which is up to approximately 

1,000 ft thick in the region and is comprised of silty sandstone, siltstone, and marlstone.  Filling of the 32C 

pond with produced water started on September 13, 2010.  32C facility drawings and other pertinent 

background information are provided in the Work Plan so are not included herein. 

Although the 32C pond is currently permitted under COGCC Form 15, MOC plans to permit the pond as a 

centralized exploration and production waste management facility (Form 28).  This permitting is being 

performed in accordance with COGCC requirements, which include submittal of pertinent geologic data, 

hydrologic data, groundwater monitoring results, and surface water monitoring results.  The Geology 

Report prepared by Olsson and provided in the Work Plan includes background information pertinent to 

the 32C investigation, such as site topography, soils, bedrock geology, geologic structure, surface water 

features, groundwater occurrence, aquifer properties, vicinity water wells, groundwater quality, and the 

potential for surface water and groundwater impacts.   

1.3 Report Organization 

Section 2 of this report describes the groundwater monitoring field program, 32C groundwater evaluations 

are presented in Section 3, a groundwater monitoring summary and corresponding conclusions are 

provided in Section 4, and references are listed in Section 5.  Supporting project documentation is 

provided in the appendices. 
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2.0 GROUNDWATER MONITORING FIELD PROGRAM 

The 32C groundwater data collection and monitoring program was performed based on the Golder 

Technical Procedures provided in the Work Plan.  This field program was designed to be useful in the 

COGCC Form 28 permitting process.  Therefore, groundwater monitoring wells were designed and 

installed so as to accomplish the objectives of both the 32C remediation program and the Form 28 

permitting.   

As shown on Figure 3, four groundwater monitoring wells were installed on or near the 32C pad to 

monitor the uppermost aquifer beneath the site.  This number of wells exceeds COGCC requirements for 

Form 28 permitting.  Having four instead of three monitoring locations allows more definitive 

determinations of groundwater flow directions and hydraulic gradients, and provides a more robust and 

conservative groundwater monitoring network at the site. 

MW-1 was designed as a hydraulically up-gradient well and was installed in the southern portion of the 

pad, and MW-2, MW-3, and MW-4 were designed as down-gradient/cross-gradient wells to the north.  

MW-2 was designed to monitor potential groundwater flow to the northeast, MW-3 is located near the 

pond liner breach area, and MW-4 was designed to monitor potential groundwater flow to the northwest.  

Although it was initially expected that MW-3 would be drilled adjacent to the northwest corner of the 32C 

pond, this boring was relocated approximately 50 ft to the south because of an underground gas line 

present near the originally planned location.  

2.1 Groundwater Monitoring Wells 

Golder subcontracted D.A. Smith Drilling Company of Loma, Colorado (D.A. Smith) for the groundwater 

monitoring well drilling and installation program.  As detailed in Appendix A-1, this field program included: 

1) air coring of two boreholes (MW-1 and MW-3); 2) air rotary drilling of three boreholes (MW-2, MW-3A, 

and MW-4); geological logging of rock core (from MW-1 and MW-3) and drill cuttings (from MW-2 and 

MW-4); and 4) completing four boreholes as groundwater monitoring wells. These groundwater 

monitoring wells were installed to depths ranging from approximately 138 ft below ground surface (bgs) at 

MW-1 and 240 ft bgs at MW-4.   

Monitoring well construction details, including coordinates, elevations, depths, construction date and 

screened intervals, are summarized in Table 1.  Representative photos of the field program are provided 

in Appendix A-2, rock core photos are included in Appendix A-3, borehole logs are provided in 

Appendix A-4, well construction logs are presented in Appendix A-5, and the monitoring well survey 

drawing is included in Appendix A-6.   

As discussed with the COGCC in connection with Work Plan preparation, these monitoring wells were 

installed with screen lengths of at least 30 ft; as detailed in Table 1, actual screen lengths range from 30 
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to 50 ft.  The intent of this well design feature was to provide interception of sufficient fractures within the 

potentially low transmissivity bedrock units to allow reasonable collection of groundwater samples.  

However, despite this design feature, the initial MW-3 well did not produce groundwater, so this well was 

decommissioned and new well MW-3 (also referred to as  MW-3A) was drilled and installed 9 ft south of 

the initial MW-3 borehole. 

2.2 Groundwater Monitoring 

2.2.1 Groundwater Levels 

Groundwater levels in the monitoring wells were periodically measured using an electronic water level 

meter.  Groundwater depths and groundwater elevations from monitoring performed from June 27 

through August 15, 2013 are presented in Tables 2 and 3. 

2.2.2 Groundwater Quality 

Groundwater quality sampling was performed by InterTech for MOC based on Golder Technical Guidance 

TG-1.2-20, which is included in the Work Plan.  Groundwater quality analyses included the following 

groundwater parameters specified in Table 910-1 of the COGCC E&P Waste Management Rules:  

1) benzene, toluene, ethylbenzene, and total xylenes (BTEX); and 2) total dissolved solids (TDS), 

chloride, and sulfate.  In addition, as detailed in Table 4, supplemental analytes were included by MOC to 

allow more comprehensive groundwater quality evaluations.  Other aspects of the groundwater quality 

sampling program included the following. 

 When feasible, disposable sampling equipment was used to collect samples.  To avoid 
cross contamination, non-dedicated sampling equipment was thoroughly cleaned prior to 
initiation of sampling activities, and as otherwise necessary based on TG-1.2-20. 

 Samples were placed in laboratory-supplied containers and stored in a cooler containing 
ice.  Sample chain of custody procedures were based on TG-1.2-20. 

 Analytical testing was performed by Accutest Mountain States, which maintains Colorado 
and national accreditation programs.  EPA SW 846 analytical testing methods were used 
in accordance with COGCC requirements.  

Groundwater monitoring wells at the site were initially sampled from July 9 through July 12, 2013.  

Groundwater quality laboratory reports for these samples are provided in Appendices C-1 through C-3.  

Based on the initial groundwater quality results, subsequent sampling and analyses focused on MW-2 

and MW-4.  Analytical laboratory reports for the other groundwater quality samples collected through 

August 16, 2013 are presented in Appendices C-4 through C-8.  
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2.3 Hydraulic Testing 

2.3.1 Rising Head Hydraulic Testing 

During the drilling program, Golder performed rising head tests in four of the borings, as detailed in 

Appendix B-1.  After these borings were drilled to their termination depths, groundwater in the borings 

was evacuated using filtered, compressed air forced through the drill rods.  After removing the drill rods, 

rising water levels in the borings were measured using an electronic water level meter.  The objective of 

this rising head hydraulic testing was to allow initial estimation of hydraulic conductivity at the locations 

tested, with the understanding that these estimates would only be approximate because of various testing 

constraints, such as the lag time required for removal of drill rods. Test results are summarized in 

Section 3.1.3.1. 

2.3.2 Constant Rate Pumping Test 

On August 13, 2013, Golder provided MOC with guidance for the MW-4 constant rate pumping test, 

including pumping duration, data requirements, and data collection frequency.  MOC started the constant 

rate pumping test on August 15, 2013 (Appendix B-2).  The duration of the constant rate test was 

24 hours at an average pumping rate of approximately 1.74 gallons per minute (gpm).  Manual water level 

readings were taken and recorded by MOC at various intervals at the pumping well (MW-4) and 

observation wells (MW-1, MW-2 and MW-3A).  Due to personnel and equipment limitations, water levels 

at the observation wells were monitored less frequently than at the pumping well.  Upon completion of the 

constant rate test, MOC monitored recovery at MW-4 for a period of approximately 4 hours.  Test results 

are summarized in in Section 3.1.3.2. 
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3.0 GROUNDWATER EVALUATIONS 

3.1 Hydrogeologic Conditions 

Hydrogeologic conditions at the site have been influenced by the 32C facility design and construction.  

The 32C pad was constructed by removing the native soil, excavating into bedrock in the eastern portion 

of the pad, and placing rocky fill in the western portion of the pad; the approximate 32C cut/fill line is 

shown on Figure 2.  Because the 32C pond was excavated into bedrock, hydrogeologic conditions near 

the 32C pond are controlled by bedrock characteristics instead of soil characteristics, as described below. 

3.1.1 Site Geology 

Geologic conditions at the site were investigated by test pitting, geologic mapping, and drilling.  As 

described in the Work Plan, two test pits were excavated immediately west of the 32C pond perimeter 

fence near the liner breach area (Figure 2).  Weathered silty sandstone of the Uinta Formation was 

encountered in both test pits to a depth of 4 ft bgs, and trackhoe refusal was encountered in 

well-indurated shale at depths of 4.5 to 5 ft bgs (Golder, 2013a).   

Geologic mapping at the site (Golder, 2013a) resulted in the following observations. 

 Bedrock exposed in the excavated slopes adjacent to the 32C pond primarily consisted of 
interbedded:  1) fine to medium grained silty sandstone, 2) marlstone, 3) siltstone, and 
4) claystone.  These sedimentary rocks are consistent with the Uinta Formation units 
present in the region.   

 Bedrock weathering and induration varied across the mapped areas, but generally 
ranged from highly weathered (particularly near the exposed surfaces) to slightly 
weathered in the more cemented zones. 

 Although bedding thicknesses were variable across the mapped areas, bedding tended 
to be relatively massive in the bedrock units present in the tall cut slope located east of 
the pond, as shown on Photo 3 in the Work Plan. 

 Of the 13 locations where geologic structure was measured, bedrock bedding was 
relatively flat-laying at eight locations east of the pond, with beds dipping an average 
10 degrees.  At the five locations mapped northwest and southwest of the pond, the beds 
dipped an average of 30 degrees.   

Additional details about the bedrock at the site were provided by drilling boreholes MW-1 through MW-4; 

excellent core recovery was obtained at MW-1 and MW-3.  As detailed on the drilling logs presented in 

Appendix A-4, the Uinta Formation bedrock underlying the site was generally characterized as follows. 

 Tan to gray sandstone with varying silt content and some interbedded siltstone; 

 Variable weathering and iron oxide staining, typically becoming fresher with increasing 
depth; 

 Variable grain size, but generally fine grained to medium grained; 

 Variable bedding, typically ranging from thinly bedded to massive; 
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 Well cemented, with hardness generally ranging from R3 (medium strong rock) to R4 
(strong rock); 

 Portions of the bedrock at MW-1 and MW-3 contained closely spaced bedding plane 
fractures and other joints; 

 Fractures at MW-1 and MW-3 were typically clean, but some oxide staining, iron staining, 
calcite coatings, and other infillings (e.g., clay, silt, rubble) were noted; 

 Bedding plane fractures at MW-1 generally dipped at 5 to 20 degrees from horizontal; 

 Other fractures at MW-1 generally dipped at 10 to 50 degrees; 

 Bedding plane fractures at MW-3 generally dipped at 10 to 30 degrees; 

 Other fractures at MW-3 generally dipped at 10 to 50 degrees; 

 The primary (interstitial) porosity of the bedrock matrix appeared relatively low, with 
zones of enhanced transmissivity attributable to bedrock fracturing (secondary porosity). 

3.1.2 Groundwater Occurrence 

As detailed in Table 2, groundwater was present on August 15, 2013 at depths (below ground surface) 

ranging from approximately 104 ft at MW-1 to 194 ft at MW-4. The drilling program determined that 

groundwater was present under confined conditions within the Uinta bedrock units, with water levels in 

the wells rising above the top of the aquifer.  For example, when MW-4 was drilled, careful monitoring of 

groundwater conditions below a depth of 160 ft bgs confirmed that over 40 ft of excess potentiometric 

head was present, with the stabilized water elevation 42.2 ft above where water was encountered during 

drilling.   

Based on the groundwater elevation data summarized in Table 3, the degree of confinement generally 

increased to the northwest, from 14.3 ft of excess potentiometric head at MW-1 to 42.2 ft of excess 

potentiometric head at MW-4.  The exception to this trend is MW-3, where an anomalously low excess 

potentiometric head of 9.0 ft was measured.   

Well yield was also anomalously low at the MW-3 location.  The initial MW-3 monitoring well borehole did 

not yield sufficient water so was decommissioned, and the replacement well yielded groundwater at a low 

rate compared to the other wells.  As shown on the well development summary in Appendix A-5, 

development of MW-3A (the MW-3 replacement) required four days of bailing and pumping, with a total of 

only 65 gallons purged from this well because of well yield constraints. 

Except for a spring located adjacent to the ephemeral Little Creek (approximately 4,000 ft north from the 

32C pond), no seeps or springs have been observed between the 32C pad and Little Creek to the 

northwest and House Log Gulch to the southeast.  As a precautionary measure, MOC has sampled Little 

Creek both upstream and downstream of 32C, and the noted spring adjacent to Little Creek was also 

sampled.  This surface water sampling program is described in the Work Plan, along with sampling 

locations, and results are discussed in Section 3.2.1.   
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3.1.3 Hydraulic Conductivity 

Golder used the software package AQTESOLV (Duffield, 2007) to analyze hydraulic test data collected at 

the site.  The results of these analyses are discussed below. 

3.1.3.1 Rising Head Test Results 

Rising head hydraulic test results from the open boreholes before monitoring wells were installed are 

detailed in Table B-1 and the test plots provided in Appendix B-1.  Although these results are considered 

rough approximations because of the test limitations noted in Section 2.3.1, these tests resulted in 

hydraulic conductivity (K) estimates ranging from 2 x 10-5 centimeters per second (cm/sec) to 

12 x 10-5 cm/sec; these K values correspond to approximately 0.06 to 0.3 ft/day. 

3.1.3.2 Pumping Test Results 

Based on drawdown data provided by MOC for the constant rate pumping test of MW-4, the observed 

drawdowns at wells MW-1, MW-2, MW-3, and MW-4 were 0.05 ft, -0.04 ft, 0.16 ft, and 42.45 ft, 

respectively.  Due to the minimal drawdown observed at wells MW-1 and MW-2, data from these wells 

were not analyzed.  Although observation well MW-3 only had 0.16 ft of drawdown, the MW-3 data were 

analyzed to provide at least a rough estimate of aquifer storage. 

These constant rate pumping test data were analyzed using the Cooper-Jacob solution for a confined 

aquifer, as detailed in Appendix B-2.  The observed drawdown at pumping well MW-4, plotted on a 

semi-log scale, indicates a confined, fractured (dual porosity) system. Kruseman and de Ridder (1994) 

characterize this sort of system by fractures of high K and low aquifer storage (S), and matrix blocks of 

significantly lower K and higher S. In this type of system, three time periods can be observed, each with 

characteristic flow behavior: 

1. Early time, when all of the flow comes from storage in the fractures; 

2. Mid-time, when the matrix blocks contribute flow at an increased rate to the fractures, 
resulting in partially stabilized drawdown; and 

3. Late time, when flow comes from storage from both the fractures and the matrix blocks. 

Because of this behavior, a range of K values from the Cooper-Jacob analyses are reported for the 

pumping well MW-4 in Appendix B-2.  Considering the dual-porosity behavior noted above, the Barker 

solution for a fractured (dual-porosity) aquifer with slab-shaped blocks was also evaluated.  However, the 

Barker solution was not selected due to the poor fit to the observed data, while the Cooper-Jacob 

analyses provided a good fit to the observed data.  Using the Cooper-Jacob solution, the low K value of 

1.4 x 10-5 cm/sec (0.04 ft/day) is considered representative of the combined K of fractures and matrix 

blocks, and the high value 6.5 x 10-5 cm/sec (0.2 ft/day) is considered representative of the K of the 

fractures. This range of K values correlates reasonably well with the rising head test results. 
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Based on the limited data available from observation well MW-3, aquifer storage was estimated to be 

2.3 x 10-3, which is within the expected range for a confined aquifer. However, due to data limitations, this 

S value may not be representative of the system as a whole, and is only presented as a rough estimate. 

3.1.4 Groundwater Flow 

Based on water level monitoring of the 32C groundwater wells through August 15, 2013 (Figure 3 and 

Table 2), groundwater at the site generally flows to the northwest, which is consistent with regional flow in 

the context of site-vicinity topography.  This groundwater flow characterization does not consider vertical 

components of flow, and assumes horizontal flow in a horizontal aquifer.  The horizontal component of 

hydraulic gradient was approximately 0.17 ft/ft at the site based on the potentiometric data shown on 

Figure 3.  This hydraulic gradient is reasonable based on the relatively steep topography in the site 

vicinity, which generally slopes at about 0.22 to 0.28 ft/ft. 

Groundwater flow within the silty sandstone at the site is largely controlled by the effective 

(interconnected) porosity of these generally well-indurated bedrock units.  In well-cemented sedimentary 

units, effective porosities of less than 0.01 have been reported (Freeze and Cherry, 1979).  For the 

groundwater flow evaluations reported herein, an overall effective porosity of 0.01 is assumed. 

Based on an overall effective porosity of 0.01, a horizontal hydraulic gradient component of 0.17 ft/ft, and 

a representative K value of 0.2 ft/day, the overall rate of groundwater flow through the saturated zone is 

estimated to be approximately 3.4 ft/day.  This estimated transport rate does not apply to transport 

through the unsaturated zone present above the uppermost aquifer at the site. 

As described in Section 3.1.2, hydrogeologic conditions at MW-3 were somewhat anomalous based on 

where groundwater was first encountered at this location and the ultimate stabilized groundwater 

elevation.  Because the primary porosity of bedrock units at the site was relatively low, and zones of 

enhanced transmissivity were likely attributable to bedrock fracturing, it is understandable that not all 

wells at the site would intercept fractures that are in good hydraulic communication.  Based on the 

assumption that the bedrock at MW-3 was hydraulically isolated relative to the other site wells, the 

anomalously low groundwater elevation at MW-3 was not used in the contouring shown on Figure 3.  

Inclusion of the MW-3 data in Figure 3 would result in some adjustment of the groundwater elevation 

contours near this well, although the overall groundwater flow direction would still be to the northwest. 

To allow evaluation of potential seasonal variations in groundwater flow beneath the site, water levels in 

the site groundwater monitoring wells will be measured at least bimonthly for a minimum of one year.  For 

the period of June 27, 2013 through August 15, 2013 (Table 2), groundwater elevations at the site 

generally varied by approximately 1 ft.  These groundwater elevation variations have not resulted in 

significant changes in the groundwater flow regime near 32C. 
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3.1.5 Conceptual Hydrogeologic Model 

As described above, the conceptual hydrogeologic model for the site is controlled by geologic structure, 

site-vicinity topography, and hydraulic properties of the subsurface units.  Major components of this 

conceptual hydrogeologic model are summarized below. 

 The site is primarily underlain by well-cemented sandstone with varying silt content and 
some interbedded siltstone.  While the primary porosity of the generally well-cemented 
bedrock was noted to be relatively low, fractures within the bedrock provided zones of 
enhanced transmissivity. 

 Groundwater was present under confined conditions within the Uinta bedrock units, and 
the degree of confinement generally increased to the northwest.  Based on hydrogeologic 
conditions at MW-3, approximately 170 ft of unsaturated bedrock was present beneath 
the 32C pond.   

 Because the groundwater flow regime at the site is not controlled by primary porosity, 
groundwater migration was not necessarily vertically downward through the unsaturated 
zone and horizontal in the saturated zone.  Instead, groundwater migration through the 
fractured bedrock beneath the site is largely controlled by the fracture systems present.   

 Groundwater flow at the site was also strongly influenced by topography, with flow from 
topographically high groundwater recharge areas towards the drainages in the region.  
The topographic high in the site vicinity is located south of 32C at an elevation of 
approximately 8,600 ft, and the 32C pad is at an elevation of 8,333 ft.  Consistent with 
site-vicinity topography, groundwater flow at the site was from the south, resulting in 
MW-1 being a hydraulically upgradient well. 

 As expected, groundwater flow from the site was northwestward towards the ephemeral 
Little Creek, which is about 350 ft lower than the 32C pad and is the nearest surface 
drainage channel.  The northwesterly horizontal component of hydraulic gradient was 
approximately 0.17 ft/ft.  This groundwater flow regime resulted in MW-4 being 
hydraulically downgradient from the 32C pond.   

3.2 Groundwater Contamination 

In support of groundwater contamination evaluations, the following contaminant source concentrations 

were considered. 

 Monthly water quality analyses were performed for the 32C pond, as detailed in the Work 
Plan.  April 2013 analyses of 32C pond produced water included the following key 
organic parameters: 119,000 micrograms per liter (µg/L) gasoline range organic 
petroleum hydrocarbons (GRO), 25,000 µg/L diesel range organic petroleum 
hydrocarbons (DRO), 17,500 µg/L benzene, 33,800 µg/L toluene, 922 µg/L ethylbenzene, 
and 12,500 µg/L total xylene.  

 To allow water quality comparisons for samples from the 32C pond and leak detection 
system, MOC sampled the 32C pond leak detection system on April 12, 2013.  As 
detailed in the Work Plan, organic constituent analyses for the leak detection system 
water included 11,100 µg/L GRO, 11,000 µg/L DRO, 840 µg/L benzene, 1,890 µg/L 
toluene, 83 µg/L ethylbenzene, and 2,270 µg/L total xylene.  The leak detection system 
water had a TDS of 10,800 milligrams per liter (mg/L). 
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3.2.1 Contaminant Occurrence 

Groundwater contamination at the site was evaluated based on the groundwater quality data summarized 

in Table 4.  These data support the following observations. 

 As expected, groundwater contamination was not present at MW-1, which is located 
up-gradient from the 32C pond and is the background water quality monitoring location. 

 Maximum observed concentrations of benzene were present at MW-4, which is located 
northwest from the 32C pond, and contamination was also indicated at MW-2, which is 
located northeast from the 32C pond. 

 Benzene concentrations exceeded the COGCC standard of 5 µg/L at MW-4 (34.0 to 
94.7 µg/L) and at MW-2 (25.7 to 43.6 µg/L).  Other organic compound concentrations 
measured in these wells did not exceed COGCC standards, but included up to 15.9 µg/L 
total xylene, 272 µg/L DRO, and 276 µg/L GRO. 

 Although contaminant concentrations in the groundwater at MW-4 and MW-2 were highly 
diluted relative to the produced water in the 32C pond, and toluene was not present in the 
groundwater monitoring wells, the overall organic chemical signatures of the produced 
water and these groundwater samples were similar. 

 Based on COGCC requirements, inorganic compound concentrations were compared to 
background concentrations x 1.25, as detailed in Table 5.  Using MW-1 as the 
background well, it is noted that TDS, chloride, and sulfate concentrations exceeded 
background x 1.25 at MW-2 and MW-4, with the highest exceedances at MW-4. 

 As detailed in Table 4, TDS concentrations at MW-4 decreased from 1,550 mg/L on 
July 10, 2013 to 1,200 mg/L as of August 16, 2013.  In addition, slight concentration 
decreases were noted at MW-4 for each of the constituents analyzed in the August 16, 
2013 sample collected following the pumping test.  For MW-2, DRO concentrations 
increased for samples collected through August 1, 2013.  No other overall constituent 
concentration trends are noted based on the data in Table 4. 

 Groundwater sampling of MW-3 confirmed that groundwater contamination was not 
present at this location.  This is consistent with the following related observations:  
1) based on photo-ionization detector (PID) screening of the materials recovered when 
drilling MW-3 to a depth of 185 ft bgs, contaminated materials were not present at this 
location; and 2) as described in the Work Plan, contaminated materials were not present 
in the test pits excavated near the liner breach location (Figure 2). 

These observations are also consistent with trends noted for the major ion groundwater data, which are 

presented on Piper diagrams (Figure 4).  These data support the following observations. 

 Groundwater at MW-1 and MW-3 was very similar, and was characterized as a calcium-
bicarbonate water type. 

 Groundwater at MW-4 was distinctly different than the MW-1/MW-3 groundwater, and 
was characterized as a sodium-chloride water type. 

 Groundwater at MW-2 was intermediate between the groundwater at MW-1/MW-3 and 
MW-4, and was characterized as a sodium-bicarbonate water type. 

 Based on inorganic constituent concentrations, the Piper diagrams illustrate a 
groundwater progression from uncontaminated (MW-1 and MW-3), to contaminated 
(MW-2), to most contaminated (MW-4). 
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Finally, it should be noted that Little Creek has not been impacted by groundwater contamination from 

32C.  Beginning in April 2013, Little Creek has been sampled by MOC nine times.  To supplement the 

Little Creek analytical results provided in the Work Plan, analyses for samples collected from May 13 

through August 2, 2013 are summarized in Table 6.  These analytical results confirm that contamination 

has not been detected at Little Creek, as further discussed in Section 3.2.2. 

3.2.2 Contaminant Transport 

The 32C pond is underlain by well-indurated bedrock units that mitigate contaminant transport by partial 

geologic containment of 32C produced water.  This is supported by the observation that groundwater 

contamination was not present at MW-3, which is located near the liner breach area.  In addition, the 

geologic structure at the site (with beds primarily dipping to the northeast and southeast) would tend to 

minimize contaminant transport to the west and northwest towards Little Creek.   

As noted above, groundwater contamination was detected at MW-2, which is located hydraulically cross-

gradient from the 32C pond based on the data shown on Figure 3.  This groundwater contamination 

present northeast of the 32C pond may be due to some combination of the following factors: 1) the 

geologic structure at the site (with bedding plane fractures primarily dipping to the northeast and 

southeast, thereby providing a preferential groundwater contamination pathway towards MW-2); 2) other 

bedrock fractures that provide a preferential groundwater contamination pathway towards MW-2; 

3) transient groundwater mounding related to the produced water leak from the 32C pond; 4) possible 

seasonal fluctuations in site-vicinity groundwater flow directions; and/or 5) a source of contamination 

other than the 32C facility.  It is noted that no other MOC facilities are located in the vicinity of well MW-2. 

As described in Appendix D, contaminant transport evaluations were performed using the American 

Petroleum Institute (API) AMIGO online decision support tool (API, 2005).  These evaluations were based 

on: 1) site-vicinity hydraulic gradient of 0.17; 2) fractured bedrock hydraulic conductivity of 0.2 ft/day; 

3) fractured bedrock porosity of 0.01; and 4) the other assumptions listed in Appendix D.  The first two 

assumptions are based on field data and the third assumption is based on model calibration to the 

observed travel time to MW-4. Although groundwater transport at the site is likely controlled by the 

collective hydraulic characteristics of the individual fractures present, these fractures have not been 

sufficiently characterized to allow detailed analyses.  However, based on the limited hydrogeologic 

characterization data available for the site, it is estimated that transport of contaminated groundwater from 

the 32C pond to Little Creek (approximately 1,400 ft northwest) would require approximately 2.8 years for 

non-sorbing, non-degrading contaminants such as chloride and TDS.  Other contaminants, such as 

BTEX, would have longer travel times and would likely be degraded compared to TDS, which was used 

for the modeling analysis noted in Appendix D. 
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3.2.3 Potential Receptors and Exposure Pathways 

The ephemeral drainages of Little Creek and House Log Gulch may be considered potential receptors 

and exposure pathways for 32C contamination.  However, no seeps or springs have been observed 

between the 32C pad and these drainages, except for one spring located adjacent to Little Creek 

(approximately 4,000 ft north from the 32C pond).  Sampling of Little Creek both upstream and 

downstream of 32C and the noted spring adjacent to Little Creek has confirmed that these locations have 

not been impacted by groundwater contamination from 32C.   

A search of the Colorado Division of Water Resources (DWR) database confirmed that the only permitted 

wells within 3 miles of the site are as follows. 

 Three shallow groundwater monitoring wells (24-34 ft deep) are located approximately 
1.5 miles north of the site. 

 Four remediation wells of unreported depth are located approximately 1.2 miles east of 
the site. 

None of these wells would provide an exposure pathway for potential human receptors of 32C 

groundwater contamination.  In addition, the DWR database confirmed that the following types of wells 

are not present within 3 miles of the site: domestic, municipal, commercial, irrigation, recreation, stock, 

wildlife, or other wells that would provide an exposure pathway. 

Therefore, it is concluded that potential human receptors are not present within 3 miles of the site, and 

that there is minimal potential for human exposure to groundwater contamination from the 32C pond.  In 

addition, the 32C contaminant source area has been removed, and there is no longer a source for 

ongoing groundwater contamination at the site. 
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4.0 SUMMARY AND CONCLUSIONS 

A groundwater data collection and monitoring program was performed at the site in response to 32C pond 

liner damage.  The groundwater monitoring network installed for the 32C facility exceeds COGCC 

requirements.  Investigations performed to date support the following observations and conclusions. 

1. The site is primarily underlain by well-cemented sandstone with varying silt content and 
some interbedded siltstone.  While the primary porosity of the generally well-cemented 
Uinta Formation bedrock was noted to be relatively low, fractures within the bedrock 
provided zones of enhanced transmissivity. 

2. Groundwater was present under confined conditions within the Uinta bedrock units.  
Based on hydrogeologic conditions at MW-3, approximately 170 ft of unsaturated 
bedrock was present beneath the 32C pond.  Groundwater migration through the 
fractured bedrock beneath the site was largely controlled by the fracture systems present.   

3. Groundwater flow at the site was also strongly influenced by topography, with flow from 
topographically high groundwater recharge areas towards the drainages in the region.  
Groundwater flow from the site was primarily northwestward to MW-4 and towards the 
ephemeral Little Creek.   

4. As expected, groundwater contamination was not present at MW-1, which is located up-
gradient from the 32C pond.  In addition, groundwater sampling of MW-3 confirmed that 
groundwater contamination was not present at this location.   

5. Maximum observed contaminant concentrations of benzene and GRO petroleum 
hydrocarbons were present at MW-4, which is located northwest from the 32C pond.  
Maximum observed contaminant concentrations of DRO petroleum hydrocarbons were 
present at MW-2, which is located northeast from the 32C pond.  This groundwater 
contamination at MW-2 indicates that there has been an eastward component of 
groundwater flow or a second source of groundwater contamination located east of 32C; 
no other MOC facilities are located in the vicinity of well MW-2. 

6. Benzene concentrations exceeded the COGCC standard of 5 µg/L at MW-4 and at 
MW-2.  Although other organic compound concentrations measured in these wells did not 
exceed COGCC standards, TDS, chloride, and sulfate concentrations exceeded 
background x 1.25 at MW-2 and MW-4, with the highest exceedances at MW-4. 

7. Contaminant concentrations in the groundwater at MW-4 and MW-2 were highly diluted 
relative to the produced water in the 32C pond, and toluene was not present in the 32C 
groundwater monitoring wells, but the overall organic chemical signatures of the 
produced water and these groundwater samples were similar. 

8. These groundwater quality results are consistent with the major ion groundwater 
analyses, which illustrate a groundwater progression from uncontaminated (MW-1 and 
MW-3), to contaminated (MW-2), to most contaminated (MW-4) based on inorganic 
constituent concentrations, 

9. Contaminated surface water has not been detected at Little Creek or in a spring located 
adjacent to Little Creek.  Based on the limited hydrogeologic characterization data 
available for the site, it is estimated that transport of contaminated groundwater from the 
32C pond to Little Creek would require approximately 2.8 years for species such as TDS 
or chloride, while contaminants such as BTEX would require longer travel times. 

10. Potential human receptors are not present within 3 miles of the site, and there is minimal 
potential for human exposure to groundwater contamination from the 32C pond.  It is also 
important to note that the 32C contaminant source area has been removed, and there is 
no longer a source for ongoing groundwater contamination at the site. 
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Depth 
Below 

Ground
(ft)

Screen 
Elevation

(ft)

Depth 
Below 

Ground
(ft)

Screen 
Elevation

(ft)

MW-1 1642668.8 2240781.2 8333.2 2.98 8336.18 170.0 97.7 8,235.5 137.7 8,195.5 40 2 6/21/2013

MW-2 1643125.9 2240955.8 8364.1 2.70 8366.80 197.0 161.9 8,202.2 191.9 8,172.2 30 2 6/24/2013

MW-3 (initial) 1643059.0 2240698.5 8333.7 NA NA 185.0 131.0 8,202.7 181.0 8,152.7 50 2 6/19/2013

MW-3 (new) 1643050.4 2240699.0 8333.7 -0.33 8333.37 215.0 181.4 8,152.3 211.4 8,122.3 30 2 6/27/2013

MW-4 1643111.7 2240484.7 8333.5 2.97 8336.47 240.0 189.2 8,144.3 239.2 8,094.3 50 2 6/25/2013

The initial MW-3 well was decommissioned, and new well MW-3 (also called MW-3A) was installed approximately 9 feet south.
Northing and Easting values are based on Colorado Central Zone NAD83
Elevations are based on NAVD88

Table 1.  Groundwater Monitoring Well Installation Summary

Screen
Length

(ft)

Well
Diameter

(in)
Date

Constructed

Top of Screen Bottom of Screen
Top of PVC 

Casing
Elevation

(ft)

Borehole
Depth

(ft)

Monitoring 
Well

ID Number
Northing

 (ft)
Easting

 (ft)

Ground 
Surface

Elevation
(ft)

Casing 
Stick-Up 
Height

(ft)
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Table 2.  Groundwater Level Summary

Depth to 
Water

 (ft)

Water Level 
Elevation 

(ft)

Depth to 
Water 

(ft)

Water Level 
Elevation 

(ft)

Depth to 
Water 

(ft)

Water Level 
Elevation 

(ft)

Depth to 
Water 

(ft)

Water Level 
Elevation 

(ft)

6/27/2013 102.74 8233.44 171.37 8195.43 186.93 8146.44 193.90 8142.57
7/1/2013 185.87 8147.50
7/8/2013 102.84 8233.34 186.80 8146.57
7/10/2013 194.09 8142.38
7/11/2013 171.30 8195.50
7/18/2013 194.41 8142.06
7/19/2013 171.31 8195.49
7/23/2013 102.95 8233.23 171.33 8195.47 185.93 8147.44 194.90 8141.57
7/25/2013 171.32 8195.48 194.38 8142.09
8/9/2013 194.35 8142.12
8/15/2013 103.85 8232.33 171.23 8195.57 186.65 8146.72 194.30 8142.17

The initial MW-3 well was decommissioned, and new well MW-3 (also called MW-3A) was installed approximately 9 feet south.
Water level elevations are based on NAVD88.
Depths shown are below ground surface.

MW-1 MW-2 MW-3 (new) MW-4

Date

I:\13\1300253\0400\017 R03 Rev1_GWRep_Fnl‐14Nov13\Tables\Tables 1 and 2.xlsx



November 2013  130-0253

Table 3.  Summary of Groundwater Occurrence

MW-1 8333.2 115.2 8218.0 8232.33 14.3

MW-2 8364.1 191.0 8173.1 8195.57 22.5

MW-3 (new) 8333.7 196.0 8137.7 8146.72 9.0

MW-4 8333.5 233.5 8100.0 8142.17 42.2

Stabilized groundwater elevations are based on August 15, 2013 measurements.
Elevations are based on NAVD88

The initial MW-3 well was decommissioned, and new well MW-3 (also called MW-3A) was 
   installed approximately 9 feet south.

Excess 
Potentiometric

Head
(ft)

Monitoring 
Well

ID Number

Ground 
Surface

Elevation
(ft)

Depth Where 
Groundwater 

Was First 
Encountered

 (ft)

Elev. Where 
Groundwater 

Was First 
Encountered

 (ft)

Stabilized 
Groundwater 

Elevation
 (ft)
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Detection Exceedance

CO GW - Oil and
Gas

Conservation
Lab Sample ID: Commission D48106-2 D48106-2A D48106-2B D48106-2F D48174-1 D48174-1B D48174-1F D48418-1 D48642-2 D48844-1 D48106-1 D48106-1A D48106-1B D48106-1F D48107-1 D48107-1A D48107-1B D48107-1F D48389-1 D48389-1A D48642-1 D49205-1 D49509-1 D48106-3 D48107-2

Date Sampled: Levels (2 CCR 7/9/2013 7/9/2013 7/9/2013 7/9/2013 7/12/2013 7/12/2013 7/12/2013 7/19/2013 7/25/2013 8/1/2013 7/9/2013 7/9/2013 7/9/2013 7/9/2013 7/10/2013 7/10/2013 7/10/2013 7/10/2013 7/18/2013 7/18/2013 7/25/2013 8/9/2013 8/16/2013 7/9/2013 7/10/2013

404-1 9/30/07)1 Groundwater Groundwater Groundwater Groundwater Trip Blank Trip Blank
Filtered Filtered Filtered Filtered Water Water

Benzene mg/l 0.005 ND (0.00025) - - - 0.0392 - - 0.0257 0.0312 0.0436 ND (0.00025) - - - 0.0947 - - - 0.0799 - 0.034 0.0888 0.0737 ND (0.00025) ND (0.00025)

Toluene mg/l 1 ND (0.0010) - - - ND (0.0010) - - ND (0.0010) ND (0.0010) ND (0.0010) ND (0.0010) - - - ND (0.0010) - - - ND (0.0010) - ND (0.0010) ND (0.0010) ND (0.0010) ND (0.0010) ND (0.0010)
Ethylbenzene mg/l 0.7 ND (0.00025) - - - 0.00041 J - - 0.00040 J 0.00075 J ND (0.00025) ND (0.00025) - - - 0.0021 - - - 0.0018 J - 0.0012 J 0.0019 J 0.0017 J ND (0.00025) ND (0.00025)
Xylene (total) mg/l 10 ND (0.0020) - - - 0.0045 - - 0.0044 0.0041 0.0041 ND (0.0020) - - - 0.0138 - - - 0.0125 - 0.004 0.0159 0.0139 ND (0.0020) ND (0.0020)

Methane mg/l - - 0.00041 J - - 0.0235 - - - - - - ND (0.00040) - - - 0.0811 - - - - - - - - -
Ethane mg/l - - ND (0.00080) - - ND (0.00080) - - - - - - ND (0.00080) - - - ND (0.00080) - - - - - - - - -
Propane mg/l - - ND (0.0090) - - ND (0.0090) - - - - - - ND (0.0090) - - - ND (0.0090) - - - - - - - - -

TPH-GRO (C6-C10) mg/l - ND (0.10) - - - 0.121 J - - 0.106 J ND (0.10) 0.116 J ND (0.10) - - - 0.27 - - - 0.276 - 0.107 J 0.26 0.246 - -
- - - ND (0.40) ND (0.40) ND (0.40) - - - - ND (0.40) - ND (0.40) ND (0.40) ND (0.40) - -

TPH-DRO (C10-C28) mg/l - ND (0.17) - - - ND (0.17) - - ND (0.17) 0.201 0.272 ND (0.17) - - - 0.242 - - - 0.196 - 0.211 ND (0.17) ND (0.17) - -

Barium mg/l - 0.084 - - 0.069 0.16 - 0.13 - - - 0.15 - - 0.076 0.16 - - 0.17 - - - - - - -
Boron ug/l - 58.4 - - <50 168 - 153 - - - <50 - - <50 475 - - 518 - - - - - - -
Calcium ug/l - 58900 - - 58300 82300 - 75200 - - - 73900 - - 60000 149000 - - 160000 - - - - - - -
Iron ug/l - 1120 - - <70 517 - <70 - - - 7750 - - <70 629 - - <70 - - - - - - -
Magnesium ug/l - 31900 - - 31600 34200 - 31500 - - - 31300 - - 26900 66400 - - 68200 - - - - - - -
Manganese ug/l - 71.8 - - 47.2 275 - 292 - - - 193 - - 48.2 1210 - - 1260 - - - - - - -
Potassium ug/l - 1270 - - 1080 1050 - 1130 - - - 3160 - - 1390 1590 - - 1460 - - - - - - -
Selenium mg/l - <0.0020 - - <0.0020 <0.0020 - <0.0020 - - - <0.0020 - - <0.0020 <0.0020 - - <0.0020 - - - - - - -
Sodium ug/l - 46900 - - 49400 97700 - 90900 - - - 57000 - - 49000 230000 - - 224000 - - - - - - -

Alkalinity, Bicarbonate as CaCO3 mg/l - 299 - - - 312 - - - - - 323 - - - 385 - - - - - - - - - -
Alkalinity, Carbonate mg/l - <5.0 - - - <5.0 - - - - - <5.0 - - - <5.0 - - - - - - - - - -
Alkalinity, Total as CaCO3 mg/l - 299 - - - 312 - - - - - 323 - - - 385 - - - - - - - - - -
Bromide mg/l - 0.14 - - - 0.85 - - - - - <0.050 - - - 4.2 - - - - - - - - - -
Chloride mg/l * 17.1 - - - 95.1 - - - 121 123 3.7 - - - 462 - - - - 426 369 393 367 - -
Fluoride mg/l - 0.13 - - - <0.20 b - - - - - 0.14 - - - <0.50 b - - - - - - - - - -

Iron Reducing Bacteria CFU/ml - - - 9000 - - 74500 - - 74500 - - - 9000 - - - - - - - -
Nitrogen, Nitrate mg/l - 0.45 - - - 0.36 - - - - - 0.015 - - - 0.13 - - - - - - - - - -

Nitrogen, Nitrate + Nitrite mg/l - 0.45 a - - - 0.39 a - - - - - 0.015 a - - - 0.15 a - - - - - - - - - -
Nitrogen, Nitrite mg/l - <0.0040 - - - 0.028 - - - - - <0.0040 - - - <0.020 b - - - - - - - - - -
Phosphorus, Total mg/l - 0.036 - - - <0.010 - - - - - 0.29 - - - 0.047 - - - - - - - - - -
Slime Forming Bacteria CFU/ml - - - 140000 - - 350000 - - 140000 - - - 140000 - - - - - - - -
Solids, Total Dissolved mg/l * 426 - - - 596 - - 658 658 632 450 - - - 1550 - - - - 1360 1330 1250 1200 - -
Solids, Total Suspended mg/l - - - - - - - 163 159 93 - - - - - - - 262 - 134 <5.0 <5.0 - -
Specific Conductivity umhos/cm - 642 - - - 938 - - - - - 633 - - - 2310 - - - - - - - - - -
Sulfate mg/l * 47.1 - - - 68.3 - - - 70.6 78.1 50.7 - - - 118 - - - - 125 123 118 110 - -

Sulfate Reducing Bacteria CFU/ml - - - 5000 - - 18000 - - 1200 - - - 18000 - - - - - - - -
pH su - 7.87 - - - 7.52 - - 7.59 7.55 7.76 7.92 - - - 7.67 - - - 7.67 - 7.69 7.55 7.62 - -

Client Sample ID: MW-1 MW-1 MW-1 MW-1

General Chemistry

GC Volatiles (SW846 8015B)

Methanol

GC Semi-volatiles (SW846-8015B)

GC/MS Volatiles (SW846 8260B)

GC Volatiles (RSK175 MOD)

MW-2 MW-2 MW-2 MW-2

Metals Analysis

Matrix: Groundwater Groundwater Groundwater

MW-2 MW-2 MW-3 MW-3

Groundwater Groundwater Groundwater Groundwater Groundwater GroundwaterGroundwater

MW-3 MW-3 MW-4 MW-4

Groundwater Groundwater Groundwater Groundwater Groundwater Groundwater

MW-4 MW-4 MW-4 MW-4 TRIP BLANKMW-4 MW-4 MW-4 TRIP BLANK

Groundwater Groundwater Groundwater

Table 4.  Summary of Groundwater Analytical Results

1 COGCC limits for Total Dissolved Solids, Chloride, and Sulfate are based on 1.25 x background (well MW-1)

Footnotes:
a Calculated as: (Nitrogen, Nitrate) + (Nitrogen, Nitrite)
b Elevated detection limit due to matrix interference
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Table 5.  Comparison of Inorganic Groundwater Analytical Results

MW-1 mg/L 426 17.1 47.1

MW-2 mg/L 596 95.1 68.3

MW-3 mg/L 450 3.7 50.7

MW-4 mg/L 1550 462 118

Background x 1.25 mg/L 533 21.4 58.9

Highlighted values exceed background x 1.25
mg/L = milligrams per liter

Monitoring Well
ID Number Unit TDS Chloride Sulfate

I:\13\1300253\0400\017 R03 Rev1_GWRep_Fnl-14Nov13\Tables\Table 5.xlsx
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Detection Exceedance

CO GW - Oil and

Gas
Lab Sample ID: Conservation D46200-2 D46200-1 D46200-3 D46200-4 D46703-1 D46703-2 D46850-1 D46850-2 D47490-1 D47490-2 D47718-1 D47718-2 D47903-1 D47903-2 D48862-1 D48862-2

Date Sampled: Commission 5/13/2013 5/13/2013 5/13/2013 5/13/2013 5/29/2013 5/29/2013 6/4/2013 6/4/2013 6/21/2013 6/21/2013 6/28/2013 6/28/2013 7/5/2013 7/5/2013 8/2/2013 8/2/2013

Levels (2 CCR
404-1 9/30/07)1

Benzene mg/l 0.005 ND (0.00027) ND (0.00027) ND (0.00027) ND (0.00027) ND (0.00027) ND (0.00027) ND (0.00027) ND (0.00027) ND (0.00027) ND (0.00027) ND (0.00027) ND (0.00027) ND (0.00027) ND (0.00027) ND (0.00025) ND (0.00025)

Toluene mg/l 1 ND (0.0010) ND (0.0010) ND (0.0010) ND (0.0010) ND (0.0010) ND (0.0010) ND (0.0010) ND (0.0010) ND (0.0010) ND (0.0010) ND (0.0010) ND (0.0010) ND (0.0010) ND (0.0010) ND (0.0010) ND (0.0010)
Ethylbenzene mg/l 0.7 ND (0.00033) ND (0.00033) ND (0.00033) ND (0.00033) ND (0.00033) ND (0.00033) ND (0.00033) ND (0.00033) ND (0.00033) ND (0.00033) ND (0.00033) ND (0.00033) ND (0.00033) ND (0.00033) ND (0.00025) ND (0.00025)
Xylene (total) mg/l 10 ND (0.0020) ND (0.0020) ND (0.0020) ND (0.0020) ND (0.0020) ND (0.0020) ND (0.0020) ND (0.0020) ND (0.0020) ND (0.0020) ND (0.0020) ND (0.0020) ND (0.0020) ND (0.0020) ND (0.0020) ND (0.0020)

GC Volatiles (SW846 8015B)

TPH-GRO (C6-C10) mg/l - ND (0.10) ND (0.10) ND (0.10) ND (0.10) ND (0.10) ND (0.10) ND (0.10) ND (0.10) ND (0.10) ND (0.10) ND (0.10) ND (0.10) ND (0.10) ND (0.10) ND (0.10) ND (0.10)
Methanol mg/l - ND (0.40) ND (0.40) ND (0.40) ND (0.40) ND (0.40) ND (0.40) ND (0.40) ND (0.40) ND (0.40) ND (0.40) ND (0.40) ND (0.40) ND (0.40) ND (0.40) ND (0.40) ND (0.40)

GC Semi-volatiles (SW846-8015B)

TPH-DRO (C10-C28) mg/l - ND (0.18) ND (0.18) ND (0.18) ND (0.18) ND (0.17) ND (0.17) ND (0.17) ND (0.17) ND (0.17) ND (0.17) ND (0.17) ND (0.17) ND (0.17) ND (0.17) ND (0.17) ND (0.17)

General Chemistry

Chloride mg/l * - - - - - - - - - - 15.8 15.7 - - 13.7 13.6
Solids, Total Dissolved mg/l * 326 304 306 388 452 344 350 340 358 356 352 364 524 425 292 312

Solids, Total Suspended mg/l - 17 15 14 <5.0 26.5 24 9 38.5 30 36.8 - - 13 10 14 <5.0
Sulfate mg/l * - - - - - - - - - - 53.2 52.3 - - 54.7 55
pH su - 8.63 a 8.35 a 8.82 a 7.66 a 8.4 8.55 8.47 a 8.58 a 8.32 8.29 - - 8.11 8.07 8.88 8.43

Footnotes:

Table 6.  Summary of Little Creek Analytical Results

GC/MS Volatiles (SW846 8260B)

Client Sample ID:

Surface Water Surface Water Surface WaterMatrix: Surface Water Surface Water

SW_LC_DOWNSTREAM1 SW_LC_DOWNSTREAM1SW_LC_UPSTREAM1

Surface Water

SW_LC_UPSTREAM1

Surface Water

SW_LC_UPSTREAM2

Surface Water Surface Water

SW_LC_DOWNSTREAM_S
PRING

SW_LC_DOWNSTREAM1

Surface Water

a Analysis performed past the required 15 minutes from collection time/holding time.

Surface Water

SW_LC_DOWNSTREAM_2SW_LC_UPSTREAM_1SW_LC_DOWNSTREAM1SW_LC_UPSTREAM1MOC_DOWNSTREAM_2MOC_UP STREAM_1SW_LC_DOWNSTREAM1

Surface Water

SW_LC_UPSTREAM1SW_LC_UPSTREAM1

Surface Water Surface Water Surface Water Surface Water
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DRILLING AND WELL INSTALLATION PROGRAM 
 

1.0 INVESTIGATORY DRILLING 

The 32C investigative program described herein was performed based on the Golder Technical 

Procedures provided in the Work Plan.  Representative photos of the field program are provided in 

Appendix A-2.  Investigatory drilling used a SIMCO 9100 truck-mounted drilling rig, compressed air for 

removing drill cuttings, and a BelAir in-line air filtration system.  As described in Section 3, all borings 

were completed as groundwater monitoring wells. 

Boreholes MW-1 and MW-3 were advanced using a 4 5/8-inch diameter split tube air rotary drilling 

method.  This drilling method uses a coring mechanism to recover rock core samples for geological 

logging.  It is also designed to remove drill cuttings using air rather than water, allowing observations for 

groundwater to occur.  Borehole MW-3 was advanced to 185 feet below ground surface (bgs) and 

reaming was completed on June 18, 2013.  Borehole MW-1 was advanced to a depth of 170 feet bgs and 

reaming was completed on June 20, 2013.  The upper 19 feet of these boreholes were advanced with a 

7 7/8-inch diameter tricone drill bit and temporary casing was set to approximately 19 feet bgs with 

7 7/8-inch diameter casing in order to prevent caving during air coring.  These boreholes were reamed 

using a 5 5/8-inch diameter drag drill bit. 

Boreholes MW-2, MW-3A and MW-4 were advanced using air rotary drilling methods.  This method 

advanced the boreholes at a more efficient rate than air coring, however intact rock core samples were 

not recovered.  Geological characterization of these boreholes was limited to observation of drill cuttings.  

Borehole MW-2 was advanced to 197 feet bgs, with drilling completed on June 23, 2013.  Borehole 

MW-3A was advanced to 215 feet bgs, with drilling completed on June 22, 2013.  Borehole MW-4 was 

advanced to 240 feet bgs, with drilling completed on June 25, 2013.   

Drilling of MW-1 and MW-3 using air coring methods was planned.  This method of drilling injects 

compressed air into the corehole to remove drill cuttings while advancing the corehole. This method 

allows for the recovery of rock core and the observation of moisture conditions for evidence of 

groundwater.  However, drilling with air alone did not allow the drill cuttings to be removed from the 

corehole, so clean water was injected into the air stream to aid in removal of cuttings.  The introduction of 

water into the coreholes made it difficult to observe moisture conditions of the material.  Therefore, 

groundwater observations were made based on drilling action, return of the air, water and cuttings, and 

trace evidence of groundwater movement through the rock core such as staining, fracture zones and 

fracture face weathering.  At depth zones with evidence of groundwater, drilling was halted and 

groundwater levels were recorded using a water level meter.   
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2.0 GEOLOGICAL LOGGING 

Rock core recovered from boreholes MW-1 and MW-3 was examined and logged based on Golder 

Technical Procedure TP-1.2-1.  This provided information about the hydrogeologic properties and rock 

structure in support of monitoring well design and installation. In addition, information about groundwater 

flow paths was provided by observing where fracture zones are located, discontinuity types, discontinuity 

aperture thicknesses, and evidence of staining and weathering of discontinuity surfaces.   

Golder observed and recorded geological information for the rock core recovered from boreholes MW-1 

and MW-3.  Three-inch diameter rock core was recovered using a split tube sampling system.  Three split 

tubes were available during drilling, which allowed the recovered rock core to be logged in the tubes by 

Golder while the borehole was being advanced.  Rock core data collection included: 

 Rock Quality Designation (RQD) 

 Total Core Recovery 

 Number of Joints per Foot 

 Rock Type and Description 

 Discontinuity Type and Description 

Each core run was observed and logged for geological properties, placed in core-boxes, photographed, 

and archived in MOC storage.   Geological data were electronically recorded on a field tablet computer 

using geological logging software.  Borehole logs containing the observed and recorded geological 

properties are provided in Appendix A-4.  Rock core photos are provided in Appendix A-3.   

Geological samples collected from boreholes MW-3 and MW-1 were scanned for Volatile Organic 

Compounds (VOCs) using a Photoionization Detector (PID).  No VOCs were detected in the samples 

collected from these boreholes.   

3.0 GROUNDWATER MONITORING WELLS 

Groundwater monitoring wells at 32C were designed and installed based on field observations of 

saturated zones during borehole advancement and associated water level measurements.  Golder 

verified well construction depths using a weighted tape measure and also based on tremie pipe stickup 

measurements.  Well construction details were recorded in a field book, and well construction summaries 

are provided in Appendix A-5.  

Groundwater monitoring wells were installed using 2-inch ID, threaded, flush-joint, schedule 80 polyvinyl 

chloride (PVC) casing in 20-foot long sections.  Screen zones were constructed with 30 to 50 feet of 

10-foot long sections of 2-inch ID, threaded, flush-joint, schedule 80, PVC screen, perforated with 

0.010-inch wide milled slots.  Stainless steel centralizers were installed at 10-foot intervals along the 
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screened zones. The bottoms of the well screens were fitted with a 2-inch ID end cap.  The tops of the 

wells were extended approximately 2 to 3 feet above the ground surface and 2-inch J-Plugs sealed the 

top of each well.  The annular space around the well screen was backfilled with 10/20 filter sand, which 

was tremie-fed around the well screen until it extended approximately 5 feet above the top of the screen 

interval.  Above the sand pack, time-released ¼-inch diameter bentonite pellets were tremie-fed until the 

bentonite seal extended to approximately 5 feet above the top of the sand pack.  The bentonite pellets 

were hydrated using potable water and allowed to set for a minimum of 24 hours prior to sealing the 

remaining annulus.  Above the bentonite pellets, fine filter sand was tremie-fed until it extended 

approximately 1 foot above the top of the bentonite pellets.  The remainder of the annulus was backfilled 

with a Type II Portland cement and 5% bentonite gel grout mixture that was tremie-fed.  Protective 

lockable steel covers were placed over the PVC riser.  The protective covers are 6 inches in diameter and 

5 feet in length, with approximately 2 feet of the steel cover cemented bgs.  A concrete pad and three, 

6-inch diameter protective bollards were placed around each of the protective covers.   

Monitoring well boreholes were completed with a 5 7/8 inch diameter annulus.  Monitoring well MW-1 was 

completed to 138.0 feet bgs with its screen set between 97.7 and 137.7 feet bgs, on June 21, 2013.  The 

MW-1 borehole extended to 170 feet bgs.  The over-drilled section of this borehole was backfilled with 

filter sand and a bentonite plug from 142 to 149 feet bgs.  Monitoring well MW-2 was completed to 

192.2 feet bgs with its screen set between 161.9 and 191.9 feet bgs, on June 24, 2013.  Monitoring well 

MW-3 was completed to 181.4 feet bgs with its screen set between 131.0 and 181.0 feet bgs, on June 18, 

2013.  MW-3 did not produce any water after installation and was decommissioned by removing the top 

20 feet of the PVC well casing and backfilling with a Type II Portland Cement and 5% bentonite gel grout 

mixture that was tremie-fed.  Monitoring well MW-3A was completed to 211.7 feet bgs with its screen set 

between 181.4 and 211.4 feet bgs, on June 27, 2013.  The MW-3A borehole extended to 215 feet bgs 

and the over drilled section of this borehole was backfilled with filter sand.  Monitoring well MW-4 was 

completed to 239.5 feet bgs with its screen set between 189.2 and 239.2 feet bgs, on June 25, 2013.   
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Marathon Oil Company 32C Produced Water Pond 

PHOTO 1 

D.A. Smith Drilling 
Company 
SIMCO 9100 Drill Rig 

PHOTO 2 

Inline air filters 
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Marathon Oil Company 32C Produced Water Pond 

PHOTO 3 

Decontaminating core 
barrel and split tube 
assembly with power 
washer and Alconox 

PHOTO 4 

Installing 7 7/8-inch 
temporary casing  



November 2013 3 130-0253

 

 

i:\13\1300253\0400\017 r03 rev1_gwrep_fnl-14nov13\appendices\app a\a2\app a-2 - rep photos.docx  

Marathon Oil Company 32C Produced Water Pond 

PHOTO 5 

Placing rock core barrel 
through temporary casing 

 

PHOTO 6 

Split tube core barrel 
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Marathon Oil Company 32C Produced Water Pond 

PHOTO 7 

Split tube core barrel 
opened with core 

PHOTO 8 

Drag bit for reaming air core 
boreholes 
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Marathon Oil Company 32C Produced Water Pond 

PHOTO 9 

Tricone roller bit for 
advancing air rotary 
boreholes  

 

PHOTO 10 

Advancing air rotary 
borehole 
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Marathon Oil Company 32C Produced Water Pond 

PHOTO 11 

Cuttings piles for logging of 
air rotary boreholes 

PHOTO 12 

Outwash from rock core 
boreholes 
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Marathon Oil Company 32C Produced Water Pond 

PHOTO 13 

Monitoring well screen 
preparation with centralizers 

PHOTO 14 

Monitoring well installation 
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Marathon Oil Company 32C Produced Water Pond 

PHOTO 15 

Filter sand placed through 
tremie pipe 

PHOTO 16 

Time release bentonite 
pellets  
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Marathon Oil Company 32C Produced Water Pond 

PHOTO 17 

Portland cement used in 
grout mixture 

PHOTO 18 

Bentonite gel used in grout 
mixture 
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Marathon Oil Company 32C Produced Water Pond 

PHOTO 19 

Installing grout to seal 
monitoring well annular 
space 

PHOTO 20 

Example of monitoring well 
surface completion 
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MW-1
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PHOTO 1 

MW-1 (19.0-22.7 FT) 

PHOTO 2 

MW-1 (22.7-26.4 FT) 

PHOTO 3 

MW-1 (26.4-30.2 FT) 
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Marathon Oil Company 32C Produced Water Pond 
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PHOTO 4 

MW-1 (30.2-33.8 FT) 

PHOTO 5 

MW-1 (33.8-37.7 FT) 

PHOTO 6 

MW-1 (37.7-41.4 FT) 
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Marathon Oil Company 32C Produced Water Pond 
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PHOTO 7 

MW-1 (41.4-45.3 FT) 

PHOTO 8 

MW-1 (45.3-48.8 FT) 

PHOTO 9 

MW-1 (48.8-52.5 FT) 
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Marathon Oil Company 32C Produced Water Pond 
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PHOTO 10 

MW-1 (52.5-56.7 FT) 

PHOTO 11 

MW-1 (56.7-60.3 FT) 

PHOTO 12 

MW-1 (60.3-64.1 FT) 
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Marathon Oil Company 32C Produced Water Pond 
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PHOTO 13 

MW-1 (64.1-67.7 FT) 

PHOTO 14 

MW-1 (67.7-71.2 FT) 

PHOTO 15 

MW-1 (71.2-75.0 FT) 
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PHOTO 16 

MW-1 (75.0-78.4 FT) 

PHOTO 17 

MW-1 (78.4-82.2 FT) 

PHOTO 18 

MW-1 (82.2-86.1 FT) 



November 2013  Core Photos 130-0253

Marathon Oil Company 32C Produced Water Pond 

 

i:\13\1300253\0400\017 r03 rev1_gwrep_fnl-14nov13\appendices\app a\a3\app a-3 - core photos.docx  

PHOTO 19 

MW-1 (86.1-89.7 FT) 

PHOTO 20 

MW-1 (89.7-92.3 FT) 

PHOTO 21 

MW-1 (92.3-96.7 FT) 
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PHOTO 22 

MW-1 (96.7-100.2 FT) 

PHOTO 23 

MW-1 (100.2-103.9 FT) 

PHOTO 24 

MW-1 (103.9-107.4 FT) 



November 2013  Core Photos 130-0253

Marathon Oil Company 32C Produced Water Pond 

 

i:\13\1300253\0400\017 r03 rev1_gwrep_fnl-14nov13\appendices\app a\a3\app a-3 - core photos.docx  

PHOTO 25 

MW-1 (107.4-111.0 FT) 

PHOTO 26 

MW-1 (111.0-115.0 FT) 

PHOTO 27 

MW-1 (115.0-118.6 FT) 
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PHOTO 28 

MW-1 (118.6-122.6 FT) 

PHOTO 29 

MW-1 (122.6-126.0 FT) 

PHOTO 30 

MW-1 (126.0-129.7 FT) 
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PHOTO 31 

MW-1 (129.7-133.2 FT) 

PHOTO 32 

MW-1 (133.2-136.8 FT) 

PHOTO 33 

MW-1 (136.8-140.9 FT) 
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PHOTO 34 

MW-1 (140.9-144.6 FT) 

PHOTO 35 

MW-1 (144.6-147.9 FT) 

PHOTO 36 

MW-1 (147.9-152.0 FT) 
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PHOTO 37 

MW-1 (152.0-155.7 FT) 

PHOTO 38 

MW-1 (155.7-163.0 FT) 

PHOTO 39 

MW-1 (163.0-167.2 FT) 
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PHOTO 40 

MW-1 (167.2-170.0 FT) 
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PHOTO 1 

MW-3 (19.0-22.3 FT) 

PHOTO 2 

MW-3 (22.3-27.7 FT) 

PHOTO 3 

MW-3 (27.7-31.6 FT) 
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PHOTO 4 

MW-3 (31.6-35.0 FT) 

PHOTO 5 

MW-3 (35.0-38.8 FT) 

PHOTO 6 

MW-3 (38.8-42.5 FT) 
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PHOTO 7 

MW-3 (42.5-46.3 FT) 

PHOTO 8 

MW-3 (46.3-50.0 FT) 

PHOTO 9 

MW-3 (50.0-53.4 FT) 
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PHOTO 10 

MW-3 (53.4-57.7 FT) 

PHOTO 11 

MW-3 (57.7-61.0 FT) 

PHOTO 12 

MW-3 (61.0-64.6 FT) 
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MW-3 (64.6-68.5 FT) 
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MW-3 (68.5-72.4 FT) 

PHOTO 15 

MW-3 (72.4-76.7 FT) 
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MW-3 (76.7-80.6 FT) 

PHOTO 17 

MW-3 (80.6-84.3 FT) 

PHOTO 18 

MW-3 (84.3-93.5 FT) 
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MW-3 (93.5-97.6 FT) 

PHOTO 20 

MW-3 (97.6-101.6 FT) 

PHOTO 21 

MW-3 (101.6-105.2 FT) 
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MW-3 (105.2-108.6 FT) 

PHOTO 23 

MW-3 (108.6-112.2 FT) 

PHOTO 24 

MW-3 (112.2-116.1 FT) 
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PHOTO 25 

MW-3 (116.1-119.8 FT) 

PHOTO 26 

MW-3 (119.8-123.0 FT) 

PHOTO 27 

MW-3 (123.0-126.5 FT) 
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PHOTO 28 

MW-3 (126.5-130.0 FT) 

PHOTO 29 

MW-3 (130.0-133.9 FT) 

PHOTO 30 

MW-3 (133.9-137.1 FT) 
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PHOTO 31 

MW-3 (137.1-141.0 FT) 

PHOTO 32 

MW-3 (141.0-144.4 FT) 

PHOTO 33 

MW-3 (144.4-148.1 FT) 
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PHOTO 34 

MW-3 (148.1-152.5 FT) 

PHOTO 35 

MW-3 (152.5-156.4 FT) 

PHOTO 36 

MW-3 (156.4-160.3 FT) 
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PHOTO 37 

MW-3 (160.3-164.1 FT) 

PHOTO 38 

MW-3 (164.1-168.2 FT) 

PHOTO 39 

MW-3 (168.2-171.8 FT) 
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PHOTO 40 

MW-3 (171.8-176.0 FT) 

PHOTO 41 

MW-3 (176.0-179.8 FT) 

PHOTO 42 

MW-3 (179.8-183.5 FT) 
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PHOTO 43 

MW-3 (183.5-185.0 FT) 
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COREHOLE AND DRILLHOLE LOGS 
  



+2.98-97.7 feet - 2"
diameter, Schedule 80, PVC,
Flush Threaded, Casing

0-88 feet - Portland, Type 2,
with 5% bentonite gel

8330.2

8314.2

8298.2

19.6m - J - 68o - U to PL - R - calcite

20.3m - J - 74o - I - R - oxide staining
20.9m - J - 54o - I - R - oxide staining
21.1m - J - 46o - I - R - silt
21.9m - J - 63o - I - SM - oxide staining
22.1m - J - 72o - I - R - Fe staining

23m - J - 75o - I - R - clean

25.7m - RB - 74o - I - R - rubble

30.5m - J - 86o - C - R - calcite

32.7m - J - 62o - I - R - oxide staining

35.6m - J - 68o - PL - R - clean
35.8m - J - 62o - PL - R - clean
36.2m - J - 73o - PL - R - clean
36.4m - J - 85o - I - VR - clean
36.9m - J - 72o - I - R - oxide staining

38.2m - J - 65o - PL - R - clean

39.6m - J - 56o - I - R -  Fe

43.3m - J - 56o - I - R - oxide staining
43.5m - J - 56o - I - R - clean
43.6m - J - 56o - I - R - oxide staining

45.3m - J - 87o - U to PL - R - oxide staining
45.8m - J - 74o - I - R - silt
46m - RB - 83o - I - R - rubble

47.9m - J - 68o - ST - R - oxide staining

0.0-3.0 ft
FILL
Borehole was advanced from 0.0 to
19.0 ft using air rotary.  No rock
structure data was aquired.
Temporary casing set from 0.0 to
19.0 ft.
3.0-19.0 ft
ARGILLACEOUS SANDSTONE,
slightly weathered to moderately
weathered, bedded, pale green
gray, coarse grained to medium
grained, calcareous, R-3 to R-4

19.0-35.0 ft
SANDSTONE, slightly weathered to
moderately weathered, medium
bedded, yellow tan, iron oxide
staining, fine grained to medium
grained, R-3

35.0-55.0 ft
SANDSTONE, slightly weathered,
medium bedded, yellow tan and
light gray, iron oxide staining, fine
grained to coarse grained, R-3
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RECORD OF COREHOLE MW-1

TYPE and
SURFACE

DESCRIPTION

DISCONTINUITY DATA

ST-Stepped
I-Irregular
P-Polished
K-Slickensided

DRILL METHOD:  Air Rotary/Air Coring
DRILL RIG: SIMCO 9100
DRILL DATE: 6/18/2013 4:02:18 PM

PROJECT: Marathon - 32C Pond
PROJECT NUMBER: 130-0253
DRILLED DEPTH: 170.0 ft
LOCATION: SE corner of 32C Pad

WELL CONSTRUCTION
DETAILS

R
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.

ELEV.
(ft)

WELL CONSTRUCTION DETAILS
FO-Foliation
PL-Planar
C-Curved
U-Undulating

DRILLING COMPANY:  D.A. Smith Drilling
DRILLER:  Darryl Smith

GA INSPECTOR:  J. Kugel
CHECKED BY:  R. March
DATE:  7/1/2013

WELL
GRAPHICS

J-Joint
Fr-Fracture
RB-Rubble
BF-Bedding Fracture

INCLINATION:  -90
DEPTH W.L.:  103.85
ELEVATION W.L.:  8232.33
DATE W.L.:  8/15/2013

COORDINATES:
N:1,642,668.80   E: 2,240,781.20
GS ELEVATION:  8333.2 ft
TOC ELEVATION:  8336.2 ft
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88-89 feet - Fine Sand

89-94 feet - Time Released
Bentonite Chips

97.7-137.7 feet - 2"
diameter, Schedule 80, PVC,
0.010" Milled Slotted, Flush
Threaded, Screen

8278.2

8273.2

8258.2

8238.2

50.4m - RB - 87o - I - R - clay and gravel

55.4m - J - 73o - I - R - Fe staining
55.6m - J - 73o - PL - R - oxide staining
55.7m - J - 82o - PL - R - oxide staining
56.1m - BF - 68o - C - R - clean
56.7m - BF - 70o - C - R - clean
57.3m - BF - 81o - C - R - clean
57.5m - BF - 79o - C - R - clean

59m - J - 80o - U to PL - VR - oxide staining
59.2m - J - 84o - I - R - Fe staining
59.7m - J - 84o - I - R - Fe staining
60.2m - RB - 82o - I - R - rubble
60.9m - J - 81o - U to PL - SM - clean

62.8m - J - 40o - I - R - Fe staining

67.6m - J - 38o - C - R - clean

68.5m - J - 26o - I - R - clean

71.9m - BF - 83o - U to PL - R - oxide
staining

73.9m - BF - 88o - I - R - clean

75.6m - J - 21o - U to PL - R - Fe staining

77.3m - J - 36o - U to PL - R - oxide staining
77.7m - J - 80o - I - R - strong Fe staining

78.6m - J - 34o - I - VR
79m - J - 34o - U to PL - R - oxide staining

79.8m - BF - 83o - I - R - clean

83.3m - J - 82o - I - R - oxide staining

84.1m - J - 84o - I - R - Fe staining

91.6m - J - 70o - I - R - Fe staining

93m - J - 74o - I - R - Fe staining
93.2m - J - 78o - PL - R - oxide staining

95.8m - J - 63o - I - R - oxide staining

96.7m - J - 81o - I - R - oxide staining

97.5m - J - 78o - I - R - clean
97.6m - RB - 87o - I - R - rubble
98.4m - J - 77o - I - R - clean

35.0-55.0 ft
SANDSTONE, slightly weathered,
medium bedded, yellow tan and
light gray, iron oxide staining, fine
grained to coarse grained, R-3
(Continued)

55.0-60.0 ft
SANDSTONE, slightly weathered,
medium bedded, yellow tan and
light gray, iron oxide staining, fine
grained to coarse grained, R-3

60.0-75.0 ft
SANDSTONE, slightly weathered,
thinly bedded, light gray, very fine
grained to fine grained, R-3

75.0-95.0 ft
SANDSTONE, slightly weathered,
thinly bedded, light gray, iron oxide
staining, fine grained to medium
grained, R-3

95.0-115.0 ft
SANDSTONE, slightly weathered,
medium bedded, light gray, fine
grained to coarse grained, R-3
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RECORD OF COREHOLE MW-1

TYPE and
SURFACE

DESCRIPTION

DISCONTINUITY DATA

ST-Stepped
I-Irregular
P-Polished
K-Slickensided

DRILL METHOD:  Air Rotary/Air Coring
DRILL RIG: SIMCO 9100
DRILL DATE: 6/18/2013 4:02:18 PM

PROJECT: Marathon - 32C Pond
PROJECT NUMBER: 130-0253
DRILLED DEPTH: 170.0 ft
LOCATION: SE corner of 32C Pad

WELL CONSTRUCTION
DETAILS

R
U

N
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.
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(ft)

WELL CONSTRUCTION DETAILS
FO-Foliation
PL-Planar
C-Curved
U-Undulating

DRILLING COMPANY:  D.A. Smith Drilling
DRILLER:  Darryl Smith

GA INSPECTOR:  J. Kugel
CHECKED BY:  R. March
DATE:  7/1/2013

WELL
GRAPHICS

J-Joint
Fr-Fracture
RB-Rubble
BF-Bedding Fracture

INCLINATION:  -90
DEPTH W.L.:  103.85
ELEVATION W.L.:  8232.33
DATE W.L.:  8/15/2013

COORDINATES:
N:1,642,668.80   E: 2,240,781.20
GS ELEVATION:  8333.2 ft
TOC ELEVATION:  8336.2 ft

JU
N

E
 2

01
3 

M
O

C
 R

O
C

K
 L

IT
H

O
LO

G
Y

/W
E

LL
  I

M
P

O
R

T
.G

P
J 

 2
01

3 
A

M
U

LS
A

R
.G

D
T

  9
/1

2/
13



Centralizer

Centralizer

94-138 feet - 10/20 Filter
Sand

Centralizer

Centralizer

137.7-140.0 feet - 2"
diameter, Schedule 80, PVC,
Flush Threaded, End Cap

138-142 feet - 10/20 Filter
Sand Backfill

142-149 feet - Time
Released Bentonite Chips

8218.2

8198.2

103.2m - J - 88o - C - R - clean

104.7m - BF - 85o - I - R - clean

107.5m - J - 80o - I - R - clean

108.9m - J - 76o - U to PL - R - clean
109.5m - BF - 82o - I - R - clean
109.8m - BF - 82o - I - R - clean
110.1m - BF - 64o - I - R - clean
110.4m - BF - 84o - I - R - clean
110.7m - BF - 87o - I - R - clean
111m - BF - 79o - I - R - clean
111.4m - BF - 76o - I - R - clean
111.8m - BF - 87o - I - R - clean
112.4m - RB - 87o - I - R - rubble
113.2m - BF - 80o - I - R - clean
113.6m - BF - 80o - I - R - clean
113.8m - BF - 80o - I - R - clean
114.2m - RB - 87o - I - R - rubble

115.9m - BF - 80o - I - R - clean
116.4m - BF - 72o - I - R - clean
116.8m - BF - 80o - I - R - clean

117.5m - J - 23o - I - R - oxide staining

118.2m - J - 32o - U to PL - R - clean

120.3m - J - 22o - U to PL - R - Fe staining

123m - BF - 82o - I - R - clean

123.9m - J - 42o - C - R - clean
124.3m - BF - 79o - I - R - clean
124.9m - BF - 85o - I - R - clean
125.3m - J - 42o - U to PL - R - oxide
staining

132.8m - J - 88o - I - R - silt

133.5m - J - 76o - C - SM - clean
133.6m - J - 80o - PL - SM - clean
133.7m - J - 80o - PL - SM - clean
133.8m - J - 80o - PL - SM - clean
134m - J - 80o - PL - SM - clean
134.2m - J - 80o - PL - SM - clean
135.1m - BF - 90o - PL - SM - Set of 4 bed.
fract.
135.6m - BF - 90o - PL - SM - Set of  5 bed.
fract.

139.8m - BF - 88o - U - R - silt

144m - J - 82o - U - R - clean

147.7m - J - 83o - I - R - mica

95.0-115.0 ft
SANDSTONE, slightly weathered,
medium bedded, light gray, fine
grained to coarse grained, R-3
(Continued)

115.0-135.0 ft
SANDSTONE, fresh rock, medium
bedded, light gray, fine grained to
coarse grained, R-3

135.0-155.0 ft
SANDSTONE, fresh rock, thinly
bedded, light gray, very fine grained
to medium grained, R-3 to R-4
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R-8
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RECORD OF COREHOLE MW-1

TYPE and
SURFACE

DESCRIPTION

DISCONTINUITY DATA

ST-Stepped
I-Irregular
P-Polished
K-Slickensided

DRILL METHOD:  Air Rotary/Air Coring
DRILL RIG: SIMCO 9100
DRILL DATE: 6/18/2013 4:02:18 PM

PROJECT: Marathon - 32C Pond
PROJECT NUMBER: 130-0253
DRILLED DEPTH: 170.0 ft
LOCATION: SE corner of 32C Pad

WELL CONSTRUCTION
DETAILS
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WELL CONSTRUCTION DETAILS
FO-Foliation
PL-Planar
C-Curved
U-Undulating

DRILLING COMPANY:  D.A. Smith Drilling
DRILLER:  Darryl Smith

GA INSPECTOR:  J. Kugel
CHECKED BY:  R. March
DATE:  7/1/2013

WELL
GRAPHICS

J-Joint
Fr-Fracture
RB-Rubble
BF-Bedding Fracture

INCLINATION:  -90
DEPTH W.L.:  103.85
ELEVATION W.L.:  8232.33
DATE W.L.:  8/15/2013

COORDINATES:
N:1,642,668.80   E: 2,240,781.20
GS ELEVATION:  8333.2 ft
TOC ELEVATION:  8336.2 ft
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149-170 feet - 10/20 Filter
Sand Backfill

8178.2

8163.2

153.4m - J - 76o - I - R - oxide staining

135.0-155.0 ft
SANDSTONE, fresh rock, thinly
bedded, light gray, very fine grained
to medium grained, R-3 to R-4
(Continued)

155.0-170.0 ft
SANDSTONE, fresh rock, thinly
bedded, light gray, very fine grained
to fine grained, R-3 to R-4
155 ft: Core too  badly spun to
identify discontinuities or RQD
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R-9
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11.8
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ROCK TYPE
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FRACTURES
PER FOOT

CA-Calcite
CL-Clay
CT-Contact
RD-Redrilled
Fe-Iron Oxides
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Fr-Fracture
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RECORD OF COREHOLE MW-1

TYPE and
SURFACE

DESCRIPTION

DISCONTINUITY DATA

ST-Stepped
I-Irregular
P-Polished
K-Slickensided

DRILL METHOD:  Air Rotary/Air Coring
DRILL RIG: SIMCO 9100
DRILL DATE: 6/18/2013 4:02:18 PM

PROJECT: Marathon - 32C Pond
PROJECT NUMBER: 130-0253
DRILLED DEPTH: 170.0 ft
LOCATION: SE corner of 32C Pad

WELL CONSTRUCTION
DETAILS

R
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N
 N

O
.

ELEV.
(ft)

WELL CONSTRUCTION DETAILS
FO-Foliation
PL-Planar
C-Curved
U-Undulating

DRILLING COMPANY:  D.A. Smith Drilling
DRILLER:  Darryl Smith

GA INSPECTOR:  J. Kugel
CHECKED BY:  R. March
DATE:  7/1/2013

WELL
GRAPHICS

J-Joint
Fr-Fracture
RB-Rubble
BF-Bedding Fracture

INCLINATION:  -90
DEPTH W.L.:  103.85
ELEVATION W.L.:  8232.33
DATE W.L.:  8/15/2013

COORDINATES:
N:1,642,668.80   E: 2,240,781.20
GS ELEVATION:  8333.2 ft
TOC ELEVATION:  8336.2 ft
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+2.70- 161.9 feet - 2"
diameter, Schedule 80, PVC,
Flush Threaded, Casing

0-152 feet - Portland, Type
2, with 5% bentonite gel

8361.1

0.0-3.0 ft
TOPSOIL 0.0 ft

3.0-60.0 ft
SANDSTONE, tan, fine grained to
coarse grained

2 4 6 8 10

ROCK TYPE
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FRACTURES
PER FOOT

CA-Calcite
CL-Clay
CT-Contact
RD-Redrilled
Fe-Iron Oxides

SM-Smooth
R-Rough
VR-V.Rough
Fr-Fracture
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RECORD OF COREHOLE MW-2

TYPE and
SURFACE

DESCRIPTION

DISCONTINUITY DATA

ST-Stepped
I-Irregular
P-Polished
K-Slickensided

DRILL METHOD:  Air Rotary
DRILL RIG: SIMCO 9100
DRILL DATE: 6/23/2013 9:20:59 AM

PROJECT: Marathon - 32C Pond
PROJECT NUMBER: 130-0253
DRILLED DEPTH: 197.0 ft
LOCATION: On ridge above pond, by Tower
6

WELL CONSTRUCTION
DETAILS

R
U

N
 N

O
.

ELEV.
(ft)

WELL CONSTRUCTION DETAILS
FO-Foliation
PL-Planar
C-Curved
U-Undulating

DRILLING COMPANY:  D.A. Smith Drilling
DRILLER:  Darryl Smith

GA INSPECTOR:  J. Kugel
CHECKED BY:  R. March
DATE:  7/1/2013

WELL
GRAPHICS

J-Joint
Fr-Fracture
RB-Rubble
BF-Bedding Fracture

INCLINATION:  -90
DEPTH W.L.:  171.23
ELEVATION W.L.:  8195.57
DATE W.L.:  8/15/2013

COORDINATES:
N:1,643,125.90   E: 2,240,955.80
GS ELEVATION:  8364.1 ft
TOC ELEVATION:  8366.8 ft
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8304.1

3.0-60.0 ft
SANDSTONE, tan, fine grained to
coarse grained (Continued)

55 ft: Moist

60.0-197.0 ft
SANDSTONE, tan and gray, very
fine grained to medium grained
60 ft: Gray siltstone chips

65 ft: Discharge of cuttings in clods,
indicating increased moisture

91 ft: Possible high transmissivity
zone, small loss of circulation and
highest point to which second air lift
was  able to reach

2 4 6 8 10

ROCK TYPE
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FRACTURES
PER FOOT

CA-Calcite
CL-Clay
CT-Contact
RD-Redrilled
Fe-Iron Oxides

SM-Smooth
R-Rough
VR-V.Rough
Fr-Fracture
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RECORD OF COREHOLE MW-2

TYPE and
SURFACE

DESCRIPTION

DISCONTINUITY DATA

ST-Stepped
I-Irregular
P-Polished
K-Slickensided

DRILL METHOD:  Air Rotary
DRILL RIG: SIMCO 9100
DRILL DATE: 6/23/2013 9:20:59 AM

PROJECT: Marathon - 32C Pond
PROJECT NUMBER: 130-0253
DRILLED DEPTH: 197.0 ft
LOCATION: On ridge above pond, by Tower
6

WELL CONSTRUCTION
DETAILS
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N
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(ft)

WELL CONSTRUCTION DETAILS
FO-Foliation
PL-Planar
C-Curved
U-Undulating

DRILLING COMPANY:  D.A. Smith Drilling
DRILLER:  Darryl Smith

GA INSPECTOR:  J. Kugel
CHECKED BY:  R. March
DATE:  7/1/2013

WELL
GRAPHICS

J-Joint
Fr-Fracture
RB-Rubble
BF-Bedding Fracture

INCLINATION:  -90
DEPTH W.L.:  171.23
ELEVATION W.L.:  8195.57
DATE W.L.:  8/15/2013

COORDINATES:
N:1,643,125.90   E: 2,240,955.80
GS ELEVATION:  8364.1 ft
TOC ELEVATION:  8366.8 ft

JU
N

E
 2

01
3 

M
O

C
 R

O
C

K
 L

IT
H

O
LO

G
Y

/W
E

LL
  I

M
P

O
R

T
.G

P
J 

 2
01

3 
A

M
U

LS
A

R
.G

D
T

  9
/1

2/
13



60.0-197.0 ft
SANDSTONE, tan and gray, very
fine grained to medium grained
(Continued)

140 ft: Moist cuttings, iron staining
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ROCK TYPE

G
R

A
P

H
IC

 L
O

G

RQD
%

FRACTURES
PER FOOT

CA-Calcite
CL-Clay
CT-Contact
RD-Redrilled
Fe-Iron Oxides

SM-Smooth
R-Rough
VR-V.Rough
Fr-Fracture
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RECORD OF COREHOLE MW-2

TYPE and
SURFACE

DESCRIPTION

DISCONTINUITY DATA

ST-Stepped
I-Irregular
P-Polished
K-Slickensided

DRILL METHOD:  Air Rotary
DRILL RIG: SIMCO 9100
DRILL DATE: 6/23/2013 9:20:59 AM

PROJECT: Marathon - 32C Pond
PROJECT NUMBER: 130-0253
DRILLED DEPTH: 197.0 ft
LOCATION: On ridge above pond, by Tower
6

WELL CONSTRUCTION
DETAILS

R
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N
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O
.

ELEV.
(ft)

WELL CONSTRUCTION DETAILS
FO-Foliation
PL-Planar
C-Curved
U-Undulating

DRILLING COMPANY:  D.A. Smith Drilling
DRILLER:  Darryl Smith

GA INSPECTOR:  J. Kugel
CHECKED BY:  R. March
DATE:  7/1/2013

WELL
GRAPHICS

J-Joint
Fr-Fracture
RB-Rubble
BF-Bedding Fracture

INCLINATION:  -90
DEPTH W.L.:  171.23
ELEVATION W.L.:  8195.57
DATE W.L.:  8/15/2013

COORDINATES:
N:1,643,125.90   E: 2,240,955.80
GS ELEVATION:  8364.1 ft
TOC ELEVATION:  8366.8 ft
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152-153 feet - Fine Sand

153-158 feet - Time
Released Bentonite Chips

Centralizer

161.9-191.9 feet - 2"
diameter, Schedule 80, PVC,
0.010" Milled Slotted, Flush
Threaded, Screen

Centralizer

158-192 feet - 10/20 Filter
Sand

Centralizer

191.9-192.2 feet - 2"
diameter, Schedule 80, PVC,
Flush Threaded, End Cap

192-197 feet - 10/20 Filter
Sand Backfill

8167.1

60.0-197.0 ft
SANDSTONE, tan and gray, very
fine grained to medium grained
(Continued)

165 ft: Oxide staining

191 ft: Wet cuttings, mud on rods
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ROCK TYPE
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FRACTURES
PER FOOT

CA-Calcite
CL-Clay
CT-Contact
RD-Redrilled
Fe-Iron Oxides

SM-Smooth
R-Rough
VR-V.Rough
Fr-Fracture
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RECORD OF COREHOLE MW-2

TYPE and
SURFACE

DESCRIPTION

DISCONTINUITY DATA

ST-Stepped
I-Irregular
P-Polished
K-Slickensided

DRILL METHOD:  Air Rotary
DRILL RIG: SIMCO 9100
DRILL DATE: 6/23/2013 9:20:59 AM

PROJECT: Marathon - 32C Pond
PROJECT NUMBER: 130-0253
DRILLED DEPTH: 197.0 ft
LOCATION: On ridge above pond, by Tower
6

WELL CONSTRUCTION
DETAILS

R
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N
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.

ELEV.
(ft)

WELL CONSTRUCTION DETAILS
FO-Foliation
PL-Planar
C-Curved
U-Undulating

DRILLING COMPANY:  D.A. Smith Drilling
DRILLER:  Darryl Smith

GA INSPECTOR:  J. Kugel
CHECKED BY:  R. March
DATE:  7/1/2013

WELL
GRAPHICS

J-Joint
Fr-Fracture
RB-Rubble
BF-Bedding Fracture

INCLINATION:  -90
DEPTH W.L.:  171.23
ELEVATION W.L.:  8195.57
DATE W.L.:  8/15/2013

COORDINATES:
N:1,643,125.90   E: 2,240,955.80
GS ELEVATION:  8364.1 ft
TOC ELEVATION:  8366.8 ft
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+ (?)-131 feet - 2" diameter,
Schedule 80, PVC, Flush
Threaded, Casing

0-119.5 feet - Portland, Type
2, with 5% bentonite gel

8330.7

8314.7

8296.2

20.7m - J - 70o - ST to U - R

21.9m - J - 43o - U - R - Fe staining

23.7m - J - 60o - U - R - Ca
24.2m - J - 64o - U - R
24.6m - J - 77o - U - R - Fe staining

27.5m - J - 38o - ST to U - R - Ca and Fe
coated
27.8m - RB - 30o - ST to U - R - clay and
gravel
28.8m - J - 60o - PL - R - Fe staining

33.5m - J - 30o - PL - R to SM - clay
33.9m - J - 49o - PL - R to SM - Fe staining
34.1m - J - 54o - PL - R to SM - Fe staining
34.3m - J - 57o - PL - R to SM - Fe staining
34.6m - J - 63o - PL - R to SM - Fe staining
35.5m - J - 78o - PL - SM - clay
35.8m - J - 81o - U to PL - SM - clay

47.7m - J - 34o - U - R - calcite

48.8m - J - 30o - U - R - Fe staining

0.0-3.0 ft
FILL
Borehole was advanced from 0.0 to
19.0 ft using air rotary.  No rock
structure data was aquired.
Temporary casing set from 0.0 to
19.0 ft.
3.0-19.0 ft
SANDSTONE

19.0-37.5 ft
Silty  SANDSTONE, moderately
weathered to highly weathered, tan,
iron oxide staining, fine grained, R-2
to R-3

34.0 ft
SANDSTONE, 1ft thick fracture
zone with weak rock.

37.4-55.0 ft
SANDSTONE, slightly weathered,
thinly bedded, gray and tan, iron
oxide staining, fine grained to
medium grained, calcareous, R-3 to
R-4

R-1

R-2

R-3

R-4

R-5
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VR-V.Rough
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RECORD OF COREHOLE MW-3 (Initial)

TYPE and
SURFACE

DESCRIPTION

DISCONTINUITY DATA

ST-Stepped
I-Irregular
P-Polished
K-Slickensided

DRILL METHOD:  Air Rotary/Air Coring
DRILL RIG: SIMCO 9100
DRILL DATE: 6/13/2013 8:06:05 AM

PROJECT: Marathon - 32C Pond
PROJECT NUMBER: 130-0253
DRILLED DEPTH: 185.0 ft
LOCATION: West of 32C Pond

WELL CONSTRUCTION
DETAILS

R
U

N
 N

O
.

ELEV.
(ft)

WELL CONSTRUCTION DETAILS
FO-Foliation
PL-Planar
C-Curved
U-Undulating

DRILLING COMPANY:  D.A. Smith Drilling
DRILLER:  Darryl Smith

GA INSPECTOR:  J. Kugel
CHECKED BY:  R. March
DATE:  7/1/2013

WELL
GRAPHICS

J-Joint
Fr-Fracture
RB-Rubble
BF-Bedding Fracture

INCLINATION:  -90
DEPTH W.L.:  N/A
ELEVATION W.L.:  N/A
DATE W.L.:  N/A

COORDINATES: not surveyed
GS ELEVATION:  not surveyed
TOC ELEVATION:  not surveyed
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8278.7

8272.7

8246.7

8241.2

8238.7

50m - J - 84o - PL - R - clay
50.3m - J - 82o - PL - R - Fe staining

51.1m - J - 81o - PL - R - clay
51.2m - J - 84o - U - R - clay

52.9m - J - 88o - PL - R

54.5m - J - 39o - PL - R - Fe staining

55.6m - RB - 30o - ST to U - R - clay and
gravel
56.4m - RB - 90o - ST to U - R - clay and
gravel
57.5m - J - 75o - ST to U - R - Fe flakes
platy
57.8m - RB - 75o - ST to U - R - clay and
gravel
59m - J - 62o - PL - R to SM - clay
59.5m - J - 79o - U to PL - R - clay

60.5m - RB - 70o - ST to U - R - clay and
gravel
60.8m - J - 81o - U to PL - SM - clay

62.1m - J - 79o - I - R - oxide staining
62.6m - RB - 84o - I - VR - clay and gravel

64.1m - J - 84.o - I - R - oxide staining
64.3m - J - 76o - PL - R - sand
64.6m - J - 84o - U - R - clay
64.9m - J - 80o - U - R - clay
65.1m - J - 82o - U - R - clay
65.2m - J - 83o - U - R - clean
65.5m - J - 79o - PL - R - cemented
65.9m - J - 82o - C - VR - clean

68.9m - J - 81o - I - VR - oxide staining
69.2m - J - 79o - C - R - sand
69.3m - J - 79o - I - R - sand
69.5m - J - 85o - U - R - sand
69.9m - J - 74o - U - R - oxide staining
70.2m - RB - 58o - I - R - clay and gravel

73.5m - RB - 28o - PL - R - Fe stained

79.4m - J - 87o - rolled core

84.7m - J - 74o - I - R - oxide staining

37.4-55.0 ft
SANDSTONE, slightly weathered,
thinly bedded, gray and tan, iron
oxide staining, fine grained to
medium grained, calcareous, R-3 to
R-4 (Continued)

55.0-61.0 ft
Silty  SANDSTONE, slightly
weathered, thinly bedded, gray and
tan, iron oxide staining, fine grained
to medium grained, calcareous, R-3
to R-4

61.0-87.0 ft
SILICEOUS SANDSTONE, slightly
weathered to moderately
weathered, thinly bedded, gray, iron
oxide staining, fine grained to
medium grained, R-2 to R-3
61 ft: Rods getting stuck due to
build up of cuttings in annulus.
Began adding water to facilitate
borehole acvancement.

87.0-92.5 ft
NO CORE RECOVERED

92.5-95.0 ft
SILICEOUS SANDSTONE, slightly
weathered to moderately
weathered, thickly bedded, gray,
iron oxide staining, fine grained to
coarse grained, R-3 to R-4
95.0-100.0 ft
SILTSTONE, fresh rock, very thinly
bedded, gray, very fine grained, R-1
to R-2
95 ft: Highly factured zone with
breaks along lamination.
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RECORD OF COREHOLE MW-3 (Initial)

TYPE and
SURFACE

DESCRIPTION

DISCONTINUITY DATA

ST-Stepped
I-Irregular
P-Polished
K-Slickensided

DRILL METHOD:  Air Rotary/Air Coring
DRILL RIG: SIMCO 9100
DRILL DATE: 6/13/2013 8:06:05 AM

PROJECT: Marathon - 32C Pond
PROJECT NUMBER: 130-0253
DRILLED DEPTH: 185.0 ft
LOCATION: West of 32C Pond

WELL CONSTRUCTION
DETAILS

R
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.

ELEV.
(ft)

WELL CONSTRUCTION DETAILS
FO-Foliation
PL-Planar
C-Curved
U-Undulating

DRILLING COMPANY:  D.A. Smith Drilling
DRILLER:  Darryl Smith

GA INSPECTOR:  J. Kugel
CHECKED BY:  R. March
DATE:  7/1/2013

WELL
GRAPHICS

J-Joint
Fr-Fracture
RB-Rubble
BF-Bedding Fracture

INCLINATION:  -90
DEPTH W.L.:  N/A
ELEVATION W.L.:  N/A
DATE W.L.:  N/A

COORDINATES: not surveyed
GS ELEVATION:  not surveyed
TOC ELEVATION:  not surveyed
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119.5-126 feet - Time
Released Bentonite Chips

126-127 feet - Fine Sand

Centralizer

131-181 feet - 2" diameter,
Schedule 80, PVC, 0.010"
Milled Slotted, Flush
Threaded, Screen

Centralizer

8233.7

8221.7

8209.7

8201.3

8198.7

111.2m - J - 60o - U - VR - Fe staining

116.6m - J - 58o - I - R - clean

117.7m - RB - 9o - PL - R - Fe staining

119.4m - RB - 9o - U - R - Fe staining

123.3m - J - 38o - PL - R - oxide staining

128.2m - J - 73o - U - R - oxide staining

132.4m - J - 78o - PL - SM - oxide staining

133.4m - J - 80o - U - SM - clean

134.2m - J - 78o - PL - SM - calcite
134.4m - RB - 79o - I - VR - rubble

135.6m - BF - 80o - U - SM - clean
136.1m - BF - 80o - C - R - clean
136.2m - BF - 76o - U - R - clean
136.4m - BF - 76o - U to PL - R - Fe staining
137.2m - BF - 70o - PL - SM - Fe staining

139.1m - J - 68o - PL - R - calcite
139.2m - J - 81o - U - R - Fe staining

142.7m - J - 84o - PL - R - clean

143.5m - J - 90o - U to PL - R - pyrite
143.9m - J - 86o - U - SM - oxide staining

146.1m - J - 76o - PL - R - clean
146.6m - RB - 84o - I - VR - rubble

147.3m - J - 72o - I - VR - clean
147.5m - RB - 86o - C - VR - rubble
148.1m - RB - 80o - I - R - rubble
148.8m - BF - 80o - PL - R - clean
149.3m - BF - 83o - I - R - clean

100.0-112.0 ft
SILICEOUS SANDSTONE, fresh
rock, medium bedded, wavy,
fossiliferous, gray brown and brown,
iron oxide staining, fine grained to
coarse grained, R-2 to R-3

112.0-124.0 ft
SILTSTONE, fresh rock, very thinly
bedded, gray, very fine grained, R-3
to R-4

117 ft: Evidence of water in fault
zones.

124.0-132.4 ft
SANDSTONE, fresh rock, medium,
gray, very fine grained to medium
grained, R-4 to R-5

132.4-135.0 ft
SILTSTONE, fresh rock, very thinly
bedded, fossiliferous, olive, very
fine grained, R-2 to R-3,
Interbedded with coal
135.0-154.0 ft
SANDSTONE, fresh rock, thinly
foliated, wavy, gray, fine grained,
R-3 to R-4

138 ft: Lost water and air
circulation.

R-9

R-10

R-11

R-12

20.0

8.9

11.0

19.0

2 4 6 8 10

ROCK TYPE

G
R

A
P

H
IC
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G

RQD
%

FRACTURES
PER FOOT

CA-Calcite
CL-Clay
CT-Contact
RD-Redrilled
Fe-Iron Oxides

SM-Smooth
R-Rough
VR-V.Rough
Fr-Fracture
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DESCRIPTION
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RECORD OF COREHOLE MW-3 (Initial)

TYPE and
SURFACE

DESCRIPTION

DISCONTINUITY DATA

ST-Stepped
I-Irregular
P-Polished
K-Slickensided

DRILL METHOD:  Air Rotary/Air Coring
DRILL RIG: SIMCO 9100
DRILL DATE: 6/13/2013 8:06:05 AM

PROJECT: Marathon - 32C Pond
PROJECT NUMBER: 130-0253
DRILLED DEPTH: 185.0 ft
LOCATION: West of 32C Pond

WELL CONSTRUCTION
DETAILS

R
U

N
 N

O
.

ELEV.
(ft)

WELL CONSTRUCTION DETAILS
FO-Foliation
PL-Planar
C-Curved
U-Undulating

DRILLING COMPANY:  D.A. Smith Drilling
DRILLER:  Darryl Smith

GA INSPECTOR:  J. Kugel
CHECKED BY:  R. March
DATE:  7/1/2013

WELL
GRAPHICS

J-Joint
Fr-Fracture
RB-Rubble
BF-Bedding Fracture

INCLINATION:  -90
DEPTH W.L.:  N/A
ELEVATION W.L.:  N/A
DATE W.L.:  N/A

COORDINATES: not surveyed
GS ELEVATION:  not surveyed
TOC ELEVATION:  not surveyed
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127-181.4 feet - 10/20 Filter
Sand

Centralizer

Centralizer

Centralizer

181-181.4 feet - 2" diameter,
Schedule 80, PVC, Flush
Threaded, End Cap

181.4-185 feet - 10/20 Filter
Sand Backfill

8179.7

8148.7

149.6m - BF - 84o - I - R - clean
149.8m - BF - 84o - I - R - clean

151.2m - RB - 82o - I - R - clay and gravel

153.1m - BF - 80o - PL - R - Fe staining

157.6m - J - 41o - PL - R - clean

161m - J - 78o - I - R - clean

162.8m - J - 82o - U to PL - R - silt

164.2m - RB - 75o - I - R - rubble
164.4m - J - 28o - U to PL - SM - clean

165.6m - J - 85o - ST to U - SM - clean
165.7m - J - 72o - PL - R - oxide staining
166.2m - J - 80o - U to PL - R - silica

171.3m - J - 32o - C - SM - clean

135.0-154.0 ft
SANDSTONE, fresh rock, thinly
foliated, wavy, gray, fine grained,
R-3 to R-4 (Continued)

154.0-185.0 ft
SILICEOUS SANDSTONE, fresh
rock to slightly weathered, thickly
bedded, interbedded, brown gray
and light gray, fine grained to
medium grained, R-4

R-12

R-13

R-14

19.0

20.0

11.0

2 4 6 8 10

ROCK TYPE

G
R

A
P

H
IC

 L
O

G

RQD
%

FRACTURES
PER FOOT

CA-Calcite
CL-Clay
CT-Contact
RD-Redrilled
Fe-Iron Oxides

SM-Smooth
R-Rough
VR-V.Rough
Fr-Fracture
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RECORD OF COREHOLE MW-3 (Initial)

TYPE and
SURFACE

DESCRIPTION

DISCONTINUITY DATA

ST-Stepped
I-Irregular
P-Polished
K-Slickensided

DRILL METHOD:  Air Rotary/Air Coring
DRILL RIG: SIMCO 9100
DRILL DATE: 6/13/2013 8:06:05 AM

PROJECT: Marathon - 32C Pond
PROJECT NUMBER: 130-0253
DRILLED DEPTH: 185.0 ft
LOCATION: West of 32C Pond

WELL CONSTRUCTION
DETAILS

R
U

N
 N

O
.

ELEV.
(ft)

WELL CONSTRUCTION DETAILS
FO-Foliation
PL-Planar
C-Curved
U-Undulating

DRILLING COMPANY:  D.A. Smith Drilling
DRILLER:  Darryl Smith

GA INSPECTOR:  J. Kugel
CHECKED BY:  R. March
DATE:  7/1/2013

WELL
GRAPHICS

J-Joint
Fr-Fracture
RB-Rubble
BF-Bedding Fracture

INCLINATION:  -90
DEPTH W.L.:  N/A
ELEVATION W.L.:  N/A
DATE W.L.:  N/A

COORDINATES: not surveyed
GS ELEVATION:  not surveyed
TOC ELEVATION:  not surveyed
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0.33-181.4 feet - 2"
diameter, Schedule 80, PVC,
Flush Threaded, Casing

0-174 feet - Portland, Type
2, with 5% bentonite gel

0.0-163.0 ft
NO CORE
See MW-3 (initial) drillhole for
detailed log

2 4 6 8 10

ROCK TYPE

G
R

A
P
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IC
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G

RQD
%

FRACTURES
PER FOOT

CA-Calcite
CL-Clay
CT-Contact
RD-Redrilled
Fe-Iron Oxides

SM-Smooth
R-Rough
VR-V.Rough
Fr-Fracture
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DESCRIPTION
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RECORD OF COREHOLE MW-3 (New)

TYPE and
SURFACE

DESCRIPTION

DISCONTINUITY DATA

ST-Stepped
I-Irregular
P-Polished
K-Slickensided

DRILL METHOD:  Air Rotary
DRILL RIG: SIMCO 9100
DRILL DATE: 6/22/2013 3:10:47 PM

PROJECT: Marathon - 32C Pond
PROJECT NUMBER: 130-0253
DRILLED DEPTH: 215.0 ft
LOCATION: 9 ft south of MW- 3 (Initial)

WELL CONSTRUCTION
DETAILS

R
U

N
 N

O
.

ELEV.
(ft)

WELL CONSTRUCTION DETAILS
FO-Foliation
PL-Planar
C-Curved
U-Undulating

DRILLING COMPANY:  D.A. Smith Drilling
DRILLER:  Darryl Smith

GA INSPECTOR:  J. Kugel
CHECKED BY:  R. March
DATE:  7/1/2013

WELL
GRAPHICS

J-Joint
Fr-Fracture
RB-Rubble
BF-Bedding Fracture

INCLINATION:  -90
DEPTH W.L.:  186.65
ELEVATION W.L.:  8146.72
DATE W.L.:  8/15/2013

COORDINATES:
N:1,643,050.40   E: 2,240,699.00
GS ELEVATION:  8333.7 ft
TOC ELEVATION:  8333.4 ft
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0.0-163.0 ft
NO CORE (Continued)

93 ft: Check for water: wait 10
minutes, air surge, watch discharge

2 4 6 8 10

ROCK TYPE

G
R

A
P

H
IC

 L
O

G

RQD
%

FRACTURES
PER FOOT

CA-Calcite
CL-Clay
CT-Contact
RD-Redrilled
Fe-Iron Oxides

SM-Smooth
R-Rough
VR-V.Rough
Fr-Fracture

C
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DESCRIPTION
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RECORD OF COREHOLE MW-3 (New)

TYPE and
SURFACE

DESCRIPTION

DISCONTINUITY DATA

ST-Stepped
I-Irregular
P-Polished
K-Slickensided

DRILL METHOD:  Air Rotary
DRILL RIG: SIMCO 9100
DRILL DATE: 6/22/2013 3:10:47 PM

PROJECT: Marathon - 32C Pond
PROJECT NUMBER: 130-0253
DRILLED DEPTH: 215.0 ft
LOCATION: 9 ft south of MW- 3 (Initial)

WELL CONSTRUCTION
DETAILS

R
U

N
 N

O
.

ELEV.
(ft)

WELL CONSTRUCTION DETAILS
FO-Foliation
PL-Planar
C-Curved
U-Undulating

DRILLING COMPANY:  D.A. Smith Drilling
DRILLER:  Darryl Smith

GA INSPECTOR:  J. Kugel
CHECKED BY:  R. March
DATE:  7/1/2013

WELL
GRAPHICS

J-Joint
Fr-Fracture
RB-Rubble
BF-Bedding Fracture

INCLINATION:  -90
DEPTH W.L.:  186.65
ELEVATION W.L.:  8146.72
DATE W.L.:  8/15/2013

COORDINATES:
N:1,643,050.40   E: 2,240,699.00
GS ELEVATION:  8333.7 ft
TOC ELEVATION:  8333.4 ft
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0.0-163.0 ft
NO CORE (Continued)

103 ft: Check for water: wait 10
minutes, air surge, watch discharge

108.0 ft
Decreased dust from diverter

113.0 ft
Finer material, iron staining, moist
enough to form clod, decreased
dust from diverter
113 ft: Check for water: wait 10
minutes, air surge, watch discharge

123 ft: Check for water: wait 10
minutes, air surge, watch discharge

133 ft: Check for water: wait 10
minutes, air surge, watch discharge

135.0 ft
Decrease in cuttings return, less
dust from diverter

143.0 ft
Recovering rock chips from hole
without advancing bit, indicates
loose zone
143 ft: Check for water: wait 10
minutes, air surge, watch discharge

2 4 6 8 10

ROCK TYPE

G
R

A
P

H
IC

 L
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G

RQD
%

FRACTURES
PER FOOT

CA-Calcite
CL-Clay
CT-Contact
RD-Redrilled
Fe-Iron Oxides

SM-Smooth
R-Rough
VR-V.Rough
Fr-Fracture
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DESCRIPTION
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RECORD OF COREHOLE MW-3 (New)

TYPE and
SURFACE

DESCRIPTION

DISCONTINUITY DATA

ST-Stepped
I-Irregular
P-Polished
K-Slickensided

DRILL METHOD:  Air Rotary
DRILL RIG: SIMCO 9100
DRILL DATE: 6/22/2013 3:10:47 PM

PROJECT: Marathon - 32C Pond
PROJECT NUMBER: 130-0253
DRILLED DEPTH: 215.0 ft
LOCATION: 9 ft south of MW- 3 (Initial)

WELL CONSTRUCTION
DETAILS

R
U

N
 N

O
.

ELEV.
(ft)

WELL CONSTRUCTION DETAILS
FO-Foliation
PL-Planar
C-Curved
U-Undulating

DRILLING COMPANY:  D.A. Smith Drilling
DRILLER:  Darryl Smith

GA INSPECTOR:  J. Kugel
CHECKED BY:  R. March
DATE:  7/1/2013

WELL
GRAPHICS

J-Joint
Fr-Fracture
RB-Rubble
BF-Bedding Fracture

INCLINATION:  -90
DEPTH W.L.:  186.65
ELEVATION W.L.:  8146.72
DATE W.L.:  8/15/2013

COORDINATES:
N:1,643,050.40   E: 2,240,699.00
GS ELEVATION:  8333.7 ft
TOC ELEVATION:  8333.4 ft
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174-175 feet - Fine Sand

175-180 feet - Time
Released Bentonite Chips

180-211.7 feet - 10/20 Filter
Sand

Centralizer

181.4-211.4 feet - 2"
diameter, Schedule 80, PVC,
0.010" Milled Slotted, Flush
Threaded, Screen

Centralizer

8170.7

0.0-163.0 ft
NO CORE (Continued)

153 ft: Check for water: wait 10
minutes, air surge, watch discharge

163 ft: Check for water: wait 10
minutes, air surge, watch discharge

2 4 6 8 10

ROCK TYPE

G
R

A
P

H
IC

 L
O

G

RQD
%

FRACTURES
PER FOOT

CA-Calcite
CL-Clay
CT-Contact
RD-Redrilled
Fe-Iron Oxides

SM-Smooth
R-Rough
VR-V.Rough
Fr-Fracture
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SHEET 4  of  5
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DESCRIPTION
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RECORD OF COREHOLE MW-3 (New)

TYPE and
SURFACE

DESCRIPTION

DISCONTINUITY DATA

ST-Stepped
I-Irregular
P-Polished
K-Slickensided

DRILL METHOD:  Air Rotary
DRILL RIG: SIMCO 9100
DRILL DATE: 6/22/2013 3:10:47 PM

PROJECT: Marathon - 32C Pond
PROJECT NUMBER: 130-0253
DRILLED DEPTH: 215.0 ft
LOCATION: 9 ft south of MW- 3 (Initial)

WELL CONSTRUCTION
DETAILS

R
U

N
 N

O
.

ELEV.
(ft)

WELL CONSTRUCTION DETAILS
FO-Foliation
PL-Planar
C-Curved
U-Undulating

DRILLING COMPANY:  D.A. Smith Drilling
DRILLER:  Darryl Smith

GA INSPECTOR:  J. Kugel
CHECKED BY:  R. March
DATE:  7/1/2013

WELL
GRAPHICS

J-Joint
Fr-Fracture
RB-Rubble
BF-Bedding Fracture

INCLINATION:  -90
DEPTH W.L.:  186.65
ELEVATION W.L.:  8146.72
DATE W.L.:  8/15/2013

COORDINATES:
N:1,643,050.40   E: 2,240,699.00
GS ELEVATION:  8333.7 ft
TOC ELEVATION:  8333.4 ft
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Centralizer

211.4-211.7 feet - 2"
diameter, Schedule 80, PVC,
Flush Threaded, End Cap

211.7-215 feet - 10/20 Filter
Sand Backfill

2 4 6 8 10

ROCK TYPE

G
R

A
P

H
IC

 L
O

G

RQD
%

FRACTURES
PER FOOT

CA-Calcite
CL-Clay
CT-Contact
RD-Redrilled
Fe-Iron Oxides

SM-Smooth
R-Rough
VR-V.Rough
Fr-Fracture
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SHEET 5  of  5
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DESCRIPTION
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RECORD OF COREHOLE MW-3 (New)

TYPE and
SURFACE

DESCRIPTION

DISCONTINUITY DATA

ST-Stepped
I-Irregular
P-Polished
K-Slickensided

DRILL METHOD:  Air Rotary
DRILL RIG: SIMCO 9100
DRILL DATE: 6/22/2013 3:10:47 PM

PROJECT: Marathon - 32C Pond
PROJECT NUMBER: 130-0253
DRILLED DEPTH: 215.0 ft
LOCATION: 9 ft south of MW- 3 (Initial)

WELL CONSTRUCTION
DETAILS

R
U

N
 N

O
.

ELEV.
(ft)

WELL CONSTRUCTION DETAILS
FO-Foliation
PL-Planar
C-Curved
U-Undulating

DRILLING COMPANY:  D.A. Smith Drilling
DRILLER:  Darryl Smith

GA INSPECTOR:  J. Kugel
CHECKED BY:  R. March
DATE:  7/1/2013

WELL
GRAPHICS

J-Joint
Fr-Fracture
RB-Rubble
BF-Bedding Fracture

INCLINATION:  -90
DEPTH W.L.:  186.65
ELEVATION W.L.:  8146.72
DATE W.L.:  8/15/2013

COORDINATES:
N:1,643,050.40   E: 2,240,699.00
GS ELEVATION:  8333.7 ft
TOC ELEVATION:  8333.4 ft
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+2.97-189.2 feet - 2"
diameter, Schedule 80, PVC,
Flush Threaded, Casing

0-176.5 feet - Portland, Type
2, with 5% bentonite gel

8301.5

8297.5

0.0-32.0 ft
FILL

20 ft: Difficult drilling, collapsing fill

30 ft: Roots  in  cuttings

32.0-36.0 ft
SOIL

36.0-54.0 ft
SANDSTONE, tan

2 4 6 8 10

ROCK TYPE

G
R

A
P

H
IC
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RQD
%

FRACTURES
PER FOOT

CA-Calcite
CL-Clay
CT-Contact
RD-Redrilled
Fe-Iron Oxides

SM-Smooth
R-Rough
VR-V.Rough
Fr-Fracture
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Log continued on next page

DESCRIPTION
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RECORD OF COREHOLE MW-4

TYPE and
SURFACE

DESCRIPTION

DISCONTINUITY DATA

ST-Stepped
I-Irregular
P-Polished
K-Slickensided

DRILL METHOD:  Air Rotary
DRILL RIG: SIMCO 9100
DRILL DATE: 6/24/2013 2:32:03 PM

PROJECT: Marathon - 32C Pond
PROJECT NUMBER: 130-0253
DRILLED DEPTH: 240.0 ft
LOCATION: NW corner of 32C Pad

WELL CONSTRUCTION
DETAILS

R
U

N
 N

O
.

ELEV.
(ft)

WELL CONSTRUCTION DETAILS
FO-Foliation
PL-Planar
C-Curved
U-Undulating

DRILLING COMPANY:  D.A. Smith Drilling
DRILLER:  Darryl Smith

GA INSPECTOR:  J. Kugel
CHECKED BY:  R. March
DATE:  7/1/2013

WELL
GRAPHICS

J-Joint
Fr-Fracture
RB-Rubble
BF-Bedding Fracture

INCLINATION:  -90
DEPTH W.L.:  194.3
ELEVATION W.L.:  8142.17
DATE W.L.:  8/15/2013

COORDINATES:
N:1,643,111.70   E: 2,240,484.70
GS ELEVATION:  8333.5 ft
TOC ELEVATION:  8336.5 ft
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8279.5

8274.5

8249.5

8236.5

36.0-54.0 ft
SANDSTONE, tan (Continued)

54.0-59.0 ft
Silty  SANDSTONE, tan and light
gray, very fine grained to medium
grained

59.0-84.0 ft
SANDSTONE, red tan, iron oxide
staining, fine grained to medium
grained

79 ft: Brief loss of circulation, came
back

84.0-97.0 ft
Silty  SANDSTONE, light gray, very
fine grained to medium grained

97.0-115.0 ft
SANDSTONE, tan, iron oxide
staining, fine grained to medium
grained

2 4 6 8 10

ROCK TYPE

G
R

A
P

H
IC

 L
O

G

RQD
%

FRACTURES
PER FOOT

CA-Calcite
CL-Clay
CT-Contact
RD-Redrilled
Fe-Iron Oxides

SM-Smooth
R-Rough
VR-V.Rough
Fr-Fracture
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DESCRIPTION
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RECORD OF COREHOLE MW-4

TYPE and
SURFACE

DESCRIPTION

DISCONTINUITY DATA

ST-Stepped
I-Irregular
P-Polished
K-Slickensided

DRILL METHOD:  Air Rotary
DRILL RIG: SIMCO 9100
DRILL DATE: 6/24/2013 2:32:03 PM

PROJECT: Marathon - 32C Pond
PROJECT NUMBER: 130-0253
DRILLED DEPTH: 240.0 ft
LOCATION: NW corner of 32C Pad

WELL CONSTRUCTION
DETAILS

R
U

N
 N

O
.

ELEV.
(ft)

WELL CONSTRUCTION DETAILS
FO-Foliation
PL-Planar
C-Curved
U-Undulating

DRILLING COMPANY:  D.A. Smith Drilling
DRILLER:  Darryl Smith

GA INSPECTOR:  J. Kugel
CHECKED BY:  R. March
DATE:  7/1/2013

WELL
GRAPHICS

J-Joint
Fr-Fracture
RB-Rubble
BF-Bedding Fracture

INCLINATION:  -90
DEPTH W.L.:  194.3
ELEVATION W.L.:  8142.17
DATE W.L.:  8/15/2013

COORDINATES:
N:1,643,111.70   E: 2,240,484.70
GS ELEVATION:  8333.5 ft
TOC ELEVATION:  8336.5 ft
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8218.5

97.0-115.0 ft
SANDSTONE, tan, iron oxide
staining, fine grained to medium
grained (Continued)

115.0-150.0 ft
Silty  SANDSTONE, light gray, very
fine grained to medium grained

124 ft: Oxide staining

2 4 6 8 10

ROCK TYPE
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FRACTURES
PER FOOT

CA-Calcite
CL-Clay
CT-Contact
RD-Redrilled
Fe-Iron Oxides

SM-Smooth
R-Rough
VR-V.Rough
Fr-Fracture
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Log continued on next page

DESCRIPTION
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RECORD OF COREHOLE MW-4

TYPE and
SURFACE

DESCRIPTION

DISCONTINUITY DATA

ST-Stepped
I-Irregular
P-Polished
K-Slickensided

DRILL METHOD:  Air Rotary
DRILL RIG: SIMCO 9100
DRILL DATE: 6/24/2013 2:32:03 PM

PROJECT: Marathon - 32C Pond
PROJECT NUMBER: 130-0253
DRILLED DEPTH: 240.0 ft
LOCATION: NW corner of 32C Pad

WELL CONSTRUCTION
DETAILS

R
U

N
 N

O
.

ELEV.
(ft)

WELL CONSTRUCTION DETAILS
FO-Foliation
PL-Planar
C-Curved
U-Undulating

DRILLING COMPANY:  D.A. Smith Drilling
DRILLER:  Darryl Smith

GA INSPECTOR:  J. Kugel
CHECKED BY:  R. March
DATE:  7/1/2013

WELL
GRAPHICS

J-Joint
Fr-Fracture
RB-Rubble
BF-Bedding Fracture

INCLINATION:  -90
DEPTH W.L.:  194.3
ELEVATION W.L.:  8142.17
DATE W.L.:  8/15/2013

COORDINATES:
N:1,643,111.70   E: 2,240,484.70
GS ELEVATION:  8333.5 ft
TOC ELEVATION:  8336.5 ft
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176.5-177.5 feet - Fine Sand

177.5-183.0 feet - Time
Released Bentonite Chips

Centralizer

8183.5

8143.5

150.0-190.0 ft
SANDSTONE, gray brown, no
staining, fine grained to medium
grained

190.0-240.0 ft
Silty  SANDSTONE, gray, very fine
grained to medium grained

2 4 6 8 10

ROCK TYPE

G
R

A
P

H
IC

 L
O

G

RQD
%

FRACTURES
PER FOOT

CA-Calcite
CL-Clay
CT-Contact
RD-Redrilled
Fe-Iron Oxides

SM-Smooth
R-Rough
VR-V.Rough
Fr-Fracture
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SHEET 4  of  5
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Log continued on next page

DESCRIPTION
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RECORD OF COREHOLE MW-4

TYPE and
SURFACE

DESCRIPTION

DISCONTINUITY DATA

ST-Stepped
I-Irregular
P-Polished
K-Slickensided

DRILL METHOD:  Air Rotary
DRILL RIG: SIMCO 9100
DRILL DATE: 6/24/2013 2:32:03 PM

PROJECT: Marathon - 32C Pond
PROJECT NUMBER: 130-0253
DRILLED DEPTH: 240.0 ft
LOCATION: NW corner of 32C Pad

WELL CONSTRUCTION
DETAILS

R
U

N
 N

O
.

ELEV.
(ft)

WELL CONSTRUCTION DETAILS
FO-Foliation
PL-Planar
C-Curved
U-Undulating

DRILLING COMPANY:  D.A. Smith Drilling
DRILLER:  Darryl Smith

GA INSPECTOR:  J. Kugel
CHECKED BY:  R. March
DATE:  7/1/2013

WELL
GRAPHICS

J-Joint
Fr-Fracture
RB-Rubble
BF-Bedding Fracture

INCLINATION:  -90
DEPTH W.L.:  194.3
ELEVATION W.L.:  8142.17
DATE W.L.:  8/15/2013

COORDINATES:
N:1,643,111.70   E: 2,240,484.70
GS ELEVATION:  8333.5 ft
TOC ELEVATION:  8336.5 ft
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Centralizer

189.2-239.2 feet - 2"
diameter, Schedule 80, PVC,
0.010" Milled Slotted, Flush
Threaded, Screen

Centralizer

183.0-240.0 feet - 10/20
Filter Sand

Centralizer

Centralizer

239.2-239.5 feet - 2"
diameter, Schedule 80, PVC,
Flush Threaded, End Cap

8093.5

190.0-240.0 ft
Silty  SANDSTONE, gray, very fine
grained to medium grained
(Continued)

2 4 6 8 10

ROCK TYPE

G
R

A
P

H
IC

 L
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G

RQD
%

FRACTURES
PER FOOT

CA-Calcite
CL-Clay
CT-Contact
RD-Redrilled
Fe-Iron Oxides

SM-Smooth
R-Rough
VR-V.Rough
Fr-Fracture
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DESCRIPTION
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RECORD OF COREHOLE MW-4

TYPE and
SURFACE

DESCRIPTION

DISCONTINUITY DATA

ST-Stepped
I-Irregular
P-Polished
K-Slickensided

DRILL METHOD:  Air Rotary
DRILL RIG: SIMCO 9100
DRILL DATE: 6/24/2013 2:32:03 PM

PROJECT: Marathon - 32C Pond
PROJECT NUMBER: 130-0253
DRILLED DEPTH: 240.0 ft
LOCATION: NW corner of 32C Pad

WELL CONSTRUCTION
DETAILS

R
U

N
 N

O
.

ELEV.
(ft)

WELL CONSTRUCTION DETAILS
FO-Foliation
PL-Planar
C-Curved
U-Undulating

DRILLING COMPANY:  D.A. Smith Drilling
DRILLER:  Darryl Smith

GA INSPECTOR:  J. Kugel
CHECKED BY:  R. March
DATE:  7/1/2013

WELL
GRAPHICS

J-Joint
Fr-Fracture
RB-Rubble
BF-Bedding Fracture

INCLINATION:  -90
DEPTH W.L.:  194.3
ELEVATION W.L.:  8142.17
DATE W.L.:  8/15/2013

COORDINATES:
N:1,643,111.70   E: 2,240,484.70
GS ELEVATION:  8333.5 ft
TOC ELEVATION:  8336.5 ft
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APPENDIX A-5 

MONITORING WELL CONSTRUCTION SUMMARIES 
  



0-88.0ft: Grout

0.001-97.7ft: Casing

88-89.0ft: Fine Sand

89-94.0ft: Bentonite

94.001-138.0ft: 10/20 Filter Sand

97.7-137.7ft: Screen

102.2-103.2ft: Centralizer

112.2-113.2ft: Centralizer

122.2-123.2ft: Centralizer

132.2-133.2ft: Centralizer

137.7-138.0ft: End Cap

138-142.0ft: 10/20 Filter Sand

142-149.0ft: Bentonite

149-170.0ft: 10/20 Filter Sand

Project Name: Marathon - 32C Pond

Project Number: 130-0253

Total Depth: 170.0 ft
Borehole Diameter: 5 7/8in
Drilling Contractor: D.A. Smith Drilling
Drill Rig Operator: Darryl Smith
Drill Rig: SIMCO 9100
Drilling Method: Air Rotary/Air Coring
Drilling Date: 6/18/2013 4:02:18 PM

Depth to Water*

(ft)

* Depth to water referenced from top of PVC casing.

2.98 ft

1

5

3

4

1

100 gallons

1.5

17

Completed advancing the borehole on 6/19/2013 at 15:30 hours

Completed reaming the borehole on 6/20/2013 at 11:05 hours

Completed sand and bentonite backfill via tremie on 6/21/2013 at 08:00 hours

Completed grout backfill via tremie on 6/21/2013 at 09:20 hours

General Comments:

Stickup

Protective Casing Type: 6" diameter, square, steel, lockable

Riser Type: 2" diameter, 20' long, Sch. 80, PVC, Flush Thread

Screen Type: 2" diameter, 10' long, Sch. 80, PVC, 0.010" Slotted, Flush Thread

Centralizer Type: 2" diameter, Stainless Steel

End Cap Type: 2" diameter, Sch 80, PVC, Flush Thread

Grout Seal Type: Portland Type 2 Cement with 5% Bentonite Gel

Bentonite Seal Type: 5 gallon bucket - 1/4", time release, pellets

Sand Pack Type: 50lb bags, 10/20 Filter

MW-1: WELL CONSTRUCTION SUMMARY
Coordinates: N: 1642668.8 E: 2240781.2

Elevation: 8333.2 ft

Well Design and Specifications

Development Notes:

Monitoring Well

Detail

E
LE

V
A

T
IO

N
( 

ft
)

8330

8325

8320

8315

8310

8305

8300

8295

8290

8285

8280

8275

8270

8265

8260

8255

8250

8245

8240

8235

8230

8225

8220

8215

8210

8205

8200

8195

8190

8185

8180

8175

8170

8165

Volume Purged

(gal)

Date

LOGGED BY:  J. Kugel
CHECKED BY:  R. March
DATE:  7/1/2013

Borehole Drilling Summary Well Development Summary

Quantity Description

- 7/8/13 - Groundwater Purged Using a Bailer
- 7/9/13 - Groundwater Purged Using a Pump
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0-152.0ft: Grout

0.001-161.9ft: Casing

152-153.0ft: Fine Sand

152.001-192.2ft: 10/20 Filter Sand

153-158.0ft: Bentonite

161.9-191.9ft: Screen

166.4-167.4ft: Centralizer

176.4-177.4ft: Centralizer

186.4-187.4ft: Centralizer

191.9-192.2ft: End Cap

192.2-197.0ft: 10/20 Filter Sand

Project Name: Marathon - 32C Pond

Project Number: 130-0253

Total Depth: 197.0 ft
Borehole Diameter: 5 7/8in
Drilling Contractor: D.A. Smith Drilling
Drill Rig Operator: Darryl Smith
Drill Rig: SIMCO 9100
Drilling Method: Air Rotary
Drilling Date: 6/23/2013 9:20:59 AM

Depth to Water*

(ft)

* Depth to water referenced from top of PVC casing.

2.70 ft

1

8

3

3

1

300 gallons

1.5

13.5

Completed advancing the borehole on 6/23/2013 at 14:30 hours

Completed flushing the borehole on 6/23/2013 at 17:15 hours

Completed casing and screen installation on 6/24/2013 at 08:10 hours

Completed sand and bentonite backfill via tremie pipe on 6/24/2013 at 09:20 hours

Completed grout backfill via tremie pipe on 6/24/2013 at 13:00 hours

General Comments:

Stickup

Protective Casing Type: 6" diameter, square, steel, lockable

Riser Type: 2" diameter, 20' long, Sch. 80, PVC, Flush Thread

Screen Type: 2" diameter, 10' long, Sch. 80, PVC, 0.010" Slotted, Flush Thread

Centralizer Type: 2" diameter, Stainless Steel

End Cap Type: 2" diameter, Sch 80, PVC, Flush Thread

Grout Seal Type: Portland Type 2 Cement with 5% Bentonite Gel

Bentonite Seal Type: 5 gallon bucket - 1/4", time release, pellets

Sand Pack Type: 50lb bags, 10/20 Filter

MW-2: WELL CONSTRUCTION SUMMARY
Coordinates: N: 1643125.9 E: 2240955.8

Elevation: 8364.1 ft

Well Design and Specifications

Development Notes:

Monitoring Well

Detail
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T
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8345
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8335
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8265
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8255

8250

8245

8240

8235

8230

8225

8220

8215

8210

8205

8200

8195

8190

8185

8180

8175

8170

Volume Purged

(gal)

Date

LOGGED BY:  J. Kugel
CHECKED BY:  R. March
DATE:  7/1/2013

Borehole Drilling Summary Well Development Summary

Quantity Description

- Groundwater Purged Using Both a Bailer and Pump
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0-119.5ft: Grout

0.01-131.0ft: Casing

119.5-126.0ft: Bentonite

126-127.0ft: Fine Sand

127.0001-181.4ft: 10/20 Filter Sand

131-181.0ft: Screen

135.5-136.5ft: Centralizer

145.5-146.5ft: Centralizer

155.5-156.5ft: Centralizer

165.5-166.5ft: Centralizer

175.5-176.5ft: Centralizer

181-181.4ft: End Cap

181.4-185.0ft: 10/20 Filter Sand

Project Name: Marathon - 32C Pond

Project Number: 130-0253

Total Depth: 185.0 ft
Borehole Diameter: 5 7/8in
Drilling Contractor: D.A. Smith Drilling
Drill Rig Operator: Darryl Smith
Drill Rig: SIMCO 9100
Drilling Method: Air Rotary/Air Coring
Drilling Date: 6/13/2013 8:06:05 AM

Depth to Water*

(ft)

* Depth to water referenced from top of PVC casing.

0 ft

7

5

5

1

300 gallons

1.5

20.5

Completed advancing the borehole on 6/18/2013 at 08:30 hours

Completed casing and screen installation on 6/18/2013 at 12:10 hours

Completed sand and bentonite backfill via tremie pipe on 6/18/2013 at 14:10 hours

Completed grout backfill via tremie pipe on 6/19/2013 at 09:00 hours

On 6/27/2013, PVC casing was removed to 18 feet bgs and the well was decomissioned by tremie grouting

General Comments:

Stickup

Riser Type: 2" diameter, 20' long, Sch. 80, PVC, Flush Thread

Screen Type: 2" diameter, 10' long, Sch. 80, PVC, 0.010" Slotted, Flush Thread

Centralizer Type: 2" diameter, Stainless Steel

End Cap Type: 2" diameter, Sch 80, PVC, Flush Thread

Grout Seal Type: Portland Type 2 Cement with 5% Bentonite Gel

Bentonite Seal Type: 5 gallon bucket - 1/4", time release, pellets

Sand Pack Type: 50lb bags, 10/20 Filter

MW-3 (Initial): WELL CONSTRUCTION SUMMARY
Coordinates: N: 1643059 E: 2240698.5

Elevation: 8333.7 ft

Well Design and Specifications

Development Notes:

Monitoring Well

Detail
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T
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N
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)
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8325

8320

8315

8310

8305

8300

8295

8290

8285

8280

8275

8270

8265

8260

8255

8250

8245

8240

8235

8230

8225

8220

8215

8210

8205

8200

8195

8190

8185

8180

8175

8170

8165

8160

8155

8150

Volume Purged

(gal)

Date

LOGGED BY:  J. Kugel
CHECKED BY:  R. March
DATE:  7/1/2013

Borehole Drilling Summary Well Development Summary

Quantity Description

- MW-3 (Initial) was decommissioned.
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0-174.0ft: Grout

0.001-181.4ft: Casing

174-175.0ft: Fine Sand

175-180.0ft: Bentonite

181.4-211.4ft: Screen

185.9-186.9ft: Centralizer

195.9-196.9ft: Centralizer

205.9-206.9ft: Centralizer

211.4-211.7ft: End Cap

211.7-215.0ft: 10/20 Filter Sand

Project Name: Marathon - 32C Pond

Project Number: 130-0253

Total Depth: 215.0 ft
Borehole Diameter: 5 7/8in
Drilling Contractor: D.A. Smith Drilling
Drill Rig Operator: Darryl Smith
Drill Rig: SIMCO 9100
Drilling Method: Air Rotary
Drilling Date: 6/22/2013 3:10:47 PM

Depth to Water*

(ft)

* Depth to water referenced from top of PVC casing.

-0.33 ft

1

9

3

3

1

420 gallons

1.5

10

Completed advancing the borehole on 6/21/2013 at 15:15 hours

Completed flushing the borehole on 6/26/2013 at 15:30 hours

Completed casing and screen installation on 6/27/2013 at 08:50 hours

Completed sand and bentonite backfill via tremie pipe on 6/27/2013 at 09:50 hours

Completed grout backfill via tremie pipe on 6/27/2013 at 13:45 hours

General Comments:

Stickup

Protective Casing Type: 6" diameter, square, steel, lockable

Riser Type: 2" diameter, 20' long, Sch. 80, PVC, Flush Thread

Screen Type: 2" diameter, 10' long, Sch. 80, PVC, 0.010" Slotted, Flush Thread

Centralizer Type: 2" diameter, Stainless Steel

End Cap Type: 2" diameter, Sch 80, PVC, Flush Thread

Grout Seal Type: Portland Type 2 Cement with 5% Bentonite Gel

Bentonite Seal Type: 5 gallon bucket - 1/4", time release, pellets

Sand Pack Type: 50lb bags, 10/20 Filter

MW-3 (New): WELL CONSTRUCTION SUMMARY
Coordinates: N: 1643050.4 E: 2240699

Elevation: 8333.7 ft

Well Design and Specifications

Development Notes:

Monitoring Well

Detail
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)
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8290

8280

8270

8260

8250

8240

8230

8220

8210

8200

8190

8180

8170

8160

8150

8140

8130

Volume Purged

(gal)

Date

LOGGED BY:  J. Kugel
CHECKED BY:  R. March
DATE:  7/1/2013

Borehole Drilling Summary Well Development Summary

Quantity Description

- 7/1/13 - Groundwater Purged Using a Bailer
- 7/2/13 - Groundwater Purged Using a Bailer
- 7/8/13 - Groundwater Purged Using a Pump
- 7/9/13 - Groundwater Purged Using a Pump
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0-176.5ft: Grout

0.001-189.2ft: Casing

176.5-177.5ft: Fine Sand

177.5-183.0ft: Bentonite

189.2-239.2ft: Screen

193.7-194.7ft: Centralizer

203.7-204.7ft: Centralizer

213.7-214.7ft: Centralizer

223.7-224.7ft: Centralizer

233.7-234.7ft: Centralizer

239.2-239.5ft: End Cap

239.5-240.0ft: 10/20 Filter Sand

Project Name: Marathon - 32C Pond

Project Number: 130-0253

Total Depth: 240.0 ft
Borehole Diameter: 5 7/8in
Drilling Contractor: D.A. Smith Drilling
Drill Rig Operator: Darryl Smith
Drill Rig: SIMCO 9100
Drilling Method: Air Rotary
Drilling Date: 6/24/2013 2:32:03 PM

Depth to Water*

(ft)

* Depth to water referenced from top of PVC casing.

2.97 ft

1

10

4

5

1

300 gallons

1.5

17

Completed advancing the borehole on 6/24/2013 at 13:20 hours

Completed flushing the borehole on 6/25/2013 at 13:45 hours

Completed casing and screen installation on 6/25/2013 at 15:30 hours

Completed sand and bentonite backfill via tremie pipe on 6/25/2013 at 17:00 hours

Completed grout backfill via tremie pipe on 6/26/2013 at 10:00 hours

General Comments:

Stickup

Protective Casing Type: 6" diameter, square, steel, lockable

Riser Type: 2" diameter, 20' long, Sch. 80, PVC, Flush Thread

Screen Type: 2" diameter, 10' long, Sch. 80, PVC, 0.010" Slotted, Flush Thread

Centralizer Type: 2" diameter, Stainless Steel

End Cap Type: 2" diameter, Sch 80, PVC, Flush Thread

Grout Seal Type: Portland Type 2 Cement with 5% Bentonite Gel

Bentonite Seal Type: 5 gallon bucket - 1/4", time release, pellets

Sand Pack Type: 50lb bags, 10/20 Filter

MW-4: WELL CONSTRUCTION SUMMARY
Coordinates: N: 1643111.7 E: 2240484.7

Elevation: 8333.5 ft

Well Design and Specifications

Development Notes:

Monitoring Well

Detail

E
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T
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8190
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8110

8100

Volume Purged

(gal)

Date

LOGGED BY:  J. Kugel
CHECKED BY:  R. March
DATE:  7/1/2013

Borehole Drilling Summary Well Development Summary

Quantity Description

- 7/10/13 - Groundwater Purged Using a Bailer and Pump
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APPENDIX A-6 

MONITORING WELL SURVEY DRAWING 
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NO. 7

CUT
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C-2.0'
C-0.4'

WILLIAM H. SMITH
& ASSOCIATES P.C.

SURVEYING CONSULTANTS
550 EAST SECOND NORTH
GREEN RIVER, WY

PHONE: 307-875-3638
   307-875-3639

www.whsmithpc.com

CONFIDENTIALITY NOTES:
The information contained in this plat is legally privileged and confidential information intended only for the use of the recipients. If you are not the intended recipients, you are
hereby notified that any use, dissemination, distribution or copying of this information is strictly prohibited.

MARATHON OIL COMPANY
PO BOX 3128, HOUSTON TX, 77253

5555 SAN FELIPE, HOUSTON TX, 77056

INTERVAL 1'
CONTOUR 
SCALE: 1"= 80'

PAD 596-32C

MONITOR WELL LOCATIONS &
PROPOSED POND RECONSTRUCTION

NOTES:

JOB NO: 26099PROJECT NO: N/A
DRAWN BY: RR

REVISIONS:
DATE: 2013-08-04 SHEET 1 OF 2

CHECKED BY: RR

SCALE: 1"= 80' EXHIBIT "A"

LOCATION:
596-32C

WITHIN THE SW/4
SECTION 32,

T 5 S, R 96 W,
6TH PM.

GARFIELD COUNTY,
COLORADO

596-32A-18

596-32C-25

MARATHON OIL CO.
WELL SITE 596-32C

MONITOR WELL: MW1
TOP PVC PIPE
N: 1642668.76
E: 2240781.16
EL: 8336.18
GROUND EL: 8333.2

MONITOR WELL: MW2
TOP PVC PIPE
N: 1643125.93
E: 2240955.77
EL: 8366.80
GROUND EL: 8364.1

MONITOR WELL: MW3
TOP PVC PIPE
N: 1643050.42
E: 2240698.97
EL: 8333.37
GROUND EL: 8333.7

MONITOR WELL: MW4
TOP PVC PIPE
N: 1643111.67
E: 2240484.67
EL: 8336.47
GROUND EL:  8333.5

COORDINATES SHOWN ARE STATE
PLANE COLORADO CENTRAL ZONE

NAD83

ELEVATIONS ARE NAVD88

PROPOSED POND
RECONSTRUCTION,
SEE SHEET 2
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HYDRAULIC TESTING RESULTS 
  



 

 

APPENDIX B-1 

RISING HEAD HYDRAULIC TESTING 
  



November 2013                                                                                                                                                                                                              130-0253

Table B-1.  Rising Head Hydraulic Test Results

Well ID

Aquifer 
Saturated 
Thickness

(feet)

Transmissivity

(cm2/s)

Hydraulic 
Conductivity

(cm/s)

Hydraulic 
Conductivity

(x 10-5 cm/s)

MW-1 32.0 0.019 1.9E-05 1.9
MW-2 21.8 0.080 1.2E-04 12.1
MW-3 (initial) 22.9 0.016 2.2E-05 2.2
MW-4 42.5 0.089 6.8E-05 6.8

Notes:
All tests were performed in open boreholes before wells were installed

Prepared By: JEA
Checked By: MKS
Reviewed By: ANH

I:\13\1300253\0400\013 R03 RevA_GWRep_Dft-11Sep13\Appendices\App B\B-1\Table B-1.xlsx



Date: Made by: JEA
Project No.: Checked by: MKS
Client: Reviewed by: ANH

31.96 ft
1

MW-1
19 Jun 2013

31.96 ft
31.96 ft
0.245 ft

Open Hole Air Displacement
Unconfined
Bouwer-Rice

0.01877 cm2/s
1.93E-05 cm/s

Test Well:
Test Date:

Saturated Thickness (b):
Anisotropy Ratio (Kx/Kr):

Test Type:

SLUG TEST ANALYSIS
MW-1

1.0 BOREHOLE DATA

130-0253
July 30, 2013

1.0  AQUIFER DATA

Marathon Oil Company

3.0  ESTIMATED PARAMETERS

2.0  SOLUTION

Initial Displacement:
Static Water Colum Height:
Borehole Radius:

Solution Method:

Tramsmissivity (T):
Hydraulic Conductivity (K):

Aquifer Model:

0. 10. 20. 30. 40. 50.
0.1

1.

Time (min)

N
or

m
al

iz
ed
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ea

d 
(ft

/ft
)

I:\13\1300253\0400\013 R03 RevA_GWRep_Dft-11Sep13\Appendices\App B\B-1\Table B-1.xlsx 1



Date: Made by: JEA
Project No.: Checked by: MKS
Client: Reviewed by: ANH

21.8 ft
1

MW-2
23 Jun 2013

21.8 ft
21.8 ft
0.245 ft

Open Hole Air Displacement
Unconfined
Bouwer-Rice

0.08033 cm2/s
1.21E-04 cm/s

Tramsmissivity (T):
Hydraulic Conductivity (K):

Borehole Radius:

2.0  SOLUTION
Test Type:
Aquifer Model:
Solution Method:

3.0  ESTIMATED PARAMETERS

Static Water Colum Height:

SLUG TEST ANALYSIS
MW-2

July 30, 2013
130-0253
Marathon Oil Company

1.0  AQUIFER DATA
Saturated Thickness (b):
Anisotropy Ratio (Kx/Kr):

1.0 BOREHOLE DATA
Test Well:
Test Date:
Initial Displacement:

0. 6. 12. 18. 24. 30.
0.1

1.

Time (min)

N
or

m
al

iz
ed

 H
ea

d 
(ft

/ft
)



Date: Made by: JEA
Project No.: Checked by: MKS
Client: Reviewed by: ANH

22.91 ft
1

MW-3
17 Jun 2013

19.7 ft
19.7 ft
0.245 ft

Open Hole Air Displacement
Unconfined
Bouwer-Rice

0.01551 cm2/s
2.22E-05 cm/s

Tramsmissivity (T):
Hydraulic Conductivity (K):

Borehole Radius:

2.0  SOLUTION
Test Type:
Aquifer Model:
Solution Method:

3.0  ESTIMATED PARAMETERS

Static Water Colum Height:

SLUG TEST ANALYSIS
MW-3 (Initial)

July 30, 2013
130-0253
Marathon Oil Company

1.0  AQUIFER DATA
Saturated Thickness (b):
Anisotropy Ratio (Kx/Kr):

1.0 BOREHOLE DATA
Test Well:
Test Date:
Initial Displacement:

0. 10. 20. 30. 40. 50.
0.1

1.

Time (min)

N
or

m
al

iz
ed

 H
ea

d 
(ft

/ft
)



Date: Made by: JEA
Project No.: Checked by: MKS
Client: Reviewed by: ANH

42.46 ft
1

MW-4
25 Jun 2013

42.46 ft
42.46 ft
0.245 ft

Open Hole Air Displacement
Unconfined
Bouwer-Rice

0.08855 cm2/s
6.84E-05 cm/s

Tramsmissivity (T):
Hydraulic Conductivity (K):

Borehole Radius:

2.0  SOLUTION
Test Type:
Aquifer Model:
Solution Method:

3.0  ESTIMATED PARAMETERS

Static Water Colum Height:

SLUG TEST ANALYSIS
MW-4

July 30, 2013
130-0253
Marathon Oil Company

1.0  AQUIFER DATA
Saturated Thickness (b):
Anisotropy Ratio (Kx/Kr):

1.0 BOREHOLE DATA
Test Well:
Test Date:
Initial Displacement:

0. 8. 16. 24. 32. 40
0.01

0.1

1.

Time (min)

N
or

m
al

iz
ed

 H
ea

d 
(ft

/ft
)



 

 

APPENDIX B-2 

MW-4 CONSTANT RATE PUMPING TEST 
  



Well ID:

Test Type:

PROJECT INFORMATION
Company: Golder Associates Inc.
Client: Marathon Oil Company
Project: 130‐0253
Location: Colorado

AQUIFER DATA
Saturated Thickness: 48.67 feet
Anisotropy Ratio (Kx/Kr): 1

SOLUTION
Test Type: Constant Rate Pumping Test
Aquifer Model: Confined
Solution Method: Cooper‐Jacob

ESTIMATED PARAMETERS
T  2.30E+00 cm2/s
K 1.55E‐03 cm/s
S 2.30E‐03

MW‐3 (observation well)

Constant Rate Test

Golder Associates



Well ID:

Test Type:

PROJECT INFORMATION
Company: Golder Associates Inc.
Client: Marathon Oil Company
Project: 130‐0253
Location: Colorado

AQUIFER DATA
Saturated Thickness: 48.67 feet
Anisotropy Ratio (Kx/Kr): 1

SOLUTION
Test Type: Constant Rate Pumping Test
Aquifer Model: Confined
Solution Method: Cooper‐Jacob

ESTIMATED PARAMETERS
T (high estimate) 9.65E‐02 cm2/s
K (high estimate) 6.50E‐05 cm/s

Note: This solution is fit to the pumping well and values of storativity estimated from these data are not necessarily representative and therefore not 
presented

MW‐4 (pumping well)

Constant Rate Test

Golder Associates



Well ID:

Test Type:

PROJECT INFORMATION
Company: Golder Associates Inc.
Client: Marathon Oil Company
Project: 130‐0253
Location: Colorado

AQUIFER DATA
Saturated Thickness: 48.67 feet
Anisotropy Ratio (Kx/Kr): 1

SOLUTION
Test Type: Constant Rate Pumping Test
Aquifer Model: Confined
Solution Method: Cooper‐Jacob

ESTIMATED PARAMETERS
T (low estimate) 2.06E‐02 cm2/s
K (low estimate) 1.39E‐05 cm/s

Note: This solution is fit to the pumping well and values of storativity estimated from these data are not necessarily representative and therefore not 
presented

MW‐4 (pumping well)

Constant Rate Test

Golder Associates
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Accutest LabLink@11277 11:37 29-Aug-2013

Sample Summary

Marathon Oil
Job No: D48106

MOC 32C/BWQ/MONITORING WELLS
Project No:   WBS#TA.13.30788.EXP

Sample Collected Matrix Client 
Number Date Time By Received Code Type Sample ID

D48106-1 07/09/13 11:30 SD 07/11/13 AQ Ground Water MW-3

D48106-1A 07/09/13 11:30 SD 07/11/13 AQ Ground Water MW-3

D48106-1B 07/09/13 11:30 SD 07/11/13 AQ Ground Water MW-3

D48106-1F 07/09/13 11:30 SD 07/11/13 AQ Groundwater Filtered MW-3

D48106-2 07/09/13 14:30 SD 07/11/13 AQ Ground Water MW-1

D48106-2A 07/09/13 14:30 SD 07/11/13 AQ Ground Water MW-1

D48106-2B 07/09/13 14:30 SD 07/11/13 AQ Ground Water MW-1

D48106-2F 07/09/13 14:30 SD 07/11/13 AQ Groundwater Filtered MW-1

D48106-3 07/09/13 00:00 SD 07/11/13 AQ Trip Blank Water TRIP BLANK

3 of 31
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On 07/11/2013, 2 sample(s), 1 Trip Blank(s), and 0 Field Blank(s) were received at Accutest Mountain States (AMS) at a temperature 
of 5.2 °C. The samples were intact and properly preserved, unless noted below.  An AMS Job Number of D48106 was assigned to 
the project.  The lab sample ID, client sample ID, and date of sample collection are detailed in the report’s Results Summary.

Specified quality control criteria were achieved for this job except as noted below.  For more information, please refer to the analytical 
results and QC summary pages.

Client: Marathon Oil

Site: MOC 32C/BWQ/MONITORING WELLS

Job No D48106

Report Date 7/23/2013 10:05:33 AM

CASE NARRATIVE / CONFORMANCE SUMMARY

Volatiles by GCMS By Method SW846 8260B
Matrix AQ Batch ID: V3V1507

All samples were analyzed within the recommended method holding time.

All method blanks for this batch meet method specific criteria.

Sample(s)  D47878-1MS, D47878-1MSD were used as the QC samples indicated.

D48106-2: The pH of the sample aliquot for VOA analysis was >2 at time of analysis.

D47878-1MSD: Dilution required due to matrix interference (sample foamed).

D47878-1MS: Dilution required due to matrix interference (sample foamed).

Volatiles by GC By Method RSK175 MOD
Matrix AQ Batch ID: GFB391

All samples were analyzed within the recommended method holding time.

Sample(s)  D48007-3MS, D48007-3MSD were used as the QC samples indicated.

All method blanks for this batch meet method specific criteria.

Volatiles by GC By Method SW846 8015B
Matrix AQ Batch ID: GGB1161

All samples were analyzed within the recommended method holding time.

Sample(s)  D48026-1MS, D48026-1MSD were used as the QC samples indicated.

All method blanks for this batch meet method specific criteria.

Extractables by GC By Method SW846-8015B
Matrix AQ Batch ID: OP8188

All samples were extracted and analyzed within the recommended method holding time.

All method blanks for this batch meet method specific criteria.

Sample(s)  D47726-37MS, D47726-37MSD were used as the QC samples indicated.

Tuesday, July 23, 2013 Page 1 of 3
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Metals By Method SW846 6010C
Matrix AQ Batch ID: MP10508

All samples were digested and analyzed within the recommended method holding time.

All method blanks for this batch meet method specific criteria.

Sample(s)  D48106-1MS, D48106-1MSD, D48106-1SDL were used as the QC samples for the metals analysis.

The matrix spike (MS) recovery(s) of  Potassium, Sodium are outside control limits.  Spike recovery indicates possible matrix 
interference.

The serial dilution RPD(s) for  Boron are outside control limits for sample  MP10508-SD1.  Percent difference acceptable due to 
low initial sample  concentration (< 50 times IDL).

Metals By Method SW846 6020A
Matrix AQ Batch ID: MP10509

All samples were digested and analyzed within the recommended method holding time.

All method blanks for this batch meet method specific criteria.

Sample(s)  D48106-1MS, D48106-1MSD, D48106-1SDL were used as the QC samples for the metals analysis.

The serial dilution RPD(s) for  Selenium are outside control limits for sample  MP10509-SD1.  Percent difference acceptable due 
to low initial sample  concentration (< 50 times IDL).

Wet Chemistry By Method EPA 300.0/SW846 9056
Matrix AQ Batch ID: GP10396

All samples were prepared and analyzed within the recommended method holding time.

All method blanks for this batch meet method specific criteria.

Sample(s)  D48035-2MS, D48035-2MSD were used as the QC samples for the  Bromide, Chloride, Fluoride, Nitrogen, Nitrate, 
Nitrogen, Nitrite, Sulfate, Bromide analysis.

Matrix AQ Batch ID: R17959

The data for  EPA 300.0/SW846 9056 meets quality control requirements.

D48106-2 for Nitrogen, Nitrate + Nitrite: Calculated as: (Nitrogen, Nitrate) + (Nitrogen, Nitrite)

Matrix AQ Batch ID: R17960

The data for  EPA 300.0/SW846 9056 meets quality control requirements.

D48106-1 for Nitrogen, Nitrate + Nitrite: Calculated as: (Nitrogen, Nitrate) + (Nitrogen, Nitrite)

Wet Chemistry By Method HACH IRB-BART
Matrix AQ Batch ID: MB218

All samples were analyzed within the recommended method holding time.

All method blanks for this batch meet method specific criteria.

Wet Chemistry By Method HACH SLYM-BART
Matrix AQ Batch ID: MB219

All samples were analyzed within the recommended method holding time.

All method blanks for this batch meet method specific criteria.

Wet Chemistry By Method HACH SRB-BART
Matrix AQ Batch ID: MB220

All samples were analyzed within the recommended method holding time.

All method blanks for this batch meet method specific criteria.

Tuesday, July 23, 2013 Page 2 of 3
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Wet Chemistry By Method HACH8190/SM4500P-B/E
Matrix AQ Batch ID: GP10412

All samples were prepared and analyzed within the recommended method holding time.

All method blanks for this batch meet method specific criteria.

Sample(s)  D48027-1DUP, D48027-1MS, D48027-1MSD were used as the QC samples for the  Phosphorus, Total analysis.

Wet Chemistry By Method SM 2320B-2011
Matrix AQ Batch ID: GN20958

All samples were analyzed within the recommended method holding time.

All method blanks for this batch meet method specific criteria.

Sample(s)  D47951-2DUP, D47951-2MS, D47951-2MSD were used as the QC samples for the  Alkalinity, Total as CaCO3 
analysis.

Matrix AQ Batch ID: GN20959

All samples were analyzed within the recommended method holding time.

All method blanks for this batch meet method specific criteria.

Matrix AQ Batch ID: GN20960

All samples were analyzed within the recommended method holding time.

All method blanks for this batch meet method specific criteria.

Wet Chemistry By Method SM 2510B-2011
Matrix AQ Batch ID: GP10422

Sample(s)  D47990-4DUP were used as the QC samples for the  Specific Conductivity analysis.

Wet Chemistry By Method SM 2540C-2011
Matrix AQ Batch ID: GN20952

All samples were analyzed within the recommended method holding time.

All method blanks for this batch meet method specific criteria.

Sample(s)  D47990-2DUP were used as the QC samples for the  Solids, Total Dissolved analysis.

Wet Chemistry By Method SM4500HB+-2011/9040C
Matrix AQ Batch ID: GN21010

The following samples were run outside of holding time for method  SM4500HB+-2011/9040C:  D48106-1, D48106-2

AMS certifies that data reported for samples received, listed on the associated custody chain or analytical task order, were produced 
to specifications meeting AMS's Quality System precision, accuracy and completeness objectives except as noted.

Estimated non-standard method measurement uncertainty data is available on request, based on quality control bias and implicit for 
standard methods. Acceptable uncertainty requires tested parameter quality control data to meet method criteria.

AMS is not responsible for data quality assumptions if partial reports are used and recommends that this report be used in its entirety. 
This report is authorized by AMS indicated via signature on the report cover.

Tuesday, July 23, 2013 Page 3 of 3
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Summary of Hits Page 1 of 2     
Job Number: D48106
Account: Marathon Oil
Project: MOC 32C/BWQ/MONITORING WELLS
Collected: 07/09/13

Lab Sample ID   Client Sample ID Result/
Analyte Qual RL MDL Units Method

D48106-1 MW-3

Barium 0.15 0.010 mg/l SW846 6020A
Calcium 73900 400 ug/l SW846 6010C
Iron 7750 70 ug/l SW846 6010C
Magnesium 31300 200 ug/l SW846 6010C
Manganese 193 5.0 ug/l SW846 6010C
Potassium 3160 1000 ug/l SW846 6010C
Sodium 57000 400 ug/l SW846 6010C
Alkalinity, Bicarbonate as CaCO3 323 5.0 mg/l SM 2320B-2011
Alkalinity, Total as CaCO3 323 5.0 mg/l SM 2320B-2011
Chloride 3.7 0.50 mg/l EPA 300.0/SW846 9056
Fluoride 0.14 0.10 mg/l EPA 300.0/SW846 9056
Nitrogen, Nitrate 0.015 0.010 mg/l EPA 300.0/SW846 9056
Nitrogen, Nitrate + Nitrite a 0.015 0.014 mg/l EPA 300.0/SW846 9056
Phosphorus, Total 0.29 0.010 mg/l HACH8190/SM4500P-B/E
Solids, Total Dissolved 450 10 mg/l SM 2540C-2011
Specific Conductivity 633 1.0 umhos/cm SM 2510B-2011
Sulfate 50.7 2.5 mg/l EPA 300.0/SW846 9056
pH 7.92 su SM4500HB+-2011/9040C

D48106-1A MW-3

No hits reported in this sample.

D48106-1B MW-3

Iron Reducing Bacteria 74500 25 CFU/ml HACH IRB-BART
Slime Forming Bacteria 140000 500 CFU/ml HACH SLYM-BART
Sulfate Reducing Bacteria 1200 200 CFU/ml HACH SRB-BART

D48106-1F MW-3

Barium 0.076 0.010 mg/l SW846 6020A
Calcium 60000 400 ug/l SW846 6010C
Magnesium 26900 200 ug/l SW846 6010C
Manganese 48.2 5.0 ug/l SW846 6010C
Potassium 1390 1000 ug/l SW846 6010C
Sodium 49000 400 ug/l SW846 6010C

D48106-2 MW-1

Barium 0.084 0.010 mg/l SW846 6020A
Boron 58.4 50 ug/l SW846 6010C
Calcium 58900 400 ug/l SW846 6010C

7 of 31
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Summary of Hits Page 2 of 2     
Job Number: D48106
Account: Marathon Oil
Project: MOC 32C/BWQ/MONITORING WELLS
Collected: 07/09/13

Lab Sample ID   Client Sample ID Result/
Analyte Qual RL MDL Units Method

Iron 1120 70 ug/l SW846 6010C
Magnesium 31900 200 ug/l SW846 6010C
Manganese 71.8 5.0 ug/l SW846 6010C
Potassium 1270 1000 ug/l SW846 6010C
Sodium 46900 400 ug/l SW846 6010C
Alkalinity, Bicarbonate as CaCO3 299 5.0 mg/l SM 2320B-2011
Alkalinity, Total as CaCO3 299 5.0 mg/l SM 2320B-2011
Bromide 0.14 0.050 mg/l EPA 300.0/SW846 9056
Chloride 17.1 0.50 mg/l EPA 300.0/SW846 9056
Fluoride 0.13 0.10 mg/l EPA 300.0/SW846 9056
Nitrogen, Nitrate 0.45 0.050 mg/l EPA 300.0/SW846 9056
Nitrogen, Nitrate + Nitrite a 0.45 0.054 mg/l EPA 300.0/SW846 9056
Phosphorus, Total 0.036 0.010 mg/l HACH8190/SM4500P-B/E
Solids, Total Dissolved 426 10 mg/l SM 2540C-2011
Specific Conductivity 642 1.0 umhos/cm SM 2510B-2011
Sulfate 47.1 2.5 mg/l EPA 300.0/SW846 9056
pH 7.87 su SM4500HB+-2011/9040C

D48106-2A MW-1

Methane 0.00041 J 0.00080 0.00040 mg/l RSK175 MOD

D48106-2B MW-1

Iron Reducing Bacteria 9000 25 CFU/ml HACH IRB-BART
Slime Forming Bacteria 140000 500 CFU/ml HACH SLYM-BART
Sulfate Reducing Bacteria 5000 200 CFU/ml HACH SRB-BART

D48106-2F MW-1

Barium 0.069 0.010 mg/l SW846 6020A
Calcium 58300 400 ug/l SW846 6010C
Magnesium 31600 200 ug/l SW846 6010C
Manganese 47.2 5.0 ug/l SW846 6010C
Potassium 1080 1000 ug/l SW846 6010C
Sodium 49400 400 ug/l SW846 6010C

D48106-3 TRIP BLANK

No hits reported in this sample.

(a) Calculated as: (Nitrogen, Nitrate) + (Nitrogen, Nitrite)
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Report of Analysis Page 1 of 1     

Client Sample ID: MW-3 
Lab Sample ID: D48106-1 Date Sampled: 07/09/13 
Matrix: AQ - Ground Water   Date Received: 07/11/13 
Method: SW846 8260B Percent Solids: n/a 
Project: MOC 32C/BWQ/MONITORING WELLS

File ID DF Analyzed By Prep Date Prep Batch Analytical Batch
Run #1 3V25606.D 1 07/12/13 BR n/a n/a V3V1507
Run #2

Purge Volume
Run #1 5.0 ml
Run #2

Purgeable Aromatics

CAS No. Compound Result RL MDL Units Q

71-43-2 Benzene ND 0.0010 0.00025 mg/l
108-88-3 Toluene ND 0.0020 0.0010 mg/l
100-41-4 Ethylbenzene ND 0.0020 0.00025 mg/l
1330-20-7 Xylene (total) ND 0.0030 0.0020 mg/l

CAS No. Surrogate Recoveries Run# 1 Run# 2 Limits

17060-07-0 1,2-Dichloroethane-D4 104% 62-130%
2037-26-5 Toluene-D8 94% 70-130%
460-00-4 4-Bromofluorobenzene 89% 69-130%

ND = Not detected MDL - Method Detection Limit J = Indicates an estimated value
RL = Reporting Limit B = Indicates analyte found in associated method blank
E = Indicates value exceeds calibration range N = Indicates presumptive evidence of a compound
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Report of Analysis Page 1 of 1     

Client Sample ID: MW-3 
Lab Sample ID: D48106-1 Date Sampled: 07/09/13 
Matrix: AQ - Ground Water   Date Received: 07/11/13 
Method: SW846 8015B Percent Solids: n/a 
Project: MOC 32C/BWQ/MONITORING WELLS

File ID DF Analyzed By Prep Date Prep Batch Analytical Batch
Run #1 GB21145.D 1 07/13/13 BD n/a n/a GGB1161
Run #2

Purge Volume
Run #1 5.0 ml
Run #2

CAS No. Compound Result RL MDL Units Q

TPH-GRO (C6-C10) ND 0.20 0.10 mg/l

CAS No. Surrogate Recoveries Run# 1 Run# 2 Limits

120-82-1 1,2,4-Trichlorobenzene 87% 60-140%

ND = Not detected MDL - Method Detection Limit J = Indicates an estimated value
RL = Reporting Limit B = Indicates analyte found in associated method blank
E = Indicates value exceeds calibration range N = Indicates presumptive evidence of a compound
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Report of Analysis Page 1 of 1     

Client Sample ID: MW-3 
Lab Sample ID: D48106-1 Date Sampled: 07/09/13 
Matrix: AQ - Ground Water   Date Received: 07/11/13 
Method: SW846-8015B   SW846 3510C Percent Solids: n/a 
Project: MOC 32C/BWQ/MONITORING WELLS

File ID DF Analyzed By Prep Date Prep Batch Analytical Batch
Run #1 FD26471.D 1 07/14/13 TU 07/12/13 OP8188 GFD1299
Run #2

Initial Volume Final Volume
Run #1 1050 ml 1.0 ml
Run #2

CAS No. Compound Result RL MDL Units Q

TPH-DRO (C10-C28) ND 0.19 0.17 mg/l

CAS No. Surrogate Recoveries Run# 1 Run# 2 Limits

84-15-1 o-Terphenyl 64% 20-140%

ND = Not detected MDL - Method Detection Limit J = Indicates an estimated value
RL = Reporting Limit B = Indicates analyte found in associated method blank
E = Indicates value exceeds calibration range N = Indicates presumptive evidence of a compound
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Client Sample ID: MW-3 
Lab Sample ID: D48106-1 Date Sampled: 07/09/13 
Matrix: AQ - Ground Water   Date Received: 07/11/13 

Percent Solids: n/a 
Project: MOC 32C/BWQ/MONITORING WELLS

Total Metals Analysis

Analyte Result RL Units DF Prep Analyzed By Method Prep Method

Barium 0.15 0.010 mg/l 5 07/12/13 07/13/13 JM SW846 6020A 2 SW846 3010A 4

Boron <50 50 ug/l 1 07/12/13 07/12/13 JB SW846 6010C 1 SW846 3010A 3

Calcium 73900 400 ug/l 1 07/12/13 07/12/13 JB SW846 6010C 1 SW846 3010A 3

Iron 7750 70 ug/l 1 07/12/13 07/12/13 JB SW846 6010C 1 SW846 3010A 3

Magnesium 31300 200 ug/l 1 07/12/13 07/12/13 JB SW846 6010C 1 SW846 3010A 3

Manganese 193 5.0 ug/l 1 07/12/13 07/12/13 JB SW846 6010C 1 SW846 3010A 3

Potassium 3160 1000 ug/l 1 07/12/13 07/12/13 JB SW846 6010C 1 SW846 3010A 3

Selenium <0.0020 0.0020 mg/l 5 07/12/13 07/13/13 JM SW846 6020A 2 SW846 3010A 4

Sodium 57000 400 ug/l 1 07/12/13 07/12/13 JB SW846 6010C 1 SW846 3010A 3

(1) Instrument QC Batch: MA3753
(2) Instrument QC Batch: MA3754
(3) Prep QC Batch: MP10508
(4) Prep QC Batch: MP10509

RL = Reporting Limit
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Client Sample ID: MW-3 
Lab Sample ID: D48106-1 Date Sampled: 07/09/13 
Matrix: AQ - Ground Water   Date Received: 07/11/13 

Percent Solids: n/a 
Project: MOC 32C/BWQ/MONITORING WELLS

General Chemistry

Analyte Result RL Units DF Analyzed By Method

Alkalinity, Bicarbonate as CaC 323 5.0 mg/l 1 07/11/13 KB SM 2320B-2011

Alkalinity, Carbonate <5.0 5.0 mg/l 1 07/11/13 KB SM 2320B-2011

Alkalinity, Total as CaCO3 323 5.0 mg/l 1 07/11/13 KB SM 2320B-2011

Bromide <0.050 0.050 mg/l 1 07/11/13 15:53 GH EPA 300.0/SW846 9056

Chloride 3.7 0.50 mg/l 1 07/11/13 15:53 GH EPA 300.0/SW846 9056

Fluoride 0.14 0.10 mg/l 1 07/11/13 15:53 GH EPA 300.0/SW846 9056

Nitrogen, Nitrate 0.015 0.010 mg/l 1 07/11/13 15:53 GH EPA 300.0/SW846 9056

Nitrogen, Nitrate + Nitrite a 0.015 0.014 mg/l 1 07/11/13 15:53 GH EPA 300.0/SW846 9056

Nitrogen, Nitrite <0.0040 0.0040 mg/l 1 07/11/13 15:53 GH EPA 300.0/SW846 9056

Phosphorus, Total 0.29 0.010 mg/l 1 07/12/13 KB HACH8190/SM4500P-B/E

Solids, Total Dissolved 450 10 mg/l 1 07/11/13 BF SM 2540C-2011

Specific Conductivity 633 1.0 umhos/cm 1 07/15/13 RW SM 2510B-2011

Sulfate 50.7 2.5 mg/l 5 07/11/13 18:07 GH EPA 300.0/SW846 9056

pH 7.92 su 1 07/15/13 13:50 AK SM4500HB+-2011/9040C

(a) Calculated as: (Nitrogen, Nitrate) + (Nitrogen, Nitrite)

RL = Reporting Limit           
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Client Sample ID: MW-3 
Lab Sample ID: D48106-1A Date Sampled: 07/09/13 
Matrix: AQ - Ground Water   Date Received: 07/11/13 
Method: RSK175 MOD Percent Solids: n/a 
Project: MOC 32C/BWQ/MONITORING WELLS

File ID DF Analyzed By Prep Date Prep Batch Analytical Batch
Run #1 FB08924.D 1 07/11/13 AV n/a n/a GFB391
Run #2

Methane, Ethane and Propane

CAS No. Compound Result RL MDL Units Q

74-82-8 Methane ND 0.00080 0.00040 mg/l
74-84-0 Ethane ND 0.0016 0.00080 mg/l
74-98-6 Propane ND 0.018 0.0090 mg/l

ND = Not detected MDL - Method Detection Limit J = Indicates an estimated value
RL = Reporting Limit B = Indicates analyte found in associated method blank
E = Indicates value exceeds calibration range N = Indicates presumptive evidence of a compound

15 of 31

D48106

4
4.2



Accutest LabLink@11277 11:37 29-Aug-2013
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Client Sample ID: MW-3 
Lab Sample ID: D48106-1B Date Sampled: 07/09/13 
Matrix: AQ - Ground Water   Date Received: 07/11/13 

Percent Solids: n/a 
Project: MOC 32C/BWQ/MONITORING WELLS

General Chemistry

Analyte Result RL Units DF Analyzed By Method

Iron Reducing Bacteria 74500 25 CFU/ml 1 07/15/13 MM HACH IRB-BART

Slime Forming Bacteria 140000 500 CFU/ml 1 07/15/13 MM HACH SLYM-BART

Sulfate Reducing Bacteria 1200 200 CFU/ml 1 07/15/13 MM HACH SRB-BART

RL = Reporting Limit           
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Client Sample ID: MW-3 
Lab Sample ID: D48106-1F Date Sampled: 07/09/13 
Matrix: AQ - Groundwater Filtered   Date Received: 07/11/13 

Percent Solids: n/a 
Project: MOC 32C/BWQ/MONITORING WELLS

Dissolved Metals Analysis

Analyte Result RL Units DF Prep Analyzed By Method Prep Method

Barium 0.076 0.010 mg/l 5 07/12/13 07/13/13 JM SW846 6020A 2 SW846 3010A 4

Boron <50 50 ug/l 1 07/12/13 07/12/13 JB SW846 6010C 1 SW846 3010A 3

Calcium 60000 400 ug/l 1 07/12/13 07/12/13 JB SW846 6010C 1 SW846 3010A 3

Iron <70 70 ug/l 1 07/12/13 07/12/13 JB SW846 6010C 1 SW846 3010A 3

Magnesium 26900 200 ug/l 1 07/12/13 07/12/13 JB SW846 6010C 1 SW846 3010A 3

Manganese 48.2 5.0 ug/l 1 07/12/13 07/12/13 JB SW846 6010C 1 SW846 3010A 3

Potassium 1390 1000 ug/l 1 07/12/13 07/12/13 JB SW846 6010C 1 SW846 3010A 3

Selenium <0.0020 0.0020 mg/l 5 07/12/13 07/13/13 JM SW846 6020A 2 SW846 3010A 4

Sodium 49000 400 ug/l 1 07/12/13 07/12/13 JB SW846 6010C 1 SW846 3010A 3

(1) Instrument QC Batch: MA3753
(2) Instrument QC Batch: MA3754
(3) Prep QC Batch: MP10508
(4) Prep QC Batch: MP10509

RL = Reporting Limit
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Client Sample ID: MW-1 
Lab Sample ID: D48106-2 Date Sampled: 07/09/13 
Matrix: AQ - Ground Water   Date Received: 07/11/13 
Method: SW846 8260B Percent Solids: n/a 
Project: MOC 32C/BWQ/MONITORING WELLS

File ID DF Analyzed By Prep Date Prep Batch Analytical Batch
Run #1 a 3V25607.D 1 07/12/13 BR n/a n/a V3V1507
Run #2

Purge Volume
Run #1 5.0 ml
Run #2

Purgeable Aromatics

CAS No. Compound Result RL MDL Units Q

71-43-2 Benzene ND 0.0010 0.00025 mg/l
108-88-3 Toluene ND 0.0020 0.0010 mg/l
100-41-4 Ethylbenzene ND 0.0020 0.00025 mg/l
1330-20-7 Xylene (total) ND 0.0030 0.0020 mg/l

CAS No. Surrogate Recoveries Run# 1 Run# 2 Limits

17060-07-0 1,2-Dichloroethane-D4 100% 62-130%
2037-26-5 Toluene-D8 96% 70-130%
460-00-4 4-Bromofluorobenzene 91% 69-130%

(a) The pH of the sample aliquot for VOA analysis was >2 at time of analysis.

ND = Not detected MDL - Method Detection Limit J = Indicates an estimated value
RL = Reporting Limit B = Indicates analyte found in associated method blank
E = Indicates value exceeds calibration range N = Indicates presumptive evidence of a compound
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Report of Analysis Page 1 of 1     

Client Sample ID: MW-1 
Lab Sample ID: D48106-2 Date Sampled: 07/09/13 
Matrix: AQ - Ground Water   Date Received: 07/11/13 
Method: SW846 8015B Percent Solids: n/a 
Project: MOC 32C/BWQ/MONITORING WELLS

File ID DF Analyzed By Prep Date Prep Batch Analytical Batch
Run #1 GB21146.D 1 07/13/13 BD n/a n/a GGB1161
Run #2

Purge Volume
Run #1 5.0 ml
Run #2

CAS No. Compound Result RL MDL Units Q

TPH-GRO (C6-C10) ND 0.20 0.10 mg/l

CAS No. Surrogate Recoveries Run# 1 Run# 2 Limits

120-82-1 1,2,4-Trichlorobenzene 89% 60-140%

ND = Not detected MDL - Method Detection Limit J = Indicates an estimated value
RL = Reporting Limit B = Indicates analyte found in associated method blank
E = Indicates value exceeds calibration range N = Indicates presumptive evidence of a compound
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Report of Analysis Page 1 of 1     

Client Sample ID: MW-1 
Lab Sample ID: D48106-2 Date Sampled: 07/09/13 
Matrix: AQ - Ground Water   Date Received: 07/11/13 
Method: SW846-8015B   SW846 3510C Percent Solids: n/a 
Project: MOC 32C/BWQ/MONITORING WELLS

File ID DF Analyzed By Prep Date Prep Batch Analytical Batch
Run #1 FD26401.D 1 07/13/13 TU 07/12/13 OP8188 GFD1299
Run #2

Initial Volume Final Volume
Run #1 1060 ml 1.0 ml
Run #2

CAS No. Compound Result RL MDL Units Q

TPH-DRO (C10-C28) ND 0.19 0.17 mg/l

CAS No. Surrogate Recoveries Run# 1 Run# 2 Limits

84-15-1 o-Terphenyl 75% 20-140%

ND = Not detected MDL - Method Detection Limit J = Indicates an estimated value
RL = Reporting Limit B = Indicates analyte found in associated method blank
E = Indicates value exceeds calibration range N = Indicates presumptive evidence of a compound
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Client Sample ID: MW-1 
Lab Sample ID: D48106-2 Date Sampled: 07/09/13 
Matrix: AQ - Ground Water   Date Received: 07/11/13 

Percent Solids: n/a 
Project: MOC 32C/BWQ/MONITORING WELLS

Total Metals Analysis

Analyte Result RL Units DF Prep Analyzed By Method Prep Method

Barium 0.084 0.010 mg/l 5 07/12/13 07/13/13 JM SW846 6020A 2 SW846 3010A 4

Boron 58.4 50 ug/l 1 07/12/13 07/12/13 JB SW846 6010C 1 SW846 3010A 3

Calcium 58900 400 ug/l 1 07/12/13 07/12/13 JB SW846 6010C 1 SW846 3010A 3

Iron 1120 70 ug/l 1 07/12/13 07/12/13 JB SW846 6010C 1 SW846 3010A 3

Magnesium 31900 200 ug/l 1 07/12/13 07/12/13 JB SW846 6010C 1 SW846 3010A 3

Manganese 71.8 5.0 ug/l 1 07/12/13 07/12/13 JB SW846 6010C 1 SW846 3010A 3

Potassium 1270 1000 ug/l 1 07/12/13 07/12/13 JB SW846 6010C 1 SW846 3010A 3

Selenium <0.0020 0.0020 mg/l 5 07/12/13 07/13/13 JM SW846 6020A 2 SW846 3010A 4

Sodium 46900 400 ug/l 1 07/12/13 07/12/13 JB SW846 6010C 1 SW846 3010A 3

(1) Instrument QC Batch: MA3753
(2) Instrument QC Batch: MA3754
(3) Prep QC Batch: MP10508
(4) Prep QC Batch: MP10509

RL = Reporting Limit
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Report of Analysis Page 1 of 1     

Client Sample ID: MW-1 
Lab Sample ID: D48106-2 Date Sampled: 07/09/13 
Matrix: AQ - Ground Water   Date Received: 07/11/13 

Percent Solids: n/a 
Project: MOC 32C/BWQ/MONITORING WELLS

General Chemistry

Analyte Result RL Units DF Analyzed By Method

Alkalinity, Bicarbonate as CaC 299 5.0 mg/l 1 07/11/13 KB SM 2320B-2011

Alkalinity, Carbonate <5.0 5.0 mg/l 1 07/11/13 KB SM 2320B-2011

Alkalinity, Total as CaCO3 299 5.0 mg/l 1 07/11/13 KB SM 2320B-2011

Bromide 0.14 0.050 mg/l 1 07/11/13 16:04 GH EPA 300.0/SW846 9056

Chloride 17.1 0.50 mg/l 1 07/11/13 16:04 GH EPA 300.0/SW846 9056

Fluoride 0.13 0.10 mg/l 1 07/11/13 16:04 GH EPA 300.0/SW846 9056

Nitrogen, Nitrate 0.45 0.050 mg/l 5 07/11/13 18:18 GH EPA 300.0/SW846 9056

Nitrogen, Nitrate + Nitrite a 0.45 0.054 mg/l 1 07/11/13 18:18 GH EPA 300.0/SW846 9056

Nitrogen, Nitrite <0.0040 0.0040 mg/l 1 07/11/13 16:04 GH EPA 300.0/SW846 9056

Phosphorus, Total 0.036 0.010 mg/l 1 07/12/13 KB HACH8190/SM4500P-B/E

Solids, Total Dissolved 426 10 mg/l 1 07/11/13 BF SM 2540C-2011

Specific Conductivity 642 1.0 umhos/cm 1 07/15/13 RW SM 2510B-2011

Sulfate 47.1 2.5 mg/l 5 07/11/13 18:18 GH EPA 300.0/SW846 9056

pH 7.87 su 1 07/15/13 13:50 AK SM4500HB+-2011/9040C

(a) Calculated as: (Nitrogen, Nitrate) + (Nitrogen, Nitrite)

RL = Reporting Limit           
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Client Sample ID: MW-1 
Lab Sample ID: D48106-2A Date Sampled: 07/09/13 
Matrix: AQ - Ground Water   Date Received: 07/11/13 
Method: RSK175 MOD Percent Solids: n/a 
Project: MOC 32C/BWQ/MONITORING WELLS

File ID DF Analyzed By Prep Date Prep Batch Analytical Batch
Run #1 FB08925.D 1 07/11/13 AV n/a n/a GFB391
Run #2

Methane, Ethane and Propane

CAS No. Compound Result RL MDL Units Q

74-82-8 Methane 0.00041 0.00080 0.00040 mg/l J
74-84-0 Ethane ND 0.0016 0.00080 mg/l
74-98-6 Propane ND 0.018 0.0090 mg/l

ND = Not detected MDL - Method Detection Limit J = Indicates an estimated value
RL = Reporting Limit B = Indicates analyte found in associated method blank
E = Indicates value exceeds calibration range N = Indicates presumptive evidence of a compound
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Client Sample ID: MW-1 
Lab Sample ID: D48106-2B Date Sampled: 07/09/13 
Matrix: AQ - Ground Water   Date Received: 07/11/13 

Percent Solids: n/a 
Project: MOC 32C/BWQ/MONITORING WELLS

General Chemistry

Analyte Result RL Units DF Analyzed By Method

Iron Reducing Bacteria 9000 25 CFU/ml 1 07/15/13 MM HACH IRB-BART

Slime Forming Bacteria 140000 500 CFU/ml 1 07/15/13 MM HACH SLYM-BART

Sulfate Reducing Bacteria 5000 200 CFU/ml 1 07/15/13 MM HACH SRB-BART

RL = Reporting Limit           
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Client Sample ID: MW-1 
Lab Sample ID: D48106-2F Date Sampled: 07/09/13 
Matrix: AQ - Groundwater Filtered   Date Received: 07/11/13 

Percent Solids: n/a 
Project: MOC 32C/BWQ/MONITORING WELLS

Dissolved Metals Analysis

Analyte Result RL Units DF Prep Analyzed By Method Prep Method

Barium 0.069 0.010 mg/l 5 07/12/13 07/13/13 JM SW846 6020A 2 SW846 3010A 4

Boron <50 50 ug/l 1 07/12/13 07/12/13 JB SW846 6010C 1 SW846 3010A 3

Calcium 58300 400 ug/l 1 07/12/13 07/12/13 JB SW846 6010C 1 SW846 3010A 3

Iron <70 70 ug/l 1 07/12/13 07/12/13 JB SW846 6010C 1 SW846 3010A 3

Magnesium 31600 200 ug/l 1 07/12/13 07/12/13 JB SW846 6010C 1 SW846 3010A 3

Manganese 47.2 5.0 ug/l 1 07/12/13 07/12/13 JB SW846 6010C 1 SW846 3010A 3

Potassium 1080 1000 ug/l 1 07/12/13 07/12/13 JB SW846 6010C 1 SW846 3010A 3

Selenium <0.0020 0.0020 mg/l 5 07/12/13 07/13/13 JM SW846 6020A 2 SW846 3010A 4

Sodium 49400 400 ug/l 1 07/12/13 07/12/13 JB SW846 6010C 1 SW846 3010A 3

(1) Instrument QC Batch: MA3753
(2) Instrument QC Batch: MA3754
(3) Prep QC Batch: MP10508
(4) Prep QC Batch: MP10509

RL = Reporting Limit
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Client Sample ID: TRIP BLANK 
Lab Sample ID: D48106-3 Date Sampled: 07/09/13 
Matrix: AQ - Trip Blank Water   Date Received: 07/11/13 
Method: SW846 8260B Percent Solids: n/a 
Project: MOC 32C/BWQ/MONITORING WELLS

File ID DF Analyzed By Prep Date Prep Batch Analytical Batch
Run #1 3V25608.D 1 07/12/13 BR n/a n/a V3V1507
Run #2

Purge Volume
Run #1 5.0 ml
Run #2

Purgeable Aromatics

CAS No. Compound Result RL MDL Units Q

71-43-2 Benzene ND 0.0010 0.00025 mg/l
108-88-3 Toluene ND 0.0020 0.0010 mg/l
100-41-4 Ethylbenzene ND 0.0020 0.00025 mg/l
1330-20-7 Xylene (total) ND 0.0030 0.0020 mg/l

CAS No. Surrogate Recoveries Run# 1 Run# 2 Limits

17060-07-0 1,2-Dichloroethane-D4 113% 62-130%
2037-26-5 Toluene-D8 93% 70-130%
460-00-4 4-Bromofluorobenzene 91% 69-130%

ND = Not detected MDL - Method Detection Limit J = Indicates an estimated value
RL = Reporting Limit B = Indicates analyte found in associated method blank
E = Indicates value exceeds calibration range N = Indicates presumptive evidence of a compound
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• Chain of Custody
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08/29/13

Technical Report for

Marathon Oil

MOC 32C/BWQ/MONITORING WELLS

WBS#TA.13.30788.EXP

Accutest Job Number:   D48107
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Accutest LabLink@11277 11:45 29-Aug-2013

Sample Summary

Marathon Oil
Job No: D48107

MOC 32C/BWQ/MONITORING WELLS
Project No:   WBS#TA.13.30788.EXP

Sample Collected Matrix Client 
Number Date Time By Received Code Type Sample ID

D48107-1 07/10/13 15:00 BT 07/11/13 AQ Ground Water MW-4

D48107-1A 07/10/13 15:00 BT 07/11/13 AQ Ground Water MW-4

D48107-1B 07/10/13 15:00 BT 07/11/13 AQ Ground Water MW-4

D48107-1F 07/10/13 15:00 BT 07/11/13 AQ Groundwater Filtered MW-4

D48107-2 07/10/13 00:00 BT 07/11/13 AQ Trip Blank Water TRIP BLANK

3 of 24
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On 07/11/2013, 1 sample(s), 1 Trip Blank(s), and 0 Field Blank(s) were received at Accutest Mountain States (AMS) at a temperature 
of 5.8 °C. The samples were intact and properly preserved, unless noted below.  An AMS Job Number of D48107 was assigned to 
the project.  The lab sample ID, client sample ID, and date of sample collection are detailed in the report’s Results Summary.

Specified quality control criteria were achieved for this job except as noted below.  For more information, please refer to the analytical 
results and QC summary pages.

Client: Marathon Oil

Site: MOC 32C/BWQ/MONITORING WELLS

Job No D48107

Report Date 7/23/2013 10:06:50 AM

CASE NARRATIVE / CONFORMANCE SUMMARY

Volatiles by GCMS By Method SW846 8260B
Matrix AQ Batch ID: V3V1507

All samples were analyzed within the recommended method holding time.

All method blanks for this batch meet method specific criteria.

Sample(s)  D47878-1MS, D47878-1MSD were used as the QC samples indicated.

D47878-1MSD: Dilution required due to matrix interference (sample foamed).

D47878-1MS: Dilution required due to matrix interference (sample foamed).

Volatiles by GC By Method RSK175 MOD
Matrix AQ Batch ID: GFB391

All samples were analyzed within the recommended method holding time.

All method blanks for this batch meet method specific criteria.

Sample(s)  D48007-3MS, D48007-3MSD were used as the QC samples indicated.

Volatiles by GC By Method SW846 8015B
Matrix AQ Batch ID: GGB1161

All samples were analyzed within the recommended method holding time.

All method blanks for this batch meet method specific criteria.

Sample(s)  D48026-1MS, D48026-1MSD were used as the QC samples indicated.

Extractables by GC By Method SW846-8015B
Matrix AQ Batch ID: OP8188

All samples were extracted and analyzed within the recommended method holding time.

All method blanks for this batch meet method specific criteria.

Sample(s)  D47726-37MS, D47726-37MSD were used as the QC samples indicated.

Tuesday, July 23, 2013 Page 1 of 3
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Metals By Method SW846 6010C
Matrix AQ Batch ID: MP10508

All samples were digested and analyzed within the recommended method holding time.

All method blanks for this batch meet method specific criteria.

Sample(s)  D48106-1MS, D48106-1MSD, D48106-1SDL were used as the QC samples for the metals analysis.

The matrix spike (MS) recovery(s) of  Potassium, Sodium are outside control limits.  Spike recovery indicates possible matrix 
interference.

The serial dilution RPD(s) for  Boron are outside control limits for sample  MP10508-SD1.  Percent difference acceptable due to 
low initial sample  concentration (< 50 times IDL).

Metals By Method SW846 6020A
Matrix AQ Batch ID: MP10509

All samples were digested and analyzed within the recommended method holding time.

All method blanks for this batch meet method specific criteria.

Sample(s)  D48106-1MS, D48106-1MSD, D48106-1SDL were used as the QC samples for the metals analysis.

The serial dilution RPD(s) for  Selenium are outside control limits for sample  MP10509-SD1.  Percent difference acceptable due 
to low initial sample  concentration (< 50 times IDL).

Wet Chemistry By Method EPA 300.0/SW846 9056
Matrix AQ Batch ID: GP10400

All samples were prepared and analyzed within the recommended method holding time.

All method blanks for this batch meet method specific criteria.

Sample(s)  D48029-4MS, D48029-4MSD were used as the QC samples for the  Bromide, Chloride, Fluoride, Nitrogen, Nitrate, 
Nitrogen, Nitrite, Sulfate, Bromide analysis.

D48107-1 for Fluoride: Elevated detection limit due to matrix interference.

D48107-1 for Nitrogen, Nitrite: Elevated detection limit due to matrix interference.

Matrix AQ Batch ID: R17957

The data for  EPA 300.0/SW846 9056 meets quality control requirements.

D48107-1 for Nitrogen, Nitrate + Nitrite: Calculated as: (Nitrogen, Nitrate) + (Nitrogen, Nitrite)

Wet Chemistry By Method HACH IRB-BART
Matrix AQ Batch ID: MB218

All samples were analyzed within the recommended method holding time.

All method blanks for this batch meet method specific criteria.

Wet Chemistry By Method HACH SLYM-BART
Matrix AQ Batch ID: MB219

All samples were analyzed within the recommended method holding time.

All method blanks for this batch meet method specific criteria.

Wet Chemistry By Method HACH SRB-BART
Matrix AQ Batch ID: MB220

All samples were analyzed within the recommended method holding time.

All method blanks for this batch meet method specific criteria.

Tuesday, July 23, 2013 Page 2 of 3
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Wet Chemistry By Method HACH8190/SM4500P-B/E
Matrix AQ Batch ID: GP10412

All samples were prepared and analyzed within the recommended method holding time.

All method blanks for this batch meet method specific criteria.

Sample(s)  D48027-1DUP, D48027-1MS, D48027-1MSD were used as the QC samples for the  Phosphorus, Total analysis.

Wet Chemistry By Method SM 2320B-2011
Matrix AQ Batch ID: GN20958

All samples were analyzed within the recommended method holding time.

All method blanks for this batch meet method specific criteria.

Sample(s)  D47951-2DUP, D47951-2MS, D47951-2MSD were used as the QC samples for the  Alkalinity, Total as CaCO3 
analysis.

Matrix AQ Batch ID: GN20959

All samples were analyzed within the recommended method holding time.

All method blanks for this batch meet method specific criteria.

Matrix AQ Batch ID: GN20960

All samples were analyzed within the recommended method holding time.

All method blanks for this batch meet method specific criteria.

Wet Chemistry By Method SM 2510B-2011
Matrix AQ Batch ID: GP10422

Sample(s)  D47990-4DUP were used as the QC samples for the  Specific Conductivity analysis.

Wet Chemistry By Method SM 2540C-2011
Matrix AQ Batch ID: GN20952

All samples were analyzed within the recommended method holding time.

All method blanks for this batch meet method specific criteria.

Sample(s)  D47990-2DUP were used as the QC samples for the  Solids, Total Dissolved analysis.

Wet Chemistry By Method SM4500HB+-2011/9040C
Matrix AQ Batch ID: GN21010

The following samples were run outside of holding time for method  SM4500HB+-2011/9040C:  D48107-1

AMS certifies that data reported for samples received, listed on the associated custody chain or analytical task order, were produced 
to specifications meeting AMS's Quality System precision, accuracy and completeness objectives except as noted.

Estimated non-standard method measurement uncertainty data is available on request, based on quality control bias and implicit for 
standard methods. Acceptable uncertainty requires tested parameter quality control data to meet method criteria.

AMS is not responsible for data quality assumptions if partial reports are used and recommends that this report be used in its entirety. 
This report is authorized by AMS indicated via signature on the report cover.
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Summary of Hits Page 1 of 2     
Job Number: D48107
Account: Marathon Oil
Project: MOC 32C/BWQ/MONITORING WELLS
Collected: 07/10/13

Lab Sample ID   Client Sample ID Result/
Analyte Qual RL MDL Units Method

D48107-1 MW-4

Benzene 0.0947 0.0010 0.00025 mg/l SW846 8260B
Ethylbenzene 0.0021 0.0020 0.00025 mg/l SW846 8260B
Xylene (total) 0.0138 0.0030 0.0020 mg/l SW846 8260B
TPH-GRO (C6-C10) 0.270 0.20 0.10 mg/l SW846 8015B
TPH-DRO (C10-C28) 0.242 0.19 0.17 mg/l SW846-8015B
Barium 0.16 0.010 mg/l SW846 6020A
Boron 475 50 ug/l SW846 6010C
Calcium 149000 400 ug/l SW846 6010C
Iron 629 70 ug/l SW846 6010C
Magnesium 66400 200 ug/l SW846 6010C
Manganese 1210 5.0 ug/l SW846 6010C
Potassium 1590 1000 ug/l SW846 6010C
Sodium 230000 400 ug/l SW846 6010C
Alkalinity, Bicarbonate as CaCO3 385 5.0 mg/l SM 2320B-2011
Alkalinity, Total as CaCO3 385 5.0 mg/l SM 2320B-2011
Bromide 4.2 0.25 mg/l EPA 300.0/SW846 9056
Chloride 462 10 mg/l EPA 300.0/SW846 9056
Nitrogen, Nitrate 0.13 0.050 mg/l EPA 300.0/SW846 9056
Nitrogen, Nitrate + Nitrite a 0.15 0.070 mg/l EPA 300.0/SW846 9056
Phosphorus, Total 0.047 0.010 mg/l HACH8190/SM4500P-B/E
Solids, Total Dissolved 1550 10 mg/l SM 2540C-2011
Specific Conductivity 2310 1.0 umhos/cm SM 2510B-2011
Sulfate 118 2.5 mg/l EPA 300.0/SW846 9056
pH 7.67 su SM4500HB+-2011/9040C

D48107-1A MW-4

Methane 0.0811 0.00080 0.00040 mg/l RSK175 MOD

D48107-1B MW-4

Iron Reducing Bacteria 9000 25 CFU/ml HACH IRB-BART
Slime Forming Bacteria 140000 500 CFU/ml HACH SLYM-BART
Sulfate Reducing Bacteria 18000 200 CFU/ml HACH SRB-BART

D48107-1F MW-4

Barium 0.17 0.010 mg/l SW846 6020A
Boron 518 50 ug/l SW846 6010C
Calcium 160000 400 ug/l SW846 6010C
Magnesium 68200 200 ug/l SW846 6010C
Manganese 1260 5.0 ug/l SW846 6010C
Potassium 1460 1000 ug/l SW846 6010C
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Summary of Hits Page 2 of 2     
Job Number: D48107
Account: Marathon Oil
Project: MOC 32C/BWQ/MONITORING WELLS
Collected: 07/10/13

Lab Sample ID   Client Sample ID Result/
Analyte Qual RL MDL Units Method

Sodium 224000 400 ug/l SW846 6010C

D48107-2 TRIP BLANK

No hits reported in this sample.

(a) Calculated as: (Nitrogen, Nitrate) + (Nitrogen, Nitrite)
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Accutest LabLink@11277 11:45 29-Aug-2013

Sample Results

Report of Analysis

Mountain States

Section 4
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Accutest LabLink@11277 11:45 29-Aug-2013

Report of Analysis Page 1 of 1     

Client Sample ID: MW-4 
Lab Sample ID: D48107-1 Date Sampled: 07/10/13 
Matrix: AQ - Ground Water   Date Received: 07/11/13 
Method: SW846 8260B Percent Solids: n/a 
Project: MOC 32C/BWQ/MONITORING WELLS

File ID DF Analyzed By Prep Date Prep Batch Analytical Batch
Run #1 3V25609.D 1 07/12/13 BR n/a n/a V3V1507
Run #2

Purge Volume
Run #1 5.0 ml
Run #2

Purgeable Aromatics

CAS No. Compound Result RL MDL Units Q

71-43-2 Benzene 0.0947 0.0010 0.00025 mg/l
108-88-3 Toluene ND 0.0020 0.0010 mg/l
100-41-4 Ethylbenzene 0.0021 0.0020 0.00025 mg/l
1330-20-7 Xylene (total) 0.0138 0.0030 0.0020 mg/l

CAS No. Surrogate Recoveries Run# 1 Run# 2 Limits

17060-07-0 1,2-Dichloroethane-D4 102% 62-130%
2037-26-5 Toluene-D8 94% 70-130%
460-00-4 4-Bromofluorobenzene 90% 69-130%

ND = Not detected MDL - Method Detection Limit J = Indicates an estimated value
RL = Reporting Limit B = Indicates analyte found in associated method blank
E = Indicates value exceeds calibration range N = Indicates presumptive evidence of a compound
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Accutest LabLink@11277 11:45 29-Aug-2013

Report of Analysis Page 1 of 1     

Client Sample ID: MW-4 
Lab Sample ID: D48107-1 Date Sampled: 07/10/13 
Matrix: AQ - Ground Water   Date Received: 07/11/13 
Method: SW846 8015B Percent Solids: n/a 
Project: MOC 32C/BWQ/MONITORING WELLS

File ID DF Analyzed By Prep Date Prep Batch Analytical Batch
Run #1 GB21147.D 1 07/13/13 BD n/a n/a GGB1161
Run #2

Purge Volume
Run #1 5.0 ml
Run #2

CAS No. Compound Result RL MDL Units Q

TPH-GRO (C6-C10) 0.270 0.20 0.10 mg/l

CAS No. Surrogate Recoveries Run# 1 Run# 2 Limits

120-82-1 1,2,4-Trichlorobenzene 90% 60-140%

ND = Not detected MDL - Method Detection Limit J = Indicates an estimated value
RL = Reporting Limit B = Indicates analyte found in associated method blank
E = Indicates value exceeds calibration range N = Indicates presumptive evidence of a compound
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Accutest LabLink@11277 11:45 29-Aug-2013

Report of Analysis Page 1 of 1     

Client Sample ID: MW-4 
Lab Sample ID: D48107-1 Date Sampled: 07/10/13 
Matrix: AQ - Ground Water   Date Received: 07/11/13 
Method: SW846-8015B   SW846 3510C Percent Solids: n/a 
Project: MOC 32C/BWQ/MONITORING WELLS

File ID DF Analyzed By Prep Date Prep Batch Analytical Batch
Run #1 FD26473.D 1 07/14/13 TU 07/12/13 OP8188 GFD1299
Run #2

Initial Volume Final Volume
Run #1 1060 ml 1.0 ml
Run #2

CAS No. Compound Result RL MDL Units Q

TPH-DRO (C10-C28) 0.242 0.19 0.17 mg/l

CAS No. Surrogate Recoveries Run# 1 Run# 2 Limits

84-15-1 o-Terphenyl 57% 20-140%

ND = Not detected MDL - Method Detection Limit J = Indicates an estimated value
RL = Reporting Limit B = Indicates analyte found in associated method blank
E = Indicates value exceeds calibration range N = Indicates presumptive evidence of a compound
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Accutest LabLink@11277 11:45 29-Aug-2013

Report of Analysis Page 1 of 1     

Client Sample ID: MW-4 
Lab Sample ID: D48107-1 Date Sampled: 07/10/13 
Matrix: AQ - Ground Water   Date Received: 07/11/13 

Percent Solids: n/a 
Project: MOC 32C/BWQ/MONITORING WELLS

Total Metals Analysis

Analyte Result RL Units DF Prep Analyzed By Method Prep Method

Barium 0.16 0.010 mg/l 5 07/12/13 07/13/13 JM SW846 6020A 2 SW846 3010A 5

Boron 475 50 ug/l 1 07/12/13 07/15/13 JB SW846 6010C 3 SW846 3010A 4

Calcium 149000 400 ug/l 1 07/12/13 07/15/13 JB SW846 6010C 3 SW846 3010A 4

Iron 629 70 ug/l 1 07/12/13 07/12/13 JB SW846 6010C 1 SW846 3010A 4

Magnesium 66400 200 ug/l 1 07/12/13 07/12/13 JB SW846 6010C 1 SW846 3010A 4

Manganese 1210 5.0 ug/l 1 07/12/13 07/15/13 JB SW846 6010C 3 SW846 3010A 4

Potassium 1590 1000 ug/l 1 07/12/13 07/12/13 JB SW846 6010C 1 SW846 3010A 4

Selenium <0.0020 0.0020 mg/l 5 07/12/13 07/13/13 JM SW846 6020A 2 SW846 3010A 5

Sodium 230000 400 ug/l 1 07/12/13 07/12/13 JB SW846 6010C 1 SW846 3010A 4

(1) Instrument QC Batch: MA3753
(2) Instrument QC Batch: MA3754
(3) Instrument QC Batch: MA3759
(4) Prep QC Batch: MP10508
(5) Prep QC Batch: MP10509

RL = Reporting Limit
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Accutest LabLink@11277 11:45 29-Aug-2013

Report of Analysis Page 1 of 1     

Client Sample ID: MW-4 
Lab Sample ID: D48107-1 Date Sampled: 07/10/13 
Matrix: AQ - Ground Water   Date Received: 07/11/13 

Percent Solids: n/a 
Project: MOC 32C/BWQ/MONITORING WELLS

General Chemistry

Analyte Result RL Units DF Analyzed By Method

Alkalinity, Bicarbonate as CaC 385 5.0 mg/l 1 07/11/13 KB SM 2320B-2011

Alkalinity, Carbonate <5.0 5.0 mg/l 1 07/11/13 KB SM 2320B-2011

Alkalinity, Total as CaCO3 385 5.0 mg/l 1 07/11/13 KB SM 2320B-2011

Bromide 4.2 0.25 mg/l 5 07/11/13 16:02 SK EPA 300.0/SW846 9056

Chloride 462 10 mg/l 20 07/11/13 19:08 SK EPA 300.0/SW846 9056

Fluoride a <0.50 0.50 mg/l 5 07/11/13 16:02 SK EPA 300.0/SW846 9056

Nitrogen, Nitrate 0.13 0.050 mg/l 5 07/11/13 16:02 SK EPA 300.0/SW846 9056

Nitrogen, Nitrate + Nitrite b 0.15 0.070 mg/l 1 07/11/13 16:02 SK EPA 300.0/SW846 9056

Nitrogen, Nitrite a <0.020 0.020 mg/l 5 07/11/13 16:02 SK EPA 300.0/SW846 9056

Phosphorus, Total 0.047 0.010 mg/l 1 07/12/13 KB HACH8190/SM4500P-B/E

Solids, Total Dissolved 1550 10 mg/l 1 07/11/13 BF SM 2540C-2011

Specific Conductivity 2310 1.0 umhos/cm 1 07/15/13 RW SM 2510B-2011

Sulfate 118 2.5 mg/l 5 07/11/13 16:02 SK EPA 300.0/SW846 9056

pH 7.67 su 1 07/15/13 13:50 AK SM4500HB+-2011/9040C

(a) Elevated detection limit due to matrix interference.
(b) Calculated as: (Nitrogen, Nitrate) + (Nitrogen, Nitrite)

RL = Reporting Limit           
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Accutest LabLink@11277 11:45 29-Aug-2013

Report of Analysis Page 1 of 1     

Client Sample ID: MW-4 
Lab Sample ID: D48107-1A Date Sampled: 07/10/13 
Matrix: AQ - Ground Water   Date Received: 07/11/13 
Method: RSK175 MOD Percent Solids: n/a 
Project: MOC 32C/BWQ/MONITORING WELLS

File ID DF Analyzed By Prep Date Prep Batch Analytical Batch
Run #1 FB08926.D 1 07/11/13 AV n/a n/a GFB391
Run #2

Methane, Ethane and Propane

CAS No. Compound Result RL MDL Units Q

74-82-8 Methane 0.0811 0.00080 0.00040 mg/l
74-84-0 Ethane ND 0.0016 0.00080 mg/l
74-98-6 Propane ND 0.018 0.0090 mg/l

ND = Not detected MDL - Method Detection Limit J = Indicates an estimated value
RL = Reporting Limit B = Indicates analyte found in associated method blank
E = Indicates value exceeds calibration range N = Indicates presumptive evidence of a compound
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Accutest LabLink@11277 11:45 29-Aug-2013

Report of Analysis Page 1 of 1     

Client Sample ID: MW-4 
Lab Sample ID: D48107-1B Date Sampled: 07/10/13 
Matrix: AQ - Ground Water   Date Received: 07/11/13 

Percent Solids: n/a 
Project: MOC 32C/BWQ/MONITORING WELLS

General Chemistry

Analyte Result RL Units DF Analyzed By Method

Iron Reducing Bacteria 9000 25 CFU/ml 1 07/15/13 MM HACH IRB-BART

Slime Forming Bacteria 140000 500 CFU/ml 1 07/15/13 MM HACH SLYM-BART

Sulfate Reducing Bacteria 18000 200 CFU/ml 1 07/15/13 MM HACH SRB-BART

RL = Reporting Limit           
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Accutest LabLink@11277 11:45 29-Aug-2013

Report of Analysis Page 1 of 1     

Client Sample ID: MW-4 
Lab Sample ID: D48107-1F Date Sampled: 07/10/13 
Matrix: AQ - Groundwater Filtered   Date Received: 07/11/13 

Percent Solids: n/a 
Project: MOC 32C/BWQ/MONITORING WELLS

Dissolved Metals Analysis

Analyte Result RL Units DF Prep Analyzed By Method Prep Method

Barium 0.17 0.010 mg/l 5 07/12/13 07/13/13 JM SW846 6020A 2 SW846 3010A 4

Boron 518 50 ug/l 1 07/12/13 07/12/13 JB SW846 6010C 1 SW846 3010A 3

Calcium 160000 400 ug/l 1 07/12/13 07/12/13 JB SW846 6010C 1 SW846 3010A 3

Iron <70 70 ug/l 1 07/12/13 07/12/13 JB SW846 6010C 1 SW846 3010A 3

Magnesium 68200 200 ug/l 1 07/12/13 07/12/13 JB SW846 6010C 1 SW846 3010A 3

Manganese 1260 5.0 ug/l 1 07/12/13 07/12/13 JB SW846 6010C 1 SW846 3010A 3

Potassium 1460 1000 ug/l 1 07/12/13 07/12/13 JB SW846 6010C 1 SW846 3010A 3

Selenium <0.0020 0.0020 mg/l 5 07/12/13 07/13/13 JM SW846 6020A 2 SW846 3010A 4

Sodium 224000 400 ug/l 1 07/12/13 07/12/13 JB SW846 6010C 1 SW846 3010A 3

(1) Instrument QC Batch: MA3753
(2) Instrument QC Batch: MA3754
(3) Prep QC Batch: MP10508
(4) Prep QC Batch: MP10509

RL = Reporting Limit
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Accutest LabLink@11277 11:45 29-Aug-2013

Report of Analysis Page 1 of 1     

Client Sample ID: TRIP BLANK 
Lab Sample ID: D48107-2 Date Sampled: 07/10/13 
Matrix: AQ - Trip Blank Water   Date Received: 07/11/13 
Method: SW846 8260B Percent Solids: n/a 
Project: MOC 32C/BWQ/MONITORING WELLS

File ID DF Analyzed By Prep Date Prep Batch Analytical Batch
Run #1 3V25610.D 1 07/12/13 BR n/a n/a V3V1507
Run #2

Purge Volume
Run #1 5.0 ml
Run #2

Purgeable Aromatics

CAS No. Compound Result RL MDL Units Q

71-43-2 Benzene ND 0.0010 0.00025 mg/l
108-88-3 Toluene ND 0.0020 0.0010 mg/l
100-41-4 Ethylbenzene ND 0.0020 0.00025 mg/l
1330-20-7 Xylene (total) ND 0.0030 0.0020 mg/l

CAS No. Surrogate Recoveries Run# 1 Run# 2 Limits

17060-07-0 1,2-Dichloroethane-D4 106% 62-130%
2037-26-5 Toluene-D8 93% 70-130%
460-00-4 4-Bromofluorobenzene 93% 69-130%

ND = Not detected MDL - Method Detection Limit J = Indicates an estimated value
RL = Reporting Limit B = Indicates analyte found in associated method blank
E = Indicates value exceeds calibration range N = Indicates presumptive evidence of a compound
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Misc. Forms

Custody Documents and Other Forms

Includes the following where applicable:

• Chain of Custody

Mountain States

Section 5
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Accutest Laboratories Sample Receipt Summary

Accutest Job Number: D48107 Client: MARATHON Immediate Client Services Action Required:

Client Service Action Required at Login:

No

NoDate / Time Received: 7/11/2013 2:00:00 PM

Project: MOC 32C

No. Coolers: 1

Airbill #'s: CO

Cooler Security

1. Custody Seals Present:

  Y   or   N  

2. Custody Seals Intact:

3. COC Present:

4. Smpl Dates/Time OK

2. Cooler temp verification:

Cooler Temperature   Y   or   N  

1. Temp criteria achieved:

3. Cooler media:

Infared gun

Ice (bag)

Quality Control  Preservation   Y    or   N        N/A

1. Trip Blank present / cooler:

2. Trip Blank listed on COC:

3. Samples preserved properly:

4. VOCs headspace free:

Sample Integrity - Documentation   Y     or     N  

1. Sample labels present on bottles:

2. Container labeling complete:

3. Sample container label / COC agree:

Sample Integrity - Condition   Y     or     N  

1. Sample recvd within HT:

3. Condition of sample:

2. All containers accounted for:

Sample Integrity - Instructions

1. Analysis requested is clear:

2. Bottles received for unspecified tests

3. Suf ficient volume rec'd for analysis:

4. Compositing instructions clear:

5. Filtering instructions clear:

Intact

  Y   or   N  

Accutest Laboratories
V:(303) 425-6021

4036 Youngfield Street
F: (303) 425-6854

Wheat Ridge, CO
www/accutest.com

Comments

 Y     or    N          N/A

D48107: Chain of Custody
Page 5 of 5
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Accutest LabLink@11277 11:47 29-Aug-2013

Sample Summary

Marathon Oil
Job No: D48174

MOC 32C/BWQ/MONITORING WELLS
Project No:   WBS#TA.13.30788.EXP

Sample Collected Matrix Client 
Number Date Time By Received Code Type Sample ID

D48174-1 07/12/13 12:50 SD 07/13/13 AQ Ground Water MW-2

D48174-1B 07/12/13 12:50 SD 07/13/13 AQ Ground Water MW-2

D48174-1F 07/12/13 12:50 SD 07/13/13 AQ Groundwater Filtered MW-2

3 of 18

D48174

1



On 07/13/2013, 1 sample(s), 0 Trip Blank(s), and 0 Field Blank(s) were received at Accutest Mountain States (AMS) at a 
temperature of 3 °C. The samples were intact and properly preserved, unless noted below.  An AMS Job Number of D48174 was 
assigned to the project.  The lab sample ID, client sample ID, and date of sample collection are detailed in the report’s Results 
Summary.

Specified quality control criteria were achieved for this job except as noted below.  For more information, please refer to the 
analytical results and QC summary pages.

Client: Marathon Oil

Site: MOC 32C/BWQ/MONITORING WELLS

Job No D48174

Report Date 7/29/2013 6:58:28 PM

CASE NARRATIVE / CONFORMANCE SUMMARY

Volatiles by GCMS By Method SW846 8260B
Matrix: AQ Batch ID: V7V1169

All samples were analyzed within the recommended method holding time.

All method blanks for this batch meet method specific criteria.

Sample(s)  D47726-49MS, D47726-49MSD were used as the QC samples indicated.

D47726-49MS, -49MSD: The pH of the sample aliquot for VOA analysis was >2 at time of analysis.

Volatiles by GC By Method RSK175 MOD
Matrix: AQ Batch ID: GFB392

All samples were analyzed within the recommended method holding time.

All method blanks for this batch meet method specific criteria.

Sample(s)  D48174-1MS, D48174-1MSD were used as the QC samples indicated.

Volatiles by GC By Method SW846 8015B
Matrix: AQ Batch ID: GGB1161

All samples were analyzed within the recommended method holding time.

Sample(s)  D48026-1MS, D48026-1MSD were used as the QC samples indicated.

All method blanks for this batch meet method specific criteria.

Extractables by GC By Method SW846-8015B
Matrix: AQ Batch ID: OP8194

All samples were extracted and analyzed within the recommended method holding time.

All method blanks for this batch meet method specific criteria.

Sample(s)  D47726-44MS, D47726-44MSD were used as the QC samples indicated.

Metals By Method SW846 6010C
Matrix: AQ Batch ID: MP10531

All samples were digested and analyzed within the recommended method holding time.

All method blanks for this batch meet method specific criteria.

Sample(s)  D48174-1MS, D48174-1MSD, D48174-1SDL were used as the QC samples for the metals analysis.

Monday, July 29, 2013 Page 1 of 3
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Metals By Method SW846 6020A
Matrix: AQ Batch ID: MP10532

All samples were digested and analyzed within the recommended method holding time.

All method blanks for this batch meet method specific criteria.

Sample(s)  D48174-1MS, D48174-1MSD, D48174-1SDL were used as the QC samples for the metals analysis.

The serial dilution RPD(s) for  Selenium are outside control limits for sample  MP10532-SD1.  Percent difference acceptable 
due to low initial sample  concentration (< 50 times IDL).

Wet Chemistry By Method EPA 300.0/SW846 9056
Matrix: AQ Batch ID: GP10425

All samples were prepared and analyzed within the recommended method holding time.

All method blanks for this batch meet method specific criteria.

Sample(s)  D48174-1MS, D48174-1MSD were used as the QC samples for the  Bromide, Chloride, Fluoride, Nitrogen, Nitrate, 
Nitrogen, Nitrite, Sulfate analysis.

D48174-1 for Fluoride: Elevated detection limit due to matrix interference.

Matrix: AQ Batch ID: R17996

The data for  EPA 300.0/SW846 9056 meets quality control requirements.

The following samples were run outside of holding time for method  EPA 300.0/SW846 9056:  D48174-1

D48174-1 for Nitrogen, Nitrate + Nitrite: Calculated as: (Nitrogen, Nitrate) + (Nitrogen, Nitrite)

Wet Chemistry By Method HACH IRB-BART
Matrix: AQ Batch ID: MB218

All samples were analyzed within the recommended method holding time.

All method blanks for this batch meet method specific criteria.

Wet Chemistry By Method HACH SLYM-BART
Matrix: AQ Batch ID: MB219

All samples were analyzed within the recommended method holding time.

All method blanks for this batch meet method specific criteria.

Wet Chemistry By Method HACH SRB-BART
Matrix: AQ Batch ID: MB220

All samples were analyzed within the recommended method holding time.

All method blanks for this batch meet method specific criteria.

Wet Chemistry By Method HACH8190/SM4500P-B/E
Matrix: AQ Batch ID: GP10431

All samples were prepared and analyzed within the recommended method holding time.

All method blanks for this batch meet method specific criteria.

Sample(s)  D48099-1DUP, D48099-1MS, D48099-1MSD were used as the QC samples for the  Phosphorus, Total analysis.

Monday, July 29, 2013 Page 2 of 3
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Wet Chemistry By Method SM 2320B-2011
Matrix: AQ Batch ID: GN20996

All samples were analyzed within the recommended method holding time.

All method blanks for this batch meet method specific criteria.

Sample(s)  D48133-1DUP, D48133-1MS, D48133-1MSD were used as the QC samples for the  Alkalinity, Total as CaCO3 
analysis.

Matrix: AQ Batch ID: GN20997

All samples were analyzed within the recommended method holding time.

All method blanks for this batch meet method specific criteria.

Matrix: AQ Batch ID: GN20998

All samples were analyzed within the recommended method holding time.

All method blanks for this batch meet method specific criteria.

Wet Chemistry By Method SM 2510B-2011
Matrix: AQ Batch ID: GP10422

Sample(s)  D47990-4DUP were used as the QC samples for the  Specific Conductivity analysis.

Wet Chemistry By Method SM 2540C-2011
Matrix: AQ Batch ID: GN20991

All samples were analyzed within the recommended method holding time.

All method blanks for this batch meet method specific criteria.

Sample(s)  D48174-1DUP were used as the QC samples for the  Solids, Total Dissolved analysis.

Wet Chemistry By Method SM4500HB+-2011/9040C
Matrix: AQ Batch ID: GN21010

The following samples were run outside of holding time for method SM4500HB+-2011/9040C:  D48174-1

AMS certifies that data reported for samples received, listed on the associated custody chain or analytical task order, were produced 
to specifications meeting AMS's Quality System precision, accuracy and completeness objectives except as noted.

Estimated non-standard method measurement uncertainty data is available on request, based on quality control bias and implicit for 
standard methods. Acceptable uncertainty requires tested parameter quality control data to meet method criteria.

AMS is not responsible for data quality assumptions if partial reports are used and recommends that this report be used in its 
entirety. This report is authorized by AMS indicated via signature on the report cover.
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Summary of Hits Page 1 of 1     
Job Number: D48174
Account: Marathon Oil
Project: MOC 32C/BWQ/MONITORING WELLS
Collected: 07/12/13

Lab Sample ID   Client Sample ID Result/
Analyte Qual RL MDL Units Method

D48174-1 MW-2

Benzene 0.0392 0.0010 0.00025 mg/l SW846 8260B
Ethylbenzene 0.00041 J 0.0020 0.00025 mg/l SW846 8260B
Xylene (total) 0.0045 0.0030 0.0020 mg/l SW846 8260B
Methane 0.0235 0.00080 0.00040 mg/l RSK175 MOD
TPH-GRO (C6-C10) 0.121 J 0.20 0.10 mg/l SW846 8015B
Barium 0.16 0.010 mg/l SW846 6020A
Boron 168 50 ug/l SW846 6010C
Calcium 82300 400 ug/l SW846 6010C
Iron 517 70 ug/l SW846 6010C
Magnesium 34200 200 ug/l SW846 6010C
Manganese 275 5.0 ug/l SW846 6010C
Potassium 1050 1000 ug/l SW846 6010C
Sodium 97700 400 ug/l SW846 6010C
Alkalinity, Bicarbonate as CaCO3 312 5.0 mg/l SM 2320B-2011
Alkalinity, Total as CaCO3 312 5.0 mg/l SM 2320B-2011
Bromide 0.85 0.10 mg/l EPA 300.0/SW846 9056
Chloride 95.1 2.5 mg/l EPA 300.0/SW846 9056
Nitrogen, Nitrate 0.36 0.020 mg/l EPA 300.0/SW846 9056
Nitrogen, Nitrate + Nitrite a 0.39 0.028 mg/l EPA 300.0/SW846 9056
Nitrogen, Nitrite 0.028 0.0080 mg/l EPA 300.0/SW846 9056
Solids, Total Dissolved 596 10 mg/l SM 2540C-2011
Specific Conductivity 938 1.0 umhos/cm SM 2510B-2011
Sulfate 68.3 2.5 mg/l EPA 300.0/SW846 9056
pH 7.52 su SM4500HB+-2011/9040C

D48174-1B MW-2

Iron Reducing Bacteria 74500 25 CFU/ml HACH IRB-BART
Slime Forming Bacteria 350000 500 CFU/ml HACH SLYM-BART
Sulfate Reducing Bacteria 18000 200 CFU/ml HACH SRB-BART

D48174-1F MW-2

Barium 0.13 0.010 mg/l SW846 6020A
Boron 153 50 ug/l SW846 6010C
Calcium 75200 400 ug/l SW846 6010C
Magnesium 31500 200 ug/l SW846 6010C
Manganese 292 5.0 ug/l SW846 6010C
Potassium 1130 1000 ug/l SW846 6010C
Sodium 90900 400 ug/l SW846 6010C

(a) Calculated as: (Nitrogen, Nitrate) + (Nitrogen, Nitrite)
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Accutest LabLink@11277 11:47 29-Aug-2013

Sample Results

Report of Analysis

Mountain States

Section 4
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Accutest LabLink@11277 11:47 29-Aug-2013

Report of Analysis Page 1 of 1     

Client Sample ID: MW-2 
Lab Sample ID: D48174-1 Date Sampled: 07/12/13 
Matrix: AQ - Ground Water   Date Received: 07/13/13 
Method: SW846 8260B Percent Solids: n/a 
Project: MOC 32C/BWQ/MONITORING WELLS

File ID DF Analyzed By Prep Date Prep Batch Analytical Batch
Run #1 7V21368.D 1 07/15/13 JL n/a n/a V7V1169
Run #2

Purge Volume
Run #1 5.0 ml
Run #2

Purgeable Aromatics

CAS No. Compound Result RL MDL Units Q

71-43-2 Benzene 0.0392 0.0010 0.00025 mg/l
108-88-3 Toluene ND 0.0020 0.0010 mg/l
100-41-4 Ethylbenzene 0.00041 0.0020 0.00025 mg/l J
1330-20-7 Xylene (total) 0.0045 0.0030 0.0020 mg/l

CAS No. Surrogate Recoveries Run# 1 Run# 2 Limits

17060-07-0 1,2-Dichloroethane-D4 96% 62-130%
2037-26-5 Toluene-D8 93% 70-130%
460-00-4 4-Bromofluorobenzene 85% 69-130%

ND = Not detected MDL - Method Detection Limit J = Indicates an estimated value
RL = Reporting Limit B = Indicates analyte found in associated method blank
E = Indicates value exceeds calibration range N = Indicates presumptive evidence of a compound
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Accutest LabLink@11277 11:47 29-Aug-2013

Report of Analysis Page 1 of 1     

Client Sample ID: MW-2 
Lab Sample ID: D48174-1 Date Sampled: 07/12/13 
Matrix: AQ - Ground Water   Date Received: 07/13/13 
Method: SW846 8015B Percent Solids: n/a 
Project: MOC 32C/BWQ/MONITORING WELLS

File ID DF Analyzed By Prep Date Prep Batch Analytical Batch
Run #1 GB21157.D 1 07/13/13 BD n/a n/a GGB1161
Run #2

Purge Volume
Run #1 5.0 ml
Run #2

CAS No. Compound Result RL MDL Units Q

TPH-GRO (C6-C10) 0.121 0.20 0.10 mg/l J

CAS No. Surrogate Recoveries Run# 1 Run# 2 Limits

120-82-1 1,2,4-Trichlorobenzene 103% 60-140%

ND = Not detected MDL - Method Detection Limit J = Indicates an estimated value
RL = Reporting Limit B = Indicates analyte found in associated method blank
E = Indicates value exceeds calibration range N = Indicates presumptive evidence of a compound
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Accutest LabLink@11277 11:47 29-Aug-2013

Report of Analysis Page 1 of 1     

Client Sample ID: MW-2 
Lab Sample ID: D48174-1 Date Sampled: 07/12/13 
Matrix: AQ - Ground Water   Date Received: 07/13/13 
Method: RSK175 MOD Percent Solids: n/a 
Project: MOC 32C/BWQ/MONITORING WELLS

File ID DF Analyzed By Prep Date Prep Batch Analytical Batch
Run #1 FB08933.D 1 07/15/13 SM n/a n/a GFB392
Run #2

Methane, Ethane and Propane

CAS No. Compound Result RL MDL Units Q

74-82-8 Methane 0.0235 0.00080 0.00040 mg/l
74-84-0 Ethane ND 0.0016 0.00080 mg/l
74-98-6 Propane ND 0.018 0.0090 mg/l

ND = Not detected MDL - Method Detection Limit J = Indicates an estimated value
RL = Reporting Limit B = Indicates analyte found in associated method blank
E = Indicates value exceeds calibration range N = Indicates presumptive evidence of a compound
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Accutest LabLink@11277 11:47 29-Aug-2013

Report of Analysis Page 1 of 1     

Client Sample ID: MW-2 
Lab Sample ID: D48174-1 Date Sampled: 07/12/13 
Matrix: AQ - Ground Water   Date Received: 07/13/13 
Method: SW846-8015B   SW846 3510C Percent Solids: n/a 
Project: MOC 32C/BWQ/MONITORING WELLS

File ID DF Analyzed By Prep Date Prep Batch Analytical Batch
Run #1 FD26554.D 1 07/16/13 TU 07/15/13 OP8194 GFD1304
Run #2

Initial Volume Final Volume
Run #1 1060 ml 1.0 ml
Run #2

CAS No. Compound Result RL MDL Units Q

TPH-DRO (C10-C28) ND 0.19 0.17 mg/l

CAS No. Surrogate Recoveries Run# 1 Run# 2 Limits

84-15-1 o-Terphenyl 65% 20-140%

ND = Not detected MDL - Method Detection Limit J = Indicates an estimated value
RL = Reporting Limit B = Indicates analyte found in associated method blank
E = Indicates value exceeds calibration range N = Indicates presumptive evidence of a compound
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Accutest LabLink@11277 11:47 29-Aug-2013

Report of Analysis Page 1 of 1     

Client Sample ID: MW-2 
Lab Sample ID: D48174-1 Date Sampled: 07/12/13 
Matrix: AQ - Ground Water   Date Received: 07/13/13 

Percent Solids: n/a 
Project: MOC 32C/BWQ/MONITORING WELLS

Total Metals Analysis

Analyte Result RL Units DF Prep Analyzed By Method Prep Method

Barium 0.16 0.010 mg/l 5 07/15/13 07/16/13 JM SW846 6020A 2 SW846 3010A 5

Boron 168 50 ug/l 1 07/15/13 07/15/13 JB SW846 6010C 1 SW846 3010A 4

Calcium 82300 400 ug/l 1 07/15/13 07/15/13 JB SW846 6010C 1 SW846 3010A 4

Iron 517 70 ug/l 1 07/15/13 07/15/13 JB SW846 6010C 1 SW846 3010A 4

Magnesium 34200 200 ug/l 1 07/15/13 07/15/13 JB SW846 6010C 1 SW846 3010A 4

Manganese 275 5.0 ug/l 1 07/15/13 07/15/13 JB SW846 6010C 1 SW846 3010A 4

Potassium 1050 1000 ug/l 1 07/15/13 07/15/13 JB SW846 6010C 1 SW846 3010A 4

Selenium <0.0020 0.0020 mg/l 5 07/15/13 07/17/13 JB SW846 6020A 3 SW846 3010A 5

Sodium 97700 400 ug/l 1 07/15/13 07/15/13 JB SW846 6010C 1 SW846 3010A 4

(1) Instrument QC Batch: MA3759
(2) Instrument QC Batch: MA3761
(3) Instrument QC Batch: MA3766
(4) Prep QC Batch: MP10531
(5) Prep QC Batch: MP10532

RL = Reporting Limit
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Accutest LabLink@11277 11:47 29-Aug-2013

Report of Analysis Page 1 of 1     

Client Sample ID: MW-2 
Lab Sample ID: D48174-1 Date Sampled: 07/12/13 
Matrix: AQ - Ground Water   Date Received: 07/13/13 

Percent Solids: n/a 
Project: MOC 32C/BWQ/MONITORING WELLS

General Chemistry

Analyte Result RL Units DF Analyzed By Method

Alkalinity, Bicarbonate as CaC 312 5.0 mg/l 1 07/15/13 KB SM 2320B-2011

Alkalinity, Carbonate <5.0 5.0 mg/l 1 07/15/13 KB SM 2320B-2011

Alkalinity, Total as CaCO3 312 5.0 mg/l 1 07/15/13 KB SM 2320B-2011

Bromide 0.85 0.10 mg/l 2 07/16/13 10:36 SK EPA 300.0/SW846 9056

Chloride 95.1 2.5 mg/l 5 07/16/13 10:48 SK EPA 300.0/SW846 9056

Fluoride a <0.20 0.20 mg/l 2 07/16/13 10:36 SK EPA 300.0/SW846 9056

Nitrogen, Nitrate 0.36 0.020 mg/l 2 07/16/13 10:36 SK EPA 300.0/SW846 9056

Nitrogen, Nitrate + Nitrite b 0.39 0.028 mg/l 1 07/16/13 10:36 SK EPA 300.0/SW846 9056

Nitrogen, Nitrite 0.028 0.0080 mg/l 2 07/16/13 10:36 SK EPA 300.0/SW846 9056

Phosphorus, Total <0.010 0.010 mg/l 1 07/16/13 KB HACH8190/SM4500P-B/E

Solids, Total Dissolved 596 10 mg/l 1 07/15/13 RW SM 2540C-2011

Specific Conductivity 938 1.0 umhos/cm 1 07/15/13 RW SM 2510B-2011

Sulfate 68.3 2.5 mg/l 5 07/16/13 10:48 SK EPA 300.0/SW846 9056

pH 7.52 su 1 07/15/13 13:50 AK SM4500HB+-2011/9040C

(a) Elevated detection limit due to matrix interference.
(b) Calculated as: (Nitrogen, Nitrate) + (Nitrogen, Nitrite)

RL = Reporting Limit           
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Accutest LabLink@11277 11:47 29-Aug-2013

Report of Analysis Page 1 of 1     

Client Sample ID: MW-2 
Lab Sample ID: D48174-1B Date Sampled: 07/12/13 
Matrix: AQ - Ground Water   Date Received: 07/13/13 

Percent Solids: n/a 
Project: MOC 32C/BWQ/MONITORING WELLS

General Chemistry

Analyte Result RL Units DF Analyzed By Method

Iron Reducing Bacteria 74500 25 CFU/ml 1 07/15/13 MM HACH IRB-BART

Slime Forming Bacteria 350000 500 CFU/ml 1 07/15/13 MM HACH SLYM-BART

Sulfate Reducing Bacteria 18000 200 CFU/ml 1 07/15/13 MM HACH SRB-BART

RL = Reporting Limit           
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Accutest LabLink@11277 11:47 29-Aug-2013

Report of Analysis Page 1 of 1     

Client Sample ID: MW-2 
Lab Sample ID: D48174-1F Date Sampled: 07/12/13 
Matrix: AQ - Groundwater Filtered   Date Received: 07/13/13 

Percent Solids: n/a 
Project: MOC 32C/BWQ/MONITORING WELLS

Dissolved Metals Analysis

Analyte Result RL Units DF Prep Analyzed By Method Prep Method

Barium 0.13 0.010 mg/l 5 07/15/13 07/16/13 JM SW846 6020A 2 SW846 3010A 5

Boron 153 50 ug/l 1 07/15/13 07/15/13 JB SW846 6010C 1 SW846 3010A 4

Calcium 75200 400 ug/l 1 07/15/13 07/15/13 JB SW846 6010C 1 SW846 3010A 4

Iron <70 70 ug/l 1 07/15/13 07/15/13 JB SW846 6010C 1 SW846 3010A 4

Magnesium 31500 200 ug/l 1 07/15/13 07/15/13 JB SW846 6010C 1 SW846 3010A 4

Manganese 292 5.0 ug/l 1 07/15/13 07/15/13 JB SW846 6010C 1 SW846 3010A 4

Potassium 1130 1000 ug/l 1 07/15/13 07/15/13 JB SW846 6010C 1 SW846 3010A 4

Selenium <0.0020 0.0020 mg/l 5 07/15/13 07/17/13 JB SW846 6020A 3 SW846 3010A 5

Sodium 90900 400 ug/l 1 07/15/13 07/15/13 JB SW846 6010C 1 SW846 3010A 4

(1) Instrument QC Batch: MA3759
(2) Instrument QC Batch: MA3761
(3) Instrument QC Batch: MA3769
(4) Prep QC Batch: MP10531
(5) Prep QC Batch: MP10532

RL = Reporting Limit
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Misc. Forms

Custody Documents and Other Forms

Includes the following where applicable:

• Chain of Custody

Mountain States

Section 5
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Accutest LabLink@11277 11:50 29-Aug-2013

Sample Summary

Marathon Oil
Job No: D48389

MOC 32C Monitoring Wells
Project No:   WBS#TA.13.30788.EXP

Sample Collected Matrix Client 
Number Date Time By Received Code Type Sample ID

D48389-1 07/18/13 14:00 SD 07/19/13 AQ Ground Water MW-4

D48389-1A 07/18/13 14:00 SD 07/19/13 AQ Ground Water MW-4

3 of 17
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On 07/19/2013, 1 sample(s), 0 Trip Blank(s), and 0 Field Blank(s) were received at Accutest Mountain States (AMS) at a 
temperature of 4.1 °C. The samples were intact and properly preserved, unless noted below.  An AMS Job Number of D48389 was 
assigned to the project.  The lab sample ID, client sample ID, and date of sample collection are detailed in the report’s Results 
Summary.

Specified quality control criteria were achieved for this job except as noted below.  For more information, please refer to the 
analytical results and QC summary pages.

Client: Marathon Oil

Site: MOC 32C Monitoring Wells

Job No D48389

Report Date 7/23/2013 6:38:27 PM

CASE NARRATIVE / CONFORMANCE SUMMARY

Volatiles by GCMS By Method SW846 8260B
Matrix: AQ Batch ID: V7V1175

All samples were analyzed within the recommended method holding time.

All method blanks for this batch meet method specific criteria.

Sample(s)  D48347-1MS, D48347-2DUP were used as the QC samples indicated.

D48347-1MS: The pH of the sample aliquot for VOA analysis was >2 at time of analysis.

D48347-2DUP: The pH of the sample aliquot for VOA analysis was >2 at time of analysis.

Volatiles by GC By Method SW846 8015B
Matrix: AQ Batch ID: GFA746

All samples were analyzed within the recommended method holding time.

Sample(s)  D48108-1MS, D48108-1MSD were used as the QC samples indicated.

All method blanks for this batch meet method specific criteria.

Matrix: AQ Batch ID: GGB1168

All samples were analyzed within the recommended method holding time.

Sample(s)  D48389-1MS, D48389-1MSD were used as the QC samples indicated.

All method blanks for this batch meet method specific criteria.

Extractables by GC By Method SW846-8015B
Matrix: AQ Batch ID: OP8230

All samples were extracted and analyzed within the recommended method holding time.

Sample(s)  D48200-7MS, D48200-7MSD were used as the QC samples indicated.

All method blanks for this batch meet method specific criteria.

Wet Chemistry By Method EPA 300.0/SW846 9056
Matrix: AQ Batch ID: GP10466

All samples were prepared and analyzed within the recommended method holding time.

All method blanks for this batch meet method specific criteria.

Sample(s)  D48389-1AMS, D48389-1AMSD were used as the QC samples for the  Chloride, Sulfate, Chloride analysis.

Tuesday, July 23, 2013 Page 1 of 2
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Wet Chemistry By Method SM 2540C-2011
Matrix: AQ Batch ID: GN21112

All samples were analyzed within the recommended method holding time.

All method blanks for this batch meet method specific criteria.

Sample(s)  D48263-1DUP were used as the QC samples for the  Solids, Total Dissolved analysis.

Wet Chemistry By Method SM 2540D-2011
Matrix: AQ Batch ID: GN21113

All samples were analyzed within the recommended method holding time.

All method blanks for this batch meet method specific criteria.

Sample(s)  D48321-2DUP were used as the QC samples for the  Solids, Total Suspended analysis.

Wet Chemistry By Method SM4500HB+-2011/9040C
Matrix: AQ Batch ID: GN21105

The following samples were run outside of holding time for method  SM4500HB+-2011/9040C:  D48389-1

AMS certifies that data reported for samples received, listed on the associated custody chain or analytical task order, were produced 
to specifications meeting AMS's Quality System precision, accuracy and completeness objectives except as noted.

Estimated non-standard method measurement uncertainty data is available on request, based on quality control bias and implicit for 
standard methods. Acceptable uncertainty requires tested parameter quality control data to meet method criteria.

AMS is not responsible for data quality assumptions if partial reports are used and recommends that this report be used in its 
entirety. This report is authorized by AMS indicated via signature on the report cover.

Tuesday, July 23, 2013 Page 2 of 2
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Summary of Hits Page 1 of 1     
Job Number: D48389
Account: Marathon Oil
Project: MOC 32C Monitoring Wells
Collected: 07/18/13

Lab Sample ID   Client Sample ID Result/
Analyte Qual RL MDL Units Method

D48389-1 MW-4

Benzene 0.0799 0.0010 0.00025 mg/l SW846 8260B
Ethylbenzene 0.0018 J 0.0020 0.00025 mg/l SW846 8260B
Xylene (total) 0.0125 0.0030 0.0020 mg/l SW846 8260B
TPH-GRO (C6-C10) 0.276 0.20 0.10 mg/l SW846 8015B
TPH-DRO (C10-C28) 0.196 0.19 0.17 mg/l SW846-8015B
Solids, Total Suspended 262 5.0 mg/l SM 2540D-2011
pH 7.67 su SM4500HB+-2011/9040C

D48389-1A MW-4

Chloride 426 25 mg/l EPA 300.0/SW846 9056
Solids, Total Dissolved 1360 10 mg/l SM 2540C-2011
Sulfate 125 25 mg/l EPA 300.0/SW846 9056
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Accutest LabLink@11277 11:50 29-Aug-2013

Sample Results

Report of Analysis
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Accutest LabLink@11277 11:50 29-Aug-2013

Report of Analysis Page 1 of 1     

Client Sample ID: MW-4 
Lab Sample ID: D48389-1 Date Sampled: 07/18/13 
Matrix: AQ - Ground Water   Date Received: 07/19/13 
Method: SW846 8260B Percent Solids: n/a 
Project: MOC 32C Monitoring Wells

File ID DF Analyzed By Prep Date Prep Batch Analytical Batch
Run #1 7V21433.D 1 07/19/13 JL n/a n/a V7V1175
Run #2

Purge Volume
Run #1 5.0 ml
Run #2

Purgeable Aromatics

CAS No. Compound Result RL MDL Units Q

71-43-2 Benzene 0.0799 0.0010 0.00025 mg/l
108-88-3 Toluene ND 0.0020 0.0010 mg/l
100-41-4 Ethylbenzene 0.0018 0.0020 0.00025 mg/l J
1330-20-7 Xylene (total) 0.0125 0.0030 0.0020 mg/l

CAS No. Surrogate Recoveries Run# 1 Run# 2 Limits

17060-07-0 1,2-Dichloroethane-D4 94% 62-130%
2037-26-5 Toluene-D8 92% 70-130%
460-00-4 4-Bromofluorobenzene 92% 69-130%

ND = Not detected MDL - Method Detection Limit J = Indicates an estimated value
RL = Reporting Limit B = Indicates analyte found in associated method blank
E = Indicates value exceeds calibration range N = Indicates presumptive evidence of a compound
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Accutest LabLink@11277 11:50 29-Aug-2013

Report of Analysis Page 1 of 1     

Client Sample ID: MW-4 
Lab Sample ID: D48389-1 Date Sampled: 07/18/13 
Matrix: AQ - Ground Water   Date Received: 07/19/13 
Method: SW846 8015B Percent Solids: n/a 
Project: MOC 32C Monitoring Wells

File ID DF Analyzed By Prep Date Prep Batch Analytical Batch
Run #1 FA12482.D 1 07/19/13 AV n/a n/a GFA746
Run #2

Initial Volume Final Volume
Run #1 1.0 ml 1.0 ml
Run #2

CAS No. Compound Result RL MDL Units Q

67-56-1 Methanol ND 0.50 0.40 mg/l

CAS No. Surrogate Recoveries Run# 1 Run# 2 Limits

71-36-3 n-Butyl Alcohol 91% 25-169%

ND = Not detected MDL - Method Detection Limit J = Indicates an estimated value
RL = Reporting Limit B = Indicates analyte found in associated method blank
E = Indicates value exceeds calibration range N = Indicates presumptive evidence of a compound
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Accutest LabLink@11277 11:50 29-Aug-2013

Report of Analysis Page 1 of 1     

Client Sample ID: MW-4 
Lab Sample ID: D48389-1 Date Sampled: 07/18/13 
Matrix: AQ - Ground Water   Date Received: 07/19/13 
Method: SW846 8015B Percent Solids: n/a 
Project: MOC 32C Monitoring Wells

File ID DF Analyzed By Prep Date Prep Batch Analytical Batch
Run #1 GB21282.D 1 07/22/13 BR n/a n/a GGB1168
Run #2

Purge Volume
Run #1 5.0 ml
Run #2

CAS No. Compound Result RL MDL Units Q

TPH-GRO (C6-C10) 0.276 0.20 0.10 mg/l

CAS No. Surrogate Recoveries Run# 1 Run# 2 Limits

120-82-1 1,2,4-Trichlorobenzene 70% 60-140%

ND = Not detected MDL - Method Detection Limit J = Indicates an estimated value
RL = Reporting Limit B = Indicates analyte found in associated method blank
E = Indicates value exceeds calibration range N = Indicates presumptive evidence of a compound
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Accutest LabLink@11277 11:50 29-Aug-2013

Report of Analysis Page 1 of 1     

Client Sample ID: MW-4 
Lab Sample ID: D48389-1 Date Sampled: 07/18/13 
Matrix: AQ - Ground Water   Date Received: 07/19/13 
Method: SW846-8015B   SW846 3510C Percent Solids: n/a 
Project: MOC 32C Monitoring Wells

File ID DF Analyzed By Prep Date Prep Batch Analytical Batch
Run #1 FD26706.D 1 07/22/13 TU 07/19/13 OP8230 GFD1312
Run #2

Initial Volume Final Volume
Run #1 1060 ml 1.0 ml
Run #2

CAS No. Compound Result RL MDL Units Q

TPH-DRO (C10-C28) 0.196 0.19 0.17 mg/l

CAS No. Surrogate Recoveries Run# 1 Run# 2 Limits

84-15-1 o-Terphenyl 59% 20-140%

ND = Not detected MDL - Method Detection Limit J = Indicates an estimated value
RL = Reporting Limit B = Indicates analyte found in associated method blank
E = Indicates value exceeds calibration range N = Indicates presumptive evidence of a compound
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Accutest LabLink@11277 11:50 29-Aug-2013

Report of Analysis Page 1 of 1     

Client Sample ID: MW-4 
Lab Sample ID: D48389-1 Date Sampled: 07/18/13 
Matrix: AQ - Ground Water   Date Received: 07/19/13 

Percent Solids: n/a 
Project: MOC 32C Monitoring Wells

General Chemistry

Analyte Result RL Units DF Analyzed By Method

Solids, Total Suspended 262 5.0 mg/l 1 07/22/13 BF SM 2540D-2011

pH 7.67 su 1 07/21/13 14:15 KB SM4500HB+-2011/9040C

RL = Reporting Limit           
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Accutest LabLink@11277 11:50 29-Aug-2013

Report of Analysis Page 1 of 1     

Client Sample ID: MW-4 
Lab Sample ID: D48389-1A Date Sampled: 07/18/13 
Matrix: AQ - Ground Water   Date Received: 07/19/13 

Percent Solids: n/a 
Project: MOC 32C Monitoring Wells

General Chemistry

Analyte Result RL Units DF Analyzed By Method

Chloride 426 25 mg/l 50 07/19/13 18:18 SK EPA 300.0/SW846 9056

Solids, Total Dissolved 1360 10 mg/l 1 07/22/13 JD SM 2540C-2011

Sulfate 125 25 mg/l 50 07/19/13 18:18 SK EPA 300.0/SW846 9056

RL = Reporting Limit           
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Misc. Forms

Custody Documents and Other Forms

Includes the following where applicable:

• Chain of Custody

Mountain States

Section 5
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Accutest Laboratories Sample Receipt Summary

Accutest Job Number: D48389 Client: MARATHON OIL Immediate Client Services Action Required:

Client Service Action Required at Login:

No

NoDate / Time Received: 7/19/2013 12:30:00 PM

Project: MOC 32C MONITORING WELLS

No. Coolers: 1

Airbill #'s: HD-CO

Cooler Security

1. Custody Seals Present:

  Y   or   N  

2. Custody Seals Intact:

3. COC Present:

4. Smpl Dates/Time OK

2. Cooler temp verification:

Cooler Temperature   Y   or   N  

1. Temp criteria achieved:

3. Cooler media:

Infared gun

Ice (bag)

Quality Control  Preservation   Y    or   N        N/A

1. Trip Blank present / cooler:

2. Trip Blank listed on COC:

3. Samples preserved properly:

4. VOCs headspace free:

Sample Integrity - Documentation   Y     or     N  

1. Sample labels present on bottles:

2. Container labeling complete:

3. Sample container label / COC agree:

Sample Integrity - Condition   Y     or     N  

1. Sample recvd within HT:

3. Condition of sample:

2. All containers accounted for:

Sample Integrity - Instructions

1. Analysis requested is clear:

2. Bottles received for unspecified tests

3. Suf ficient volume rec'd for analysis:

4. Compositing instructions clear:

5. Filtering instructions clear:

Intact

  Y   or   N  

Accutest Laboratories
V:(303) 425-6021

4036 Youngfield Street
F: (303) 425-6854

Wheat Ridge, CO
www/accutest.com

Comments

 Y     or    N          N/A

D48389: Chain of Custody
Page 3 of 3
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Technical Report for

Marathon Oil

32C Monitoring Wells

WBS#TA.13.30788.EXP

Accutest Job Number:   D48642

Sampling Date: 07/25/13

Report to:

Golder Associates

rmarch@golder.com

ATTN: Randy March

Total number of pages in report:   

Certifications: CO (CO00049), ID, NE (CO00049), ND (R-027), NJ (CO 0007),  OK (D9942),  UT (NELAP CO00049),

TX (T104704511)

This report shall not be reproduced, except in its entirety, without the written approval of Accutest Laboratories.

Test results relate only to samples analyzed.

Mountain States • 4036 Youngfield St. • Wheat Ridge, CO 80033-3862 • tel: 303-425-6021 • fax: 303-425-6854 • http://www.accutest.com

Test results contained within this data package meet the requirements 

of the National Environmental Laboratory Accreditation Conference 

and/or state specific certification programs as applicable.

Client Service contact: Ann Doerr   303-425-6021

Scott Heideman
Laboratory Director

Mountain States

08/29/13

e-Hardcopy 2.0
Automated Report

23

Accutest Laboratories is the sole authority for authorizing edits or modifications to this
document. Unauthorized modification of this report is strictly prohibited.
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Accutest LabLink@11277 11:53 29-Aug-2013

Sample Summary

Marathon Oil
Job No: D48642

32C Monitoring Wells
Project No:   WBS#TA.13.30788.EXP

Sample Collected Matrix Client 
Number Date Time By Received Code Type Sample ID

D48642-1 07/25/13 11:10 SD 07/26/13 AQ Ground Water MW-4

D48642-2 07/25/13 13:30 SD 07/26/13 AQ Ground Water MW-2
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On 07/26/2013, 2 sample(s), 0 Trip Blank(s), and 0 Field Blank(s) were received at Accutest Mountain States (AMS) at a temperature 
of 4.4 °C. The samples were intact and properly preserved, unless noted below.  An AMS Job Number of D48642 was assigned to 
the project.  The lab sample ID, client sample ID, and date of sample collection are detailed in the report’s Results Summary.

Specified quality control criteria were achieved for this job except as noted below.  For more information, please refer to the analytical 
results and QC summary pages.

Client: Marathon Oil

Site: 32C Monitoring Wells

Job No D48642

Report Date 7/30/2013 2:17:36 PM

CASE NARRATIVE / CONFORMANCE SUMMARY

Volatiles by GCMS By Method SW846 8260B
Matrix AQ Batch ID: V3V1524

All samples were analyzed within the recommended method holding time.

Sample(s)  D48602-8MS, D48602-8MSD were used as the QC samples indicated.

All method blanks for this batch meet method specific criteria.

Volatiles by GC By Method SW846 8015B
Matrix AQ Batch ID: GFA752

All samples were analyzed within the recommended method holding time.

Sample(s)  D48600-1MS, D48600-1MSD were used as the QC samples indicated.

All method blanks for this batch meet method specific criteria.

Matrix AQ Batch ID: GGB1174

All samples were analyzed within the recommended method holding time.

Sample(s)  D48641-1MS, D48641-1MSD were used as the QC samples indicated.

All method blanks for this batch meet method specific criteria.

Extractables by GC By Method SW846-8015B
Matrix AQ Batch ID: OP8272

All samples were extracted and analyzed within the recommended method holding time.

Sample(s)  D48200-31MS, D48200-31MSD were used as the QC samples indicated.

All method blanks for this batch meet method specific criteria.

Wet Chemistry By Method EPA 300.0/SW846 9056
Matrix AQ Batch ID: GP10529

All samples were prepared and analyzed within the recommended method holding time.

All method blanks for this batch meet method specific criteria.

Sample(s)  D48602-3MS, D48602-3MSD were used as the QC samples for the  Chloride, Sulfate, Chloride analysis.

Tuesday, July 30, 2013 Page 1 of 2
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Wet Chemistry By Method SM 2540C-2011
Matrix AQ Batch ID: GN21210

All samples were analyzed within the recommended method holding time.

All method blanks for this batch meet method specific criteria.

Sample(s)  D48547-1DUP were used as the QC samples for the  Solids, Total Dissolved analysis.

Wet Chemistry By Method SM 2540D-2011
Matrix AQ Batch ID: GN21208

All samples were analyzed within the recommended method holding time.

All method blanks for this batch meet method specific criteria.

Sample(s)  D48628-1DUP were used as the QC samples for the  Solids, Total Suspended analysis.

AMS certifies that data reported for samples received, listed on the associated custody chain or analytical task order, were produced 
to specifications meeting AMS's Quality System precision, accuracy and completeness objectives except as noted.

Estimated non-standard method measurement uncertainty data is available on request, based on quality control bias and implicit for 
standard methods. Acceptable uncertainty requires tested parameter quality control data to meet method criteria.

AMS is not responsible for data quality assumptions if partial reports are used and recommends that this report be used in its entirety. 
This report is authorized by AMS indicated via signature on the report cover.

Tuesday, July 30, 2013 Page 2 of 2
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Summary of Hits Page 1 of 1     
Job Number: D48642
Account: Marathon Oil
Project: 32C Monitoring Wells
Collected: 07/25/13

Lab Sample ID   Client Sample ID Result/
Analyte Qual RL MDL Units Method

D48642-1 MW-4

Benzene 0.0340 0.0010 0.00025 mg/l SW846 8260B
Ethylbenzene 0.0012 J 0.0020 0.00025 mg/l SW846 8260B
Xylene (total) 0.0040 0.0030 0.0020 mg/l SW846 8260B
TPH-GRO (C6-C10) 0.107 J 0.20 0.10 mg/l SW846 8015B
TPH-DRO (C10-C28) 0.211 0.19 0.17 mg/l SW846-8015B
Chloride 369 10 mg/l EPA 300.0/SW846 9056
Solids, Total Dissolved 1330 10 mg/l SM 2540C-2011
Solids, Total Suspended 134 5.0 mg/l SM 2540D-2011
Sulfate 123 2.5 mg/l EPA 300.0/SW846 9056
pH 7.69 su SM4500HB+-2011/9040C

D48642-2 MW-2

Benzene 0.0312 0.0010 0.00025 mg/l SW846 8260B
Ethylbenzene 0.00075 J 0.0020 0.00025 mg/l SW846 8260B
Xylene (total) 0.0041 0.0030 0.0020 mg/l SW846 8260B
TPH-DRO (C10-C28) 0.201 0.19 0.17 mg/l SW846-8015B
Chloride 121 2.5 mg/l EPA 300.0/SW846 9056
Solids, Total Dissolved 658 10 mg/l SM 2540C-2011
Solids, Total Suspended 159 5.0 mg/l SM 2540D-2011
Sulfate 70.6 2.5 mg/l EPA 300.0/SW846 9056
pH 7.55 su SM4500HB+-2011/9040C
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Accutest LabLink@11277 11:53 29-Aug-2013

Report of Analysis Page 1 of 1     

Client Sample ID: MW-4 
Lab Sample ID: D48642-1 Date Sampled: 07/25/13 
Matrix: AQ - Ground Water   Date Received: 07/26/13 
Method: SW846 8260B Percent Solids: n/a 
Project: 32C Monitoring Wells

File ID DF Analyzed By Prep Date Prep Batch Analytical Batch
Run #1 3V25932.D 1 07/27/13 BR n/a n/a V3V1524
Run #2

Purge Volume
Run #1 5.0 ml
Run #2

Purgeable Aromatics

CAS No. Compound Result RL MDL Units Q

71-43-2 Benzene 0.0340 0.0010 0.00025 mg/l
108-88-3 Toluene ND 0.0020 0.0010 mg/l
100-41-4 Ethylbenzene 0.0012 0.0020 0.00025 mg/l J
1330-20-7 Xylene (total) 0.0040 0.0030 0.0020 mg/l

CAS No. Surrogate Recoveries Run# 1 Run# 2 Limits

17060-07-0 1,2-Dichloroethane-D4 110% 62-130%
2037-26-5 Toluene-D8 108% 70-130%
460-00-4 4-Bromofluorobenzene 95% 69-130%

ND = Not detected MDL - Method Detection Limit J = Indicates an estimated value
RL = Reporting Limit B = Indicates analyte found in associated method blank
E = Indicates value exceeds calibration range N = Indicates presumptive evidence of a compound
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Accutest LabLink@11277 11:53 29-Aug-2013

Report of Analysis Page 1 of 1     

Client Sample ID: MW-4 
Lab Sample ID: D48642-1 Date Sampled: 07/25/13 
Matrix: AQ - Ground Water   Date Received: 07/26/13 
Method: SW846 8015B Percent Solids: n/a 
Project: 32C Monitoring Wells

File ID DF Analyzed By Prep Date Prep Batch Analytical Batch
Run #1 FA12629.D 1 07/26/13 AV n/a n/a GFA752
Run #2

Initial Volume Final Volume
Run #1 1.0 ml 1.0 ml
Run #2

CAS No. Compound Result RL MDL Units Q

67-56-1 Methanol ND 0.50 0.40 mg/l

CAS No. Surrogate Recoveries Run# 1 Run# 2 Limits

71-36-3 n-Butyl Alcohol 110% 25-169%

ND = Not detected MDL - Method Detection Limit J = Indicates an estimated value
RL = Reporting Limit B = Indicates analyte found in associated method blank
E = Indicates value exceeds calibration range N = Indicates presumptive evidence of a compound
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Accutest LabLink@11277 11:53 29-Aug-2013

Report of Analysis Page 1 of 1     

Client Sample ID: MW-4 
Lab Sample ID: D48642-1 Date Sampled: 07/25/13 
Matrix: AQ - Ground Water   Date Received: 07/26/13 
Method: SW846 8015B Percent Solids: n/a 
Project: 32C Monitoring Wells

File ID DF Analyzed By Prep Date Prep Batch Analytical Batch
Run #1 GB21377.D 1 07/26/13 EV n/a n/a GGB1174
Run #2

Purge Volume
Run #1 5.0 ml
Run #2

CAS No. Compound Result RL MDL Units Q

TPH-GRO (C6-C10) 0.107 0.20 0.10 mg/l J

CAS No. Surrogate Recoveries Run# 1 Run# 2 Limits

120-82-1 1,2,4-Trichlorobenzene 86% 60-140%

ND = Not detected MDL - Method Detection Limit J = Indicates an estimated value
RL = Reporting Limit B = Indicates analyte found in associated method blank
E = Indicates value exceeds calibration range N = Indicates presumptive evidence of a compound
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Accutest LabLink@11277 11:53 29-Aug-2013

Report of Analysis Page 1 of 1     

Client Sample ID: MW-4 
Lab Sample ID: D48642-1 Date Sampled: 07/25/13 
Matrix: AQ - Ground Water   Date Received: 07/26/13 
Method: SW846-8015B   SW846 3510C Percent Solids: n/a 
Project: 32C Monitoring Wells

File ID DF Analyzed By Prep Date Prep Batch Analytical Batch
Run #1 FD26922.D 1 07/27/13 TU 07/26/13 OP8272 GFD1317
Run #2

Initial Volume Final Volume
Run #1 1060 ml 1.0 ml
Run #2

CAS No. Compound Result RL MDL Units Q

TPH-DRO (C10-C28) 0.211 0.19 0.17 mg/l

CAS No. Surrogate Recoveries Run# 1 Run# 2 Limits

84-15-1 o-Terphenyl 64% 20-140%

ND = Not detected MDL - Method Detection Limit J = Indicates an estimated value
RL = Reporting Limit B = Indicates analyte found in associated method blank
E = Indicates value exceeds calibration range N = Indicates presumptive evidence of a compound
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Accutest LabLink@11277 11:53 29-Aug-2013

Report of Analysis Page 1 of 1     

Client Sample ID: MW-4 
Lab Sample ID: D48642-1 Date Sampled: 07/25/13 
Matrix: AQ - Ground Water   Date Received: 07/26/13 

Percent Solids: n/a 
Project: 32C Monitoring Wells

General Chemistry

Analyte Result RL Units DF Analyzed By Method

Chloride 369 10 mg/l 20 07/26/13 18:44 SK EPA 300.0/SW846 9056

Solids, Total Dissolved 1330 10 mg/l 1 07/29/13 AK SM 2540C-2011

Solids, Total Suspended 134 5.0 mg/l 1 07/29/13 BF SM 2540D-2011

Sulfate 123 2.5 mg/l 5 07/26/13 14:04 SK EPA 300.0/SW846 9056

pH 7.69 su 1 07/26/13 16:00 AK SM4500HB+-2011/9040C

RL = Reporting Limit           
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Accutest LabLink@11277 11:53 29-Aug-2013

Report of Analysis Page 1 of 1     

Client Sample ID: MW-2 
Lab Sample ID: D48642-2 Date Sampled: 07/25/13 
Matrix: AQ - Ground Water   Date Received: 07/26/13 
Method: SW846 8260B Percent Solids: n/a 
Project: 32C Monitoring Wells

File ID DF Analyzed By Prep Date Prep Batch Analytical Batch
Run #1 3V25933.D 1 07/27/13 BR n/a n/a V3V1524
Run #2

Purge Volume
Run #1 5.0 ml
Run #2

Purgeable Aromatics

CAS No. Compound Result RL MDL Units Q

71-43-2 Benzene 0.0312 0.0010 0.00025 mg/l
108-88-3 Toluene ND 0.0020 0.0010 mg/l
100-41-4 Ethylbenzene 0.00075 0.0020 0.00025 mg/l J
1330-20-7 Xylene (total) 0.0041 0.0030 0.0020 mg/l

CAS No. Surrogate Recoveries Run# 1 Run# 2 Limits

17060-07-0 1,2-Dichloroethane-D4 109% 62-130%
2037-26-5 Toluene-D8 112% 70-130%
460-00-4 4-Bromofluorobenzene 97% 69-130%

ND = Not detected MDL - Method Detection Limit J = Indicates an estimated value
RL = Reporting Limit B = Indicates analyte found in associated method blank
E = Indicates value exceeds calibration range N = Indicates presumptive evidence of a compound
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Report of Analysis Page 1 of 1     

Client Sample ID: MW-2 
Lab Sample ID: D48642-2 Date Sampled: 07/25/13 
Matrix: AQ - Ground Water   Date Received: 07/26/13 
Method: SW846 8015B Percent Solids: n/a 
Project: 32C Monitoring Wells

File ID DF Analyzed By Prep Date Prep Batch Analytical Batch
Run #1 FA12630.D 1 07/26/13 AV n/a n/a GFA752
Run #2

Initial Volume Final Volume
Run #1 1.0 ml 1.0 ml
Run #2

CAS No. Compound Result RL MDL Units Q

67-56-1 Methanol ND 0.50 0.40 mg/l

CAS No. Surrogate Recoveries Run# 1 Run# 2 Limits

71-36-3 n-Butyl Alcohol 116% 25-169%

ND = Not detected MDL - Method Detection Limit J = Indicates an estimated value
RL = Reporting Limit B = Indicates analyte found in associated method blank
E = Indicates value exceeds calibration range N = Indicates presumptive evidence of a compound
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Report of Analysis Page 1 of 1     

Client Sample ID: MW-2 
Lab Sample ID: D48642-2 Date Sampled: 07/25/13 
Matrix: AQ - Ground Water   Date Received: 07/26/13 
Method: SW846 8015B Percent Solids: n/a 
Project: 32C Monitoring Wells

File ID DF Analyzed By Prep Date Prep Batch Analytical Batch
Run #1 GB21378.D 1 07/26/13 EV n/a n/a GGB1174
Run #2

Purge Volume
Run #1 5.0 ml
Run #2

CAS No. Compound Result RL MDL Units Q

TPH-GRO (C6-C10) ND 0.20 0.10 mg/l

CAS No. Surrogate Recoveries Run# 1 Run# 2 Limits

120-82-1 1,2,4-Trichlorobenzene 86% 60-140%

ND = Not detected MDL - Method Detection Limit J = Indicates an estimated value
RL = Reporting Limit B = Indicates analyte found in associated method blank
E = Indicates value exceeds calibration range N = Indicates presumptive evidence of a compound
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Report of Analysis Page 1 of 1     

Client Sample ID: MW-2 
Lab Sample ID: D48642-2 Date Sampled: 07/25/13 
Matrix: AQ - Ground Water   Date Received: 07/26/13 
Method: SW846-8015B   SW846 3510C Percent Solids: n/a 
Project: 32C Monitoring Wells

File ID DF Analyzed By Prep Date Prep Batch Analytical Batch
Run #1 FH011530.D 1 07/29/13 TU 07/26/13 OP8272 GFH637
Run #2

Initial Volume Final Volume
Run #1 1060 ml 1.0 ml
Run #2

CAS No. Compound Result RL MDL Units Q

TPH-DRO (C10-C28) 0.201 0.19 0.17 mg/l

CAS No. Surrogate Recoveries Run# 1 Run# 2 Limits

84-15-1 o-Terphenyl 76% 20-140%

ND = Not detected MDL - Method Detection Limit J = Indicates an estimated value
RL = Reporting Limit B = Indicates analyte found in associated method blank
E = Indicates value exceeds calibration range N = Indicates presumptive evidence of a compound
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Report of Analysis Page 1 of 1     

Client Sample ID: MW-2 
Lab Sample ID: D48642-2 Date Sampled: 07/25/13 
Matrix: AQ - Ground Water   Date Received: 07/26/13 

Percent Solids: n/a 
Project: 32C Monitoring Wells

General Chemistry

Analyte Result RL Units DF Analyzed By Method

Chloride 121 2.5 mg/l 5 07/26/13 14:16 SK EPA 300.0/SW846 9056

Solids, Total Dissolved 658 10 mg/l 1 07/29/13 AK SM 2540C-2011

Solids, Total Suspended 159 5.0 mg/l 1 07/29/13 BF SM 2540D-2011

Sulfate 70.6 2.5 mg/l 5 07/26/13 14:16 SK EPA 300.0/SW846 9056

pH 7.55 su 1 07/26/13 16:00 AK SM4500HB+-2011/9040C

RL = Reporting Limit           
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Misc. Forms

Custody Documents and Other Forms

Includes the following where applicable:

• Chain of Custody

Mountain States

Section 5
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Accutest Laboratories Sample Receipt Summary

Accutest Job Number: D48642 Client: MARATHON OIL Immediate Client Services Action Required:

Client Service Action Required at Login:

No

NoDate / Time Received: 7/26/2013 1:00:00 PM

Project: MOC 32C MONITORING WELLS

No. Coolers: 1

Airbill #'s: HD-CO

Cooler Security

1. Custody Seals Present:

  Y   or   N  

2. Custody Seals Intact:

3. COC Present:

4. Smpl Dates/Time OK

2. Cooler temp verification:

Cooler Temperature   Y   or   N  

1. Temp criteria achieved:

3. Cooler media:

Infared gun

Ice (bag)

Quality Control  Preservation   Y    or   N        N/A

1. Trip Blank present / cooler:

2. Trip Blank listed on COC:

3. Samples preserved properly:

4. VOCs headspace free:

Sample Integrity - Documentation   Y     or     N  

1. Sample labels present on bottles:

2. Container labeling complete:

3. Sample container label / COC agree:

Sample Integrity - Condition   Y     or     N  

1. Sample recvd within HT:

3. Condition of sample:

2. All containers accounted for:

Sample Integrity - Instructions

1. Analysis requested is clear:

2. Bottles received for unspecified tests

3. Suf ficient volume rec'd for analysis:

4. Compositing instructions clear:

5. Filtering instructions clear:

Intact

  Y   or   N  

Accutest Laboratories
V:(303) 425-6021

4036 Youngfield Street
F: (303) 425-6854

Wheat Ridge, CO
www/accutest.com

Comments

 Y     or    N          N/A

D48642: Chain of Custody
Page 5 of 5
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08/29/13

Technical Report for

Marathon Oil

MOC 32C Monitoring Wells

WBS#TA.13.30788.EXP

Accutest Job Number:   D48844

Sampling Date: 08/01/13

Report to:

Golder Associates

rmarch@golder.com

ATTN: Randy March

Total number of pages in report:   

Certifications: CO (CO00049), ID, NE (CO00049), ND (R-027), NJ (CO 0007),  OK (D9942),  UT (NELAP CO00049),

TX (T104704511)

This report shall not be reproduced, except in its entirety, without the written approval of Accutest Laboratories.

Test results relate only to samples analyzed.

Mountain States • 4036 Youngfield St. • Wheat Ridge, CO 80033-3862 • tel: 303-425-6021 • fax: 303-425-6854 • http://www.accutest.com

Test results contained within this data package meet the requirements 

of the National Environmental Laboratory Accreditation Conference 

and/or state specific certification programs as applicable.

Client Service contact: Ann Doerr   303-425-6021

Scott Heideman
Laboratory Director

Mountain States

08/29/13

e-Hardcopy 2.0
Automated Report

18

Accutest Laboratories is the sole authority for authorizing edits or modifications to this
document. Unauthorized modification of this report is strictly prohibited.

1 of 18

D48844



Table of Contents
-1-

Sections:

Section 1: Sample Summary ................................................................................................... 3
Section 2: Case Narrative/Conformance Summary .............................................................. 4
Section 3: Summary of Hits .................................................................................................... 6
Section 4: Sample Results ........................................................................................................ 7

4.1: D48844-1:  MW-2 ......................................................................................................... 8
Section 5: Misc. Forms ............................................................................................................ 13

5.1: Chain of Custody ........................................................................................................... 14

1
2

3
4

5

2 of 18

D48844



Accutest LabLink@11277 11:54 29-Aug-2013

Sample Summary

Marathon Oil
Job No: D48844

MOC 32C Monitoring Wells
Project No:   WBS#TA.13.30788.EXP

Sample Collected Matrix Client 
Number Date Time By Received Code Type Sample ID

D48844-1 08/01/13 14:15 SD 08/02/13 AQ Ground Water MW-2

3 of 18

D48844

1



On 08/02/2013, 1 sample(s), 0 Trip Blank(s), and 0 Field Blank(s) were received at Accutest Mountain States (AMS) at a temperature 
of 3.5 °C. The samples were intact and properly preserved, unless noted below.  An AMS Job Number of D48844 was assigned to 
the project.  The lab sample ID, client sample ID, and date of sample collection are detailed in the report’s Results Summary.

Specified quality control criteria were achieved for this job except as noted below.  For more information, please refer to the analytical 
results and QC summary pages.

Client: Marathon Oil

Site: MOC 32C Monitoring Wells

Job No D48844

Report Date 8/6/2013 4:46:03 PM

CASE NARRATIVE / CONFORMANCE SUMMARY

Volatiles by GCMS By Method SW846 8260B
Matrix AQ Batch ID: V6V1110

All samples were analyzed within the recommended method holding time.

Sample(s)  D48781-1MS, D48781-2DUP were used as the QC samples indicated.

All method blanks for this batch meet method specific criteria.

Volatiles by GC By Method SW846 8015B
Matrix AQ Batch ID: GFA754

All samples were analyzed within the recommended method holding time.

All method blanks for this batch meet method specific criteria.

Sample(s)  D48844-1MS, D48844-1MSD were used as the QC samples indicated.

Matrix AQ Batch ID: GGB1180

All samples were analyzed within the recommended method holding time.

All method blanks for this batch meet method specific criteria.

Sample(s)  D48773-1MS, D48773-1MSD were used as the QC samples indicated.

Extractables by GC By Method SW846-8015B
Matrix AQ Batch ID: OP8316

All samples were extracted and analyzed within the recommended method holding time.

Sample(s)  D48557-5MS, D48557-5MSD were used as the QC samples indicated.

All method blanks for this batch meet method specific criteria.

Wet Chemistry By Method EPA 300.0/SW846 9056
Matrix AQ Batch ID: GP10591

All samples were prepared and analyzed within the recommended method holding time.

All method blanks for this batch meet method specific criteria.

Sample(s)  D48849-2MS, D48849-2MSD were used as the QC samples for the  Chloride, Sulfate, Chloride analysis.

Tuesday, August 06, 2013 Page 1 of 2
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Wet Chemistry By Method SM 2540C-2011
Matrix AQ Batch ID: GN21306

All samples were analyzed within the recommended method holding time.

All method blanks for this batch meet method specific criteria.

Sample(s)  D48844-1DUP were used as the QC samples for the  Solids, Total Dissolved analysis.

Wet Chemistry By Method SM 2540D-2011
Matrix AQ Batch ID: GN21305

All samples were analyzed within the recommended method holding time.

All method blanks for this batch meet method specific criteria.

Sample(s)  D48778-1DUP were used as the QC samples for the  Solids, Total Suspended analysis.

The duplicate RPD(s) for  Solids, Total Suspended are outside control limits for sample  GN21305-D1.  High RPD due to 
possible sample nonhomogeneity.

Wet Chemistry By Method SM4500HB+-2011/9040C
Matrix AQ Batch ID: GN21318

The following samples were run outside of holding time for method  SM4500HB+-2011/9040C:  D48844-1

AMS certifies that data reported for samples received, listed on the associated custody chain or analytical task order, were produced 
to specifications meeting AMS's Quality System precision, accuracy and completeness objectives except as noted.

Estimated non-standard method measurement uncertainty data is available on request, based on quality control bias and implicit for 
standard methods. Acceptable uncertainty requires tested parameter quality control data to meet method criteria.

AMS is not responsible for data quality assumptions if partial reports are used and recommends that this report be used in its entirety. 
This report is authorized by AMS indicated via signature on the report cover.

Tuesday, August 06, 2013 Page 2 of 2

5 of 18

D48844

2



Summary of Hits Page 1 of 1     
Job Number: D48844
Account: Marathon Oil
Project: MOC 32C Monitoring Wells
Collected: 08/01/13

Lab Sample ID   Client Sample ID Result/
Analyte Qual RL MDL Units Method

D48844-1 MW-2

Benzene 0.0436 0.0010 0.00025 mg/l SW846 8260B
Xylene (total) 0.0041 0.0030 0.0020 mg/l SW846 8260B
TPH-GRO (C6-C10) 0.116 J 0.20 0.10 mg/l SW846 8015B
TPH-DRO (C10-C28) 0.272 0.19 0.17 mg/l SW846-8015B
Chloride 123 10 mg/l EPA 300.0/SW846 9056
Solids, Total Dissolved 632 10 mg/l SM 2540C-2011
Solids, Total Suspended 93.0 5.0 mg/l SM 2540D-2011
Sulfate 78.1 10 mg/l EPA 300.0/SW846 9056
pH 7.76 su SM4500HB+-2011/9040C
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Accutest LabLink@11277 11:54 29-Aug-2013

Sample Results

Report of Analysis

Mountain States

Section 4
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Report of Analysis Page 1 of 1     

Client Sample ID: MW-2 
Lab Sample ID: D48844-1 Date Sampled: 08/01/13 
Matrix: AQ - Ground Water   Date Received: 08/02/13 
Method: SW846 8260B Percent Solids: n/a 
Project: MOC 32C Monitoring Wells

File ID DF Analyzed By Prep Date Prep Batch Analytical Batch
Run #1 6V20088.D 1 08/02/13 JL n/a n/a V6V1110
Run #2

Purge Volume
Run #1 5.0 ml
Run #2

Purgeable Aromatics

CAS No. Compound Result RL MDL Units Q

71-43-2 Benzene 0.0436 0.0010 0.00025 mg/l
108-88-3 Toluene ND 0.0020 0.0010 mg/l
100-41-4 Ethylbenzene ND 0.0020 0.00025 mg/l
1330-20-7 Xylene (total) 0.0041 0.0030 0.0020 mg/l

CAS No. Surrogate Recoveries Run# 1 Run# 2 Limits

17060-07-0 1,2-Dichloroethane-D4 120% 62-130%
2037-26-5 Toluene-D8 93% 70-130%
460-00-4 4-Bromofluorobenzene 94% 69-130%

ND = Not detected MDL - Method Detection Limit J = Indicates an estimated value
RL = Reporting Limit B = Indicates analyte found in associated method blank
E = Indicates value exceeds calibration range N = Indicates presumptive evidence of a compound
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Report of Analysis Page 1 of 1     

Client Sample ID: MW-2 
Lab Sample ID: D48844-1 Date Sampled: 08/01/13 
Matrix: AQ - Ground Water   Date Received: 08/02/13 
Method: SW846 8015B Percent Solids: n/a 
Project: MOC 32C Monitoring Wells

File ID DF Analyzed By Prep Date Prep Batch Analytical Batch
Run #1 FA12661.D 1 08/06/13 AV n/a n/a GFA754
Run #2

Initial Volume Final Volume
Run #1 1.0 ml 1.0 ml
Run #2

CAS No. Compound Result RL MDL Units Q

67-56-1 Methanol ND 0.50 0.40 mg/l

CAS No. Surrogate Recoveries Run# 1 Run# 2 Limits

71-36-3 n-Butyl Alcohol 107% 25-169%

ND = Not detected MDL - Method Detection Limit J = Indicates an estimated value
RL = Reporting Limit B = Indicates analyte found in associated method blank
E = Indicates value exceeds calibration range N = Indicates presumptive evidence of a compound
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Report of Analysis Page 1 of 1     

Client Sample ID: MW-2 
Lab Sample ID: D48844-1 Date Sampled: 08/01/13 
Matrix: AQ - Ground Water   Date Received: 08/02/13 
Method: SW846 8015B Percent Solids: n/a 
Project: MOC 32C Monitoring Wells

File ID DF Analyzed By Prep Date Prep Batch Analytical Batch
Run #1 GB21483.D 1 08/03/13 EV n/a n/a GGB1180
Run #2

Purge Volume
Run #1 5.0 ml
Run #2

CAS No. Compound Result RL MDL Units Q

TPH-GRO (C6-C10) 0.116 0.20 0.10 mg/l J

CAS No. Surrogate Recoveries Run# 1 Run# 2 Limits

120-82-1 1,2,4-Trichlorobenzene 84% 60-140%

ND = Not detected MDL - Method Detection Limit J = Indicates an estimated value
RL = Reporting Limit B = Indicates analyte found in associated method blank
E = Indicates value exceeds calibration range N = Indicates presumptive evidence of a compound
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Report of Analysis Page 1 of 1     

Client Sample ID: MW-2 
Lab Sample ID: D48844-1 Date Sampled: 08/01/13 
Matrix: AQ - Ground Water   Date Received: 08/02/13 
Method: SW846-8015B   SW846 3510C Percent Solids: n/a 
Project: MOC 32C Monitoring Wells

File ID DF Analyzed By Prep Date Prep Batch Analytical Batch
Run #1 FD27333.D 1 08/05/13 TU 08/03/13 OP8316 GFD1333
Run #2

Initial Volume Final Volume
Run #1 1060 ml 1.0 ml
Run #2

CAS No. Compound Result RL MDL Units Q

TPH-DRO (C10-C28) 0.272 0.19 0.17 mg/l

CAS No. Surrogate Recoveries Run# 1 Run# 2 Limits

84-15-1 o-Terphenyl 67% 20-140%

ND = Not detected MDL - Method Detection Limit J = Indicates an estimated value
RL = Reporting Limit B = Indicates analyte found in associated method blank
E = Indicates value exceeds calibration range N = Indicates presumptive evidence of a compound

11 of 18

D48844

4
4.1



Accutest LabLink@11277 11:54 29-Aug-2013

Report of Analysis Page 1 of 1     

Client Sample ID: MW-2 
Lab Sample ID: D48844-1 Date Sampled: 08/01/13 
Matrix: AQ - Ground Water   Date Received: 08/02/13 

Percent Solids: n/a 
Project: MOC 32C Monitoring Wells

General Chemistry

Analyte Result RL Units DF Analyzed By Method

Chloride 123 10 mg/l 20 08/02/13 18:24 GH EPA 300.0/SW846 9056

Solids, Total Dissolved 632 10 mg/l 1 08/05/13 BF SM 2540C-2011

Solids, Total Suspended 93.0 5.0 mg/l 1 08/05/13 JD SM 2540D-2011

Sulfate 78.1 10 mg/l 20 08/02/13 18:24 GH EPA 300.0/SW846 9056

pH 7.76 su 1 08/05/13 16:30 AK SM4500HB+-2011/9040C

RL = Reporting Limit           
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Misc. Forms

Custody Documents and Other Forms

Includes the following where applicable:

• Chain of Custody

Mountain States

Section 5
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Accutest Laboratories Sample Receipt Summary

Accutest Job Number: D48844 Client: MARATHON Immediate Client Services Action Required:

Client Service Action Required at Login:

No

NoDate / Time Received: 8/2/2013 12:30:00 PM

Project: MOC

No. Coolers: 1

Airbill #'s: CO

Cooler Security

1. Custody Seals Present:

  Y   or   N  

2. Custody Seals Intact:

3. COC Present:

4. Smpl Dates/Time OK

2. Cooler temp verification:

Cooler Temperature   Y   or   N  

1. Temp criteria achieved:

3. Cooler media:

Infared gun

Ice (bag)

Quality Control  Preservation   Y    or   N        N/A

1. Trip Blank present / cooler:

2. Trip Blank listed on COC:

3. Samples preserved properly:

4. VOCs headspace free:

Sample Integrity - Documentation   Y     or     N  

1. Sample labels present on bottles:

2. Container labeling complete:

3. Sample container label / COC agree:

Sample Integrity - Condition   Y     or     N  

1. Sample recvd within HT:

3. Condition of sample:

2. All containers accounted for:

Sample Integrity - Instructions

1. Analysis requested is clear:

2. Bottles received for unspecified tests

3. Suf ficient volume rec'd for analysis:

4. Compositing instructions clear:

5. Filtering instructions clear:

Intact

  Y   or   N  

Accutest Laboratories
V:(303) 425-6021

4036 Youngfield Street
F: (303) 425-6854

Wheat Ridge, CO
www/accutest.com

Comments

 Y     or    N          N/A

D48844: Chain of Custody
Page 5 of 5
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08/29/13

Technical Report for

Marathon Oil

MOC 32C Monitoring Wells

WBS#TA.13.30788.EXP

Accutest Job Number:   D49205

Sampling Date: 08/09/13

Report to:

Golder Associates

rmarch@golder.com

ATTN: Randy March

Total number of pages in report:   

Certifications: CO (CO00049), ID, NE (CO00049), ND (R-027), NJ (CO 0007),  OK (D9942),  UT (NELAP CO00049),

TX (T104704511)

This report shall not be reproduced, except in its entirety, without the written approval of Accutest Laboratories.

Test results relate only to samples analyzed.

Mountain States • 4036 Youngfield St. • Wheat Ridge, CO 80033-3862 • tel: 303-425-6021 • fax: 303-425-6854 • http://www.accutest.com

Test results contained within this data package meet the requirements 

of the National Environmental Laboratory Accreditation Conference 

and/or state specific certification programs as applicable.

Client Service contact: Ann Doerr   303-425-6021

Scott Heideman
Laboratory Director

Mountain States
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Automated Report
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Sample Summary

Marathon Oil
Job No: D49205

MOC 32C Monitoring Wells
Project No:   WBS#TA.13.30788.EXP

Sample Collected Matrix Client 
Number Date Time By Received Code Type Sample ID

D49205-1 08/09/13 12:35 SD 08/10/13 AQ Ground Water MW-4
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On 08/10/2013, 1 sample(s), 0 Trip Blank(s), and 0 Field Blank(s) were received at Accutest Mountain States (AMS) at a temperature 
of 2.6 °C. The samples were intact and properly preserved, unless noted below.  An AMS Job Number of D49205 was assigned to 
the project.  The lab sample ID, client sample ID, and date of sample collection are detailed in the report’s Results Summary.

Specified quality control criteria were achieved for this job except as noted below.  For more information, please refer to the analytical 
results and QC summary pages.

Client: Marathon Oil

Site: MOC 32C Monitoring Wells

Job No D49205

Report Date 8/14/2013 3:55:31 PM

CASE NARRATIVE / CONFORMANCE SUMMARY

Volatiles by GCMS By Method SW846 8260B
Matrix AQ Batch ID: V7V1207

All samples were analyzed within the recommended method holding time.

All method blanks for this batch meet method specific criteria.

Sample(s)  D49157-2DUP, D49157-4MS were used as the QC samples indicated.

D49157-4MS: The pH of the sample aliquot for VOA analysis was >2 at time of analysis.

D49157-4MS: The pH of the sample aliquot for VOA analysis was >2 at time of analysis.

D49157-2DUP: The pH of the sample aliquot for VOA analysis was >2 at time of analysis.

Volatiles by GC By Method SW846 8015B
Matrix AQ Batch ID: GFA758

All samples were analyzed within the recommended method holding time.

All method blanks for this batch meet method specific criteria.

Sample(s)  D49205-1MS, D49205-1MSD were used as the QC samples indicated.

Matrix AQ Batch ID: GGA1089

All samples were analyzed within the recommended method holding time.

All method blanks for this batch meet method specific criteria.

Sample(s)  D49041-2MS, D49041-2MSD were used as the QC samples indicated.

Extractables by GC By Method SW846-8015B
Matrix AQ Batch ID: OP8356

All samples were extracted and analyzed within the recommended method holding time.

Sample(s)  D48558-2MS, D48558-2MSD were used as the QC samples indicated.

All method blanks for this batch meet method specific criteria.

Wet Chemistry By Method EPA 300.0/SW846 9056
Matrix AQ Batch ID: GP10662

All samples were prepared and analyzed within the recommended method holding time.

All method blanks for this batch meet method specific criteria.

Sample(s)  D49030-1MSD, D49030-1MS were used as the QC samples for the  Chloride, Sulfate, Chloride analysis.

The matrix spike / matrix spike duplicate (MS/MSD) recovery(s) of  Chloride, Sulfate are outside control limits.  Outside control 
limits due to matrix interference.

Wednesday, August 14, 2013 Page 1 of 2
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Wet Chemistry By Method SM 2540C-2011
Matrix AQ Batch ID: GN21427

All samples were analyzed within the recommended method holding time.

All method blanks for this batch meet method specific criteria.

Sample(s)  D49123-2DUP were used as the QC samples for the  Solids, Total Dissolved analysis.

Wet Chemistry By Method SM 2540D-2011
Matrix AQ Batch ID: GN21402

All samples were analyzed within the recommended method holding time.

All method blanks for this batch meet method specific criteria.

Sample(s)  D48988-1DUP were used as the QC samples for the  Solids, Total Suspended analysis.

AMS certifies that data reported for samples received, listed on the associated custody chain or analytical task order, were produced 
to specifications meeting AMS's Quality System precision, accuracy and completeness objectives except as noted.

Estimated non-standard method measurement uncertainty data is available on request, based on quality control bias and implicit for 
standard methods. Acceptable uncertainty requires tested parameter quality control data to meet method criteria.

AMS is not responsible for data quality assumptions if partial reports are used and recommends that this report be used in its entirety. 
This report is authorized by AMS indicated via signature on the report cover.
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Summary of Hits Page 1 of 1     
Job Number: D49205
Account: Marathon Oil
Project: MOC 32C Monitoring Wells
Collected: 08/09/13

Lab Sample ID   Client Sample ID Result/
Analyte Qual RL MDL Units Method

D49205-1 MW-4

Benzene 0.0888 0.0010 0.00025 mg/l SW846 8260B
Ethylbenzene 0.0019 J 0.0020 0.00025 mg/l SW846 8260B
Xylene (total) 0.0159 0.0030 0.0020 mg/l SW846 8260B
TPH-GRO (C6-C10) 0.260 0.20 0.10 mg/l SW846 8015B
Chloride 393 10 mg/l EPA 300.0/SW846 9056
Solids, Total Dissolved 1250 10 mg/l SM 2540C-2011
Sulfate 118 2.5 mg/l EPA 300.0/SW846 9056
pH 7.55 su SM4500HB+-2011/9040C
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Accutest LabLink@11277 11:59 29-Aug-2013

Report of Analysis Page 1 of 1     

Client Sample ID: MW-4 
Lab Sample ID: D49205-1 Date Sampled: 08/09/13 
Matrix: AQ - Ground Water   Date Received: 08/10/13 
Method: SW846 8260B Percent Solids: n/a 
Project: MOC 32C Monitoring Wells

File ID DF Analyzed By Prep Date Prep Batch Analytical Batch
Run #1 7V21962.D 1 08/13/13 JL n/a n/a V7V1207
Run #2

Purge Volume
Run #1 5.0 ml
Run #2

Purgeable Aromatics

CAS No. Compound Result RL MDL Units Q

71-43-2 Benzene 0.0888 0.0010 0.00025 mg/l
108-88-3 Toluene ND 0.0020 0.0010 mg/l
100-41-4 Ethylbenzene 0.0019 0.0020 0.00025 mg/l J
1330-20-7 Xylene (total) 0.0159 0.0030 0.0020 mg/l

CAS No. Surrogate Recoveries Run# 1 Run# 2 Limits

17060-07-0 1,2-Dichloroethane-D4 114% 62-130%
2037-26-5 Toluene-D8 106% 70-130%
460-00-4 4-Bromofluorobenzene 91% 69-130%

ND = Not detected MDL - Method Detection Limit J = Indicates an estimated value
RL = Reporting Limit B = Indicates analyte found in associated method blank
E = Indicates value exceeds calibration range N = Indicates presumptive evidence of a compound
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Accutest LabLink@11277 11:59 29-Aug-2013

Report of Analysis Page 1 of 1     

Client Sample ID: MW-4 
Lab Sample ID: D49205-1 Date Sampled: 08/09/13 
Matrix: AQ - Ground Water   Date Received: 08/10/13 
Method: SW846 8015B Percent Solids: n/a 
Project: MOC 32C Monitoring Wells

File ID DF Analyzed By Prep Date Prep Batch Analytical Batch
Run #1 FA12725.D 1 08/13/13 AV n/a n/a GFA758
Run #2

Initial Volume Final Volume
Run #1 1.0 ml 1.0 ml
Run #2

CAS No. Compound Result RL MDL Units Q

67-56-1 Methanol ND 0.50 0.40 mg/l

CAS No. Surrogate Recoveries Run# 1 Run# 2 Limits

71-36-3 n-Butyl Alcohol 100% 25-169%

ND = Not detected MDL - Method Detection Limit J = Indicates an estimated value
RL = Reporting Limit B = Indicates analyte found in associated method blank
E = Indicates value exceeds calibration range N = Indicates presumptive evidence of a compound
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Accutest LabLink@11277 11:59 29-Aug-2013

Report of Analysis Page 1 of 1     

Client Sample ID: MW-4 
Lab Sample ID: D49205-1 Date Sampled: 08/09/13 
Matrix: AQ - Ground Water   Date Received: 08/10/13 
Method: SW846 8015B Percent Solids: n/a 
Project: MOC 32C Monitoring Wells

File ID DF Analyzed By Prep Date Prep Batch Analytical Batch
Run #1 GA19364.D 1 08/12/13 BR n/a n/a GGA1089
Run #2

Purge Volume
Run #1 5.0 ml
Run #2

CAS No. Compound Result RL MDL Units Q

TPH-GRO (C6-C10) 0.260 0.20 0.10 mg/l

CAS No. Surrogate Recoveries Run# 1 Run# 2 Limits

120-82-1 1,2,4-Trichlorobenzene 96% 60-140%

ND = Not detected MDL - Method Detection Limit J = Indicates an estimated value
RL = Reporting Limit B = Indicates analyte found in associated method blank
E = Indicates value exceeds calibration range N = Indicates presumptive evidence of a compound
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Accutest LabLink@11277 11:59 29-Aug-2013

Report of Analysis Page 1 of 1     

Client Sample ID: MW-4 
Lab Sample ID: D49205-1 Date Sampled: 08/09/13 
Matrix: AQ - Ground Water   Date Received: 08/10/13 
Method: SW846-8015B   SW846 3546 Percent Solids: n/a 
Project: MOC 32C Monitoring Wells

File ID DF Analyzed By Prep Date Prep Batch Analytical Batch
Run #1 FH011963.D 1 08/14/13 TU 08/12/13 OP8356 GFH659
Run #2

Initial Volume Final Volume
Run #1 1050 ml 1.0 ml
Run #2

CAS No. Compound Result RL MDL Units Q

TPH-DRO (C10-C28) ND 0.19 0.17 mg/l

CAS No. Surrogate Recoveries Run# 1 Run# 2 Limits

84-15-1 o-Terphenyl 75% 20-140%

ND = Not detected MDL - Method Detection Limit J = Indicates an estimated value
RL = Reporting Limit B = Indicates analyte found in associated method blank
E = Indicates value exceeds calibration range N = Indicates presumptive evidence of a compound
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Accutest LabLink@11277 11:59 29-Aug-2013

Report of Analysis Page 1 of 1     

Client Sample ID: MW-4 
Lab Sample ID: D49205-1 Date Sampled: 08/09/13 
Matrix: AQ - Ground Water   Date Received: 08/10/13 

Percent Solids: n/a 
Project: MOC 32C Monitoring Wells

General Chemistry

Analyte Result RL Units DF Analyzed By Method

Chloride 393 10 mg/l 20 08/12/13 14:24 SK EPA 300.0/SW846 9056

Solids, Total Dissolved 1250 10 mg/l 1 08/12/13 AK SM 2540C-2011

Solids, Total Suspended <5.0 5.0 mg/l 1 08/10/13 BF SM 2540D-2011

Sulfate 118 2.5 mg/l 5 08/12/13 11:37 SK EPA 300.0/SW846 9056

pH 7.55 su 1 08/10/13 10:30 BF SM4500HB+-2011/9040C

RL = Reporting Limit           
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Misc. Forms

Custody Documents and Other Forms

Includes the following where applicable:

• Chain of Custody

Mountain States

Section 5
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Accutest Laboratories Sample Receipt Summary

Accutest Job Number: D49205 Client: MARATHON OIL Immediate Client Services Action Required:

Client Service Action Required at Login:

No

NoDate / Time Received: 8/9/2013 9:30:00 AM

Project: MOC 32C MONITORING

No. Coolers: 1

Airbill #'s: FX

Cooler Security

1. Custody Seals Present:

  Y   or   N  

2. Custody Seals Intact:

3. COC Present:

4. Smpl Dates/Time OK

2. Cooler temp verification:

Cooler Temperature   Y   or   N  

1. Temp criteria achieved:

3. Cooler media:

Infared gun

Ice (bag)

Quality Control  Preservation   Y    or   N        N/A

1. Trip Blank present / cooler:

2. Trip Blank listed on COC:

3. Samples preserved properly:

4. VOCs headspace free:

Sample Integrity - Documentation   Y     or     N  

1. Sample labels present on bottles:

2. Container labeling complete:

3. Sample container label / COC agree:

Sample Integrity - Condition   Y     or     N  

1. Sample recvd within HT:

3. Condition of sample:

2. All containers accounted for:

Sample Integrity - Instructions

1. Analysis requested is clear:

2. Bottles received for unspecified tests

3. Suf ficient volume rec'd for analysis:

4. Compositing instructions clear:

5. Filtering instructions clear:

Intact

  Y   or   N  

Accutest Laboratories
V:(303) 425-6021

4036 Youngfield Street
F: (303) 425-6854

Wheat Ridge, CO
www/accutest.com

Comments

 Y     or    N          N/A

D49205: Chain of Custody
Page 5 of 5
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Accutest LabLink@11339 11:25 10-Sep-2013

Sample Summary

Marathon Oil
Job No: D49509

MOC 32C Monitoring Wells
Project No:   WBS#TA.13.30788.EXP

Sample Collected Matrix Client 
Number Date Time By Received Code Type Sample ID

D49509-1 08/16/13 06:50 SD 08/16/13 AQ Ground Water MW-4

3 of 18
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On 08/16/2013, 1 sample(s), 0 Trip Blank(s), and 0 Field Blank(s) were received at Accutest Mountain States (AMS) at a temperature 
of 2.3 °C. The samples were intact and properly preserved, unless noted below.  An AMS Job Number of D49509 was assigned to 
the project.  The lab sample ID, client sample ID, and date of sample collection are detailed in the report’s Results Summary.

Specified quality control criteria were achieved for this job except as noted below.  For more information, please refer to the analytical 
results and QC summary pages.

Client: Marathon Oil

Site: MOC 32C Monitoring Wells

Job No D49509

Report Date 8/3/2013 3:23:33 PM

CASE NARRATIVE / CONFORMANCE SUMMARY

Volatiles by GCMS By Method SW846 8260B
Matrix AQ Batch ID: V7V1218

All samples were analyzed within the recommended method holding time.

All method blanks for this batch meet method specific criteria.

Sample(s)  D49509-1DUP, D48562-1MS were used as the QC samples indicated.

D48562-1MS: The pH of the sample aliquot for VOA analysis was >2 at time of analysis.

D48562-1MS: The pH of the sample aliquot for VOA analysis was >2 at time of analysis.

Volatiles by GC By Method SW846 8015B
Matrix AQ Batch ID: GFA764

All samples were analyzed within the recommended method holding time.

Sample(s)  D49509-1MS, D49509-1MSD were used as the QC samples indicated.

All method blanks for this batch meet method specific criteria.

Matrix AQ Batch ID: GGA1095

All samples were analyzed within the recommended method holding time.

Sample(s)  D49715-1MS, D49715-1MSD were used as the QC samples indicated.

All method blanks for this batch meet method specific criteria.

Extractables by GC By Method SW846-8015B
Matrix AQ Batch ID: OP8407

All samples were extracted and analyzed within the recommended method holding time.

Sample(s)  D48559-17MS, D48559-17MSD were used as the QC samples indicated.

All method blanks for this batch meet method specific criteria.

Wet Chemistry By Method EPA 300.0/SW846 9056
Matrix AQ Batch ID: GP10776

All samples were prepared and analyzed within the recommended method holding time.

All method blanks for this batch meet method specific criteria.

Sample(s)  D49345-1MS, D49345-1MSD were used as the QC samples for the  Chloride, Sulfate, Chloride analysis.

Saturday, August 03, 2013 Page 1 of 2
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Wet Chemistry By Method SM 2540C-2011
Matrix AQ Batch ID: GN21535

All samples were analyzed within the recommended method holding time.

All method blanks for this batch meet method specific criteria.

Sample(s)  D49385-1DUP were used as the QC samples for the  Solids, Total Dissolved analysis.

Wet Chemistry By Method SM 2540D-2011
Matrix AQ Batch ID: GN21534

All samples were analyzed within the recommended method holding time.

All method blanks for this batch meet method specific criteria.

Sample(s)  D49309-1DUP were used as the QC samples for the  Solids, Total Suspended analysis.

Wet Chemistry By Method SM4500HB+-2011/9040C
Matrix AQ Batch ID: GN21550

The following samples were run outside of holding time for method  SM4500HB+-2011/9040C:  D49509-1

AMS certifies that data reported for samples received, listed on the associated custody chain or analytical task order, were produced 
to specifications meeting AMS's Quality System precision, accuracy and completeness objectives except as noted.

Estimated non-standard method measurement uncertainty data is available on request, based on quality control bias and implicit for 
standard methods. Acceptable uncertainty requires tested parameter quality control data to meet method criteria.

AMS is not responsible for data quality assumptions if partial reports are used and recommends that this report be used in its entirety. 
This report is authorized by AMS indicated via signature on the report cover.
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Summary of Hits Page 1 of 1     
Job Number: D49509
Account: Marathon Oil
Project: MOC 32C Monitoring Wells
Collected: 08/16/13

Lab Sample ID   Client Sample ID Result/
Analyte Qual RL MDL Units Method

D49509-1 MW-4

Benzene 0.0737 0.0010 0.00025 mg/l SW846 8260B
Ethylbenzene 0.0017 J 0.0020 0.00025 mg/l SW846 8260B
Xylene (total) 0.0139 0.0030 0.0020 mg/l SW846 8260B
TPH-GRO (C6-C10) 0.246 0.20 0.10 mg/l SW846 8015B
Chloride 367 10 mg/l EPA 300.0/SW846 9056
Solids, Total Dissolved 1200 10 mg/l SM 2540C-2011
Sulfate 110 2.5 mg/l EPA 300.0/SW846 9056
pH 7.62 su SM4500HB+-2011/9040C
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Accutest LabLink@11339 11:25 10-Sep-2013

Report of Analysis Page 1 of 1     

Client Sample ID: MW-4 
Lab Sample ID: D49509-1 Date Sampled: 08/16/13 
Matrix: AQ - Ground Water   Date Received: 08/16/13 
Method: SW846 8260B Percent Solids: n/a 
Project: MOC 32C Monitoring Wells

File ID DF Analyzed By Prep Date Prep Batch Analytical Batch
Run #1 7V22135.D 1 08/20/13 JL n/a n/a V7V1218
Run #2

Purge Volume
Run #1 5.0 ml
Run #2

Purgeable Aromatics

CAS No. Compound Result RL MDL Units Q

71-43-2 Benzene 0.0737 0.0010 0.00025 mg/l
108-88-3 Toluene ND 0.0020 0.0010 mg/l
100-41-4 Ethylbenzene 0.0017 0.0020 0.00025 mg/l J
1330-20-7 Xylene (total) 0.0139 0.0030 0.0020 mg/l

CAS No. Surrogate Recoveries Run# 1 Run# 2 Limits

17060-07-0 1,2-Dichloroethane-D4 116% 62-130%
2037-26-5 Toluene-D8 104% 70-130%
460-00-4 4-Bromofluorobenzene 95% 69-130%

ND = Not detected MDL - Method Detection Limit J = Indicates an estimated value
RL = Reporting Limit B = Indicates analyte found in associated method blank
E = Indicates value exceeds calibration range N = Indicates presumptive evidence of a compound
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Accutest LabLink@11339 11:25 10-Sep-2013

Report of Analysis Page 1 of 1     

Client Sample ID: MW-4 
Lab Sample ID: D49509-1 Date Sampled: 08/16/13 
Matrix: AQ - Ground Water   Date Received: 08/16/13 
Method: SW846 8015B Percent Solids: n/a 
Project: MOC 32C Monitoring Wells

File ID DF Analyzed By Prep Date Prep Batch Analytical Batch
Run #1 FA12821.D 1 08/19/13 JS n/a n/a GFA764
Run #2

Initial Volume Final Volume
Run #1 1.0 ml 1.0 ml
Run #2

CAS No. Compound Result RL MDL Units Q

67-56-1 Methanol ND 0.50 0.40 mg/l

CAS No. Surrogate Recoveries Run# 1 Run# 2 Limits

71-36-3 n-Butyl Alcohol 112% 25-169%

ND = Not detected MDL - Method Detection Limit J = Indicates an estimated value
RL = Reporting Limit B = Indicates analyte found in associated method blank
E = Indicates value exceeds calibration range N = Indicates presumptive evidence of a compound
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Accutest LabLink@11339 11:25 10-Sep-2013

Report of Analysis Page 1 of 1     

Client Sample ID: MW-4 
Lab Sample ID: D49509-1 Date Sampled: 08/16/13 
Matrix: AQ - Ground Water   Date Received: 08/16/13 
Method: SW846 8015B Percent Solids: n/a 
Project: MOC 32C Monitoring Wells

File ID DF Analyzed By Prep Date Prep Batch Analytical Batch
Run #1 GA19484.D 1 08/26/13 EV n/a n/a GGA1095
Run #2

Purge Volume
Run #1 5.0 ml
Run #2

CAS No. Compound Result RL MDL Units Q

TPH-GRO (C6-C10) 0.246 0.20 0.10 mg/l

CAS No. Surrogate Recoveries Run# 1 Run# 2 Limits

120-82-1 1,2,4-Trichlorobenzene 101% 60-140%

ND = Not detected MDL - Method Detection Limit J = Indicates an estimated value
RL = Reporting Limit B = Indicates analyte found in associated method blank
E = Indicates value exceeds calibration range N = Indicates presumptive evidence of a compound
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Accutest LabLink@11339 11:25 10-Sep-2013

Report of Analysis Page 1 of 1     

Client Sample ID: MW-4 
Lab Sample ID: D49509-1 Date Sampled: 08/16/13 
Matrix: AQ - Ground Water   Date Received: 08/16/13 
Method: SW846-8015B   SW846 3510C Percent Solids: n/a 
Project: MOC 32C Monitoring Wells

File ID DF Analyzed By Prep Date Prep Batch Analytical Batch
Run #1 FD27914.D 1 08/21/13 TU 08/20/13 OP8407 GFD1354
Run #2

Initial Volume Final Volume
Run #1 1060 ml 1.0 ml
Run #2

CAS No. Compound Result RL MDL Units Q

TPH-DRO (C10-C28) ND 0.19 0.17 mg/l

CAS No. Surrogate Recoveries Run# 1 Run# 2 Limits

84-15-1 o-Terphenyl 86% 20-140%

ND = Not detected MDL - Method Detection Limit J = Indicates an estimated value
RL = Reporting Limit B = Indicates analyte found in associated method blank
E = Indicates value exceeds calibration range N = Indicates presumptive evidence of a compound
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Accutest LabLink@11339 11:25 10-Sep-2013

Report of Analysis Page 1 of 1     

Client Sample ID: MW-4 
Lab Sample ID: D49509-1 Date Sampled: 08/16/13 
Matrix: AQ - Ground Water   Date Received: 08/16/13 

Percent Solids: n/a 
Project: MOC 32C Monitoring Wells

General Chemistry

Analyte Result RL Units DF Analyzed By Method

Chloride 367 10 mg/l 20 08/26/13 18:04 SK EPA 300.0/SW846 9056

Solids, Total Dissolved 1200 10 mg/l 1 08/19/13 BF SM 2540C-2011

Solids, Total Suspended <5.0 5.0 mg/l 1 08/19/13 JD SM 2540D-2011

Sulfate 110 2.5 mg/l 5 08/26/13 13:25 SK EPA 300.0/SW846 9056

pH 7.62 su 1 08/19/13 14:10 BF SM4500HB+-2011/9040C

RL = Reporting Limit           

12 of 18

D49509

4
4.1



Accutest LabLink@11339 11:25 10-Sep-2013

Misc. Forms

Custody Documents and Other Forms

Includes the following where applicable:

• Chain of Custody

Mountain States

Section 5
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Accutest Laboratories Sample Receipt Summary

Accutest Job Number: D49509 Client: MARATHON OIL Immediate Client Services Action Required:

Client Service Action Required at Login:

No

NoDate / Time Received: 8/16/2013 11:00:00 AM

Project: MOC 32C MONITORING WELLS

No. Coolers: 1

Airbill #'s: Fedex

Cooler Security

1. Custody Seals Present:

  Y   or   N  

2. Custody Seals Intact:

3. COC Present:

4. Smpl Dates/Time OK

2. Cooler temp verification:

Cooler Temperature   Y   or   N  

1. Temp criteria achieved:

3. Cooler media:

Infared gun

Ice (bag)

Quality Control  Preservation   Y    or   N        N/A

1. Trip Blank present / cooler:

2. Trip Blank listed on COC:

3. Samples preserved properly:

4. VOCs headspace free:

Sample Integrity - Documentation   Y     or     N  

1. Sample labels present on bottles:

2. Container labeling complete:

3. Sample container label / COC agree:

Sample Integrity - Condition   Y     or     N  

1. Sample recvd within HT:

3. Condition of sample:

2. All containers accounted for:

Sample Integrity - Instructions

1. Analysis requested is clear:

2. Bottles received for unspecified tests

3. Suf ficient volume rec'd for analysis:

4. Compositing instructions clear:

5. Filtering instructions clear:

Intact

  Y   or   N  

Accutest Laboratories
V:(303) 425-6021

4036 Youngfield Street
F: (303) 425-6854

Wheat Ridge, CO
www/accutest.com

Comments

 Y     or    N          N/A

D49509: Chain of Custody
Page 5 of 5
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CONTAMINANT TRANSPORT EVALUATIONS 

Contaminant transport evaluations were performed using the American Petroleum Institute (API) AMIGO 

online decision support tool1.  AMIGO allows users to estimate the concentrations in groundwater and soil 

resulting from a produced water (brine) release.  The produced water impacts on groundwater are 

simulated as one-dimensional vertical flow through the unsaturated zone (vadose zone) and 

one-dimensional mixing in the saturated zone beneath the water table.   

A simplified schematic of the produced water migration pathway from the 32C pond subgrade to 

monitoring well MW-4 is provided as Figure D-1.  Although the migration pathway is shown as vertical in 

the vadose zone and horizontal in the saturated zone, it is understood that produced water migration 

through the fractured bedrock is largely controlled by the fracture systems present and not by primary 

porosity, and that these fractures influence the actual groundwater flow directions.  Basic assumptions 

inherent in the model2 are: 

 Flow in the vadose zone is one-dimensional downward and flow in the aquifer is one-
dimensional and horizontal; 

 Attenuation in the vadose zone is neglected because a conservative analyte (chloride or 
TDS) is being modeled; 

 Groundwater flow is steady and the aquifer thickness and hydraulic properties are 
uniform; 

 Density effects on brine flow are neglected; and 

 Mixing throughout the aquifer depth is uniform and immediate. 

The currently-available version of AMIGO uses a library of HYDRUS-1D unsaturated flow model results 

from southeastern New Mexico and a simple groundwater mixing model to estimate chloride 

concentrations in the vadose zone and in an underlying aquifer below the water table.  Also, a 

complementary Microsoft Excel™ spreadsheet for AMIGO, known as MASSLOAD, was used to calculate 

the chloride loading rate per unit area.  Since total dissolved solids (TDS) data are available for the site, 

and because TDS and chloride would behave similarly, TDS data were used in the place of chloride data 

for these contaminant transport evaluations. 

Contaminant transport evaluations summarized in Section 3.2.2 are based on the following assumptions 

about TDS concentrations and hydraulic characteristics at the site. 

 Produced water release TDS concentration of 10,800 milligrams per liter (mg/L) based 
on April 12, 2013 analytical results for the 32C leak detection system; 

                                                      
1 http://www.api.org/environment-health-and-safety/clean-water/surface-water-quality/api-amigo-online-decision-support-tool 
 

2 API, 2005.  Modeling Study of Produced Water Release Scenarios, API Publication Number 4734, January 2005. 
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 Background TDS concentration of 426 mg/L at up-gradient well MW-1 (July 9, 2013 
sample); 

 TDS concentration of 1,550 mg/L at down-gradient well MW-4 (July 10, 2013 sample); 

 Site-vicinity hydraulic gradient of 0.17; 

 Fractured bedrock hydraulic conductivity of 0.2 feet/day; 

 Fractured bedrock porosity of 0.01; 

 The 170-foot thick fractured bedrock unsaturated zone was represented by an 
equivalent porous medium (sand) vadose zone thickness of 20 feet; and 

 The saturated thickness in the fractured bedrock aquifer affected by the produced 
water release was assumed to be 50 feet. 



 

 

FIGURE 



reference: http://amigo-app.api.org/amigo.pdf

(Site-specific values are noted in red)     Figure D-1
    Simplified Schematic of Contaminant Transport

Marathon Oil Company
DRAFT Denver, Colorado, USA 596-32C Produced Water Pond

9/20/2013 Golder Associates
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