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EXECUTIVE SUMMARY 
This Groundwater Remedy Performance Report (Report) presents the second 5-year evaluation of the 

selected remedy for the KL Landfill in accordance with the Second Amendment of the Consent Decree 

(Civil Action No. 1:92:cv:659) dated August 23, 2007.  The Record of Decision (ROD) Amendment No. 2 

indicates the preparation of a complete evaluation of the remedy every five years after initiation of 

construction of the landfill cap.  As stated in the Second Amendment of the Consent Decree (CD):  

“The Settling Defendants shall perform a complete evaluation of the effectiveness of the MNA 
remedy every five years after initiation of construction of the landfill cover.  The Performing 
Settling Defendants shall perform an evaluation of the need for additional source control 
measures at the time of the second five year review unless site conditions may present an 
imminent and substantial endangerment to human health and the environment.” 

The first 5-year evaluation of the selected remedy was prepared by Golder Associates Inc. (Golder) and 

submitted by the KL Avenue Landfill Group (KLA Group) to the United States Environmental Protection 

Agency (USEPA) and Michigan Department of Environmental Quality (MDEQ) (collectively, the Agencies) 

in December 2010 (Golder, 2010).  The first 5-year evaluation concluded that the remedy is effective and 

remains protective of human health and the environment.  A preliminary evaluation of the select remedy 

(source control with Monitored Natural Attenuation [MNA]) and an evaluation of contingent remedial 

alternatives including emerging technologies were also submitted to the Agencies in June 2015 (Golder, 

2015).  This second 5-year remedy evaluation represents the first complete evaluation following initiation 

of the cap construction in the fall of 2005. 

The selected remedy is effective and remains protective of human health and the environment.  Source 

control and depletion measures comprising a multi-layered low permeability cap and a gas venting 

system were completed in fall 2006.  To assist in compliance with remedy requirements for methane gas 

management and to provide additional source mass removal of volatile organic compounds (VOCs), the 

passive gas venting system consisting of 35 fully-penetrating gas vents (i.e., screening the entire waste 

thickness) was converted into an active gas extraction system.  The active gas extraction system has 

been operational since May 2008.  The source control measures have been effective in adequately 

reducing contaminant sources leaching into groundwater, eliminating direct contact, and controlling 

methane migration.  

Pursuant to the Kalamazoo County Sanitary Code, Kalamazoo County approved the KLA Group’s application 

for a Groundwater Restricted Zone (GRZ) on December 2, 2015 that formally implements institutional 

controls in the areas where groundwater results have been reported above the Part 201 standards and a 

1000 foot downgradient buffer zone.  The vast majority (98%) of the residences within the GRZ have already 

been connected to municipal water by the KLA Group and only seven private wells remain within the GRZ 

that will require connection.  The remaining residences are anticipated to be connected to municipal water in 

the spring 2016.  However, historical sampling of these wells has shown concentrations to be well below the 
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Part 201 Residential Drinking Water Standards.  Residential wells are also regularly monitored in areas 

downgradient of the GRZ and within the Chadds Ford Way Subdivision to help ensure protection of 

groundwater users. 

In concert with the source control and depletion measures (landfill cap and gas extraction system), a MNA 

groundwater monitoring program has been implemented consistent with the Second Amendment to the 

CD, OSWER Directive 9200.4-17P and the RD/RA Groundwater Monitored Natural Attenuation Plan 

(Golder, 2007).  Regular monitoring is conducted with an extensive network of source area, plume and 

sentinel monitoring wells (totaling 62 wells), to assess the performance of MNA.  MNA monitoring has 

shown that compounds detected historically above Michigan Part 201 Residential Drinking Water 

Standards including acetone, isopropanol, 2-butunone, 4-methyl-2-pentanone, ethylbenzene, xylenes, 

toluene, and 1,2-dicholoroethane have degraded over time, representing over 90% of the historic 

contaminant mass.  There are three primary compounds that have been reported as detected in 

groundwater above the Part 201 Standard: benzene, tetrahydrofuran (THF) and 1,4-diethylene dioxide 

(1,4-DD).  

Multiple lines of evidence including historical trend analyses, fate and transport modeling and temporal 

changes in spatial distribution are presented in this Report that demonstrate MNA (with source control) is 

effective in addressing these remaining compounds through source depletion and plume attenuation.  In 

particular, source depletion of THF has resulted in the plume being detached from the source (only one 

source well is slightly above the Part 201 standards of 95 micrograms per liter [µg/L]) and attenuation 

downgradient has resulted in a pronounced collapse of the plume where only isolated areas above Part 

201 standards remain.  Similar to THF, but to a lesser extent, source depletion of 1,4-DD has nearly 

resulted in the plume being detached from the source (with most source area wells below the Part 201 

standard of 85 µg/L) and attenuation downgradient has translated to a substantial reduction in the 

monitoring well concentrations and  overall plume mass.  Benzene concentrations have significantly 

declined in all source wells and the downgradient extent of the plume above Part 201 standards (5 µg/L) 

has retracted several hundred feet. 

Source control and depletion measures have also effectively shifted the geochemical conditions since 

2006 in the vicinity of the landfill margin towards more natural and aerobic conditions that promote 

enhanced biodegradation of benzene, THF and 1,4-DD. This shift is evidenced by decreasing levels of 

dissolved methane and increasing levels of sulfate in landfill margin wells which suggests a shift from 

methanogenic and sulfate-reducing conditions towards more oxidizing conditions.  A similar shift to more 

oxic conditions is also seen in downgradient wells.  The rate of attenuation of the primary compounds is 

expected to increase as the source concentrations continue to decline and geochemistry conditions 

continue to shift to more aerobic conditions that are more favorable to biodegradation of residual 

contaminants. 
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These analyses including fate and transport modeling demonstrate that physical attenuation processes 

alone (e.g., dilution and dispersion) do not account for the attenuation observed within the site 

groundwater plume and indicate that intrinsic biodegradation is occurring.  To further assess the intrinsic 

processes that account for degradation of 1,4-DD, state of the art technologies that included molecular 

analyses (i.e., gene abundance and activity) and compound-specific isotope analysis (CSIA) were 

employed to assess the biodegradation capacity of the system.  The molecular analyses demonstrated 

that microorganisms within the groundwater plume capable of metabolic and cometabolic degradation of 

1,4-DD were present and active, while the CSIA data suggested further evidence of biodegradation of 

1,4-DD.  These additional analyses and data support the conclusions reached by the traditional 

attenuation methods (i.e., trend analysis, spatial analyses and fate and transport modeling) that the 

system has significant capacity for intrinsic biodegradation of 1,4-DD. 

The rate of progress towards achieving remedial action goals must be put in the context of a reasonable 

time frame which is generally a time frame which would otherwise be achieved through active restoration 

(OSWER Directive 9200.4-17P).  Statistical analysis using USEPA methods to assess the rate of 

attenuation indicates that the attenuation rate in the vast majority of the wells is adequate to meet cleanup 

goals within 30 years. These analyses are consistent with groundwater modeling (3-Dimensional [3-D]) 

that predicts the THF plume will decline to below Part 201 standards within 10 years, and the 1,4-DD and 

benzene plumes will decline to below Part 201 standard within 30 years.  Groundwater modeling was also 

used to compare the current remedy with the further benefit of adding active remediation (e.g., focused 

groundwater extraction) near the landfill and downgradient portions of the plume.  No significant 

difference in the plume configuration was predicted after 10 and 30 years of active treatment of the plume 

downgradient or near the landfill.  As such, the remedial time frame is not effectively reduced by active 

remediation and the current remedy will address the remaining contaminants in a reasonable time frame. 

In summary, the selected remedy is performing effectively such that additional source-control measures 

are not necessary and the remedy remains protective of human health and the environment.  Accordingly, 

there is no basis for the implementation of a contingent remedy given: 

 There are no unforeseen circumstances or site conditions that present an imminent and 
substantial endangerment to human health and the environment. 

 The current remedy will address the remaining contaminants in a reasonable time frame 
and a contingent remedy will not reduce the time to remediate the plume or reduce the 
residual risks from the remaining contaminants above Part 201 standards. 

The MNA Guidance, (OSWER Directive Number: 9200.4-17P) and the ROD specify that Contingent 

remedies be identified in case MNA does not perform as anticipated.  Significant research is being 

conducted involving the degradation of 1,4-DD and the June 2015 Contingent Remedial Alternatives 

Update Report identified enhanced in-situ bioremediation as a potential contingency alternative.  

Specialty analyses presented in this Report identified that abundant and active microbial populations 
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carrying the DXMO, ALDH, and sMMO genes were present throughout the groundwater plume and 

downgradient. Specifically, the groundwater sample collected from P-70 had the highest levels of sMMO 

RNA transcripts which suggests that methane oxidizing bacteria are present and active and the potential 

for cometabolism of 1,4-DD exists near the more aerobic (downgradient) fringe of the plume.   This 

suggests that the addition of oxygen (at low-levels) may facilitate cometabolic or metabolic degradation of 

1,4-DD in the downgradient portion of the plume where methane is present.  Based on these data and the 

information provided in this report, and notwithstanding the general conclusion that the selected remedy is 

effective and remains protective of human health and the environment, the KLA Group proposes to 

conduct bench scale testing to assess whether degradation processes could be accelerated in the 

downgradient portion of the plume.  If bench-scale studies prove successful, the KLA Group would 

consider designing and implementing a field pilot test to determine if such conditions could be replicated 

in the field – as a contingent remedy if site conditions or the performance of the MNA remedy were to 

change.  
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1.0 INTRODUCTION 
Golder Associates Inc. (Golder) has prepared this Groundwater Remedy Performance Report for the KL 

Avenue Landfill (Site) on behalf of the KL Avenue Landfill Group (KLA Group).  The primary purpose of 

this Groundwater Remedy Performance Report is to present the second 5-year evaluation of the selected 

remedy in accordance with the Second Amendment of the CD (Civil Action No. 1:92:cv:659) dated August 

23, 2007.  This second 5-year remedy evaluation includes the first complete remedy performance 

evaluation, which is to occur 10 years after the start of impermeable cap construction (i.e., fall 2005 – with 

cap completion in fall 2006). This complete evaluation also includes an assessment of the need for 

additional source control/contingent remedies.   

This report also presents procedures used and data collected in support of the MNA groundwater remedy 

evaluation, including the fall 2015 MNA sampling event.   The fall 2015 sampling event was conducted in 

accordance with the Draft Groundwater Monitored Natural Attenuation Work Plan and Quality Assurance 

Project Plan for RD/RA Activities (Draft 2007 Plan), submitted to the USEPA on October 26, 2007 (Golder, 

2007). As described during the August 24, 2015 conference call with the USEPA and the MDEQ, additional 

data were collected as part of the fall 2015 sampling event including: 

 Sampling of additional monitoring wells for analysis of VOCs and Natural Attenuation 
Parameters (NAPs) normally completed as part of an Annual groundwater monitoring 
event. 

 Sampling of select (29) monitoring wells to assist in the evaluation of MNA for analysis by 
University of California at Los Angelos (UCLA) of microbiological gene expression and 
gene abundance, for  1,4-DD biodegradation and 24 monitoring wells for 1,4-DDCSIA. 

The remedy selected as part of the 2005 ROD Amendment No. 2 (USEPA, 2005) includes MNA in 

conjunction with construction of an impermeable (RCRA Type C) cap for landfill contents, and 

groundwater use restrictions and municipal water provisions.  The KLA Group has also installed an 

enhanced landfill gas extraction (ELGE) system that actively removes landfill gas and VOCs and 

thermally destroys them in an enclosed flare.  

The ROD Amendment No. 2 indicates the preparation of a complete evaluation of the remedy every five 

years after initiation of construction of the landfill cap.  As stated in the Second Amendment of the CD:  

“The Settling Defendants shall perform a complete evaluation of the effectiveness of the MNA 
remedy every five years after initiation of construction of the landfill cover.  The Performing 
Settling Defendants shall perform an evaluation of the need for additional source control 
measures at the time of the second five year review unless site conditions may present an 
imminent and substantial endangerment to human health and the environment.” 

The first 5-year evaluation of the selected remedy was prepared by Golder and submitted by the KLA 

Group to the USEPA and MDEQ (the Agencies) in December 2010 (Golder, 2010).  The first 5-year 

evaluation concluded that the remedy is effective and remains protective of human health and the 
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environment and provided recommendations for continued remedy implementation including continued 

operation and maintenance (O&M) of the landfill cap and active gas extraction system, continued 

residential and MNA groundwater monitoring, additional hydrogeologic investigations to support MNA and 

establishment of a GRZ.  These recommendations were subsequently implemented and completed by the 

KLA Group. 

Further, the KLA Group completed additional work in response to USEPA’s request for Additional Work 

(USEPA, 2014) pursuant to paragraph 17 of the CD (USEPA, 1992) to address the recommendations set 

forth by the USEPA in the Second Five Year Review (USEPA, 2014a).  The additional work was 

implemented in accordance with the Revised Work Plan – Request for Additional Work, dated February 

10, 2015 (Golder, 2015) approved by USEPA (USEPA, 2015) and included: 

 Installation of an additional sentinel monitoring well (P-77) on Van Kal Street and 
additional monitoring of residences in Van Buren County completed as reported in the 
Semi-Annual Data Summary Report dated December 15, 2014 and the Residential 
Monitoring Data Summary Report  dated July 2, 2015. 

 Preparation of an Institutional Controls Implementation and Assurance Plan dated May 
28, 2015. 

 Additional investigations of residences with irrigation wells located in the vicinity of 
monitoring wells that detected dissolved methane above screening levels.  A summary of 
the results was presented in a Technical Memorandum dated July 28, 2015.    

Importantly, the Request for Additional Work also included an evaluation of contingent remedial 

alternatives including those identified in the ROD Amendment No. 2 as well as a broader range of 

technologies including emerging technologies.  A preliminary evaluation of the select remedy (source 

control with MNA) was also completed as part of this work in order to provide a baseline comparison to 

the contingent remedies evaluated.  A Contingent Remedial Alternatives Evaluation and Preliminary 

Evaluation of Monitored Natural Attenuation report was submitted June 11, 2015 summarizing these 

evaluations. 

This second 5-year remedy evaluation updates the preliminary remedy evaluation completed in June 

2015 and incorporates the additional data collected as part of the fall 2015 semi-annual sampling event. 
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2.0 MNA PERFORMANCE MONITORING 
In order to provide a comprehensive dataset  for this detailed evaluation of the MNA remedy for 

groundwater, an expanded monitoring event was conducted during the fall 2015 for analysis of Volatile 

VOCs, including tert-butanol (TBA), THF, and 1,4-DD, and MNA indicator parameters.  A total of 62 wells 

were sampled.  The Data Summary Report (DSR) for the fall 2015 sampling event is included as 

Appendix A.   

Along with the routine monitoring parameters and analyses, the following specialty analyses were also 

performed on select samples to evaluate potential intrinsic biodegradation of 1,4-DD:  

 Microbiological gene expression and gene abundance analysis for 1,4-DD biodegradation 
by the UCLA; and 

 1,4-DD CSIA by Pace Analytical Laboratory (Pace). 

 
Microbiological gene expression and gene abundance “1,4-DD biomarker” testing was conducted for 29 

samples by UCLA. The procedures and methods for this testing have been developed by Professor 

Shaily Mahendra, PhD and her research group at UCLA.  The results are presented and discussed in 

Section 5.7. 

Twenty-four groundwater samples were selected and submitted to Pace for VOC and CSIA in accordance 

with the laboratory’s Quality Assurance Project Plan (QAPP) for CSIA.  The results are presented and 

discussed in Section 5.8. 

 

10 yr review and mna report 12-30-15final.docx  



 
December 2015  4 943-8200.14 

 
3.0 REMEDY OVERVIEW 

3.1 Remedy Description and Objectives 
The major components of the selected remedy and associated ROD objectives include: 

 A low permeability cap (RCRA Type C) with gas venting: the objectives of the landfill 
containment system are to minimize infiltration of surface water through the landfilled 
waste (for source control) and to prevent direct contact.  The gas collection system will 
limit offsite migration of landfill gases and mitigate risk to nearby receptors. The KLA 
Group has modified the gas system to actively remove landfill gas and VOCs and 
thermally destroy them in an enclosed flare system.  

 Groundwater use restrictions and municipal water provision: the objectives of use 
restrictions and provision of municipal water is to ensure that no one can potentially be 
exposed to contaminated groundwater until such time the groundwater meets 
performance objectives.  Residential well monitoring of select residential wells outside or 
near the plume margin is also conducted to help ensure protection of groundwater wells.  

 MNA: the objective of MNA is to return the aquifer to a usable condition and achieve 
groundwater cleanup standards in a reasonable timeframe – through natural degradation 
and attenuation processes.  A comprehensive monitoring program is implemented to 
assess performance of MNA, including near source wells, plume wells, and sentinel 
wells.  

In addition to evaluating the remedy in context of a reasonable time frame, the progress towards 

achieving remedial goals needs to also consider the following site specific conditions as described in the 

Focused Feasibility Study (Golder, 2004): 

 The vadose zone at the landfill is 70 to 100 feet thick, which equates to a minimum of six 
years of travel time for infiltration from precipitation – from the bottom of the landfill to the 
groundwater. 

 The landfill is 2,000 feet wide, which equates to approximately six years of travel time 
across the landfill footprint (east to west). 

 Construction of the cap temporarily removed the existing cover that would result in a 
short-term increase in infiltration and increased mass flux prior to the expected decrease 
associated with cap construction. 

Therefore, the beneficial effect of the impermeable cap would only begin to be seen at the landfill within 

about 10 years after construction, and downgradient effects would occur even later.  This is the reason 

why the first complete evaluation of the remedy does not occur until after the second 5-year review period 

(i.e., 10 years following remedy implementation). 

3.2 Remedy Status 
Source control measures comprising a multi-layered low permeability cap and a gas venting system were 

completed in fall 2006.  To assist in compliance with remedy requirements for methane gas management 

and to provide additional source mass removal of VOCs, the passive gas venting system consisting of 35 

fully-penetrating gas vents (i.e., screening the entire waste thickness) was converted into an active gas 
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extraction system.  The active gas extraction system has been operational since May 2008.  Source 

control and depletion measures are in place which have been effective in eliminating direct contact.  

Detections of methane in perimeter gas monitoring probes have been abated and concentrations in 

source area groundwater continue to decline (see Section 5.0). 

In concert with the source control measures, a MNA groundwater monitoring program has been 

implemented consistent with the Second Amendment to the CD, OSWER Directive 9200.4-17P and the 

RD/RA Groundwater Monitored Natural Attenuation Plan (Golder, 2007).  Additional landfill source area 

monitoring wells were installed along the western landfill margin in 2002 to provide a more detailed network 

to monitor the groundwater chemistry immediately downgradient of the landfill and to detect potential new 

releases.  Regular monitoring is conducted of an extensive source area, plume and sentinel monitoring 

network that includes 62 monitoring wells to assess the performance of MNA.  An evaluation of MNA is 

provided in Section 5.0.  

Consistent with the ROD as amended, Kalamazoo County has adopted an Amendment to the Kalamazoo 

County Sanitary Code which provides for water use restrictions (i.e., institutional controls) in the areas of 

contaminated groundwater (aka GRZ) that exceed Part 201 standards and a 1000 foot downgradient 

buffer zone.  The proposed GRZ was endorsed by the Agencies on July 11, 2014 and the formal 

application was submitted to Kalamazoo County on October 31, 2014 with a public meeting held on June 2, 

2015.  Kalamazoo County approved the GRZ on December 2, 2015.  The GRZ is shown on the attached 

Figure 1.  The vast majority (98%) of the residences within the GRZ have been connected to municipal water 

by the KLA Group and only seven private wells remain within the GRZ that will require connection pursuant to 

the Kalamazoo County ordinance.  The remaining residences are anticipated to be connected to municipal 

water in the spring 2016.  However, historical sampling of these wells has shown concentrations to be below 

the Part 201 Residential Drinking Water Standards.  Residential wells are regularly monitored in areas 

downgradient of the GRZ and within the Chadds Ford Way Subdivision to help ensure protection of 

groundwater users. 

In summary, the remedy is effective and is currently protective of human health and the environment, and 

Site conditions do not present an imminent endangerment to human health or the environment. 
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4.0 EXISTING GROUNDWATER CONDITIONS 
Extensive investigations have been conducted by the USEPA and the KLA Group to determine the 

hydrogeologic conditions and the nature and extent (vertical and horizontal) of contamination associated 

with the Site. Over 50 aquifer profile borings and more than 100 monitoring wells have been installed to 

further understand the vertical and horizontal extent of groundwater contaminants and to enhance the 

MNA monitoring network.  These investigations have resulted in a substantial network of source area, 

mid-plume, and sentinel wells that are monitored on a regular basis as part of the MNA monitoring 

program.  These data are supplemented with a residential well monitoring program that also provides 

information regarding the performance of MNA (e.g., plume control).   

A summary of the hydrogeologic characteristics and the distribution of contaminants associated with the 

KL Landfill are provided in the following sections. 

4.1 Geology and Hydrogeology 
The Site is underlain by thick glacial deposits on the order of 350 to 420 feet thick comprising primarily of 

outwash sands and gravels with interbeds of clay-rich till and lacustrine clays. 

Groundwater is encountered relatively deep resulting in a substantial vadose or unsaturated zone 

throughout the Site.  In the vicinity of the landfill, previous studies indicate that the vadose zone varies 

from approximately 70 feet thick along the northeastern boundary of the landfill (where localized perched 

conditions exist) to about 100 feet thick along the western boundary.  The hydraulic characteristics of the 

unsaturated zone and the travel time (or residence time) of moisture (and contaminants) in the vadose 

zone is principally controlled by the unsaturated hydraulic conductivity of the sand materials although 

localized clay units can retard the downward movement of moisture.  A retention time within the vadose 

zone near the landfill was estimated to range from 6 to 29 years (Golder, 2001). 

Groundwater flow is generally in a westerly direction between the landfill and Dustin Lake under 

unconfined to semi-confined conditions.  Previous studies have shown that Dustin Lake is a flow through 

lake where groundwater flow into the east side of the lake is limited to the upper 20-30 feet of the aquifer.  

Studies by the KLA Group and MDEQ have shown that the lake is not impacted by landfill constituents.   

The groundwater flow direction becomes more northwesterly, downgradient and west of Dustin Lake.  

Investigations conducted in the downgradient areas of the Site have identified distinct upper and lower 

clay units based on borings installed along Chadds Ford Way, Wickford Drive, West J Avenue and along 

Van Kal Street.  The upper clay in these areas generally occurs between elevations 750 and 700 feet 

mean sea level (msl) and the lower clay is found at approximately 670 to 674 feet msl.  These clay units 

serve as aquitards isolating the primary flow path (sands and gravels) from groundwater above and 

below.    
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Ultimately groundwater discharges into the Campbell Creek watershed, which is part of the Paw Paw 

River drainage basin, to the west of County Road 652 (aka “Fish Hatchery Road”).  An updated 

generalized potentiometric surface map is included as Figure 2, a regional topographic map showing 

drainage areas is included as Figure 3 and a regional generalized cross section is included as Figure 4. 

The mean horizontal hydraulic conductivity (Kh) was calculated to be 1.9 x 10-2 centimeters per second 

(cm/sec) based on a 400 gallon per minute (gmp) aquifer pump test near the landfill (Golder, 1996).  

Average groundwater flow velocities (advective) were estimated to range between 0.7 feet/day (Golder, 

1996) to approximately 1.0 feet/day (Ravi et.al., 1998).  Comparatively, slug tests conducted of more 

recent wells installed downgradient of the landfill west of 1st Street indicate a hydraulic conductivity of  

7.59 x 10-3 cm/sec with an average horizontal groundwater velocity of 0.75 feet/day (Golder, 2012). 

4.2 Distribution of Contaminants 
Compounds detected historically above Michigan Part 201 residential drinking standards have included 

acetone, isopropanol, 2-butunone, 4-methyl-2-pentanone, ethylbenzene, xylenes, toluene, 1,2-

dicholoroethane, THF, 1,4-DD and benzene.  Most of these compounds have degraded over time 

representing over 90% of the historic contaminant mass.  There are three primary compounds that remain 

in groundwater above the Part 201 Standard: benzene, THF and 1,4-DD. 

Based on the most recent groundwater quality results (fall 2015), the main plume of benzene, THF and 

1,4-DD is located between the landfill and Dustin Lake.  Source concentrations have declined 

substantially (See Section 5.0).  Based on fall 2015 semi-annual sampling results, there is only one 

source area monitoring well (P-49) slightly above Part 201 standards for THF (95 µg/L) and only three 

source area wells (P-49, P-50 and P-51) that exceed the Part 201 standard for 1,4-DD (85 µg/L).  A small 

isolated area of benzene remains in the vicinity of the Springwood Hills subdivision where benzene was 

detected at 79 µg/L in P-36.  A dilute plume of THF and 1,4-DD extends northwest between Dustin Lake 

and West Main Street and  is now detached from the main area of the plume as a result of source 

depletion and natural attenuation.  The leading edge of the THF and 1,4-DD plume exceeding Part 201 

criteria is in the vicinity of P-10711 located along West Main Street where 1,4-DD was detected at 130 

µg/L and THF was detected at 86 µg/L.  Isoconcentration maps for benzene, THF and 1,4-DD are 

included as Figures 5, 6 and 7 and are discussed further in Section 5.0. 

The plume thickness generally ranges from 50-90 feet along the west margin of the landfill to 

approximately 100-150 feet between 4th Street and 1st Street.  The plume thickness decreases 

downgradient and west of 1st Street to less than 50 feet. 
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5.0 EVALUATION OF MONITORED NATURAL ATTENUATION 

5.1 Overview 
An evaluation of the current remedy (i.e., source control with MNA) is presented in the following sections 

and includes the following evaluations: 

 Mass estimates over time (flux) for the source area to evaluate source control 
effectiveness and for the total mass of the plume (Section 5.2) to evaluate plume 
attenuation;  

 Spatial distribution assessment over time for remaining (primary) organic constituents 
above Part 201 Standards (benzene, THF and 1,4-DD) and select NAPs (iron, sulfate 
and methane) incorporating the 2015 dataset (Section 5.3); 

 Constituent trend/regression analyses for the historical database of relevant source area, 
plume and sentinel wells for the primary constituents above Part 201 Standards (Section 
5.4) and select NAPs (Section 5.5); 

 Statistical assessment of the rate of attenuation (Section 5.6);  

 Assessment of biomarkers for 1,4-DD biodegradation (Section 5.7) and CSIA (Section 
5.8) results for 1,4-DD to evaluate microbial degradation; and,  

 Groundwater modeling consisting of 1-Dimensional (1-D) vadose zone modeling and 3-D 
fate and transport modeling for benzene, THF and 1,4-DD (Section 5.9). 

5.2 Source Mass Estimates  
Golder performed hydrogeologic time series simulations of groundwater contaminant distribution of 

benzene and THF from 2002 to 2015, and for 1,4-DD from 2004 to 2015.  The simulation was created 

using Environmental Visualization System/Mining Visualization System (EVS/MVS) modeling software, 

version 9.93 by C-Tech Corporation (hereafter referred to as EVS).  Three types of analytical data groups 

were defined in this model and utilized in the simulation: monitoring well results, residential drinking water 

well results, and profile data results.  The monitoring well results were utilized as the core data for the 

groundwater analytical simulations.  The monitoring and residential well results were used to bound 

horizontal extrapolation of the simulated plumes and the aquifer profile results were utilized for bounding 

the vertical extrapolation of the simulated plumes. 

Plume mass for benzene, THF, and 1,4-DD was estimated using relative differences for three 

isoconcentration volumes; 200 µg/L, 85 µg/L and 20 µg/L on an annual basis between 2002 and 2015 

(between 2004 and 2015 for 1,4-DD).  For the purposes of these estimates, the mass within the main 

plume area (near source) was considered to be within the >200 µg/L isoconcentration volume and the 

mass of the total plume was considered to be within the >20 µg/L isoconcentration volume.  Mass 

estimate trends and an explanation of how they were derived are included in Appendix B and summarized 

in the table below. 
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Compound %Reduction (kg) 
Near Source Mass (2002 to 2015) 

%Reduction (kg) 
Total Plume Mass (2002 to 2015) 

Benzene 95% 74% 
THF 99% 80% 
1,4-DD 82% 38% 
 

As evidenced by the data, substantial source-mass and plume-mass reductions of benzene, THF and 

1,4-DD are observed.  The data clearly demonstrate that source control measures have been effective 

and attenuation of the downgradient plume is occurring.  These trends will continue with even further 

source depletion and continued attenuation of the downgradient plume given the beneficial effects of the 

impermeable cap (completed in 2006) with the active gas collection system and natural attenuation as 

supported by multiple lines of evidence presented in this report. 

5.3 Historical Plume Distribution  

5.3.1 Volatile Organic Compounds 
An evaluation of the spatial distribution of benzene, THF and 1,4-DD was conducted using historical 

isopleth maps showing the limits of Part 201 Residential Cleanup Criteria (Part 201 Criteria).  The historic 

isopleth maps and 2015 isoconcentration maps for benzene, THF and 1,4-DD are shown on Figures 5, 6, 

and 7, respectively. 

Benzene mass reduction (i.e., plume contraction) is spatially represented by the distribution of benzene in 

groundwater in 2015 in comparison to historic isopleth maps from 2009, 2011, 2012, 2013, 2014, and 

2015 (Figure 5).  Based on the time sequence from 2009, benzene concentrations have declined in all 

landfill margin wells with most source concentrations below 100 µg/L in 2015.  The downgradient extent 

of the benzene plume (5 µg/L) has contracted several hundred feet east of Dustin Lake since 2009 (P-25 

and P-28 [<1 µg/L]).  A small detached isolated area of greater the 5 µg/L benzene exists within the 

Springwood Hills area, near P-36 (79 µg/L, 2015).   

THF distribution is shown on isopleth maps from 2009, 2011, 2012, 2013, 2014 and 2015 (Figure 6). 

Based on the time sequence from 2009, THF concentrations have substantially declined to where nine of 

10 source area wells are below Part 201 standards (95 µg/L) in 2015.  The downgradient extent of the 

THF plume above Part 201 standards has remained in the vicinity or east of West Main Street as defined 

by investigations conducted in 2010 (i.e., installation of P-10711 and subsequently, P-68 and P-69).  

Importantly, source depletion and natural attenuation of THF has translated to downgradient wells as 

evidenced by the pronounced collapse of the plume as shown between the 2011 and 2015 time 

sequence.  Currently, only isolated areas exceeding Part 201 Standards remain, resulting from source 

depletion and natural attenuation (e.g., biodegradation).   

 

10 yr review and mna report 12-30-15final.docx  



 
December 2015  10 943-8200.14 

 
The distribution of 1,4-DD is shown over the same time series as THF.  As can be seen from Figure 7, a 

similar pattern is emerging for 1,4-DD as THF.  1,4-DD Concentrations of source area wells have 

substantially declined where only three wells near the landfill margin currently exceed Part 201 standards 

(85 µg/L).  The downgradient extent of the 1,4-DD plume above Part 201 standards has remained in the 

vicinity of West Main Street.  As of 2015, substantial reductions of 1,4-DD have been observed where 

source depletion and degradation has translated to downgradient wells as evidenced by the 

isoconcentrations between the landfill and Dustin Lake showing signs of collapse over time, similar to 

THF.  The decreasing concentrations are resulting in the development of isolated plume areas due to 

source depletion and natural attenuation. 

In summary, the time series plume isoconcentration maps show significant source reduction for all three 

remaining compounds exceeding Part 201 Criteria where the beneficial effects of source depletion has 

translated to the attenuation of the downgradient plumes.  Notably, the THF plume is clearly collapsing 

and a similar trend has emerged for 1,4-DD. 

5.3.2 Natural Attenuation Indicator Parameters 
The potential for and the rate of intrinsic biodegradation of benzene, THF and 1,4-DD is strongly 

dependent on the geochemical conditions of the impacted aquifer.  A suite of natural attenuation indicator 

parameters has been collected consistently since 2001 to assess the potential for intrinsic biodegradation.  

The NAPs analyzed include general biogeochemical indicators or redox-sensitive parameters (pH, 

specific conductivity [SC], temperature, dissolved oxygen [DO], oxidation reduction potential [ORP], and 

alkalinity), potential bacterial electron acceptors (nitrate and sulfate) and potential by-products of 

anaerobic microbial respiration (ammonia, iron, manganese, and methane).  Total organic carbon (TOC) 

was analyzed to evaluate the presence of organic carbon, which may serve as potential electron donors 

to support microbial respiration.  Results from the most recent fall 2015 sampling event are presented in 

Appendix A.  

To highlight the potential – and potential changes - for in situ biodegradation of benzene, THF and 1,4-DD 

at the Site, spatial distribution figures of total iron (Figure 8), sulfate (Figure 9) and dissolved methane 

(Figure 10) were prepared that present analytical data from 2006 and 2015.  Changes in the distribution 

and concentrations of these parameters can be used to assess groundwater geochemical conditions and 

temporal changes in these conditions.  These natural attenuation indicator parameters were plotted 

because they are directly reflective of redox changes as they are utilized as electron acceptors in 

anaerobic respiration processes (i.e., sulfate) or are by-products of anaerobic microbial respiration (i.e., 

iron and methane).  An assessment of the redox setting within the Site’s groundwater plume is necessary 

since biodegradation of THF and 1,4-DD is limited under reducing (i.e., anaerobic) conditions (Mohr et al,, 

2010) while biodegradation of benzene is less rapid under reducing conditions as compared to oxidizing 

(i.e., aerobic) conditions (Ravi et al., 1998; Lovely et al., 1995; Anderson and Lovely, 2000). 
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As shown on Figures 8 through 10, there are two generalized areas within the groundwater plume that 

have distinctive geochemical conditions as compared to background.  The first area includes the portion 

of the groundwater plume downgradient of the landfill that extends to Dustin Lake.  Sulfate reducing 

conditions and potentially methanogenic conditions prevail in this area as indicated by depressed levels of 

sulfate due to utilization as an electron acceptor.  Additionally, elevated levels of iron resulting from 

microbial iron-reduction and elevated levels of methane resulting from methanogenesis indicate that 

reducing conditions dominate.  Comparison of the spatial distribution of iron, sulfate and methane in 2006 

and in 2015 suggests that the extent of reducing conditions was more widespread in 2006.  As shown in 

Figure 9, sulfate was depleted below detection limits in 2006 in several wells spanning a large area 

downgradient of the landfill (i.e., <1 milligrams per liter [mg/L] contour interval).  Analytical data from 2015 

indicate that geochemical conditions are becoming more oxic as indicated by rebounding sulfate levels 

and a minimized area where sulfate is depleted.  This shift towards weakening reducing conditions is also 

demonstrated by decreasing methane levels.  

The redox shift immediately downgradient of the landfill is likely due to a combination of decreased flux of 

TOC and methane from the landfill (i.e., substantial reduction in source mass-flux and decreased 

methanogenesis).  TOC concentrations in all landfill boundary wells as well as a number of downgradient 

wells (M-8, MW-13, P-21, P-30, and P-43) decreased between 2006 and 2015 likely as a result of 

capping the landfill.  Since TOC is used as an indicator of available carbon substrates to serve as electron 

donors for microbial respiration processes, a decrease in the availability of carbon will limit microbial 

respiration processes resulting in a shift towards less reducing conditions.  In addition to a decrease in 

TOC flux from the landfill, methane concentrations downgradient of the landfill have decreased likely as a 

result of weakening methanogenic conditions and decreased flux of methane from the landfill following 

capping and initiation of the active landfill gas extraction system.  

The redox shift immediately downgradient of the landfill towards less reducing (more oxidizing) conditions 

favors the biodegradation of benzene, THF and 1,4-DD.  As discussed in Section 5.3.1, significant 

contraction of the benzene, THF and 1,4-DD plumes has occurred since 2006.  In particular, THF is only 

present in isolated areas exceeding Part 201 Criteria and the downgradient extent of the benzene plume 

(5 µg/L) has contracted several hundred feet east of Dustin Lake since 2009.  Researchers (Mahendra – 

personal communication) have indicated that microbial degradation of 1,4-DD can take place under 

micro-aerobic conditions (i.e., with very low DO).  The expected continued shift towards more oxidizing 

conditions will result in further contraction of these plumes. 

The second area that has distinctive geochemical conditions as compared to background conditions is 

located downgradient of Dustin Lake and extends northwest towards West Main Street.  Similar to the 

area immediately downgradient of the landfill, this portion of the groundwater plume is dominated by 

reducing conditions as evidenced by elevated levels of iron and methane and depletion of sulfate.  The 
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areal extent of reducing conditions within this area moderately expanded since 2006 as sulfate 

concentrations have decreased while methane concentrations have increased with the plume core.  

Based on the buildup of methane and the depletion of sulfate, sulfate-reducing and methanogenic 

conditions are dominant in the core of this area.  Within the core, TOC levels in groundwater typically 

remain less than 10 mg/L; however, the TOC levels are increasing which likely supports anaerobic 

respiration processes.  

As compared to the area immediately downgradient of the landfill, the areal extent of reducing conditions 

is more narrow and there is a significant redox gradient (reducing to oxidizing) present along the fringes 

which favors THF and 1,4-DD biodegradation.  The benzene plume has remained stable for 

approximately 20 years and does not extend downgradient of Dustin Lake.  The stability of the benzene 

plume indicates that the rate of attenuation at the leading edge of the groundwater plume is, at a 

minimum, equal to the rate of westward migration. Recent reductions in the spatial extent of the benzene 

plume suggest that the rate of attenuation is likely greater than the rate of migration and further 

attenuation of the plume is expected. As shown in Figures 6 and 7, there has been contraction of the THF 

and 1,4-DD plumes likely due to biodegradation along the redox gradient in this area and physical 

attenuation processes (i.e., dilution). 

5.4 Concentration Trends – Volatile Organic Compounds  
Trend plots using the historical analytical database of selected source area monitoring wells and plume 

area monitoring wells, for benzene, THF, and 1,4-DD are included in Appendix C-1.  Linear regression 

analyses results were calculated for each constituent on each plot by fitting a trend line to each data set.   

Regression analyses were calculated for a 10-Year period (2005 to present) for monitoring wells with a 

longer historical record and for the recent 5-Year monitoring period (2010 to present).  More recent 

monitoring wells were analyzed for the 5-Year monitoring period and a more recent 2-Year monitoring 

period (2013 to present, minimum 5 samples).  Trends for benzene, THF, and 1,4-DD, were considered 

stable based on visual observations and when the slope of the line was less than +/-0.01 concentration 

per unit time.  Table 1A summarizes the VOC results. 

5.4.1 Source Area  
Constituent trend analysis was conducted using the historical analytical database, including the most 

recently collected data available (fall 2015) for source area wells M-8, MW-13, P-46, P-48, P-49, P-50, P-

51, P-52, P-53, P-55, and TW-4.  Trend lines fitted to benzene, THF and 1,4-DD indicate decreasing or 

stable trends (includes non-detects) in all wells when calculated over a 10-Year period and over the last 

five years as shown in Table 1A with few exceptions.  Importantly, all wells show decreasing or stable 

trends over a 10-Year period for THF and 1,4-DD and 10 out of 11 wells for benzene.  Consistent with 
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source-mass calculations, these data demonstrate consistent decreases in source area concentrations of 

these constituents over the monitoring period and further support that source depletion is occurring.  

5.4.2 Downgradient  
Downgradient wells were analyzed in two areas: monitoring wells located between 4th Street and Dustin 

Lake, and monitoring wells located between Dustin Lake and West Main Street (i.e., P-10711 – the most 

downgradient extent of a THF and 1,4-DD exceedance of Part 201 standards).  Because of the longer 

record, wells between 4th Street and Dustin Lake were analyzed for 10 and 5-year trends.  Wells between 

Dustin Lake and West Main Street were analyzed for 5- and 2-Year trends.    

The majority of the wells show decreasing or stable trends for benzene, THF and 1,4-DD for 10- and 

5-Year periods in monitoring wells located between 4th Street and Dustin Lake.  Trend lines fitted to 

benzene and 1,4-DD each show decreasing or stable trends (including non-detect) in 75% of the 

downgradient wells, respectively, located between 4th Street and Dustin Lake.  Similarly, 67% of the 

monitoring wells for THF show decreasing or stable trends when viewed over the 10-Year period.  

Importantly, when viewed over the last 5-year period, 92% of the wells show decreasing or stable trends 

for THF and 83% for 1,4-DD. 

Benzene was not detected in any of the monitoring wells located between Dustin Lake and West Main 

Street.  When viewed over a 5-Year period, the majority of the wells located between Dustin Lake and 

Main Street indicate increasing trends for THF (63%) and 1,4-DD (88%).  However, when viewed over the 

more recent period since 2013, the vast majority of the wells (63% THF and 88% 1,4-DD) show declining 

concentrations indicating that the downgradient areas of the plume are stable and are attenuating 

(biodegrading).  The downgradient margin of the plume exceeding Part 201 standards has consistently 

been located in the vicinity of P-10711.  Concentrations have remained below Part 201 standards for THF 

for three years, since October 2012.  Concentrations of 1,4-DD have fluctuated slightly above and below 

Part 201 standards (85 µg/L) over the historical record of the well. 

Sentinel wells include; P-68, P-69, P-70, P-71, P-72 and P-74.  Concentrations of THF and 1,4-DD 

remain well below Part 201 standards in all sentinel wells. 

5.5 Concentration Trends – Natural Attenuation Indicator Parameters 
Trend and linear regression plots using the same historical analytical database and source area and 

downgradient monitoring wells were prepared for certain NAPs (i.e., iron, sulfate, and methane) with 

results summarized in Table 1B are included in Appendix C-2.  
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5.5.1 Source Area  
Sulfate concentrations in a majority of source area wells are increasing over both the 10-Year and 5-Year 

periods.  These increases are generally inverse to the VOC trends observed at the source area which 

appear to indicate sulfate is rebounding (i.e., not being reduced – aquifer becoming more oxic) as source 

area mass continues to decline.  For example, at well P-46 sulfate concentrations have increased 

substantially since 2005 while concentration trends over the same period for benzene, THF and 1,4-DD 

are decreasing. Trends of methane concentrations over the 10- and 5-Year periods continue to show 

declines – abated by the active gas extraction system – in source area wells.  Iron concentrations also 

show declines over the 10- and 5-Year periods.  

5.5.2 Downgradient 
Over the most recent 5-Year period sulfate concentrations have decreased and show declining trends at 

13 downgradient wells, primarily in the plume areas east of Dustin Lake and the area near 2nd Street.  

Concentrations of dissolved methane are showing increasing trends in certain wells between Dustin Lake 

and West Main Street.  The decreasing sulfate concentrations and increasing methane are indicative of 

strong redox conditions as discussed in Section 5.3.2. 

5.6 Assessment of Rate of Attenuation 
Statistical analysis to assess (predict) the rate of attenuation using the existing historical dataset was 

performed using USEPA’s evaluation tool, “An Approach for Evaluating Progress of Natural Attenuation in 

Groundwater” (USEPA, 2011).  The USEPA statistical model utilizes existing long-term monitoring data to 

evaluate the progress of MNA toward predicting when concentrations will attain selected cleanup goals. 

Results of the analysis corresponded to the relationship between a line fit to the linear regression of 

natural log normalized concentration data and a calculated “interim goal” and a specified “cleanup goal” 

set to some number of years in the future.  Confidence bands are included to test the statistical 

significance of the results.   

The historical dataset used for the concentration trend analysis discussed above included wells within the 

source area, plume area (east of Dustin Lake) and downgradient area (west of Dustin Lake) that are 

currently above Part 201 standards.  In these cases benzene, THF, and 1,4-DD data from the most recent 

10-Year time period were analyzed with 5-Year and 2-Year time periods evaluated for select wells. For 

this evaluation, a 30-Year timeframe (i.e., 2045) using the respective Part 201 standards for benzene, 

THF, and 1,4-DD was set as the cleanup goal.  Confidence limits were set to 80% and 95%.  Results are 

reported as follows:  

 If the calculated 2015 interim goal plotted above the regression line then the analysis 
showed the attenuation rate was adequate to attain the cleanup goal for the respective 
compound.    
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 If the calculated interim goal plotted below the regression line but above the 80% 

confidence band the probability that the attenuation rate is not adequate to attain the 
cleanup goal is <80%, but >20% probability that it is adequate.  

 If the calculated interim goal plotted below the regression line and between the 80% and 
95% confidence band the probability that the attenuation rate is not adequate to attain the 
cleanup goal is between 80% and 95%, but between 20% and 5% probability that it is 
adequate. 

 If the calculated interim goal plotted below the regression line and below the 95% 
confidence band the probability that the attenuation rate is not adequate to attain the 
cleanup goal is >95%, and attenuation should not be considered adequate as of 2015 to 
attain the cleanup goal for the respective compound. 

 
Table 1C provides a summary of the results from this analysis and the Excel based statistical evaluations 

are provided in Appendix C-3. 

Benzene is observed above the Part 201 Criteria at 15 wells east of Dustin Lake.  The analysis indicated 

that attenuation rates for benzene are currently adequate to meet the specified cleanup goal at seven well 

locations; with a greater than 20% probability to meet the goal at another four locations.  

The THF plume has undergone substantial collapse over the last several years, as discussed in various 

reports (Golder, 2013, 2014, 2015a), and as such THF was only observed above the Part 201 standard in 

eight of the wells analyzed. Based on the dataset analyzed, all wells where THF was observed above the 

Part 201 standard are currently exhibiting adequate attenuation rates that would meet the cleanup goal in 

the specified timeframe.  Similar to THF, 1,4-DD concentrations have shown decreasing trends over the 

most recent time periods analyzed. The rate of attenuation for 1,4-DD was analyzed for 19 wells where 

1,4-DD concentrations were observed above the Part 201 standard. The analysis indicates that the 

current rates of attenuation of 1,4-DD are adequate to meet the cleanup goal at 14 wells; with a greater 

than 20% probability to meet the goal at another three locations. At the remaining two locations the 

probability that attenuation is currently adequate for 1,4-DD to meet the specified cleanup goal is between 

5% and 20%.  

These results are generally consistent with the overall observations discussed in this report including the 

contraction of the benzene plume, substantial collapse of the THF plume and the 1,4-DD plume showing 

signs of collapse most notably between the landfill and Dustin Lake where the current rates of attenuation 

observed are having a substantial impact on the plume. 

5.7 Biomarkers of 1,4-Diethylene Dioxide Microbial Degradation 

5.7.1 Overview of Published Work 
Recent studies demonstrate that microbial degradation of 1,4-DD can occur naturally in situ by native 

microbial populations (Mahendra and Cohen, 2006; Adamson et al., 2014; Alvarez et al., 2014; 
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Gedalanga et al., 2014; Adamson et al., 2015). This 1,4-DD degradation pathway is shown on Figure 11.  

Research efforts have determined that the microbial transformation (i.e., degradation) of 1,4-DD involves 

monooxygenase enzymes for both metabolic and cometabolic degradation pathways (Mahendra and 

Cohen, 2006; Gedalanga et al., 2014; Adamson et al., 2015).  Cometabolic degradation pathways are 

characterized by the fortuitous breakdown of 1,4-DD (and other contaminants) by the broad specificity of 

monooxygenase enzymes that are produced during microbial metabolism of another compound.  A well-

studied cometabolic pathway for 1,4-DD degradation is with the soluble di-iron methane monooxygenase 

enzyme (sMMO) which is utilized to oxidize methane with oxygen but can also degrade 1,4-DD 

(Mahendra and Cohen, 2006). Other known cometabolic mechanisms of 1,4-DD degradation include 

several monooxygenase enzymes including propane (PrMO), phenol (PHE), THF (THFMO) and toluene 

(TOL, T4MO or RMO) monooxygenases (Gedalanga et al., 2014).  Recent research has also 

demonstrated the capacity of several microorganisms that are able to use 1,4-DD as the sole source for 

carbon and energy (i.e., metabolic degradation; Mahendra and Cohen, 2006; Alvarez et al., 2014; 

Gedalanga et al., 2014) and that these organisms are more ubiquitous than previously thought.  One of 

the best characterized and researched 1,4-DD metabolizers is Pseudonocardia dioxanivorans CB1190 

(CB1190).  The CB1190 genome has been fully sequenced and several genes that are linked to 

metabolic 1,4-DD degradation have been identified. 

On a macroscale, a number of studies suggest that 1,4-DD is more degradable in the natural environment 

than previously thought.  The two field metadata studies used information from various databases to look 

at the occurrence of 1,4-DD relative to chlorinated solvents (which are often associated with 1,4-DD) 

(Adamson et al 2014) and looked at intra-well bulk attenuation rates for 1,4-DD over time for a large 

population of wells (Adamson et al 2015).  The papers found that 1,4-DD, despite its apparent high 

persistence and mobility, did not typically migrate further than chlorinated VOCs (Adamson et al 2014), 

and that 1,4-DD concentrations in wells exhibited measureable bulk attenuation rates (Adamson et al 

2015).  These papers suggest that based on observed attenuation and migration characteristics from 

1,4-DD sites, 1,4-DD is degrading under field conditions. 

Results presented in the literature indicated that in microcosm, 1,4-DD can be consumed rapidly under 

aerobic conditions at most sites (Li et al 2014).  The microcosm contained soil/or sediment, groundwater 

and air from each site and compared results to killed controls.  In addition to a reduction in 1,4-DD 

concentration, 14C from tagged molecules was detected in carbon dioxide and biomass  from the 

reactions.  These results suggest that there are microorganisms present at many 1,4-DD sites that are 

capable of degrading 1,4-DD rapidly, although rapid degradation has not been observed in the field.  

Results indicated that where observed, degradation was linked to a dioxane monooxygenase (DXMO) 

enzyme biomarker similar to the one used in this work.  It is thought that under field conditions, these 
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reactions are slowed by the limited available oxygen, resulting in relatively slow intrinsic biodegradation 

rates.   

5.7.2 Application of Molecular Techniques 
Evidence of 1,4-DD degradation at contaminated sites can be assessed by using molecular techniques to 

test groundwater samples for the presence, abundance and activities of genes that are linked to 

cometabolic and metabolic 1,4-DD degradation mechanisms.  The presence, abundance and activities of 

these genes are assessed by using genetic probes (i.e., biomarkers) that target specific genes in 

groundwater samples that are collected within the groundwater plume. 

For this study, 29 groundwater samples were collected from the Site in accordance with Table 1 

presented in Appendix D-1.  The samples were shipped to Dr. Shaily Mahendra and her research group 

at UCLA.  Dr. Mahendra’s work has focused on the identification and application of biomarkers for 1,4-DD 

biodegradation.  Dr. Mahendra and her research lab analyzed the groundwater samples to determine the 

abundance and expression of two gene targets linked to the metabolic degradation of 1,4-DD including: 

 The beta-subunit of the dioxane monooxygenase gene, dxmB, known as the DXMO 
biomarker, and; 

 The aldehyde dehydrogenase gene, aldH, known as the ALDH biomarker 

 
UCLA’s research has shown that the DXMO biomarker responds to the presence of 1,4-DD while ALDH 

is associated with 1,4-DD breakdown products in the form of aldehydes (e.g., 

hydroxylethoxyacetaldehyde). 

In addition to the DXMO and ALDH biomarkers associated with 1,4-DD metabolism, the groundwater 

samples were also analyzed for soluble methane monooxygenase (sMMO). sMMO has previously been 

shown to be a potent enzyme able to cometabolize 1,4-DD and these data can be used to identify if the 

intrinsic microbial community has the capacity for cometabolism of 1,4-DD.   

Details of the molecular analyses including the sample preparation and results can be found in UCLA’s 

report presented in Appendix D-1.  In particular, the samples were first assessed to determine whether 

microorganisms were present in groundwater samples at sufficient concentrations for biomarker analysis 

by incubating cultures from several groundwater samples.  Following the successful demonstration of 

sufficient biomass, specific and rapid quantification of biomarkers was performed using quantitative 

polymerase chain reaction (qPCR).  1,4-DD biomarkers, DXMO and ALDH, along with sMMO and total 

bacteria, 16S rRNA were targeted for gene abundance analysis for all samples using qPCR as described 

in Gedalanga et al. (2014).  Additionally, gene expression analysis was performed on samples using 

reverse transcriptase qPCR (RT-qPCR) as previously described (Gedalanga et al., 2014).  Quality 
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assurance and quality control (QA/QC) protocols were implemented to ensure the accuracy of the data 

and appropriate detection limits, and these data are presented in Appendix D-1. 

5.7.3 Results 

5.7.3.1 Gene Abundance 
Groundwater samples were screened for the presence of 1,4-DD biomarkers, DXMO and ALDH, the 

abundance of sMMO and total bacteria.  These analyses are used to quantify the number of bacteria that 

carry these specific gene targets (i.e., DXMO, ALDH and sMMO) as well as to quantify their presence as 

a percentage of the total bacterial population. Please note that this analysis is subject to detection limits 

and not detecting a particular gene target does not mean a particular microorganism carrying these genes 

is absent, but rather, the microorganism may be present at levels below the current detection limits. 

DXMO and ALDH Abundance 

The abundance of DXMO and ALDH are presented in Appendix D-1 (Figures D-2 and D-3 and Table 3). 

Sample locations without data shown were below the method detection limit (DXMO = 1.46 x 101 

copies/milliliter [mL]; ALDH = 2.70 x 101 copies/mL).  DXMO and ALDH gene targets were found in high 

abundance along the length of the 1,4-DD groundwater plume as shown on Figure 12.  DXMO was 

present in concentrations ranging from 2.9 x 101 – 6.4x 103 copies/mL while ALDH concentrations ranged 

between 2.0 x 101 – 1.5 x 103 copies/mL, respectively.  Most notably, these concentrations are at, or 

above, the high range of published values and datasets analyzed by the UCLA laboratory (Shaily 

Mahendra pers. comm.). In comparison to the total bacteria counts, DXMO carrying microorganisms 

compose up to 5.8% of the total microbial community (data shown in Figure D-3 and Table 3 in Appendix 

D-1).  This further suggests 1,4-DD degradation capacity exists as studies have shown that 1,4-DD-

degrading bacteria (carrying DXMO) as low as 2% of the total population are able to consume high levels 

of 1,4-DD (Gedalanga et al., 2014). DXMO and ALDH1 were also both present and abundant at six 

locations:  P-10711, P-28, P-30, P-46, P-61 and P-66 (Figure 12).  Work by UCLA has shown that the 

presence of both DXMO and ALDH is more likely to indicate biodegradation of 1,4-DD. 

The high abundances of DXMO and ALDH suggest that the indigenous microbial population present in 

Site groundwater along the length of the plume has significant capacity for metabolic degradation of 

1,4-DD.  These data also suggest that a mature and advanced microbial population has established itself 

at the Site to take advantage of the metabolic energy gain resulting from 1,4-DD (and THF) degradation. 

  

1 ALDH was present in more locations than DXMO as expected because of the high specificity of DXMO for 1,4-DD degrading 
bacteria and the broad specificity of ALDH for a number of different bacteria carrying the gene encoding an aldehyde 
dehydrogenase.   
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sMMO Abundance 

The abundance of sMMO at sample locations is presented in Appendix D-1 (Figure D-3 and Table 3). 

Similar to the analysis for DXMO and ALDH, sample locations without data shown were below the method 

detection limit for these qPCR targets (sMMO = 4.31 x 102 copies/mL).  The abundance of sMMO 

carrying bacteria in samples ranged from 1.4 x 101 to 8.6 x 105 copies/mL and these bacteria were 

present along the length of the groundwater plume. In comparison to the total microbial population, sMMO 

carrying microorganisms compose a dominant fraction of the microbial population (up to 100%) which 

suggests the potential for cometabolism of 1,4-DD.  Previous studies (Mahendra and Cohen, 2006; 

Alvarez et al., 2014) have shown that the induction of this monooxygenase enzyme was required for 

1,4-DD biodegradation in methane oxidizing bacteria.  Similar to the metabolic biomarker abundance 

data, the high abundance of sMMO indicates the capacity for 1,4-DD degradation by the indigenous 

microbial community via cometabolic pathways. 

5.7.3.2 Abundance of RNA Transcripts 
DXMO, ALDH, and sMMO RNA transcripts were quantified in all groundwater samples.  These data are 

presented in Table 4 in Appendix D-1. During transcription, which is the first step of gene expression, a 

DNA sequence is read and a primary RNA transcript is produced.  As such, the abundance of RNA 

transcripts is not a direct measure of gene expression; however, these targets are more associated with 

activity of the functional gene target.  Quantification of RNA transcripts is particularly difficult due to the 

instability of RNA (i.e., degrades on the order of minutes) and due to the typically lower levels of DXMO 

and ALDH carrying bacteria present. Despite these difficulties, RNA transcripts were positively detected 

at several Site sample locations.  

DXMO transcripts were detected in P-10711, P-20, P-36, P-56 and P-66 while ALDH transcripts were 

observed in P-10711, P-20, P-36 and P-66.  The highest levels of DXMO and ALDH transcripts were 

observed at P-66 which indicates that the appropriate functional genes for 1,4-DD biodegradation are 

present and active. 

Quantification of sMMO RNA transcripts in groundwater samples determined detections of this target at 

monitoring locations P-27, P-36, P-43, P-66, P-67 and P-70.  The groundwater sample from P-70 had the 

highest levels of sMMO RNA transcripts which suggests that methane oxidizing bacteria are present and 

active and the potential for cometabolism of 1,4-DD exists. 

5.7.3.3 Relative Gene Expression Analyses 
The relative gene expression of DXMO, ALDH and sMMO was quantified for groundwater samples from 

the Site; however, only the results from sample locations that tested positive for RNA transcripts were 

considered to be appropriate due to gene expression method limitations.  This is discussed in further 

detail in Appendix D-1.  The expression of target genes was determined relative to the housekeeping 
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gene, rpoD, and relative to the RNA transcripts at monitoring location P-39 (i.e., control).  With the 

exception of one sample, 1,4-DD has not been historically detected at P-39 and 1,4-DD-degrading 

microorganisms are present at significant concentrations.  The gene expression results are shown in 

Figures D-4 and D-5 of Appendix D-1. 

The gene expression of DXMO, ALDH and sMMO was low relative to the housekeeping gene rpoD and 

their levels at location P-39; however, gene expression of DXMO was observed at locations P-10711, P-

20 and P-66 while gene expression of ALDH was also observed at P-66. Notably, the relative gene 

expression for DXMO and ALDH at P-66 are among the highest observed in environmental samples 

analyzed by UCLA and in published literature.  Further, expression of DXMO and ALDH was 

approximately 2 orders of magnitude higher than the control.  Since high concentrations of gene 

abundance and RNA transcripts were observed in P-66, these data indicate that microorganisms 

containing the enzymes necessary for 1,4-DD metabolism (DXMO and ALDH) and cometabolism (sMMO) 

are present and active at this location. 

Gene expression for sMMO was observed at high levels at monitoring location P-70, which is located on 

the fringe of the groundwater plume.  The high abundance of sMMO genes and RNA transcripts at this 

location indicates that an abundant and active methane oxidizing population is established proximate to 

P-70. Further, sMMO is highly expressed which indicates there is potential capacity for 1,4-DD 

cometabolism at this location. 

5.7.3.4 Summary 
The results of the application of molecular techniques to groundwater samples collected from the Site 

indicate that there is significant capacity for metabolic and cometabolic degradation of 1,4-DD along the 

length of the groundwater plume. The results of this work can be summarized as follows: 

 DXMO and ALDH carrying microorganisms are present along the length of the 
groundwater plume at levels that are at the high range or in exceedance of all 
environmental samples analyzed by UCLA. The coincidence and high abundance of both 
DXMO and ALDH genes at six monitoring locations (P-10711, P-28, P-30, P-46, P-61 
and P-66) indicate that microorganisms containing the enzymes necessary for 1,4-DD 
metabolism are present at the Site.  This distribution suggests these organisms are 
selective for site contaminants.   

 High levels of sMMO genes were observed in nearly all groundwater samples collected 
from the site which indicates that there is significant capacity for cometabolism of 1,4-DD 
at the site. 

 Gene expression analyses indicate that microorganisms that are capable of 1,4-DD 
metabolism are present and active at monitoring locations P-10711, P-20, P-36 and P-66. 

 An abundant and active microbial population carrying the sMMO gene was identified at 
location P-70 which suggests potential cometabolism of 1,4-DD near the more aerobic 
fringe of the plume. This suggests that the addition of oxygen (at low-levels) may facilitate 
cometabolic degradation of 1,4-DD where methane is present.   

 

10 yr review and mna report 12-30-15final.docx  



 
December 2015  21 943-8200.14 

 
 The presence of sustained populations of microbes that carry the DXMO/ALDH and 

sMMO genes along the length of the plume (Figure 12) suggests that a mature and 
diverse microbial population has been established at the site to benefit from conditions 
conducive to stimulating growth and activity. The presence of this mature, microbial 
population indicates these microorganisms have been present historically in Site 
groundwater.   

The molecular analyses results are very promising and indicate that 1,4-DD is likely being degraded by a 

consortium of microorganisms at the site by metabolic and cometabolic processes.  Further, these data 

likely underestimate the potential for microbial mediated 1,4-DD degradation as this work focused solely 

on groundwater samples.  Since bacteria prefer to grow on solid substrates and degrade 1,4-DD, the 

abundance of 1,4-DD-degrading microorganisms detected in the groundwater samples likely 

underestimates the total biomass of these organisms in the system. Further, the presence of 

1,4-DD-degrading microorganisms throughout the plume, and, especially at the fringe of the plume where 

a redox gradient is present between the aerobic (limited concentrations of oxygen) and anaerobic 

(methanogenic) conditions, suggest that microbes have established themselves within the groundwater 

plume to utilize these conditions for metabolism.  Microbes that can metabolize 1,4-DD and methane 

oxidizers are likely well established in micro-niche environments within the site to exploit hypoxic 

conditions (i.e., dissolved oxygen levels below the detection limit) for metabolism.  

The agreement of the molecular analytical data and the overall concentration distributions/trends of the 

1,4-DD groundwater plume are further evidence of continued degradation of 1,4-DD. As such, it is 

expected that the 1,4-DD groundwater plume will continue to attenuate through time similar to the 

collapse of the THF plume as THF is a chemical analog to 1,4-DD. 

5.8 Compound Specific Isotope Analyses 

5.8.1 Overview of the Method and Published Work  
 CSIA is an analytical technology that measures the ratios of naturally occurring stable isotopes in 

samples. CSIA is often used within the environmental remediation field to assess the extent of 

biodegradation processes and to distinguish physical and abiotic from biological attenuation processes in 

the subsurface.  CSIA has been used to monitor biodegradation of a number of contaminants including 

aromatic hydrocarbons (Mancini et al., 2003) and chlorinated compounds (Slater et al. 2001) by 

measuring the isotopic fractionation of the remaining contaminant as degradation proceeds.  Isotopes of 

elements such as carbon (12C and 13C) and hydrogen (1H and 2H) react at slightly dissimilar rates during 

mass-differentiating reactions.  During microbial-mediated contaminant degradation, chemical bonds 

containing the lighter isotopes (12C and 1H) are preferentially broken by microbes because less energy is 

required to break the bonds of the lighter isotopes as compared to bonds of heavier isotopes.  As a result, 

the remaining contaminant becomes enriched in the heavier isotopes compared to the original isotopic 

value (Ahad et al., 2000, Mancini et al. 2003, Slater et al. 2001).  Thus, by monitoring isotope values of 
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the contaminant along the length of the plume and in comparison to the source material, CSIA has the 

ability to identify biodegradation of contaminants in the field and to distinguish contaminant mass loss due 

to biodegradation versus that due to physical processes (e.g., dilution, mixing).  However, this analysis 

cannot distinguish between variations of δ13C values for different source materials released at different 

intervals over time.  

CSIA technology to evaluate biodegradation of 1,4-DD is currently evolving and therefore, has some 

limitations (e.g., method detection limits).  Initial studies suggest that CSIA can be used successfully as a 

monitoring tool to assess the biodegradation of 1,4-DD. As demonstrated by Pornwongthong et al. (2011), 

CSIA was successfully applied to determine the kinetic carbon isotopic fractionation factor during the 

aerobic degradation of 1,4-DD by Pseudonocardia dioxanivorans CB1190 which can grow using 1,4-DD 

as its only source of carbon and energy.  This study demonstrated that as the biodegradation of 1,4-DD 

progressed the fraction of 13C increased. While the CSIA technology shows promise as a monitoring tool 

to assess in situ biodegradation of 1,4-DD, one of the significant method limitations is that the current 

method detection limit is near 100 µg/L.  As a result, the technology can only be applied reliably to 

portions of the groundwater plume characterized by elevated levels of 1,4-DD, which may bias the 

sampling towards areas within the groundwater plume with slower rates of 1,4-DD biodegradation and 

consequently, lower levels of 13C enrichment.  Further, some studies (Elsner et al., 2005; Bouchard et al., 

2008) suggest that the magnitude of 13C enrichment is linked to molecule size and structure. Since 

1,4-DD is a stable cyclic ether with limited reactivity, these studies suggest that enrichment of 13C may not 

be observed during degradation.  It may be more appropriate to use CSIA technology to evaluate 1,4-DD 

degradation by evaluating hydrogen enrichment since recent unpublished work by UCLA indicates a 30 

point enrichment factor for hydrogen (compared to a 1.5 to 2 point carbon enrichment factor); however, 

the CSIA method detection limits for hydrogen isotope analysis are higher than carbon isotope analysis 

which limits the technology’s utility for environmental samples. 

5.8.2 Results 
Since preliminary studies indicate CSIA may be a viable technology to assess 1,4-DD biodegradation, 

CSIA was applied to the Site as an additional line of evidence to evaluate the potential and capacity of the 

intrinsic microbial community towards in situ biodegradation of 1,4-DD.  As such, groundwater samples 

were collected from the Site across the length of the plume and sent to Pace for CSIA analysis of 12C and 
13C.  CSIA samples were collected in laboratory-provided sample containers using procedures identical to 

those used for collection of VOCs in accordance with the Draft 2007 Plan as described in Section 2.0. 

The CSIA results are presented in Table 2 with laboratory reports provided in Appendix D-2.  The CSIA 

results are presented as the ratio of 13C to 12C (δ13C) which is reported in parts per thousand as compared 

to the Pee Dee Belemnite (PDB) standard. δ13C is calculated as: 
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Higher values (less negative) of δ13C indicate 1,4-DD biodegradation processes are likely occurring. 

Consistent with published literature, the δ13C results were compared to the extent of 1,4-DD concentration 

reduction as shown in the figure below.  The extent of 1,4-DD concentration reduction is calculated as the 

fraction of 1,4-DD remaining by dividing the current 1,4-DD concentration (fall 2015) by the maximum 1,4-

DD concentration detected since 2006.  As detailed in published literature (all refs above), a simple 

isotopic model known as the Rayleigh model can model the relationship between isotopic fractionation 

and the fraction of 1,4-DD remaining to determine an enrichment factor.  By plotting the Site data as 

shown in the below figure, the fit of the field data to the Rayleigh model can be evaluated and compared 

to the enrichment factor developed by Pornwongthong et al. (2011).  The Rayleigh model (equation 

shown below) assumes a constant isotopic preference during a reaction, which is reflected in a 

fractionation factor (α).  The α factor relates the ratio of isotopic composition of the substrate at a given 

time, R, to the initial isotopic composition Ro, to the fraction of substrate remaining (f) where: 

𝑅𝑅 𝑅𝑅𝑅𝑅 = 𝑓𝑓(𝛼𝛼−1)⁄  

The isotopic preference of a reaction can also be expressed as an enrichment factor, ε, where ε=1000(α-

1).  Pornwongthong et al. (2011) determined the metabolic ε for 1,4-DD degradation to be -1.73 ± 0.14 for 

a pure culture. 

As shown in the below figure, there is spread in the data with decreasing fraction of 1,4-DD remaining; 

however there is a clear trend evident that δ13C values increase with increasing attenuation of 1,4-DD 

which is indicative of biodegradation of 1,4-DD by the intrinsic microbial community.  A best fit to the 

Rayleigh model is shown as a green line which exemplifies the increase in δ13C values with decreasing 

fraction of 1,4-DD remaining.  For comparative purposes, the metabolic ε and calculated Rayleigh model 

as determined by Pornwongthong et al. (2011) for a pure culture is shown as a purple line.  As expected, 

there is difference between the Site data and the literature model because Site groundwater contains a 

consortium of microorganisms potentially capable of 1,4-DD degradation (literature value is for a pure 

culture) and there are additional physical attenuation processes that influence the fraction of 1,4-DD 

remaining that are not present in laboratory experiments.  Regardless, the Site CSIA data suggest an 

increase in δ13C values with decreasing fraction of 1,4-DD which is an additional line of evidence that 

intrinsic microbial-mediated 1,4-DD degradation is occurring within the downgradient groundwater plume. 
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5.9 Fate and Transport Modeling 

5.9.1 Vadose Zone 1-Dimensional 
As requested by USEPA during a teleconference call on November 3, 2015, 1-D fate and transport 

vadose zone modeling was conducted to assess: 

 Transport mechanism of 1,4-DD through the vadose zone 

 Potential 1,4-DD flux from the vadose zone to groundwater 

 

Vadose zone modeling was conducted using the software program VLEACH which was developed by 

USEPA (2007). The objectives and modeling approach of VLEACH are described by USEPA as follows: 

“VLEACH is a one-dimensional, finite difference model for making preliminary assessments of the 
effects on groundwater from the leaching of volatile, sorbed contaminants through the vadose 
zone. The program models four main processes: liquid-phase advection, solid-phase sorption, 
vapor-phase diffusion, and three-phase equilibration. In an individual run, VLEACH can simulate 
leaching in a number of distinct polygons, which may differ in terms of soil properties, recharge 
rates, depth of water, or initial conditions. Modeling results in an overall, area-weighted 
assessment of groundwater impact.” 

To assess current vadose zone conditions, simulations were conducted using expected hydraulic 

conditions following landfill capping (i.e., significantly reduced infiltration).  A detailed description of the 

model set-up, parameters and output is provided in Appendix E-1.  

The model results demonstrate that the primary transport mechanism of 1,4-DD within the vadose zone is 

advective transport.  Transport via vapor diffusion is negligible as estimated mass concentrations of 

1,4-DD within the vapor phase of the vadose zone are approximately four orders of magnitude less than 

the mass concentrations of 1,4-DD in the aqueous phase.  This is consistent with a low Henry’s Law 
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constant for 1,4-DD.  The model results also demonstrate that 1,4-DD does not readily adsorb to the 

vadose zone substrate (less than 0.5 micrograms per kilogram [µg/kg]). 

The model results confirm that the low permeability cap and the resulting 99% reduction in infiltration 

(approximately 0.01 feet/year) minimizes advective transport of 1,4-DD within the vadose zone which, in 

turn, minimizes the flux of 1,4-DD from the vadose zone to the saturated zone.  Even with additional 

conservatism built into the vadose zone model by increasing the infiltration to 0.1 feet/year, the model 

estimates that across the landfill footprint only 185 grams/year of 1,4-DD are expected to be introduced to 

groundwater. 

The 1,4-DD concentration that would be added to the aquifer resulting from this flux was estimated using 

the VLEACH mass loading estimate and a simple, one-cell mixing model.  Additional details of the one-

cell mixing model are provided in Appendix E-1.  The additive concentration increase in 1,4-DD 

concentration in groundwater expected from a flux of 185 grams/year is 0.118 µg/L, which is more than 

600-fold less than the Part 201 standard for 1,4-DD.  Therefore, the vadose zone is unlikely a continuing 

source of 1,4-DD to groundwater under current conditions. 

Additional evaluations including mass flux estimates can be used to support the vadose zone modeling 

conclusions that the vadose zone is no longer a source of 1,4-DD to groundwater.  The table below 

presents the calculated mass flux at the downgradient edge of the landfill (i.e., western boundary).  Mass 

flux estimates of 1,4-DD over time at the downgradient edge of the landfill have decreased steadily since 

2011, which is approximately five years since the installation of the landfill low permeability cap.  These 

flux estimates align closely with hydraulic calculations that suggest that the travel time of groundwater 

across the landfill footprint is approximately six years.  Thus, it can be inferred that the installation of the 

low permeability cap is an effective source control measure.  In addition, these flux estimates suggest that 

the vadose zone is no longer a continuing source to groundwater as these flux declines would not be 

possible if the vadose zone was still adding significant mass to the groundwater system. 

 Calculated Mass Flux Estimates Since Landfill Capping 

Year 
Calculated Mass 

Flux (kg/yr) 
2006 130.1 
2009 140.4 
2011 158.3 
2012 55.3 
2013 113.9 
2014 58.4 
2015 44.0 
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While THF was not explicitly modeling using VLEACH, the 1,4-DD model results can be used to infer fate 

and transport of THF in the vadose zone beneath the landfill since the chemical properties (e.g., Henry’s 

Law constant, partitioning coefficients) are similar.  Thus, by inference, the 1,4-DD model results suggest 

that the vadose zone is no longer a continuing source of THF to groundwater. 

5.9.2 Groundwater 3-Dimensional (Benzene, THF, 1,4-DD) 
Groundwater flow and fate and transport modeling was conducted to evaluate the current remedy (source 

control and MNA) for 1,4-DD, THF and benzene.  MODFLOW, a widely used United States Geologic 

Survey (USGS) computer code for numerical, 3-D, finite-difference groundwater flow models, was used to 

simulate the groundwater flow in the study area.  MT3DMS, a modular 3-D transport model that can 

simulate advection, dispersion, and chemical reactions of dissolved constituents was used for each 

compound.  A detailed description of the model set-up, parameters, calibration and output is provided in 

Appendix E-2. 

Simulations were conducted beginning in 1970, shortly after the landfill commenced operations. The 

model was calibrated to the 2015 chemistry data and historic hydrogeological data. The baseline model 

conditions indicate that dispersion, dilution, and degradation are contributing to the attenuation of each 

compound.  It should be noted that the model does not take into account expected continued changes in 

groundwater geochemistry as described in Section 5.3.2 that would be more favorable to the degradation 

of benzene, THF and 1,4-DD. Modeling was also used to evaluate the effectiveness of the existing 

remedy into the future. The remedial scenarios modeled over a 50-year period (2014-2064) included: 

 A scenario representative of the observed decreasing source concentrations as 
discussed in section 5.4.1, and supported by the vadose zone model that indicate that 
the vadose zone is an unlikely continuing source of 1,4-DD to groundwater under current 
conditions (5.9.1); and 

 A highly conservative scenario that assumed a constant source based on groundwater 
source concentrations in 2014. 

Under the decreasing source scenario, which incorporates the actual trends in concentration observed at 

the landfill wells, significant attenuation of plume core and extent are predicted as follows, in terms of 10-

year, 30-year and 50-year simulation periods: 

 The >85 µg/L plume for 1,4-DD is predicted to detach from the source area and contract 
to near 1st Street within 10 years and attenuates within 30 years.  The downgradient 
margin of the plume (well below current Part 201 standards) is predicted to move slightly 
downgradient over the next 10 years before stabilizing.  A substantially smaller plume of 
>10 µg/L (less than 85 µg/L) only remains after 50 years.  

 The >95 µg/L plume for THF is predicted to be eliminated within the next 10 years, with 
the majority of the >10 µg/L plume limited to the landfill area within 30 years.   
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 The plume core (>200 µg/L) for benzene is expected to diminish significantly over the 

next 10 years and be eliminated within 30 years, and the main plume outline (>5 µg/L) is 
expected to retract towards to near 4th Street over the next 50 years.   

The model predicts that even under the conservative constant source scenario (i.e., no further source 

reduction), significant attenuation of the plume core and extent also occur, although as expected not to 

the degree as for the more representative decreasing source conditions: 

 Under this constant source scenario, the >200 µg/L plume core for 1,4-DD is predicted to 
be eliminated entirely within 10 years, and  the >85 µg/L plume outline is predicted to 
contract to the vicinity of the landfill within 30 years. 

 The >95 µg/L plume for THF is predicted to completely attenuate within the next 10 
years, with the >10 µg/L plume outline expected to significantly reduce in size over 30 
years. 

 The plume core (>200 µg/L) for benzene is expected to diminish significantly over the 
next 10 years and be eliminated within 30 years, and the main plume outline (>5 µg/L) 
will continue to retract over the next 50 years though at a slower rate than shown for the 
decreasing source.   

In addition to the current MNA remedy, a contingency remedy was also simulated for 1,4-DD, which 

included two scenarios of groundwater extraction.  Pumping along Skyview Drive (four pumping wells at 

total pumping rate of 800 gpm), and pumping at the downgradient boundary of the landfill (six pumping 

wells at 1,100 gpm).  Under both pumping scenarios, the model predicted no significant difference in the 

plume over future 10, 30 and 50 year periods compared to those from the current MNA remedy.  Thus, 

the remedial time frame is not effectively reduced compared to the current remedy (i.e., no improvement 

in the overall clean up time).   
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6.0 REVIEW OF MNA PERFORMANCE WITH OSWER OBJECTIVES 
OSWER (1999) identifies eight objectives for an MNA monitoring program.  These objectives are clearly 

being achieved as demonstrated in the detailed review of MNA provided in Section 5.0 and as 

summarized specifically against each of the OSWER objectives in the table below. 

Demonstrated that natural 
attenuation is occurring 
according to expectations 

Natural attenuation is occurring at the Site according to expectations 
based on observed source and plume contaminant mass reductions 
over time, overall attenuation of the plumes over time, declining 
concentration trends in Site monitoring wells and evidence of 
microbiological activity conducive to degradation of 1,4-DD. 

Detect changes in 
environmental conditions (e.g., 
hydrogeologic, geochemical, 
microbiological, or other 
changes) that may reduce the 
efficacy of any of the natural 
attenuation processes 

No changes in environmental conditions have been observed that could 
indicate a change in efficacy of the natural attenuation processes at 
work at the Site.  In fact, geochemical conditions are effectively shifting 
towards those that will promote enhanced biodegradation of benzene, 
THF and 1,4-DD. 

Identify any potentially toxic 
and/or mobile transformation 
products 

No potentially toxic and/or mobile compounds and respective 
transformation products have been identified. 

Verify that the plume(s) is not 
expanding (either 
downgradient, laterally, or 
vertically) 

The benzene plume is retracting from it downgradient position near 
Dustin Lake.  The THF plume is collapsing with only isolated areas 
remaining above Part 201 standards.  The 1,4 DD plume is detaching 
from the landfill and a similar pattern to THF is emerging downgradient. 
The downgradient extent of Part 201 standards remains in the vicinity of 
West Main Street (M-43) and is predicted to retract over the next 10 
years. 

Verify no unacceptable impact 
to downgradient receptors 

Institutional Controls (Groundwater Restricted Zone [GRZ]) have been 
adopted and municipal water is provided to areas where groundwater 
concentrations exceed Part 201 standards (and a 1000 foot buffer) 
along with a residential monitoring program to verify there is no 
unacceptable impact to downgradient receptors. 

Detect new releases of 
contaminants to the 
environment that could impact 
the effectiveness of the natural 
attenuation remedy 

The Semi-annual monitoring program - with line of landfill source 
monitoring wells - is designed to detect new releases of contaminants to 
the environment that could impact the effectiveness of the natural 
attenuation remedy.  No such releases have been detected. 

Demonstrate that efficacy of 
institutional controls that were 
put in place to protect potential 
receptors 

Institutional Controls have recently been adopted by way of the GRZ.   
The majority (98%) of the residences within the GRZ have been 
connected to municipal water and the remaining residences, whose 
wells are below Part 201 standards, will be connected in 2016. 

Verify attainment of 
remediation objectives 

Remedial action objectives are met through the implementation of 
source control and depletion measures (RCRA Type C landfill cap and 
landfill gas extraction), groundwater use restrictions (GRZ) with 
municipal water provisions, and a robust MNA program that 
demonstrates the remaining compounds above Part 201 standards are 
attenuating and are predicted to reach respective cleanup goals within a 
reasonable timeframe. 
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7.0 SUMMARY AND CONCLUSION  
The selected remedy is effective and remains protective of human health and the environment.  Source 

control and depletion measures comprising a multi-layered low permeability cap and a gas venting 

system were completed in fall 2006.  To assist in compliance with remedy requirements for methane gas 

management and to provide additional source mass removal of VOCs, the passive gas venting system 

consisting of 35 fully-penetrating gas vents (i.e., screening the entire waste thickness) was converted into 

an active gas extraction system.  The active gas extraction system has been operational since May 2008.  

The source control measures have been effective in adequately reducing contaminant sources leaching 

into groundwater, eliminating direct contact and controlling methane migration.   

The remedy requires groundwater use restrictions (institutional controls) and provision of an alternate 

water supply (e.g., municipal water) in areas of contaminated groundwater that exceeds Part 201 

standards and within a 1000 foot downgradient buffer zone until such time groundwater meets Part 201 

standards.  Pursuant to the Kalamazoo County Sanitary Code, Kalamazoo County approved the KLA 

Group’s application for a GRZ on December 2, 2015 that formally implements institutional controls in the 

areas where groundwater results have been reported above the Part 201 standards and a 1000 foot 

downgradient buffer zone.  The vast majority (98%) of the residences within the GRZ have already been 

connected to municipal water by the KLA Group and only seven private wells remain within the GRZ that will 

require connection.  The remaining residences are anticipated to be connected to municipal water in the 

spring 2016.  However, historical sampling of these wells has shown concentrations to be well below the Part 

201 Residential Drinking Water Standards.  Residential wells are also regularly monitored in areas 

downgradient of the GRZ and within the Chadds Ford Way Subdivision to help ensure protection of 

groundwater users. 

In concert with the source control and depletion measures (landfill cap and gas extraction system) a MNA 

groundwater monitoring program has been implemented consistent with the Second Amendment to the 

CD, OSWER Directive 9200.4-17P and the RD/RA Groundwater Monitored Natural Attenuation Plan 

(Golder, 2007).  Regular monitoring is conducted with an extensive network of source area, plume and 

sentinel monitoring wells (totaling 62 monitoring wells) to assess the performance of MNA.  MNA 

monitoring has shown that compounds detected historically above Michigan Part 201 standards including 

acetone, isopropanol, 2-butunone, 4-methyl-2-pentanone, ethylbenzene, xylenes, toluene, and 1,2-

dicholoroethane have degraded over time representing over 90% of the historic contaminant mass.  

There are three primary compounds that have been reported as detected in groundwater above the Part 

201 Standard: benzene, THF and 1,4-DD.  Multiple lines of evidence are presented in this Report that 

demonstrates that MNA (with source control) is effective in addressing these remaining compounds 

including: 
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 Mass estimates over time (flux) for the source area and for the total mass of the  plume;  

 Spatial distribution over time for benzene, THF and 1,4-DD and select NAPs including 
iron, sulfate and methane; 

 Constituent trend/regression analyses for the historical database of relevant source area, 
plume and sentinel wells for the primary constituents above Part 201 standards and 
select NAPs  

 Statistical assessment of the rate of attenuation;  

 Assessment of biomarkers for 1,4-DD biodegradation and CSIA that  support  microbial 
degradation is occurring; and,  

 Groundwater modeling consisting of 1-D vadose zone modeling and 3-D fate and 
transport modeling for benzene, THF and 1,4-DD. 

Source depletion measures and attenuation have been effective in reducing source concentration of 

benzene, THF and 1,4-DD.  Source mass calculations and time-trend analyses clearly demonstrate 

source depletion has occurred.  The THF plume is effectively detached from the source with only one 

source area monitoring well slightly above Part 201 standards (95 µg/L).  A similar trend can be seen 

emerging for 1,4-DD given that most source area wells do not exceed the Part 201 drinking water 

standard for 1,4-DD (85 µg/L).  Benzene concentrations have declined in all landfill margin wells with 

most source concentrations now below 100 µg/L.  Source control and depletion measures have also 

effectively shifted the geochemical conditions since 2006 in the vicinity of the landfill margin towards more 

natural and aerobic conditions that promote enhanced biodegradation of benzene, THF and 1,4-DD. This 

shift is evidenced by decreasing levels of dissolved methane and increasing levels of sulfate in landfill 

margin wells which suggest a shift from methanogenic and sulfate-reducing conditions towards more 

oxidizing conditions.  Since oxidizing conditions are more favorable for intrinsic biodegradation of 

benzene, THF and 1,4-DD, this shift is expected to enhance the rate of attenuation of the primary 

compounds in the future.  Fate and transport modeling of 1,4-DD in the vadose zone beneath the landfill 

indicate that the installation of the low permeability cap effectively reduced infiltration through the vadose 

zone and the vadose zone is unlikely a continuing source of 1,4-DD to groundwater.  As such, source 

concentrations are expected to continue to decline and geochemistry continue to shift to more aerobic 

conditions that are more favorable to biodegradation of residual contaminants.  

Source depletion and natural attenuation have also resulted in substantial reduction in downgradient 

concentrations and overall plume mass.  The downgradient extent of the benzene plume (5 µg/L) has 

contracted several hundred feet east of Dustin Lake since 2009.  A pronounced collapse of the THF 

plume is evident since 2011 where only isolated areas exceeding Part 201 Standards remain.  A similar 

pattern to THF, but to a lesser extent, is emerging for 1,4-DD.  The downgradient extent of 1,4-DD 

(85 µg/L) remains in the vicinity of Main Street, a position it has maintained for five years. Within the 

portion of the groundwater plume located between 4th Street and Dustin Lake, analytical data from 2015 

indicate that geochemical conditions are becoming more oxic as indicated by rebounding sulfate levels 
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and decreasing dissolved methane levels. Downgradient of Dustin Lake, the 1,4-DD and THF plume is 

narrow and there is a significant redox gradient (anaerobic to aerobic) present along the edges of this 

plume which favors THF and 1,4-DD degradation.  This shift towards weakening reducing conditions (i.e., 

shift beginning towards aerobic conditions) favors the biodegradation of benzene, THF and 1,4-DD.  The 

beneficial effects of source depletion and continued shift towards more oxidizing conditions are expected 

to result in further contraction of these plumes. 

To further assess the intrinsic processes that account for 1,4-DD degradation, state of the art 

technologies that included molecular analyses (i.e., gene abundance and activity) and CSIA were 

employed to assess the biodegradation capacity of the system. Recent studies demonstrate that microbial 

degradation of 1,4-DD can occur naturally in situ by native microbial populations through metabolic and 

cometabolic processes. Several genes have been identified that are linked to cometabolic and metabolic 

1,4-DD degradation mechanisms and the presence, abundance and activities of these genes can be 

assessed by using genetic probes (i.e., biomarkers) that target specific genes (DXMO and ALDH for 

metabolic pathways and sMMO for cometabolic pathway).  Analyses by the UCLA revealed that DXMO 

and ALDH carrying microorganisms known to be capable of degrading 1,4-DD are present along the 

length of the groundwater plume at levels that are at the high range or in exceedance of all other 

environmental samples analyzed by UCLA. The coincidence and high abundance of both DXMO and 

ALDH genes at six monitoring locations indicate that microorganisms containing the enzymes necessary 

for 1,4-DD metabolism are present at the site. The detections of DXMO and ALDH gene targets are co-

located with the groundwater plume, suggesting that a population of 1,4-DD-degrading microbes has 

been established to exploit the metabolic energy gain during oxidation of 1,4-DD. Further, high levels of 

sMMO genes were observed in nearly all groundwater samples collected from the site which indicates 

that there is significant capacity for cometabolism of 1,4-DD at the site. In addition to the high gene 

abundances, results from the gene expression analyses indicate that these microorganisms that are 

capable of 1,4-DD metabolism and cometabolism are also active at the site indicating degradation is 

occurring.  CSIA data indicated enrichment of 13C at numerous locations which is indicative of microbial-

mediated 1,4-DD degradation in several samples where 1,4-DD attenuation has been observed. These 

data are further evidence that suggests a population of microorganisms that are capable of 1,4-DD 

metabolism and cometabolism are present and active at the site. The chemical and biological data from 

this site indicate 1,4-DD is being degraded both catabolically and cometabolically by known 1,4-DD 

degraders, and that the rate of degradation (as estimated by the loss of mass and intrawell statistics) is 

significant for Site remediation. 

The rate of progress towards achieving remedial action goals must be put in the context of a reasonable 

time frame, which is generally a time frame which would otherwise be achieved through active restoration 

(OSWER Directive 9200.4-17P).  Statistical analysis using USEPA methods to assess the rate of 
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attenuation indicates that the attenuation rate in the vast majority of the wells is adequate to meet cleanup 

goals within 30 years. These analyses are consistent with groundwater modeling (3-D) used to assess the 

fate and transport of the 1,4-DD, THF and benzene plumes.  Groundwater modeling predicts that the 

1,4-DD plume will substantively collapse in 10 years and reduction to below Part 201 standard within 30 

years.  The model also predicts that the THF plume will decline to below Part 201 standards within 10 

years and benzene will decline to below Part 201 standard within 30 years.  Importantly, the groundwater 

model does not account for the emerging shift observed in geochemical conditions (i.e., aerobic) that are 

expected to continue to enhance the ongoing attenuation of the groundwater plume.  The groundwater 

modeling also indicates that the extent of natural attenuation cannot only be explained by hydrodynamic 

process (e.g., dilution and dispersion) alone, which provides further evidence to support that microbial 

degradation may also be an important mechanism.    

Groundwater modeling was used to compare the current remedy with the further benefit of adding active 

remediation (e.g., focused groundwater extraction) near the landfill and downgradient portions of the 

plume.  No significant difference in the plume configuration was predicted after 10 and 30 years of active 

treatment of the plume downgradient or near the landfill.  As such, the remedial time frame is not 

effectively reduced and therefore the current remedy will address the remaining contaminants in a 

reasonable time frame. 

In summary, the selected remedy is performing effectively and remains protective of human health and 

the environment.  There is no basis for the implementation of a contingent remedy given: 

 There are no unforeseen circumstances or site conditions that present an imminent and 
substantial endangerment to human health and the environment. 

 The current remedy will address the remaining contaminants in a reasonable time frame 
and a contingent remedy will not reduce the time to remediate the plume or reduce the 
residual risks from the remaining contaminants above Part 201 standards. 
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December 2015 Table - 1A
TREND ANALYSES RESULTS SUMMARY - VOCs

10-YR FORMAL MNA EVALUATION
WEST KL AVENUE LANDFILL, KALAMAZOO, MI

 943820014

Golder Associates

Source Area Wells
(Landfill Margin to 4th St.)

10-Yr Trend 
Start Date m

5-Yr Trend 
Start Date m

10-Yr Trend 
Start Date m

5-Yr Trend 
Start Date m

10-Yr Trend 
Start Date m

5-Yr Trend 
Start Date m

M-8 May-05 - 0.002 Apr-10 S 0.002 May-05 - 0.002 Apr-10 + 0.000 May-05 - 0.002 Apr-10 + 0.008
MW-13 May-05 + 0.082 Apr-10 + 0.056 May-05 - 0.110 Apr-10 - 0.156 May-05 - 0.010 Apr-10 - 0.071

P-46 Jun-05 - 0.092 Apr-10 - 0.032 Jun-05 - 0.004 Apr-10 - 0.002 Jun-05 - 0.036 Apr-10 - 0.028
P-48 May-05 - 0.873 Apr-10 - 0.328 May-05 - 0.036 Apr-10 - 0.021 May-05 - 0.051 Apr-10 - 0.073
P-49 May-05 - 0.058 Apr-10 - 0.050 May-05 - 0.009 Apr-10 S 0.005 May-05 - 0.034 Apr-10 - 0.113
P-50 Jun-05 S 0.000 Apr-10 S 0.009 Jun-05 - 0.009 Apr-10 - 0.007 Jun-05 - 0.030 Apr-10 + 0.027
P-51 May-05 - 0.019 Apr-10 - 0.088 May-05 - 0.011 Apr-10 - 0.050 May-05 - 0.071 Apr-10 - 0.046
P-52 May-05 - 0.033 Apr-10 - 0.021 May-05 S 0.001 Apr-10 - 0.008 May-05 - 0.003 Apr-10 - 0.005
P-53 Jun-05 - 0.069 Apr-10 - 0.066 Jun-05 - 0.022 Apr-10 - 0.017 Jun-05 - 0.147 Apr-10 - 0.168
P-55 May-05 ND Apr-10 ND May-05 - 0.017 Apr-10 - 0.002 May-05 - 0.015 Apr-10 - 0.032
TW-4 Jun-05 S 0.006 Apr-10 - 0.200 Jun-05 - 0.072 Apr-10 - 0.279 Jun-05 - 0.026 Apr-10 - 0.111

Source Area Wells
Number Decreasing/ND/Stable

Number Increasing

Plume Area Wells
(4th St. to Dustin Lake)

10-Yr Trend 
Start Date m

5-Yr Trend 
Start Date m

10-Yr Trend 
Start Date m

5-Yr Trend 
Start Date m

10-Yr Trend 
Start Date m

5-Yr Trend 
Start Date m

MW-1 May-05 - 0.025 Apr-10 - 0.019 May-05 - 0.017 Apr-10 - 0.007 May-05 - 0.012 Apr-10 + 0.013
MW-12 May-06 S 0.004 Apr-10 + 0.022 May-06 - 0.044 Apr-10 - 0.111 May-06 + 0.004 Apr-10 + 0.011

P-19 May-05 + 0.009 Apr-10 - 0.016 May-05 + 0.010 Apr-10 - 0.005 May-05 - 0.007 Apr-10 - 0.020
P-21 May-05 - 0.153 Apr-10 - 0.232 May-05 - 0.045 Apr-10 - 0.100 May-05 - 0.101 Apr-10 - 0.012
P-25 May-06 - 0.014 Apr-10 - 0.093 May-06 + 0.078 Apr-10 + 0.010 May-06 - 0.012 Apr-10 - 0.010
P-27 May-06 S 0.007 Apr-10 - 0.097 May-06 - 0.081 Apr-10 - 0.303 May-06 + 0.055 Apr-10 S 0.007
P-28 May-05 ND Apr-10 ND May-05 + 0.039 Apr-10 - 0.081 May-05 + 0.019 Apr-10 - 0.049
P-30 May-05 + 0.019 Apr-10 + 0.008 May-05 - 0.164 Apr-10 - 0.131 May-05 - 0.091 Apr-10 - 0.069
P-31 May-05 - 0.006 Apr-10 - 0.030 May-05 - 0.118 Apr-10 - 0.003 May-05 - 0.094 Apr-10 - 0.029
P-36 May-05 + 0.008 Apr-10 + 0.020 May-05 - 0.022 Apr-10 - 0.046 May-05 - 0.033 Apr-10 S 0.001
P-43 May-05 S 0.000 Apr-10 + 0.001 May-05 S 0.007 Apr-10 - 0.143 May-05 - 0.020 Apr-10 - 0.160
P-44 May-05 - 0.025 Apr-10 - 0.035 May-05 + 0.021 Apr-10 - 0.027 May-05 S 0.006 Apr-10 - 0.046

Plume Area Wells(4th St. to Dustin Lake) 
Number Decreasing/ND/Stable

Number Increasing

Plume Area Wells 
(Dustin Lake to West Main St. [>Part 201])

5-Yr Trend 
Start Date m

2-Yr Trend 
Start Date m

5-Yr Trend 
Start Date m

2-Yr Trend 
Start Date m

5-Yr Trend 
Start Date m

2-Yr Trend 
Start Date m

P-56 Apr-10 ND Mar-13 ND Apr-10 - 0.008 Mar-13 - 0.006 Apr-10 + 0.010 Mar-13 - 0.022
P-57 Apr-10 ND Mar-13 ND Apr-10 + 0.032 Mar-13 + 0.021 Apr-10 + 0.013 Mar-13 - 0.028
P-61 Apr-10 ND Mar-13 ND Apr-10 + 0.003 Mar-13 - 0.028 Apr-10 + 0.018 Mar-13 - 0.036
P-63 Apr-10 ND Mar-13 ND Apr-10 - 0.023 Mar-13 - 0.046 Apr-10 S 0.007 Mar-13 S 0.007
P-65 Apr-10 ND Mar-13 ND Apr-10 + 0.014 Mar-13 + 0.004 Apr-10 + 0.014 Mar-13 - 0.007
P-66 Apr-10 ND Mar-13 ND Apr-10 + 0.010 Mar-13 - 0.021 Apr-10 + 0.021 Mar-13 S 0.001
P-67 Apr-10 ND Mar-13 ND Apr-10 + 0.026 Mar-13 - 0.019 Apr-10 + 0.012 Mar-13 - 0.044

P-10711 Jun-10 ND Mar-13 ND Jun-10 - 0.182 Mar-13 + 0.016 Jun-10 + 0.017 Mar-13 + 0.032
Plume Area Wells (Dustin Lake to West Main St.)

Number Decreasing/ND/Stable
Number Increasing

Total Source and Plume Area Wells
Total Decreasing Source and Plume Area Wells

Sentinel Wells 
(Northwest of West Main St. [<Part 201])

5-Yr Trend 
Start Date m

2-Yr Trend 
Start Date m

5-Yr Trend 
Start Date m

2-Yr Trend 
Start Date m

5-Yr Trend 
Start Date m

2-Yr Trend 
Start Date m

P-68 Apr-10 ND Mar-13 ND Apr-10 + 0.006 Mar-13 + 0.012 Apr-10 + 0.008 Mar-13 + 0.022
P-69 Jul-10 ND Mar-13 ND Jul-10 + 0.007 Mar-13 + 0.006 Jul-10 + 0.006 Mar-13 + 0.007
P-70 Jul-10 ND Mar-13 ND Jul-10 + 0.004 Mar-13 + 0.003 Jul-10 + 0.011 Mar-13 + 0.002
P-71 Oct-11 ND Mar-13 ND Oct-11 + 0.006 Mar-13 + 0.005 Oct-11 + 0.009 Mar-13 + 0.005
P-72 Oct-11 ND Mar-13 ND Oct-11 ND Mar-13 ND Oct-11 + 0.003 Mar-13 + 0.002
P-74 Oct-11 ND Mar-13 ND Oct-11 + 0.003 Mar-13 + 0.002 Oct-11 + 0.005 Mar-13 S 0.000

Sentinel Wells (Northwest of West Main St.)
Number Decreasing/ND/Stable

Number Increasing
Notes:
ND = Non Detect; NA = Not Applicable; S = Stable (m < 0.01 ); + indicates increasing trend; - indicates decreasing trend.
m = slope of the natural logarithm of concentration on time - first order rate constant.

Benzene Tetrahydrofuran 1,4-Dioxane

11 11 11 11 11 11

1 1 0 1 0 2
10 10 11 10 11 9

Benzene Tetrahydrofuran 1,4-Dioxane

12 12 12 12 12 12

3 4 4 1 3 2
9 8 8 11 9 10

Benzene Tetrahydrofuran 1,4-Dioxane

8 8 8 8 8 8

0 0 5 3 7 1
8 8 3 5 1 7

27 26 22 26 21 26
31 31 31 31 31 31

6 6 1 1 0 1

Benzene Tetrahydrofuran 1,4-Dioxane

6 6 6 6 6 6

0 0 5 5 6 5



December 2015 Table - 1B
TREND ANALYSES RESULTS SUMMARY - NAPs

10-YR FORMAL MNA EVALUATION
WEST KL AVENUE LANDFILL, KALAMAZOO, MI

 943820014

Golder Associates

Source Area Wells
(Landfill Margin to 4th St.)

10-Yr Trend 
Start Date m

5-Yr Trend 
Start Date m

10-Yr Trend 
Start Date m

5-Yr Trend 
Start Date m

10-Yr Trend 
Start Date m

5-Yr Trend 
Start Date m

M-8 May-05 + 118.08 Apr-10 + 87.86 May-05 - 516.67 Apr-10 + 428.57 May-05 - 13.37 Apr-10 + 7.46
MW-13 May-05 - 1.24 Apr-10 - 1.77 May-05 + 0.52 Apr-10 + 0.55 May-05 - 0.70 Apr-10 - 0.99

P-46 Jun-05 - 0.43 Apr-10 - 0.81 Jun-05 + 14.50 Apr-10 + 4.02 Jun-05 - 0.41 Apr-10 - 0.57
P-48 May-05 - 0.94 Apr-10 - 1.12 May-05 + 0.97 Apr-10 - 0.43 May-05 - 2.44 Apr-10 - 1.19
P-49 May-05 - 0.79 Apr-10 - 1.33 May-05 - 0.42 Apr-10 + 0.80 May-05 - 0.50 Apr-10 + 0.21
P-50 Jun-05 - 0.42 Apr-10 + 0.36 Jun-05 + 4.05 Apr-10 + 5.48 Jun-05 - 2.53 Apr-10 - 1.20
P-51 May-05 - 0.20 Apr-10 - 1.92 May-05 - 0.01 Apr-10 - 2.55 May-05 - 0.62 Apr-10 - 1.27
P-52 May-05 - 0.04 Apr-10 - 0.20 May-05 - 2.24 Apr-10 - 1.46 May-05 - 1.01 Apr-10 - 0.49
P-53 Jun-05 - 1.04 Apr-10 - 1.04 Jun-05 - 0.04 Apr-10 - 0.24 Jun-05 - 0.82 Apr-10 - 0.74
P-55 May-05 - 0.11 Apr-10 - 0.38 May-05 + 5.57 Apr-10 + 8.86 May-05 - 0.45 Apr-10 - 1.31
TW-4 Jun-05 - 0.12 Apr-10 + 0.50 Jun-05 - 1.87 Apr-10 + 3.97 Jun-05 - 0.87 Apr-10 - 1.09

Source Area Wells
Number Decreasing/ND/Stable

Number Increasing

Plume Area Wells
(4th St. to Dustin Lake)

10-Yr Trend 
Start Date m

5-Yr Trend 
Start Date m

10-Yr Trend 
Start Date m

5-Yr Trend 
Start Date m

10-Yr Trend 
Start Date m

5-Yr Trend 
Start Date m

MW-1 May-05 + 0.01 Apr-10 - 0.35 May-05 - 0.60 Apr-10 - 1.55 May-05 - 0.61 Apr-10 - 0.66
MW-12 May-06 - 0.30 Apr-10 - 0.41 May-06 - 0.33 Apr-10 - 2.19 May-06 - 0.92 Apr-10 - 0.42

P-19 May-05 + 0.07 Apr-10 + 0.13 May-05 - 1.69 Apr-10 - 0.03 May-05 - 0.10 Apr-10 - 1.31
P-21 May-05 S 0.00 Apr-10 - 0.23 May-05 + 1.79 Apr-10 - 0.21 May-05 - 0.52 Apr-10 + 0.57
P-25 May-06 - 0.01 Apr-10 + 0.01 May-06 + 0.91 Apr-10 + 1.22 May-06 - 0.43 Apr-10 - 0.12
P-27 May-06 + 0.18 Apr-10 + 0.25 May-06 - 2.38 Apr-10 - 2.77 May-06 - 1.18 Apr-10 - 1.75
P-28 May-05 + 0.08 Apr-10 - 0.19 May-05 + 0.29 Apr-10 + 0.22 May-05 - 2.95 Apr-10 - 1.85
P-30 May-05 - 0.29 Apr-10 - 0.45 May-05 + 1.06 Apr-10 + 1.18 May-05 - 2.05 Apr-10 - 0.86
P-31 May-05 - 0.06 Apr-10 + 0.06 May-05 + 1.52 Apr-10 + 0.21 May-05 - 0.41 Apr-10 + 0.43
P-36 May-05 - 0.22 Apr-10 - 0.33 May-05 + 0.68 Apr-10 - 1.14 May-05 + 0.03 Apr-10 - 0.06
P-43 May-05 + 0.01 Apr-10 - 0.06 May-05 - 1.60 Apr-10 + 6.17 May-05 - 0.38 Apr-10 - 1.63
P-44 May-05 + 0.02 Apr-10 S 0.00 May-05 + 0.09 Apr-10 + 2.67 May-05 - 0.24 Apr-10 - 0.14

Plume Area Wells(4th St. to Dustin Lake) 
Number Decreasing/ND/Stable

Number Increasing

Plume Area Wells 
(Dustin Lake to West Main St.)

5-Yr Trend 
Start Date m

2-Yr Trend 
Start Date m

5-Yr Trend 
Start Date m

2-Yr Trend 
Start Date m

5-Yr Trend 
Start Date m

2-Yr Trend 
Start Date m

P-56 Apr-10 + 0.03 Mar-13 - 0.70 Apr-10 + 0.44 Mar-13 + 1.05 Apr-10 - 4.23 Mar-13 - 0.89
P-57 Apr-10 - 0.09 Mar-13 - 0.07 Apr-10 - 1.85 Mar-13 - 1.30 Apr-10 - 0.05 Mar-13 - 0.19
P-61 Apr-10 - 0.03 Mar-13 - 0.02 Apr-10 - 1.55 Mar-13 - 0.13 Apr-10 - 0.22 Mar-13 + 3.67
P-63 Apr-10 - 0.27 Mar-13 + 0.03 Apr-10 - 0.14 Mar-13 ND Apr-10 + 4.76 Mar-13 + 2.06
P-65 Apr-10 - 0.15 Mar-13 + 0.28 Apr-10 - 1.44 Mar-13 ND Apr-10 + 0.56 Mar-13 - 1.38
P-66 Apr-10 - 0.22 Mar-13 - 0.58 Apr-10 S 0.00 Mar-13 ND Apr-10 + 2.44 Mar-13 + 1.15
P-67 Apr-10 - 0.04 Mar-13 - 0.13 Apr-10 S 0.00 Mar-13 ND Apr-10 + 1.47 Mar-13 - 0.42

P-10711 Jun-10 - 0.08 Mar-13 + 0.09 Jun-10 - 0.28 Mar-13 S 0.00 Jun-10 + 3.59 Mar-13 - 6.18
Plume Area Wells (Dustin Lake to West Main St.)

Number Decreasing/ND/Stable
Number Increasing

Total Source and Plume Area Wells
Total Decreasing Source and Plume Area Wells

Sentinel Wells 
(Northwest of West Main St.)

5-Yr Trend 
Start Date m

2-Yr Trend 
Start Date m

5-Yr Trend 
Start Date m

2-Yr Trend 
Start Date m

5-Yr Trend 
Start Date m

2-Yr Trend 
Start Date m

P-68 Apr-10 - 0.50 Mar-13 + 0.39 Apr-10 - 2.33 Mar-13 - 5.26 Apr-10 + 1.36 Mar-13 + 0.94
P-69 Jul-10 S 0.00 Mar-13 + 0.01 Jul-10 - 1.68 Mar-13 - 1.96 Jul-10 + 0.05 Mar-13 + 0.14
P-70 Jul-10 - 0.33 Mar-13 + 0.06 Jul-10 - 3.44 Mar-13 - 3.41 Jul-10 + 0.05 Mar-13 + 0.02
P-71 Oct-11 - 0.22 Mar-13 + 0.12 Oct-11 - 6.49 Mar-13 - 5.66 Oct-11 + 0.06 Mar-13 + 0.05
P-72 Oct-11 - 0.91 Mar-13 - 0.03 Oct-11 - 0.21 Mar-13 + 0.78 Oct-11 + 0.04 Mar-13 + 0.04
P-74 Oct-11 - 0.48 Mar-13 + 0.05 Oct-11 - 3.16 Mar-13 - 3.17 Oct-11 S 0.00 Mar-13 S 0.00

Sentinel Wells (Northwest of West Main St.)
Number Decreasing/ND/Stable

Number Increasing
Notes:
ND = Non Detect; NA = Not Applicable; S = Stable (m < 0.01 ); + indicates increasing trend; - indicates decreasing trend.
m = slope of the natural logarithm of concentration on time - first order rate constant.

Iron Sulfate Methane

11 11 11 11 11 11

1 3 5 7 0 2
10 8 6 4 11 9

Iron Sulfate Methane

12 12 12 12 12 12

6 4 7 6 1 2
6 8 5 6 11 10

Iron Sulfate Methane

8 8 8 8 8 8

1 3 1 1 5 3
7 5 7 7 3 5

23 21 18 17 25 24
31 31 31 31 31 31

6 1 6 5 1 1

Iron Sulfate Methane

6 6 6 6 6 6

0 5 0 1 5 5



December 2015 Table 1C
Assessment for Rate of Attenuation

10-Year Formal MNA Evaluation
West KL Avenue Landfill, Kalamazoo, MI

943820014

Golder Associates

Well ID Location
Trend 

Duration Compound

Final 
Cleanup 

Value
2015 

Concentration 

2015
Interim
Goal

Is 
Attenuation 
Adequate?

(Years) (µg/L) (µg/L) (µg/L) <80% >80% <95% >95%
MW-13 S 10 1,4-DD 85 420 358.9 X
MW-13 S 5 1,4-DD 85 420 398.8 Yes
MW-13 S 10 Benzene 5 490 117.6 X
MW-13 S 5 Benzene 5 490 232 X
MW-13 S 2 Benzene 5 490 284.1 X
MW-13 S 10 THF 95 190 302.3 Yes

P-48 S 10 Benzene 5 91 326.1 Yes
P-49 S 10 1,4-DD 85 260 237.3 Yes
P-49 S 10 Benzene 5 130 120 Yes
P-49 S 10 THF 95 110 92 Yes
P-50 S 10 1,4-DD 85 150 164.4 Yes
P-50 S 10 Benzene 5 74 89.2 X
P-50 S 5 Benzene 5 74 104.4 X
P-51 S 10 1,4-DD 85 100 160.4 Yes
P-51 S 10 Benzene 5 110 138.4 X
P-51 S 5 Benzene 5 110 179 Yes
P-52 S 10 Benzene 5 25 46.2 Yes
P-53 S 10 Benzene 5 52 116.4 Yes
P-53 S 10 THF 5 14 57.8 Yes
TW-4 S 10 Benzene 5 27 80.6 X
MW-1 P 10 1,4-DD 85 110 96 Yes
MW-1 P 10 Benzene 5 110 97.4 X
MW-1 P 5 Benzene 5 110 106.6 X
MW-12 P 10 Benzene 5 140 76.5 X
MW-12 P 5 Benzene 5 140 82.7 X
MW-12 P 2 Benzene 5 140 141.6 X

P-19 P 10 Benzene 5 42 35.8 X
P-19 P 5 Benzene 5 42 53.1 Yes
P-21 P 10 1,4-DD 85 200 187.6 Yes
P-21 P 10 Benzene 5 120 220.1 Yes
P-27 P 10 1,4-DD 85 230 156.1 X
P-27 P 5 1,4-DD 85 230 228 X
P-28 P 10 1,4-DD 85 370 291.5 X
P-28 P 5 1,4-DD 85 370 347.5 Yes
P-28 P 10 THF 95 340 345.8 X
P-28 P 5 THF 95 340 430.8 Yes
P-30 P 10 1,4-DD 85 300 327.8 Yes
P-30 P 10 Benzene 5 160 83.4 X
P-30 P 5 Benzene 5 160 122.6 X
P-30 P 2 Benzene 5 160 145.5 X
P-30 P 10 THF 95 230 367.7 Yes
P-31 P 10 1,4-DD 85 170 209.1 Yes
P-31 P 10 Benzene 5 120 90.8 X
P-31 P 5 Benzene 5 120 111.8 X
P-31 P 2 Benzene 5 120 115.2 Yes
P-36 P 10 1,4-DD 85 120 142 Yes
P-36 P 10 Benzene 5 79 19 X
P-36 P 5 Benzene 5 79 29.1 X
P-44 P 10 1,4-DD 85 100 104.8 Yes
P-44 P 10 THF 95 190 142.5 X
P-44 P 5 THF 95 190 168.5 Yes
P-56 D 10 1,4-DD 85 190 124.9 X
P-56 D 5 1,4-DD 85 190 149.5 X
P-57 D 10 1,4-DD 85 110 62 X
P-57 D 5 1,4-DD 85 110 95 X
P-57 D 2 1,4-DD 85 110 104.5 Yes
P-61 D 10 1,4-DD 85 190 122 X
P-61 D 5 1,4-DD 85 190 145.5 X
P-61 D 2 1,4-DD 85 190 161.3 Yes
P-63 D 10 1,4-DD 85 220 195.9 X
P-63 D 5 1,4-DD 85 220 171.2 X
P-63 D 10 THF 95 100 99.4 X
P-63 D 5 THF 95 100 129.3 Yes
P-66 D 10 1,4-DD 85 150 96 X
P-66 D 5 1,4-DD 85 150 108.7 X
P-66 D 2 1,4-DD 85 150 123.5 X
P-67 D 10 1,4-DD 85 140 135.3 X
P-67 D 5 1,4-DD 85 140 140.7 X
P-67 D 2 1,4-DD 85 140 153.1 Yes 
P-67 D 10 THF 95 130 115.9 X
P-67 D 5 THF 95 130 122.5 X
P-67 D 2 THF 95 130 143.7 Yes

P-10711 D 5 1,4-DD 85 130 83.6 X
P-10711 D 2 1,4-DD 85 130 97.7 X
Notes:

µg/L = micrograms per liter, S = Source well, P = Plume well, D = Downgradient well, 1,4-DD = 1,4-dioxane, THF = 
tetrahydrofuran

Probability Attenuation 
is Not Adequate



December 2015 Table 2
Summary of Compound Specific Isotope Analysis and 1,4-Dioxane Results

10-Year Formal MNA Evaluation
West KL Avenue Landfill Kalamazoo, MI

943820014

Golder Associates

Sample ID
N=Normal, 

FD=Field Duplicate Sample Date Result Qual RDL Result Qual RDL Result Qual
MW-1 N 9/28/2015 110 110 103 1.4 -31.24
MW-12 N 9/22/2015 55 55 43.8 0.7 -31.45
MW-13 N 9/21/2015 420 420 299 1.4 -31.07
P-10711 N 9/22/2015 130 130 112 1.4 -30.67
P-20 N 9/28/2015 81 81 87.1 1.4 -30.70
P-21 N 9/21/2015 200 200 146 0.7 -31.77
P-27 N 9/22/2015 230 230 189 1.4 -31.05
P-28 N 9/28/2015 370 370 342 1.4 -31.56
P-30 N 9/28/2015 300 300 299 1.4 -30.10
P-31 N 9/21/2015 170 170 116 0.7 -30.73
P-36 N 9/22/2015 120 120 94.7 0.7 -30.54 J
P-43 N 9/23/2015 26 26 19.5 0.07 -29.15 J
P-48 N 9/21/2015 47 47 41.7 1.4 -29.59 J
P-49 N 9/21/2015 260 260 180 0.7 -31.61
P-51 N 9/29/2015 100 100 131 1.4 -30.07
P-52 N 9/29/2015 9.6 9.6 10.8 0.07 -30.58
P-55 N 9/29/2015 58 58 51.7 1.4 -31.32
P-56 N 9/16/2015 190 190 126 0.7 -31.80
P-57 N 9/23/2015 110 110 119 1.4 -31.22
P-61 N 9/23/2015 190 190 188 1.4 -30.03
P-63 N 9/23/2015 220 220 229 1.4 -31.08
P-66 N 9/16/2015 150 150 112 0.7 -31.10
P-67 N 9/23/2015 140 140 184 1.4 -31.01 J
TW-4 N 9/29/2015 20 20 16.8 0.07 -29.90 J

Abbreviations:
Qual = qualifier
RDL = reporting detection limit
Units: ug/L = microgram per liter

Qualifiers:
U = not detected above RL
J = estimated value

Methods:
KAR - USEPA SW-846 Method 8260 Selective Ion Monitoring (SIM) Mode
PACE - USEPA Method 522

PACE

δ13C
0/00 VPDB

CSIA

Unit ug/L ug/L
Lab KAR (8260 SIM) PACE (522)

Parameter 1,4-Dioxane 1,4-Dioxane

CAS 123-91-1 123-91-1
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1) A, B, and C represent spontaneous reactions and formations of small organic molecules as identified by Mahendra 
et al., 2007.
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1.0 INTRODUCTION 
This Data Summary Report (DSR) provides a summary of the procedures used and the data collected for 

Remedial Action (RA) fall 2015 semi-annual groundwater sampling conducted between September 15 

and October 5, 2015. The fall 2015 sampling event was conducted in accordance with the Draft 

Groundwater Monitored Natural Attenuation Work Plan and Quality Assurance Project Plan for RD/RA 

Activities (Draft 2007 Plan), submitted to the United States Environmental Protection Agency (USEPA) on 

October 26, 2007 (Golder, 2007).  

The data presented herein is also supplemented with residential monitoring conducted by KAR 

Laboratories, Inc. (KAR) in Kalamazoo, MI, for the West KL Avenue Landfill Group (KLA Group) in October 

2015 for select residences along North 1st Street, West J Avenue, Wickford Drive, North Van Kal Street. 

Sunset Drive, and Fish Hatchery Road (CR 652).  The residential Data Summary Report was submitted 

under a separate cover on December 11, 2015. 
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2.0 MNA MONITORING PROCEDURES 
Fall 2015 field sampling and analytical procedures were performed in accordance with the Draft 2007 Plan. 

Consistent sampling procedures have been used for the sampling events conducted since October 1996 

(Golder, 1996). 

 

Fall 2015 groundwater sampling was conducted by American Hydrogeology Corporation (AHC) between 

September 15 and October 5, 2015 and included sampling of 62 monitoring wells. Well locations sampled 

during the annual event are shown on Figure 1.   

 

For Quality Control (QC) purposes, four wells were sampled in duplicate (P-28, P-30, P-53 and P-74) and 

triple volume was collected from four wells (MW-15, P-54, P-55, and P-71) for the analysis of a Matrix 

Spike/Matrix Spike Duplicate (MS/MSD).  Additionally, all samples collected in fall 2015 were obtained using 

dedicated bladder pumps, with low-flow techniques used as noted on the sample collection forms provided 

in Appendix A.  

 

Groundwater samples collected were analyzed in accordance with the Draft 2007 Plan.  Samples were 

analyzed for the Full List of regulated and unregulated volatile organic compounds (VOCs); with Target 

Parameters tert-butanol (TBA), tetrahydrofuran (THF), and 1,4-diethylene dioxide (1,4-DD) analyzed in the 

Selective Ion Mode (SIM). Benzene was analyzed at select locations based on historic detections. Also, 

certain natural attenuation parameters (NAPs) identified in Table 3A and 3B of the 2007 Plan were 

analyzed. Complete lists of sample IDs, parameters and methods are located in Tables 1A and 1B of this 

RA DSR.   

 

Several natural attenuation indicator parameters were analyzed in the field with a calibrated YSI 556 MPS, 

including pH, temperature, specific conductivity, Oxygen Reduction Potential (ORP), and dissolved oxygen. 

Consistent with past measurements, dissolved oxygen, sulfide, and ferrous iron were obtained in the field 

using a CHEMetrics™ VVR photometer and vacu-vial ampoules (self-filling vials with reagents).  All 

laboratory analyses, with exception of dissolved methane (C1) were performed by KAR. Methane analysis 

was performed by ALS Environmental (ALS), of Holland, MI using methods based on EPA-9/RSKRL-175.   
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3.0 SUMMARY OF MNA MONITORING RESULTS  
Laboratory data reports and chain-of-custody forms for the annual event are provided in Appendix B.  

Golder Associates reviewed KAR and ALS laboratory data reports and associated QC reports for quality 

control purposes.  No deficiencies were noted; however, certain NAPs were qualified as described in the 

fall 2015 Data Usability Summary Report (DUSR) included in Appendix C of this report. 

Results from field and laboratory analyses of groundwater samples collected during the fall 2015 annual 

sampling events are summarized on Tables 1A and 1B.  Furthermore, benzene, THF, and 1,4-DD results are 

shown on Figures 2, 3, and 4, respectively.   
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4.0 CONCLUSIONS  
Overall, the source area wells show substantial decreases in concentrations of benzene, THF and 1,4-DD 

since the previous event.  Fall 2015 results indicate the main plume of benzene, THF, and 1,4-DD is located 

between the landfill and Dustin Lake.  A dilute plume of THF and 1,4-DD extends northwest of Dustin Lake as 

shown on Figures 3 and 4.  

Given the low levels of THF and 1,4-DD observed at wells P-68, P-69, and P-10711, the plume fringe (above 

Part 201 criteria) remains in the vicinity of P-10711.  The concentrations of 1,4-DD in P-10711 (130 µg/L) was 

slightly above the Part 201 criteria.  

Annual monitoring will be scheduled during spring 2016 and include RA monitoring wells and analysis of the 

Full List of regulated and unregulated volatile organic compounds (VOCs) in accordance with Tables 1 and 

Tables 3A and 3B of the Draft 2007 Plan.   
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December 2015 TABLE 1A
SUMMARY OF ANALYTICAL RESULTS-VOLATILE ORGANICS

4THQ 2015 MONITORING
WEST KL LANDFILL

943-8200

Well No. M-8 MW-1 MW-12 MW-13 MW-15 P-10711 P-19 P-20 P-21 P-24 P-25 P-27 P-28
Sample ID KL-GW-M-8 KL-GW-MW-1 KL-GW-MW-12 KL-GW-MW-13 KL-GW-MW-15 KL-GW-P-10711 KL-GW-P-19 KL-GW-P-20 KL-GW-P-21 KL-GW-P-24 KL-GW-P-25 KL-GW-P-27 KL-GW-Duplicate #3

COMPOUNDS Sample Date 09/24/2015 09/28/2015 09/22/2015 09/21/2015 09/30/2015 09/22/2015 09/28/2015 09/28/2015 09/21/2015 09/17/2015 09/17/2015 09/22/2015 09/28/2015
Notes N N N N N N N N N N N N FD

TCL/8260 - Volatiles (µg/L) (µg/L) Result Result Result Result Result Result Result Result Result Result Result Result Result

1,1,1-trichloroethane 200 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1
1,1,2,2-tetrachloroethane 8.5 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1
1,1,2-trichloroethane 5 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1
1,1-dichloroethane 880 < 1 7.2 1 1.1 < 1 16 9.1 4.1 < 1 6.2 3.9 6.1

1,1-dichloroethene 7 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1
1,2-dichloroethane 5 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1
1,2-dichloropropane 5 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1

2-butanone 13000 < 50 < 50 < 50 < 50 < 50 < 50 < 50 < 50 < 50 < 50 < 50 < 50
2-hexanone 1000 < 50 < 50 < 50 < 50 < 50 < 50 < 50 < 50 < 50 < 50 < 50 < 50
4-methyl-2-pentanone 1800 < 50 < 50 < 50 < 50 < 50 < 50 < 50 < 50 < 50 < 50 < 50 < 50
acetone 730 < 50 < 50 < 50 < 50 < 50 < 50 < 50 < 50 < 50 < 50 < 50 < 50

benzene 5 1.1 110 140 490 < 1 42 17 120 < 1 < 1 120 < 1
ethylbenzene 74 < 1 < 1 < 1 1.2 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1
m-and/or p-xylene 280 < 2 < 2 < 2 < 2 < 2 < 2 < 2 < 2 < 2 < 2 < 2 < 2
o-xylene 280 < 1 < 1 < 1 1.4 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1
toluene 790 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1

bromodichloromethane 80 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1
bromoform 80 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1
bromomethane 10 < 5 < 5 < 5 < 5 < 5 < 5 < 5 < 5 < 5 < 5 < 5 < 5
carbon disulfide 800 < 50 < 50 < 50 < 50 < 50 < 50 < 50 < 50 < 50 < 50 < 50 < 50
carbon tetrachloride 5 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1
chlorobenzene 100 3.4 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1
chloroethane 430 < 5 14 < 5 13 < 5 22 7.5 12 < 5 < 5 14 40

chloroform 80 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1
chloromethane 260 < 5 < 5 < 5 < 5 < 5 < 5 < 5 < 5 < 5 < 5 < 5 < 5
cis-1,2-Dichloroethene 70 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1
cis-1,3-Dichloropropene 8.5 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1
dibromochloromethane 80 < 5 < 5 < 5 < 5 < 5 < 5 < 5 < 5 < 5 < 5 < 5 < 5

methylene chloride 5 < 5 < 5 < 5 < 5 < 5 < 5 < 5 < 5 < 5 < 5 < 5 < 5
styrene 100 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1
tetrachloroethene 5 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1
trans-1,2-dichloroethene 100 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1
trans-1,3-dichloropropene 8.5 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1
trichloroethene 5 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1
trichlorofluoromethane 2600 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1
vinyl chloride 2 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1

other volatiles

isopropanol
tert-butanol 3900 70 390 280 830 < 5 440 280 280 920 19 56 1600 1800

tetrahydrofuran 95 2.4 11 1.9 190 < 2 86 91 64 17 < 2 45 15 350

1,4-Diethylene dioxide 85 40 110 55 420 < 1 130 82 81 200 37 33 230 370

Notes:

(Bold)
µg/L = micrograms per liter
NA = Not analyzed/measurement not taken
N = Normal, FD = Field Duplicate
Checked by: VRR
Date: 11/3/2015

MDEQ Part 201
Residential Drinking

Water Criteria
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December 2015 TABLE 1A
SUMMARY OF ANALYTICAL RESULTS-VOLATILE ORGANICS

4THQ 2015 MONITORING
WEST KL LANDFILL

943-8200

Well No.
Sample ID

COMPOUNDS Sample Date
Notes

TCL/8260 - Volatiles (µg/L) (µg/L)

1,1,1-trichloroethane 200
1,1,2,2-tetrachloroethane 8.5
1,1,2-trichloroethane 5
1,1-dichloroethane 880
1,1-dichloroethene 7
1,2-dichloroethane 5
1,2-dichloropropane 5

2-butanone 13000
2-hexanone 1000
4-methyl-2-pentanone 1800
acetone 730

benzene 5
ethylbenzene 74
m-and/or p-xylene 280
o-xylene 280
toluene 790

bromodichloromethane 80
bromoform 80
bromomethane 10
carbon disulfide 800
carbon tetrachloride 5
chlorobenzene 100
chloroethane 430
chloroform 80
chloromethane 260
cis-1,2-Dichloroethene 70
cis-1,3-Dichloropropene 8.5
dibromochloromethane 80

methylene chloride 5
styrene 100
tetrachloroethene 5
trans-1,2-dichloroethene 100
trans-1,3-dichloropropene 8.5
trichloroethene 5
trichlorofluoromethane 2600
vinyl chloride 2

other volatiles

isopropanol
tert-butanol 3900
tetrahydrofuran 95
1,4-Diethylene dioxide 85

Notes:

(Bold)
µg/L = micrograms per liter
NA = Not analyzed/measurement not taken
N = Normal, FD = Field Duplicate
Checked by: VRR
Date: 11/3/2015

MDEQ Part 201
Residential Drinking

Water Criteria

P-28 P-29 P-30 P-30 P-31 P-32 P-33 P-34 P-35 P-36 P-37 P-38 P-39 P-40
KL-GW-P-28 KL-GW-P-29 KL-GW-Duplicate #2 KL-GW-P-30 KL-GW-P-31 KL-GW-P-32 KL-GW-P-33 KL-GW-P-34 KL-GW-P-35 KL-GW-P-36 KL-GW-P-37 KL-GW-P-38 KL-GW-P-39 KL-GW-P-40
09/28/2015 09/28/2015 09/28/2015 09/28/2015 09/21/2015 09/24/2015 09/24/2015 09/24/2015 09/24/2015 09/22/2015 09/21/2015 09/30/2015 09/30/2015 09/30/2015

N N FD N N N N N N N N N N N
Result Result Result Result Result Result Result Result Result Result Result Result Result Result

< 1 < 1 < 1 < 1 < 1 < 1
< 1 < 1 < 1 < 1 < 1 < 1
< 1 < 1 < 1 < 1 < 1 < 1
6 13 4.4 < 1 3.5 1.4

< 1 < 1 < 1 < 1 < 1 < 1
< 1 3.3 < 1 5.2 < 1 < 1
< 1 < 1 < 1 < 1 < 1 < 1

< 50 < 50 < 50 < 50 < 50 < 50
< 50 < 50 < 50 < 50 < 50 < 50
< 50 < 50 < 50 < 50 < 50 < 50
< 50 < 50 < 50 < 50 < 50 < 50

< 1 < 1 160 160 120 79

< 1 < 1 < 1 < 1 < 1 < 1
< 2 < 2 < 2 < 2 < 2 < 2
< 1 < 1 < 1 < 1 < 1 < 1
< 1 < 1 < 1 < 1 < 1 < 1

< 1 < 1 < 1 < 1 < 1 < 1
< 1 < 1 < 1 < 1 < 1 < 1
< 5 < 5 < 5 < 5 < 5 < 5

< 50 < 50 < 50 < 50 < 50 < 50
< 1 < 1 < 1 < 1 < 1 < 1
< 1 < 1 < 1 < 1 < 1 < 1
39 < 5 20 20 7.6 13

< 1 < 1 < 1 < 1 < 1 < 1
< 5 < 5 < 5 < 5 < 5 < 5
< 1 < 1 < 1 < 1 < 1 < 1
< 1 < 1 < 1 < 1 < 1 < 1
< 5 < 5 < 5 < 5 < 5 < 5

< 5 < 5 < 5 < 5 < 5 < 5
< 1 < 1 < 1 < 1 < 1 < 1
< 1 < 1 < 1 < 1 < 1 < 1
< 1 < 1 < 1 < 1 < 1 < 1
< 1 < 1 < 1 < 1 < 1 < 1
< 1 < 1 < 1 < 1 < 1 < 1
< 1 < 1 < 1 < 1 < 1 < 1
< 1 < 1 < 1 < 1 < 1 < 1

1800 93 1400 1400 780 < 5 < 5 < 5 6.5 400 < 5 < 5 < 5 < 5
340 20 240 230 35 < 2 < 2 < 2 5.7 15 < 2 < 2 < 2 < 2
370 51 310 300 170 < 1 < 1 < 1 21 120 8.4 1.2 < 1 < 1
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December 2015 TABLE 1A
SUMMARY OF ANALYTICAL RESULTS-VOLATILE ORGANICS

4THQ 2015 MONITORING
WEST KL LANDFILL

943-8200

Well No.
Sample ID

COMPOUNDS Sample Date
Notes

TCL/8260 - Volatiles (µg/L) (µg/L)

1,1,1-trichloroethane 200
1,1,2,2-tetrachloroethane 8.5
1,1,2-trichloroethane 5
1,1-dichloroethane 880
1,1-dichloroethene 7
1,2-dichloroethane 5
1,2-dichloropropane 5

2-butanone 13000
2-hexanone 1000
4-methyl-2-pentanone 1800
acetone 730

benzene 5
ethylbenzene 74
m-and/or p-xylene 280
o-xylene 280
toluene 790

bromodichloromethane 80
bromoform 80
bromomethane 10
carbon disulfide 800
carbon tetrachloride 5
chlorobenzene 100
chloroethane 430
chloroform 80
chloromethane 260
cis-1,2-Dichloroethene 70
cis-1,3-Dichloropropene 8.5
dibromochloromethane 80

methylene chloride 5
styrene 100
tetrachloroethene 5
trans-1,2-dichloroethene 100
trans-1,3-dichloropropene 8.5
trichloroethene 5
trichlorofluoromethane 2600
vinyl chloride 2

other volatiles

isopropanol
tert-butanol 3900
tetrahydrofuran 95
1,4-Diethylene dioxide 85

Notes:

(Bold)
µg/L = micrograms per liter
NA = Not analyzed/measurement not taken
N = Normal, FD = Field Duplicate
Checked by: VRR
Date: 11/3/2015

MDEQ Part 201
Residential Drinking

Water Criteria

P-41 P-42 P-43 P-44 P-45 P-46 P-48 P-49 P-50 P-51 P-52 P-53 P-53 P-54
KL-GW-P-41 KL-GW-P-42 KL-GW-P-43 KL-GW-P-44 KL-GW-P-45 KL-GW-P-46 KL-GW-P-48 KL-GW-P-49 KL-GW-P-50 KL-GW-P-51 KL-GW-P-52 KL-GW-Duplicate #4 KL-GW-P-53 KL-GW-P-54
10/01/2015 09/24/2015 09/23/2015 09/23/2015 09/29/2015 09/29/2015 09/21/2015 09/21/2015 10/01/2015 09/29/2015 09/29/2015 10/01/2015 10/01/2015 09/28/2015

N N N N N N N N N N N FD N N
Result Result Result Result Result Result Result Result Result Result Result Result Result Result

< 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1
< 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1
< 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1
11 3.2 < 1 < 1 1.8 1 < 1 < 1 < 1 < 1
< 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1
< 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1
< 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1

< 50 < 50 < 50 < 50 < 50 < 50 < 50 < 50 < 50 < 50
< 50 < 50 < 50 < 50 < 50 < 50 < 50 < 50 < 50 < 50
< 50 < 50 < 50 < 50 < 50 < 50 < 50 < 50 < 50 < 50
< 50 < 50 < 50 < 50 < 50 < 50 < 50 < 50 < 50 < 50

< 1 < 1 3.2 91 130 74 110 25 56 52

< 1 < 1 < 1 25 29 9.6 < 1 < 1 19 18

< 2 < 2 < 2 19 31 < 2 < 2 < 2 < 2 < 2
< 1 < 1 < 1 4.1 1.5 < 1 < 1 < 1 < 1 < 1
< 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1

< 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1
< 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1
< 5 < 5 < 5 < 5 < 5 < 5 < 5 < 5 < 5 < 5

< 50 < 50 < 50 < 50 < 50 < 50 < 50 < 50 < 50 < 50
< 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1
< 1 < 1 < 1 6.4 2.3 130 21 < 1 34 31

< 5 11 < 5 6.5 5.1 9.3 11 11 < 5 < 5
< 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1
< 5 < 5 < 5 < 5 < 5 < 5 < 5 < 5 < 5 < 5
< 1 < 1 < 1 1.4 < 1 < 1 < 1 < 1 < 1 < 1
< 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1
< 5 < 5 < 5 < 5 < 5 < 5 < 5 < 5 < 5 < 5

< 5 < 5 < 5 < 5 < 5 < 5 < 5 < 5 < 5 < 5
< 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1
< 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1
< 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1
< 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1
< 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1
< 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1
< 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1

46 < 5 34 430 < 5 110 110 530 620 630 30 190 190 < 5
12 < 2 10 190 < 2 < 2 14 110 12 57 2.2 13 14 < 2
16 2.9 26 100 < 1 27 47 260 150 100 9.6 78 76 < 1
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December 2015 TABLE 1A
SUMMARY OF ANALYTICAL RESULTS-VOLATILE ORGANICS

4THQ 2015 MONITORING
WEST KL LANDFILL

943-8200

Well No.
Sample ID

COMPOUNDS Sample Date
Notes

TCL/8260 - Volatiles (µg/L) (µg/L)

1,1,1-trichloroethane 200
1,1,2,2-tetrachloroethane 8.5
1,1,2-trichloroethane 5
1,1-dichloroethane 880
1,1-dichloroethene 7
1,2-dichloroethane 5
1,2-dichloropropane 5

2-butanone 13000
2-hexanone 1000
4-methyl-2-pentanone 1800
acetone 730

benzene 5
ethylbenzene 74
m-and/or p-xylene 280
o-xylene 280
toluene 790

bromodichloromethane 80
bromoform 80
bromomethane 10
carbon disulfide 800
carbon tetrachloride 5
chlorobenzene 100
chloroethane 430
chloroform 80
chloromethane 260
cis-1,2-Dichloroethene 70
cis-1,3-Dichloropropene 8.5
dibromochloromethane 80

methylene chloride 5
styrene 100
tetrachloroethene 5
trans-1,2-dichloroethene 100
trans-1,3-dichloropropene 8.5
trichloroethene 5
trichlorofluoromethane 2600
vinyl chloride 2

other volatiles

isopropanol
tert-butanol 3900
tetrahydrofuran 95
1,4-Diethylene dioxide 85

Notes:

(Bold)
µg/L = micrograms per liter
NA = Not analyzed/measurement not taken
N = Normal, FD = Field Duplicate
Checked by: VRR
Date: 11/3/2015

MDEQ Part 201
Residential Drinking

Water Criteria

P-55 P-56 P-57 P-58 P-59 P-60 P-61 P-62 P-63 P-64 P-65 P-66 P-67 P-68 P-69
KL-GW-P-55 KL-GW-P-56 KL-GW-P-57 KL-GW-P-58 KL-GW-P-59 KL-GW-P-60 KL-GW-P-61 KL-GW-P-62 KL-GW-P-63 KL-GW-P-64 KL-GW-P-65 KL-GW-P-66 KL-GW-P-67 KL-GW-P-68 KL-GW-P-69
09/29/2015 09/16/2015 09/23/2015 09/18/2015 09/29/2015 09/30/2015 09/23/2015 09/18/2015 09/23/2015 09/17/2015 09/17/2015 09/16/2015 09/23/2015 09/22/2015 09/22/2015

N N N N N N N N N N N N N N N
Result Result Result Result Result Result Result Result Result Result Result Result Result Result Result

< 1
< 1
< 1
< 1
< 1
< 1
< 1

< 50
< 50
< 50
< 50

< 1
< 1
< 2
< 1
< 1

< 1
< 1
< 5

< 50
< 1
< 1
< 5
< 1
< 5
< 1
< 1
< 5

< 5
< 1
< 1
< 1
< 1
< 1
< 1
< 1

100 600 300 12 < 5 < 5 950 < 5 840 < 5 280 500 580 220 37

< 2 4.7 81 31 < 2 < 2 6.7 < 2 100 < 2 35 64 130 26 14

58 190 110 50 < 1 < 1 190 2.3 220 1.8 65 150 140 54 33
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December 2015 TABLE 1A
SUMMARY OF ANALYTICAL RESULTS-VOLATILE ORGANICS

4THQ 2015 MONITORING
WEST KL LANDFILL

943-8200

Well No.
Sample ID

COMPOUNDS Sample Date
Notes

TCL/8260 - Volatiles (µg/L) (µg/L)

1,1,1-trichloroethane 200
1,1,2,2-tetrachloroethane 8.5
1,1,2-trichloroethane 5
1,1-dichloroethane 880
1,1-dichloroethene 7
1,2-dichloroethane 5
1,2-dichloropropane 5

2-butanone 13000
2-hexanone 1000
4-methyl-2-pentanone 1800
acetone 730

benzene 5
ethylbenzene 74
m-and/or p-xylene 280
o-xylene 280
toluene 790

bromodichloromethane 80
bromoform 80
bromomethane 10
carbon disulfide 800
carbon tetrachloride 5
chlorobenzene 100
chloroethane 430
chloroform 80
chloromethane 260
cis-1,2-Dichloroethene 70
cis-1,3-Dichloropropene 8.5
dibromochloromethane 80

methylene chloride 5
styrene 100
tetrachloroethene 5
trans-1,2-dichloroethene 100
trans-1,3-dichloropropene 8.5
trichloroethene 5
trichlorofluoromethane 2600
vinyl chloride 2

other volatiles

isopropanol
tert-butanol 3900
tetrahydrofuran 95
1,4-Diethylene dioxide 85

Notes:

(Bold)
µg/L = micrograms per liter
NA = Not analyzed/measurement not taken
N = Normal, FD = Field Duplicate
Checked by: VRR
Date: 11/3/2015

MDEQ Part 201
Residential Drinking

Water Criteria

P-70 P-71 P-72 P-73 P-74 P-74 P-75 P-76 P-77 TW-4
KL-GW-P-70 KL-GW-P-71 KL-GW-P-72 KL-GW-P-73 KL-GW-Duplicate #1 KL-GW-P-74 KL-GW-P-75 KL-GW-P-76 KL-GW-P-77 KL-GW-TW-4
09/30/2015 09/17/2015 09/30/2015 09/18/2015 09/23/2015 09/23/2015 09/24/2015 09/17/2015 09/17/2015 09/29/2015

N N N N FD N N N N N
Result Result Result Result Result Result Result Result Result Result

< 1 < 1
< 1 < 1
< 1 < 1
< 1 < 1
< 1 < 1
< 1 < 1
< 1 < 1

< 50 < 50
< 50 < 50
< 50 < 50
< 50 < 50

< 1 27

< 1 2.7

< 2 < 2
< 1 < 1
< 1 < 1

< 1 < 1
< 1 < 1
< 5 < 5

< 50 < 50
< 1 < 1
< 1 1.8

< 5 < 5
< 1 < 1
< 5 < 5
< 1 < 1
< 1 < 1
< 5 < 5

< 5 < 5
< 1 < 1
< 1 < 1
< 1 < 1
< 1 < 1
< 1 < 1
< 1 < 1
< 1 < 1

27 47 8.5 48 17 17 38 < 5 < 5 120

8.6 9.2 < 2 12 8.4 8.3 24 < 2 < 2 < 2
25 26 6.3 23 28 24 38 < 1 1.6 20

X:\Clients\Pfizer\943-8200 KL Landfill\4 - DSRs\DSR(Semi Annual)2015 & 10-Yr Final MNA\Appendices\DSR fall 2015 - Appendix A\
2015_09 Table 1A VOCS.xlsx Page 5 of 5
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Well No. M-8 MW-1 MW-12 MW-13 MW-15 P-10711 P-19 P-20 P-21 P-24 P-25 P-27 P-28 P-28 P-29
PARAMETER METHODS Sample Date 9/24/2015 9/28/2015 9/22/2015 9/21/2015 9/30/2015 9/22/2015 9/28/2015 9/28/2015 9/21/2015 9/17/2015 9/17/2015 9/22/2015 9/28/2015 9/28/2015 9/28/2015

Notes N N N N N N N N N N N N FD N N
Inorganics UNITS Result Result Result Result Result Result Result Result Result Result Result Result Result Result Result

Alkalinity (as CaCO3) SM2320B mg/L 380 322 298 385 190 152 232 300 325 272 295 362 368 368 225
Iron (total) E200.7 mg/L 3.48 0.7 2.05 3.13 0.57 1.41 0.29 1.08 0.72 1.02 < 0.1 2.7 1.81 1.84 < 0.1
Iron, ferrous (field) Field meter mg/L 3.04 1.31 1.17 2.34 0.49 1.33 1.05 2.01 0.21 1.31 0.22 3.55 1.78 1.78 0
chloride E300.0A mg/L 42.3 67 38.3 232 5.2 57.5 43.6 72.5 111 50.3 29.2 181 247 250 34.2
dissolved solids, total E160.1 mg/L 431 344 286 648 254 222 314 426 438 400 316 566 772 778 322

nitrogen, ammonia E350.1 mg/L 4.7 31.2 4.5 33.8 < 0.5 < 0.5 < 0.5 < 0.5 15.7 < 0.5 < 0.5 16.7 < 0.5 < 0.5 < 0.5
nitrogen, nitrate E353.2 mg/L < 0.2 < 0.2 < 0.2 < 0.2 < 0.2 < 0.2 < 0.2 < 0.2 < 0.2 < 0.2 < 0.2 < 0.2 < 0.2 < 0.2 < 0.2
sulfate E300.0A mg/L 17 7 8 1 42 < 1 9 11 13 20 15 1 3 3 22
sulfide (field) Chemetrics-VVR mg/L 0.45 0.54 0.07 0.08 0.33 0.01 0.01 0.01 0.62 0.04 0.18 0.03 0.03 0.03 0.04

Field Parameters (1)

pH Field meter s 7.3 7.89 8.35 8.01 7.5 8.09 7.82 7.64 8.22 7.82 7.75 8.05 7.53 7.53 7.5
Specific Conductance Field meter uS/cm 841 820 651 1456 416 462 582 769 963 685 742 1229 1420 1420 559
Dissolved Oxygen Chemetrics-VVR mg/L 0.29 0.54 0.41 0.41 0.31 0.17 0.65 0.6 0.33 0.35 0.2 0.39 0.32 0.32 0.34
temperature Field meter deg c 11 10.8 11.2 11.9 11.1 11.2 11.3 11.1 11.4 11 10.7 10.9 11 11 11.2
Oxygen Reduction Potential Field meter mv -91.8 -166.5 -214.3 -167.1 -124.9 -183.9 -133.2 -137.8 -185.4 -105.2 73.2 -202.5 -146.2 -146.2 -19.0

Other Organic Indicators

COD E410.1 mg/L 21 32 18 109 < 20 UJ 12 15 19 36 < 10 < 20 UJ 64 95 95 < 10
TOC, low level SM5310C mg/L 7.6 10 6 34 0.5 2.8 3.8 5.7 11 2.1 1.9 19 28 29 1

methane RSK175 ug/L 430 3600 560 4600 12 8600 470 2600 4000 250 26 3800 NS 8600 36

Notes:
mg/L = milligrams per liter; su = standard units; 
µs/cm = micro Siemens per centimeter; mv = millivolts
°C = degrees Celsius; µg/L = micrograms per liter. 
N = Normal, FD = Field Duplicate
NS = not sampled
*reporting limit is approximate

UJ - estimated result

Checked by: VRR
Date: 11/3/2015

NA - Not analyzed. Due to preservation error, the analysis 
could not be completed.
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Well No.
PARAMETER METHODS Sample Date

Notes
Inorganics UNITS

Alkalinity (as CaCO3) SM2320B mg/L
Iron (total) E200.7 mg/L
Iron, ferrous (field) Field meter mg/L
chloride E300.0A mg/L
dissolved solids, total E160.1 mg/L

nitrogen, ammonia E350.1 mg/L
nitrogen, nitrate E353.2 mg/L
sulfate E300.0A mg/L
sulfide (field) Chemetrics-VVR mg/L

Field Parameters (1)

pH Field meter s
Specific Conductance Field meter uS/cm
Dissolved Oxygen Chemetrics-VVR mg/L
temperature Field meter deg c
Oxygen Reduction Potential Field meter mv

Other Organic Indicators

COD E410.1 mg/L
TOC, low level SM5310C mg/L

methane RSK175 ug/L

Notes:
mg/L = milligrams per liter; su = standard units; 
µs/cm = micro Siemens per centimeter; mv = millivolts
°C = degrees Celsius; µg/L = micrograms per liter. 
N = Normal, FD = Field Duplicate
NS = not sampled
*reporting limit is approximate

UJ - estimated result

Checked by: VRR
Date: 11/3/2015

NA - Not analyzed. Due to preservation error, the analysis 
could not be completed.

P-30 P-30 P-31 P-32 P-33 P-34 P-35 P-36 P-37 P-38 P-39 P-40 P-41 P-42 P-43
9/28/2015 9/28/2015 9/21/2015 9/24/2015 9/24/2015 9/24/2015 9/24/2015 9/22/2015 9/21/2015 9/30/2015 9/30/2015 9/30/2015 10/1/2015 9/24/2015 9/23/2015

FD N N N N N N N N N N N N N N
Result Result Result Result Result Result Result Result Result Result Result Result Result Result Result

595 588 622 200 215 212 268 310 255 NA 180 212 228 252 318
1.56 1.53 0.8 0.76 0.25 0.34 < 0.1 0.7 < 0.1 0.83 2.14 21 < 0.1 < 0.1 < 0.1
1.43 1.43 0.76 0.65 1.5 0.17 0 0.56 0 0.43 1.93 0 0 0 0
197 207 163 5.8 4.2 5.8 53.3 70.1 36.3 NA 6.8 4.4 21.2 38 37.5
666 686 622 220 246 262 348 388 312 NA 196 262 304 324 376

70.8 67.8 85.9 < 0.5 < 0.5 < 0.5 < 0.5 < 0.5 < 0.5 < 0.5 < 0.5 < 0.5 < 0.5 < 0.5 < 0.5
< 0.2 < 0.2 1.2 < 0.2 < 0.2 < 0.2 1 < 0.2 2 NA < 0.2 < 0.2 0.4 < 0.2 < 0.2

4 5 8 15 19 33 20 2 13 NA < 1 9 20 28 20
0.1 0.1 0.05 0.12 0.04 0 0.04 0.01 0.02 0.04 0.03 0 0.05 0.06 0.03

7.53 7.53 8.09 7.53 7.66 7.7 7.64 7.93 7.71 7.56 7.24 7.27 7.37 7.37 7.7
1757 1757 1746 412 435 462 684 757 609 428 356 414 525 628 703
0.46 0.46 0.19 0.37 0.92 0.52 3.37 0.66 3.23 0.33 0.26 0.51 0.47 0.89 1.79
10.8 10.8 10.4 10.4 11.1 10.2 10.3 10.9 10.9 11.7 11.7 11.6 11.4 10.3 10.5

-148.4 -148.4 -133.1 -118.2 -67.0 71.0 -227.1 -135.2 37.5 -128.5 -123.3 8.7 -0.1 143.5 17.4

101 97 86 < 10 < 10 < 10 < 10 24 < 10 < 10 < 10 < 10 < 20 UJ < 10 < 10
31 30 28 0.9 0.6 0.6 0.9 8 0.9 0.6 3.6 1.1 0.9 0.7 1.4

NS 5300 4200 6.4 3.2 < 1 34 150 73 2.7 1000 5.8 78 < 1 30
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Well No.
PARAMETER METHODS Sample Date

Notes
Inorganics UNITS

Alkalinity (as CaCO3) SM2320B mg/L
Iron (total) E200.7 mg/L
Iron, ferrous (field) Field meter mg/L
chloride E300.0A mg/L
dissolved solids, total E160.1 mg/L

nitrogen, ammonia E350.1 mg/L
nitrogen, nitrate E353.2 mg/L
sulfate E300.0A mg/L
sulfide (field) Chemetrics-VVR mg/L

Field Parameters (1)

pH Field meter s
Specific Conductance Field meter uS/cm
Dissolved Oxygen Chemetrics-VVR mg/L
temperature Field meter deg c
Oxygen Reduction Potential Field meter mv

Other Organic Indicators

COD E410.1 mg/L
TOC, low level SM5310C mg/L

methane RSK175 ug/L

Notes:
mg/L = milligrams per liter; su = standard units; 
µs/cm = micro Siemens per centimeter; mv = millivolts
°C = degrees Celsius; µg/L = micrograms per liter. 
N = Normal, FD = Field Duplicate
NS = not sampled
*reporting limit is approximate

UJ - estimated result

Checked by: VRR
Date: 11/3/2015

NA - Not analyzed. Due to preservation error, the analysis 
could not be completed.

P-44 P-45 P-46 P-48 P-49 P-50 P-51 P-52 P-53 P-53 P-54 P-55 P-56 P-57 P-58
9/23/2015 9/29/2015 9/29/2015 9/21/2015 9/21/2015 10/1/2015 9/29/2015 9/29/2015 10/1/2015 10/1/2015 9/28/2015 9/29/2015 9/16/2015 9/23/2015 9/18/2015

N N N N N N N N FD N N N N N N
Result Result Result Result Result Result Result Result Result Result Result Result Result Result Result

230 208 232 695 544 780 588 388 312 310 200 242 275 210 242
0.41 0.99 1.59 4.13 4.31 5.33 9.53 6.6 2.14 2.22 0.21 1.47 1.45 0.5 < 0.1
0.17 1.21 1.47 4.18 4.5 5.44 25.12 16.26 2.04 2.04 0 1.28 2.92 0.26 0
77.1 1.7 22.7 23.9 147 133 108 5.5 37.9 38.6 6.5 40.7 99 41.2 73.3
390 237 376 420 576 256 686 340 266 264 250 376 440 268 344

< 0.5 < 0.5 < 0.5 88.5 67.9 126 35.7 0.5 43.8 44.7 < 0.5 < 0.5 < 0.5 < 0.5 < 0.5
< 0.2 < 0.2 < 0.2 < 0.2 < 0.2 < 0.2 < 0.2 < 0.2 < 0.2 < 0.2 0.4 < 0.2 < 0.2 < 0.2 0.6

13 13 62 < 1 1 17 5 2 10 10 29 29 12 14 16
0.1 0.05 0.03 0.14 0.1 0.1 0.04 0.04 0.06 0.06 0.02 0.04 0 0.07 0.06

7.72 7.46 7.3 7.44 7.57 7.08 6.88 7.23 7.58 7.58 7.63 7.68 7.77 7.81 7.64
6.6 401 603 1428 1517 1962 1435 732 770 770 432 606 851 530 717
3.36 0.4 0.16 0.5 0.2 0.19 0.12 0.17 0.23 0.23 2.04 0.15 0.39 0.23 0.33
10.4 10.7 12.5 13.6 13.3 11.9 11.8 10.9 11.5 11.5 11.3 12.1 11.9 11.4 11.5
51.9 -116.8 -127.8 -95 -140.1 -97.5 -99.8 -146.5 -168.0 -168.0 60.1 -107.8 -132.0 -77.3 34.3

12 < 10 < 10 74 89 94 79 18 33 29 < 10 < 10 25 < 10 < 10
4.1 0.8 1.6 23 28 32 26 5.5 9.3 9.7 0.5 3.7 7.4 1.8 0.8

70 8.9 54 2000 6700 2700 1700 2600 NS 1300 < 1 82 5700 110 2
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Well No.
PARAMETER METHODS Sample Date

Notes
Inorganics UNITS

Alkalinity (as CaCO3) SM2320B mg/L
Iron (total) E200.7 mg/L
Iron, ferrous (field) Field meter mg/L
chloride E300.0A mg/L
dissolved solids, total E160.1 mg/L

nitrogen, ammonia E350.1 mg/L
nitrogen, nitrate E353.2 mg/L
sulfate E300.0A mg/L
sulfide (field) Chemetrics-VVR mg/L

Field Parameters (1)

pH Field meter s
Specific Conductance Field meter uS/cm
Dissolved Oxygen Chemetrics-VVR mg/L
temperature Field meter deg c
Oxygen Reduction Potential Field meter mv

Other Organic Indicators

COD E410.1 mg/L
TOC, low level SM5310C mg/L

methane RSK175 ug/L

Notes:
mg/L = milligrams per liter; su = standard units; 
µs/cm = micro Siemens per centimeter; mv = millivolts
°C = degrees Celsius; µg/L = micrograms per liter. 
N = Normal, FD = Field Duplicate
NS = not sampled
*reporting limit is approximate

UJ - estimated result

Checked by: VRR
Date: 11/3/2015

NA - Not analyzed. Due to preservation error, the analysis 
could not be completed.

P-59 P-60 P-61 P-62 P-63 P-64 P-65 P-66 P-67 P-68 P-69 P-70 P-71 P-72 P-73
9/29/2015 9/30/2015 9/23/2015 9/18/2015 9/23/2015 9/17/2015 9/17/2015 9/16/2015 9/23/2015 9/22/2015 9/22/2015 9/30/2015 9/17/2015 9/30/2015 9/18/2015

N N N N N N N N N N N N N N N
Result Result Result Result Result Result Result Result Result Result Result Result Result Result Result

192 212 182 292 180 242 192 182 170 202 195 205 205 204 202
0.41 0.24 1.14 5.93 2.94 < 0.1 1.65 2.13 2 2.1 < 0.1 0.15 0.26 0.34 0.34
0.41 0.04 1.04 6.27 1.42 0.19 2.05 1.1 1.89 1.81 0.06 0 0.46 0.32 0.24
2.9 5.7 95.1 51.8 98.5 30.8 38 60.4 76 32.8 25.3 24.7 26.3 11.5 16.4
712 290 326 360 326 302 228 252 292 233 226 308 202 286 248

< 0.5 < 0.5 < 0.5 < 0.5 < 0.5 < 0.5 < 0.5 < 0.5 < 0.5 < 0.5 < 0.5 < 0.5 < 0.5 < 0.5 < 0.5
< 0.2 < 0.2 < 0.2 < 0.2 < 0.2 1.2 < 0.2 < 0.2 < 0.2 < 0.2 < 0.2 < 0.2 < 0.2 < 0.2 < 0.2

31 33 < 1 < 1 < 1 22 < 1 < 1 < 1 3 16 18 12 25 27
0.03 0.07 0.05 0.13 0.04 0.01 0.08 0.01 0.03 0.08 0.02 0.01 0.01 0.05 0.27

7.4 7.55 7.95 7.52 7.9 7.77 7.99 7.88 7.99 7.94 7.92 7.58 7.89 7.62 7.2
411 453 635 724 650 592 475 546 567 476 468 471 483 446 473
0.13 0.51 0.2 0.4 0.29 3.18 0.36 0.1 0.12 0.36 1.82 0.35 1.38 0.24 0.29
10.4 10.8 11.3 12.5 11.3 10.8 12.1 11.8 11.1 11.3 11.6 10.5 10.7 10.8 11.4

-102.9 -59.7 -172.1 -133.0 -116.0 83.3 -172.4 -146.4 -179.0 -119.4 -0.3 -39.3 -29.3 -62.4 -57.3

< 20 UJ < 10 19 < 10 25 < 10 < 10 12 16 < 10 < 10 < 10 < 10 < 10 < 10
0.6 0.6 6.4 2.2 6.3 0.5 1.8 3.3 4.5 1.6 0.6 0.8 0.6 0.6 0.7

< 1 < 1 13000 520 21000 < 1 3300 11000 17000 4300 170 150 160 110 150
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Well No.
PARAMETER METHODS Sample Date

Notes
Inorganics UNITS

Alkalinity (as CaCO3) SM2320B mg/L
Iron (total) E200.7 mg/L
Iron, ferrous (field) Field meter mg/L
chloride E300.0A mg/L
dissolved solids, total E160.1 mg/L

nitrogen, ammonia E350.1 mg/L
nitrogen, nitrate E353.2 mg/L
sulfate E300.0A mg/L
sulfide (field) Chemetrics-VVR mg/L

Field Parameters (1)

pH Field meter s
Specific Conductance Field meter uS/cm
Dissolved Oxygen Chemetrics-VVR mg/L
temperature Field meter deg c
Oxygen Reduction Potential Field meter mv

Other Organic Indicators

COD E410.1 mg/L
TOC, low level SM5310C mg/L

methane RSK175 ug/L

Notes:
mg/L = milligrams per liter; su = standard units; 
µs/cm = micro Siemens per centimeter; mv = millivolts
°C = degrees Celsius; µg/L = micrograms per liter. 
N = Normal, FD = Field Duplicate
NS = not sampled
*reporting limit is approximate

UJ - estimated result

Checked by: VRR
Date: 11/3/2015

NA - Not analyzed. Due to preservation error, the analysis 
could not be completed.

P-74 P-74 P-75 P-76 P-77 TW-4
9/23/2015 9/23/2015 9/24/2015 9/17/2015 9/17/2015 9/29/2015

FD N N N N N
Result Result Result Result Result Result

211 210 252 220 208 295
< 0.1 0.11 < 0.1 0.13 0.66 2.07

0 0 0 0.51 0.25 1.75
31.2 31 34.1 14.8 12.6 23.3
260 248 320 258 230 322

< 0.5 < 0.5 < 0.5 < 0.5 < 0.5 0.8
< 0.2 < 0.2 < 0.2 2 < 0.2 0.5

13 13 31 22 20 13
0.03 0.03 0.02 0.03 0.06 0.06

7.96 7.96 7.19 7.88 7.91 7.46
502 502 613 502 457 655
0.2 0.2 0.33 5.38 0.23 1.38
10.9 10.9 10.5 10.6 11 12.4
-73.2 -73.2 150.0 98.0 86.0 -137.4

< 20 UJ < 10 < 10 < 20 UJ < 10 14
0.7 0.8 1.2 0.4 0.5 4.8

NS 9.2 50 < 1 3.7 270
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APPENDIX A 
FIELD SAMPLE COLLECTION RECORDS 































































































































APPENDIX B 
LAB REPORTS – KAR AND ALS 



KAR LAB REPORTS 



100 Route 206 North, MS 611
Peapack, NJ 07977

Pfizer Inc. (PGM-PGE) KAR Project No. : 509188

Date Activated : 09/17/15

Date Due : 10/15/15

Date Reported : 10/15/15

Date Validated : 10/15/15Attn : Mr. William Gierke

Project
Description : Analysis of aqueous samples from West KL Landfill (943-

8200.08).

Dear Client,

Your laboratory data is presented to you in this report.  Unless otherwise stated 
under the "Comments" heading, all tests were performed within the maximum 
allowable holding times, have met or exceeded QC requirements and the result 
represents the sample as it was received.  If a sample was identified as drinking 
water under the Safe Drinking Water Act, the "Comments" column may also 
contain federal drinking water information including MCL which is the Maximum 
Contaminant Level set by USEPA.  Values enclosed in brackets ([]) are Secondary 
MCL's and are non-enforceable guidelines for aesthetic quality. 

If you wish to contact us about this work please mention KAR Project No. 509188.  
To arrange additional sampling or testing please contact our Client Services 
Department.  If you have any questions regarding quality assurance please 
contact us.

Thank you for the opportunity to serve you.  Please  do not hesitate to call if we 
can provide additional assistance.

KAR KAR KAR KAR Laboratories, Inc.    

4425 Manchester Rd

Kalamazoo, MI 49001

Phone 269 381-9666

Fax 269 381-9698

www.karlabs.com
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KAR Laboratories, Inc. maintains Full Certification status for Bacteriology, Inorganics, Regulated Organics and Synthetic 
Organics through USEPA, Michigan Department of Public Health and Indiana State Department of Health.  This report may 
only be reproduced in full and not without the written consent of Pfizer Inc. (PGM-PGE).

Respectfully submitted,

David R. Alkema
Laboratory Manager

KAR KAR KAR KAR Laboratories, Inc.    .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   
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Sample Type : aqueous

Date Received : 09/29/15Sampled By : KI of AHC

Sample Date : 09/28/15

KAR Sample No. : 509188-01Sample Time : 1145

Sample ID : "KL-GW-MW-1"

Test Result Units of Measure Method Analyst CommentsAnalyzed

Prep, metals Completed EPA 200.7/8    STC09/30/15

Iron, total 0.70 mg/L EPA 200.7    JHB10/01/15

Alkalinity (as CaCO3) 322 mg/L SM 2320 B    AJK10/08/15

COD 32 mg/L EPA 410.4    JWW10/07/15

Chloride 67.0 mg/L EPA 300.0A    ALK10/06/15

Nitrogen, ammonia 31.2 mg/L EPA 350.1    JWW10/08/15

Nitrogen, nitrate <0.2 mg/L EPA 353.2    AJK09/30/15

Sulfate 7 mg/L EPA 300.0A    ALK10/01/15

Dissolved solids, total 344 mg/L EPA 160.1    EIF10/02/15

TOC, dissolved 9.8 mg/L SM 5310 C Result is actually non-purgeable organic
carbon (NPOC).   

JAR10/01/15

TOC, low level 10 mg/L SM 5310 C Result is actually non-purgeable organic
carbon (NPOC).   

JAR10/01/15

MDNR Scan 1 & 2 See below EPA 8260    JAR09/30/15

Prep, VOA Completed EPA 5030    JAR09/30/15

Prep, VOA (SIM) Completed EPA 5030    JAR10/01/15

1,1,1-Trichloroethane <1 ug/L EPA 8260    JAR09/30/15

1,1,2,2-Tetrachloroethane <1 ug/L EPA 8260    JAR09/30/15

1,1,2-Trichloroethane <1 ug/L EPA 8260    JAR09/30/15

1,1-Dichloroethane 7.2 ug/L EPA 8260    JAR09/30/15

1,1-Dichloroethene <1 ug/L EPA 8260    JAR09/30/15

1,2-Dichloroethane <1 ug/L EPA 8260    JAR09/30/15

1,2-Dichloropropane <1 ug/L EPA 8260    JAR09/30/15

1,4-Diethylene dioxide(SIM) 110 ug/L EPA 8260 (SIM)    JAR10/01/15

2-Butanone <50 ug/L EPA 8260    JAR09/30/15

2-Hexanone <50 ug/L EPA 8260    JAR09/30/15

4-Methyl-2-pentanone <50 ug/L EPA 8260    JAR09/30/15

Acetone <50 ug/L EPA 8260    JAR09/30/15

Benzene 110 ug/L EPA 8260    JAR09/30/15

Bromodichloromethane <1 ug/L EPA 8260    JAR09/30/15

Bromoform <1 ug/L EPA 8260    JAR09/30/15

Bromomethane <5 ug/L EPA 8260    JAR09/30/15

Carbon disulfide <50 ug/L EPA 8260    JAR09/30/15

Carbon tetrachloride <1 ug/L EPA 8260    JAR09/30/15

Chlorobenzene <1 ug/L EPA 8260    JAR09/30/15

Chloroethane 14 ug/L EPA 8260    JAR09/30/15

Chloroform <1 ug/L EPA 8260    JAR09/30/15

Chloromethane <5 ug/L EPA 8260    JAR09/30/15

Cis-1,2-Dichloroethene <1 ug/L EPA 8260    JAR09/30/15

Cis-1,3-Dichloropropene <1 ug/L EPA 8260    JAR09/30/15

Dibromochloromethane <5 ug/L EPA 8260    JAR09/30/15

Ethylbenzene <1 ug/L EPA 8260    JAR09/30/15

M-and/or p-xylene <2 ug/L EPA 8260    JAR09/30/15
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Client: Pfizer Inc. (PGM-PGE) KAR Project No. : 509188

Date Reported: 10/15/15

Project
Description : Analysis of aqueous samples from West KL Landfill (943-8200.08).

LABORATORY DETAIL REPORT

David R. Alkema, Lab Manager

Attest: 



Sample Type : aqueous

Date Received : 09/29/15Sampled By : KI of AHC

Sample Date : 09/28/15

KAR Sample No. : 509188-01Sample Time : 1145

Sample ID : "KL-GW-MW-1"

Test Result Units of Measure Method Analyst CommentsAnalyzed

Methylene chloride <5 ug/L EPA 8260    JAR09/30/15

O-Xylene <1 ug/L EPA 8260    JAR09/30/15

Styrene <1 ug/L EPA 8260    JAR09/30/15

Tert-Butanol (SIM) 390 ug/L EPA 8260 (SIM)    JAR10/01/15

Tetrachloroethene <1 ug/L EPA 8260    JAR09/30/15

Tetrahydrofuran (SIM) 11 ug/L EPA 8260 (SIM)    JAR10/01/15

Toluene <1 ug/L EPA 8260    JAR09/30/15

Trans-1,2-Dichloroethene <1 ug/L EPA 8260    JAR09/30/15

Trans-1,3-Dichloropropene <1 ug/L EPA 8260    JAR09/30/15

Trichloroethene <1 ug/L EPA 8260    JAR09/30/15

Trichlorofluoromethane <1 ug/L EPA 8260    JAR09/30/15

Vinyl chloride <1 ug/L EPA 8260    JAR09/30/15

12DCA-D4 (surr spk) 99 % spike recovery EPA 8260    JAR09/30/15

BFB (surr spk) 99 % spike recovery EPA 8260    JAR09/30/15

Toluene-D8 (surr spk) 106 % spike recovery EPA 8260    JAR09/30/15
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Client: Pfizer Inc. (PGM-PGE) KAR Project No. : 509188

Date Reported: 10/15/15

Project
Description : Analysis of aqueous samples from West KL Landfill (943-8200.08).

LABORATORY DETAIL REPORT

David R. Alkema, Lab Manager

Attest: 



Sample Type : aqueous

Date Received : 09/24/15Sampled By : KI of AHC

Sample Date : 09/24/15

KAR Sample No. : 509188-02Sample Time : 1243

Sample ID : "KL-GW-M-8"

Test Result Units of Measure Method Analyst CommentsAnalyzed

Prep, metals Completed EPA 200.7/8    STC09/25/15

Iron, total 3.48 mg/L EPA 200.7    JHB10/01/15

Alkalinity (as CaCO3) 380 mg/L SM 2320 B    AJK10/07/15

COD 21 mg/L EPA 410.4    JWW09/25/15

Chloride 42.3 mg/L EPA 300.0A    ALK09/25/15

Nitrogen, ammonia 4.7 mg/L EPA 350.1    JWW10/08/15

Nitrogen, nitrate <0.2 mg/L EPA 353.2    AJK09/25/15

Sulfate 17 mg/L EPA 300.0A    ALK09/25/15

Dissolved solids, total 431 mg/L EPA 160.1    JWW09/25/15

TOC, low level 7.6 mg/L SM 5310 C Result is actually non-purgeable organic
carbon (NPOC).   

JAR09/28/15

MDNR Scan 1 & 2 See below EPA 8260    JAR09/30/15

Prep, VOA Completed EPA 5030    JAR09/30/15

Prep, VOA (SIM) Completed EPA 5030    JAR09/25/15

1,1,1-Trichloroethane <1 ug/L EPA 8260    JAR09/30/15

1,1,2,2-Tetrachloroethane <1 ug/L EPA 8260    JAR09/30/15

1,1,2-Trichloroethane <1 ug/L EPA 8260    JAR09/30/15

1,1-Dichloroethane <1 ug/L EPA 8260    JAR09/30/15

1,1-Dichloroethene <1 ug/L EPA 8260    JAR09/30/15

1,2-Dichloroethane <1 ug/L EPA 8260    JAR09/30/15

1,2-Dichloropropane <1 ug/L EPA 8260    JAR09/30/15

1,4-Diethylene dioxide(SIM) 40 ug/L EPA 8260 (SIM)    JAR09/25/15

2-Butanone <50 ug/L EPA 8260    JAR09/30/15

2-Hexanone <50 ug/L EPA 8260    JAR09/30/15

4-Methyl-2-pentanone <50 ug/L EPA 8260    JAR09/30/15

Acetone <50 ug/L EPA 8260    JAR09/30/15

Benzene 1.1 ug/L EPA 8260    JAR09/30/15

Bromodichloromethane <1 ug/L EPA 8260    JAR09/30/15

Bromoform <1 ug/L EPA 8260    JAR09/30/15

Bromomethane <5 ug/L EPA 8260    JAR09/30/15

Carbon disulfide <50 ug/L EPA 8260    JAR09/30/15

Carbon tetrachloride <1 ug/L EPA 8260    JAR09/30/15

Chlorobenzene 3.4 ug/L EPA 8260    JAR09/30/15

Chloroethane <5 ug/L EPA 8260    JAR09/30/15

Chloroform <1 ug/L EPA 8260    JAR09/30/15

Chloromethane <5 ug/L EPA 8260    JAR09/30/15

Cis-1,2-Dichloroethene <1 ug/L EPA 8260    JAR09/30/15

Cis-1,3-Dichloropropene <1 ug/L EPA 8260    JAR09/30/15

Dibromochloromethane <5 ug/L EPA 8260    JAR09/30/15

Ethylbenzene <1 ug/L EPA 8260    JAR09/30/15

M-and/or p-xylene <2 ug/L EPA 8260    JAR09/30/15

Methylene chloride <5 ug/L EPA 8260    JAR09/30/15
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Client: Pfizer Inc. (PGM-PGE) KAR Project No. : 509188

Date Reported: 10/15/15

Project
Description : Analysis of aqueous samples from West KL Landfill (943-8200.08).

LABORATORY DETAIL REPORT

David R. Alkema, Lab Manager

Attest: 



Sample Type : aqueous

Date Received : 09/24/15Sampled By : KI of AHC

Sample Date : 09/24/15

KAR Sample No. : 509188-02Sample Time : 1243

Sample ID : "KL-GW-M-8"

Test Result Units of Measure Method Analyst CommentsAnalyzed

O-Xylene <1 ug/L EPA 8260    JAR09/30/15

Styrene <1 ug/L EPA 8260    JAR09/30/15

Tert-Butanol (SIM) 70 ug/L EPA 8260 (SIM)    JAR09/25/15

Tetrachloroethene <1 ug/L EPA 8260    JAR09/30/15

Tetrahydrofuran (SIM) 2.4 ug/L EPA 8260 (SIM)    JAR09/25/15

Toluene <1 ug/L EPA 8260    JAR09/30/15

Trans-1,2-Dichloroethene <1 ug/L EPA 8260    JAR09/30/15

Trans-1,3-Dichloropropene <1 ug/L EPA 8260    JAR09/30/15

Trichloroethene <1 ug/L EPA 8260    JAR09/30/15

Trichlorofluoromethane <1 ug/L EPA 8260    JAR09/30/15

Vinyl chloride <1 ug/L EPA 8260    JAR09/30/15

12DCA-D4 (surr spk) 99 % spike recovery EPA 8260    JAR09/30/15

BFB (surr spk) 99 % spike recovery EPA 8260    JAR09/30/15

Toluene-D8 (surr spk) 105 % spike recovery EPA 8260    JAR09/30/15
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Client: Pfizer Inc. (PGM-PGE) KAR Project No. : 509188

Date Reported: 10/15/15

Project
Description : Analysis of aqueous samples from West KL Landfill (943-8200.08).

LABORATORY DETAIL REPORT

David R. Alkema, Lab Manager

Attest: 



Sample Type : aqueous

Date Received : 09/22/15Sampled By : KI of AHC

Sample Date : 09/22/15

KAR Sample No. : 509188-03Sample Time : 1348

Sample ID : "KL-GW-MW-12"

Test Result Units of Measure Method Analyst CommentsAnalyzed

Prep, metals Completed EPA 200.7/8    STC09/23/15

Iron, total 2.05 mg/L EPA 200.7    JHB10/01/15

Alkalinity (as CaCO3) 298 mg/L SM 2320 B    AJK10/05/15

COD 18 mg/L EPA 410.4    JWW09/25/15

Chloride 38.3 mg/L EPA 300.0A    ALK09/23/15

Nitrogen, ammonia 4.5 mg/L EPA 350.1    JWW10/08/15

Nitrogen, nitrate <0.2 mg/L EPA 353.2    AJK09/23/15

Sulfate 8 mg/L EPA 300.0A    ALK09/23/15

Dissolved solids, total 286 mg/L EPA 160.1    JWW09/25/15

TOC, low level 6.0 mg/L SM 5310 C Result is actually non-purgeable organic
carbon (NPOC).   

JAR09/23/15

MDNR Scan 1 & 2 See below EPA 8260    JAR09/23/15

Prep, VOA Completed EPA 5030    JAR09/23/15

Prep, VOA (SIM) Completed EPA 5030    JAR09/24/15

1,1,1-Trichloroethane <1 ug/L EPA 8260    JAR09/23/15

1,1,2,2-Tetrachloroethane <1 ug/L EPA 8260    JAR09/23/15

1,1,2-Trichloroethane <1 ug/L EPA 8260    JAR09/23/15

1,1-Dichloroethane 1.0 ug/L EPA 8260    JAR09/23/15

1,1-Dichloroethene <1 ug/L EPA 8260    JAR09/23/15

1,2-Dichloroethane <1 ug/L EPA 8260    JAR09/23/15

1,2-Dichloropropane <1 ug/L EPA 8260    JAR09/23/15

1,4-Diethylene dioxide(SIM) 55 ug/L EPA 8260 (SIM)    JAR09/24/15

2-Butanone <50 ug/L EPA 8260    JAR09/23/15

2-Hexanone <50 ug/L EPA 8260    JAR09/23/15

4-Methyl-2-pentanone <50 ug/L EPA 8260    JAR09/23/15

Acetone <50 ug/L EPA 8260    JAR09/23/15

Benzene 140 ug/L EPA 8260    JAR09/23/15

Bromodichloromethane <1 ug/L EPA 8260    JAR09/23/15

Bromoform <1 ug/L EPA 8260    JAR09/23/15

Bromomethane <5 ug/L EPA 8260    JAR09/23/15

Carbon disulfide <50 ug/L EPA 8260    JAR09/23/15

Carbon tetrachloride <1 ug/L EPA 8260    JAR09/23/15

Chlorobenzene <1 ug/L EPA 8260    JAR09/23/15

Chloroethane <5 ug/L EPA 8260    JAR09/23/15

Chloroform <1 ug/L EPA 8260    JAR09/23/15

Chloromethane <5 ug/L EPA 8260    JAR09/23/15

Cis-1,2-Dichloroethene <1 ug/L EPA 8260    JAR09/23/15

Cis-1,3-Dichloropropene <1 ug/L EPA 8260    JAR09/23/15

Dibromochloromethane <5 ug/L EPA 8260    JAR09/23/15

Ethylbenzene <1 ug/L EPA 8260    JAR09/23/15

M-and/or p-xylene <2 ug/L EPA 8260    JAR09/23/15

Methylene chloride <5 ug/L EPA 8260    JAR09/23/15
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Client: Pfizer Inc. (PGM-PGE) KAR Project No. : 509188

Date Reported: 10/15/15

Project
Description : Analysis of aqueous samples from West KL Landfill (943-8200.08).

LABORATORY DETAIL REPORT

David R. Alkema, Lab Manager

Attest: 



Sample Type : aqueous

Date Received : 09/22/15Sampled By : KI of AHC

Sample Date : 09/22/15

KAR Sample No. : 509188-03Sample Time : 1348

Sample ID : "KL-GW-MW-12"

Test Result Units of Measure Method Analyst CommentsAnalyzed

O-Xylene <1 ug/L EPA 8260    JAR09/23/15

Styrene <1 ug/L EPA 8260    JAR09/23/15

Tert-Butanol (SIM) 280 ug/L EPA 8260 (SIM)    JAR09/24/15

Tetrachloroethene <1 ug/L EPA 8260    JAR09/23/15

Tetrahydrofuran (SIM) 1.9 ug/L EPA 8260 (SIM)    JAR09/24/15

Toluene <1 ug/L EPA 8260    JAR09/23/15

Trans-1,2-Dichloroethene <1 ug/L EPA 8260    JAR09/23/15

Trans-1,3-Dichloropropene <1 ug/L EPA 8260    JAR09/23/15

Trichloroethene <1 ug/L EPA 8260    JAR09/23/15

Trichlorofluoromethane <1 ug/L EPA 8260    JAR09/23/15

Vinyl chloride <1 ug/L EPA 8260    JAR09/23/15

12DCA-D4 (surr spk) 98 % spike recovery EPA 8260    JAR09/23/15

BFB (surr spk) 97 % spike recovery EPA 8260    JAR09/23/15

Toluene-D8 (surr spk) 102 % spike recovery EPA 8260    JAR09/23/15
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Client: Pfizer Inc. (PGM-PGE) KAR Project No. : 509188

Date Reported: 10/15/15

Project
Description : Analysis of aqueous samples from West KL Landfill (943-8200.08).

LABORATORY DETAIL REPORT

David R. Alkema, Lab Manager

Attest: 



Sample Type : aqueous

Date Received : 09/22/15Sampled By : KI of AHC

Sample Date : 09/21/15

KAR Sample No. : 509188-04Sample Time : 1301

Sample ID : "KL-GW-MW-13"

Test Result Units of Measure Method Analyst CommentsAnalyzed

Prep, metals Completed EPA 200.7/8    STC09/23/15

Iron, total 3.13 mg/L EPA 200.7    JHB10/01/15

Alkalinity (as CaCO3) 385 mg/L SM 2320 B    AJK10/01/15

COD 109 mg/L EPA 410.4    JWW09/25/15

Chloride 232 mg/L EPA 300.0A    ALK09/25/15

Nitrogen, ammonia 33.8 mg/L EPA 350.1    JWW10/08/15

Nitrogen, nitrate <0.2 mg/L EPA 353.2    AJK09/22/15

Sulfate 1 mg/L EPA 300.0A    ALK09/23/15

Dissolved solids, total 648 mg/L EPA 160.1    JWW09/25/15

TOC, dissolved 34 mg/L SM 5310 C Result is actually non-purgeable organic
carbon (NPOC).   

JAR09/23/15

TOC, low level 34 mg/L SM 5310 C Result is actually non-purgeable organic
carbon (NPOC).   

JAR09/23/15

MDNR Scan 1 & 2 See below EPA 8260    JAR09/23/15

Prep, VOA Completed EPA 5030    JAR09/23/15

Prep, VOA (SIM) Completed EPA 5030    JAR09/24/15

1,1,1-Trichloroethane <1 ug/L EPA 8260    JAR09/23/15

1,1,2,2-Tetrachloroethane <1 ug/L EPA 8260    JAR09/23/15

1,1,2-Trichloroethane <1 ug/L EPA 8260    JAR09/23/15

1,1-Dichloroethane 1.1 ug/L EPA 8260    JAR09/23/15

1,1-Dichloroethene <1 ug/L EPA 8260    JAR09/23/15

1,2-Dichloroethane <1 ug/L EPA 8260    JAR09/23/15

1,2-Dichloropropane <1 ug/L EPA 8260    JAR09/23/15

1,4-Diethylene dioxide(SIM) 420 ug/L EPA 8260 (SIM)    JAR09/24/15

2-Butanone <50 ug/L EPA 8260    JAR09/23/15

2-Hexanone <50 ug/L EPA 8260    JAR09/23/15

4-Methyl-2-pentanone <50 ug/L EPA 8260    JAR09/23/15

Acetone <50 ug/L EPA 8260    JAR09/23/15

Benzene 490 ug/L EPA 8260    JAR09/23/15

Bromodichloromethane <1 ug/L EPA 8260    JAR09/23/15

Bromoform <1 ug/L EPA 8260    JAR09/23/15

Bromomethane <5 ug/L EPA 8260    JAR09/23/15

Carbon disulfide <50 ug/L EPA 8260    JAR09/23/15

Carbon tetrachloride <1 ug/L EPA 8260    JAR09/23/15

Chlorobenzene <1 ug/L EPA 8260    JAR09/23/15

Chloroethane 13 ug/L EPA 8260    JAR09/23/15

Chloroform <1 ug/L EPA 8260    JAR09/23/15

Chloromethane <5 ug/L EPA 8260    JAR09/23/15

Cis-1,2-Dichloroethene <1 ug/L EPA 8260    JAR09/23/15

Cis-1,3-Dichloropropene <1 ug/L EPA 8260    JAR09/23/15

Dibromochloromethane <5 ug/L EPA 8260    JAR09/23/15

Ethylbenzene 1.2 ug/L EPA 8260    JAR09/23/15

M-and/or p-xylene <2 ug/L EPA 8260    JAR09/23/15
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Client: Pfizer Inc. (PGM-PGE) KAR Project No. : 509188

Date Reported: 10/15/15

Project
Description : Analysis of aqueous samples from West KL Landfill (943-8200.08).

LABORATORY DETAIL REPORT

David R. Alkema, Lab Manager

Attest: 



Sample Type : aqueous

Date Received : 09/22/15Sampled By : KI of AHC

Sample Date : 09/21/15

KAR Sample No. : 509188-04Sample Time : 1301

Sample ID : "KL-GW-MW-13"

Test Result Units of Measure Method Analyst CommentsAnalyzed

Methylene chloride <5 ug/L EPA 8260    JAR09/23/15

O-Xylene 1.4 ug/L EPA 8260    JAR09/23/15

Styrene <1 ug/L EPA 8260    JAR09/23/15

Tert-Butanol (SIM) 830 ug/L EPA 8260 (SIM)    JAR09/24/15

Tetrachloroethene <1 ug/L EPA 8260    JAR09/23/15

Tetrahydrofuran (SIM) 190 ug/L EPA 8260 (SIM)    JAR09/24/15

Toluene <1 ug/L EPA 8260    JAR09/23/15

Trans-1,2-Dichloroethene <1 ug/L EPA 8260    JAR09/23/15

Trans-1,3-Dichloropropene <1 ug/L EPA 8260    JAR09/23/15

Trichloroethene <1 ug/L EPA 8260    JAR09/23/15

Trichlorofluoromethane <1 ug/L EPA 8260    JAR09/23/15

Vinyl chloride <1 ug/L EPA 8260    JAR09/23/15

12DCA-D4 (surr spk) 98 % spike recovery EPA 8260    JAR09/23/15

BFB (surr spk) 99 % spike recovery EPA 8260    JAR09/23/15

Toluene-D8 (surr spk) 103 % spike recovery EPA 8260    JAR09/23/15
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Client: Pfizer Inc. (PGM-PGE) KAR Project No. : 509188

Date Reported: 10/15/15

Project
Description : Analysis of aqueous samples from West KL Landfill (943-8200.08).

LABORATORY DETAIL REPORT

David R. Alkema, Lab Manager

Attest: 



Sample Type : aqueous

Date Received : 10/01/15Sampled By : KI of AHC

Sample Date : 09/30/15

KAR Sample No. : 509188-05Sample Time : 1358

Sample ID : "KL-GW-MW-15"

Test Result Units of Measure Method Analyst CommentsAnalyzed

Prep, metals Completed EPA 200.7/8    STC10/02/15

Iron, total 0.57 mg/L EPA 200.7    JHB10/08/15

Alkalinity (as CaCO3) 190 mg/L SM 2320 B    AJK10/13/15

COD <20 mg/L EPA 410.4 Elevated detection limit due to sample
matrix interference.   

JWW10/07/15

Chloride 5.2 mg/L EPA 300.0A    ALK10/07/15

Nitrogen, ammonia <0.5 mg/L EPA 350.1    JWW10/08/15

Nitrogen, nitrate <0.2 mg/L EPA 353.2    AJK10/02/15

Sulfate 42 mg/L EPA 300.0A    ALK10/07/15

Dissolved solids, total 254 mg/L EPA 160.1    JWW10/06/15

TOC, low level 0.5 mg/L SM 5310 C Result is actually non-purgeable organic
carbon (NPOC).   

JAR10/05/15

MDNR Scan 1 & 2 See below EPA 8260    JAR10/02/15

Prep, VOA Completed EPA 5030    JAR10/02/15

Prep, VOA (SIM) Completed EPA 5030    JAR10/05/15

1,1,1-Trichloroethane <1 ug/L EPA 8260    JAR10/02/15

1,1,2,2-Tetrachloroethane <1 ug/L EPA 8260    JAR10/02/15

1,1,2-Trichloroethane <1 ug/L EPA 8260    JAR10/02/15

1,1-Dichloroethane <1 ug/L EPA 8260    JAR10/02/15

1,1-Dichloroethene <1 ug/L EPA 8260    JAR10/02/15

1,2-Dichloroethane <1 ug/L EPA 8260    JAR10/02/15

1,2-Dichloropropane <1 ug/L EPA 8260    JAR10/02/15

1,4-Diethylene dioxide(SIM) <1 ug/L EPA 8260 (SIM)    JAR10/05/15

2-Butanone <50 ug/L EPA 8260    JAR10/02/15

2-Hexanone <50 ug/L EPA 8260    JAR10/02/15

4-Methyl-2-pentanone <50 ug/L EPA 8260    JAR10/02/15

Acetone <50 ug/L EPA 8260    JAR10/02/15

Benzene <1 ug/L EPA 8260    JAR10/02/15

Bromodichloromethane <1 ug/L EPA 8260    JAR10/02/15

Bromoform <1 ug/L EPA 8260    JAR10/02/15

Bromomethane <5 ug/L EPA 8260    JAR10/02/15

Carbon disulfide <50 ug/L EPA 8260    JAR10/02/15

Carbon tetrachloride <1 ug/L EPA 8260    JAR10/02/15

Chlorobenzene <1 ug/L EPA 8260    JAR10/02/15

Chloroethane <5 ug/L EPA 8260    JAR10/02/15

Chloroform <1 ug/L EPA 8260    JAR10/02/15

Chloromethane <5 ug/L EPA 8260    JAR10/02/15

Cis-1,2-Dichloroethene <1 ug/L EPA 8260    JAR10/02/15

Cis-1,3-Dichloropropene <1 ug/L EPA 8260    JAR10/02/15

Dibromochloromethane <5 ug/L EPA 8260    JAR10/02/15

Ethylbenzene <1 ug/L EPA 8260    JAR10/02/15

M-and/or p-xylene <2 ug/L EPA 8260    JAR10/02/15

Methylene chloride <5 ug/L EPA 8260    JAR10/02/15
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Client: Pfizer Inc. (PGM-PGE) KAR Project No. : 509188

Date Reported: 10/15/15

Project
Description : Analysis of aqueous samples from West KL Landfill (943-8200.08).

LABORATORY DETAIL REPORT

David R. Alkema, Lab Manager

Attest: 



Sample Type : aqueous

Date Received : 10/01/15Sampled By : KI of AHC

Sample Date : 09/30/15

KAR Sample No. : 509188-05Sample Time : 1358

Sample ID : "KL-GW-MW-15"

Test Result Units of Measure Method Analyst CommentsAnalyzed

O-Xylene <1 ug/L EPA 8260    JAR10/02/15

Styrene <1 ug/L EPA 8260    JAR10/02/15

Tert-Butanol (SIM) <5 ug/L EPA 8260 (SIM)    JAR10/05/15

Tetrachloroethene <1 ug/L EPA 8260    JAR10/02/15

Tetrahydrofuran (SIM) <2 ug/L EPA 8260 (SIM)    JAR10/05/15

Toluene <1 ug/L EPA 8260    JAR10/02/15

Trans-1,2-Dichloroethene <1 ug/L EPA 8260    JAR10/02/15

Trans-1,3-Dichloropropene <1 ug/L EPA 8260    JAR10/02/15

Trichloroethene <1 ug/L EPA 8260    JAR10/02/15

Trichlorofluoromethane <1 ug/L EPA 8260    JAR10/02/15

Vinyl chloride <1 ug/L EPA 8260    JAR10/02/15

12DCA-D4 (surr spk) 101 % spike recovery EPA 8260    JAR10/02/15

BFB (surr spk) 101 % spike recovery EPA 8260    JAR10/02/15

Toluene-D8 (surr spk) 105 % spike recovery EPA 8260    JAR10/02/15

KAR KAR KAR KAR Laboratories, Inc.    .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   

of 128Page 11

Client: Pfizer Inc. (PGM-PGE) KAR Project No. : 509188

Date Reported: 10/15/15

Project
Description : Analysis of aqueous samples from West KL Landfill (943-8200.08).

LABORATORY DETAIL REPORT

David R. Alkema, Lab Manager

Attest: 



Sample Type : aqueous

Date Received : 09/29/15Sampled By : KI of AHC

Sample Date : 09/28/15

KAR Sample No. : 509188-06Sample Time : 1518

Sample ID : "KL-GW-P-19"

Test Result Units of Measure Method Analyst CommentsAnalyzed

Prep, metals Completed EPA 200.7/8    STC09/30/15

Iron, total 0.29 mg/L EPA 200.7    JHB10/01/15

Alkalinity (as CaCO3) 232 mg/L SM 2320 B    AJK10/08/15

COD 15 mg/L EPA 410.4    JWW10/07/15

Chloride 43.6 mg/L EPA 300.0A    ALK10/01/15

Nitrogen, ammonia <0.5 mg/L EPA 350.1    JWW10/08/15

Nitrogen, nitrate <0.2 mg/L EPA 353.2    AJK09/30/15

Sulfate 9 mg/L EPA 300.0A    ALK10/01/15

Dissolved solids, total 314 mg/L EPA 160.1    EIF10/02/15

TOC, low level 3.8 mg/L SM 5310 C Result is actually non-purgeable organic
carbon (NPOC).   

JAR10/01/15

MDNR Scan 1 & 2 See below EPA 8260    JAR09/30/15

Prep, VOA Completed EPA 5030    JAR09/30/15

Prep, VOA (SIM) Completed EPA 5030    JAR10/01/15

1,1,1-Trichloroethane <1 ug/L EPA 8260    JAR09/30/15

1,1,2,2-Tetrachloroethane <1 ug/L EPA 8260    JAR09/30/15

1,1,2-Trichloroethane <1 ug/L EPA 8260    JAR09/30/15

1,1-Dichloroethane 16 ug/L EPA 8260    JAR09/30/15

1,1-Dichloroethene <1 ug/L EPA 8260    JAR09/30/15

1,2-Dichloroethane <1 ug/L EPA 8260    JAR09/30/15

1,2-Dichloropropane <1 ug/L EPA 8260    JAR09/30/15

1,4-Diethylene dioxide(SIM) 82 ug/L EPA 8260 (SIM)    JAR10/01/15

2-Butanone <50 ug/L EPA 8260    JAR09/30/15

2-Hexanone <50 ug/L EPA 8260    JAR09/30/15

4-Methyl-2-pentanone <50 ug/L EPA 8260    JAR09/30/15

Acetone <50 ug/L EPA 8260    JAR09/30/15

Benzene 42 ug/L EPA 8260    JAR09/30/15

Bromodichloromethane <1 ug/L EPA 8260    JAR09/30/15

Bromoform <1 ug/L EPA 8260    JAR09/30/15

Bromomethane <5 ug/L EPA 8260    JAR09/30/15

Carbon disulfide <50 ug/L EPA 8260    JAR09/30/15

Carbon tetrachloride <1 ug/L EPA 8260    JAR09/30/15

Chlorobenzene <1 ug/L EPA 8260    JAR09/30/15

Chloroethane 22 ug/L EPA 8260    JAR09/30/15

Chloroform <1 ug/L EPA 8260    JAR09/30/15

Chloromethane <5 ug/L EPA 8260    JAR09/30/15

Cis-1,2-Dichloroethene <1 ug/L EPA 8260    JAR09/30/15

Cis-1,3-Dichloropropene <1 ug/L EPA 8260    JAR09/30/15

Dibromochloromethane <5 ug/L EPA 8260    JAR09/30/15

Ethylbenzene <1 ug/L EPA 8260    JAR09/30/15

M-and/or p-xylene <2 ug/L EPA 8260    JAR09/30/15

Methylene chloride <5 ug/L EPA 8260    JAR09/30/15
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Client: Pfizer Inc. (PGM-PGE) KAR Project No. : 509188

Date Reported: 10/15/15

Project
Description : Analysis of aqueous samples from West KL Landfill (943-8200.08).

LABORATORY DETAIL REPORT

David R. Alkema, Lab Manager

Attest: 



Sample Type : aqueous

Date Received : 09/29/15Sampled By : KI of AHC

Sample Date : 09/28/15

KAR Sample No. : 509188-06Sample Time : 1518

Sample ID : "KL-GW-P-19"

Test Result Units of Measure Method Analyst CommentsAnalyzed

O-Xylene <1 ug/L EPA 8260    JAR09/30/15

Styrene <1 ug/L EPA 8260    JAR09/30/15

Tert-Butanol (SIM) 280 ug/L EPA 8260 (SIM)    JAR10/01/15

Tetrachloroethene <1 ug/L EPA 8260    JAR09/30/15

Tetrahydrofuran (SIM) 91 ug/L EPA 8260 (SIM)    JAR10/01/15

Toluene <1 ug/L EPA 8260    JAR09/30/15

Trans-1,2-Dichloroethene <1 ug/L EPA 8260    JAR09/30/15

Trans-1,3-Dichloropropene <1 ug/L EPA 8260    JAR09/30/15

Trichloroethene <1 ug/L EPA 8260    JAR09/30/15

Trichlorofluoromethane <1 ug/L EPA 8260    JAR09/30/15

Vinyl chloride <1 ug/L EPA 8260    JAR09/30/15

12DCA-D4 (surr spk) 99 % spike recovery EPA 8260    JAR09/30/15

BFB (surr spk) 99 % spike recovery EPA 8260    JAR09/30/15

Toluene-D8 (surr spk) 104 % spike recovery EPA 8260    JAR09/30/15
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Client: Pfizer Inc. (PGM-PGE) KAR Project No. : 509188

Date Reported: 10/15/15

Project
Description : Analysis of aqueous samples from West KL Landfill (943-8200.08).

LABORATORY DETAIL REPORT

David R. Alkema, Lab Manager

Attest: 



Sample Type : aqueous

Date Received : 09/29/15Sampled By : KI of AHC

Sample Date : 09/28/15

KAR Sample No. : 509188-07Sample Time : 1424

Sample ID : "KL-GW-P-20"

Test Result Units of Measure Method Analyst CommentsAnalyzed

Prep, metals Completed EPA 200.7/8    STC09/30/15

Iron, total 1.08 mg/L EPA 200.7    JHB10/01/15

Alkalinity (as CaCO3) 300 mg/L SM 2320 B    AJK10/08/15

COD 19 mg/L EPA 410.4    JWW10/07/15

Chloride 72.5 mg/L EPA 300.0A    ALK10/06/15

Nitrogen, ammonia <0.5 mg/L EPA 350.1    JWW10/08/15

Nitrogen, nitrate <0.2 mg/L EPA 353.2    AJK09/30/15

Sulfate 11 mg/L EPA 300.0A    ALK10/01/15

Dissolved solids, total 426 mg/L EPA 160.1    EIF10/02/15

TOC, low level 5.7 mg/L SM 5310 C Result is actually non-purgeable organic
carbon (NPOC).   

JAR10/01/15

MDNR Scan 1 & 2 See below EPA 8260    JAR09/30/15

Prep, VOA Completed EPA 5030    JAR09/30/15

Prep, VOA (SIM) Completed EPA 5030    JAR10/01/15

1,1,1-Trichloroethane <1 ug/L EPA 8260    JAR09/30/15

1,1,2,2-Tetrachloroethane <1 ug/L EPA 8260    JAR09/30/15

1,1,2-Trichloroethane <1 ug/L EPA 8260    JAR09/30/15

1,1-Dichloroethane 9.1 ug/L EPA 8260    JAR09/30/15

1,1-Dichloroethene <1 ug/L EPA 8260    JAR09/30/15

1,2-Dichloroethane <1 ug/L EPA 8260    JAR09/30/15

1,2-Dichloropropane <1 ug/L EPA 8260    JAR09/30/15

1,4-Diethylene dioxide(SIM) 81 ug/L EPA 8260 (SIM)    JAR10/01/15

2-Butanone <50 ug/L EPA 8260    JAR09/30/15

2-Hexanone <50 ug/L EPA 8260    JAR09/30/15

4-Methyl-2-pentanone <50 ug/L EPA 8260    JAR09/30/15

Acetone <50 ug/L EPA 8260    JAR09/30/15

Benzene 17 ug/L EPA 8260    JAR09/30/15

Bromodichloromethane <1 ug/L EPA 8260    JAR09/30/15

Bromoform <1 ug/L EPA 8260    JAR09/30/15

Bromomethane <5 ug/L EPA 8260    JAR09/30/15

Carbon disulfide <50 ug/L EPA 8260    JAR09/30/15

Carbon tetrachloride <1 ug/L EPA 8260    JAR09/30/15

Chlorobenzene <1 ug/L EPA 8260    JAR09/30/15

Chloroethane 7.5 ug/L EPA 8260    JAR09/30/15

Chloroform <1 ug/L EPA 8260    JAR09/30/15

Chloromethane <5 ug/L EPA 8260    JAR09/30/15

Cis-1,2-Dichloroethene <1 ug/L EPA 8260    JAR09/30/15

Cis-1,3-Dichloropropene <1 ug/L EPA 8260    JAR09/30/15

Dibromochloromethane <5 ug/L EPA 8260    JAR09/30/15

Ethylbenzene <1 ug/L EPA 8260    JAR09/30/15

M-and/or p-xylene <2 ug/L EPA 8260    JAR09/30/15

Methylene chloride <5 ug/L EPA 8260    JAR09/30/15
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Client: Pfizer Inc. (PGM-PGE) KAR Project No. : 509188

Date Reported: 10/15/15

Project
Description : Analysis of aqueous samples from West KL Landfill (943-8200.08).

LABORATORY DETAIL REPORT

David R. Alkema, Lab Manager

Attest: 



Sample Type : aqueous

Date Received : 09/29/15Sampled By : KI of AHC

Sample Date : 09/28/15

KAR Sample No. : 509188-07Sample Time : 1424

Sample ID : "KL-GW-P-20"

Test Result Units of Measure Method Analyst CommentsAnalyzed

O-Xylene <1 ug/L EPA 8260    JAR09/30/15

Styrene <1 ug/L EPA 8260    JAR09/30/15

Tert-Butanol (SIM) 280 ug/L EPA 8260 (SIM)    JAR10/01/15

Tetrachloroethene <1 ug/L EPA 8260    JAR09/30/15

Tetrahydrofuran (SIM) 64 ug/L EPA 8260 (SIM)    JAR10/01/15

Toluene <1 ug/L EPA 8260    JAR09/30/15

Trans-1,2-Dichloroethene <1 ug/L EPA 8260    JAR09/30/15

Trans-1,3-Dichloropropene <1 ug/L EPA 8260    JAR09/30/15

Trichloroethene <1 ug/L EPA 8260    JAR09/30/15

Trichlorofluoromethane <1 ug/L EPA 8260    JAR09/30/15

Vinyl chloride <1 ug/L EPA 8260    JAR09/30/15

12DCA-D4 (surr spk) 100 % spike recovery EPA 8260    JAR09/30/15

BFB (surr spk) 99 % spike recovery EPA 8260    JAR09/30/15

Toluene-D8 (surr spk) 104 % spike recovery EPA 8260    JAR09/30/15
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Client: Pfizer Inc. (PGM-PGE) KAR Project No. : 509188

Date Reported: 10/15/15

Project
Description : Analysis of aqueous samples from West KL Landfill (943-8200.08).

LABORATORY DETAIL REPORT

David R. Alkema, Lab Manager

Attest: 



Sample Type : aqueous

Date Received : 09/22/15Sampled By : KI of AHC

Sample Date : 09/21/15

KAR Sample No. : 509188-08Sample Time : 1128

Sample ID : "KL-GW-P-21"

Test Result Units of Measure Method Analyst CommentsAnalyzed

Prep, metals Completed EPA 200.7/8    STC09/23/15

Iron, total 0.72 mg/L EPA 200.7    JHB10/01/15

Alkalinity (as CaCO3) 325 mg/L SM 2320 B    AJK10/01/15

COD 36 mg/L EPA 410.4    JWW09/25/15

Chloride 111 mg/L EPA 300.0A    ALK09/25/15

Nitrogen, ammonia 15.7 mg/L EPA 350.1    JWW10/08/15

Nitrogen, nitrate <0.2 mg/L EPA 353.2    AJK09/22/15

Sulfate 13 mg/L EPA 300.0A    ALK09/23/15

Dissolved solids, total 438 mg/L EPA 160.1    JWW09/25/15

TOC, low level 11 mg/L SM 5310 C Result is actually non-purgeable organic
carbon (NPOC).   

JAR09/23/15

MDNR Scan 1 & 2 See below EPA 8260    JAR09/23/15

Prep, VOA Completed EPA 5030    JAR09/23/15

Prep, VOA (SIM) Completed EPA 5030    JAR09/24/15

1,1,1-Trichloroethane <1 ug/L EPA 8260    JAR09/23/15

1,1,2,2-Tetrachloroethane <1 ug/L EPA 8260    JAR09/23/15

1,1,2-Trichloroethane <1 ug/L EPA 8260    JAR09/23/15

1,1-Dichloroethane 4.1 ug/L EPA 8260    JAR09/23/15

1,1-Dichloroethene <1 ug/L EPA 8260    JAR09/23/15

1,2-Dichloroethane <1 ug/L EPA 8260    JAR09/23/15

1,2-Dichloropropane <1 ug/L EPA 8260    JAR09/23/15

1,4-Diethylene dioxide(SIM) 200 ug/L EPA 8260 (SIM)    JAR09/24/15

2-Butanone <50 ug/L EPA 8260    JAR09/23/15

2-Hexanone <50 ug/L EPA 8260    JAR09/23/15

4-Methyl-2-pentanone <50 ug/L EPA 8260    JAR09/23/15

Acetone <50 ug/L EPA 8260    JAR09/23/15

Benzene 120 ug/L EPA 8260    JAR09/23/15

Bromodichloromethane <1 ug/L EPA 8260    JAR09/23/15

Bromoform <1 ug/L EPA 8260    JAR09/23/15

Bromomethane <5 ug/L EPA 8260    JAR09/23/15

Carbon disulfide <50 ug/L EPA 8260    JAR09/23/15

Carbon tetrachloride <1 ug/L EPA 8260    JAR09/23/15

Chlorobenzene <1 ug/L EPA 8260    JAR09/23/15

Chloroethane 12 ug/L EPA 8260    JAR09/23/15

Chloroform <1 ug/L EPA 8260    JAR09/23/15

Chloromethane <5 ug/L EPA 8260    JAR09/23/15

Cis-1,2-Dichloroethene <1 ug/L EPA 8260    JAR09/23/15

Cis-1,3-Dichloropropene <1 ug/L EPA 8260    JAR09/23/15

Dibromochloromethane <5 ug/L EPA 8260    JAR09/23/15

Ethylbenzene <1 ug/L EPA 8260    JAR09/23/15

M-and/or p-xylene <2 ug/L EPA 8260    JAR09/23/15

Methylene chloride <5 ug/L EPA 8260    JAR09/23/15
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Client: Pfizer Inc. (PGM-PGE) KAR Project No. : 509188

Date Reported: 10/15/15

Project
Description : Analysis of aqueous samples from West KL Landfill (943-8200.08).

LABORATORY DETAIL REPORT

David R. Alkema, Lab Manager

Attest: 



Sample Type : aqueous

Date Received : 09/22/15Sampled By : KI of AHC

Sample Date : 09/21/15

KAR Sample No. : 509188-08Sample Time : 1128

Sample ID : "KL-GW-P-21"

Test Result Units of Measure Method Analyst CommentsAnalyzed

O-Xylene <1 ug/L EPA 8260    JAR09/23/15

Styrene <1 ug/L EPA 8260    JAR09/23/15

Tert-Butanol (SIM) 920 ug/L EPA 8260 (SIM)    JAR09/24/15

Tetrachloroethene <1 ug/L EPA 8260    JAR09/23/15

Tetrahydrofuran (SIM) 17 ug/L EPA 8260 (SIM)    JAR09/24/15

Toluene <1 ug/L EPA 8260    JAR09/23/15

Trans-1,2-Dichloroethene <1 ug/L EPA 8260    JAR09/23/15

Trans-1,3-Dichloropropene <1 ug/L EPA 8260    JAR09/23/15

Trichloroethene <1 ug/L EPA 8260    JAR09/23/15

Trichlorofluoromethane <1 ug/L EPA 8260    JAR09/23/15

Vinyl chloride <1 ug/L EPA 8260    JAR09/23/15

12DCA-D4 (surr spk) 97 % spike recovery EPA 8260    JAR09/23/15

BFB (surr spk) 101 % spike recovery EPA 8260    JAR09/23/15

Toluene-D8 (surr spk) 102 % spike recovery EPA 8260    JAR09/23/15
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Client: Pfizer Inc. (PGM-PGE) KAR Project No. : 509188

Date Reported: 10/15/15

Project
Description : Analysis of aqueous samples from West KL Landfill (943-8200.08).

LABORATORY DETAIL REPORT

David R. Alkema, Lab Manager

Attest: 



Sample Type : aqueous

Date Received : 09/17/15Sampled By : KI of AHC

Sample Date : 09/17/15

KAR Sample No. : 509188-09Sample Time : 1508

Sample ID : "KL-GW-P-24"

Test Result Units of Measure Method Analyst CommentsAnalyzed

Prep, metals Completed EPA 200.7/8    STC09/18/15

Iron, total 1.02 mg/L EPA 200.7    JHB10/01/15

Alkalinity (as CaCO3) 272 mg/L SM 2320 B    AJK09/29/15

COD <10 mg/L EPA 410.4    JWW09/21/15

Chloride 50.3 mg/L EPA 300.0A    ALK09/18/15

Nitrogen, ammonia <0.5 mg/L EPA 350.1    JWW09/22/15

Nitrogen, nitrate <0.2 mg/L EPA 353.2    AJK09/18/15

Sulfate 20 mg/L EPA 300.0A    ALK09/18/15

Dissolved solids, total 400 mg/L EPA 160.1    JWW09/21/15

TOC, low level 2.1 mg/L SM 5310 C Result is actually non-purgeable organic
carbon (NPOC).   

JAR09/23/15

MDNR Scan 1 & 2 See below EPA 8260    JAR09/23/15

Prep, VOA Completed EPA 5030    JAR09/23/15

Prep, VOA (SIM) Completed EPA 5030    JAR09/24/15

1,1,1-Trichloroethane <1 ug/L EPA 8260    JAR09/23/15

1,1,2,2-Tetrachloroethane <1 ug/L EPA 8260    JAR09/23/15

1,1,2-Trichloroethane <1 ug/L EPA 8260    JAR09/23/15

1,1-Dichloroethane <1 ug/L EPA 8260    JAR09/23/15

1,1-Dichloroethene <1 ug/L EPA 8260    JAR09/23/15

1,2-Dichloroethane <1 ug/L EPA 8260    JAR09/23/15

1,2-Dichloropropane <1 ug/L EPA 8260    JAR09/23/15

1,4-Diethylene dioxide(SIM) 37 ug/L EPA 8260 (SIM)    JAR09/24/15

2-Butanone <50 ug/L EPA 8260    JAR09/23/15

2-Hexanone <50 ug/L EPA 8260    JAR09/23/15

4-Methyl-2-pentanone <50 ug/L EPA 8260    JAR09/23/15

Acetone <50 ug/L EPA 8260    JAR09/23/15

Benzene <1 ug/L EPA 8260    JAR09/23/15

Bromodichloromethane <1 ug/L EPA 8260    JAR09/23/15

Bromoform <1 ug/L EPA 8260    JAR09/23/15

Bromomethane <5 ug/L EPA 8260    JAR09/23/15

Carbon disulfide <50 ug/L EPA 8260    JAR09/23/15

Carbon tetrachloride <1 ug/L EPA 8260    JAR09/23/15

Chlorobenzene <1 ug/L EPA 8260    JAR09/23/15

Chloroethane <5 ug/L EPA 8260    JAR09/23/15

Chloroform <1 ug/L EPA 8260    JAR09/23/15

Chloromethane <5 ug/L EPA 8260    JAR09/23/15

Cis-1,2-Dichloroethene <1 ug/L EPA 8260    JAR09/23/15

Cis-1,3-Dichloropropene <1 ug/L EPA 8260    JAR09/23/15

Dibromochloromethane <5 ug/L EPA 8260    JAR09/23/15

Ethylbenzene <1 ug/L EPA 8260    JAR09/23/15

M-and/or p-xylene <2 ug/L EPA 8260    JAR09/23/15

Methylene chloride <5 ug/L EPA 8260    JAR09/23/15
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Client: Pfizer Inc. (PGM-PGE) KAR Project No. : 509188

Date Reported: 10/15/15

Project
Description : Analysis of aqueous samples from West KL Landfill (943-8200.08).

LABORATORY DETAIL REPORT

David R. Alkema, Lab Manager

Attest: 



Sample Type : aqueous

Date Received : 09/17/15Sampled By : KI of AHC

Sample Date : 09/17/15

KAR Sample No. : 509188-09Sample Time : 1508

Sample ID : "KL-GW-P-24"

Test Result Units of Measure Method Analyst CommentsAnalyzed

O-Xylene <1 ug/L EPA 8260    JAR09/23/15

Styrene <1 ug/L EPA 8260    JAR09/23/15

Tert-Butanol (SIM) 19 ug/L EPA 8260 (SIM)    JAR09/24/15

Tetrachloroethene <1 ug/L EPA 8260    JAR09/23/15

Tetrahydrofuran (SIM) <2 ug/L EPA 8260 (SIM)    JAR09/24/15

Toluene <1 ug/L EPA 8260    JAR09/23/15

Trans-1,2-Dichloroethene <1 ug/L EPA 8260    JAR09/23/15

Trans-1,3-Dichloropropene <1 ug/L EPA 8260    JAR09/23/15

Trichloroethene <1 ug/L EPA 8260    JAR09/23/15

Trichlorofluoromethane <1 ug/L EPA 8260    JAR09/23/15

Vinyl chloride <1 ug/L EPA 8260    JAR09/23/15

12DCA-D4 (surr spk) 98 % spike recovery EPA 8260    JAR09/23/15

BFB (surr spk) 101 % spike recovery EPA 8260    JAR09/23/15

Toluene-D8 (surr spk) 102 % spike recovery EPA 8260    JAR09/23/15
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Client: Pfizer Inc. (PGM-PGE) KAR Project No. : 509188

Date Reported: 10/15/15

Project
Description : Analysis of aqueous samples from West KL Landfill (943-8200.08).

LABORATORY DETAIL REPORT

David R. Alkema, Lab Manager

Attest: 



Sample Type : aqueous

Date Received : 09/17/15Sampled By : KI of AHC

Sample Date : 09/17/15

KAR Sample No. : 509188-10Sample Time : 1422

Sample ID : "KL-GW-P-25"

Test Result Units of Measure Method Analyst CommentsAnalyzed

Prep, metals Completed EPA 200.7/8    STC09/18/15

Iron, total <0.1 mg/L EPA 200.7    JHB10/01/15

Alkalinity (as CaCO3) 295 mg/L SM 2320 B    AJK09/29/15

COD <20 mg/L EPA 410.4 Elevated detection limit due to sample
matrix interference.   

JWW09/21/15

Chloride 29.2 mg/L EPA 300.0A    ALK09/18/15

Nitrogen, ammonia <0.5 mg/L EPA 350.1    JWW09/22/15

Nitrogen, nitrate <0.2 mg/L EPA 353.2    AJK09/18/15

Sulfate 15 mg/L EPA 300.0A    ALK09/18/15

Dissolved solids, total 316 mg/L EPA 160.1    JWW09/21/15

TOC, low level 1.9 mg/L SM 5310 C Result is actually non-purgeable organic
carbon (NPOC).   

JAR09/23/15

MDNR Scan 1 & 2 See below EPA 8260    JAR09/23/15

Prep, VOA Completed EPA 5030    JAR09/23/15

Prep, VOA (SIM) Completed EPA 5030    JAR09/24/15

1,1,1-Trichloroethane <1 ug/L EPA 8260    JAR09/23/15

1,1,2,2-Tetrachloroethane <1 ug/L EPA 8260    JAR09/23/15

1,1,2-Trichloroethane <1 ug/L EPA 8260    JAR09/23/15

1,1-Dichloroethane 6.2 ug/L EPA 8260    JAR09/23/15

1,1-Dichloroethene <1 ug/L EPA 8260    JAR09/23/15

1,2-Dichloroethane <1 ug/L EPA 8260    JAR09/23/15

1,2-Dichloropropane <1 ug/L EPA 8260    JAR09/23/15

1,4-Diethylene dioxide(SIM) 33 ug/L EPA 8260 (SIM)    JAR09/24/15

2-Butanone <50 ug/L EPA 8260    JAR09/23/15

2-Hexanone <50 ug/L EPA 8260    JAR09/23/15

4-Methyl-2-pentanone <50 ug/L EPA 8260    JAR09/23/15

Acetone <50 ug/L EPA 8260    JAR09/23/15

Benzene <1 ug/L EPA 8260    JAR09/23/15

Bromodichloromethane <1 ug/L EPA 8260    JAR09/23/15

Bromoform <1 ug/L EPA 8260    JAR09/23/15

Bromomethane <5 ug/L EPA 8260    JAR09/23/15

Carbon disulfide <50 ug/L EPA 8260    JAR09/23/15

Carbon tetrachloride <1 ug/L EPA 8260    JAR09/23/15

Chlorobenzene <1 ug/L EPA 8260    JAR09/23/15

Chloroethane <5 ug/L EPA 8260    JAR09/23/15

Chloroform <1 ug/L EPA 8260    JAR09/23/15

Chloromethane <5 ug/L EPA 8260    JAR09/23/15

Cis-1,2-Dichloroethene <1 ug/L EPA 8260    JAR09/23/15

Cis-1,3-Dichloropropene <1 ug/L EPA 8260    JAR09/23/15

Dibromochloromethane <5 ug/L EPA 8260    JAR09/23/15

Ethylbenzene <1 ug/L EPA 8260    JAR09/23/15

M-and/or p-xylene <2 ug/L EPA 8260    JAR09/23/15

Methylene chloride <5 ug/L EPA 8260    JAR09/23/15
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Client: Pfizer Inc. (PGM-PGE) KAR Project No. : 509188

Date Reported: 10/15/15

Project
Description : Analysis of aqueous samples from West KL Landfill (943-8200.08).

LABORATORY DETAIL REPORT

David R. Alkema, Lab Manager

Attest: 



Sample Type : aqueous

Date Received : 09/17/15Sampled By : KI of AHC

Sample Date : 09/17/15

KAR Sample No. : 509188-10Sample Time : 1422

Sample ID : "KL-GW-P-25"

Test Result Units of Measure Method Analyst CommentsAnalyzed

O-Xylene <1 ug/L EPA 8260    JAR09/23/15

Styrene <1 ug/L EPA 8260    JAR09/23/15

Tert-Butanol (SIM) 56 ug/L EPA 8260 (SIM)    JAR09/24/15

Tetrachloroethene <1 ug/L EPA 8260    JAR09/23/15

Tetrahydrofuran (SIM) 45 ug/L EPA 8260 (SIM)    JAR09/24/15

Toluene <1 ug/L EPA 8260    JAR09/23/15

Trans-1,2-Dichloroethene <1 ug/L EPA 8260    JAR09/23/15

Trans-1,3-Dichloropropene <1 ug/L EPA 8260    JAR09/23/15

Trichloroethene <1 ug/L EPA 8260    JAR09/23/15

Trichlorofluoromethane <1 ug/L EPA 8260    JAR09/23/15

Vinyl chloride <1 ug/L EPA 8260    JAR09/23/15

12DCA-D4 (surr spk) 99 % spike recovery EPA 8260    JAR09/23/15

BFB (surr spk) 100 % spike recovery EPA 8260    JAR09/23/15

Toluene-D8 (surr spk) 102 % spike recovery EPA 8260    JAR09/23/15
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Client: Pfizer Inc. (PGM-PGE) KAR Project No. : 509188

Date Reported: 10/15/15

Project
Description : Analysis of aqueous samples from West KL Landfill (943-8200.08).

LABORATORY DETAIL REPORT

David R. Alkema, Lab Manager

Attest: 



Sample Type : aqueous

Date Received : 09/22/15Sampled By : KI of AHC

Sample Date : 09/22/15

KAR Sample No. : 509188-11Sample Time : 1250

Sample ID : "KL-GW-P-27"

Test Result Units of Measure Method Analyst CommentsAnalyzed

Prep, metals Completed EPA 200.7/8    STC09/23/15

Iron, total 2.70 mg/L EPA 200.7    JHB10/01/15

Alkalinity (as CaCO3) 362 mg/L SM 2320 B    AJK10/05/15

COD 64 mg/L EPA 410.4    JWW09/25/15

Chloride 181 mg/L EPA 300.0A    ALK09/25/15

Nitrogen, ammonia 16.7 mg/L EPA 350.1    JWW10/08/15

Nitrogen, nitrate <0.2 mg/L EPA 353.2    AJK09/23/15

Sulfate 1 mg/L EPA 300.0A    ALK09/23/15

Dissolved solids, total 566 mg/L EPA 160.1    JWW09/25/15

TOC, dissolved 18 mg/L SM 5310 C Result is actually non-purgeable organic
carbon (NPOC).   

JAR09/23/15

TOC, low level 19 mg/L SM 5310 C Result is actually non-purgeable organic
carbon (NPOC).   

JAR09/23/15

MDNR Scan 1 & 2 See below EPA 8260    JAR09/23/15

Prep, VOA Completed EPA 5030    JAR09/23/15

Prep, VOA (SIM) Completed EPA 5030    JAR09/24/15

1,1,1-Trichloroethane <1 ug/L EPA 8260    JAR09/23/15

1,1,2,2-Tetrachloroethane <1 ug/L EPA 8260    JAR09/23/15

1,1,2-Trichloroethane <1 ug/L EPA 8260    JAR09/23/15

1,1-Dichloroethane 3.9 ug/L EPA 8260    JAR09/23/15

1,1-Dichloroethene <1 ug/L EPA 8260    JAR09/23/15

1,2-Dichloroethane <1 ug/L EPA 8260    JAR09/23/15

1,2-Dichloropropane <1 ug/L EPA 8260    JAR09/23/15

1,4-Diethylene dioxide(SIM) 230 ug/L EPA 8260 (SIM)    JAR09/24/15

2-Butanone <50 ug/L EPA 8260    JAR09/23/15

2-Hexanone <50 ug/L EPA 8260    JAR09/23/15

4-Methyl-2-pentanone <50 ug/L EPA 8260    JAR09/23/15

Acetone <50 ug/L EPA 8260    JAR09/23/15

Benzene 120 ug/L EPA 8260    JAR09/23/15

Bromodichloromethane <1 ug/L EPA 8260    JAR09/23/15

Bromoform <1 ug/L EPA 8260    JAR09/23/15

Bromomethane <5 ug/L EPA 8260    JAR09/23/15

Carbon disulfide <50 ug/L EPA 8260    JAR09/23/15

Carbon tetrachloride <1 ug/L EPA 8260    JAR09/23/15

Chlorobenzene <1 ug/L EPA 8260    JAR09/23/15

Chloroethane 14 ug/L EPA 8260    JAR09/23/15

Chloroform <1 ug/L EPA 8260    JAR09/23/15

Chloromethane <5 ug/L EPA 8260    JAR09/23/15

Cis-1,2-Dichloroethene <1 ug/L EPA 8260    JAR09/23/15

Cis-1,3-Dichloropropene <1 ug/L EPA 8260    JAR09/23/15

Dibromochloromethane <5 ug/L EPA 8260    JAR09/23/15

Ethylbenzene <1 ug/L EPA 8260    JAR09/23/15

M-and/or p-xylene <2 ug/L EPA 8260    JAR09/23/15
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Client: Pfizer Inc. (PGM-PGE) KAR Project No. : 509188

Date Reported: 10/15/15

Project
Description : Analysis of aqueous samples from West KL Landfill (943-8200.08).

LABORATORY DETAIL REPORT

David R. Alkema, Lab Manager

Attest: 



Sample Type : aqueous

Date Received : 09/22/15Sampled By : KI of AHC

Sample Date : 09/22/15

KAR Sample No. : 509188-11Sample Time : 1250

Sample ID : "KL-GW-P-27"

Test Result Units of Measure Method Analyst CommentsAnalyzed

Methylene chloride <5 ug/L EPA 8260    JAR09/23/15

O-Xylene <1 ug/L EPA 8260    JAR09/23/15

Styrene <1 ug/L EPA 8260    JAR09/23/15

Tert-Butanol (SIM) 1600 ug/L EPA 8260 (SIM)    JAR09/24/15

Tetrachloroethene <1 ug/L EPA 8260    JAR09/23/15

Tetrahydrofuran (SIM) 15 ug/L EPA 8260 (SIM)    JAR09/24/15

Toluene <1 ug/L EPA 8260    JAR09/23/15

Trans-1,2-Dichloroethene <1 ug/L EPA 8260    JAR09/23/15

Trans-1,3-Dichloropropene <1 ug/L EPA 8260    JAR09/23/15

Trichloroethene <1 ug/L EPA 8260    JAR09/23/15

Trichlorofluoromethane <1 ug/L EPA 8260    JAR09/23/15

Vinyl chloride <1 ug/L EPA 8260    JAR09/23/15

12DCA-D4 (surr spk) 100 % spike recovery EPA 8260    JAR09/23/15

BFB (surr spk) 98 % spike recovery EPA 8260    JAR09/23/15

Toluene-D8 (surr spk) 102 % spike recovery EPA 8260    JAR09/23/15
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Client: Pfizer Inc. (PGM-PGE) KAR Project No. : 509188

Date Reported: 10/15/15

Project
Description : Analysis of aqueous samples from West KL Landfill (943-8200.08).

LABORATORY DETAIL REPORT

David R. Alkema, Lab Manager

Attest: 



Sample Type : aqueous

Date Received : 09/29/15Sampled By : KI of AHC

Sample Date : 09/28/15

KAR Sample No. : 509188-12Sample Time : 1245

Sample ID : "KL-GW-P-28"

Test Result Units of Measure Method Analyst CommentsAnalyzed

Prep, metals Completed EPA 200.7/8    STC09/30/15

Iron, total 1.84 mg/L EPA 200.7    JHB10/01/15

Alkalinity (as CaCO3) 368 mg/L SM 2320 B    AJK10/08/15

COD 95 mg/L EPA 410.4    JWW10/07/15

Chloride 250 mg/L EPA 300.0A    ALK10/06/15

Nitrogen, ammonia <0.5 mg/L EPA 350.1    JWW10/08/15

Nitrogen, nitrate <0.2 mg/L EPA 353.2    AJK09/30/15

Sulfate 3 mg/L EPA 300.0A    ALK10/01/15

Dissolved solids, total 778 mg/L EPA 160.1    EIF10/02/15

TOC, dissolved 31 mg/L SM 5310 C Result is actually non-purgeable organic
carbon (NPOC).   

JAR10/01/15

TOC, low level 29 mg/L SM 5310 C Result is actually non-purgeable organic
carbon (NPOC).   

JAR10/01/15

MDNR Scan 1 & 2 See below EPA 8260    JAR09/30/15

Prep, VOA Completed EPA 5030    JAR09/30/15

Prep, VOA (SIM) Completed EPA 5030    JAR10/01/15

1,1,1-Trichloroethane <1 ug/L EPA 8260    JAR09/30/15

1,1,2,2-Tetrachloroethane <1 ug/L EPA 8260    JAR09/30/15

1,1,2-Trichloroethane <1 ug/L EPA 8260    JAR09/30/15

1,1-Dichloroethane 6.0 ug/L EPA 8260    JAR09/30/15

1,1-Dichloroethene <1 ug/L EPA 8260    JAR09/30/15

1,2-Dichloroethane <1 ug/L EPA 8260    JAR09/30/15

1,2-Dichloropropane <1 ug/L EPA 8260    JAR09/30/15

1,4-Diethylene dioxide(SIM) 370 ug/L EPA 8260 (SIM)    JAR10/01/15

2-Butanone <50 ug/L EPA 8260    JAR09/30/15

2-Hexanone <50 ug/L EPA 8260    JAR09/30/15

4-Methyl-2-pentanone <50 ug/L EPA 8260    JAR09/30/15

Acetone <50 ug/L EPA 8260    JAR09/30/15

Benzene <1 ug/L EPA 8260    JAR09/30/15

Bromodichloromethane <1 ug/L EPA 8260    JAR09/30/15

Bromoform <1 ug/L EPA 8260    JAR09/30/15

Bromomethane <5 ug/L EPA 8260    JAR09/30/15

Carbon disulfide <50 ug/L EPA 8260    JAR09/30/15

Carbon tetrachloride <1 ug/L EPA 8260    JAR09/30/15

Chlorobenzene <1 ug/L EPA 8260    JAR09/30/15

Chloroethane 39 ug/L EPA 8260    JAR09/30/15

Chloroform <1 ug/L EPA 8260    JAR09/30/15

Chloromethane <5 ug/L EPA 8260    JAR09/30/15

Cis-1,2-Dichloroethene <1 ug/L EPA 8260    JAR09/30/15

Cis-1,3-Dichloropropene <1 ug/L EPA 8260    JAR09/30/15

Dibromochloromethane <5 ug/L EPA 8260    JAR09/30/15

Ethylbenzene <1 ug/L EPA 8260    JAR09/30/15

M-and/or p-xylene <2 ug/L EPA 8260    JAR09/30/15
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Client: Pfizer Inc. (PGM-PGE) KAR Project No. : 509188

Date Reported: 10/15/15

Project
Description : Analysis of aqueous samples from West KL Landfill (943-8200.08).

LABORATORY DETAIL REPORT

David R. Alkema, Lab Manager

Attest: 



Sample Type : aqueous

Date Received : 09/29/15Sampled By : KI of AHC

Sample Date : 09/28/15

KAR Sample No. : 509188-12Sample Time : 1245

Sample ID : "KL-GW-P-28"

Test Result Units of Measure Method Analyst CommentsAnalyzed

Methylene chloride <5 ug/L EPA 8260    JAR09/30/15

O-Xylene <1 ug/L EPA 8260    JAR09/30/15

Styrene <1 ug/L EPA 8260    JAR09/30/15

Tert-Butanol (SIM) 1800 ug/L EPA 8260 (SIM)    JAR10/01/15

Tetrachloroethene <1 ug/L EPA 8260    JAR09/30/15

Tetrahydrofuran (SIM) 340 ug/L EPA 8260 (SIM)    JAR10/01/15

Toluene <1 ug/L EPA 8260    JAR09/30/15

Trans-1,2-Dichloroethene <1 ug/L EPA 8260    JAR09/30/15

Trans-1,3-Dichloropropene <1 ug/L EPA 8260    JAR09/30/15

Trichloroethene <1 ug/L EPA 8260    JAR09/30/15

Trichlorofluoromethane <1 ug/L EPA 8260    JAR09/30/15

Vinyl chloride <1 ug/L EPA 8260    JAR09/30/15

12DCA-D4 (surr spk) 100 % spike recovery EPA 8260    JAR09/30/15

BFB (surr spk) 98 % spike recovery EPA 8260    JAR09/30/15

Toluene-D8 (surr spk) 105 % spike recovery EPA 8260    JAR09/30/15
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Client: Pfizer Inc. (PGM-PGE) KAR Project No. : 509188

Date Reported: 10/15/15

Project
Description : Analysis of aqueous samples from West KL Landfill (943-8200.08).

LABORATORY DETAIL REPORT

David R. Alkema, Lab Manager

Attest: 



Sample Type : aqueous

Date Received : 09/29/15Sampled By : KI of AHC

Sample Date : 09/28/15

KAR Sample No. : 509188-13Sample Time : 1334

Sample ID : "KL-GW-P-29"

Test Result Units of Measure Method Analyst CommentsAnalyzed

Prep, metals Completed EPA 200.7/8    STC09/30/15

Iron, total <0.1 mg/L EPA 200.7    JHB10/01/15

Alkalinity (as CaCO3) 225 mg/L SM 2320 B    AJK10/08/15

COD <10 mg/L EPA 410.4    JWW10/07/15

Chloride 34.2 mg/L EPA 300.0A    ALK10/01/15

Nitrogen, ammonia <0.5 mg/L EPA 350.1    JWW10/08/15

Nitrogen, nitrate <0.2 mg/L EPA 353.2    AJK09/30/15

Sulfate 22 mg/L EPA 300.0A    ALK10/01/15

Dissolved solids, total 322 mg/L EPA 160.1    EIF10/02/15

TOC, low level 1.0 mg/L SM 5310 C Result is actually non-purgeable organic
carbon (NPOC).   

JAR10/01/15

MDNR Scan 1 & 2 See below EPA 8260    JAR09/30/15

Prep, VOA Completed EPA 5030    JAR09/30/15

Prep, VOA (SIM) Completed EPA 8260    JAR10/02/15

1,1,1-Trichloroethane <1 ug/L EPA 8260    JAR09/30/15

1,1,2,2-Tetrachloroethane <1 ug/L EPA 8260    JAR09/30/15

1,1,2-Trichloroethane <1 ug/L EPA 8260    JAR09/30/15

1,1-Dichloroethane 13 ug/L EPA 8260    JAR09/30/15

1,1-Dichloroethene <1 ug/L EPA 8260    JAR09/30/15

1,2-Dichloroethane 3.3 ug/L EPA 8260    JAR09/30/15

1,2-Dichloropropane <1 ug/L EPA 8260    JAR09/30/15

1,4-Diethylene dioxide(SIM) 51 ug/L EPA 8260 (SIM)    JAR10/02/15

2-Butanone <50 ug/L EPA 8260    JAR09/30/15

2-Hexanone <50 ug/L EPA 8260    JAR09/30/15

4-Methyl-2-pentanone <50 ug/L EPA 8260    JAR09/30/15

Acetone <50 ug/L EPA 8260    JAR09/30/15

Benzene <1 ug/L EPA 8260    JAR09/30/15

Bromodichloromethane <1 ug/L EPA 8260    JAR09/30/15

Bromoform <1 ug/L EPA 8260    JAR09/30/15

Bromomethane <5 ug/L EPA 8260    JAR09/30/15

Carbon disulfide <50 ug/L EPA 8260    JAR09/30/15

Carbon tetrachloride <1 ug/L EPA 8260    JAR09/30/15

Chlorobenzene <1 ug/L EPA 8260    JAR09/30/15

Chloroethane <5 ug/L EPA 8260    JAR09/30/15

Chloroform <1 ug/L EPA 8260    JAR09/30/15

Chloromethane <5 ug/L EPA 8260    JAR09/30/15

Cis-1,2-Dichloroethene <1 ug/L EPA 8260    JAR09/30/15

Cis-1,3-Dichloropropene <1 ug/L EPA 8260    JAR09/30/15

Dibromochloromethane <5 ug/L EPA 8260    JAR09/30/15

Ethylbenzene <1 ug/L EPA 8260    JAR09/30/15

M-and/or p-xylene <2 ug/L EPA 8260    JAR09/30/15

Methylene chloride <5 ug/L EPA 8260    JAR09/30/15
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Client: Pfizer Inc. (PGM-PGE) KAR Project No. : 509188

Date Reported: 10/15/15

Project
Description : Analysis of aqueous samples from West KL Landfill (943-8200.08).

LABORATORY DETAIL REPORT

David R. Alkema, Lab Manager

Attest: 



Sample Type : aqueous

Date Received : 09/29/15Sampled By : KI of AHC

Sample Date : 09/28/15

KAR Sample No. : 509188-13Sample Time : 1334

Sample ID : "KL-GW-P-29"

Test Result Units of Measure Method Analyst CommentsAnalyzed

O-Xylene <1 ug/L EPA 8260    JAR09/30/15

Styrene <1 ug/L EPA 8260    JAR09/30/15

Tert-Butanol (SIM) 93 ug/L EPA 8260 (SIM)    JAR10/02/15

Tetrachloroethene <1 ug/L EPA 8260    JAR09/30/15

Tetrahydrofuran (SIM) 20 ug/L EPA 8260 (SIM)    JAR10/02/15

Toluene <1 ug/L EPA 8260    JAR09/30/15

Trans-1,2-Dichloroethene <1 ug/L EPA 8260    JAR09/30/15

Trans-1,3-Dichloropropene <1 ug/L EPA 8260    JAR09/30/15

Trichloroethene <1 ug/L EPA 8260    JAR09/30/15

Trichlorofluoromethane <1 ug/L EPA 8260    JAR09/30/15

Vinyl chloride <1 ug/L EPA 8260    JAR09/30/15

12DCA-D4 (surr spk) 102 % spike recovery EPA 8260    JAR09/30/15

BFB (surr spk) 98 % spike recovery EPA 8260    JAR09/30/15

Toluene-D8 (surr spk) 103 % spike recovery EPA 8260    JAR09/30/15
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Client: Pfizer Inc. (PGM-PGE) KAR Project No. : 509188

Date Reported: 10/15/15

Project
Description : Analysis of aqueous samples from West KL Landfill (943-8200.08).

LABORATORY DETAIL REPORT

David R. Alkema, Lab Manager

Attest: 



Sample Type : aqueous

Date Received : 09/29/15Sampled By : KI of AHC

Sample Date : 09/28/15

KAR Sample No. : 509188-14Sample Time : 1019

Sample ID : "KL-GW-P-30"

Test Result Units of Measure Method Analyst CommentsAnalyzed

Prep, metals Completed EPA 200.7/8    STC09/30/15

Iron, total 1.53 mg/L EPA 200.7    JHB10/01/15

Alkalinity (as CaCO3) 588 mg/L SM 2320 B    AJK10/08/15

COD 97 mg/L EPA 410.4    JWW10/07/15

Chloride 207 mg/L EPA 300.0A    ALK10/06/15

Nitrogen, ammonia 67.8 mg/L EPA 350.1    JWW10/08/15

Nitrogen, nitrate <0.2 mg/L EPA 353.2    AJK09/30/15

Sulfate 5 mg/L EPA 300.0A    ALK10/01/15

Dissolved solids, total 686 mg/L EPA 160.1    EIF10/02/15

TOC, dissolved 32 mg/L SM 5310 C Result is actually non-purgeable organic
carbon (NPOC).   

JAR10/01/15

TOC, low level 30 mg/L SM 5310 C Result is actually non-purgeable organic
carbon (NPOC).   

JAR10/01/15

MDNR Scan 1 & 2 See below EPA 8260    JAR09/30/15

Prep, VOA Completed EPA 5030    JAR09/30/15

Prep, VOA (SIM) Completed EPA 5030    JAR10/01/15

1,1,1-Trichloroethane <1 ug/L EPA 8260    JAR09/30/15

1,1,2,2-Tetrachloroethane <1 ug/L EPA 8260    JAR09/30/15

1,1,2-Trichloroethane <1 ug/L EPA 8260    JAR09/30/15

1,1-Dichloroethane <1 ug/L EPA 8260    JAR09/30/15

1,1-Dichloroethene <1 ug/L EPA 8260    JAR09/30/15

1,2-Dichloroethane 5.2 ug/L EPA 8260    JAR09/30/15

1,2-Dichloropropane <1 ug/L EPA 8260    JAR09/30/15

1,4-Diethylene dioxide(SIM) 300 ug/L EPA 8260 (SIM)    JAR10/01/15

2-Butanone <50 ug/L EPA 8260    JAR09/30/15

2-Hexanone <50 ug/L EPA 8260    JAR09/30/15

4-Methyl-2-pentanone <50 ug/L EPA 8260    JAR09/30/15

Acetone <50 ug/L EPA 8260    JAR09/30/15

Benzene 160 ug/L EPA 8260    JAR09/30/15

Bromodichloromethane <1 ug/L EPA 8260    JAR09/30/15

Bromoform <1 ug/L EPA 8260    JAR09/30/15

Bromomethane <5 ug/L EPA 8260    JAR09/30/15

Carbon disulfide <50 ug/L EPA 8260    JAR09/30/15

Carbon tetrachloride <1 ug/L EPA 8260    JAR09/30/15

Chlorobenzene <1 ug/L EPA 8260    JAR09/30/15

Chloroethane 20 ug/L EPA 8260    JAR09/30/15

Chloroform <1 ug/L EPA 8260    JAR09/30/15

Chloromethane <5 ug/L EPA 8260    JAR09/30/15

Cis-1,2-Dichloroethene <1 ug/L EPA 8260    JAR09/30/15

Cis-1,3-Dichloropropene <1 ug/L EPA 8260    JAR09/30/15

Dibromochloromethane <5 ug/L EPA 8260    JAR09/30/15

Ethylbenzene <1 ug/L EPA 8260    JAR09/30/15

M-and/or p-xylene <2 ug/L EPA 8260    JAR09/30/15
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Client: Pfizer Inc. (PGM-PGE) KAR Project No. : 509188

Date Reported: 10/15/15

Project
Description : Analysis of aqueous samples from West KL Landfill (943-8200.08).

LABORATORY DETAIL REPORT

David R. Alkema, Lab Manager

Attest: 



Sample Type : aqueous

Date Received : 09/29/15Sampled By : KI of AHC

Sample Date : 09/28/15

KAR Sample No. : 509188-14Sample Time : 1019

Sample ID : "KL-GW-P-30"

Test Result Units of Measure Method Analyst CommentsAnalyzed

Methylene chloride <5 ug/L EPA 8260    JAR09/30/15

O-Xylene <1 ug/L EPA 8260    JAR09/30/15

Styrene <1 ug/L EPA 8260    JAR09/30/15

Tert-Butanol (SIM) 1400 ug/L EPA 8260 (SIM)    JAR10/01/15

Tetrachloroethene <1 ug/L EPA 8260    JAR09/30/15

Tetrahydrofuran (SIM) 230 ug/L EPA 8260 (SIM)    JAR10/01/15

Toluene <1 ug/L EPA 8260    JAR09/30/15

Trans-1,2-Dichloroethene <1 ug/L EPA 8260    JAR09/30/15

Trans-1,3-Dichloropropene <1 ug/L EPA 8260    JAR09/30/15

Trichloroethene <1 ug/L EPA 8260    JAR09/30/15

Trichlorofluoromethane <1 ug/L EPA 8260    JAR09/30/15

Vinyl chloride <1 ug/L EPA 8260    JAR09/30/15

12DCA-D4 (surr spk) 100 % spike recovery EPA 8260    JAR09/30/15

BFB (surr spk) 97 % spike recovery EPA 8260    JAR09/30/15

Toluene-D8 (surr spk) 105 % spike recovery EPA 8260    JAR09/30/15
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Client: Pfizer Inc. (PGM-PGE) KAR Project No. : 509188

Date Reported: 10/15/15

Project
Description : Analysis of aqueous samples from West KL Landfill (943-8200.08).

LABORATORY DETAIL REPORT

David R. Alkema, Lab Manager

Attest: 



Sample Type : aqueous

Date Received : 09/22/15Sampled By : KI of AHC

Sample Date : 09/21/15

KAR Sample No. : 509188-15Sample Time : 1013

Sample ID : "KL-GW-P-31"

Test Result Units of Measure Method Analyst CommentsAnalyzed

Prep, metals Completed EPA 200.7/8    STC09/23/15

Iron, total 0.80 mg/L EPA 200.7    JHB10/01/15

Alkalinity (as CaCO3) 622 mg/L SM 2320 B    AJK10/01/15

COD 86 mg/L EPA 410.4    JWW09/25/15

Chloride 163 mg/L EPA 300.0A    ALK09/25/15

Nitrogen, ammonia 85.9 mg/L EPA 350.1    JWW10/08/15

Nitrogen, nitrate 1.2 mg/L EPA 353.2    AJK09/22/15

Sulfate 8 mg/L EPA 300.0A    ALK09/23/15

Dissolved solids, total 622 mg/L EPA 160.1    JWW09/25/15

TOC, low level 28 mg/L SM 5310 C Result is actually non-purgeable organic
carbon (NPOC).   

JAR09/23/15

MDNR Scan 1 & 2 See below EPA 8260    JAR09/23/15

Prep, VOA Completed EPA 5030    JAR09/23/15

Prep, VOA (SIM) Completed EPA 5030    JAR09/24/15

1,1,1-Trichloroethane <1 ug/L EPA 8260    JAR09/23/15

1,1,2,2-Tetrachloroethane <1 ug/L EPA 8260    JAR09/23/15

1,1,2-Trichloroethane <1 ug/L EPA 8260    JAR09/23/15

1,1-Dichloroethane 3.5 ug/L EPA 8260    JAR09/23/15

1,1-Dichloroethene <1 ug/L EPA 8260    JAR09/23/15

1,2-Dichloroethane <1 ug/L EPA 8260    JAR09/23/15

1,2-Dichloropropane <1 ug/L EPA 8260    JAR09/23/15

1,4-Diethylene dioxide(SIM) 170 ug/L EPA 8260 (SIM)    JAR09/24/15

2-Butanone <50 ug/L EPA 8260    JAR09/23/15

2-Hexanone <50 ug/L EPA 8260    JAR09/23/15

4-Methyl-2-pentanone <50 ug/L EPA 8260    JAR09/23/15

Acetone <50 ug/L EPA 8260    JAR09/23/15

Benzene 120 ug/L EPA 8260    JAR09/23/15

Bromodichloromethane <1 ug/L EPA 8260    JAR09/23/15

Bromoform <1 ug/L EPA 8260    JAR09/23/15

Bromomethane <5 ug/L EPA 8260    JAR09/23/15

Carbon disulfide <50 ug/L EPA 8260    JAR09/23/15

Carbon tetrachloride <1 ug/L EPA 8260    JAR09/23/15

Chlorobenzene <1 ug/L EPA 8260    JAR09/23/15

Chloroethane 7.6 ug/L EPA 8260    JAR09/23/15

Chloroform <1 ug/L EPA 8260    JAR09/23/15

Chloromethane <5 ug/L EPA 8260    JAR09/23/15

Cis-1,2-Dichloroethene <1 ug/L EPA 8260    JAR09/23/15

Cis-1,3-Dichloropropene <1 ug/L EPA 8260    JAR09/23/15

Dibromochloromethane <5 ug/L EPA 8260    JAR09/23/15

Ethylbenzene <1 ug/L EPA 8260    JAR09/23/15

M-and/or p-xylene <2 ug/L EPA 8260    JAR09/23/15

Methylene chloride <5 ug/L EPA 8260    JAR09/23/15
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Client: Pfizer Inc. (PGM-PGE) KAR Project No. : 509188

Date Reported: 10/15/15

Project
Description : Analysis of aqueous samples from West KL Landfill (943-8200.08).

LABORATORY DETAIL REPORT

David R. Alkema, Lab Manager

Attest: 



Sample Type : aqueous

Date Received : 09/22/15Sampled By : KI of AHC

Sample Date : 09/21/15

KAR Sample No. : 509188-15Sample Time : 1013

Sample ID : "KL-GW-P-31"

Test Result Units of Measure Method Analyst CommentsAnalyzed

O-Xylene <1 ug/L EPA 8260    JAR09/23/15

Styrene <1 ug/L EPA 8260    JAR09/23/15

Tert-Butanol (SIM) 780 ug/L EPA 8260 (SIM)    JAR09/24/15

Tetrachloroethene <1 ug/L EPA 8260    JAR09/23/15

Tetrahydrofuran (SIM) 35 ug/L EPA 8260 (SIM)    JAR09/24/15

Toluene <1 ug/L EPA 8260    JAR09/23/15

Trans-1,2-Dichloroethene <1 ug/L EPA 8260    JAR09/23/15

Trans-1,3-Dichloropropene <1 ug/L EPA 8260    JAR09/23/15

Trichloroethene <1 ug/L EPA 8260    JAR09/23/15

Trichlorofluoromethane <1 ug/L EPA 8260    JAR09/23/15

Vinyl chloride <1 ug/L EPA 8260    JAR09/23/15

12DCA-D4 (surr spk) 93 % spike recovery EPA 8260    JAR09/23/15

BFB (surr spk) 98 % spike recovery EPA 8260    JAR09/23/15

Toluene-D8 (surr spk) 103 % spike recovery EPA 8260    JAR09/23/15
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Client: Pfizer Inc. (PGM-PGE) KAR Project No. : 509188

Date Reported: 10/15/15

Project
Description : Analysis of aqueous samples from West KL Landfill (943-8200.08).

LABORATORY DETAIL REPORT

David R. Alkema, Lab Manager

Attest: 



Sample Type : aqueous

Date Received : 09/24/15Sampled By : KI of AHC

Sample Date : 09/24/15

KAR Sample No. : 509188-16Sample Time : 1437

Sample ID : "KL-GW-P-32"

Test Result Units of Measure Method Analyst CommentsAnalyzed

Prep, metals Completed EPA 200.7/8    STC09/25/15

Iron, total 0.76 mg/L EPA 200.7    JHB10/01/15

Alkalinity (as CaCO3) 200 mg/L SM 2320 B    AJK10/07/15

COD <10 mg/L EPA 410.4    JWW09/25/15

Chloride 5.8 mg/L EPA 300.0A    ALK09/25/15

Nitrogen, ammonia <0.5 mg/L EPA 350.1    JWW10/08/15

Nitrogen, nitrate <0.2 mg/L EPA 353.2    AJK09/25/15

Sulfate 15 mg/L EPA 300.0A    ALK09/25/15

Dissolved solids, total 220 mg/L EPA 160.1    JWW09/25/15

TOC, low level 0.9 mg/L SM 5310 C Result is actually non-purgeable organic
carbon (NPOC).   

JAR09/28/15

Prep, VOA (SIM) Completed EPA 5030    JAR09/25/15

1,4-Diethylene dioxide(SIM) <1 ug/L EPA 8260 (SIM)    JAR09/25/15

Tert-Butanol (SIM) <5 ug/L EPA 8260 (SIM)    JAR09/25/15

Tetrahydrofuran (SIM) <2 ug/L EPA 8260 (SIM)    JAR09/25/15
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Client: Pfizer Inc. (PGM-PGE) KAR Project No. : 509188

Date Reported: 10/15/15

Project
Description : Analysis of aqueous samples from West KL Landfill (943-8200.08).

LABORATORY DETAIL REPORT

David R. Alkema, Lab Manager

Attest: 



Sample Type : aqueous

Date Received : 09/24/15Sampled By : KI of AHC

Sample Date : 09/24/15

KAR Sample No. : 509188-17Sample Time : 1528

Sample ID : "KL-GW-P-33"

Test Result Units of Measure Method Analyst CommentsAnalyzed

Prep, metals Completed EPA 200.7/8    STC09/25/15

Iron, total 0.25 mg/L EPA 200.7    JHB10/01/15

Alkalinity (as CaCO3) 215 mg/L SM 2320 B    AJK10/07/15

COD <10 mg/L EPA 410.4    JWW09/25/15

Chloride 4.2 mg/L EPA 300.0A    ALK09/25/15

Nitrogen, ammonia <0.5 mg/L EPA 350.1    JWW10/08/15

Nitrogen, nitrate <0.2 mg/L EPA 353.2    AJK09/25/15

Sulfate 19 mg/L EPA 300.0A    ALK09/25/15

Dissolved solids, total 246 mg/L EPA 160.1    JWW09/25/15

TOC, low level 0.6 mg/L SM 5310 C Result is actually non-purgeable organic
carbon (NPOC).   

JAR09/28/15

Prep, VOA (SIM) Completed EPA 5030    JAR09/25/15

1,4-Diethylene dioxide(SIM) <1 ug/L EPA 8260 (SIM)    JAR09/25/15

Tert-Butanol (SIM) <5 ug/L EPA 8260 (SIM)    JAR09/25/15

Tetrahydrofuran (SIM) <2 ug/L EPA 8260 (SIM)    JAR09/25/15
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Client: Pfizer Inc. (PGM-PGE) KAR Project No. : 509188

Date Reported: 10/15/15

Project
Description : Analysis of aqueous samples from West KL Landfill (943-8200.08).

LABORATORY DETAIL REPORT

David R. Alkema, Lab Manager

Attest: 



Sample Type : aqueous

Date Received : 09/24/15Sampled By : KI of AHC

Sample Date : 09/24/15

KAR Sample No. : 509188-18Sample Time : 0951

Sample ID : "KL-GW-P-34"

Test Result Units of Measure Method Analyst CommentsAnalyzed

Prep, metals Completed EPA 200.7/8    STC09/25/15

Iron, total 0.34 mg/L EPA 200.7    JHB10/01/15

Alkalinity (as CaCO3) 212 mg/L SM 2320 B    AJK10/07/15

COD <10 mg/L EPA 410.4    JWW09/25/15

Chloride 5.8 mg/L EPA 300.0A    ALK09/25/15

Nitrogen, ammonia <0.5 mg/L EPA 350.1    JWW10/08/15

Nitrogen, nitrate <0.2 mg/L EPA 353.2    AJK09/25/15

Sulfate 33 mg/L EPA 300.0A    ALK09/25/15

Dissolved solids, total 262 mg/L EPA 160.1    JWW09/25/15

TOC, low level 0.6 mg/L SM 5310 C Result is actually non-purgeable organic
carbon (NPOC).   

JAR09/28/15

Prep, VOA (SIM) Completed EPA 5030    JAR09/25/15

1,4-Diethylene dioxide(SIM) <1 ug/L EPA 8260 (SIM)    JAR09/25/15

Tert-Butanol (SIM) <5 ug/L EPA 8260 (SIM)    JAR09/25/15

Tetrahydrofuran (SIM) <2 ug/L EPA 8260 (SIM)    JAR09/25/15
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Client: Pfizer Inc. (PGM-PGE) KAR Project No. : 509188

Date Reported: 10/15/15

Project
Description : Analysis of aqueous samples from West KL Landfill (943-8200.08).

LABORATORY DETAIL REPORT

David R. Alkema, Lab Manager

Attest: 



Sample Type : aqueous

Date Received : 09/24/15Sampled By : KI of AHC

Sample Date : 09/24/15

KAR Sample No. : 509188-19Sample Time : 1033

Sample ID : "KL-GW-P-35"

Test Result Units of Measure Method Analyst CommentsAnalyzed

Prep, metals Completed EPA 200.7/8    STC09/25/15

Iron, total <0.1 mg/L EPA 200.7    JHB10/01/15

Alkalinity (as CaCO3) 268 mg/L SM 2320 B    AJK10/07/15

COD <10 mg/L EPA 410.4    JWW09/25/15

Chloride 53.3 mg/L EPA 300.0A    ALK10/01/15

Nitrogen, ammonia <0.5 mg/L EPA 350.1    JWW10/08/15

Nitrogen, nitrate 1.0 mg/L EPA 353.2    AJK09/25/15

Sulfate 20 mg/L EPA 300.0A    ALK09/25/15

Dissolved solids, total 348 mg/L EPA 160.1    JWW09/25/15

TOC, low level 0.9 mg/L SM 5310 C Result is actually non-purgeable organic
carbon (NPOC).   

JAR09/28/15

Prep, VOA (SIM) Completed EPA 5030    JAR09/25/15

1,4-Diethylene dioxide(SIM) 21 ug/L EPA 8260 (SIM)    JAR09/25/15

Tert-Butanol (SIM) 6.5 ug/L EPA 8260 (SIM)    JAR09/25/15

Tetrahydrofuran (SIM) 5.7 ug/L EPA 8260 (SIM)    JAR09/25/15
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Client: Pfizer Inc. (PGM-PGE) KAR Project No. : 509188

Date Reported: 10/15/15

Project
Description : Analysis of aqueous samples from West KL Landfill (943-8200.08).

LABORATORY DETAIL REPORT

David R. Alkema, Lab Manager

Attest: 



Sample Type : aqueous

Date Received : 09/22/15Sampled By : KI of AHC

Sample Date : 09/22/15

KAR Sample No. : 509188-20Sample Time : 1453

Sample ID : "KL-GW-P-36"

Test Result Units of Measure Method Analyst CommentsAnalyzed

Prep, metals Completed EPA 200.7/8    STC09/23/15

Iron, total 0.70 mg/L EPA 200.7    JHB10/01/15

Alkalinity (as CaCO3) 310 mg/L SM 2320 B    AJK10/05/15

COD 24 mg/L EPA 410.4    JWW09/25/15

Chloride 70.1 mg/L EPA 300.0A    ALK09/25/15

Nitrogen, ammonia <0.5 mg/L EPA 350.1    JWW10/08/15

Nitrogen, nitrate <0.2 mg/L EPA 353.2    AJK09/23/15

Sulfate 2 mg/L EPA 300.0A    ALK09/23/15

Dissolved solids, total 388 mg/L EPA 160.1    JWW09/25/15

TOC, low level 8.0 mg/L SM 5310 C Result is actually non-purgeable organic
carbon (NPOC).   

JAR09/23/15

MDNR Scan 1 & 2 See below EPA 8260    JAR09/23/15

Prep, VOA Completed EPA 5030    JAR09/23/15

Prep, VOA (SIM) Completed EPA 5030    JAR09/24/15

1,1,1-Trichloroethane <1 ug/L EPA 8260    JAR09/23/15

1,1,2,2-Tetrachloroethane <1 ug/L EPA 8260    JAR09/23/15

1,1,2-Trichloroethane <1 ug/L EPA 8260    JAR09/23/15

1,1-Dichloroethane 1.4 ug/L EPA 8260    JAR09/23/15

1,1-Dichloroethene <1 ug/L EPA 8260    JAR09/23/15

1,2-Dichloroethane <1 ug/L EPA 8260    JAR09/23/15

1,2-Dichloropropane <1 ug/L EPA 8260    JAR09/23/15

1,4-Diethylene dioxide(SIM) 120 ug/L EPA 8260 (SIM)    JAR09/24/15

2-Butanone <50 ug/L EPA 8260    JAR09/23/15

2-Hexanone <50 ug/L EPA 8260    JAR09/23/15

4-Methyl-2-pentanone <50 ug/L EPA 8260    JAR09/23/15

Acetone <50 ug/L EPA 8260    JAR09/23/15

Benzene 79 ug/L EPA 8260    JAR09/23/15

Bromodichloromethane <1 ug/L EPA 8260    JAR09/23/15

Bromoform <1 ug/L EPA 8260    JAR09/23/15

Bromomethane <5 ug/L EPA 8260    JAR09/23/15

Carbon disulfide <50 ug/L EPA 8260    JAR09/23/15

Carbon tetrachloride <1 ug/L EPA 8260    JAR09/23/15

Chlorobenzene <1 ug/L EPA 8260    JAR09/23/15

Chloroethane 13 ug/L EPA 8260    JAR09/23/15

Chloroform <1 ug/L EPA 8260    JAR09/23/15

Chloromethane <5 ug/L EPA 8260    JAR09/23/15

Cis-1,2-Dichloroethene <1 ug/L EPA 8260    JAR09/23/15

Cis-1,3-Dichloropropene <1 ug/L EPA 8260    JAR09/23/15

Dibromochloromethane <5 ug/L EPA 8260    JAR09/23/15

Ethylbenzene <1 ug/L EPA 8260    JAR09/23/15

M-and/or p-xylene <2 ug/L EPA 8260    JAR09/23/15

Methylene chloride <5 ug/L EPA 8260    JAR09/23/15
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Client: Pfizer Inc. (PGM-PGE) KAR Project No. : 509188

Date Reported: 10/15/15

Project
Description : Analysis of aqueous samples from West KL Landfill (943-8200.08).

LABORATORY DETAIL REPORT

David R. Alkema, Lab Manager

Attest: 



Sample Type : aqueous

Date Received : 09/22/15Sampled By : KI of AHC

Sample Date : 09/22/15

KAR Sample No. : 509188-20Sample Time : 1453

Sample ID : "KL-GW-P-36"

Test Result Units of Measure Method Analyst CommentsAnalyzed

O-Xylene <1 ug/L EPA 8260    JAR09/23/15

Styrene <1 ug/L EPA 8260    JAR09/23/15

Tert-Butanol (SIM) 400 ug/L EPA 8260 (SIM)    JAR09/24/15

Tetrachloroethene <1 ug/L EPA 8260    JAR09/23/15

Tetrahydrofuran (SIM) 15 ug/L EPA 8260 (SIM)    JAR09/24/15

Toluene <1 ug/L EPA 8260    JAR09/23/15

Trans-1,2-Dichloroethene <1 ug/L EPA 8260    JAR09/23/15

Trans-1,3-Dichloropropene <1 ug/L EPA 8260    JAR09/23/15

Trichloroethene <1 ug/L EPA 8260    JAR09/23/15

Trichlorofluoromethane <1 ug/L EPA 8260    JAR09/23/15

Vinyl chloride <1 ug/L EPA 8260    JAR09/23/15

12DCA-D4 (surr spk) 102 % spike recovery EPA 8260    JAR09/23/15

BFB (surr spk) 102 % spike recovery EPA 8260    JAR09/23/15

Toluene-D8 (surr spk) 103 % spike recovery EPA 8260    JAR09/23/15
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Client: Pfizer Inc. (PGM-PGE) KAR Project No. : 509188

Date Reported: 10/15/15

Project
Description : Analysis of aqueous samples from West KL Landfill (943-8200.08).

LABORATORY DETAIL REPORT

David R. Alkema, Lab Manager

Attest: 



Sample Type : aqueous

Date Received : 09/22/15Sampled By : KI of AHC

Sample Date : 09/21/15

KAR Sample No. : 509188-21Sample Time : 1636

Sample ID : "KL-GW-P-37"

Test Result Units of Measure Method Analyst CommentsAnalyzed

Prep, metals Completed EPA 200.7/8    STC09/23/15

Iron, total <0.1 mg/L EPA 200.7    JHB10/01/15

Alkalinity (as CaCO3) 255 mg/L SM 2320 B    AJK10/01/15

COD <10 mg/L EPA 410.4    JWW09/25/15

Chloride 36.3 mg/L EPA 300.0A    ALK09/23/15

Nitrogen, ammonia <0.5 mg/L EPA 350.1    JWW10/08/15

Nitrogen, nitrate 2.0 mg/L EPA 353.2    AJK09/22/15

Sulfate 13 mg/L EPA 300.0A    ALK09/23/15

Dissolved solids, total 312 mg/L EPA 160.1    JWW09/25/15

TOC, low level 0.9 mg/L SM 5310 C Result is actually non-purgeable organic
carbon (NPOC).   

JAR09/23/15

Prep, VOA (SIM) Completed EPA 5030    JAR09/24/15

1,4-Diethylene dioxide(SIM) 8.4 ug/L EPA 8260 (SIM)    JAR09/24/15

Tert-Butanol (SIM) <5 ug/L EPA 8260 (SIM)    JAR09/24/15

Tetrahydrofuran (SIM) <2 ug/L EPA 8260 (SIM)    JAR09/24/15
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Client: Pfizer Inc. (PGM-PGE) KAR Project No. : 509188

Date Reported: 10/15/15

Project
Description : Analysis of aqueous samples from West KL Landfill (943-8200.08).

LABORATORY DETAIL REPORT

David R. Alkema, Lab Manager

Attest: 



Sample Type : aqueous

Date Received : 10/01/15Sampled By : KI of AHC

Sample Date : 09/30/15

KAR Sample No. : 509188-22Sample Time : 1254

Sample ID : "KL-GW-P-38"

Test Result Units of Measure Method Analyst CommentsAnalyzed

Prep, metals Completed EPA 200.7/8    STC10/02/15

Iron, total 0.83 mg/L EPA 200.7    JHB10/08/15

Alkalinity (as CaCO3) See comment SM 2320 B Analysis cannot be performed; sample
pH is past endpoint pH.   

XXX10/13/15

COD <10 mg/L EPA 410.4    JWW10/07/15

Chloride See comment EPA 300.0A Inconclusive result due to preservation
error.   

ALK10/09/15

Nitrogen, ammonia <0.5 mg/L EPA 350.1    JWW10/08/15

Nitrogen, nitrate See comment EPA 353.2 Inconclusive result due to preservation
error.   

AJK10/02/15

Sulfate See comment EPA 300.0A Inconclusive result due to preservation
error.   

ALK10/09/15

Dissolved solids, total See comment EPA 160.1 Inconclusive result due to preservation
error.   

JWW10/06/15

TOC, low level 0.6 mg/L SM 5310 C Result is actually non-purgeable organic
carbon (NPOC).   

JAR10/05/15

Prep, VOA (SIM) Completed EPA 5030    JAR10/05/15

1,4-Diethylene dioxide(SIM) 1.2 ug/L EPA 8260 (SIM)    JAR10/05/15

Tert-Butanol (SIM) <5 ug/L EPA 8260 (SIM)    JAR10/05/15

Tetrahydrofuran (SIM) <2 ug/L EPA 8260 (SIM)    JAR10/05/15
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Client: Pfizer Inc. (PGM-PGE) KAR Project No. : 509188

Date Reported: 10/15/15

Project
Description : Analysis of aqueous samples from West KL Landfill (943-8200.08).

LABORATORY DETAIL REPORT

David R. Alkema, Lab Manager

Attest: 



Sample Type : aqueous

Date Received : 10/01/15Sampled By : KI of AHC

Sample Date : 09/30/15

KAR Sample No. : 509188-23Sample Time : 1216

Sample ID : "KL-GW-P-39"

Test Result Units of Measure Method Analyst CommentsAnalyzed

Prep, metals Completed EPA 200.7/8    STC10/02/15

Iron, total 2.14 mg/L EPA 200.7    JHB10/08/15

Alkalinity (as CaCO3) 180 mg/L SM 2320 B    AJK10/13/15

COD <10 mg/L EPA 410.4    JWW10/07/15

Chloride 6.8 mg/L EPA 300.0A    ALK10/09/15

Nitrogen, ammonia <0.5 mg/L EPA 350.1    JWW10/08/15

Nitrogen, nitrate <0.2 mg/L EPA 353.2    AJK10/02/15

Sulfate <1 mg/L EPA 300.0A    ALK10/09/15

Dissolved solids, total 196 mg/L EPA 160.1    JWW10/06/15

TOC, low level 3.6 mg/L SM 5310 C Result is actually non-purgeable organic
carbon (NPOC).   

JAR10/05/15

Prep, VOA (SIM) Completed EPA 5030    JAR10/05/15

1,4-Diethylene dioxide(SIM) <1 ug/L EPA 8260 (SIM)    JAR10/05/15

Tert-Butanol (SIM) <5 ug/L EPA 8260 (SIM)    JAR10/05/15

Tetrahydrofuran (SIM) <2 ug/L EPA 8260 (SIM)    JAR10/05/15
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Client: Pfizer Inc. (PGM-PGE) KAR Project No. : 509188

Date Reported: 10/15/15

Project
Description : Analysis of aqueous samples from West KL Landfill (943-8200.08).

LABORATORY DETAIL REPORT

David R. Alkema, Lab Manager

Attest: 



Sample Type : aqueous

Date Received : 10/01/15Sampled By : KI of AHC

Sample Date : 09/30/15

KAR Sample No. : 509188-24Sample Time : 1504

Sample ID : "KL-GW-P-40"

Test Result Units of Measure Method Analyst CommentsAnalyzed

Prep, metals Completed EPA 200.7/8    STC10/02/15

Iron, total 21.0 mg/L EPA 200.7    JHB10/08/15

Alkalinity (as CaCO3) 212 mg/L SM 2320 B    AJK10/14/15

COD <10 mg/L EPA 410.4    JWW10/07/15

Chloride 4.4 mg/L EPA 300.0A    ALK10/09/15

Nitrogen, ammonia <0.5 mg/L EPA 350.1    JWW10/08/15

Nitrogen, nitrate <0.2 mg/L EPA 353.2    AJK10/02/15

Sulfate 9 mg/L EPA 300.0A    ALK10/09/15

Dissolved solids, total 262 mg/L EPA 160.1    JWW10/06/15

TOC, low level 1.1 mg/L SM 5310 C Result is actually non-purgeable organic
carbon (NPOC).   

JAR10/05/15

Prep, VOA (SIM) Completed EPA 5030    JAR10/05/15

1,4-Diethylene dioxide(SIM) <1 ug/L EPA 8260 (SIM)    JAR10/05/15

Tert-Butanol (SIM) <5 ug/L EPA 8260 (SIM)    JAR10/05/15

Tetrahydrofuran (SIM) <2 ug/L EPA 8260 (SIM)    JAR10/05/15
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Client: Pfizer Inc. (PGM-PGE) KAR Project No. : 509188

Date Reported: 10/15/15

Project
Description : Analysis of aqueous samples from West KL Landfill (943-8200.08).

LABORATORY DETAIL REPORT

David R. Alkema, Lab Manager

Attest: 



Sample Type : aqueous

Date Received : 10/01/15Sampled By : KI of AHC

Sample Date : 10/01/15

KAR Sample No. : 509188-25Sample Time : 1212

Sample ID : "KL-GW-P-41"

Test Result Units of Measure Method Analyst CommentsAnalyzed

Prep, metals Completed EPA 200.7/8    STC10/02/15

Iron, total <0.1 mg/L EPA 200.7    JHB10/08/15

Alkalinity (as CaCO3) 228 mg/L SM 2320 B    AJK10/14/15

COD <20 mg/L EPA 410.4 Elevated detection limit due to sample
matrix interference.   

JWW10/07/15

Chloride 21.2 mg/L EPA 300.0A    ALK10/07/15

Nitrogen, ammonia <0.5 mg/L EPA 350.1    JWW10/08/15

Nitrogen, nitrate 0.4 mg/L EPA 353.2    AJK10/02/15

Sulfate 20 mg/L EPA 300.0A    ALK10/07/15

Dissolved solids, total 304 mg/L EPA 160.1    JWW10/06/15

TOC, low level 0.9 mg/L SM 5310 C Result is actually non-purgeable organic
carbon (NPOC).   

JAR10/05/15

Prep, VOA (SIM) Completed EPA 5030    JAR10/05/15

1,4-Diethylene dioxide(SIM) 16 ug/L EPA 8260 (SIM)    JAR10/05/15

Tert-Butanol (SIM) 46 ug/L EPA 8260 (SIM)    JAR10/05/15

Tetrahydrofuran (SIM) 12 ug/L EPA 8260 (SIM)    JAR10/05/15
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Client: Pfizer Inc. (PGM-PGE) KAR Project No. : 509188

Date Reported: 10/15/15

Project
Description : Analysis of aqueous samples from West KL Landfill (943-8200.08).

LABORATORY DETAIL REPORT

David R. Alkema, Lab Manager

Attest: 



Sample Type : aqueous

Date Received : 09/24/15Sampled By : KI of AHC

Sample Date : 09/24/15

KAR Sample No. : 509188-26Sample Time : 1358

Sample ID : "KL-GW-P-42"

Test Result Units of Measure Method Analyst CommentsAnalyzed

Prep, metals Completed EPA 200.7/8    STC09/25/15

Iron, total <0.1 mg/L EPA 200.7    JHB10/01/15

Alkalinity (as CaCO3) 252 mg/L SM 2320 B    AJK10/07/15

COD <10 mg/L EPA 410.4    JWW09/25/15

Chloride 38.0 mg/L EPA 300.0A    ALK09/25/15

Nitrogen, ammonia <0.5 mg/L EPA 350.1    JWW10/08/15

Nitrogen, nitrate <0.2 mg/L EPA 353.2    AJK09/25/15

Sulfate 28 mg/L EPA 300.0A    ALK09/25/15

Dissolved solids, total 324 mg/L EPA 160.1    JWW09/25/15

TOC, low level 0.7 mg/L SM 5310 C Result is actually non-purgeable organic
carbon (NPOC).   

JAR09/28/15

Prep, VOA (SIM) Completed EPA 5030    JAR09/25/15

1,4-Diethylene dioxide(SIM) 2.9 ug/L EPA 8260 (SIM)    JAR09/25/15

Tert-Butanol (SIM) <5 ug/L EPA 8260 (SIM)    JAR09/25/15

Tetrahydrofuran (SIM) <2 ug/L EPA 8260 (SIM)    JAR09/25/15
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Client: Pfizer Inc. (PGM-PGE) KAR Project No. : 509188

Date Reported: 10/15/15

Project
Description : Analysis of aqueous samples from West KL Landfill (943-8200.08).

LABORATORY DETAIL REPORT

David R. Alkema, Lab Manager

Attest: 



Sample Type : aqueous

Date Received : 09/24/15Sampled By : KI of AHC

Sample Date : 09/23/15

KAR Sample No. : 509188-27Sample Time : 1332

Sample ID : "KL-GW-P-43"

Test Result Units of Measure Method Analyst CommentsAnalyzed

Prep, metals Completed EPA 200.7/8    STC09/25/15

Iron, total <0.1 mg/L EPA 200.7    JHB10/01/15

Alkalinity (as CaCO3) 318 mg/L SM 2320 B    AJK10/06/15

COD <10 mg/L EPA 410.4    JWW09/25/15

Chloride 37.5 mg/L EPA 300.0A    ALK09/25/15

Nitrogen, ammonia <0.5 mg/L EPA 350.1    JWW10/08/15

Nitrogen, nitrate <0.2 mg/L EPA 353.2    AJK09/25/15

Sulfate 20 mg/L EPA 300.0A    ALK09/25/15

Dissolved solids, total 376 mg/L EPA 160.1    JWW09/25/15

TOC, low level 1.4 mg/L SM 5310 C Result is actually non-purgeable organic
carbon (NPOC).   

JAR09/28/15

MDNR Scan 1 & 2 See below EPA 8260    JAR09/30/15

Prep, VOA Completed EPA 5030    JAR09/30/15

Prep, VOA (SIM) Completed EPA 5030    JAR09/25/15

1,1,1-Trichloroethane <1 ug/L EPA 8260    JAR09/30/15

1,1,2,2-Tetrachloroethane <1 ug/L EPA 8260    JAR09/30/15

1,1,2-Trichloroethane <1 ug/L EPA 8260    JAR09/30/15

1,1-Dichloroethane 11 ug/L EPA 8260    JAR09/30/15

1,1-Dichloroethene <1 ug/L EPA 8260    JAR09/30/15

1,2-Dichloroethane <1 ug/L EPA 8260    JAR09/30/15

1,2-Dichloropropane <1 ug/L EPA 8260    JAR09/30/15

1,4-Diethylene dioxide(SIM) 26 ug/L EPA 8260 (SIM)    JAR09/25/15

2-Butanone <50 ug/L EPA 8260    JAR09/30/15

2-Hexanone <50 ug/L EPA 8260    JAR09/30/15

4-Methyl-2-pentanone <50 ug/L EPA 8260    JAR09/30/15

Acetone <50 ug/L EPA 8260    JAR09/30/15

Benzene <1 ug/L EPA 8260    JAR09/30/15

Bromodichloromethane <1 ug/L EPA 8260    JAR09/30/15

Bromoform <1 ug/L EPA 8260    JAR09/30/15

Bromomethane <5 ug/L EPA 8260    JAR09/30/15

Carbon disulfide <50 ug/L EPA 8260    JAR09/30/15

Carbon tetrachloride <1 ug/L EPA 8260    JAR09/30/15

Chlorobenzene <1 ug/L EPA 8260    JAR09/30/15

Chloroethane <5 ug/L EPA 8260    JAR09/30/15

Chloroform <1 ug/L EPA 8260    JAR09/30/15

Chloromethane <5 ug/L EPA 8260    JAR09/30/15

Cis-1,2-Dichloroethene <1 ug/L EPA 8260    JAR09/30/15

Cis-1,3-Dichloropropene <1 ug/L EPA 8260    JAR09/30/15

Dibromochloromethane <5 ug/L EPA 8260    JAR09/30/15

Ethylbenzene <1 ug/L EPA 8260    JAR09/30/15

M-and/or p-xylene <2 ug/L EPA 8260    JAR09/30/15

Methylene chloride <5 ug/L EPA 8260    JAR09/30/15
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Client: Pfizer Inc. (PGM-PGE) KAR Project No. : 509188

Date Reported: 10/15/15

Project
Description : Analysis of aqueous samples from West KL Landfill (943-8200.08).

LABORATORY DETAIL REPORT

David R. Alkema, Lab Manager

Attest: 



Sample Type : aqueous

Date Received : 09/24/15Sampled By : KI of AHC

Sample Date : 09/23/15

KAR Sample No. : 509188-27Sample Time : 1332

Sample ID : "KL-GW-P-43"

Test Result Units of Measure Method Analyst CommentsAnalyzed

O-Xylene <1 ug/L EPA 8260    JAR09/30/15

Styrene <1 ug/L EPA 8260    JAR09/30/15

Tert-Butanol (SIM) 34 ug/L EPA 8260 (SIM)    JAR09/25/15

Tetrachloroethene <1 ug/L EPA 8260    JAR09/30/15

Tetrahydrofuran (SIM) 10 ug/L EPA 8260 (SIM)    JAR09/25/15

Toluene <1 ug/L EPA 8260    JAR09/30/15

Trans-1,2-Dichloroethene <1 ug/L EPA 8260    JAR09/30/15

Trans-1,3-Dichloropropene <1 ug/L EPA 8260    JAR09/30/15

Trichloroethene <1 ug/L EPA 8260    JAR09/30/15

Trichlorofluoromethane <1 ug/L EPA 8260    JAR09/30/15

Vinyl chloride <1 ug/L EPA 8260    JAR09/30/15

12DCA-D4 (surr spk) 100 % spike recovery EPA 8260    JAR09/30/15

BFB (surr spk) 98 % spike recovery EPA 8260    JAR09/30/15

Toluene-D8 (surr spk) 105 % spike recovery EPA 8260    JAR09/30/15
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Client: Pfizer Inc. (PGM-PGE) KAR Project No. : 509188

Date Reported: 10/15/15

Project
Description : Analysis of aqueous samples from West KL Landfill (943-8200.08).

LABORATORY DETAIL REPORT

David R. Alkema, Lab Manager

Attest: 



Sample Type : aqueous

Date Received : 09/24/15Sampled By : KI of AHC

Sample Date : 09/23/15

KAR Sample No. : 509188-28Sample Time : 1428

Sample ID : "KL-GW-P-44"

Test Result Units of Measure Method Analyst CommentsAnalyzed

Prep, metals Completed EPA 200.7/8    STC09/25/15

Iron, total 0.41 mg/L EPA 200.7    JHB10/01/15

Alkalinity (as CaCO3) 230 mg/L SM 2320 B    AJK10/06/15

COD 12 mg/L EPA 410.4    JWW09/25/15

Chloride 77.1 mg/L EPA 300.0A    ALK10/01/15

Nitrogen, ammonia <0.5 mg/L EPA 350.1    JWW10/08/15

Nitrogen, nitrate <0.2 mg/L EPA 353.2    AJK09/25/15

Sulfate 13 mg/L EPA 300.0A    ALK09/25/15

Dissolved solids, total 390 mg/L EPA 160.1    JWW09/25/15

TOC, low level 4.1 mg/L SM 5310 C Result is actually non-purgeable organic
carbon (NPOC).   

JAR09/28/15

MDNR Scan 1 & 2 See below EPA 8260    JAR09/30/15

Prep, VOA Completed EPA 5030    JAR09/30/15

Prep, VOA (SIM) Completed EPA 5030    JAR09/25/15

1,1,1-Trichloroethane <1 ug/L EPA 8260    JAR09/30/15

1,1,2,2-Tetrachloroethane <1 ug/L EPA 8260    JAR09/30/15

1,1,2-Trichloroethane <1 ug/L EPA 8260    JAR09/30/15

1,1-Dichloroethane 3.2 ug/L EPA 8260    JAR09/30/15

1,1-Dichloroethene <1 ug/L EPA 8260    JAR09/30/15

1,2-Dichloroethane <1 ug/L EPA 8260    JAR09/30/15

1,2-Dichloropropane <1 ug/L EPA 8260    JAR09/30/15

1,4-Diethylene dioxide(SIM) 100 ug/L EPA 8260 (SIM)    JAR09/25/15

2-Butanone <50 ug/L EPA 8260    JAR09/30/15

2-Hexanone <50 ug/L EPA 8260    JAR09/30/15

4-Methyl-2-pentanone <50 ug/L EPA 8260    JAR09/30/15

Acetone <50 ug/L EPA 8260    JAR09/30/15

Benzene <1 ug/L EPA 8260    JAR09/30/15

Bromodichloromethane <1 ug/L EPA 8260    JAR09/30/15

Bromoform <1 ug/L EPA 8260    JAR09/30/15

Bromomethane <5 ug/L EPA 8260    JAR09/30/15

Carbon disulfide <50 ug/L EPA 8260    JAR09/30/15

Carbon tetrachloride <1 ug/L EPA 8260    JAR09/30/15

Chlorobenzene <1 ug/L EPA 8260    JAR09/30/15

Chloroethane 11 ug/L EPA 8260    JAR09/30/15

Chloroform <1 ug/L EPA 8260    JAR09/30/15

Chloromethane <5 ug/L EPA 8260    JAR09/30/15

Cis-1,2-Dichloroethene <1 ug/L EPA 8260    JAR09/30/15

Cis-1,3-Dichloropropene <1 ug/L EPA 8260    JAR09/30/15

Dibromochloromethane <5 ug/L EPA 8260    JAR09/30/15

Ethylbenzene <1 ug/L EPA 8260    JAR09/30/15

M-and/or p-xylene <2 ug/L EPA 8260    JAR09/30/15

Methylene chloride <5 ug/L EPA 8260    JAR09/30/15
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Client: Pfizer Inc. (PGM-PGE) KAR Project No. : 509188

Date Reported: 10/15/15

Project
Description : Analysis of aqueous samples from West KL Landfill (943-8200.08).

LABORATORY DETAIL REPORT

David R. Alkema, Lab Manager

Attest: 



Sample Type : aqueous

Date Received : 09/24/15Sampled By : KI of AHC

Sample Date : 09/23/15

KAR Sample No. : 509188-28Sample Time : 1428

Sample ID : "KL-GW-P-44"

Test Result Units of Measure Method Analyst CommentsAnalyzed

O-Xylene <1 ug/L EPA 8260    JAR09/30/15

Styrene <1 ug/L EPA 8260    JAR09/30/15

Tert-Butanol (SIM) 430 ug/L EPA 8260 (SIM)    JAR09/25/15

Tetrachloroethene <1 ug/L EPA 8260    JAR09/30/15

Tetrahydrofuran (SIM) 190 ug/L EPA 8260 (SIM)    JAR09/25/15

Toluene <1 ug/L EPA 8260    JAR09/30/15

Trans-1,2-Dichloroethene <1 ug/L EPA 8260    JAR09/30/15

Trans-1,3-Dichloropropene <1 ug/L EPA 8260    JAR09/30/15

Trichloroethene <1 ug/L EPA 8260    JAR09/30/15

Trichlorofluoromethane <1 ug/L EPA 8260    JAR09/30/15

Vinyl chloride <1 ug/L EPA 8260    JAR09/30/15

12DCA-D4 (surr spk) 97 % spike recovery EPA 8260    JAR09/30/15

BFB (surr spk) 98 % spike recovery EPA 8260    JAR09/30/15

Toluene-D8 (surr spk) 104 % spike recovery EPA 8260    JAR09/30/15
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Client: Pfizer Inc. (PGM-PGE) KAR Project No. : 509188

Date Reported: 10/15/15

Project
Description : Analysis of aqueous samples from West KL Landfill (943-8200.08).

LABORATORY DETAIL REPORT

David R. Alkema, Lab Manager

Attest: 



Sample Type : aqueous

Date Received : 09/29/15Sampled By : KI of AHC

Sample Date : 09/29/15

KAR Sample No. : 509188-29Sample Time : 1432

Sample ID : "KL-GW-P-45"

Test Result Units of Measure Method Analyst CommentsAnalyzed

Prep, metals Completed EPA 200.7/8    STC09/30/15

Iron, total 0.99 mg/L EPA 200.7    JHB10/01/15

Alkalinity (as CaCO3) 208 mg/L SM 2320 B    AJK10/12/15

COD <10 mg/L EPA 410.4    JWW10/07/15

Chloride 1.7 mg/L EPA 300.0A    ALK10/01/15

Nitrogen, ammonia <0.5 mg/L EPA 350.1    JWW10/08/15

Nitrogen, nitrate <0.2 mg/L EPA 353.2    AJK09/30/15

Sulfate 13 mg/L EPA 300.0A    ALK10/01/15

Dissolved solids, total 237 mg/L EPA 160.1    JWW10/06/15

TOC, dissolved 1.5 mg/L SM 5310 C Result is actually non-purgeable organic
carbon (NPOC).   

JAR10/01/15

TOC, low level 0.8 mg/L SM 5310 C Result is actually non-purgeable organic
carbon (NPOC).   

JAR10/01/15

Prep, VOA (SIM) Completed EPA 8260    JAR10/02/15

1,4-Diethylene dioxide(SIM) <1 ug/L EPA 8260 (SIM)    JAR10/02/15

Tert-Butanol (SIM) <5 ug/L EPA 8260 (SIM)    JAR10/02/15

Tetrahydrofuran (SIM) <2 ug/L EPA 8260 (SIM)    JAR10/02/15
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Client: Pfizer Inc. (PGM-PGE) KAR Project No. : 509188

Date Reported: 10/15/15

Project
Description : Analysis of aqueous samples from West KL Landfill (943-8200.08).

LABORATORY DETAIL REPORT

David R. Alkema, Lab Manager

Attest: 



Sample Type : aqueous

Date Received : 09/29/15Sampled By : KI of AHC

Sample Date : 09/29/15

KAR Sample No. : 509188-30Sample Time : 1137

Sample ID : "KL-GW-TW-4"

Test Result Units of Measure Method Analyst CommentsAnalyzed

Prep, metals Completed EPA 200.7/8    STC09/30/15

Iron, total 2.07 mg/L EPA 200.7    JHB10/01/15

Alkalinity (as CaCO3) 295 mg/L SM 2320 B    AJK10/12/15

COD 14 mg/L EPA 410.4    JWW10/07/15

Chloride 23.3 mg/L EPA 300.0A    ALK10/01/15

Nitrogen, ammonia 0.8 mg/L EPA 350.1    JWW10/08/15

Nitrogen, nitrate 0.5 mg/L EPA 353.2    AJK09/30/15

Sulfate 13 mg/L EPA 300.0A    ALK10/01/15

Dissolved solids, total 322 mg/L EPA 160.1    JWW10/06/15

TOC, low level 4.8 mg/L SM 5310 C Result is actually non-purgeable organic
carbon (NPOC).   

JAR10/01/15

MDNR Scan 1 & 2 See below EPA 8260    JAR09/30/15

Prep, VOA Completed EPA 5030    JAR09/30/15

Prep, VOA (SIM) Completed EPA 8260    JAR10/02/15

1,1,1-Trichloroethane <1 ug/L EPA 8260    JAR09/30/15

1,1,2,2-Tetrachloroethane <1 ug/L EPA 8260    JAR09/30/15

1,1,2-Trichloroethane <1 ug/L EPA 8260    JAR09/30/15

1,1-Dichloroethane <1 ug/L EPA 8260    JAR09/30/15

1,1-Dichloroethene <1 ug/L EPA 8260    JAR09/30/15

1,2-Dichloroethane <1 ug/L EPA 8260    JAR09/30/15

1,2-Dichloropropane <1 ug/L EPA 8260    JAR09/30/15

1,4-Diethylene dioxide(SIM) 20 ug/L EPA 8260 (SIM)    JAR10/02/15

2-Butanone <50 ug/L EPA 8260    JAR09/30/15

2-Hexanone <50 ug/L EPA 8260    JAR09/30/15

4-Methyl-2-pentanone <50 ug/L EPA 8260    JAR09/30/15

Acetone <50 ug/L EPA 8260    JAR09/30/15

Benzene 27 ug/L EPA 8260    JAR09/30/15

Bromodichloromethane <1 ug/L EPA 8260    JAR09/30/15

Bromoform <1 ug/L EPA 8260    JAR09/30/15

Bromomethane <5 ug/L EPA 8260    JAR09/30/15

Carbon disulfide <50 ug/L EPA 8260    JAR09/30/15

Carbon tetrachloride <1 ug/L EPA 8260    JAR09/30/15

Chlorobenzene 1.8 ug/L EPA 8260    JAR09/30/15

Chloroethane <5 ug/L EPA 8260    JAR09/30/15

Chloroform <1 ug/L EPA 8260    JAR09/30/15

Chloromethane <5 ug/L EPA 8260    JAR09/30/15

Cis-1,2-Dichloroethene <1 ug/L EPA 8260    JAR09/30/15

Cis-1,3-Dichloropropene <1 ug/L EPA 8260    JAR09/30/15

Dibromochloromethane <5 ug/L EPA 8260    JAR09/30/15

Ethylbenzene 2.7 ug/L EPA 8260    JAR09/30/15

M-and/or p-xylene <2 ug/L EPA 8260    JAR09/30/15

Methylene chloride <5 ug/L EPA 8260    JAR09/30/15
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Client: Pfizer Inc. (PGM-PGE) KAR Project No. : 509188

Date Reported: 10/15/15

Project
Description : Analysis of aqueous samples from West KL Landfill (943-8200.08).

LABORATORY DETAIL REPORT

David R. Alkema, Lab Manager

Attest: 



Sample Type : aqueous

Date Received : 09/29/15Sampled By : KI of AHC

Sample Date : 09/29/15

KAR Sample No. : 509188-30Sample Time : 1137

Sample ID : "KL-GW-TW-4"

Test Result Units of Measure Method Analyst CommentsAnalyzed

O-Xylene <1 ug/L EPA 8260    JAR09/30/15

Styrene <1 ug/L EPA 8260    JAR09/30/15

Tert-Butanol (SIM) 120 ug/L EPA 8260 (SIM)    JAR10/02/15

Tetrachloroethene <1 ug/L EPA 8260    JAR09/30/15

Tetrahydrofuran (SIM) <2 ug/L EPA 8260 (SIM)    JAR10/02/15

Toluene <1 ug/L EPA 8260    JAR09/30/15

Trans-1,2-Dichloroethene <1 ug/L EPA 8260    JAR09/30/15

Trans-1,3-Dichloropropene <1 ug/L EPA 8260    JAR09/30/15

Trichloroethene <1 ug/L EPA 8260    JAR09/30/15

Trichlorofluoromethane <1 ug/L EPA 8260    JAR09/30/15

Vinyl chloride <1 ug/L EPA 8260    JAR09/30/15

12DCA-D4 (surr spk) 99 % spike recovery EPA 8260    JAR09/30/15

BFB (surr spk) 98 % spike recovery EPA 8260    JAR09/30/15

Toluene-D8 (surr spk) 104 % spike recovery EPA 8260    JAR09/30/15
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Client: Pfizer Inc. (PGM-PGE) KAR Project No. : 509188

Date Reported: 10/15/15

Project
Description : Analysis of aqueous samples from West KL Landfill (943-8200.08).

LABORATORY DETAIL REPORT

David R. Alkema, Lab Manager

Attest: 



Sample Type : aqueous

Date Received : 09/29/15Sampled By : KI of AHC

Sample Date : 09/29/15

KAR Sample No. : 509188-31Sample Time : 1038

Sample ID : "KL-GW-P-46"

Test Result Units of Measure Method Analyst CommentsAnalyzed

Prep, metals Completed EPA 200.7/8    STC09/30/15

Iron, total 1.59 mg/L EPA 200.7    JHB10/01/15

Alkalinity (as CaCO3) 232 mg/L SM 2320 B    AJK10/12/15

COD <10 mg/L EPA 410.4    JWW10/07/15

Chloride 22.7 mg/L EPA 300.0A    ALK10/09/15

Nitrogen, ammonia <0.5 mg/L EPA 350.1    JWW10/08/15

Nitrogen, nitrate <0.2 mg/L EPA 353.2    AJK09/30/15

Sulfate 62 mg/L EPA 300.0A    ALK10/09/15

Dissolved solids, total 376 mg/L EPA 160.1    JWW10/06/15

TOC, low level 1.6 mg/L SM 5310 C Result is actually non-purgeable organic
carbon (NPOC).   

JAR10/01/15

MDNR Scan 1 & 2 See below EPA 8260    JAR09/30/15

Prep, VOA Completed EPA 5030    JAR09/30/15

Prep, VOA (SIM) Completed EPA 8260    JAR10/02/15

1,1,1-Trichloroethane <1 ug/L EPA 8260    JAR09/30/15

1,1,2,2-Tetrachloroethane <1 ug/L EPA 8260    JAR09/30/15

1,1,2-Trichloroethane <1 ug/L EPA 8260    JAR09/30/15

1,1-Dichloroethane <1 ug/L EPA 8260    JAR09/30/15

1,1-Dichloroethene <1 ug/L EPA 8260    JAR09/30/15

1,2-Dichloroethane <1 ug/L EPA 8260    JAR09/30/15

1,2-Dichloropropane <1 ug/L EPA 8260    JAR09/30/15

1,4-Diethylene dioxide(SIM) 27 ug/L EPA 8260 (SIM)    JAR10/02/15

2-Butanone <50 ug/L EPA 8260    JAR09/30/15

2-Hexanone <50 ug/L EPA 8260    JAR09/30/15

4-Methyl-2-pentanone <50 ug/L EPA 8260    JAR09/30/15

Acetone <50 ug/L EPA 8260    JAR09/30/15

Benzene 3.2 ug/L EPA 8260    JAR09/30/15

Bromodichloromethane <1 ug/L EPA 8260    JAR09/30/15

Bromoform <1 ug/L EPA 8260    JAR09/30/15

Bromomethane <5 ug/L EPA 8260    JAR09/30/15

Carbon disulfide <50 ug/L EPA 8260    JAR09/30/15

Carbon tetrachloride <1 ug/L EPA 8260    JAR09/30/15

Chlorobenzene <1 ug/L EPA 8260    JAR09/30/15

Chloroethane <5 ug/L EPA 8260    JAR09/30/15

Chloroform <1 ug/L EPA 8260    JAR09/30/15

Chloromethane <5 ug/L EPA 8260    JAR09/30/15

Cis-1,2-Dichloroethene <1 ug/L EPA 8260    JAR09/30/15

Cis-1,3-Dichloropropene <1 ug/L EPA 8260    JAR09/30/15

Dibromochloromethane <5 ug/L EPA 8260    JAR09/30/15

Ethylbenzene <1 ug/L EPA 8260    JAR09/30/15

M-and/or p-xylene <2 ug/L EPA 8260    JAR09/30/15

Methylene chloride <5 ug/L EPA 8260    JAR09/30/15
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Client: Pfizer Inc. (PGM-PGE) KAR Project No. : 509188

Date Reported: 10/15/15

Project
Description : Analysis of aqueous samples from West KL Landfill (943-8200.08).

LABORATORY DETAIL REPORT

David R. Alkema, Lab Manager

Attest: 



Sample Type : aqueous

Date Received : 09/29/15Sampled By : KI of AHC

Sample Date : 09/29/15

KAR Sample No. : 509188-31Sample Time : 1038

Sample ID : "KL-GW-P-46"

Test Result Units of Measure Method Analyst CommentsAnalyzed

O-Xylene <1 ug/L EPA 8260    JAR09/30/15

Styrene <1 ug/L EPA 8260    JAR09/30/15

Tert-Butanol (SIM) 110 ug/L EPA 8260 (SIM)    JAR10/02/15

Tetrachloroethene <1 ug/L EPA 8260    JAR09/30/15

Tetrahydrofuran (SIM) <2 ug/L EPA 8260 (SIM)    JAR10/02/15

Toluene <1 ug/L EPA 8260    JAR09/30/15

Trans-1,2-Dichloroethene <1 ug/L EPA 8260    JAR09/30/15

Trans-1,3-Dichloropropene <1 ug/L EPA 8260    JAR09/30/15

Trichloroethene <1 ug/L EPA 8260    JAR09/30/15

Trichlorofluoromethane <1 ug/L EPA 8260    JAR09/30/15

Vinyl chloride <1 ug/L EPA 8260    JAR09/30/15

12DCA-D4 (surr spk) 101 % spike recovery EPA 8260    JAR09/30/15

BFB (surr spk) 98 % spike recovery EPA 8260    JAR09/30/15

Toluene-D8 (surr spk) 104 % spike recovery EPA 8260    JAR09/30/15
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Client: Pfizer Inc. (PGM-PGE) KAR Project No. : 509188

Date Reported: 10/15/15

Project
Description : Analysis of aqueous samples from West KL Landfill (943-8200.08).

LABORATORY DETAIL REPORT

David R. Alkema, Lab Manager

Attest: 



Sample Type : aqueous

Date Received : 09/22/15Sampled By : KI of AHC

Sample Date : 09/21/15

KAR Sample No. : 509188-32Sample Time : 1520

Sample ID : "KL-GW-P-48"

Test Result Units of Measure Method Analyst CommentsAnalyzed

Prep, metals Completed EPA 200.7/8    STC09/23/15

Iron, total 4.13 mg/L EPA 200.7    JHB10/01/15

Alkalinity (as CaCO3) 695 mg/L SM 2320 B    AJK10/01/15

COD 74 mg/L EPA 410.4    JWW09/25/15

Chloride 23.9 mg/L EPA 300.0A    ALK09/23/15

Nitrogen, ammonia 88.5 mg/L EPA 350.1    JWW10/08/15

Nitrogen, nitrate <0.2 mg/L EPA 353.2    AJK09/22/15

Sulfate <1 mg/L EPA 300.0A    ALK09/23/15

Dissolved solids, total 420 mg/L EPA 160.1    JWW09/25/15

TOC, low level 23 mg/L SM 5310 C Result is actually non-purgeable organic
carbon (NPOC).   

JAR09/23/15

MDNR Scan 1 & 2 See below EPA 8260    JAR09/23/15

Prep, VOA Completed EPA 5030    JAR09/23/15

Prep, VOA (SIM) Completed EPA 5030    JAR09/24/15

1,1,1-Trichloroethane <1 ug/L EPA 8260    JAR09/23/15

1,1,2,2-Tetrachloroethane <1 ug/L EPA 8260    JAR09/23/15

1,1,2-Trichloroethane <1 ug/L EPA 8260    JAR09/23/15

1,1-Dichloroethane <1 ug/L EPA 8260    JAR09/23/15

1,1-Dichloroethene <1 ug/L EPA 8260    JAR09/23/15

1,2-Dichloroethane <1 ug/L EPA 8260    JAR09/23/15

1,2-Dichloropropane <1 ug/L EPA 8260    JAR09/23/15

1,4-Diethylene dioxide(SIM) 47 ug/L EPA 8260 (SIM)    JAR09/24/15

2-Butanone <50 ug/L EPA 8260    JAR09/23/15

2-Hexanone <50 ug/L EPA 8260    JAR09/23/15

4-Methyl-2-pentanone <50 ug/L EPA 8260    JAR09/23/15

Acetone <50 ug/L EPA 8260    JAR09/23/15

Benzene 91 ug/L EPA 8260    JAR09/23/15

Bromodichloromethane <1 ug/L EPA 8260    JAR09/23/15

Bromoform <1 ug/L EPA 8260    JAR09/23/15

Bromomethane <5 ug/L EPA 8260    JAR09/23/15

Carbon disulfide <50 ug/L EPA 8260    JAR09/23/15

Carbon tetrachloride <1 ug/L EPA 8260    JAR09/23/15

Chlorobenzene 6.4 ug/L EPA 8260    JAR09/23/15

Chloroethane 6.5 ug/L EPA 8260    JAR09/23/15

Chloroform <1 ug/L EPA 8260    JAR09/23/15

Chloromethane <5 ug/L EPA 8260    JAR09/23/15

Cis-1,2-Dichloroethene 1.4 ug/L EPA 8260    JAR09/23/15

Cis-1,3-Dichloropropene <1 ug/L EPA 8260    JAR09/23/15

Dibromochloromethane <5 ug/L EPA 8260    JAR09/23/15

Ethylbenzene 25 ug/L EPA 8260    JAR09/23/15

M-and/or p-xylene 19 ug/L EPA 8260    JAR09/23/15

Methylene chloride <5 ug/L EPA 8260    JAR09/23/15
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Client: Pfizer Inc. (PGM-PGE) KAR Project No. : 509188

Date Reported: 10/15/15

Project
Description : Analysis of aqueous samples from West KL Landfill (943-8200.08).

LABORATORY DETAIL REPORT

David R. Alkema, Lab Manager

Attest: 



Sample Type : aqueous

Date Received : 09/22/15Sampled By : KI of AHC

Sample Date : 09/21/15

KAR Sample No. : 509188-32Sample Time : 1520

Sample ID : "KL-GW-P-48"

Test Result Units of Measure Method Analyst CommentsAnalyzed

O-Xylene 4.1 ug/L EPA 8260    JAR09/23/15

Styrene <1 ug/L EPA 8260    JAR09/23/15

Tert-Butanol (SIM) 110 ug/L EPA 8260 (SIM)    JAR09/24/15

Tetrachloroethene <1 ug/L EPA 8260    JAR09/23/15

Tetrahydrofuran (SIM) 14 ug/L EPA 8260 (SIM)    JAR09/24/15

Toluene <1 ug/L EPA 8260    JAR09/23/15

Trans-1,2-Dichloroethene <1 ug/L EPA 8260    JAR09/23/15

Trans-1,3-Dichloropropene <1 ug/L EPA 8260    JAR09/23/15

Trichloroethene <1 ug/L EPA 8260    JAR09/23/15

Trichlorofluoromethane <1 ug/L EPA 8260    JAR09/23/15

Vinyl chloride <1 ug/L EPA 8260    JAR09/23/15

12DCA-D4 (surr spk) 99 % spike recovery EPA 8260    JAR09/23/15

BFB (surr spk) 99 % spike recovery EPA 8260    JAR09/23/15

Toluene-D8 (surr spk) 102 % spike recovery EPA 8260    JAR09/23/15
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Client: Pfizer Inc. (PGM-PGE) KAR Project No. : 509188

Date Reported: 10/15/15

Project
Description : Analysis of aqueous samples from West KL Landfill (943-8200.08).

LABORATORY DETAIL REPORT

David R. Alkema, Lab Manager

Attest: 



Sample Type : aqueous

Date Received : 09/22/15Sampled By : KI of AHC

Sample Date : 09/21/15

KAR Sample No. : 509188-33Sample Time : 1422

Sample ID : "KL-GW-P-49"

Test Result Units of Measure Method Analyst CommentsAnalyzed

Prep, metals Completed EPA 200.7/8    STC09/23/15

Iron, total 4.31 mg/L EPA 200.7    JHB10/01/15

Alkalinity (as CaCO3) 544 mg/L SM 2320 B    AJK10/01/15

COD 89 mg/L EPA 410.4    JWW09/25/15

Chloride 147 mg/L EPA 300.0A    ALK09/25/15

Nitrogen, ammonia 67.9 mg/L EPA 350.1    JWW10/08/15

Nitrogen, nitrate <0.2 mg/L EPA 353.2    AJK09/22/15

Sulfate 1 mg/L EPA 300.0A    ALK09/23/15

Dissolved solids, total 576 mg/L EPA 160.1    JWW09/25/15

TOC, dissolved 29 mg/L SM 5310 C Result is actually non-purgeable organic
carbon (NPOC).   

JAR09/23/15

TOC, low level 28 mg/L SM 5310 C Result is actually non-purgeable organic
carbon (NPOC).   

JAR09/23/15

MDNR Scan 1 & 2 See below EPA 8260    JAR09/23/15

Prep, VOA Completed EPA 5030    JAR09/23/15

Prep, VOA (SIM) Completed EPA 5030    JAR09/24/15

1,1,1-Trichloroethane <1 ug/L EPA 8260    JAR09/23/15

1,1,2,2-Tetrachloroethane <1 ug/L EPA 8260    JAR09/23/15

1,1,2-Trichloroethane <1 ug/L EPA 8260    JAR09/23/15

1,1-Dichloroethane 1.8 ug/L EPA 8260    JAR09/23/15

1,1-Dichloroethene <1 ug/L EPA 8260    JAR09/23/15

1,2-Dichloroethane <1 ug/L EPA 8260    JAR09/23/15

1,2-Dichloropropane <1 ug/L EPA 8260    JAR09/23/15

1,4-Diethylene dioxide(SIM) 260 ug/L EPA 8260 (SIM)    JAR09/24/15

2-Butanone <50 ug/L EPA 8260    JAR09/23/15

2-Hexanone <50 ug/L EPA 8260    JAR09/23/15

4-Methyl-2-pentanone <50 ug/L EPA 8260    JAR09/23/15

Acetone <50 ug/L EPA 8260    JAR09/23/15

Benzene 130 ug/L EPA 8260    JAR09/23/15

Bromodichloromethane <1 ug/L EPA 8260    JAR09/23/15

Bromoform <1 ug/L EPA 8260    JAR09/23/15

Bromomethane <5 ug/L EPA 8260    JAR09/23/15

Carbon disulfide <50 ug/L EPA 8260    JAR09/23/15

Carbon tetrachloride <1 ug/L EPA 8260    JAR09/23/15

Chlorobenzene 2.3 ug/L EPA 8260    JAR09/23/15

Chloroethane 5.1 ug/L EPA 8260    JAR09/23/15

Chloroform <1 ug/L EPA 8260    JAR09/23/15

Chloromethane <5 ug/L EPA 8260    JAR09/23/15

Cis-1,2-Dichloroethene <1 ug/L EPA 8260    JAR09/23/15

Cis-1,3-Dichloropropene <1 ug/L EPA 8260    JAR09/23/15

Dibromochloromethane <5 ug/L EPA 8260    JAR09/23/15

Ethylbenzene 29 ug/L EPA 8260    JAR09/23/15

M-and/or p-xylene 31 ug/L EPA 8260    JAR09/23/15
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Client: Pfizer Inc. (PGM-PGE) KAR Project No. : 509188

Date Reported: 10/15/15

Project
Description : Analysis of aqueous samples from West KL Landfill (943-8200.08).

LABORATORY DETAIL REPORT

David R. Alkema, Lab Manager

Attest: 



Sample Type : aqueous

Date Received : 09/22/15Sampled By : KI of AHC

Sample Date : 09/21/15

KAR Sample No. : 509188-33Sample Time : 1422

Sample ID : "KL-GW-P-49"

Test Result Units of Measure Method Analyst CommentsAnalyzed

Methylene chloride <5 ug/L EPA 8260    JAR09/23/15

O-Xylene 1.5 ug/L EPA 8260    JAR09/23/15

Styrene <1 ug/L EPA 8260    JAR09/23/15

Tert-Butanol (SIM) 530 ug/L EPA 8260 (SIM)    JAR09/24/15

Tetrachloroethene <1 ug/L EPA 8260    JAR09/23/15

Tetrahydrofuran (SIM) 110 ug/L EPA 8260 (SIM)    JAR09/24/15

Toluene <1 ug/L EPA 8260    JAR09/23/15

Trans-1,2-Dichloroethene <1 ug/L EPA 8260    JAR09/23/15

Trans-1,3-Dichloropropene <1 ug/L EPA 8260    JAR09/23/15

Trichloroethene <1 ug/L EPA 8260    JAR09/23/15

Trichlorofluoromethane <1 ug/L EPA 8260    JAR09/23/15

Vinyl chloride <1 ug/L EPA 8260    JAR09/23/15

12DCA-D4 (surr spk) 102 % spike recovery EPA 8260    JAR09/23/15

BFB (surr spk) 102 % spike recovery EPA 8260    JAR09/23/15

Toluene-D8 (surr spk) 102 % spike recovery EPA 8260    JAR09/23/15
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Client: Pfizer Inc. (PGM-PGE) KAR Project No. : 509188

Date Reported: 10/15/15

Project
Description : Analysis of aqueous samples from West KL Landfill (943-8200.08).

LABORATORY DETAIL REPORT

David R. Alkema, Lab Manager

Attest: 



Sample Type : aqueous

Date Received : 10/01/15Sampled By : KI of AHC

Sample Date : 10/01/15

KAR Sample No. : 509188-34Sample Time : 1120

Sample ID : "KL-GW-P-50"

Test Result Units of Measure Method Analyst CommentsAnalyzed

Prep, metals Completed EPA 200.7/8    STC10/02/15

Iron, total 5.33 mg/L EPA 200.7    JHB10/08/15

Alkalinity (as CaCO3) 780 mg/L SM 2320 B    AJK10/14/15

COD 94 mg/L EPA 410.4    JWW10/07/15

Chloride 133 mg/L EPA 300.0A    ALK10/09/15

Nitrogen, ammonia 126 mg/L EPA 350.1    JWW10/13/15

Nitrogen, nitrate <0.2 mg/L EPA 353.2    AJK10/02/15

Sulfate 17 mg/L EPA 300.0A    ALK10/07/15

Dissolved solids, total 256 mg/L EPA 160.1    JWW10/06/15

TOC, low level 32 mg/L SM 5310 C Result is actually non-purgeable organic
carbon (NPOC).   

JAR10/05/15

MDNR Scan 1 & 2 See below EPA 8260    JAR10/02/15

Prep, VOA Completed EPA 5030    JAR10/02/15

Prep, VOA (SIM) Completed EPA 5030    JAR10/05/15

1,1,1-Trichloroethane <1 ug/L EPA 8260    JAR10/02/15

1,1,2,2-Tetrachloroethane <1 ug/L EPA 8260    JAR10/02/15

1,1,2-Trichloroethane <1 ug/L EPA 8260    JAR10/02/15

1,1-Dichloroethane 1.0 ug/L EPA 8260    JAR10/02/15

1,1-Dichloroethene <1 ug/L EPA 8260    JAR10/02/15

1,2-Dichloroethane <1 ug/L EPA 8260    JAR10/02/15

1,2-Dichloropropane <1 ug/L EPA 8260    JAR10/02/15

1,4-Diethylene dioxide(SIM) 150 ug/L EPA 8260 (SIM)    JAR10/05/15

2-Butanone <50 ug/L EPA 8260    JAR10/02/15

2-Hexanone <50 ug/L EPA 8260    JAR10/02/15

4-Methyl-2-pentanone <50 ug/L EPA 8260    JAR10/02/15

Acetone <50 ug/L EPA 8260    JAR10/02/15

Benzene 74 ug/L EPA 8260    JAR10/02/15

Bromodichloromethane <1 ug/L EPA 8260    JAR10/02/15

Bromoform <1 ug/L EPA 8260    JAR10/02/15

Bromomethane <5 ug/L EPA 8260    JAR10/02/15

Carbon disulfide <50 ug/L EPA 8260    JAR10/02/15

Carbon tetrachloride <1 ug/L EPA 8260    JAR10/02/15

Chlorobenzene 130 ug/L EPA 8260    JAR10/02/15

Chloroethane 9.3 ug/L EPA 8260    JAR10/02/15

Chloroform <1 ug/L EPA 8260    JAR10/02/15

Chloromethane <5 ug/L EPA 8260    JAR10/02/15

Cis-1,2-Dichloroethene <1 ug/L EPA 8260    JAR10/02/15

Cis-1,3-Dichloropropene <1 ug/L EPA 8260    JAR10/02/15

Dibromochloromethane <5 ug/L EPA 8260    JAR10/02/15

Ethylbenzene 9.6 ug/L EPA 8260    JAR10/02/15

M-and/or p-xylene <2 ug/L EPA 8260    JAR10/02/15

Methylene chloride <5 ug/L EPA 8260    JAR10/02/15
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Client: Pfizer Inc. (PGM-PGE) KAR Project No. : 509188

Date Reported: 10/15/15

Project
Description : Analysis of aqueous samples from West KL Landfill (943-8200.08).

LABORATORY DETAIL REPORT

David R. Alkema, Lab Manager

Attest: 



Sample Type : aqueous

Date Received : 10/01/15Sampled By : KI of AHC

Sample Date : 10/01/15

KAR Sample No. : 509188-34Sample Time : 1120

Sample ID : "KL-GW-P-50"

Test Result Units of Measure Method Analyst CommentsAnalyzed

O-Xylene <1 ug/L EPA 8260    JAR10/02/15

Styrene <1 ug/L EPA 8260    JAR10/02/15

Tert-Butanol (SIM) 620 ug/L EPA 8260 (SIM)    JAR10/05/15

Tetrachloroethene <1 ug/L EPA 8260    JAR10/02/15

Tetrahydrofuran (SIM) 12 ug/L EPA 8260 (SIM)    JAR10/05/15

Toluene <1 ug/L EPA 8260    JAR10/02/15

Trans-1,2-Dichloroethene <1 ug/L EPA 8260    JAR10/02/15

Trans-1,3-Dichloropropene <1 ug/L EPA 8260    JAR10/02/15

Trichloroethene <1 ug/L EPA 8260    JAR10/02/15

Trichlorofluoromethane <1 ug/L EPA 8260    JAR10/02/15

Vinyl chloride <1 ug/L EPA 8260    JAR10/02/15

12DCA-D4 (surr spk) 99 % spike recovery EPA 8260    JAR10/02/15

BFB (surr spk) 99 % spike recovery EPA 8260    JAR10/02/15

Toluene-D8 (surr spk) 106 % spike recovery EPA 8260    JAR10/02/15
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Client: Pfizer Inc. (PGM-PGE) KAR Project No. : 509188

Date Reported: 10/15/15

Project
Description : Analysis of aqueous samples from West KL Landfill (943-8200.08).

LABORATORY DETAIL REPORT

David R. Alkema, Lab Manager

Attest: 



Sample Type : aqueous

Date Received : 09/29/15Sampled By : KI of AHC

Sample Date : 09/29/15

KAR Sample No. : 509188-35Sample Time : 1311

Sample ID : "KL-GW-P-51"

Test Result Units of Measure Method Analyst CommentsAnalyzed

Prep, metals Completed EPA 200.7/8    STC09/30/15

Iron, total 9.53 mg/L EPA 200.7    JHB10/01/15

Alkalinity (as CaCO3) 588 mg/L SM 2320 B    AJK10/12/15

COD 79 mg/L EPA 410.4    JWW10/07/15

Chloride 108 mg/L EPA 300.0A    ALK10/06/15

Nitrogen, ammonia 35.7 mg/L EPA 350.1    JWW10/08/15

Nitrogen, nitrate <0.2 mg/L EPA 353.2    AJK09/30/15

Sulfate 5 mg/L EPA 300.0A    ALK10/01/15

Dissolved solids, total 686 mg/L EPA 160.1    JWW10/06/15

TOC, low level 26 mg/L SM 5310 C Result is actually non-purgeable organic
carbon (NPOC).   

JAR10/01/15

MDNR Scan 1 & 2 See below EPA 8260    JAR09/30/15

Prep, VOA Completed EPA 5030    JAR09/30/15

Prep, VOA (SIM) Completed EPA 5030    JAR10/01/15

1,1,1-Trichloroethane <1 ug/L EPA 8260    JAR09/30/15

1,1,2,2-Tetrachloroethane <1 ug/L EPA 8260    JAR09/30/15

1,1,2-Trichloroethane <1 ug/L EPA 8260    JAR09/30/15

1,1-Dichloroethane <1 ug/L EPA 8260    JAR09/30/15

1,1-Dichloroethene <1 ug/L EPA 8260    JAR09/30/15

1,2-Dichloroethane <1 ug/L EPA 8260    JAR09/30/15

1,2-Dichloropropane <1 ug/L EPA 8260    JAR09/30/15

1,4-Diethylene dioxide(SIM) 100 ug/L EPA 8260 (SIM)    JAR10/01/15

2-Butanone <50 ug/L EPA 8260    JAR09/30/15

2-Hexanone <50 ug/L EPA 8260    JAR09/30/15

4-Methyl-2-pentanone <50 ug/L EPA 8260    JAR09/30/15

Acetone <50 ug/L EPA 8260    JAR09/30/15

Benzene 110 ug/L EPA 8260    JAR09/30/15

Bromodichloromethane <1 ug/L EPA 8260    JAR09/30/15

Bromoform <1 ug/L EPA 8260    JAR09/30/15

Bromomethane <5 ug/L EPA 8260    JAR09/30/15

Carbon disulfide <50 ug/L EPA 8260    JAR09/30/15

Carbon tetrachloride <1 ug/L EPA 8260    JAR09/30/15

Chlorobenzene 21 ug/L EPA 8260    JAR09/30/15

Chloroethane 11 ug/L EPA 8260    JAR09/30/15

Chloroform <1 ug/L EPA 8260    JAR09/30/15

Chloromethane <5 ug/L EPA 8260    JAR09/30/15

Cis-1,2-Dichloroethene <1 ug/L EPA 8260    JAR09/30/15

Cis-1,3-Dichloropropene <1 ug/L EPA 8260    JAR09/30/15

Dibromochloromethane <5 ug/L EPA 8260    JAR09/30/15

Ethylbenzene <1 ug/L EPA 8260    JAR09/30/15

M-and/or p-xylene <2 ug/L EPA 8260    JAR09/30/15

Methylene chloride <5 ug/L EPA 8260    JAR09/30/15

KAR KAR KAR KAR Laboratories, Inc.    .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   

of 128Page 59

Client: Pfizer Inc. (PGM-PGE) KAR Project No. : 509188

Date Reported: 10/15/15

Project
Description : Analysis of aqueous samples from West KL Landfill (943-8200.08).

LABORATORY DETAIL REPORT

David R. Alkema, Lab Manager

Attest: 



Sample Type : aqueous

Date Received : 09/29/15Sampled By : KI of AHC

Sample Date : 09/29/15

KAR Sample No. : 509188-35Sample Time : 1311

Sample ID : "KL-GW-P-51"

Test Result Units of Measure Method Analyst CommentsAnalyzed

O-Xylene <1 ug/L EPA 8260    JAR09/30/15

Styrene <1 ug/L EPA 8260    JAR09/30/15

Tert-Butanol (SIM) 630 ug/L EPA 8260 (SIM)    JAR10/01/15

Tetrachloroethene <1 ug/L EPA 8260    JAR09/30/15

Tetrahydrofuran (SIM) 57 ug/L EPA 8260 (SIM)    JAR10/01/15

Toluene <1 ug/L EPA 8260    JAR09/30/15

Trans-1,2-Dichloroethene <1 ug/L EPA 8260    JAR09/30/15

Trans-1,3-Dichloropropene <1 ug/L EPA 8260    JAR09/30/15

Trichloroethene <1 ug/L EPA 8260    JAR09/30/15

Trichlorofluoromethane <1 ug/L EPA 8260    JAR09/30/15

Vinyl chloride <1 ug/L EPA 8260    JAR09/30/15

12DCA-D4 (surr spk) 97 % spike recovery EPA 8260    JAR09/30/15

BFB (surr spk) 100 % spike recovery EPA 8260    JAR09/30/15

Toluene-D8 (surr spk) 104 % spike recovery EPA 8260    JAR09/30/15
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Client: Pfizer Inc. (PGM-PGE) KAR Project No. : 509188

Date Reported: 10/15/15

Project
Description : Analysis of aqueous samples from West KL Landfill (943-8200.08).

LABORATORY DETAIL REPORT

David R. Alkema, Lab Manager

Attest: 



Sample Type : aqueous

Date Received : 09/29/15Sampled By : KI of AHC

Sample Date : 09/29/15

KAR Sample No. : 509188-36Sample Time : 1226

Sample ID : "KL-GW-P-52"

Test Result Units of Measure Method Analyst CommentsAnalyzed

Prep, metals Completed EPA 200.7/8    STC09/30/15

Iron, total 6.60 mg/L EPA 200.7    JHB10/01/15

Alkalinity (as CaCO3) 388 mg/L SM 2320 B    AJK10/12/15

COD 18 mg/L EPA 410.4    JWW10/07/15

Chloride 5.5 mg/L EPA 300.0A    ALK10/01/15

Nitrogen, ammonia 0.5 mg/L EPA 350.1    JWW10/08/15

Nitrogen, nitrate <0.2 mg/L EPA 353.2    AJK09/30/15

Sulfate 2 mg/L EPA 300.0A    ALK10/01/15

Dissolved solids, total 340 mg/L EPA 160.1    JWW10/06/15

TOC, low level 5.5 mg/L SM 5310 C Result is actually non-purgeable organic
carbon (NPOC).   

JAR10/01/15

MDNR Scan 1 & 2 See below EPA 8260    JAR09/30/15

Prep, VOA Completed EPA 5030    JAR09/30/15

Prep, VOA (SIM) Completed EPA 8260    JAR10/02/15

1,1,1-Trichloroethane <1 ug/L EPA 8260    JAR09/30/15

1,1,2,2-Tetrachloroethane <1 ug/L EPA 8260    JAR09/30/15

1,1,2-Trichloroethane <1 ug/L EPA 8260    JAR09/30/15

1,1-Dichloroethane <1 ug/L EPA 8260    JAR09/30/15

1,1-Dichloroethene <1 ug/L EPA 8260    JAR09/30/15

1,2-Dichloroethane <1 ug/L EPA 8260    JAR09/30/15

1,2-Dichloropropane <1 ug/L EPA 8260    JAR09/30/15

1,4-Diethylene dioxide(SIM) 9.6 ug/L EPA 8260 (SIM)    JAR10/02/15

2-Butanone <50 ug/L EPA 8260    JAR09/30/15

2-Hexanone <50 ug/L EPA 8260    JAR09/30/15

4-Methyl-2-pentanone <50 ug/L EPA 8260    JAR09/30/15

Acetone <50 ug/L EPA 8260    JAR09/30/15

Benzene 25 ug/L EPA 8260    JAR09/30/15

Bromodichloromethane <1 ug/L EPA 8260    JAR09/30/15

Bromoform <1 ug/L EPA 8260    JAR09/30/15

Bromomethane <5 ug/L EPA 8260    JAR09/30/15

Carbon disulfide <50 ug/L EPA 8260    JAR09/30/15

Carbon tetrachloride <1 ug/L EPA 8260    JAR09/30/15

Chlorobenzene <1 ug/L EPA 8260    JAR09/30/15

Chloroethane 11 ug/L EPA 8260    JAR09/30/15

Chloroform <1 ug/L EPA 8260    JAR09/30/15

Chloromethane <5 ug/L EPA 8260    JAR09/30/15

Cis-1,2-Dichloroethene <1 ug/L EPA 8260    JAR09/30/15

Cis-1,3-Dichloropropene <1 ug/L EPA 8260    JAR09/30/15

Dibromochloromethane <5 ug/L EPA 8260    JAR09/30/15

Ethylbenzene <1 ug/L EPA 8260    JAR09/30/15

M-and/or p-xylene <2 ug/L EPA 8260    JAR09/30/15

Methylene chloride <5 ug/L EPA 8260    JAR09/30/15
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Client: Pfizer Inc. (PGM-PGE) KAR Project No. : 509188

Date Reported: 10/15/15

Project
Description : Analysis of aqueous samples from West KL Landfill (943-8200.08).

LABORATORY DETAIL REPORT

David R. Alkema, Lab Manager

Attest: 



Sample Type : aqueous

Date Received : 09/29/15Sampled By : KI of AHC

Sample Date : 09/29/15

KAR Sample No. : 509188-36Sample Time : 1226

Sample ID : "KL-GW-P-52"

Test Result Units of Measure Method Analyst CommentsAnalyzed

O-Xylene <1 ug/L EPA 8260    JAR09/30/15

Styrene <1 ug/L EPA 8260    JAR09/30/15

Tert-Butanol (SIM) 30 ug/L EPA 8260 (SIM)    JAR10/02/15

Tetrachloroethene <1 ug/L EPA 8260    JAR09/30/15

Tetrahydrofuran (SIM) 2.2 ug/L EPA 8260 (SIM)    JAR10/02/15

Toluene <1 ug/L EPA 8260    JAR09/30/15

Trans-1,2-Dichloroethene <1 ug/L EPA 8260    JAR09/30/15

Trans-1,3-Dichloropropene <1 ug/L EPA 8260    JAR09/30/15

Trichloroethene <1 ug/L EPA 8260    JAR09/30/15

Trichlorofluoromethane <1 ug/L EPA 8260    JAR09/30/15

Vinyl chloride <1 ug/L EPA 8260    JAR09/30/15

12DCA-D4 (surr spk) 101 % spike recovery EPA 8260    JAR09/30/15

BFB (surr spk) 99 % spike recovery EPA 8260    JAR09/30/15

Toluene-D8 (surr spk) 105 % spike recovery EPA 8260    JAR09/30/15
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Client: Pfizer Inc. (PGM-PGE) KAR Project No. : 509188

Date Reported: 10/15/15

Project
Description : Analysis of aqueous samples from West KL Landfill (943-8200.08).

LABORATORY DETAIL REPORT

David R. Alkema, Lab Manager

Attest: 



Sample Type : aqueous

Date Received : 10/01/15Sampled By : KI of AHC

Sample Date : 10/01/15

KAR Sample No. : 509188-37Sample Time : 1032

Sample ID : "KL-GW-P-53"

Test Result Units of Measure Method Analyst CommentsAnalyzed

Prep, metals Completed EPA 200.7/8    STC10/02/15

Iron, total 2.22 mg/L EPA 200.7    JHB10/08/15

Alkalinity (as CaCO3) 310 mg/L SM 2320 B    AJK10/14/15

COD 29 mg/L EPA 410.4    JWW10/07/15

Chloride 38.6 mg/L EPA 300.0A    ALK10/06/15

Nitrogen, ammonia 44.7 mg/L EPA 350.1    JWW10/08/15

Nitrogen, nitrate <0.2 mg/L EPA 353.2    AJK10/02/15

Sulfate 10 mg/L EPA 300.0A    ALK10/07/15

Dissolved solids, total 264 mg/L EPA 160.1    JWW10/06/15

TOC, low level 9.7 mg/L SM 5310 C Result is actually non-purgeable organic
carbon (NPOC).   

JAR10/05/15

MDNR Scan 1 & 2 See below EPA 8260    JAR10/02/15

Prep, VOA Completed EPA 5030    JAR10/02/15

Prep, VOA (SIM) Completed EPA 5030    JAR10/05/15

1,1,1-Trichloroethane <1 ug/L EPA 8260    JAR10/02/15

1,1,2,2-Tetrachloroethane <1 ug/L EPA 8260    JAR10/02/15

1,1,2-Trichloroethane <1 ug/L EPA 8260    JAR10/02/15

1,1-Dichloroethane <1 ug/L EPA 8260    JAR10/02/15

1,1-Dichloroethene <1 ug/L EPA 8260    JAR10/02/15

1,2-Dichloroethane <1 ug/L EPA 8260    JAR10/02/15

1,2-Dichloropropane <1 ug/L EPA 8260    JAR10/02/15

1,4-Diethylene dioxide(SIM) 76 ug/L EPA 8260 (SIM)    JAR10/05/15

2-Butanone <50 ug/L EPA 8260    JAR10/02/15

2-Hexanone <50 ug/L EPA 8260    JAR10/02/15

4-Methyl-2-pentanone <50 ug/L EPA 8260    JAR10/02/15

Acetone <50 ug/L EPA 8260    JAR10/02/15

Benzene 52 ug/L EPA 8260    JAR10/02/15

Bromodichloromethane <1 ug/L EPA 8260    JAR10/02/15

Bromoform <1 ug/L EPA 8260    JAR10/02/15

Bromomethane <5 ug/L EPA 8260    JAR10/02/15

Carbon disulfide <50 ug/L EPA 8260    JAR10/02/15

Carbon tetrachloride <1 ug/L EPA 8260    JAR10/02/15

Chlorobenzene 31 ug/L EPA 8260    JAR10/02/15

Chloroethane <5 ug/L EPA 8260    JAR10/02/15

Chloroform <1 ug/L EPA 8260    JAR10/02/15

Chloromethane <5 ug/L EPA 8260    JAR10/02/15

Cis-1,2-Dichloroethene <1 ug/L EPA 8260    JAR10/02/15

Cis-1,3-Dichloropropene <1 ug/L EPA 8260    JAR10/02/15

Dibromochloromethane <5 ug/L EPA 8260    JAR10/02/15

Ethylbenzene 18 ug/L EPA 8260    JAR10/02/15

M-and/or p-xylene <2 ug/L EPA 8260    JAR10/02/15

Methylene chloride <5 ug/L EPA 8260    JAR10/02/15
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Client: Pfizer Inc. (PGM-PGE) KAR Project No. : 509188

Date Reported: 10/15/15

Project
Description : Analysis of aqueous samples from West KL Landfill (943-8200.08).

LABORATORY DETAIL REPORT

David R. Alkema, Lab Manager

Attest: 



Sample Type : aqueous

Date Received : 10/01/15Sampled By : KI of AHC

Sample Date : 10/01/15

KAR Sample No. : 509188-37Sample Time : 1032

Sample ID : "KL-GW-P-53"

Test Result Units of Measure Method Analyst CommentsAnalyzed

O-Xylene <1 ug/L EPA 8260    JAR10/02/15

Styrene <1 ug/L EPA 8260    JAR10/02/15

Tert-Butanol (SIM) 190 ug/L EPA 8260 (SIM)    JAR10/05/15

Tetrachloroethene <1 ug/L EPA 8260    JAR10/02/15

Tetrahydrofuran (SIM) 14 ug/L EPA 8260 (SIM)    JAR10/05/15

Toluene <1 ug/L EPA 8260    JAR10/02/15

Trans-1,2-Dichloroethene <1 ug/L EPA 8260    JAR10/02/15

Trans-1,3-Dichloropropene <1 ug/L EPA 8260    JAR10/02/15

Trichloroethene <1 ug/L EPA 8260    JAR10/02/15

Trichlorofluoromethane <1 ug/L EPA 8260    JAR10/02/15

Vinyl chloride <1 ug/L EPA 8260    JAR10/02/15

12DCA-D4 (surr spk) 95 % spike recovery EPA 8260    JAR10/02/15

BFB (surr spk) 97 % spike recovery EPA 8260    JAR10/02/15

Toluene-D8 (surr spk) 104 % spike recovery EPA 8260    JAR10/02/15
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Client: Pfizer Inc. (PGM-PGE) KAR Project No. : 509188

Date Reported: 10/15/15

Project
Description : Analysis of aqueous samples from West KL Landfill (943-8200.08).

LABORATORY DETAIL REPORT

David R. Alkema, Lab Manager

Attest: 



Sample Type : aqueous

Date Received : 09/29/15Sampled By : KI of AHC

Sample Date : 09/28/15

KAR Sample No. : 509188-38Sample Time : 1632

Sample ID : "KL-GW-P-54-MS/MSD"

Test Result Units of Measure Method Analyst CommentsAnalyzed

Prep, metals Completed EPA 200.7/8    STC09/30/15

Iron, total 0.21 mg/L EPA 200.7    JHB10/01/15

Alkalinity (as CaCO3) 200 mg/L SM 2320 B    AJK10/08/15

COD <10 mg/L EPA 410.4    JWW10/07/15

Chloride 6.5 mg/L EPA 300.0A    ALK10/01/15

Nitrogen, ammonia <0.5 mg/L EPA 350.1    JWW10/08/15

Nitrogen, nitrate 0.4 mg/L EPA 353.2    AJK09/30/15

Sulfate 29 mg/L EPA 300.0A    ALK10/01/15

Dissolved solids, total 250 mg/L EPA 160.1    EIF10/02/15

TOC, low level 0.5 mg/L SM 5310 C Result is actually non-purgeable organic
carbon (NPOC).   

JAR10/01/15

Prep, VOA (SIM) Completed EPA 8260    JAR10/02/15

1,4-Diethylene dioxide(SIM) <1 ug/L EPA 8260 (SIM)    JAR10/02/15

Tert-Butanol (SIM) <5 ug/L EPA 8260 (SIM)    JAR10/02/15

Tetrahydrofuran (SIM) <2 ug/L EPA 8260 (SIM)    JAR10/02/15
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Client: Pfizer Inc. (PGM-PGE) KAR Project No. : 509188

Date Reported: 10/15/15

Project
Description : Analysis of aqueous samples from West KL Landfill (943-8200.08).

LABORATORY DETAIL REPORT

David R. Alkema, Lab Manager

Attest: 



Sample Type : aqueous

Date Received : 09/29/15Sampled By : KI of AHC

Sample Date : 09/29/15

KAR Sample No. : 509188-39Sample Time : 0948

Sample ID : "KL-GW-P-55-MS/MSD"

Test Result Units of Measure Method Analyst CommentsAnalyzed

Prep, metals Completed EPA 200.7/8    STC09/30/15

Iron, total 1.47 mg/L EPA 200.7    JHB10/01/15

Alkalinity (as CaCO3) 242 mg/L SM 2320 B    AJK10/13/15

COD <10 mg/L EPA 410.4    JWW10/07/15

Chloride 40.7 mg/L EPA 300.0A    ALK10/01/15

Nitrogen, ammonia <0.5 mg/L EPA 350.1    JWW10/08/15

Nitrogen, nitrate <0.2 mg/L EPA 353.2    AJK09/30/15

Sulfate 29 mg/L EPA 300.0A    ALK10/01/15

Dissolved solids, total 376 mg/L EPA 160.1    JWW10/06/15

TOC, low level 3.7 mg/L SM 5310 C Result is actually non-purgeable organic
carbon (NPOC).   

JAR10/01/15

MDNR Scan 1 & 2 See below EPA 8260    JAR09/30/15

Prep, VOA Completed EPA 5030    JAR09/30/15

Prep, VOA (SIM) Completed EPA 5030    JAR10/01/15

1,1,1-Trichloroethane <1 ug/L EPA 8260    JAR09/30/15

1,1,2,2-Tetrachloroethane <1 ug/L EPA 8260    JAR09/30/15

1,1,2-Trichloroethane <1 ug/L EPA 8260    JAR09/30/15

1,1-Dichloroethane <1 ug/L EPA 8260    JAR09/30/15

1,1-Dichloroethene <1 ug/L EPA 8260    JAR09/30/15

1,2-Dichloroethane <1 ug/L EPA 8260    JAR09/30/15

1,2-Dichloropropane <1 ug/L EPA 8260    JAR09/30/15

1,4-Diethylene dioxide(SIM) 58 ug/L EPA 8260 (SIM)    JAR10/01/15

2-Butanone <50 ug/L EPA 8260    JAR09/30/15

2-Hexanone <50 ug/L EPA 8260    JAR09/30/15

4-Methyl-2-pentanone <50 ug/L EPA 8260    JAR09/30/15

Acetone <50 ug/L EPA 8260    JAR09/30/15

Benzene <1 ug/L EPA 8260    JAR09/30/15

Bromodichloromethane <1 ug/L EPA 8260    JAR09/30/15

Bromoform <1 ug/L EPA 8260    JAR09/30/15

Bromomethane <5 ug/L EPA 8260    JAR09/30/15

Carbon disulfide <50 ug/L EPA 8260    JAR09/30/15

Carbon tetrachloride <1 ug/L EPA 8260    JAR09/30/15

Chlorobenzene <1 ug/L EPA 8260    JAR09/30/15

Chloroethane <5 ug/L EPA 8260    JAR09/30/15

Chloroform <1 ug/L EPA 8260    JAR09/30/15

Chloromethane <5 ug/L EPA 8260    JAR09/30/15

Cis-1,2-Dichloroethene <1 ug/L EPA 8260    JAR09/30/15

Cis-1,3-Dichloropropene <1 ug/L EPA 8260    JAR09/30/15

Dibromochloromethane <5 ug/L EPA 8260    JAR09/30/15

Ethylbenzene <1 ug/L EPA 8260    JAR09/30/15

M-and/or p-xylene <2 ug/L EPA 8260    JAR09/30/15

Methylene chloride <5 ug/L EPA 8260    JAR09/30/15

KAR KAR KAR KAR Laboratories, Inc.    .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   

of 128Page 66

Client: Pfizer Inc. (PGM-PGE) KAR Project No. : 509188

Date Reported: 10/15/15

Project
Description : Analysis of aqueous samples from West KL Landfill (943-8200.08).

LABORATORY DETAIL REPORT

David R. Alkema, Lab Manager

Attest: 



Sample Type : aqueous

Date Received : 09/29/15Sampled By : KI of AHC

Sample Date : 09/29/15

KAR Sample No. : 509188-39Sample Time : 0948

Sample ID : "KL-GW-P-55-MS/MSD"

Test Result Units of Measure Method Analyst CommentsAnalyzed

O-Xylene <1 ug/L EPA 8260    JAR09/30/15

Styrene <1 ug/L EPA 8260    JAR09/30/15

Tert-Butanol (SIM) 100 ug/L EPA 8260 (SIM)    JAR10/01/15

Tetrachloroethene <1 ug/L EPA 8260    JAR09/30/15

Tetrahydrofuran (SIM) <2 ug/L EPA 8260 (SIM)    JAR10/01/15

Toluene <1 ug/L EPA 8260    JAR09/30/15

Trans-1,2-Dichloroethene <1 ug/L EPA 8260    JAR09/30/15

Trans-1,3-Dichloropropene <1 ug/L EPA 8260    JAR09/30/15

Trichloroethene <1 ug/L EPA 8260    JAR09/30/15

Trichlorofluoromethane <1 ug/L EPA 8260    JAR09/30/15

Vinyl chloride <1 ug/L EPA 8260    JAR09/30/15

12DCA-D4 (surr spk) 100 % spike recovery EPA 8260    JAR09/30/15

BFB (surr spk) 99 % spike recovery EPA 8260    JAR09/30/15

Toluene-D8 (surr spk) 104 % spike recovery EPA 8260    JAR09/30/15
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Client: Pfizer Inc. (PGM-PGE) KAR Project No. : 509188

Date Reported: 10/15/15

Project
Description : Analysis of aqueous samples from West KL Landfill (943-8200.08).

LABORATORY DETAIL REPORT

David R. Alkema, Lab Manager

Attest: 



Sample Type : aqueous

Date Received : 09/17/15Sampled By : KI of AHC

Sample Date : 09/16/15

KAR Sample No. : 509188-40Sample Time : 1215

Sample ID : "KL-GW-P-56"

Test Result Units of Measure Method Analyst CommentsAnalyzed

Prep, metals Completed EPA 200.7/8    STC09/18/15

Iron, total 1.45 mg/L EPA 200.7    JHB10/01/15

Alkalinity (as CaCO3) 275 mg/L SM 2320 B    AJK09/29/15

COD 25 mg/L EPA 410.4    JWW09/21/15

Chloride 99.0 mg/L EPA 300.0A    ALK09/18/15

Nitrogen, ammonia <0.5 mg/L EPA 350.1    JWW09/22/15

Nitrogen, nitrate <0.2 mg/L EPA 353.2    AJK09/18/15

Sulfate 12 mg/L EPA 300.0A    ALK09/18/15

Dissolved solids, total 440 mg/L EPA 160.1    JWW09/21/15

TOC, dissolved 7.8 mg/L SM 5310 C Result is actually non-purgeable organic
carbon (NPOC).   

JAR09/23/15

TOC, low level 7.4 mg/L SM 5310 C Result is actually non-purgeable organic
carbon (NPOC).   

JAR09/23/15

Prep, VOA (SIM) Completed EPA 5030    JAR09/24/15

1,4-Diethylene dioxide(SIM) 190 ug/L EPA 8260 (SIM)    JAR09/24/15

Tert-Butanol (SIM) 600 ug/L EPA 8260 (SIM)    JAR09/24/15

Tetrahydrofuran (SIM) 4.7 ug/L EPA 8260 (SIM)    JAR09/24/15
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Client: Pfizer Inc. (PGM-PGE) KAR Project No. : 509188

Date Reported: 10/15/15

Project
Description : Analysis of aqueous samples from West KL Landfill (943-8200.08).

LABORATORY DETAIL REPORT

David R. Alkema, Lab Manager

Attest: 



Sample Type : aqueous

Date Received : 09/24/15Sampled By : KI of AHC

Sample Date : 09/23/15

KAR Sample No. : 509188-41Sample Time : 1250

Sample ID : "KL-GW-P-57"

Test Result Units of Measure Method Analyst CommentsAnalyzed

Prep, metals Completed EPA 200.7/8    STC09/25/15

Iron, total 0.50 mg/L EPA 200.7    JHB10/01/15

Alkalinity (as CaCO3) 210 mg/L SM 2320 B    AJK10/06/15

COD <10 mg/L EPA 410.4    JWW09/25/15

Chloride 41.2 mg/L EPA 300.0A    ALK09/25/15

Nitrogen, ammonia <0.5 mg/L EPA 350.1    JWW10/08/15

Nitrogen, nitrate <0.2 mg/L EPA 353.2    AJK09/25/15

Sulfate 14 mg/L EPA 300.0A    ALK09/25/15

Dissolved solids, total 268 mg/L EPA 160.1    JWW09/25/15

TOC, low level 1.8 mg/L SM 5310 C Result is actually non-purgeable organic
carbon (NPOC).   

JAR09/28/15

Prep, VOA (SIM) Completed EPA 5030    JAR09/25/15

1,4-Diethylene dioxide(SIM) 110 ug/L EPA 8260 (SIM)    JAR09/25/15

Tert-Butanol (SIM) 300 ug/L EPA 8260 (SIM)    JAR09/25/15

Tetrahydrofuran (SIM) 81 ug/L EPA 8260 (SIM)    JAR09/25/15

KAR KAR KAR KAR Laboratories, Inc.    .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   
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Client: Pfizer Inc. (PGM-PGE) KAR Project No. : 509188

Date Reported: 10/15/15

Project
Description : Analysis of aqueous samples from West KL Landfill (943-8200.08).

LABORATORY DETAIL REPORT

David R. Alkema, Lab Manager

Attest: 



Sample Type : aqueous

Date Received : 09/18/15Sampled By : KI of AHC

Sample Date : 09/18/15

KAR Sample No. : 509188-42Sample Time : 1126

Sample ID : "KL-GW-P-58"

Test Result Units of Measure Method Analyst CommentsAnalyzed

Prep, metals Completed EPA 200.7/8    STC09/21/15

Iron, total <0.1 mg/L EPA 200.7    JHB10/01/15

Alkalinity (as CaCO3) 242 mg/L SM 2320 B    AJK10/01/15

COD <10 mg/L EPA 410.4    JWW09/21/15

Chloride 73.3 mg/L EPA 300.0A    ALK10/01/15

Nitrogen, ammonia <0.5 mg/L EPA 350.1    JWW09/22/15

Nitrogen, nitrate 0.6 mg/L EPA 353.2    AJK09/18/15

Sulfate 16 mg/L EPA 300.0A    ALK09/23/15

Dissolved solids, total 344 mg/L EPA 160.1    JWW09/21/15

TOC, low level 0.8 mg/L SM 5310 C Result is actually non-purgeable organic
carbon (NPOC).   

JAR09/23/15

Prep, VOA (SIM) Completed EPA 5030    JAR09/24/15

1,4-Diethylene dioxide(SIM) 50 ug/L EPA 8260 (SIM)    JAR09/24/15

Tert-Butanol (SIM) 12 ug/L EPA 8260 (SIM)    JAR09/24/15

Tetrahydrofuran (SIM) 31 ug/L EPA 8260 (SIM)    JAR09/24/15

KAR KAR KAR KAR Laboratories, Inc.    .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   
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Client: Pfizer Inc. (PGM-PGE) KAR Project No. : 509188

Date Reported: 10/15/15

Project
Description : Analysis of aqueous samples from West KL Landfill (943-8200.08).

LABORATORY DETAIL REPORT

David R. Alkema, Lab Manager

Attest: 



Sample Type : aqueous

Date Received : 09/29/15Sampled By : KI of AHC

Sample Date : 09/29/15

KAR Sample No. : 509188-43Sample Time : 1530

Sample ID : "KL-GW-P-59"

Test Result Units of Measure Method Analyst CommentsAnalyzed

Prep, metals Completed EPA 200.7/8    STC09/30/15

Iron, total 0.41 mg/L EPA 200.7    JHB10/01/15

Alkalinity (as CaCO3) 192 mg/L SM 2320 B    AJK10/13/15

COD <20 mg/L EPA 410.4 Elevated detection limit due to sample
matrix interference.   

JWW10/07/15

Chloride 2.9 mg/L EPA 300.0A    ALK10/01/15

Nitrogen, ammonia <0.5 mg/L EPA 350.1    JWW10/08/15

Nitrogen, nitrate <0.2 mg/L EPA 353.2    AJK09/30/15

Sulfate 31 mg/L EPA 300.0A    ALK10/01/15

Dissolved solids, total 712 mg/L EPA 160.1    JWW10/06/15

TOC, low level 0.6 mg/L SM 5310 C Result is actually non-purgeable organic
carbon (NPOC).   

JAR10/01/15

Prep, VOA (SIM) Completed EPA 8260    JAR10/02/15

1,4-Diethylene dioxide(SIM) <1 ug/L EPA 8260 (SIM)    JAR10/02/15

Tert-Butanol (SIM) <5 ug/L EPA 8260 (SIM)    JAR10/02/15

Tetrahydrofuran (SIM) <2 ug/L EPA 8260 (SIM)    JAR10/02/15

KAR KAR KAR KAR Laboratories, Inc.    .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   
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Client: Pfizer Inc. (PGM-PGE) KAR Project No. : 509188

Date Reported: 10/15/15

Project
Description : Analysis of aqueous samples from West KL Landfill (943-8200.08).

LABORATORY DETAIL REPORT

David R. Alkema, Lab Manager

Attest: 



Sample Type : aqueous

Date Received : 10/01/15Sampled By : KI of AHC

Sample Date : 09/30/15

KAR Sample No. : 509188-44Sample Time : 1133

Sample ID : "KL-GW-P-60"

Test Result Units of Measure Method Analyst CommentsAnalyzed

Prep, metals Completed EPA 200.7/8    STC10/02/15

Iron, total 0.24 mg/L EPA 200.7    JHB10/08/15

Alkalinity (as CaCO3) 212 mg/L SM 2320 B    AJK10/14/15

COD <10 mg/L EPA 410.4    JWW10/07/15

Chloride 5.7 mg/L EPA 300.0A    ALK10/07/15

Nitrogen, ammonia <0.5 mg/L EPA 350.1    JWW10/08/15

Nitrogen, nitrate <0.2 mg/L EPA 353.2    AJK10/02/15

Sulfate 33 mg/L EPA 300.0A    ALK10/07/15

Dissolved solids, total 290 mg/L EPA 160.1    JWW10/06/15

TOC, low level 0.6 mg/L SM 5310 C Result is actually non-purgeable organic
carbon (NPOC).   

JAR10/05/15

Prep, VOA (SIM) Completed EPA 5030    JAR10/05/15

1,4-Diethylene dioxide(SIM) <1 ug/L EPA 8260 (SIM)    JAR10/05/15

Tert-Butanol (SIM) <5 ug/L EPA 8260 (SIM)    JAR10/05/15

Tetrahydrofuran (SIM) <2 ug/L EPA 8260 (SIM)    JAR10/05/15

KAR KAR KAR KAR Laboratories, Inc.    .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   
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Client: Pfizer Inc. (PGM-PGE) KAR Project No. : 509188

Date Reported: 10/15/15

Project
Description : Analysis of aqueous samples from West KL Landfill (943-8200.08).

LABORATORY DETAIL REPORT

David R. Alkema, Lab Manager

Attest: 



Sample Type : aqueous

Date Received : 09/24/15Sampled By : KI of AHC

Sample Date : 09/23/15

KAR Sample No. : 509188-45Sample Time : 1154

Sample ID : "KL-GW-P-61"

Test Result Units of Measure Method Analyst CommentsAnalyzed

Prep, metals Completed EPA 200.7/8    STC09/25/15

Iron, total 1.14 mg/L EPA 200.7    JHB10/01/15

Alkalinity (as CaCO3) 182 mg/L SM 2320 B    AJK10/06/15

COD 19 mg/L EPA 410.4    JWW09/25/15

Chloride 95.1 mg/L EPA 300.0A    ALK10/01/15

Nitrogen, ammonia <0.5 mg/L EPA 350.1    JWW10/08/15

Nitrogen, nitrate <0.2 mg/L EPA 353.2    AJK09/25/15

Sulfate <1 mg/L EPA 300.0A    ALK09/24/15

Dissolved solids, total 326 mg/L EPA 160.1    JWW09/25/15

TOC, low level 6.4 mg/L SM 5310 C Result is actually non-purgeable organic
carbon (NPOC).   

JAR09/28/15

Prep, VOA (SIM) Completed EPA 5030    JAR09/25/15

1,4-Diethylene dioxide(SIM) 190 ug/L EPA 8260 (SIM)    JAR09/25/15

Tert-Butanol (SIM) 950 ug/L EPA 8260 (SIM)    JAR09/25/15

Tetrahydrofuran (SIM) 6.7 ug/L EPA 8260 (SIM)    JAR09/25/15

KAR KAR KAR KAR Laboratories, Inc.    .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   
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Client: Pfizer Inc. (PGM-PGE) KAR Project No. : 509188

Date Reported: 10/15/15

Project
Description : Analysis of aqueous samples from West KL Landfill (943-8200.08).

LABORATORY DETAIL REPORT

David R. Alkema, Lab Manager

Attest: 



Sample Type : aqueous

Date Received : 09/18/15Sampled By : KI of AHC

Sample Date : 09/18/15

KAR Sample No. : 509188-46Sample Time : 1210

Sample ID : "KL-GW-P-62"

Test Result Units of Measure Method Analyst CommentsAnalyzed

Prep, metals Completed EPA 200.7/8    STC09/21/15

Iron, total 5.93 mg/L EPA 200.7    JHB10/01/15

Alkalinity (as CaCO3) 292 mg/L SM 2320 B    AJK10/01/15

COD <10 mg/L EPA 410.4    JWW09/21/15

Chloride 51.8 mg/L EPA 300.0A    ALK09/23/15

Nitrogen, ammonia <0.5 mg/L EPA 350.1    JWW09/22/15

Nitrogen, nitrate <0.2 mg/L EPA 353.2    AJK09/18/15

Sulfate <1 mg/L EPA 300.0A    ALK09/23/15

Dissolved solids, total 360 mg/L EPA 160.1    JWW09/21/15

TOC, low level 2.2 mg/L SM 5310 C Result is actually non-purgeable organic
carbon (NPOC).   

JAR09/23/15

Prep, VOA (SIM) Completed EPA 5030    JAR09/24/15

1,4-Diethylene dioxide(SIM) 2.3 ug/L EPA 8260 (SIM)    JAR09/24/15

Tert-Butanol (SIM) <5 ug/L EPA 8260 (SIM)    JAR09/24/15

Tetrahydrofuran (SIM) <2 ug/L EPA 8260 (SIM)    JAR09/24/15

KAR KAR KAR KAR Laboratories, Inc.    .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   
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Client: Pfizer Inc. (PGM-PGE) KAR Project No. : 509188

Date Reported: 10/15/15

Project
Description : Analysis of aqueous samples from West KL Landfill (943-8200.08).

LABORATORY DETAIL REPORT

David R. Alkema, Lab Manager

Attest: 



Sample Type : aqueous

Date Received : 09/24/15Sampled By : KI of AHC

Sample Date : 09/23/15

KAR Sample No. : 509188-47Sample Time : 1008

Sample ID : "KL-GW-P-63"

Test Result Units of Measure Method Analyst CommentsAnalyzed

Prep, metals Completed EPA 200.7/8    STC09/25/15

Iron, total 2.94 mg/L EPA 200.7    JHB10/01/15

Alkalinity (as CaCO3) 180 mg/L SM 2320 B    AJK10/06/15

COD 25 mg/L EPA 410.4    JWW09/25/15

Chloride 98.5 mg/L EPA 300.0A    ALK10/01/15

Nitrogen, ammonia <0.5 mg/L EPA 350.1    JWW10/08/15

Nitrogen, nitrate <0.2 mg/L EPA 353.2    AJK09/25/15

Sulfate <1 mg/L EPA 300.0A    ALK09/25/15

Dissolved solids, total 326 mg/L EPA 160.1    JWW09/25/15

TOC, low level 6.3 mg/L SM 5310 C Result is actually non-purgeable organic
carbon (NPOC).   

JAR09/28/15

Prep, VOA (SIM) Completed EPA 5030    JAR09/25/15

1,4-Diethylene dioxide(SIM) 220 ug/L EPA 8260 (SIM)    JAR09/25/15

Tert-Butanol (SIM) 840 ug/L EPA 8260 (SIM)    JAR09/25/15

Tetrahydrofuran (SIM) 100 ug/L EPA 8260 (SIM)    JAR09/25/15

KAR KAR KAR KAR Laboratories, Inc.    .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   
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Client: Pfizer Inc. (PGM-PGE) KAR Project No. : 509188

Date Reported: 10/15/15

Project
Description : Analysis of aqueous samples from West KL Landfill (943-8200.08).

LABORATORY DETAIL REPORT

David R. Alkema, Lab Manager

Attest: 



Sample Type : aqueous

Date Received : 09/18/15Sampled By : KI of AHC

Sample Date : 09/17/15

KAR Sample No. : 509188-48Sample Time : 1611

Sample ID : "KL-GW-P-64"

Test Result Units of Measure Method Analyst CommentsAnalyzed

Prep, metals Completed EPA 200.7/8    STC09/21/15

Iron, total <0.1 mg/L EPA 200.7    JHB10/01/15

Alkalinity (as CaCO3) 242 mg/L SM 2320 B    AJK09/29/15

COD <10 mg/L EPA 410.4    JWW09/21/15

Chloride 30.8 mg/L EPA 300.0A    ALK09/23/15

Nitrogen, ammonia <0.5 mg/L EPA 350.1    JWW09/22/15

Nitrogen, nitrate 1.2 mg/L EPA 353.2    AJK09/18/15

Sulfate 22 mg/L EPA 300.0A    ALK09/23/15

Dissolved solids, total 302 mg/L EPA 160.1    JWW09/21/15

TOC, low level 0.5 mg/L SM 5310 C Result is actually non-purgeable organic
carbon (NPOC).   

JAR09/23/15

Prep, VOA (SIM) Completed EPA 5030    JAR09/24/15

1,4-Diethylene dioxide(SIM) 1.8 ug/L EPA 8260 (SIM)    JAR09/24/15

Tert-Butanol (SIM) <5 ug/L EPA 8260 (SIM)    JAR09/24/15

Tetrahydrofuran (SIM) <2 ug/L EPA 8260 (SIM)    JAR09/24/15

KAR KAR KAR KAR Laboratories, Inc.    .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   
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Client: Pfizer Inc. (PGM-PGE) KAR Project No. : 509188

Date Reported: 10/15/15

Project
Description : Analysis of aqueous samples from West KL Landfill (943-8200.08).

LABORATORY DETAIL REPORT

David R. Alkema, Lab Manager

Attest: 



Sample Type : aqueous

Date Received : 09/17/15Sampled By : KI of AHC

Sample Date : 09/17/15

KAR Sample No. : 509188-49Sample Time : 1240

Sample ID : "KL-GW-P-65"

Test Result Units of Measure Method Analyst CommentsAnalyzed

Prep, metals Completed EPA 200.7/8    STC09/18/15

Iron, total 1.65 mg/L EPA 200.7    JHB10/01/15

Alkalinity (as CaCO3) 192 mg/L SM 2320 B    AJK09/29/15

COD <10 mg/L EPA 410.4    JWW09/21/15

Chloride 38.0 mg/L EPA 300.0A    ALK09/18/15

Nitrogen, ammonia <0.5 mg/L EPA 350.1    JWW09/22/15

Nitrogen, nitrate <0.2 mg/L EPA 353.2    AJK09/18/15

Sulfate <1 mg/L EPA 300.0A    ALK09/18/15

Dissolved solids, total 228 mg/L EPA 160.1    JWW09/21/15

TOC, low level 1.8 mg/L SM 5310 C Result is actually non-purgeable organic
carbon (NPOC).   

JAR09/23/15

Prep, VOA (SIM) Completed EPA 5030    JAR09/24/15

1,4-Diethylene dioxide(SIM) 65 ug/L EPA 8260 (SIM)    JAR09/24/15

Tert-Butanol (SIM) 280 ug/L EPA 8260 (SIM)    JAR09/24/15

Tetrahydrofuran (SIM) 35 ug/L EPA 8260 (SIM)    JAR09/24/15

KAR KAR KAR KAR Laboratories, Inc.    .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   
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Client: Pfizer Inc. (PGM-PGE) KAR Project No. : 509188

Date Reported: 10/15/15

Project
Description : Analysis of aqueous samples from West KL Landfill (943-8200.08).

LABORATORY DETAIL REPORT

David R. Alkema, Lab Manager

Attest: 



Sample Type : aqueous

Date Received : 09/17/15Sampled By : KI of AHC

Sample Date : 09/16/15

KAR Sample No. : 509188-50Sample Time : 1054

Sample ID : "KL-GW-P-66"

Test Result Units of Measure Method Analyst CommentsAnalyzed

Prep, metals Completed EPA 200.7/8    STC09/18/15

Iron, total 2.13 mg/L EPA 200.7    JHB10/01/15

Alkalinity (as CaCO3) 182 mg/L SM 2320 B    AJK09/29/15

COD 12 mg/L EPA 410.4    JWW09/21/15

Chloride 60.4 mg/L EPA 300.0A    ALK09/23/15

Nitrogen, ammonia <0.5 mg/L EPA 350.1    JWW09/22/15

Nitrogen, nitrate <0.2 mg/L EPA 353.2    AJK09/18/15

Sulfate <1 mg/L EPA 300.0A    ALK09/18/15

Dissolved solids, total 252 mg/L EPA 160.1    JWW09/21/15

TOC, low level 3.3 mg/L SM 5310 C Result is actually non-purgeable organic
carbon (NPOC).   

JAR09/23/15

Prep, VOA (SIM) Completed EPA 5030    JAR09/24/15

1,4-Diethylene dioxide(SIM) 150 ug/L EPA 8260 (SIM)    JAR09/24/15

Tert-Butanol (SIM) 500 ug/L EPA 8260 (SIM)    JAR09/24/15

Tetrahydrofuran (SIM) 64 ug/L EPA 8260 (SIM)    JAR09/24/15

KAR KAR KAR KAR Laboratories, Inc.    .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   
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Client: Pfizer Inc. (PGM-PGE) KAR Project No. : 509188

Date Reported: 10/15/15

Project
Description : Analysis of aqueous samples from West KL Landfill (943-8200.08).

LABORATORY DETAIL REPORT

David R. Alkema, Lab Manager

Attest: 



Sample Type : aqueous

Date Received : 09/24/15Sampled By : KI of AHC

Sample Date : 09/23/15

KAR Sample No. : 509188-51Sample Time : 1102

Sample ID : "KL-GW-P-67"

Test Result Units of Measure Method Analyst CommentsAnalyzed

Prep, metals Completed EPA 200.7/8    STC09/25/15

Iron, total 2.00 mg/L EPA 200.7    JHB10/01/15

Alkalinity (as CaCO3) 170 mg/L SM 2320 B    AJK10/06/15

COD 16 mg/L EPA 410.4    JWW09/25/15

Chloride 76.0 mg/L EPA 300.0A    ALK10/01/15

Nitrogen, ammonia <0.5 mg/L EPA 350.1    JWW10/08/15

Nitrogen, nitrate <0.2 mg/L EPA 353.2    AJK09/25/15

Sulfate <1 mg/L EPA 300.0A    ALK09/25/15

Dissolved solids, total 292 mg/L EPA 160.1    JWW09/25/15

TOC, low level 4.5 mg/L SM 5310 C Result is actually non-purgeable organic
carbon (NPOC).   

JAR09/28/15

Prep, VOA (SIM) Completed EPA 5030    JAR09/28/15

1,4-Diethylene dioxide(SIM) 140 ug/L EPA 8260 (SIM)    JAR09/28/15

Tert-Butanol (SIM) 580 ug/L EPA 8260 (SIM)    JAR09/28/15

Tetrahydrofuran (SIM) 130 ug/L EPA 8260 (SIM)    JAR09/28/15

KAR KAR KAR KAR Laboratories, Inc.    .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   
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Client: Pfizer Inc. (PGM-PGE) KAR Project No. : 509188

Date Reported: 10/15/15

Project
Description : Analysis of aqueous samples from West KL Landfill (943-8200.08).

LABORATORY DETAIL REPORT

David R. Alkema, Lab Manager

Attest: 



Sample Type : aqueous

Date Received : 09/22/15Sampled By : KI of AHC

Sample Date : 09/22/15

KAR Sample No. : 509188-52Sample Time : 1002

Sample ID : "KL-GW-P-68"

Test Result Units of Measure Method Analyst CommentsAnalyzed

Prep, metals Completed EPA 200.7/8    STC09/23/15

Iron, total 2.10 mg/L EPA 200.7    JHB10/01/15

Alkalinity (as CaCO3) 202 mg/L SM 2320 B    AJK10/05/15

COD <10 mg/L EPA 410.4    JWW09/25/15

Chloride 32.8 mg/L EPA 300.0A    ALK09/23/15

Nitrogen, ammonia <0.5 mg/L EPA 350.1    JWW10/08/15

Nitrogen, nitrate <0.2 mg/L EPA 353.2    AJK09/23/15

Sulfate 3 mg/L EPA 300.0A    ALK09/23/15

Dissolved solids, total 233 mg/L EPA 160.1    JWW09/25/15

TOC, low level 1.6 mg/L SM 5310 C Result is actually non-purgeable organic
carbon (NPOC).   

JAR09/23/15

Prep, VOA (SIM) Completed EPA 5030    JAR09/24/15

1,4-Diethylene dioxide(SIM) 54 ug/L EPA 8260 (SIM)    JAR09/24/15

Tert-Butanol (SIM) 220 ug/L EPA 8260 (SIM)    JAR09/24/15

Tetrahydrofuran (SIM) 26 ug/L EPA 8260 (SIM)    JAR09/24/15

KAR KAR KAR KAR Laboratories, Inc.    .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   

of 128Page 80

Client: Pfizer Inc. (PGM-PGE) KAR Project No. : 509188

Date Reported: 10/15/15

Project
Description : Analysis of aqueous samples from West KL Landfill (943-8200.08).

LABORATORY DETAIL REPORT

David R. Alkema, Lab Manager

Attest: 



Sample Type : aqueous

Date Received : 09/22/15Sampled By : KI of AHC

Sample Date : 09/22/15

KAR Sample No. : 509188-53Sample Time : 1152

Sample ID : "KL-GW-P-69"

Test Result Units of Measure Method Analyst CommentsAnalyzed

Prep, metals Completed EPA 200.7/8    STC09/23/15

Iron, total <0.1 mg/L EPA 200.7    JHB10/01/15

Alkalinity (as CaCO3) 195 mg/L SM 2320 B    AJK10/05/15

COD <10 mg/L EPA 410.4    JWW09/25/15

Chloride 25.3 mg/L EPA 300.0A    ALK09/23/15

Nitrogen, ammonia <0.5 mg/L EPA 350.1    JWW10/08/15

Nitrogen, nitrate <0.2 mg/L EPA 353.2    AJK09/23/15

Sulfate 16 mg/L EPA 300.0A    ALK09/23/15

Dissolved solids, total 226 mg/L EPA 160.1    JWW09/25/15

TOC, low level 0.6 mg/L SM 5310 C Result is actually non-purgeable organic
carbon (NPOC).   

JAR09/23/15

Prep, VOA (SIM) Completed EPA 5030    JAR09/24/15

1,4-Diethylene dioxide(SIM) 33 ug/L EPA 8260 (SIM)    JAR09/24/15

Tert-Butanol (SIM) 37 ug/L EPA 8260 (SIM)    JAR09/24/15

Tetrahydrofuran (SIM) 14 ug/L EPA 8260 (SIM)    JAR09/24/15

KAR KAR KAR KAR Laboratories, Inc.    .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   
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Client: Pfizer Inc. (PGM-PGE) KAR Project No. : 509188

Date Reported: 10/15/15

Project
Description : Analysis of aqueous samples from West KL Landfill (943-8200.08).

LABORATORY DETAIL REPORT

David R. Alkema, Lab Manager

Attest: 



Sample Type : aqueous

Date Received : 10/01/15Sampled By : KI of AHC

Sample Date : 09/30/15

KAR Sample No. : 509188-54Sample Time : 1042

Sample ID : "KL-GW-P-70"

Test Result Units of Measure Method Analyst CommentsAnalyzed

Prep, metals Completed EPA 200.7/8    STC10/02/15

Iron, total 0.15 mg/L EPA 200.7    JHB10/08/15

Alkalinity (as CaCO3) 205 mg/L SM 2320 B    AJK10/14/15

COD <10 mg/L EPA 410.4    JWW10/07/15

Chloride 24.7 mg/L EPA 300.0A    ALK10/07/15

Nitrogen, ammonia <0.5 mg/L EPA 350.1    JWW10/08/15

Nitrogen, nitrate <0.2 mg/L EPA 353.2    AJK10/02/15

Sulfate 18 mg/L EPA 300.0A    ALK10/07/15

Dissolved solids, total 308 mg/L EPA 160.1    JWW10/06/15

TOC, low level 0.8 mg/L SM 5310 C Result is actually non-purgeable organic
carbon (NPOC).   

JAR10/05/15

Prep, VOA (SIM) Completed EPA 5030    JAR10/05/15

1,4-Diethylene dioxide(SIM) 25 ug/L EPA 8260 (SIM)    JAR10/05/15

Tert-Butanol (SIM) 27 ug/L EPA 8260 (SIM)    JAR10/05/15

Tetrahydrofuran (SIM) 8.6 ug/L EPA 8260 (SIM)    JAR10/05/15
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Client: Pfizer Inc. (PGM-PGE) KAR Project No. : 509188

Date Reported: 10/15/15

Project
Description : Analysis of aqueous samples from West KL Landfill (943-8200.08).

LABORATORY DETAIL REPORT

David R. Alkema, Lab Manager

Attest: 



Sample Type : aqueous

Date Received : 09/17/15Sampled By : KI of AHC

Sample Date : 09/17/15

KAR Sample No. : 509188-55Sample Time : 1059

Sample ID : "KL-GW-P-71, MS/MSD"

Test Result Units of Measure Method Analyst CommentsAnalyzed

Prep, metals Completed EPA 200.7/8    STC09/21/15

Iron, total 0.26 mg/L EPA 200.7    JHB10/01/15

Alkalinity (as CaCO3) 205 mg/L SM 2320 B    AJK09/29/15

COD <10 mg/L EPA 410.4    JWW09/21/15

Chloride 26.3 mg/L EPA 300.0A    ALK09/18/15

Nitrogen, ammonia <0.5 mg/L EPA 350.1    JWW09/22/15

Nitrogen, nitrate <0.2 mg/L EPA 353.2    AJK09/18/15

Sulfate 12 mg/L EPA 300.0A    ALK09/18/15

Dissolved solids, total 202 mg/L EPA 160.1    JWW09/21/15

TOC, low level 0.6 mg/L SM 5310 C Result is actually non-purgeable organic
carbon (NPOC).   

JAR09/23/15

MDNR Scan 1 & 2 See below EPA 8260    JAR09/23/15

Prep, VOA Completed EPA 5030    JAR09/23/15

Prep, VOA (SIM) Completed EPA 5030    JAR09/24/15

1,1,1-Trichloroethane <1 ug/L EPA 8260    JAR09/23/15

1,1,2,2-Tetrachloroethane <1 ug/L EPA 8260    JAR09/23/15

1,1,2-Trichloroethane <1 ug/L EPA 8260    JAR09/23/15

1,1-Dichloroethane <1 ug/L EPA 8260    JAR09/23/15

1,1-Dichloroethene <1 ug/L EPA 8260    JAR09/23/15

1,2-Dichloroethane <1 ug/L EPA 8260    JAR09/23/15

1,2-Dichloropropane <1 ug/L EPA 8260    JAR09/23/15

1,4-Diethylene dioxide(SIM) 26 ug/L EPA 8260 (SIM)    JAR09/24/15

2-Butanone <50 ug/L EPA 8260    JAR09/23/15

2-Hexanone <50 ug/L EPA 8260    JAR09/23/15

4-Methyl-2-pentanone <50 ug/L EPA 8260    JAR09/23/15

Acetone <50 ug/L EPA 8260    JAR09/23/15

Benzene <1 ug/L EPA 8260    JAR09/23/15

Bromodichloromethane <1 ug/L EPA 8260    JAR09/23/15

Bromoform <1 ug/L EPA 8260    JAR09/23/15

Bromomethane <5 ug/L EPA 8260    JAR09/23/15

Carbon disulfide <50 ug/L EPA 8260    JAR09/23/15

Carbon tetrachloride <1 ug/L EPA 8260    JAR09/23/15

Chlorobenzene <1 ug/L EPA 8260    JAR09/23/15

Chloroethane <5 ug/L EPA 8260    JAR09/23/15

Chloroform <1 ug/L EPA 8260    JAR09/23/15

Chloromethane <5 ug/L EPA 8260    JAR09/23/15

Cis-1,2-Dichloroethene <1 ug/L EPA 8260    JAR09/23/15

Cis-1,3-Dichloropropene <1 ug/L EPA 8260    JAR09/23/15

Dibromochloromethane <5 ug/L EPA 8260    JAR09/23/15

Ethylbenzene <1 ug/L EPA 8260    JAR09/23/15

M-and/or p-xylene <2 ug/L EPA 8260    JAR09/23/15

Methylene chloride <5 ug/L EPA 8260    JAR09/23/15
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Client: Pfizer Inc. (PGM-PGE) KAR Project No. : 509188

Date Reported: 10/15/15

Project
Description : Analysis of aqueous samples from West KL Landfill (943-8200.08).

LABORATORY DETAIL REPORT

David R. Alkema, Lab Manager

Attest: 



Sample Type : aqueous

Date Received : 09/17/15Sampled By : KI of AHC

Sample Date : 09/17/15

KAR Sample No. : 509188-55Sample Time : 1059

Sample ID : "KL-GW-P-71, MS/MSD"

Test Result Units of Measure Method Analyst CommentsAnalyzed

O-Xylene <1 ug/L EPA 8260    JAR09/23/15

Styrene <1 ug/L EPA 8260    JAR09/23/15

Tert-Butanol (SIM) 47 ug/L EPA 8260 (SIM)    JAR09/24/15

Tetrachloroethene <1 ug/L EPA 8260    JAR09/23/15

Tetrahydrofuran (SIM) 9.2 ug/L EPA 8260 (SIM)    JAR09/24/15

Toluene <1 ug/L EPA 8260    JAR09/23/15

Trans-1,2-Dichloroethene <1 ug/L EPA 8260    JAR09/23/15

Trans-1,3-Dichloropropene <1 ug/L EPA 8260    JAR09/23/15

Trichloroethene <1 ug/L EPA 8260    JAR09/23/15

Trichlorofluoromethane <1 ug/L EPA 8260    JAR09/23/15

Vinyl chloride <1 ug/L EPA 8260    JAR09/23/15

12DCA-D4 (surr spk) 101 % spike recovery EPA 8260    JAR09/23/15

BFB (surr spk) 98 % spike recovery EPA 8260    JAR09/23/15

Toluene-D8 (surr spk) 104 % spike recovery EPA 8260    JAR09/23/15
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Client: Pfizer Inc. (PGM-PGE) KAR Project No. : 509188

Date Reported: 10/15/15

Project
Description : Analysis of aqueous samples from West KL Landfill (943-8200.08).

LABORATORY DETAIL REPORT

David R. Alkema, Lab Manager

Attest: 



Sample Type : aqueous

Date Received : 10/01/15Sampled By : KI of AHC

Sample Date : 09/30/15

KAR Sample No. : 509188-56Sample Time : 0951

Sample ID : "KL-GW-P-72"

Test Result Units of Measure Method Analyst CommentsAnalyzed

Prep, metals Completed EPA 200.7/8    STC10/02/15

Iron, total 0.34 mg/L EPA 200.7    JHB10/08/15

Alkalinity (as CaCO3) 204 mg/L SM 2320 B    AJK10/14/15

COD <10 mg/L EPA 410.4    JWW10/07/15

Chloride 11.5 mg/L EPA 300.0A    ALK10/07/15

Nitrogen, ammonia <0.5 mg/L EPA 350.1    JWW10/08/15

Nitrogen, nitrate <0.2 mg/L EPA 353.2    AJK10/02/15

Sulfate 25 mg/L EPA 300.0A    ALK10/07/15

Dissolved solids, total 286 mg/L EPA 160.1    JWW10/06/15

TOC, low level 0.6 mg/L SM 5310 C Result is actually non-purgeable organic
carbon (NPOC).   

JAR10/05/15

Prep, VOA (SIM) Completed EPA 5030    JAR10/05/15

1,4-Diethylene dioxide(SIM) 6.3 ug/L EPA 8260 (SIM)    JAR10/05/15

Tert-Butanol (SIM) 8.5 ug/L EPA 8260 (SIM)    JAR10/05/15

Tetrahydrofuran (SIM) <2 ug/L EPA 8260 (SIM)    JAR10/05/15
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Client: Pfizer Inc. (PGM-PGE) KAR Project No. : 509188

Date Reported: 10/15/15

Project
Description : Analysis of aqueous samples from West KL Landfill (943-8200.08).

LABORATORY DETAIL REPORT

David R. Alkema, Lab Manager

Attest: 



Sample Type : aqueous

Date Received : 09/18/15Sampled By : KI of AHC

Sample Date : 09/18/15

KAR Sample No. : 509188-57Sample Time : 1044

Sample ID : "KL-GW-P-73"

Test Result Units of Measure Method Analyst CommentsAnalyzed

Prep, metals Completed EPA 200.7/8    STC09/21/15

Iron, total 0.34 mg/L EPA 200.7    JHB10/01/15

Alkalinity (as CaCO3) 202 mg/L SM 2320 B    AJK10/01/15

COD <10 mg/L EPA 410.4    JWW09/21/15

Chloride 16.4 mg/L EPA 300.0A    ALK09/23/15

Nitrogen, ammonia <0.5 mg/L EPA 350.1    JWW09/22/15

Nitrogen, nitrate <0.2 mg/L EPA 353.2    AJK09/18/15

Sulfate 27 mg/L EPA 300.0A    ALK09/23/15

Dissolved solids, total 248 mg/L EPA 160.1    JWW09/21/15

TOC, low level 0.7 mg/L SM 5310 C Result is actually non-purgeable organic
carbon (NPOC).   

JAR09/23/15

Prep, VOA (SIM) Completed EPA 5030    JAR09/24/15

1,4-Diethylene dioxide(SIM) 23 ug/L EPA 8260 (SIM)    JAR09/24/15

Tert-Butanol (SIM) 48 ug/L EPA 8260 (SIM)    JAR09/24/15

Tetrahydrofuran (SIM) 12 ug/L EPA 8260 (SIM)    JAR09/24/15
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Client: Pfizer Inc. (PGM-PGE) KAR Project No. : 509188

Date Reported: 10/15/15

Project
Description : Analysis of aqueous samples from West KL Landfill (943-8200.08).

LABORATORY DETAIL REPORT

David R. Alkema, Lab Manager

Attest: 



Sample Type : aqueous

Date Received : 09/24/15Sampled By : KI of AHC

Sample Date : 09/23/15

KAR Sample No. : 509188-58Sample Time : 1538

Sample ID : "KL-GW-P-74"

Test Result Units of Measure Method Analyst CommentsAnalyzed

Prep, metals Completed EPA 200.7/8    STC09/25/15

Iron, total 0.11 mg/L EPA 200.7    JHB10/01/15

Alkalinity (as CaCO3) 210 mg/L SM 2320 B    AJK10/06/15

COD <10 mg/L EPA 410.4    JWW09/25/15

Chloride 31.0 mg/L EPA 300.0A    ALK09/25/15

Nitrogen, ammonia <0.5 mg/L EPA 350.1    JWW10/08/15

Nitrogen, nitrate <0.2 mg/L EPA 353.2    AJK09/25/15

Sulfate 13 mg/L EPA 300.0A    ALK09/25/15

Dissolved solids, total 248 mg/L EPA 160.1    JWW09/25/15

TOC, low level 0.8 mg/L SM 5310 C Result is actually non-purgeable organic
carbon (NPOC).   

JAR09/28/15

Prep, VOA (SIM) Completed EPA 5030    JAR09/28/15

1,4-Diethylene dioxide(SIM) 24 ug/L EPA 8260 (SIM)    JAR09/28/15

Tert-Butanol (SIM) 17 ug/L EPA 8260 (SIM)    JAR09/28/15

Tetrahydrofuran (SIM) 8.3 ug/L EPA 8260 (SIM)    JAR09/28/15
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Client: Pfizer Inc. (PGM-PGE) KAR Project No. : 509188

Date Reported: 10/15/15

Project
Description : Analysis of aqueous samples from West KL Landfill (943-8200.08).

LABORATORY DETAIL REPORT

David R. Alkema, Lab Manager

Attest: 



Sample Type : aqueous

Date Received : 09/24/15Sampled By : KI of AHC

Sample Date : 09/24/15

KAR Sample No. : 509188-59Sample Time : 1125

Sample ID : "KL-GW-P-75"

Test Result Units of Measure Method Analyst CommentsAnalyzed

Prep, metals Completed EPA 200.7/8    STC09/25/15

Iron, total <0.1 mg/L EPA 200.7    JHB10/01/15

Alkalinity (as CaCO3) 252 mg/L SM 2320 B    AJK10/07/15

COD <10 mg/L EPA 410.4    JWW09/25/15

Chloride 34.1 mg/L EPA 300.0A    ALK09/25/15

Nitrogen, ammonia <0.5 mg/L EPA 350.1    JWW10/08/15

Nitrogen, nitrate <0.2 mg/L EPA 353.2    AJK09/25/15

Sulfate 31 mg/L EPA 300.0A    ALK09/25/15

Dissolved solids, total 320 mg/L EPA 160.1    JWW09/25/15

TOC, low level 1.2 mg/L SM 5310 C Result is actually non-purgeable organic
carbon (NPOC).   

JAR09/28/15

Prep, VOA (SIM) Completed EPA 5030    JAR09/28/15

1,4-Diethylene dioxide(SIM) 38 ug/L EPA 8260 (SIM)    JAR09/28/15

Tert-Butanol (SIM) 38 ug/L EPA 8260 (SIM)    JAR09/28/15

Tetrahydrofuran (SIM) 24 ug/L EPA 8260 (SIM)    JAR09/28/15
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Client: Pfizer Inc. (PGM-PGE) KAR Project No. : 509188

Date Reported: 10/15/15

Project
Description : Analysis of aqueous samples from West KL Landfill (943-8200.08).

LABORATORY DETAIL REPORT

David R. Alkema, Lab Manager

Attest: 



Sample Type : aqueous

Date Received : 09/17/15Sampled By : KI of AHC

Sample Date : 09/17/15

KAR Sample No. : 509188-60Sample Time : 1145

Sample ID : "KL-GW-P-76"

Test Result Units of Measure Method Analyst CommentsAnalyzed

Prep, metals Completed EPA 200.7/8    STC09/18/15

Iron, total 0.13 mg/L EPA 200.7    JHB10/01/15

Alkalinity (as CaCO3) 220 mg/L SM 2320 B    AJK09/29/15

COD <20 mg/L EPA 410.4 Elevated detection limit due to sample
matrix interference.   

JWW09/21/15

Chloride 14.8 mg/L EPA 300.0A    ALK09/18/15

Nitrogen, ammonia <0.5 mg/L EPA 350.1    JWW09/22/15

Nitrogen, nitrate 2.0 mg/L EPA 353.2    AJK09/18/15

Sulfate 22 mg/L EPA 300.0A    ALK09/18/15

Dissolved solids, total 258 mg/L EPA 160.1    JWW09/21/15

TOC, low level 0.4 mg/L SM 5310 C Result is actually non-purgeable organic
carbon (NPOC).   

JAR09/23/15

Prep, VOA (SIM) Completed EPA 5030    JAR09/24/15

1,4-Diethylene dioxide(SIM) <1 ug/L EPA 8260 (SIM)    JAR09/24/15

Tert-Butanol (SIM) <5 ug/L EPA 8260 (SIM)    JAR09/24/15

Tetrahydrofuran (SIM) <2 ug/L EPA 8260 (SIM)    JAR09/24/15
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Client: Pfizer Inc. (PGM-PGE) KAR Project No. : 509188

Date Reported: 10/15/15

Project
Description : Analysis of aqueous samples from West KL Landfill (943-8200.08).

LABORATORY DETAIL REPORT

David R. Alkema, Lab Manager

Attest: 



Sample Type : aqueous

Date Received : 09/17/15Sampled By : KI of AHC

Sample Date : 09/17/15

KAR Sample No. : 509188-61Sample Time : 1004

Sample ID : "KL-GW-P-77"

Test Result Units of Measure Method Analyst CommentsAnalyzed

Prep, metals Completed EPA 200.7/8    STC09/18/15

Iron, total 0.66 mg/L EPA 200.7    JHB10/01/15

Alkalinity (as CaCO3) 208 mg/L SM 2320 B    AJK09/29/15

COD <10 mg/L EPA 410.4    JWW09/21/15

Chloride 12.6 mg/L EPA 300.0A    ALK09/18/15

Nitrogen, ammonia <0.5 mg/L EPA 350.1    JWW09/22/15

Nitrogen, nitrate <0.2 mg/L EPA 353.2    AJK09/18/15

Sulfate 20 mg/L EPA 300.0A    ALK09/18/15

Dissolved solids, total 230 mg/L EPA 160.1    JWW09/21/15

TOC, dissolved 0.7 mg/L SM 5310 C Result is actually non-purgeable organic
carbon (NPOC).   

JAR09/23/15

TOC, low level 0.5 mg/L SM 5310 C Result is actually non-purgeable organic
carbon (NPOC).   

JAR09/23/15

Prep, VOA (SIM) Completed EPA 5030    JAR09/24/15

1,4-Diethylene dioxide(SIM) 1.6 ug/L EPA 8260 (SIM)    JAR09/24/15

Tert-Butanol (SIM) <5 ug/L EPA 8260 (SIM)    JAR09/24/15

Tetrahydrofuran (SIM) <2 ug/L EPA 8260 (SIM)    JAR09/24/15

KAR KAR KAR KAR Laboratories, Inc.    .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   

of 128Page 90

Client: Pfizer Inc. (PGM-PGE) KAR Project No. : 509188

Date Reported: 10/15/15

Project
Description : Analysis of aqueous samples from West KL Landfill (943-8200.08).

LABORATORY DETAIL REPORT

David R. Alkema, Lab Manager

Attest: 



Sample Type : aqueous

Date Received : 09/22/15Sampled By : KI of AHC

Sample Date : 09/22/15

KAR Sample No. : 509188-62Sample Time : 1053

Sample ID : "KL-GW-P-10711"

Test Result Units of Measure Method Analyst CommentsAnalyzed

Prep, metals Completed EPA 200.7/8    STC09/23/15

Iron, total 1.41 mg/L EPA 200.7    JHB10/01/15

Alkalinity (as CaCO3) 152 mg/L SM 2320 B    AJK10/05/15

COD 12 mg/L EPA 410.4    JWW09/25/15

Chloride 57.5 mg/L EPA 300.0A    ALK09/25/15

Nitrogen, ammonia <0.5 mg/L EPA 350.1    JWW10/08/15

Nitrogen, nitrate <0.2 mg/L EPA 353.2    AJK09/23/15

Sulfate <1 mg/L EPA 300.0A    ALK09/23/15

Dissolved solids, total 222 mg/L EPA 160.1    JWW09/25/15

TOC, low level 2.8 mg/L SM 5310 C Result is actually non-purgeable organic
carbon (NPOC).   

JAR09/23/15

Prep, VOA (SIM) Completed EPA 5030    JAR09/24/15

1,4-Diethylene dioxide(SIM) 130 ug/L EPA 8260 (SIM)    JAR09/24/15

Tert-Butanol (SIM) 440 ug/L EPA 8260 (SIM)    JAR09/24/15

Tetrahydrofuran (SIM) 86 ug/L EPA 8260 (SIM)    JAR09/24/15
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Client: Pfizer Inc. (PGM-PGE) KAR Project No. : 509188

Date Reported: 10/15/15

Project
Description : Analysis of aqueous samples from West KL Landfill (943-8200.08).

LABORATORY DETAIL REPORT

David R. Alkema, Lab Manager

Attest: 



Sample Type : aqueous

Date Received : 09/17/15Sampled By : KI of AHC

Sample Date : 09/17/15

KAR Sample No. : 509188-63Sample Time :

Sample ID : "Trip Blank #1"

Test Result Units of Measure Method Analyst CommentsAnalyzed

MDNR Scan 1 & 2 See below EPA 8260    JAR09/23/15

Prep, VOA Completed EPA 5030    JAR09/23/15

1,1,1-Trichloroethane <1 ug/L EPA 8260    JAR09/23/15

1,1,2,2-Tetrachloroethane <1 ug/L EPA 8260    JAR09/23/15

1,1,2-Trichloroethane <1 ug/L EPA 8260    JAR09/23/15

1,1-Dichloroethane <1 ug/L EPA 8260    JAR09/23/15

1,1-Dichloroethene <1 ug/L EPA 8260    JAR09/23/15

1,2-Dichloroethane <1 ug/L EPA 8260    JAR09/23/15

1,2-Dichloropropane <1 ug/L EPA 8260    JAR09/23/15

2-Butanone <50 ug/L EPA 8260    JAR09/23/15

2-Hexanone <50 ug/L EPA 8260    JAR09/23/15

4-Methyl-2-pentanone <50 ug/L EPA 8260    JAR09/23/15

Acetone <50 ug/L EPA 8260    JAR09/23/15

Benzene <1 ug/L EPA 8260    JAR09/23/15

Bromodichloromethane <1 ug/L EPA 8260    JAR09/23/15

Bromoform <1 ug/L EPA 8260    JAR09/23/15

Bromomethane <5 ug/L EPA 8260    JAR09/23/15

Carbon disulfide <50 ug/L EPA 8260    JAR09/23/15

Carbon tetrachloride <1 ug/L EPA 8260    JAR09/23/15

Chlorobenzene <1 ug/L EPA 8260    JAR09/23/15

Chloroethane <5 ug/L EPA 8260    JAR09/23/15

Chloroform <1 ug/L EPA 8260    JAR09/23/15

Chloromethane <5 ug/L EPA 8260    JAR09/23/15

Cis-1,2-Dichloroethene <1 ug/L EPA 8260    JAR09/23/15

Cis-1,3-Dichloropropene <1 ug/L EPA 8260    JAR09/23/15

Dibromochloromethane <5 ug/L EPA 8260    JAR09/23/15

Ethylbenzene <1 ug/L EPA 8260    JAR09/23/15

M-and/or p-xylene <2 ug/L EPA 8260    JAR09/23/15

Methylene chloride <5 ug/L EPA 8260    JAR09/23/15

O-Xylene <1 ug/L EPA 8260    JAR09/23/15

Styrene <1 ug/L EPA 8260    JAR09/23/15

Tetrachloroethene <1 ug/L EPA 8260    JAR09/23/15

Toluene <1 ug/L EPA 8260    JAR09/23/15

Trans-1,2-Dichloroethene <1 ug/L EPA 8260    JAR09/23/15

Trans-1,3-Dichloropropene <1 ug/L EPA 8260    JAR09/23/15

Trichloroethene <1 ug/L EPA 8260    JAR09/23/15

Trichlorofluoromethane <1 ug/L EPA 8260    JAR09/23/15

Vinyl chloride <1 ug/L EPA 8260    JAR09/23/15

12DCA-D4 (surr spk) 103 % spike recovery EPA 8260    JAR09/23/15

BFB (surr spk) 100 % spike recovery EPA 8260    JAR09/23/15

Toluene-D8 (surr spk) 103 % spike recovery EPA 8260    JAR09/23/15
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Client: Pfizer Inc. (PGM-PGE) KAR Project No. : 509188

Date Reported: 10/15/15

Project
Description : Analysis of aqueous samples from West KL Landfill (943-8200.08).

LABORATORY DETAIL REPORT

David R. Alkema, Lab Manager

Attest: 



Sample Type : aqueous

Date Received : 09/18/15Sampled By : KI of AHC

Sample Date : 09/18/15

KAR Sample No. : 509188-64Sample Time :

Sample ID : "Trip Blank #2"

Test Result Units of Measure Method Analyst CommentsAnalyzed

Prep, VOA (SIM) Completed EPA 5030    JAR09/24/15

1,4-Diethylene dioxide(SIM) <1 ug/L EPA 8260 (SIM)    JAR09/24/15

Tert-Butanol (SIM) <5 ug/L EPA 8260 (SIM)    JAR09/24/15

Tetrahydrofuran (SIM) <2 ug/L EPA 8260 (SIM)    JAR09/24/15
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Client: Pfizer Inc. (PGM-PGE) KAR Project No. : 509188

Date Reported: 10/15/15

Project
Description : Analysis of aqueous samples from West KL Landfill (943-8200.08).

LABORATORY DETAIL REPORT

David R. Alkema, Lab Manager

Attest: 



Sample Type : aqueous

Date Received : 09/22/15Sampled By : KI of AHC

Sample Date : 09/22/15

KAR Sample No. : 509188-65Sample Time :

Sample ID : "Trip Blank #3"

Test Result Units of Measure Method Analyst CommentsAnalyzed

MDNR Scan 1 & 2 See below EPA 8260    JAR09/23/15

Prep, VOA Completed EPA 5030    JAR09/23/15

Prep, VOA (SIM) Completed EPA 5030    JAR09/24/15

1,1,1-Trichloroethane <1 ug/L EPA 8260    JAR09/23/15

1,1,2,2-Tetrachloroethane <1 ug/L EPA 8260    JAR09/23/15

1,1,2-Trichloroethane <1 ug/L EPA 8260    JAR09/23/15

1,1-Dichloroethane <1 ug/L EPA 8260    JAR09/23/15

1,1-Dichloroethene <1 ug/L EPA 8260    JAR09/23/15

1,2-Dichloroethane <1 ug/L EPA 8260    JAR09/23/15

1,2-Dichloropropane <1 ug/L EPA 8260    JAR09/23/15

1,4-Diethylene dioxide(SIM) <1 ug/L EPA 8260 (SIM)    JAR09/24/15

2-Butanone <50 ug/L EPA 8260    JAR09/23/15

2-Hexanone <50 ug/L EPA 8260    JAR09/23/15

4-Methyl-2-pentanone <50 ug/L EPA 8260    JAR09/23/15

Acetone <50 ug/L EPA 8260    JAR09/23/15

Benzene <1 ug/L EPA 8260    JAR09/23/15

Bromodichloromethane <1 ug/L EPA 8260    JAR09/23/15

Bromoform <1 ug/L EPA 8260    JAR09/23/15

Bromomethane <5 ug/L EPA 8260    JAR09/23/15

Carbon disulfide <50 ug/L EPA 8260    JAR09/23/15

Carbon tetrachloride <1 ug/L EPA 8260    JAR09/23/15

Chlorobenzene <1 ug/L EPA 8260    JAR09/23/15

Chloroethane <5 ug/L EPA 8260    JAR09/23/15

Chloroform <1 ug/L EPA 8260    JAR09/23/15

Chloromethane <5 ug/L EPA 8260    JAR09/23/15

Cis-1,2-Dichloroethene <1 ug/L EPA 8260    JAR09/23/15

Cis-1,3-Dichloropropene <1 ug/L EPA 8260    JAR09/23/15

Dibromochloromethane <5 ug/L EPA 8260    JAR09/23/15

Ethylbenzene <1 ug/L EPA 8260    JAR09/23/15

M-and/or p-xylene <2 ug/L EPA 8260    JAR09/23/15

Methylene chloride <5 ug/L EPA 8260    JAR09/23/15

O-Xylene <1 ug/L EPA 8260    JAR09/23/15

Styrene <1 ug/L EPA 8260    JAR09/23/15

Tert-Butanol (SIM) <5 ug/L EPA 8260 (SIM)    JAR09/24/15

Tetrachloroethene <1 ug/L EPA 8260    JAR09/23/15

Tetrahydrofuran (SIM) <2 ug/L EPA 8260 (SIM)    JAR09/24/15

Toluene <1 ug/L EPA 8260    JAR09/23/15

Trans-1,2-Dichloroethene <1 ug/L EPA 8260    JAR09/23/15

Trans-1,3-Dichloropropene <1 ug/L EPA 8260    JAR09/23/15

Trichloroethene <1 ug/L EPA 8260    JAR09/23/15

Trichlorofluoromethane <1 ug/L EPA 8260    JAR09/23/15

Vinyl chloride <1 ug/L EPA 8260    JAR09/23/15
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Client: Pfizer Inc. (PGM-PGE) KAR Project No. : 509188

Date Reported: 10/15/15

Project
Description : Analysis of aqueous samples from West KL Landfill (943-8200.08).

LABORATORY DETAIL REPORT

David R. Alkema, Lab Manager

Attest: 



Sample Type : aqueous

Date Received : 09/22/15Sampled By : KI of AHC

Sample Date : 09/22/15

KAR Sample No. : 509188-65Sample Time :

Sample ID : "Trip Blank #3"

Test Result Units of Measure Method Analyst CommentsAnalyzed

12DCA-D4 (surr spk) 102 % spike recovery EPA 8260    JAR09/23/15

BFB (surr spk) 102 % spike recovery EPA 8260    JAR09/23/15

Toluene-D8 (surr spk) 104 % spike recovery EPA 8260    JAR09/23/15
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Client: Pfizer Inc. (PGM-PGE) KAR Project No. : 509188

Date Reported: 10/15/15

Project
Description : Analysis of aqueous samples from West KL Landfill (943-8200.08).

LABORATORY DETAIL REPORT

David R. Alkema, Lab Manager

Attest: 



Sample Type : aqueous

Date Received : 09/24/15Sampled By : KI of AHC

Sample Date : 09/24/15

KAR Sample No. : 509188-66Sample Time :

Sample ID : "Trip Blank #4"

Test Result Units of Measure Method Analyst CommentsAnalyzed

MDNR Scan 1 & 2 See below EPA 8260    JAR09/30/15

Prep, VOA Completed EPA 5030    JAR09/30/15

Prep, VOA (SIM) Completed EPA 5030    JAR09/28/15

1,1,1-Trichloroethane <1 ug/L EPA 8260    JAR09/30/15

1,1,2,2-Tetrachloroethane <1 ug/L EPA 8260    JAR09/30/15

1,1,2-Trichloroethane <1 ug/L EPA 8260    JAR09/30/15

1,1-Dichloroethane <1 ug/L EPA 8260    JAR09/30/15

1,1-Dichloroethene <1 ug/L EPA 8260    JAR09/30/15

1,2-Dichloroethane <1 ug/L EPA 8260    JAR09/30/15

1,2-Dichloropropane <1 ug/L EPA 8260    JAR09/30/15

1,4-Diethylene dioxide(SIM) <1 ug/L EPA 8260 (SIM)    JAR09/28/15

2-Butanone <50 ug/L EPA 8260    JAR09/30/15

2-Hexanone <50 ug/L EPA 8260    JAR09/30/15

4-Methyl-2-pentanone <50 ug/L EPA 8260    JAR09/30/15

Acetone <50 ug/L EPA 8260    JAR09/30/15

Benzene <1 ug/L EPA 8260    JAR09/30/15

Bromodichloromethane <1 ug/L EPA 8260    JAR09/30/15

Bromoform <1 ug/L EPA 8260    JAR09/30/15

Bromomethane <5 ug/L EPA 8260    JAR09/30/15

Carbon disulfide <50 ug/L EPA 8260    JAR09/30/15

Carbon tetrachloride <1 ug/L EPA 8260    JAR09/30/15

Chlorobenzene <1 ug/L EPA 8260    JAR09/30/15

Chloroethane <5 ug/L EPA 8260    JAR09/30/15

Chloroform <1 ug/L EPA 8260    JAR09/30/15

Chloromethane <5 ug/L EPA 8260    JAR09/30/15

Cis-1,2-Dichloroethene <1 ug/L EPA 8260    JAR09/30/15

Cis-1,3-Dichloropropene <1 ug/L EPA 8260    JAR09/30/15

Dibromochloromethane <5 ug/L EPA 8260    JAR09/30/15

Ethylbenzene <1 ug/L EPA 8260    JAR09/30/15

M-and/or p-xylene <2 ug/L EPA 8260    JAR09/30/15

Methylene chloride <5 ug/L EPA 8260    JAR09/30/15

O-Xylene <1 ug/L EPA 8260    JAR09/30/15

Styrene <1 ug/L EPA 8260    JAR09/30/15

Tert-Butanol (SIM) <5 ug/L EPA 8260 (SIM)    JAR09/28/15

Tetrachloroethene <1 ug/L EPA 8260    JAR09/30/15

Tetrahydrofuran (SIM) <2 ug/L EPA 8260 (SIM)    JAR09/28/15

Toluene <1 ug/L EPA 8260    JAR09/30/15

Trans-1,2-Dichloroethene <1 ug/L EPA 8260    JAR09/30/15

Trans-1,3-Dichloropropene <1 ug/L EPA 8260    JAR09/30/15

Trichloroethene <1 ug/L EPA 8260    JAR09/30/15

Trichlorofluoromethane <1 ug/L EPA 8260    JAR09/30/15

Vinyl chloride <1 ug/L EPA 8260    JAR09/30/15
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Client: Pfizer Inc. (PGM-PGE) KAR Project No. : 509188

Date Reported: 10/15/15

Project
Description : Analysis of aqueous samples from West KL Landfill (943-8200.08).

LABORATORY DETAIL REPORT

David R. Alkema, Lab Manager

Attest: 



Sample Type : aqueous

Date Received : 09/24/15Sampled By : KI of AHC

Sample Date : 09/24/15

KAR Sample No. : 509188-66Sample Time :

Sample ID : "Trip Blank #4"

Test Result Units of Measure Method Analyst CommentsAnalyzed

12DCA-D4 (surr spk) 102 % spike recovery EPA 8260    JAR09/30/15

BFB (surr spk) 101 % spike recovery EPA 8260    JAR09/30/15

Toluene-D8 (surr spk) 105 % spike recovery EPA 8260    JAR09/30/15
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Client: Pfizer Inc. (PGM-PGE) KAR Project No. : 509188

Date Reported: 10/15/15

Project
Description : Analysis of aqueous samples from West KL Landfill (943-8200.08).

LABORATORY DETAIL REPORT

David R. Alkema, Lab Manager

Attest: 



Sample Type : aqueous

Date Received : 09/24/15Sampled By : KI of AHC

Sample Date : 09/23/15

KAR Sample No. : 509188-67Sample Time :

Sample ID : "KL-GW-Duplicate #1"

Test Result Units of Measure Method Analyst CommentsAnalyzed

Prep, metals Completed EPA 200.7/8    STC09/25/15

Iron, total <0.1 mg/L EPA 200.7    JHB10/01/15

Alkalinity (as CaCO3) 211 mg/L SM 2320 B    AJK10/06/15

COD <20 mg/L EPA 410.4 Elevated detection limit due to sample
matrix interference.   

JWW09/25/15

Chloride 31.2 mg/L EPA 300.0A    ALK09/25/15

Nitrogen, ammonia <0.5 mg/L EPA 350.1    JWW10/08/15

Nitrogen, nitrate <0.2 mg/L EPA 353.2    AJK09/25/15

Sulfate 13 mg/L EPA 300.0A    ALK09/25/15

Dissolved solids, total 260 mg/L EPA 160.1    JWW09/25/15

TOC, low level 0.7 mg/L SM 5310 C Result is actually non-purgeable organic
carbon (NPOC).   

JAR09/28/15

Prep, VOA (SIM) Completed EPA 5030    JAR09/25/15

1,4-Diethylene dioxide(SIM) 28 ug/L EPA 8260 (SIM)    JAR09/25/15

Tert-Butanol (SIM) 17 ug/L EPA 8260 (SIM)    JAR09/25/15

Tetrahydrofuran (SIM) 8.4 ug/L EPA 8260 (SIM)    JAR09/25/15
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Client: Pfizer Inc. (PGM-PGE) KAR Project No. : 509188

Date Reported: 10/15/15

Project
Description : Analysis of aqueous samples from West KL Landfill (943-8200.08).

LABORATORY DETAIL REPORT

David R. Alkema, Lab Manager

Attest: 



Sample Type : aqueous

Date Received : 09/29/15Sampled By : KI of AHC

Sample Date : 09/29/15

KAR Sample No. : 509188-68Sample Time :

Sample ID : "Trip Blank #5"

Test Result Units of Measure Method Analyst CommentsAnalyzed

MDNR Scan 1 & 2 See below EPA 8260    JAR09/30/15

Prep, VOA Completed EPA 5030    JAR09/30/15

Prep, VOA (SIM) Completed EPA 8260    JAR10/02/15

1,1,1-Trichloroethane <1 ug/L EPA 8260    JAR09/30/15

1,1,2,2-Tetrachloroethane <1 ug/L EPA 8260    JAR09/30/15

1,1,2-Trichloroethane <1 ug/L EPA 8260    JAR09/30/15

1,1-Dichloroethane <1 ug/L EPA 8260    JAR09/30/15

1,1-Dichloroethene <1 ug/L EPA 8260    JAR09/30/15

1,2-Dichloroethane <1 ug/L EPA 8260    JAR09/30/15

1,2-Dichloropropane <1 ug/L EPA 8260    JAR09/30/15

1,4-Diethylene dioxide(SIM) <1 ug/L EPA 8260 (SIM)    JAR10/02/15

2-Butanone <50 ug/L EPA 8260    JAR09/30/15

2-Hexanone <50 ug/L EPA 8260    JAR09/30/15

4-Methyl-2-pentanone <50 ug/L EPA 8260    JAR09/30/15

Acetone <50 ug/L EPA 8260    JAR09/30/15

Benzene <1 ug/L EPA 8260    JAR09/30/15

Bromodichloromethane <1 ug/L EPA 8260    JAR09/30/15

Bromoform <1 ug/L EPA 8260    JAR09/30/15

Bromomethane <5 ug/L EPA 8260    JAR09/30/15

Carbon disulfide <50 ug/L EPA 8260    JAR09/30/15

Carbon tetrachloride <1 ug/L EPA 8260    JAR09/30/15

Chlorobenzene <1 ug/L EPA 8260    JAR09/30/15

Chloroethane <5 ug/L EPA 8260    JAR09/30/15

Chloroform <1 ug/L EPA 8260    JAR09/30/15

Chloromethane <5 ug/L EPA 8260    JAR09/30/15

Cis-1,2-Dichloroethene <1 ug/L EPA 8260    JAR09/30/15

Cis-1,3-Dichloropropene <1 ug/L EPA 8260    JAR09/30/15

Dibromochloromethane <5 ug/L EPA 8260    JAR09/30/15

Ethylbenzene <1 ug/L EPA 8260    JAR09/30/15

M-and/or p-xylene <2 ug/L EPA 8260    JAR09/30/15

Methylene chloride <5 ug/L EPA 8260    JAR09/30/15

O-Xylene <1 ug/L EPA 8260    JAR09/30/15

Styrene <1 ug/L EPA 8260    JAR09/30/15

Tert-Butanol (SIM) <5 ug/L EPA 8260 (SIM)    JAR10/02/15

Tetrachloroethene <1 ug/L EPA 8260    JAR09/30/15

Tetrahydrofuran (SIM) <2 ug/L EPA 8260 (SIM)    JAR10/02/15

Toluene <1 ug/L EPA 8260    JAR09/30/15

Trans-1,2-Dichloroethene <1 ug/L EPA 8260    JAR09/30/15

Trans-1,3-Dichloropropene <1 ug/L EPA 8260    JAR09/30/15

Trichloroethene <1 ug/L EPA 8260    JAR09/30/15

Trichlorofluoromethane <1 ug/L EPA 8260    JAR09/30/15

Vinyl chloride <1 ug/L EPA 8260    JAR09/30/15
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Client: Pfizer Inc. (PGM-PGE) KAR Project No. : 509188

Date Reported: 10/15/15

Project
Description : Analysis of aqueous samples from West KL Landfill (943-8200.08).

LABORATORY DETAIL REPORT

David R. Alkema, Lab Manager

Attest: 



Sample Type : aqueous

Date Received : 09/29/15Sampled By : KI of AHC

Sample Date : 09/29/15

KAR Sample No. : 509188-68Sample Time :

Sample ID : "Trip Blank #5"

Test Result Units of Measure Method Analyst CommentsAnalyzed

12DCA-D4 (surr spk) 98 % spike recovery EPA 8260    JAR09/30/15

BFB (surr spk) 100 % spike recovery EPA 8260    JAR09/30/15

Toluene-D8 (surr spk) 103 % spike recovery EPA 8260    JAR09/30/15
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Client: Pfizer Inc. (PGM-PGE) KAR Project No. : 509188

Date Reported: 10/15/15

Project
Description : Analysis of aqueous samples from West KL Landfill (943-8200.08).

LABORATORY DETAIL REPORT

David R. Alkema, Lab Manager

Attest: 



Sample Type : aqueous

Date Received : 09/29/15Sampled By : KI of AHC

Sample Date : 09/28/15

KAR Sample No. : 509188-69Sample Time :

Sample ID : "KL-GW-Duplicate #2"

Test Result Units of Measure Method Analyst CommentsAnalyzed

Prep, metals Completed EPA 200.7/8    STC09/30/15

Iron, total 1.56 mg/L EPA 200.7    JHB10/01/15

Alkalinity (as CaCO3) 595 mg/L SM 2320 B    AJK10/08/15

COD 101 mg/L EPA 410.4    JWW10/07/15

Chloride 197 mg/L EPA 300.0A    ALK10/06/15

Nitrogen, ammonia 70.8 mg/L EPA 350.1    JWW10/13/15

Nitrogen, nitrate <0.2 mg/L EPA 353.2    AJK09/29/15

Sulfate 4 mg/L EPA 300.0A    ALK10/01/15

Dissolved solids, total 666 mg/L EPA 160.1    EIF10/02/15

TOC, low level 31 mg/L SM 5310 C Result is actually non-purgeable organic
carbon (NPOC).   

JAR10/01/15

MDNR Scan 1 & 2 See below EPA 8260    JAR09/30/15

Prep, VOA Completed EPA 5030    JAR09/30/15

Prep, VOA (SIM) Completed EPA 5030    JAR10/01/15

1,1,1-Trichloroethane <1 ug/L EPA 8260    JAR09/30/15

1,1,2,2-Tetrachloroethane <1 ug/L EPA 8260    JAR09/30/15

1,1,2-Trichloroethane <1 ug/L EPA 8260    JAR09/30/15

1,1-Dichloroethane 4.4 ug/L EPA 8260    JAR09/30/15

1,1-Dichloroethene <1 ug/L EPA 8260    JAR09/30/15

1,2-Dichloroethane <1 ug/L EPA 8260    JAR09/30/15

1,2-Dichloropropane <1 ug/L EPA 8260    JAR09/30/15

1,4-Diethylene dioxide(SIM) 310 ug/L EPA 8260 (SIM)    JAR10/01/15

2-Butanone <50 ug/L EPA 8260    JAR09/30/15

2-Hexanone <50 ug/L EPA 8260    JAR09/30/15

4-Methyl-2-pentanone <50 ug/L EPA 8260    JAR09/30/15

Acetone <50 ug/L EPA 8260    JAR09/30/15

Benzene 160 ug/L EPA 8260    JAR09/30/15

Bromodichloromethane <1 ug/L EPA 8260    JAR09/30/15

Bromoform <1 ug/L EPA 8260    JAR09/30/15

Bromomethane <5 ug/L EPA 8260    JAR09/30/15

Carbon disulfide <50 ug/L EPA 8260    JAR09/30/15

Carbon tetrachloride <1 ug/L EPA 8260    JAR09/30/15

Chlorobenzene <1 ug/L EPA 8260    JAR09/30/15

Chloroethane 20 ug/L EPA 8260    JAR09/30/15

Chloroform <1 ug/L EPA 8260    JAR09/30/15

Chloromethane <5 ug/L EPA 8260    JAR09/30/15

Cis-1,2-Dichloroethene <1 ug/L EPA 8260    JAR09/30/15

Cis-1,3-Dichloropropene <1 ug/L EPA 8260    JAR09/30/15

Dibromochloromethane <5 ug/L EPA 8260    JAR09/30/15

Ethylbenzene <1 ug/L EPA 8260    JAR09/30/15

M-and/or p-xylene <2 ug/L EPA 8260    JAR09/30/15

Methylene chloride <5 ug/L EPA 8260    JAR09/30/15
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Client: Pfizer Inc. (PGM-PGE) KAR Project No. : 509188

Date Reported: 10/15/15

Project
Description : Analysis of aqueous samples from West KL Landfill (943-8200.08).

LABORATORY DETAIL REPORT

David R. Alkema, Lab Manager

Attest: 



Sample Type : aqueous

Date Received : 09/29/15Sampled By : KI of AHC

Sample Date : 09/28/15

KAR Sample No. : 509188-69Sample Time :

Sample ID : "KL-GW-Duplicate #2"

Test Result Units of Measure Method Analyst CommentsAnalyzed

O-Xylene <1 ug/L EPA 8260    JAR09/30/15

Styrene <1 ug/L EPA 8260    JAR09/30/15

Tert-Butanol (SIM) 1400 ug/L EPA 8260 (SIM)    JAR10/01/15

Tetrachloroethene <1 ug/L EPA 8260    JAR09/30/15

Tetrahydrofuran (SIM) 240 ug/L EPA 8260 (SIM)    JAR10/01/15

Toluene <1 ug/L EPA 8260    JAR09/30/15

Trans-1,2-Dichloroethene <1 ug/L EPA 8260    JAR09/30/15

Trans-1,3-Dichloropropene <1 ug/L EPA 8260    JAR09/30/15

Trichloroethene <1 ug/L EPA 8260    JAR09/30/15

Trichlorofluoromethane <1 ug/L EPA 8260    JAR09/30/15

Vinyl chloride <1 ug/L EPA 8260    JAR09/30/15

12DCA-D4 (surr spk) 97 % spike recovery EPA 8260    JAR09/30/15

BFB (surr spk) 98 % spike recovery EPA 8260    JAR09/30/15

Toluene-D8 (surr spk) 104 % spike recovery EPA 8260    JAR09/30/15
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Client: Pfizer Inc. (PGM-PGE) KAR Project No. : 509188

Date Reported: 10/15/15

Project
Description : Analysis of aqueous samples from West KL Landfill (943-8200.08).

LABORATORY DETAIL REPORT

David R. Alkema, Lab Manager

Attest: 



Sample Type : aqueous

Date Received : 09/29/15Sampled By : KI of AHC

Sample Date : 09/28/15

KAR Sample No. : 509188-70Sample Time :

Sample ID : "KL-GW-Duplicate #3"

Test Result Units of Measure Method Analyst CommentsAnalyzed

Prep, metals Completed EPA 200.7/8    STC09/30/15

Iron, total 1.81 mg/L EPA 200.7    JHB10/01/15

Alkalinity (as CaCO3) 368 mg/L SM 2320 B    AJK10/08/15

COD 95 mg/L EPA 410.4    JWW10/07/15

Chloride 247 mg/L EPA 300.0A    ALK10/06/15

Nitrogen, ammonia <0.5 mg/L EPA 350.1    JWW10/08/15

Nitrogen, nitrate <0.2 mg/L EPA 353.2    AJK09/29/15

Sulfate 3 mg/L EPA 300.0A    ALK10/01/15

Dissolved solids, total 772 mg/L EPA 160.1    EIF10/02/15

TOC, low level 28 mg/L SM 5310 C Result is actually non-purgeable organic
carbon (NPOC).   

JAR10/01/15

MDNR Scan 1 & 2 See below EPA 8260    JAR09/30/15

Prep, VOA Completed EPA 5030    JAR09/30/15

Prep, VOA (SIM) Completed EPA 5030    JAR10/01/15

1,1,1-Trichloroethane <1 ug/L EPA 8260    JAR09/30/15

1,1,2,2-Tetrachloroethane <1 ug/L EPA 8260    JAR09/30/15

1,1,2-Trichloroethane <1 ug/L EPA 8260    JAR09/30/15

1,1-Dichloroethane 6.1 ug/L EPA 8260    JAR09/30/15

1,1-Dichloroethene <1 ug/L EPA 8260    JAR09/30/15

1,2-Dichloroethane <1 ug/L EPA 8260    JAR09/30/15

1,2-Dichloropropane <1 ug/L EPA 8260    JAR09/30/15

1,4-Diethylene dioxide(SIM) 370 ug/L EPA 8260 (SIM)    JAR10/01/15

2-Butanone <50 ug/L EPA 8260    JAR09/30/15

2-Hexanone <50 ug/L EPA 8260    JAR09/30/15

4-Methyl-2-pentanone <50 ug/L EPA 8260    JAR09/30/15

Acetone <50 ug/L EPA 8260    JAR09/30/15

Benzene <1 ug/L EPA 8260    JAR09/30/15

Bromodichloromethane <1 ug/L EPA 8260    JAR09/30/15

Bromoform <1 ug/L EPA 8260    JAR09/30/15

Bromomethane <5 ug/L EPA 8260    JAR09/30/15

Carbon disulfide <50 ug/L EPA 8260    JAR09/30/15

Carbon tetrachloride <1 ug/L EPA 8260    JAR09/30/15

Chlorobenzene <1 ug/L EPA 8260    JAR09/30/15

Chloroethane 40 ug/L EPA 8260    JAR09/30/15

Chloroform <1 ug/L EPA 8260    JAR09/30/15

Chloromethane <5 ug/L EPA 8260    JAR09/30/15

Cis-1,2-Dichloroethene <1 ug/L EPA 8260    JAR09/30/15

Cis-1,3-Dichloropropene <1 ug/L EPA 8260    JAR09/30/15

Dibromochloromethane <5 ug/L EPA 8260    JAR09/30/15

Ethylbenzene <1 ug/L EPA 8260    JAR09/30/15

M-and/or p-xylene <2 ug/L EPA 8260    JAR09/30/15

Methylene chloride <5 ug/L EPA 8260    JAR09/30/15
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Client: Pfizer Inc. (PGM-PGE) KAR Project No. : 509188

Date Reported: 10/15/15

Project
Description : Analysis of aqueous samples from West KL Landfill (943-8200.08).

LABORATORY DETAIL REPORT

David R. Alkema, Lab Manager

Attest: 



Sample Type : aqueous

Date Received : 09/29/15Sampled By : KI of AHC

Sample Date : 09/28/15

KAR Sample No. : 509188-70Sample Time :

Sample ID : "KL-GW-Duplicate #3"

Test Result Units of Measure Method Analyst CommentsAnalyzed

O-Xylene <1 ug/L EPA 8260    JAR09/30/15

Styrene <1 ug/L EPA 8260    JAR09/30/15

Tert-Butanol (SIM) 1800 ug/L EPA 8260 (SIM)    JAR10/01/15

Tetrachloroethene <1 ug/L EPA 8260    JAR09/30/15

Tetrahydrofuran (SIM) 350 ug/L EPA 8260 (SIM)    JAR10/01/15

Toluene <1 ug/L EPA 8260    JAR09/30/15

Trans-1,2-Dichloroethene <1 ug/L EPA 8260    JAR09/30/15

Trans-1,3-Dichloropropene <1 ug/L EPA 8260    JAR09/30/15

Trichloroethene <1 ug/L EPA 8260    JAR09/30/15

Trichlorofluoromethane <1 ug/L EPA 8260    JAR09/30/15

Vinyl chloride <1 ug/L EPA 8260    JAR09/30/15

12DCA-D4 (surr spk) 98 % spike recovery EPA 8260    JAR09/30/15

BFB (surr spk) 99 % spike recovery EPA 8260    JAR09/30/15

Toluene-D8 (surr spk) 106 % spike recovery EPA 8260    JAR09/30/15
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Client: Pfizer Inc. (PGM-PGE) KAR Project No. : 509188

Date Reported: 10/15/15

Project
Description : Analysis of aqueous samples from West KL Landfill (943-8200.08).

LABORATORY DETAIL REPORT

David R. Alkema, Lab Manager

Attest: 



Sample Type : aqueous

Date Received : 09/30/15Sampled By : KI of AHC

Sample Date : 10/01/15

KAR Sample No. : 509188-71Sample Time :

Sample ID : "KL-GW-Duplicate #4"

Test Result Units of Measure Method Analyst CommentsAnalyzed

Prep, metals Completed EPA 200.7/8    STC10/02/15

Iron, total 2.14 mg/L EPA 200.7    JHB10/08/15

Alkalinity (as CaCO3) 312 mg/L SM 2320 B    AJK10/14/15

COD 33 mg/L EPA 410.4 Matrix effect observed; result is
approximate.   

JWW10/07/15

Chloride 37.9 mg/L EPA 300.0A    ALK10/06/15

Nitrogen, ammonia 43.8 mg/L EPA 350.1    JWW10/08/15

Nitrogen, nitrate <0.2 mg/L EPA 353.2    AJK10/02/15

Sulfate 10 mg/L EPA 300.0A    ALK10/07/15

Dissolved solids, total 266 mg/L EPA 160.1    JWW10/06/15

TOC, low level 9.3 mg/L SM 5310 C Result is actually non-purgeable organic
carbon (NPOC).   

JAR10/05/15

MDNR Scan 1 & 2 See below EPA 8260    JAR10/02/15

Prep, VOA Completed EPA 5030    JAR10/02/15

Prep, VOA (SIM) Completed EPA 5030    JAR10/05/15

1,1,1-Trichloroethane <1 ug/L EPA 8260    JAR10/02/15

1,1,2,2-Tetrachloroethane <1 ug/L EPA 8260    JAR10/02/15

1,1,2-Trichloroethane <1 ug/L EPA 8260    JAR10/02/15

1,1-Dichloroethane <1 ug/L EPA 8260    JAR10/02/15

1,1-Dichloroethene <1 ug/L EPA 8260    JAR10/02/15

1,2-Dichloroethane <1 ug/L EPA 8260    JAR10/02/15

1,2-Dichloropropane <1 ug/L EPA 8260    JAR10/02/15

1,4-Diethylene dioxide(SIM) 78 ug/L EPA 8260 (SIM)    JAR10/05/15

2-Butanone <50 ug/L EPA 8260    JAR10/02/15

2-Hexanone <50 ug/L EPA 8260    JAR10/02/15

4-Methyl-2-pentanone <50 ug/L EPA 8260    JAR10/02/15

Acetone <50 ug/L EPA 8260    JAR10/02/15

Benzene 56 ug/L EPA 8260    JAR10/02/15

Bromodichloromethane <1 ug/L EPA 8260    JAR10/02/15

Bromoform <1 ug/L EPA 8260    JAR10/02/15

Bromomethane <5 ug/L EPA 8260    JAR10/02/15

Carbon disulfide <50 ug/L EPA 8260    JAR10/02/15

Carbon tetrachloride <1 ug/L EPA 8260    JAR10/02/15

Chlorobenzene 34 ug/L EPA 8260    JAR10/02/15

Chloroethane <5 ug/L EPA 8260    JAR10/02/15

Chloroform <1 ug/L EPA 8260    JAR10/02/15

Chloromethane <5 ug/L EPA 8260    JAR10/02/15

Cis-1,2-Dichloroethene <1 ug/L EPA 8260    JAR10/02/15

Cis-1,3-Dichloropropene <1 ug/L EPA 8260    JAR10/02/15

Dibromochloromethane <5 ug/L EPA 8260    JAR10/02/15

Ethylbenzene 19 ug/L EPA 8260    JAR10/02/15

M-and/or p-xylene <2 ug/L EPA 8260    JAR10/02/15

Methylene chloride <5 ug/L EPA 8260    JAR10/02/15
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Client: Pfizer Inc. (PGM-PGE) KAR Project No. : 509188

Date Reported: 10/15/15

Project
Description : Analysis of aqueous samples from West KL Landfill (943-8200.08).

LABORATORY DETAIL REPORT

David R. Alkema, Lab Manager

Attest: 



Sample Type : aqueous

Date Received : 09/30/15Sampled By : KI of AHC

Sample Date : 10/01/15

KAR Sample No. : 509188-71Sample Time :

Sample ID : "KL-GW-Duplicate #4"

Test Result Units of Measure Method Analyst CommentsAnalyzed

O-Xylene <1 ug/L EPA 8260    JAR10/02/15

Styrene <1 ug/L EPA 8260    JAR10/02/15

Tert-Butanol (SIM) 190 ug/L EPA 8260 (SIM)    JAR10/05/15

Tetrachloroethene <1 ug/L EPA 8260    JAR10/02/15

Tetrahydrofuran (SIM) 13 ug/L EPA 8260 (SIM)    JAR10/05/15

Toluene <1 ug/L EPA 8260    JAR10/02/15

Trans-1,2-Dichloroethene <1 ug/L EPA 8260    JAR10/02/15

Trans-1,3-Dichloropropene <1 ug/L EPA 8260    JAR10/02/15

Trichloroethene <1 ug/L EPA 8260    JAR10/02/15

Trichlorofluoromethane <1 ug/L EPA 8260    JAR10/02/15

Vinyl chloride <1 ug/L EPA 8260    JAR10/02/15

12DCA-D4 (surr spk) 101 % spike recovery EPA 8260    JAR10/02/15

BFB (surr spk) 98 % spike recovery EPA 8260    JAR10/02/15

Toluene-D8 (surr spk) 106 % spike recovery EPA 8260    JAR10/02/15

KAR KAR KAR KAR Laboratories, Inc.    .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   

of 128Page 106

Client: Pfizer Inc. (PGM-PGE) KAR Project No. : 509188

Date Reported: 10/15/15

Project
Description : Analysis of aqueous samples from West KL Landfill (943-8200.08).

LABORATORY DETAIL REPORT

David R. Alkema, Lab Manager

Attest: 



Sample Type : aqueous

Date Received : 10/01/15Sampled By : KI of AHC

Sample Date : 09/30/15

KAR Sample No. : 509188-72Sample Time :

Sample ID : "Trip Blank #5"

Test Result Units of Measure Method Analyst CommentsAnalyzed

Prep, VOA (SIM) Completed EPA 5030    JAR10/05/15

1,4-Diethylene dioxide(SIM) <1 ug/L EPA 8260 (SIM)    JAR10/05/15

Tert-Butanol (SIM) <5 ug/L EPA 8260 (SIM)    JAR10/05/15

Tetrahydrofuran (SIM) <2 ug/L EPA 8260 (SIM)    JAR10/05/15
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Client: Pfizer Inc. (PGM-PGE) KAR Project No. : 509188

Date Reported: 10/15/15

Project
Description : Analysis of aqueous samples from West KL Landfill (943-8200.08).

LABORATORY DETAIL REPORT

David R. Alkema, Lab Manager

Attest: 



Sample Type : LMB

Date Received : 10/06/15Sampled By :

Sample Date :

KAR Sample No. : 509188-73Sample Time :

Sample ID : Laboratory Method Blank #1

Test Result Units of Measure Method Analyst CommentsAnalyzed

Prep, metals Completed EPA 200.7/8    STC09/18/15

Iron, total <0.1 mg/L EPA 200.7    JHB10/01/15

Alkalinity (as CaCO3) <5 mg/L SM 2320 B    AJK09/29/15

COD <10 mg/L EPA 410.4    JWW09/21/15

Chloride <1 mg/L EPA 300.0A    ALK09/17/15

Nitrogen, ammonia <0.5 mg/L EPA 350.1    JWW09/22/15

Nitrogen, nitrate <0.2 mg/L EPA 353.2    AJK09/18/15

Sulfate <1 mg/L EPA 300.0A    ALK09/17/15

Dissolved solids, total <10 mg/L EPA 160.1    JWW09/21/15

TOC, low level <0.2 mg/L SM 5310 C Result is actually non-purgeable organic
carbon (NPOC).   

JAR09/23/15

MDNR Scan 1 & 2 See below EPA 8260    JAR09/23/15

Prep, VOA Completed EPA 5030    JAR09/23/15

Prep, VOA (SIM) Completed EPA 5030    JAR09/24/15

1,1,1-Trichloroethane <1 ug/L EPA 8260    JAR09/23/15

1,1,2,2-Tetrachloroethane <1 ug/L EPA 8260    JAR09/23/15

1,1,2-Trichloroethane <1 ug/L EPA 8260    JAR09/23/15

1,1-Dichloroethane <1 ug/L EPA 8260    JAR09/23/15

1,1-Dichloroethene <1 ug/L EPA 8260    JAR09/23/15

1,2-Dichloroethane <1 ug/L EPA 8260    JAR09/23/15

1,2-Dichloropropane <1 ug/L EPA 8260    JAR09/23/15

1,4-Diethylene dioxide(SIM) <1 ug/L EPA 8260 (SIM)    JAR09/24/15

2-Butanone <50 ug/L EPA 8260    JAR09/23/15

2-Hexanone <50 ug/L EPA 8260    JAR09/23/15

4-Methyl-2-pentanone <50 ug/L EPA 8260    JAR09/23/15

Acetone <50 ug/L EPA 8260    JAR09/23/15

Benzene <1 ug/L EPA 8260    JAR09/23/15

Bromodichloromethane <1 ug/L EPA 8260    JAR09/23/15

Bromoform <1 ug/L EPA 8260    JAR09/23/15

Bromomethane <5 ug/L EPA 8260    JAR09/23/15

Carbon disulfide <50 ug/L EPA 8260    JAR09/23/15

Carbon tetrachloride <1 ug/L EPA 8260    JAR09/23/15

Chlorobenzene <1 ug/L EPA 8260    JAR09/23/15

Chloroethane <5 ug/L EPA 8260    JAR09/23/15

Chloroform <1 ug/L EPA 8260    JAR09/23/15

Chloromethane <5 ug/L EPA 8260    JAR09/23/15

Cis-1,2-Dichloroethene <1 ug/L EPA 8260    JAR09/23/15

Cis-1,3-Dichloropropene <1 ug/L EPA 8260    JAR09/23/15

Dibromochloromethane <5 ug/L EPA 8260    JAR09/23/15

Ethylbenzene <1 ug/L EPA 8260    JAR09/23/15

M-and/or p-xylene <2 ug/L EPA 8260    JAR09/23/15

Methylene chloride <5 ug/L EPA 8260    JAR09/23/15
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Client: Pfizer Inc. (PGM-PGE) KAR Project No. : 509188

Date Reported: 10/15/15

Project
Description : Analysis of aqueous samples from West KL Landfill (943-8200.08).

LABORATORY DETAIL REPORT

David R. Alkema, Lab Manager

Attest: 



Sample Type : LMB

Date Received : 10/06/15Sampled By :

Sample Date :

KAR Sample No. : 509188-73Sample Time :

Sample ID : Laboratory Method Blank #1

Test Result Units of Measure Method Analyst CommentsAnalyzed

O-Xylene <1 ug/L EPA 8260    JAR09/23/15

Styrene <1 ug/L EPA 8260    JAR09/23/15

Tert-Butanol (SIM) <5 ug/L EPA 8260 (SIM)    JAR09/24/15

Tetrachloroethene <1 ug/L EPA 8260    JAR09/23/15

Tetrahydrofuran (SIM) <2 ug/L EPA 8260 (SIM)    JAR09/24/15

Toluene <1 ug/L EPA 8260    JAR09/23/15

Trans-1,2-Dichloroethene <1 ug/L EPA 8260    JAR09/23/15

Trans-1,3-Dichloropropene <1 ug/L EPA 8260    JAR09/23/15

Trichloroethene <1 ug/L EPA 8260    JAR09/23/15

Trichlorofluoromethane <1 ug/L EPA 8260    JAR09/23/15

Vinyl chloride <1 ug/L EPA 8260    JAR09/23/15

12DCA-D4 (surr spk) 100 % spike recovery EPA 8260    JAR09/23/15

BFB (surr spk) 99 % spike recovery EPA 8260    JAR09/23/15

Toluene-D8 (surr spk) 103 % spike recovery EPA 8260    JAR09/23/15
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Client: Pfizer Inc. (PGM-PGE) KAR Project No. : 509188

Date Reported: 10/15/15

Project
Description : Analysis of aqueous samples from West KL Landfill (943-8200.08).

LABORATORY DETAIL REPORT

David R. Alkema, Lab Manager

Attest: 



Sample Type : LMB

Date Received : 10/06/15Sampled By :

Sample Date :

KAR Sample No. : 509188-74Sample Time :

Sample ID : Laboratory Method Blank #2

Test Result Units of Measure Method Analyst CommentsAnalyzed

Prep, metals Completed EPA 200.7/8    STC09/21/15

Iron, total <0.1 mg/L EPA 200.7    JHB10/01/15

Alkalinity (as CaCO3) <5 mg/L SM 2320 B    AJK10/01/15

COD <10 mg/L EPA 410.4    JWW09/25/15

Chloride <1 mg/L EPA 300.0A    ALK09/22/15

Nitrogen, ammonia <0.5 mg/L EPA 350.1    JWW10/08/15

Nitrogen, nitrate <0.2 mg/L EPA 353.2    AJK09/19/15

Sulfate <1 mg/L EPA 300.0A    ALK09/22/15

Dissolved solids, total <10 mg/L EPA 160.1    JWW09/25/15

TOC, low level <0.2 mg/L SM 5310 C Result is actually non-purgeable organic
carbon (NPOC).   

JAR09/23/15

MDNR Scan 1 & 2 See below EPA 8260    JAR09/30/15

Prep, VOA Completed EPA 5030    JAR09/30/15

Prep, VOA (SIM) Completed EPA 5030    JAR09/24/15

1,1,1-Trichloroethane <1 ug/L EPA 8260    JAR09/30/15

1,1,2,2-Tetrachloroethane <1 ug/L EPA 8260    JAR09/30/15

1,1,2-Trichloroethane <1 ug/L EPA 8260    JAR09/30/15

1,1-Dichloroethane <1 ug/L EPA 8260    JAR09/30/15

1,1-Dichloroethene <1 ug/L EPA 8260    JAR09/30/15

1,2-Dichloroethane <1 ug/L EPA 8260    JAR09/30/15

1,2-Dichloropropane <1 ug/L EPA 8260    JAR09/30/15

1,4-Diethylene dioxide(SIM) <1 ug/L EPA 8260 (SIM)    JAR09/24/15

2-Butanone <50 ug/L EPA 8260    JAR09/30/15

2-Hexanone <50 ug/L EPA 8260    JAR09/30/15

4-Methyl-2-pentanone <50 ug/L EPA 8260    JAR09/30/15

Acetone <50 ug/L EPA 8260    JAR09/30/15

Benzene <1 ug/L EPA 8260    JAR09/30/15

Bromodichloromethane <1 ug/L EPA 8260    JAR09/30/15

Bromoform <1 ug/L EPA 8260    JAR09/30/15

Bromomethane <5 ug/L EPA 8260    JAR09/30/15

Carbon disulfide <50 ug/L EPA 8260    JAR09/30/15

Carbon tetrachloride <1 ug/L EPA 8260    JAR09/30/15

Chlorobenzene <1 ug/L EPA 8260    JAR09/30/15

Chloroethane <5 ug/L EPA 8260    JAR09/30/15

Chloroform <1 ug/L EPA 8260    JAR09/30/15

Chloromethane <5 ug/L EPA 8260    JAR09/30/15

Cis-1,2-Dichloroethene <1 ug/L EPA 8260    JAR09/30/15

Cis-1,3-Dichloropropene <1 ug/L EPA 8260    JAR09/30/15

Dibromochloromethane <5 ug/L EPA 8260    JAR09/30/15

Ethylbenzene <1 ug/L EPA 8260    JAR09/30/15

M-and/or p-xylene <2 ug/L EPA 8260    JAR09/30/15

Methylene chloride <5 ug/L EPA 8260    JAR09/30/15

KAR KAR KAR KAR Laboratories, Inc.    .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   

of 128Page 110

Client: Pfizer Inc. (PGM-PGE) KAR Project No. : 509188

Date Reported: 10/15/15

Project
Description : Analysis of aqueous samples from West KL Landfill (943-8200.08).

LABORATORY DETAIL REPORT

David R. Alkema, Lab Manager

Attest: 



Sample Type : LMB

Date Received : 10/06/15Sampled By :

Sample Date :

KAR Sample No. : 509188-74Sample Time :

Sample ID : Laboratory Method Blank #2

Test Result Units of Measure Method Analyst CommentsAnalyzed

O-Xylene <1 ug/L EPA 8260    JAR09/30/15

Styrene <1 ug/L EPA 8260    JAR09/30/15

Tert-Butanol (SIM) <5 ug/L EPA 8260 (SIM)    JAR09/24/15

Tetrachloroethene <1 ug/L EPA 8260    JAR09/30/15

Tetrahydrofuran (SIM) <2 ug/L EPA 8260 (SIM)    JAR09/24/15

Toluene <1 ug/L EPA 8260    JAR09/30/15

Trans-1,2-Dichloroethene <1 ug/L EPA 8260    JAR09/30/15

Trans-1,3-Dichloropropene <1 ug/L EPA 8260    JAR09/30/15

Trichloroethene <1 ug/L EPA 8260    JAR09/30/15

Trichlorofluoromethane <1 ug/L EPA 8260    JAR09/30/15

Vinyl chloride <1 ug/L EPA 8260    JAR09/30/15

12DCA-D4 (surr spk) 101 % spike recovery EPA 8260    JAR09/30/15

BFB (surr spk) 98 % spike recovery EPA 8260    JAR09/30/15

Toluene-D8 (surr spk) 105 % spike recovery EPA 8260    JAR09/30/15
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Client: Pfizer Inc. (PGM-PGE) KAR Project No. : 509188

Date Reported: 10/15/15

Project
Description : Analysis of aqueous samples from West KL Landfill (943-8200.08).

LABORATORY DETAIL REPORT

David R. Alkema, Lab Manager

Attest: 



Sample Type : LMB

Date Received : 10/06/15Sampled By :

Sample Date :

KAR Sample No. : 509188-75Sample Time :

Sample ID : Laboratory Method Blank #3

Test Result Units of Measure Method Analyst CommentsAnalyzed

Prep, metals Completed EPA 200.7/8    STC09/23/15

Iron, total <0.1 mg/L EPA 200.7    JHB10/01/15

Alkalinity (as CaCO3) <5 mg/L SM 2320 B    AJK10/05/15

COD <10 mg/L EPA 410.4    JWW10/07/15

Chloride <1 mg/L EPA 300.0A    ALK10/01/15

Nitrogen, ammonia <0.5 mg/L EPA 350.1    JWW10/13/15

Nitrogen, nitrate <0.2 mg/L EPA 353.2    AJK09/22/15

Sulfate <1 mg/L EPA 300.0A    ALK10/01/15

Dissolved solids, total <10 mg/L EPA 160.1    JWW10/02/15

TOC, low level <0.2 mg/L SM 5310 C Result is actually non-purgeable organic
carbon (NPOC).   

JAR09/23/15

MDNR Scan 1 & 2 See below EPA 8260    JAR10/02/15

Prep, VOA Completed EPA 5030    JAR10/02/15

Prep, VOA (SIM) Completed EPA 5030    JAR09/25/15

1,1,1-Trichloroethane <1 ug/L EPA 8260    JAR10/02/15

1,1,2,2-Tetrachloroethane <1 ug/L EPA 8260    JAR10/02/15

1,1,2-Trichloroethane <1 ug/L EPA 8260    JAR10/02/15

1,1-Dichloroethane <1 ug/L EPA 8260    JAR10/02/15

1,1-Dichloroethene <1 ug/L EPA 8260    JAR10/02/15

1,2-Dichloroethane <1 ug/L EPA 8260    JAR10/02/15

1,2-Dichloropropane <1 ug/L EPA 8260    JAR10/02/15

1,4-Diethylene dioxide(SIM) <1 ug/L EPA 8260 (SIM)    JAR09/25/15

2-Butanone <50 ug/L EPA 8260    JAR10/02/15

2-Hexanone <50 ug/L EPA 8260    JAR10/02/15

4-Methyl-2-pentanone <50 ug/L EPA 8260    JAR10/02/15

Acetone <50 ug/L EPA 8260    JAR10/02/15

Benzene <1 ug/L EPA 8260    JAR10/02/15

Bromodichloromethane <1 ug/L EPA 8260    JAR10/02/15

Bromoform <1 ug/L EPA 8260    JAR10/02/15

Bromomethane <5 ug/L EPA 8260    JAR10/02/15

Carbon disulfide <50 ug/L EPA 8260    JAR10/02/15

Carbon tetrachloride <1 ug/L EPA 8260    JAR10/02/15

Chlorobenzene <1 ug/L EPA 8260    JAR10/02/15

Chloroethane <5 ug/L EPA 8260    JAR10/02/15

Chloroform <1 ug/L EPA 8260    JAR10/02/15

Chloromethane <5 ug/L EPA 8260    JAR10/02/15

Cis-1,2-Dichloroethene <1 ug/L EPA 8260    JAR10/02/15

Cis-1,3-Dichloropropene <1 ug/L EPA 8260    JAR10/02/15

Dibromochloromethane <5 ug/L EPA 8260    JAR10/02/15

Ethylbenzene <1 ug/L EPA 8260    JAR10/02/15

M-and/or p-xylene <2 ug/L EPA 8260    JAR10/02/15

Methylene chloride <5 ug/L EPA 8260    JAR10/02/15
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Client: Pfizer Inc. (PGM-PGE) KAR Project No. : 509188

Date Reported: 10/15/15

Project
Description : Analysis of aqueous samples from West KL Landfill (943-8200.08).

LABORATORY DETAIL REPORT

David R. Alkema, Lab Manager

Attest: 



Sample Type : LMB

Date Received : 10/06/15Sampled By :

Sample Date :

KAR Sample No. : 509188-75Sample Time :

Sample ID : Laboratory Method Blank #3

Test Result Units of Measure Method Analyst CommentsAnalyzed

O-Xylene <1 ug/L EPA 8260    JAR10/02/15

Styrene <1 ug/L EPA 8260    JAR10/02/15

Tert-Butanol (SIM) <5 ug/L EPA 8260 (SIM)    JAR09/25/15

Tetrachloroethene <1 ug/L EPA 8260    JAR10/02/15

Tetrahydrofuran (SIM) <2 ug/L EPA 8260 (SIM)    JAR09/25/15

Toluene <1 ug/L EPA 8260    JAR10/02/15

Trans-1,2-Dichloroethene <1 ug/L EPA 8260    JAR10/02/15

Trans-1,3-Dichloropropene <1 ug/L EPA 8260    JAR10/02/15

Trichloroethene <1 ug/L EPA 8260    JAR10/02/15

Trichlorofluoromethane <1 ug/L EPA 8260    JAR10/02/15

Vinyl chloride <1 ug/L EPA 8260    JAR10/02/15

12DCA-D4 (surr spk) 101 % spike recovery EPA 8260    JAR10/02/15

BFB (surr spk) 99 % spike recovery EPA 8260    JAR10/02/15

Toluene-D8 (surr spk) 106 % spike recovery EPA 8260    JAR10/02/15
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Client: Pfizer Inc. (PGM-PGE) KAR Project No. : 509188

Date Reported: 10/15/15

Project
Description : Analysis of aqueous samples from West KL Landfill (943-8200.08).

LABORATORY DETAIL REPORT

David R. Alkema, Lab Manager

Attest: 



Sample Type : LMB

Date Received : 10/06/15Sampled By :

Sample Date :

KAR Sample No. : 509188-76Sample Time :

Sample ID : Laboratory Method Blank #4

Test Result Units of Measure Method Analyst CommentsAnalyzed

Prep, metals Completed EPA 200.7    STC09/25/15

Iron, total <0.1 mg/L EPA 200.7    JHB10/01/15

Alkalinity (as CaCO3) <5 mg/L SM 2320 B    AJK10/06/15

Chloride <1 mg/L EPA 300.0A    ALK10/06/15

Nitrogen, nitrate <0.2 mg/L EPA 353.2    AJK09/23/15

Sulfate <1 mg/L EPA 300.0A    ALK10/06/15

Dissolved solids, total <10 mg/L EPA 160.1    JWW10/06/15

TOC, low level <0.2 mg/L SM 5310 C Result is actually non-purgeable organic
carbon (NPOC).   

JAR09/28/15

Prep, VOA (SIM) Completed EPA 5030    JAR09/28/15

1,4-Diethylene dioxide(SIM) <1 ug/L EPA 8260 (SIM)    JAR09/28/15

Tert-Butanol (SIM) <5 ug/L EPA 8260 (SIM)    JAR09/28/15

Tetrahydrofuran (SIM) <2 ug/L EPA 8260 (SIM)    JAR09/28/15

KAR KAR KAR KAR Laboratories, Inc.    .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   

of 128Page 114

Client: Pfizer Inc. (PGM-PGE) KAR Project No. : 509188

Date Reported: 10/15/15

Project
Description : Analysis of aqueous samples from West KL Landfill (943-8200.08).

LABORATORY DETAIL REPORT

David R. Alkema, Lab Manager

Attest: 



Sample Type : LMB

Date Received : 10/06/15Sampled By :

Sample Date :

KAR Sample No. : 509188-77Sample Time :

Sample ID : Laboratory Method Blank #5

Test Result Units of Measure Method Analyst CommentsAnalyzed

Prep, metals Completed EPA 200.7/8    STC09/30/15

Iron, total <0.1 mg/L EPA 200.7    JHB10/01/15

Alkalinity (as CaCO3) <5 mg/L SM 2320 B    AJK10/07/15

Chloride <1 mg/L EPA 300.0A    ALK10/09/15

Nitrogen, nitrate <0.2 mg/L EPA 353.2    AJK09/25/15

Sulfate <1 mg/L EPA 300.0A    ALK10/09/15

TOC, low level <0.2 mg/L SM 5310 C Result is actually non-purgeable organic
carbon (NPOC).   

JAR10/01/15

Prep, VOA (SIM) Completed EPA 5030    JAR10/01/15

1,4-Diethylene dioxide(SIM) <1 ug/L EPA 8260 (SIM)    JAR10/01/15

Tert-Butanol (SIM) <5 ug/L EPA 8260 (SIM)    JAR10/01/15

Tetrahydrofuran (SIM) <2 ug/L EPA 8260 (SIM)    JAR10/01/15
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Client: Pfizer Inc. (PGM-PGE) KAR Project No. : 509188

Date Reported: 10/15/15

Project
Description : Analysis of aqueous samples from West KL Landfill (943-8200.08).

LABORATORY DETAIL REPORT

David R. Alkema, Lab Manager

Attest: 



Sample Type : LMB

Date Received : 10/06/15Sampled By :

Sample Date :

KAR Sample No. : 509188-78Sample Time :

Sample ID : Laboratory Method Blank #6

Test Result Units of Measure Method Analyst CommentsAnalyzed

Prep, metals Completed EPA 200.7/8    STC10/02/15

Iron, total <0.1 mg/L EPA 200.7    JHB10/08/15

Alkalinity (as CaCO3) <5 mg/L SM 2320 B    AJK10/08/15

Nitrogen, nitrate <0.2 mg/L EPA 353.2    AJK09/29/15

TOC, low level <0.2 mg/L SM 5310 C Result is actually non-purgeable organic
carbon (NPOC).   

JAR10/05/15

Prep, VOA (SIM) Completed EPA 5030    JAR10/02/15

1,4-Diethylene dioxide(SIM) <1 ug/L EPA 8260 (SIM)    JAR10/02/15

Tert-Butanol (SIM) <5 ug/L EPA 8260 (SIM)    JAR10/02/15

Tetrahydrofuran (SIM) <2 ug/L EPA 8260 (SIM)    JAR10/02/15
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Client: Pfizer Inc. (PGM-PGE) KAR Project No. : 509188

Date Reported: 10/15/15

Project
Description : Analysis of aqueous samples from West KL Landfill (943-8200.08).

LABORATORY DETAIL REPORT

David R. Alkema, Lab Manager

Attest: 



Sample Type : LMB

Date Received : 10/06/15Sampled By :

Sample Date :

KAR Sample No. : 509188-79Sample Time :

Sample ID : Laboratory Method Blank #7

Test Result Units of Measure Method Analyst CommentsAnalyzed

Alkalinity (as CaCO3) <5 mg/L SM 2320 B    AJK10/12/15

Nitrogen, nitrate <0.2 mg/L EPA 353.2    AJK09/30/15

Prep, VOA (SIM) Completed EPA 5030    JAR10/05/15

1,4-Diethylene dioxide(SIM) <1 ug/L EPA 8260 (SIM)    JAR10/05/15

Tert-Butanol (SIM) <5 ug/L EPA 8260 (SIM)    JAR10/05/15

Tetrahydrofuran (SIM) <2 ug/L EPA 8260 (SIM)    JAR10/05/15
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Client: Pfizer Inc. (PGM-PGE) KAR Project No. : 509188

Date Reported: 10/15/15

Project
Description : Analysis of aqueous samples from West KL Landfill (943-8200.08).

LABORATORY DETAIL REPORT

David R. Alkema, Lab Manager

Attest: 



Sample Type : LCS

Date Received : 10/06/15Sampled By :

Sample Date :

KAR Sample No. : 509188-80Sample Time :

Sample ID : Laboratory Control Sample #1

Test Result Units of Measure Method Analyst CommentsAnalyzed

Iron, total 96.5 % recovery EPA 200.7    Actual conc. = 21
Meas. conc. = 20.27
QC limits: 85-115%

JHB10/01/15

Alkalinity (as CaCO3) 100 % recovery SM 2320 B    Actual conc. = 0.05
Meas. conc. = 0.05
QC limits: 95-105%

AJK09/29/15

COD 98.2 % recovery EPA 410.4    Actual conc. = 57.8
Meas. conc. = 56.78
QC limits: 69.2-123%

JWW09/21/15

Chloride 100 % recovery EPA 300.0A    Actual conc. = 22.95 
Meas. conc. = 22.954
QC limits: 85-115%

ALK09/17/15

Nitrogen, ammonia 112 % recovery EPA 350.1    Actual conc. = 3.48
Meas. conc. = 3.904
QC limits: 85.6-114%

JWW09/22/15

Nitrogen, nitrate 104 % recovery EPA 353.2    Actual conc. = 2.00
Meas. conc. = 2.081
QC limits: 90-110%

AJK09/18/15

Sulfate 97.7 % recovery EPA 300.0A    Actual conc. = 26.65
Meas. conc. = 26.043
QC limits: 85-115%

ALK09/17/15

Dissolved solids, total 97.2 % recovery EPA 160.1    Actual conc. = 282.9
Meas. conc. = 275
QC limits: 85-115%

JWW09/21/15
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Client: Pfizer Inc. (PGM-PGE) KAR Project No. : 509188

Date Reported: 10/15/15

Project
Description : Analysis of aqueous samples from West KL Landfill (943-8200.08).

LABORATORY DETAIL REPORT

David R. Alkema, Lab Manager

Attest: 



Sample Type : LMB

Date Received : 10/08/15Sampled By :

Sample Date :

KAR Sample No. : 509188-81Sample Time :

Sample ID : Laboratory Method Blank #8

Test Result Units of Measure Method Analyst CommentsAnalyzed

Alkalinity (as CaCO3) <5 mg/L SM 2320 B    AJK10/13/15

Nitrogen, nitrate <0.2 mg/L EPA 353.2    AJK10/02/15
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Client: Pfizer Inc. (PGM-PGE) KAR Project No. : 509188

Date Reported: 10/15/15

Project
Description : Analysis of aqueous samples from West KL Landfill (943-8200.08).

LABORATORY DETAIL REPORT

David R. Alkema, Lab Manager

Attest: 



Sample Type : LCS

Date Received : 10/08/15Sampled By :

Sample Date :

KAR Sample No. : 509188-82Sample Time :

Sample ID : Laboratory Control Sample #2

Test Result Units of Measure Method Analyst CommentsAnalyzed

Iron, total 93.4 % recovery EPA 200.7    Actual conc. = 21
Meas. conc. = 19.61
QC limits: 85-115%

JHB10/01/15

Alkalinity (as CaCO3) 101 % recovery SM 2320 B    Actual conc. = 0.05
Meas. conc. = 0.0505
QC limits: 95-105%

AJK10/01/15

COD 96.2 % recovery EPA 410.4    Actual conc. = 57.8
Meas. conc. = 55.61
QC limits: 69.2-123%

JWW09/25/15

Chloride 99.6 % recovery EPA 300.0A    Actual conc. = 22.95
Meas. conc. = 22.856
QC limits: 85-115%

ALK09/22/15

Nitrogen, ammonia 102 % recovery EPA 350.1    Actual conc. = 3.48
Meas. conc. = 3.546
QC limits: 85.6-114%

JWW10/08/15

Nitrogen, nitrate 104 % recovery EPA 353.2    Actual conc. = 2.00
Meas. conc. = 2.073
QC limits: 90-110%

AJK09/19/15

Sulfate 97.1 % recovery EPA 300.0A    Actual conc. = 26.65 
Meas. conc. = 25.881
QC limits: 85-115%

ALK09/22/15

Dissolved solids, total 86.6 % recovery EPA 160.1    Actual conc. = 282.9
Meas. conc. = 245
QC limits: 85-115%

JWW09/25/15
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Client: Pfizer Inc. (PGM-PGE) KAR Project No. : 509188

Date Reported: 10/15/15

Project
Description : Analysis of aqueous samples from West KL Landfill (943-8200.08).

LABORATORY DETAIL REPORT

David R. Alkema, Lab Manager

Attest: 



Sample Type : LCS

Date Received : 10/08/15Sampled By :

Sample Date :

KAR Sample No. : 509188-83Sample Time :

Sample ID : Laboratory Control Sample #3

Test Result Units of Measure Method Analyst CommentsAnalyzed

Iron, total 91.5 % recovery EPA 200.7    Actual conc. = 21 
Meas. conc. = 19.21
QC limits: 85-115%

JHB10/01/15

Alkalinity (as CaCO3) 101 % recovery SM 2320 B    Actual conc. = 0.05
Meas. conc. = 0.0505
QC limits: 95-105%

AJK10/05/15

COD 94.5 % recovery EPA 410.4    Actual conc. = 57.8
Meas. conc. = 54.60
QC limits: 69.2-123%

JWW10/07/15

Chloride 99.0 % recovery EPA 300.0A    Actual conc. = 22.95
Meas. conc. = 22.73
QC limits: 85-115%

ALK10/01/15

Nitrogen, ammonia 110 % recovery EPA 350.1    Actual conc. = 3.48
Meas. conc. = 3.828
QC limits: 85.6-114%

JWW10/13/15

Nitrogen, nitrate 102 % recovery EPA 353.2    Actual conc. = 2.00
Meas. conc. = 2.039
QC limits: 90-110%

AJK10/02/15

Sulfate 97.4 % recovery EPA 300.0A    Actual conc. = 26.65
Meas. conc. = 25.957
QC limits: 85-115%

ALK10/01/15

Dissolved solids, total 97.2 % recovery EPA 160.1    Actual conc. = 282.9
Meas. conc. = 275
QC limits: 85-115%

JWW10/02/15
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Client: Pfizer Inc. (PGM-PGE) KAR Project No. : 509188

Date Reported: 10/15/15

Project
Description : Analysis of aqueous samples from West KL Landfill (943-8200.08).

LABORATORY DETAIL REPORT

David R. Alkema, Lab Manager

Attest: 



Sample Type : LCS

Date Received : 10/08/15Sampled By :

Sample Date :

KAR Sample No. : 509188-84Sample Time :

Sample ID : Laboratory Control Sample #4

Test Result Units of Measure Method Analyst CommentsAnalyzed

Iron, total 95.3 % recovery EPA 200.7    Actual conc. = 21 
Meas. conc. = 20.02
QC limits: 85-115%

JHB10/01/15

Alkalinity (as CaCO3) 100 % recovery SM 2320 B    Actual conc. = 0.05
Meas. conc. = 0.05
QC limits: 95-105%

AJK10/06/15

Chloride 101 % recovery EPA 300.0A    Actual conc. = 22.95 
Meas. conc. = 23.065
QC limits: 85-115%

ALK10/06/15

Nitrogen, nitrate 102 % recovery EPA 353.2    Actual conc. = 2.00
Meas. conc. = 2.03
QC limits: 90-110%

AJK09/22/15

Sulfate 98.9 % recovery EPA 300.0A    Actual conc. = 26.65
Meas. conc. = 26.362
QC limits: 85-115%

ALK10/06/15

Dissolved solids, total 104 % recovery EPA 160.1    Actual conc. = 282.9
Meas. conc. = 293.3
QC limits: 85-115%

JWW10/06/15
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Client: Pfizer Inc. (PGM-PGE) KAR Project No. : 509188

Date Reported: 10/15/15

Project
Description : Analysis of aqueous samples from West KL Landfill (943-8200.08).

LABORATORY DETAIL REPORT

David R. Alkema, Lab Manager

Attest: 



Sample Type : LCS

Date Received : 10/08/15Sampled By :

Sample Date :

KAR Sample No. : 509188-85Sample Time :

Sample ID : Laboratory Control Sample #5

Test Result Units of Measure Method Analyst CommentsAnalyzed

Iron, total 93.5 % recovery EPA 200.7    Actual conc. = 21
Meas. conc. = 19.64
QC limits: 85-115%

JHB10/01/15

Alkalinity (as CaCO3) 100 % recovery SM 2320 B    Actual conc. = 0.05
Meas. conc. = 0.05
QC limits: 95-105%

AJK10/07/15

Chloride 98.7 % recovery EPA 300.0A    Actual conc. = 22.95
Meas. conc. = 22.652
QC limits: 85-115%

ALK10/09/15

Nitrogen, nitrate 103 % recovery EPA 353.2    Actual conc. = 2.00
Meas. conc. = 2.069
QC limits: 90-110%

AJK09/23/15

Sulfate 96.6 % recovery EPA 300.0A    Actual conc. = 26.65
Meas. conc. = 25.737
QC limits: 85-115%

ALK10/09/15
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Client: Pfizer Inc. (PGM-PGE) KAR Project No. : 509188

Date Reported: 10/15/15

Project
Description : Analysis of aqueous samples from West KL Landfill (943-8200.08).

LABORATORY DETAIL REPORT

David R. Alkema, Lab Manager

Attest: 



Sample Type : LCS

Date Received : 10/08/15Sampled By :

Sample Date :

KAR Sample No. : 509188-86Sample Time :

Sample ID : Laboratory Control Sample #6

Test Result Units of Measure Method Analyst CommentsAnalyzed

Iron, total 101 % recovery EPA 200.7    Actual conc. = 21
Meas. conc. = 21.2
QC limits: 85-115%

JHB10/08/15

Alkalinity (as CaCO3) 101 % recovery SM 2320 B    Actual conc. = 0.05
Meas. conc. = 0.0505
QC limits: 95-105%

AJK10/08/15

Nitrogen, nitrate 102 % recovery EPA 353.2    Actual conc. = 2.00
Meas. conc. = 2.038
QC limits: 90-110%

AJK09/25/15
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Client: Pfizer Inc. (PGM-PGE) KAR Project No. : 509188

Date Reported: 10/15/15

Project
Description : Analysis of aqueous samples from West KL Landfill (943-8200.08).

LABORATORY DETAIL REPORT

David R. Alkema, Lab Manager

Attest: 



Sample Type : LCS

Date Received : 10/08/15Sampled By :

Sample Date :

KAR Sample No. : 509188-87Sample Time :

Sample ID : Laboratory Control Sample #7

Test Result Units of Measure Method Analyst CommentsAnalyzed

Alkalinity (as CaCO3) 100 % recovery SM 2320 B    Actual conc. = 0.05
Meas. conc. = 0.05
QC limits: 95-105%

AJK10/12/15

Nitrogen, nitrate 102 % recovery EPA 353.2    Actual conc. = 2.00
Meas. conc. = 2.044
QC limits: 90-110%

AJK09/29/15

KAR KAR KAR KAR Laboratories, Inc.    .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   

of 128Page 125

Client: Pfizer Inc. (PGM-PGE) KAR Project No. : 509188

Date Reported: 10/15/15

Project
Description : Analysis of aqueous samples from West KL Landfill (943-8200.08).

LABORATORY DETAIL REPORT

David R. Alkema, Lab Manager

Attest: 



Sample Type : LCS

Date Received : 10/08/15Sampled By :

Sample Date :

KAR Sample No. : 509188-88Sample Time :

Sample ID : Laboratory Control Sample #8

Test Result Units of Measure Method Analyst CommentsAnalyzed

Alkalinity (as CaCO3) 101 % recovery SM 2320 B    Actual conc. = 0.05
Meas. conc. = 0.0505
QC limits: 95-105%

AJK10/13/15

Nitrogen, nitrate 103 % recovery EPA 353.2    Actual conc. = 2.00
Meas. conc. = 2.065
QC limits: 90-110%

AJK09/30/15
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Client: Pfizer Inc. (PGM-PGE) KAR Project No. : 509188

Date Reported: 10/15/15

Project
Description : Analysis of aqueous samples from West KL Landfill (943-8200.08).

LABORATORY DETAIL REPORT

David R. Alkema, Lab Manager

Attest: 



Sample Type : LMB

Date Received : 10/15/15Sampled By :

Sample Date :

KAR Sample No. : 509188-89Sample Time :

Sample ID : Laboratory Method Blank #9

Test Result Units of Measure Method Analyst CommentsAnalyzed

Alkalinity (as CaCO3) <5 mg/L SM 2320 B    AJK10/14/15
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Client: Pfizer Inc. (PGM-PGE) KAR Project No. : 509188

Date Reported: 10/15/15

Project
Description : Analysis of aqueous samples from West KL Landfill (943-8200.08).

LABORATORY DETAIL REPORT

David R. Alkema, Lab Manager

Attest: 



Sample Type : LCS

Date Received : 10/15/15Sampled By :

Sample Date :

KAR Sample No. : 509188-90Sample Time :

Sample ID : Laboratory Control Sample #9

Test Result Units of Measure Method Analyst CommentsAnalyzed

Alkalinity (as CaCO3) 100 % recovery SM 2320 B    Actual conc. = 0.05
Meas. conc. = 0.05
QC limits: 95-105%

AJK10/14/15
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Client: Pfizer Inc. (PGM-PGE) KAR Project No. : 509188

Date Reported: 10/15/15

Project
Description : Analysis of aqueous samples from West KL Landfill (943-8200.08).

LABORATORY DETAIL REPORT

David R. Alkema, Lab Manager

Attest: 





















ALS LAB REPORTS 



08-Oct-2015

Golder Associates Inc.
Alison Zoll

Dear Alison,

Re: KL Landfill Work Order: 1510169

200 Century Parkway, Suite C
Mt. Laurel, NJ  08054

ALS Environmental received 39 samples on 01-Oct-2015 04:35 PM for the analyses presented in the 
following report.

Project Manager
Bill Carey

Electronically approved by: Bill Carey

Certificate No: MN 532786

The analytical data provided relates directly to the samples received by ALS Environmental and for only 
the analyses requested. 

Sample results are compliant with NELAP standard requirements and QC results achieved laboratory 
specifications.  Any exceptions are noted in the Case Narrative, or noted with qualifiers in the report or 
QC batch information. Should this laboratory report need to be reproduced, it should be reproduced in 
full unless written approval has been obtained from ALS Environmental. Samples will be disposed in 30 
days unless storage arrangements are made.

The total number of pages in this report is 52.

If you have any questions regarding this report, please feel free to contact me.

Sincerely,

ADDRESS 3352 128th Avenue  Holland, Michigan 49424-9263 | PHONE (616) 399-6070 | FAX (616) 399-6185
ALS GROUP USA, CORP  Part of the ALS Laboratory Group  A Campbell Brothers Limited Company

Report of Laboratory Analysis



Date: 08-Oct-15ALS Group USA, Corp

Project: KL Landfill

Client: Golder Associates Inc.

Work Order: 1510169
Work Order Sample Summary

Lab Samp ID Client Sample ID Collection DateTag Number Date ReceivedMatrix Hold

1510169-01 KL-GW-P-55 Water 9/29/2015 09:48 10/1/2015 16:35
1510169-02 KL-GW-P-46 Water 9/29/2015 10:38 10/1/2015 16:35
1510169-03 KL-GW-TW-4 Water 9/29/2015 11:37 10/1/2015 16:35
1510169-04 KL-GW-P-52 Water 9/29/2015 12:26 10/1/2015 16:35
1510169-05 KL-GW-P-51 Water 9/29/2015 13:11 10/1/2015 16:35
1510169-06 KL-GW-P-45 Water 9/29/2015 14:32 10/1/2015 16:35
1510169-07 KL-GW-P-59 Water 9/29/2015 15:30 10/1/2015 16:35
1510169-08 KL-GW-P-72 Water 9/30/2015 09:51 10/1/2015 16:35
1510169-09 KL-GW-P-70 Water 9/30/2015 10:42 10/1/2015 16:35
1510169-10 KL-GW-P-60 Water 9/30/2015 11:33 10/1/2015 16:35
1510169-11 KL-GW-P-39 Water 9/30/2015 12:16 10/1/2015 16:35
1510169-12 KL-GW-P-38 Water 9/30/2015 12:54 10/1/2015 16:35
1510169-13 KL-GW-MW-15 Water 9/30/2015 13:58 10/1/2015 16:35
1510169-14 KL-GW-P-40 Water 9/30/2015 15:04 10/1/2015 16:35
1510169-15 KL-GW-P-53 Water 10/1/2015 10:32 10/1/2015 16:35
1510169-16 KL-GW-P-50 Water 10/1/2015 11:20 10/1/2015 16:35
1510169-17 KL-GW-P-41 Water 10/1/2015 12:12 10/1/2015 16:35
1510169-18 KL-GW-P-30 Water 9/28/2015 10:19 10/1/2015 16:35
1510169-19 KL-GW-MW-1 Water 9/28/2015 11:45 10/1/2015 16:35
1510169-20 KL-GW-P-28 Water 9/28/2015 12:45 10/1/2015 16:35
1510169-21 KL-GW-P-29 Water 9/28/2015 13:34 10/1/2015 16:35
1510169-22 KL-GW-P-20 Water 9/28/2015 14:24 10/1/2015 16:35
1510169-23 KL-GW-P-19 Water 9/28/2015 15:18 10/1/2015 16:35
1510169-24 KL-GW-P-54 Water 9/28/2015 16:32 10/1/2015 16:35
1510169-25 Trip Blank Water 9/28/2015 10/1/2015 16:35
1510169-26 KL-GW-P-34 Water 9/24/2015 09:51 10/1/2015 16:35
1510169-27 KL-GW-P-35 Water 9/24/2015 10:33 10/1/2015 16:35
1510169-28 KL-GW-P-75 Water 9/24/2015 11:25 10/1/2015 16:35
1510169-29 KL-GW-M-8 Water 9/24/2015 12:43 10/1/2015 16:35
1510169-30 KL-GW-P-42 Water 9/24/2015 13:58 10/1/2015 16:35
1510169-31 KL-GW-P-32 Water 9/24/2015 14:37 10/1/2015 16:35
1510169-32 KL-GW-P-33 Water 9/24/2015 15:28 10/1/2015 16:35
1510169-33 KL-GW-P-63 Water 9/23/2015 10:08 10/1/2015 16:35
1510169-34 KL-GW-P-67 Water 9/23/2015 11:02 10/1/2015 16:35
1510169-35 KL-GW-P-61 Water 9/23/2015 11:54 10/1/2015 16:35
1510169-36 KL-GW-P-57 Water 9/23/2015 12:50 10/1/2015 16:35
1510169-37 KL-GW-P-43 Water 9/23/2015 13:32 10/1/2015 16:35
1510169-38 KL-GW-P-44 Water 9/23/2015 14:28 10/1/2015 16:35
1510169-39 KL-GW-P-74 Water 9/23/2015 15:38 10/1/2015 16:35
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ALS Group USA, Corp Date: 08-Oct-15

QUALIFIERS, 
ACRONYMS, UNITS

Project: KL Landfill

Client: Golder Associates Inc.

WorkOrder: 1510169

Units Reported             Description 

Qualifier             Description

Acronym             Description 

Micrograms per Literµg/L

Value exceeds Regulatory Limit*

Not accrediteda

Analyte detected in the associated Method Blank above the Reporting LimitB

Value above quantitation rangeE

Analyzed outside of Holding TimeH

Analyte is present at an estimated concentration between the MDL and Report LimitJ

Not offered for accreditationn

Not Detected at the Reporting LimitND

Sample amount is > 4 times amount spikedO

Dual Column results percent difference > 40%P

RPD above laboratory control limitR

Spike Recovery outside laboratory control limitsS

Analyzed but not detected above the MDLU

Analyte was detected in the Method Blank between the MDL and PQL, sample results may exhibit background or reagent 
contamination at the observed level.

X

Method DuplicateDUP

Laboratory Control SampleLCS

Laboratory Control Sample DuplicateLCSD

Limit of Detection (see MDL)LOD

Limit of Quantitation (see PQL)LOQ

Method BlankMBLK

Method Detection LimitMDL

Matrix SpikeMS

Matrix Spike DuplicateMSD

Practical Quantitation LimitPQL

Relative Percent DifferenceRPD

Target Detection LimitTDL

Too Numerous To CountTNTC

APHA Standard MethodsA

ASTMD

EPAE

SW-846 Update IIISW

QF Page 1 of 1



Date: 08-Oct-15ALS Group USA, Corp

Project: KL Landfill

Client: Golder Associates Inc.

Work Order: 1510169
Case Narrative

Samples for the above noted Work Order were received on 10/1/2015.  The attached "Sample 
Receipt Checklist" documents the status of custody seals, container integrity, preservation, 
and temperature compliance.

Samples were analyzed according to the analytical methodology previously transmitted in the 
"Work Order Acknowledgement".  Methodologies are also documented in the "Analytical 
Result" section for each sample.  Quality control results are listed in the "QC Report" section. 
Sample association for the reported quality control is located at the end of each batch 
summary.  If applicable, results are appropriately qualified in the Analytical Result and QC 
Report sections.  The "Qualifiers" section documents the various qualifiers, units, and 
acronyms utilized in reporting.

With the following exceptions, all sample analyses achieved analytical criteria.

Volatile Organics: 
No other deviations or anomalies were noted.

Case Narrative Page 1 of  1



Project: KL Landfill

Sample ID: KL-GW-P-55

Collection Date: 9/29/2015 09:48 AM Matrix: WATER

Analyses Result Qual Units Date Analyzed
Report 
Limit

Client: Golder Associates Inc.

Work Order: 1510169

Dilution
Factor

Lab ID: 1510169-01

ALS Group USA, Corp Date: 08-Oct-15

GASES IN WATER RSK-175 Analyst: IT
Methane 10/6/2015 02:16 PM1.0 µg/L 182

Analytical Results Page 1 of  39

Note: See Qualifiers page for a list of qualifiers and their definitions.



Project: KL Landfill

Sample ID: KL-GW-P-46

Collection Date: 9/29/2015 10:38 AM Matrix: WATER

Analyses Result Qual Units Date Analyzed
Report 
Limit

Client: Golder Associates Inc.

Work Order: 1510169

Dilution
Factor

Lab ID: 1510169-02

ALS Group USA, Corp Date: 08-Oct-15

GASES IN WATER RSK-175 Analyst: IT
Methane 10/6/2015 02:18 PM1.0 µg/L 154

Analytical Results Page 2 of  39

Note: See Qualifiers page for a list of qualifiers and their definitions.



Project: KL Landfill

Sample ID: KL-GW-TW-4

Collection Date: 9/29/2015 11:37 AM Matrix: WATER

Analyses Result Qual Units Date Analyzed
Report 
Limit

Client: Golder Associates Inc.

Work Order: 1510169

Dilution
Factor

Lab ID: 1510169-03

ALS Group USA, Corp Date: 08-Oct-15

GASES IN WATER RSK-175 Analyst: IT
Methane 10/6/2015 02:52 PM2.0 µg/L 2270

Analytical Results Page 3 of  39

Note: See Qualifiers page for a list of qualifiers and their definitions.



Project: KL Landfill

Sample ID: KL-GW-P-52

Collection Date: 9/29/2015 12:26 PM Matrix: WATER

Analyses Result Qual Units Date Analyzed
Report 
Limit

Client: Golder Associates Inc.

Work Order: 1510169

Dilution
Factor

Lab ID: 1510169-04

ALS Group USA, Corp Date: 08-Oct-15

GASES IN WATER RSK-175 Analyst: IT
Methane 10/6/2015 02:54 PM25 µg/L 252,600

Analytical Results Page 4 of  39

Note: See Qualifiers page for a list of qualifiers and their definitions.



Project: KL Landfill

Sample ID: KL-GW-P-51

Collection Date: 9/29/2015 01:11 PM Matrix: WATER

Analyses Result Qual Units Date Analyzed
Report 
Limit

Client: Golder Associates Inc.

Work Order: 1510169

Dilution
Factor

Lab ID: 1510169-05

ALS Group USA, Corp Date: 08-Oct-15

GASES IN WATER RSK-175 Analyst: IT
Methane 10/6/2015 02:58 PM25 µg/L 251,700

Analytical Results Page 5 of  39

Note: See Qualifiers page for a list of qualifiers and their definitions.



Project: KL Landfill

Sample ID: KL-GW-P-45

Collection Date: 9/29/2015 02:32 PM Matrix: WATER

Analyses Result Qual Units Date Analyzed
Report 
Limit

Client: Golder Associates Inc.

Work Order: 1510169

Dilution
Factor

Lab ID: 1510169-06

ALS Group USA, Corp Date: 08-Oct-15

GASES IN WATER RSK-175 Analyst: IT
Methane 10/6/2015 02:27 PM1.0 µg/L 18.9

Analytical Results Page 6 of  39

Note: See Qualifiers page for a list of qualifiers and their definitions.



Project: KL Landfill

Sample ID: KL-GW-P-59

Collection Date: 9/29/2015 03:30 PM Matrix: WATER

Analyses Result Qual Units Date Analyzed
Report 
Limit

Client: Golder Associates Inc.

Work Order: 1510169

Dilution
Factor

Lab ID: 1510169-07

ALS Group USA, Corp Date: 08-Oct-15

GASES IN WATER RSK-175 Analyst: IT
Methane 10/6/2015 02:29 PM1.0 µg/L 1ND

Analytical Results Page 7 of  39

Note: See Qualifiers page for a list of qualifiers and their definitions.



Project: KL Landfill

Sample ID: KL-GW-P-72

Collection Date: 9/30/2015 09:51 AM Matrix: WATER

Analyses Result Qual Units Date Analyzed
Report 
Limit

Client: Golder Associates Inc.

Work Order: 1510169

Dilution
Factor

Lab ID: 1510169-08

ALS Group USA, Corp Date: 08-Oct-15

GASES IN WATER RSK-175 Analyst: IT
Methane 10/6/2015 02:32 PM1.0 µg/L 1110

Analytical Results Page 8 of  39

Note: See Qualifiers page for a list of qualifiers and their definitions.



Project: KL Landfill

Sample ID: KL-GW-P-70

Collection Date: 9/30/2015 10:42 AM Matrix: WATER

Analyses Result Qual Units Date Analyzed
Report 
Limit

Client: Golder Associates Inc.

Work Order: 1510169

Dilution
Factor

Lab ID: 1510169-09

ALS Group USA, Corp Date: 08-Oct-15

GASES IN WATER RSK-175 Analyst: IT
Methane 10/6/2015 02:34 PM1.0 µg/L 1150

Analytical Results Page 9 of  39

Note: See Qualifiers page for a list of qualifiers and their definitions.



Project: KL Landfill

Sample ID: KL-GW-P-60

Collection Date: 9/30/2015 11:33 AM Matrix: WATER

Analyses Result Qual Units Date Analyzed
Report 
Limit

Client: Golder Associates Inc.

Work Order: 1510169

Dilution
Factor

Lab ID: 1510169-10

ALS Group USA, Corp Date: 08-Oct-15

GASES IN WATER RSK-175 Analyst: IT
Methane 10/6/2015 02:38 PM1.0 µg/L 1ND

Analytical Results Page 10 of  39

Note: See Qualifiers page for a list of qualifiers and their definitions.



Project: KL Landfill

Sample ID: KL-GW-P-39

Collection Date: 9/30/2015 12:16 PM Matrix: WATER

Analyses Result Qual Units Date Analyzed
Report 
Limit

Client: Golder Associates Inc.

Work Order: 1510169

Dilution
Factor

Lab ID: 1510169-11

ALS Group USA, Corp Date: 08-Oct-15

GASES IN WATER RSK-175 Analyst: IT
Methane 10/6/2015 03:00 PM10 µg/L 101,000

Analytical Results Page 11 of  39

Note: See Qualifiers page for a list of qualifiers and their definitions.



Project: KL Landfill

Sample ID: KL-GW-P-38

Collection Date: 9/30/2015 12:54 PM Matrix: WATER

Analyses Result Qual Units Date Analyzed
Report 
Limit

Client: Golder Associates Inc.

Work Order: 1510169

Dilution
Factor

Lab ID: 1510169-12

ALS Group USA, Corp Date: 08-Oct-15

GASES IN WATER RSK-175 Analyst: IT
Methane 10/6/2015 02:43 PM1.0 µg/L 12.7

Analytical Results Page 12 of  39

Note: See Qualifiers page for a list of qualifiers and their definitions.



Project: KL Landfill

Sample ID: KL-GW-MW-15

Collection Date: 9/30/2015 01:58 PM Matrix: WATER

Analyses Result Qual Units Date Analyzed
Report 
Limit

Client: Golder Associates Inc.

Work Order: 1510169

Dilution
Factor

Lab ID: 1510169-13

ALS Group USA, Corp Date: 08-Oct-15

GASES IN WATER RSK-175 Analyst: IT
Methane 10/6/2015 02:45 PM1.0 µg/L 112

Analytical Results Page 13 of  39

Note: See Qualifiers page for a list of qualifiers and their definitions.



Project: KL Landfill

Sample ID: KL-GW-P-40

Collection Date: 9/30/2015 03:04 PM Matrix: WATER

Analyses Result Qual Units Date Analyzed
Report 
Limit

Client: Golder Associates Inc.

Work Order: 1510169

Dilution
Factor

Lab ID: 1510169-14

ALS Group USA, Corp Date: 08-Oct-15

GASES IN WATER RSK-175 Analyst: IT
Methane 10/6/2015 02:47 PM1.0 µg/L 15.8

Analytical Results Page 14 of  39

Note: See Qualifiers page for a list of qualifiers and their definitions.



Project: KL Landfill

Sample ID: KL-GW-P-53

Collection Date: 10/1/2015 10:32 AM Matrix: WATER

Analyses Result Qual Units Date Analyzed
Report 
Limit

Client: Golder Associates Inc.

Work Order: 1510169

Dilution
Factor

Lab ID: 1510169-15

ALS Group USA, Corp Date: 08-Oct-15

GASES IN WATER RSK-175 Analyst: IT
Methane 10/6/2015 03:02 PM10 µg/L 101,300

Analytical Results Page 15 of  39

Note: See Qualifiers page for a list of qualifiers and their definitions.



Project: KL Landfill

Sample ID: KL-GW-P-50

Collection Date: 10/1/2015 11:20 AM Matrix: WATER

Analyses Result Qual Units Date Analyzed
Report 
Limit

Client: Golder Associates Inc.

Work Order: 1510169

Dilution
Factor

Lab ID: 1510169-16

ALS Group USA, Corp Date: 08-Oct-15

GASES IN WATER RSK-175 Analyst: IT
Methane 10/6/2015 03:58 PM25 µg/L 252,700

Analytical Results Page 16 of  39

Note: See Qualifiers page for a list of qualifiers and their definitions.



Project: KL Landfill

Sample ID: KL-GW-P-41

Collection Date: 10/1/2015 12:12 PM Matrix: WATER

Analyses Result Qual Units Date Analyzed
Report 
Limit

Client: Golder Associates Inc.

Work Order: 1510169

Dilution
Factor

Lab ID: 1510169-17

ALS Group USA, Corp Date: 08-Oct-15

GASES IN WATER RSK-175 Analyst: IT
Methane 10/6/2015 03:17 PM1.0 µg/L 178

Analytical Results Page 17 of  39

Note: See Qualifiers page for a list of qualifiers and their definitions.



Project: KL Landfill

Sample ID: KL-GW-P-30

Collection Date: 9/28/2015 10:19 AM Matrix: WATER

Analyses Result Qual Units Date Analyzed
Report 
Limit

Client: Golder Associates Inc.

Work Order: 1510169

Dilution
Factor

Lab ID: 1510169-18

ALS Group USA, Corp Date: 08-Oct-15

GASES IN WATER RSK-175 Analyst: IT
Methane 10/6/2015 04:00 PM50 µg/L 505,300

Analytical Results Page 18 of  39

Note: See Qualifiers page for a list of qualifiers and their definitions.



Project: KL Landfill

Sample ID: KL-GW-MW-1

Collection Date: 9/28/2015 11:45 AM Matrix: WATER

Analyses Result Qual Units Date Analyzed
Report 
Limit

Client: Golder Associates Inc.

Work Order: 1510169

Dilution
Factor

Lab ID: 1510169-19

ALS Group USA, Corp Date: 08-Oct-15

GASES IN WATER RSK-175 Analyst: IT
Methane 10/6/2015 04:02 PM25 µg/L 253,600

Analytical Results Page 19 of  39

Note: See Qualifiers page for a list of qualifiers and their definitions.



Project: KL Landfill

Sample ID: KL-GW-P-28

Collection Date: 9/28/2015 12:45 PM Matrix: WATER

Analyses Result Qual Units Date Analyzed
Report 
Limit

Client: Golder Associates Inc.

Work Order: 1510169

Dilution
Factor

Lab ID: 1510169-20

ALS Group USA, Corp Date: 08-Oct-15

GASES IN WATER RSK-175 Analyst: IT
Methane 10/6/2015 04:05 PM100 µg/L 1008,600

Analytical Results Page 20 of  39

Note: See Qualifiers page for a list of qualifiers and their definitions.



Project: KL Landfill

Sample ID: KL-GW-P-29

Collection Date: 9/28/2015 01:34 PM Matrix: WATER

Analyses Result Qual Units Date Analyzed
Report 
Limit

Client: Golder Associates Inc.

Work Order: 1510169

Dilution
Factor

Lab ID: 1510169-21

ALS Group USA, Corp Date: 08-Oct-15

GASES IN WATER RSK-175 Analyst: IT
Methane 10/6/2015 03:26 PM1.0 µg/L 136

Analytical Results Page 21 of  39

Note: See Qualifiers page for a list of qualifiers and their definitions.



Project: KL Landfill

Sample ID: KL-GW-P-20

Collection Date: 9/28/2015 02:24 PM Matrix: WATER

Analyses Result Qual Units Date Analyzed
Report 
Limit

Client: Golder Associates Inc.

Work Order: 1510169

Dilution
Factor

Lab ID: 1510169-22

ALS Group USA, Corp Date: 08-Oct-15

GASES IN WATER RSK-175 Analyst: IT
Methane 10/6/2015 04:07 PM25 µg/L 252,600

Analytical Results Page 22 of  39

Note: See Qualifiers page for a list of qualifiers and their definitions.



Project: KL Landfill

Sample ID: KL-GW-P-19

Collection Date: 9/28/2015 03:18 PM Matrix: WATER

Analyses Result Qual Units Date Analyzed
Report 
Limit

Client: Golder Associates Inc.

Work Order: 1510169

Dilution
Factor

Lab ID: 1510169-23

ALS Group USA, Corp Date: 08-Oct-15

GASES IN WATER RSK-175 Analyst: IT
Methane 10/6/2015 04:11 PM5.0 µg/L 5470

Analytical Results Page 23 of  39

Note: See Qualifiers page for a list of qualifiers and their definitions.



Project: KL Landfill

Sample ID: KL-GW-P-54

Collection Date: 9/28/2015 04:32 PM Matrix: WATER

Analyses Result Qual Units Date Analyzed
Report 
Limit

Client: Golder Associates Inc.

Work Order: 1510169

Dilution
Factor

Lab ID: 1510169-24

ALS Group USA, Corp Date: 08-Oct-15

GASES IN WATER RSK-175 Analyst: IT
Methane 10/6/2015 03:34 PM1.0 µg/L 1ND

Analytical Results Page 24 of  39

Note: See Qualifiers page for a list of qualifiers and their definitions.



Project: KL Landfill

Sample ID: Trip Blank

Collection Date: 9/28/2015 Matrix: WATER

Analyses Result Qual Units Date Analyzed
Report 
Limit

Client: Golder Associates Inc.

Work Order: 1510169

Dilution
Factor

Lab ID: 1510169-25

ALS Group USA, Corp Date: 08-Oct-15

GASES IN WATER RSK-175 Analyst: IT
Methane 10/6/2015 03:35 PM1.0 µg/L 1ND

Analytical Results Page 25 of  39

Note: See Qualifiers page for a list of qualifiers and their definitions.



Project: KL Landfill

Sample ID: KL-GW-P-34

Collection Date: 9/24/2015 09:51 AM Matrix: WATER

Analyses Result Qual Units Date Analyzed
Report 
Limit

Client: Golder Associates Inc.

Work Order: 1510169

Dilution
Factor

Lab ID: 1510169-26

ALS Group USA, Corp Date: 08-Oct-15

GASES IN WATER RSK-175 Analyst: IT
Methane 10/6/2015 03:38 PM1.0 µg/L 1ND

Analytical Results Page 26 of  39

Note: See Qualifiers page for a list of qualifiers and their definitions.



Project: KL Landfill

Sample ID: KL-GW-P-35

Collection Date: 9/24/2015 10:33 AM Matrix: WATER

Analyses Result Qual Units Date Analyzed
Report 
Limit

Client: Golder Associates Inc.

Work Order: 1510169

Dilution
Factor

Lab ID: 1510169-27

ALS Group USA, Corp Date: 08-Oct-15

GASES IN WATER RSK-175 Analyst: IT
Methane 10/6/2015 03:40 PM1.0 µg/L 134

Analytical Results Page 27 of  39

Note: See Qualifiers page for a list of qualifiers and their definitions.



Project: KL Landfill

Sample ID: KL-GW-P-75

Collection Date: 9/24/2015 11:25 AM Matrix: WATER

Analyses Result Qual Units Date Analyzed
Report 
Limit

Client: Golder Associates Inc.

Work Order: 1510169

Dilution
Factor

Lab ID: 1510169-28

ALS Group USA, Corp Date: 08-Oct-15

GASES IN WATER RSK-175 Analyst: IT
Methane 10/6/2015 03:52 PM1.0 µg/L 150

Analytical Results Page 28 of  39

Note: See Qualifiers page for a list of qualifiers and their definitions.



Project: KL Landfill

Sample ID: KL-GW-M-8

Collection Date: 9/24/2015 12:43 PM Matrix: WATER

Analyses Result Qual Units Date Analyzed
Report 
Limit

Client: Golder Associates Inc.

Work Order: 1510169

Dilution
Factor

Lab ID: 1510169-29

ALS Group USA, Corp Date: 08-Oct-15

GASES IN WATER RSK-175 Analyst: IT
Methane 10/6/2015 04:31 PM5.0 µg/L 5430

Analytical Results Page 29 of  39

Note: See Qualifiers page for a list of qualifiers and their definitions.



Project: KL Landfill

Sample ID: KL-GW-P-42

Collection Date: 9/24/2015 01:58 PM Matrix: WATER

Analyses Result Qual Units Date Analyzed
Report 
Limit

Client: Golder Associates Inc.

Work Order: 1510169

Dilution
Factor

Lab ID: 1510169-30

ALS Group USA, Corp Date: 08-Oct-15

GASES IN WATER RSK-175 Analyst: IT
Methane 10/6/2015 04:33 PM1.0 µg/L 1ND

Analytical Results Page 30 of  39

Note: See Qualifiers page for a list of qualifiers and their definitions.



Project: KL Landfill

Sample ID: KL-GW-P-32

Collection Date: 9/24/2015 02:37 PM Matrix: WATER

Analyses Result Qual Units Date Analyzed
Report 
Limit

Client: Golder Associates Inc.

Work Order: 1510169

Dilution
Factor

Lab ID: 1510169-31

ALS Group USA, Corp Date: 08-Oct-15

GASES IN WATER RSK-175 Analyst: IT
Methane 10/6/2015 04:36 PM1.0 µg/L 16.4

Analytical Results Page 31 of  39

Note: See Qualifiers page for a list of qualifiers and their definitions.



Project: KL Landfill

Sample ID: KL-GW-P-33

Collection Date: 9/24/2015 03:28 PM Matrix: WATER

Analyses Result Qual Units Date Analyzed
Report 
Limit

Client: Golder Associates Inc.

Work Order: 1510169

Dilution
Factor

Lab ID: 1510169-32

ALS Group USA, Corp Date: 08-Oct-15

GASES IN WATER RSK-175 Analyst: IT
Methane 10/6/2015 04:38 PM1.0 µg/L 13.2

Analytical Results Page 32 of  39

Note: See Qualifiers page for a list of qualifiers and their definitions.



Project: KL Landfill

Sample ID: KL-GW-P-63

Collection Date: 9/23/2015 10:08 AM Matrix: WATER

Analyses Result Qual Units Date Analyzed
Report 
Limit

Client: Golder Associates Inc.

Work Order: 1510169

Dilution
Factor

Lab ID: 1510169-33

ALS Group USA, Corp Date: 08-Oct-15

GASES IN WATER RSK-175 Analyst: IT
Methane 10/6/2015 04:55 PM200 µg/L 20021,000

Analytical Results Page 33 of  39

Note: See Qualifiers page for a list of qualifiers and their definitions.



Project: KL Landfill

Sample ID: KL-GW-P-67

Collection Date: 9/23/2015 11:02 AM Matrix: WATER

Analyses Result Qual Units Date Analyzed
Report 
Limit

Client: Golder Associates Inc.

Work Order: 1510169

Dilution
Factor

Lab ID: 1510169-34

ALS Group USA, Corp Date: 08-Oct-15

GASES IN WATER RSK-175 Analyst: IT
Methane 10/6/2015 04:57 PM200 µg/L 20017,000

Analytical Results Page 34 of  39

Note: See Qualifiers page for a list of qualifiers and their definitions.



Project: KL Landfill

Sample ID: KL-GW-P-61

Collection Date: 9/23/2015 11:54 AM Matrix: WATER

Analyses Result Qual Units Date Analyzed
Report 
Limit

Client: Golder Associates Inc.

Work Order: 1510169

Dilution
Factor

Lab ID: 1510169-35

ALS Group USA, Corp Date: 08-Oct-15

GASES IN WATER RSK-175 Analyst: IT
Methane 10/6/2015 04:59 PM200 µg/L 20013,000

Analytical Results Page 35 of  39

Note: See Qualifiers page for a list of qualifiers and their definitions.



Project: KL Landfill

Sample ID: KL-GW-P-57

Collection Date: 9/23/2015 12:50 PM Matrix: WATER

Analyses Result Qual Units Date Analyzed
Report 
Limit

Client: Golder Associates Inc.

Work Order: 1510169

Dilution
Factor

Lab ID: 1510169-36

ALS Group USA, Corp Date: 08-Oct-15

GASES IN WATER RSK-175 Analyst: IT
Methane 10/6/2015 05:02 PM1.0 µg/L 1110

Analytical Results Page 36 of  39

Note: See Qualifiers page for a list of qualifiers and their definitions.



Project: KL Landfill

Sample ID: KL-GW-P-43

Collection Date: 9/23/2015 01:32 PM Matrix: WATER

Analyses Result Qual Units Date Analyzed
Report 
Limit

Client: Golder Associates Inc.

Work Order: 1510169

Dilution
Factor

Lab ID: 1510169-37

ALS Group USA, Corp Date: 08-Oct-15

GASES IN WATER RSK-175 Analyst: IT
Methane 10/6/2015 04:49 PM1.0 µg/L 130

Analytical Results Page 37 of  39

Note: See Qualifiers page for a list of qualifiers and their definitions.



Project: KL Landfill

Sample ID: KL-GW-P-44

Collection Date: 9/23/2015 02:28 PM Matrix: WATER

Analyses Result Qual Units Date Analyzed
Report 
Limit

Client: Golder Associates Inc.

Work Order: 1510169

Dilution
Factor

Lab ID: 1510169-38

ALS Group USA, Corp Date: 08-Oct-15

GASES IN WATER RSK-175 Analyst: IT
Methane 10/6/2015 04:51 PM1.0 µg/L 170

Analytical Results Page 38 of  39

Note: See Qualifiers page for a list of qualifiers and their definitions.



Project: KL Landfill

Sample ID: KL-GW-P-74

Collection Date: 9/23/2015 03:38 PM Matrix: WATER

Analyses Result Qual Units Date Analyzed
Report 
Limit

Client: Golder Associates Inc.

Work Order: 1510169

Dilution
Factor

Lab ID: 1510169-39

ALS Group USA, Corp Date: 08-Oct-15

GASES IN WATER RSK-175 Analyst: IT
Methane 10/6/2015 04:53 PM1.0 µg/L 19.2

Analytical Results Page 39 of  39

Note: See Qualifiers page for a list of qualifiers and their definitions.



Date: 08-Oct-15ALS Group USA, Corp

Project: KL Landfill

Client: Golder Associates Inc.

Work Order: 1510169
QC BATCH REPORT

Batch ID: R173176a Instrument ID GC10 Method: RSK-175

Qual
RPD 
Limit

Analysis Date: 10/6/2015 02:14 PM

Prep Date:

Analyte Result %REC %RPD

Units: µg/L

PQL

Client ID: SeqNo: 3493710

MBLK

Run ID: GC10_151006A

SPK Val
SPK Ref 

Value
RPD Ref 

Value
Control 

Limit

DF: 1

Sample ID: RBLK1-151006-R173176a

Methane 1.0ND

Qual
RPD 
Limit

Analysis Date: 10/6/2015 02:12 PM

Prep Date:

Analyte Result %REC %RPD

Units: µg/L

PQL

Client ID: SeqNo: 3493709

LCS

Run ID: GC10_151006A

SPK Val
SPK Ref 

Value
RPD Ref 

Value
Control 

Limit

DF: 1

Sample ID: RLCS1-151006-R173176a

0019.2Methane 98.3  75-1251.018.87

Qual
RPD 
Limit

Analysis Date: 10/6/2015 03:04 PM

Prep Date:

Analyte Result %REC %RPD

Units: µg/L

PQL

Client ID: KL-GW-P-59 SeqNo: 3493734

MS

Run ID: GC10_151006A

SPK Val
SPK Ref 

Value
RPD Ref 

Value
Control 

Limit

DF: 1

Sample ID: 1510169-07A MS

00.5419.2Methane 95.5  70-1301.018.88

Qual
RPD 
Limit

Analysis Date: 10/6/2015 03:06 PM

Prep Date:

Analyte Result %REC %RPD

Units: µg/L

PQL

Client ID: KL-GW-P-59 SeqNo: 3493735

MSD

Run ID: GC10_151006A

SPK Val
SPK Ref 

Value
RPD Ref 

Value
Control 

Limit

DF: 1

Sample ID: 1510169-07A MSD

18.880.5419.2Methane 91.7  70-130 301.0 418.14

The following samples were analyzed in this batch: 1510169-01A 1510169-02A 1510169-03A
1510169-04A 1510169-05A 1510169-06A
1510169-07A 1510169-08A 1510169-09A
1510169-10A 1510169-11A 1510169-12A
1510169-13A 1510169-14A 1510169-15A

QC Page: 1 of  3
Note: See Qualifiers Page for a list of Qualifiers and their explanation.



Project: KL Landfill

Client: Golder Associates Inc.

Work Order: 1510169
QC BATCH REPORT

Batch ID: R173176b Instrument ID GC10 Method: RSK-175

Qual
RPD 
Limit

Analysis Date: 10/6/2015 03:12 PM

Prep Date:

Analyte Result %REC %RPD

Units: µg/L

PQL

Client ID: SeqNo: 3493759

MBLK

Run ID: GC10_151006A

SPK Val
SPK Ref 

Value
RPD Ref 

Value
Control 

Limit

DF: 1

Sample ID: RBLK2-151006-R173176b

Methane 1.0ND

Qual
RPD 
Limit

Analysis Date: 10/6/2015 03:10 PM

Prep Date:

Analyte Result %REC %RPD

Units: µg/L

PQL

Client ID: SeqNo: 3493758

LCS

Run ID: GC10_151006A

SPK Val
SPK Ref 

Value
RPD Ref 

Value
Control 

Limit

DF: 1

Sample ID: RLCS2-151006-R173176b

0019.2Methane 90.3  75-1251.017.34

Qual
RPD 
Limit

Analysis Date: 10/6/2015 04:13 PM

Prep Date:

Analyte Result %REC %RPD

Units: µg/L

PQL

Client ID: KL-GW-P-54 SeqNo: 3493780

MS

Run ID: GC10_151006A

SPK Val
SPK Ref 

Value
RPD Ref 

Value
Control 

Limit

DF: 1

Sample ID: 1510169-24A MS

00.3919.2Methane 85.6  70-1301.016.83

Qual
RPD 
Limit

Analysis Date: 10/6/2015 04:16 PM

Prep Date:

Analyte Result %REC %RPD

Units: µg/L

PQL

Client ID: KL-GW-P-54 SeqNo: 3493781

MSD

Run ID: GC10_151006A

SPK Val
SPK Ref 

Value
RPD Ref 

Value
Control 

Limit

DF: 1

Sample ID: 1510169-24A MSD

16.830.3919.2Methane 107  70-130 301.0 21.320.85

The following samples were analyzed in this batch: 1510169-16A 1510169-17A 1510169-18A
1510169-19A 1510169-20A 1510169-21A
1510169-22A 1510169-23A 1510169-24A
1510169-25A 1510169-26A 1510169-27A
1510169-28A 1510169-29A

QC Page: 2 of  3
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Project: KL Landfill

Client: Golder Associates Inc.

Work Order: 1510169
QC BATCH REPORT

Batch ID: R173176C Instrument ID GC10 Method: RSK-175

Qual
RPD 
Limit

Analysis Date: 10/6/2015 04:29 PM

Prep Date:

Analyte Result %REC %RPD

Units: µg/L

PQL

Client ID: SeqNo: 3493784

MBLK

Run ID: GC10_151006A

SPK Val
SPK Ref 

Value
RPD Ref 

Value
Control 

Limit

DF: 1

Sample ID: RBLK3-151006-R173176C

Methane 1.0ND

Qual
RPD 
Limit

Analysis Date: 10/6/2015 04:28 PM

Prep Date:

Analyte Result %REC %RPD

Units: µg/L

PQL

Client ID: SeqNo: 3493783

LCS

Run ID: GC10_151006A

SPK Val
SPK Ref 

Value
RPD Ref 

Value
Control 

Limit

DF: 1

Sample ID: RLCS3-151006-R173176C

0019.2Methane 96  75-1251.018.44

Qual
RPD 
Limit

Analysis Date: 10/6/2015 05:04 PM

Prep Date:

Analyte Result %REC %RPD

Units: µg/L

PQL

Client ID: KL-GW-P-42 SeqNo: 3493819

MS

Run ID: GC10_151006A

SPK Val
SPK Ref 

Value
RPD Ref 

Value
Control 

Limit

DF: 1

Sample ID: 1510169-30A MS

00.5219.2Methane 93.2  70-1301.018.42

Qual
RPD 
Limit

Analysis Date: 10/6/2015 05:06 PM

Prep Date:

Analyte Result %REC %RPD

Units: µg/L

PQL

Client ID: KL-GW-P-42 SeqNo: 3493820

MSD

Run ID: GC10_151006A

SPK Val
SPK Ref 

Value
RPD Ref 

Value
Control 

Limit

DF: 1

Sample ID: 1510169-30A MSD

18.420.5219.2Methane 90.5  70-130 301.0 2.9217.89

The following samples were analyzed in this batch: 1510169-29A 1510169-30A 1510169-31A
1510169-32A 1510169-33A 1510169-34A
1510169-35A 1510169-36A 1510169-37A
1510169-38A 1510169-39A

QC Page: 3 of  3
Note: See Qualifiers Page for a list of Qualifiers and their explanation.













ALS Group USA, Corp

Sample Receipt Checklist

Client Name: GOLDER - MTLAUREL

Work Order: 1510169

Date/Time Received: 01-Oct-15 16:35

Received by: KRW

Checklist completed by
eSignature Date

Reviewed by:
DateeSignature

Matrices: Water
Carrier name: ALSHN

Shipping container/cooler in good condition? Yes No Not Present

Custody seals intact on shipping container/cooler? Yes No Not Present

Custody seals intact on sample bottles? Yes No Not Present

Chain of custody present? Yes No

Chain of custody signed when relinquished and received? Yes No

Chain of custody agrees with sample labels? Yes No

Samples in proper container/bottle? Yes No

Sample containers intact? Yes No

Sufficient sample volume for indicated test? Yes No

All samples received within holding time? Yes No

Container/Temp Blank temperature in compliance? Yes No

Yes No No VOA vials submittedWater - VOA vials have zero headspace?

Water - pH acceptable upon receipt? Yes No N/A

Temperature(s)/Thermometer(s): 3.0/3.0 C

Login Notes:

SR2

Cooler(s)/Kit(s):

02-Oct-15 05-Oct-15 Keith Wierenga Bill Carey

pH adjusted? Yes No N/A
pH adjusted by:  

Date/Time sample(s) sent to storage: 10/2/2015 12:40:41 PM

Sample(s) received on ice? Yes No

CorrectiveAction:

Comments:

Client Contacted: Date Contacted: Person Contacted:

Contacted By: Regarding:

SRC Page 1 of  1



30-Sep-2015

Golder Associates Inc.
Alison Zoll

Dear Alison,

Re: KL Landfill Work Order: 15091321

200 Century Parkway, Suite C
Mt. Laurel, NJ  08054

ALS Environmental received 25 samples on 23-Sep-2015 08:45 AM for the analyses presented in the 
following report.

Project Manager
Bill Carey

Electronically approved by: Bill Carey

Certificate No: MN 532786

The analytical data provided relates directly to the samples received by ALS Environmental and for only 
the analyses requested. 

Sample results are compliant with NELAP standard requirements and QC results achieved laboratory 
specifications.  Any exceptions are noted in the Case Narrative, or noted with qualifiers in the report or 
QC batch information. Should this laboratory report need to be reproduced, it should be reproduced in 
full unless written approval has been obtained from ALS Environmental. Samples will be disposed in 30 
days unless storage arrangements are made.

The total number of pages in this report is 36.

If you have any questions regarding this report, please feel free to contact me.

Sincerely,

ADDRESS 3352 128th Avenue  Holland, Michigan 49424-9263 | PHONE (616) 399-6070 | FAX (616) 399-6185
ALS GROUP USA, CORP  Part of the ALS Laboratory Group  A Campbell Brothers Limited Company

Report of Laboratory Analysis



Date: 30-Sep-15ALS Group USA, Corp

Project: KL Landfill

Client: Golder Associates Inc.

Work Order: 15091321
Work Order Sample Summary

Lab Samp ID Client Sample ID Collection DateTag Number Date ReceivedMatrix Hold

15091321-01 KL-GW-P-66 Groundwater 9/16/2015 10:54 9/23/2015 08:45
15091321-02 KL-GW-P-56 Groundwater 9/16/2015 12:15 9/23/2015 08:45
15091321-03 KL-GW-P-77 Groundwater 9/17/2015 10:04 9/23/2015 08:45
15091321-04 KL-GW-P-71 Groundwater 9/17/2015 10:59 9/23/2015 08:45
15091321-05 KL-GW-P-76 Groundwater 9/17/2015 11:45 9/23/2015 08:45
15091321-06 KL-GW-P-65 Groundwater 9/17/2015 12:40 9/23/2015 08:45
15091321-07 KL-GW-P-25 Groundwater 9/17/2015 14:22 9/23/2015 08:45
15091321-08 KL-GW-P-24 Groundwater 9/17/2015 15:08 9/23/2015 08:45
15091321-09 KL-GW-P-64 Groundwater 9/17/2015 16:11 9/23/2015 08:45
15091321-10 KL-GW-P-73 Groundwater 9/18/2015 10:44 9/23/2015 08:45
15091321-11 KL-GW-P-58 Groundwater 9/18/2015 11:26 9/23/2015 08:45
15091321-12 KL-GW-P-62 Groundwater 9/18/2015 12:10 9/23/2015 08:45
15091321-13 KL-GW-P-31 Groundwater 9/21/2015 10:13 9/23/2015 08:45
15091321-14 KL-GW-P-21 Groundwater 9/21/2015 11:28 9/23/2015 08:45
15091321-15 KL-GW-MW-13 Groundwater 9/21/2015 13:01 9/23/2015 08:45
15091321-16 KL-GW-P-49 Groundwater 9/21/2015 14:22 9/23/2015 08:45
15091321-17 KL-GW-P-48 Groundwater 9/21/2015 15:20 9/23/2015 08:45
15091321-18 KL-GW-P-37 Groundwater 9/21/2015 16:36 9/23/2015 08:45
15091321-19 KL-GW-P-68 Groundwater 9/22/2015 10:02 9/23/2015 08:45
15091321-20 KL-GW-P-10711 Groundwater 9/22/2015 10:53 9/23/2015 08:45
15091321-21 KL-GW-P-69 Groundwater 9/22/2015 11:52 9/23/2015 08:45
15091321-22 KL-GW-P-27 Groundwater 9/22/2015 12:50 9/23/2015 08:45
15091321-23 KL-GW-MW-12 Groundwater 9/22/2015 13:48 9/23/2015 08:45
15091321-24 KL-GW-P-36 Groundwater 9/22/2015 14:53 9/23/2015 08:45
15091321-25 Trip Blank Water 9/22/2015 9/23/2015 08:45
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ALS Group USA, Corp Date: 30-Sep-15

QUALIFIERS, 
ACRONYMS, UNITS

Project: KL Landfill

Client: Golder Associates Inc.

WorkOrder: 15091321

Units Reported             Description 

Qualifier             Description

Acronym             Description 

Micrograms per Literµg/L

Value exceeds Regulatory Limit*

Not accrediteda

Analyte detected in the associated Method Blank above the Reporting LimitB

Value above quantitation rangeE

Analyzed outside of Holding TimeH

Analyte is present at an estimated concentration between the MDL and Report LimitJ

Not offered for accreditationn

Not Detected at the Reporting LimitND

Sample amount is > 4 times amount spikedO

Dual Column results percent difference > 40%P

RPD above laboratory control limitR

Spike Recovery outside laboratory control limitsS

Analyzed but not detected above the MDLU

Analyte was detected in the Method Blank between the MDL and PQL, sample results may exhibit background or reagent 
contamination at the observed level.

X

Method DuplicateDUP

Laboratory Control SampleLCS

Laboratory Control Sample DuplicateLCSD

Limit of Detection (see MDL)LOD

Limit of Quantitation (see PQL)LOQ

Method BlankMBLK

Method Detection LimitMDL

Matrix SpikeMS

Matrix Spike DuplicateMSD

Practical Quantitation LimitPQL

Relative Percent DifferenceRPD

Target Detection LimitTDL

Too Numerous To CountTNTC

APHA Standard MethodsA

ASTMD

EPAE

SW-846 Update IIISW

QF Page 1 of 1



Date: 30-Sep-15ALS Group USA, Corp

Project: KL Landfill

Client: Golder Associates Inc.

Work Order: 15091321
Case Narrative

Samples for the above noted Work Order were received on 9/23/2015.  The attached "Sample 
Receipt Checklist" documents the status of custody seals, container integrity, preservation, 
and temperature compliance.

Samples were analyzed according to the analytical methodology previously transmitted in the 
"Work Order Acknowledgement".  Methodologies are also documented in the "Analytical 
Result" section for each sample.  Quality control results are listed in the "QC Report" section. 
Sample association for the reported quality control is located at the end of each batch 
summary.  If applicable, results are appropriately qualified in the Analytical Result and QC 
Report sections.  The "Qualifiers" section documents the various qualifiers, units, and 
acronyms utilized in reporting.

With the following exceptions, all sample analyses achieved analytical criteria.

Volatile Organics: 
No other deviations or anomalies were noted.

Case Narrative Page 1 of  1



Project: KL Landfill

Sample ID: KL-GW-P-66

Collection Date: 9/16/2015 10:54 AM Matrix: GROUNDWATER

Analyses Result Qual Units Date Analyzed
Report 
Limit

Client: Golder Associates Inc.

Work Order: 15091321

Dilution
Factor

Lab ID: 15091321-01

ALS Group USA, Corp Date: 30-Sep-15

GASES IN WATER RSK-175 Analyst: IT
Methane 9/24/2015 06:46 PM100 µg/L 10011,000

Analytical Results Page 1 of  25

Note: See Qualifiers page for a list of qualifiers and their definitions.



Project: KL Landfill

Sample ID: KL-GW-P-56

Collection Date: 9/16/2015 12:15 PM Matrix: GROUNDWATER

Analyses Result Qual Units Date Analyzed
Report 
Limit

Client: Golder Associates Inc.

Work Order: 15091321

Dilution
Factor

Lab ID: 15091321-02

ALS Group USA, Corp Date: 30-Sep-15

GASES IN WATER RSK-175 Analyst: IT
Methane 9/24/2015 06:47 PM50 µg/L 505,700

Analytical Results Page 2 of  25

Note: See Qualifiers page for a list of qualifiers and their definitions.



Project: KL Landfill

Sample ID: KL-GW-P-77

Collection Date: 9/17/2015 10:04 AM Matrix: GROUNDWATER

Analyses Result Qual Units Date Analyzed
Report 
Limit

Client: Golder Associates Inc.

Work Order: 15091321

Dilution
Factor

Lab ID: 15091321-03

ALS Group USA, Corp Date: 30-Sep-15

GASES IN WATER RSK-175 Analyst: IT
Methane 9/24/2015 06:49 PM1.0 µg/L 13.7

Analytical Results Page 3 of  25

Note: See Qualifiers page for a list of qualifiers and their definitions.



Project: KL Landfill

Sample ID: KL-GW-P-71

Collection Date: 9/17/2015 10:59 AM Matrix: GROUNDWATER

Analyses Result Qual Units Date Analyzed
Report 
Limit

Client: Golder Associates Inc.

Work Order: 15091321

Dilution
Factor

Lab ID: 15091321-04

ALS Group USA, Corp Date: 30-Sep-15

GASES IN WATER RSK-175 Analyst: IT
Methane 9/24/2015 06:52 PM1.0 µg/L 1160

Analytical Results Page 4 of  25

Note: See Qualifiers page for a list of qualifiers and their definitions.



Project: KL Landfill

Sample ID: KL-GW-P-76

Collection Date: 9/17/2015 11:45 AM Matrix: GROUNDWATER

Analyses Result Qual Units Date Analyzed
Report 
Limit

Client: Golder Associates Inc.

Work Order: 15091321

Dilution
Factor

Lab ID: 15091321-05

ALS Group USA, Corp Date: 30-Sep-15

GASES IN WATER RSK-175 Analyst: IT
Methane 9/24/2015 06:54 PM1.0 µg/L 1ND

Analytical Results Page 5 of  25

Note: See Qualifiers page for a list of qualifiers and their definitions.



Project: KL Landfill

Sample ID: KL-GW-P-65

Collection Date: 9/17/2015 12:40 PM Matrix: GROUNDWATER

Analyses Result Qual Units Date Analyzed
Report 
Limit

Client: Golder Associates Inc.

Work Order: 15091321

Dilution
Factor

Lab ID: 15091321-06

ALS Group USA, Corp Date: 30-Sep-15

GASES IN WATER RSK-175 Analyst: IT
Methane 9/24/2015 06:55 PM50 µg/L 503,300

Analytical Results Page 6 of  25

Note: See Qualifiers page for a list of qualifiers and their definitions.



Project: KL Landfill

Sample ID: KL-GW-P-25

Collection Date: 9/17/2015 02:22 PM Matrix: GROUNDWATER

Analyses Result Qual Units Date Analyzed
Report 
Limit

Client: Golder Associates Inc.

Work Order: 15091321

Dilution
Factor

Lab ID: 15091321-07

ALS Group USA, Corp Date: 30-Sep-15

GASES IN WATER RSK-175 Analyst: IT
Methane 9/24/2015 06:57 PM1.0 µg/L 126

Analytical Results Page 7 of  25

Note: See Qualifiers page for a list of qualifiers and their definitions.



Project: KL Landfill

Sample ID: KL-GW-P-24

Collection Date: 9/17/2015 03:08 PM Matrix: GROUNDWATER

Analyses Result Qual Units Date Analyzed
Report 
Limit

Client: Golder Associates Inc.

Work Order: 15091321

Dilution
Factor

Lab ID: 15091321-08

ALS Group USA, Corp Date: 30-Sep-15

GASES IN WATER RSK-175 Analyst: IT
Methane 9/24/2015 07:05 PM2.0 µg/L 2250

Analytical Results Page 8 of  25

Note: See Qualifiers page for a list of qualifiers and their definitions.



Project: KL Landfill

Sample ID: KL-GW-P-64

Collection Date: 9/17/2015 04:11 PM Matrix: GROUNDWATER

Analyses Result Qual Units Date Analyzed
Report 
Limit

Client: Golder Associates Inc.

Work Order: 15091321

Dilution
Factor

Lab ID: 15091321-09

ALS Group USA, Corp Date: 30-Sep-15

GASES IN WATER RSK-175 Analyst: IT
Methane 9/25/2015 03:29 PM1.0 µg/L 1ND

Analytical Results Page 9 of  25

Note: See Qualifiers page for a list of qualifiers and their definitions.



Project: KL Landfill

Sample ID: KL-GW-P-73

Collection Date: 9/18/2015 10:44 AM Matrix: GROUNDWATER

Analyses Result Qual Units Date Analyzed
Report 
Limit

Client: Golder Associates Inc.

Work Order: 15091321

Dilution
Factor

Lab ID: 15091321-10

ALS Group USA, Corp Date: 30-Sep-15

GASES IN WATER RSK-175 Analyst: IT
Methane 9/25/2015 03:30 PM1.0 µg/L 1150

Analytical Results Page 10 of  25

Note: See Qualifiers page for a list of qualifiers and their definitions.



Project: KL Landfill

Sample ID: KL-GW-P-58

Collection Date: 9/18/2015 11:26 AM Matrix: GROUNDWATER

Analyses Result Qual Units Date Analyzed
Report 
Limit

Client: Golder Associates Inc.

Work Order: 15091321

Dilution
Factor

Lab ID: 15091321-11

ALS Group USA, Corp Date: 30-Sep-15

GASES IN WATER RSK-175 Analyst: IT
Methane 9/25/2015 03:32 PM1.0 µg/L 12.0

Analytical Results Page 11 of  25

Note: See Qualifiers page for a list of qualifiers and their definitions.



Project: KL Landfill

Sample ID: KL-GW-P-62

Collection Date: 9/18/2015 12:10 PM Matrix: GROUNDWATER

Analyses Result Qual Units Date Analyzed
Report 
Limit

Client: Golder Associates Inc.

Work Order: 15091321

Dilution
Factor

Lab ID: 15091321-12

ALS Group USA, Corp Date: 30-Sep-15

GASES IN WATER RSK-175 Analyst: IT
Methane 9/25/2015 03:34 PM10 µg/L 10520

Analytical Results Page 12 of  25

Note: See Qualifiers page for a list of qualifiers and their definitions.



Project: KL Landfill

Sample ID: KL-GW-P-31

Collection Date: 9/21/2015 10:13 AM Matrix: GROUNDWATER

Analyses Result Qual Units Date Analyzed
Report 
Limit

Client: Golder Associates Inc.

Work Order: 15091321

Dilution
Factor

Lab ID: 15091321-13

ALS Group USA, Corp Date: 30-Sep-15

GASES IN WATER RSK-175 Analyst: IT
Methane 9/25/2015 03:36 PM50 µg/L 504,200

Analytical Results Page 13 of  25

Note: See Qualifiers page for a list of qualifiers and their definitions.



Project: KL Landfill

Sample ID: KL-GW-P-21

Collection Date: 9/21/2015 11:28 AM Matrix: GROUNDWATER

Analyses Result Qual Units Date Analyzed
Report 
Limit

Client: Golder Associates Inc.

Work Order: 15091321

Dilution
Factor

Lab ID: 15091321-14

ALS Group USA, Corp Date: 30-Sep-15

GASES IN WATER RSK-175 Analyst: IT
Methane 9/25/2015 03:38 PM50 µg/L 504,000

Analytical Results Page 14 of  25

Note: See Qualifiers page for a list of qualifiers and their definitions.



Project: KL Landfill

Sample ID: KL-GW-MW-13

Collection Date: 9/21/2015 01:01 PM Matrix: GROUNDWATER

Analyses Result Qual Units Date Analyzed
Report 
Limit

Client: Golder Associates Inc.

Work Order: 15091321

Dilution
Factor

Lab ID: 15091321-15

ALS Group USA, Corp Date: 30-Sep-15

GASES IN WATER RSK-175 Analyst: IT
Methane 9/25/2015 03:42 PM50 µg/L 504,600

Analytical Results Page 15 of  25

Note: See Qualifiers page for a list of qualifiers and their definitions.



Project: KL Landfill

Sample ID: KL-GW-P-49

Collection Date: 9/21/2015 02:22 PM Matrix: GROUNDWATER

Analyses Result Qual Units Date Analyzed
Report 
Limit

Client: Golder Associates Inc.

Work Order: 15091321

Dilution
Factor

Lab ID: 15091321-16

ALS Group USA, Corp Date: 30-Sep-15

GASES IN WATER RSK-175 Analyst: IT
Methane 9/25/2015 03:45 PM50 µg/L 506,700

Analytical Results Page 16 of  25

Note: See Qualifiers page for a list of qualifiers and their definitions.



Project: KL Landfill

Sample ID: KL-GW-P-48

Collection Date: 9/21/2015 03:20 PM Matrix: GROUNDWATER

Analyses Result Qual Units Date Analyzed
Report 
Limit

Client: Golder Associates Inc.

Work Order: 15091321

Dilution
Factor

Lab ID: 15091321-17

ALS Group USA, Corp Date: 30-Sep-15

GASES IN WATER RSK-175 Analyst: IT
Methane 9/25/2015 03:48 PM25 µg/L 252,000

Analytical Results Page 17 of  25

Note: See Qualifiers page for a list of qualifiers and their definitions.



Project: KL Landfill

Sample ID: KL-GW-P-37

Collection Date: 9/21/2015 04:36 PM Matrix: GROUNDWATER

Analyses Result Qual Units Date Analyzed
Report 
Limit

Client: Golder Associates Inc.

Work Order: 15091321

Dilution
Factor

Lab ID: 15091321-18

ALS Group USA, Corp Date: 30-Sep-15

GASES IN WATER RSK-175 Analyst: IT
Methane 9/25/2015 03:50 PM1.0 µg/L 173

Analytical Results Page 18 of  25

Note: See Qualifiers page for a list of qualifiers and their definitions.



Project: KL Landfill

Sample ID: KL-GW-P-68

Collection Date: 9/22/2015 10:02 AM Matrix: GROUNDWATER

Analyses Result Qual Units Date Analyzed
Report 
Limit

Client: Golder Associates Inc.

Work Order: 15091321

Dilution
Factor

Lab ID: 15091321-19

ALS Group USA, Corp Date: 30-Sep-15

GASES IN WATER RSK-175 Analyst: IT
Methane 9/25/2015 03:52 PM50 µg/L 504,300

Analytical Results Page 19 of  25

Note: See Qualifiers page for a list of qualifiers and their definitions.



Project: KL Landfill

Sample ID: KL-GW-P-10711

Collection Date: 9/22/2015 10:53 AM Matrix: GROUNDWATER

Analyses Result Qual Units Date Analyzed
Report 
Limit

Client: Golder Associates Inc.

Work Order: 15091321

Dilution
Factor

Lab ID: 15091321-20

ALS Group USA, Corp Date: 30-Sep-15

GASES IN WATER RSK-175 Analyst: IT
Methane 9/25/2015 03:54 PM100 µg/L 1008,600

Analytical Results Page 20 of  25
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Project: KL Landfill

Sample ID: KL-GW-P-69

Collection Date: 9/22/2015 11:52 AM Matrix: GROUNDWATER

Analyses Result Qual Units Date Analyzed
Report 
Limit

Client: Golder Associates Inc.

Work Order: 15091321

Dilution
Factor

Lab ID: 15091321-21

ALS Group USA, Corp Date: 30-Sep-15

GASES IN WATER RSK-175 Analyst: IT
Methane 9/25/2015 03:56 PM1.0 µg/L 1170

Analytical Results Page 21 of  25
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Project: KL Landfill

Sample ID: KL-GW-P-27

Collection Date: 9/22/2015 12:50 PM Matrix: GROUNDWATER

Analyses Result Qual Units Date Analyzed
Report 
Limit

Client: Golder Associates Inc.

Work Order: 15091321

Dilution
Factor

Lab ID: 15091321-22

ALS Group USA, Corp Date: 30-Sep-15

GASES IN WATER RSK-175 Analyst: IT
Methane 9/25/2015 03:58 PM25 µg/L 253,800

Analytical Results Page 22 of  25
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Project: KL Landfill

Sample ID: KL-GW-MW-12

Collection Date: 9/22/2015 01:48 PM Matrix: GROUNDWATER

Analyses Result Qual Units Date Analyzed
Report 
Limit

Client: Golder Associates Inc.

Work Order: 15091321

Dilution
Factor

Lab ID: 15091321-23

ALS Group USA, Corp Date: 30-Sep-15

GASES IN WATER RSK-175 Analyst: IT
Methane 9/25/2015 04:00 PM10 µg/L 10560

Analytical Results Page 23 of  25
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Project: KL Landfill

Sample ID: KL-GW-P-36

Collection Date: 9/22/2015 02:53 PM Matrix: GROUNDWATER

Analyses Result Qual Units Date Analyzed
Report 
Limit

Client: Golder Associates Inc.

Work Order: 15091321

Dilution
Factor

Lab ID: 15091321-24

ALS Group USA, Corp Date: 30-Sep-15

GASES IN WATER RSK-175 Analyst: IT
Methane 9/25/2015 04:02 PM1.0 µg/L 1150

Analytical Results Page 24 of  25
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Project: KL Landfill

Sample ID: Trip Blank

Collection Date: 9/22/2015 Matrix: WATER

Analyses Result Qual Units Date Analyzed
Report 
Limit

Client: Golder Associates Inc.

Work Order: 15091321

Dilution
Factor

Lab ID: 15091321-25

ALS Group USA, Corp Date: 30-Sep-15

GASES IN WATER RSK-175 Analyst: IT
Methane 9/25/2015 04:05 PM1.0 µg/L 1ND

Analytical Results Page 25 of  25

Note: See Qualifiers page for a list of qualifiers and their definitions.



Date: 30-Sep-15ALS Group USA, Corp

Project: KL Landfill

Client: Golder Associates Inc.

Work Order: 15091321
QC BATCH REPORT

Batch ID: R172348 Instrument ID GC10 Method: RSK-175

Qual
RPD 
Limit

Analysis Date: 9/24/2015 05:09 PM

Prep Date:

Analyte Result %REC %RPD

Units: µg/L

PQL

Client ID: SeqNo: 3474365

MBLK

Run ID: GC10_150924A

SPK Val
SPK Ref 

Value
RPD Ref 

Value
Control 

Limit

DF: 1

Sample ID: RBLK1-150924-R172348

Methane 1.0ND

Qual
RPD 
Limit

Analysis Date: 9/24/2015 06:43 PM

Prep Date:

Analyte Result %REC %RPD

Units: µg/L

PQL

Client ID: SeqNo: 3474389

MBLK

Run ID: GC10_150924A

SPK Val
SPK Ref 

Value
RPD Ref 

Value
Control 

Limit

DF: 1

Sample ID: RBLK2-150924-R172348

Methane 1.0ND

Qual
RPD 
Limit

Analysis Date: 9/24/2015 05:07 PM

Prep Date:

Analyte Result %REC %RPD

Units: µg/L

PQL

Client ID: SeqNo: 3474364

LCS

Run ID: GC10_150924A

SPK Val
SPK Ref 

Value
RPD Ref 

Value
Control 

Limit

DF: 1

Sample ID: RLCS1-150924-R172348

0019.2Methane 109  75-1251.020.9

Qual
RPD 
Limit

Analysis Date: 9/24/2015 06:40 PM

Prep Date:

Analyte Result %REC %RPD

Units: µg/L

PQL

Client ID: SeqNo: 3474388

LCS

Run ID: GC10_150924A

SPK Val
SPK Ref 

Value
RPD Ref 

Value
Control 

Limit

DF: 1

Sample ID: RLCS2-150924-R172348

0019.2Methane 107  75-1251.020.58

Qual
RPD 
Limit

Analysis Date: 9/24/2015 06:03 PM

Prep Date:

Analyte Result %REC %RPD

Units: µg/L

PQL

Client ID: SeqNo: 3474386

MS

Run ID: GC10_150924A

SPK Val
SPK Ref 

Value
RPD Ref 

Value
Control 

Limit

DF: 4

Sample ID: 15091312-01G MS

SO0319.276.8Methane -16.5  70-1304.0306.6

Qual
RPD 
Limit

Analysis Date: 9/24/2015 07:01 PM

Prep Date:

Analyte Result %REC %RPD

Units: µg/L

PQL

Client ID: KL-GW-P-76 SeqNo: 3474398

MS

Run ID: GC10_150924A

SPK Val
SPK Ref 

Value
RPD Ref 

Value
Control 

Limit

DF: 1

Sample ID: 15091321-05A MS

00.3719.2Methane 106  70-1301.020.8

Qual
RPD 
Limit

Analysis Date: 9/24/2015 06:05 PM

Prep Date:

Analyte Result %REC %RPD

Units: µg/L

PQL

Client ID: SeqNo: 3474387

MSD

Run ID: GC10_150924A

SPK Val
SPK Ref 

Value
RPD Ref 

Value
Control 

Limit

DF: 4

Sample ID: 15091312-01G MSD

SO306.6319.276.8Methane 41.3  70-130 304.0 13.5350.9

QC Page: 1 of  3
Note: See Qualifiers Page for a list of Qualifiers and their explanation.



Project: KL Landfill

Client: Golder Associates Inc.

Work Order: 15091321
QC BATCH REPORT

Batch ID: R172348 Instrument ID GC10 Method: RSK-175

Qual
RPD 
Limit

Analysis Date: 9/24/2015 07:03 PM

Prep Date:

Analyte Result %REC %RPD

Units: µg/L

PQL

Client ID: KL-GW-P-76 SeqNo: 3474399

MSD

Run ID: GC10_150924A

SPK Val
SPK Ref 

Value
RPD Ref 

Value
Control 

Limit

DF: 1

Sample ID: 15091321-05A MSD

20.80.3719.2Methane 105  70-130 301.0 0.86920.62

The following samples were analyzed in this batch: 15091321-
01A

15091321-
02A

15091321-
03A

15091321-
04A

15091321-
05A

15091321-
06A

15091321-
07A

15091321-
08A

QC Page: 2 of  3
Note: See Qualifiers Page for a list of Qualifiers and their explanation.



Project: KL Landfill

Client: Golder Associates Inc.

Work Order: 15091321
QC BATCH REPORT

Batch ID: R172417 Instrument ID GC10 Method: RSK-175

Qual
RPD 
Limit

Analysis Date: 9/25/2015 03:06 PM

Prep Date:

Analyte Result %REC %RPD

Units: µg/L

PQL

Client ID: SeqNo: 3476200

MBLK

Run ID: GC10_150925A

SPK Val
SPK Ref 

Value
RPD Ref 

Value
Control 

Limit

DF: 1

Sample ID: RBLK1-150925-R172417

Methane 1.0ND

Qual
RPD 
Limit

Analysis Date: 9/25/2015 02:52 PM

Prep Date:

Analyte Result %REC %RPD

Units: µg/L

PQL

Client ID: SeqNo: 3476198

LCS

Run ID: GC10_150925A

SPK Val
SPK Ref 

Value
RPD Ref 

Value
Control 

Limit

DF: 1

Sample ID: RLCS1-150925-R172417

0019.2Methane 106  75-1251.020.38

Qual
RPD 
Limit

Analysis Date: 9/25/2015 04:08 PM

Prep Date:

Analyte Result %REC %RPD

Units: µg/L

PQL

Client ID: KL-GW-P-64 SeqNo: 3476224

MS

Run ID: GC10_150925A

SPK Val
SPK Ref 

Value
RPD Ref 

Value
Control 

Limit

DF: 1

Sample ID: 15091321-09A MS

00.8219.2Methane 97  70-1301.019.45

Qual
RPD 
Limit

Analysis Date: 9/25/2015 04:11 PM

Prep Date:

Analyte Result %REC %RPD

Units: µg/L

PQL

Client ID: KL-GW-P-64 SeqNo: 3476225

MSD

Run ID: GC10_150925A

SPK Val
SPK Ref 

Value
RPD Ref 

Value
Control 

Limit

DF: 1

Sample ID: 15091321-09A MSD

19.450.8219.2Methane 103  70-130 301.0 5.9920.65

The following samples were analyzed in this batch: 15091321-
09A

15091321-
10A

15091321-
11A

15091321-
12A

15091321-
13A

15091321-
14A

15091321-
15A

15091321-
16A

15091321-
17A

15091321-
18A

15091321-
19A

15091321-
20A

15091321-
21A

15091321-
22A

15091321-
23A

15091321-
24A

15091321-
25A

QC Page: 3 of  3
Note: See Qualifiers Page for a list of Qualifiers and their explanation.









ALS Group USA, Corp

Sample Receipt Checklist

Client Name: GOLDER - MTLAUREL

Work Order: 15091321

Date/Time Received: 23-Sep-15 08:45

Received by: KRW

Checklist completed by
eSignature Date

Reviewed by:
DateeSignature

Matrices: Water
Carrier name: ALSHN

Shipping container/cooler in good condition? Yes No Not Present

Custody seals intact on shipping container/cooler? Yes No Not Present

Custody seals intact on sample bottles? Yes No Not Present

Chain of custody present? Yes No

Chain of custody signed when relinquished and received? Yes No

Chain of custody agrees with sample labels? Yes No

Samples in proper container/bottle? Yes No

Sample containers intact? Yes No

Sufficient sample volume for indicated test? Yes No

All samples received within holding time? Yes No

Container/Temp Blank temperature in compliance? Yes No

Yes No No VOA vials submittedWater - VOA vials have zero headspace?

Water - pH acceptable upon receipt? Yes No N/A

Temperature(s)/Thermometer(s): 5.2/5.2 C

Login Notes:

SR2

Cooler(s)/Kit(s):

23-Sep-15 23-Sep-15 Keith Wierenga Bill Carey

pH adjusted? Yes No N/A
pH adjusted by:  

Date/Time sample(s) sent to storage: 9/23/2015 3:13:22 PM

Sample(s) received on ice? Yes No

CorrectiveAction:

Comments:

Client Contacted: Date Contacted: Person Contacted:

Contacted By: Regarding:

SRC Page 1 of  1



APPENDIX C 
QC REVIEW – DATA EVALUATION OF GROUNDWATER SAMPLE RESULTS 



December 2015 1 943-8200 
  

 
Quality Control Review of Analytical Data submitted by KAR Laboratories, 

Inc. and ALS Environmental 
 
This narrative presents the results of the Quality Control (QC) data review that was performed on 

the analytical data submitted by KAR Laboratories, Inc. (KAR) and ALS Environmental (ALS) for 

the samples collected at the West KL Landfill Site in Kalamazoo, MI (Site).  The fall 2015 annual 

sampling event occurred from September 16, 2015 to October 1, 2015 (Event).  A total of sixty-

two (62) primary monitoring well samples were collected for chemical analysis. 

 
For this Event, samples were analyzed for Volatile Organic Compounds (VOCs) and tert-butanol, 

tetrahydrofuran and 1,4-diethylene dioxide (aka 1,4-dioxane).  Samples were also analyzed for 

total iron and Natural Attenuation Parameters (NAPs) including alkalinity, chemical oxygen 

demand (COD), chloride, total dissolved solids (TDS), ammonia, nitrate, sulfate, and total organic 

carbon (TOC).  The samples were analyzed by KAR for VOCs following USEPA SW-8461 

Method 8260, and iron and Natural Attenuation Parameters using various methods from Methods 

for Chemical Analysis of Water and Wastes2 (EPA-600/4-79-020).  The analysis of tert-butanol, 

tetrahydrofuran, and 1,4-dioxane were performed by KAR following Method 8260, GC/MS in the 

Selective Ion Monitoring (SIM) mode.  Also, samples were analyzed for methane by ALS.  The 

analysis for methane was performed using Method USEPA RSK-1753.   

 
All data was reviewed in accordance with the Quality Assurance Project Plan (QAPP) (October 

2007), the Pre-Design Work Plan (October 1992), and associated addenda (August 1994).  The 

review included an assessment of the results for completeness, precision (laboratory duplicates), 

accuracy (surrogate spikes), and blank contamination (including laboratory blanks).  Additionally, 

sample holding times and chains-of-custody were reviewed. 

 
 
DATA QUALITY OBJECTIVES 

1 USEPA, 1996, Test Methods for Evaluating Solid Waste, Physical/Chemical Methods (SW-846): 3rd edition, 
Environmental Protection Agency, National Center for Environmental Publications, Cincinnati, Ohio, 
accessed at URL http://www.epa.gov/epaoswer/hazwaste/test/sw846.htm. 

2 USEPA, Methods for Organic Chemical Analysis of Municipal and Industrial Wastewater (MCAWW), 
Environmental Protection Agency, National Center for Environmental Publications, Cincinnati, Ohio, 
accessed at URL http://www.epa.gov/waterscience/methods/method/ 

 
3 Method USEPA RSKSOP-175, Revision No. 2, Sample Preparation and Calculations for Dissolved Gas 

Analysis in Water Samples Using a GC Headspace Equilibration Technique, May 2004, accessed at 
URL http://www.epa.gov/region1/info/testmethods/pdfs/RSKsop175v2.pdf 

  

                                                 

http://www.epa.gov/epaoswer/hazwaste/test/sw846.htm
http://www.epa.gov/waterscience/methods/method/
http://www.epa.gov/region1/info/testmethods/pdfs/RSKsop175v2.pdf


December 2015 2 943-8200 
  
Laboratory Precision:  Laboratory goals for precision were met. 

Field Precision: QAPP goals for field precision were met for all parameters. 

Accuracy: Laboratory goals for accuracy were met, except for chemical 

oxygen demand (COD), as described in the qualifications section 

below. 

Detection Limits:  The QAPP goals for detection limits were met. 

Completeness: There were rejected analytical results for this event resulting in a 

completion of 99.8%, satisfying the QAPP goal of 67%.  The 

laboratory did not report results for sulfate, nitrate, chloride, and 

total dissolved solids (TDS), as described in the qualifications 

section below. 

Holding Times: Holding time requirements were met for all samples. 

QUALIFICATIONS 

In general, chemical results for the samples collected at the Site were qualified on the basis of 

outlying precision or accuracy parameters, or on the basis of professional judgment.  The 

following definitions provide brief explanations of the qualifiers which may have been assigned to 

data during the data validation process.  

 

R The data are unusable.  The sample results are rejected due to serious deficiencies 
in meeting QC criteria.  The analyte may or may not be present in the sample. 

UJ The analyte was not detected at a level greater than or equal to the reporting limit. 
However, the reporting limit is approximate and may be inaccurate or imprecise. 

 
The data generated as part of this sampling event met the QC criteria established in the 

respective USEPA methods, Standard Methods, and the QAPP, with the exception of the 

following bulleted items highlighting qualifications to specific parameters.  Although these 

qualifications were applied to some of the samples collected at the site, the qualifications may not 

have been required or applied to all samples collected.   

 Certain results for chemical oxygen demand were qualified as estimated (UJ for non-
detect results) when the laboratory noted sample matrix interference during the analysis. 

 Sample KL-GW-P-38 results for alkalinity, nitrate, chloride, sulfate, and TDS were 
qualified as rejected (R) when the laboratory noted that results were inconclusive due to 
preservation errors.  No data was reported for these parameters. 

 

  



APPENDIX B 
SOURCE AREA AND PLUME MASS TRENDS 



 TECHNICAL MEMORANDUM  

 

1.0 INTRODUCTION 
Golder Associates (Golder) performed simulations of dissolved phase (groundwater) mass estimates in 

the vicinity of the West KL Avenue Landfill site in Kalamazoo, Michigan (the Site).  The simulation was 

created using Environmental Visualization System/Mining Visualization System (EVS/MVS) modeling 

software, version 9.93 by C-Tech Corporation (hereafter referred to as EVS).  EVS is a sophisticated 

three-dimensional modeling and visualization tool developed specifically for evaluation of complicated 

contaminant hydrogeology problems. EVS performs 3-dimensional interpolations of Site subsurface data 

and generates simulation output files (.4d format).   

2.0 LIMITATIONS 
The assumptions and limitations associated with the EVS simulations are summarized below: 

 No geologic surfaces are presented in the EVS simulation outputs.   

 The isoconcentration volumes presented in EVS are intended to show the approximate 
extent and location of groundwater impacts, and should not be interpreted as exact 
indicators of groundwater quality at locations between wells.   

 Spatial data gaps exist that may influence the EVS interpretation of the available data.  
Golder has attempted to reduce the effect of data gaps that have resulted in edge-effects 
(extrapolation) in the EVS simulation outputs by limiting the horizontal and vertical extent 
of the simulations to the approximate extent of available data.   

 The addition of new data to these analyses may modify the interpretations presented in 
this technical memorandum. 

3.0 METHODOLOGY AND ASSUMPTIONS 
The spatial extent of the simulation was restricted to the vicinity of the proposed groundwater restriction 

zone.  The general boundary of the model includes the West L Avenue to the south, slightly north of West 

Main Street to the north, the western edge of the KL Avenue Landfill to the east, and 22nd Street to the 

west. 

Date:  December 2015 Project No.: 943-820014 
To: Tim Richards Company:   

From: Ross Bennett, PE 

cc:   Bob Illes Email:  

RE:   WEST KL AVENUE LANDFILL  
ENVIRONMENTAL VISUALIZATION SYSTEM SIMULATIONS 
DISSOLVED PHASE MASS ESTIMATES 

i:\golder\943-8200 kl landfill\4 - dsrs\dsr(semi annual)2015 & 10-yr final mna\mass\kl mna eval evs mass - tech memo - dec2015.docx 
Golder Associates Inc. 

1900 West Park Drive, Suite 220 
Westborough, MA  01581 USA   

Tel:  (508) 329-7961   Fax:  (508) 366-5966   www.golder.com 

Golder Associates: Operations in Africa, Asia, Australasia, Europe, North America and South America 

Golder, Golder Associates and the GA globe design are trademarks of Golder Associates Corporation 



10-Year Formal MNA Evaluation December 2015 
West KL Ave Landfill 2 943-820014 
 
3.1 Analytical Data Processing 
Three types of analytical data groups were defined in this model and utilized in the simulation: Monitoring 

Well, Residential Drinking Water Wells, and Profile Data.  The Monitoring Well results were utilized as the 

core data for the Groundwater Analytical simulations.  The Residential Well results and Profile results 

were used to as horizontal and vertical control points, respectively.  Some details of analytical data 

processing are presented below: 

 In general, data from the spring sampling program was selected for each year because 
more data was available from this event. Exceptions included: 

 For 2002, the fall sampling event was modeled 

 For 2009, there was not a sufficient number of samples for simulation 

 For 2015, the spring and fall sampling events were modeled as two separate 
simulations.   

 Concentrations of tetrahydrofuran (THF) and 1,4-diethylene dioxide (1,4-DD) from 
monitoring wells P-40 and P-41 are generally lower than results from downgradient wells.  
As such, results from wells P-40 and P-41 were excluded from the model in order to 
establish connectivity between the simulated plumes. 

 Golder included a subset of residential drinking water results to provide horizontal control 
points and constrain extrapolation. Golder incorporated the 2011 Residential Well results 
from outside of the proposed restriction zone into all simulated time steps (2002 through 
2015). Golder chose the 2011 results because the 2011 data set was the most recent 
comprehensive residential wells sampling event.   

 Golder included the deepest profile sample collected at each location in order to bound 
vertical extrapolation of the plumes by EVS. 1,4-DD was not on the target analyte list 
(TAL) for volatile organic compounds (VOCs) in 2002 when the profile samples were 
collected along the toe of the KL Avenue Landfill.  In order to add additional bounding 
conditions for vertical extrapolation of 1,4-DD along the toe of the KL Avenue Landfill, 
Golder evaluated the correlation between Chloride and 1,4-DD results for results 
collected after addition of 1,4-DD to the VOC TAL.  Later 1,4-DD profile results indicate 
that samples with low-level 1,4-DD concentrations (i.e., non-detect or below 10 
micrograms per liter [µg/L]) also had chloride concentrations less than 10 milligrams per 
liter (mg/L) The deepest 2002 profile sample interval with chloride results that were equal 
to or less than 10 mg/L were included in the 1,4-DD input file with a less than 10 µg/L 1,4-
DD value. 

3.2 Simulating of Site Groundwater Analytical Data 
The EVS interpretations of Site groundwater analytical data are presented as isoconcentration volumes.  

These volumes represent the approximate location and extent of groundwater impacts above the 

indicated concentration limit (e.g., THF above 20 µg/L).  EVS generates these volumes based on a 

geostatistical interpretation of the available data. EVS does not consider hydrogeologic conditions (e.g., 

groundwater flow directions or the relative transmissivities of hydrostratographic units) or manmade 

alterations to groundwater flow or transport (e.g., pumping wells, slurry walls, or in-situ remedial actions), 

except as reflected in the concentrations detected at the wells. 

 

i:\golder\943-8200 kl landfill\4 - dsrs\dsr(semi annual)2015 & 10-yr final mna\mass\kl mna eval evs mass - tech memo - dec2015.docx  



10-Year Formal MNA Evaluation December 2015 
West KL Ave Landfill 3 943-820014 
 
Golder applied the following methods and assumptions as part of the EVS simulations of groundwater 

analytical data: 

 For samples where compounds were not detected above the numerical reporting limit, 
(a.k.a non-detect or ND samples), the method detection limit (MDL) is posted in EVS with 
a “<” prefix and EVS used a value equal to 1/10 x MDL for data interpretation. 

 To reflect the general westward groundwater flow direction at the Site, Golder applied an 
x coordinate (easting) transform to the analytical input files prior to kriging.  X coordinate 
transform was applied by dividing the x coordinate value of each sample location in the 
input file by 2.  This transform encourages EVS to develop stronger correlations between 
points that are located along the direction of groundwater flow (generally east to west) 
and weaker correlations between points located perpendicular to the direction of 
groundwater flow.  After kriging; the x coordinate of each kriged data node was multiplied 
by 2 to transform the kriged data back into site coordinates. 

3.3 Model Output 
A summary of the dissolved phase mass estimates generated by EVS is presented in the attached mass 

trend graphs. 

4.0 REFERENCES 
C-Tech Development Corporation, Inc., 2014. Environmental Visualization System/Mining Visualization 

System (EVS/MVS), version 9.93, 12/10/2014. 
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Benzene Mass Estimates 

Isoconcentration Limit 2002.0 2003.0 2004.0 2005.0 2006.0 2007.0 2008.0 2010.0 2011.0 2012.0 2013.0 2014.0 2015.3 2015.8 % Reduction
Benzene>20 ug/l 1,040    1,020    810       650       590       630       800       650       510       520       440       480       280       270       74%

Benzene>85 ug/l (Plume Area) 950       910       700       520       500       500       670       530       390       400       330       390       190       180       81%
Benzene>200 ug/l (near Source Area) 810       750       550       380       360       340       500       360       230       250       180       260       60         40         95%

NOTES:

2)  For samples where compounds were not detected above the numerical reporting limit, (a.k.a non-detect or ND samples), the method detection limit (MDL) is posted in EVS with a “<” prefix and 
EVS used a value equal to 1/10 x MDL for data interpretation.
3)  These mass estimates were created using Environmental Visualization System/Mining Visualization System (EVS/MVS) modeling software, version 9.93 by C-Tech Corporation. 

Benzene Mass - 2002-Present Benzene Mass - 2007-Present

1)  Mass estimates are cumulative as the isoconcentration limit decreases. For example, the mass listed for Benzene>20 ug/l includes the mass listed for Benzene>200 ug/l.

Mass (kg)
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Tetrahydrofuran (THF) Mass Estimates 

Isoconcentration Limit 2002 2003 2004 2005 2006 2007 2008 2010 2011 2012 2013 2014 2015.3 2015.8 % Reduction
THF>20 ug/l 2,860    3,060    1,870    2,770    1,330    1,740    1,870    1,130    1,260    1,520    1,040    840       590       570       80%

THF> 95 ug/l (Plume Area) 2,010    2,170    1,070    1,910    540       960       1,080    490       610       730       340       260       120       130       94%
THF> 200 ug/l (near Source Area) 1,420    1,500    580       1,030    170       440       540       140       270       310       90         60         10         10         99%

NOTES:

2)  For samples where compounds were not detected above the numerical reporting limit, (a.k.a non-detect or ND samples), the method detection limit (MDL) is posted in EVS with a “<” prefix and EVS 
used a value equal to 1/10 x MDL for data interpretation.
3)  These mass estimates were created using Environmental Visualization System/Mining Visualization System (EVS/MVS) modeling software, version 9.93 by C-Tech Corporation. 

Mass (kg)

THF Mass - 2002-Present THF Mass - 2007-Present

1)  Mass estimates are cumulative as the isoconcentration limit decreases. For example, the mass listed for THF>20 ug/l includes the mass listed for THF>200 ug/l.
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1,4 -Dioxane Mass Estimates - With 2002 profile control points 

Iso-Concentration 2002 2003 2004 2005 2006 2007 2008 2010 2011 2012 2013 2014 2015.3 2015.8 % Reduction
1,4-DD>20 ug/L nc nc 3,230    1,980    1,520    2,090    2,020    1,870    1,860    1,590    2,020    1,950    1,570    2,010    38%

1,4-DD>85 ug/L (Plume Area) nc nc 2,580    1,430    850       1,390    1,330    1,120    1,110    830       1,220    1,190    860       1,150    55%
1,4-DD>200 ug/L (near Source Area) nc nc 1,920    630       220       700       620       370       430       200       420       470       260       340       82%

NOTES:

Mass (kg)

1)  Mass estimates are cumulative as the isoconcentration limit decreases. For example, the mass listed for 1,4-DD>20 ug/l includes the mass listed for 1,4-DD>200 ug/l.

2)  For samples where compounds were not detected above the numerical reporting limit, (a.k.a non-detect or ND samples), the method detection limit (MDL) is posted in EVS with a “<” prefix and 
EVS used a value equal to 1/10 x MDL for data interpretation.
3)  These mass estimates were created using Environmental Visualization System/Mining Visualization System (EVS/MVS) modeling software, version 9.93 by C-Tech Corporation. 

1,4-Dioxane Mass - 2004-Present 1,4-Dioxane Mass - 2007-Present
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Benzene, THF and 1,4-DD Composite Plume MassTrends
(2002 through 2015)
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APPENDIX C-1 
CONCENTRATION TRENDS - VOCs 



Trends 2005 to Present
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Trends 2010 to Present
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y = 0.0079x - 164.97 
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P-30 

Benzene Tetrahydrofuran 1,4-Dioxane
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P-31 

Benzene Tetrahydrofuran 1,4-Dioxane
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P-36 

Benzene Tetrahydrofuran 1,4-Dioxane



y = -0.0014x + 58.118 
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P-43 

Benzene Tetrahydrofuran 1,4-Dioxane
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P-44 

Benzene Tetrahydrofuran 1,4-Dioxane



y = -0.0075x + 319.41 
R² = 0.8171 

y = 0.0096x - 241.84 
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P-56 

Tetrahydrofuran 1,4-Dioxane



y = 0.0317x - 1253.7 
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P-57 

Tetrahydrofuran 1,4-Dioxane



y = 0.0027x - 101.01 
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Date 

P-61 

Tetrahydrofuran 1,4-Dioxane



y = -0.0232x + 1095.1 
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P-63 

Tetrahydrofuran 1,4-Dioxane



y = 0.0136x - 535.08 
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P-65 

Tetrahydrofuran 1,4-Dioxane



y = 0.0102x - 350.15 
R² = 0.1031 
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R² = 0.4757 

0

50

100

150

200

250

300

350

400

7/6/2009 11/18/2010 4/1/2012 8/14/2013 12/27/2014 5/10/2016

Co
nc

en
tr

at
io

n 
(u

g/
L)

 

Date 

P-66 

Tetrahydrofuran 1,4-Dioxane



y = 0.0264x - 959.43 
R² = 0.4597 
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P-67 

Tetrahydrofuran 1,4-Dioxane



y = -0.1815x + 7644 
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P-10711 

Tetrahydrofuran 1,4-Dioxane



y = 0.0063x - 243.26 
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P-68 

Tetrahydrofuran 1,4-Dioxane



y = 0.0074x - 294.41 
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P-69 

Tetrahydrofuran 1,4-Dioxane



y = 0.0044x - 177.14 
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P-70 

Tetrahydrofuran 1,4-Dioxane



y = 0.0063x - 255.13 
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P-71 

Tetrahydrofuran 1,4-Dioxane



y = 0.0026x - 104.01 
R² = 0.4715 
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P-72 

1,4-Dioxane



y = 0.0032x - 128.78 
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Date 

P-74 

Tetrahydrofuran 1,4-Dioxane



Trends 2013 to Present



y = -0.006x + 258.17 
R² = 0.5278 

y = -0.0217x + 1071.2 
R² = 0.0686 
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P-56 

Tetrahydrofuran 1,4-Dioxane



y = 0.0213x - 819.38 
R² = 0.7288 

y = -0.028x + 1281.4 
R² = 0.2623 
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P-57 

Tetrahydrofuran 1,4-Dioxane



y = -0.0283x + 1194.9 
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R² = 0.1324 
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P-61 

Tetrahydrofuran 1,4-Dioxane



y = -0.046x + 2040.4 
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R² = 0.0044 
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P-63 

Tetrahydrofuran 1,4-Dioxane



y = 0.004x - 130.76 
R² = 0.515 
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R² = 0.047 
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P-65 

Tetrahydrofuran 1,4-Dioxane



y = -0.0205x + 928.99 
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R² = 0.0004 
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P-66 

Tetrahydrofuran 1,4-Dioxane



y = -0.019x + 941.54 
R² = 0.3932 
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P-67 

Tetrahydrofuran 1,4-Dioxane



y = 0.0157x - 576.04 
R² = 0.6106 

y = 0.0317x - 1226.8 
R² = 0.3751 
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P-10711 

Tetrahydrofuran 1,4-Dioxane



y = 0.0123x - 493.67 
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R² = 0.69 
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P-68 

Tetrahydrofuran 1,4-Dioxane



y = 0.0062x - 243.09 
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P-69 

Tetrahydrofuran 1,4-Dioxane



y = 0.0029x - 113.93 
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P-70 

Tetrahydrofuran 1,4-Dioxane
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P-71 

Tetrahydrofuran 1,4-Dioxane



y = 0.0017x - 66.292 
R² = 0.1061 
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P-72 

1,4-Dioxane
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Date 

P-74 

Tetrahydrofuran 1,4-Dioxane



Trend Data



December 2015 M-8 943820014

KL Landfill - Updated Trend Graph Lines - 2005-2015.xlsmM-8

sample_date 5/25/2005 10/27/2005 4/26/2006 5/1/2007 4/28/2008 5/5/2009 4/13/2011 4/19/2012 4/1/2013 4/8/2014 3/31/2015 9/24/2015
1,4-Dioxane 61 30 70 50 9.8 1.2 10 23 99 34 24 40
Benzene 10 6.9 22 7.5 7.8 14 1.9 0.5 33 6.4 1.6 1.1
Tetrahydrofuran 10 10 7.9 1 1 1 1 1 4 1 1 2.4



December 2015 MW-13 943820014

KL Landfill - Updated Trend Graph Lines - 2005-2015.xlsmMW-13

sample_date 5/24/2005 10/25/2005 4/26/2006 4/25/2007 4/24/2008 5/6/2009 4/15/2010 4/14/2011 4/25/2012 4/1/2013 4/22/2014 3/30/2015 9/21/2015
1,4-Dioxane 350 380 490 560 610 520 610 430 440 490 430 390 420

Benzene 64 62 63 200 200 360 310 280 340 250 290 330 490
Tetrahydrofuran 310 320 650 780 990 600 550 240 390 370 140 170 190



December 2015 P-46 943820014

KL Landfill - Updated Trend Graph Lines - 2005-2015.xlsmP-46

sample_date 6/1/2005 10/31/2005 4/28/2006 10/24/2006 4/25/2007 10/17/2007 4/29/2008 10/22/2008 5/7/2009 10/9/2009 4/12/2010 10/14/2010 4/18/2011 10/12/2011 4/19/2012 10/23/2012 4/4/2013 9/16/2013 4/9/2014 10/13/2014 4/3/2015 9/29/2015
1,4-Dioxane 350 52 5.8 49 220 0.5 120 6.7 190 190 28 100 89 76 37 1.7 6.1 4.3 13 40 24 27

Benzene 940 430 72 11 16 18 11 54 43 240 47 51 45 60 61 18 7.1 12 4.1 2.5 2.6 3.2
Tetrahydrofuran 30 10 1 3.1 18 1 6.8 1 20 25 1 8.8 4.5 3.4 1 1 1 1 1 1 1 1



December 2015 P-48 943820014

KL Landfill - Updated Trend Graph Lines - 2005-2015.xlsmP-48

sample_date 5/27/2005 10/31/2005 4/28/2006 7/26/2006 10/25/2006 7/23/2007 10/17/2007 4/29/2008 10/22/2008 5/5/2009 10/12/2009 4/12/2010 10/14/2010 4/18/2011 10/12/2011 4/25/2012 10/24/2012 4/3/2013 9/17/2013 4/8/2014 10/9/2014 4/6/2015 9/21/2015
1,4-Dioxane 190 210 160 200 180 270 240 220 200 190 190 210 180 130 100 86 69 96 80 65 46 48 47

Benzene 2100 3100 3000 2900 2500 2600 2500 2200 1600 1000 1100 700 680 560 430 330 260 170 190 140 130 92 91
Tetrahydrofuran 100 100 150 140 120 130 130 96 130 110 110 62 50 43 38 37 26 27 29 23 20 18 14



December 2015 P-49 943820014

KL Landfill - Updated Trend Graph Lines - 2005-2015.xlsmP-49

sample_date 5/27/2005 10/26/2005 4/26/2006 10/25/2006 4/24/2007 10/17/2007 4/29/2008 10/22/2008 5/5/2009 10/12/2009 4/12/2010 10/14/2010 4/18/2011 10/12/2011 4/25/2012 10/24/2012 4/3/2013 9/17/2013 4/8/2014 10/9/2014 4/6/2015 9/21/2015
1,4-Dioxane 390 300 210 270 360 380 270 360 270 380 450 430 300 310 260 210 270 260 180 160 190 260

Benzene 350 320 270 280 290 240 260 360 260 280 180 240 160 180 220 190 160 170 100 130 100 130
Tetrahydrofuran 320 110 65 68 70 74 56 76 70 160 83 63 61 170 130 76 87 110 80 98 83 110



December 2015 P-50 943820014

KL Landfill - Updated Trend Graph Lines - 2005-2015.xlsmP-50

sample_date 6/1/2005 10/31/2005 4/28/2006 10/25/2006 4/26/2007 10/17/2007 4/30/2008 10/23/2008 5/7/2009 10/12/2009 4/16/2010 10/14/2010 4/18/2011 10/13/2011 4/19/2012 10/23/2012 4/4/2013 9/16/2013 4/9/2014 10/13/2014 4/7/2015 10/1/2015
1,4-Dioxane 300 200 260 160 360 270 260 280 170 190 210 150 76 74 94 140 220 270 200 210 140 150

Benzene 180 160 240 73 180 190 190 250 140 110 150 160 120 63 120 120 460 170 440 97 59 74
Tetrahydrofuran 53 29 94 16 39 31 52 43 29 36 45 16 7.4 4.5 67 36 18 54 7.7 17 12 12



December 2015 P-51 943820014

KL Landfill - Updated Trend Graph Lines - 2005-2015.xlsmP-51

sample_date 5/27/2005 10/31/2005 4/28/2006 10/25/2006 5/2/2007 10/18/2007 4/30/2008 10/23/2008 5/6/2009 10/12/2009 4/15/2010 10/14/2010 4/18/2011 10/13/2011 4/19/2012 10/23/2012 4/4/2013 9/16/2013 4/9/2014 10/13/2014 4/7/2015 9/29/2015
1,4-Dioxane 410 290 270 270 290 340 420 260 160 170 100 100 350 170 130 200 120 120 76 140 61 100

Benzene 270 390 210 150 120 310 720 570 190 180 150 110 870 250 250 610 180 220 210 330 140 110
Tetrahydrofuran 88 230 170 51 70 230 300 50 69 48 20 41 360 190 200 400 66 44 4.2 190 21 57



December 2015 P-52 943820014

KL Landfill - Updated Trend Graph Lines - 2005-2015.xlsmP-52

sample_date 5/27/2005 11/1/2005 4/28/2006 10/25/2006 5/2/2007 10/18/2007 4/30/2008 10/23/2008 5/6/2009 10/9/2009 4/15/2010 10/14/2010 4/15/2011 10/13/2011 4/19/2012 10/23/2012 4/4/2013 9/16/2013 4/9/2014 10/13/2014 4/6/2015 9/29/2015
1,4-Dioxane 19 23 22 16 15 22 40 14 23 14 26 19 13 21 11 13 12 14 15 12 12 9.6

Benzene 120 180 180 120 120 88 98 92 71 61 57 78 67 48 67 47 36 62 43 31 32 25
Tetrahydrofuran 10 10 7 3.4 3.5 7.8 4.2 3.9 2.7 2.7 2.4 2 1 81 2.1 2.1 1 2.6 2 1 2 2.2



December 2015 P-53 943820014

KL Landfill - Updated Trend Graph Lines - 2005-2015.xlsmP-53

sample_date 6/1/2005 10/31/2005 4/28/2006 7/26/2006 10/25/2006 1/16/2007 4/25/2007 7/23/2007 10/17/2007 4/30/2008 10/23/2008 5/7/2009 10/12/2009 4/15/2010 10/14/2010 4/18/2011 10/13/2011 4/25/2012 10/23/2012 4/4/2013 9/17/2013 4/23/2014 10/13/2014 4/7/2015 10/1/2015
1,4-Dioxane 190 660 1000 260 680 770 720 1000 1100 690 560 740 160 290 260 1000 110 36 690 760 410 110 220 36 76

Benzene 180 280 400 340 220 350 260 390 470 670 360 400 100 260 89 390 96 42 380 210 160 140 190 73 52
Tetrahydrofuran 35 41 120 100 120 34 73 140 220 300 93 78 78 68 15 80 16 26 130 110 41 13 56 2 14



December 2015 P-55 943820014

KL Landfill - Updated Trend Graph Lines - 2005-2015.xlsmP-55

sample_date 5/27/2005 10/26/2005 4/27/2006 7/26/2006 10/25/2006 1/16/2007 4/24/2007 7/23/2007 10/17/2007 4/29/2008 10/22/2008 5/7/2009 10/9/2009 4/12/2010 10/13/2010 4/15/2011 10/12/2011 4/19/2012 10/23/2012 4/4/2013 9/16/2013 4/9/2014 10/13/2014 4/3/2015 9/29/2015
1,4-Dioxane 92 93 180 110 110 33 140 120 140 140 150 120 110 140 92 110 88 110 88 77 75 71 42 85 58

Benzene 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Tetrahydrofuran 46 41 46 52 56 100 72 47 28 11 4 1 2.8 2.8 3.3 4.8 3 8.4 4.5 1 3 1 1 1 1



December 2015 TW-4 943820014

KL Landfill - Updated Trend Graph Lines - 2005-2015.xlsmTW-4

sample_date 6/1/2005 10/31/2005 4/28/2006 10/25/2006 5/2/2007 10/17/2007 4/29/2008 10/22/2008 5/7/2009 10/12/2009 4/16/2010 10/14/2010 4/18/2011 10/13/2011 4/23/2012 10/23/2012 4/4/2013 9/16/2013 4/9/2014 10/13/2014 4/6/2015 9/29/2015
1,4-Dioxane 160 130 110 160 160 230 170 170 220 500 250 330 210 230 110 47 67 130 160 99 93 20

Benzene 25 250 120 100 73 290 110 230 220 640 440 350 200 45 85 49 270 64 350 47 27
Tetrahydrofuran 220 280 340 330 390 500 340 390 240 730 470 510 510 550 370 110 140 160 200 160 13 1



December 2015 MW-1 943820014

KL Landfill - Updated Trend Graph Lines - 2005-2015.xlsmMW-1

sample_date 5/25/2005 10/26/2005 5/2/2006 5/1/2007 4/28/2008 5/4/2009 4/13/2010 4/14/2011 4/25/2012 4/2/2013 4/22/2014 4/2/2015 9/28/2015
1,4-Dioxane 100 140 150 130 120 79 75 67 94 81 89 81 110
Benzene 170 190 160 320 260 170 170 130 120 190 180 96 110
Tetrahydrofuran 64 54 65 80 64 27 24 19 24 12 13 10 11



December 2015 MW-12 943820014

KL Landfill - Updated Trend Graph Lines - 2005-2015.xlsmMW-12

sample_date 5/4/2006 5/1/2007 4/24/2008 5/6/2009 4/15/2010 4/15/2011 4/23/2012 4/2/2013 4/17/2014 4/2/2015 9/22/2015
1,4-Dioxane 20 190 150 180 64 130 120 180 150 160 55

Benzene 20 200 280 300 220 9.6 100 130 200 180 140
Tetrahydrofuran 18 240 140 320 82 260 340 16 11 9.2 1.9



December 2015 P-19 943820014

KL Landfill - Updated Trend Graph Lines - 2005-2015.xlsmP-19

sample_date 5/26/2005 10/27/2005 5/2/2006 4/30/2007 4/24/2008 5/5/2009 4/13/2010 4/13/2011 4/18/2012 4/3/2013 4/16/2014 4/1/2015 9/28/2015
1,4-Dioxane 130 130 85 100 81 70 100 130 99 110 89 65 82

Benzene 36 38 26 40 74 30 47 82 120 100 75 33 42
Tetrahydrofuran 74 73 60 79 65 66 74 120 140 99 96 90 91



December 2015 P-21 943820014

KL Landfill - Updated Trend Graph Lines - 2005-2015.xlsmP-21

sample_date 5/24/2005 10/25/2005 4/26/2006 4/25/2007 4/24/2008 5/4/2009 4/12/2010 4/13/2011 4/18/2012 4/1/2013 4/8/2014 3/31/2015 9/21/2015
1,4-Dioxane 400 280 310 240 260 190 200 210 150 180 150 160 200

Benzene 820 740 740 620 530 470 420 680 540 370 300 130 120
Tetrahydrofuran 460 290 330 290 260 300 150 220 170 42 21 19 17



December 2015 P-25 943820014

KL Landfill - Updated Trend Graph Lines - 2005-2015.xlsmP-25

sample_date 5/4/2006 4/30/2007 4/28/2008 10/13/2009 4/15/2010 4/15/2011 4/23/2012 4/2/2013 4/17/2014 4/2/2015 9/17/2015
1,4-Dioxane 54 60 110 91 69 22 49 75 46 29 33

Benzene 9.5 67 92 180 110 130 120 0.5 0.5 0.5
Tetrahydrofuran 31 39 77 99 47 19 84 120 84 60 45



December 2015 P-27 943820014

KL Landfill - Updated Trend Graph Lines - 2005-2015.xlsmP-27

sample_date 5/4/2006 5/1/2007 4/24/2008 5/6/2009 4/15/2010 4/15/2011 4/23/2012 4/2/2013 4/17/2014 10/10/2014 4/2/2015 9/22/2015
1,4-Dioxane 15 140 240 85 300 270 220 130 220 460 250 230

Benzene 170 61 410 210 160 440 480 390 230 140 120
Tetrahydrofuran 19 250 520 240 490 560 390 45 34 41 21 15



December 2015 P-28 943820014

KL Landfill - Updated Trend Graph Lines - 2005-2015.xlsmP-28

sample_date 5/26/2005 10/27/2005 5/2/2006 4/30/2007 4/29/2008 5/5/2009 4/13/2010 4/13/2011 4/18/2012 4/3/2013 4/16/2014 10/9/2014 4/1/2015 9/28/2015
1,4-Dioxane 300 280 280 330 430 340 410 460 380 480 420 300 320 370

Benzene 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Tetrahydrofuran 320 280 290 410 490 460 420 580 720 560 510 460 390 340



December 2015 P-30 943820014

KL Landfill - Updated Trend Graph Lines - 2005-2015.xlsmP-30

sample_date 5/26/2005 10/27/2005 5/2/2006 5/1/2007 4/28/2008 5/4/2009 4/13/2010 4/14/2011 4/19/2012 4/2/2013 4/22/2014 4/3/2015 9/28/2015
1,4-Dioxane 580 540 540 670 600 390 420 390 320 360 310 250 300

Benzene 100 100 88 140 160 120 110 180 190 180 170 150 160
Tetrahydrofuran 760 690 690 920 790 610 450 400 460 310 290 190 230



December 2015 P-31 943820014

KL Landfill - Updated Trend Graph Lines - 2005-2015.xlsmP-31

sample_date 5/26/2005 10/27/2005 5/2/2006 5/1/2007 4/28/2008 5/4/2009 4/13/2010 4/14/2011 4/19/2012 4/2/2013 4/22/2014 4/3/2015 9/21/2015
1,4-Dioxane 570 510 360 380 300 200 210 210 150 210 160 130 170

Benzene 88 110 120 220 310 220 160 180 170 150 140 110 120
Tetrahydrofuran 550 400 380 280 160 120 46 35 26 29 33 37 35



December 2015 P-36 943820014

KL Landfill - Updated Trend Graph Lines - 2005-2015.xlsmP-36

sample_date 5/23/2005 10/24/2005 4/24/2006 10/24/2006 4/24/2007 10/16/2007 4/22/2008 10/21/2008 5/1/2009 10/8/2009 4/8/2010 10/12/2010 4/12/2011 10/10/2011 4/12/2012 10/18/2012 3/27/2013 9/19/2013 4/14/2014 10/8/2014 3/30/2015 9/22/2015
1,4-Dioxane 210 190 320 240 180 190 210 200 170 140 130 110 110 130 110 130 160 170 160 99 100 120

Benzene 26 30 23 14 11 18 15 16 22 30 27 24 37 39 79
Tetrahydrofuran 92 93 150 100 120 120 140 180 140 170 93 110 120 93 110 110 100 120 51 38 27 15



December 2015 P-43 943820014

KL Landfill - Updated Trend Graph Lines - 2005-2015.xlsmP-43

sample_date 5/23/2005 10/24/2005 4/24/2006 10/26/2006 4/25/2007 10/16/2007 4/22/2008 10/21/2008 5/4/2009 10/8/2009 4/12/2010 7/12/2010 10/12/2010 4/12/2011 10/11/2011 4/17/2012 10/18/2012 3/28/2013 9/17/2013 4/7/2014 10/8/2014 3/26/2015 9/23/2015
1,4-Dioxane 47 99 160 120 110 38 44 32 31 44 300 330 320 130 150 76 33 17 21 17 16 12 26

Benzene 0.5 0.5 0.5 1.3 0.5 0.5 0.5 1.7 3.4 3.6 2.6 0.5 0.5 0.5 0.5 0.5
Tetrahydrofuran 10 54 99 79 45 8.1 11 13 13 25 220 300 310 120 130 92 21 1 13 15 14 12 10



December 2015 P-44 943820014

KL Landfill - Updated Trend Graph Lines - 2005-2015.xlsmP-44

sample_date 5/24/2005 10/25/2005 4/24/2006 10/24/2006 4/24/2007 10/16/2007 4/23/2008 10/21/2008 5/1/2009 10/8/2009 4/12/2010 10/12/2010 4/12/2011 10/11/2011 4/12/2012 10/18/2012 3/29/2013 9/24/2013 4/16/2014 10/10/2014 4/1/2015 9/23/2015
1,4-Dioxane 83 82 140 120 120 110 97 96 140 170 170 160 160 110 95 110 91 130 78 81 50 100

Benzene 24 46 81 110 100 130 120 80 57 32 0.5 0.5 0.5 0.5 0.5
Tetrahydrofuran 85 100 110 110 120 120 95 130 220 290 190 200 260 140 190 210 150 270 130 160 110 190



December 2015 P-56 943820014

KL Landfill - Updated Trend Graph Lines - 2005-2015.xlsmP-56

sample_date 1/11/2005 5/23/2005 7/25/2005 10/24/2005 1/16/2006 4/25/2006 7/25/2006 10/24/2006 4/23/2007 10/15/2007 4/21/2008 10/21/2008 4/28/2009 10/6/2009 4/8/2010 10/11/2010 4/11/2011 10/10/2011 4/11/2012 10/17/2012 3/27/2013 9/18/2013 4/10/2014 10/8/2014 3/25/2015 9/16/2015
1,4-Dioxane 89 100 96 99 110 140 120 130 130 140 110 150 140 150 130 150 170 150 150 130 180 180 180 120 140 190

Benzene 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Tetrahydrofuran 83 84 87 77 75 80 90 83 120 120 120 120 58 50 21 17 15 12 10 6.4 12 6.2 4.7 7 4.9 4.7



December 2015 P-57 943820014

KL Landfill - Updated Trend Graph Lines - 2005-2015.xlsmP-57

sample_date 1/11/2005 5/23/2005 7/25/2005 10/24/2005 1/16/2006 4/25/2006 7/25/2006 10/24/2006 4/24/2007 10/15/2007 4/21/2008 10/21/2008 4/27/2009 10/6/2009 4/7/2010 10/12/2010 4/11/2011 10/10/2011 4/11/2012 10/17/2012 3/27/2013 9/18/2013 4/10/2014 10/8/2014 3/26/2015 9/23/2015
1,4-Dioxane 19 25 22 27 32 23 35 41 52 54 64 74 49 67 78 88 90 96 83 80 120 120 130 80 94 110

Benzene 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Tetrahydrofuran 3 10 23 10 10 50 4.9 5.1 9.9 11 16 20 17 28 24 28 32 35 51 47 58 74 68 78 78 81



December 2015 P-61 943820014

KL Landfill - Updated Trend Graph Lines - 2005-2015.xlsmP-61

sample_date 5/25/2005 7/25/2005 10/26/2005 1/16/2006 4/25/2006 7/24/2006 10/23/2006 1/15/2007 4/23/2007 10/15/2007 4/22/2008 10/20/2008 4/27/2009 10/6/2009 4/7/2010 10/11/2010 4/11/2011 10/10/2011 4/11/2012 10/17/2012 3/27/2013 9/18/2013 4/14/2014 10/10/2014 3/26/2015 9/23/2015
1,4-Dioxane 110 110 110 100 130 100 96 96 130 130 140 140 100 130 140 140 140 140 140 130 190 180 210 130 130 190

Benzene 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Tetrahydrofuran 120 110 87 88 83 100 88 76 120 120 120 150 110 18 1 1 1 2.3 12 25 30 24 2.2 3.4 3.4 6.7



December 2015 P-63 943820014

KL Landfill - Updated Trend Graph Lines - 2005-2015.xlsmP-63

sample_date 6/2/2005 6/15/2005 7/26/2005 10/28/2005 1/17/2006 4/26/2006 7/24/2006 10/23/2006 1/15/2007 4/23/2007 7/23/2007 10/15/2007 4/21/2008 10/20/2008 4/27/2009 10/8/2009 4/6/2010 10/11/2010 4/7/2011 10/11/2011 4/9/2012 10/16/2012 3/25/2013 9/19/2013 4/22/2014 10/7/2014 3/25/2015 9/23/2015
1,4-Dioxane 110 85 120 110 110 130 120 120 140 150 140 140 160 170 150 140 160 220 180 170 150 160 210 220 140 160 190 220

Benzene 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Tetrahydrofuran 57 58 67 68 63 65 80 65 59 98 94 100 120 150 100 140 110 150 150 120 260 140 140 150 82 120 110 100



December 2015 P-65 943820014

KL Landfill - Updated Trend Graph Lines - 2005-2015.xlsmP-65

sample_date 7/24/2006 10/23/2006 1/15/2007 4/23/2007 7/23/2007 10/15/2007 4/21/2008 10/20/2008 4/27/2009 10/6/2009 4/6/2010 10/11/2010 4/7/2011 10/11/2011 4/10/2012 10/17/2012 3/26/2013 9/19/2013 4/15/2014 10/7/2014 3/24/2015 9/17/2015
1,4-Dioxane 20 26 32 37 38 38 23 23 33 37 38 35 40 47 40 35 63 60 77 46 52 65

Benzene 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Tetrahydrofuran 12 4.5 6.2 37 15 20 12 19 18 22 14 14 16 15 25 20 31 35 34 36 36 35



December 2015 P-66 943820014

KL Landfill - Updated Trend Graph Lines - 2005-2015.xlsmP-66

sample_date 7/24/2006 10/23/2006 1/15/2007 4/23/2007 7/23/2007 10/15/2007 4/21/2008 10/20/2008 4/27/2009 10/6/2009 4/6/2010 10/11/2010 4/11/2011 10/11/2011 4/9/2012 10/17/2012 3/25/2013 9/19/2013 4/9/2014 10/7/2014 3/24/2015 9/16/2015
1,4-Dioxane 77 77 81 98 95 100 93 100 73 68 99 88 92 110 95 93 130 140 120 110 110 150

Benzene 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Tetrahydrofuran 36 26 27 47 52 60 64 83 56 75 41 52 52 54 120 68 78 88 69 73 67 64



December 2015 P-67 943820014

KL Landfill - Updated Trend Graph Lines - 2005-2015.xlsmP-67

sample_date 11/30/2009 2/15/2010 4/6/2010 7/12/2010 10/13/2010 2/16/2011 4/7/2011 7/26/2011 10/11/2011 4/10/2012 10/16/2012 3/25/2013 9/24/2013 4/15/2014 10/7/2014 3/24/2015 9/23/2015
1,4-Dioxane 100 150 120 150 130 140 160 120 150 140 120 190 170 180 120 180 140

Benzene 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Tetrahydrofuran 89 120 80 110 97 110 120 86 100 160 110 150 160 140 150 150 130



December 2015 P-10711 943820014

KL Landfill - Updated Trend Graph Lines - 2005-2015.xlsmP-10711

sample_date 6/28/2010 7/13/2010 10/14/2010 11/5/2010 2/16/2011 4/11/2011 7/26/2011 10/12/2011 4/10/2012 10/16/2012 3/26/2013 5/7/2013 9/24/2013 4/15/2014 10/9/2014 3/31/2015 9/22/2015
1,4-Dioxane 84 91 86 79 71 76 56 74 77 65 98 88 75 110 85 100 130

Benzene 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Tetrahydrofuran 530 840 270 120 180 130 83 150 130 83 77 75 74 75 91 87 86



December 2015 P-68 943820014

KL Landfill - Updated Trend Graph Lines - 2005-2015.xlsmP-68

sample_date 11/30/2009 2/15/2010 4/6/2010 7/12/2010 10/13/2010 2/16/2011 4/7/2011 7/26/2011 10/11/2011 4/10/2012 10/16/2012 3/26/2013 9/23/2013 4/8/2014 10/7/2014 3/23/2015 9/22/2015
1,4-Dioxane 25 30 29 27 34 27 25 21 35 26 23 35 30 32 36 44 54

Benzene 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Tetrahydrofuran 10 17 9.7 10 12 9 11 8.7 11 18 13 16 17 13 21 24 26



December 2015 P-69 943820014

KL Landfill - Updated Trend Graph Lines - 2005-2015.xlsmP-69

sample_date 7/12/2010 10/13/2010 2/16/2011 4/7/2011 7/26/2011 10/12/2011 4/10/2012 10/16/2012 3/26/2013 9/23/2013 4/8/2014 10/7/2014 3/23/2015 9/22/2015
1,4-Dioxane 30 25 20 20 14 17 19 17 26 30 28 29 32 33

Benzene 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Tetrahydrofuran 11 5.8 4.6 4.4 3.4 4.4 7.7 7.2 8 18 14 20 19 14



December 2015 P-70 943820014

KL Landfill - Updated Trend Graph Lines - 2005-2015.xlsmP-70

sample_date 7/12/2010 10/13/2010 2/16/2011 4/7/2011 7/26/2011 10/12/2011 4/9/2012 10/16/2012 3/25/2013 9/23/2013 4/10/2014 10/6/2014 3/23/2015 9/30/2015
1,4-Dioxane 7 8.6 8.4 11 9.4 11 13 14 21 24 27 22 23 25

Benzene 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Tetrahydrofuran 1 1 1 1 1 1 1 1 6.7 5.4 4.7 6.5 7.9 8.6



December 2015 P-71 943820014

KL Landfill - Updated Trend Graph Lines - 2005-2015.xlsmP-71

sample_date 10/25/2011 2/1/2012 4/10/2012 7/25/2012 10/15/2012 3/26/2013 9/23/2013 4/10/2014 10/6/2014 3/23/2015 9/17/2015
1,4-Dioxane 16 14 13 14 13 20 22 25 20 24 26

Benzene 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Tetrahydrofuran 1 2.3 2.4 2.4 2.7 4.1 6.7 7.4 8.6 9 9.2



December 2015 P-72 943820014

KL Landfill - Updated Trend Graph Lines - 2005-2015.xlsmP-72

sample_date 10/25/2011 2/1/2012 4/9/2012 7/25/2012 10/15/2012 3/25/2013 9/23/2013 4/10/2014 10/6/2014 3/23/2015 9/30/2015
1,4-Dioxane 2.1 0.5 1.6 2.1 3.6 2.3 6.4 3.8 2.6 3.8 6.3

Benzene 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Tetrahydrofuran 1 1 1 1 1 1 1 1 1 1 1



December 2015 P-74 943820014

KL Landfill - Updated Trend Graph Lines - 2005-2015.xlsmP-74

sample_date 10/25/2011 2/1/2012 4/9/2012 7/25/2012 10/15/2012 3/26/2013 9/23/2013 4/10/2014 10/6/2014 3/24/2015 9/23/2015
1,4-Dioxane 19 19 17 18 10 23 19 30 17 22 24

Benzene 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Tetrahydrofuran 3.4 4.4 5.4 4.3 3.3 4.6 9.6 7.4 6.5 7.4 8.3



APPENDIX C-2 
CONCENTRATION TRENDS - NAPs 



Trends 2005 to Present



sulfate methane and min Fe-2005-2015.xlsmChart1
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M-8 

Iron Methane Sulfate (2nd Axis)



sulfate methane and min Fe-2005-2015.xlsmChart6

y = -1.2389x + 55063 

y = -0.7035x + 34164 

y = 0.5194x - 19833 
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MW-13 

Iron Methane Sulfate (2nd Axis)



sulfate methane and min Fe-2005-2015.xlsmChart33

y = -0.4348x + 19823 

y = -0.4094x + 17289 

y = 14.495x - 535658 
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P-46 

Iron Methane Sulfate (2nd Axis)



sulfate methane and min Fe-2005-2015.xlsmChart34

y = -0.939x + 43667 

y = -2.4433x + 103940 

y = 0.9691x - 36811 
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P-48 

Iron Methane Sulfate (2nd Axis)



sulfate methane and min Fe-2005-2015.xlsmChart35
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P-49 

Iron Methane Sulfate (2nd Axis)



sulfate methane and min Fe-2005-2015.xlsmChart36

y = -0.4163x + 22681 

y = -2.5301x + 109235 

y = 4.0461x - 156735 
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P-50 

Iron Methane Sulfate (2nd Axis)



sulfate methane and min Fe-2005-2015.xlsmChart37

y = -0.1995x + 17709 

y = -0.6158x + 28681 

y = -0.0089x + 4286.7 
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P-51 

Iron Methane Sulfate (2nd Axis)



sulfate methane and min Fe-2005-2015.xlsmChart38

y = -0.0422x + 8357.7 

y = -1.0086x + 44302 

y = -2.2399x + 96391 
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P-52 

Iron Methane Sulfate (2nd Axis)



sulfate methane and min Fe-2005-2015.xlsmChart39

y = -1.0399x + 45977 

y = -0.8236x + 37395 

y = -0.0366x + 7252.7 
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P-53 

Iron Methane Sulfate (2nd Axis)



sulfate methane and min Fe-2005-2015.xlsmChart41

y = -0.1085x + 6226.7 

y = -0.4476x + 19788 

y = 5.5741x - 218775 
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P-55 

Iron Methane Sulfate (2nd Axis)



sulfate methane and min Fe-2005-2015.xlsmChart63

y = -0.1234x + 6423.6 
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Iron Methane Sulfate (2nd axis)
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Iron Methane Sulfate (2nd axis)
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Iron Methane Sulfate (2nd axis)
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Iron Methane Sulfate (2nd axis)
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Iron Methane Sulfate (2nd axis)



sulfate methane and min Fe-2010-2015.xlsmChart42
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Iron Methane Sulfate (2nd axis)
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Iron Methane Sulfate (2nd axis)
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Iron Methane Sulfate (2nd axis)



sulfate methane and min Fe-2010-2015.xlsmChart48
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Iron Methane Sulfate (2nd axis)
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Iron Methane Sulfate (2nd axis)



sulfate methane and min Fe-2010-2015.xlsmChart51
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Iron Methane
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Iron Methane
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Iron Methane Sulfate (2nd axis)
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Iron Methane Sulfate (2nd axis)



sulfate methane and min Fe-2010-2015.xlsmChart54
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Methane Sulfate (2nd axis)



sulfate methane and min Fe-2010-2015.xlsmChart55
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Iron Methane Sulfate (2nd axis)



sulfate methane and min Fe-2010-2015.xlsmChart56
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Iron Methane Sulfate (2nd axis)



sulfate methane and min Fe-2010-2015.xlsmChart57

y = -0.9054x + 38109 
y = 0.043x - 1696.6 

y = -0.2108x + 33948 

23500

24000

24500

25000

25500

26000

26500

0

500

1000

1500

2000

2500

3000

3500

4000

2/26/2011 9/14/2011 4/1/2012 10/18/2012 5/6/2013 11/22/2013 6/10/2014 12/27/2014 7/15/2015 1/31/2016

Co
nc

en
tr

at
io

n 
(u

g/
L)

 

Date 

P-72 

Iron Methane Sulfate (2nd axis)
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Iron Methane Sulfate (2nd axis)



Trends 2013 to Present
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Iron Methane Sulfate (2nd axis)
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Iron Methane Sulfate (2nd axis)



sulfate methane and min Fe-2013-2015.xlsmChart47
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Iron Methane
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Iron Methane
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Iron Methane



sulfate methane and min Fe-2013-2015.xlsmChart51
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Iron Methane
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Iron Methane



sulfate methane and min Fe-2013-2015.xlsmChart8

y = 0.0901x - 2438.2 

y = -6.1798x + 268503 

0

2000

4000

6000

8000

10000

12000

14000

16000

10/18/2012 5/6/2013 11/22/2013 6/10/2014 12/27/2014 7/15/2015 1/31/2016
Date 

P-10711 

Iron Methane
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Iron Methane Sulfate (2nd axis)
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Methane Sulfate (2nd axis)



sulfate methane and min Fe-2013-2015.xlsmChart55

y = 0.0594x - 2362.9 

y = 0.018x - 588.08 

y = -3.4144x + 162697 

17500

18000

18500

19000

19500

20000

20500

21000

21500

22000

0

20

40

60

80

100

120

140

160

180

200

10/18/2012 5/6/2013 11/22/2013 6/10/2014 12/27/2014 7/15/2015 1/31/2016

Co
nc

en
tr

at
io

n 
(u

g/
L)

 

Date 

P-70 

Iron Methane Sulfate (2nd axis)



sulfate methane and min Fe-2013-2015.xlsmChart56
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Iron Methane Sulfate (2nd axis)
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Iron Methane Sulfate (2nd axis)
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Iron Methane Sulfate (2nd axis)



Trend Data



December 2015 M-8 943-8200.14

Tables.xlsmM-8

sample_date 4/13/2011 4/13/2011 4/19/2012 4/1/2013 4/8/2014 3/31/2015 9/24/2015
Iron 2580 2510 2140 4950 2940 2650 3040
Methane 297 248 1700 420 540 430
Sulfate 17000 18000 11000 26000 18000 17000



December 2015 MW-13 943-8200.14

Tables.xlsmMW-13

sample_date 4/26/2006 4/25/2007 4/25/2007 4/24/2008 4/24/2008 5/6/2009 4/15/2010 4/14/2011 4/14/2011 4/25/2012 4/1/2013 4/22/2014 3/30/2015 9/21/2015
Iron 4000 6740 6450 7180 7150 5210 4510 5430 5340 3520 2640 2170 2340
Methane 6173.8 6290.9 6410 5320 5540 5700 4500 3900 4600
Sulfate 500 500 500 1000 2000 500 500 500 5000 2000 1000



December 2015 P-46 943-8200.14

Tables.xlsmP-46

sample_date 6/1/2005 4/28/2006 10/24/2006 4/25/2007 4/25/2007 10/17/2007 10/17/2007 4/29/2008 4/29/2008 10/22/2008 10/22/2008 10/30/2008 5/7/2009 10/8/2009 10/9/2009 10/9/2009 4/12/2010 10/14/2010 4/18/2011 4/18/2011 10/12/2011 10/12/2011 4/19/2012 10/18/2012 10/23/2012 4/4/2013 9/16/2013 4/9/2014 10/13/2014 4/3/2015 9/29/2015
Iron 5500 2230 2200 3930 1900 2060 2350 2080 1200 1420 3510 30 2990 2830 1640 2810 2650 2730 4680 2640 2100 1620 1760 1360 1460 1460 1470 1520 1470
Methane 1522.9 12.2 1202.8 97.2 2623.1 275 1110 1660 1020 400 1.7 3.2 13 2.1 64 6.9 54
Sulfate 13000 40000 35000 27000 42000 31000 41000 21000 23000 50000 53000 64000 67000 72000 83000 76000 76000 69000 56000 66000 62000



December 2015 P-48 943-8200.14

Tables.xlsmP-48

sample_date 5/27/2005 4/28/2006 10/25/2006 7/23/2007 7/23/2007 10/17/2007 10/17/2007 4/29/2008 4/29/2008 10/22/2008 10/22/2008 10/30/2008 5/5/2009 10/12/2009 10/12/2009 4/12/2010 10/14/2010 4/18/2011 4/18/2011 10/12/2011 10/12/2011 4/25/2012 10/24/2012 10/24/2012 4/3/2013 9/17/2013 4/8/2014 10/9/2014 4/6/2015 9/21/2015
Iron 6910 6780 6350 6850 5960 6800 7220 6650 6560 6550 6730 6700 7300 6230 6540 6110 5680 5530 5030 5180 4720 4510 4540 4510 4370 4580 4360 3900 4130
Methane 9267.2 5929 7693.9 8729.9 8550.4 3910 3280 5570 3180 2240 2400 1500 1600 2600 2000 2200 2000
Sulfate 500 500 500 500 1000 500 2000 2000 1000 500 1000 4000 4000 7000 6000 8000 5000 3000 2000 1000 500



December 2015 P-49 943-8200.14

Tables.xlsmP-49

sample_date 5/27/2005 4/26/2006 10/25/2006 4/24/2007 4/24/2007 10/17/2007 10/17/2007 4/29/2008 4/29/2008 10/22/2008 10/22/2008 10/30/2008 5/5/2009 10/12/2009 10/12/2009 4/12/2010 10/14/2010 4/18/2011 4/18/2011 10/12/2011 10/12/2011 4/25/2012 4/25/2012 10/24/2012 10/24/2012 4/3/2013 9/17/2013 4/8/2014 10/9/2014 4/6/2015 9/21/2015
Iron 7940 6450 5930 5480 6100 6450 7150 6580 6050 6000 6570 6030 5410 5620 6280 6020 6010 6410 5860 5580 4940 5360 4550 4620 4410 3790 3650 4310
Methane 4732.6 6140.7 7167.4 9315.4 8857.1 5170 4360 7170 5940 4650 6100 3900 4000 6600 3800 6400 6700
Sulfate 500 500 500 500 500 500 2000 2000 500 2000 500 500 500 500 500 2000 500 3000 4000 2000 1000



December 2015 P-50 943-8200.14

Tables.xlsmP-50

sample_date 6/1/2005 4/28/2006 10/25/2006 4/26/2007 4/26/2007 10/17/2007 10/17/2007 4/30/2008 4/30/2008 10/23/2008 10/23/2008 10/30/2008 5/7/2009 10/12/2009 10/12/2009 4/16/2010 10/14/2010 10/15/2010 4/18/2011 4/18/2011 10/13/2011 10/13/2011 4/19/2012 10/23/2012 10/23/2012 4/4/2013 9/16/2013 4/9/2014 10/13/2014 4/7/2015 10/1/2015
Iron 6250 6130 5720 6220 6250 6760 6800 5640 6900 6950 6550 8790 6950 8240 5930 3600 3580 2240 2380 4240 6900 7100 5380 6900 5940 5810 4690 5330
Methane 6050.1 7796.5 10850.4 14847 12565.5 8630 3860 4700 1940 3410 5500 4500 3000 5200 3700 3400 2700
Sulfate 1000 500 3000 2000 2000 3000 4000 5000 4000 3000 6000 15000 12000 4000 3000 5000 11000 12000 20000 14000 17000



December 2015 P-51 943-8200.14

Tables.xlsmP-51

sample_date 5/27/2005 4/28/2006 10/25/2006 5/2/2007 5/2/2007 10/18/2007 10/18/2007 4/30/2008 4/30/2008 10/23/2008 10/23/2008 10/30/2008 5/6/2009 10/12/2009 10/12/2009 4/15/2010 10/14/2010 10/15/2010 4/18/2011 4/18/2011 10/13/2011 10/13/2011 4/19/2012 10/23/2012 10/23/2012 4/4/2013 9/16/2013 4/9/2014 10/13/2014 4/7/2015 9/29/2015
Iron 10600 8640 6240 7100 12400 13400 11500 10600 8500 8070 7620 9580 8110 7120 8480 15990 15100 8560 8190 9060 15390 15100 8870 5400 6600 10400 4030 9530
Methane 4864.1 4376.3 3322.5 3458.5 3333.4 2510 1140 9280 4320 3380 7600 2500 1400 2300 3800 1300 1700
Sulfate 500 500 5000 4000 1000 500 3000 10000 11000 10000 12000 500 4000 4000 500 500 3000 2000 500 5000 5000



December 2015 P-52 943-8200.14

Tables.xlsmP-52

sample_date 5/27/2005 4/28/2006 10/25/2006 5/2/2007 5/2/2007 10/18/2007 10/18/2007 4/30/2008 4/30/2008 10/23/2008 10/23/2008 10/30/2008 5/6/2009 10/9/2009 10/9/2009 4/15/2010 10/14/2010 4/15/2011 4/15/2011 4/15/2011 10/13/2011 10/13/2011 4/19/2012 10/23/2012 10/23/2012 4/4/2013 9/16/2013 4/9/2014 10/13/2014 4/6/2015 9/29/2015
Iron 5900 7100 5100 7110 7100 7620 6850 6690 6400 6600 5900 9570 5590 6340 6700 6630 7010 6570 6700 6390 6200 7130 7560 6650 6060 6070 6090 6600
Methane 5274 3317.6 4467.4 5777.2 4936.8 2860 3020 3760 2900 2440 2300 1900 1300 2200 2000 2700 2600
Sulfate 8000 10000 11000 11000 9000 9000 7000 5000 5000 6000 4000 6000 4000 4000 4000 4000 2000 3000 3000 4000 2000



December 2015 P-53 943-8200.14

Tables.xlsmP-53

sample_date 6/1/2005 4/28/2006 10/25/2006 4/25/2007 4/25/2007 7/23/2007 7/23/2007 10/17/2007 10/17/2007 4/30/2008 4/30/2008 10/23/2008 10/23/2008 10/30/2008 5/7/2009 10/12/2009 10/12/2009 4/15/2010 10/14/2010 10/15/2010 4/18/2011 4/18/2011 10/13/2011 10/13/2011 4/25/2012 10/23/2012 10/23/2012 4/4/2013 9/17/2013 4/23/2014 10/13/2014 4/7/2015 10/1/2015
Iron 3450 5720 4610 4530 6850 6140 5800 6160 5900 5500 4750 4120 4520 3860 3300 4440 4110 4210 4130 2600 2690 2280 3170 3490 3040 2590 2100 2830 2330 2040
Methane 2837.8 4889.2 5564.4 7712.4 5027.7 3313.2 2830 886 8220 1640 1050 6500 8700 2300 2300 3400 1200 1300
Sulfate 11000 6000 7000 8000 3000 1000 1000 4000 6000 8000 8000 10000 5000 7000 5000 3000 2000 4000 6000 4000 8000 10000



December 2015 P-55 943-8200.14

Tables.xlsmP-55

sample_date 5/27/2005 4/27/2006 10/25/2006 4/24/2007 4/24/2007 7/23/2007 7/23/2007 10/17/2007 10/17/2007 4/29/2008 10/22/2008 10/22/2008 10/30/2008 5/7/2009 10/9/2009 10/9/2009 4/12/2010 10/13/2010 4/15/2011 4/15/2011 10/12/2011 10/12/2011 4/19/2012 10/23/2012 10/23/2012 4/4/2013 9/16/2013 4/9/2014 10/13/2014 4/3/2015 9/29/2015
Iron 1450 1850 1840 1850 2250 1940 1900 2100 1720 2000 2090 2240 1890 1850 1890 1960 1910 2050 1840 1950 2020 1950 2130 1770 1680 1330 1430 1400 1280
Methane 1217.9 1777.5 1616.7 1660.4 3326.4 705.3 854 1290 3520 2490 4620 3600 410 490 300 98 190 82
Sulfate 500 500 500 500 500 500 500 500 1000 4000 3000 11000 4000 12000 1000 3000 11000 13000 11000 26000 9000 29000



December 2015 TW-4 943-8200.14

Tables.xlsmTW-4

sample_date 4/28/2006 10/25/2006 5/2/2007 5/2/2007 10/17/2007 10/17/2007 4/29/2008 4/29/2008 10/22/2008 10/22/2008 5/7/2009 10/12/2009 10/12/2009 4/16/2010 10/14/2010 4/18/2011 4/18/2011 10/13/2011 10/13/2011 4/23/2012 10/23/2012 10/23/2012 4/4/2013 9/16/2013 4/9/2014 10/13/2014 4/6/2015 9/29/2015
Iron 1850 2350 2230 1650 2240 950 1270 850 1480 2460 970 1710 690 2100 850 920 690 930 820 590 1310 790 1570 2010 1460 2150 1750
Methane 2682.7 2936.6 2706.4 3719.5 9219.4 2750 2610 5250 4480 1420 660 1100 1500 2600 3100 2000 270
Sulfate 16000 13000 15000 6000 11000 10000 8000 500 2000 1000 1000 2000 4000 8000 6000 3000 4000 2000 9000 13000



December 2015 MW-1 943-8200.14

Tables.xlsmMW-1

sample_date 5/2/2006 5/1/2007 5/1/2007 4/28/2008 4/28/2008 5/4/2009 4/13/2010 4/14/2011 4/14/2011 4/25/2012 4/25/2012 4/2/2013 4/22/2014 4/2/2015 9/28/2015
Iron 600 540 550 610 690 940 1320 1600 600 820 430 330 730 700
Methane 5992.3 3196.5 3800 5710 3250 2300 3800 2700 3600
Sulfate 8000 7000 7000 8000 8000 11000 7000 4000 4000 7000 7000



December 2015 MW-12 943-8200.14

Tables.xlsmMW-12

sample_date 5/4/2006 5/1/2007 5/1/2007 4/24/2008 4/24/2008 5/6/2009 4/15/2010 4/15/2011 4/15/2011 4/23/2012 4/2/2013 4/17/2014 4/2/2015 9/22/2015
Iron 4070 3100 3500 3350 3470 4100 1640 2970 3370 4650 5340 3400 1990 1170
Methane 4334.1 2488.3 1040 2360 1090 1000 750 1200 560
Sulfate 15000 4000 3000 4000 8000 15000 8000 7000 6000 6000 8000



December 2015 P-19 943-8200.14

Tables.xlsmP-19

sample_date 5/2/2006 4/30/2007 4/30/2007 4/24/2008 4/24/2008 5/5/2009 4/13/2010 4/13/2011 4/13/2011 4/18/2012 4/3/2013 4/16/2014 4/1/2015 9/28/2015
Iron 100 180 50 150 220 0 220 200 140 250 360 340 290
Methane 471.4 50.7 1060 5480 1440 390 130 800 470
Sulfate 13000 13000 14000 13000 11000 7000 7000 8000 9000 9000 9000



December 2015 P-21 943-8200.14

Tables.xlsmP-21

sample_date 4/26/2006 4/25/2007 4/25/2007 4/24/2008 4/24/2008 5/4/2009 4/12/2010 4/13/2011 4/13/2011 4/18/2012 4/18/2012 4/1/2013 4/8/2014 3/31/2015 9/21/2015
Iron 550 670 600 700 500 150 1940 910 690 740 760 660 680 210
Methane 4203.7 6597.4 884 5060 2410 3000 2900 3000 4000
Sulfate 2000 13000 11000 9000 11000 17000 13000 13000 11000 14000 13000



December 2015 P-25 943-8200.14

Tables.xlsmP-25

sample_date 5/4/2006 4/30/2007 4/30/2007 4/28/2008 4/28/2008 10/13/2009 10/13/2009 4/15/2010 4/15/2011 4/23/2012 4/2/2013 4/17/2014 4/2/2015 9/17/2015
Iron 180 50 0 50 10 50 50 50 50 50 50 50 50
Methane 1050.2 1101.4 1822.5 341 101 220 250 110 34 26
Sulfate 12000 13000 11000 9000 11000 15000 12000 14000 12000 15000 15000



December 2015 P-27 943-8200.14

Tables.xlsmP-27

sample_date 5/4/2006 5/1/2007 5/1/2007 4/24/2008 4/24/2008 5/6/2009 4/15/2010 4/15/2011 4/15/2011 4/15/2011 4/23/2012 4/2/2013 4/17/2014 10/10/2014 4/2/2015 9/22/2015
Iron 1410 2300 2340 2600 2520 1700 2120 2410 2270 2330 2270 2550 2680 2570 2700
Methane 8312.2 4121.8 7070 6940 4820 2200 4300 3900 3800
Sulfate 5000 11000 8000 5000 6000 5000 3000 2000 1000 500 1000



December 2015 P-28 943-8200.14

Tables.xlsmP-28

sample_date 5/2/2006 4/30/2007 4/30/2007 4/29/2008 4/29/2008 5/5/2009 4/13/2010 4/13/2011 4/13/2011 4/18/2012 4/3/2013 4/3/2013 4/16/2014 10/9/2014 4/1/2015 9/28/2015
Iron 1640 1630 1500 1280 1690 2020 2000 2000 1900 1980 1960 2030 1720 1440 1780
Methane 17900.6 16965.2 11600 14800 10300 6700 11000 10000 8600
Sulfate 1000 1000 2000 3000 3000 2000 2000 500 500 4000 3000



December 2015 P-30 943-8200.14

Tables.xlsmP-30

sample_date 5/2/2006 5/1/2007 5/1/2007 4/28/2008 4/28/2008 5/4/2009 4/13/2010 4/14/2011 4/14/2011 4/19/2012 4/2/2013 4/22/2014 4/3/2015 9/28/2015
Iron 1860 2750 2540 2350 2010 2460 2400 2150 1990 1760 1800 1520 1470 1430
Methane 10910.4 11464.4 7060 7390 4950 4300 6300 5300 5300
Sulfate 500 500 500 1000 2000 2000 2000 2000 3000 3000 5000



December 2015 P-31 943-8200.14

Tables.xlsmP-31

sample_date 5/2/2006 5/1/2007 5/1/2007 4/28/2008 4/28/2008 5/4/2009 4/13/2010 4/14/2011 4/14/2011 4/19/2012 4/2/2013 4/22/2014 4/3/2015 9/21/2015
Iron 150 1000 980 650 630 590 750 700 730 740 660 780 940 760
Methane 6678.6 5025.2 3320 4720 3730 3800 5200 4600 4200
Sulfate 500 1000 3000 6000 7000 6000 5000 5000 5000 6000 8000



December 2015 P-36 943-8200.14

Tables.xlsmP-36

sample_date 5/23/2005 4/24/2006 ###### 4/24/2007 4/24/2007 ###### 4/22/2008 4/22/2008 ###### 5/1/2009 10/8/2009 4/8/2010 ###### 4/12/2011 4/12/2011 ###### 4/12/2012 4/12/2012 ###### ####### 3/27/2013 9/19/2013 4/14/2014 10/8/2014 3/30/2015 9/22/2015
Iron 1350 1160 1150 1220 1250 1400 1180 1050 1190 1130 950 1360 1020 970 910 830 840 990 750 750 720 740 250 560
Methane 43.5 47.1 284 182 145 420 220 120 150 150
Sulfate 500 500 2000 1000 2000 4000 5000 6000 2000 2000 4000 3000 2000



December 2015 P-43 943-8200.14

Tables.xlsmP-43

sample_date 5/23/2005 4/24/2006 4/25/2007 4/25/2007 4/22/2008 4/22/2008 5/4/2009 4/12/2010 7/12/2010 10/12/2010 4/12/2011 4/12/2011 4/17/2012 10/18/2012 10/18/2012 3/28/2013 4/7/2014 3/26/2015 9/23/2015
Iron 50 50 50 0 50 50 0 70 580 10 50 0 50 50 50 50 50 50
Methane 230.9 29.6 4570 898 188 12 1.7 12 6 30
Sulfate 28000 11000 26000 30000 24000 7000 12000 13000 16000 18000 19000 19000 20000



December 2015 P-44 943-8200.14

Tables.xlsmP-44

sample_date 5/24/2005 4/24/2006 10/24/2006 4/24/2007 4/24/2007 10/16/2007 4/23/2008 4/23/2008 5/1/2009 4/12/2010 10/12/2010 4/12/2011 4/12/2011 4/12/2012 4/12/2012 10/18/2012 3/29/2013 4/16/2014 4/1/2015 9/23/2015
Iron 50 50 150 50 50 0 50 50 20 530 10 50 0 50 40 180 130 170
Methane 1125.8 290.2 198 444 170 330 110 58 57 70
Sulfate 18000 13000 11000 13000 7000 9000 10000 13000 11000 14000 15000 15000 13000



December 2015 P-56 943-8200.14

Tables.xlsmP-56

sample_date 5/23/2005 4/25/2006 10/24/2006 4/23/2007 4/23/2007 10/15/2007 4/21/2008 4/21/2008 10/21/2008 4/28/2009 10/6/2009 4/8/2010 ###### 4/11/2011 4/11/2011 ####### 4/11/2012 ####### ####### 3/27/2013 9/18/2013 4/10/2014 10/8/2014 3/25/2015 9/16/2015
Iron 150 510 800 920 1100 1200 1110 1150 1440 1420 1540 1400 1540 1630 1500 1540 1370 1590 1480 2840 1450 1420 1460 1450
Methane 9990.5 14889.8 14600 12100 9910 6300 6400 7200 6200 5700
Sulfate 12000 11000 12000 11000 13000 11000 12000 11000 11000 11000 12000 12000 12000



December 2015 P-57 943-8200.14

Tables.xlsmP-57

sample_date 5/23/2005 4/25/2006 10/24/2006 4/24/2007 4/24/2007 10/15/2007 4/21/2008 4/21/2008 10/21/2008 4/27/2009 10/6/2009 4/7/2010 ####### 4/11/2011 4/11/2011 ####### 4/11/2012 ####### ####### 3/27/2013 9/18/2013 4/10/2014 10/8/2014 3/26/2015 9/23/2015
Iron 2950 1050 550 1360 750 500 850 200 340 160 150 740 180 220 400 270 800 360 20 690 120 80 170 260
Methane 167.7 215.9 316 299 326 330 300 390 290 110
Sulfate 50000 32000 26000 21000 18000 17000 18000 16000 15000 15000 15000 14000 14000



December 2015 P-61 943-8200.14

Tables.xlsmP-61

sample_date 5/25/2005 4/25/2006 10/23/2006 4/23/2007 4/23/2007 10/15/2007 4/22/2008 4/22/2008 10/20/2008 4/27/2009 10/6/2009 4/7/2010 ###### 4/11/2011 4/11/2011 ####### 4/11/2012 ####### ####### 3/27/2013 9/18/2013 4/14/2014 ####### 3/26/2015 9/23/2015
Iron 50 440 700 870 900 1050 900 1000 1180 1150 880 1520 1100 1180 950 960 810 980 850 1430 1010 1000 1100 1040
Methane 11239.7 12916.5 14700 15200 15500 11000 9400 17000 15000 13000
Sulfate 5000 7000 5000 5000 7000 4000 3000 500 500 500 1000 500 500



December 2015 P-63 943-8200.14

Tables.xlsmP-63

sample_date 6/2/2005 4/26/2006 10/23/2006 4/23/2007 4/23/2007 7/23/2007 10/15/2007 4/21/2008 4/21/2008 10/20/2008 4/27/2009 10/8/2009 4/6/2010 ####### 4/7/2011 ###### 4/9/2012 ####### ####### 3/25/2013 9/19/2013 4/22/2014 10/7/2014 3/25/2015 9/23/2015
Iron 50 600 1050 1040 950 1150 1250 990 850 1390 1240 1320 3280 1280 2120 1230 1100 1550 1520 1470 1430 1450 1710 1420
Methane 10219.2 15292.6 16000 11700 19700 15000 19000 25000 23000 21000
Sulfate 500 500 500 500 2000 500 500 2000 500 500 500 500 500



December 2015 P-65 943-8200.14

Tables.xlsmP-65

sample_date 10/23/2006 4/23/2007 4/23/2007 7/23/2007 10/15/2007 4/21/2008 4/21/2008 10/20/2008 4/27/2009 10/6/2009 4/6/2010 10/11/2010 4/7/2011 4/7/2011 10/11/2011 4/10/2012 10/17/2012 10/17/2012 3/26/2013 9/19/2013 4/15/2014 10/7/2014 3/24/2015 9/17/2015
Iron 300 570 400 800 1200 1140 1100 1420 1230 1380 1110 1330 1240 4190 1290 350 1390 1320 1260 1220 1270 1310 1650
Methane 2037.7 1702 1910 3210 3700 3500 5200 6600 6400 3300
Sulfate 11000 8000 6000 6000 3000 3000 2000 500 500 500 500 500



December 2015 P-66 943-8200.14

Tables.xlsmP-66

sample_date 10/23/2006 4/23/2007 4/23/2007 7/23/2007 10/15/2007 4/21/2008 4/21/2008 10/20/2008 4/27/2009 10/6/2009 4/6/2010 10/11/2010 4/11/2011 4/11/2011 10/11/2011 4/9/2012 10/17/2012 10/17/2012 3/25/2013 9/19/2013 4/9/2014 10/7/2014 3/24/2015 9/16/2015
Iron 50 170 600 1150 1400 1320 1550 1760 1770 1740 2410 2060 2010 1970 1940 1940 2020 1970 1850 1920 2000 2010 1100
Methane 5077 7776.6 7980 8480 10900 7100 11000 12000 14000 11000
Sulfate 2000 6000 500 2000 500 500 500 500 500 500 500 500



December 2015 P-10711 943-8200.14

Tables.xlsmP-10711

sample_date 6/28/2010 7/12/2010 7/13/2010 10/14/2010 2/16/2011 2/16/2011 2/16/2011 4/11/2011 4/11/2011 4/11/2011 7/26/2011 ###### 10/12/2011 4/10/2012 ###### 10/16/2012 3/26/2013 5/7/2013 9/24/2013 4/15/2014 10/9/2014 3/31/2015 9/22/2015
Iron 1870 1000 1360 1150 1360 1380 1460 1620 2220 1490 1450 1330 1420 1300 1220 1320 1400 1310 1380 1330
Methane 4750 1750 2610 3740 4720 3870 4230 4400 15000 6800 8700 8600
Sulfate 2000 500 500 500 500 500 500 500 500 500 500



December 2015 P-67 943-8200.14

Tables.xlsmP-67

sample_date 11/30/2009 11/30/2009 2/15/2010 2/15/2010 4/6/2010 7/12/2010 10/13/2010 2/16/2011 2/16/2011 2/16/2011 4/7/2011 4/7/2011 7/26/2011 10/11/2011 10/11/2011 4/10/2012 4/10/2012 10/16/2012 10/16/2012 3/25/2013 9/24/2013 4/15/2014 10/7/2014 3/24/2015 9/23/2015
Iron 680 1380 2830 820 2000 2320 1970 2110 2090 2000 2140 4340 2020 2040 1970 2250 2010 1970 1990 1880 1930 1890
Methane 15458.2 15964 10600 30000 8110 14200 15800 21700 11100 16700 10000 18000 20000 20000 17000
Sulfate 1000 2000 500 500 500 500 500 500 500 500 500 500 500 500 500



December 2015 P-68 943-8200.14

Tables.xlsmP-68

sample_date 11/30/2009 11/30/2009 2/15/2010 2/15/2010 4/6/2010 7/12/2010 10/13/2010 2/16/2011 2/16/2011 2/16/2011 4/7/2011 4/7/2011 7/26/2011 10/11/2011 10/11/2011 4/10/2012 10/16/2012 10/16/2012 3/26/2013 9/23/2013 4/8/2014 10/7/2014 3/23/2015 9/22/2015
Iron 4150 9320 3030 5980 2570 4460 1600 1710 1390 2030 1960 1610 1950 1440 1380 1330 1460 1290 1380 1710 1550 1380 1810
Methane 1650.9 1676.9 999 1920 909 1380 1320 2130 1550 1930 1600 3800 1600 3700 4300
Sulfate 9000 7000 7000 7000 7000 8000 9000 10000 8000 13000 6000 8000 5000 4000 3000



December 2015 P-69 943-8200.14

Tables.xlsmP-69

sample_date 7/12/2010 10/13/2010 2/16/2011 2/16/2011 2/16/2011 4/7/2011 4/7/2011 7/26/2011 10/12/2011 10/12/2011 4/10/2012 4/10/2012 10/16/2012 10/16/2012 3/26/2013 9/23/2013 4/8/2014 10/7/2014 3/23/2015 9/22/2015
Iron 50 40 50 10 170 50 50 50 0 50 0 250 50 30 50 50 50
Methane 93.5 80.4 32.8 45.8 70 26.5 30.7 29 43 110 150 170
Sulfate 16000 18000 18000 19000 20000 18000 18000 18000 17000 16000 14000 16000



December 2015 P-70 943-8200.14

Tables.xlsmP-70

sample_date 7/12/2010 10/13/2010 2/16/2011 2/16/2011 2/16/2011 4/7/2011 7/26/2011 10/12/2011 10/12/2011 4/9/2012 10/16/2012 10/16/2012 3/25/2013 9/23/2013 4/10/2014 3/23/2015 9/30/2015
Iron 1630 400 390 610 210 390 20 240 140 930 160 80 120 130 130 150
Methane 130 60.2 81.9 91.4 128 125 113 140 140 190 190 150
Sulfate 26000 23000 23000 25000 24000 23000 25000 22000 21000 21000 19000 18000



December 2015 P-71 943-8200.14

Tables.xlsmP-71

sample_date 10/25/2011 10/25/2011 2/1/2012 2/1/2012 4/10/2012 7/25/2012 10/15/2012 10/15/2012 3/26/2013 9/23/2013 4/10/2014 10/6/2014 3/23/2015 9/17/2015
Iron 720 970 50 140 0 110 50 110 90 110 40 60 80 260
Methane 124 15 114 110 120 110 160 150 160
Sulfate 22000 20000 21000 21000 20000 18000 15000 15000 12000



December 2015 P-72 943-8200.14

Tables.xlsmP-72

sample_date 10/25/2011 10/25/2011 2/1/2012 2/1/2012 4/9/2012 4/10/2012 7/25/2012 10/15/2012 10/15/2012 3/25/2013 9/23/2013 4/10/2014 10/6/2014 3/23/2015 9/30/2015
Iron 1510 3490 560 1340 460 240 410 210 340 260 390 250 210 250 320
Methane 58.8 63.3 75.7 71 74 73 120 120 110
Sulfate 26000 25000 25000 26000 25000 24000 26000 25000 25000



December 2015 P-74 943-8200.14

Tables.xlsmP-74

sample_date 10/25/2011 10/25/2011 2/1/2012 2/1/2012 4/9/2012 7/25/2012 10/15/2012 10/15/2012 3/26/2013 4/10/2014 3/24/2015 9/23/2015
Iron 1080 1220 270 600 130 160 30 50 50 70 50 110
Methane 1.75 0.5 4 1.8 1.4 2.8 7.8 3.3 9.2
Sulfate 17000 17000 17000 19000 17000 16000 15000 14000 13000



APPENDIX C-3
ATTENUATION RATES
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Executive Summary 
1,4-Dioxane biomarkers (DXMO and ALDH) and the soluble methane monooxygenase (sMMO) 
genes were analyzed for their presence, abundance, and activities in groundwater samples 
collected from KL Ave. Landfill.  Presence was indicated by any positive signal detected during 
qPCR amplification of the target gene markers.  1,4-Dioxane biomarkers and sMMO gene 
targets were present in 15 of the 29 and 27 out of 29 groundwater samples, respectively.  Positive 
detections of both DXMO and ALDH were identified at monitoring locations P-10711, P-28, P-
30, P-46, P-61, and P-66 indicating the presence of native 1,4-dioxane degrading 
microorganisms at these locations.  The high prevalence of sMMO in groundwater samples 
suggests cometabolism of 1,4-dioxane is a promising means of attenuation. 

Gene abundance was quantified by comparison to a standard curve generated from nucleic acid 
extracts of Pseudonocardia dioxanivorans CB1190 and Methylosinus trichosporium OB3b 
harboring the 1,4-dioxane biomarker and the sMMO gene targets, respectively.  Concentrations 
of DXMO and ALDH ranged from 1.72 x 100 – 6.39 x 103 copies/mL.  While these 
concentrations are much lower than total bacteria or sMMO gene targets, we have previously 
determined successful biodegradation of 1,4-dioxane with < 2% of the total bacterial population 
carrying the DXMO gene in other studies. P-66 and P-28 are very promising because of the high 
concentrations of both 1,4-dioxane biomarkers determined at these locations.  Many sites were 
identified to be positive for ALDH but negative for DXMO. Our previous work has determined 
the detection of both DXMO and ALDH is more likely to indicate 1,4-dioxane biodegradation.   
Thus, detection of ALDH alone is not sufficient to determine the biodegradation potential at 
those locations.   

The sMMO gene was quantified to identify the potential cometabolism of 1,4-dioxane by sMMO 
carrying bacteria in groundwater samples from the KL Ave. Landfill site.  The abundance of 
sMMO genes ranged from 1.43 x 101 – 8.62 x 105 copies/mL. Our results show this gene is 
abundant throughout many of the samples analyzed.  Locations P-27, P-28, P-63, P-67, and P-70 
contained the highest concentration of this gene target indicating cometabolism of 1,4-dioxane 
may be a promising remedy at this site. 

Activities of the functional genes were determined by quantifying the complementary DNA 
(cDNA) generated from RNA transcripts.  1,4-Dioxane induces the dioxane monooxygenase, 
therefore DXMO responds to the presence of this contaminant.  ALDH catalyzes the 
transformation of 1,4-dioxane breakdown products in the form of aldehydes to carboxylic acids.  
Thus, ALDH responds closer to active 1,4-dioxane biodegradation.  It should be noted that the 
sequence of ALDH is conserved in a wide range of bacteria and is not specific to 1,4-dioxane 
degradation.  Therefore, this target is used to support analysis and aid interpretation of the 
DXMO biomarker gene. 

Functional gene activity was determined based on the abundance of RNA transcripts and the 
relative gene expression compared to the levels at site P-39.  As expected, RNA transcripts were 
difficult to detect and were quantified at a much lower concentration than gene abundance.  
DXMO and ALDH gene transcripts were detected at the following locations: P-10711, P-20, P-
36, P-56, and P-66.  Simultaneous detections of these targets occurred at P-36 and P-66 only 



supporting these locations as undergoing active biodegradation of 1,4-dioxane.  Indeed, P-66 had 
the highest concentration of RNA transcripts for both DXMO and ALDH. 

Analysis of sMMO RNA transcripts determined positive detections at P-27, P-36, P-43, P-66, P-
67, and P-70.  The sMMO RNA transcripts ranged from 1.47 x 101 – 3.83 x 103 copies/mL.  
Surprisingly, sMMO transcripts were not as abundant as their DNA counterparts suggesting that 
sMMO may not be highly expressed by the methane oxidizing bacteria in these samples.  Based 
on these results, P-70 is the most promising location for 1,4-dioxane cometabolism with sMMO 
transcripts quantified at 3.83 x 103 copies/mL. 

This is one of the first reports to directly examine both gene abundance and expression at a 1,4-
dioxane contaminated site.  1,4-Dioxane biomarkers and sMMO gene analyses at the KL Ave. 
Landfill site identified several locations throughout the contaminated plume with potential 1,4-
dioxane biodegradation.  Positive detections of both DXMO and ALDH genes occurred at 6 
monitoring locations within the 1,4-dioxane plume.  In addition, DXMO and ALDH gene 
transcripts were even more highly associated with the 1,4-dioxane plume suggesting the potential 
for active biodegradation at these locations. Our analyses support the presence, abundance, and 
activity of 1,4-dioxane biomarkers at several locations within the KL Ave. Landfill site 
indicating native bacteria carry the necessary genes for cometabolic or metabolic biodegradation 
of 1,4-dioxane. 



Introduction 

The identification and application of biomarkers for 1,4-dioxane biodegradation has been 
developed by the Professor Shaily Mahendra and her research group at the University of 
California, Los Angeles (UCLA).  These biomarkers focus on 2 gene targets: (1) the beta-subunit 
of the dioxane monooxygenase gene, dxmB, known as the DXMO biomarker;  (2) the aldehyde 
dehydrogenase gene, aldH, known as the ALDH biomarker.  Our research has shown the DXMO 
biomarker responds to the presence of 1,4-dioxane while ALDH is associated with 1,4-dioxane 
breakdown products in the form of aldehydes (e.g., hydroxylethoxyacetaldehyde).  In addition to 
the DXMO and ALDH biomarkers associated with 1,4-dioxane metabolism, the soluble methane 
monooxygenase (sMMO) will be used to identify whether cometabolism of 1,4-dioxane is a 
feasible option.  The sMMO has previously been shown to be a potent enzyme able to 
cometabolize 1,4-dioxane. Analysis of these biomarkers in environmental samples will facilitate 
decision making for the appropriate remedial strategy because these tools help assess critical 
biological parameters at contaminated sites such as whether or not: 

(i) the key microorganisms and genes are present and abundant, 
(ii) the key microorganisms and genes are active (induced), and 
(iii) the abundance and activities of key microorganisms and genes can be sustained 

throughout a remediation program. 

Specific and rapid quantification of biomarkers was performed using quantitative polymerase 
chain reaction (qPCR).  This technique has previously been used with great success in the 
detection of biomarkers in the environment.14, 17-20  The objectives of this project were to analyze 
groundwater from an impacted aquifer and determine the abundance and expression of 1,4-
dioxane biomarkers as well as the soluble methane monooxygenase gene target.  Quantification 
of these targets will provide key information on the feasibility of 1,4-dioxane biodegradation by 
the native microbial community at this site leading to the potential use of monitored natural 
attenuation or enhanced bioremediation strategies for this site. 

Materials and Methods 
Sample Collection 
Groundwater samples were collected from KL Ave. Landfill and shipped overnight on ice to 
UCLA for biomarker analysis.  Upon arrival at UCLA, samples were stored at 4˚C until ready 
for processing. Sampling locations are listed in Table 1. 

Preliminary Testing 
Confirmation of Sufficient and Viable Biomass 
Groundwater collected from P-49, MW-13, P-29, P-31, and P-48 were chosen to determine 
whether microorganisms were present in groundwater samples at sufficient concentrations for 
biomarker analysis.  100 µL of undiluted, 1:5, and 1:10 dilutions were cultured on sterile 
Reasoner’s 2A (R2A) agar.  Plates were incubated at 30˚C and checked for microbial growth 
after 18 hours of incubation. 



Extraction of Total Nucleic Acids 
Total nucleic acids were extracted from samples using a modified phenol chloroform method 
(Gedalanga et al., 2014).  Briefly, 1 mL of phenol, 250 µL of lysis buffer, 100 µL of 10% SDS 
and 1 g of 0.1 mm silica zirconia beads were added to the biomass in 2 mL microcentrifuge 
tubes.  Tubes were homogenized using a Mini-Bead Beater-16 (Biospec Products, Bartlesville, 
OK) and processed with phenol/chloroform/isoamyl alcohol.  Final extract volumes were 100 
µL.  DNA concentration and purity was examined on a Nanodrop Spectrophotometer (Thermo 
Fisher, Waltham, MA). 
 
Gene Abundance and Gene Expression Analyses 
1,4-Dioxane biomarkers, DXMO and ALDH, along with sMMO and total bacteria 16S rRNA 
were targeted for gene abundance analysis using qPCR as described in Gedalanga et al (2014).  
Standard curves for DXMO and ALDH were produced using serial dilutions of genomic DNA 
extracted from a pure culture of Pseudonocardia dioxanivorans CB1190.  Genomic DNA from 
the methane oxidizing bacterium Methylosinus trichosporium OB3b was used to construct the 
standard curve for sMMO. 
 
Gene expression analysis was performed on all samples using reverse transcriptase qPCR (RT-
qPCR) as previously described (Gedalanga et al., 2014).  RNA was isolated from total nucleic 
acid extracts using a RapidOUT DNA Removal Kit (Thermo Fisher, Waltham, MA) and the 
cDNA was synthesized from RNA using an Easyscript Plus cDNA Synthesis Kit (Lamda 
Biotech, St. Louis, MO) according to the manufacturers’ instructions.  Target genes were 
quantified using qPCR and the relative gene expression was determined using the comparative 
CT method (Livak and Schmittgen, 2001) described in the following equation: 
 

∆∆𝐶𝐶T = (𝐶𝐶𝑇𝑇,𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 − 𝐶𝐶𝑇𝑇,𝐻𝐻𝐻𝐻𝐻𝐻)𝑆𝑆𝑇𝑇𝑆𝑆𝑆𝑆𝑆𝑆𝑇𝑇𝑆𝑆 − (𝐶𝐶𝑇𝑇,𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 − 𝐶𝐶𝑇𝑇,𝐻𝐻𝐻𝐻𝐻𝐻)𝐶𝐶𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝐶𝐶𝑆𝑆  
 
This equation describes the calculation for relative gene expression used in this analysis where, 
∆∆𝐶𝐶T is the fold-increase in target gene expression relative to a standard housekeeping gene  and 
relative to the control location.  CT = the cycle threshold determined by qPCR analysis for each 
gene target.  Target is either DXMO, ALDH, or sMMO.  HKG is the housekeeping gene rpoD.  
The rpoD gene was used as the housekeeping gene and all samples were further normalized to 
monitoring location P-39.  P-39 was chosen because this location had no historical detections of 
1,4-dioxane. 
 
 
QA/QC Parameters 
Each qPCR reaction included a negative and positive control.  Controls for the reverse 
transcription reaction included a no enzyme control to confirm genomic DNA was not present 
and a no template control to confirm the purity of reagents. 
 
  



Table 1.  KL Ave. Landfill site samples received by UCLA for biomarker analysis. 
Name ID Date Collected Date Received Notes 

KL-GW-P-66 P-66 9/16/15 9/17/15 Damaged upon arrival.  Resampled on 10/19/15 
KL-GW-P-56 P-56 9/16/15 9/17/15 Damaged upon arrival.  Resampled on 10/19/15 
KL-GW-P-31 P-31 9/21/15 9/22/15 

 KL-GW-P-21 P-21 9/21/15 9/22/15 
 KL-GW-MW-13 MW-13 9/21/15 9/22/15 Nucleic acid sample lost during processing 

KL-GW-P-49 P-49 9/21/15 9/22/15 
 KL-GW-P-48 P-48 9/21/15 9/22/15 
 KL-GW-P-68 P-68 9/22/15 9/23/15 
 KL-GW-P-10711 P-10711 9/22/15 9/23/15 
 KL-GW-P-69 P-69 9/22/15 9/23/15 
 KL-GW-P-27 P-27 9/22/15 9/23/15 
 KL-GW-MW-12 MW-12 9/22/15 9/23/15 
 KL-GW-P-36 P-36 9/22/15 9/23/15 
 KL-GW-P-63 P-63 9/23/15 9/24/15 
 KL-GW-P-67 P-67 9/23/15 9/24/15 
 KL-GW-P-61 P-61 9/23/15 9/24/15 
 KL-GW-P-57 P-57 9/23/15 9/24/15 
 KL-GW-P-43 P-43 9/23/15 9/24/15 
 KL-GW-P-44 P-44 9/23/15 9/24/15 
 KL-GW-P-30 P-30 9/28/15 9/30/15 Not Used.  Location will be sampled 10/5/15 

KL-GW-MW-1 MW-1 9/28/15 9/30/15 Not Used.  Location will be sampled 10/5/15 
KL-GW-P-28 P-28 9/28/15 9/30/15 Not Used.  Location will be sampled 10/5/15 
KL-GW-P-20 P-20 9/28/15 9/30/15 Not Used.  Location will be sampled 10/5/15 
KL-GW-P-55 P-55 9/29/15 9/30/15 

 KL-GW-P-46 P-46 9/29/15 9/30/15 
 KL-GW-P-52 P-52 9/29/15 9/30/15 

 KL-GW-TW-4 TW-4 9/29/15 9/30/15 
 KL-GW-P-51 P-51 9/29/15 9/30/15 
 KL-GW-P-45 P-45 9/29/15 9/30/15 
 KL-GW-P-72 P-72 9/30/15 10/1/15 

 KL-GW-P-70 P-70 9/30/15 10/1/15 
 KL-GW-P-60 P-60 9/30/15 10/1/15 
 KL-GW-P-39 P-39 9/30/15 10/1/15 
 KL-GW-P-38 P-38 9/30/15 10/1/15 
 KL-GW-P-30 P-30 10/5/15 10/6/15 
 KL-GW-MW-1 MW-1 10/5/15 10/6/15 
 KL-GW-P-28 P-28 10/5/15 10/6/15 
 KL-GW-P-20 P-20 10/5/15 10/6/15 
 KL-GW-P-56 P-56 10/19/15 10/20/15 
 KL-GW-P-66 P-66 10/19/15 10/20/15   

 
 



Results 
Growth of Microorganisms from Groundwater Samples 
Groundwater samples plated on R2A agar are presented in Figure 1.  Microbial growth was 
evident in most samples analyzed.  Groundwater collected from P-49, MW-13, and P-29 all 
showed significant growth of bacteria.  Biomass was greatest in samples collected from P-29 
where even the most dilute concentration resulted in an overgrowth of microorganisms. 
However, very little biomass was observed in samples collected from P-31 and P-48.  The 
undiluted samples from these 2 locations had very few colonies after 18 hours of incubation.  
These results indicate that biomass varies significantly by location.  Thus, groundwater samples 
must be concentrated prior to DNA extraction to produce adequate DNA yields for gene 
abundance and expression analyses.  Based on these results, 10 mL of groundwater sample per 
location will be used for total nucleic acid extraction. 
 
 

 
Figure 1.  Presence of viable microorganisms in groundwater samples collected from P-49, MW-
13, P-29, P-31, P-48. 



Total Nucleic Acid Concentrations 
Nucleic acids were quantified using a Nanodrop Spectrophotometer.   The concentrations and 
purity from each location is presented in Table 2.  DNA concentrations are an average of 
triplicate analytical replicates.  Nucleic acid concentration ranged from 6.63 µg/L in P-72 to a 
high of 2367.47 µg/L at P-38.  It should be noted that nucleic extracts from P-38, P-45, and P-39 
had a darker pigmentation which could adversely affect concentration calculations. 
 
 
 
Table 2.  DNA Concentrations for KL Ave. Landfill Groundwater Samples 

Location 
DNA Concentration 

Mean SD 
P-63 30.83 0.85 
P-36 65.37 2.57 
MW-12 29.73 0.47 
P-27 56.97 0.81 
P-69 18.80 0.44 
P-10711 12.77 0.12 
P-68 78.10 6.26 
P-38 2367.47a 16.40 
P-45 946.40a 14.99 
TW-4 604.80b 8.49 
P-52 51.37 0.96 
P-46 9.77 0.21 
P-55 39.70 3.33 
P-44 52.17 0.85 
P-43 66.67 1.59 
P-57 38.87 0.76 
P-61 13.60 0.56 
P-67 71.93 1.91 
P-51 68.97 1.70 
P-39 480.43a 6.25 
P-60 39.90 0.10 
P-70 8.43 0.21 
P-72 6.63 0.29 
MW-1 24.93 0.15 
P-30 8.00 0.36 
P-28 19.50 0.86 
P-20 16.53 1.64 
P-56 30.97 0.61 
P-66 14.73 0.38 
aHigh concentration is attributed to dark pigmentation of nucleic acid extract in these 
samples.  Pigmentation can impact accuracy of spectrophotometric analysis. 
bDark pigmentation is not present.  High concentration is attributed to biomass. 
 
Gene Abundance: 
KL Ave. Landfill water samples were screened for the presence of 1,4-dioxane biomarkers, 
DXMO and ALDH (Figure 2).  In addition, samples were analyzed to quantify the abundance of 



sMMO and total bacteria using a universal 16S rRNA primer set (Figure 3).  Gene abundance 
analysis is used to quantify the number of bacteria that carry these specific gene targets, but it 
should be noted that this analysis is unable to provide information on the activity of these genes. 

The abundance of DXMO and ALDH are presented in Figure 2. Data presented are the average 
of 2 analytical replicates and error bars represent the range of duplicate measurements.    All 
samples locations without data were analyzed, however the results were below the method 
detection limit (DXMO = 1.46 x 101; ALDH = 2.70 x 101). DXMO and ALDH gene targets were 
found in high abundance at several locations within the KL Ave Landfill.  DXMO was present in 
concentrations ranging from 2.9 x 101 – 6.4x 103 while ALDH concentrations ranged between 
2.0 x 101 – 1.5 x 103 copies/mL, respectively.  DXMO and ALDH were both present and 
abundant at 6 locations:  P-10711, P-28, P-30, P-46, P-61and P-66.  Our studies have shown that 
the presence of both DXMO and ALDH is more likely to indicate biodegradation of 1,4-dioxane.  
ALDH was present in more locations than DXMO as expected because of the high specificity of 
DXMO for 1,4-dioxane degrading bacteria and the broad specificity of ALDH for a number of 
different bacteria carrying the gene encoding an aldehyde dehydrogenase. 



 
 

 
Figure 2.  Abundance of 1,4-dioxane biomarkers, DXMO and ALDH, in samples collected from KL Ave. Landfill. 
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KL Ave. Landfill samples were also analyzed for the abundance of sMMO and total bacteria 
(Figure 3).  Similar to the analysis for DXMO and ALDH, sample locations without data were 
below the method detection limit for these qPCR targets (sMMO = 4.31 x 102; total bacteria = 
9.80 x 102). These results show that there is high concentration of total bacteria in these samples 
ranging from 1.9 x 104 – 1.4 x 106 bacterial cells/mL and sMMO carrying microorganisms are 
clearly a dominant fraction of the microbial population (1.4 x 101 – 8.6 x 105 copies/mL).  The 
abundance of sMMO carrying bacteria may indicate the potential for cometabolism of 1,4-
dioxane.  Previous studies have shown that the induction of this monooxygenase enzyme was 
required for 1,4-dioxane biodegradation in methane oxidizing bacteria.  Quantification of the 
total bacteria also demonstrates the relative abundance of potential 1,4-dioxane degrading 
bacteria.  We determined that DXMO carrying microorganisms occupy a small fraction of the 
microbial community (0 – 5.8 %), however our previous research has shown that dioxane-
degrading bacteria as low as 2% of the total population are able to consume high concentrations 
of 1,4-dioxane.  The gene abundance data for all gene targets in KL Ave. Landfill groundwater 
samples is presented in Table 3.  



 
 
 

 
Figure 3.  Abundance of sMMO and total bacteria populations in samples collected from KL Ave. Landfill. 
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Table 3.  Gene Abundance for DXMO, ALDH, sMMO, and total bacteria in KL Ave. Landfill 
Groundwater Samples.  

Location 
DXMO (copies/mL) ALDH (copies/mL) sMMO (copies/mL) TB (copies/mL) 

Mean ± Range Mean ± Range Mean ± Range Mean ± Range 

Detection Limits 1.46 x 101 2.70 x 101 3.14 x 101 9.81 x 102 

Reporting Limit 3.35 x 101 3.64 x 101 4.31 x 102 1.41 x 103 

Negative Control BDL BDL BDL 9.81 x 102 ± 2.57 x 102 

MW-12 BDL BDL 1.39 x 103 ± 1.71 x 102 8.28 x 104 ± 1.22 x 104 

MW1 BDL BDL 5.41 x 104 ± 2.89 x 104 7.53 x 105 ± 2.13 x 105 

P-10711 5.32 x 103 ± 4.01 x 102 3.07 x 102 ± 7.92 x 101 2.48 x 103 ± 3.96 x 102 9.24 x 104 ± 1.70 x 104 

P-20 BDL 1.41 x 103 ± 1.56 x 102 1.09 x 102 ± 9.40 x 101 1.06 x 106 ± 2.52 x 105 

P-27 BDL BDL 1.03 x 105 ± 8.54 x 102 3.21 x 105 ± 4.43 x 104 

P-28 1.09 x 103 ± 2.14 x 102 4.95 x 102 ± 5.19 x 101 4.38 x 105 ± 1.36 x 105 1.65 x 105 ± 3.37 x 104 

P-30 7.93 x 101 ± 5.96 x 101 2.37 x 101 ± 1.48 x 101 3.23 x 104 ± 3.39 x 103 7.62 x 104 ± 2.09 x 104 

P-36 BDL BDL 1.96 x 102 ± 3.31 x 101 BDL 

P-38 BDL 1.97 x 101± 6.15 x 100 4.42 x 103 ± 4.72 x 103 BDL 

P-39 BDL 2.82 x 101 ± 8.36 x 100 3.50 x 104 ± 2.15 x 103 4.80 x 105 ± 1.51 x 104 

P-43 BDL 1.72 x 101 ± 1.10 x 100 9.18 x 104 ± 8.13 x 103 1.06 x 106 ± 4.61 x 104 

P-44 BDL BDL BDL BDL 

P-45 BDL BDL 9.25 x 102 ± 1.22 x 103 BDL 

P-46 3.13 x 102 ± 6.75 x 101 1.20 x 101 ± 6.27 x 100 1.54 x 104 ± 2.50 x 102 1.42 x 105 ± 1.06 x 104 

P-51 BDL 1.82 x 100 * 4.48 x 103 ± 3.38 x 102 6.93 x 104 ± 3.43 x 104 

P-52 BDL BDL 7.89 x 102 ± 1.37 x 102 2.32 x 104 ± 4.81 x 103 

P-55 BDL BDL 1.64 x 102 ± 5.19 x 101 BDL 

P-56 2.87 x 101 ± 1.13 x 101 BDL 5.47 x 103 ± 8.41 x 102 BDL 

P-57 BDL BDL 1.93 x 104 ± 3.58 x 103 5.98 x 105 ± 3.20 x 104 

P-60 BDL BDL 9.90 x 102 ± 2.57 x 102 1.78 x 105 ± 4.01 x 104 

P-61 8.75 x 101 ± 9.92 x 100 3.29 x 100 * 6.28 x 103 ± 4.57 x 102 1.87 x 104 ± 1.78 x 103 

P-63 BDL 2.91 x 101 ± 8.18 x 100 3.18 x 105 ± 2.47 x 104 1.38 x 106 ± 2.11 x 105 

P-66 6.39 x 103 ± 6.65 x 102 1.49 x 103 ± 1.85 x 102 7.10 x 104 ± 1.15 x 104 3.53 x 105 ± 4.85 x 104 

P-67 BDL 8.11 x 100 ± 3.29 x 100 2.28 x 105 ± 2.20 x 104 1.41 x 106 ± 2.14 x 105 

P-68 BDL BDL 1.43 x 101 ± 1.18 x 101 BDL 

P-69 BDL BDL 8.68 x 102 ± 2.56 x 102 1.27 x 105 ± 1.27 x 104 

P-70 BDL BDL 8.62 x 105 ± 5.35 x 104 5.47 x 105 ± 8.87 x 104 

P-72 5.81 x 101 ± 8.07 x 101 BDL 2.50 x 103 ± 6.57 x 102 1.97 x 104 ± 2.84 x 103 

TW-4 BDL BDL BDL                 BDL 
* = Amplification in only 1 of 2 duplicate samples 
Bold Italics = Below reporting limit 
  



Abundance of RNA transcripts 
DXMO, ALDH, and sMMO RNA transcripts were quantified in all groundwater samples 
received from KL Ave. Landfill (Table 4).  The abundance of RNA transcripts is not a direct 
measure of gene expression, however these targets are more associated with activity of the 
functional gene target.  Our results show that most monitoring locations at KL Ave. Landfill 
were negative for DXMO, ALDH, and sMMO transcripts.  The very low levels of RNA 
transcripts quantified at these locations is attributed  a number of factors including the instability 
of RNA and already low levels of DXMO and ALDH harboring bacteria. However, several sites 
indicate positive detections for these gene targets.   DXMO was detected in P-10711, P-20, P-36, 
P-56 (J), and P-66. Monitoring location P-66 had the highest concentrations of DXMO 
transcripts.  This site was also positive for ALDH transcripts suggesting the appropriate 
functional genes for 1,4-dioxane biodegradation are present and active. 
 
The results for DXMO at P-20 and P-36 are interesting because these locations were positive for 
RNA transcripts, but negative for gene abundance.  This finding indicates potential inhibition in 
the DNA extracts that were removed during RNA isolation. P-56 was also positive for DXMO 
RNA transcripts, albeit below the reporting limit.  This also corresponds to a positive result for 
DXMO gene abundance and negative ALDH genes and RNA transcripts.   These results for 
location P-56 indicate the presence of native 1,4-dioxane degrading bacteria at this location, and 
also suggest the presence of an external factor preventing active biodegradation. 
 
Quantification of sMMO RNA transcripts in KL Ave. Landfill groundwater samples determined 
relatively low detections of this target in all samples.  This is rather surprising given the 
concentration of sMMO genes detected in the gene abundance analysis (Figure 3 and Table 3).  
Groundwater samples from P-70 had the highest sMMO RNA transcripts in all samples 
analyzed.  This suggests that methane oxidizing bacteria are present and active and the potential 
for cometabolism of 1,4-dioxane exists at this location. 
 
 
  



Table 4.  Abundance of RNA Transcripts for 1,4-Dioxane Biomarkers and sMMO in KL Ave. 
Landfill Samples 

Location 
DXMO (Copies/mL) ALDH (Copies/mL) sMMO (Copies/mL) 

Mean ± Range Mean ± Range Mean ± Range 

MW-1 BDL BDL BDL 

MW-12 BDL BDL BDL 

P-10711 3.76 x 101 * BDL BDL 

P-20 9.83 × 101 ± 2.50 x 101 1.77 x 101 J * BDL 

P-27 BDL BDL 1.99 x 101 J * 

P-28 BDL BDL BDL 

P-30 BDL BDL BDL 

P-36 2.26 x 102 ± 5.71 x 101 4.00 x 101 ± 3.37 x 101 1.47 x 101 J * 

P-38 BDL BDL BDL 

P-39 BDL BDL BDL 

P-43 BDL BDL 2.22 x 101 J * 

P-44 BDL BDL BDL 

P-45 BDL BDL BDL 

P-46 BDL BDL BDL 

P-51 BDL BDL BDL 

P-52 BDL BDL BDL 

P-55 BDL BDL BDL 

P-56 2.03 x 101 J * BDL BDL 

P-57 BDL BDL BDL 

P-60 BDL BDL BDL 

P-61 BDL BDL BDL 

P-63 BDL BDL BDL 

P-66 4.42 x 102 ± 1.22 x 102 2.60 x 102 ± 7.67 x 101 3.00 x 101 J ± 1.52 x 100 

P-67 BDL BDL 1.23 x 102 J * 

P-68 BDL BDL BDL 

P-69 BDL BDL BDL 

P-70 BDL BDL 3.83 x 103 ±1.01 x 102 

P-72 BDL BDL BDL 

TW4 BDL 2.54 x 101 J * BDL 

NEC BDL BDL BDL 

NTC BDL BDL BDL 

NEC = No enzyme control 
NTC = No template control 
BDL = Below detection limit 
J = Below reporting limit 
* = Amplification in only 1 of 2 duplicate samples 



 
Relative Gene Expression Analyses 
We determined the relative expression of DXMO, ALDH, and sMMO in groundwater samples 
collected from KL Ave. Landfill and these results are presented in Figures 4 and 5. The 
expression of target genes was determined relative to the housekeeping gene, rpoD, and relative 
to the RNA transcripts at monitoring location P-39.  While both P-38 and P-39 were candidate 
locations for normalization, P-39 was chosen due to the likelihood of qPCR inhibitors at P-38 
(Table 3; total bacteria = BDL).  One caveat of this approach in low biomass environments is 
associated with the error introduced when quantifying relative differences in gene expression for 
samples that are below the detection limit for the target genes, but have varying concentrations of 
the housekeeping gene.  This situation may result in over or under estimations of gene 
expression. Because of this limitation, only locations that were positive for RNA transcripts will 
be considered relevant results.  Relevant results are shown in the red boxes in Figures 4 and 5. 
 
Overall, the expression of DXMO, ALDH, and sMMO was very low relative to the 
housekeeping gene rpoD and their levels at location P-39.  P-10711, P-20, and P-36 had positive 
detections for DXMO, but DXMO remains at levels similar to the control location (Figure 4).  
Interestingly, ALDH is much lower at P-20 suggesting the presence of an inhibitor that prevents 
1,4-dioxane biodegradation. 



 

 
 
Figure 4. Relative expression of 1,4-Dioxane Biomarkers and sMMO in KL Ave. Landfill Samples (MW-1 – P-51).   
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Monitoring location P-66 is the most promising of all the samples analyzed.  P-66 had high 
concentrations of gene abundance and RNA transcripts (Tables 3 and 4).  In addition, the relative 
gene expression for DXMO and ALDH are among the highest observed in environmental 
samples.  Expression of DXMO and ALDH was approximately 2 orders of magnitude higher 
than the control (Figure 5).  This finding suggests that microorganisms containing the dioxane 
monooxygenase and aldehyde dehydrogenase enzymes necessary for 1,4-dioxane metabolism 
and cometabolism are both present and active at this location. 
 
Interestingly, the only location exhibiting high expression for sMMO was P-70.  The abundance 
of sMMO genes and RNA transcripts at this location was 8.62 x 105 copies/mL and 3.83 x 103 
copies/mL, respectively.  This finding suggests that this location has an abundant and active 
methane oxidizing microbial population.  Further, the soluble methane monooxygenase is highly 
expressed indicating the potential for 1,4-dioxane cometabolism at this location. 
 



 
 
Figure 5.  Relative Gene Expression of 1,4-Dioxane Biomarkers and sMMO at KL Ave. Landfill (P-52 – TW4). 
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QA/QC for qPCR Analyses 
QA/QC samples for qPCR analyses included positive controls for each primer set, negative 
controls where high purity water was substituted in place of DNA template.  Serial dilutions of 
the positive controls were used to construct standard curves for quantification of environmental 
samples.  Positive controls were diluted until fluorescent signal was no longer reliably detected 
and this point defined the method detection limit.  The reporting limit was defined as the lowest 
concentration on the standard curve with high reproducibility.  Negative controls did not contain 
any DNA and was used to ensure cross-contamination did not occur and to identify background 
fluorescence of Sybr green dye with primers also known as primer-dimers.  Only the total 
bacteria primer set was positive for this condition.  Thus, the method detection and reporting 
limits for total bacteria are the highest for all primer sets. 
 
QA/QC for the cDNA synthesis reactions included a no enzyme controls and  a no template 
control.  The no enzyme control is used to confirm the removal of genomic DNA.  
Contaminating genomic DNA results in overestimation of the number of RNA transcripts in the 
sample.  The no template control is used to confirm the purity of the reagents used in the cDNA 
synthesis reactions and our results were negative for reagent contamination.  RNA from 
monitoring location P-69 was used in the no enzyme control and the results were negative for 
contaminating DNA. 

Summary 
Our results show the advantages and limitations of relative gene expression in complex samples.  
Insights into the potential for 1,4-dioxane biodegradation at this site must must take into account 
the abundance of gene targets, RNA transcripts, and the relative changes of these functional 
genes. 
 

1. Bacteria harboring DXMO and ALDH are present at select locations within KL Ave. 
Landfill site.   

2. Detections of both DXMO and ALDH at P-10711, P-28, P-30, P-46, P-61, and P-66 is a 
promising sign of potential attenuation by microorganisms native to the site. 

3. Cometabolism of 1,4-dioxane is very promising at this site because of the high abundance 
of sMMO genes found throughout most of the monitoring locations analyzed. 

4. Gene expression analyses supports potential 1,4-dioxane degrading bacteria are present 
and active at P-10711, P-20, P-36, and P-66. 

5. P-66 had the highest concentrations of DXMO and ALDH genes and RNA transcripts 
indicating this location should be further examined for natural attenuation of 1,4-dioxane. 

6. An abundant and active microbial population carrying the sMMO gene was identified at 
location P-70 suggesting potential cometabolism of 1,4-dioxane. 
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1.) KALAMAZOO COUNTY PORTION OF THE BASE MAP TAKEN FROM CADD FILE OSH-WA-1,

TITLED "CHARTER TWP OF OSHTEMO WATER FEASIBILITY STUDY", DATED 11/16/99, BY PREIN &

NEWHOF. ADDITIONAL UPDATES BASED ON KALAMAZOO COUNTY ONLINE GIS MAPPING

(www.Irpmaps.com).

2.) THE PROPERTY LOCATED AT THE SOUTHEAST CORNER OF ALMENA DRIVE AND 4TH STREET

(FORMERLY 9069) IS SHOWN AS SUBDIVIDED INTO 3 PARCELS PER THE CLIENT'S

REPRESENTATIVE'S INSTRUCTIONS.

3.) BLOCK AND LOT INFORMATION AND WELL LOCATIONS BETWEEN 22ND STREET 2ND STREET

WERE DIGITIZED FROM GROUNDWATER MAP FROM KALAMAZOO COUNTY HUMAN SERVICES

DEPT., ENVIRONMENTAL HEALTH.

4.) BLOCK AND LOT INFORMATION WEST OF 22ND STREET WERE DIGITIZED FROM TAX MAP

DOWNLOADED FROM VAN BUREN COUNTY COMMUNITY CENTER WEB SITE (WWW.VBCO.ORG).
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REFERENCESNOTES

1.) ALL LOCATIONS ARE APPROXIMATE.

2.) UNLESS OTHERWISE SHOWN, PARCELS WITHIN THE GRZ BOUNDARY ARE

CONNECTED TO MUNICIPAL WATER.

3.) GRZ WITHIN THE CHADDSFORD WAY SUBDIVISION IS LIMITED TO THE

DEEPER (IMPACTED) PORTION OF THE AQUIFER (GROUNDWATER BELOW THE

CLAY LAYER PRESENT AT APPROXIMATELY 90 TO 120 FEET BELOW GROUND

SURFACE). PURSUANT TO THE EXPLANATION OF SIGNIFICANT DIFFERENCES

PREPARED BY EPA DATED JUNE 23, 2104.

4.) 1,4-DIETHYLENE DIOXIDE RESULTS FROM SPRING OR FALL 2015 AS NOTED.

HEAT PUMP SUPPLY WELL

UTILITY CORRIDOR

GROUNDWATER RESTRICTED ZONE (GRZ) BOUNDARY SPECIFIC TO

CHADDSFORD WAY (SEE NOTE 3)

(ND)
1,4-DIETHYLENE DIOXIDE (FALL 2015) (ug/L)

85

ISOCONCENTRATION CONTOUR (1,4-DIETHYLENE DIOXIDE)

(ND)
1,4-DIETHYLENE DIOXIDE (SPRING 2015) (ug/L)

WELLS USED TO PLATE FOR VIABLE ORGANISMS
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1.) KALAMAZOO COUNTY PORTION OF THE BASE MAP TAKEN FROM CADD FILE OSH-WA-1,

TITLED "CHARTER TWP OF OSHTEMO WATER FEASIBILITY STUDY", DATED 11/16/99, BY PREIN &

NEWHOF. ADDITIONAL UPDATES BASED ON KALAMAZOO COUNTY ONLINE GIS MAPPING

(www.Irpmaps.com).

2.) THE PROPERTY LOCATED AT THE SOUTHEAST CORNER OF ALMENA DRIVE AND 4TH STREET

(FORMERLY 9069) IS SHOWN AS SUBDIVIDED INTO 3 PARCELS PER THE CLIENT'S

REPRESENTATIVE'S INSTRUCTIONS.

3.) BLOCK AND LOT INFORMATION AND WELL LOCATIONS BETWEEN 22ND STREET 2ND STREET

WERE DIGITIZED FROM GROUNDWATER MAP FROM KALAMAZOO COUNTY HUMAN SERVICES

DEPT., ENVIRONMENTAL HEALTH.

4.) BLOCK AND LOT INFORMATION WEST OF 22ND STREET WERE DIGITIZED FROM TAX MAP

DOWNLOADED FROM VAN BUREN COUNTY COMMUNITY CENTER WEB SITE (WWW.VBCO.ORG).
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REFERENCESNOTES

1.) ALL LOCATIONS ARE APPROXIMATE.

2.) UNLESS OTHERWISE SHOWN, PARCELS WITHIN THE GRZ BOUNDARY ARE

CONNECTED TO MUNICIPAL WATER.

3.) GRZ WITHIN THE CHADDSFORD WAY SUBDIVISION IS LIMITED TO THE

DEEPER (IMPACTED) PORTION OF THE AQUIFER (GROUNDWATER BELOW THE

CLAY LAYER PRESENT AT APPROXIMATELY 90 TO 120 FEET BELOW GROUND

SURFACE). PURSUANT TO THE EXPLANATION OF SIGNIFICANT DIFFERENCES

PREPARED BY EPA DATED JUNE 23, 2104.

4.) 1,4-DIETHYLENE DIOXIDE RESULTS FROM SPRING OR FALL 2015 AS NOTED.

HEAT PUMP SUPPLY WELL

UTILITY CORRIDOR

GROUNDWATER RESTRICTED ZONE (GRZ) BOUNDARY SPECIFIC TO

CHADDSFORD WAY (SEE NOTE 3)

(ND)
1,4-DIETHYLENE DIOXIDE (FALL 2015) (ug/L)
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ISOCONCENTRATION CONTOUR (1,4-DIETHYLENE DIOXIDE)

(ND)
1,4-DIETHYLENE DIOXIDE (SPRING 2015) (ug/L)

DXMO BIOMARKER DETECTED

DXMO BIOMARKER NOT DETECTED
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1.) KALAMAZOO COUNTY PORTION OF THE BASE MAP TAKEN FROM CADD FILE OSH-WA-1,

TITLED "CHARTER TWP OF OSHTEMO WATER FEASIBILITY STUDY", DATED 11/16/99, BY PREIN &

NEWHOF. ADDITIONAL UPDATES BASED ON KALAMAZOO COUNTY ONLINE GIS MAPPING

(www.Irpmaps.com).

2.) THE PROPERTY LOCATED AT THE SOUTHEAST CORNER OF ALMENA DRIVE AND 4TH STREET

(FORMERLY 9069) IS SHOWN AS SUBDIVIDED INTO 3 PARCELS PER THE CLIENT'S

REPRESENTATIVE'S INSTRUCTIONS.

3.) BLOCK AND LOT INFORMATION AND WELL LOCATIONS BETWEEN 22ND STREET 2ND STREET

WERE DIGITIZED FROM GROUNDWATER MAP FROM KALAMAZOO COUNTY HUMAN SERVICES

DEPT., ENVIRONMENTAL HEALTH.

4.) BLOCK AND LOT INFORMATION WEST OF 22ND STREET WERE DIGITIZED FROM TAX MAP

DOWNLOADED FROM VAN BUREN COUNTY COMMUNITY CENTER WEB SITE (WWW.VBCO.ORG).
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REFERENCESNOTES

1.) ALL LOCATIONS ARE APPROXIMATE.

2.) UNLESS OTHERWISE SHOWN, PARCELS WITHIN THE GRZ BOUNDARY ARE

CONNECTED TO MUNICIPAL WATER.

3.) GRZ WITHIN THE CHADDSFORD WAY SUBDIVISION IS LIMITED TO THE

DEEPER (IMPACTED) PORTION OF THE AQUIFER (GROUNDWATER BELOW THE

CLAY LAYER PRESENT AT APPROXIMATELY 90 TO 120 FEET BELOW GROUND

SURFACE). PURSUANT TO THE EXPLANATION OF SIGNIFICANT DIFFERENCES

PREPARED BY EPA DATED JUNE 23, 2104.

4.) 1,4-DIETHYLENE DIOXIDE RESULTS FROM SPRING OR FALL 2015 AS NOTED.

HEAT PUMP SUPPLY WELL

UTILITY CORRIDOR

GROUNDWATER RESTRICTED ZONE (GRZ) BOUNDARY SPECIFIC TO

CHADDSFORD WAY (SEE NOTE 3)

(ND)
1,4-DIETHYLENE DIOXIDE (FALL 2015) (ug/L)

85

ISOCONCENTRATION CONTOUR (1,4-DIETHYLENE DIOXIDE)

(ND)
1,4-DIETHYLENE DIOXIDE (SPRING 2015) (ug/L)

ALDH BIOMARKER DETECTED

ALDH BIOMARKER NOT DETECTED
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1.) KALAMAZOO COUNTY PORTION OF THE BASE MAP TAKEN FROM CADD FILE OSH-WA-1,

TITLED "CHARTER TWP OF OSHTEMO WATER FEASIBILITY STUDY", DATED 11/16/99, BY PREIN &

NEWHOF. ADDITIONAL UPDATES BASED ON KALAMAZOO COUNTY ONLINE GIS MAPPING

(www.Irpmaps.com).

2.) THE PROPERTY LOCATED AT THE SOUTHEAST CORNER OF ALMENA DRIVE AND 4TH STREET

(FORMERLY 9069) IS SHOWN AS SUBDIVIDED INTO 3 PARCELS PER THE CLIENT'S

REPRESENTATIVE'S INSTRUCTIONS.

3.) BLOCK AND LOT INFORMATION AND WELL LOCATIONS BETWEEN 22ND STREET 2ND STREET

WERE DIGITIZED FROM GROUNDWATER MAP FROM KALAMAZOO COUNTY HUMAN SERVICES

DEPT., ENVIRONMENTAL HEALTH.

4.) BLOCK AND LOT INFORMATION WEST OF 22ND STREET WERE DIGITIZED FROM TAX MAP

DOWNLOADED FROM VAN BUREN COUNTY COMMUNITY CENTER WEB SITE (WWW.VBCO.ORG).
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REFERENCESNOTES

1.) ALL LOCATIONS ARE APPROXIMATE.

2.) UNLESS OTHERWISE SHOWN, PARCELS WITHIN THE GRZ BOUNDARY ARE

CONNECTED TO MUNICIPAL WATER.

3.) GRZ WITHIN THE CHADDSFORD WAY SUBDIVISION IS LIMITED TO THE

DEEPER (IMPACTED) PORTION OF THE AQUIFER (GROUNDWATER BELOW THE

CLAY LAYER PRESENT AT APPROXIMATELY 90 TO 120 FEET BELOW GROUND

SURFACE). PURSUANT TO THE EXPLANATION OF SIGNIFICANT DIFFERENCES

PREPARED BY EPA DATED JUNE 23, 2104.

4.) 1,4-DIETHYLENE DIOXIDE RESULTS FROM SPRING OR FALL 2015 AS NOTED.

HEAT PUMP SUPPLY WELL

UTILITY CORRIDOR

GROUNDWATER RESTRICTED ZONE (GRZ) BOUNDARY SPECIFIC TO

CHADDSFORD WAY (SEE NOTE 3)

(ND)
1,4-DIETHYLENE DIOXIDE (FALL 2015) (ug/L)

85

ISOCONCENTRATION CONTOUR (1,4-DIETHYLENE DIOXIDE)

(ND)
1,4-DIETHYLENE DIOXIDE (SPRING 2015) (ug/L)

DXMO RNA TRANSCRIPTS DETECTED

DXMO RNA TRANSCRIPTS NOT DETECTED



O

N

 

G

O

L

D

E

N

 

P

O

N

D

LAKE

SPRINGWOOD

A

L

M

E

N

A

 

D

R

I

V

E

2
N

D
 
 
S

T
.

WEST MAIN ST.

OAK FOREST CIR.

4
T

H
 
 
 
S

T
.

1
S

T
 
 
S

T
.

WEST KL AVENUE

KL AVENUE

LANDFILL

LAKE

DUSTIN

S
K

Y
V

I
E

W
 
 
D

R
I
V

E

2
2

N
D

 
 
S

T
.
 
(
V

A
N

K
A

L
)

2
3

R
D

 
 
S

T
.

3
R

D
 
 
S

T
.

2
N

D
 
 
S

T
.

WJ AVENUE

5
T

H
 
 
S

T
.

W

I
C

K

F

O

R

D

 
D

R

.

BREKKE LN.

GOLDEN

POND CIR.

S

U

N

N

Y

W

O

O

D

 

D

R

.

WOOD DR.

S

U

M

M

E

R

S

E

T

D

R

.

N

A

P

L

E

S

 

C

T

.

W

I

N

T

E

R

W

O

O

D

L
A

G
U

N
A

 
C

I
R

.

C

O

U

N

T

Y

 

R

D

 

6

5

2

A

U

T

U

M

N

W

O

O

D

 
C

I
R

.

A

M

B

E

R

 
C

I
R

.

B

I

G

 

R

O

C

K

 

R

O

A

D

U
T

I
L

I
T

Y
 
C

O
R

R
I
D

O
R

38TH AVENUE

WEST KL AVENUE

VAP-8

VAP-6

VAP-5

VAP-9

VAP-3

VAP-2

VAP-4

VAP-1

VAP-7

DW-38

S

U

N

S

E

T

DRIVE

R
D

.
O

S
H

T
E

M
O

OSHTEMO CT.

9191

9267

9332

9366

1150

9337

DW-40

S
O

U
T

H
 
2

N
D

 
S

T
R

E
E

T

C
H

A
D

D

F

O

R

S

D
R

.
D

S

P

R

I

N

G

P
R

I
V

A
T

E
 
R

D

U
T

I
L

I
T

Y
 
C

O
R

R
I
D

O
R

142

623-625

675

489

375

241

81

591

96

301

421

557-559

376

318

11

42

10282

218

10580

870

10310

10280

10290

10145

10286

10279

10211

10167

10037

10410

10360

10154

933

864

10294

868

10245

890

9069

9140

1186

502

9316

9135

10515

965

1209

1241

1335

1429

1463

928

1424

1456

1490

1522

1560

1204

1234

1392

1330

1266

1497

1531

1565

1397

10633

200

10236

430

350

486

562

622

710

682

10935

10975

1484

10807

1376

1300

1224

958

10725

10640

9702

670

10589

1070010726

10750108301088410950749

697

643

467

457

357

151

18

118

100

37920

37720

37622

37454

37320

37052

37032

36886

36460

36354

36272

35904

35824

35742

35452

35584

35382

35180

35082

34934

34666

22108

33500

33458

33050

33030

22391

32630

32362

32293

32521

23202

23289

23197

23151

23017

22777

22727

22569

22631

22550

22576

22674

22734

22806

22934

22866

22980

23110

22462

265

65

9678

1300

1202

952

1012

1076

1132

1376

1314

1256

9754

1385

1031

1143

1181

1249

1311

10300

10454
10502

10520

1054010606

10666

10850

10890

10894

10656

1710

31150

31120

31620

31910

1091

10034

890

10033 10017

1088

1218

1258

1288

1263

1233

1173

1105

1023

985

951

887

10172

976

30921

31265

31561

31599

31705

31819

31509

32100

9570

10769

31162

2066

10256

920

9870

10405

10848

1305

745

9237

9825

21

55

1050

1082

1144

1174

1179

1149

1087

9919

9861

1262

10725

2300

2750

22722

22800

22858

23008

33555

23088

22637

22967

23160

23322

23490

33359

33293

33175

33096

33250

33372

33382

33590

33714

33886

33000

32960

32184

32950

32940

32900

33100

32440

32510

32172

32160

31664

32770

32850

32808

33016

30476

31338

31086

30850

30644

30432

30202

29260

29861

29711

29730

29606

29472

655

578

608

530

550

636

664

765

733

705

681

611

575

545

525

510

764

732

698

9347

9419

(ND)

(ND)

(ND)

(ND)

(ND)

(ND)

(ND)

(ND)

(ND)

(ND)

(ND)

(ND)

(ND)

(ND)

(ND)

(ND)

(ND)

(ND)

(1.8)

(ND)

(ND)

(1.2)

(ND)

(ND)

(ND)

(ND)

(ND)

(ND)

(ND)

(ND)

(ND)

(ND)

(ND)

(ND)

(ND)

(ND)

(ND)

(ND)

(ND)

(ND)

(ND)

(ND)

(9)

(ND)

(ND)

(4)

(ND)

(ND)

(ND)

(ND)

(3)

(39)

(4.4)

(ND)

(ND)

(ND)

(ND)

(ND)

(ND)

(ND)

(ND)

(ND)

(ND)

(ND)

(ND)

1638

(ND)

960

200

8

5

8
5

3

0

0

2

0

0

8

5

8

5

2

0

0

3

0

0

DW-18/P-47

DW-22

DW-21

DW-20

DW-16

DW-15

DW-14

DW-13

P-55

P-49

DW-17/P-46

P-53

P-50

P-51

P-52

DW-12

P-54

MW-7

MW-2

MW-3

MW-6

TW-5

TW-6

MW-1

M-8

TW-4

M-2

P-18(t)

MW-16

M-1

TW-2

MW-10

MW-12

TW-4

MW-13

P-23

P-26

DW-11

VP-M

90E

90F

P-2(t)

P-3(t)

P-7(t)

P-13(b)

P-15(m)

TW-3

P-14(t)

P-16(D)

P-12(t)

P-11(b)

P-9(D)

P-8(b)

P-1

P-4(D)

KL/VP-A

P-22

DW-32

DW-30

DW-6

DW-29

DW-25

DW-28

DW-3

DW-4

DW-8

DW-5

DW-27

DW-10

DW-9

P-62

P-58

P-45

P-60

P-59

P-32

P-33

P-34

P-21

P-27

P-64

P-37

P-61

P-56

P-42

P-35

P-43

P-44

P-36

P-38

P-39

90D

DW-37

P-69

DW-41

P-71

DW-44

P-74

DW-42

P-72

DW-43

P-73

DW-45

P-75

DW-35

P-67

DW-36

P-68

DW-33

P-65

DW-26

P-57

DW-7

P-41

P-40

P-24

P-25

P-5(t)

P-6(b)

DW-31

P-63

DW-34

P-66

P-76

(58)

(260)

(47)

(27)

(20)

(76)

(150)

(100)

(9.6)

(100)

(26)

(21)

(ND)

(2.9)

(1.8)

(220)

(150)

(120)

(8.4)

(110)

(190)

(190)

(65)

(33)

(6.3)

(24)

(26)

(23)

(38)

(54)

(110)

(2.3)

(ND)

(1.2)

(ND)

(ND)

(ND)

(ND)

(ND)

(ND)

(50)

(ND)

(230)

(40)

(420)

(37)

(33)

(140)

(16)

(55)

(200)

(ND)

P-77

DW-46

(1.6)

(3.4)

(1.7)

(3.4)
(2.6)

(8.2)

(7)

(3)

(5.4)

(6.3)

(6.6)

(6)

(3.4)

(ND)

(ND)

(1.1)

(1.8)

(1.2)

(2.4)

(1)

MW-14

MW-15

(ND)

(2.6)

(ND)

(ND)

(8.8)

(5.7)

(ND)

(ND)

DW-2

P-30

P-31

(300)

(170)

DW-1

P-28

P-29

(370)

(51)

DW-19

P-48

P-19

P-20

(82)

(81)

P-10711

(130)

DW-39

P-70

(25)

1.) KALAMAZOO COUNTY PORTION OF THE BASE MAP TAKEN FROM CADD FILE OSH-WA-1,

TITLED "CHARTER TWP OF OSHTEMO WATER FEASIBILITY STUDY", DATED 11/16/99, BY PREIN &

NEWHOF. ADDITIONAL UPDATES BASED ON KALAMAZOO COUNTY ONLINE GIS MAPPING

(www.Irpmaps.com).

2.) THE PROPERTY LOCATED AT THE SOUTHEAST CORNER OF ALMENA DRIVE AND 4TH STREET

(FORMERLY 9069) IS SHOWN AS SUBDIVIDED INTO 3 PARCELS PER THE CLIENT'S

REPRESENTATIVE'S INSTRUCTIONS.

3.) BLOCK AND LOT INFORMATION AND WELL LOCATIONS BETWEEN 22ND STREET 2ND STREET

WERE DIGITIZED FROM GROUNDWATER MAP FROM KALAMAZOO COUNTY HUMAN SERVICES

DEPT., ENVIRONMENTAL HEALTH.

4.) BLOCK AND LOT INFORMATION WEST OF 22ND STREET WERE DIGITIZED FROM TAX MAP

DOWNLOADED FROM VAN BUREN COUNTY COMMUNITY CENTER WEB SITE (WWW.VBCO.ORG).
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REFERENCESNOTES

1.) ALL LOCATIONS ARE APPROXIMATE.

2.) UNLESS OTHERWISE SHOWN, PARCELS WITHIN THE GRZ BOUNDARY ARE

CONNECTED TO MUNICIPAL WATER.

3.) GRZ WITHIN THE CHADDSFORD WAY SUBDIVISION IS LIMITED TO THE

DEEPER (IMPACTED) PORTION OF THE AQUIFER (GROUNDWATER BELOW THE

CLAY LAYER PRESENT AT APPROXIMATELY 90 TO 120 FEET BELOW GROUND

SURFACE). PURSUANT TO THE EXPLANATION OF SIGNIFICANT DIFFERENCES

PREPARED BY EPA DATED JUNE 23, 2104.

4.) 1,4-DIETHYLENE DIOXIDE RESULTS FROM SPRING OR FALL 2015 AS NOTED.

HEAT PUMP SUPPLY WELL

UTILITY CORRIDOR

GROUNDWATER RESTRICTED ZONE (GRZ) BOUNDARY SPECIFIC TO

CHADDSFORD WAY (SEE NOTE 3)

(ND)
1,4-DIETHYLENE DIOXIDE (FALL 2015) (ug/L)

85

ISOCONCENTRATION CONTOUR (1,4-DIETHYLENE DIOXIDE)

(ND)
1,4-DIETHYLENE DIOXIDE (SPRING 2015) (ug/L)

WELLS USED FOR RELATIVE GENE EXPRESSION ANALYSIS
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QAPP for CSIA

1.0       Purpose and Application

This QAPP document outlines the steps used for measurement of the Compound-Specific Isotopic
Analysis (CSIA) in volatile organic compounds (VOC’s) in a water or soil sample. The VOC’s are
introduced through a purge and trap concentrator, cryo-focused onto the capillary column of a gas
chromatograph (GC), separated on that GC, chemically converted to gas and finally detected by an
isotopic ratio mass spectrometer (IRMS).

2.0      Method Summary

This procedure provides conditions and methods for the quality controlled measurement of the compound
specific isotopic ratios of the carbon of VOC’s in water. The VOC’s are removed from the sample by
purge-and-trap. The trapped VOC’s are then cryo-focused and injected into a gas chromatograph (GC).
The GC is temperature and pressure programmed to separate the volatile organic compounds. Those
compounds are then combusted into a gas. That gas is then measured in an isotope ratio mass spectrometer
(IRMS) and the isotope ratio is calculated from the results of that analysis, expressed as del.

2.1       Definitions

Analytical Batch:  a group of ten (10) samples or fewer that are prepared and analyzed together.

Blank: A sample that is prepared in the laboratory and contains only water and is free of the compounds of
interest.

Duplicates: Two sub-samples of the same sample analyzed within a short time interval. These sub-samples
are to be taken from separate vials. Because of the limited dynamic range of this analysis, samples with
multiple analytes often have to be run at multiple dilutions. When a duplicate is run, it is only run at one
dilution.

Laboratory Control Sample: (LCS) Sample matrix free from analytes of interest, spiked with analytes
whose isotopic ratio has previously been measured.  An LCS is used to assess the performance of the
measurement system. LCS’s are prepared from the same stock but at two different concentrations
(“LCS_HI” and “LCS_LO”). Since CSIA measures isotopic ratio and not concentration, the result of the
CSIA measurement for the high concentration should be equal to the result from the low concentration
sample, within experimental error.

Surrogate: An organic compound which is similar to the target analytes in chemical composition and
behavior, but is not normally found in environmental samples. Surrogates are added to each standard and
sample so that their isotopic ratio can be measured in the same analysis in which the target analytes are
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measured. Since the isotopic ratio of the surrogate is known from previous independent measurements, its
use provides a quality assurance tool.

Reference Standard: For present purposes this an externally provided standard, either a gas evolved from a
NIST/IEAE reference material, or a purchased gas that has been calibrated against NIST/IAEA standards
by outside analysis and for which a certificate of analysis (COA) is available.

Working Standard: For present purposes, this is the gas that has been calibrated and is used as the
reference peak in the IRMS for the CSIA analyses.

2.2       Method Limitations

Interferences from volatile materials used in the laboratory may occur.  Analysis of blanks provides
information about the presence of laboratory contaminants or potential remnants (“carry-over”) from
analysis of a highly contaminated sample. The chances of the latter can be greatly reduced by preliminary
inspection of the chromatograms produced from analysis of all samples on a concentration based
instrument equipped with the same analytical column.

Another limitation is introduced by the instrumentation. While an IRMS is a mass spectrometer, it is
designed with a focus not upon identification, but upon measurement of isotopic ratios. As such an IRMS
is not a selective detector. If one or more contaminants elute at the same time that a target contaminant
elutes, the IRMS can not distinguish between those components. Because of this a traditional scanning
mass spectrometer is used in the preliminary concentration measurement discussed above. This assures
that any potential co-elution problems would be identified. Additionally, a measurement of the
concentration and a rough response factor (generated from the LCS_HI and LCS_LO) allow calculation of
the expected area. If the result is greatly in excess of that expectation, co-elution should be suspected.
Since the presence of co- eluting compounds will affect the reported del, for each target analyte in a
sample the presence or absence of co-eluting compounds is documented on the final report.

The last limitation is in the nature of this measurement. In volatile concentration analyses, matrix spikes
are analyzed to assess any potential matrix effects and their impact upon the accuracy of the measurement
methodology. This type of concentration based assessment of accuracy is not applicable to use in isotopic
ratio measurements. Indeed, the use of matrix spikes and matrix spike duplicates yield meaningless results
in CSIA and doing them would only lead to an inaccurate assessment of the data quality. For isotopic ratio
measurements, the use of surrogates is the best tool for measuring analytical accuracy.

3.0       Apparatus, Materials, and Operating Conditions

3.1       Apparatus:

Autosampler
Purge and Trap Concentrator (P&T)
Cryo-focusing Concentrator
Gas Chromatograph (GC)
Interface
IRMS

3.2       Material
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Analytical Column
Gas tight syringes
Volumetric Flask
VOA vials

4.0       Reagents

Helium
Liquid Nitrogen
Nitrogen
Oxygen
Carbon Dioxide

4.1       Standard Preparation Procedures

For most VOC’s it is not possible to purchase commercial standards for which the isotopic ratio is known.
Rather, the VOC’s used as surrogates and those used in the LCS mixture are measured through a
procedure that has been conducted independently of any client sample analysis. That same procedure is
also used to assess the practical quantitation limit (PQL) of each VOC.

The PQL is the lowest concentration that has neither a) a range of del values exceeding 1 per mil in width
nor b) an average isotopic ratio more than 1 per mil different than the average del measured in all higher
concentrations that have an area response of 200 Vs or less. For use as a standard, the isotopic ratio is
taken as the average measured from the PQL up to the maximum measurable concentration, inclusive.

Method detection limit (MDL) is referred to as Practical Quantitation Limit (PQL) for CSIA.

People very typically want to know reporting limits for CSIA.  What they mean is “what is the minimum
concentration that is needed for a valid CSIA measurement?” This is not just semantics, it belies a
fundamental difference between CSIA and concentration measurements. They are not similar, they are
orthogonal. While the CSIA instrument does produce a peak for each analyte and the area of that peak
does correlate to the concentration of the analyte, we do not calibrate the instrument to measure
concentration but prefer to use EPA approved methods such as SW846-8260 to measure concentration.
As such, our PQLs are actually in units of area. From those the approximate minimum concentration can
be calculated, but it should be realized that this is only an approximation, not a rigorous limit such as a
PQL for a concentration measurement.

Gas tight syringes are used when making working standards, initial calibration standards, LCS’s, and all
other dilutions.

4.2       Glassware, Storage Requirements for Reagents and Standards

All standards are stored in PTFE-sealed glass containers. Samples are stored at or below 6°C.

5.0       Procedure
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Water or soil samples must be cooled to 6ºC or lower upon collection and shipped to the laboratory in 40
mL VOA vials with Teflon septa or 4 oz glass jars. Water samples to be analyzed for chlorinated solvents
are to be preserved with hydrochloric acid (HCl) to a pH of 2 or less. In properly preserved and cooled
samples holding time is not considered to be an issue.

5.1       Sample Preparation

Upon receipt the samples are logged in for VOC analysis via P&T/GC/MS (8260). When possible, the
samples are analyzed for CSIA with no dilution (DF1). However, if the concentration results indicate that
there is a potential for CSIA system contamination or that dilution is necessary for proper isotope ratio
measurement, the samples are diluted accordingly.

5.2       Calibration

The calibration that is employed is the use of an internal “standard” (IS). The IS is the working standard. It
is obtained from a tank of pure gas, and does not pass through the GC. Instead the IS is automatically
injected into the IRMS.

This IS is used in each analysis. Multiple pulses of this standard are introduced directly into the IRMS
during a GC run, and the isotopic ratio of each is reported. The second pulse is used as the internal
standard. The others serve as indicators of the precision of the IRMS and the consistency of the
measurements throughout an analysis.

5.3       Sample Analysis

A 25 mL aliquot is taken from the 40 mL vial by the auto sampler.  Surrogate standards are added.  The
aliquot is then transferred to the concentrator sparge vessel for purging. The VOC’s are concentrated via a
purge and trap technique, cryo-focused onto the “head” of a GC column, and then separated on that
column via pressure controlled injection and temperature programming. Upon elution the analytical
stream is introduced to a thermal combustion unit that has been pretreated with oxygen and converts the
carbon in the VOC’s to CO2. That CO2 is then passed into the IRMS where it is ionized, focused and
separated by mass, i.e. the signals are I44, I45, and I46 (the “I” refers to intensity and the subscripts refer
to the three principle formula weights of CO2). For each signal, there is a “background” and the peak is
measured as a transient rise in the signal above that background.

Results can only be reported from a CSIA once all of the QC criteria outlined in section 5.4 are met or any
exceptions are handled according to section 5.5.

5.4       Quality Control Analyses

Beyond the calibration described above, there is a host of analyses that are done to support the validity of
CSIA results. These are separated into three groups: daily QC, analytical batch QC and single analysis
QC.

Each day an IRMS linearity check must be run. The goal of the linearity check is to make sure that there is
no correlation between the peak area and the measured isotopic ratio.
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Quality control samples are required in each analytical batch. An analytical batch is defined as a set of ten
(10) or fewer client samples. In each batch there must be a blank, an LCS_LO, an LCS_HI, and two field
sample duplicates. By policy we will not do matrix spike and matrix spike duplicate analyses. These
analyses yield meaningless results in CSIA and doing them would only lead to an inaccurate assessment
of the data quality.

The surrogate compound is added to every sample. It is added by the autosampler, just prior to purging.
Since this technique does not separate the analytes by mass, it is possible that the surrogates co-elute with
something in the sample. If this occurs, the criterion for isotopic ratio may not be met, and this needs to be
detailed in the case narrative of the client report.

Blanks are prepared and analyzed at least once per batch, and prepared at the same time as the analytical
batch using the same procedures.  If there are any “hits” in the blank, they should have an area no greater
than the PQL.

All reported components shall be spiked into the laboratory control samples. The LCS measurements
serve two purposes. The first is accuracy. The second purpose is to show that isotopic ratio measurements
are independent of concentration.

A second aliquot of a particular dilution of a field sample is analyzed as a duplicate once per ten field
samples.

5.5       Processing Out-of-Control or Unacceptable Data

Any QC that is unacceptable must be carefully examined. If there is any possibility that the problems that
caused the out-of-control QC also compromised client results, than all samples associated with the out-of-
control quality control samples must be reanalyzed (with the exception of matrix interference seen in
surrogate measurements).  If examination of the analytical records reveals that the problems are
identifiable and that either those problems were due to interference from the client samples or to analytical
problems which did not affect the client samples, the results can be reported to the client along with a
detailed case narrative explaining the problem.

6.0        Safety

Standards used in this SOP should be handled in the fume hood.  Safety glasses are mandatory in all
laboratory areas and gloves should be worn when handling samples, standards, and reagents. For other
safety concerns, consult Chemical Hygiene Plan.  Material Safety Data Sheets for all compounds used in
this procedure are available in the CSIA laboratory.
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VADOSE ZONE FATE AND TRANSPORT MODELING 

Vadose Zone Model 
A vadose zone fate and transport model was constructed using the USEPA software program VLEACH 

(USEPA, 2007). VLEACH is a one-dimensional, finite difference model that can be used to assess the 

leaching of volatile, sorbed contaminants through the vadose zone. As part of the model processes, 

VLEACH can model four processes including, liquid-phase advection, solid-phase sorption, vapor-phase 

diffusion and three-phase equilibration. The model domain spans the vertical extent of the vadose zone 

(i.e., from the landfill surface to the saturate zone). The following subsections describe the model grid 

discretization, estimated soil concentrations, chemical parameters and hydraulic parameters. 

Model Setup 
VLEACH allows the user to simulate leaching in a number of distinct polygons that span the spatial extent 

of the source area. The VLEACH model was set up with three polygons that defined the south, central 

and north source areas. This differentiation is consistent with the numerical groundwater flow model and 

is necessary to account for observed 1,4-diethylene dioxide (1,4-DD) concentrations which are generally 

higher along the southern part of the plume, and lower in the central area and northern area of the landfill. 

The total depth of each polygon was 70 feet which generally corresponds to the thickness of the vadose 

zone underlying the landfill. Vertically each polygon was gridded with 70 cells with uniform thickness of 1 

foot. The total area of each polygon was defined as presented in Table 1. 

The dominant soil type underlying the landfill is sand and the VLEACH model was set accordingly to use 

Sand as the matrix (dry bulk density = 1.65 g/cm3, effective porosity = 0.3, volumetric water content = 0.3; 

Golder, 2015). The upper boundary condition was defined with a recharge rate of 0.1 feet per year. This 

recharge rate (i.e., infiltration rate) is an order of magnitude greater than the anticipated recharge through 

a low permeability cap. This was done in an effort to produce a more conservative model as well as for 

model stability. As a result, the model’s output (i.e., flux to groundwater) represents a conservative flux to 

groundwater. 

The initial contaminant soil concentration for each of the polygons (i.e., landfill areas) was calculated 

using the soil-water partition equation (i.e., using the soil-water distribution coefficient). The groundwater 

concentrations for each area used in the partition equilibrium calculation was established as the average 

groundwater concentration within the area. A published soil organic carbon-water partitioning coefficient 

was used for 1,4-DD (Koc = 101.23; USEPA, 2014) in conjunction with an estimated fraction of organic 

carbon (0.5%; Golder, 2015) to develop the soil-water distribution coefficient (Kd). The maximum 

groundwater concentrations in 2006 and the calculated equilibrium soil concentrations for each area are 

presented in Table 1. The initial soil concentration of 1,4-DD for all areas was conservatively set to the 

calculated equilibrium soil concentrations for all depths. 



The physical and chemical inputs required by VLEACH were set to published values for 1,4-DD. These 

inputs include organic carbon distribution coefficient (17 ml/L), Henry’s Law Constant (0.0002), water 

solubility (1,4-DD is miscible so the value was set to 1,000,000 mg/L) and free air diffusion coefficient 

(1.979 m2/day) which were taken from USEPA’s 1,4-DD Fact Sheet (USEPA, 2014). 

Table 1 – Model Parameter Input 

Landfill Area Total Area (ft2) 

2006 Maximum 
Groundwater 

Concentration (µg/L) 
Equilibrium Soil 

Concentration (µg/kg) 
North 1,190,000 280.0 4.9 
Central 750,000 135.0 2.3 
South 887,000 646.7 11.2 

 

Model Output 

Model Flux Output 
The VLEACH model results estimate that under current site conditions (i.e., capped landfill) and with a 

conservative soil concentration profile of 1,4-DD that the mass flux from the vadose zone to groundwater 

is 185 grams per year (g/yr) across the entire landfill footprint. The model flux output is presented in 

Figure 1. As presented in Figure 1, the model estimated flux is predicted to remain near 185 g/yr for 200 

years following the initial start to the model (i.e., time initial = 2006; completion of landfill cap installation). 

After 200 years, the flux is estimated to exponentially decrease. The model soil concentration profile 

outputs for select years are presented in Figure 2. These profiles demonstrate that under the current 

hydraulic conditions 1,4-DD in the vadose zone moves vertically through the system as a concentration 

slug such that 1,4-DD concentration decreases progressively with depth through time. As presented in 

Figure 2, the 1,4-DD slug will flush through the vadose zone in approximately 400 years.  

 



 
Figure 1 – VLEACH Vadose Zone Flux to Groundwater Output 

 

 

Figure 2 – Soil Concentration Profile in Liquid, Vapor and Solid Phases Over Time 

Estimated 1,4-Diethylene Dioxide Groundwater Concentration Added by Modeled Flux 
The 1,4-DD groundwater concentration that the modeled flux would add to the aquifer was estimated 

using the mass flux estimate and a one-cell mixing model for the aquifer directly below the landfill 

footprint. The one-cell mixing model used the full thickness of the water table aquifer (80 feet), a 

transmissivity of 90 feet per day (ft/day), a hydraulic gradient of 0.01, a porosity of 0.30, and a cross-

sectional area of 169,600 square feet (Golder, 2015). Using this mixing model and the flux result from 



VLEACH, the 1,4-DD additive groundwater concentration is 0.118 micrograms per liter (µg/L). The 

estimated temporal variation of 1,4-DD additive groundwater concentration resulting from the calculated 

VLEACH flux is presented in Figure 3. 

 
Figure 3 – Temporal Variation of 1,4-DD Additive Groundwater Concentration From Vadose Zone 

Flux 

 

 

 

Golder Associates Inc., 2015. Contingent Remedial Alternatives Evaluation Update and Preliminary 

Evaluation of MNA. West KL Avenue Landfill Site, Kalamazoo, Michigan. 

USPEA, 2007. “Vadose Zone Leaching (VLEACH).” 

USEPA, 2014. “Technical Fact Sheet – 1,4-Dioxane.” 
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1.0 INTRODUCTION 
This groundwater modeling report has been prepared by Golder Associates Inc. (Golder) on behalf of the 

West KL Landfill Group (Group) for the KL Avenue Landfill, Kalamazoo, Michigan (Site).  The objectives 

of the model are to evaluate fate and transport for 1,4-diethylene dioxide (1,4-DD), tetrahydrofuran (THF), 

and benzene under the selected current remedy conditions (i.e. source control and MNA).   A contingency 

remedy scenario of groundwater extraction is also simulated for 1,4-DD for comparison with the source 

control and MNA scenarios. 

Golder developed the model by using Groundwater Vistas version 6 as the modeling platform, using 

MODFLOW 2000 to simulate groundwater flow and MT3DMS to simulate solute transport.  These 

modeling tools are widely accepted in the industry.  This report presents the model design and 

construction, modeling process, and model predicted results.  

This report is organized as follows: 

 Section 2: describes the geologic and hydrogeologic framework at the Site 

 Sections 3 and 4: describes the model development and simulation results 

 Section 5: summarizes the model results and discusses the conclusions 
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2.0 GEOLOGIC AND HYDROGEOLOGIC FRAMEWORK 
The Site is underlain by thick glacial deposits on the order of 350 to 420 feet thick comprising primarily 

outwash sands and gravels with interbeds of clay-rich till and lacustrine clays.  The surficial geology from 

east (KL Landfill) to west (Campbell Creek) in the study area is shown in Figure 1. 

Figure 1.  Regional Surficial Geology

 

Site scale geology has been investigated by the Group as part of remedial activities since the 1990’s.  

The Site geologic data have been mapped and visualized in a 3-dimensional EVS model.  Based on the 
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Site investigations, the Site is underlain by unsorted glacial deposits.  The Site hydrogeologic stratigraphy 

generally can be vertically divided into four units:  

1. Unconfined shallow aquifer: ground surface to approximately 715 feet msl. This unit consists 
of glacial outwash, alluvium, ice-contact deposits, and locally fine-grained deposits. 

2. Discontinuous confining unit: approximately 715 feet msl to 700 feet msl. This unit consists of 
clay rich till and lacustrine clay; this confining unit is more continuous within the ice-contact 
zone and the end-moraines zone as shown on Figure 1. 

3. Lower semi-confined aquifer: approximately 700 feet msl to 650 feet msl. This unit mainly 
consists of glacial outwash.  This is the major groundwater flow zone at the Site and 
surrounding areas. 

4. Clay and bedrock (Coldwater Shale): approximately 650 feet msl to 550 feet msl.  This unit is 
the bottom of the overburden flow system, and consists of clay, saprolite, and the underlying 
Coldwater Shale formation. 

 
Groundwater is encountered relatively deep below the ground surface resulting in a substantial vadose 

zone throughout the Site.  In the vicinity of the landfill, previous studies indicate that the vadose zone 

varies from approximately 70 feet thick along the northeastern boundary of the landfill (where localized 

perched water conditions exist) to about 100 feet thick along the western boundary.  The hydraulic 

characteristics of the unsaturated zone and the travel time (or residence time) of moisture (and 

contaminants) in the vadose zone are principally controlled by the permeability of the sand materials 

although localized clay units can retard downward water movement.  Retention time within the vadose 

zone near the landfill was estimated to range from 6 to 29 years (Golder, 2001). 

In the saturated zone, groundwater flow is generally in a westerly direction from the landfill towards Dustin 

Lake.  Groundwater is under unconfined to semi-confined conditions.  Previous studies have shown that 

Dustin Lake is a flow through lake where groundwater flow into the east side of the lake is limited to the 

upper 20 to 30 feet of the shallow aquifer.  Studies by the Group and MDEQ have shown that the lake is 

not impacted by landfill constituents.   

The groundwater flow direction becomes northwesterly downgradient (west) of Dustin Lake.  

Investigations conducted west of Dustin Lake have identified distinct upper and lower clay units based on 

borings installed along Chaddsford Way, Wickford Drive, West J Avenue and along Van Kal Street.  The 

upper clay in these areas generally occurs between elevations 700 and 750 feet msl.  The lower clay is 

found at approximately 670 to 674 feet msl.  These clay units serve as aquitards isolating the primary flow 

zone (i.e., sands and gravels of the lower aquifer) from groundwater above and below.   Ultimately, west 

of Fish Hatchery Road, groundwater discharges into the Campbell Creek watershed, which is part of the 

Paw Paw River drainage basin.   
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The mean horizontal hydraulic conductivity (Kh) was calculated to be 1.9 x 10-2 cm/sec based on a 400 

gallon per minute (gpm) aquifer pumping test near the landfill (Golder, 1996).  Average groundwater flow 

velocities (advective) were estimated to range between 0.7 feet/day (Golder, 1996) to approximately 1.0 

feet/day (Ravi et.al., 1998).  Comparatively, slug tests conducted more recently in wells installed 

downgradient of the landfill and west of 1st Street indicate a hydraulic conductivity of 7.59 x 10-3 cm/sec.  

The corresponding average horizontal groundwater velocity was calculated to be 0.75 feet/day (Golder, 

2012). 
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3.0 NUMERICAL GROUNDWATER FLOW MODEL 

3.1 Model Setting 
The numerical groundwater flow model was designed based on the regional and site-scale geological and 

hydrogeological data which were summarized in Section 2.  The model domain extends approximately 4 

miles from KL Landfill northwesterly to Campbell Creek, and approximately 3 miles northeasterly from WL 

Avenue to WH Avenue.  The model domain is approximately 13 square miles (Figure 1). The following 

subsections describe the model grid discretization, boundary conditions, and distribution of hydraulic 

properties. 

3.1.1 Model Discretization 
The model has 459 rows and 631 columns with a uniform cell size of 50 feet by 50 feet.  The model upper 

surface was defined by mapping the USGS 30-meter digital elevation model (DEM) data.  Vertically the 

model has four layers that represent in general terms four hydrostratigraphic units identified at the Site 

and surrounding areas, including: 

 Layer 1: Upper aquifer developed within glacial deposits (715 feet msl to land surface) 

 Layer 2: Underlying confining unit consisting of clay rich glacial deposits (700 feet msl – 
715 feet msl) 

 Layer 3: Lower aquifer underlying the confining unit (650 feet msl – 700 feet msl) 

 Layer 4: Coldwater Shale and clay confining unit (550 feet msl – 650 msl) 

 

Figure 2 shows the model grid and Figure 3 shows the model layer vertical discretization. 

Figure 2.   Model Grid (50 feet X 50 feet)  
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Figure 3.  Model Layers 

 

3.1.2 Boundary Conditions 
The model boundary conditions were defined based on the simulated groundwater flow field of the 

regional USGS model: “Simulation of the Groundwater Flow System in the Kalamazoo County Area, 

Michigan” (USGS, 2004).  Constant head boundaries were assigned at the east side of the model 

domain, no-flow boundary conditions were assigned at the north and west sides of the model domain, 

which generally parallel the groundwater flow direction.  River (layer 1) and general head boundaries 

(layers 3 and 4) were assigned at the northwest side of the model domain.  Model cells west of the river 

cells were inactive. River and drain boundaries were assigned to lakes and drainage ponds\low lands 

located within the model domain.  Figure 4 shows the boundary conditions and the USGS model 

groundwater flow field. 

Recharge was assigned based on the long term average recharge rate of 9 inches per year developed in 

the recharge evaluation study of the regional USGS model (USGS, 2004). 

Water usage for residential wells was estimated to be 40 cubic feet per day.  This value is based on the 

average residential water usage in the state of Michigan which is 75 gallon per capita per day, and 

average occupancy, which is four people per household (Michigan State University, 1987). 

 

 

 

 

 

Layer 1 

Layer 2 
Layer 3 

Layer 4 
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Figure 4.  Model Boundary Conditions

 

3.1.3 Hydraulic Parameters 
Hydraulic conductivity values were estimated from the regional geologic setting, site-wide hydraulic tests 

(22 slug tests and 1 pumping test) and literature values.  The hydraulic conductivity values for glacial 

outwash and alluvium deposits range from 50 feet/day to 70 feet/day; the hydraulic conductivity values for 

glacial till range from 0.003 feet/day to 0.005 feet/day; the hydraulic conductivity of Glacial Silt is 0.5 

feet/day, the hydraulic conductivity of Cold Water Shale is 0.003 feet/day.  Due to the heterogeneity of the 

glacial deposits across the model domain, each model layer has varying hydraulic conductivities. Layer 1 

consists of Outwash and Alluvium deposits; layer 2 consists of Glacial Till, Outwash, and Lacustrine Clay 

Model boundary 
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deposits; Layer 3 consists of Glacial Till, silt, and Outwash; Layer 4 consists of Glacial Till, Silt, Outwash; 

and Coldwater Shale. Figures 5 to 8 show hydrogeological units and the hydraulic conductivity of the four 

model layers. 

Figure 5.  Hydraulic Conductivity- Layer 1        Figure 6.  Hydraulic Conductivity- Layer 2 
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Figure 7.  Hydraulic Conductivity- Layer 3        Figure 8.  Hydraulic Conductivity- Layer 4 

 

3.2 Numerical Groundwater Flow Model Calibration 
Model calibration is the process of reducing the difference between observed and simulated water levels.  

Observed groundwater levels include synoptic measurements obtained in 2010 from 51 monitoring wells 

located within the model domain. These data were selected because they are the most complete round of 

synoptic measurements.  In addition, groundwater elevations from this event are consistent with the 

average groundwater levels.  The simulated groundwater levels of the steady state groundwater flow 

model were calibrated to the observed groundwater levels.  The calibration results are presented in Table 

1 and on Figure 9 in a graph of modeled values versus observed values.  
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Table 1   Model Calibration Statistics 

 
Residual Mean (feet) 0.7 

Residual Standard Dev.(feet) 2.74 

Absolute Residual Mean(feet) 2.07 

RMS Error(feet) 2.83 

Number of Samples 51 

Range of Observed Values 111 

      

Notes: The residual mean and the absolute residual mean are less than 3 
percent of the range of the observed values. 

 

 

Figure 9.  Groundwater Levels: Model Value vs. Observed Value 
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4.0 NUMERICAL GROUNDWATER SOLUTE TRANSPORT MODEL 

4.1 Model Setup 

4.1.1 Transient Model Setup 
Based on operation and engineering control history, KL Landfill started to accept waste in 1968, installed 

a soil cap and stopped accepting waste in 1980, and completed the remedy cap in 2006.  Source 

concentrations are expected to have changed based on these events, and the following four time periods 

were set up to model the source concentration changes.   

Table 2.   Transient Model Time Periods 

Time Period TP-1 TP-2 TP-3 

TP-4 
(varies based 

on model 
scenario) 

Year 1970 - 1980 1980 - 2006 2006- 2014 2014 - 2064 

 

Constant source concentrations are defined for each of the four periods.  Historical source concentrations 

were estimated by back projection from current and historical data together with the operation and 

engineering control history, and through the model iterative calibration process.   

4.1.2 Transport Parameters 
The solute transport parameters half-life, distribution coefficient (Kd), bulk density and dispersivity were 

estimated by previous studies (Golder, 1999), literature research (USEPA, 2015, Chiang et. al. 2008, 

Howard et al. 1991, and Lovley et al. 1995) and through the model calibration process.   The distribution 

coefficient (Kd) is the product of the soil-organic carbon partition coefficient (Koc) and the soil fraction 

organic carbon (foc) which is assumed to be 0.01.  For 1,4-DD and THF, single values were assigned to 

the entire model.  For the half-life of benzene, the aquifer was divided into two zones: zone 1 as an area 

from the boundary of the landfill to 4th street; and zone 2 as an area beyond 4th street to the western 

extent of the model.  The parameter values are shown in Table 3.   

Table 3.   Solute Transport Model Parameters 

 1,4-DD THF Benzene 

Half-life (days) 3500 1800 750 (Zone 1)/ 150 (Zone 2) 

Kd 0.13 0.31 1.2 

Bulk Density (g/cm3) 1.65 1.65 1.65 

Dispersivity (L\T\V) (feet) 38/3/0.3 38/3/0.3 38/3/0.3 
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4.2 1,4-DD 2015 Distribution and Base Modeling Scenario 
Based on the data of 2015, concentrations of 1,4-DD were below the Part 201 criterion (85 μg/L) in six 

source wells: TW-4, P-46, P-48, P-52, P-53 and P-55. 1,4-DD was only detected above the Part 201 

criterion for 1,4-DD in wells P-49, P-50 and P-51.  1,4–DD concentrations in the source area have 

declined since the installation of the cap (source control) in 2006 as discussed further in section 5.4.1 of 

the Groundwater Performance Monitoring Report-Second 5-Year Evaluation of Monitored Natural 

Attenuation and Fall 2015 Semi-Annual Data Summary Report (GPMR). 

The 1,4-DD plume distribution based on 2015 data is shown in Figure 10. The plume core, with 

concentrations above 200 parts per billion (ppb), is located between the landfill and Dustin Lake, and a 

limited area west of Dustin Lake also exceeds 200 ppb.   

Based on the data from monitoring wells installed at the western edge of the KL Landfill, the source area 

can be separated into south, central, and north areas.  1,4-DD concentrations are generally higher along 

the southern part from P-52 to P-53 (including P-50 and P-51), and are lower in the central area including 

TW-4, P-46 and P-47, and the northern part of the landill including P-48, P-49 and P-55.  The sampling 

results from these wells at the western edge of the landfill, which are used to estimate the source 

concentrations, are shown in Attachment 1.   

Source concentrations for the simulation time periods through 2014 are shown in Table 4.  The model 

simulation results for the third quarter 2015 timeframe (“base scenario”) are shown on Figure 11, and 

display a reasonable match between the plume core concentrations and plume extent compared with the 

observed data distribution (Figure 10).   
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Figure 10.   1,4-DD Distribution in October 2015 

 

Table 4.  Source Concentration Estimation: 1,4-DD 

Time Period TP-1 TP-2 TP-3 

Year 1970 - 1980 1980-2006 2006-2014 

Concentration (ppb), South Area 3500 1500 500 

Concentration (ppb), Central Area 1200 900 300 

Concentration (ppb), North Area 1000 800 600 
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Figure 11.   Model Simulated 2015 1,4-DD Results – Base Scenario 
 

 

4.2.1 Constant Source Scenario 
Predictive model simulations were run for a 50-year period assuming constant source concentrations.  

The constant source scenario is a highly conservative assumption in that the source concentrations as 

observed in 2014 are assumed constant through 2064 (TP4), as shown in Table 5.   The source area 

monitoring well data and trend analyses are included in Attachment 1, which shows the current downward 

trends in 1,4-DD concentrations.  Concentrations in time steps 1 through 3 are those derived for the base 

scenario, whereas time step 4 concentrations are obtained from observed concentrations in 2014 and 

2015.   

Under this constant source scenario, the >200 ppb plume core for 1,4-DD is predicted to be eliminated 

entirely within 10 years, although  the >85 ppb plume outline is predicted to contract to the vicinity of the 

landfill in 30 years (Figures 12a, b, and c). 

Table 5.   Constant Source Concentrations: 1,4-DD 

Time Period TP-1 TP-2 TP-3 TP-4 

Year 1970 - 1980 1980-2006 2006-2014 2014 - 2064 

Concentration (ppb), South Area 3500 1200 500 200 

Concentration (ppb), Central Area 1200 900 300 100 

Concentration (ppb), North Area 1000 800 600 100 
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Figure 12a.   Model Simulated 2024 1,4-DD Results – Constant Source Scenario 

 

 

Figure 12b.   Model Simulated 2044 1,4-DD Results – Constant Source Scenario 
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Figure 12c.   Model Simulated 2064 1,4-DD Results – Constant Source Scenario 

 

4.2.2 Decreasing Source Scenario 
Since the cap was installed at the KL Landfill in 2006, the source concentrations monitored at the edge of 

the landfill have shown a decreasing trend (section 5.4.1 of the GPMR).  Therefore, it is a reasonable 

assumption that future source concentrations will continue to decrease at a similar rate.  As such, the 

future predictive simulations are further separated into four new time periods to reflect decreasing source 

concentrations (Attachment 1).  The new time periods and the source concentrations are shown below in 

Table 6.  The model was used to simulate the plume 50 years into the future beginning in 2014 with the 

current source control and MNA remedy.  The model predicted results of 10-year (2024), 30-year (2044), 

and 50-year (2064) periods are presented in Figures 13a, b, and c, respectively.   

Under this scenario, significant attenuation of plume core and extent are predicted.  The >85 ppb plume 

for 1,4-DD is predicted to detach from the source area within 10 years and completely attenuates within 

30 years.  A substantially smaller plume of >10 ppb (less than 85 ppb) only remains after 50 years.   
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Table 6.   Decreasing Source Concentration Estimation: 1,4-DD 

Time Period TP-1 TP-2 TP-3 TP-4 TP-5 TP-6 TP-7 

 Year 1970 – 
1980 

1980-
2006 

2006-
2014 

2014 - 
2024 

2024 - 
2034 

2034 - 
2044 

2044 - 
2064 

Source Concentration 
(ppb), South Area 3500 1500 500 90 50 25 10 

Source Concentration 
(ppb), Central Area 1200 900 300 20 15 10 5 

Source Concentration 
(ppb), North Area 1000 800 600 50 25 12.5 5 

 

Figure  13a.   Model Simulated 2024 1,4-DD Results – Current Remedy Decreasing Source 
Scenario 
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Figure 13b.   Model Simulated 2044 1,4-DD Results – Current Remedy Decreasing Source Scenario 

 

Figure 13c.   Model Simulated 2064 1,4-DD Results – Current Remedy Decreasing Source Scenario 
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4.2.2.1 Downgradient Contingent Remedy 
The model was used simulate the addition of a line of groundwater extraction wells installed along 

Skyview Drive to intercept the plume as a contingency remedy.  Particle tracking simulations were used to 

estimate the pumping rates that were needed to capture the plume.  The model calculated total pumping 

rate is a total of 800 gpm with four pumping wells.  The well locations and particle tracking result are 

shown on Figure 14. 

Figure 14.  Downgradient Extraction (800 gpm) at Skyview Drive: Plume Capture 

 

The solute transport model was used to simulate the plume concentration changes from 2014 to 2064 

under this pumping scenario (four extraction wells with a total pumping rate of 800 gpm).  The model 

assumed decreasing source concentrations as shown in Table 6. The model predicted results are shown 

for 10 year (2024), 30 year (2044), and 50 year (2064) periods in Figures 15a, b, and c, respectively. 
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Figure 15a.  Model Simulated 2024 1,4 –DD Results – Extraction at Skyview Drive (800 gpm) 

 

Figure 15b.  Model Simulated 2044 1,4 –DD Results – Extraction at Skyview Drive (800 gpm) 
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Figure 15c.  Model Simulated 2064 1,4 –DD Results – Extraction at Skyview Drive (800 gpm) 

 

The model predicts that under the focused groundwater extraction of 800 gpm at Skyview Drive, there is 

no significant difference of the plume (>85 ppb) than the current remedy scenario of source control and 

MNA for the 10 year, 30 year, and 50 year scenarios.  

4.2.2.2 Source Control Contingent Remedy 
The second contingency scenario includes the simulation of groundwater extraction along the down 

gradient boundary of the landfill.  Particle tracking was used to estimate the pumping rates that were 

needed to capture the plume.  The model calculated total pumping rate is a total of 1,100 gpm with six 

pumping wells.  The well locations and particle tracking results are shown in Figure 16. The model 

predicted plumes in 2024, 2044, and 2064 under this extraction scenario are shown in Figures 17a, b, 

and c, respectively.   

The model predicts no significant difference in the plume extent compared to the current source control 

and MNA remedy scenario.   
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Figure 16.  Extraction (1,100 gpm) at KL Landfill: Plume Capture 

 

Figure 17a.  Model Simulated 2024 1,4-DD Results – Extraction at KL Landfill (1,100 gpm) 
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Figure 17b.  Model Simulated 2044 1,4-DD Results – Extraction at KL Landfill (1,100 gpm) 

 

Figure 17c.  Model Simulated 2064 1,4-DD Results – Extraction at KL Landfill (1,100 gpm) 
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4.3 THF 2015 Distribution and Base Modeling Scenario 
As seen with 1,4-DD, the sampling results show that THF concentrations are found to be greater in the 

south area source wells than in the north and central areas over the period of record.  Based on the data 

of fall 2015, concentrations of THF were below the Part 201 criterion (95 μg/L) in eight source wells: TW-

4, P-46, P-48, P-50, P-51, P-52, P-53 and P-55. THF was only detected above the Part 201 criterion in 

well P-49.  The THF plume distribution based on fall 2015 data is shown in Figure 18.  Similar to 1,4-DD, 

the plume core of THF is located between the landfill and Dustin Lake, consisting of a relatively small are 

with concentrations above 200 ppb.  The plume outline of the Part 201 criterion extends to the northwest 

beyond 2nd Street and approaches well P-10711.   

In the model simulations, the source concentrations for each landfill area and the time steps were derived 

similar to 1,4-DD through back-casting of existing trends (Attachment 1) and through the iterative model 

calibration process, and are presented below in Table 7.  In general, initial source THF concentrations are 

higher in all source areas compared to 1,4-DD.   Model output results for the third quarter 2015, provided 

in Figure 19, show a limited plume core that is nearly detached from the landfill similar to existing 

concentrations.  The plume extent is comparable to the observed distribution.   

Figure 18.   THF Distribution in October 2015 
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Table 7.  Source Concentration Estimation: THF 

Time Period TP-1 TP-2 TP-3 

Year 1970 - 1980 1980-2006 2006-2014 

Concentration (ppb), South Area 5100 1530 750 

Concentration (ppb), Central Area 1360 1020 150 

Concentration (ppb), North Area 1700 1020 600 

 

Figure 19.   Model Simulated 2015 THF Results – Base Scenario 

 

4.3.1 Constant Source Scenario 
Similar to 1,4-DD, model simulations were run for THF with a highly conservative assumption of constant 

source concentrations from 2014 to 2064.  The source area monitoring well data and trend analyses are 

included in Attachment 1, which shows the current downward trends in THF concentrations.  The 

modeled source concentrations are presented in Table 8, with model output results presented in Figures 

20a, b, and c for 2024, 2044, and 2065, respectively.  Under this scenario, the >95 ppb plume for THF is 

predicted to be eliminated within the next 10 years, with the >10 ppb plume outline expected to reduce in 

size over 30 years but remain relatively unchanged from 30 years to 50 years.   
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Table 8.   Constant Source Concentrations: THF 

Time Period TP-1 TP-2 TP-3 TP-4 

Year 1970 - 1980 1980-2006 2006-2014 2014 - 2064 

Concentration (ppb), South Area 5100 1530 750 100 

Concentration (ppb), Central Area 1360 1020 150 75 

Concentration (ppb), North Area 1700 1020 600 110 

 

Figure 20a.   Model Simulated 2024 THF Results – Constant Source Scenario 
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Figure 20b.   Model Simulated 2044 THF Results – Constant Source Scenario 

 

Figure 20c.   Model Simulated 2064 THF Results – Constant Source Scenario 

 

4.3.2 Decreasing Source Scenario 
Using the current data trends for THF (Attachment 1), a decreasing source scenario was simulated.  The 

modeled concentrations for this scenario are provided in Table 9, with model output results presented in 

 

i:\golder\943-8200 kl landfill\4 - dsrs\dsr(semi annual)2015 & 10-yr final mna\3d model update\kl modeling appendix_120715.docx  



 
December 2015  28 943-8200.14 

 
Figures 21a, b, and c.  The >95 ppb plume for THF is predicted to completely attenuate within the next 10 

years, with the >10 ppb plume limited to the landfill area within 30 years.   

Table 9.   Decreasing Source Concentration Estimation: THF 

Time Period TP-1 TP-2 TP-3 TP-4 TP-5 TP-6 TP-7 

Year 1970 - 
1980 

1980-
2006 

2006-
2014 

2014 - 
2024 

2024 - 
2034 

2034 - 
2044 

2044 - 
2064 

Source Concentration 
(ppb), South Area 5100 1530 750 75 45 20 10 

Source Concentration 
(ppb), Central Area 1360 1020 150 50 15 5 1 

Source Concentration 
(ppb), North Area 1700 1020 600 50 25 12.5 1 

 

Figure  21a.   Model Simulated 2024 THF Results – Current Remedy Decreasing Source Scenario 
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Figure 21b.   Model Simulated 2044 THF Results – Current Remedy Decreasing Source Scenario 

  

 

 

Figure 21c.   Model Simulated 2064 THF Results – Current Remedy Decreasing Source Scenario 
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4.4 Benzene 2015 Distribution and Base Modeling Scenario 
The fall 2015 sampling results for benzene are provided below in Figure 22.  All landfill wells except for P-

55 and P-46 have concentrations above the Part 201 criterion of 5 μg/L.  Downgradient of the landfill, the 

plume extent is limited to the area between the landfill and Dustin Lake.   

Historical trends for benzene show higher initial source concentrations in the north and central areas of 

the landfill than in the south area.  By 2014, however, all areas of the landfill show similarly low 

concentrations of about 100 ppb (Attachment 1).  Through the iterative model calibration process and 

back-casting of historical trends, source concentrations for each landfill area and time step were derived 

(Table 10).  Model output results (Figure 23) show comparable results of the plume core and extent to the 

observed distribution.  

Figure 22.   Benzene Distribution in October 2015 
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Table 10.  Source Concentration Estimation: Benzene 

Time Period TP-1 TP-2 TP-3 

Year 1970 - 1980 1980-2006 2006-2014 

Concentration (ppb), South Area 1500 900 500 

Concentration (ppb), Central Area 1500 800 500 

Concentration (ppb), North Area 2000 1500 500 

 
 
Figure 23.   Model Simulated 2015 Benzene Results – Base Scenario 

 
 

4.4.1 Constant Source Scenario 
Model simulations were run for benzene with the highly conservative assumption of constant source 

concentrations from 2014 to 2064.  The source area monitoring well data and trend analyses are included 

in Attachment 1, which shows the current downward trends in benzene concentrations.  Table 11 

provides the modeled source concentrations, and the model output results are presented in Figures 24a, 

b, and c.  The plume core (>200 ppb) for benzene is expected to diminish significantly over the next 10 

years and be eliminated within 30 years, and the main plume outline (>5 ppb) will continue to retract over 

the next 50 years.   
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Table 11.   Constant Source Concentrations: Benzene 

Time Period TP-1 TP-2 TP-3 TP-4 

Year 1970 - 1980 1980-2006 2006-2014 2014 - 2064 

Concentration (ppb), South Area 1500 900 500 100 

Concentration (ppb), Central Area 1500 800 500 100 

Concentration (ppb), North Area 2000 1200 500 100 

 

Figure 24a.   Model Simulated 2024 Benzene Results – Constant Source Scenario 
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Figure 24b.   Model Simulated 2044 Benzene Results – Constant Source Scenario 

 

 

Figure 24c.   Model Simulated 2064 Benzene Results – Constant Source Scenario 

 

4.4.2 Decreasing Source Scenario 
Benzene distribution and historical trends (Attachment 1) show a decreasing trend for benzene at the 

landfill boundary wells and at wells within the downgradient plume.  The modeled concentrations for this 

scenario are provided in Table 12.  Model results (Figures 25a, b, and c) show that the plume core (>200 
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ppb) for benzene is expected to diminish significantly over the next 10 years and be eliminated within 30 

years, and the main plume outline is expected to retract towards the landfill over the next 50 years.   

Table 12.   Decreasing Source Concentration Estimation:  Benzene 

Time Period TP-1 TP-2 TP-3 TP-4 TP-5 TP-6 TP-7 

Year 1970 - 
1980 

1980-
2006 

2006-
2014 

2014 - 
2024 

2024 - 
2034 

2034 - 
2044 

2044 - 
2064 

Source Concentration 
(ppb), South Area 1500 900 500 50 1 1 1 

Source Concentration 
(ppb), Central Area 1500 800 500 25 1 1 1 

Source Concentration 
(ppb), North Area 2000 1200 500 25 1 1 1 

 

Figure  25a.   Model Simulated 2024 Benzene Results – Current Remedy Decreasing Source 
Scenario 
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Figure 25b.   Model Simulated 2044 Benzene Results – Current Remedy Decreasing Source 
Scenario 

 

 

Figure 25c.   Model Simulated 2064 Benzene Results – Current Remedy Decreasing Source 
Scenario 
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5.0 SUMMARY  
The following summary is presented based on the model results that are shown in the above sections: 

1. 1,4-DD plume concentrations predicted by the model reasonably match the observed plume 
distribution and concentrations in 2015.  The 85 ppb extent (Part 201 standard) extends to the 
vicinity of monitoring well P-10711.  Under the simulated declining source scenario which 
represents the current downward trends in landfill concentrations, the >85 ppb plume is predicted 
to detach from the source area within 10 years and be eliminated within 30 years.  In the highly 
conservative constant source scenario, the plume core (>200 ppb) is expected to completely 
eliminate within 10 years, with only a small area in the vicinity of the landfill remaining above the 
Part 201 Standard after 30 years.   

2. The model calibration for THF is reasonable compared to the observed 2015 plume distribution.  
Concentrations above the Part 201 Standard (95 ppb) extend from the landfill to the northwest 
approaching well P-10711 in agreement with the sampling data.  Significant reduction in the 
plume extent (>10 ppb) is predicted in both the constant source and decreasing source 
scenarios, with reduction to below Part 201 Standard outside of the landfill within 10 years in both 
the constant source and decreasing source scenarios.   

3. Benzene concentrations above Part 201 Standard are limited to the area between the landfill and 
Dustin Lake in the 2014-2015 period.  Model calibrations under the very likely decreasing source 
scenario predict a significant reduction in the plume core (>200 ppb) over the next ten years, with 
only remnant concentrations above 5 ppb predicted to remain within 30 years. 

4. The results from the pumping scenarios for 1,4-DD (source area and downgradient) predicts no 
significant difference in the plume extent compared to the current source control and MNA 
remedy scenario.   
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