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Executive Summary

The evaluation of biological degradation processes addressed by this report are part of a broad
trichloroethene (TCE) Fate and Transport Investigation that includes four (4) topics of phased
investigation (Table ES1) relative to degradation and/or attenuation of TCE in the Regional Gravel
Aquifer (RGA) underlying the United States Department of Energy Paducah Gaseous Diffusion Plant
(PGDP). In order of implementation the project phases are: (1) derivation of a TCE first-order rate
constant by normalization of TCE values against technetium-99 (*’Tc) and chloride. 2) identification of
the presence of microbes capable of aerobic co-metabolic TCE biodegradation using enzyme activity
probes (this report); 3) Compound-specific isotope analysis (CSIA) to support prevalence of biotic
and/or abiotic degradation processes; and 4) evaluation of potential abiotic RGA-TCE attenuation
mechanisms including sorption.

Table ES1. TCE Fate and Transport Project Phases

_ *Does EPA guidance/other evaluations and 1st I
Order Rate Calculations based on site historical st _
I 3 © data indicate that TCE degradation occurs in RGA 1% Order R.ate Calcs SW.Plume Sl
© T Do conditions in the RGA support occurrence of Re-evaluation EPA Technical Protocal I
| Pl biodegradation Completed Scenarios Evaluation |
Implement Phase Il Yes + But results not definitive
—_— e e e e —_— e —— e — — — — — — ———;
E ok > Conduct microcosmstudy I
I ) EAP indicate aerobic Calculate aerobic deg Rate
] biodegradation occurs Apply Rate to Plume based I
on Project Well populations
e |
Implement Phase IlI
Microbial or abiotic degradation? —> |
Calculate Rate |
___________________ _—
v
= |
L . Calculate new abiotic
o L abiotic degradation Yes g = > |
| % "5 Processes greater than Degradation rate
| c 8 syiously expecied |
e < Y _l
A
0 Implement future F&T |
mplement modeling using revised input
future F&T modeling using 9 9 'np
“No” degradation of TCE

This report summarizes the Phase II activities related to the identification and evaluation of biological
degradation processes that may be actively influencing TCE fate and transport in the RGA contaminant
plumes at the United States Department of Energy (DOE) PGDP and its environs (Figure ES1). The
goals of these activities were to identify active biological degradation mechanisms in the RGA through
multiple lines of evidence and to provide DOE with recommendations for future TCE biological
degradation investigations.
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Figure ES1. PGDP Location Map (DOE, 2001a)

Groundwater beneath the PGDP is contaminated by two principal constituents, the chlorinated solvent
trichloroethene and a soluble form of the radioisotope *’Tc. TCE was released as a dense non-aqueous
phase liquid (DNAPL) to subsurface soils and groundwater as a result of routine PGDP industrial
activities. Technetium-99 was introduced to the PGDP through industrial re-processing of spent reactor
materials from other DOE facilities. The introduction of TCE and *Tc to shallow subsurface soils and
the underlying sands and gravels of the RGA resulted in the evolution of three (3) groundwater
contaminant plumes; the Northeast Plume, Northwest Plume, and Southwest Plume (Figure ES2). The
plumes generally originate from the C-400 Building and are impacted along their on-site flowpaths by
additional sources of contamination including burial grounds and disposal areas.

The field activities, analytical work, and evaluations conducted for this project centered on a portion of
the Northwest Plume (NWP) (Figures ES2 and ES3). Three RGA horizons, upper, middle, and lower,
were sampled at locations along the plume axis from upgradient source areas at the C-400 Building to
downgradient areas in the dissolved phase portion of the plume. Field sampling, analysis, and
evaluation activities for this project focused on:

1. The identification of the presence of microbes capable of aerobic co-metabolic TCE
biodegradation using enzyme activity probes and additional lines of evidence to evaluate
microbial population diversity;

2. Evaluation of current and historical RGA geochemical data relative to the occurrence and
sustenance of microbial activity; and

3. Evaluation of stable-carbon isotope sampling data relative to degradation of TCE along the
core of the NWP.
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Figure ES2. 2005 TCE Contaminant Plumes in the Regional Gravel Aquifer at the PGDP (PRS, 2007)

The RGA geochemical data evaluation included data collected in the study area for this project and

historical geochemical data from on-site and off-site RGA sampling locations. Analytical data for this

project were generated from samples collected at ten (10) wells screened in the upper, middle and lower

horizons of the RGA along the approximate NWP core and two (2) control wells outside of the NWP
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(Figure ES3). A Data Quality Objectives (DQO) process was employed to ensure that project activities
identified questions, problems, and relevant information necessary to address questions about the
identification and occurrence of aerobic co-metabolic biological degradation of TCE.

Historical field and analytical activities have been conducted to identify and characterize natural
attenuation processes that affect the fate of TCE and other contaminants in the RGA. Those natural
attenuation processes include advection, dispersion, sorption, and volatilization. Results of historical
efforts provided the basic information necessary to identify that appropriate conditions existed in the
RGA to support the occurrence of aerobic oxidation of organic compounds and co-metabolic
degradation of TCE. However, the state of the science, as well as available technical and regulatory
guidance, was not such at the time of the historical investigations, that degradation of TCE via microbial
processes would have been identified as occurring in an aerobic (oxygenated) aquifer.

Recent Savannah River National Laboratory technical guidance, Scenarios Evaluation Tool for
Chlorinated Solvent MNA (SRNL, 2006) provided an approach for the evaluation of existing and
historical site conditions that prompted the implementation of a formal evaluation of aerobic
biodegradation processes in the RGA. The Scenarios Evaluation Tool along with information obtained
from the 1998 EPA technical guidance document “Technical Protocol for Evaluating Natural
Attenuation of Chlorinated Solvents in Ground Water” (Technical Protocol) provided PGDP
investigators with the approaches and tools necessary to evaluate and characterize microbial degradation
in the PGDP’s aerobic groundwater environment.

Figure ES3. Location of Study AreaMonitoring Wells Along the Core of the Northwest Plume

First-order rate constant calculations are the first of three lines of evidence identified by the United
States Environmental Protection Agency Technical Protocol to demonstrate that microbial processes are
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actively achieving TCE or other contaminant degradation. The second line of evidence addressed by
this investigation was the identification of the actual processes responsible for TCE degradation and the
existence of geochemical conditions capable of supporting the process(es). Enzyme Activity Probes
and genetic profiling were utilized to address the second line of evidence along with evaluation of
current and historical RGA geochemical trends. The third line of evidence addressed by this
investigation was the utilization of compound specific isotope analyses (CSIA), specifically stable
carbon isotopes (SCI), to independently provide verification of the first and second lines of evidence.

Past site investigations generated first-order rate constant estimations that mathematically describe the
amount of time required for one-half of the dissolved phase TCE in the PGDP plumes to be removed by
natural attenuation processes. Methods used for the derivation of first-order rate constants included a
mass balance evaluation across plume cross-sections and tracer-corrected methods identified in the
Technical Protocol that utilize the TCE co-contaminant **Tc and chloride as tracers. The first-order
degradation rate calculation methods resulted in TCE half-lives ranging from 3 to 16 years.

TCE is not directly degraded by microbial respiration processes in aerobic groundwater environments.
Instead, destruction of TCE occurs when indigenous microbes produce enzymes that are directly
involved in the metabolism, or direct aerobic oxidation, of aromatic substances such as toluene, ethene,
phenol, benzene, and chlorinated aliphatic compounds that are less chlorinated than TCE. The enzymes
produced for aerobic oxidation of these targeted aromatic substances are non-specific and fortuitously
initiate the destruction of TCE to short-lived, non-toxic end products. The destruction of TCE by
enzymes in aerobic environments is referred to as aerobic co-metabolic degradation.

The identification of microbes producing the co-metabolic enzymes capable of TCE destruction was
accomplished via application of qualitative and quantitative Enzyme Activity Probe (EAP) analyses and
genetic profiling. EAPs are laboratory tools that fluoresce when bacteria producing the enzyme of
interest or samples containing enzymes of interest are encountered. DNA evaluations were conducted
to ensure that the genetic information for production of co-metabolic enzymes was present in local
microbial populations.

The EAPs applied in this study target several of the co-metabolic enzymes of interest, soluble methane
monooxygenase (SMMO) and three (3) toluene enzymes (cinnamontrile, phenylacetylene (PA), and 3-
hydrophenylacetylene (3HPA)). The enzyme-specific probes were utilized to identify the presence of
the enzymes in samples and to enumerate the microorganisms producing the enzymes. Results of the
EAP analyses indicate that microbes producing the co-metabolic enzymes of interest are present in
sufficient numbers to satisfy minimum population criteria of 1 x 10° cells/mL. Minimum population
criteria for this project was based on the expected minimum number of bacteria necessary to effectively
destruct TCE in one mL of groundwater. More stringent population requirements of 8 x 10° cells/mL
were utilized by investigators for final microbial activity determinations and were based on evaluation
of recent population data collected at other Federal Facility sites where large aerobic groundwater
contaminant plumes are being investigated (Table ES2).

Terminal-restriction fragment length polymorphism (T-RFLP) analyses were conducted to determine
whether microbial populations in study-area samples were representative of populations indigenous to
the plume or representative of biofouling populations observed on PGDP well screens. The T-RFLP
analyses provided evidence that samples from each of the study area wells were representative of
distinctly unique micro-communities and not biofouling populations that would have been similar from
one well location to another. EAP and T-RFLP analyses were jointly conducted by Savannah River
National Laboratory (SRNL) and Idaho National Laboratory (INL) - North Wind Environmental.
SRNL and INL participation are part of a nationwide assessment of large organic-solvent contaminant
plumes in aerobic groundwater environments. The nationwide assessments will result in the
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development of standard protocols for investigation, characterization and monitoring of microbial
degradation processes in aerobic groundwater settings.

Table ES2. Summary results from EAP quantitative and qualitative analyses (SRNL, 2008)
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Current and historical RGA geochemical conditions were evaluated relative to the occurrence and
potential for sustenance of aerobic microbial activity in the RGA. Table ES4 summarizes historical
RGA analyses by providing detection frequencies and concentration ranges of degradation-related
geochemical parameters within the study area for this project and across the PGDP. Dissolved oxygen
(DO), oxidation reduction potential (ORP), and sources of carbon necessary for microbial respiration
were evaluated along with compounds that are the result of anaerobic degradation or incomplete
anaerobic TCE degradation including cis-1,2-DCE, vinyl chloride, and Fe*". Dissolved Oxygen was
evaluated because its presence is critical for the existence and sustenance of aerobic microbial
communities. ORP was evaluated as an indicator of redox conditions capable of supporting microbes
responsible for aerobic degradation processes. DO, ORP, Fe*", and TCE degradation products were
evaluated as indicators of anaerobic conditions that would predicate other biotic and abiotic degradation
processes.

Presence of dissolved oxygen is necessary for the occurrence and sustenance of the microbes
responsible for aerobic oxidation and aerobic co-metabolic degradation processes. RGA DO
concentrations range from 30 to 9240 ug/L in on-site and off-site monitoring wells. Many RGA wells
exhibit stable or decreasing DO trends. Wells with concurrently decreasing TCE and DO trends may
indicate widespread occurrence of aerobic co-metabolic TCE degradation. However, wells with DO
concentrations less than 1.0 mg/L and ORP approaching or less than zero indicate that conditions
capable of supporting aerobic microbial activity are not ubiquitous to on-site and near-site portions of
the RGA. Based on DO, ORP, and presence of anaerobic TCE degradation products (cis-1,2-DCE and
1,1-TCE), anaerobic degradation processes are impacting on-site and near-site portions of the RGA.
Detections of Fe’" in study area and historical groundwater samples are an additional indication that
reducing environments supportive of anaerobic degradation processes are impacting on-site and near
site portions of the RGA.
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Naturally-occurring carbon compounds (toluene, benzene, phenol) and lesser-chlorinated (than TCE)
organic compounds which serve as substrates for aerobic microbial oxidation processes have not been
regularly analyzed in PGDP groundwater samples. However, total organic carbon (TOC) representing
the sum of anthropogenic and naturally-occurring carbon sources has been detected with some
regularity in RGA groundwater at concentrations exceeding 1 mg/L. TOC is routinely detected in soils
overlying the RGA and in the RGA matrix.

Dissolved organic carbon (DOC) measurements are representative of soluble organic compounds that
are readily available for microbial respiration. DOC was detected in two (2) of 12 samples collected for
this investigation. Based on published descriptions of the carbon cycle, DOC concentrations in aquifer
recharge can generally be expected to be present at concentrations less than 1 mg/L. Sixteen (16)
historical groundwater DOC analyses resulted in 10 detections of DOC at concentrations ranging from 1
to 6 mg/L. Although the detections identify relatively low concentrations of DOC in the RGA, the
DOC concentrations are typical of oligotrophic “low nutrient” groundwater environments that have
been evaluated in other large aerobic groundwater plumes where biodegradation processes have been
identified (SRNL, 2008). Although DOC has not been analyzed routinely, sufficient quantities of
organic carbon must be available in the RGA to sustain the microbial populations identified in the EAP
analyses (SRNL, 2008).

As a result of in-situ TCE degradation processes that include aerobic microbial degradation processes,
"2C in TCE molecules is preferentially utilized relative to '*C along NWP study area flowpaths. SCls in
study-area dissolved-phase TCE were evaluated as the third independent line of evidence to support
occurrence of microbial co-metabolic TCE degradation. SCI analyses and comparative evaluation of
stable carbon isotope ratio (SCIR) upgradient/downgradient well-pair data indicate that °C is being
enriched by preferential microbial utilization of '*C along the core of the NWP.

Changes in TCE stable-carbon isotope ratios caused by biodegradation along study-area flowpaths were
evaluated by comparison of upgradient well versus downgradient well SCIRs. Table ES3 summarizes
the study well-pair stable carbon isotope ratio comparisons that support the occurrence of aerobic
degradation in the study area. In the SCIR evaluation of the published enrichment factor of -1.1, eight
(8) of 10 well-pair comparisons indicate that aerobic degradation processes are occurring and six (6) of
the SCIR evaluations indicate that that the rate of transformation is significant. The SCIR evaluation of
the 90% one-tailed confidence interval e value of -1.4 identifies eight (8) of 10 well-pair comparisons
that indicate the occurrence of aerobic-degradation processes and that the rate of transformation is
significant in five (5) of the evaluated well pairs. The evaluation of the 95% one-tailed confidence
interval on epsilon value of -1.68 seven (7) of 10 well pairs indicate that aerobic degradation is
occurring and the rate of transformation is significant in five (5) of the evaluated well pairs. In
summary, application of SCI decision/estimation statements and decision rules to well-pair comparisons
of SCI analytical results provides support for the occurrence of aerobic co-metabolic degradation
through a range of enrichment factor values.

Table ES3. SCIR study area well-pair evaluation summary

Enrichment Total Favorable Significant
Factor (¢) | Up/Downgradient Result Result
Comparisons Comparisons Comparisons
Possible
-1.1 10 8 6
-1.4 10 8 5
-1.68 10 7 5

14



Table ES4. Summary of PGDP geochemical parameters evaluated for this investigation

Total Analyses| Analyses
Analyses EAPISCI | EAPISCI N
Sitewide | Sitewide EAPISCI Study | Study otes
Sitewide Total Total Study Area Area
Total Analyszes Analyses Area Wells Wells
Analyses  Detects NDs Wells Detects MDs
Analyte Groundwater
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Eh = Mo Records Available
Temperature - - - Average dnnual Ternp Study Area Wells 55.2 to 626 degrees F
Alkalinity 128 127 1] Study Area Wells D's from 54,000 to 124,000 uglL
Specific Conductivity 11061 11032 476 436 Sitewide Well D'= from (23 100 to 4700 urmbolcrn,. Study Area Wellz
range from 349 to 427 umhofcm
Hedox Potential 2B07 pratsls 12 133 133 1] Study Area W'e_HS range from -40 to 437 mY, only 11 values < 100mY
. Sitewide O's BE0 - 732,000 LglL
Total O Carb
otal Organic Carbon Fres 3072 4561 100 18 gz Study Area Well D's frorm 1100 - 5000 uglL:
. Sitewide O'= Frormn 1,800 to 174,000 Lol ;
Rilrate 40 &h s R # ! Study Area Well D's From 570 - 35,700 uglL,
Study Area O's from 7,300 to 23,000 uglL; Sitewide D's From 3.6 to
Sulfate 2254 2085 17 4 4 a 2,842,800 LglL
% Sitewide Wells D's from 10 to 833,000 ugll . Study Area Wellz D's
ron:Dissolvac Sk &h z o # i Fromn 245 to 30,000 uglL in Mw's 125, 242_ and 243
Iron, Fe2+ 93 4 29 i] Sitewide D'z in BVO0x samples 24,000 to 43,000 uglL
: Study Area Wells D's 5.5 to 6000 uglL Mw's 125, 236, 242, 243, 262,
Manganese. Dissolved 2190 1480 434 153 a8 a0 2a1: Sitewide Wells 5 - 26,500 uglL
Phosphate as Sitewide [Pz 26 - 100 uglL;
Phosphorous 628 8 348 o1 J H Shudy Area Well D's only in Mw 65 [1);
Copper. Dissolved 1496 177 97 91 5 83 Sitewide Wellz D's from 6 to 2080 uglL:
243)
Copper s BEg ez L) 2l i Sitewide D'z in "w" and "WE" boringz and range fromn 18 - 1800 uglL:
Methane 71 1 =10 5] 1] E Sitewide Wells 10 in Mw' 329 of 100 ugll. Study Area Wells all WD
Benzene 7584 42 7004 526 a 488 Sitewide D's 0.14 ko 520 ugllL
Toluene F445 35 G844 335 0 312 Sitewide ['s range From 2.1to 4800 uglL
Phenol 815 1] 747 Sitewide D's from 5 to 57 ugll
7 Sitewide Wells D's from B9 to 523,000 uglL
Potassium 4439 2375 1674 352 32 209 Study Area Wells D's Fromn 9273 ta 1040 ugll
B Sitewide wells D's' Frorn 1400 to 4,600,000 wglL:
Calcium i Bl A oo & ] Study Area Well D's from 10,200 to 47,200 LglL
Sodium ha7he 1646 1 228 93 1] itewide Wells D's from ;Study Area Wells D's Frorn 11,000 ko 61,000 ug!
. Sitewide Wells ['s from 6.5 to 441,000 uglL; Study Area Wells 5,000
Magnesium B34 4077 1] 234 140 1] to 15,600 LglL
: Sitewide Wells Detects frorn 5,000 to 3,170,000 uglL (limited locations
Chemical Dxygen Demand| 556 2m ] 0 in vicinity of 50T & U Landfills]
Biochemical Oxygen TS
Demand 12 0 i} 0 Sitewide Wells Detects from 2,100 to 7,000 ugll
Chioride 457 4442 7 144 141 0 Study Area well D's from 4,300 to 137,000 Lol

Sitewide Wells D's frorn 8.9 to 979,000 uglL

The conclusions of current project activities and historical evaluations of TCE degradation mechanisms

in the NWP RGA can be summarized relative to the USEPA Technical Protocol lines of evidence:

1) The first line of Technical Protocol evidence is to demonstrate that microbial processes are actively

achieving TCE or other contaminant degradation.

First-order rate constant calculations demonstrate that TCE is preferentially degraded along NWP

flowpaths relative to the non-recalcitrant tracers technetium-99 and chloride.

2) The second line of Technical Protocol evidence addressed by this investigation was the identification

of the actual processes responsible for TCE degradation and the existence of geochemical conditions

capable of supporting the process(es).

Genetic profiling, Enzyme Activity Probes (EAP) and related control studies indicate that: a) the
appropriate genetic material is present in the RGA for the production of enzymes responsible for the
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destruction of TCE, 2) the enzymes are present and actively being produced in the RGA, 3) the
microbial populations evaluated through the EAPs and genetic profiling are representative of the
aquifer and not biofouling populations on individual wells.

Study area and site-wide RGA geochemical evaluations indicate that DO and organic carbon sources
are present at sufficient concentrations to support populations of aerobic bacteria capable of TCE
biodegradation. However, aerobic conditions are not ubiquitous to the RGA and redox conditions
and the presence of anaerobic degradation products including cis-1,2-DCE indicate that anaerobic
conditions exist locally in on-site and near-site areas of the RGA.

3) The third line of Technical Protocol evidence addressed by this investigation was the utilization of
compound specific isotope analyses (CSIA) to provide information supporting the occurrence of
aerobic biodegradation processes that is independent of and supplementary to the first-order rate
constant calculations, EAP and genetic profiling analyses, and geochemical evaluations.

Based on evaluations of the SCI data through the Decisions Rules developed by the Project Team,
aerobic degradation of TCE is occurring and the rate of degradation based on comparison of SCI
data to TCE concentration data occurs at significant rates. Formal SCI first-order degradation rate
calculations will be addressed by subsequent investigations.

Based on the results of the activities conducted for this Biodegradation Investigation aerobic
degradation processes, including aerobic co-metabolic degradation of TCE, are occurring in the RGA
within the study area. The Project Team recommendation to DOE is to continue to characterize the
occurrence of aerobic co-metabolic TCE degradation in the RGA. A number of general or global
recommendations relative to the primary recommendation are appropriate as a result of this
investigation:

Recommendation #1. Through a Project Team DQO process, develop a comprehensive sampling and
analysis plan (SAP) to expand the characterization of microbial degradation across the extent of the
NWP.

The following activities should be considered for the expanded characterization:

1. Collect and evaluate data from distal portions of the NWP from the northern extraction well
field to areas immediately south of the TVA and east of Little Bayou Creek. As the
concentration of TCE in the RGA decreases, it should be anticipated that the rate of TCE
degradation will increase.

2. Revisit wells selected for this investigation and expand the well selection to accommodate
spatial characterization of the Upper, Middle, and Lower RGA.

3. Evaluate existing site data to identify the portions of the NWP RGA that are in proximity of
sources and secondary source concentrations of TCE related to the NWP.

4. Evaluate the temporal and spatial inputs to and distribution of DO per considerations in
Recommendation #5 below.

5. Evaluate the potential impacts of past, ongoing, and planned PGDP remedial activities on
existing biogeochemical conditions in the RGA.

6. Identify and document the individual species in RGA groundwater microbial populations
responsible for TCE degradation.

7. Consider enhancements to the RGA environment and potential impacts on biogeochemical
processes from a range of proposed and potential remedial actions.

a. Assess the need for bench scale and pilot studies if enhancements are to be pursued as
part of a dissolved phase plume remediation option.
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Recommendation #2. Through a Project Team DQO process, revisit first-order TCE degradation rate

calculations.

The following activities should be considered for the first-order rate constant:

L.

2.

Conduct microcosm studies to provide an independent estimation of TCE degradation rates in
the RGA. Utilize one or more of the locations identified in Table ES5 (SRNL, 2008).

Conduct compound specific isotope analyses for stable carbon and stable hydrogen isotopes
and utilize data to independently calculate first-order degradation rate constants.

a. Collect sufficient temporal data at one or more locations to satisfy statistical
requirements of the student t-test (Appendix 3).

Develop site-specific carbon and hydrogen isotope enrichment factors.

Honor flowpaths in the choice of upgradient/downgradient wells in the URGA, MRGA, and
LRGA utilized for first order rate estimations.

Address the potential impact of TCE sorption on aquifer media in the RGA and first- order rate
constant calculations.

a. Collect a representative number of cores from the discrete intervals in the URGA,
MRGA, and LRGA.

b. Apply protocols identified in the Workshop on Biogeochemical Transformation of
Chlorinated Solvents (AFCEE, 2008) to determine the potential biogeochemical
impacts on sorption and abiotic degradation of VOCs and metals (AFCEE, 2008).

Provide DOE with recommendations for interim and final application of TCE degradation rate
constants as TCE half-lives in groundwater modeling for:

a. Plume scale application.

b. Discrete plume segment application.

c. By RGA horizon.

Table ES5 Locations recommended for potential future microcosm studies

Well TCE (DEC- Number of Notes
07) probes positive
MW125 700 3 Downgradient of the southern

NWP extraction well field along
the axis of dissolved phase

plume
MW236 21 3 downgradient of MW 125, along
plume axis
MW 381 50 2 downgradient of MW 125, along
plume axis

Recommendation #3. Through a Project Team DQO process, conduct a degradation screening process

for the UCRS, similar to this investigation, in order to identify the nature and extent of microbial
degradation processes in the UCRS.

The following activities should be considered for the characterization of the UCRS:

L.

2.
3.

Evaluate historical data to determine if they are of sufficient extent to characterize aerobic,
anaerobic, and abiotic degradation processes in the UCRS.

Utilize available data to characterize UCRS TCE degradation processes to the extent possible.
Provide DOE with recommendations for additional evaluation as necessary.
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Recommendation #4. Through a Project Team DQO process, correlate existing NEP and NWP
biogeochemical conditions to the biogeochemistry of the NWP in order to document the occurrence of
aerobic biodegradation processes.

The goal of this activity would be the development of a Northeast Plume (NEP) and Southwest Plume
(SWP) sampling and analysis plan (SAP) to support characterization and monitoring of biodegradation
in the NEP and SWP.

Recommendation #5. As part of SAP development in the recommendations above, consider
implementation of standard geochemical parameter collection to address existing data gaps related to
evaluation of both the existence and sustenance of biological and abiotic degradation processes.

The following parameters should be considered for routine and/or further evaluation:

1. Dissolved organic carbon (DOC) to detection limits less than 1 mg/L as an indicator of readily
available carbon necessary to sustain aerobic oxidation and co-metabolism.

2. Carbon dioxide - as an end product of degradation processes.

3. Biochemical Oxygen Demand - as an indicator of carbon available for microbial degradation
processes.

4. Ogxidation-reduction potential (ORP) as an indicator of redox conditions that support aerobic or
anaerobic degradation processes.

5. Specific conductivity to augment characterization of the RGA at sub-plume scales.

6. Ammonium (NH,.) as an indicator of anoxic conditions and as a substrate for organic
compound degradation.

7. TCE degradation products cis-1,2 DCE, trans-1,1 DCE, and vinyl chloride as indicators of
anoxic conditions in the RGA and UCRS.

8. Copper and copper-based compounds, as well as other substances to be determined from
process and industrial operations that may have biocidal effects on microorganisms in the RGA
and UCRS.

9. In order to complete characterization of the RGA relative to aerobic biodegradation processes,
their occurrence and sustenance, complete spatial characterization of the upper, middle and
lower RGA relative to occurrence, nature and/or distribution of the physical and chemical
parameters listed below as they relate to sustenance of aerobic degradation:

a. DO concentrations.

b. DO cycles
c. Temperature.
d. pH
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1. Introduction

This document summarizes the activities related to the identification and evaluation of biological
degradation processes that may be actively influencing trichloroethene (TCE) fate and transport in the
three (3) Regional Gravel Aquifer (RGA) contaminant plumes at the United States Department of
Energy (DOE) Paducah Gaseous Diffusion Plant (PGDP) and its environs (Figure 1). The field
activities, analytical work, and evaluations conducted for this project focused on the Northwest Plume
(NWP) (Figure 2) and on 1) the determination of the presence of microbes capable of aerobic co-
metabolic TCE biodegradation using enzyme activity probes and additional lines of evidence related to
microbial population diversity; 2) evaluation of historical RGA geochemical data relative to the
occurrence and sustenance of microbial activity; 3) evaluation of stable carbon isotope ratio data
relative to degradation of TCE along the core of the NWP; and 4) project-specific sampling data
collected from upper, middle and lower RGA wells approximating the core of the NWP and two control
wells outside of the NWP. A Data Quality Objectives (DQO) process was employed to ensure that
project activities identified questions, problems, and relevant information necessary to support project
goals related to the identification and occurrence of aerobic co-metabolic biological degradation of
TCE.

The evaluation of biological degradation processes addressed by this report are part of a broad PGDP
TCE Fate and Transport Investigation that includes four (4) topics of investigation (Table 1) relative to
degradation and/or attenuation of TCE in the RGA:

1. Derivation of a TCE first-order rate constant by normalization of TCE values with
technetium-99 (*’Tc¢) and chloride levels;

2. Identification, using enzyme activity probes, of the presence of microbes capable
of aerobic co-metabolic TCE biodegradation;

3. Stable Carbon Isotope (SCI) ratio analysis to support prevalence of biotic and/or
abiotic degradation processes; and

4. Initial evaluation of potential abiotic RGA-TCE attenuation mechanisms including
sorption.

Topics one through three have been through a DQO process. Additional investigation of Topic 3 may
be undertaken by the Project Team. Focused investigation of Topic 4 may be undertaken upon
completion of reporting investigation results for Topics 1 through 3. The results of investigations for
each topic will be employed in the development of TCE degradation rates for the RGA groundwater
contaminant plumes at the PGDP.

Evaluations of abiotic degradation processes in the RGA have been conducted as part of historical
investigations at the PGDP. Most recently the Southwest Plume (SWP) Investigation re-visited first-
order rate-constant calculations for NWP groundwater. USEPA and DOE technical guidance documents
were used to guide the evaluation of degradation and attenuation mechanisms and conditions.

1.1. Project Team

A project scoping team was formed to ensure that the appropriate technical, regulatory, and subject-
matter expertise was applied to evaluation of TCE-degradation mechanisms and site conditions. The
Project Team consists of representatives from the DOE, DOE contractors, Paducah Remediation
Services, Portage Environmental, the Commonwealth of Kentucky-Division of Waste Management,
EPA Region 4, and the Kentucky Research Consortium for Energy and Environment (KRCEE) (Table
2).
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Table 1. Flowchart for phases of PGDP RGA TCE Fate and Transport Project
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Dr. Rich Bonczek

Paducah Remediation Services Bryan Clayton, Ken Davis
Portage Environmental Bruce Phillips
Kentucky Division of Waste Dr. Ed Wmner, Todd Mullins,
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University of Oklahoma

Dr. Paul Philp
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2. Site Background

2.1. General Site Information

The PGDP is an active uranium enrichment facility located approximately 10 miles west of Paducah,
Kentucky, and 3.5 miles south of the Ohio River in western McCracken County (Figure 1). A U.S.
Department of Energy reservation encompasses the uranium enrichment plant. Total reservation
acreage is utilized as follows:

748 acres-within a restricted area that encompasses plant industrial operations;
Approximately 822 acres in an uninhabited buffer zone surrounding the restricted area; and

1986 acres leased to Commonwealth of Kentucky as part of West Kentucky Wildlife
Management Area (WKWMA).

Bordering the PGDP reservation to the northeast, between the plant and the Ohio River, is a Tennessee
Valley Authority (TVA) reservation occupied by the Shawnee Steam Plant. Agricultural and other rural
properties border the DOE reservation to the east and west (Figure 2).
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Figure 1. PGDP Location Map (DOE, 2001a)
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Figure 2. 2005 TCE Contaminant Plumes in the Regional Gravel Aquifer at the PGDP (PRS, 2007)
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2.1.1 Geology

Mississippian to Holocene age soil and bedrock underlie the PGDP. The Illinois Basin, the Mississippi
Embayment, and ancestral Tennessee River channels are structural/erosional features that controlled the
deposition and distribution of sediments in the shallow subsurface underlying the PGDP (DOE, 1997).
Mississippian limestone bedrock occurs at approximately 340 feet below ground surface (bgs) and is
overlain by Mississippi Embayment sediments of the Cretaceous McNairy Formation (90 — 340 feet
bgs), Paleocene Porters Creek Clay, Pleistocene sands and gravels of the Lower Continental Deposits
(60 — 100 feet bgs), Pleistocene sands and silts of the Upper Continental Deposits (20 — 60 feet bgs),
and Pleistocence-Quaternary loess (0 — 40 feet bgs) (Figure 3).

The Porters Creek Clay and overlying Eocene Sands are absent to the north of a buried terrace of the
ancestral Tennessee River (Figure 3). From the terrace northward, the upward-fining sands and gravels
of the Lower Continental Deposits uncomformably overlie the erosional surface of the McNairy
Formation. Fine grained sands intermittently occur in the uppermost McNairy Formation and
immediately underlie the coarse sands, gravels, and cobbles at the base of the Lower Continental
Deposits.

The PGDP occupies an area between the New Madrid Seismic Zone, the Fluorspar Area Fault Complex,
and the Wabash Valley Seismic Zone. Several site-specific seismic investigations have identified
faulting and vertical displacement of the geologic materials underlying the PGDP (Langston & Street,
1996; SAIC, 2001; SAIC, 2003; and KRCEE, 2005). Recent seismic investigations in the vicinity of
the PGDP indicate the presence of significant vertical displacement of the underlying Mississippian
bedrock which correlates upward and into Pleistocene sands/ gravels of the Lower Continental Deposits
and possibly silts/sands of the Upper Continental Deposits (Personal Communication, Dr. Edward
Woolery, 2008).
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Figure 3. Conceptual Geologic Model for the PGDP and Eenvirons.
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2.1.2. Hydrogeology

The PGDP industrial facility and its northern environs are located above the Upper and Lower
Continental Deposits and the McNairy Formation. Sand and gravel deposits of the ancestral
(Pleistocene-age) Tennessee River occur at a depth of 60 to 90 feet bgs and form the Regional Gravel
Aquifer (RGA), which is the primary groundwater pathway for contaminant migration away from the
PGDP.

In the southern portion of the industrial area and to the south of the PGDP, the geology is dominated by
the Porters Creek Clay Formation, which is underlain by the McNairy Formation. The northern
boundary of the Porters Creek Clay is an erosional terrace that underlies the southern extent of the
PGDP industrial area and terminates the southern end of the Lower Continental Deposits and serves as a
natural barrier to RGA groundwater flow to the south (DOE 1997).

In general, groundwater flows vertically down through the loess and Upper Continental Deposits until it
encounters the Lower Continental Deposits/RGA. Because the hydraulic conductivity of the RGA is
much greater than the conductivities of the Upper Continental Deposits and underlying McNairy
Formation (Table 3), groundwater moves laterally through the RGA toward the Ohio River and the
RGA serves as the primary lateral pathway for groundwater flow and contaminant transport beneath the
PGDP (Figure 4). The dominant groundwater flow direction in the McNairy Formation is horizontal
towards the Ohio River, although vertically upward gradients have been measured in the vicinity of the
river (DOE 2005).

Immediately beneath the PGDP industrial area, the predominant axial orientation of RGA sand and
gravel deposits is east-west. The orientation of the RGA deposits in combination with leakage from
water utilities results in the divergence of groundwater flow under the plant. Groundwater to the east
and southeast of the C-400 Building flows to the east-northeast and comprises the Northeast Plume.
Groundwater immediately under and to the west-northwest of the C-400 Building migrates to the
northwest under the industrial area and then north toward the Ohio River as the Northwest Plume.
Groundwater to the west-southwest of the C-400 Building forms the Southwest Plume which flows
toward the western perimeter of the industrial area.

PGDP

NWNNNNNER &

Porters Creek

Clay \ Cont. Deposits/Regional Gravel Aquifer | \ J

Figure 4. Generalized Groundwater Flow Model for the PGDP and it’s environs
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2.1.2.1. TCE Sources

The Northwest, Southwest, and Northeast TCE plumes originate in part from the C-400 Building near
the center of the PGDP industrial facility but may also receive flow from burial grounds or disposal
areas within the PGDP security fence. TCE concentrations indicative of the presence of primary dense
non-aqueous phase liquied (DNAPL) sources in the UCRS and secondary DNAPL sources in the RGA
generally are limited to areas within the PGDP security fence.

The PGDP Groundwater Operable Unit (GWOU) is comprised of facilities/solid waste management
units (SWMU ) that contain impacted groundwater along with facilities and SWMU s that are sources of
contamination to groundwater. Table 4 identifies the facilities and SWMUSs that are characterized as
sources to PGDP’s Northwest, Southwest, and Northeast groundwater contaminant plumes:

Table 3. Hydraulic Conductivity Data for the PGDP (DOE, 1999)

HU Low Mean High Type of test and reference
UCRS (K;) UCRS (Ky) UCRS (Ky) UCRS (Ky) UCRS (K)
(cm/sec) 1.0x10* 6.9 x10* Slug tests
(f/day) 29x%10° 1.96 (CH2M HILL 1992)
HU3 (K,) HU3 (K,) HU3 (K,) HU3 (K,) HU3 (K,)
(cm/sec) 2.0x10* Pumping test at C-404
(ft/day) 57% 10" (Terran 1990)
(cm/sec) 1.1 x10° 1.1x10* Pumping test at C-333
(ft/day) 3.0 x 102 3.0x 10" (Terran 1992)
RGA (Kp) RGA (Kp) RGA (Ku) RGA (Ku) RGA (Ky)
(cm/sec) 1.9 x 102 3.8 x 107 Pumping test at C-404 (Terran 1990)
(ft/day) 53 107
(cm/sec) 3.2x10° 5.2 %107 Slug tests (CH2M HILL 1992)
(f/day) 9.1 %102 146
(cm/sec) 3.5% 107 5.3 x 107 Pumping test at C-537 (CH2M HILL
(ft/day) 100 150 1992)
(cm/sec) 3.5x 107" 42 % 10" Pumping test at C-333 (Terran 1992)
(ft/day) 1,000 1,200
(cm/sec) 1.9%x 10 43 % 10" Pumping test at Northeast Plume
(ft/day) 529 1,213 containment well field (DOE 1997a)
(cm/sec) 9.5x 10" 2 Pumping test at Northwest Plume north
(ft/day) 2,686 5,700 containment well field (LMES 1996a)

McNairy (Kp)

McNairy (Ky)

McNairy (Ky)

McNairy (Ky)

McNairy (Ky)

(cm/sec) 6.2x10° Analysis of cyclic water level trends in
(ft/day) 1.7 x 102 McNairy wells (LMES 1996b)
(cm/sec) 2.9x10° 1.8 x 10 Slug tests (CH2M HILL 1992)
(ft/day) 8.2 x 107 52x 10"
McNairy (Ky) McNairy (Ky) McNairy (Ky) McNairy (Ky) McNairy (Ky)
(cm/sec) 1.8x10°% 5.0x10* Permeameter tests of C-746-U landfill and
(ft/day) 51x%x10° 1 Northwest Plume containment well field
samples (LMES 1996b)

(cm/sec) 1.6 x 107 Analysis of cyclic water level trends in
(ft/day) 45x%10* McNairy wells (LMES 1996b)

HU = hydrogeologic unit

PGDP = Paducah Gaseous Diffusion Plant

RGA = Regional Gravel Aquifer

UCRS =  Upper Continental Recharge System

The C-400 Cleaning Building, located near the center of the industrialized section of PGDP, is the
primary source area for TCE in the NWP RGA. Primary industrial activities conducted in the C-400
Building have included maintenance and cleaning of machinery and parts, disassembling and testing
cascade components, and laundering plant clothes. Known and suspected sources of leaks and spills at
the C-400 Building include degreaser and cleaning tank pits, drains and sewers, the east side plenum/fan
room basement, tanks, rail transfer stations/sumps outside the building, and various other processes.
The Waste Area Grouping (WAG) 6 Remedial Investigation (DOE, 1998), identified significant TCE
leaks and spills that occurred at the southeast corner of the C-400 Building: SWMU 11 is located at the
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southeast corner of the C-400 Building, where a drain line from a degreaser sump was poorly connected
to a storm sewer, and SWMU 533 where transfer pumps and piping moved TCE to and from a storage
area associated with the building.

The highest concentrations of TCE in PGDP soil and groundwater are in the UCRS and RGA to the
southeast and southwest of the C-400 Building. Elevated concentrations of TCE and its breakdown
products in subsurface soils and groundwater suggest the presence of TCE dense non-aqueous phase
liquid (DNAPL). In subsurface soil to the southeast of the C-400 Building, TCE has been detected at
11,055 ppm, trans-1,2-dichloroethene (DCE) was detected at 102 ppm; and vinyl chloride (VC) was
detected at 29 ppm. Cis-1,2-DCE and 1,1,1-trichloroethane (L,L,I-TCA) have also been detected at 2
ppm. To the southwest of the C-400 building, TCE has been detected in subsurface soil at 168 ppm,
trans-1,2-DCE at 15 ppm, and cis-1,2-DCE at 1 ppm. The presence of the TCE degradation products
trans-1,2-DCE, Cis-1,2-DCE, and VC indicate that anaerobic degradation processes occur locally within
the Upper Continental Deposits/UCRS.

Table 4. GWOU Facilities and Solid Waste Management Units

C-720 Maintenance and Storage Building
C-400 Cleaning Facility
SWMU 1 - C-747-C Oil Land Farm
SWMU 2 - C-749 Uranium Burial Ground
SWMU 4 - C-747 Contaminated Burial Ground
SWMU 201 - Northwest Groundwater Plume
SWMU 202 - Northeast Groundwater Plume
SWMU 210 - Southwest Groundwater Plume
Little Bayou Creek Groundwater Plume Seeps

The maximum historical TCE concentrations detected in the RGA in the vicinity of the C-400 Building
are 701 ppm or 64% of the maximum solubility of TCE in water. Several recent concentrations of TCE
in MW 408 groundwater , near the southeast corner of the C-400 Building, exceed the TCE solubility
limit of 1x10° mg/L and indicate the presence of DNAPL. These high concentration indicate that
DNAPL has penetrated the RGA and is acting as a secondary source of groundwater contamination to
PGDP contaminant plumes. Site data indicate that the C-400 area sources of TCE and *Tc to the
Northwest Plume are not being rapidly depleted. Concentrations indicating the presence of secondary
sources and DNAPL in the RGA have also been identified at SWMU 4 which is associated with the
Southwest Plume.

2.1.2.2. Dissolved-Phase TCE Plumes

Dissolved phase TCE contamination is typical of all three (3) PGDP groundwater plumes once away
from the immediate vicinity of UCRS primary and RGA secondary TCE sources (Figure 5).
Technetium-99 is a dissolved phase co-contaminant to TCE in the NWP, SWP, and on-site portions of
the NEP (Figure 6). Redox conditions and the availability of dissolved oxygen in the plumes could
support aerobic co-metabolic biodegradation of TCE in PGDP groundwater.
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Site data indicate that the Northwest Plume was approximately stable prior to the startup of the NWP
pump and treat extraction wells in 1995. More recent evaluations of NWP TCE and *Tc indicate
decreasing trends along the plume core and a possible shift of the plume core to the east (PRS, 2007).

2.1.2.3. Geochemistry

The Phase I and Phase II Site Investigations (DOE, 1989; DOE, 1990) account for the earliest
comprehensive geochemical characterizations of groundwater at the PGDP and its environs.
Groundwater geochemical characterizations were updated in the Groundwater Conceptual Model for the
Paducah Gaseous Diffusion Plant (DOE, 1997) and in the Phase III Groundwater Investigation (DOE,
1992) based on the availability of new geochemical data and later in the Evaluation of Natural
Attenuation Processes for Trichloroethylene and Technetium-99 in the Northeast and Northwest Plumes
at the PGDP (Clausen et al., 1997).

The Groundwater Conceptual Model concluded that mineralogy, cation exchange capacity, high
dissolved oxygen concentrations, and presence of TCE and *’Tc contaminant plumes are the primary
controls on groundwater chemistry at the PGDP Bicarbonate type groundwater generally predominates
in the UCRS, the RGA and the McNairy flow systems underlying the PGDP. In the UCRS, the primary
anion shifts from sulfate to bicarbonate with depth and calcium remains the dominant ion in RGA
groundwater. High dissolved oxygen concentrations, ranging from 1 to 7 mg/L, are prevalent in the
RGA. The predominant form of technetium-99 was identified as the negatively charged pertechnetate
ion, TcO4. In a preliminary evaluation of TCE fate in the RGA, investigators estimated a 1.3%
reduction in TCE concentrations and a 1.0% reduction in *’Tc concentrations for every 30 m (100 feet)
of travel between the North and South NWP extraction well fields.

Clausen et al. (1997) summarized RGA geochemical conditions, including contaminant geochemistry,
in both the NEP and NWP and noted there is little variability in RGA geochemistry across the site,
particularly the major ion chemistry. General RGA geochemical conditions identified for the NE and
NW Plumes are summarized in Table 5. The discussion of RGA geochemical conditions notes: 1) that
the range of Eh values and dissolved oxygen (DO) concentrations are consistent with an aerobic aquifer
system, 2) there is limited evidence of oxygen-limited micro environments within the RGA; and 3) that
the concentration trends of contaminants suggest that steady state conditions exist in both plumes.

Table 5. Geochemical conditions in PGDP NE and NW Plume RGA groundwater (Clausen, 1997)

Parameter Range Units
pH 5.7-6.8 Standard

pH

Eh +120 - +280 mV
Dissolved Oxygen 1.0-7.9 mg/L
Bicarbonate 99 — 351 mg/L
Chloride 3-120 mg/L
Sulfate 55-115 mg/L
Nitrate 0.5-50 mg/L
Iron (total) 0.3-7.0 mg/L
Hydrogen sulfide <0.1-0.04 mg/L
Ammonia <0.1 mg/L
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In addition to summarizing general groundwater geochemical conditions, Clausen et al. (1997)
conducted an in-depth investigation and evaluation of PGDP groundwater geochemical conditions
relative to physical, chemical and biological attenuation and degradation processes. A summary of the
1997 evaluations related to fate and transport of TCE in the RGA is presented in Section 3.1 of this
document.
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3.0. Technical Background

3.1. Guidance for Evaluation of Natural Attenuation

A number of guidance documents have been produced by Federal and State agencies, the scientific
community, and industry to provide investigators and decision-makers information on appropriate
approaches for the evaluation of natural attenuation and protocols for investigation, documentation,
evaluation and monitoring of natural attenuation processes. The adequacy of comprehensive natural-
attenuation-evaluation protocols, developed prior to 1999 (listed below), was reviewed by the National
Academy of Sciences - Committee for Intrinsic Remediation (NAS) in the document Natural
Attenuation for Groundwater Remediation (NAP, 2000).

“Technical Protocol for Implementing Intrinsic Remediation with Long-Term Monitoring for
Natural Attenuation of Fuel Contamination in Groundwater,” Todd Wiedemeier, John T.
Wilson, Donald H. Kampbell, Ross N. Miller, and Jerry E. Hanson, Volume I and Volume II,
November 11, 1995, Air Force Center for Environmental Excellence, Technology Transfer
Division, Brooks AFB.

“Technical Protocol for Evaluating Natural Attenuation of Chlorinated Solvents in
Groundwater,” Todd H. Wiedemeier, Matthew A. Swanson, David E. Moutoux, E. Kinzie
Gordon, John T. Wilson, Barbara H. Wilson, Donald H. Kampbell, Jerry E. Hansen, Patrick
Haas, and Francis H. Chapelle, Draft—Revision 2, July 1997, Air Force Center for
Environmental Excellence, Technology Transfer Division, Brooks Air Force Base, San
Antonio, Tex.

“Draft Region 4 Suggested Practices for Evaluation of a Site for Natural Attenuation
(Biological Degradation) of Chlorinated Solvents,” Version 3.0, November 1997, EPA Region
4.

Department of Energy ¢ “Site Screening and Technical Guidance for Monitored Natural
Attenuation at DOE Sites,” Patrick V. Brady, Brian P. Spalding, Kenneth M. Krupka, Robert D.
Waters, Pengchu Zhang, David J. Borns, and Warren D. Brady, Draft, August 30, 1998, Sandia
National Laboratory.

“Technical Protocol for Evaluating Natural Attenuation of Chlorinated Solvents in Ground
Water,” Todd H. Wiedemeier, Matthew A. Swanson, David E. Moutoux, E. Kinzie Gordon,
John T. Wilson, Barbara H. Wilson, Donald H. Kampbell, Patrick E. Haas, Ross N. Miller,
Jerry E. Hansen, and Francis H. Chapelle, EPA/600/R-98/128, September 1998, EPA Office of
Research and Development.

“Technical Guidelines for Evaluating Monitored Natural Attenuation at Naval and Marine
Corps Facilities,” Todd H. Wiedemeier and Francis H. Chapelle, Draft—Revision 2, March
1998.

“Use of Monitored Natural Attenuation at Superfund, RCRA Corrective Action, and
Underground Storage Tank Sites,” Final OSWER Directive (OSWER Directive Number 9200.
4-17P), April 21, 1999, EPA Office of Solid Waste and Emergency Response.

The NAS review noted similarities in the approaches and methods identified in the various protocols.
Several of the protocols including the Air Force Center for Environmental Excellence (AFCEE)
chlorinated solvents protocol, USEPA Office of Research and Development (ORD) Technical Protocol,
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and the Region IV Suggested Practices protocol shared authors and general content. The Region IV
Suggested Practices document was released in 1997, and information in the Region IV document was
expanded in the EPA ORD’s 1998 Technical Protocol document. The Technical Protocol for
Evaluating Natural Attenuation of Chlorinated Solvents in Ground Water is the primary document
referenced to guide planning and activities for the PGDP TCE Fate and Transport Process Project.

Recent Savannah River National Laboratory technical guidance, Scenarios Evaluation Tool for
Chlorinated Solvent MNA (SRNL, 2006) provided information and an approach for evaluating existing
and historical site conditions that prompted implementation of a formal evaluation of aerobic
degradation processes in the RGA. The Scenarios Evaluation Tool for Chlorinated Solvent MNA
(SRNL, 2006) along with information obtained from the 1998 EPA technical guidance document
“Technical Protocol for Evaluating Natural Attenuation of Chlorinated Solvents in Ground Water”
(Technical Protocol) provided PGDP investigators with the approaches and tools necessary to evaluate
and characterize microbial degradation in an aerobic groundwater setting.

The Technical Protocol identifies the need for three lines of evidence to support conclusions that natural
attenuation mechanisms are occurring and are sustainable relative to an individual site’s contamination.

1. The First Line of Evidence is the evaluation of historical and temporal contaminant
concentration trends along the contaminant plume’s flow path. Groundwater and soil analytical
parameters that provide information about geochemical conditions and the availability of
substrates and nutrients in the environment are identified in Tables 6 & 6a. This line of
evidence calls for evaluation of the removal of contaminant mass along contaminant flowpaths
and includes the calculation of first-order rate constants.

2. The Second Line of Evidence is the identification of the specific attenuation processes, their
nature and rate, the resulting destruction of contaminant mass that is occurring, and the
hydrogeochemical conditions that exist to support the attenuation processes. There are two
components:

a. Use of mass balance calculations to illustrate that electron donor and receptor
concentrations are sufficient to facilitate degradation of dissolved contaminants.

b. Use of measured contaminant concentrations and/or biologically recalcitrant tracers
with hydrogeologic characteristics of the aquifer to illustrate that reduction in
contaminant mass is occurring and to calculate biodegradation rate constants.

3. The Third Line of Evidence is the utilization of additional technical information, analytical
work, and evaluations related to degradation mechanisms that were not known or recognized at
the time of publication of the Technical Protocol. The third line of evidence may include
microcosm study data, compound specific isotope analyses (CSIA), numerical modeling, and
documentation of the geochemical conditions that support the occurrence and rate of the
biodegradation process.
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Table 6. Groundwater analytical parameters for characterization of microbial degradation (AFCEE,

1998)
Field or Fixed-Base
Analysis Data Use Laboratory
Aromatic and Method of analysis for BTEX and chlorinated solvents/daughter Fixed-base
chlorinated products, which are the primary target analytes for monitoring natural
hydrocarbons attenuation; method can be extended to higher molecular weight alkyl-
(BTEX, benzenes; trimethylben-zenes are used to monitor plume dilution if
trimethylbenzene | degradation is primarily anaerobic.
isomers,
chlorinated
compounds)
Dissolved Concentrations less than about 0.5 mg/L generally indicate an Field
Oxygen anaerobic pathway. Measurements made with electrodes; results are
displayed on a meter; protect samples from exposure to oxygen during
sampling and analysis.
Nitrate Substrate for microbial respiration in the absence of oxygen Fixed-base
Mn(II) Indication of Mn(IV) reduction during microbial degradation of Field
organic compounds in the absence of dissolved oxygen and nitrate.
Fe(II) Indication of Fe(IIT) reduction during microbial degradation of organic | Field
compounds in the absence of dissolved oxygen, nitrate, and Mn(IV).
Sulfate (SO,*) Substrate for anaerobic microbial respiration Field
Hydrogen Sulfide | Metabolic byproduct of sulfate reduction. The presence of H,S Field
suggests organic carbon oxidation via sulfate reduction.
Methane, ethane, | The presence of methane suggests organic carbon degradation via Fixed-base
and ethene methanogenesis. Ethane and ethene data are used where chlorinated
solvents are suspected of undergoing biological transformation.
Kampbell et al., 1989 or SW3810 Modified
Carbon Dioxide Carbon dioxide is produced during the biodegradation of many types Field
of organic carbon
Alkalinity General water quality parameter used (1) to measure the buffering Field
capacity of groundwater, and (2) as a marker to verify that all site
samples are obtained from the same groundwater system;
Oxidation- The ORP of groundwater reflects the relative oxidizing or reducing Field
reduction nature of the groundwater system. ORP is influenced by the nature of
potential (ORP) the biologically mediated degradation of organic carbon; the ORP of
groundwater may range from more than 800 mV to less than -400 mV.
Measurements made with electrodes; results are displayed on a meter;
protect samples from exposure to oxygen. Report results against the
hydrogen electrode (Eh) by adding a correction factor specific to the
electrode used
pH Aerobic and anaerobic processes are pH-sensitive Field
Temperature Well development Field
Conductivity General water quality parameter used as a marker to verify that site Field
samples are obtained from the same groundwater system
Major Cations Can be used to evaluate other remedial actions. Field
Chloride General water quality parameter used as a marker to verify that site Fixed-base
samples are obtained from the same groundwater system. Final
product of chlorinated solvent reduction.
Total Organic Used to classify plume and to determine if co-metabolism is possible Laboratory
Carbon in the absence of anthropogenic carbon
Hydrogen (H,) Sampled at well head requires the production of 100mL per minute of | Field

water for 30 minutes. Equilibration with gas in the field. Determined
with a reducing gas detector.
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Table 6a. Groundwater Analytical Data Quality Objectives for characterization of microbial degradation

(AFCEE)
Analysis Minimum Limit | Accuracy/Precision Availability Data Completeness Objective
of
Quantification

Aromatic and MCLs Definitive Data Common laboratory | 95%

chlorinated Quality analysis

hydrocarbons

(BTEX,

trimethylbenzen

e isomers,

chlorinated

compounds)

Oxygen 0.2 mg/L Standard deviation of | Common field 100%
0.2 mg/L instrument

Nitrate 0.1 mg/L Definitive Data Common laboratory | 100%
Quality analysis

Mn(II) 0.5 mg/L Definitive Data Common field 100%
Quality analysis

Fe(II) 0.5 mg/L Definitive Data Common field 100%
Quality analysis

Sulfate (SO,*) 5mg/L Definitive Data Common laboratory | 100%
Quality or field analysis

Hydrogen 5 mg/L Definitive Data Common field 100%

Sulfide (H,S) Quality analysis

Methane, 1 ug/L. Definitive Data Specialized 95%

ethane, and Quality laboratory analysis.

ethene

A great deal of supporting information regarding natural attenuation processes, mechanisms, and
technical methods to collect and assess related data is provided in the Technical Protocol. Relative to
biological degradation processes, the Technical Protocol focuses on processes that occur in groundwater
environments where molecular oxygen is not available, or anaerobic conditions. However, a less
focused but substantial amount of information is also available in the document and appendices
regarding the biological degradation processes that occur in groundwater environments where aerobic
conditions exist and molecular oxygen is available.

3.2. Natural Attenuation Processes

Natural Attenuation refers to naturally-occurring in-situ chemical, physical, and biological processes
that attenuate, degrade, and/or destroy a contaminant. According to the USEPA, these mechanisms “act
without human intervention to reduce mass, toxicity, mobility, volume or concentration of contaminants
in soil or groundwater.” (EPA, 1999b). Natural attenuation mechanisms include: advection, dispersion,
diffusion, sorption, chemical degradation processes, and biological degradation processes that are
summarized in Table 7.

After several decades of intense study, microorganisms are known to be ubiquitous in the groundwater
environment and biodegradation is recognized as the most important process acting to truly reduce
contaminant mass in groundwater (EPA, 1998). Since the 1970’s, the scientific community has
identified microbes that are indigenous to a variety of physical and geochemical groundwater
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environments and are capable of degrading organic compounds from jet fuel and gasoline to chlorinated
solvents (MLG, 2006).

Microorganisms utilize oxidation (loss of electrons) and reduction (gain of electrons) reactions to
harvest chemical energy available in the aquifer for growth and activity. Aerobic conditions exist in
groundwater when molecular oxygen is present. Under aerobic conditions, microorganisms couple the
oxidation of (electron transfer from) food sources consisting of organic compounds, to the reduction of
(addition of electrons to) oxygen. Aerobic microbial metabolic activities utilize organic-compound
food sources as electron donors and oxygen as the electron acceptor.

When molecular oxygen is not available in the groundwater environment, anoxic conditions prevail and
anaerobic microorganisms utilize compounds other than oxygen as electron acceptors. The compounds
used as electron acceptors in the absence of oxygen include, but are not limited to, naturally occurring
organic carbon, carbon dioxide, nitrate, sulfate, methane, ammonia, manganese, iron (III), and
chlorinated organic compounds. The thermodynamic sequence for microbial redox reactions utilizes
electron acceptors as follows: O, > NO; > Mn (IV) > Fe (II) > SO4 > CH,O0.

Microbial metabolic processes occurring under aerobic or anaerobic conditions change the chemical
composition of compounds that serve as the primary electron donors and acceptors and result in the
degradation or “biodegradation” of those compounds (Figure 7). Aerobic biodegradation occurs in the
presence of oxygen and uses oxygen as the terminal electron acceptor and anaerobic biodegradation
occurs in the absence of available oxygen and uses compounds (cited above) as terminal electron
acceptors. Terminal electron accepting processes involved in biodegradation are identified in Table 7a.

Microorganisms produce enzymes that catalyze or initiate the chemical oxidation or reduction reactions
involved in their aerobic and anaerobic metabolic processes. The compounds that serve as electron
donors in both aerobic and anaerobic microbial metabolic reactions (biodegradation)are acted upon by
the enzymes and are generally referred to as “substrates” or primary growth substrates.

Highly chlorinated ethenes (PCE & TCE) are not known to serve as primary substrates for aerobic
microbial metabolic processes and degradation of these substances occurs via a third mechanism of
microbially-mediated organic compound degradation, co-metabolism (Vogel, 1994; McCarty and
Semprini, 1994). Co-metabolism occurs when the destruction of a chlorinated compound is fortuitously
catalyzed by the production of enzymes that are produced by both aerobic and anaerobic
microorganisms to react with their primary or growth substrates (EPA, 1998). In co-metabolic
degradation the organisms producing the catabolic enzyme (an enzyme that catalyzes a reaction) do not
benefit from the fortuitous degradation reaction and the compound being destroyed is neither a substrate
nor an electron acceptor.

A number of aerobic bacteria have been identified that produce the catabolic “oxygenase” enzymes
capable of initiating co-metabolic degradation of TCE and other chlorinated aromatic compounds.
Groups of those aerobic bacteria are identified in Table 8.

Oxygenase enzymes help break down a target molecule by inserting oxygen (Figure 7). Most enzymes
catalyze one type of reaction and act on one compound or a group of closely related compounds.
Enzymes and substrates are often closely linked so that enzymes are typically named after the substrate
and reaction, simply by adding the suffix “-ase” (SRNL, 2008). For example, toluene 2-
monooxygenase inserts an oxygen atom into toluene at the designated location (Figure 8).

The substrates that are important to aerobic co-metabolism are those that encourage the production of
oxygenase enzymes that oxidize a relatively wide range of compounds in addition to the primary
substrate. For aerobic co-metabolism, the enzyme must specifically oxidize a target contaminant such
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as TCE in addition to the primary substrate.

like methane and propane (SRNL, 2008).

Primary substrates that result in TCE co-metabolism
include chemicals like toluene that contain “aromatic” carbon rings and short-chain carbon compounds

Table 7. Natural Attenuation processes that affect the fate & transport of contaminants in the
subsurface (EPA, 1998)

(Simple Dilution)

water table into the saturated
zone.

properties, depth to ground water,
surface water interactions, and
climate.

Process Description Dependencies Effect

Advection Movement of solute by bulk Dependent on aquifer properties, Main mechanism driving
ground-water movement. mainly hydraulic conductivity and contaminant movement in the

effective porosity, and hydraulic subsurface.
gradient. Independent of contaminant
properties.

Dispersion Fluid mixing due to ground- Dependent on aquitfer properties and | Causes longitudinal, transverse,
water movement and aquifer scale of observation. Independent of | and vertical spreading of the
heterogeneities. contaminant properties. plume. Reduces solute

concentration.

Diffusion Spreading and dilution of Dependent on contaminant properties | Diffusion of contaminant from
contaminant due to molecular | and concentration gradients. areas of relatively high
diffusion. Described by Fick’s Laws. concentration to areas of relatively

low concentration. Generally
unimportant relative to dispersion
at most ground-water flow
velocities.

Sorption Reaction between aquifer matrix | Dependent on aquifer matrix Tends to reduce apparent solute
and solute whereby relatively properties (organic carbon and clay | transport velocity and remove
hydrophobic organic compounds| mineral content, bulk density, specific| solutes from the ground water via
become sorbed to organic surface area, and porosity) and sorption to the aquifer matrix.
carbon or clay minerals. contaminant properties (solubility,

hydrophobicity, octanol-water
partitioning coefficient).
Recharge Movement of water across the | Dependent on aquifer matrix Causes dilution of the contaminant

plume and may replenish electron
acceptor concentrations, especially
dissolved oxygen.

Volatilization

Volatilization of contaminants
dissolved in ground water into
the vapor phase (soil gas).

Dependent on the chemical’s vapor
pressure and Henry’s Law constant.

Removes contaminants from
ground water and transfers them to
soil gas.

Biodegradation

Microbially mediated oxidation-
reduction reactions that degrade
contaminants.

Dependent on ground-water
geochemistry, microbial population
and contaminant properties.
Biodegradation can occur under
aerobic and/or anaerobic conditions.

May ultimately result in complete
degradation of contaminants.
Typically the most important
process acting to truly reduce
contaninant mass.

Abiotic Degradation

Chemical transformations that
degrade contaminants without
microbial facilitation; only
halogenated compounds are
subject to these mechanisms in
the ground-water environment.

Dependent on contaminant properties
and ground-water geochemistry.

Can result in partial or complete
degradation of contaminants.
Rates typically much slower than
for biodegradation.

Partitioning from
NAPL

Partitioning from NAPL into
ground water. NAPL plumes,
whether mobile or residual, tend
to act as a continuing source of

ground-water contamination.

Dependent on aquifer matrix and
contaminant properties. as well as
ground-water mass flux through or
past NAPL plume.

Dissolution of contaminants from
NAPL represents the primary
source of dissolved contamination
in ground water.

The presence of oxidizable organic compounds and the availability of oxygen in an aquifer result in a
series of responses by microbial communities. Oxidizable organic compounds may be native carbon
sources deposited with the aquifer media, dissolved organic detritus from infiltrating groundwater,
organic microbial detritus, and anthropogenic sources of organic carbon. Microbial communities
become spatially defined based on the availability of electron donors and acceptors along aquifer
flowpaths. Temporally, microbial communities are in flux as oxygen is depleted by the aerobic
oxidation of substrates and alternative substrates are then utilized for respiration. When oxygen is

36



sufficiently depleted and aerobic oxidation of substrates no longer occurs, the enzymes responsible for
catalyzed aerobic cometabolic degradation are no longer produced and aerobic co-metabolism ceases.

Table 7a. Electron-accepting processes involved in biological metabolic/degradation processes (EPA,

1998)
Analyte Terminal Electron Accepting Process | Trend in Analyte Concentration During
Biodegradation

Fuel Hydrocarbons Aerobic Respiration, Denitrification, Decreases

Manganese (IV) Reduction. Iron (IIT) Reduction,

Methanogenesis
Highly Chlorinated Solvents and Reductive Dechlorination Parent Compound Concentration Decreases, Daughter
Daughter Products Products Increase Initially and Then
May Decrease

Lightly Chlorinated Solvents Aerobic Respiration, Denitrification, Compound Concentration Decreases

Manganese (IV) Reduction, Iron (1) Reduction

(Direct Oxidation)
Dissolved Oxygen Aerobic Respiration Decreases
Nitrate Denitrification Decreases
Manganese (IT) Manganese (TV) Reduction Increases
Iron (IT) Iron (TII) Reduction Increases
Sulfate Sulfate Reduction Decreases
Methane Methanogenesis Increases
Chloride Reductive Dechlorination or Direct Oxidation of Increases
Chlorinated Compound

ORP Aerobic Respiration, Denitrification, Decreases

Manganese (IV) Reduction, Tron (IIT) Reduction,

Methanogenesis
Alkalinity Aerobic Respiration, Denitrification, Iron (IIT) Increases
Reduction, and Sulfate Reduction

Table 8. Groups of aerobic bacteria that produce catabolic oxygenase enzymes (EPA, 1998)

Aerobic bacteria categorized by Enzyme
Target Compounds

Methane Oxidizers (Methanotrophs)

Propane Oxidizers

Ethene Oxidizers

Toluene, Phenol, Cresol Oxidizers

Ammonia Oxidizers

Isoprene Oxidizers

Vinyl Chloride Oxidizers

Organic Growth
Substrate

(Ex: propane, butane)

e Intermediate Products === CO,

Metabolism

cl ;
\L':—C
FARNF AN
| o

c H

TCE epoxide

Figure 7. Generalized process diagram of co-metabolism process (WHRSRC, 2007)
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Indicators of the occurrence of anaerobic biodegradation of chlorinated compounds, specifically the
intermediate daughter products of TCE, are easily recognized, well defined and understood. Aerobic
co-metabolism of chlorinated compounds results in different intermediate products (Figure 8) and the
end products chloride and carbon dioxide which are common inorganic species in groundwater.
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Figure 8. TCE cometabolic degradation pathways (SRNL, 2008)
(Existing EAP assays available for the highlighted items)

The traditional evidence collected to support the occurrence of cometabolic oxidation of TCE includes:
1) identification of appropriate geochemical conditions such as oxygenated groundwater and the
presence of a carbon substrate; 2) the disappearance or reduction in concentration of the contaminant;
and 3) identification of specific DNA sequences attributable to organisms capable of co-metabolizing a
contaminant. These three lines of evidence are capable of identifying the potential for co-metabolism to
occur but do not directly measure the active co-metabolic activity. Emerging methods such as enzyme
activity probes (EAPs) and compound specific isotope analyses (CSIAs) have been developed and
recently applied to the assessment of co-metabolism (SRNL, 2008). EAPs provide for direct
measurement of enzyme presence and activity in the environment. CSIAs examine the ratio of stable
isotopes in contaminant molecules to determine if isotopic fractionation from abiotic, anaerobic, and
aerobic degradation processes are occurring and can provide insight into the specific processes and rates
of those processes.
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3.3. Technical Methods Background
3.3.1. Enzyme Activity Probe & DNA Control Study Background

Enzyme activity probes are compounds that fluoresce when a co-metabolic enzyme of interest is present
and active in a sample. Probes serve as alternate substrates for the enzymes of interest. They include
probes for enzymes that target aromatic compounds (toluene, phenol, benzene), and enzymes such as
soluble methane monooxygenases (sSMMO) that target light hydrocarbons such as methane (SRNL,
2008). Probes undergo transformation to yield a fluorescent product only when the enzyme of interest is
actively functioning in a sample. If the appropriate enzyme is not present or is present but not active in a
given sample, the probes will not be transformed and no fluorescence will be detected.

The probes used to analyze PGDP study samples include the sSMMO probe coumarin and three aromatic
enzyme probes: phenylacetylene (PA), 3-hydroxy-phenylacetylene (3HPA) and trans-cinnamonitrile.
The probes are nonfluorescent compounds that are transformed by specifically targeted enzymes into
fluorescent molecules that are easily quantifiable by microscopy or fluorometry. Positive probe results
indicate that enzymes of interest have been induced by environmental conditions. As such, EAPs
measure the actual activity of microorganisms and represent in situ conditions (SRNL, 2008).

Microbial DNA can be extracted out of water, soil, or sediment samples. Molecular assay techniques,
such as DNA analyses, provide evidence that the blueprint for the enzymes capable of co-metabolic
degradation are present. DNA analyses are used as a control to corroborate EAP results. DNA assays
are designed to look for the presence of the genes coding for the biological oxygenases. Coupling
molecular assessments with EAP analyses provides direct and supporting evidence of cometabolic
enzyme activity toward chlorinated solvents (Lee et al., 2005; 2008; Wymore et al., 2007). Natural
attenuation of TCE through co-metabolism can be verified using this type of complementary monitoring
technique (SRNL, 2008).

3.3.2. Stable Carbon Isotope Background

Compound specific stable isotope analysis (CSIA) is a tool that can supplement traditional techniques
for characterizing groundwater flow, identifying potential sources of groundwater contamination, and
characterizing the behavior of dissolved organic contaminants in groundwater (MLG, 2006). The
ability to determine the isotopic composition of individual compounds in complex mixtures is relatively
new and came about with the development and commercial availability of combined gas
chromatograph—isotope ratio mass spectrometers (GC-IRMS) in the late 1980s and early 1990s (Philp et
al., 2007). Typically, compound specific isotope analyses for environmental forensic purposes rely on
stable isotopes of carbon (*C/'*C), hydrogen (*H/'H), oxygen (‘°0/**0), and chlorine (*’C1/*°CI).

All compounds are comprised of atoms which are made up of protons, electrons, and neutrons. The
protons and the neutrons make up the nucleus of the atom and the electrons orbit the nucleus. Elements
are defined by the number of protons in the nucleus. Isotopes of an element are defined by the sum of
the protons and neutrons. Because the number of neutrons in an element can vary, most elements have
more than one isotope and because stable isotopes are not transformed by radioactive decay, they are
inherently stable. Thus, the ratio of two stable isotopes of an element will remain unchanged unless a
process occurs that acts preferentially on the lighter or the heavier isotope (MLG, 2006).

The atomic mass difference between isotopes affects each isotope’s chemical kinetic behavior, leading
to naturally occurring isotope separation processes (MLG, 2006). Evaporation, volatilization,
biodegradation, and chemical transformations are common processes that can result in the isotopic
fractionation of chemicals in groundwater. Understanding which processes do or do not cause
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fractionation and which processes are present in a given environmental system is critical for the
application of isotopic analysis. For example, carbon in inorganic carbonates shows little isotopic
fractionation, while carbon in materials derived from photosynthesis is depleted of the heavier isotopes.
Recent investigations indicate that groundwater/contaminant flow in heterogeneous and slow velocity
flow system porous media with mass transfer between relatively fast and slow-flow zones can result in
isotopic fractionation of compounds via the molecular diffusion process (LaBolle et al., 2008).
Biological degradation processes, through microcosm and field studies, have been recognized as being
capable of the depletion of lighter carbon isotopes in compounds because of the preference of microbial
degradation processes to target the lighter carbon isotopes (Sherwood-Lollar et al., 2001; Kuder et al.,
2005).

Isotopic enrichment of a substance is determined by comparison of a carbon isotope in a sample to a
carbon isotope standard, which is the marine carbonate Vienna Pee Dee Belemnite (VPDB). VPDB has
been assigned an isotopic carbon-13 (¢'"°C) value of “0”. Because other measured materials have ¢"*C
values less than that of VPDB, they will have a negative ¢'°C values. With a known standard for
comparison, the effects of processes that target the lighter or heavier isotopes in a carbon containing
compound (such as TCE) can be evaluated through application of the Rayleigh model. Appendix 3D
contains a presentation about utilization of stable isotope analysis to environmental evaluations of
MTBE (Philp et al., 2007). The same principles noted in the MTBE example apply to the application of
stable isotopes for evaluation of biodegradation of TCE.

3.4. PGDP TCE Groundwater Fate & Transport Investigations

Numerous investigations (Clausen et al., 1997; Stuchio et al., 1998; Starr et al., 2005; DOE, 2003; DOE,
2007; DOE, 1996a; DOE, 2007; MMES, 1994) have assessed the groundwater fate and transport of
TCE and *Tc at the PGDP. The earliest reported characterizations noted the limited presence of
reductive dechlorination byproducts of TCE in groundwater at PGDP and attempted to bound the TCE
degradation rate by mass balance calculations.

Later contaminant studies applied screening-level fate and transport models to assess downgradient
TCE levels associated with specific TCE sources. The results of these screening level models were
dependent upon the values applied to variables in the models. Site characterization data, more detailed
groundwater flow models of PGDP, and measurements from similar hydrogeologic settings provided
reasonable estimates for most of the variables in the screening-level fate and transport models. The
common variables that remained poorly documented were the soil-to-water partition coefficient (Ky)
and the TCE half-life. However, continued development of the site-wide groundwater flow model led
to well-constrained values of Ky for TCE by matching the known extent of the off-site, co-mingled
plumes of TCE and *Tc to fate and transport model simulations (DOE 2002). Subsequent geochemical
modeling and measurements based on TCE trends in monitoring wells confirmed the K, value.

Recently, the SWP Site Investigation (DOE, 2006) compared dissolved TCE and *Tc trends in PGDP’s
Northwest Plume using chloride and *’Tc as conservative groundwater tracers in order to estimate an
applicable TCE half-life for the RGA. The first order rate estimation calculations for TCE degradation
are presented in Section 3.4.5.3.

3.4.1. Clausen and others, 1997. The Evaluation of Natural Attenuation Processes for
Trichloroethylene and Technetium-99 in the Northeast and Northwest Plumes at the Paducah Gaseous
Diffusion Plant, Paducah, Kentucky (Clausen et al., 1997) documents an in-depth investigation of TCE
attenuation and biodegradation in the RGA. The study reports that although natural attenuation
processes are active and plume attenuation is occurring, the rate (of natural attenuation) is insufficient to
utilize as a remedial measure (in the absence of a source zone remedial measure). Clausen et al. provide
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a summary evaluation of the geochemical conditions in the RGA and indicated that RGA geochemical
conditions “are consistent with aerobic respiration by microorganisms within the aquifer”. However,
Clausen et al. note that geochemical conditions within the aquifer do not indicate the presence of an
energy source for TCE microbial degradation, whether it be organic carbon, toluene, methane, ammonia
or other substrates.

Two scenarios were hypothesized to explain the geochemical data evaluated in the report: 1) The first
scenario assumed that current intrinsic biodegradation is negligible and that the evidence for
biodegradation is a remnant of past microbiological activity, when co-metabolites, now depleted, were
sufficient to support aerobic degradation; 2) The second scenario assumed the presence of organic-rich
anaerobic microenvironments within the RGA that supported reductive dechlorination of the TCE.
Under the second scenario, any TCE degradation products produced were assumed to remain sorbed to
the organic-rich materials of the microenvironments.

In addition to identifying hypothetical conditions that control the fate and transport of TCE at the
PGDP, the TCE biodegradation rate was quantified utilizing the geochemical model BIOSCREEN
(Newell et al. 1996). The Bioscreen evaluation was based on the downgradient decline in the mass flux
of TCE through several transects of the Northwest Plume and yielded an estimated rate for TCE
attenuation in the RGA of 0.0206 to 0.074 year' which is equivalent to a TCE half-life of 9.4 to 26.7
years. The effects of sorption and diffusion were not accounted for in the calculation of the TCE
attenuation rate, and the authors estimated a biodegradation half-life greater than 26.6 years for TCE in
the RGA if the potential influences of diffusion and sorption were considered.

3.4.2. Sturchio and others. Chloride Isotope Investigation of PGDP Trichloroethene Natural
Attenuation

Sturchio et al. (1998) published a peer-reviewed paper, Chloride Isotope Investigation of Natural
Attenuation of Trichloroethene in an Aerobic Aquifer, which was based in part on results in Clausen et
al. (1997). The authors measured carbon, oxygen, and chlorine isotope ratios for groundwater from
UCRS, RGA background locations, on-site source areas, and the RGA in the dissolved phases of the
Northeast and Northwest Plumes.

Sturchio noted that oxygen levels greater than 1 mg/L in all samples and other indicators of
electrochemical state were consistent with an aerobic groundwater environment. Common reductive-
dechlorination byproducts were characterized as absent or present at very low levels in the RGA. The
highest cis-1,2-dichloroethene concentrations were identified in UCRS wells. The authors concluded
that anaerobic conditions were most likely to have existed previously in the UCRS.

Sturchio reported a general downgradient trend of increasing dissolved inorganic carbon along with
decreases in the inorganic carbon "*C isotope and decreasing dissolved oxygen. This trend was
attributed to oxygen consumption and carbon dioxide production by aerobic microbial respiration.

The study also found that the *’chloride isotopic ratio tended to increase with decreasing TCE
concentration in the samples, which was consistent with Rayleigh-type isotopic fractionation of the TCE
degradation source. Because the chloride isotope and TCE trends were not compatible with simple
closed-system models, the authors concluded the data are consistent with a model of past TCE
degradation in the overlying Upper Continental Recharge System (UCRS) and little or no current
degradation of TCE in the RGA.
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3.4.3. Starr and others. Assessing Aerobic Natural Attenuation of Trichloroethene

Starr, et al. (2005) conducted a nation-wide screening assessment of 24 DOE sites with 127 plumes of
contaminated aerobic groundwater in order to identify five (5) sites that warranted further investigation
relative to investigating and quantifying rates of aecrobic TCE degradation. Screening was based on the
following criteria: 1) TCE must be present in an aerobic groundwater; 2) A conservative co-contaminant
tracer must be present and have approximately the same source location as the TCE; and 3) The
groundwater velocity of the site must be known. Based on screening of site’s geochemical and
contaminant data, the sites chosen for assessment were: 1) Brookhaven National Laboratory; 2) Paducah
Gaseous Diffusion Plant; 3) Rocky Flats Environmental Technology Site; and 4) Savannah River Site,
A/M Area Plume. Aerobic co-metabolism of TCE in aerobic groundwater had been previously
identified as a significant attenuation process at the Idaho National Engineering and Environmental
Laboratory.

Starr applied the approach and methods described in An Evaluation of Aerobic Trichloroethene
Attenuation Using First Order Rate Estimation (Sorenson et al., 2000) to calculate first-order rate
constants for the four retained sites. In the approach, groundwater velocity was a site-specific
parameter identified as 1.3 ft/day (Clausen et al., 1997) for the PGDP. Dispersion was accounted for in
the calculation of site specific rate constants because of the assumption that it is a physical process
affecting groundwater and is not dependent upon contaminants (properties). Thus all contaminants,
including the tracer, are subject to the same dispersion along a given flowpath. Because adsorption and
volatilization are site specific parameters, they were not independently accounted for, or differentiated
in, the attenuation calculated to be occurring at the sites. Based on PGDP data from the lower RGA, a
half-life of seven (7) years was calculated for the Northwest Plume at the PGDP.

3.4.4. Screening Level Fate and Transport Modeling.

PGDP’s risk assessment guidance (DOE 2000b) outlines a tiered approach to fate and transport
modeling based on the intended use of the model results. The most recent fate and transport modeling
(DOE 2003 and 2007) employed the SESOIL (GSC 1995, 1996a) and AT123D (GSC 1996b and Yeh
1981) codes in a probabilistic approach as a means of reducing model uncertainty.

Screening-level fate and transport modeling of TCE has been used at PGDP in support of site and
remedial investigations, treatability studies, and design investigations. The earliest remedial
investigation (DOE 1996a) relied on the Summers Model (EPA 1989) to assess dissolved-phase TCE
levels resulting from source units. Subsequent fate and transport models (DOE 1996b, 1998a, 2007)
were based on the combination of the SESOIL code (GSC 1995, 1996a) to simulate migration through
the UCRS, and the AT123D code (GSC, 1996b and Yeh, 1981) to simulate migration through the RGA.
Most subsequent investigations (DOE 1997, 1998b, 1999a, 1999b, 2000a) have used MEPAS (PNL
1989) to derive dissolved-contaminant levels at downgradient points of exposure. TCE degradation has
been accounted for in screening level fate and transport modeling efforts through the application of a
26.6 year TCE half-life. The 26.6 year half-life is based on the upper end of the range of potential TCE
half-lives identified by Clausen, et al. (1997).

PGDP is currently redeveloping the site-wide groundwater flow model (MODFLOW code, Harbaugh et
al. 2000). Results of the redeveloped PGDP MODFLOW model, future site-specific measurements, and
data being collected at sites with similar hydrogeology and hydrogeochemistry may impact the
estimates for future fate and transport inputs.

3.4.5. Southwest Plume Site Investigation
The SWP Site Investigation (SI) evaluated four potential source areas along the western perimeter of the

PGDP Restricted Area and profiled the magnitude and distribution of volatile organic compounds
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(VOCs) and *Tc in the SWP. In addition to SWP-specific aquifer, contaminant, and geochemical
information, the SI summarized the current status of site-wide TCE fate and transport parameters used
for PGDP modeling and risk assessment. The site-wide parameter assessment was augmented with the
derivation of first-order degradation rate constants based on a range of groundwater velocities between
1 and 3 feet/day.

3.4.5.1. PGDP TCE Transport Parameters

Values of TCE transport parameters used as fate and transport modeling inputs have evolved as more
and better site-specific measurements become available. The SWP SI (DOE, 2007) documents the
current TCE transport parameter estimates applicable to PGDP TCE fate and transport modeling (Table
9).

Measurements of RGA-matrix porosity range from 27 to 54% (DOE, 1999 - Appendix H). The
derivation of the dissolved TCE degradation rate coefficient was based on an assumption that the
average effective porosity of the RGA matrix is 30%, which is within the 25-to-40% range attributable
to gravel, as reported in Freeze and Cherry (1979). Taken together, hydraulic conductivity, hydraulic
gradient, and effective porosity determine groundwater flow velocity. PGDP groundwater flow velocity
in the RGA has been reported to range from 0.15 to 15.9 ft/day with an average of 1.3 ft/day (Clausen et
al. 1997). At PGDP, long-term area-averaged groundwater flow velocity in the Northwest Plume is
presently estimated to range between 1 and 3 ft/day.

The RGA matrix consists of chert gravel and quartz sand which are both non-reactive media with
respect to metals and volatile organic compounds. Accordingly, the fraction of organic carbon content
(foc) of the RGA has been calculated as 0.02% (DOE 1999) which indicates that the RGA has little
sorption potential relative to TCE or inorganic tracers. Based on a TCE organic carbon partition
coefficient (K,.) of 94 L/kg (EPA, 1996) and an organic carbon content of 0.02%, the migration of TCE
is retarded by a factor of 0.91 relative to the groundwater flow rate

Table 9. Hydrogeologic and geochemical input parameters for PGDP groundwater models

UCRS percolation rate 11 cmlyr
UCRS intrinsic permeability 1.65x 10 cm?
UCRS porosity 0.45

UCRS organic carbon content (foc) 0.08 to 0.09
UCRS soil-to-water partition coefficient (Kq) for TCE* 0.0752 to 0.0846 L/kg
UCRS TCE half-life 26.6 years
RGA effective porosity 0.3

RGA hydraulic conductivity 19.05 m/hr
RGA hydraulic gradient 0.0004

RGA aquifer thickness 9.14m

RGA longitudinal dispersivity 15m

RGA fraction of organic carbon 0.02

*varies with organic carbon content

3.4.5.2. Probabilistic Modeling

The SWP Site Investigation Report (DOE 2007) applied a probabilistic approach to the evaluation of
potential risks resulting from the transport and fate of TCE. Two scenarios were evaluated for the
probabilistic transport modeling: 1) a variable degradation scenario in which the degradation rate for
TCE was allowed to vary over the potential range of values calculated using total chloride and *’Tc as
tracers to normalize TCE concentrations (Clausen, 1997); and 2) a fixed degradation scenario in which
the UCRS TCE degradation half-life was 26.6 yr and no degradation half-life was applied to the RGA.
Other parameters in the probabilistic analysis were allowed to vary for both scenarios.
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3.4.5.3. Derivation of 1% order rate constant for TCE

Northwest Plume data from pre-pump and treat operations were used to calculate a range of first-order
degradation rates utilizing methods in Section 3.3.2 of the Technical Protocol for Evaluating Natural
Attenuation of Chlorinated Solvents in Ground Water (EPA, 1998). The rate derivation method utilizes
downgradient chlorinated solvent concentrations that are predicted or “normalized” based on the
concentrations of non-conservative tracers chloride and *Tc. The difference in the normalized
downgradient TCE concentration and the measured downgradient TCE concentration provides the
measure of the rate of natural attenuation processes acting upon TCE, exclusive of sorption and
volatilization (Figure 9). In transport calculations, sorption is accounted for through the application of a
retardation factor for transport velocity. Sorption of TCE and *’Tc are considered similar and minimal.

The data utilized in the calculation of SWP SI first-order degradation rate constants and the assumptions
made for their use are discussed in the following bullets:

e Evaluation of analyses from the period preceding implementation of the NWP Pump and Treat
System (PTS) indicate that TCE concentration levels in August 1995 are the highest
concentrations from the March-through-August 1995 pre-pumping data collection timeframe.
These data best approximate a “snapshot” of groundwater quality in the core of the NWP prior
to operation of the extraction wells. A good measure of the average contaminant level in the
core of the NWP is the contaminant level in the extraction wells and the analyses from nearby
wells with highest contaminant levels. The TCE concentrations in extraction well data closely
match those in the data set used for calculation of the TCE degradation rate coefficient.

e At sites where chloride concentrations in the chlorinated solvent source zone are significantly
elevated above background, as in the case in the Northwest Plume, chloride is a near-ideal
tracer. The three requirements of a tracer are: 1) The source of the tracer should either be the
source of the dissolved chlorinated solvent plume or must be co-located; 2) The tracer should
not degrade within the aquifer; and 3) The relative sorption of the tracer and the chlorinated
solvent on the aquifer matrix should be known (Sorenson et al. 2000).

e The elevated chloride levels in the Northwest Plume are directly related to the TCE source
zone. In 1995, chloride analyses for the C-400 TCE source zone wells MW155 (lower RGA)
and MW156 (upper RGA) were 84 and 68 mg/L, respectively. Background chloride levels for
PGDP, as measured in upgradient well MW103, ranged from 3.4 to 7.0 mg/L through 1995.
The difference in background and source area concentrations meets the 10% criterion for use of
chloride as a tracer per the technical protocol (EPA 1998). Chloride does not degrade, and it
does not readily complex with other solutes in the RGA. The matrix of the RGA is composed
primarily of chert gravel, coated with an iron-oxide patina, and quartz sand, with little silt and
clay content. Chloride is not significantly sorbed to the RGA matrix.

e The total chlorine concentration, consisting of the sum of concentration of ionic chloride and
organic chlorine, can be used for normalizing downgradient TCE concentrations (EPA 1998). In
the case of the NWP, TCE is essentially the only chlorinated solvent that is present and
concentrations of TCE daughter products cis-1,2-dichloroethene, 1,1-dichloroethene, and vinyl
chloride in RGA groundwater at the C-400 TCE source zone and in the downgradient plume are
typically below laboratory detection limits. Chlorine comprises 80.9% of the mass of the TCE
molecule. Thus, the total chlorine concentration to be used in the analysis is the sum of the
chloride concentration and 80.9% of the dissolved TCE concentration.
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e Technetium-99 also meets the three requirements of a tracer as follows. The **Tc source is co-
located with the TCE source. Technetium-99 does not degrade within the aquifer relative to the
potential age of the sources (a maximum of 43 years age for the source, in 1995, relative to a
half-life of 212,000 years). The relative sorption of **Tc and TCE is well understood.

e Technetium-99 degrades to ruthenium-99 by beta and gamma decay, with a half-life of 212,000
years. In aerobic settings such as the RGA, *Tc is in the form of the pertechnetate (TcOy)
anion, which is only weakly reactive with the RGA aquifer matrix and other groundwater
solutes.

e Previous studies of *Tc transport in the RGA have shown that *Tc likely migrates as a
dissolved species and does not form colloids (MMES 1994). More recent sensitivity analysis of
the PGDP groundwater fate and transport model (DOE 2002) determined that the distribution
coefficient (Kg) of *Tc ranges from 0.0 to 0.1 L/kg, with a mode of 0.0 L/kg. The distribution
coefficient is the measure of sorption in the site’s groundwater fate and transport model. A
distribution coefficient of 0.0 means that the solute travels at the speed of groundwater and the
migration of the solute is not retarded. The same study determined that the distribution
coefficient of TCE ranges from 0.01 to 0.1 L/kg, with a mode of 0.01 L/kg. Therefore, the
migration of TCE is very slightly retarded relative to groundwater flow and **Tc migration in
the RGA.

The Technical Protocol for Evaluating Natural Attenuation of Chlorinated Solvents in Ground Water
(EPA, 1998), Section C.3.3.2, documents the method of using inorganic solutes as tracers to derive a
first-order rate of degradation of chlorinated solvents by normalizing the downgradient TCE
concentration to the non-recalcitrant tracer *°Tc (Figure 9). The six (6) wells located along the
approximate axis of the NWP with available data for the first-order rate calculation are identified in
Table 10.

When chloride was used as the conservative tracer in the SI rate constant calculations (Figure 10), the
range for the TCE degradation rate coefficient was 0.0719 to 0.2149 year” at groundwater flow rates of
1 and 3 ft/day, respectively. The corresponding TCE half-life ranges from 9.6 to 3.2 years.

Using *Tc as the conservative tracer (Figure 11), the range for the degradation rate coefficient is 0.0603
to 0.1802 year' at groundwater flow rates of 1 and 3 ft/day, respectively, which corresponds to a TCE
half-life range of 11.5 to 3.8 years. As shown, analyses using these inorganic tracers yield similar
results.

Table 10. Well locations utilized for the SWP Sl first-order rate constant calculation

Mw248
MW250
MW243
MW241
MwW238
MW236
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The method uses the following equation to normalize downgradient TCE concentrations:

TCEz.nomulized = TCEs X [Tracery/Tracers]
‘Where:

TCEx jomeiiea = normalized TCE concentration at the downgradient location
TCE; = measuwed TCE concentration at the dewngradient location
Tracer, = measiwed tacer level at the upzradient location

Tracers = measured tracer level at the downzradient location

The TCE degradation rate cosffeient 15 relatsd fo the upgradisnt and normmalized downgradisnt TCE concentrations by the
following equation:

TCE Degradation Rate Coefficient = Ln(TCEg.nommaiizea TCES )t
Where:

TCEz nemsiznea = normalized TCE concentration at the downgradient location
TCE, = measured TCE concentration at the upzradient location

t=travel time between upsradient and downgradient locations

The travel time (1) between two pomts 15 given by:

t=x/V: CE
Where:

x = distance between the north and south well fields
Wrez = TCE transport velocity

Because travel time 1s inversely related to groundwater flow velocity, the
degradation rate varies directly with the flow velocity.

Figure 9. Normalization calculation from the Technical Protocol (EPA, 1998)
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Figure 10. NWP TCE first order degradation rate constant calculation using chloride as the
conservative tracer
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Figure 11. NWP TCE first order degradation rate constant calculation using **Tc as the
conservative tracer

3.4.6. Recent NWP First Order Rate Estimations

A procedure for conducting a first-order rate constant estimation for the PGDP NWP was presented as a
poster session at the National Ground Water Association, Ground Water Summit in Memphis, TN in
March 2008 (Phillips, 2008). The tracer corrected method utilized the site co-contaminant *Tc to
account for dispersion. In order to overcome temporal data set limitations that had challenged previous
investigators, a statistical analysis of monitoring well data from an expanded set of wells located along
the approximate axis of the plume was conducted to determine if the NWP pump and treat extraction
wells had impacted any of the potential data locations. Based on the analysis, four (4) locations in the
vicinity of the extraction wells were excluded from the data set. The final data set utilized wells along
the entire length of the plume and the TCE half-life was estimated to range from 6.1 to 16.5 years based
on a groundwater flow rate range of 1.5 to 2.5 feet per day (Appendix 10).
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4.0. Monitored Natural Attenuation/Enhanced Attenuation Technical & Regulatory
Considerations

4.1. Monitored Natural Attenuation

Monitored Natural Attenuation (MNA) refers to a remedial alternative which relies upon naturally
occurring mechanisms to remediate contaminated media. EPA has expressed a preference for those
treatment processes, including natural attenuation processes that can be shown to destroy or degrade
contaminants (EPA, 1999a).

Section 300.430(a)(1)(iii)(F) of the National Contingency Plan states that “EPA expects to return usable
groundwaters to their beneficial uses wherever practicable, within a timeframe that is reasonable given
the particular circumstances of the site.” The USEPA considers MNA to be a viable groundwater
remediation approach when it can be shown to be capable of remediating a site in a time frame
consistent with that required by a more active remedy (EPA, 1999b). Typical prerequisites for the use
of MNA as a remedial application include determinations that: 1) risks associated with reliance upon
MNA are acceptable, 2) the plume is stable or is growing smaller, 3) the conditions responsible for
MNA are sustainable, and 4) MNA is always used in combination with implementation of source
control measures (EPA, 1999b). If one or more of these prerequisites are not met, then utilization of
more active remedial measures to attain the desired results is necessary (ITRC, 2007).

4.2. Enhanced Attenuation

Enhanced Attenuation (EA) refers to remedies that use additions to in-situ hydro- or bio-geochemical
conditions of the groundwater environment in order to enhance the naturally occurring rates of
attenuation. EA may be implemented to control source flux or enhance degradation of contaminants.
EA remedies include passive permeable treatment zones, source control measures to decrease mass flux
into the plume, and/or the injection of amendments and/or nutrients to augment existing biodegradation
of contaminants (ITRC, 2007).

Regulatory considerations applicable to both in-situ and ex-situ EA remedial approaches include those
that cover injections of materials/liquids into an aquifer as well as those that require the handling and
fate of Listed Hazardous Wastes. In-situ amendments would be delivered by injection into groundwater
and would be subject to regulation. Ex-situ applications would be subject to regulations because of
potential waste generation and possibly re-injection of treated groundwater into the subsurface.

The Federal Underground Injection Control (UIC) Program is applicable to the injection of fluids into
the subsurface. A prohibition exists against the injection of any fluid into the subsurface unless a permit
has been issued to allow such injection or when the injection meets the requirements for a “permit by
rule”. For example, the injection of toluene as a part of a CERCLA remedial action would be
considered a Class V well under the UIC program and should meet the requirements for a “permit by
rule”. However, any CERCLA action would likely have to comply with all of the substantive
requirements governing the use of a Class V injection well (ITRC, 1998).

In addition to UIC regulatory considerations, 401 KAR 30:031, Section 5 would be an applicable
relevant and appropriate requirement (ARAR) which states that “No waste site or facility shall
contaminate an underground drinking water source beyond the point of compliance in excess of the
maximum contaminant levels specified in 401 KAR Chapter 8.” If a substrate or nutrient or other
amendment were to be injected into an aquifer that could be considered a potential drinking water
source (e.g., the RGA), the selected method would have to demonstrate compliance with the allowable
levels of toluene in the groundwater as specified in 401 KAR Chapter 8.
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Actively managed groundwater contaminated with listed hazardous wastes is considered to contain a
hazardous waste per the “Contained-In” rule and is managed as such unless, or until, it is deemed to no
longer contain the listed hazardous waste. Since PGDP groundwater is being managed as a hazardous
waste, its removal from the aquifer may be considered active management of hazardous waste, and
Land Disposal Restrictions (LDRs) may apply. Certain waivers or exclusions may apply such as the
Area of Contamination Policy or a Treatability Variance (ITRC, 1998).

Re-injection of TCE contaminated groundwater would be considered a Class IV injection which is
prohibited at non-RCRA or non-CERCLA sites. The U.S. EPA has granted an exception to this
prohibition when the groundwater is being re-injected as a part of a RCRA or CERCLA cleanup action.
However, the exception requires that the groundwater first undergo substantial treatment prior to being
re-injected into the aquifer, a requirement that may make the remedy too costly to implement (ITRC,
1998).

A limited number of case studies appear to show that, under certain conditions, the injection of
substrates can be used to accelerate aerobic cometabolic degradation of TCE in aquifers. However,
studies alone may not be sufficient to persuade regulators or the public to allow the injection of RCRA
regulated compounds into an aquifer. At a minimum, it is assumed that bench scale tests (e.g.,
microcosm studies) that accurately replicate aquifer conditions would be required prior to any attempt
being made to introduce RCRA regulated compounds such as phenol or toluene into the environment.
These bench scale tests would likely be followed by small-scale pilot studies that could provide
evidence that the injected substance would degrade to levels below its MCL or risk-based level within a
reasonable amount of time and that hydraulic control could be maintained in the event that the
compound did not degrade as planned.

4.2.1. Enhanced Attenuation General Technical Considerations

Concurrent with the implementation of source control measures, supplementing or enhancing the rate of
biodegradation may be an option to achieve a reasonable remedial timeframe for contaminated
groundwater. At present, the amendments that have generally been utilized to enhance aerobic
cometabolic degradation of TCE are phenol, toluene, hydrogen peroxide and oxygen (AFCEE, 1998) as
they provide the substrate for aerobic oxidation reactions and hence the production of enzymes that can
result in cometabolic TCE degradation. Introduction of additional nutrients, such as ammonium nitrate
or disodium phosphate, may be necessary to maintain microbial population health (Cookson, 1995). An
EA remedy to address groundwater contamination that is intended to stimulate co-metabolic TCE
degradation would require the introduction of amendments into the RGA.

Prior to implementation of full-scale in-situ geochemical or biogeochemical amendments, potential
technical considerations would require evaluation in order to ensure the success of the enhancement. In
general, those technical considerations can be categorized as follows:

1) Biological competition — a situation that could result from the enhancement of the substrate to
stimulate growth of a particular bacterial strain might also serve to enhance the numbers of other
bacteria that would compete with the desired strain. The struggle between competing bacterial
populations could be detrimental to the desired bacteria that co-metabolize TCE.

2) Competitive Inhibition - a phenomenon that occurs when the introduced substrate out-competes the
TCE for the enzyme that makes TCE degradation possible (Zubay, 1988).
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5.0. Site Specific Applicability

Accurate prediction of and appropriate response to potential future impacts from TCE and organic-
solvent contaminated groundwater requires that the key processes that impact a contaminant’s fate and
transport in the groundwater environment be identified and quantified. Natural attenuation processes,
including biodegradation, potentially impact many aspects of the PGDP’s environmental management,
including: 1) Prediction of temporal and future spatial extents of dissolved phase groundwater
contamination; 2) Assessment of future temporal and spatial environmental and health impacts from
contaminated groundwater; 3) Regulatory compliance; and 4) Design of remedial measures to address
future impacts from PGDP groundwater contamination.

5.1. Operable Units and Contamination

Characterization of aerobic co-metabolic biodegradation of TCE within the RGA has the potential to
impact remedial action selection for the Burial Grounds Operable Unit facilities and other sources of
PGDP TCE groundwater contamination including locations associated with the C-400 Building.
Accurate modeling of aquifer and plume response to contaminant contribution from these areas is
necessary in order to identify: 1) The appropriate source area remedial action; 2) The response of the
aquifer to existing contaminant contributions from sources; 3) The response of the aquifer to a range of
potential source contributions; and 4) Appropriate short and long-term remedial actions necessary to
address PGDP’s dissolved phase plumes.

5.2. Sites with Similar Groundwater Geochemistry & Contaminants

In the DOE complex alone, 127 plumes of contaminated aerobic groundwater have been evaluated at 24
DOE sites (Starr et al., 2005) relative to the potential for the existence of aerobic co-metabolic
biodegradation of TCE. The evaluations identified five (5) plumes that were very similar in terms of; 1)
TCE contamination, 2) aerobic groundwater geochemistry, 3) the presence of conservative tracers
originating from locations synonymous with TCE source areas, and 4) known groundwater velocities.
Those sites include: 1) Brookhaven National Laboratory; 2) Paducah Gaseous Diffusion Plant; 3) Rocky
Flats Environmental Technology Site; 4) Savannah River Site, A/M Area Plume, and 5) the Idaho
National Engineering and Environmental Laboratory (INL) — Test Area North (TAN) Plume. Also
within the DOE complex chlorinated ethane contamination of aerobic groundwater has been identified
at the Oak Ridge Reservation in TN, the Hanford Reservation in WA, the Sandia and Los Alamos
National Laboratories in NM, and the Lawrence Livermore National Laboratory in CA.

The INL and Savannah River Sites have characterized aerobic biodegradation in their respective
aquifers and have implemented pilot or full-scale Monitored Natural Attenuation or EA remedial
activities to address chlorinated ethene groundwater contamination. Following comprehensive field and
laboratory activities to characterize the nature, extent, and rate of aerobic cometabolic activities at the
TAN site, INL implemented a Record of Decision (ROD) based on MNA to remediate the dissolved
phase of the TAN plume.

The Savannah River Site in Aiken, South Carolina used methane injected through horizontal wells in
conjunction with vapor extraction to reduce the concentration of TCE at a spill site. The methane
stimulated the growth of methane-oxidizing bacteria and resulted in an estimated reduction of TCE
concentrations to levels 42% lower than levels projected to be attainable by vapor extraction alone
(AFCEE, 1998).

Other sites where aerobic co-metabolism has been enhanced include Moffett Naval Air Station and
Edwards Air Force Base in California. At Moffett Naval Air Station, TCE was injected into a shallow
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aquifer contaminated with 1,1,1-TCA. A recirculation system was used to add methane, phenol, and
toluene to the aquifer at different times in order to enhance biodegradation. Pure oxygen and hydrogen
peroxide were also injected. A 93% TCE removal efficiency was reported following the use of toluene
as the primary substrate.

Later EA activities were conducted at Edwards Air Force Base (CA) where TCE was a primary
contaminant in aerobic groundwater. A recirculation system was installed perpendicular to the
groundwater flow direction in order to treat the TCE as it migrated through the biological treatment
zone. Toluene was injected into the aquifer along with oxygen and hydrogen peroxide. A 95 to 97
percent reduction in TCE concentration was observed and destruction of toluene was calculated to be
99.98 percent, which met groundwater MCL requirements for toluene.

Aerobic bio-stimulation has been used to augment microbial degradation in an aerobic groundwater
plume in Boston, MA (Cox, 2008). The stratigraphy of the subsurface consisted of characteristic coastal
deposits of interbedded sand, silt and clay. Perchloroethene (PCE) levels in soil were up to 18,300
mg/kg and contaminated soils were removed. Monitoring wells were installed in a shallow sand zone
(10 feet bgs) and deep zone approximately 30 to 40 feet bgs. Prior to augmentation, dissolved oxygen
levels were reported to range from 5 to 7 mg/1.

The 13,000 square foot contaminant plume was actively treated for 15 months utilizing a bio-stimulator
consisting of a carbon source and microbes. The bio-stimulator was introduced into the ground water
through shallow and deep monitoring wells. In the 15 months of treatment, there were 9 injection events
that each used 110 to 165 gallons biostimulator. During treatment PCE concentrations were reduced
from 88,000 ppb to 160 ppb, TCE 3,600 ppb to 59 ppb, cis-1,2 DCE- 1,100 ppb to 320 ppb. Vinyl
chloride appeared to increase from below elevated detection limits to 120 ppb. Post treatment
monitoring showed that the concentrations continued to decrease to the following levels in August 2002
— PCE 68 ppb, TCE 21 ppb, cis -1,2-DCE 21 ppb, and vinyl chloride 60 ppb (Cox, 2008).
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6.0. Methods

The Project Team utilized the Data Quality Objectives (DQO) process to identify the specific problems
and questions related to understanding the fate of TCE in the NWP. The DQO process also identified
the data collection and assessment methods necessary to determine whether microorganisms capable of
aerobic co-metabolic degradation are present and active in the aquifer. The PGDP Trichloroethene
Biodegradation Investigation scoping process for Enzyme Activity Probe activities are summarized in
Section 6.1.1 below.

A DQO process was also conducted for collection and evaluation of SCI data in preparation for data
collection and assessment for Phase III of the TCE Fate and Transport Investigation, Stable Carbon
Isotope evaluation. However, a single round of SCI samples was collected for the PGDP
Trichloroethene Biodegradation Investigation and was evaluated as an additional line of evidence of the
occurrence of aerobic cometabolic biodegradation in the NWP. Portions of the SCI DQOs were applied
to the SCI data collected for this investigation. The applicable DQOs are identified in Section 6.1.2.

6.1. Data Quality Objectives
6.1.1. Aerobic Biodegradation Data Quality Objectives
6.1.1.1. Description of the Problem

Groundwater underlying and downgradient of the PGDP is contaminated by two (2) primary
constituents, TCE and Technetium-99 (*’Tc). The need to evaluate the fate of TCE in the RGA can be
defined by several observations about the characteristics of the RGA and the behavior of TCE and *Tc
in RGA contaminant plumes:

1. Comparison of TCE concentrations to *’Tc concentrations along NWP flowpaths suggest that
TCE concentrations exhibit greater decreases along a given section of the plume than do *Tc
concentrations;

2. Calculation of first-order rate constants indicate that TCE degradation may occur at rates
greater than those currently applied to PGDP groundwater fate and transport characterization;

3. The RGA is characterized as an aerobic aquifer based on dissolved oxygen concentrations and
the absence of TCE degradation products typically found in anaerobic groundwater
environments;

4. Aerobic groundwater conditions preclude the widespread occurrence of anaerobic microbial
populations that require anaerobic groundwater conditions for survival and metabolic
breakdown of TCE;

5. An evaluation of the PGDP hydrogeological setting, geochemical setting, strength of TCE
sources and plume stability was conducted utilizing recently published “Scenarios” guidance
for assessing microbial degradation potential in a variety of groundwater and source settings
Analysis for PGDP Groundwater Plumes Utilizing the Scenarios Evaluation Tool for
Chlorinated Solvent MNA” (WSRC-STI-2006-00096, Rev. 1, Savannah River National
Laboratory, 2006). The results of the evaluation indicated that groundwater conditions at the
PGDP include an aerobic groundwater environment and relatively fast groundwater flow rates.
The Scenarios evaluation in provided in Appendix 1.
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Figure 12. Conceptual TCE Contaminant Transport Model for the PGDP and Environs
6.1.1.2. Purpose and Goals of the Study

The purpose of this project is to demonstrate whether sustainable aerobic biodegradation of TCE is
occurring in the RGA and the project specific goals are 1) to evaluate existing data and collect sufficient
additional site data to identify mechanisms responsible for the degradation of TCE in RGA groundwater
at the PGDP and 2) to provide DOE with recommendations for future investigation of aerobic
cometabolic degradation of TCE in the three PGDP contaminant plumes. The activities conducted
through this scope of work are expected to provide for improved decision-making related to remedial
options and monitoring, shortened time frames for compliance, and the minimization of impacts on
public health.

6.1.1.3 Identify the Principal Study Questions
The Principal Study Questions for this investigation were identified by the Project Team as follows:

1. Is aerobic biodegradation, co-metabolism employing an appropriate oxygenase enzyme,
occurring in the RGA plumes?
a. Are the appropriate bacteria present in the aquifer?
b. Does TCE carbon isotopic fractionation support the biodegradation hypothesis?
2. Are the bacteria present in sufficient numbers to impact the plumes? Are the total cell counts
high enough to support biodegradation?
a. Does the distribution of the biodegradation process in RGA wells support the
conclusion that the plume is being temporally and spatially impacted?
3. Are conditions in the RGA conducive for ongoing and sustainable aerobic biodegradation?
a. Is a primary bioavailable substrate present for co-metabolic reactions?
b. Does bacterial detritus provide a carbon source for the co-metabolic reaction?
c. If one or more bioavailable substrates are present, are they available in sufficient
quantities to sustain co-metabolic reactions indefinitely?
d. Are nutrients present for co-metabolic reactions?
4. If aerobic biodegradation is occurring, what is the rate?
a. What are the probe-specific bacterial cell counts determined for the sampled wells?
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b. What are the physiological parameters of the aquifer that are to be replicated in the
microcosm study

c. What are the rates of biodegradation based on a microcosm study?

d. Can TCE carbon isotopic fractionation results be used to estimate a rate?

5. Is the calculated biodegradation rate or rates qualitatively supported by literature values?

a. Are rates generally supported based on similar studies for a variety of bacteria and their
co-metabolites?

b. Are rates generally supported based on the type of “oxygenase” enzyme known to be
bound by the probes employed?

6.1.1.4. Decision/Estimation Statements and Supporting Information

Following the development of the Principal Study Questions, the Project Team developed 5 (five)
Decision/Estimation Statements (DES) and identified information to address the Principal Study
Questions. Data requirements to address each of these are identified by the bullets below:

Decision / Estimation Statement #1. Based on use of specific “oxygenase” probes, determine whether
bacteria capable of aerobically biodegrading TCE are present and therefore require an estimation of
their impact on the plumes or recommend that other mechanisms of TCE degradation/attenuation be
evaluated.
e Representative groundwater samples from the Northwest Plume will be collected and analyzed
for “oxygenase” containing bacteria using oxygenase-specific enzyme activity probes.

Decision/Estimation Statement #2. Based on the use of stable carbon isotope (SCI) fractionation tests,
determine whether SCI supports the occurrence of aerobic biodegradation processes and/or other biotic
or abiotic degradation processes.

e SCI sampling and analysis will be conducted on a path parallel to oxygenase-specific enzyme
activity probe sampling and analysis.

Decision/Estimation Statement #3. Estimate whether the distribution and number of bacteria are
sufficient to significantly biodegrade TCE in RGA groundwater. If the distribution and number of
microorganisms are sufficient to biodegrade TCE in RGA groundwater, determine whether
biodegradation is sustainable. If it is determined that biodegradation is not sustainable, recommend that
other mechanisms of TCE degradation/attenuation be evaluated.

1. Representative RGA groundwater samples from the Northwest Plume will be collected and
analyzed for “oxygenase” containing bacteria using oxygenase-specific enzyme activity probes.
a. Use on-site enzyme probes to address bacterial quantity (bacteria per liter), or
b. Containerize, package, and ship samples according to sampling protocols for laboratory
enzyme probe evaluation at Idaho National Environmental and Engineering Laboratory
(INL-North Wind).
c. Obtain bacterial information for each well location.

2. Utilize professional judgment and literature values to determine if the cell counts and the
distribution of organisms are sufficient to identify the occurrence of aerobic TCE
biodegradation.

3. Conduct Microcosm Studies

a. Collect a representative RGA groundwater sample from one of the NWP enzyme probe
analysis wells according to INL-North Wind sampling protocols.

b. Containerize, package, and ship samples for microcosm studies according to INL-
North Wind sampling protocols.
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c. Conduct the microcosm study for up to two (2) months to observe changes in TCE
concentrations.

d. Establish biodegradation rates from the microcosm study.

e. Representative samples and direct measurements will be required of sufficient quantity
and quality to satisfy measurement of rate.

Decision/Estimation Statement #4. Determine whether conditions including, but not limited to, the
existence of a bioavailable and sustainable substrate in the RGA and the presence of other geochemical
parameters are conducive for ongoing and sustainable aerobic biodegradation of TCE (Table 11). If
conditions are determined to be ongoing and sustainable, recommend that an evaluation of the
biodegradation rate using a multiple lines of evidence approach be applied at the PGDP. If conditions
are not determined to be ongoing and sustainable, recommend that other mechanisms of TCE
degradation/attenuation be evaluated immediately.

1. Targeted geochemical parameters (Table 11) will be assessed by evaluation of historical data
and from data generated from split samples collected for enzyme probe analysis. Assessment of
historical data sets for a number of the targeted geochemical parameters indicate that additional
geochemical data to address data gaps may be needed.

2.  Geochemical samples will be collected from the wells in Table 12 on a path parallel to the
enzyme specific probe sample collections

3. Based on the “FY07 PGDP Environmental Monitoring Plan” (PRS, 2007), wells on the
proposed sampling list for this project (MW125, etc) may also be sampled for the following
parameters on an annual basis: sulfate, nitrate, total organic carbon, chloride, total dissolved
solids, silica, fluoride, phosphate, ferrous iron, alkalinity, methane, ethene, ethane, calcium,
copper, magnesium, potassium, and sodium. Sampling results from annual and or quarterly
PGDP sampling events that include the parameters in Table 11 will be utilized for this study if
available.

Decision/Estimation Statement #5. Based upon a comparison of the calculated biodegradation rates to
those supported in literature, either accept the calculated rate(s) for use in future fate-and-transport
modeling or assess the team’s confidence in the unsupported results. If biodegradation is deemed to be
sustainable, calculate a degradation rate using the following method(s):

1. First order rate constant calculations (completed)
Microcosm studies — (future phase of investigation)

3. Specific carbon isotopic fractionation — Estimate the degradation rate using data obtained
during the carbon isotopic fractionation testing (future investigation).

4. Compare the calculated biodegradation rates to values available in literature.

6.1.1.5. Define the Boundaries of the Study

The spatial boundaries of this study include: 1) The areal extent of RGA groundwater; 2) The vertical
extents of the RGA groundwater; 3) The screened intervals of monitoring wells in the RGA within and
outside of the NWP; 4) Spatial distribution of NWP TCE concentrations less than 1000 wg/L; 5) The
location of NWP wells relative to potential source areas; and 6) NWP flowpaths/flowlines relative to
on-site NWP primary and secondary sources.

Temporal boundaries of this study include: 1) Dates that annual groundwater sampling is conducted for
NWP sampling locations; 2) The availability of INL-North Wind labs to conduct enzyme probe
analyses; 3) The number of samples that the INL-North Wind lab can process relative to a designated
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sampling date; 4) Dates that degradation rates are needed to support ongoing work in PGDP
environmental projects; and 5) The availability of organizations and personnel to conduct field sample
collection activities.

Table 11. Groundwater geochemical parameters for biodegradation evaluation.

Vinyl Chloride (VC)
Dissolved oxygen (DO)
pH
Eh
Temperature
Specific conductance

Other parameters/analytes:
Total organic carbon
Nitrate
Sulfate
Ferrous iron
Phosphate as Phosphorous
Copper, Dissolved
Copper
Methane

Major cations/anions
K
Ca
Na
Mg
co3
HCO3
S04
cl
co2

Table 12. Wells Suitable for enzyme probe, stable carbon isotope, and geochemical sampling

Plume Well Screen
Interval

MW65 LRGA

MW66 URGA

MW125%* LRGA

MW168 URGA

MW185 MRGA

. MW194 MRGA
Norg\\;&/‘elzlsibl’lfume MW197 URGA
Wells MW234 LRGA
MW236 LRGA

MW238 LRGA

MW242 LRGA

MW243 MRGA

MW262 LRGA

MW340 LRGA

MW381/235 LRGA

* = Wells in routine PGDP geochemical sampling schedule.
URGA = upper RGA, MRGA = middle RGA, LRGA = lower RGA
Bold Italics = wells to be sampled as “special cases” because of proximity to source areas.
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6.1.1.6. Monitoring Well Selection

The factors considered for identification of monitoring wells suited for this study included: 1) Relative
position of monitoring wells to the centerline of the NWP; 2) Relative location of monitoring wells
relative to TCE sources and high TCE concentrations that could induce biocide effects on microbial
populations; 3) Relative location of suited wells to one another; 4) Screened interval of wells; 5)
General geochemical characteristics of each well including alkalinity, pH, dissolved oxygen, TCE
concentration. TCE trend analysis, scheduled well sampling dates, and costs for additional analytes or
special sampling were also considered in the identification of wells for this project. Geochemical
characteristics of the wells were evaluated relative to each parameter’s potential to support or inhibit
microbial populations capable of TCE degradation.

The NWP was identified as the focus of sampling and characterization activities for this project because
NWP wells were used for first-order rate constant tracer normalization analyses and because the greatest
number and areal distribution of RGA monitoring wells are available in the NWP. Sampling and
analysis of the select NWP-RGA wells was conducted to provide a profile of potential aerobic microbial
degradation along the plume axis and to provide an evaluation of geochemical conditions and
sustainability of degradation.

Dissolved Oxygen and TCE temporal and spatial data were generated for all of the wells at the PGDP
(Appendix 2), including those identified for sampling in this project. Dissolved oxygen and TCE spatial
and temporal trends were evaluated relative to potential impacts on field sampling locations prior to
final identification of the wells to be sampled.

Table 12 identifies the initial list or “population” of sixteen (16) NWP wells suitable for oxygenase-
specific enzyme probe analysis, stable carbon isotope analysis and geochemical sampling based on an
evaluation of TCE concentrations, well screen depths, and well locations relative to the centroid of the
plume. Figure 13 illustrates the location of the monitoring wells chosen for the study.

6.1.1.7. Decision Rules

¢ A minimum of 8 NWP wells and 2 control wells outside of the NWP must be sampled and
analyzed for the presence of aerobic-oxygenase containing bacteria in RGA groundwater.

e Half (50%) of the minimum number of sampled NWP wells must contain bacteria having an
“oxygenase” enzyme capable of aerobically cometabolizing and degrading TCE in order to
conclude that aerobic degradation processes are occurring throughout the plume.

o If greater than 50% of the samples contain bacteria having an oxygenase enzyme
capable of degrading TCE, then the spatial relationship between the wells having
positive samples will be examined to estimate the areal extents and impact of
biodegradation upon the plume.

o If 50% of the samples do not indicate the presence of oxygenase-containing aerobic
microbes, it will be concluded that aerobic bacteria are not present in significantly
distributed populations capable of contributing to acrobic degradation across the plume.

o When 50% or more of the samples do not indicate the presence of oxygenase and
aerobic microbes, it is not automatically assumed that biodegradation is not occurring.
However, the Project Team will conclude that biodegradation is not significant
throughout the dissolved portions of the plume and the project team will evaluate
whether areas of the plume are being impacted by aerobic degradation.

o The bacterial cell count per well must be greater than 10°/mL. If the cell count in any well is
less than 10°/ml the well will be considered to have no activity of aerobic bacteria that degrade
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TCE. Any specific well or wells that do not indicate the presence of aerobic bacteria
populations greater than 10°/ml will not be evaluated for the required 50% of the wells.

e If this study shows that aerobic degradation is occurring in the NWP, additional field sampling
and analysis may be required to refine the temporal and spatial extents of biodegradation.

6.1.1.8. Limits of the Decision

The failure to meet the criteria set forth in the DQOs will support the conclusion that aerobic
biodegradation by means of bacteria expressing oxygenase genes is not occurring at levels sufficient to
impact the NWP.

6.1.2. Stable Carbon Isotope DQOs
6.1.2.1. State the Problem

Groundwater underlying and downgradient of the PGDP is contaminated by two (2) primary
constituents, TCE and technetium-99 (**Tc). An evaluation of the fate of TCE in the Regional Gravel
Aquifer (RGA) is required to support ongoing and future groundwater characterizations and remedial
assessments at the Paducah Gaseous Diffusion Plant (PGDP). The evaluation of the fate of TCE in the
RGA can be accomplished through several means. This study will utilize compound specific isotope
analyses (CSIA), specifically stable carbon isotopes (SCI), to illuminate the potential occurrence of
biodegradation of TCE in the NWP.

Calculation of first-order rate constants using PGDP Northwest Plume data obtained prior to initiation
of pump and treat actions at the site, indicate that the rate of TCE degradation may be greater than that
determined in prior fate and transport studies (e.g. Clausen et al., 1997; C-746-U Landfill Preliminary
Assessment) and used in previous groundwater fate and transport modeling efforts. Stable carbon
isotope analyses will be used as an additional line of evidence to evaluate the occurrence and rate of
TCE degradation in the Northwest Plume. There is also a need to obtain an independent degradation
rate estimate using the results of the CSIA.

The RGA is characterized as an aerobic aquifer based on dissolved oxygen concentrations. Therefore, it
is assumed that any significant levels of biodegradation that may be occurring within the RGA will
potentially be associated with aerobic processes, the most probable of which would be the co-metabolic
processes. However, the possible contribution of abiotic processes cannot be discounted due to possible
increase of delta "*C caused by abiotic degradation.

6.1.2.2. Identify the Goals of the Study & Principle Study Questions

The goal of stable carbon isotope evaluation is to provide an additional line of evidence that aerobic
cometabolic biodegradation is occurring in the NWP. The Project identified the following questions

relative to the use and application of stable isotope data collected for project activities.

1. Do CSIAs support the occurrence of biodegradation, specifically aerobic biodegradation?
2. How will CSIAs be utilized to characterize sustainability of biodegradation?
3. Can CSIA-independent calculations of the degradation rate be established?

4. Does CSIA allow for the differentiation of biotic and abiotic degradation processes?
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6.1.2.3. Identify Information Inputs (for each decision/estimation statement)

Decision/Estimation Statement #1 Information Inputs. Determine whether CSIA supports the
degradation rates from initial first-order rate calculations and EAP analyses and therefore supports the
occurrence of aerobic biodegradation. If CSIAs do not support one another and do not support initial
first-order rate calculations and enzyme probe analytical results, then CSIA will not permit a conclusion
to be drawn. The information inputs for Decision/Estimation Statement #1 are:

1. Representative groundwater samples from the Northwest Plume will be collected and analyzed
for CSIA using appropriate sampling and measurement techniques.

2. Representative groundwater sampling should be biased based on the depths of the wells and
position within the centroid of the NWP.

3. United States Environmental Protection Agency (USEPA)-Ada CSIA screening criteria
(strawman).

4. Other criteria to be established when data and reference information become available

(enrichment factors for both stable carbon and stable hydrogen isotopes)

Correlations to identify that locations are along a flowpath

Literature enrichment values

Parameters necessary to calculate site specific enrichment factor.

Groundwater flow rates,
a. utilize a range of 1 to 3 feet per day.

o NN

Decision/Estimation Statement #2 Information Inputs. If an independent calculation of the
degradation rate range can be established using the existing CSIA data, compare the rate or rate range to
any other independent rate calculations and compare to literature based values that exist for co-
metabolic degradation rates. The information inputs for Decision/Estimation Statement #2 are:

1. Calculated site-specific enrichment factors for hydrogen and carbon.
a. If data are not sufficient for this calculation, gather data from microcosm studies and
determine the need for additional data collection.
Additional parameters necessary to calculate site-specific enrichment factors.
Published enrichment factor values
Calculated first order rate constants
SCI data and SHI data screened with DQO screening criteria
a. Data sets evaluated with Student T test
Other criteria that will be established when data and reference information becomes available,
for example enrichment factors for stable carbon and stable hydrogen.
7. Identified groundwater flow rates
a. Utilize a range of 1 to 3 feet per day.

nhwn

a

Decision/Estimation Statement #3 Information Inputs. If results of CSIA, in conjunction with 1%
order rate constant estimation calculations indicate that it can be reasonably assumed that both biotic
and abiotic processes are contributing to RGA TCE degradation, then attempt to separate the estimated
degradation rate into biotic and abiotic components. If this is not possible then the option to conduct
additional studies to identify proportional biotic and abiotic degradation components will be considered.
The information inputs for Decision/Estimation Statement #3 are:

1. Outputs from Decision Estimation Statements #1 and #2.
2. Time and funding constraints to accomplish Decision Estimation Statements 3.1 and 3.2
3. Estimates of abiotic degradation process rates
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Decision/Estimation Statement #4 Information Inputs. If biotic processes are contributing to TCE
degradation in the RGA, then establish a preliminary degradation rate or rate range based on existing
data. Use information from Decision Estimation Statements 3.1 and 3.2.

6.1.2.4. Boundaries and Conceptual Model for the SCI Study

The spatial boundaries of this study coincide with the boundaries of the aerobic degradation study.
Temporal boundaries of the SCI study are: 1) Dates that annual groundwater sampling is conducted for
NWP sampling locations; 2) The availability of University of Oklahoma (OU) School of Geology and
Geophysics Stable Isotope Laboratory to conduct stable carbon and stable hydrogen analyses; 3) The
number of samples that the UO SCI Lab can process relative to a designated sampling date; 4) Dates
that degradation rates are needed to support ongoing work in PGDP environmental projects; 5) the
availability of organizations and personnel to conduct field sample collection activities, and 6)
Technical constraints, decision-making constraints, and funding constraints.

The conceptual model for the Northwest Plume stable carbon isotope evaluation is based on the location
of the axis of the NWP relative to contributing TCE source areas (Figure 14). At the upgradient end of
the Northwest Plume, in the vicinity of the C-400 building, TCE has been released to the subsurface as
DNAPL and dissolved phase TCE, where it presently resides as source material in the immediate
vicinity of release and secondary source material in the saturated portions of the UCRS and RGA. The
C enrichment of the TCE products released in the vicinity of C-400 building and other PGDP source
areas is unknown. Downgradient along the axis of the NWP away from C-400 source areas, the °C
signature is likely to increase until TCE sources in the northwest corner of the PGDP industrial area are
encountered. Beneath the northwest corner of the PGDP industrial area to the NWP South well field, it
is likely that the potentially enriched TCE "*C signature from C-400 area sources will mix with TCE of
unknown "C enrichment from nearby northwest corner source areas.

6.1.2.5. SCI Decision Rules.

The SCI decision rules are identified by bold text in boxesand the stepwise reduction and evaluation of
SCI data from the “Strawman Approach” (Appendix 3D) are identified as “SCI Step xx, etc”. Although
reference is made to hydrogen isotope evaluations, those evaluations will not be conducted as part of the
activities related to this report.

Decision Rule 1. If sample volumes of appropriate quantity and method—limit TCE concentrations are
obtained through the implementation of laboratory & site specific sampling protocols from the EAP
wells, then conduct TCE, VOC, geochemical, stable carbon and stable hydrogen isotope analyses on the
samples from those wells.

If appropriate sample volumes or methods cannot be obtained from a specific EAP sample location,
then do not consider the location relative to the evaluation of SCI and SHI data.

SCI Step 1. Calculate apparent removal of TCE:

a. Based on concentration of TCE normalized to concentration of **Tc from population of
sample well data for this investigation.
b. Calculate C/ C, for TCE concentration

— 99 99
C/ CO =TCE down gradient /(TCE up gradient *[ Tc down gradient /" Tc upgradient ])
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C. Up gradient well = Well with the highest concentration of TCE that is in a plausible flow
path; Down gradient well = Well in the down gradient plausible flow path.

SOUTH

C-400 Source 13C enrichment of
- product (unknown)

progressive °C
enrichment

3C enrichment of
product (unknown)

NW PGDP Source

mwes | WEST
mixing of '3C “signatures”

advective transport
2.7 to 2.8 ft/day

EAST

NW Plume South Well Field

Mw197 |qumm| mw242

diffusion: very slow

NW Plume North Well Field

Figure 13. Conceptual model for distribution of stable carbon isotopes along NWP flowpaths
from upgradient to downgradient

SCI Step 2. Conduct SCI, SHI* and geochemical analyses
*The laboratory analyses of samples for stable hydrogen isotopes will be conducted on the same

samples collected for stable carbon isotope analysis. The data set for the stable hydrogen isotope
analyses will be appended to this report when available.

Decision Rule 2. If Measurement Quality Objectives (MQOs) have been met, then utilize data for
CSIA evaluation. If MQOs have not been met do not use the data for CSIA evaluation

SCI Step 3. Based on analysis of stable carbon isotopes, independently calculate °C C/ C, using the
following:
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C/C _e((513Cdowngradient—513Cupgradient)/£)
=

a.

b. 1n(C/C0):(613Cdown gradient'613Cupgradient)/£

C. Where 813Cupgradiem is the carbon isotopic ratio in TCE in the upgradient well and
5" Clowngradient 15 the carbon isotopic ratio in TCE in the downgradient well

d. Epsilon (g), the isotopic fractionation factor for aerobic biodegradation of TCE, =-1.1%

e. Based on analysis of stable hydrogen isotopes, calculate *H C/Co based on SHI
measurements
C/Co = ¢! Memenawn =8 Tt ") o1 11(C / C0) = (6 H goungracen O Hupgradint) €

f. Where SZHupgradiem is the hydrogen isotopic ratio in TCE in the up gradient well and
SZHdowngradiem is the hydrogen isotopic ratio in TCE in the down gradient well

g. €, the isotopic fractionation factor for aerobic biodegradation of TCE, = -1.4. Calculations

4a & 4b for stable hydrogen isotopes will be conducted when additional isotopic
fractionation factors are published and/or are developed specifically for the PGDP.

Decision Rule 3. A range of values for the isotopic fractionation factor epsilon (¢ ) will be used based
on a published value of -1.1 (Chu, et.al, 2004), -1.39692851 from a statistical workup of the published
data set, -1.61385311 which is the value of the 90% one tailed confidence interval on epsilon, and 90%
1-Tailed CI (g) value ofn epsilon and 95% 1-Tailed CI € on epsilon value of -1.682657524 will be
utilized in calculations.

SCI Step 4. Compare the TCE data C/Co to SCI and SHI C/Co
SCI Step 5. Calculate 1** order rate constant:

Assuming pseudo first order kinetics for transformation along the flow path in the
aquifer.

C/Co=e™

Where k is the first order rate constant for attenuation and t is time of travel from the up gradient
to the down gradient well. Taking the natural logarithm of both sides:

In(C /Co) = —kt

Because t is the same for the estimate based on TCE concentrations or the estimate based on
stable isotope ratios, it can be scaled as “one travel time.” The value of t in both cases is one.

SCI Step 6. Apply Decision Rule 4:

Decision Rule 4: If the natural logarithm of the value of C/Co provided from the analysis of stable
isotope ratios is more negative than natural logarithm of the value of C/Co as calculated from measured
concentrations of TCE as normalized to the measured concentrations of *’Tc, or if the natural logarithm
of the value of C/Co provided from the analysis of stable isotope ratios is no more than a factor of 0.33
more positive than the natural logarithm of the value of C/Co as calculated from measured
concentrations of TCE as normalized to the measured concentrations of *Tc, the stable isotope analyses
will be considered to provide a third line of evidence for MNA processes.
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SCI Step7.  Apply Decision Rule 5.

Decision Rule 5. If the natural logarithm of the value of C/Co provided from the analysis of stable
isotope ratios is more than a factor of 0.33 more positive than the natural logarithm of the value of C/Co
as calculated from measured concentrations of TCE as normalized to the measured concentrations of
9T, the stable isotope analyses will be considered to provide no interpretable information, and will not
be used to support a decision.

SCI Step 8.  Apply Decision Rule 6.

Decision Rule 6.

a. To allow for statistical uncertainty in the determination of 813C analyses, the value of 813Cupgradiem
will be replaced with 813Cupgradiem plus the sample standard deviation of the analysis, and
613Cdowngradiem will be replaced with 613Cd0wngradiem minus the sample standard deviation of the
analysis.

b. If the natural logarithm of the value of C/Co provided from the analysis of stable isotope ratios is
not more than a factor of 0.10 more positive than the natural logarithm of the value of C/Co as
calculated from measured concentrations of TCE as normalized to the measured concentrations of
®Tc, the stable isotope analyses will be considered to provide a third line of evidence for MNA
processes.

c. If the natural logarithm of the value of C/Co provided from the analysis of stable isotope ratios is
more than a factor of 0.1 more positive than the natural logarithm of the value of C/Co as calculated
from measured concentrations of TCE as normalized to the measured concentrations of *Tc, the
stable isotope analyses will be considered to provide no interpretable information, and will not be
used to support a decision.

6.1.2.6. Limits of the Decision

The failure for the results of the CSIA data reductions and evaluations to meet the criteria set forth in
the Decision Rules will be considered to provide no interpretable information to support the conclusion
that cometabolic aerobic biodegradation by means of bacteria containing the oxygenase genes
considered is occurring.

6.2. Monitoring Well Selection for Enzyme Activity Probe, Geochemical, and SCI
Analyses

The most important factors in the selection of sampling wells for this project included: (1) the location
of wells relative to the plume core and plume flowpaths; (2) the location of wells relative to TCE
sources; (3) TCE concentrations in the well; (4) the date when the well could be sampled. The wells
suitable for sampling were identified through the evaluation of each well relative to the parameters cited
above and the parameters cited in the preceding text for “Step 4. Define the Boundaries of the Study -
Monitoring Well Selection.” Sample collection for this investigation focused on twelve (12) of the
sixteen (16) NWP wells identified in Table 4 as suitable for sampling.

e Monitoring wells MW194 and MW197 will be sampled and evaluated as control wells to
identify the presence of aerobic microbial populations outside of the PGDP contaminant
plumes.
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e  MWG66 is being evaluated in this project as a “special case”. MW 66 will be sampled in order to
evaluate the presence and level of activity of aerobic biodegradation relative to high dissolved
concentrations of TCE in the vicinity of suspected DNAPL sources.

Based on evaluation of the original sixteen (16) wells in Table 7, the twelve wells retained for sampling
are identified in Table 13 and Figure 14. The relative RGA intervals of the study-area well screens are
identified in Table 14 and the lateral/vertical relationships of the wells and screened intervals are
provided in a cross-section of the NWP core Figures 15 & 16. Particle tracks from the most recent
PGDP flow and transport model are provided as verification that the study area reflects the flowpaths
associated with the core of the NWP (Figure 17).

Table 13. Final wells selected for enzyme probe, stable carbon isotope, and geochemical sampling

Well ID Ii(t:éf\fgl Approx.(f?cérgese)n DT Priority Comments
MW66 URGA 55 - 60 2 Near SWMU 7/30 Source
MW125 LRGA 78 - 88 1
MW168 URGA 63 - 68 1
MW185 MRGA 68-73 1
MW194 URGA 47 - 52 2 Control Well - outside of Plume
MW197 URGA 58 - 63 3 Control Well - outside of Plume
MW236 LRGA 69.5-79.5 2
MwW381 MRGA 66 - 76 3
MW?242 MRGA 65-75 3
MW243 MRGA 65- 75 3 Downgradient of South Well Field; initially >10 mg/L, been
at 1 mg/L for last 10 years
MW262 LRGA 90 - 95 1
MW340 LRGA 85.5-95.3 2
Table 14. Study area sample location information
Well Location, Plant Approxim
Well Coordinates Within NW RGA ate Screen
Number Year Completed X Y Plume Horizon Interval,
(ft bgs)
66 1986 -6872.62 978.57 Yes URGA 55.2-60.2
125 1990 -5662.81 6139.28 Yes LRGA 78-88
168 1991 -4822.5 -924.8 Yes URGA 63-68
185 1991 -6601.9 952.9 Yes MRGA 68-73
194 1991 -10177.5 1865.6 No URGA 46.9-41.9
197 1991 -6162.5 2863.1 No URGA 58-63
236 1995 -5087.79 7919.99 Yes LRGA 69.5-79.5
242 1995 -7083.28 1678.98 Yes MRGA 65.1-75.1
243 1995 -7382.0 1681.40 Yes MRGA 65.1-75.1
262 1995 -5378.46 86.98 Yes LRGA 90.2-94.9
340 1996 -6165.4 665.5 Yes LRGA 85.6-95.3
381 2002 -4890.7 7746.4 Yes MRGA 65.8-75.8
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6.3. Field Sample Collection
6.3.1. Geochemical Sample Collection and Analysis

Fieldwork efforts required to support the PGDP TCE Fate and Transport Project — Aerobic
Biodegradation Investigation consisted of obtaining groundwater samples from specific NWP
monitoring wells and shipping those samples to laboratories for geochemical, EAP and SCI analyses.

Specific monitoring wells sampled in support of project activities were determined by the project team
during project scoping and development of project Data Quality Objectives and decision rules
(Appendix 1). The well numbers and specific completion information are listed in Table 14.

Groundwater samples were obtained by the Paducah Remediation Services, LLC, Field Services
Organization on three different occasions. The collection dates and the family of compounds or
measurements tested for by date are shown below in Table 15.

The sampling of the wells was performed by the Paducah Remediation Services Field Services Team
using the following procedures:

PRS-ENM-2100, Groundwater Level Measurement

PRS-ENM-2101, Groundwater Sampling

PRS-ENM-2700, Logbooks and Data Forms

PRS-ENM-2704, Trip, Equipment and Field Blank Preparation

PRS-ENM-2708, Sample Chain-of-Custody Forms, Field Sample Logs, Sample Labels,
and Custody Seals

Handling for the Enzyme Activity Probe samples was consistent with the requirements provided in the
INL EAP sampling method. All samples were shipped to the analytical laboratories via overnight
delivery.

Table 15. Data collection parameters for field sampling by date

Collection Date | Compound/Measurement
Anions
Field Measurements
Metals
May 15 to May 23, 2007 Dissolved Metals
Volatile Organic Compounds
Wet Chemistry
Enzyme Activity Probe
Field Measurements
Volatile Organic Compounds
Technetium 99
Stable Carbon Isotopes
Anions
Field Measurements
Metals
January 17, 2008* Dissolved Metals

December 17, 2007

Volatile Organic Compounds
Wet Chemistry
Enzyme Activity Probe

* MW197 and MW262 Resampled |
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Several laboratories were responsible for performing analytical testing on the samples: 1) EAP analyses
were performed by North Wind Environmental, Inc., at the INL; 2) SCI analyses were performed by
the University of Oklahoma, School of Geology and Geophysics Stable Isotope Laboratory; and 3)
geochemical and organic compound analyses were conducted by the DOE Sample Management Office
(SMO) Laboratories. The SMO laboratories utilized were Southwest Research Institute, San Antonio,
Texas, and the United States Enrichment Corporation, Paducah, Kentucky. The parameters in Table 15a
were identified for analysis on project samples by the Project Team along with the required method
detection limits for each analyte.

Table 15a. Geochemical Parameters and Detection Limits for Project Samples (SRNL, 2008).

Parameter DEt.EC.tlfn Units Parameter DEFEE.HO n Units
Limit Limit *

Barometric Pressure - in/Hg
Depth o Water - ft 1,1 1-Trichloroethans i ugil
Dissolved Oxygen - mig/lL 1,1,2.2-Tetrachloroethane 5 uglL
Oxidation-Reduction Potential - my 1,1.2-Trichloroethane ] uglL
pH - Std Unit | 11, 1-Dichloroethans 1 wL
Temperature - deg F 1.1-Dichioroethens 1 uglL
Conductivity - um holcm 1,2-Dichloroethans i ugll
Turbidity - MTU 1,2-Dichloropropane 5 wglL
1,2-Dimethylbenzens 5 uglL
lchloride 2 mg/L Z-Butanone 10 ugilL
nitrate 4.4 mglL 2-Hexanons 0 uglL
sulfate 2 mg/L 4-Methyl-2-pentancne 10 ugil
iron (I} 0.02 mgiL Acetone 10 uglL
dissoheed organic carbon 1 mig/lL Benzene ] uglL
total organic carbon 1 mgiL Eromodichloromethans 5 ugilL
alkalinity as CaCO, 10 mig/L Bromofomm 5 uglL
orthophosphate 31 mgiL Bromomethane i wglL
phosphate as P 1 mg/L Carbon disulfide 5 wL
calcium 1 mgiL Carbon tefrachloride 5 ugiL
dissolved copper 0.025 mg'L Chlorobenzene [ ugllL
total copper 0.025 mgiL Chioroethane 5 ugilL
Magresium 0.025 mgiL Chloroform 5 uglL
|poiassium 2 mg/L Chloromethans 5 ugilL
sodium 2 mgiL cis-1,2-Dichloroethens i uglL
carbon dioxice 10 mglL ci5-1.3-Dichloropropene i uglL
bicarbonate as CaCOy 10 mgiL Dizromochloromethane 5 uglL
carbonate as CaCly 0 mg/L Dimethylbenzene, Tota 15 uglL
Ethylbenzens i ugll
Technetium-33 17 pCill meta/para Xylene 10 wglL
Methylene chlords i ugll
Styrens 5 uglL
Tetrachloroethens 5 uglL
Toluens ] ugil
trans-1,2-Dichloroethens 1 wglL
|frams-1,3-Dichkoropropens 5 wL
Trichloroethene 1 uglL
Viny acetate 10 ugll
Vinyl chlorde 2 wglL

* Tabulated walues are the nominal detection limits. Detection
lirmits for an mdividual sample may be higher than those Ested if
a related parameter requires dilubion for measursment.

Sample analysis turnaround times were 30 days. Following completion of the laboratory analyses,
analytical data were assessed by the PRS Environmental Monitoring Group utilizing procedure PRS-
ENM-5003, Quality Assured Data. Geochemical data sets were uploaded to the Oak Ridge
Environmental Information System (OREIS) and also released to the TCE Fate and Transport Project
Team. EAP, T-RFLP, and SCI data were distributed to KRCEE and the project team upon completion
of analyses. Analytical procedures for EAP and T-RFLP are provided in Appendix 11 of this report and
SCI analytical procedures are contained in Appendix 1B.
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6.4. Analytical Methods
6.4.1. Enzyme Activity Probes & Related Laboratory Analyses

A Complete discussion of methods utilizedfor EAP and genetic profiling laboratory analyses and
control studies can be found in Enzyme Activity Probe and Geochemical Assessment for Potential
Aerobic Cometabolism of Trichloroethene in Groundwater of the Northwest Plume, Paducah Gaseous
Diffusion Plant, Kentucky (SRNL, 2008). In summary the EAP and genetic profiling consisted of the
following activities:

1. Each sample was qualitatively screened for response to three (3) toluene enzymes and soluble
methane monooxygenase.

2. Samples were then quantitatively screened (cells/mL) for the three toluene monooxygenase

enzymes.

Samples were quantitatively screened for sMMO enzyme activity

4. Inhibition assays that suppress enzymes other than those being evaluated were conducted on all
samples to ensure that probe response was to the toluene enzymes and sMMO.

5. DNA control studies were conducted to determine if the appropriate genetic material to produce
the toluene and sMMO enzymes was present in the samples.

(98]

Based on comparison to the qualitative measurements, the initial project DQO-determined quantitative
criteria of 1 x 10° cells per mL was determined to be too low and resulted in identifying all the samples
as positive including the samples that were determined to be negative in the qualitative examination. As
a result, the following criteria were used; < 3x10° cells/mL = low activity, 3 x10° to 8 x10° cells/mL =
moderate activity, and > 8 x10° cells/mL = high activity. Further discussion of the probe procedure is
provided in (SRNL, 2008).

6.4.2. Stable Carbon Isotope Analysis Operating Procedures
6.4.2.1. Purge-and-trap extraction and compound-specific isotope ratio analysis

A purge and trap (P & T) method of extraction for VOC-class compounds was coupled with GC-IRMS
for the SCI analyses. A complete discussion of the methods used for stable carbon isotope extraction
and stable carbon isotope ratio analysis is provided in Appendix 1.

6.4.2.2. Quantification of isotope ratios in individual compounds by GC-IRMS

Raw output of GC-IRMS consists of three (carbon mode) or two (hydrogen mode) simultaneously
acquired signal channels, corresponding to target analyte (CO, or H,, respectively) with variable C-H-O
isotope substitution. Rather than measuring the absolute ratios of isotope species, the IRMS technique
relies on data normalization relative to internal standard of known isotopic composition. A number of
pulses of standard gas (CO, or hydrogen, respectively) and/or co-injected standard are introduced into
the IRMS source during each run to provide a reference for sample-derived signal. GC separation of the
analyte permits integration of individual chromatographic peaks, positioned over uniform background
noise. An automatic software routine detects peaks and assigns their background value. Integration of
the individual channel outputs over the peak’s retention time window provides a ratio of isotope species
(Deuterium/H or *C/**C), which in turn is automatically normalized relative to the standard of known
isotopic composition. The final output of the automatic integrator has to be reviewed manually, in
particular to eliminate errors upon the background determination. The data are reported in delta
notation.

813C = (Rsample/Rstandard - 1) *1000
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Rgample and Rgndara T€present BC/2C ratios of the sample and the international standard (VPDB),
respectively.

6.4.3. Geochemical Evaluations

Geochemical evaluations were conducted to identify the presence and distribution of groundwater and
soil geochemical parameters related to microbial activity and RGA geochemical environments. Data
sets generated for evaluation in this project included: 1) project-specific geochemical data; 2) annual
groundwater surveillance and quarterly-monitoring geochemical data from upper, middle, and lower
RGA horizons; and 3) historical geochemical data from all groundwater monitoring locations sampled
for TCE. Data files were generated from the PGDP Data Warehouse and Geographical Information
System (DWGIS) and downloaded to spreadsheets where the data were parsed for temporal and spatial
plots. UCRS and RGA data files were generated based upon well-screen horizons from boring logs
developed for United States Army Corp of Engineers Groundwater Modeling System (GMS) software
cross-sectional solid models of the RGA. Temporal trend data plots were generated in MS Excel for
DO and TCE. Converted data files were imported into Spatial Analysis and Decision Assistance
(SADA) version 4.1.5 software (University of Tennessee Institute for Environmental Modeling;
http://www.tiem.utk.edu/~sada/index.shtml) and spatial plots by analyte and RGA interval were
generated (Appendix 2).
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7.0. Results and Discussion for TCE Degradation Analytical & Evaluation Activities
7.1. Enzyme Activity Probe, DNA, and T-RFLP Analytical and Evaluation Results.

The EAP analytical work was conducted in two steps: 1) initial qualitative EAP analyses utilizing the
sMMO and toluene probes; and 2) quantitative analyses utilizing the toluene probes. Qualitative results
provided evidence for the presence of sMMO and toluene activity in NWP. The quantitative toluene
EAPs were used to quantify toluene enzyme activity which was evaluated relative to project DQOs. A
DNA control study was conducted concurrently with the qualitative and quantitative analyses. The
DNA control study was used to identify the presence or absence of organisms that contain the genes of
interest related to enzymes capable of co-metabolic degradation of TCE. Finally, the T-RFLP
evaluation was performed to develop some general conclusions about the community structure in the
samples and to assess the “representativeness” of the samples relative to the aquifer and local biofouling
concerns at each well. Additional discussions of the EAP, DNA, and T-RFLP results are provided in
(SRNL, 2008).

7.1.1. Enzyme Activity Probes
7.1.1.1. Qualitative Toluene and SMMO Enzyme-Activity Probe Results (SRNL, 2008)

Qualitative toluene EAP data is presented in Table 16. A positive result (+) indicates that the probe was
determined to be significant based on its fluorescent signal and indicates the fluorescence of one or
more cells in the sample as illustrated by the phenylacetylene (PA) micrograph in Figure 18. Each probe
responds to a primary oxidation pathway and each sample can be positive for one, two, or three probes.
No single probe provides more or less information regarding the activity or potential activity in a
groundwater consortia of bacteria, rather, pathways are stimulated or induced under different
conditions. Variable activity, or a positive response in one or more groundwater samples with all of the
probes, may be indicative of a diverse metabolic community throughout the study area (Figures 19 and
20a). The sMMO results were determined based on solution fluorescence and indicated a fluorescence
that was statistically greater than background and control samples.

Table 16. Results for Qualitative EAP Analyses

A positive mark means activity was determined in the sample (SRNL, 2008).

- Agurter sMMO probe .
Monitoring Well Designation Caum?arin Toluene probes

MW 168
MWEG ~ + o+
NIV 184 URGA * —r+
W 187 - +
MW 185 - ++
MW242
MW243 MRGA - -
MW351 - +
MW262 + ++
MW 340 . + +
MV236 LRGA * —r+
MW 125 + ++

+ denotes a positive response

+++ denotes a positive response to all three toluens enzyme-activity probes

*denctes the number of tolusne probes where there was a positve response

LRGA: Lower Regional Grawe! Aguifer

MRGA: Middle Regonal Gravel Aguifer

URGA: Upper Regional Gravel Aquifer

sMKO: Soiuble Methane Monooxygenase

73



Figure 18. Microphotograph of Groundwater from MW66 Exposed to Phenylacetylene (SRNL,
2008)
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Figure 19. Response to Enzyme Activity Probes (SRNL, 2008)

(sMMO denoted with an “M”, and/or one or more toluene probes, denoted with a “T”)
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Figure 20a. Qualitative SMMO Response along NWP Core . (Red = no response, Green = positive
response)

7.1.1.2. Quantitative Toluene Enzyme-Activity Probe Results (SRNL, 2008)

Toluene EAP data were quantified to determine where significant toluene activity was present in the
study area (Table 17; Figures 19 & 20b). Highlighted values indicate moderate and high activity as
identified by Project Team scoping criteria and later by more refined standards developed by
investigators. The refined binning criteria resulted in a good concordance between the qualitative and
the quantitative results. Total microorganism counts (DAPI results, Table 17) showed that the NWP
groundwater has total microbial population levels typical of large aerobic groundwater systems with
cell counts ranging from 10° to 10° cells per mL of sample (SRNL, 2008).

The two control wells outside the NWP (MW194 and MW197) showed high (significant) presence of
toluene degraders and one of these wells showed sMMO activity. Among the 10 wells in the plume,
80% showed significant presence of toluene oxidizers, 50% showed sMMO activity, and 80% showed
at least one type of oxidizing capability. The expression and activity are lower in the middle portion of
the aquifer (MRGA) for both methane and aromatic (toluene) oxidation. Both the URGA and LRGA
showed diverse and robust oxidation potential. Using the original DQO criteria (quantitative results
above 10° cells/mL), 100% of the control and plume wells showed at least one type of oxidizing
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activity. Notably, the activity appears to vary vertically within the RGA. Spatially, the presence and
activity of methane and aromatic oxidizers was measured throughout the plume. The location of wells
with positive enzyme activity response is shown in relation to TCE footprint for the Northwest Plume at
the PGDP (Figure 19). Wells with positive EAP response to the sSMMO probe are denoted with an “M”
and wells with significant positive response to the toluene EAPs are denoted with a “T”.
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Figure 20b. Qualitative Toluene Probe Response
(Red = no response, Green = positive response to one or more of the three toluene probes)

7.1.1.3. DNA Control Study Results (SRNL, 2008)

The DNA amplification control study was performed to determine if genetic material related to the
sMMO and toluene monooxygenase enzymes were present in the microbial community. DNA control
study data are shown in Table 18. A positive result (+) indicates the gene of interest was amplified from
the groundwater sample and a negative (-) indicates that amplification was not successful. Positive
response with the primers (Table 18) provides significant evidence that the oxygenase genes of interest,
sMMO and toluene monooxygenases, are present in groundwater from each particular monitoring well.
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Table 17. Enzyme Activity Probe Assay Results (SRNL, 2008).

| Gualfative data (B4T) Toluene probes
I . Screened Interval | Guantiailve data
Hu%l;{'“ﬂ DEE?Un':irun Depth sMMO probe Toluene { flucraconnt callsimi | T':EII;E_IALPI
g ift bgs) Coumarin probes
IHPA PA Cinnamonitrile
MW 1EE -6 4110 nd 1.0010°
MWiEE 2 1010 014107 2.67x10°
MW 194 UREA i 510 12010
MW18T - - 6.28x10" 2 2310°
T
,.r:“ﬂm%b na na - 120x10° 2 a1 7.0510°
MW 185 BE-73 - + 1.37xA0" 1 G510
MW242 . B5- 75 - -
MW243 IRGA 65-7 13210 42710
WV 381 [ f.14x10" 3520 55110 0.6 10°
V262 o0 1.3510" 13810
Y] - .
r';ﬂ,ﬁsg 1.05x10* 1:22x10* 28410
wwaan | ROA 0.57x10°
R 3 Ml 5 210
MW 125 1.30c10° 63T

LIRGA: Uipner Reglional Gravel Aguifer

MAGA: Midde Reglonal Gravel AguPer ft bgs— feet below grownd sufaos
LRGA: Lower Reglonal Gravel Aquifer pgiL — micrograms per er
IHPA: S-hydrony-phenyiacetylene  —> probe for tolusne ceidass and relaied scthdty pCUL — ploocuriss per | ker

PA: Fhenyacstylsne —> probe for tolusne owidase and reiaied sctity oeilsirml — per miliher

cirramcnirie: probe for toliene dicxygenase and related aciviy
DAPI: &, E-Dlam king-2-Fhenylindols (doutde siranced ODNA staining]
Lighiight dencles Tt the wolusne prode respanse was considered moderle Muorescent acsivily > 2x10° celsiml and < Bx10° colfmL) — s== e for explanadon

Highlight denoies that fhe SO probe was: significantty above background or the ioluene probe Fesponss wans Considen=d significant (= Sx10” celis/ml fluorescent acivity]

These DNA data provides (1) evidence of the potential for activity in any groundwater sample and (2)
support for the enzyme activity assessment. Although amplification identifies which monitoring wells
demonstrate a positive response to the genes of interest, it does not necessarily identify expression of
the pathway and a positive response to the EAP.

The sMMO results (Table 17) were compared to the sSMMO DNA control study (Table 18) to determine
the degree of concordance between the EAP and the associated DNA targeted genes. Several wells
(MW168, MW242, and MW243) showed a positive response to the genes of interest but did not display
a positive response to the EAP. This indicates that enzyme activity was not observed even though the
genes necessary to produce the enzyme were present in the microbial population.

For aromatic oxidation, two of the EAP compounds, PA (phenylacetylene) and 3HPA (3-
hydroxyphenylacetylene), do not strictly correlate with a single enzymatic pathway. Each of the EAP
probes reliably works with a preferred pathway but may also function with other pathways. For
example, the 2 and 3 monooxygenase are both targeted with 3HPA; therefore, the two pathways cannot
be distinguished using EAP alone. However, since the two PCR primer sets, RMO and PHE
discriminate between the 2- and 3-monooxygenase pathways, some assessment of which pathway
predominates is possible when the EAP data and PCR data are combined in a complementary fashion
(Table 17).

Since the PGDP wells showed a general positive response with PA and HPA probes, the only way to
determine the significance of the 2- versus the 3-monoxygenase is to examine the PCR results. MW 168,
MW185, MW242, MW243, and MW340 all had a negative PCR response with the RMO primer sets
but a positive response with the PHE. This suggests that in these groundwater samples, 2-
monooxygenase is a contributing pathway to cometabolic attenuation of TCE. Basic science efforts are
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underway to improve the understanding of the various potential combined response profiles for the
EAPs and the PCR primers.

The only aromatic oxidation probe response that can be directly compared with the DNA results is
cinnamontrile, which preferentially targets the dioxygenase (TOD) gene. MW 197, MW 185, MW243
and MW340 assayed positive for the gene sequence for TOD when amplified using DNA primers.
However, these wells showed low activity with the EAP cinnamonitrile. Wells 242, 381 and 236
assayed positive for the gene sequence for TOD and showed moderate activity with the EAP
cinnamonitrile. This indicates that significant (high) enzyme activity was not observed in the EAP
results for these seven wells even though the genes necessary to produce the enzyme were present in the
microbial population.

Table 18. Results of DNA Control Studies. (A positive mark indicates the gene of interest was amplified
from the groundwater sample)

Monitoring Aquifer Genes amplified
Well Designation sMMO RMO PHE TOD
MW1EE + - + -
MWEE + + + +
MW194 HRGA + + + +
MW197 - + + +
MW18BS - - + +
MW242 - - - -
MRGA
MW243 + - + +
MW381 - + + +
MW262 + + + +
MWW 340 + - + +
LRGA
MWZ236 + + + +
NMW125 + + + +
URGA: Upper Regional Gravel Aquifer
MRGA: Middle Regicnal Gravel Aguifer
LRGA- Lower Regional Grave! Aquifer
sMMO: Solube Methane Monocoxygenase
RMO: Ringhydrexylation Teluene Monooxygenase
PHE: Prenol Monooxygenase
TOD: Toluenefxylene Monooxygenase

Table 19. Relationships between EAPs, PCR, and toluene (aromatic) enzymatic pathways

side-chain 3EB TOL
MONOOXYZEnase
2-monooxygenase 3HPA PHE
mavbe PA
J-monooxygenase JHPA FMO, PHE
maybe PA
4-monooxygenase NO PROBE RMO, PHE
2 3-dioxygenase trans-cinnamonitrile TOD
likely PA
maybe 3HPA
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7.1.1. T-RFLP Analysis (from SRNL, 2008)

The T-RFLP evaluation was performed to provide information to assess the community structure at
each sample location and across the plume study area (SRNL, 2008). Because of concerns about
biofouling, which is routinely observed in PGDP well screens, the T-RFLP was conducted to profile the
community via the following assumptions:

1. Community profiles will differ based on TCE concentrations,

2. Community profiles will differ based on geochemical or biogeochemical parameters,

3. Community profiles of the wells that were cleaned in the same time frame should look more similar
to one another than those that were cleaned more recently or never,

4. If a biofilm is present, all of the profiles should have similarities that “outweigh” the differences.

Each well produced a distinct profile, detailing the micro-niches and diversity of genetic and
physiological activities of in-situ microbial populations. Profiles of microbial populations at each
location were more diverse than expected (SRNL, 2008). Based on this overall diversity and the distinct
differences of each of the fingerprints, it is clear that:

0 There is no dominance of any one organism or even group of organisms in the groundwater plume
based on DNA amplification.

0 Dominant organisms from any given monitoring well are different than those from other monitoring

wells, even when the wells exhibit similar geochemical or contaminant concentrations.

The groundwater evaluated using EAPs does not appear biased by biofouling in the well casings.

0 The groundwater sampled appears to represent distinct micro-communities present within the
Northwest Plume as would be expected if the plume, rather than the well casings and associated
biofilms, was being sampled and analyzed.

o

These data provide scientifically and statistically defensible results that the groundwater sampled and
analyzed for enzyme activity primarily represents sampling of the groundwater plume (i.e. formation
water), rather than sampling the micro-communities present as biofilms in individual well casings.

7.2. SCI Analytical & Evaluation Results.
7.2.1. SCI Analytical Results.

Stable carbon isotope analyses were conducted by the University of Oklahoma School of Geology and
Geophysics Stable Isotope Laboratory on the twelve samples from the December 2007 PGDP NWP
groundwater sampling event. Laboratory results for eleven of the twelve sample locations are provided
in Table 20. The sample from MW 194 did not yield SCI analytical results because TCE was not
present in the sample. SCI Quality Assurance results are provided in Appendix 3.

7.2.2. SCI Evaluations.

The SCI data evaluation was accomplished through application of the stepwise data reduction and
assessment process developed during the SCI DQO process. Concentration data, screened interval data,
SCI concentration data, and normalized concentration data were screened to ensure suitability for
evaluation prior to application of the SCI decision rules to upgradient-downgradient SCIR well-pair
data. Well-pair screenings for all of the 45 well pairs in the study area were accomplished in four (4)
steps:
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Table 20. Stable carbon isotope data for NWP study wells .

Averages
Sample ID |TCE d13C (permil)

MW-66 -25.3
MW-125 -25.6
MW-168 -24.8
MW-185 -25.9
MW-194 na

MW-197 -23.1
MW-236 -25.3
MW-242 -24.6
MW-243 -25.3
MW-262 -25.8
MW-340 -25.9
MW-381 -25.4

1) Downgradient TCE and *Tc concentration data from the December 2007 SCI sampling event
were compared to upgradient concentration data for each well pair and well pairs were excluded
from further evaluation if either the downgradient TCE or *Tc concentrations were higher than
upgradient concentrations. This screening ruled out evaluation of well pairs where the
downgradient concentration data indicated that the downgradient well could have been impacted
by sources along the well-pair flowpaths. Fourteen (14) of the 45 study area well pairs were
screened from further evaluation and 31 well-pairs were carried forward to screening step 2 (Table
21).

Table 21. Well TCE/*Tc upgradient — downgradient concentration comparison matrix

UPGRADIENT DOWNGRADIENT
281 236
236

DOWNGRADIENT
Total
Poszszible 4 a 7 g 5 4 3 2 1 45

14
3 5 B & 4 3 2 z 7
Concentrations UG>DG, Well pair retained
Upgradient<Downgradient 99Tc +for TCE - Excluded from Further evaluation

45 possible well pairs
14 well pairs with downgradient TC+lor 99Tc > upgradient

(=2
(55
=i
-
—
=
=i
=
—_ O

2) The screened intervals of paired wells were compared and well pairs with downgradient screened
intervals higher in the RGA than upgradient screened intervals were excluded from further
evaluation. This screening ruled out evaluation of well pairs that were not monitoring possible
RGA flowpaths. Ten (10) of the remaining 31 study area well pairs were screened from further
evaluation and 21 well-pairs were carried forward to screening step 3 (Table 22).
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Table 22. Well-pair screened interval matrix

UPGRADIENT Well Comparison Matrix - outline = locs compare relative to screene interval [DOWNGRADIENT
B V|
DOWMNGRADIENT 236
Taotal
] 3 h E 5 4 3 2 2 1 k1l
: 2 1 2 2 1 1 1 a ] 10
1 4 4 3 3 2 1 2 1 b
Downgradient screen in higher BGA interval than upgradient screen

screens and conc’s ok

—

3) TCE (permil) values from remaining upgradient/downgradient well pairs were compared. If the
upgradient 0"°C and downgradient 6'°C concentrations were equal, the well pair was excluded
from further evaluation because no enrichment had occurred along the well-pair flowpath (Table
23). Two (2) well pairs were excluded from further evaluation in this screening step and nineteen
(19) well pairs were carried forward to the fourth and final screening step.

not evalu

Table 23. Well-pair normalized concentration data screening matrix

UPGRADIENT Well Companson Matrix - outline = locs compare relative to screened inter DOWNGRADIENT

B

DOWNGRADIENT 23
Total

Possible 1 1 4 3 3 2 1 2 1 21

# Excluded 0 1 0 0 1 0 0 0 0 2

1 3 4 3 2 2 1 2 1 19

delta 13C upgradient is eql._.lal to delta 13C downgradient
screened intervals, upddn gradient conc's ok

—

4) For the 19 well pairs retained in the third screening step, TCE concentration data was normalized
to *Tc concentration data for each well pair. If the value of the normalized concentration
exceeded or equaled unity, the well pair was excluded from further evaluation (Table 24 & 25).
This screening ruled out evaluation of well pairs where the normalized downgradient
concentration data indicated that the downgradient well could be impacted by sources along the
well-pair flowpath. Finally, the normalized concentration data from the 19 well pairs retained
from step 3 were evaluated relative to the value of the normalized concentration (Table 25). If the
normalized well-pair concentrations exceeded unity, the well pairs were excluded from further

not evalu
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evaluation. The ten (10) well pairs retained for evaluation through application of SCI Decision
Rules 4, 5. and 6 are identified in Table 26.

Table 24. Well-pair normalized concentration data screening matrix

UPGRADIENT Well Comparison Matrix - outline = locs compare relative to screened interval | DOWNGRADIENT
168
262 ==
340 L2 | =
185 | AE| o | 2|
Bl 242 243 2R
242
243
125 i FIE
351
DOWNGRADIENT 236
Tatal
Pozsible 1 3 4 3 2 2 1 2 1 19
R 0 1 3 2 0 1 i ] 1 g
1 2 1 1 2 1 1 1 0 10
= delta 13C upgradient is equal to delta 13C downgradient
......................................... = Screens, concentrations, delta 13C concentrations & CiCo values ok, Apply Decision Rules 4.5,6.
m £ E xcluded from further evaluation - downgradient screen in higher BG A interval than upgradient screen

Isotopic enrichment factor (epsilon; £) data for aerobic biodegradation of TCE (Appendix 3B) were
obtained from published data in “Stable Carbon Isotope Fractionation during Aerobic Biodegradation
of Chlorinated Ethenes” (Chu et al., 2005). The published data were statistically evaluated to provide
the 90% one-tailed confidence interval value on epsilon and the 95% one-tailed confidence interval
value on epsilon which were calculated to be -1.4 and -1.68, respectively.

Stable-carbon isotope ratios were evaluated by application of Decision Rule 4, Decision Rule 5, and
Decision Rule 6. Decision Rule 4 evaluates whether removal expected from SCIRs is greater than the
removal calculated from TCE/*Tc concentration data and whether removal based on SCIR is plausible
based on the variation in field-scale removal rates when the SCIR removal is less than that predicted by
TCE/”Tc concentration data. Decision Rule 5 evaluates whether the removal expected from the SCIR
is too little to make aerobic biodegradation a plausible explanation for the change in TCE
concentrations based on variation in removal rates at field scale. Decision Rule 6 evaluates whether the
removal based on SCIR is significant, greater than 10 per cent, of the removal predicted from the
TCE/*Tc concentration data

Excel spreadsheets were developed to accomplish the data reduction and evaluations identified in SCI
Steps 1-8 above. For each well pair retained for evaluation, three (3) calculations were made utilizing
TCE stable-carbon enrichment factors (€) of: 1) -1.1 from published data (Chu et al., 2005); 2) -1.4, the
90% one-tailed confidence interval on € value from the reworked data set, and 3) -1.68, the 95% one-
tailed confidence interval on e value from the statistical evaluation of the published data set.

Data and calculations for each retained well pair are provided in Tables 27a, 27b and 27c. Table 27a

contains the data, e statistics, and concentration data statistics for the published data set (Chu et al.,
2005) which utilized an € value of -1.1.
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Table 25. Well-pair Normalized Concentration Data Screening

Well Pair C/Co
L mMwies-3s1 47.70
2 MW168-236 59.23
5 Mw262-125 1.04
4 MW262-236 0.92
3 MW340-236 0.17
6 MW340-125 0.19
7 MW185-242 0.26
8 MW185-243 0.37
? MW185-125 0.54
10 MW185-381 0.42
1 MW185-236 0.48
12 MW66-242 0.78
13 Mwes-125 1.61
4 Mwes-381 1.25
15 Mw242-236 11.48
16 Mmw242-381 10.14
17 Mw243-236 1.28
18 Mw243-381 113
19 MW125-236 0.88

(Italicized = well pairs and data with C/C0 > 0)

Table 26. Well-pairs Retained for Evaluation through SCI Decision Rules.

Well Pair C/Co
1 MW262-236 0.92
2 MW340-236 0.17
3 MW340-125 0.19
4 MW185-242 0.26
5 MW185-243 0.37
6 MW185-125 0.54
7 MW185-381 0.42
8 MW185-236 0.48
9 MW66-242 0.78
10 MW125-236 0.88
11 MW381-340 0.15
12 MW381-262 0.81
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Table 27a. SCI Data, Data Reduction, and Evaluation for Well Pair Data with Published € Value of -

1.1.

Data & Screening Data DR Calculations SCI Calcs Original Data Set. mean Epsilon -11
TCE TCE Mean In
TCE TCE a°C &°C (QCo)
Up-  Down- Up- Is UG &%C &"C TCE (permil) (permil) | (TCE 5"C
Gradie Gradie Down- Up-  gradient Down- Up-  99Tc> Is (permil) [permil) &13C | Mean Up- Down- |(permil) +
nt RGA nt RGA gradient gradient TCE > gradient gradient DG CiCo In(CiCo) In(CICo)| Down- Up- Sample|Epsilo SCIR |gradient gradient| Sdev)
‘Well Pair |Interval Interval TCE TCE DG TCE  99Tc 99Tc  99Tc ?| ClCo < 17?7 In{CiCo) =0.33 "0.1 |gradient gradient SDEV | n(¢) In{CIC,) | + SDev - SDev |Significant|
MWw262-236 L L 72 W00 Yes 291 519 Yes | 092 @ Yes -0.03 -0.03 -0.009 -25.3 -25.8 02 -1 -0.45 -25.6 -25.5 -0.091
MW340-236 L L 72 a700 Yes 291 647 Yes 077 | Yes -180 -059 -0.180 -25.3 -25.9 02 -1 -0.55 -25.7 -25.5 0182
Mw340-125 L L 620 9700 ‘Yes 220 647 Yes 019 | Yes -167 -055 -0.167 -25.6 -26.9 02 -1 027 -25.7 -25.8 0.091
Mw185-242 M M 150 3600 Yes m 696 Yes 026 | Yes 133 -0.44 -0.133 -24.6 -25.9 0z -1 -18 -25.7 -24.8 -0.818
Mw185-243 M M 590 3600 Yes 306 B36 Yes 037 | Yes -093 -033 -0.033 -26.3 -269 02 -1 055 -25.7 -255 -0182
MWw185-125 M L 620 3600 Yes 220 696 Yes 054 | Yes 061 -0.20 -0.061 -25.6 -25.9 0z -11 027 -25.7 -25.8 0.091
MWw185-381 Ll M 47 3600 Yes 215 B3E Yes 042 | Yes -086 -028 -0.086 -264 -269 0z -1 045 -25.7 -2586 -0.031
MWw185-236 ] L 72 3600 Yes 291 696 Yes 048 | Yes 074 -0.24 -0.074 -25.3 -26.9 0z -11 055 -25.7 -25.5 -0.182
MWBE-242 u M B0 930 Yes Tn 530 Yes 078 | Yes 025 -008 -0.025 -248 -263 02 &1 -064 -251 -248 -0273
Mw125-236 L L 72 620 Yes 241 220 Yes 088 | Yes 0413 -0.04 002 -25.3 -25.6 0z -11 027 -25.4 -25.5 0.091

Table 27b. SCI Data, Data Reduction, and Evaluation for Well pair Data with Mean € 90% Upper
Confidence Interval Value of -1.4.

Data & Sereening Data DR Calculations SCI Cales Original Data Set, mean Epsilon 1.4
TCE | TCE | Meanlin

TCE TCE s°C | a°C (CiCo

Up-  Down- Up- Is UG s°C | s°C  TCE (permil) | (permil) | (TCE 5"C

Gradic Gradie Down- | Up- gradient Down-  Up-  99Tc> Is {permil) | [permil)  &13C | Mean Up-  Down- (permil) +1
ntAGA ntRGA gradient gradient TCE > gradient gradient DG CiCo In{CICo) In{CICo}| Down-  Up- Sample|Epsilon SCIR [gradient aradient| Sdev]

Well Pair_|interval Interval _ TCE | TCE DG TCE  99Tc  99Tc  99Tc?| CiCo <17 InCiCo) ~0.33  ~0.1 |gradient gradient SDEV | () In[CIC,)| + SDev - SDev | Significant
MwW262-236) L & 72 400 Yes 21 518 Yes | 092 | Yes 003 003 0003 | -53 58 02 14 03 | 56 | -5 0071
Mw340-236) L L 72 700 Yes 21 B47 Yes | OF | Yes 180 058 | om0 | 253 253 02 14 043 | 57 | 55 0143
Mw340-125| L I 520 9700 Yes 220 647 Yes | 08 | Yes 167 05 | 0®7 | 58 253 02 14 0z | 57 | 58 007
Mwigs242| M M 150 600 Yes 10 B3 Yes | 026 Yes 1% 044 | 01 | s 253 02 14 0% | BT | w8 0643
Mw1B5-243| M M 590 3600 Yes 306 635 Yes | 037  Yes 083 032 009 | -53 39 02 14 043 | 57 | -85 013
Mwigs-125 M L £20 3600 Yes 220 £96 Yes | 054  Yes 0B 02 | 0081 | 58 253 02 14 LE 0071
Mw185-381 M M 47 3600 Yes 215 695 Yes | 042 | Yes 08 @ 028 0085 | 254 253 02 14 0% | 57 | -8 0071
MW1B5-236| M L 72 3600 Yes 21 £%6 Yes | 048 | Yes 074 024 | 0074 | 53 253 02 14 043 | 57 | @55 0143
Mwes-242 | U M 0 330 Yes o 530 Yes | 078 | Yes 025 008 005 | -245 253 02 14 050 | -1 248 021
MWi25236| L L 72 £20 Yes N 220 Yes | 088 Yes 0T o0 ool | 253 256 02 14 0z | 254 | 55 007

Table 27c. SCI Data, Data Reduction, and Evaluation for Well pair Data with Mean e 95% Upper

Confidence Interval Value of -1.68.

Data & Screening Data DR Calculations SCl Cales Original Data Set, mean Epsilon -1.68
TCE TCE Mean In
&®c  &"c | [(CiCe
Up- | Down- Up- 1s UG TCEs¥C TCEs™C | TCE (permil) (permil) | (TCE&™C
Gradien Gradient Down- Up- | gradient Down- Up- 99Tc>» Is (permil) | (pemmil) = 313C | Mean Up-  Down- | (permil) +
tRGA = RGA gradient gradient TCE > DG | gradient gradient DG CiCo In[CICo)  In[CICo)| Down- Up-  Sample|Epsilon SCIR |gradient gradient| Sdev)
Well Pair | Interval Interval TCE TCE TCE 99Tc  99T¢ 99T ?| CiCo <17 In(CiCo) °0.33 “0.1 | gradient | gradient | SDEV | )  In(CIC,)| +SDev - SDev | Signifi
MW262-236| L L T2 W0 | ves | 31 5@ | Yes | D92 ver 08 | 005 | 000 | -3 | 28 | 02 | 166 -040 | %6 23k | 0080
Mw340-236 | L L T2 90 | Yes | 231 BT | Yes | O  Yes -la0 | -053 | -0W0 | -253 253 | 0Z | <168 -036 | 257 285 | -01m
HMW340-125 L L 620 700 ‘res 220 647 Yes 013 | Yes -167 -0.55 -0.167 -2a6 -23.3 0z -168 -018 -2a7 -25.6 0.060
MW185-242 M M 150 3600 Yes il 636 Yes 026 Yes -133 -0.44 -0.133 -24.8 -259 0.z -1686 077 -5 -24.5 -0538
MW185-243 M M 530 3600 Yes 308 636 Yes 037 NYes  -033 -0.33 | -0093 -25.3 -2549 0.2z -85 -0.38 -5 -255 -0113
My 185-125 M L G20 3600 Yes 220 636 Yes 054 Yes -0.61 -0.20 -0.061 -25.6 -259 0.z -168 -018 -5 -25.8 0.060
My 185-381 M M 47 3600 Yes 215 636 Yes 042 Yes  -056 -0.28 | -0086 -25.4 -259 0.2z -166  -0.30 -5 -25.6 -0.060
MW185-236 M L T2 3600 Yes 231 636 Yes 043  Yes  -074 -0.24 | -0074 -25.3 -25.9 0.2z -166  -0.38 -5 -255 -0113
MWE6-242 u M 150 30 ‘Yes m 530 Yes 078 Ves -0.25 -0.08 -0.025% -248 -25.3 0.z -168 -0.42 -25.1 -24.8 -017a
MW125-236 L L T2 G20 Yes 231 220 ‘Yes 0.83  Ves -0.13 -0.04 -0.013 -25.3 -25.6 0.2 -168 -0.18 -25.4 -25.5 0.060

Table 28 identifies the well-pair data comparisons that support the occurrence of acrobic biodegradation
based on the published data set with a mean epsilon value of -1.1. Eight of the ten well pairs satisfy the
criteria in Decision Rules 4 and indicate that TCE concentrations are being impacted by microbial
degradation processes. Based on Decision Rule 6, the rate of removal was determined to be significant
in six (6) of the eight (8) locations.
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Table 28. Summary of SCI Published Data Set Decision Rule Evaluation (epsilon =-1.1)

Original Data Set, mean Epsilon -1.1
Decision Decision
Decizion Rule 4 Rule 5 Rule 6
Infcico)| TCE TCE MeanIn | In{CICo]
In[CICo] | SCIR 5C 5"C [CICo] SCIR
In[CICo) | SCIR < not <« | [permil] [permil] | [TCE &"C | significant
Mean 5CIR < 033~ 0.33- Up- Down- |[permil] +/{ < 010~
Epsilo SCIR | In[CICO) | In[CICo] | In[CICo) |gradient gradient Sdevy] In[CiCo)
Well Pair | nle] In[CIC,]| TCE TCE TCE | + SDev - SDev |Significant TCE
MwW262-236] -11 -0.45 Yes -25.6 -25.5 -0.091 Yes
Mw340-236] -11 -0.55 Tes -28.7 -25.5 -0.182
bW 340-125 -11 -0.27 Yes -25.7 -25.8 0.0
MW 185-242 -11 -118 Tes =257 -24.8 -0.818 Tes
MW 185-243 -11 -0.55 Yes -25.7 -25.5 -0.132 Yes
MW/ 185-125 -11 027 Tes -2R.7 -25.8 0.031 hlo
Mw185-381 -11 -0.45 Tes -28.7 -25.6 -0.091 ez
MW 185-236 -11 -0.55 Tes -25.7 -25.5 -0.132 Yes
MWEG-242 -11 -0.64 ez -25.1 -24.8 -0.273 Tes
Mw125-236 -11 -0.27 es -25.4 -25.5 0.091 Mo

Table 29 identifies the well-pair data comparisons that support the occurrence of aerobic biodegradation
based on the statistical evaluation of the published data set and a calculated mean epsilon value of -1.4.
Eight of the ten well pairs satisfy the criteria in Decision Rules 4 and indicate that TCE concentrations
are being impacted by microbial degradation processes. Based on Decision Rule 6, the rate of removal
was determined to be significant in five (5) of the eight (8) locations.

Table 29. Summary of Calculations Supporting SCI Decision Rules (90% One-tailed Confidence
Interval on Epsilon Value of -1.4 from Statistical Evaluation of Published Data Set).

Original Data Set. mean Epsilon -1.4
Decision Decision
Decizion Fule 4 Rule & FRule &
In(CIC0) TCE TCE Mean In In{CiCo)
In[CiCo) SCIR 8%C 8%C [CiICo SCIR
In[CICo) | SCIR < not < | [(permil] | [permil] | [TCE &"*C | significant
Mean SCIR < 033~ 033~ Up- Down- | [permil]) + ¢ 010~
Epsilon SCIR | In[CICD)] | In[CiCo) |In[CICo) |gradient gradient Sdev) In[CICo)
WwWell Pair [e] In[CIC,] TCE TCE TCE + SDev - SDev | Significant TCE
Mw262-236 -14 -0.36 Tes -25.6 -255 -0.071 Tes
Mw340-236 -14 -0.43 es -25.7 -25.5 -0.143
Mw340-125 -14 -0.21 Yes -25.7 -25.8 0.071
Mw185-242 -14 -0.93 Yes -25.7 -24.8 -0.643 ez
Mw185-243 -14 -0.43 Yes -25.7 -255 -0.143 Tes
MW 185-125 -14 -0.21 Yes -25.7 -25.8 0.071 Mo
MY/ 185-381 -14 -0.36 Yes -25.7 -256 -0.071 Mo
Mw185-236 -14 -0.43 Yes -25.7 -25.5 -0.143 Tes
MWEG-242 -14 -0.50 Yes -251 -24.8 -0.214 Yes
Mw125-236 -14 -0.21 Tes -25.4 -255 0.071 Mo

Table 30 identifies the well-pair data comparisons that support the occurrence of aerobic biodegradation
based on the rework of published data using the 95% one-tailed confidence interval value of epsilon, -
1.68. Seven (7) of the ten well pairs satisfy the criteria in Decision Rules 4 and indicate that TCE
concentrations are being impacted by microbial degradation processes. Based on Decision Rule 6, the
rate of removal was determined to be significant in five (5) of the seven (7) locations.
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Table 30. of Calculations Supporting SCI Decision Rules (95% One-tailed Confidence Interval on
Epsilon Value of -1.68 from Statistical Evaluation of Published Data Set).

Original Data Set, mean Epsilon -1.68
Decisio Decision
Decision Rule 4 n Aule 5 Rule 6
In(CiCO]| TCE TCE Mean In In[CiCo)
In[CiCo)| SCIR s%C sC [CICo SCIR
In(iCICo) | SCIR < not £ {permil]  ([permill | [TCE 3 significant
Mean SCIR< | 0.33° 0.33° Up- Down- | (permill +/{ < 0.10"
Epsilon  SCIR |In(CICO] | In[CICo)| In[CICo] | gradient gradient Sdev] In[CiCo])
YWell Pair ] IniCIC,)] TCE TCE TCE +50ev - SDev | Significant TCE
MW262-236 | -1E68 -0.30 es -25.6 -25.5 -0.060 es
MW340-236 | -165 -0.36 es -25.7 -25.5 -0.113
MW3d40-125 | -1E5 -0.15 Yes -25.7 -25.5 0.080
MW185-242 | -1E8 -0.77 es -25.7 -24.8 -0.536 “es
MW185-243 | -1E5 -0.36 Yes -25.7 -25.5 -0.113 Yes
MW185-125 -168 -0.15 “es -25.7 -25.5 0.060
MwW185-381 -168 -0.30 Yes -25.7 -25.5 -0.060 Ma
MW185-236 | -1E8 -0.36 Yes -25.7 -25.5 -0.113 es
MWEG-242 -168 -0.42 Yes -25.1 -24.5 -0.173 Yes
MW125-236 | -1E5 -0.15 ez -25.4 -25.5 0.060 Mo

7.3. Geochemical Testing and Data Evaluations Results

A summary of key project-specific geochemical results is presented in Tables 31 & 32. Complete
datasets for the two project-specific sampling events are provided in Appendix 2A. Spatial plots of key
geochemical parameters for study area wells from the May, 2007 EAP sampling event and December
2007 SCI sampling event are provided in Appendix 2B. Temporal graphs of TCE, *Tc, dissolved
oxygen, conductivity, and pH for the study wells are provided in Appendix 2C.

In addition to project-specific geochemical results evaluation, several other data sets were evaluated
relative to the presence/absence and spatial/temporal trends of analytes that could impact or that indicate
the presence of degradation processes in the RGA: 1) A master summary dataset of historical site-wide
groundwater analytical results was extracted from the PGDP Data Warehouse to evaluate the presence
and/or absence of geochemical conditions related to biotic and abiotic degradation processes (Table 33).
The dataset was extracted as “all groundwater locations sampled for TCE”. All wells that could be
identified in the RGA were extracted for use; 2) URGA, MRGA, and LRGA specific monitoring well
data was extracted from the “all groundwater locations sampled for TCE” data set based on the wells
utilized in the most recent PGDP annual-groundwater-mapping document “Trichloroethene and
Technetium-99 Groundwater Contamination in the Regional Gravel Aquifer for Calendar Year 2005”
(PRS, 2007).

UCRS, Eocene Sand and Terrace Gravel groundwater data were extracted from the master summary
dataset and temporal and spatial evaluations were conducted as necessary for discussion of RGA
groundwater conditions. UCRS, RGA, and McNairy soil boring data were also extracted as necessary
for discussion of RGA groundwater conditions related to degradation processes. Reference is provided
to specific data sets and relevant spatial and temporal plots throughout the text.

7.3.1. Geochemical Results
The project-specific data set consists of field measurements and analytical results from samples
collected during the EAP and SCI field-sampling activities. Observations from evaluation of project-

specific analytical data, temporal trends of select analytes at each sampling location and spatial plots of
project-specific data are noted by analyte in the text below.
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Results related to historical site-wide geochemical data, the RGA-TCE sampling locations and the
URGA, MRGA, and LRGA annual groundwater mapping locations follow the project-specific text.
RGA-TCE sample locations are identified in Appendix 2E, Figure 2E.1. The annual monitoring
locations in the upper, middle, and lower RGA utilized for the most recent interpretations of TCE plume
extents are identified in Appendix 2E; Figures 2D.1-2D.3. Specific URGA, MRGA, and LRGA
sampling and data locations are provided with spatial and temporal plots for select analytes (Appendix
2F).

TCE was evaluated because it is the primary groundwater contaminant from historical PGDP industrial
operations.

Concentrations in study area monitoring wells within the NWP ranged from method detection limits of
1 g/l to 9700 feg/L. Concentrations in the control wells outside of the plume, monitoring wells 194
and 197, ranged from 1 to 3 1tg/L indicating that a larger footprint of TCE contamination may exist in
the NWP RGA than the footprint depicted by the regulatory threshold, 5 fcg/L. The highest project-

specific TCE concentrations were in MW’s 185 (MRGA), 262 (LRGA) and 340 (LRGA), all located in
close proximity to one another along the core of the NWP within the PGDP security fence.

Technetium-99 was evaluated because it is a TCE co-contaminant in the NWP, SWP, and on-site
portions of the NEP at the PGDP.

Technetium-99 was detected in all of the study area wells within the NWP at concentrations ranging
from 21 to 2400 pCi/L. Technetium-99 was not detected in control wells MW 194 and MW 197 outside
of the plume. Historical **Tc data were not evaluated for this study.

Dissolved Oxygen (DO) was evaluated because it is the primary substrate that allows aerobic
biodegradation to occur when it is present in concentrations greater than 0.5 mg/L and appropriate redox
conditions. Decreasing dissolved oxygen concentration trends in groundwater may be indicative of the
occurrence of aerobic biodegradation.

DO concentrations in project wells ranged from 0.6 to 6.1 mg/L (Tables 27 and 28). Dissolved oxygen
concentrations in MW 197 (URGA outside of the plume) were less than 1.0 mg/L. Dissolved oxygen
concentrations less than 1.0 mg/L were also identified in project sampling locations MW 262 (LRGA
downgradient of C-400 source area) and MW’s 242 and 243 (MRGA wells in the NWP south well
field). The low DO concentrations noted in the EAP and SCI samples indicate that aerobic groundwater
conditions do not exist at MW 197.

Dissolved oxygen concentration trends in project wells are provided graphically in Appendix 2C. In
general, DO concentrations exhibit slightly increasing trends in MW’s with decreasing TCE
concentration trends (MW’s 236, 243, 381, 242, 262). MW 125 exhibits decreasing DO concentrations
in conjunction with increasing TCE concentrations. Dissolved oxygen concentrations generally
decrease temporarily following well maintenance activities with the exception of MW 262 as illustrated
in the temporal trend graphs in Appendix 2C.

Spatial DO plots were produced for all RGA-TCE wells sampled from 1988 through 2006 and the data
set used for this exercise includes residential monitoring wells (Appendix E, Figure 2E.1). The all
RGA-TCE sampling location data set (Figure 21) does not discriminate between URGA, MRGA, and
LRGA horizons. RGA-TCE sample location DO spatial plots are provided in Appendix E, Figures 2E.8
through 2E.13. As the plots indicate, DO is present throughout the RGA at on-site and off-site
monitoring locations (1988 through 2006). Plots of average, minimum and maximum detects at each
location provide an indication of the variability in DO concentrations.
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(Outside contour = 5 ppb TCE)
Figure 21. Distribution of average dissolved oxygen in RGA sampling locations 1996 — 2006
(ug/L).

Evaluation of dissolved oxygen data (Table 34) from annual-groundwater-mapping locations indicates
that the MRGA has the highest mean DO concentration (3598 (tg/L) over the vertical profile of the

RGA, followed by the URGA (3105 1tg/L). The lowest average DO concentration is in the LRGA,
2754 1i1g/L. The LRGA’s average DO concentration being less than the MRGA and URGA average

DO concentrations is expected. However, the fact that MRGA average DO concentration exceeds the
average URGA DO concentration would not be expected based on the assumption of relatively uniform
groundwater recharge and similar biogeochemical vadose zone processes across the PGDP.

Mean DO concentrations calculated from 1996 through 2006 data were evaluated for each annual-
groundwater-mapping well. Tabulation of the DO concentrations for each monitoring location indicates
significant spatial variability of DO concentrations throughout the URGA (Table 35), MRGA (Table
36), and LRGA (Table 37). Six monitoring locations in the URGA have average DO concentrations
less than 1 mg/L (1000 jcg/L), MW 20, MW 366, MW 344, MW 384, MW 256 and MW 363. No
locations in the MRGA have average DO concentrations less than 1 mg/L. LRGA locations MW 226,
MW 255, MW 364, and MW 256 each have average DO concentrations less than 1 mg/L.
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The highest average DO concentration at any given RGA monitoring location, 6385 1tg/L, is in URGA
MW 66 located in the northwest corner of the industrial area and in the NWP. The lowest average DO
concentration, 770 tg/L are found in URGA MW 20 and LRGA MW 226. MW DO concentrations in
UCRS wells overlying the RGA range from 30 to 9,270 ;tg/L and a similar range of DO values exists in

groundwater samples from the Eocene Sands and Terrace Gravel that occur south and upgradient of the
southern extent of the RGA.

Table 33. Summary of historical PGDP monitoring well and study area monitoring well geochemical

data.
Total Analyses| Analyses
Analvses EAPISCI | EAPISCI Not
Sitewide Sitewide EAPISCI Study | Study otes
Sitewide  Total Total Study Area Area
Total Analyses Analyses  Area Wells Wells
Analyses Detects NDs wWells Detecls NDs
Analyte Groundwater
PCE FECT] EE 074 335 1] 31 Sitewide Wells Detect's [['s] From 1.2 to 707,000 uglL;
Study Area Wellz D's from 2 to 16,000 ugll
cis 1.2 DCE Site Wells D's from to 0.05 to 84,000 ugll. Study &rea Wells D'sin
= 7907 543 5504 787 16 537 bW 7], 242(1).262(2).340(1).66[ 4] From 5 to 4200 uglL
Sitewide Wellz D's MW"z 300,186, 004 wells; Study Area bW BB From
vC 8915 127 8288 338 3 334 2300 to 6300 LiglL
] Dissolved Oxygen 9825 9639 38 2 2 i} Sitewide Wellz D's 0 - 10,000+ ugll : Study Area 0rs 3,600 - 5600 uglL|
pH - - - - - - Study Area Wellz avg pH from 5.5 to B.65 std, Units
Eh = = - 5 2 2 Mo Hecords Available
Temperature - - - - - - Average Annual Ternp Study Area wells 55.2 to 62.6 degrees F
Alkalinity - - - 128 127 ] Study Area Wells D's frorn 54,000 to 124,000 ugll
Specific Conductivity Sitewide ‘Well D's From & 100 ta 4700 urnhofcrn. Study Area Wells
PIP oG Tl ° Ak 43 ) range frorm 349 to 427 urnholcr
Hedox FPotential 2B07 2RBE 12 143 133 i Study Area W'e_Hs range from -40 to 437 mY, only 11 values ¢ 100mY
. Sitewide D'z 660 - 732,000 uglL
Total O Carb
otal Organic Carbon 779 3072 4561 100 1 gz Sty Araa well D's Fromn 1100 - 5000 LglL:
. Sitewide 0's from 1,800 to 174,000 uglL;
Mitrate 9 i e B L ! Study Area Well D's from 570 - 35,700 ugll;
Study Area O's From 7,300 to 23,000 uglL; Sitewide D's from 3.6 to
Sulfate 2254 2085 7 L 41 0 2,647 5100 gl
% Sitewide Wellz D'z from 10 to 833,000 ugll . Study Area Wells D's
Iror; Dissolved 835 8 o 203 # i frorn 245 to 30,000 LglL in Mw's 125, 242, and 243
Iron. Fe2+ 93 4 29 i] Sitewide 0's in BY00x sarmples 24,000 to 43,000 uglL
: Study Area wells 0= 5.5 to 6,000 LglL w"s 126, 236, 242, 243, 262,
Manganese, Dizsolved 2190 1480 434 153 a3 30 a1: Sitewide Wells 5 - 26 500 uglL
Phosphate as Sitewide Oz 26 - 100 uglL;
Phosphorous 628 B g LU o 5 Study Area Well D's only in bW BB [1);
Copper, Dissolved 1496 177 97 91 5 83 Sitewide Wellz 0's From 6 to 2080 uglL;
243)
Copper 4387 Eea 2367 11 21 ® Sitewide O's in "w" and "WE" borings and range from 18 - 1800 uglL:
Methane 71 1 J=11) g 1] E Sitewide Wells 10 in bW 323 of 100 gl Study Area Wells all MD
Benzene 7h84 42 7004 526 0 483 Sitewide ['s 0.74 to 520 uglL
Toluene 7445 35 G844 335 1] 32 Sitewide ['s range from 2.1to 4800 uglL
Phenol 215 10 747 Sitewide D'z from 8 to 57 uglL
- Sitewide Wells O's from 696 to 823,000 uglL
Potassium 4433 2375 1674 352 92 209 Study Area Wells D's From 923 to 1040 uglL
R Sitewide wells D's' frorn 1400 to 4,600,000 woil;
Caleinm o o 2 M | BB ! Sturly Area well D's Frorn 10,200 to 47,200 ugll
Sodium Ra75 1546 1 228 99 ] itewide Wells O's from :Study Area Wells D's From 1,000 to 51,000 wg)
. Sitewide Wells D's frorn 6.5 to 441,000 uglL; Study Area Wells 6,000
Magnesium R34 4077 o 234 140 ] tor 15,500 gl
z Sitewide Wellz Detects from 5,000 to 3,770,000 uglL (limited locations
Chemical Oxygen Demand| e 2m 1] 0 i wicinity of ST & U Landfills]
B'“':h%";ﬁ:'ng"'ge" 18 10 0 1] Sitewide Wells Detects Frorm 2,100 to 7,000 uglL
; Study Area Well D's Fromn 4,300 to 137,000 ugll
Chistide i 1 i Ll 4 Sitewidle Wells D's Frorn 8.9 to 373,000 ugl

* Data from “all wells sampled for TCE” data set (1996 —2006).
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Table 31. Key geochemical results from the May 2007 EAP sampling event (SRNL, 2008).

technetium ; oxidation - ) total .
Moniloring Aquifer Screened TCE DCE [RCi /L) dissolved DH reduction SpEcIl?C. chloride nitrate sulfate Iron (11 organic alkalinity
Well | Designation | '™Vl & ooy | wan) OXVOEN | oiy units)| potential | Sty b Spony | mgny | momy | meny | camon | T2E3S
Depth (ft) ’ result | error | (mgiL) (mv) {umheosicm) (mgiL) CaCoy)
MW 168 63 - 68 110 <100 - 25 R7A 428 h33 92 17 11 0.035 =<1 77
M'u".'ﬁﬁ URGA 55 - 60 700 <5 - 5 6.01 304 213 13 58 11 <0.02 <1 72
MWV 154 ’ 47 - 52 1 =5 - 54 5498 367 2449 27 70 65 =002 =1 T2
MW 157 58 -63 3.9 =5 - 0.6 6.01 -7 440 65 =44 16 2349 23 78
MW 185 68 -73 3300 140 - 20 6.08 527 437 A7 75 12 <0.02 =<1 108
MVV242 MRGA G5-75 110 =5 - 15 562 166 358 63 =44 12 813 =1 55
MW243 B5-75 100 =5 - 59 6.22 252 454 12 =44 67 0.046 =1 13
MV 381 66 - 76 50 =5 - 3.2 6.18 286 372 41 6.7 24 =0.02 =1 a8
MWW 262 90 - 95 950 = A0 - 06 h89 338 679 110 56 39 <0.02 <1 105
MWV 340 LRGA 255-053 G500 = 250 - 35 54 367 460 61 7.2 28 =0.02 =1 109
MWW236 ) 60.5-795 21 =5 - 34 6.19 332 3 3 T3 21 =0.02 =1 a0
MW 125 78 - 88 700 =25 - 28 6.05 303 302 33 58 14 <0.02 <1 91
MNotes:
"-" not measured or not available
The remaining measured parameters were either nondetect in all samples or did not vary substantively between wells.
Total and dissoved copper were nondetect (< 0.025 mg/L) in all wells
All data from both sample events are presented in appendices.
Table 32. Key geochemical results from December 2007 SCI sampling event (SRNL, 2008).
technetium oxidation - )
Monitering Aquifer ﬁi:ee?;d TCE DCE [pCiiL) dissolved pH reduction D;ﬂi‘:::iw
Well Designation Depth {ft) (Hg/L) § (pogiL) result error oxygen |(std units) ptﬁ[::ri:lial {umhosicm)
MW 168 G3-62 110 <12 2400 45 31 haEeT 233 492
MWES URGA 55 - &0 930 =5 R30 24 AT 6.01 285 180
MW 154 ' 47 - 52 1 =1 ND - 36 6.20 114 251
W 157 58 -63 3.5 < ND - 0.7 6.13 2 424
MW1E5 bE-732 apl0 Vb [+12]3] 2b 1.0 ) 2o g2
MW 242 MRGEA B5-75 150 44 110 15 0.8 6.09 63 395
MWW 243 ) B5-75 R40 =5 306 19 38 R oG 150 378
W 381 GG - 76 A7 < 21.5 125 6.1 6.65 261 502
MW 262 90-95 1400 11 519 23 08 hav 218 G0
MW 340 LRGA ah5-053 a700 = 80 647 26 32 6.04 254 453
MW 236 69.5-795 72 =1 291 127 6.1 6.65 261 502
MW 125 78 -82 G20 =5 220 18 249 6.11 400 310

MNotes:

"-" not measured or not available
The remaining measured parameters were either nondetect in all samples or did not vary substantively between wells.
Total and dissoved copper were nondetect (< 0.025 mg/L) in all wells
All data from both sample events are presented in appendices.
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Table 34. Groundwater Dissolved Oxygen distribution data summary from well monitored from annual
groundwater mapping from 1996 — 2006 (1tg/L).

* Data for URGA, MRGA, LR

# Average Average
Locat- # Maximum Minimum Unit Maximum Maximum Minimum Minimum
Horizon ions Records | Record Record Average Location Location Location Location
UCRS** 50 930 9270 30 3217 6433 MW166 331 MW138

ES &

TG 9 235 8450 40 1639 2132 MW196 987 MW301
URGA 29 1040 9450 50 3105 6385 MW66 772 MW20
MRGA 45 1476 9590 270 3598 5354 MW19%4 1451 MW93
LRGA 55 1621 9350 30 2816 5161 MW397 770 MW226

GA quarterly and mapping locations extracted from “all wells sampled for TCE” data set (1996 — 2006).
** Based on locations with greater than 2 measurements

Table 35. Average DO concentrations (teg/L) in URGA annual groundwater mapping wells (1996 —

*Data for quarterly/annual mapping locations only extracted from all wells sampled for TCE data set (1996 —2006)

2006) *.
Location NEWCHEMICAL Location | Location Location UNITS
Average | Minimum | Maximum

MW20 Dissolved Oxygen 772 180 1790 ug/L
MW366 Dissolved Oxygen 788 60 2740 ug/L
MW344 Dissolved Oxygen 813 820 3450 ug/L
MW384 Dissolved Oxygen 921 290 1610 ug/L
MW156 Dissolved Oxygen 957 400 1730 ug/L
MW363 Dissolved Oxygen 999 140 1650 ug/L
MW173 Dissolved Oxygen 1141 240 2500 ug/L
MW206 Dissolved Oxygen 1186 500 3160 ug/L
MW360 Dissolved Oxygen 1353 200 4520 ug/L
MW197 Dissolved Oxygen 1532 510 4340 ug/L
MW372 Dissolved Oxygen 1566 50 3890 ug/L
MW369 Dissolved Oxygen 1808 680 5410 ug/L
MW329 Dissolved Oxygen 2111 880 4160 ug/L
MW205 Dissolved Oxygen 2134 990 4870 ug/L
MW223 Dissolved Oxygen 2194 1420 6050 ug/L
MW224 Dissolved Oxygen 2792 860 6260 ug/L
MW357 Dissolved Oxygen 2833 1120 5120 ug/L
MW222 Dissolved Oxygen 3068 470 8330 ug/L
MW165 Dissolved Oxygen 3323 2200 5230 ug/L
MW192 Dissolved Oxygen 3487 2060 7540 ug/L
MW227 Dissolved Oxygen 3627 1060 7770 ug/L
MW168 Dissolved Oxygen 3810 850 6960 ug/L
MW178 Dissolved Oxygen 3897 1540 5290 ug/L
MwW387 Dissolved Oxygen 4066 1220 5300 ug/L
Mw221 Dissolved Oxygen 4545 1310 8440 ug/L
MW220 Dissolved Oxygen 4772 940 8890 ug/L
MW63 Dissolved Oxygen 4835 2150 9450 ug/L
MW338 Dissolved Oxygen 5216 2360 6250 ug/L
MW149 Dissolved Oxygen 6284 5650 7180 ug/L
MW66 Dissolved Oxygen 6385 2150 9200 ug/L
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Table 36. Average DO concentrations (1¢g/L) for MRGA annual groundwater mapping wells (1996 —

2006) *
Location NEWCHEMICAL Location | Location Location UNITS
Average | Minimum | Maximum

MW93 Dissolved Oxygen 1451 600 2260 ug/L
MW84 Dissolved Oxygen 1480 860 2070 ug/L
MW193 Dissolved Oxygen 1550 650 2590 ug/L
MW242 Dissolved Oxygen 1630 690 4480 ug/L
MW330 Dissolved Oxygen 1653 870 3720 ug/L
MW245 Dissolved Oxygen 1664 670 4310 ug/L
MWO90A Dissolved Oxygen 1702 1000 3010 ug/L
MW370 Dissolved Oxygen 1778 750 4320 ug/L
MW333 Dissolved Oxygen 1844 570 4750 ug/L
MW342 Dissolved Oxygen 2026 820 3620 ug/L
MW185 Dissolved Oxygen 2124 1080 5180 ug/L
MW203 Dissolved Oxygen 2156 900 3220 ug/L
MwW87 Dissolved Oxygen 2165 1420 3010 ug/L
MW201 Dissolved Oxygen 2244 1050 3410 ug/L
MW191 Dissolved Oxygen 2631 1080 4900 ug/L
MW402-PRT5 Dissolved Oxygen 2987 270 8120 ug/L
MW103 Dissolved Oxygen 3259 860 5060 ug/L
MW169 Dissolved Oxygen 3494 870 7630 ug/L
MW249 Dissolved Oxygen 3558 700 5880 ug/L
MW404-PRT5 Dissolved Oxygen 3561 280 8500 ug/L
MW354 Dissolved Oxygen 3593 550 7560 ug/L
MW341 Dissolved Oxygen 3631 1970 7210 ug/L
MW99 Dissolved Oxygen 3704 1390 5630 ug/L
MW126 Dissolved Oxygen 3748 2370 5770 ug/L
MW98 Dissolved Oxygen 3897 2430 5050 ug/L
MW391 Dissolved Oxygen 3915 3590 4470 ug/L
MW235 Dissolved Oxygen 3940 2390 6140 ug/L
MW248 Dissolved Oxygen 4033 2330 5550 ug/L
MW90 Dissolved Oxygen 4072 1510 8870 ug/L
MW188 Dissolved Oxygen 4084 2110 6870 ug/L
MW395 Dissolved Oxygen 4291 1140 7650 ug/L
MW175 Dissolved Oxygen 4312 3120 5530 ug/L
MwW243 Dissolved Oxygen 4366 930 6030 ug/L
MW106 Dissolved Oxygen 4424 3240 6370 ug/L
MW139 Dissolved Oxygen 4428 3220 5380 ug/L
MW337 Dissolved Oxygen 4434 2600 5900 ug/L
MW240 Dissolved Oxygen 4461 3160 7310 ug/L
MW233 Dissolved Oxygen 4656 2660 6850 ug/L
MW241 Dissolved Oxygen 4694 3080 8290 ug/L
MW200 Dissolved Oxygen 4787 2370 6490 ug/L
MW250 Dissolved Oxygen 5014 1710 6410 ug/L
MW388 Dissolved Oxygen 5018 3740 6590 ug/L
MW238 Dissolved Oxygen 5028 3300 7650 ug/L
Mw244 Dissolved Oxygen 5105 2970 9590 ug/L
MW194 Dissolved Oxygen 5354 3330 7180 ug/L

*Data for quarterly/annual mapping locations only extracted from all wells sampled for TCE data set (1996 —2006)
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Table 37. Average DO concentrations* in LRGA wells utilized for annual groundwater mapping (/¢g/L).
*Data for quarterly/annual mapping locations only extracted from all wells sampled for TCE data set (1996 —2006)

Location NEWCHEMICAL Location | Location Location UNITS
Average | Minimum | Maximum

MW226 Dissolved Oxygen 770 170 1800 ug/L
MW255 Dissolved Oxygen 808 260 2310 ug/L
MW364 Dissolved Oxygen 900 190 2360 ug/L
W256 Dissolved Oxygen 984 410 3010 ug/L
MW392 Dissolved Oxygen 1074 140 2840 ug/L
MW367 Dissolved Oxygen 1151 90 3290 ug/L
MW373 Dissolved Oxygen 1219 30 3040 ug/L
MW95A Dissolved Oxygen 1326 320 2680 ug/L
MW258 Dissolved Oxygen 1381 670 3210 ug/L
MW86 Dissolved Oxygen 1398 530 2980 ug/L
MW385 Dissolved Oxygen 1498 690 4670 ug/L
MW95 Dissolved Oxygen 1567 690 4070 ug/L
MW89 Dissolved Oxygen 1578 390 2400 ug/L
MW358 Dissolved Oxygen 1609 430 4310 ug/L
MW92 Dissolved Oxygen 1631 790 4200 ug/L
MW260 Dissolved Oxygen 1634 650 2290 ug/L
MW262 Dissolved Oxygen 1774 610 3810 ug/L
MW150 Dissolved Oxygen 1829 960 5490 ug/L
MW293A Dissolved Oxygen 2060 1200 2610 ug/L
MW261 Dissolved Oxygen 2081 820 3960 ug/L
MW161 Dissolved Oxygen 2175 680 6280 ug/L
MW202 Dissolved Oxygen 2369 1010 4740 ug/L
MW145 Dissolved Oxygen 2372 1400 3750 ug/L
MW343 Dissolved Oxygen 2487 650 4000 ug/L
MW155 Dissolved Oxygen 2499 780 4820 ug/L
MW410 Dissolved Oxygen 2508 2190 3070 ug/L
MW252 Dissolved Oxygen 2594 1700 3210 ug/L
MW339 Dissolved Oxygen 2732 700 4580 ug/L
MW401-PRT4 Dissolved Oxygen 2760 370 7880 ug/L
MW292 Dissolved Oxygen 2833 2000 4270 ug/L
MW124 Dissolved Oxygen 2899 1040 7940 ug/L
MW409 Dissolved Oxygen 3081 2360 3540 ug/L
MW403-PRT4 Dissolved Oxygen 3102 590 6330 ug/L
MW125 Dissolved Oxygen 3156 1020 4660 ug/L
MW236 Dissolved Oxygen 3260 1430 5260 ug/L
MW411 Dissolved Oxygen 3270 2790 3840 ug/L
MW288 Dissolved Oxygen 3412 2000 5270 ug/L
MW340 Dissolved Oxygen 3415 1420 5400 ug/L
MW135 Dissolved Oxygen 3539 1150 7750 ug/L
MW294A Dissolved Oxygen 3541 2790 3960 ug/L
MW356 Dissolved Oxygen 3625 1940 5960 ug/L
MW199 Dissolved Oxygen 3868 3320 4370 ug/L
MW65 Dissolved Oxygen 3886 3020 4950 ug/L
MW134 Dissolved Oxygen 4015 2680 5390 ug/L
MW355 Dissolved Oxygen 4096 3420 5040 ug/L
MW293A Dissolved Oxygen 4214 2770 7160 ug/L
MW146 Dissolved Oxygen 4229 2720 5540 ug/L
MW284 Dissolved Oxygen 4371 3340 5640 ug/L
MW100 Dissolved Oxygen 4413 260 8700 ug/L
MW234 Dissolved Oxygen 4426 2470 6700 ug/L
MW152 Dissolved Oxygen 4587 3630 5350 ug/L
MW293 Dissolved Oxygen 4611 2910 6740 ug/L
MW291 Dissolved Oxygen 4709 700 6590 ug/L
MW283 Dissolved Oxygen 4980 3350 9350 ug/L
MW397 Dissolved Oxygen 5161 3470 5940 ug/L
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The ranges of DO concentrations at nearly all locations vary temporally. Annual DO concentration
cycles ranges from +/- 0.5 mg/L to over 2.0 mg/L (Appendices 2H.1, 2H.2, and 2H.3, respectively).
The minimum and maximum DO concentrations for URGA, MRGA, and LRGA wells (1996 to 2006)
are provided for each well in Tables 31 — 33. Dissolved-oxygen-trend plots from RGA locations are
presented in Appendix 2D; Figures 2D.4 through 2D.7. Average DO concentration plots for the URGA,
MRGA and LRGA annual groundwater mapping locations are provided in Appendix 2D, Figures 2D.8
through 2D.10. UCRS and Eocene Sand/Terrace Gravel sampling location DO plots are provided in
Appendix 2F.

Initially, long-term DO trends encompassing all data collected between 1988 and 2006 were developed.
However, concern about the accuracy of field DO analytical methods utilized between 1988 and 1995
prompted changing the duration of the trend graphs to 1996 through 2006. A number of 1988 — 2006
DO trends are provided in Appendix 2H and generally show clusters of higher concentration DO data
from 1988 to 1995 relative to data collected from 1996 through 2006. Evaluation of the 1996 — 2006
URGA, MRGA, and LRGA DO concentration trends (Appendices 2H.1, 2H.2, and 2H.3, respectively)
indicate that decreasing DO trends predominate the upper, middle, and lower horizons of the aquifer.
The presence of dissolved oxygen is not in itself a sufficient condition to support microbial populations
capable of aerobic biodegradation. When levels of dissolved oxygen are greater than 1.0 mg/l,
reductive dechlorination cannot occur because the microorganisms required do not grow in the presence
of oxygen (Cox, 2008). Chapelle, and Bradley (2003) identify DO concentrations of 0.5 mg/ as a
general lower DO-concentration threshold to the support oxidative processes as the chlorinated ethene
degradation primary terminal electron accepting process (Figure 22). Oxidation-reduction potential also
determines whether oxidative processes will occur in a given geochemical environment.

Oxidation-reduction potential (ORP) was evaluated because it identifies the oxidizing or reducing
properties of the groundwater system. Relative to biodegradation, redox values define the oxidizing or
reducing properties of groundwater at a sampling location. Figures 23a and b (EPA, 1999; Mukherjee
et al., 2008) provide the general relationships between DO and redox conditions and the associated
biotic and abiotic degradation processes in groundwater.

ORP in study area wells ranged between -7.0 and 500 mV. MW 197 (URGA north of C-616 lagoons)
exhibited the lowest oxidation-reduction potentials amongst the study area wells, -7.0 and 2.0 mV,
which suggests the depletion of DO and the presence of conditions that favor anaerobic degradation.
Distributions of minimum ORP measurements at locations sampled for TCE from 1988 to mid 2006 are
illustrated in Figure 24 at the plume scale and Figure 25 focused on the on-site and northwest corner of
the industrial area.

Chloride was evaluated as an end-product of microbial degradation of organic compounds. Increasing
chloride concentrations at a location or along flowpaths were evaluated as an indicators of the
occurrence of degradation of TCE.

Chloride was detected in all of the project study area samples. Concentrations ranged from 3 to > 100
mg/L (Appendix 2B; Figure 2B.1). Historically, concentrations in study area wells have ranged from
4.3 to 137 mg/L (Table 29). The presence of chloride in study area and site wide samples has been
characterized to be above background and indicates that TCE degradation processes are occurring in
RGA groundwater.
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Figure 24. Minimum redox values at all groundwater locations sampled for TCE 1988 to 2006
(mV)

pH was evaluated because microbial degradation processes are pH sensitive.

The pH of project study area wells ranged from 5.63 to 6.22 standard units in the EAP (May 2007)
samples and 5.87 to 6.65 standard units in the December 2007 SCI samples. Average pH of study area
groundwater at (1988 to 2006) ranges from 5.76 to 6.17 standard units. Site-wide, the pH in wells
sampled for TCE from 1988 to 2006 ranges from 2.5 to 11.3 standard units.

TCE degradation products cis-1,2-dichloroethene, 1,1-dichloroethene, trans-1,2-dichloroethene,
and vinyl chloride were evaluated relative to the potential presence of anaerobic microbial or abiotic
degradation processes along the core of the plume. Cis-1,2-dichloroethene was detected in MW 185
(MRGA on-site) in samples from the May EAP and December SCI sampling events. 1,1-
dichloroethene was detected in MW 168.

Cis-1,2-dichloroethene (DCE) was detected in MW 185 samples (MRGA — on-site) from both EAP and
SCI sampling events at concentrations of 76 (tg/L and 140 1tg/L, respectively. DCE was also detected
in MW242 (MRGA — NWP south well field) and MW262 (LRGA downgradient of C-400 source area).
DCE detections in these NWP wells likely indicate the presence of nearby or upgradient conditions that
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support anaerobic/abiotic TCE degradation. These conditions could be related to source areas or may
be related to micro-environments within the RGA where dissolved oxygen has been depleted and
anaerobic degradation processes are occurring.

Cis-1,2-dichloroethene has been detected in historical samples (1988 — 2006) from study area wells
MW 66, MW 185, MW 242, MW 262, and MW 340 (Table 30). The historical detections in study area
sample locations are: MW 66 22.6 — 4200 1cg/L; MW 185 65 — 250 fug/L; MW 242 6 — 7 ug/L; MW
262, 29 — 48 ug/L; MW 340 13 pg/L. Upper, middle, and lower RGA cis-1,2 dichloroethene
maximum detection plots from 1988 through 2006 are provided in Appendix 2D, Figures 2D.9 - 2D.11.

Trans-1,2-dCE was not detected in study area monitoring wells. There have been 62 detections of trans-
1,2-DCE in PGDP-RGA groundwater from 1988 — 2006 from 8,556 sample analyses. Detections range
from <1 to 300 ;tg/L and were primarily in samples collected from C-400 Building and vicinity
monitoring locations.

Vinyl chloride was not detected in project samples. Historically, 8915 samples have been analyzed for
vinyl chloride. The only study area well with historical detections of vinyl chloride is MW 66. VC was

detected at MW66 on three occasions with concentrations ranging from 2.3 — 63 1ig/L.

The oxidation reduction potentials (ORP) and DO trends at MW’s 185 and 168 suggest the presence of
aerobic groundwater conditions. Given the DO trends at these locations, the cis-1,2 dichloroethene and
1,1 dichloroethene detections may indicate an upgradient and nearby area of anaerobic degradation
activity. Alternatively, detections of TCE degradation products in some oxygenated Dover Air Force
Base groundwater samples was determined to be indicative of discrete zones of anaerobic groundwater
that were intercepted by within the interval of an individual well screen.

DO trends and EAP responses in MW 185 indicate the presence of aerobic microbial processes,
however, there were no significant responses to the EAPs in MW 168.

Ethylene (Ethene) was evaluated as an end-product of anaerobic biodegradation.

Ethylene was not analyzed in project-specific samples. Historical groundwater data identifies ethylene
in study area location MW 66 ranging from 1 jtg/L to 4166 j1tg/L and MW 186 (Northwest Corner of

PGDP industrial area at SWMUs 7 & 30). Concentrations ranged from 168 1¢g/L to 3964 j.g/L.

Total Organic Carbon (TOC) was evaluated to identify potential carbon sources necessary for
microbial respiration. TOC includes organic compounds such as TCE, but does not include inorganic
carbon compounds, primarily carbon dioxide, carbonic acid and bicarbonate. TOC differs from DOC in
that DOC is filtered through a 0.45 j¢m filter to remove particulate and large carbon compound colloids.

TOC was detected in the December SCI sample from one project study-area well, MW 197, at a
concentration of 2.3 mg/L. Historically, TOC has been detected in 18 samples from study area wells at
concentrations ranging from 1.10 to 5.0 mg/L. Historical detections of TOC in all URGA, MRGA, and
LRGA sample locations range from 0.97 to 324.0 mg/L.

TOC analyses from surface, UCRS, RGA, and McNairy soil horizons were evaluated relative to general
availability of carbon in the PGDP subsurface (Appendix 2E; Figures 2E.1 through 2E.5). Shallow
subsurface soil (0 to 6 feet bgs) in the NW corner of the PGDP contained TOC in excess of 5,000
mg/kg. On-site UCRS soils (6 — 60 feet bgs) and RGA soils (60 — 120 feet bgs) contained TOC ranging
from 50 mg/kg to 5,000 mg/kg. McNairy soils (120+ feet bgs) contained TOC ranging from 500 mg/kg
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to 10,000 mg/kg. TOC analyses of soils from UCRS, RGA, and McNairy flow system matrices indicate
that substantial amounts of organic carbon are present throughout the vertical profile of the PGDP flow
system.
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Figure 25. Minimum redox values (mV) at all groundwater locations sampled for TCE from 1988
to 2006

Dissolved Organic Carbon (DOC) was evaluated as a readily available carbon source for microbial
respiration. A significant difference between TOC and DOC is that the DOC sample is filtered through
a 0.45 um filter and does not reflect the presence of colloidal and particulate organic carbon compounds
in groundwater.

DOC was detected in project samples from MWs 168 and 194 at concentrations of 8.2 and 2.0 mg/L,
respectively. Only 16 historical DOC samples were available for RGA groundwater locations and there
were ten (10) detections at low concentrations ranging from 1.0 mg/L to 6.0 mg/L. The DOC content of
RGA groundwater is generally below the PGDP’s detection limit of 1.0 mg/L noted in project samples
and the limited number of historical DOC analyses.

The carbon cycle (Drever, 1982) indicates that most of the carbon in groundwater systems is contained
in humic and fulvic acids that contain 40 to 60 % aromatic carbon compounds such as phenol, benzene
and toluene. Because of chemical and biological influences encountered in the shallow subsurface, the
DOC content of most groundwater decreases substantially with depth to approximately 0.7 mg/L
(Drever, 1982). This indicates that present DOC detection limits for PGDP samples may preclude the
routine quantification of DOC at concentrations likely to be encountered in the RGA.
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Nitrate (NOs-) was evaluated because it is a substrate for anaerobic microbial degradation in the
absence of oxygen.

Nitrate was detected in project samples from eight (8) of the 12 study area wells. The exceptions were
MW’s 242, 243, 168 and 197, where concentrations were below the detection limit of 4.4 mg/L.
Historical detections of NOj’ in study area wells include; ND to 2.9 mg/L in MW 197; 8.0 mg/L in MW
194; 10.0 mg/L in MW 168; 570 mg/L in MW 125 and; ND to 32.3 mg/L in MW 66. Nitrate detections
in all RGA locations sampled for TCE are spatially illustrated in Appendix D, Figures 2D.30 and 2D.31.

Nitrite was evaluated because it is the product of the reduction of NOs- and its presence is indicative of
anaerobic degradation activity.

Seventy-three nitrite samples have been collected and analyzed from PGDP groundwater including
more than 50 samples collected in the vicinity of the C-400 Building. Nitrite was detected in only nine
(9) samples from an Innovative Technology Demonstration in the vicinity of the NWP Pump and Treat
facility.

Sulfate (SO,*) was evaluated as a substrate for anaerobic microbial degradation.

SO,* was present at detectable concentrations in all of the project study-area monitoring well samples
within and outside of the NWP. Concentrations ranged from 6.0 to 65 mg/L. Historical study area
detections range from 7.3 to 27.3 mg/L. Sitewide, there have been 2095 historical detections of sulfate
in 2254 samples with concentrations that range from 0.036 to 2,842 mg/L.

Sulfide was evaluated because it is a product of the reduction of sulfate (SO,*") and its presence is
indicates the occurrence of sulfate reduction in anaerobic conditions.

Historically, sulfide was detected in calendar year 1991 study area location MW 185 at concentrations
of 200 s¢g/L and 210 sig/L. Detections of sulfide have been very localized in the URGA, MRGA, and
LRGA (Appendix 2D; Figures 2D.27, 2D.28, and 2D.29). Primary areas occur to the NE of the C-400
Building, in the NW corner of the industrial area in the vicinity of SWMUSs 7 and 30, and in the vicinity
of the S and T Landfills. The detection of sulfide indicates the local existence of sulfate reducing
degradation under anaerobic conditions.

Ferric Iron (Fe ") was evaluated because it is an indicator that anaerobic biodegradation processes are
occurring that result in the reduction of Fe*" to Fe " in the absence of DO as well as the absence of
nitrate, and sulfate.

Fe *" was detected in study area MW 197 at 23 mg/L. MW 242 in the study area contained Fe*" at 8.3
mg/L. Trace concentrations of Fe ** were detected in MW’s 243, and 168. Presence of Fe *" may be
indicative of the presence of discrete zones of DO depletion where Fe'™ is being reduced under
anaerobic conditions or nearby/upgradient zones where Fe'" is being reduced under anaerobic
conditions (Figure 26).

Copper (Figure 25) was evaluated because as a known biocide. Copper has been detected in sitewide
samples at concentrations ranging from 6 to 2080 ug/L and has been detected in 21 of 161 samples
collected from study area wells (Figure 27).

Alkalinity was evaluated as an indicator of microbial respiration which will result in an increase in

alkalinity.
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Alkalinity in study area wells ranged from 55 to 113 mg/L (CaCQO;). Alkalinity average detects in
URGA, MRGA and LRGA annual mapping location are illustrated in Appendix D; Figures 2D.23
through 2D.25. Figure 2D.26 illustrates maximum alkalinity detects in LRGA sample locations and

may indicate increasing concentration trends in the NWP and SWP relative to plume origins at the C-
400 building.

i !s,unn.nn

|
on0.a0

F30.00

(0000

TR00.O0

5000

00.00

0.00

5.00

0.00

A L
(Outside contour = 5 ppb TCE)

Figure 26. Maximum Fe?* detections in groundwater 1988 — 2006 (ug/L)

Carbon Dioxide (CO,) was evaluated because it is an end product of microbial respiration processes.
CO, was detected in all of the project study wells and ranged from concentrations of 52,000 Lig/L in
off-site samples collected from control location MW 194 to 204,000 1cg/L in MW 340 (LRGA on-site).
Sufficient records could not be produced to evaluate CO, on a site-wide basis.

Toluene was evaluated as an aromatic hydrocarbon of anthropogenic and/or natural origin that is a
carbon source for aerobic respiration.

Toluene was not detected in May 2007 EAP or December 2007 SCI samples. However toluene has
been detected historically in study area location MW 66, 2.1 1tg/L. Historically, toluene ranging from
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2.1 to 4800 1tg/L has been detected in 35 PGDP groundwater samples (Appendix D; Figure 2D.20 to
2D.22).
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Figure 27. Maximum copper detections at groundwater locations sampled for TCE 1988 — 2006
(ug/L)
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8.0. Discussion of Results and Degradation Technical Issues
The major tasks undertaken for this investigation were

1) The collection of sampling data from URGA, MRGA and LRGA wells approximating the core of
the NWP and two control wells outside of the NWP.

2) Identification of the presence of microbes capable of aerobic co-metabolic TCE biodegradation using
enzyme activity probes and additional lines of evidence related to microbial population diversity.

3) Evaluation of stable carbon isotope sampling data relative to degradation of TCE along the core of
the NWP; and

4) Evaluation of historical and current RGA geochemical data relative to the occurrence and sustenance
of microbial activity.

Samples were collected from the approximate core of the NWP at locations identified by the Project
Team during the scoping process. Samples for EAP and laboratory geochemical analyses were
collected in May 2007. SCI samples were collected in December 2007. Field parameters including
DO, conductivity, pH, and temperature were collected as samples for EAP, geochemical and SCI
analyses were collected.

Microbial samples were analyzed qualitatively and quantitatively. The analyses addressed the presence
of appropriate genetic material to produce the enzymes capable of TCE co-metabolism, the presence of
active enzymes being produced by microbes in NWP core and control well groundwater samples, and
the number of microbes in NWP sample populations that express the enzymes capable of TCE co-
metabolism. Additionally, T-RFLP analyses of the study area groundwater samples were conducted to
provide genetic characteristics of microbial populations at each study area location in order to evaluate
the potential for biofouling to influence microbial samples and evaluations of the study. Changes in
TCE SCIRs were evaluated for upgradient downgradient study area well pairs to determine if *C was
being enriched along NWP flowpaths via microbial degradation processes. Enrichment of TCE "C is
occurring along NWP flowpaths. Enrichment of "*C provides an additional line of evidence for
occurrence of aerobic microbial activity.

Analyses from project-specific study-area well locations were utilized to identify geochemical
conditions existing at the time of sample collection and to determine if those conditions were consistent
with the occurrence and sustenance of aerobic co-metabolic degradation. Historical field and laboratory
groundwater data were evaluated relative to geochemical conditions in the RGA to support inferences of
aerobic co-metabolic microbial degradation as well as sustainability of microbial activity. A limited set
of soil data was evaluated to support discussion of the availability of carbon sources at the PGDP.

8.1. Application of results to Decision Rules developed during the Data Quality Objectives
process.

The specific goals of this aerobic co-metabolism assessment were developed by the TCE Fate and
Transport Team as part of the project scoping process. The results of the TCE Fate and Transport
Biodegradation Investigation scoping resulted in the five decision/estimation statements below. The
results of project activities are related to the decision/estimation statements in the following text.

Decision / Estimation Statement #1. Based on use of specific ““oxygenase” probes, determine whether
bacteria capable of aerobically biodegrading TCE are present and therefore require an estimation of
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their impact on the plumes or recommend that other mechanisms of TCE degradation/attenuation be
evaluated.

Ten (10) RGA-NWP wells located along the approximate core of the NWP were sampled and analyzed
to identify the presence of oxygenase-producing bacteria. Two (2) control wells located outside of the
footprint of the NWP were also evaluated to determine the presence and activity of oxygenase
producing microbes. The appropriate genetic material was identified in project samples to conclude that
the potential exists for oxygenase enzymes to be produced by microbes in the NWP.

Decision/Estimation Statement #2. Based on the use of stable carbon isotope (SCI) fractionation tests,
determine whether SCI supports the occurrence of aerobic biodegradation processes and/or other biotic
or abiotic degradation processes.

Comparison of upgradient-downgradient location NWP-axis SCIR data indicates that °C in NWP TCE
is being is being enriched and that TCE removal is occurring via microbial processes. SCI Decision
Rule 4 evaluates whether removal expected from SCIRs is greater than the removal calculated from
TCE/*Tc concentration data and whether removal based on SCIR is plausible based on the variation in
field-scale removal rates when the SCIR removal is less than that predicted by TCE/*’Tc concentration
data. Decision Rule 5 evaluates whether the removal expected from the SCIR is too little to make
aerobic biodegradation a plausible explanation for the change in TCE concentrations based on variation
in removal rates at field scale. Decision Rule 6 evaluates whether the removal based on SCIR is
significant (> 10 per cent) of the removal predicted from the TCE/**Tc concentration data.

Application of SCI decision/estimation statements and decision rules to SCIR well-pair data provides
support for the occurrence of aerobic co-metabolic degradation through a range of enrichment factor (&)
values (Table 38), including; - 1.1 from published literature, the 90% one-tailed confidence interval
value on &, -1.4 and the 95% one-tailed confidence interval on & value, -1.68.

Table 38. Summary of SCI upgradient/downgradient d 13comparative evaluation.

Enrichment Factor Total Favorable Significant
(e) Up/Downgradient Result Result
Comparisons Comparisons | Comparisons
Possible
-1.1 10 8 6
-14 10 8 5
-1.68 10 7 5

Decision/Estimation Statement #3. Estimate whether the distribution and number of bacteria are
sufficient to significantly biodegrade TCE in RGA groundwater. If the distribution and number of
microorganisms are sufficient to biodegrade TCE in RGA groundwater, determine whether
biodegradation is sustainable. If it is determined that biodegradation is not sustainable, recommend
that other mechanisms of TCE degradation/attenuation be evaluated.

Sufficient numbers of microbes were present in project samples to meet the 1 x 10° cells/mL population
count thresholds developed by the Project Team (Table 39) as an indicator of sufficient population to
accomplish and sustain co-metabolic degradation of TCE. Professional judgment was applied to
increase the threshold of significant sample microbial activity to approximately 8 X 10° cells/mL, which
is a more conservative threshold that reflects population findings from other sites where aerobic co-
metabolic degradation of TCE is currently being investigated (SRNL, 2008). Study area wells with
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Qualitative data [6/4/7) Toluene probes
P . Screened Interval Quantitative data
Mo::ftarmg AE]LIIfB-I’ Depth sMMO probe Toluene { fluorescent cellsimL ) Total -DAPI
ell Designation X cellsimL
(ft bgs) Coumarin probes
JHPA PA Cinnamonitrile
MW 168 63 - 68
MWES 1.43x10*
MW 194 URGA 313x10° ’
MW 197 58 - 63 + 173x10° 6.28x10* 2.23x10° 1.59x10°
[r:';‘;rr;ire] na na 1.20x10* 2.04x10* 7.05x10°
MW 185 B6 - 73 e 1.79x10° 1.37x10° 9.75x10°
MW242 VIRGA B5-75 3.57x10° 1.24x10° 7.76x10°
MW243 B65-75 3.29x10 461x10° 4.27x10°
MW381 B6 - 76 ++ 6.14x10* 352x10* 9.66x10°
MW262 + 1.35x10°* 1.36x10°*
( MW 262 1.05x10* 1.22x10* 5.71x10° 2.84x10°
resample) LRGA 5 _
MW 340 - 9.57x10° nd 7 25x10°
MW236 69.5-79.5 + 3.24x10° 5.26x10* 9.28x10° 8.84x10°
MW125 7888 + 1.39x10* 6.37x10° 2 03x10* :
URGA: Upper Regional Gravel Aquifer
MRGA: Middle Regional Gravel Aguifar ft bgs— fest below ground surface
LRGA: Lower Regional Gravel Aquifer pg/L — micrograms per liter
3HPA: 3-hydroxy-phenylacetylene --= probe for toluene oxidase and related activity oCill = picocuries per liter
P&: Phenylacetylens —= probe for toluene oxidase and related activity cells/mL — per milliliter
cinnamonitrile: probe for tolulens dioxygenase and related activity
DAPL: 4" 5-Diamidine-2-Phenylindole (doublz stranded DMNA staining)
Highlight denotes that the taluens probe response was considered moderate (fluorescent activity = 3x1 0? callsimL and = 8x10° cells/imL) — see taxt for explanation

Highlight denotes that the sMMO probe was significantly above background or the toluene probe response was considered significant (> Bx10° cells/mL fluorescent activity)

Table 39. Qualitative and Quantitative EAP and microbial results.

the exception of MW 243 and MW 168 contained sufficient numbers of oxygenase producing microbes
to meet the revised quantitative population criterion. Although MW 243 did not meet the revised criteria
for any of the three quantitative EAPs, the cell counts did meet the original, 1 x 10° cells/mL,
established by the project team.

MW 168 (URGA on-site) is the study area well located in closest proximity to C-400 source areas for
TCE and *Tc and exhibits the highest **Tc concentrations of the study area wells, 2,400 pCi/L. MW
168 did not contain sufficient oxygenase producing cells to quantitatively satisfy either 1 x 10° or 8 x
10° cells/mL EAP probe specific criteria. However, the total non-oxygenase-specific cell counts/mL in
MW 168 is within the range (1 x 10’ cells/mL) of other study area wells.

The DOC concentration in RGA groundwater are likely to occur at concentrations below the PGDP’s
detection limit of 1 mg/L noted in project samples and the limited number of DOC analyses available in
historical site data. Published information about the carbon cycle (Drever, 1982) indicates that most of
the carbon in groundwater systems is contained in humic and fulvic acids that contain 40 to 60 %
aromatic carbon compounds such as phenol, benzene and toluene. Because of chemical and biological
influences encountered in the shallow subsurface, the DOC content of most groundwater decreases
substantially with depth to concentrations of approximately 0.7 mg/L. This indicates that PGDP
detection limits for DOC may preclude routine quantification of the concentrations of DOC likely to be
found in PGDP groundwater.

TOC was detected in one project well, MW 197 (2.3 mg/L) and has been detected in 18 historical
samples from study wells (1.10 to 5.0 mg/L). Site wide, TOC has been detected in historical URGA,
MRGA, and LRGA samples (0.97 to 324.0 mg/L). TOC analyses of soils from UCRS, RGA, and
McNairy matrices indicate that substantial amounts of organic carbon are present throughout the
vertical profile of the PGDP flow system.
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The presence, abundance, distribution and activity of aerobic microbial populations in NWP
groundwater samples indicate that sufficient organic carbon must be present in the RGA to sustain
microbial populations. Based on presence of microbial communities and the limited number of project
and historical samples that quantify DOC at low concentrations, the RGA can be categorized as an
oligotrophic “nutrient limited” groundwater environment relative to microbial activity (SRNL, 2008).

The number and distribution of bacteria appear sufficient to contribute to the biodegradation of TCE in
RGA groundwater. The organic carbon in this oligotrophic, “nutrient limited” system is low and the
microbial community appears to be stable and sustainable based on the similarity of total microbial
population in the control wells and plume wells (SRNL, 2008).

Decision/Estimation Statement #4. Determine whether conditions including, but not limited to, the
existence of a bioavailable and sustainable substrate in the RGA and the presence of other geochemical
parameters are conducive for ongoing and sustainable aerobic biodegradation of TCE (Table 11). If
conditions are determined to be ongoing and sustainable, recommend that an evaluation of the
biodegradation rate using a multiple lines of evidence approach be applied at the PGDP. If conditions
are not determined to be ongoing and sustainable, recommend that other mechanisms of TCE
degradation/attenuation be evaluated immediately.

Based on 1) evaluation of geochemical data collected for this investigation, 2) the evaluation of
historical geochemical data, and 3) the existence of microbial populations in NWP groundwater, the
principal constituents required for occurrence and sustenance of aerobic co-metabolic degradation,
dissolved oxygen and carbon, are present in the NWP. Dissolved oxygen concentrations are
significantly above apparent minimum levels of 0.5 mg/L necessary to sustain aerobic microbial
populations capable of co-metabolic degradation of TCE. Carbon must be present in sufficient
concentrations to support the microbial populations identified in the DNA and EAP analyses.

Based on the information collected during this investigation phase of the TCE Fate and Transport
Project, a follow-on kinetic / rate study (microcosm study) is recommended to develop an independent
site-specific degradation rate constant. Determination of degradation rates in two wells, MW125 and
either MW236 or MW381, is recommended (SRNL, 2008).

Decision/Estimation Statement #5. Based upon a comparison to the calculated biodegradation rates
(or range of rates) to those supported in literature, either accept the calculated rate(s) for use in future
fate-and-transport modeling or assess the team’s confidence in the unsupported results.

The range of first-order rate constants derived for plume-scale TCE degradation in the RGA are similar
to the range of rates derived at other sites where large aerobic plumes of contaminated groundwater are
being investigated (SRNL, 2008). Those sites include Savannah River National Laboratory, Tinker Air
Force Base, Idaho National Laboratory, and Sandia National Laboratory.
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9.0. Conclusions.

Three lines of evidence were identified by this and previous studies that support the occurrence of
aerobic co-metabolic degradation of TCE in the NWP at the PGDP. The three lines of supporting
evidence are:

1. First-order degradation rate calculations indicate that TCE is being attenuated along NWP
flowpaths at a rate faster than its co-contaminant **Tc.

2. EAP, DNA and T-RFLP analyses provide evidence that genetic material responsible for co-
metabolism of TCE is present, actively occurring, and related to microorganisms indicative of
populations in the aquifer.

Geochemical conditions in the NWP are indicative of those found in aerobic, oligotrophic,
“nutrient limited” aquifers that support the presence and activity of microbes capable of
inducing aerobic co-metabolism of TCE. Geochemical conditions in the RGA, in particular the
presence of DO and organic carbon, must be capable of supporting populations of aerobic
microbes capable of co-metabolic destruction of TCE or the populations identified in EAP,
DNA, and T-RFLP analyses would not be present. Organic carbon is available in the aquifer in
sufficient concentrations to support the identified microbial populations.

3. Stable carbon isotope analyses and comparative evaluation of SCI upgradient/downgradient
well-pair data indicate that along the core of the NWP "°C is being enriched relative to *C by
preferential microbial processes.

Based on the results of the activities conducted for this investigation, acrobic co-metabolic degradation
of TCE is occurring in the RGA within the study area. The Project Team recommendation to DOE is to
continue to characterize the occurrence of aerobic co-metabolic TCE degradation in the PGDP
groundwater. A number of general or global recommendations relative to the primary recommendation
are appropriate as a result of this investigation:

The conclusions of current project activities and historical evaluations of TCE degradation mechanisms
in the NWP RGA can be summarized relative to the three (3) USEPA technical protocol lines of
evidence as follows:

9.1 First-order Rate Constants

Line of Evidence I. The first line of evidence is to demonstrate that microbial processes are actively
achieving TCE or other contaminant degradation. .

First-order rate constant calculations indicate that TCE is preferentially destructed along NWP
flowpaths.

Several previous site investigations generated first-order rate constant estimations that mathematically
describe the amount of time required for one-half of the dissolved phase TCE in the PGDP plumes to be
removed by natural attenuation processes. Methods used for the derivation of first-order rate constants
included a mass balance evaluation across plume cross-sections that estimated a TCE degradation rate
of 0.0206 to 0.074 year' which is equivalent to a TCE half-life of 26.7 to 9.4 years. Subsequent tracer-
corrected methods utilized the TCE co-contaminant **Tc and chloride as tracers. Starr, et al. (2005)
utilized the tracer chloride and calculated a TCE half-life of seven (7) years in the NWP-lower RGA.
The Southwest Plume Site Investigation (SWP SI) calculated degradation rates of 0.0603 to 0.1802
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year utilizing chloride and groundwater flow rates of 1 and 3 ft/day which correspond to a TCE half-
life range of 11.5 to 3.8 years. Utilizing **Tc as the tracer, the SWP degradation rate was determined to
be 0.0603 to 0.1802 year" and a TCE half-life range of 11.5 to 3.8 years. More recent first-order rate
constant calculations statistically evaluated monitoring location data to identify the locations impacted
by pump and treat operations and excluded the impacted location data from use in the calculations.
Using groundwater flow rates of 1 to 3 ft/day, degradation rates using chloride and *Tc as tracers were
calculated to be 0.0719 to .2149 year” and 0.0603 to 0.1802 year™, respectively. The corresponding
TCE half-lives for chloride and **Tc are 9.6 to 3.2 years and 11.8 to 3.8 years. All of the first-order
degradation methods estimate similar ranges of TCE attenuation in the NWP

9.2. EAP, Genetic, and Geochemical Conclusions

9.2.1. EAP, DNA, and T-RFLP Conclusions

Line of Evidence lla. The second line of evidence in the Technical Protocol addressed by this
investigation has two parts: a) the identification of the actual processes responsible for TCE
degradation and b) the existence of geochemical conditions capable of supporting the process(es).
Enzyme Activity Probes and genetic profiling were utilized to address the second line of evidence along
with evaluation of current and historical RGA geochemical trends.

EAP and related activities were conducted to address the second line of evidence by identification of the
actual processes responsible for TCE degradation. Summarily, aerobic co-metabolic degradation of
TCE is occurring in the RGA based on evaluation of the EAP data, supporting DNA data, and number
of microbial cells present in the NWP study area samples. Specific findings related to the study area are
as follows (SRNL, 2008):

1) Genetic profiling indicates that microbial populations in NWP-RGA groundwater are representative
of indigenous groundwater microbial populations and not biofouling-microbial populations.

2) DNA analyses of study area samples indicate that the appropriate genetic material is present to
produce the enzymes capable of aerobic oxidation of aromatic compounds, lesser chlorinated
anthropogenic compounds, and co-metabolic degradation of TCE.

3) Qualitative EAP analyses indicate that in-situ production of toluene and soluble methane
monooxygenase enzymes is occurring in the RGA. Samples from nine of twelve study area
locations exhibited positive responses to one or more of the three (3) toluene probes and/or the
sMMO probe coumarin.

4) Quantitative EAP analyses enumerated microbial populations related to production of one or more of
the three toluene enzymes in 11 of 12 study area samples.

5) Significant aromatic oxidation enzyme activity was measured in 10 out of the 12 wells sampled, and
moderate aromatic oxidation enzyme activity was measured in 1 additional well.

6) sMMO activity was detected in 6 out of the 12 monitoring wells sampled.

7) sMMO activity was not detected at MW168, MW197, MW185, MW242, MW243 or MW381.
However, the DNA control study demonstrated the presence of the gene sequences needed to
produce sMMO in MW168, MW242 and MW243 indicating the potential for sMMO-related
degradative microbial activity.

8) Toluene dioxygenase (TOD) activity, as detected by the cinnamonitrile enzyme probe, was low in
MWI168, MW197, MWI185, MW243 and MW340. TOD activity was moderate in MW381.
However, all monitoring locations except MW 168 demonstrated a positive response to the TOD
primers during the DNA control study indicating widespread genetic potential for TOD-related
microbial degradation of organic compounds and co-metabolism of TCE. This potential was not
expressed sufficiently to generate significant EAP assay responses in approximately 50% of the
wells tested.
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9) Toluene monooxygenase (TMO) activity, as indicated by the PA and 3HPA enzyme probes, was not
detected in MW 168 moderate (MW242 and MW243) or significant in all tested wells.
10) For the sMMO probe:
o Activity was detected in two of the four URGA wells, MW66 and MW 194.
o Activity was not detected in any of MRGA wells.
o Activity was detected in all of the LRGA wells: MW262, MW340, MW236, and MW 125.
11) For the aromatic toluene probes significant activity was detected in three of the four URGA wells:
MW66, MW194, and MW197.
12) For the sMMO probe:
0 Activity was detected in two of the four URGA wells, MW66 and control well MW 194,
outside of the NWP.
0 Activity was not detected in any of MRGA wells.
0 Activity was detected in all of the LRGA wells: MW262, MW340, MW236, and MW 125.
13) For the aromatic toluene probes:
0 Significant activity was detected in three of the four URGA wells: MW66, MW 194, and
MW197.
0 Significant activity was detected in three of the four MRGA wells MW185, MW242, and
MW381) and moderate activity was detected in the remaining well, MW243,
0 Significant activity was detected all four LRGA wells: MW262, MW236, MW340, and
MW125.

9.2.2. Geochemical evaluation

Line of Evidence Ilb. Relative to the part 2 of the Second Line of Technical Protocol Evidence,
Geochemical Evaluation of the study area data and site wide data provide present and historical
concentration and distribution data relative to the biogeochemical processes in the RGA.

1) Study area geochemical evaluations indicate the presence of DO in excess of 1 mg/L at all locations
with the exception of control well MW 197, on-site MW262, and one of two samples from MW242.
In general DO is widely distributed in the RGA at concentrations that should support aerobic
oxidation and aerobic co-metabolic degradation processes. As such, aquifer conditions present
aerobic microbial populations with availability of dissolved oxygen which when present with
sufficient carbon sources and redox conditions will result in the aerobic oxidation of lesser
chlorinated organic compounds and provide for aerobic oxidation and co-metabolism of organic
substances including TCE.

2) Detections of anaerobic TCE-degradation products cis-1,2-DCE and 1,1-DCE indicate that MW 168,
MW185, MW242, and MW243 are in close proximity to localized anaerobic TCE degradation
zones, that the screened intervals of these wells intercept discrete anaerobic flow zones within the
RGA.

3) Fe?" detections in MW 185, MW242, MW243, and MW 197 indicate that these locations may be
impacted by local anaerobic zones where Fe’* is reduced to Fe*". The Fe*" detections in these wells
may indicate that discrete anaerobic flow zones are intercepted within the generally-aerobic intervals
of the well screens.

4) DOC, when analyzed, has been present at low concentrations in RGA samples and was detected in
project samples from MW 168 and MW 194 at concentrations of 8.2 and 2.0 mg/L respectively. TOC
has been identified in RGA groundwater as well as in UCRS, Upper/Middle/Lower RGA and
McNairy core samples.

5) DOC concentrations were evaluated in 16 historical samples and detected ten (10) of those samples

6) DOC must be present in project samples at sufficient concentrations to support the microorganisms
indentified in EAP and related analyses.
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Based on evaluation of geochemical data collected for this investigation, the evaluation of historical
geochemical data, and the existence of microbial populations in NWP groundwater, the principal
constituents required for occurrence and sustenance of aerobic co-metabolic degradation, dissolved
oxygen and carbon-compound substrates, are present in the NWP. The geochemical conditions in
general are similar to those observed in large aerobic groundwater plumes such as those at Tinker Air
Force Base, Sandia National Laboratory, Savannah River National Laboratory, Idaho National
Laboratory, and other sites (SRNL, 2008).

9.3. Stable Carbon Isotope Conclusions.

I11. The third line of evidence addressed by this investigation was the utilization of compound specific
isotope analyses (CSIA) as an additional, independent line of evidence supporting the occurrence of
aerobic biodegradation of TCE in the RGA.

SCIs and comparative evaluation of SCIR upgradient/downgradient well-pair data indicate that C is
being enriched along core of the NWP flowpaths by microbial processes preferential to the utilization of
the lighter isotope '>C (Tables 38 & 40). Spatially, 6"°C values from laboratory analyses support the
SCI conceptual site model developed during SCI scoping (Figure 28). As hypothesized in the
conceptual site model , 6"°C values increase along the on-site flowpaths from MW 168 to MW 185. In
the vicinity of MW 185 additional source contributions to the plume are evident. Another area of
increasing ¢ '°C trends occurs from downgradient of MW 185 to the distal portions of the study area at
MW’s 381 and 236. SCI evaluation is summarized in Table 40 for flowpath well-pairs in the study
area.

SCI Decision Rule 4 evaluates whether removal expected from SCIRs is greater than the removal
calculated from TCE/*Tc concentration data and whether removal based on SCIR is plausible based on
the variation in field-scale removal rates when the SCIR removal is less than that predicted by TCE/**Tc
concentration data. Based on SCIRs (Decision Rule 4), eight (8) of the 10 well pairs evaluated using
the published enrichment factor of -1.1 exhibit removal greater than the removal predicted by TCE/*Tc
concentration data or may have removal occurring at rates that indicate removal along well-pair
flowpaths. Seven of the well pairs evaluated exhibit similar removal occurrence when evaluation of the
well pair data utilizes enrichment factors of -1.4 and -1.68..

Decision Rule 5 evaluates whether the removal expected from the SCIR is too little to make aerobic
biodegradation a plausible explanation for the change in TCE concentrations based on variation in
removal rates at field scale. Two (2) well pairs were excluded from further evaluation utilizing epsilon
values of -1.1 and -1.4 because removal rates predicted by SCIR did not indicate significant removal
was occurring. Three (3) well pairs were excluded from further evaluation when utilizing an epsilon
value of -1.68.

Decision Rule 6 evaluates whether the removal based on SCIR is significant (> 10 per cent) of the
removal predicted from the TCE/*Tc concentration data. SCIR evaluation indicated that six (6) of the
eight (8) wells pairs had significant removal occurring along their flowpath when utilizing the published
enrichment factor of -1.1. Five (5) of eight (8) well pairs exhibit significant rates of removal along their
flowpaths utilizing an enrichment factor of -1.4 and five (5) of seven (7) well pairs indicate that
significant removal is occurring utilizing and enrichment factor of -1.68.
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Table 40. Summary of SCIR upgradient/downgradient comparative evaluation

Averages SDev = 0.183 Criterion
Corrected
for Accepted
TCE d13C Percent Uncertainty Percent C/Co from against
Sample ID (permil) C/Co | Degradation In(C/Co) C/Co Degradation In(C/Co) field* In(C/Co) In(C/Co) Criterion
MW-168 -24.8 other source
MW-262 -25.8 other source
assumed
MW-340 -25.9 source
assumed
MW-185 -25.9 source 1.000 0 0.000
MW-66 -25.3 down gradient 0.580 42 -0.545 0.416 58 -0.878
MW-242 -24.6 down gradient 0.307 69 -1.182 0.220 78 -1.515
MW-243 -25.3 down gradient 0.580 42 -0.545 0.416 58 -0.878
MW-197 -23.1 down gradient 0.078 92 -2.545 0.056 94 -2.878
MW-125 -25.6 down gradient 0.761 24 -0.273 0.546 45 -0.605 0.40 -0.924 -0.30 Yes
MW-381 -25.4 down gradient 0.635 37 -0.455 0.455 54 -0.787 0.31 -1.176 -0.39 Yes
MW-236 -25.3 down gradient 0.580 42 -0.545 0.416 58 -0.878 0.31 -1.176 -0.39 Yes
MW-194 na down gradient

112




10.0. Recommendations

Based on the results of TCE FT Trichloroethene Biodegradation Investigation, the primary Project
Team recommendation to DOE is to continue to characterize the occurrence of aerobic co-metabolic
TCE degradation in the RGA. A number of general or global recommendations relative to the primary
recommendation are appropriate as a result of these investigations:

Recommendation #1. Through a Project Team DQO process, develop a comprehensive Sampling and

Analysis Plan (SAP) to expand the characterization of microbial degradation across the extents of the

NWP.

The following activities should be considered for the expanded characterization:

1.

Collect and evaluate data from distal portions of the NWP from the northern extraction well
field to areas immediately south of the TVA and east of Little Bayou Creek. As the
concentration of TCE in the RGA decreases, it should be anticipated that the rate of TCE
degradation will increase.
Revisit well selection utilized for this investigation and expand the well selection to
accommodate spatial characterization of the Upper, Middle, and Lower RGA.
Evaluate existing site data to identify the portions of the NWP RGA that are near sources and
secondary source concentrations of TCE related to the NWP.
Evaluate the temporal and spatial inputs to the RGA and distribution of DO per considerations
in Recommendation #5 below.
Evaluate the potential impacts of past, ongoing, and planned PGDP remedial activities on
existing biogeochemical conditions in the RGA.
Identify and document the individuals in RGA groundwater microbial populations responsible
for TCE degradation.
Consider enhancements to the RGA environment and potential impacts on biogeochemical
processes from a range of proposed and potential remedial actions.

a. Assess the need for bench scale and pilot studies if enhancements are to be pursued as

part of a dissolved phase plume remediation option.

Recommendation #2. Through a Project Team DQO process, revisit first-order TCE degradation rate

calculations.

The following activities should be considered for the first-order rate constant:

L.

Conduct microcosm studies to provide an independent estimation of TCE degradation rates in
the RGA. Utilize one or more of the locations in Table 41.

Table 41. Locations recommended for potential future microcosm studies.

Well TCE Number of Notes
(DEC-07) | probes positive
MW125 700 3
MW236 21 3 downgradient of MW 125, along
plume center
MW 381 50 2 downgradient of MW 125, along
plume center
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2. Conduct compound specific isotope analyses for stable carbon and stable hydrogen isotopes and
utilize data to independently calculate first-order degradation rate constants

3. Collect sufficient temporal data at one or more locations to satisfy statistical requirements of the
student t-test (Appendix 3).

4. Develop a site-specific H-isotope enrichment factor.

5. Honor flowpaths in the choice of upgradient/downgradient wells in the URGA, MRGA, and
LRGA utilized for first-order rate estimations.

6. Address the potential impact of sorption on TCE fate in the RGA and first-f0 order rate constant
calculations.

7. Collect a representative number of cores from the discrete intervals in the URGA, MRGA, and
LRGA.

8. Apply protocols identified in the Workshop on Biogeochemical Transformation of Chlorinated
Solvents (AFCEE, 2008) to determine the potential biogeochemical impacts on sorption of
VOCs and metals (AFCEE, 2008).

9. Provide DOE with recommendations for interim and final application of TCE degradation rate
constants as TCE half-lives in groundwater modeling.

a. Plume scale application.
b. Discrete plume segment application.
c. By RGA horizon.

Recommendation #3. Through a Project Team DQO process, conduct a degradation screening process
for the UCRS, similar to this investigation, in order to identify the nature and extent of microbial
degradation processes in the UCRS.

The following activities should be considered for the characterization of the UCRS:

1. Evaluate historical data to determine they are of sufficient extent to characterize aerobic,
anaerobic, and abiotic degradation processes in the UCRS.

2. Utilize available data to characterize UCRS TCE degradation processes to the extent possible.

3. Provide DOE with recommendations for additional evaluation as necessary.

Recommendation #4. Through a Project Team DQO process, correlate existing NEP and NWP
biogeochemical conditions to document the occurrence of aerobic biodegradation processes.

The goal of this activity would be the development of NEP and SWP SAP to support characterization
and monitoring of biodegradation in the NEP and SWP.

Recommendation #5. As part of SAP development in the recommendations above, consider
implementation of standard geochemical parameter collection to address existing data gaps related to
evaluation of both the existence and sustenance of biological and abiotic degradation processes.

The following parameters should be considered:

1. Dissolved organic carbon (DOC) to detection limits less than 1 mg/L as a carbon substrate
indicator.

2. Carbon dioxide (CO,) as an end product of degradation processes.

Biochemical oxygen demand (BOD) as an indicator of carbon available for microbial processes.

4. Oxidation-reduction potential (ORP) as an indicator of redox conditions that support aerobic or

anaerobic degradation processes.

Specific conductivity to augment characterization of the RGA at sub-plume scales.

6. Ammonia (NHy) as an indicator of anoxic conditions and as a substrate for organic compound
degradation.
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TCE degradation products cis-1,2-DCE, trans-1,1-DCE, and vinyl chloride as indicators of
anoxic conditions in the RGA and UCRS.
Copper and copper-based compounds, as well as other substances TBD, from process and
industrial operations that may have biocidal effects on microorganisms in the RGA and UCRS.
In order to complete characterization of the RGA relative to acrobic biodegradation processes,
their occurrence and sustenance complete spatial characterization of the upper, middle and
lower RGA relative to occurrence and distribution of sources of dissolved oxygen required to
sustain aerobic degradation utilizing, but not limited to:

a. DO concentrations.

b. DO cycles
c. Temperature.
d. pH
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Appendix Tables

Table A5b.1. Well construction and screened interval data for EAP & SCI wells
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Appendix 1. Methods
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Appendix 1.1. Stable Carbon Isotope Methods
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Purge-and-trap extraction and compound-specific isotope ratio analysis

A typical purge and trap (P & T) method of extraction for VOC-class compounds was coupled with the
GC-IRMS analyses for the SCI analysis. Specific parameters may change for different compounds to
optimize purge and trap (P&T) efficiency or gas chromatography (GC) separation. The volatiles are
extracted from the water by an Ol 4560 purge and trap with the PT transfer line interfaced to either a
Finnigan MAT 252 IRMS for the carbon analyses or a Finnigan Delta XL for hydrogen isotope analyses.
A thermal conversion reactor installed as part of the GC-IRMS interface converts the analytes to CO, or
H, without affecting chromatographic resolution (Merritt, 1993; Burgoyne and Hayes, 1998). A Nafion
membrane installed prior to the IRMS removes water transferred from P&T and water resulting from
combustion. P&T transfer line connects to a polar-phase precolumn used to separate water prior to
cryofocusing. This setup is valid for target VOC compounds with DB-WAX retention times lower than
that of toluene (including benzene, MTBE, DCE, DCA, TCE and PCE). For target compounds eluting
later, the pre-column is not used and the transfer line is connected directly to the cryofocuser (e.g., for
heavier fractions of gasoline). Analyte eluting from the precolumn is focused on liquid nitrogen trap and
then the analytes are separated on a second GC column for compound-specific ratio determination. The
two columns, cryofocuser and the transfer line are interfaced through a 6-port switching valve resulting
with splitless refocusing of the P & T effluent. The combustion reactor for the carbon determination is a
ceramic tube packed with oxidized nickel and platinum catalyst wires held at 980°C and exposed to an
auxiliary oxygen trickle. The pyrolysis reactor used for the 6D determination is an empty ceramic tube
with carbon deposit, held at 1440°C. This setup permits determination of the carbon isotopic composition
for most VOC:s at single ppb’s concentrations. Hydrogen isotope ratio of VOCs (does not apply for polar
compounds and chlorinated compounds) can be determined at tens of ppb concentrations.

Example — analytical parameters for 8*°C analysis in cis-DCE, TCE and PCE:

1. P&T: 25 ml sample is purged for 12 min at 40 ml/min purge flow; sample temperature is 50°C.
Dry purge is set for 3 minutes. P&T trap is then desorbed for 5 min. P&T is baked 15 min after
each run. Trap type is Vocarb 3000 (trap temperature program is the manufacturer’s default for
this type of sorbent)

2. Pre-column separation: 25 m x 0.25 mm i.d., 0.5 um film DB-Carbowax, He carrier flow 8
ml/min., for 6 minutes.

3. The final separation column is DB-MTBE, 60 m x 0.32 mm i.d. He carrier flow 1.8 ml/min. GC
is held isothermal at 40°C for 10 mines, then ramped at 6°C/minute. After data acquisition the GC
oven is heated to 220°C and held for 15 minutes to clean the column.

4. Combustion: standard CO, ratio analysis setup.

5. IRMS: standard CO, ratio analysis setup.

6. Detection limit (cis-DCE, TCE, PCE) ~2 ppb.

Quantification of isotope ratios in individual compounds by GC-IRMS

Raw output of GC-IRMS consists of three (carbon mode) or two (hydrogen mode) simultaneously
acquired signal channels, corresponding to target analyte (CO, or H,, respectively) with variable C-H-O
isotope substitution. Rather than measuring the absolute ratios of isotope species, IRMS technique relies
on data normalization relative to internal standard of known isotopic composition. A number of pulses of
standard gas (CO, or hydrogen, respectively) and/or co-injected standard are introduced into the IRMS
source during each run to provide a reference for sample-derived signal. GC separation of the analyte
permits integration of individual chromatographic peaks, positioned over a uniform background noise. An
automatic software routine detects peaks and assigns their background value. Integration of the individual
channel outputs over the peak’s retention time window provides a ratio of isotope species (D/H or
B3¢/2C), which in turn is automatically normalized relative to the standard of known isotopic
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composition. The final output of the automatic integrator has to be reviewed manually, in particular to
eliminate errors upon the background determination. The data are reported in delta notation.

SlSC = (Rsample/Rstandard - 1) * 1000

Rsample @Nd Ryanaara represent °C/C ratios of the sample and the international standard (VPDB),
respectively.

Precision and accuracy of the P&T-GC-IRMS system are periodically checked by external or coinjected
standard. Depending on the specific method used, numbers obtained by GC-IRMS may differ from true
isotopic composition of a compound (method bias). The factors affecting the raw isotope ratios in P&T
extraction and direct injection GC-IRMS analysis are:

1) The presence of excessive level of contaminants in the carrier gas — especially H,O and O,.

2) P&T temperature and time program — defines how much analyte is recovered from ag. sample,
and thus defines the scale of isotope effect upon sample-vapor partitioning.

3) The specific batch (lot #) and age of P&T trap used.

4) Split ratio if split-splitless injection is used.

5) Temperature and condition of the thermal conversion reactor.

Water and oxygen may fluctuate during the run and affect IRMS performance by interfering with ion
formation and possibly with the collector cup responses. The bias caused by the background O, and H,O
may be neutralized by application of standard gas pulses allowing raw output normalization, where both
analyte and standard are subject to the same bias. With properly maintained instrument, factors 2-5
remain relatively stable over the period of weeks, resulting within highly reproducible net isotope effect.
An exception is hydrogen isotope fractionation caused upon thermal conversion step, which may drift
significantly faster and preferably should be checked for each consecutive sample. In the case of carbon
isotope analysis, the bias tends to be at the level of decimal parts of a 8**C %o unit, remaining stable in the
period of weeks, while much larger fluctuations are normal for hydrogen isotope analysis. In the latter
case, drift of the instrument may be significant in the time range of hours. Accordingly, each sample
analyzed for hydrogen CSIA is bracketed by standard runs or has at least one standard run immediately
before or after the run. Moreover, while only select samples are analyzed in duplicate for carbon CSIA,
all hydrogen samples are treated in this way. Current deviation of the hydrogen GC-IRMS method is
determined from the standard injections and the final analyte results are updated accordingly.

Typical routine for carbon CSIA, example taken from P&T-GC-IRMS cis-DCE, TCE and PCE analysis:

1) CO, standard gas pulses introduced adjacent (within 1 minute before and after the target analyte
peaks).

2) Standard (cis-DCE, TCE and PCE, 7 ppb each) run by P&T-GC-IRMS daily or repeated after 10
samples.

3) Isotope ratio of the target analytes normalized relative to one of the CO, pulses.

4) Results from external standard (cis-DCE, TCE and PCE) run over the period of a specific sample
series provide a correction (if any) to eliminate isotope ratio bias due to sample extraction,
combustion etc. To date the bias of §"3C of 0.5 %o or less was observed for TCE and PCE. The
bias of cis-DCE varied from 0.5 to 1.2 %.o.

5) Selected samples analyzed in duplicate and the set of standard runs allow determining method
precision.

The discussed quality control measures allow fast detection of malfunctions affecting isotope ratios. The

corrective actions are taken to pinpoint the location of the problem and fix it. Three most common

problems are: 1) failure of P & T sorbent trap; 2) failure of combustion reactor tube on GC-IRMS

interface; 3) malfunction of GC-IRMS backflush valve or operator error resulting with large excess of
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water background. The corrective action in the former two examples is replacing the element, while in the
latter case the back-flush valve performance has to be checked, possibly a valve program modified or the
valve has to be rebuilt.
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Appendix 2. Project Geochemistry-.
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Appendix 2A. Project Specific Geochemical Data
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Geochemical Sampling
Conducted 5/19/07

Paducah OREIS Report for ERI07-TCEDEG
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MW125ENZ5-07 from: MW125 on 5/21/2007 Media: WG SmpMethod: GR
Comments:
) Counting Error ) Result Foot Reporting Limit
Analysis Results Units Qual  Note TPU Method VIVIA*
ANION
Chloride 33 mg/L 2 SW846-9056 I X1
Nitrate 5.8 mg/L 4.4 SW846-9056 S/ X/
Orthophosphate 3.1 mg/L U 3.1 SW846-9056 I X1
Sulfate 19 mg/L 2 SW846-9056 S/X/
FS
Conductivity 302 umho/cm FS /1
Dissolved Oxygen 2.77 mg/L FS /1
pH 6.05 Std Unit FS /1
Redox 303 mV FS /1
Temperature 64.1 deg F FS /1
METAL
Calcium 21.8 mg/L 1 SW846-6010B X/
Copper 0.025 mg/L  BU 0.025 SW846-6010B I X1
Iron (2+) 0.02 mg/L U 0.02 SM-3500-Fe D I X/
Magnesium 8.44 mg/L 0.025 SW846-6010B I X1
Potassium 2 mg/lL U 2 SW846-6010B I X/
Sodium 31.9 mg/L 2 SW846-6010B X/
METAL-D
Copper, Dissolved 0.025 mg/L BU 0.025 SW846-6010B I X1
VOA
1,1,1-Trichloroethane 25 ug/L U 25 SW846-8260 TE?/II_F;
1,1,2,2-Tetrachloroethane 25 ug/L U 25 SW846-8260 BL-
TEMP
1,1,2-Trichloroethane 25 ug/L U 25 SW846-8260 BL-
TEMP
1,1-Dichloroethane 25 ug/L U 25 SW846-8260 BL-
TEMP
1,1-Dichloroethene 25 ug/L U 25 SW846-8260 BL-
TEMP
1,2-Dichloroethane 25 ug/L U 25 SW846-8260 BL-
TEMP
1,2-Dichloropropane 25 ug/L U 25 SW846-8260 BL-
TEMP
1,2-Dimethylbenzene 25 ug/llL U 25 SW846-8260 BL-
TEMP
2-Butanone 50 ug/l U 50 SW846-8260 BL-
TEMP
2-Hexanone 50 ug/lL U 50 SW846-8260 BL-
TEMP
4-Methyl-2-pentanone 50 ug/lL U 50 SW846-8260 BL-
TEMP
Acetone 50 ug/L U 50 SW846-8260 BL-
TEMP
Benzene 25 ug/L U 25 SW846-8260 BL-
TEMP
Bromodichloromethane 25 ug/lL U 25 SW 846-8260 BL-
TEMP
Bromoform 25 ug/lL U 25 SW846-8260 BL-
TEMP
Bromomethane 25 ug/L U 25 SW846-8260 BL-
TEMP
Carbon disulfide 25 ug/lL U 25 SW 846-8260 BL-
TEMP
Carbon tetrachloride 25 ug/L U 25 SW846-8260 BL-
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TEMP

Chlorobenzene
Chloroethane
Chloroform
Chloromethane
cis-1,2-Dichloroethene
cis-1,3-Dichloropropene

Co2

Dibromochloromethane
Ethylbenzene
m,p-Xylene

Methane
Methylene chloride

Styrene

Tetrachloroethene
Toluene

Total Xylene
trans-1,2-Dichloroethene
trans-1,3-Dichloropropene
Trichloroethene

Vinyl acetate

Vinyl chloride

WETCHEM

Alkalinity

Bicarbonate as CaCO3
Carbonate as CaCO3
Dissolved Organic Carbon
Phosphate as Phosphorous

Total Organic Carbon (TOC)

25

25

25

25

25

25

76100

91
91

10

1

25

25

50

0.32
25

25

25

25

75

25

25

700

50

10

ug/L
ug/L
ug/L
ug/L
ug/L
ug/L

ug/L
ug/L

ug/L
ug/L

ug/L
ug/L

ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L

ug/L

mg/L
mg/L
mg/L
mg/L
mg/L
mg/L

CcC CcCCC

25

25

25

25

25

25

13480
25

25

50

0.32
25

25

25

25

75

25

25

50

10

10
10

10

SW846-8260

SW846-8260

SW846-8260

SW846-8260

SW846-8260

SW846-8260

RSK175
SW846-8260

SW846-8260

SW846-8260

RSK175
SW846-8260

SW846-8260

SW846-8260

SW846-8260

SW846-8260

SW846-8260

SW846-8260

SW846-8260

SW846-8260

SW846-8260

EPA-310.1
SM-2320B 17
SM-2320 B 17

SW 846-9060
SW846-9056
SW846-9060

BL-
TEMP
BL-
TEMP
BL-
TEMP
BL-
TEMP
BL-
TEMP

TEMP
/X1

BL-
TEMP
BL-
TEMP
BL-
TEMP
I X/
BL-
TEMP
BL-
TEMP
BL-
TEMP

TEMP
BL-
TEMP
BL-
TEMP

TEMP
BL-
TEMP
BL-
TEMP

TEMP

/X1
/X1
/X1
I X1
/X1
I X/
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MW168ENZ5-07 from: MW168 on 5/16/2007 Media: W G SmpMethod:  GR
Comments:

) Counting Error ) Result l’iloo(t)t Reporting Limit
Analysis Results Units Qual TPU Method VIVIA*
ANION
Chloride 92 mg/L 20 SW846-9056 SIX/
Nitrate 17 mg/L 4.4 SW846-9056 IS/ X/
Orthophosphate 3.1 mg/L BU 3.1 SW846-9056 I X/
Sulfate 11 mg/L 2 SW846-9056 SIX/
FS
Conductivity 533 umho/cm FS /1
Dissolved Oxygen 2.46 mg/L FS /1
pH 5.76 Std Unit FS 11
Redox 428 mV FS /1
Temperature 65.1 deg F FS 11l
METAL
Calcium 33.6 mg/L 1 SW846-6010B S/IX/
Copper 0.025 mg/L  BU 0.025 SW846-6010B I X/
Iron (2+) 0.02 mg/L U 0.02 SM-3500-Fe D I X/
Magnesium 13.1 mg/L 0.025 SW846-6010B S/X/
Potassium 2 mg/lL U 2 SW846-6010B I X1
Sodium 46.2 mg/L 2 SW846-6010B SI/X/
METAL-D
Copper, Dissolved 0.025 mg/L  BU  0.025 SW846-6010B I X/
VOA
1,1,1-Trichloroethane 5 ug/L U 5 SW846-8260 BL-TEMP
1,1,2,2-Tetrachloroethane 5 ug/L U 5 SW846-8260 BL-TEMP
1,1,2-Trichloroethane 5 ug/L U 5 SW846-8260 BL-TEMP
1,1-Dichloroethane 5 ug/L U 5 SW846-8260 BL-TEMP
1,1-Dichloroethene 5 ug/L U 5 SW846-8260 BL-TEMP
1,2-Dichloroethane 5 ug/L U 5 SW846-8260 BL-TEMP
1,2-Dichloropropane 5 ug/L U 5 SW846-8260 BL-TEMP
1,2-Dimethylbenzene 5 ug/L U 5 SW846-8260 BL-TEMP
2-Butanone 10 ug/lL  JU 10 SW846-8260 BL-TEMP
2-Hexanone 10 ug/L U 10 SW846-8260 BL-TEMP
4-Methyl-2-pentanone 10 ug/L U 10 SW846-8260 BL-TEMP
Acetone 10 ug/L  JU 10 SW846-8260 BL-TEMP
Benzene 5 ug/L U 5 SW846-8260 BL-TEMP
Bromodichloromethane 5 ug/L U 5 SW846-8260 BL-TEMP
Bromoform 5 ug/L U 5 SW846-8260 BL-TEMP
Bromomethane 5 ug/L U 5 SW846-8260 BL-TEMP
Carbon disulfide 5 ug/L U 5 SW 846-8260 BL-TEMP
Carbon tetrachloride 5 ug/L U 5 SW846-8260 BL-TEMP
Chlorobenzene 5 ug/L U 5 SW846-8260 BL-TEMP
Chloroethane 5 ug/L U 5 SW846-8260 BL-TEMP
Chloroform 5 ug/L U 5 SW846-8260 BL-TEMP
Chloromethane 5 ug/L U 5 SW846-8260 BL-TEMP
cis-1,2-Dichloroethene 5 ug/L U 5 SW846-8260 BL-TEMP
cis-1,3-Dichloropropene 5 ug/L U 5 SW846-8260 BL-TEMP
Co2 110000 ug/L 13480 RSK175 X/
Dibromochloromethane 5 ug/L U 5 SW846-8260 BL-TEMP
Ethylbenzene 5 ug/L U 5 SW846-8260 BL-TEMP
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m,p-Xylene 10 ug/L ] 10 SW846-8260 BL-TEMP
Methane 0.32 ug/L U 0.32 RSK175 I X/
Methylene chloride 5 ug/L U 5 SW846-8260 BL-TEMP
Styrene 5 ug/L ] 5 SW846-8260 BL-TEMP
Tetrachloroethene 5 ug/L U 5 SW846-8260 BL-TEMP
Toluene 5 ug/L U 5 SW846-8260 BL-TEMP
Total Xylene 15 ug/L U 15 SW846-8260 BL-TEMP
trans-1,2-Dichloroethene 5 ug/L U 5 SW846-8260 BL-TEMP
trans-1,3-Dichloropropene 5 ug/L U 5 SW846-8260 BL-TEMP
Trichloroethene 110 ug/L 1 SW846-8260 BL-TEMP
Vinyl acetate 10 ug/L JU 10 SW846-8260 BL-TEMP
Vinyl chloride 2 ug/L U 2 SW846-8260 BL-TEMP
WETCHEM

Alkalinity 77 mg/L 10 EPA-310.1 I X1
Bicarbonate as CaCO3 77 mg/L 10 SM-2320 B 17 I X1
Carbonate as CaCO3 10 mg/L U 10 SM-2320B 17 I X/
Dissolved Organic Carbon 8.2 mg/L 1 SW 846-9060 X1
Phosphate as Phosphorous 1 mg/L BU 1 SW846-9056 I X1
Total Organic Carbon 1 mgl U 1 SW846-9060 IX1

(TOC)
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MW2185ENZ5-07 from: MW185 on 5/23/2007 Media: WG SmpMethod:  GR

F001,

Comments: F002,

U228
Analysis Results Counting Error Units gizl'm mé Reporting Limit TPU Method VIVIA*
ANION
Chloride 57 mg/L 10 SW846-9056 SIX/
Nitrate 7.5 mg/L 44 SW846-9056 S/ X/
Orthophosphate 3.1 mg/L U 3.1 SW846-9056 I X/
Sulfate 12 mg/L 2 SW846-9056 SI/X/
FS
Conductivity 437 umho/cm FS /1
Dissolved Oxygen 1.96 mg/L FS 11
pH 6.08 Std Unit FS 11
Redox 527 mVv FS 11
Temperature 70.3 deg F FS /1l
METAL
Calcium 39 mg/L 1 SW 846-6010B S/X/
Copper 0.025 mg/L BU 0.025 SW846-6010B I X/
Iron (2+) 0.02 mg/lL U 0.02 SM-3500-Fe D I X/
Magnesium 11.9 mg/L 0.025 SW846-6010B I X/
Potassium 2 mg/L U 2 SW846-6010B I X/
Sodium 31.2 mg/L 2 SW846-6010B SI/X/
METAL-D
Copper, Dissolved 0.025 mg/L BU 0.025 SW846-6010B I X1
VOA
1,1,1-Trichloroethane 120 ug/L U 120 SW 846-8260 BL-TEMP
1,1,2,2-Tetrachloroethane 120 ug/L U 120 SW846-8260 BL-TEMP
1,1,2-Trichloroethane 120 ug/L U 120 SW 846-8260 BL-TEMP
1,1-Dichloroethane 120 ug/L U 120 SW846-8260 BL-TEMP
1,1-Dichloroethene 120 ug/L U 120 SW846-8260 BL-TEMP
1,2-Dichloroethane 120 ug/L U 120 SW846-8260 BL-TEMP
1,2-Dichloropropane 120 ug/L ] 120 SW846-8260 BL-TEMP
1,2-Dimethylbenzene 120 ug/L U 120 SW846-8260 BL-TEMP
2-Butanone 250 ug/L U 250 SW846-8260 BL-TEMP
2-Hexanone 250 ug/L U 250 SW846-8260 BL-TEMP
4-Methyl-2-pentanone 250 ug/L ] 250 SW846-8260 BL-TEMP
Acetone 250 ug/L JU 250 SW846-8260 BL-TEMP
Benzene 120 ug/L U 120 SW846-8260 BL-TEMP
Bromodichloromethane 120 ug/L U 120 SW846-8260 BL-TEMP
Bromoform 120 ug/L U 120 SW846-8260 BL-TEMP
Bromomethane 120 ug/L ] 120 SW846-8260 BL-TEMP
Carbon disulfide 120 ug/L U 120 SW 846-8260 BL-TEMP
Carbon tetrachloride 120 ug/L U 120 SW846-8260 BL-TEMP
Chlorobenzene 120 ug/L U 120 SW846-8260 BL-TEMP
Chloroethane 120 ug/L U 120 SW846-8260 BL-TEMP
Chloroform 120 ug/L U 120 SW846-8260 BL-TEMP
Chloromethane 120 ug/L JU 120 SW846-8260 BL-TEMP
cis-1,2-Dichloroethene 140 ug/L D 120 SW846-8260 BL-TEMP
cis-1,3-Dichloropropene 120 ug/L U 120 SW846-8260 BL-TEMP
Co2 74100 ug/L 13480 RSK175 X/
Dibromochloromethane 120 ug/L ] 120 SW846-8260 BL-TEMP
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Ethylbenzene 120 ug/L U 120 SW846-8260 BL-TEMP
m,p-Xylene 250 ug/L U 250 SW846-8260 BL-TEMP
Methane 0.32 ug/L U 0.32 RSK175 I X1
Methylene chloride 120 ug/L ] 120 SW846-8260 BL-TEMP
Styrene 120 ug/L U 120 SW846-8260  BL-TEMP
Tetrachloroethene 120 ug/L U 120 SW846-8260 BL-TEMP
Toluene 120 ug/L U 120 SW846-8260  BL-TEMP
Total Xylene 380 ug/L ] 380 SW846-8260 BL-TEMP
trans-1,2-Dichloroethene 120 ug/L U 120 SW846-8260 BL-TEMP
trans-1,3-Dichloropropene 120 ug/L U 120 SW846-8260 BL-TEMP
Trichloroethene 3300 ug/L D 25 SW846-8260 H-TB, BL
Vinyl acetate 250 ug/L U 250 SW846-8260 BL-TEMP
Vinyl chloride 50 ug/L ] 50 SW846-8260  BL-TEMP
WETCHEM

Alkalinity 109 mg/L 10 EPA-310.1 X1
Bicarbonate as CaCO3 109 mg/L 10 SM-2320 B 17 I X/
Carbonate as CaCO3 10 mg/L ] 10 SM-2320 B 17 I X/
Dissolved Organic Carbon mg/L U 1 SW 846-9060 I X/
Phosphate as Phosphorous mg/L U 1 SW846-9056 I X/
Total Organic Carbon (TOC) mg/L ) 1 SW846-9060 I X1
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MW194ENZ5-07 from: MW194 on 5/17/2007 Media: WG SmpMethod:  GR
Comments:
) Counting Error ) Result Foot Reporting Limit
Analysis Results Units Qual Note TPU Method VIVIA*
ANION
Chloride 27 mg/L 2 SW=846-9056 /X1
Nitrate 7 mg/L 4.4 SW846-9056 S/ X/
Orthophosphate 3.1 mg/L U 3.1 SW846-9056 I X1
Sulfate 6.5 mg/L 2 SW846-9056 S/X/
FS
Conductivity 249 umho/cm FS /1
Dissolved Oxygen 5.43 mg/L FS /1
pH 5.98 Std Unit FS 11
Redox 367 mVv FS /1
Temperature 61.5 deg F FS 11
METAL
Calcium 16 mg/L 1 SW 846-6010B S/ X/
Copper 0.025 mg/L BU 0.025 SW846-6010B /X /
Iron (2+) 0.02 mg/L U 0.02 SM-3500-FeD  / X/
Magnesium 6.84 mg/L 0.025 SW846-6010B /X /
Potassium 2 mg/L U 2 SW846-6010B /X /
Sodium 27.8 mg/L 2 SW846-6010B S/ X/
METAL-D
Copper, Dissolved 0.025 mg/L BU 0.025 SW846-6010B /X /
VOA
1,1,1-Trichloroethane 5 ug/L ] 5 SW846-8260 BL-TEMP
1,1,2,2-Tetrachloroethane 5 ug/L U 5 SW846-8260 BL-TEMP
1,1,2-Trichloroethane 5 ug/L U 5 SW846-8260 BL-TEMP
1,1-Dichloroethane 5 ug/L U 5 SW846-8260 BL-TEMP
1,1-Dichloroethene 5 ug/L U 5 SW846-8260 BL-TEMP
1,2-Dichloroethane 5 ug/L U 5 SW846-8260 BL-TEMP
1,2-Dichloropropane 5 ug/L ] 5 SW846-8260 BL-TEMP
1,2-Dimethylbenzene 5 ug/L ] 5 SW846-8260 BL-TEMP
2-Butanone 10 ug/L JU 10 SW846-8260 BL-TEMP
2-Hexanone 10 ug/L U 10 SW846-8260 BL-TEMP
4-Methyl-2-pentanone 10 ug/L ] 10 SW846-8260 BL-TEMP
Acetone 10 ug/L JU 10 SW846-8260 BL-TEMP
Benzene 5 ug/L U 5 SW846-8260 BL-TEMP
Bromodichloromethane 5 ug/L U 5 SW846-8260 BL-TEMP
Bromoform 5 ug/L U 5 SW846-8260 BL-TEMP
Bromomethane 5 ug/L ] 5 SW846-8260 BL-TEMP
Carbon disulfide 5 ug/L U 5 SW 846-8260 BL-TEMP
Carbon tetrachloride 5 ug/L U 5 SW846-8260 BL-TEMP
Chlorobenzene 5 ug/L U 5 SW846-8260 BL-TEMP
Chloroethane 5 ug/L ] 5 SW846-8260 BL-TEMP
Chloroform 5 ug/L U 5 SW846-8260 BL-TEMP
Chloromethane 5 ug/L ] 5 SW846-8260 BL-TEMP
cis-1,2-Dichloroethene 5 ug/L U 5 SW846-8260 BL-TEMP
cis-1,3-Dichloropropene 5 ug/L U 5 SW846-8260 BL-TEMP
COo2 52700 ug/L 13480 RSK175  / X/
Dibromochloromethane 5 ug/L U 5 SW846-8260 BL-TEMP
Ethylbenzene 5 ug/L U 5 SW846-8260 BL-TEMP
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m,p-Xylene 10 ug/L U 10 SW846-8260 BL-TEMP
Methane 0.32 ug/L U 0.32 RSK175 [/ X/
Methylene chloride 5 ug/L ] 5 SW846-8260 BL-TEMP
Styrene 5 ug/L U 5 SW846-8260 BL-TEMP
Tetrachloroethene 5 ug/L U 5 SW846-8260 BL-TEMP
Toluene 5 ug/L U 5 SW846-8260 BL-TEMP
Total Xylene 15 ug/L ] 15 SW846-8260 BL-TEMP
trans-1,2-Dichloroethene 5 ug/L U 5 SW846-8260 BL-TEMP
trans-1,3-Dichloropropene 5 ug/L ] 5 SW846-8260 BL-TEMP
Trichloroethene 1 ug/L U 1 SW846-8260 BL-TEMP
Vinyl acetate 10 ug/L JuU 10 SW846-8260 BL-TEMP
Vinyl chloride 2 ug/L U 2 SW846-8260 BL-TEMP
WETCHEM
Alkalinity 72 mg/L 10 EPA-310.1 / X/
Bicarbonate as CaCO3 72 mg/L 10 SM-2320B 17 [/ X/
Carbonate as CaCO3 10 mg/L U 10 SM-2320B 17 / X/
Dissolved Organic Carbon mg/L U SW 846-9060 X /BL-HS
Phosphate as Phosphorous mg/L U SW846-9056 /X /
Total Organic Carbon 1 mg/L U 1 SWB46-9060 X/ BL-HS

(TOC)
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MW197ENZ5-07 from: MW197 on 5/21/2007 Media: SmpMethod:  GR
WG
Comments:
) Resul Counting Error ) Result ~ Foot  Reporting
Analysis ts Units Qual  Note  Limit TPU Method VIVIA*
ANION
Chloride 65 mg/L 5 SW846-9056 SIX/
Nitrate 44 mg/L U 44 SW846-9056 X/
Orthophosphate 31 mg/L U 31 SW846-9056 I X/
Sulfate 16 mg/L 2 SW846-9056 S/X/
FS
Conductivity 440 umho/cm FS /1l
Dissolved Oxygen 0.62 mg/L FS /1l
pH 6.01 Std Unit FS /1
Redox -7 mV FS /1l
Temperature 61.2 deg F FS /1
METAL
Calcium 24.6 mg/L 1 SW846-6010B /X /
Copper 0.025 mg/L  BU 0.025 SW846-6010B /X /
Iron (2+) 23.9 mg/L 0.02 SM-3500-Fe D/ X/
Magnesium 11.2 mg/L 0.025 SW846-6010B S/ X/
Potassium 2 mg/L U 2 SW846-6010B /X /
Sodium 25.8 mg/L 2 SW846-6010B S/ X/
METAL-D
Copper, Dissolved 0.025 mg/L  BU 0.025 SW846-6010B /X /
VOA
1,1,1-Trichloroethane 5 ug/L U 5 SW846-8260 BL-TEMP
1,1,2,2- 5 ug/L U 5 SW846-8260 BL-TEMP
Tetrachloroethane
1,1,2-Trichloroethane 5 ug/L U 5 SW846-8260 BL-TEMP
1,1-Dichloroethane 5 ug/L ] 5 SW846-8260 BL-TEMP
1,1-Dichloroethene 5 ug/L ] 5 SW846-8260 BL-TEMP
1,2-Dichloroethane 5 ug/L U 5 SW846-8260 BL-TEMP
1,2-Dichloropropane 5 ug/L U 5 SW846-8260 BL-TEMP
1,2-Dimethylbenzene 5 ug/L U 5 SW846-8260 BL-TEMP
2-Butanone 10 ug/L U 10 SW846-8260 BL-TEMP
2-Hexanone 10 ug/L U 10 SW846-8260 BL-TEMP
4-Methyl-2-pentanone 10 ug/L U 10 SW846-8260 BL-TEMP
Acetone 10 ug/L U 10 SW846-8260 BL-TEMP
Benzene 5 ug/L U 5 SW846-8260 BL-TEMP
Bromodichloromethane 5 ug/L U 5 SW846-8260 BL-TEMP
Bromoform 5 ug/L U 5 SW846-8260 BL-TEMP
Bromomethane 5 ug/L U 5 SW846-8260 BL-TEMP
Carbon disulfide 5 ug/L U 5 SW 846-8260 BL-TEMP
Carbon tetrachloride 5 ug/L U 5 SW846-8260 BL-TEMP
Chlorobenzene 5 ug/L U 5 SW846-8260 BL-TEMP
Chloroethane 5 ug/L U 5 SW846-8260 BL-TEMP
Chloroform 5 ug/L U 5 SW846-8260 BL-TEMP
Chloromethane 5 ug/L JU 5 SW846-8260 BL-TEMP
cis-1,2-Dichloroethene 5 ug/L ] 5 SW846-8260 BL-TEMP
cis-1,3- 5 ug/L U 5 SW846-8260 BL-TEMP

Dichloropropene
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Cco2 78900 ug/L 13480 RSK175 [/ X/
Dibromochloromethane 5 ug/L U 5 SW846-8260 BL-TEMP
Ethylbenzene 5 ug/L U 5 SW846-8260 BL-TEMP
m,p-Xylene 10 ug/L U 10 SW846-8260 BL-TEMP
Methane 27.7  ug/lL 0.32 RSK175 [ X/
Methylene chloride 5 ug/L U 5 SW846-8260 BL-TEMP
Styrene 5 ug/L U 5 SW846-8260 BL-TEMP
Tetrachloroethene 5 ug/L ] 5 SW846-8260 BL-TEMP
Toluene 5 ug/L U 5 SW846-8260 BL-TEMP
Total Xylene 15 ug/L U 15 SW846-8260 BL-TEMP
trans-1,2- 5 ug/L U 5 SW846-8260 BL-TEMP
Dichloroethene
trans-1,3- 5 ug/L U 5 SW846-8260 BL-TEMP
Dichloropropene
Trichloroethene 3.9 ug/L 1 SW846-8260 BL-TEMP
Vinyl acetate 10 ug/L U 10 SW846-8260 BL-TEMP
Vinyl chloride 2 ug/L U 2 SW846-8260 BL-TEMP
WETCHEM
Alkalinity 78 mg/L 10 EPA-310.1  /X/
Bicarbonate as CaCO3 78 mg/L 10 SM-2320B 17 / X/
Carbonate as CaCO3 10 mg/L U 10 SM-2320B 17 [/ X/
Dissolved Organic 2 mg/L 1 SW 846-9060 / X/
Carbon
Phosphate as 1 mg/L U 1 SW846-9056  / X/
Phosphorous
Total Organic Carbon
(TOC) 23 mg/L 1 SW846-9060 /X /
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MW?236DENZ5-07 from: MW236 on 5/22/2007 Media: W G SmpMethod:  GR
Comments:

) Counting Error ) Result Foot Reporting Limit
Analysis Results Units Qual Note TPU Method VIVIA*
ANION
Chloride 31 mg/L 2 SW846-9056 I X/
Nitrate 7.3 mg/L 4.4 SW846-9056 I X/
Orthophosphate 31 mg/L U 3.1 SW846-9056 I X/
Sulfate 21 mg/L 2 SW846-9056 X/
FS
Conductivity 321 umho/cm FS /1l
Dissolved Oxygen 3.36 mg/L FS /1l
pH 6.19 Std Unit FS 11
Redox 332 mV FS /1l
Temperature 62.4 deg F FS /1
METAL
Calcium 23.2 mg/L 1 SW846-6010B I X/
Copper 0.025 mg/L  BU 0.025 SW846-6010B I X/
Iron (2+) 0.02 mg/L U 0.02 SM-3500-Fe D X/
Magnesium 9.16 mg/L 0.025 SW846-6010B I X/
Potassium 2 mg/L U 2 SW846-6010B I X/
Sodium 304 mg/L 2 SW846-6010B X/
METAL-D
Copper, Dissolved 0.025 mg/L BU 0.025 SW846-6010B X/
VOA
1,1,1-Trichloroethane 5 ug/L U 5 SW846-8260 BL-TEMP
1,1,2,2-Tetrachloroethane 5 ug/L U 5 SW846-8260 BL-TEMP
1,1,2-Trichloroethane 5 ug/L U 5 SW846-8260 BL-TEMP
1,1-Dichloroethane 5 ug/L U 5 SW846-8260 BL-TEMP
1,1-Dichloroethene 5 ug/L U 5 SW846-8260 BL-TEMP
1,2-Dichloroethane 5 ug/L U 5 SW846-8260 BL-TEMP
1,2-Dichloropropane 5 ug/L U 5 SW846-8260 BL-TEMP
1,2-Dimethylbenzene 5 ug/L U 5 SW846-8260  BL-TEMP
2-Butanone 10 ug/L U 10 SW846-8260 BL-TEMP
2-Hexanone 10 ug/L U 10 SW846-8260 BL-TEMP
4-Methyl-2-pentanone 10 ug/L U 10 SW846-8260 BL-TEMP
Acetone 10 ug/L JU 10 SW846-8260 BL-TEMP
Benzene 5 ug/L U 5 SW846-8260 BL-TEMP
Bromodichloromethane 5 ug/L U 5 SW846-8260  BL-TEMP
Bromoform 5 ug/L U 5 SW846-8260  BL-TEMP
Bromomethane 5 ug/L U 5 SW846-8260 BL-TEMP
Carbon disulfide 5 ug/L U 5 SW 846-8260 BL-TEMP
Carbon tetrachloride 5 ug/L U 5 SW846-8260 BL-TEMP
Chlorobenzene 5 ug/L U 5 SW846-8260  BL-TEMP
Chloroethane 5 ug/L U 5 SW846-8260  BL-TEMP
Chloroform 5 ug/L U 5 SW846-8260  BL-TEMP
Chloromethane 5 ug/L JU 5 SW846-8260  BL-TEMP
cis-1,2-Dichloroethene 5 ug/L ] 5 SW846-8260 BL-TEMP
cis-1,3-Dichloropropene 5 ug/L U 5 SW846-8260 BL-TEMP
Co2 65800 ug/L 13480 RSK175 X/
Dibromochloromethane 5 ug/L U 5 SW846-8260 BL-TEMP
Ethylbenzene 5 ug/L U 5 SW846-8260 BL-TEMP
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m,p-Xylene 10 ug/L U 10 SW846-8260 BL-TEMP
Methane 0.32 ug/L U 0.32 RSK175 I X/
Methylene chloride 5 ug/L U 5 SW846-8260 BL-TEMP
Styrene 5 ug/L U 5 SW846-8260 BL-TEMP
Tetrachloroethene 5 ug/L 0] 5 SW846-8260 BL-TEMP
Toluene 5 ug/L U 5 SW846-8260 BL-TEMP
Total Xylene 15 ug/L U 15 SW846-8260 BL-TEMP
trans-1,2-Dichloroethene 5 ug/L U 5 SW846-8260 BL-TEMP
trans-1,3-Dichloropropene 5 ug/L U 5 SW846-8260 BL-TEMP
Trichloroethene 22 ug/L 1 SW846-8260  BL-TEMP
Vinyl acetate 10 ug/L U 10 SW846-8260 BL-TEMP
Vinyl chloride 2 ug/L U 2 SW846-8260 BL-TEMP
WETCHEM

Alkalinity 92 mg/L 10 EPA-310.1 I X/
Bicarbonate as CaCO3 92 mg/L 10 SM-2320 B 17 I X/
Carbonate as CaCO3 10 mg/L U 10 SM-2320 B 17 I X/
Dissolved Organic Carbon 1 mg/L U SW 846-9060 X1
Phosphate as Phosphorous 1 mg/L U SW846-9056 I X1/
Total Organic Carbon 1 mg/L u 1 SW846-9060 IX1

(TOC)
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MW?242ENZ5-07 from: MW242 on 5/17/2007 Media: W G SmpMethod:  GR
Comments:

) Counting Error ) Result Foot Reporting Limit
Analysis Results Units Qual Note TPU Method VIVIA*
ANION
Chloride 63 mg/L 10 SW846-9056 X1
Nitrate 44 mg/L U 4.4 SW846-9056 X1
Orthophosphate 31 mg/L U 3.1 SW846-9056 I X/
Sulfate 12 mg/L 2 SW846-9056 I X/
FS
Conductivity 358 umho/cm FS /1l
Dissolved Oxygen 15 mg/L FS /1l
pH 5.62 Std Unit FS 11
Redox 166 mV FS /1l
Temperature 59.7 deg F FS /1
METAL
Calcium 239 mg/L 1 SW846-6010B I X1
Copper 0.025 mg/L BU 0.025 SW846-6010B I X1
Iron (2+) 8.13 mg/L 0.02 SM-3500-Fe D /X1
Magnesium 10.6 mg/L 0.025 SW846-6010B I X/
Potassium 2 mg/L U 2 SW846-6010B I X1
Sodium 25.7 mg/L 2 SW846-6010B I X1
METAL-D
Copper, Dissolved 0.025 mg/L BU 0.025 SW846-6010B I X/
VOA
1,1,1-Trichloroethane 5 ug/L ] 5 SW846-8260 BL-TEMP
1,1,2,2-Tetrachloroethane 5 ug/L ] 5 SW846-8260 BL-TEMP
1,1,2-Trichloroethane 5 ug/L U 5 SW846-8260 BL-TEMP
1,1-Dichloroethane 5 ug/L U 5 SW846-8260 BL-TEMP
1,1-Dichloroethene 5 ug/L U 5 SW846-8260 BL-TEMP
1,2-Dichloroethane 5 ug/L U 5 SW846-8260 BL-TEMP
1,2-Dichloropropane 5 ug/L U 5 SW846-8260 BL-TEMP
1,2-Dimethylbenzene 5 ug/L U 5 SW846-8260 BL-TEMP
2-Butanone 10 ug/L JU 10 SW846-8260 BL-TEMP
2-Hexanone 10 ug/L U 10 SW846-8260 BL-TEMP
4-Methyl-2-pentanone 10 ug/L U 10 SW846-8260 BL-TEMP
Acetone 10 ug/L JU 10 SW846-8260 BL-TEMP
Benzene 5 ug/L U 5 SW846-8260 BL-TEMP
Bromodichloromethane 5 ug/L U 5 SW846-8260 BL-TEMP
Bromoform 5 ug/L U 5 SW846-8260 BL-TEMP
Bromomethane 5 ug/L ] 5 SW846-8260 BL-TEMP
Carbon disulfide 5 ug/L U 5 SW 846-8260 BL-TEMP
Carbon tetrachloride 5 ug/L U 5 SW846-8260 BL-TEMP
Chlorobenzene 5 ug/L ] 5 SW846-8260 BL-TEMP
Chloroethane 5 ug/L U 5 SW846-8260 BL-TEMP
Chloroform 5 ug/L U 5 SW846-8260 BL-TEMP
Chloromethane 5 ug/L ] 5 SW846-8260 BL-TEMP
cis-1,2-Dichloroethene 5 ug/L U 5 SW846-8260 BL-TEMP
cis-1,3-Dichloropropene 5 ug/L U 5 SW846-8260 BL-TEMP
Cco2 94700 ug/L 13480 RSK175 I X1
Dibromochloromethane 5 ug/L ] 5 SW846-8260 BL-TEMP
Ethylbenzene 5 ug/L U 5 SW846-8260 BL-TEMP
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m,p-Xylene 10 ug/L U 10 SW846-8260 BL-TEMP
Methane 0.32 ug/L U 0.32 RSK175 I X1
Methylene chloride 5 ug/L ] 5 SW846-8260 BL-TEMP
Styrene 5 ug/L U 5 SW846-8260 BL-TEMP
Tetrachloroethene 5 ug/L U 5 SW846-8260 BL-TEMP
Toluene 5 ug/L U 5 SW846-8260 BL-TEMP
Total Xylene 15 ug/L ] 15 SW846-8260 BL-TEMP
trans-1,2-Dichloroethene 5 ug/L U 5 SW846-8260 BL-TEMP
trans-1,3-Dichloropropene 5 ug/L U 5 SW846-8260 BL-TEMP
Trichloroethene 110 ug/L 1 SW846-8260 BL-TEMP
Vinyl acetate 10 ug/L JU 10 SW846-8260 BL-TEMP
Vinyl chloride 2 ug/L U 2 SW846-8260 BL-TEMP
WETCHEM
Alkalinity 55 mg/L 10 EPA-310.1 X1
Bicarbonate as CaCO3 55 mg/L 10 SM-2320 B 17 I X1
Carbonate as CaCO3 10 mg/L U 10 SM-2320 B 17 I X/
Dissolved Organic Carbon 1 mg/L U 1 SW 846-9060 X /BL-
HS
Phosphate as Phosphorous 1 mg/L U 1 SW846-9056 I X/
(TTOg(':)Orga”'C Carbon 1 mglL U 1 swassoo0 /B
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MW?243ENZ5-07 from: MW243 on 5/15/2007 Media: W SmpMethod: GR
G
F001,
Comments: F002,

U228
Analysis Results Counting Eror Units gzzl;h E%?; Reporting Limt TPU Method V/IVIA*
ANION
Chloride 12 mg/L 2 SW846-9056 SIX/
Nitrate 4.4 mg/L U 44 SW846-9056 I X1
Orthophosphate 16 mg/L BX 3.1 SW846-9056 X/
Sulfate 67 mg/L 5 SW846-9056 S/X/
FS
Conductivity 439 umho/cm FS /1l
Dissolved Oxygen 5.94 mg/L FS /1l
pH 6.22 Std Unit FS 11
Redox 252 mV FS /1l
Temperature 61.7 deg F FS /1
METAL
Calcium 18.2 mg/L 1 SW846-6010B X1
Copper 0.025 mg/L  BU 0.025 SW846-6010B I X/
Iron (2+) 0.0462 mg/L 0.02 SM-3500-Fe D X1
Magnesium 7.38 mg/L 0.025 SW846-6010B I X/
Potassium 2 mg/lL U 2 SW846-6010B I X1
Sodium 63 mg/L 2 SW846-6010B S/X/
METAL-D
Copper, Dissolved 0.025 mg/L BU 0.025 SW846-6010B I X/
VOA
1,1,1-Trichloroethane 5 ug/L U 5 SW846-8260  BL-TEMP
1,1,2,2-Tetrachloroethane 5 ug/L U 5 SW846-8260  BL-TEMP
1,1,2-Trichloroethane 5 ug/L ] 5 SW846-8260  BL-TEMP
1,1-Dichloroethane 5 ug/L U 5 SW846-8260  BL-TEMP
1,1-Dichloroethene 5 ug/L U 5 SW846-8260  BL-TEMP
1,2-Dichloroethane 5 ug/L U 5 SW846-8260  BL-TEMP
1,2-Dichloropropane 5 ug/L U 5 SW846-8260  BL-TEMP
1,2-Dimethylbenzene 5 ug/L U 5 SW846-8260  BL-TEMP
2-Butanone 10 ug/L U 10 SW846-8260 BL-TEMP
2-Hexanone 10 ug/L U 10 SW846-8260  BL-TEMP
4-Methyl-2-pentanone 10 ug/L U 10 SW846-8260  BL-TEMP
Acetone 10 ug/L ] 10 SW846-8260 BL-TEMP
Benzene 5 ug/L U 5 SW846-8260  BL-TEMP
Bromodichloromethane 5 ug/L U 5 SW846-8260  BL-TEMP
Bromoform 5 ug/L U 5 SW846-8260  BL-TEMP
Bromomethane 5 ug/L U 5 SW846-8260  BL-TEMP
Carbon disulfide 5 ug/L U 5 SW 846-8260  BL-TEMP
Carbon tetrachloride 5 ug/L U 5 SW846-8260  BL-TEMP
Chlorobenzene 5 ug/L U 5 SW846-8260  BL-TEMP
Chloroethane 5 ug/L U 5 SW846-8260  BL-TEMP
Chloroform 5 ug/L U 5 SW846-8260  BL-TEMP
Chloromethane 5 ug/L U 5 SW846-8260  BL-TEMP
cis-1,2-Dichloroethene 5 ug/L U 5 SW846-8260  BL-TEMP
cis-1,3-Dichloropropene 5 ug/L U 5 SW846-8260  BL-TEMP
Cco2 74800 ug/L 13480 RSK175 X1
Dibromochloromethane 5 ug/L U 5 SW846-8260  BL-TEMP

149




Ethylbenzene 5 ug/L U 5 SW846-8260 BL-TEMP
m,p-Xylene 10 ug/L U 10 SW846-8260 BL-TEMP
Methane 0.5 ug/L 0.32 RSK175 X /BH-TB
Methylene chloride 5 ug/L U 5 SW846-8260  BL-TEMP
Styrene 5 ug/L ] 5 SW846-8260 BL-TEMP
Tetrachloroethene 5 ug/L U 5 SW846-8260  BL-TEMP
Toluene 5 ug/L U 5 SW846-8260  BL-TEMP
Total Xylene 15 ug/L U 15 SW846-8260  BL-TEMP
trans-1,2-Dichloroethene 5 ug/L U 5 SW846-8260  BL-TEMP
trans-1,3-Dichloropropene 5 ug/L U 5 SW846-8260  BL-TEMP
Trichloroethene 100 ug/L 1 SW846-8260 BL-TEMP
Vinyl acetate 10 ug/L U 10 SW846-8260  BL-TEMP
Vinyl chloride 2 ug/L U 2 SW846-8260  BL-TEMP
WETCHEM

Alkalinity 113 mg/L 10 EPA-310.1 S/X/
Bicarbonate as CaCO3 113 mg/L 10 SM-2320 B 17 X/
Carbonate as CaCO3 10 mg/L U 10 SM-2320B 17 I X1
Dissolved Organic Carbon 1 mg/L U SW 846-9060 X /BL-HS
Phosphate as Phosphorous 5.3 mg/L BX SW846-9056 I X1
Total Organic Carbon 1 mg/L U 1 SW846-9060 X / BL-HS

(TOC)
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MW?262ENZ5-07 from: MW262 on 5/16/2007 Media: W SmpMethod: GR
G
Comments: F001, F002, U228
) Counting Error ) Result Foot Reporting Limit
Analysis Results Units Qual Note TPU Method VIVIA*
ANION
Chloride 110 mg/L 20 SW846-9056 X1/
Nitrate 5.6 mg/L 44 SW846-9056 X1/
Orthophosphate 31 mg/L BU 31 SW846-9056 I X1
Sulfate 39 mg/L 2 SW846-9056 X1/
FS
Conductivity 679 umho/cm FS /1l
Dissolved Oxygen 0.6 mg/L FS /1l
pH 5.89 Std Unit FS /1
Redox 339 mVv FS /1l
Temperature 64.6 deg F FS /1l
METAL
Calcium 50.6 mg/L 1 SW846-6010B S/X/
Copper 0.025 mg/L  BU 0.025 SW846-6010B I X1
Iron (2+) 0.02 mg/lL U 0.02 SM-3500-Fe D I X1
Magnesium 19.8 mg/L 0.025 SW846-6010B S/X/
Potassium 2.3 mg/L 2 SW846-6010B SI/X/
Sodium 47 mg/L 2 SW846-6010B I X1
METAL-D
Copper, Dissolved 0.025 mg/L BU 0.025 SW846-6010B I X/
VOA
1,1,1-Trichloroethane 50 ug/L U 50 SW846-8260 BL-TEMP
1,1,2,2-Tetrachloroethane 50 ug/L U 50 SW846-8260 BL-TEMP
1,1,2-Trichloroethane 50 ug/L U 50 SW846-8260 BL-TEMP
1,1-Dichloroethane 50 ug/L U 50 SW846-8260 BL-TEMP
1,1-Dichloroethene 50 ug/L U 50 SW846-8260 BL-TEMP
1,2-Dichloroethane 50 ug/L U 50 SW846-8260 BL-TEMP
1,2-Dichloropropane 50 ug/L U 50 SW846-8260 BL-TEMP
1,2-Dimethylbenzene 50 ug/L U 50 SW846-8260 BL-TEMP
2-Butanone 100 ug/L JU 100 SW846-8260 BL-TEMP
2-Hexanone 100 ug/L U 100 SW846-8260 BL-TEMP
4-Methyl-2-pentanone 100 ug/L U 100 SW846-8260 BL-TEMP
Acetone 100 ug/L JU 100 SW846-8260 BL-TEMP
Benzene 50 ug/L U 50 SW846-8260 BL-TEMP
Bromodichloromethane 50 ug/L U 50 SW 846-8260 BL-TEMP
Bromoform 50 ug/L U 50 SW846-8260 BL-TEMP
Bromomethane 50 ug/L U 50 SW846-8260 BL-TEMP
Carbon disulfide 50 ug/L U 50 SW 846-8260 BL-TEMP
Carbon tetrachloride 50 ug/L U 50 SW846-8260 BL-TEMP
Chlorobenzene 50 ug/L U 50 SW846-8260 BL-TEMP
Chloroethane 50 ug/L U 50 SW846-8260 BL-TEMP
Chloroform 50 ug/L U 50 SW846-8260 BL-TEMP
Chloromethane 50 ug/L U 50 SW846-8260 BL-TEMP
cis-1,2-Dichloroethene 50 ug/L U 50 SW846-8260 BL-TEMP
cis-1,3-Dichloropropene 50 ug/L U 50 SW846-8260 BL-TEMP
Cco2 110000 ug/L 13480 RSK175 I X1
Dibromochloromethane 50 ug/L U 50 SW846-8260 BL-TEMP
Ethylbenzene 50 ug/L U 50 SW846-8260 BL-TEMP
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m,p-Xylene 100 ug/L U 100 SW846-8260 BL-TEMP
Methane 0.32 ug/L U 0.32 RSK175 I X1
Methylene chloride 50 ug/L U 50 SW846-8260 BL-TEMP
Styrene 50 ug/L U 50 SW846-8260 BL-TEMP
Tetrachloroethene 50 ug/L U 50 SW846-8260  BL-TEMP
Toluene 50 ug/L U 50 SW846-8260 BL-TEMP
Total Xylene 150 ug/L U 150 SW846-8260 BL-TEMP
trans-1,2-Dichloroethene 50 ug/L U 50 SW846-8260  BL-TEMP
trans-1,3-Dichloropropene 50 ug/L U 50 SW846-8260  BL-TEMP
Trichloroethene 950 ug/L D 10 SW846-8260  BL-TEMP
Vinyl acetate 100 ug/L JU 100 SW846-8260 BL-TEMP
Vinyl chloride 20 ug/L U 20 SW846-8260 BL-TEMP
WETCHEM

Alkalinity 105 mg/L 10 EPA-310.1 I X/
Bicarbonate as CaCO3 105 mg/L 10 SM-2320 B 17 I X/
Carbonate as CaCO3 10 mg/L U 10 SM-2320 B 17 I X1
Dissolved Organic Carbon 1 mg/L U 1 SW 846-9060 I X/
Phosphate as Phosphorous 1 mg/L BU 1 SW846-9056 I X1
Total Organic Carbon 1 mg/L U 1 SW846-9060 IX/

(TOC)
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MW340ENZ5-07 from: MW340 on 5/23/2007 Media: W G SmpMethod:  GR

F001,

Comments: F002,
U228
Foo
Counting Error gisal:lt F\lot Reporting Limit

Analysis Results Units e TPU Method VIVIA*
ANION
Chloride 61 mg/L 10 SW846-9056 SIX/
Nitrate 7.2 mg/L 44 SW846-9056 I X/
Orthophosphate 3.1 mg/L ] 3.1 SW846-9056 I X1
Sulfate 28 mg/L 2 SW846-9056 SIX/
FS
Conductivity 460 umho/cm FS /1l
Dissolved Oxygen 3.51 mg/L FS /1l
pH 5.94 Std Unit FS 11
Redox 367 mV FS /1
Temperature 74.1 deg F FS /1
METAL
Calcium 31.2 mg/L 1 SW846-6010B I X/
Copper 0.025 mg/L BU 0.025 SW846-6010B I X/
Iron (2+) 0.02 mg/L U 0.02 SM-3500-Fe D I X/
Magnesium 12.4 mg/L 0.025 SW846-6010B I X/
Potassium 2 mg/L ] 2 SW846-6010B I X/
Sodium 441 mg/L 2 SW846-6010B SIX/
METAL-D
Copper, Dissolved 0.025 mg/L BU 0.025 SW846-6010B I X1
VOA
1,1,1-Trichloroethane 250 ug/L U 250 SW 846-8260 BL-TEMP
1,1,2,2-Tetrachloroethane 250 ug/L U 250 SW846-8260 BL-TEMP
1,1,2-Trichloroethane 250 ug/L U 250 SW 846-8260 BL-TEMP
1,1-Dichloroethane 250 ug/L U 250 SW846-8260 BL-TEMP
1,1-Dichloroethene 250 ug/L U 250 SW846-8260 BL-TEMP
1,2-Dichloroethane 250 ug/L U 250 SW846-8260 BL-TEMP
1,2-Dichloropropane 250 ug/L u 250 SW846-8260 BL-TEMP
1,2-Dimethylbenzene 250 ug/L U 250 SW846-8260 BL-TEMP
2-Butanone 500 ug/L U 500 SW846-8260 BL-TEMP
2-Hexanone 500 ug/L U 500 SW846-8260 BL-TEMP
4-Methyl-2-pentanone 500 ug/L U 500 SW846-8260 BL-TEMP
Acetone 500 ug/L Ju 500 SW846-8260 BL-TEMP
Benzene 250 ug/L U 250 SW846-8260 BL-TEMP
Bromodichloromethane 250 ug/L ] 250 SW846-8260 BL-TEMP
Bromoform 250 ug/L U 250 SW846-8260 BL-TEMP
Bromomethane 250 ug/L U 250 SW846-8260 BL-TEMP
Carbon disulfide 250 ug/L U 250 SW 846-8260 BL-TEMP
Carbon tetrachloride 250 ug/L U 250 SW846-8260 BL-TEMP
Chlorobenzene 250 ug/L ] 250 SW846-8260 BL-TEMP
Chloroethane 250 ug/L u 250 SW846-8260 BL-TEMP
Chloroform 250 ug/L ] 250 SW846-8260 BL-TEMP
Chloromethane 250 ug/L JU 250 SW846-8260 BL-TEMP
cis-1,2-Dichloroethene 250 ug/L U 250 SW846-8260 BL-TEMP
cis-1,3-Dichloropropene 250 ug/L U 250 SW846-8260 BL-TEMP
Co2 204000 ug/L 13480 RSK175 /X1
Dibromochloromethane 250 ug/L U 250 SW846-8260 BL-TEMP
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Ethylbenzene 250 ug/L U 250 SW846-8260 BL-TEMP
m,p-Xylene 500 ug/L U 500 SW846-8260 BL-TEMP
Methane 0.32 ug/L ] 0.32 RSK175 I X/
Methylene chloride 250 ug/L U 250 SW846-8260 BL-TEMP
Styrene 250 ug/L U 250 SW846-8260 BL-TEMP
Tetrachloroethene 250 ug/L U 250 SW846-8260 BL-TEMP
Toluene 250 ug/L U 250 SW846-8260 BL-TEMP
Total Xylene 750 ug/L U 750 SW846-8260 BL-TEMP
trans-1,2-Dichloroethene 250 ug/L U 250 SW846-8260 BL-TEMP
trans-1,3-Dichloropropene 250 ug/L U 250 SW846-8260 BL-TEMP
Trichloroethene 6500 ug/L D 50 SW846-8260 H-TB, BL
Vinyl acetate 500 ug/L U 500 SW846-8260 BL-TEMP
Vinyl chloride 100 ug/L U 100 SW846-8260 BL-TEMP
WETCHEM

Alkalinity 109 mg/L 10 EPA-310.1 X/
Bicarbonate as CaCO3 109 mg/L 10 SM-2320 B 17 I X1
Carbonate as CaCO3 10 mg/L U 10 SM-2320 B 17 I X/
Dissolved Organic Carbon 1 mg/L U 1 SW 846-9060 I X1
Phosphate as Phosphorous 1 mg/L U 1 SW846-9056 I X/
Total Organic Carbon (TOC) 1 mg/L U 1 SW846-9060 I X1

154




MW381ENZ5-07 from: MW381 on 5/22/2007 Media: W G SmpMethod: GR
Comments: Fo01,
F002, U228
) Counting Error ) Result Foot Reporting Limit
Analysis Results Units Qual Note TPU Method VIVIA*
ANION
Chloride 41 mg/L 2 SW846-9056 SIX/
Nitrate 6.7 mg/L 44 SW846-9056 X1/
Orthophosphate 31 mg/L U 31 SW846-9056 X/
Sulfate 24 mg/L 2 SW846-9056 S/X/
FS
Conductivity 372 umho/cm FS /1l
Dissolved Oxygen 3.23 mg/L FS /1l
pH 6.18 Std Unit FS /1
Redox 286 mVv FS /1l
Temperature 61 deg F FS /1l
METAL
Calcium 27.2 mg/L 1 SW846-6010B X1
Copper 0.025 mg/L BU 0.025 SW846-6010B I X/
Iron (2+) 0.02 mg/L U 0.02 SM-3500-Fe D X1
Magnesium 10.7 mg/L 0.025 SW846-6010B X/
Potassium 2 mg/L U 2 SW846-6010B I X/
Sodium 33.7 mg/L 2 SW846-6010B I X/
METAL-D
Copper, Dissolved 0.025 mg/L  BU 0.025 SW846-6010B I X1
VOA
1,1,1-Trichloroethane 5 ug/lL U 5 SW846-8260  BL-TEMP
1,1,2,2-Tetrachloroethane 5 ug/lL U 5 SW846-8260 BL-TEMP
1,1,2-Trichloroethane 5 ug/llL U 5 SW846-8260 BL-TEMP
1,1-Dichloroethane 5 ug/llL U 5 SW846-8260 BL-TEMP
1,1-Dichloroethene 5 ug/llL U 5 SW846-8260 BL-TEMP
1,2-Dichloroethane 5 ug/llL U 5 SW846-8260 BL-TEMP
1,2-Dichloropropane 5 ug/llL U 5 SW846-8260 BL-TEMP
1,2-Dimethylbenzene 5 ug/llL U 5 SW846-8260 BL-TEMP
2-Butanone 10 ug/llL U 10 SW846-8260  BL-TEMP
2-Hexanone 10 ug/llL U 10 SW846-8260  BL-TEMP
4-Methyl-2-pentanone 10 ug/llL U 10 SW846-8260 BL-TEMP
Acetone 10 ug/llL  JU 10 SW846-8260  BL-TEMP
Benzene 5 ug/llL U 5 SW846-8260  BL-TEMP
Bromodichloromethane 5 ug/lL U 5 SW846-8260 BL-TEMP
Bromoform 5 ug/L U 5 SW846-8260 BL-TEMP
Bromomethane 5 ug/lL U 5 SW846-8260 BL-TEMP
Carbon disulfide 5 ug/lL U 5 SW 846-8260 BL-TEMP
Carbon tetrachloride 5 ug/lL U 5 SW846-8260 BL-TEMP
Chlorobenzene 5 ug/lL U 5 SW846-8260 BL-TEMP
Chloroethane 5 ug/lL U 5 SW846-8260 BL-TEMP
Chloroform 5 ug/L U 5 SW846-8260 BL-TEMP
Chloromethane 5 ug/lL  JU 5 SW846-8260 BL-TEMP
cis-1,2-Dichloroethene 5 ug/lL U 5 SW846-8260  BL-TEMP
cis-1,3-Dichloropropene 5 ug/lL U 5 SW846-8260 BL-TEMP
Cco2 60500 ug/L 13480 RSK175 I X/
Dibromochloromethane 5 ug/L U 5 SW846-8260  BL-TEMP
Ethylbenzene 5 ug/llL U 5 SW846-8260  BL-TEMP
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m,p-Xylene 10 ug/llL U 10 SW846-8260 BL-TEMP
Methane 0.32 ug/L U 0.32 RSK175 I X1
ethylene chloride 5 ug/llL U 5 SW846-8260 BL-TEMP
Styrene 5 ug/L U 5 SW846-8260  BL-TEMP
Tetrachloroethene 5 ug/lL U 5 SW846-8260  BL-TEMP
Toluene 5 ug/L U 5 SW846-8260  BL-TEMP
Total Xylene 15 ug/lL U 15 SW846-8260 BL-TEMP
trans-1,2-Dichloroethene 5 ug/lL U 5 SW846-8260 BL-TEMP
trans-1,3-Dichloropropene 5 ug/lL U 5 SW846-8260 BL-TEMP
Trichloroethene 50 ug/L SW846-8260  BL-TEMP
Vinyl acetate 10 ug/L U 10 SW846-8260  BL-TEMP
Vinyl chloride 2 ug/llL U 2 SW846-8260 BL-TEMP
WETCHEM

Alkalinity 98 mg/L 10 EPA-310.1 X1
Bicarbonate as CaCO3 98 mg/L 10 SM-2320 B 17 I X1
Carbonate as CaCO3 10 mg/L U 10 SM-2320B 17 I X1
Dissolved Organic Carbon mg/L U 1 SW 846-9060 I X1
Phosphate as Phosphorous mg/L U 1 SW846-9056 I X1
Total Organic Carbon 1 mglL U 1 SW846-9060 IX

(TOC)
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MWG66ENZ5-07

from: MW66

on 5/15/2007 Media: W G

SmpMethod:  GR

Comments: F001, F002, U228
) Counting Error ) Result Foot Reporting Limit
Analysis Results Units  Qual Note Method VIVIA*
ANION
Chloride 13 mg/L 2 SW846-9056  / X/
Nitrate 5.8 mg/L 4.4 SW846-9056 S/ X/
Orthophosphate 31 mg/L  BUX 3.1 SW846-9056  / X/
Sulfate 11 mg/L 2 SW846-9056 /X /
FS
Conductivity 213 umho/cm FS /1
Dissolved Oxygen 5.78 mg/L FS /1
pH 6.01 Std Unit FS 11/
Redox 304 mV FS /1
Temperature 65.9 deg F FS 11/
METAL
Calcium 18.8 mg/L 1 SW846-6010B S/ X/
Copper 0.025 mg/L  BU 0.025 SW846-6010B /X /
Iron (2+) 0.0353 mg/L 0.02 SM-3500-FeD  / X/
Magnesium 6.21 mg/L 0.025 SW846-6010B /X /
Potassium 2 mg/L U 2 SW846-6010B /X /
Sodium 16.2 mg/L 2 SW846-6010B /X /
METAL-D
Copper, Dissolved 0.025 mg/L BU 0.025 SW846-6010B /X /
VOA
1,1,1-Trichloroethane 100 ug/llL U 100 SW 846-8260 BL-TEMP
1,1,2,2-Tetrachloroethane 100 ug/lL U 100 SW846-8260 BL-TEMP
1,1,2-Trichloroethane 100 ug/lL U 100 SW 846-8260 BL-TEMP
1,1-Dichloroethane 100 ug/L U 100 SW846-8260 BL-TEMP
1,1-Dichloroethene 100 ug/L U 100 SW846-8260 BL-TEMP
1,2-Dichloroethane 100 ug/L U 100 SW846-8260 BL-TEMP
1,2-Dichloropropane 100 ug/L U 100 SW846-8260 BL-TEMP
1,2-Dimethylbenzene 100 ug/L U 100 SW846-8260 BL-TEMP
2-Butanone 200 ug/L U 200 SW846-8260 BL-TEMP
2-Hexanone 200 ug/L U 200 SW846-8260 BL-TEMP
4-Methyl-2-pentanone 200 ug/L U 200 SW846-8260 BL-TEMP
Acetone 200 ug/L U 200 SW846-8260 BL-TEMP
Benzene 100 ug/L U 100 SW846-8260 BL-TEMP
Bromodichloromethane 100 ug/L U 100 SW846-8260 BL-TEMP
Bromoform 100 ug/L U 100 SW846-8260 BL-TEMP
Bromomethane 100 ug/L U 100 SW846-8260 BL-TEMP
Carbon disulfide 100 ug/llL U 100 SW 846-8260 BL-TEMP
Carbon tetrachloride 100 ug/lL U 100 SW846-8260  BL-TEMP
Chlorobenzene 100 ug/L U 100 SW846-8260 BL-TEMP
Chloroethane 100 ug/L U 100 SW846-8260  BL-TEMP
Chloroform 100 ug/llL U 100 SW846-8260  BL-TEMP
Chloromethane 100 ug/L U 100 SW846-8260 BL-TEMP
cis-1,2-Dichloroethene 100 ug/lL U 100 SW846-8260  BL-TEMP
cis-1,3-Dichloropropene 100 ug/lL U 100 SW846-8260  BL-TEMP
Cco2 57400 ug/L 13480 RSK175 X/
Dibromochloromethane 100 ug/L U 100 SW846-8260  BL-TEMP
Ethylbenzene 100 ug/L U 100 SW846-8260 BL-TEMP
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m,p-Xylene 200 ug/lL U 200 SW846-8260  BL-TEMP
Methane 0.32 ug/L U 0.32 RSK175 I X/
Methylene chloride 100 ug/L U 100 SW846-8260  BL-TEMP
Styrene 100 ug/lL U 100 SW846-8260  BL-TEMP
Tetrachloroethene 100 ug/lL U 100 SW846-8260  BL-TEMP
Toluene 100 ug/L U 100 SW846-8260 BL-TEMP
Total Xylene 300 ug/L U 300 SW846-8260  BL-TEMP
trans-1,2-Dichloroethene 100 ug/lL U 100 SW846-8260  BL-TEMP
trans-1,3-Dichloropropene 100 ug/lL U 100 SW846-8260  BL-TEMP
Trichloroethene 700 ug/lL D 20 SW846-8260  BL-TEMP
Vinyl acetate 200 ug/lL U 200 SW846-8260  BL-TEMP
Vinyl chloride 40 ug/L U 40 SW846-8260  BL-TEMP
WETCHEM

Alkalinity 72 mg/L 10 EPA-310.1 X/
Bicarbonate as CaCO3 72 mg/L 10 SM-2320 B 17 I X1
Carbonate as CaCO3 10 mg/L U 10 SM-2320 B 17 I X/
Dissolved Organic Carbon 1 mg/L U SW 846-9060 X /BL-HS
Phosphate as Phosphorous 1 mg/L  BUX SW846-9056 I X1
Total Organic Carbon 1 mgll U 1 SW846-9060 X / BL-HS

(TOC)

158




FB1ENZ5-07from: QC on 5/22/2007 Media: W Q SmpMethod: Comments:

Results coutrror  Units nting

Result Qual

Reporting Limit

Analysis Foot Note TPU Method VIVIA*
ANION

Chloride 2 mg/L U 2 SW846-9056 X/
Nitrate 4.4 mg/L U 4.4 SW846-9056 X/
Orthophosphate 3.1 mg/L U 3.1 SW846-9056 I X/
Sulfate 2 mg/L U 2 SW846-9056 X/
METAL

Calcium 1 mg/L ] 1 SW 846-6010B I X1
Copper 0.025 mg/L BU 0.025 SW846-6010B I X1
Iron (2+) 0.02 mg/L U 0.02 SM-3500-Fe D I X/
Magnesium 0.025 mg/L U 0.025 SW846-6010B I X1
Potassium 2 mg/L U 2 SW846-6010B I X1
Sodium 2 mg/L U 2 SW846-6010B I X1
VOA

1,1,1-Trichloroethane 5 ug/L U 5 SW846-8260 I X1
1,1,2,2-Tetrachloroethane 5 ug/L U 5 SW846-8260 I X/
1,1,2-Trichloroethane 5 ug/L U 5 SW846-8260 I X/
1,1-Dichloroethane 5 ug/L U 5 SW846-8260 I X/
1,1-Dichloroethene 5 ug/L U 5 SW846-8260 I X/
1,2-Dichloroethane 5 ug/L U 5 SW846-8260 I X/
1,2-Dichloropropane 5 ug/L ] 5 SW846-8260 I X/
1,2-Dimethylbenzene 5 ug/L U 5 SW846-8260 I X1
2-Butanone 10 ug/L U 10 SW846-8260 I X/
2-Hexanone 10 ug/L ] 10 SW846-8260 I X/
4-Methyl-2-pentanone 10 ug/L U 10 SW846-8260 I X/
Acetone 14 ug/L J 10 SW846-8260 X/
Benzene 5 ug/L U 5 SW846-8260 I X1
Bromodichloromethane 5 ug/L ] 5 SW846-8260 I X1
Bromoform 5 ug/L U 5 SW846-8260 I X1
Bromomethane 5 ug/L U 5 SW846-8260 I X/
Carbon disulfide 5 ug/L ] 5 SW 846-8260 I X1
Carbon tetrachloride 5 ug/L U 5 SW846-8260 I X1
Chlorobenzene 5 ug/L ] 5 SW846-8260 I X1
Chloroethane 5 ug/L ] 5 SW846-8260 I X1
Chloroform 5 ug/L U 5 SW846-8260 I X1
Chloromethane 5 ug/L JU 5 SW846-8260 I X1
cis-1,2-Dichloroethene 5 ug/L U 5 SW846-8260 I X1
cis-1,3-Dichloropropene 5 ug/L U 5 SW846-8260 I X1
Co2 674 ug/L U 674 RSK175 X/
Dibromochloromethane 5 ug/L U 5 SW846-8260 I X1
Ethylbenzene 5 ug/L U 5 SW846-8260 X/
m,p-Xylene 10 ug/L U 10 SW846-8260 I X/
Methane 0.32 ug/L U 0.32 RSK175 X/
Methylene chloride 5 ug/L U 5 SW846-8260 X/
Styrene 5 ug/L U 5 SW846-8260 X/
Tetrachloroethene 5 ug/L U 5 SW846-8260 I X/
Toluene 5 ug/L U 5 SW846-8260 I X/
Total Xylene 15 ug/L U 15 SW846-8260 I X/
trans-1,2-Dichloroethene 5 ug/L U 5 SW846-8260 I X/
trans-1,3-Dichloropropene 5 ug/L U SW846-8260 I X1
Trichloroethene 1 ug/L U 1 SW846-8260 I X/
Vinyl acetate 10 ug/L U 10 SW846-8260 I X1
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Vinyl chloride 2 ug/L U 2 SW846-8260 X/
WETCHEM

Alkalinity 10 mg/L U 10 EPA-310.1 I X1
Bicarbonate as CaCO3 10 mg/L U 10 SM-2320 B 17 I X1
Carbonate as CaCO3 10 mg/L U 10 SM-2320 B 17 I X1
Dissolved Organic Carbon mg/L U 1 SW 846-9060 I X1
Phosphate as Phosphorous mg/L ] 1 SW846-9056 I X1
Total Organic Carbon (TOC) mg/L ] 1 SW846-9060 X/
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RI1ENZ5-07from: QC on 5/22/2007 Media: W Q SmpMethod: Comments:

Results couError  UnIits nting

Result Qual

Reporting Limit

Analysis Foot Note TPU Method VIVIA*
ANION

Chloride 2 mg/L U 2 SW846-9056 /X1
Nitrate 44 mg/L U 4.4 SW846-9056 X/
Orthophosphate 3.1 mg/L U 31 SW846-9056 I X/
Sulfate 2 mg/L U 2 SW846-9056 X/
METAL

Calcium 1 mg/L U 1 SW 846-6010B I X1
Copper 0.025 mg/L BU 0.025 SW846-6010B I X1
Iron (2+) 0.02 mg/L u 0.02 SM-3500-Fe D I X/
Magnesium 0.025 mg/L U 0.025 SW846-6010B I X1
Potassium 2 mg/L U 2 SW846-6010B I X1
Sodium 2 mg/L U 2 SW846-6010B /X1
VOA

1,1,1-Trichloroethane 5 ug/L U 5 SW846-8260 I X1
1,1,2,2-Tetrachloroethane 5 ug/L U 5 SW846-8260 I X/
1,1,2-Trichloroethane 5 ug/L U 5 SW846-8260 I X/
1,1-Dichloroethane 5 ug/L U 5 SW846-8260 I X/
1,1-Dichloroethene 5 ug/L U 5 SW846-8260 I X/
1,2-Dichloroethane 5 ug/L U 5 SW846-8260 I X/
1,2-Dichloropropane 5 ug/L U 5 SW846-8260 I X/
1,2-Dimethylbenzene 5 ug/L U 5 SW846-8260 I X1
2-Butanone 10 ug/L U 10 SW846-8260 I X1
2-Hexanone 10 ug/L U 10 SW846-8260 I X/
4-Methyl-2-pentanone 10 ug/L U 10 SW846-8260 I X/
Acetone 54 ug/L J 10 SW846-8260 X/
Benzene 5 ug/L U 5 SW846-8260 I X1
Bromodichloromethane 5 ug/L U 5 SW846-8260 I X1
Bromoform 5 ug/L U 5 SW846-8260 I X1
Bromomethane 5 ug/L U 5 SW846-8260 I X/
Carbon disulfide 5 ug/L U 5 SW 846-8260 I X1
Carbon tetrachloride 5 ug/L U 5 SW846-8260 I X1
Chlorobenzene 5 ug/L U 5 SW846-8260 I X1
Chloroethane 5 ug/L U 5 SW846-8260 I X1
Chloroform 5 ug/L U 5 SW846-8260 I X1
Chloromethane 5 ug/L JU 5 SW846-8260 I X1
cis-1,2-Dichloroethene 5 ug/L U 5 SW846-8260 I X1
cis-1,3-Dichloropropene 5 ug/L U 5 SW846-8260 I X1
Co2 674 ug/L U 674 RSK175 X/
Dibromochloromethane 5 ug/L U 5 SW846-8260 I X1
Ethylbenzene 5 ug/L U 5 SW846-8260 X/
m,p-Xylene 10 ug/L U 10 SW846-8260 I X/
Methane 1.01 ug/L 0.32 RSK175 I X/
Methylene chloride 5 ug/L U 5 SW846-8260 I X1
Styrene 5 ug/L U 5 SW846-8260 I X1
Tetrachloroethene 5 ug/L U 5 SW846-8260 I X1
Toluene 5 ug/L U 5 SW846-8260 I X1
Total Xylene 15 ug/L U 15 SW846-8260 I X1
trans-1,2-Dichloroethene ug/L U 5 SW846-8260 I X1
trans-1,3-Dichloropropene ug/L U 5 SW846-8260 I X1
Trichloroethene ug/L U 1 SW846-8260 I X1
Vinyl acetate 10 ug/L U 10 SW846-8260 I X/
Vinyl chloride 2 ug/L U 2 SW846-8260 I X1
WETCHEM
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Alkalinity

Bicarbonate as CaCO3
Carbonate as CaCO3
Dissolved Organic Carbon
Phosphate as Phosphorous
Total Organic Carbon (TOC)

10
10
10

mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
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cC Cccccc

10
10
10

EPA-310.1
SM-2320B 17
SM-2320B 17
SW 846-9060

SW846-9056
SW846-9060

I X/
I X1
I X1
I X1
I X1
I X1



TB1ENZ5-07from: QC on 5/15/2007 Media: W Q SmpMethod: Comments:

Counting Result Foot Reporting

Analysis Results Error Units Qual Note  Limit TPU Method VIVIA*
VOA

1,1,1-Trichloroethane 5 ug/L U 5 SW846-8260 I X/
1,1,2,2-Tetrachloroethane 5 ug/L U 5 SW846-8260 I X/
1,1,2-Trichloroethane 5 ug/L U 5 SW846-8260 I X/
1,1-Dichloroethane 5 ug/L U 5 SW846-8260 I X/
1,1-Dichloroethene 5 ug/L U 5 SW846-8260 I X/
1,2-Dichloroethane 5 ug/L U 5 SW846-8260 I X/
1,2-Dichloropropane 5 ug/L U 5 SW846-8260 X/
1,2-Dimethylbenzene 5 ug/L U 5 SW846-8260 I X/
2-Butanone 10 ug/L U 10 SW846-8260 I X/
2-Hexanone 10 ug/L U 10 SW846-8260 I X/
4-Methyl-2-pentanone 10 ug/L U 10 SW846-8260 I X/
Acetone 10 ug/L U 10 SW846-8260 I X/
Benzene 5 ug/L U 5 SW846-8260 I X/
Bromodichloromethane 5 ug/L U 5 SW846-8260 I X/
Bromoform 5 ug/L U 5 SW846-8260 I X/
Bromomethane 5 ug/L U 5 SW846-8260 I X/
Carbon disulfide 5 ug/L U 5 SW 846-8260 I X/
Carbon tetrachloride 5 ug/L U 5 SW846-8260 I X/
Chlorobenzene 5 ug/L U 5 SW846-8260 I X/
Chloroethane 5 ug/L U 5 SW846-8260 I X/
Chloroform 5 ug/L U 5 SW846-8260 I X/
Chloromethane 5 ug/L U 5 SW846-8260 I X/
cis-1,2-Dichloroethene 5 ug/L U 5 SW846-8260 I X/
cis-1,3-Dichloropropene 5 ug/L U 5 SW846-8260 I X/
COo2 674 ug/L U 674 RSK175 I X1/
Dibromochloromethane 5 ug/L U 5 SW846-8260 I X/
Ethylbenzene 5 ug/L U 5 SW846-8260 I X/
m,p-Xylene 10 ug/L U 10 SW846-8260 I X/
Methane 0.923 ug/L 0.32 RSK175 I X/
Methylene chloride 5 ug/L U 5 SW846-8260 I X/
Styrene 5 ug/L U 5 SW846-8260 I X/
Tetrachloroethene 5 ug/L U 5 SW846-8260 I X/
Toluene 5 ug/L U 5 SW846-8260 I X/
Total Xylene 15 ug/L U 15 SW846-8260 I X/
trans-1,2-Dichloroethene 5 ug/L U 5 SW846-8260 I X/
trans-1,3-Dichloropropene 5 ug/L U 5 SW846-8260 I X/
Trichloroethene 1 ug/L U 1 SW846-8260 I X/
Vinyl acetate 10 ug/L U 10 SW846-8260 I X/
Vinyl chloride 2 ug/L U 2 SW846-8260 I X/
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TB2ENZ5-07from: QC on 5/16/2007 Media: W Q SmpMethod: Comments:

Analysis Results ~ COMMMOETr Units  omlt e oot TPU Method VIVIA*
VOA

1,1,1-Trichloroethane 5 ug/L U 5 SW846-8260 I X/
1,1,2,2-Tetrachloroethane 5 ug/L U 5 SW846-8260 I X/
1,1,2-Trichloroethane 5 ug/L U 5 SW846-8260 I X/
1,1-Dichloroethane 5 ug/L U 5 SW846-8260 I X/
1,1-Dichloroethene 5 ug/L U 5 SW846-8260 I X/
1,2-Dichloroethane 5 ug/L U 5 SW846-8260 I X/
1,2-Dichloropropane 5 ug/L U 5 SW846-8260 X/
1,2-Dimethylbenzene 5 ug/L U 5 SW846-8260 I X/
2-Butanone 10 ug/L JU 10 SW846-8260 X1
2-Hexanone 10 ug/L 10 SW846-8260 I X/
4-Methyl-2-pentanone 10 ug/L 10 SW846-8260 X/
Acetone 10 ug/L JU 10 SW846-8260 I X1
Benzene 5 ug/L U 5 SW846-8260 I X1/
Bromodichloromethane 5 ug/L U 5 SW846-8260 I X/
Bromoform 5 ug/L U 5 SW846-8260 I X/
Bromomethane 5 ug/L U 5 SW846-8260 I X/
Carbon disulfide 5 ug/L U 5 SW 846-8260 I X/
Carbon tetrachloride 5 ug/L U 5 SW846-8260 I X/
Chlorobenzene 5 ug/L U 5 SW846-8260 I X/
Chloroethane 5 ug/L U 5 SW846-8260 I X/
Chloroform 5 ug/L U 5 SW846-8260 I X/
Chloromethane 5 ug/L U 5 SW846-8260 I X/
cis-1,2-Dichloroethene 5 ug/L U 5 SW846-8260 I X/
cis-1,3-Dichloropropene 5 ug/L U 5 SW846-8260 I X/
Cco2 674 ug/L u 674 RSK175 I X/
Dibromochloromethane 5 ug/L U 5 SW846-8260 I X/
Ethylbenzene 5 ug/L U 5 SW846-8260 X/
m,p-Xylene 10 ug/L U 10 SW846-8260 I X/
Methane 1.07 ug/L 0.32 RSK175 I X/
Methylene chloride 5 ug/L U 5 SW846-8260 I X/
Styrene 5 ug/L u 5 SW846-8260 X1
Tetrachloroethene 5 ug/L U 5 SW846-8260 I X/
Toluene 5 ug/L u 5 SW846-8260 X1
Total Xylene 15 ug/L U 15 SW846-8260 I X/
trans-1,2-Dichloroethene 5 ug/L U 5 SW846-8260 I X/
trans-1,3-Dichloropropene 5 ug/L U 5 SW846-8260 I X/
Trichloroethene 1 ug/L U 1 SW846-8260 I X/
Vinyl acetate 10 ug/L JU 10 SW846-8260 I X/
Vinyl chloride 2 ug/L u 2 SW846-8260 IX1
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TB3ENZ5-07from: QC on 5/17/2007 Media: W Q SmpMethod: Comments:

Analysis Results ~ COUMMOETr Units  omlt e oot TPU Method VIVIA*
VOA

1,1,1-Trichloroethane 5 ug/L U 5 SW846-8260 I X/
1,1,2,2-Tetrachloroethane 5 ug/L U 5 SW846-8260 I X/
1,1,2-Trichloroethane 5 ug/L U 5 SW846-8260 I X/
1,1-Dichloroethane 5 ug/L U 5 SW846-8260 I X/
1,1-Dichloroethene 5 ug/L U 5 SW846-8260 I X/
1,2-Dichloroethane 5 ug/L U 5 SW846-8260 I X/
1,2-Dichloropropane 5 ug/L U 5 SW846-8260 X/
1,2-Dimethylbenzene 5 ug/L U 5 SW846-8260 I X/
2-Butanone 10 ug/L JU 10 SW846-8260 X1
2-Hexanone 10 ug/L 10 SW846-8260 I X/
4-Methyl-2-pentanone 10 ug/L 10 SW846-8260 X/
Acetone 10 ug/L JU 10 SW846-8260 I X1
Benzene 5 ug/L U 5 SW846-8260 I X1/
Bromodichloromethane 5 ug/L U 5 SW846-8260 I X/
Bromoform 5 ug/L U 5 SW846-8260 I X/
Bromomethane 5 ug/L U 5 SW846-8260 I X/
Carbon disulfide 5 ug/L U 5 SW 846-8260 I X/
Carbon tetrachloride 5 ug/L U 5 SW846-8260 I X/
Chlorobenzene 5 ug/L U 5 SW846-8260 I X/
Chloroethane 5 ug/L U 5 SW846-8260 I X/
Chloroform 5 ug/L U 5 SW846-8260 I X/
Chloromethane 5 ug/L U 5 SW846-8260 I X/
cis-1,2-Dichloroethene 5 ug/L U 5 SW846-8260 I X/
cis-1,3-Dichloropropene 5 ug/L U 5 SW846-8260 I X/
Cco2 674 ug/L u 674 RSK175 I X/
Dibromochloromethane 5 ug/L U 5 SW846-8260 I X/
Ethylbenzene 5 ug/L U 5 SW846-8260 X/
m,p-Xylene 10 ug/L U 10 SW846-8260 I X/
Methane 0.904 ug/L 0.32 RSK175 I X/
Methylene chloride 5 ug/L U 5 SW846-8260 I X/
Styrene 5 ug/L u 5 SW846-8260 X1
Tetrachloroethene 5 ug/L U 5 SW846-8260 I X/
Toluene 5 ug/L u 5 SW846-8260 X1
Total Xylene 15 ug/L U 15 SW846-8260 I X/
trans-1,2-Dichloroethene 5 ug/L U 5 SW846-8260 I X/
trans-1,3-Dichloropropene 5 ug/L U 5 SW846-8260 I X/
Trichloroethene 1 ug/L U 1 SW846-8260 I X/
Vinyl acetate 10 ug/L JU 10 SW846-8260 I X/
Vinyl chloride 2 ug/L u 2 SW846-8260 IX1
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TB4ENZ5-07from: QC on 5/21/2007 Media: W Q SmpMethod: Comments:

Analysis Results ~ COUMMOETr Units  omlt e oot TPU Method VIVIA*
VOA

1,1,1-Trichloroethane 5 ug/L U 5 SW846-8260 I X/
1,1,2,2-Tetrachloroethane 5 ug/L U 5 SW846-8260 I X/
1,1,2-Trichloroethane 5 ug/L U 5 SW846-8260 I X/
1,1-Dichloroethane 5 ug/L U 5 SW846-8260 I X/
1,1-Dichloroethene 5 ug/L U 5 SW846-8260 I X/
1,2-Dichloroethane 5 ug/L U 5 SW846-8260 I X/
1,2-Dichloropropane 5 ug/L U 5 SW846-8260 X/
1,2-Dimethylbenzene 5 ug/L U 5 SW846-8260 I X/
2-Butanone 10 ug/L u 10 SW846-8260 X1
2-Hexanone 10 ug/L U 10 SW846-8260 I X/
4-Methyl-2-pentanone 10 ug/L U 10 SW846-8260 X/
Acetone 10 ug/L U 10 SW846-8260 I X1
Benzene 5 ug/L U 5 SW846-8260 I X1/
Bromodichloromethane 5 ug/L U 5 SW846-8260 I X/
Bromoform 5 ug/L U 5 SW846-8260 I X/
Bromomethane 5 ug/L U 5 SW846-8260 I X/
Carbon disulfide 5 ug/L U 5 SW 846-8260 I X/
Carbon tetrachloride 5 ug/L U 5 SW846-8260 I X/
Chlorobenzene 5 ug/L U 5 SW846-8260 I X/
Chloroethane 5 ug/L U 5 SW846-8260 I X/
Chloroform 5 ug/L U 5 SW846-8260 I X/
Chloromethane 5 ug/L JU 5 SW846-8260 I X/
cis-1,2-Dichloroethene 5 ug/L U 5 SW846-8260 I X/
cis-1,3-Dichloropropene 5 ug/L U 5 SW846-8260 I X/
Cco2 674 ug/L u 674 RSK175 I X/
Dibromochloromethane 5 ug/L U 5 SW846-8260 I X/
Ethylbenzene 5 ug/L U 5 SW846-8260 X/
m,p-Xylene 10 ug/L U 10 SW846-8260 I X/
Methane 0.829 ug/L 0.32 RSK175 I X/
Methylene chloride 5 ug/L U 5 SW846-8260 I X/
Styrene 5 ug/L u 5 SW846-8260 X1
Tetrachloroethene 5 ug/L U 5 SW846-8260 I X/
Toluene 5 ug/L u 5 SW846-8260 X1
Total Xylene 15 ug/L U 15 SW846-8260 I X/
trans-1,2-Dichloroethene 5 ug/L U 5 SW846-8260 I X/
trans-1,3-Dichloropropene 5 ug/L U 5 SW846-8260 I X/
Trichloroethene 1 ug/L U 1 SW846-8260 I X/
Vinyl acetate 10 ug/L U 10 SW846-8260 I X/
Vinyl chloride 2 ug/L u 2 SW846-8260 IX1
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TB5ENZ5-07from: QC on 5/22/2007 Media: W Q SmpMethod: Comments:

Analysis Results ~ COMMMOETr Units  omlt e oot TPU Method VIVIA*
VOA

1,1,1-Trichloroethane 5 ug/L U 5 SW846-8260 I X/
1,1,2,2-Tetrachloroethane 5 ug/L U 5 SW846-8260 I X/
1,1,2-Trichloroethane 5 ug/L U 5 SW846-8260 I X/
1,1-Dichloroethane 5 ug/L U 5 SW846-8260 I X/
1,1-Dichloroethene 5 ug/L U 5 SW846-8260 I X/
1,2-Dichloroethane 5 ug/L U 5 SW846-8260 I X/
1,2-Dichloropropane 5 ug/L U 5 SW846-8260 X/
1,2-Dimethylbenzene 5 ug/L U 5 SW846-8260 I X/
2-Butanone 10 ug/L u 10 SW846-8260 X1
2-Hexanone 10 ug/L U 10 SW846-8260 I X/
4-Methyl-2-pentanone 10 ug/L U 10 SW846-8260 X/
Acetone 10 ug/L JU 10 SW846-8260 I X1
Benzene 5 ug/L U 5 SW846-8260 I X1/
Bromodichloromethane 5 ug/L U 5 SW846-8260 I X/
Bromoform 5 ug/L U 5 SW846-8260 I X/
Bromomethane 5 ug/L U 5 SW846-8260 I X/
Carbon disulfide 5 ug/L U 5 SW 846-8260 I X/
Carbon tetrachloride 5 ug/L U 5 SW846-8260 I X/
Chlorobenzene 5 ug/L U 5 SW846-8260 I X/
Chloroethane 5 ug/L U 5 SW846-8260 I X/
Chloroform 5 ug/L U 5 SW846-8260 I X/
Chloromethane 5 ug/L JU 5 SW846-8260 I X/
cis-1,2-Dichloroethene 5 ug/L U 5 SW846-8260 I X/
cis-1,3-Dichloropropene 5 ug/L U 5 SW846-8260 I X/
Cco2 674 ug/L u 674 RSK175 I X/
Dibromochloromethane 5 ug/L U 5 SW846-8260 I X/
Ethylbenzene 5 ug/L U 5 SW846-8260 X/
m,p-Xylene 10 ug/L U 10 SW846-8260 I X/
Methane 1.16 ug/L 0.32 RSK175 I X/
Methylene chloride 5 ug/L U 5 SW846-8260 I X/
Styrene 5 ug/L u 5 SW846-8260 X1
Tetrachloroethene 5 ug/L U 5 SW846-8260 I X/
Toluene 5 ug/L u 5 SW846-8260 X1
Total Xylene 15 ug/L U 15 SW846-8260 I X/
trans-1,2-Dichloroethene 5 ug/L U 5 SW846-8260 I X/
trans-1,3-Dichloropropene 5 ug/L U 5 SW846-8260 I X/
Trichloroethene 1 ug/L U 1 SW846-8260 I X/
Vinyl acetate 10 ug/L U 10 SW846-8260 I X/
Vinyl chloride 2 ug/L u 2 SW846-8260 IX1
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TB6ENZ5-07from: QC on 5/23/2007 Media: W Q SmpMethod: Comments:

Analysis Results ~ COMMMOETr Units  omlt e oot TPU Method VIVIA*
VOA

1,1,1-Trichloroethane 5 ug/L U 5 SW846-8260 I X/
1,1,2,2-Tetrachloroethane 5 ug/L U 5 SW846-8260 I X/
1,1,2-Trichloroethane 5 ug/L U 5 SW846-8260 I X/
1,1-Dichloroethane 5 ug/L U 5 SW846-8260 I X/
1,1-Dichloroethene 5 ug/L U 5 SW846-8260 I X/
1,2-Dichloroethane 5 ug/L U 5 SW846-8260 I X/
1,2-Dichloropropane 5 ug/L U 5 SW846-8260 X/
1,2-Dimethylbenzene 5 ug/L U 5 SW846-8260 I X/
2-Butanone 10 ug/L u 10 SW846-8260 X1
2-Hexanone 10 ug/L U 10 SW846-8260 I X/
4-Methyl-2-pentanone 10 ug/L U 10 SW846-8260 X/
Acetone 10 ug/L JU 10 SW846-8260 I X1
Benzene 5 ug/L U 5 SW846-8260 I X1/
Bromodichloromethane 5 ug/L U 5 SW846-8260 I X/
Bromoform 5 ug/L U 5 SW846-8260 I X/
Bromomethane 5 ug/L U 5 SW846-8260 I X/
Carbon disulfide 5 ug/L U 5 SW 846-8260 I X/
Carbon tetrachloride 5 ug/L U 5 SW846-8260 I X/
Chlorobenzene 5 ug/L U 5 SW846-8260 I X/
Chloroethane 5 ug/L U 5 SW846-8260 I X/
Chloroform 5 ug/L U 5 SW846-8260 I X/
Chloromethane 5 ug/L JU 5 SW846-8260 I X/
cis-1,2-Dichloroethene 5 ug/L U 5 SW846-8260 I X/
cis-1,3-Dichloropropene 5 ug/L U 5 SW846-8260 I X/
Cco2 674 ug/L u 674 RSK175 I X/
Dibromochloromethane 5 ug/L U 5 SW846-8260 I X/
Ethylbenzene 5 ug/L U 5 SW846-8260 X/
m,p-Xylene 10 ug/L U 10 SW846-8260 I X/
Methane 0.32 ug/L u 0.32 RSK175 I X/
Methylene chloride 5 ug/L U 5 SW846-8260 I X/
Styrene 5 ug/L u 5 SW846-8260 X1
Tetrachloroethene 5 ug/L U 5 SW846-8260 I X/
Toluene 5 ug/L u 5 SW846-8260 X1
Total Xylene 15 ug/L U 15 SW846-8260 I X/
trans-1,2-Dichloroethene 5 ug/L U 5 SW846-8260 I X/
trans-1,3-Dichloropropene 5 ug/L U 5 SW846-8260 I X/
Trichloroethene 1.7 ug/L 1 SW846-8260 X/
Vinyl acetate 10 ug/L 10 SW846-8260 I X/
Vinyl chloride 2 ug/L u 2 SW846-8260 IX1
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Geochemical Sampling
12/19/08
Conducted during Stable Carbon Isotope Sample Collection
Paducah OREIS Report for ER108-TCEDEG
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Paducah OREIS Report for ERI08-TCEDEG
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MWI25CAR 1L
ERI08-TCEDEG ol R Mwizs | 12192007 | WG | GR REG VOA | i e | 25 ug/L 25 PGDP| 82608 X 5
ERI08-TCEDEG | MWIBBCAR | \ipneg | 1211912007 | wa | R REG VOA L1 6.2 ug/L 6.2 PGDP| 82608 x| 125
B12-07 Trichloroethane
ERI08-TCEDEG | MWIBSCAR | \inngs | 1211912007 | wa | R REG VOA L1 120 ug/L 120 PGDP| 82608 X 25
B12-07 Trichloroethane
ERI08-TCEDEG | MWIMCAR | \ipnga | 1211912007 | wae | GR REG VOA 111 5 ug/L 5 PGDP| 82608 X 1
B12-07 Trichloroethane
MW197CAR TIL
ERI08-TCEDEG VOISR Mwagr | 12192007 | WG | GR REG VoA | Lt | s ug/L 5 PGDP| 82608 X 1
MW236CAR TLL
ERI08-TCEDEG VESOSAR | Mwase | 12192007 | WG | GR REG VoA | Lt | s ug/L 5 PGDP| 82608 X 1
MW242CAR 111
ERI08-TCEDEG o R | Mwasz | 121912007 | WG | GR REG VOA | i e | 5 ug/L 5 PGDP| 82608 X 1
ERI08-TCEDEG | MW243CAR | \iwoas | 12110912007 | we | GR REG VOA Ll 25 ug/L 25 PGDP| 82608 X 5
B12-07 Trichloroethane
ERI08-TCEDEG | MW2B2CAR | \ipoer | 1211912007 | wa | GR REG VOA L1 50 ug/L 50 PGDP| 82608 X 10
B12-07 Trichloroethane
ERI08-TCEDEG | MWS40CAR | \inaag | 1211912007 | wa | GR REG VOA 111 400 ug/L 400 PGDP| 82608 X 80
B12-07 Trichloroethane
ErI08-TCEDEG | MWSBLCAR | \ivyagy | 1211912007 | wa | GR REG VOA LI 5 ug/L 5 PGDP| 82608 X 1
B12-07 Trichloroethane
MWG66CARB TLL
ERI08-TCEDEG s MWe6 | 12/19/2007 | WG | GR REG VoA | ool | 2 ug/L 25 PGDP| 82608 X 5
TBICARBI2- 111
ERI08-TCEDEG o Qc | 121100007 | wQ | GR B VOA | i e | 5 ug/L 5 PGDP| 82608 X 1
ERI0S-TCEDEG | TBZCARBIZ-| o | 1519900007 | wQ | GR i VOA 1Ll 5 ug/L 5 PGDP| 82608 X 1
07 Trichloroethane
ERI08-TCEDEG | MWIZSCAR | \inios | 1211912007 | wa | GR REG VOA 1.1,2,2- 25 ug/L 25 PGDP| 82608 X 5
B12-07 Tetrachloroethane
ErI08-TCEDEG | MWIBBCAR | \ipneg | 1211912007 | wae | GR REG VOA 1.1,2,2- 6.2 ug/L 6.2 PGDP| 82608 x| 125
B12-07 Tetrachloroethane
ErI08-TCEDEG | MWIBSCAR | \ings | 1211912007 | wa | GR REG VOA 1.1,2,2- 120 ug/L 120 PGDP| 82608 X 25
B12-07 Tetrachloroethane
MW194CAR L122-
ERI08-TCEDEG VTR Mwags | 12192007 | WG | GR REG VoA | il |5 ug/L 5 PGDP| 82608 X 1
MW197CAR 1,1.2.2-
ERI08-TCEDEG oo T Mwie7 | 121912007 | WG | GR REG VOA | 2z | s ug/L 5 PGDP| 82608 X 1
MW236CAR 1,1,2,2-
ERI08-TCEDEG NOAR | Mwass | 12912007 | WG | GR REG VOA | a2z s ug/L 5 PGDP| 82608 X 1
ERI0B-TCEDEG | MW242CAR | \ipoas | 1211912007 | wa | GR REG VOA 1.1,2,2- 5 ug/L 5 PGDP| 82608 X 1
B12-07 Tetrachloroethane
ERI0B-TCEDEG | MW24SCAR | \ipoas | 1211912007 | wa | GR REG VOA 1.1,2,2- 25 ug/L 25 PGDP| 82608 X 5
B12-07 Tetrachloroethane
ERI08-TCEDEG | MW2B2CAR | \ipeo | 1211912007 | wa | GR REG VOA 1.1,2,2- 50 ug/L 50 PGDP| 82608 X 10
B12-07 Tetrachloroethane
MW340CAR L122-
ERI08-TCEDEG VINTR | Mwado | 12192007 | WG | GR REG VoA | o ttAZ | 400 ug/L 400 PGDP| 82608 X 80
MW38LCAR L122-
ERI08-TCEDEG SR | Mwast | 121972007 | WG | GR REG VOA | itz s ug/L 5 PGDP| 82608 X 1
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MW66CARB 1122
ERI08-TCEDEG e MWe6 | 12/19/2007 | WG | GR REG VOA | i | 25 ugiL 25 PGDP | 8260B X 5
TBICARBLZ- 11.2.2-
ERI08-TCEDEG o oc | 12192007 | wo | R ™ VOA | itz s ugiL 5 PGDP | 82608 X 1
TB2CARBLL- 11.2.2-
ERI08-TCEDEG o oc | 12192007 | wo | GR 8 VoA | L2z | s ugiL 5 PGDP| 82608 X 1
ERI08-TCEDEG | MWI25CAR | \iwios | 1211912007 | we | GR REG VOA _ LL2- 25 ug/L 25 PGDP | 82608 X 5
B12-07 Trichloroethane
MWI68CAR 112
ERI08-TCEDEG VIOBCAR | Mwiss | 121192007 | WG | GR REG VoA | Lotz 62 ug/L 6.2 PGDP | 82608 x| 125
MWIB5CAR 11,2
ERI08-TCEDEG sl ¥ | Mwass | 12192007 | WG | GR REG VOA | it | 120 ugiL 120 PGDP | 8260B X 25
MWI94CAR 11,2
ERI08-TCEDEG oo T Mwisa | 12192007 | WG | GR REG VoA | Lo | s ugiL 5 PGDP | 8260B X 1
ErI08-TCEDEG | MWIYCAR | \inig7 | 1211912007 | wa | R REG VOA o LL2- 5 ug/L 5 PGDP| 82608 X 1
B12-07 Trichloroethane
ERI08-TCEDEG | MW236CAR | \iposg | 1211912007 | wa | GR REG VOA o LL2 5 ug/L 5 PGDP| 82608 X 1
B12-07 Trichloroethane
ERI08-TCEDEG | MW242CAR | \iwoas | 1211972007 | we | GR REG VOA _ LL2- 5 ug/L 5 PGDP| 82608 X 1
B12-07 Trichloroethane
MW243CAR 112
ERI08-TCEDEG VAASCAR | Mwass | 121912007 | WG | GR REG VoA | Lo tZ | s ug/L 25 PGDP | 82608 X 5
MW262CAR 112
ERI08-TCEDEG NICPCAR | mMwzea | 1211912007 | WG | GR REG VoA | ootz | s0 ug/L 50 PGDP | 82608 X 10
MW340CAR 11,2
ERI08-TCEDEG ooy | Mwado | 1211912007 | WG | GR REG VOA | ot | 400 ugiL 400 PGDP | 8260B X 80
ERI08-TCEDEG | MWSBICAR | \iyagy | 1211910007 | wa | R REG VOA o LL2- 5 ug/L 5 PGDP| 82608 X 1
B12-07 Trichloroethane
ERI08-TCEDEG | MWOBCARB | \ives | 1211012007 | we | R REG VOA o LL2- 25 ugiL 25 PGDP| 82608 X 5
12-07 Trichloroethane
TBICARBLL- 11,2
ERI08-TCEDEG o oc | 12192007 | wo | R 8 VoA | Lotz | s ug/L 5 PGDP | 82608 X 1
TB2CARBLZ- 112
ERI08-TCEDEG o oc | 12192007 | wo | oR ™ VoA | L. Z | s ug/L 5 PGDP | 82608 X 1
MWI25CAR .
ERI08-TCEDEG VIZSAR | Mwizs | 121192007 | WG | GR REG VOA | 1,1-Dichloroethane | 5 ug/L 5 PGDP| 82608 X 5
MWI68CAR )
ERI08-TCEDEG o R | Mwass | 12192007 | WG | GR REG VOA | 1,1-Dichloroethane | 1.2 ug/L 12 PGDP | 8260B x| 125
MWI85CAR )
ERI08-TCEDEG VIORAR | Mwiss | 121912007 | WG | GR REG VOA | 1,1-Dichloroethane | 25 ugiL 25 PGDP | 8260B X 25
ERI08-TCEDEG | MWICAR | Mwios | 12102007 | we | GR REG VOA | 1,1-Dichloroethane | 1 ug/L 1 PGDP| 82608 X 1
ERI08-TCEDEG | MWITSAR | mwio7 | 12102007 | we | GR REG VOA | 1,1-Dichloroethane | 1 ugiL 1 PGDP | 8260B X 1
ERI08-TCEDEG | MWZSSSAR | Mwass | 121022007 | we | GR REG VOA | 1,1-Dichloroethane | 1 ugiL 1 PGDP| 8260B X 1
ERI08-TCEDEG | MWZI2SAR | Mwzaz | 12102007 | WG | GR REG VOA | 1,1-Dichloroethane | 1 ug/L 1 PGDP| 82608 X 1
ERI08-TCEDEG Mvé’if&AR MW243 | 12/19/2007 | WG | GR REG VOA | 1,1-Dichloroethane | 5 ug/L 5 PGDP| 82608 X 5
MW262CAR )
ERI08-TCEDEG NISAAR | Mwas2 | 121912007 | WG | GR REG VOA | 1,1-Dichloroethane | 10 ugiL 10 PGDP | 8260B X 10
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ERI08-TCEDEG Mvgig%%AR MW340 | 12/19/2007 | WG | GR REG VOA | 1,1-Dichloroethane | 80 ug/L 80 PGDP| 82608 X 80
ERI08-TCEDEG | MWSSTOAR | Mwas | 12102007 | we | GR REG VOA | 1,1-Dichloroethane | 1 ug/L 1 PGDP| 82608 X 1
eriog-TCEDEG | MWIOCARE | mwes | 121022007 | we | GR REG VOA | 1,1-Dichloroethane | 5 ug/L 5 PGDP| 82608 X 5
ERI08-TCEDEG | TOIPRBIZ | e | 121022007 | wQ | GR B VOA | 1,1-Dichloroethane | 1 ug/L 1 PGDP| 82608 X 1
ERIOB-TCEDEG | TP°CORBIZ | e | 12102007 | wQ | GR 8 VOA | 1,1-Dichloroethane | 1 ug/L 1 PGDP | 82608 X 1
ERI0B-TCEDEG | MWIZ5CAR | Mwizs | 1271012007 | WG | GR REG VOA | 1,1-Dichlorosthene | 5 ug/L 5 PGDP| 82608 X 5
MWI68CAR )
ERI08-TCEDEG Mo R | Mwaes | 12192007 | WG | GR REG VOA | 1,1-Dichlorcethene | 2.8 ug/L 12 PGDP| 82608 x| 125
MW185CAR )
ERI08-TCEDEG IOWAR | Mwiss | 12192007 | WG | GR REG VOA | 1,1-Dichloroethene | 25 ug/L 25 PGDP| 82608 X 25
ERI08-TCEDEG | MWISCAR | Mwioa | 12102007 | we | GR REG VOA | 1,1-Dichloroethene | 1 ug/L 1 PGDP| 82608 X 1
ERI08-TCEDEG | MWITSAR | mwior | 12102007 | we | GR REG VOA | 1,1-Dichloroethene | 1 ug/L 1 PGDP| 82608 X 1
ERI08-TCEDEG | MWZSSCAR | Mwass | 12102007 | we | GR REG VOA | 1,1-Dichloroethene | 1 ug/L 1 PGDP| 82608 X 1
ERI08-TCEDEG Mvg’igi%AR MW242 | 12/19/2007 | WG | GR REG VOA | 1,1-Dichlorcethene | 1.8 ugiL 1 PGDP| 82608 X 1
ERI08-TCEDEG Mvé’if&AR Mw243 | 121192007 | WG | GR REG VOA | 1,1-Dichloroethene | 5 ug/L 5 PGDP| 82608 X 5
ERI08-TCEDEG | MWEDZCAR | Mwze | 12192007 | we | GR REG VOA | 1,1-Dichloroethene | 10 ug/L 10 PGDP| 82608 X 10
ERI08-TCEDEG | MWIS0SAR | Mwaao | 12192007 | we | GR REG VOA | 1,1-Dichloroethene | 80 ug/L 80 PGDP| 82608 X 80
ERI08-TCEDEG | MWISIOAR | vwas1 | 12102007 | we | GR REG VOA | 1,1-Dichloroethene | 1 ug/L 1 PGDP| 82608 X 1
ERI08-TCEDEG waigf‘RB MW66 | 12/19/2007 | WG | GR REG VOA | 1,1-Dichloroethene | 5 ug/L 5 PGDP| 82608 X 5
ERI0B-TCEDEG | TPICARBIZ | oc | 121022007 | wQ | GR 8 VOA | 1,1-Dichloroethene | 1 ug/L 1 PGDP | 82608 X 1
ERI08-TCEDEG TBZCQRBQ' QC | 121192007 | wo | GR B VOA | 1,1-Dichloroethene | 1 ug/L 1 PGDP| 82608 X 1
ERI08-TCEDEG | MWISSSAR | Mwios | 12192007 | we | GR REG VOA | 1,2-Dichloroethane | 25 ug/L 25 PGDP| 82608 X 5
MW168CAR )
ERI08-TCEDEG VISPSAR | Mwiss | 121192007 | WG | GR REG VOA | 1,2-Dichloroethane | 6.2 ug/L 6.2 PGDP| 82608 x| 125
MW1B5CAR )
ERI08-TCEDEG VIOSAR | Mwiss | 12192007 | WG | GR REG VOA | 1,2-Dichloroethane | 120 ug/L 120 PGDP| 82608 X 25
ERI08-TCEDEG | MWISCAR | Mwios | 12102007 | we | GR REG VOA | 1,2-Dichloroethane | 5 ug/L 5 PGDP| 82608 X 1
ERI08-TCEDEG | MWISTSAR | mwio7 | 12102007 | we | GR REG VOA | 1,2-Dichloroethane | 5 ug/L 5 PGDP| 82608 X 1
ERI08-TCEDEG Mvé’igi%AR MW236 | 12/19/2007 | WG | GR REG VOA | 1,2-Dichloroethane | 5 ug/L 5 PGDP| 82608 X 1
ERI08-TCEDEG Mvgigi%AR Mw242 | 121192007 | WG | GR REG VOA | 1,2-Dichloroethane | 5 ug/L 5 PGDP| 82608 X 1
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ERI08-TCEDEG Mvé’if&AR MW243 | 12/19/2007 | WG | GR REG VOA | 1,2-Dichloroethane | 25 ug/L 25 PGDP | 8260B X 5
ERI08-TCEDEG | MWZOZCAR | Mwaea | 12192007 | we | GR REG VOA | 1,2-Dichloroethane | 50 ug/L 50 PGDP | 82608 X 10
MW340CAR :
ERI08-TCEDEG VR | Mwado | 12192007 | WG | GR REG VOA | 1,2-Dichloroethane | 400 ugiL 400 PGDP | 8260B X 80
ERI08-TCEDEG | MWISIOAR | vwag | 12102007 | we | GR REG VOA | 1,2-Dichloroethane | 5 ugiL 5 PGDP| 8260B X 1
erios-TCEDEG | MWOOCARE | mwes | 12102007 | we | oR REG VOA | 1,2-Dichloroethane | 25 ugiL 25 PGDP | 82608 X 5
ERI08-TCEDEG TBngRBlz' QCc | 121192007 | wo | GR B VOA | 1,2-Dichloroethane | 5 ug/L 5 PGDP| 82608 X 1
ERI08-TCEDEG TBZCQRBQ' QC | 121192007 | wo | GR B VOA | 1,2-Dichloroethane | 5 ug/L 5 PGDP| 82608 X 1
ERI08-TCEDEG | MWIZSCAR | \inios | 1211912007 | wa | GR REG voa | . L% 25 ugiL 25 PGDP| 82608 X 5
B12-07 Dichloropropane
ErI08-TCEDEG | MWIBBCAR | \inneg | 1211912007 | wa | GR REG voa | . 1% 6.2 ug/L 6.2 PGDP| 82608 x| 125
B12-07 Dichloropropane
ERI08-TCEDEG | MWIBSCAR | \ivigs | 1211972007 | we | GR REG VoA | . b 120 ug/L 120 PGDP | 82608 X 25
B12-07 Dichloropropane
MWI94CAR 12
ERI08-TCEDEG VISR | Mwisa | 12192007 | WG | GR REG VOA | Lichiomropane | 5 ug/L 5 PGDP | 82608 X 1
MWI97CAR 12
ERI08-TCEDEG VISCAR | Mwier | 121912007 | WG | GR REG VOA | Lichiorropane | 8 ug/L 5 PGDP | 82608 X 1
MW236CAR 1,2-
ERI08-TCEDEG VSR | Mwazs | 12912007 | WG | GR REG VOA | pitiorenropane | 5 ugiL 5 PGDP | 8260B X 1
ERI0B-TCEDEG | MW242CAR | \ippas | 1211912007 | wa | GR REG voa | . L% 5 ug/L 5 PGDP| 82608 X 1
B12-07 Dichloropropane
ERI0B-TCEDEG | MW24SCAR | \inoas | 1211912007 | wa | GR REG voa | . L% 25 ugiL 25 PGDP| 82608 X 5
B12-07 Dichloropropane
ERI08-TCEDEG | MW2B2CAR | \ivoo | 1211912007 | we | GR REG VoA | . b 50 ugiL 50 PGDP | 82608 X 10
B12-07 Dichloropropane
MW340CAR 12
ERI08-TCEDEG VIR | Mwao | 12192007 | WG | GR REG VOA | Lihiormopane | 400 ug/L 400 PGDP | 82608 X 80
MW3B1CAR 12
ERI08-TCEDEG VISLCAR | mwas1 | 1211912007 | WG | GR REG VOA | Lichioraropane | 5 ug/L 5 PGDP | 82608 X 1
MW66CARB 1,2-
ERI08-TCEDEG e MWe6 | 12/19/2007 | WG | GR REG VOA | pinioreropane | 2 ugiL 25 PGDP | 8260B X 5
ERIOS-TCEDEG | 'BICARBI2-| e | 1911910007 | wo | GR B VOA L2 5 ug/L 5 PGDP| 82608 X 1
07 Dichloropropane
ERIOS-TCEDEG | 'B2CARBI2-| e | 1911910007 | wo |  GR B VOA L2 5 ug/L 5 PGDP| 82608 X 1
07 Dichloropropane
ERI08-TCEDEG | MWI25CAR | \iwios | 1211912007 | we | GR REG VoA | .. LZ 25 ugiL 25 PGDP | 82608 X 5
B12-07 Dimethylbenzene
ERI08-TCEDEG | MWIBBCAR | \ivieg | 1211972007 | we | GR REG VoA | .. L& 6.2 ugiL 6.2 PGDP| 82608 x| 125
B12-07 Dimethylbenzene
MWIB5CAR 12
ERI08-TCEDEG VISSCAR | Mwiss | 12192007 | WG | GR REG VOA | picinibenzene | 120 ug/L 120 PGDP | 82608 X 25
MWI94CAR 12
ERI08-TCEDEG oo R Mwisa | 121972007 | WG | GR REG VOA | o vibenzens | 5 ugiL 5 PGDP | 8260B X 1
ERI08-TCEDEG | MWIFTCAR | \iwig7 | 12110912007 | we | GR REG VoA | .. L& 5 ug/L 5 PGDP| 82608 X 1
B12-07 Dimethylbenzene
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MW236CAR 12
ERI08-TCEDEG NOAR | Mwass | 121912007 | WG | GR REG VOA | b vibenzens | 5 ug/L 5 PGDP| 82608 X 1
ERI08-TCEDEG | MW242CAR | \inoas | 1211912007 | wa | GR REG voa | . L% 5 ug/L 5 PGDP| 82608 X 1
B12-07 Dimethylbenzene
ERI08-TCEDEG | MW24SCAR | \ipas | 1211912007 | wa | GR REG VoA | .. L& 25 ug/L 25 PGDP| 82608 X 5
B12-07 Dimethylbenzene
ERI08-TCEDEG | MW2B2CAR | \ipeo | 1211912007 | wa | GR REG VoA | .. LZ 50 ug/L 50 PGDP| 82608 X 10
B12-07 Dimethylbenzene
MW340CAR 12-
ERI08-TCEDEG VIR | Mwao | 12192007 | WG | GR REG VOA | picinibenzene | 400 ug/L 400 PGDP | 82608 X 80
MW381CAR 1,2-
ERI08-TCEDEG NOLCAR | Mwas1 | 121912007 | WG | GR REG VOA | o vibenzens | 5 ug/L 5 PGDP| 82608 X 1
MWG66CARB 1,2-
ERI08-TCEDEG e MWe6 | 12/19/2007 | WG | GR REG VOA | b vibenzens | 2 ug/L 25 PGDP| 82608 X 5
TBICARBIZ- 1.2-
ERI08-TCEDEG o Qc | 121100007 | wQ | ©R B VOA | pictnsibenzene | 5 ugiL 5 PGDP| 82608 X 1
TB2CARBI2- 12-
ERI08-TCEDEG o oc | 121100007 | wQ | GR B VOA | o cinstbenzene | 5 ug/L 5 PGDP| 82608 X 1
MWI125CAR
ERI08-TCEDEG VIR | Mwizs | 12192007 | WG | GR REG VOA 2-Butanone | 50 ug/L 50 PGDP| 82608 X 5
ERI08-TCEDEG | MWISSCAR | vwieg | 12102007 | we | GR REG VOA 2-Butanone | 12 ug/L 12 PGDP | 82608 x| 125
ERI08-TCEDEG Mvgig?éAR MW185 | 12/19/2007 | WG | GR REG VOA 2-Butanone | 250 ug/L 250 PGDP| 82608 X 25
ERI08-TCEDEG Mvgigf‘(%AR MW194 | 121192007 | WG | GR REG VOA 2-Butanone 10 ug/L 10 PGDP| 82608 X 1
ERI08-TCEDEG | MWITCAR | Mwio7 | 12102007 | we | GR REG VOA 2-Butanone | 10 ug/L 10 PGDP | 82608 X 1
ERI08-TCEDEG | MWZSSCAR | Mwass | 12192007 | we | GR REG VOA 2-Butanone | 10 ug/L 10 PGDP | 82608 X 1
ERI08-TCEDEG | MWZIZSAR | Mwza | 12102007 | we | GR REG VOA 2-Butanone | 10 ug/L 10 PGDP| 82608 X 1
ERI08-TCEDEG Mvgif(%AR MW243 | 12/19/2007 | WG | GR REG VOA 2-Butanone 50 ug/L 50 PGDP| 82608 X 5
ERI08-TCEDEG Mvgigi%AR MW262 | 12/19/2007 | WG | GR REG VOA 2-Butanone | 100 ug/L 100 PGDP| 82608 X 10
ERI08-TCEDEG Mvgig%%AR MW340 | 12/19/2007 | WG | GR REG VOA 2-Butanone | 800 ug/L 800 PGDP| 82608 X 80
ERI08-TCEDEG | MWSSTOAR | Mwag | 12102007 | we | GR REG VOA 2-Butanone | 10 ug/L 10 PGDP | 82608 X 1
ERI08-TCEDEG waze_ngB MWe66 | 12/19/2007 | WG | GR REG VOA 2-Butanone | 50 ug/L 50 PGDP| 82608 X 5
ERI08-TCEDEG | TO1CPRBIZ | e | 121022007 | wQ | GR B VOA 2-Butanone | 10 ug/L 10 PGDP| 82608 X 1
ERI0B-TCEDEG | TO°CPRBIZ | e | 121022007 | wQ | GR B VOA 2-Butanone | 10 ug/L 10 PGDP| 82608 X 1
ERI08-TCEDEG Mvgif(%AR MW125 | 12/19/2007 | WG | GR REG VOA 2-Hexanone | 50 ug/L 50 PGDP| 82608 X 5
ERI08-TCEDEG Mvgig%%AR MW168 | 12/19/2007 | WG | GR REG VOA 2-Hexanone | 12 ug/L 12 PGDP| 82608 x| 125
MW185CAR
ERI08-TCEDEG Vo R | Mwass | 12192007 | WG | GR REG VOA 2-Hexanone | 250 ug/L 250 PGDP| 82608 X 25
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ERI08-TCEDEG Mvgigf‘(%AR MW194 | 12/19/2007 | WG | GR REG VOA 2-Hexanone | 10 ugiL ul 10 PGDP | 8260B X 1
ERI08-TCEDEG | MWITCAR | Mwio7 | 12102007 | we | GR REG VOA | 2-Hexanone | 10 ug/L ul 10 PGDP| 82608 X 1
ERI08-TCEDEG | MWZSSCAR | Mwass | 12102007 | we | GR REG VOA 2-Hexanone | 10 ugiL ul 10 PGDP| 82608 X 1
ERI08-TCEDEG | MWZIZOAR | Mwza | 12102007 | we | GR REG VOA 2-Hexanone | 10 ug/L ul 10 PGDP | 82608 X 1
ERI08-TCEDEG | MWZISCAR | Mwzaz | 12102007 | we | GR REG VOA | 2-Mexanone | 50 ug/L ul 50 PGDP| 82608 X 5
MW262CAR
ERI08-TCEDEG NISPAR | Mwas2 | 121912007 | WG | GR REG VOA 2-Hexanone | 100 ugiL u| 100 PGDP | 8260B X 10
MW340CAR
ERI08-TCEDEG ooy | Mwado | 1211912007 | WG | GR REG VOA 2-Hexanone | 800 ugiL u| 800 PGDP | 8260B X 80
ERI08-TCEDEG | MWSSTOAR | Mwag | 12102007 | we | GR REG VOA | 2-Hexanone | 10 ug/L ul 10 PGDP| 82608 X 1
ERI08-TCEDEG waze_ngB MW66 | 12/19/2007 | WG | GR REG VOA 2-Hexanone | 50 ug/L ul 50 PGDP| 82608 X 5
ERI08-TCEDEG | TOICPRBIZ | e | 121022007 | wQ | GR e VOA 2-Hexanone | 10 ug/L ul 10 PGDP | 82608 X 1
ERIOB-TCEDEG | TP°CPRBIZ | oc | 121022007 | wQ | GR ™ VOA 2-Hexanone | 10 uglL ul 10 PGDP| 8260B X 1
MWI25CAR 4-Methyl-2-
ERI08-TCEDEG VIoRCAR | Mwizs | 121912007 | WG | GR REG VOA oo 50 ugiL u| 5o PGDP| 8260B X 5
MWI68CAR 4-Methyl-2-
ERI08-TCEDEG o R | Mwass | 121912007 | WG | GR REG VOA ontanons 12 ugiL ul 12 PGDP | 8260B x| 125
ERI08-TCEDEG | MWIBSCAR | \ivigs | 1211012007 | we | GR REG voa | AMethvl-2- ) og, ug/L ul 250 PGDP| 82608 X 25
B12-07 pentanone
ERI08-TCEDEG | MWIHCAR | \ipnoa | 121192007 | W | R REG VOA 4-Methyl-2- |, ug/L U 10 PGDP| 82608 X 1
B12-07 pentanone
ERI08-TCEDEG | MWIFTCAR | \iwie7 | 1211972007 | we | GR REG VOA 4-Methyl-2- | ugiL ul 10 PGDP | 82608 X 1
B12-07 pentanone
MW236CAR 4-Methyl-2-
ERI08-TCEDEG VaSOCAR | Mwzse | 1211912007 | WG | GR REG VOA oo 10 ugiL ul 10 PGDP| 8260B X 1
MW242CAR 4-Methyl-2-
ERI08-TCEDEG VaSeAR | Mwasz | 12192007 | WG | GR REG VOA oo 10 ugiL ul 10 PGDP| 8260B X 1
MW243CAR 4-Methyl-2-
ERI08-TCEDEG s R Mwass | 121912007 | WG | GR REG VOA ontanone 50 ugiL u| 50 PGDP | 8260B X 5
ERI08-TCEDEG | MWZ02CAR | \iwogo | 1211912007 | WG | GR REG voa | AMethvl-2- g, ug/L ul 100 PGDP| 82608 X 10
B12-07 pentanone
ERI08-TCEDEG | MWS40CAR | \inaao | 1211912007 | wa | GR REG VOA 4-Methyl-2- | g, ug/L ul 800 PGDP| 82608 X 80
B12-07 pentanone
ERI08-TCEDEG | MW3BLCAR | \iwsg1 | 1211972007 | we | GR REG VOA 4-Methyl-2- |, ugiL ul 10 PGDP | 82608 X 1
B12-07 pentanone
ERI08-TCEDEG | MWB6CARB | \nwgs | 1211972007 | we | GR REG VOA 4-Methyl-2- | g, ugiL u|l 50 PGDP | 82608 X 5
12-07 pentanone
ERI08-TCEDEG | TPICARBIZ | oc | 121022007 | wQ | GR e VOA 4p2’r'ft’;%'n§ 10 ugiL ul 10 PGDP| 8260B X 1
ERIOB-TCEDEG | 'D20RBIZ 1 qc | 121012007 | wQ | GR B VOA 4p2’r'1‘:;%'n§ 10 ug/L ul 10 PGDP| 82608 X 1
MWI25CAR
ERI08-TCEDEG Vo R | Mwazs | 12192007 | WG | GR REG VOA Acetone 50 ugiL | 50 PGDP | 8260B X 5
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ERI08-TCEDEG Mvgig%%AR MW168 | 12/19/2007 | WG | GR REG VOA Acetone 12 ug/L U 12 PGDP| 82608 x| 125
ERI08-TCEDEG | MWISSSAR | Mwigs | 12102007 | we | GR REG VOA Acetone 250 ug/L | 250 PGDP| 82608 X 25
ERI08-TCEDEG M"gigf‘&AR MW194 | 12/19/2007 | WG | GR REG VOA Acetone 10 ug/L W 10 PGDP| 82608 X 1
ERI08-TCEDEG M"gig?&m MW197 | 12/19/2007 | WG | GR REG VOA Acetone 10 ug/L W 10 PGDP| 82608 X 1
ERI08-TCEDEG | MWZSSCAR | Mwass | 121022007 | we | GR REG VOA Acetone 10 ug/L w10 PGDP| 82608 X 1
ERI08-TCEDEG Mvé’igi)c?AR Mw242 | 121192007 | WG | GR REG VOA Acetone 10 ug/L U 10 PGDP| 82608 X 1
ERI08-TCEDEG Mvé’ifo(:?AR Mw243 | 121192007 | WG | GR REG VOA Acetone 50 ug/L U 50 PGDP| 82608 X 5
ERI08-TCEDEG | MWZOZSAR | Mwzea | 12192007 | we | GR REG VOA Acetone 100 ug/L | 100 PGDP| 82608 X 10
ERI08-TCEDEG | MW3T0SAR | Mwaao | 12192007 | we | GR REG VOA Acetone 800 ug/L | 800 PGDP| 82608 X 80
ERI08-TCEDEG M"gig}&m Mw3sl | 12/19/2007 | WG | GR REG VOA Acetone 10 ug/L WU 10 PGDP| 82608 X 1
ERI08-TCEDEG waigf‘RB MW66 | 12/19/2007 | WG | GR REG VOA Acetone 50 ug/L u 50 PGDP| 82608 X 5
ERI08-TCEDEG TBlcéRB“' oc | 12192007 | wo | R e VOA Acetone 10 ug/L u 10 PGDP| 82608 X 1
ERI08-TCEDEG TBZCQRBQ' QC | 121192007 | woQ | R B VOA Acetone 10 ug/L u 10 PGDP| 82608 X 1
ERI08-TCEDEG | MWIZSCAR | \inios | 1271972007 METEQ |  Barometric | 30.2 Inches/ Fs Fs X
B12-07 Pressure 1 Hg
ERI08-TCEDEG | MWIBBCAR | \inngg | 1211972007 METEQ |  Barometric | 30.2 Inches/ Fs Fs X
B12-07 Pressure 1 Hg
ERI08-TCEDEG | MWIBSCAR | \inngs | 121972007 METEO Barometric 302 Inches/ Fs Fs X
B12-07 Pressure 1 Hg
MW194CAR Barometric 30.2 Inches/
ERI08-TCEDEG VISR | Mwisa | 1211912007 METEO arometr ) o Fs Fs X
MW197CAR Barometric 30.2 Inches/
ERI08-TCEDEG VISTEAR | Mwigr | 1211912007 METEO arometr ) o Fs Fs X
MW236CAR Barometric 30.2 Inches/
ERI08-TCEDEG SR | Mwazs | 1211912007 METEO e ) o Fs Fs X
ERI0B-TCEDEG | MW242CAR | \inoas | 1271972007 METEQ |  Barometric | 30.2 Inches/ Fs Fs X
B12-07 Pressure 1 Hg
ERI0B-TCEDEG | MW243CAR | \inoas | 1271972007 METEQ |  Barometric | 30.2 Inches/ Fs Fs X
B12-07 Pressure 1 Hg
ERI08-TCEDEG | MW2B2CAR | \inpeo | 1271972007 METEO Barometric 302 Inches/ Fs Fs X
B12-07 Pressure 1 Hg
ERI08-TCEDEG | MWS40CAR | \iinaag | 1271972007 METEO Barometric 302 Inches/ Fs Fs X
B12-07 Pressure 1 Hg
MW381CAR Barometric 30.2 Inches/
ERI08-TCEDEG VISICAR | mwas1 | 1211912007 METEO arometr ) o Fs Fs X
MW66CARB Barometric 30.2 Inches/
ERI08-TCEDEG e MW66 | 12/19/2007 METEO e ) w Fs Fs X
MWI25CAR
ERI08-TCEDEG Vo R | Mwizs | 12192007 | WG | GR REG VOA Benzene 25 ug/L ul 25 PGDP| 82608 X 5
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ErI08-TCEDEG | MWISSCAR | mwaes | 1271012007 | WG | GR REG VOA Benzene 62 ug/L 62 PGDP| 82608 x| 125

ERI08-TCEDEG | MWISSSAR | Mwigs | 12102007 | we | GR REG VOA Benzene 120 ug/L 120 PGDP| 82608 X 25

ERI08-TCEDEG | MWICAR | Mwios | 12102007 | we | GR REG VOA Benzene 5 ug/L 5 PGDP| 82608 X 1

ERI08-TCEDEG | MWITSAR | mwio7 | 121022007 | we | GR REG VOA Benzene 5 ug/L 5 PGDP| 82608 X 1

ERI08-TCEDEG | MWZSSCAR | Mwass | 121022007 | we | GR REG VOA Benzene 5 ug/L 5 PGDP| 82608 X 1

ERI0B-TCEDEG | MW2O2CAR | Mwadz | 1271012007 | WG | GR REG VOA Benzene 5 uglL 5 PGDP| 82608 X 1

ERI0B-TCEDEG | MW2R3CAR | Mwads | 1271012007 | WG | GR REG VOA Benzene 25 uglL 25 PGDP| 82608 X 5

ERI08-TCEDEG | MWZOZSAR | Mwzea | 12192007 | we | GR REG VOA Benzene 50 ug/L 50 PGDP| 82608 X 10

ERI08-TCEDEG | MW3T0SAR | Mwaao | 12192007 | we | GR REG VOA Benzene 400 ug/L 400 PGDP| 82608 X 80

ERI08-TCEDEG | MWISIOAR | mwas | 12102007 | we | GR REG VOA Benzene 5 ug/L 5 PGDP| 82608 X 1

erios-TCEDEG | MWOOCARE | mwes | 12102007 | we | GR REG VOA Benzene 25 ug/L 25 PGDP | 82608 X 5

ERIOB-TCEDEG | D ORBIZ 1 oc | 121012007 | wQ | GR B VOA Benzene 5 ug/L 5 PGDP | 82608 X 1

ERI08-TCEDEG TBZCQRBQ' QCc | 121192007 | woQ | R B VOA Benzene 5 ug/L 5 PGDP| 82608 X 1

ERI08-TCEDEG | MWISSCAR | Mwios | 121922007 | we | GR REG von | Bromodichloromet | p ug/L 25 PGDP | 82608 X 5

ERI08-TCEDEG | MWIOSCAR | vwies | 121022007 | we | GR REG von | Bromodichloromet | ¢ » ug/L 62 PGDP| 82608 x| 125

ERI08-TCEDEG Mvgig?&m MW185 | 12/19/2007 | WG | GR REG VOA Bromof‘moromet 120 ug/L 120 PGDP| 82608 X 25

ERI08-TCEDEG Mvg’igf?AR MW194 | 12/19/2007 | WG | GR REG VOA Bromo‘:i:r:‘;‘”ome‘ 5 ug/L 5 PGDP | 8260B X 1

ERI08-TCEDEG Mvgig?(%AR MW197 | 12/19/2007 | WG | GR REG VOA Bromo‘:i:r:‘;‘”ome‘ 5 ug/L 5 PGDP | 8260B X 1

ERI0B-TCEDEG | MW230CAR | Mwass | 1271012007 | WG | GR REG voa | Bromodichloromet | - 5 ug/L 5 PGDP| 82608 X 1

ERI08-TCEDEG | MWZIZCAR | Mwza | 12192007 | we | GR REG von | Bromodichloromet | -5 ug/L 5 PGDP| 82608 X 1

ERI08-TCEDEG | MWZISSAR | Mwzaz | 121022007 | we | GR REG von | Bromodichloromet | p ug/L 25 PGDP | 82608 X 5

ERI08-TCEDEG Mvgig?&AR MW262 | 12/19/2007 | WG | GR REG VOA Bromof‘mommet 50 ug/L 50 PGDP| 82608 X 10

ERI08-TCEDEG MV\B’ig?OC?AR MW340 | 12/19/2007 | WG | GR REG VOA Bromoﬂmoromet 400 ug/L 400 PGDP| 82608 X 80

ERI08-TCEDEG Mvgigi%AR MW38L | 12/19/2007 | WG | GR REG VOA Bromo‘:i:r:‘;‘”ome‘ 5 ug/L 5 PGDP | 8260B X 1

ERI08-TCEDEG waigf‘RB MWe6 | 12/19/2007 | WG | GR REG VOA Bromoﬁmommet 25 ug/L 25 PGDP| 82608 X 5

ERI08-TCEDEG TBngRBlz' QCc | 121192007 | wo | R B VOA Bromofi:r:‘e'ommet 5 ug/L 5 PGDP| 82608 X 1
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ERI08-TCEDEG TBZCQRBQ' QCc | 121192007 | wo | R B VOA Bromoﬁmommet 5 ug/L 5 PGDP| 82608 X 1
ERI08-TCEDEG | MWISSSAR | Mwizs | 121922007 | we | GR REG VOA Bromoform | 25 ug/L 25 PGDP| 82608 X 5
ERI08-TCEDEG | MWISSCAR | mwies | 12192007 | we | GR REG VOA Bromoform | 6.2 ug/L 6.2 PGDP| 82608 x| 125
ERI08-TCEDEG | MWISSCAR | Mwags | 12102007 | we | GR REG VOA Bromoform | 120 ug/L 120 PGDP| 82608 X 25
ERI08-TCEDEG | MWIMCAR | Mwies | 12102007 | we | GR REG VOA Bromoform 5 ug/L 5 PGDP | 82608 X 1
ERI08-TCEDEG Mvgig?o(:?AR MW197 | 12/19/2007 | WG | GR REG VOA Bromoform 5 ug/L 5 PGDP| 82608 X 1
ERI08-TCEDEG Mvgig?oc?AR MW236 | 12/19/2007 | WG | GR REG VOA Bromoform 5 ug/L 5 PGDP| 82608 X 1
ERI08-TCEDEG | MWZIZCAR | Mwza | 12192007 | we | GR REG VOA Bromoform | 5 ug/L 5 PGDP| 82608 X 1
ERI08-TCEDEG | MWZSSSAR | Mwzaz | 12102007 | we | GR REG VOA Bromoform | 25 ug/L 25 PGDP | 82608 X 5
ERI08-TCEDEG | MWZSZSAR | Mwzea | 12192007 | we | GR REG VOA Bromoform | 50 ug/L 50 PGDP| 82608 X 10
ERI08-TCEDEG | MWIS0CAR | Mwaao | 12102007 | we | GR REG VOA Bromoform | 400 ug/L 400 PGDP| 82608 X 80
ERI08-TCEDEG Mvg’igi%AR MW38L | 12/19/2007 | WG | GR REG VOA Bromoform 5 ugiL 5 PGDP | 82608 X 1
ERI08-TCEDEG waigf‘RB MWe6 | 12/19/2007 | WG | GR REG VOA Bromoform 25 ug/L 25 PGDP| 82608 X 5
ERI08-TCEDEG TBlCOAfBlZ' oc | 121192007 | wo | GR B VOA Bromoform 5 ug/L 5 PGDP| 82608 X 1
ERI08-TCEDEG TBZCOA7R512' oc | 121192007 | wo | GR B VOA Bromoform 5 ug/L 5 PGDP| 82608 X 1
ERI08-TCEDEG | MWIZSCAR | mwizs | 121022007 | we | GR REG VOA | Bromomethane | 25 ug/L 25 PGDP| 82608 X 5
ERI08-TCEDEG | MWISSCAR | vwieg | 12102007 | we | GR REG VOA | Bromomethane | 6.2 ugiL 6.2 PGDP | 82608 x| 125
MW185CAR
ERI08-TCEDEG VISSCAR | Mwiss | 1211912007 | WG | GR REG VOA | Bromomethane | 120 ugiL 120 PGDP | 82608 X 25
ERI08-TCEDEG Mvgigf‘(%AR MW194 | 12/19/2007 | WG | GR REG VOA | Bromomethane | 5 ug/L 5 PGDP| 82608 X 1
ERI08-TCEDEG | MWITCAR | Mwio7 | 121022007 | we | GR REG VOA | Bromomethane | 5 ug/L 5 PGDP| 82608 X 1
ERI08-TCEDEG | MWZSSCAR | Mwass | 121922007 | we | GR REG VOA | Bromomethane | 5 ug/L 5 PGDP| 82608 X 1
ERI08-TCEDEG | MWZIZSAR | Mwza | 12102007 | we | GR REG VOA | Bromomethane | 5 ug/L 5 PGDP| 82608 X 1
ERI08-TCEDEG | MWZISSAR | Mwzaz | 12102007 | we | GR REG VOA | Bromomethane | 25 ug/L 25 PGDP| 82608 X 5
ERI08-TCEDEG Mvgigi%AR MW262 | 12/19/2007 | WG | GR REG VOA | Bromomethane | 50 ug/L 50 PGDP| 82608 X 10
MW340CAR
ERI08-TCEDEG oy | Mwado | 1211912007 | WG | GR REG VOA | Bromomethane | 400 ug/L 400 PGDP| 82608 X 80
ERI08-TCEDEG Mvgig}(%AR Mw3sl | 12/19/2007 | WG | GR REG VOA | Bromomethane | 5 ug/L 5 PGDP| 82608 X 1
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ERI08-TCEDEG waigf‘RB MWe6 | 12/19/2007 | WG | GR REG VOA | Bromomethane | 25 ug/L 25 PGDP| 82608 X 5
ERI08-TCEDEG TBlCOAfBlZ' oc | 121192007 | wo | GR B VOA | Bromomethane | 5 ug/L 5 PGDP| 82608 X 1
ERI0B-TCEDEG | TO°CPRBI | e | 121022007 | wQ | GR B VOA | Bromomethane | 5 ug/L 5 PGDP| 82608 X 1
ERI08-TCEDEG | MWIZSCAR | mwizs | 12102007 | we | GR REG VOA | Carbon disulfide | 25 ug/L 25 PGDP| 82608 X 5
MW168CAR —
ERI08-TCEDEG VIBCAR | Mwiss | 121192007 | WG | GR REG VOA | Carbon disulfide | 6.2 ugiL 6.2 PGDP | 82608 x| 125
MW185CAR —
ERI08-TCEDEG sl ¥ | Mwiss | 12192007 | WG | GR REG VOA | Carbon disulfide | 120 ug/L 120 PGDP| 82608 X 25
ERI08-TCEDEG Mvgigfloc?AR MW194 | 12/19/2007 | WG | GR REG VOA | Carbon disulfide | 5 ug/L 5 PGDP| 82608 X 1
ERI08-TCEDEG | MWITCAR | Mwio7 | 12102007 | we | GR REG VOA | Carbon disulfide | 5 ug/L 5 PGDP| 82608 X 1
ERI08-TCEDEG | MWZSSCAR | Mwass | 121922007 | we | GR REG VOA | Carbon disulfide | 5 ug/L 5 PGDP | 82608 X 1
ERI08-TCEDEG | MWZI2SAR | Mwza | 12192007 | WG | GR REG VOA | Carbon disulfide | 5 ug/L 5 PGDP| 82608 X 1
ERI08-TCEDEG Mvgif(%AR MW243 | 12/19/2007 | WG | GR REG VOA | Carbon disulfide | 25 ug/L 25 PGDP| 82608 X 5
ERI08-TCEDEG Mvgig?éAR MW262 | 12/19/2007 | WG | GR REG VOA | Carbon disulfide | 50 ug/L 50 PGDP| 82608 X 10
MW340CAR —
ERI08-TCEDEG ooy | Mwado | 1211912007 | WG | GR REG VOA | Carbon disulfide | 400 ug/L 400 PGDP| 82608 X 80
ERI08-TCEDEG | MWISTOAR | Mwas | 12102007 | we | GR REG VOA | Carbon disulfide | 5 ug/L 5 PGDP | 82608 X 1
ERI08-TCEDEG waze_ngB MWeE6 | 12/19/2007 | WG | GR REG VOA | Carbon disulfide | 25 ug/L 25 PGDP| 82608 X 5
ERI08-TCEDEG | TOICPRBIZ | e | 121022007 | wQ | GR B VOA | Carbon disulfide | 5 ug/L 5 PGDP| 82608 X 1
ERI08-TCEDEG TBZC(@RBH' Qc | 12119007 | wQ | GR i) VOA | Carbon disulfide | 5 ug/L 5 PGDP| 82608 X 1
MW125CAR Carbon
ERI08-TCEDEG VIZSAR | Mwizs | 121192007 | WG | GR REG VOA bon | 25 ug/L 25 PGDP | 82608 X 5
MW168CAR Carbon
ERI08-TCEDEG o R | Mwass | 121912007 | WG | GR REG VOA o | 62 ug/L 6.2 PGDP| 82608 x| 125
ERI08-TCEDEG | MWIBSCAR | \inngs | 1211912007 | wa | R REG VOA Carbon 120 ug/L 120 PGDP| 82608 X 25
B12-07 tetrachloride
ERI08-TCEDEG | MWIHCAR | \innoa | 1211912007 | W | R REG VOA Carbon 5 ug/L 5 PGDP| 82608 X 1
B12-07 tetrachloride
Eri0s-TcEDEG | MWIYTCAR | \ivig7 | 121192007 | we GR REG VOA Carbon 5 ug/L 5 PGDP| 8260B X 1
B12-07 tetrachloride
ErI08-TCEDEG | MW23BCAR | \ivaosg | 1271092007 | we GR REG VOA Carbon 5 ug/L 5 PGDP| 8260B X 1
B12-07 tetrachloride
MW242CAR Carbon
ERI08-TCEDEG VaSeAR | Mwasz | 12192007 | WG | GR REG VOA bon 5 ug/L 5 PGDP | 82608 X 1
MW243CAR Carbon
ERI08-TCEDEG o R Mwass | 121912007 | WG | GR REG VOA o | 25 ug/L 25 PGDP| 82608 X 5
ERI08-TCEDEG | MW2B2CAR | oo | 1211912007 | we | GR REG VOA Carbon 50 ug/L 50 PGDP| 82608 X 10
B12-07 tetrachloride
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MW340CAR Carbon
ERI08-TCEDEG ooy | Mwado | 1211912007 | WG | GR REG VOA eaaon o | 400 ug/L 400 PGDP| 82608 X 80
ERI08-TCEDEG | MWSBLCAR | \ivyagy | 1211912007 | wa | R REG VOA Carbon 5 ug/L 5 PGDP| 82608 X 1
B12-07 tetrachloride
ERI08-TCEDEG | MWEBCARB | \ivves | 1211912007 | we GR REG VOA Carbon 25 ug/L 25 PGDP| 8260B X 5
12-07 tetrachloride
ERIOB-TCEDEG | TBICARBIZ-| o 12/19/2007 | WQ GR B VOA Carbon 5 ug/L 5 PGDP| 8260B X 1
07 tetrachloride
TB2CARB12- Carbon
ERI08-TCEDEG o oc | 12192007 | wo | R 8 VOA bon 5 ug/L 5 PGDP | 82608 X 1
MWI25CAR
ERI08-TCEDEG o R Mwizs | 12192007 | WG | GR REG VOA | Chlorobenzene | 25 ug/L 25 PGDP| 82608 X 5
MW168CAR
ERI08-TCEDEG Mo R | Mwass | 121912007 | WG | GR REG VOA | Chlorobenzene | 6.2 ug/L 6.2 PGDP| 82608 x| 125
MW185CAR
ERI08-TCEDEG IOWAR | Mwiss | 12192007 | WG | GR REG VOA | Chlorobenzene | 120 ugiL 120 PGDP| 82608 X 25
ERI08-TCEDEG | MWISCAR | Mwioa | 12102007 | we | GR REG VOA | Chlorobenzene | 5 ug/L 5 PGDP | 82608 X 1
ERI08-TCEDEG | MWISTSAR | mwio7 | 12102007 | we | GR REG VOA | Chlorobenzene | 5 ugiL 5 PGDP| 82608 X 1
ERI08-TCEDEG | MWZSSCAR | Mwass | 12102007 | we | GR REG VOA | Chlorobenzene | 5 ugiL 5 PGDP | 82608 X 1
ERI08-TCEDEG Mvg’igi%AR MW242 | 12/19/2007 | WG | GR REG VOA | Chlorobenzene | 5 ug/L 5 PGDP | 82608 X 1
ERI08-TCEDEG Mvé’if&AR Mw243 | 121192007 | WG | GR REG VOA | Chlorobenzene | 25 ug/L 25 PGDP| 82608 X 5
ERI08-TCEDEG | MWEDZCAR | Mwze | 12192007 | we | GR REG VOA | Chlorobenzene | 50 ug/L 50 PGDP| 82608 X 10
ERI08-TCEDEG | MWIS0SAR | Mwaao | 12192007 | we | GR REG VOA | Chlorobenzene | 400 ug/L 400 PGDP | 82608 X 80
ERI08-TCEDEG | MWISIOAR | Mwas | 121022007 | we | GR REG VOA | Chlorobenzene | 5 ug/L 5 PGDP| 82608 X 1
ERI08-TCEDEG waigf‘RB MW66 | 12/19/2007 | WG | GR REG VOA | Chlorobenzene | 25 ug/L 25 PGDP| 82608 X 5
ERI08-TCEDEG | TPICARBIZ | oc | 12102007 | wQ | GR ™ VOA | Chlorobenzene | 5 ug/L 5 PGDP | 82608 X 1
ERI08-TCEDEG TBZCQRBQ' QC | 121192007 | wo | R B VOA | Chlorobenzene | 5 ug/L 5 PGDP| 82608 X 1
ERI08-TCEDEG | MWISSSAR | Mwizs | 12192007 | we | GR REG VOA | Chlorethane | 25 ug/L 25 PGDP| 82608 X 5
ERI08-TCEDEG | MWISSCAR | mwies | 12102007 | we | GR REG VOA | Chloroethane | 6.2 ug/L 62 PGDP | 82608 x| 125
ERI08-TCEDEG | MWISSSAR | Mwags | 12102007 | we | GR REG VOA | Chloroethane | 120 ug/L 120 PGDP| 82608 X 25
ERI08-TCEDEG | MWISCAR | Mwios | 12102007 | we | GR REG VOA | Chloroethane | 5 ug/L 5 PGDP| 82608 X 1
ERI08-TCEDEG | MWISTSAR | Mwior | 12102007 | we | GR REG VOA | Chlorethane | 5 ug/L 5 PGDP| 82608 X 1
ERI08-TCEDEG Mvé’igi%AR MW236 | 12/19/2007 | WG | GR REG VOA | Chloroethane | 5 ug/L 5 PGDP| 82608 X 1
ERI08-TCEDEG Mvgigi%AR Mw242 | 121192007 | WG | GR REG VOA | Chloroethane | 5 ug/L 5 PGDP| 82608 X 1
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ERI08-TCEDEG Mvé’if&AR MW243 | 12/19/2007 | WG | GR REG VOA | Chloroethane | 25 ugiL 25 PGDP | 8260B X 5
ERI08-TCEDEG | MWZOZCAR | Mwaea | 12192007 | we | GR REG VOA | Chlorethane | 50 ug/L 50 PGDP| 82608 X 10
ERI08-TCEDEG | MWIT0CAR | Mwado | 121012007 | WG | GR REG VOA | Chloroethane | 400 ugiL 400 PGDP| 82608 X 80
ERI08-TCEDEG | MWIBISAR | mwagr | 121012007 | WG | GR REG VOA | Chlorethane | 5 ugiL 5 PGDP| 8260B X 1
ERI08-TCEDEG waigf‘RB MW66 | 12/19/2007 | WG | GR REG VOA | Chloroethane | 25 ug/L 25 PGDP| 82608 X 5
ERI08-TCEDEG TBngRBlz' QCc | 121192007 | wo | GR B VOA | Chloroethane | 5 ug/L 5 PGDP| 82608 X 1
ERI08-TCEDEG TBZCQRBQ' QCc | 121192007 | wo | GR B VOA | Chloroethane | 5 ug/L 5 PGDP| 82608 X 1
ERI08-TCEDEG | MWISSSAR | Mwizs | 12192007 | we | GR REG VOA Chloroform | 25 ug/L 25 PGDP| 82608 X 5
ERI08-TCEDEG | MWIOSCAR | vwies | 12192007 | we | GR REG VOA Chloroform | 6.2 ug/L 62 PGDP| 82608 x| 125
ERI08-TCEDEG | MWISSCAR | mwigs | 121022007 | WG | GR REG VOA Chloroform | 120 ugiL 120 PGDP| 82608 X 25
ERI08-TCEDEG | MWISCAR | Mwios | 12102007 | we | GR REG VOA Chloroform 5 ugiL 5 PGDP| 8260B X 1
ErI0g-TCEDEG | MWISTOAR | Mwig7 | 121022007 | WG | GR REG VOA Chloroform 5 ugiL 5 PGDP| 8260B X 1
ERI08-TCEDEG Mvé’igi%AR MW236 | 12/19/2007 | WG | GR REG VOA Chloroform 5 ugiL 5 PGDP | 8260B X 1
ERI08-TCEDEG | MWZIZCAR | Mwzaz | 127192007 | we | GR REG VOA | Chloroform | 5 ug/L 5 PGDP | 82608 X 1
ERI08-TCEDEG | MWZSSSAR | Mwzaz | 121922007 | we | GR REG VOA Chloroform | 25 ug/L 25 PGDP| 82608 X 5
ERI08-TCEDEG | MW2SZSAR | mwae2 | 1271012007 | WG | GR REG VOA Chloroform | 50 ugiL 50 PGDP| 8260B X 10
ERI08-TCEDEG | MWIS0CAR | Mwaao | 12102007 | we | GR REG VOA Chloroform | 400 ug/L 400 PGDP| 82608 X 80
ERI08-TCEDEG | MWISIOAR | vwag | 12102007 | we | GR REG VOA Chloroform 5 ugiL 5 PGDP| 8260B X 1
ERI08-TCEDEG waigf‘RB MWe6 | 12/19/2007 | WG | GR REG VOA Chloroform | 25 ugiL 25 PGDP | 8260B X 5
ERI08-TCEDEG TBlCOAfBlZ' oc | 121192007 | wo | GR B VOA Chloroform 5 ug/L 5 PGDP| 82608 X 1
ERI08-TCEDEG TBZCOA7R512' oc | 121192007 | wo | GR B VOA Chloroform 5 ug/L 5 PGDP| 82608 X 1
ERI08-TCEDEG | MWIZSCAR | mwizs | 121012007 | WG | GR REG VOA | Chloromethane | 25 ugiL 25 PGDP| 8260B X 5
ErI0s-TCEDEG | MWISSCAR | mwies | 1271022007 | WG | GR REG VOA | Chloromethane | 6.2 ugiL 6.2 PGDP| 82608 x| 125
ERI08-TCEDEG | MWISSCAR | vwags | 12102007 | we | GR REG VOA | Chloromethane | 120 ugiL 120 PGDP| 8260B X 25
ERI08-TCEDEG Mvgigf‘(%AR MW194 | 12/19/2007 | WG | GR REG VOA | Chloromethane | 5 ugiL 5 PGDP | 8260B X 1
ERI08-TCEDEG M‘gig?&AR MW197 | 12/19/2007 | WG | GR REG VOA | Chloromethane | 5 ugiL 5 PGDP | 8260B X 1
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ERI08-TCEDEG Mvgig?oc?AR MW236 | 12/19/2007 | WG | GR REG VOA | Chloromethane | 5 ug/L 5 PGDP| 82608 1
ERI08-TCEDEG | MWZIZCAR | Mwza | 12192007 | we | GR REG VOA | Chloromethane | 5 ug/L 5 PGDP | 82608 1
ERI08-TCEDEG | MWZISSAR | Mwzaz | 12102007 | WG | GR REG VOA | Chloromethane | 25 ug/L 25 PGDP| 82608 5
ERI08-TCEDEG | MWZSZSAR | Mwzea | 12192007 | we | GR REG VOA | Chloromethane | 50 ug/L 50 PGDP| 82608 10
ERI08-TCEDEG Mvgig?g?m MW340 | 12/19/2007 | WG | GR REG VOA | Chloromethane | 400 ug/L 400 PGDP| 82608 80
ERI08-TCEDEG Mvé’?gfo(:?AR Mw3sl | 12/19/2007 | WG | GR REG VOA | Chloromethane | 5 ug/L 5 PGDP| 82608 1
ERI08-TCEDEG waigf‘RB MWe6 | 12/19/2007 | WG | GR REG VOA | Chloromethane | 25 ug/L 25 PGDP| 82608 5
ERI08-TCEDEG TBlCOAfBlZ' oc | 121192007 | wo | GR B VOA | Chloromethane | 5 ug/L 5 PGDP| 82608 1
ERI08-TCEDEG TBZCOA7R512' oc | 121192007 | wo | GR B VOA | Chloromethane | 5 ug/L 5 PGDP| 82608 1
ErI08-TCEDEG | MWIZSCAR | \inos | 1211912007 | wa | GR REG VOA | Cis-d,2- 5 ug/L 5 PGDP| 82608 5
B12-07 Dichloroethene
MW168CAR cis1,2-
ERI08-TCEDEG VIOBCAR | Mwiss | 121192007 | WG | GR REG voa | o S |12 ug/L 12 PGDP | 82608 1.25
MW185CAR cis-1,2-
ERI08-TCEDEG WIONAR | mwass | 12192007 | we | GR REG VoA | st | 76 ug/L 25 PGDP | 82608 25
MW194CAR Cis-1,2-
ERI08-TCEDEG oo T | Mwisa | 12192007 | WG | GR REG VoA | Sl ug/L 1 PGDP| 82608 1
ErI08-TCEDEG | MWIYCAR | \inng7 | 1211912007 | wa | R REG VOA _ cis1.2- 1 ug/L 1 PGDP| 82608 1
B12-07 Dichloroethene
ERI08-TCEDEG | MW236CAR | \iposs | 1211912007 | wa | GR REG VOA _ cis1.2- 1 ug/L 1 PGDP| 82608 1
B12-07 Dichloroethene
ERI08-TCEDEG | MW242CAR | \ipoas | 1211912007 | wa | GR REG VOA | cis-d,2- 44 ug/L 1 PGDP| 82608 1
B12-07 Dichloroethene
MW243CAR cis1,2-
ERI08-TCEDEG VAASCAR | Mwass | 121912007 | WG | GR REG voa | . SMZ | s ug/L 5 PGDP| 82608 5
MW262CAR cis-1,2-
ERI08-TCEDEG VAOOCAR | Mwaez | 12192007 | WG | GR REG VoA | L SE | m ug/L 10 PGDP | 82608 10
MW340CAR Cis-1,2-
ERI08-TCEDEG ooy | Mwado | 1211912007 | WG | GR REG VoA | St | 0 ug/L 80 PGDP| 82608 80
ERI08-TCEDEG | MWSBICAR | \iyagy | 1211912007 | wa | R REG VOA _ cis1.2- 1 ug/L 1 PGDP| 82608 1
B12-07 Dichloroethene
ERI08-TCEDEG | MWOSCARB | \iwves | 1211012007 | wa | R REG VOA _ cis1.2- 5 ug/L 5 PGDP| 82608 5
12-07 Dichloroethene
TBICARBIZ- Cis-1,2-
ERI08-TCEDEG o oc | 121192007 | wQ | GR B voa | o S g ug/L 1 PGDP| 82608 1
TB2CARBIZ- Cis-1,2-
ERI08-TCEDEG o oc | 121192007 | wQ | GR B voa | . S g ug/L 1 PGDP| 82608 1
MWI25CAR cis1,3-
ERI08-TCEDEG VIZSAR | Mwizs | 121192007 | WG | GR REG VOA | Licntromepene | 2 ug/L 25 PGDP | 82608 5
MW168CAR Cis-13-
ERI08-TCEDEG o R | Mwass | 121912007 | WG | GR REG VOA | piioromepene | 62 ug/L 6.2 PGDP| 82608 1.25
ERI08-TCEDEG | MWIBSCAR | \ivigs | 12110912007 | we | GR REG VoA | . Cisis 120 ug/L 120 PGDP| 82608 25
B12-07 Dichloropropene
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MWI94CAR Gis 13-
ERI08-TCEDEG oo T Mwisa | 12192007 | WG | GR REG VOA | pinioronapene | 5 ugiL 5 PGDP | 8260B X 1
ErI08-TCEDEG | MWIYCAR | \inng7 | 1211912007 | wa | R REG voa | . GisLe 5 ug/L 5 PGDP| 82608 X 1
B12-07 Dichloropropene
ERI08-TCEDEG | MW2Z36CAR | \iwose | 1211972007 | we | GR REG VoA | . Gist3 5 ugiL 5 PGDP | 82608 X 1
B12-07 Dichloropropene
ERI08-TCEDEG | MW242CAR | \ivoas | 1211972007 | we | GR REG VoA | . Gisi3 5 ug/L 5 PGDP| 82608 X 1
B12-07 Dichloropropene
MW243CAR cis-1,3-
ERI08-TCEDEG VSR | Mwadz | 12192007 | WG | GR REG VOA | pinioronapene | 2 ug/L 25 PGDP| 82608 X 5
MW262CAR cis-1,3-
ERI08-TCEDEG NISPAR | Mwas2 | 121912007 | WG | GR REG VOA | pinioronapene | % ugiL 50 PGDP | 8260B X 10
MW340CAR Cis-1,3-
ERI08-TCEDEG ooy | Mwado | 1211912007 | WG | GR REG VOA | pirioronmepene | 490 ugiL 400 PGDP | 8260B X 80
ERI08-TCEDEG | MWSBICAR | \iyagy | 1211912007 | wa | R REG voa | . GisLe 5 ug/L 5 PGDP| 82608 X 1
B12-07 Dichloropropene
ERI08-TCEDEG | MWESCARB | \ives | 1211012007 | wae | R REG voa | . GisLe 25 ug/L 25 PGDP| 82608 X 5
12-07 Dichloropropene
ERIO8-TCEDEG | 'DICARBIZ | o | 1211912007 | wQ | GR 8 VoA | . Gists 5 ugiL 5 PGDP | 82608 X 1
07 Dichloropropene
TB2CARBLZ- cis-1,3-
ERI08-TCEDEG o oc | 12119007 | wQ | GR i) VOA | pinioromapene | 5 ug/L 5 PGDP| 82608 X 1
MWI25CAR WETCH » umholc
ERI08-TCEDEG oad | Mwizs | 1211912007 i Conductivity | 310 /e FS FS X
MW168CAR WETCH L umhol/c
ERI08-TCEDEG o R | Mwass | 1211912007 i Conductivity | 492 /e FS Fs X
ERI08-TCEDEG | MWIBSCAR | \iinigs | 1211072007 WETCH ! conductivity | 382 umho/c Fs Fs X
B12-07 EM m
ERI08-TCEDEG | MWIHCAR | \inga | 1211072007 WETCH | conguctivity | 251 umho/c Fs Fs X
B12-07 EM m
ERI08-TCEDEG | MWIFTCAR | \iwio7 | 121972007 WETCH | conguctivity | 424 umho/c Fs Fs X
B12-07 EM m
MW236CAR WETCH — umholc
ERI08-TCEDEG NESOSAR | Mwazss | 1211972007 iy Conductivity | 502 /e FS FS X
MW242CAR WETCH — umholc
ERI08-TCEDEG VISR | Mw242 | 1211972007 iy Conductivity | 395 /e FS FS X
MW243CAR WETCH L umhol/c
ERI08-TCEDEG o | Mwass | 1211912007 i Conductivity | 378 /e FS Fs X
ERI08-TCEDEG | MW2B2CAR | \inpeo | 1211072007 WETCH | conductivity | 601 umho/c Fs Fs X
B12-07 EM m
ERI08-TCEDEG | MWS40CAR | \iinaao | 1211072007 WETCH | conguctivity | 453 umho/c Fs Fs X
B12-07 EM m
ERI08-TCEDEG | MW3BICAR | \ivsg1 | 121972007 WETCH | conguctivity | 502 umho/c Fs Fs X
B12-07 EM m
ERI08-TCEDEG | MWBOCARB | \nwes | 121972007 WETCH | conguctivity | 190 umho/c Fs Fs X
1207 EM m
ERI08-TCEDEG | MWIZSCAR | Mwis | 1271072007 PHYSC | DepthtoWater | 54.1 ft Fs Fs X
ErI08-TCEDEG | MWISSCAR | mwies | 1271072007 PHYSC | DepthtoWater | °3* ft FS Fs X
ERI08-TCEDEG | MWIS%CAR | mwiss | 1271072007 PHYSC | DepthtoWater | ° ft FS Fs X
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ERI08-TCEDEG | MWISTCAR | Mwioa | 1271072007 PHYSC | DepthtoWater | 37 ft FS Fs X
ERI08-TCEDEG | MWITCAR | Mwio7 | 1271972007 PHYSC | DepthtoWater | *>2 ft Fs Fs X
ERI08-TCEDEG | MWZSSCAR | Mwass | 1271072007 PHYSC | DepthtoWater | 437 ft Fs Fs X
ERI08-TCEDEG | MWZIZSAR | Mwzaz | 1271072007 PHYSC | DepthtoWater | 48 ft Fs Fs X
ERI08-TCEDEG | MWZISCAR | Mwzaz | 1271072007 PHYSC | Depthto Water | *° ft FS Fs X
ERI08-TCEDEG | MW202CAR | mwas2 | 1271072007 PHYSC | Depthto Water | °3° ft FS Fs X
ERI08-TCEDEG | MIS20SAR | Mwado | 1271072007 PHYSC | DepthtoWater | °5° ft FS Fs X
ERI08-TCEDEG | MWISTOAR | Mwas1 | 1271972007 PHYSC | DepthtoWater | 437 ft Fs Fs X
ERI08-TCEDEG waze_ngB MW6E6 | 12/19/2007 PHYSC | Depth to Water 4%'5 ft Fs Fs X
ERI08-TCEDEG Mvgﬁf’&AR MW125 | 12/19/2007 | WG | GR REG VOA Dibromﬁ;nhg"mmet 25 ug/L 25 PGDP| 82608 X 5
ERI08-TCEDEG Mvgigi%AR MW168 | 12/19/2007 | WG GR REG VOA Dibromﬁ;nhgommet 6.2 ug/L 6.2 PGDP | 8260B X| 125
ERI08-TCEDEG Mvgigi)CYAR MW185 | 12/19/2007 | WG | GR REG VOA Dibromﬁ;nhgommet 120 ug/L 120 PGDP | 82608 X 25
ERI08-TCEDEG | M'WISPCAR | Mwioa | 1271012007 | WG | GR REG voa | Dibromochioromet | - 5 ug/L 5 PGDP | 82608 X 1
ERI08-TCEDEG | MWITSAR | Mwio7 | 121022007 | we | GR REG von | Dibromochloromet | 5 ug/L 5 PGDP| 82608 X 1
ERI08-TCEDEG | MWZSSSAR | Mwass | 121022007 | we | GR REG von | Dibromochloromet | -5 ug/L 5 PGDP| 82608 X 1
ERI08-TCEDEG Mvgif&m MW242 | 12/19/2007 | WG | GR REG VOA Dibromﬁ;nhg"mmet 5 ug/L 5 PGDP| 82608 X 1
ERI08-TCEDEG Mvgifg?m MW243 | 12/19/2007 | WG | GR REG VOA Dibromﬁ;nhgommet 25 ug/L 25 PGDP | 8260B X 5
ERI08-TCEDEG | MWESZSAR | Mwaey | 12102007 | WG | GR REG von | Dibromochloromet | g, ug/L 50 PGDP| 82608 X 10
ERI08-TCEDEG | MIS20CAR | Mwado | 1271012007 | WG | GR REG voa | Dibromochloromet | 4, ug/L 400 PGDP| 82608 X 80
ERI08-TCEDEG | MWSSTOAR | Mwas | 12102007 | we | GR REG von | Dibromochloromet | 5 ug/L 5 PGDP| 82608 X 1
ERI08-TCEDEG waze_ngB MWeE6 | 12/19/2007 | WG | GR REG VOA Dibromﬁ;nhe"’mm“ 25 ug/L 25 PGDP| 82608 X 5
ERI08-TCEDEG TBngRBlZ' Qc | 1211902007 | wQ GR B VOA Dibromﬁ;nhg"mmet 5 ug/L 5 PGDP| 8260B X 1
ERI08-TCEDEG TBZC(’;RBH' oc | 1211902007 | woQ GR B VOA Dibromﬁ;nh;"mmet 5 ug/L 5 PGDP| 8260B X 1
ERI08-TCEDEG Mvg’igi%AR MW125 | 12/19/2007 | WG GR REG VOA Dimetf}‘ggﬁnze”e' 75 ug/L 75 PGDP| 8260B X 5
ErI08-TCEDEG | MWISSCAR | mwaes | 1271012007 | WG | GR REG voa | Dimethylbenzene, | 4 ug/L 19 PGDP| 82608 x| 125
ERI08-TCEDEG | MWIS%CAR | Mwass | 121012007 | WG | GR REG voa | Dimethylbenzene, | 4q, ug/L 380 PGDP| 82608 X 25
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ERI08-TCEDEG | M'WISPCAR | Mwioa | 1271012007 | WG | GR REG voa | Dimethylbenzene, | ;5 ug/L 15 PGDP| 82608 X 1
ERI08-TCEDEG | MWITSAR | Mwio7 | 121022007 | we | GR REG von | Dimethyloenzene, | -y ug/L 15 PGDP | 82608 X 1
ERI08-TCEDEG Mvgigi%AR MW236 | 12/19/2007 | WG | GR REG VOA D'memTﬂgﬁnze”e' 15 ug/L 15 PGDP| 82608 X 1
ERI08-TCEDEG Mvgif&m MW242 | 12/19/2007 | WG | GR REG VOA D'memTﬂgﬁnze”e' 15 ug/L 15 PGDP| 82608 X 1
ERI08-TCEDEG Mvgifg?m MW243 | 12/19/2007 | WG GR REG VOA D'met%tbaﬁnze”e' 75 ug/L 75 PGDP | 8260B X 5
ERI0B-TCEDEG | MW2O2CAR | mwas2 | 1271012007 | WG | GR REG voa | Dimethylbenzene, | 45, ug/L 150 PGDP| 82608 X 10
ERI08-TCEDEG | MIS20SAR | Mwado | 1271012007 | WG | GR REG voa | Dimethylbenzene, | 120 ug/L 1200 PGDP | 82608 X 80
ERI08-TCEDEG | MWISTOAR | Mwas | 12102007 | we | GR REG von | Dimethyloenzene, | -y ug/L 15 PGDP| 82608 X 1
ERI08-TCEDEG waze_ngB MWe66 | 12/19/2007 | WG | GR REG VOA D'met%tbaelnze”e' 75 ug/L 75 PGDP| 82608 X 5
ERI08-TCEDEG TBngRBlZ' oc | 1211912007 | woQ GR B VOA D'me“?ggﬁnze”e' 15 ug/L 15 PGDP| 8260B X 1
ERI08-TCEDEG TBZC(@RBH' Qc 12/19/2007 | WQ GR B VOA D'met%tbaﬁnze”e' 15 ug/L 15 PGDP| 8260B X 1
ERI08-TCEDEG | MWIZ5CAR | mwizs | 1271072007 PHYSC | Dissolved Oxygen | 2.88 mg/L Fs Fs X
ERI08-TCEDEG Mvgig%%AR MW168 | 12/19/2007 PHYSC | Dissolved Oxygen | 3.13 mg/L Fs Fs X
ERI08-TCEDEG MV;;?%%AR MW185 | 12/19/2007 PHYSC | Dissolved Oxygen | 1.68 mg/L Fs Fs X
ERI08-TCEDEG Mvgigf‘(%AR MW194 | 12/19/2007 PHYSC | Dissolved Oxygen | 3.61 mg/L Fs Fs X
ERI08-TCEDEG | MWISTSAR | mwio7 | 1271072007 PHYSC | Dissolved Oxygen | 0.72 mg/L Fs Fs X
ERI08-TCEDEG | MWZSSCAR | Mwass | 1271072007 PHYSC | Dissolved Oxygen | 6.07 mg/L Fs Fs X
ERI08-TCEDEG | MWZI2SAR | Mwzaz | 1271072007 PHYSC | Dissolved Oxygen | 0.8 mg/L Fs Fs X
ERI08-TCEDEG Mvé’if&AR MW243 | 12/19/2007 PHYSC | Dissolved Oxygen | 3.81 mg/L Fs Fs X
ERI08-TCEDEG Mvgigi%AR MW262 | 12/19/2007 PHYSC | Dissolved Oxygen | 0.76 mg/L Fs Fs X
ERI08-TCEDEG M‘gig%%AR MW340 | 12/19/2007 PHYSC | Dissolved Oxygen | 3.17 mg/L Fs Fs X
ERI08-TCEDEG | MWISTOAR | Mwas | 1271072007 PHYSC | Dissolved Oxygen | 6.07 mg/L Fs Fs X
eriog-TCEDEG | MWOOCARE | mwes | 1271072007 PHYSC | Dissolved Oxygen | 5.69 mg/L Fs Fs X
ERI08-TCEDEG Mvgif(%AR MW125 | 12/19/2007 | WG | GR REG VOA Ethylbenzene | 25 ug/L 25 PGDP| 82608 X 5
MW1I68CAR
ERI08-TCEDEG | MWIOSSAR | Mwies | 12192007 | we | GR REG VOA | Ethylbenzene | 6.2 ug/L 62 PGDP | 82608 x| 125
MW185CAR

ERI08-TCEDEG | MWISSCAR | Mwigs | 12192007 | we | GR REG VOA | Ethylbenzene | 120 ug/L 120 PGDP | 82608 X 25
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ERI08-TCEDEG Mvgigf‘(%AR MW194 | 12/19/2007 | WG | GR REG VOA | Ethylbenzene | 5 ug/L 5 PGDP| 82608 X 1
ERI08-TCEDEG M‘gig?&AR MW197 | 121192007 | WG | GR REG VOA | Ethylbenzene | 5 ug/L 5 PGDP| 82608 X 1
ERI08-TCEDEG | MWZSSCAR | Mwass | 12102007 | we | GR REG VOA | Ethylbenzene | 5 ugiL 5 PGDP| 82608 X 1
ERI08-TCEDEG | MWZIZOAR | Mwza | 12102007 | we | GR REG VOA | Ethylbenzene | 5 ugiL 5 PGDP | 82608 X 1
ERI08-TCEDEG Mvgif(%AR MW243 | 12/19/2007 | WG | GR REG VOA Ethylbenzene | 25 ug/L 25 PGDP| 82608 X 5
ERI0B-TCEDEG | MW2OZCAR | mwas2 | 1271012007 | WG | GR REG VOA | Ethylbenzene | 50 ugiL 50 PGDP | 8260B X 10
MW340CAR
ERI08-TCEDEG ooy | Mwado | 1211912007 | WG | GR REG VOA | Ethylbenzene | 400 ugiL 400 PGDP | 8260B X 80
ERI08-TCEDEG Mvgig}(%AR Mw3sl | 12/19/2007 | WG | GR REG VOA | Ethylbenzene | 5 ug/L 5 PGDP| 82608 X 1
ERI08-TCEDEG waze_ngB MWeE6 | 12/19/2007 | WG | GR REG VOA | Ethylbenzene | 25 ug/L 25 PGDP| 82608 X 5
ERI08-TCEDEG | TOICPRBIZ | e | 121022007 | wQ | GR B VOA | Ethylbenzene | 5 ugiL 5 PGDP | 82608 X 1
ERIOB-TCEDEG | TP°CORBIZ | e | 121022007 | wQ | GR 8 VOA | Ethylbenzene | 5 ug/L 5 PGDP | 82608 X 1
ERI08-TCEDEG MvgiféAR MW125 | 12/19/2007 | WG | GR REG VOA | metapara Xylene | 50 ug/L 50 PGDP| 82608 X 5
MWI68CAR
ERI08-TCEDEG o R | Mwass | 1211912007 | WG | GR REG VOA | meta/para Xylene | 12 ugiL 12 PGDP | 82608 x| 125
MWI85CAR
ERIO8-TCEDEG B12-07 MW185 | 12/19/2007 WG GR REG VOA meta/para Xylene | 250 ug/L 250 PGDP | 8260B X 25
ERI08-TCEDEG Mvgigf‘(%AR MW194 | 12/19/2007 | WG | GR REG VOA | metalpara Xylene | 10 ug/L 10 PGDP| 82608 X 1
ERI08-TCEDEG | MWITSAR | mwio7 | 12102007 | we | GR REG VOA | metaipara Xylene | 10 ugiL 10 PGDP | 82608 X 1
ERI08-TCEDEG | MWZSSCAR | Mwass | 12102007 | we | GR REG VOA | meta/para Xylene | 10 ug/L 10 PGDP | 82608 X 1
ERI08-TCEDEG | MWZI2SAR | Mwzaz | 12102007 | WG | GR REG VOA | meta/para Xylene | 10 ug/L 10 PGDP | 82608 X 1
MW243CAR
ERI08-TCEDEG s R Mwass | 121912007 | WG | GR REG VOA | metapara Xylene | 50 ugiL 50 PGDP | 82608 X 5
MW262CAR
ERIO8-TCEDEG B12-07 MW262 | 12/19/2007 WG GR REG VOA meta/para Xylene | 100 ug/L 100 PGDP | 8260B X 10
MW340CAR
ERIO8-TCEDEG B12-07 MW340 | 12/19/2007 WG GR REG VOA meta/para Xylene | 800 ug/L 800 PGDP | 8260B X 80
ERI08-TCEDEG | MWISIOAR | Mwas | 121022007 | we | GR REG VOA | metalpara Xylene | 10 ugiL 10 PGDP | 82608 X 1
eriog-TCEDEG | MWOOCARE | mwes | 12102007 | we | GR REG VOA | metalpara Xylene | 50 ugiL 50 PGDP | 82608 X 5
ERI08-TCEDEG | TPICARBIZ | oc | 12102007 | wQ | GR 8 VOA | meta/para Xylene | 10 ugiL 10 PGDP | 82608 X 1
ERI08-TCEDEG TBZCQRBQ' Qc | 121100007 | wQ | GR B VOA | metalpara Xylene | 10 ug/L 10 PGDP| 82608 X 1
MWI25CAR )
ERI08-TCEDEG Vo R | Mwazs | 12192007 | WG | GR REG VOA | Methylene chloride | 25 ugiL 25 PGDP | 8260B X 5
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MWI68CAR )
ERI08-TCEDEG o R | Mwass | 12192007 | WG | GR REG VOA | Methylene chloride | 6.2 ug/L 6.2 PGDP| 82608 x| 125
MW185CAR )
ERI08-TCEDEG B12-07 MW185 | 12/19/2007 WG GR REG VOA | Methylene chloride | 120 ug/L 120 PGDP | 8260B X 25
ERI08-TCEDEG | MWICAR | Mwios | 12102007 | we | GR REG VOA | Methylene chloride | 5 ug/L 5 PGDP| 82608 X 1
ERI08-TCEDEG | MWITSAR | mwio7 | 12102007 | we | GR REG VOA | Methylene chloride | 5 ug/L 5 PGDP| 82608 X 1
ERI08-TCEDEG | MWZSSCAR | Mwoss | 12102007 | we | GR REG VOA | Methylene chioride | 5 ugiL 5 PGDP | 82608 X 1
ERI08-TCEDEG Mvé’igi)c?AR Mw242 | 121192007 | WG | GR REG VOA | Methylene chloride | 5 ug/L 5 PGDP| 82608 X 1
MW243CAR )
ERI08-TCEDEG ol R Mwass | 121912007 | WG | GR REG VOA | Methylene chloride | 25 ug/L 25 PGDP| 82608 X 5
MW262CAR )
ERIO8-TCEDEG B12-07 MW262 | 12/19/2007 WG GR REG VOA | Methylene chloride | 50 ug/L 50 PGDP | 8260B X 10
MW340CAR )
ERIO8-TCEDEG B12-07 MW340 | 12/19/2007 WG GR REG VOA | Methylene chloride | 400 ug/L 400 PGDP | 8260B X 80
ERI08-TCEDEG | MWISIOAR | Mwas | 12102007 | we | GR REG VOA | Methylene chloride | 5 ug/L 5 PGDP| 82608 X 1
ERI08-TCEDEG waigf‘RB MWe6 | 12/19/2007 | WG | GR REG VOA | Methylene chloride | 25 ug/L 25 PGDP| 82608 X 5
ERI08-TCEDEG TBlcéRslz' oc | 12192007 | wo | R 8 VOA | Methylene chioride | 5 ug/L 5 PGDP | 82608 X 1
ERIOB-TCEDEG | D20RBIZ 1 qc | 121012007 | wQ | GR B VOA | Methylene chioride | 5 ug/L 5 PGDP | 82608 X 1
MW125CAR Oxidation-
ERI08-TCEDEG WIoAR | Mwizs | 1211912007 PHYSC | o, odcetion | 400 mv Fs Fs X
MW168CAR Oxidation-
ERI08-TCEDEG VISBCAR | mwiss | 1211912007 PHYSC | Oddeion | 233 mv Fs Fs X
MW1B5CAR Oxidation-
ERI08-TCEDEG VIOSAR | Mwiss | 1211912007 PHYSC [ OX0on | 269 mv Fs Fs X
MW194CAR Oxidation-
ERI08-TCEDEG VISR | Mwisa | 1211912007 PHYSC [ OXIOn 1114 mv Fs Fs X
MW197CAR Oxidation-
ERI08-TCEDEG VISTAR | Mwig7 | 1211912007 PHYSC [ OXtdalion | 5 mv Fs Fs X
MW236CAR Oxidation-
ERI08-TCEDEG VSR | Mwazs | 1211912007 PHYSC | oo qonicetion | 261 mv Fs Fs X
MW242CAR Oxidation-
ERI08-TCEDEG NS R | Mwasz | 1211912007 PHYSC | o qodcetion | 63 mv Fs Fs X
MW243CAR Oxidation-
ERI08-TCEDEG Moo R | Mwas3 | 1211912007 PHYSC | o odcetion | 150 mv Fs Fs X
MW262CAR Oxidation-
ERI08-TCEDEG VAOAUAR | mwas2 | 1211912007 PHYSC | OXdion | 218 mv Fs Fs X
MW340CAR Oxidation-
ERI08-TCEDEG VIR | Mwado | 1211912007 PHYSC [ OXdOn | 254 mv Fs Fs X
MW381CAR Oxidation-
ERI08-TCEDEG VISICAR | mwas1 | 1211912007 PHYSC [ OXIOn | 561 mv Fs Fs X
MW66CARB Oxidation-
ERI08-TCEDEG e MW66 | 12/19/2007 PHYSC | poqonication: 1| 285 mv Fs Fs X
ERI08-TCEDEG | MWIZ5CAR | mwizs | 1271012007 PHYSC pH 6.11 Std Unit Fs Fs X

187




= % o c = @ | cw | oo c =
g fo | g 5 |22 58| EE | &R 5 s |& | & | 3 Llg |5 |3
= 2 ? g N < i - s |5
3 8 2 |3
ERI08-TCEDEG Mvgig%%AR MW168 | 12/19/2007 PHYSC pH 5.87 std Unit FS FS X
ERI08-TCEDEG | MWISSCAR | Mwigs | 1271972007 PHYSC pH 6.1 Std Unit Fs Fs X
ERI08-TCEDEG | MWISICAR | Mwios | 1271072007 PHYSC pH 6.2 Std Unit Fs Fs X
Erios-TCEDEG | MWISTEAR | Mwio7 | 1271072007 PHYSC pH 6.13 Std Unit Fs Fs X
ERI08-TCEDEG Mvgigi%AR MW236 | 12/19/2007 PHYSC pH 6.65 Std Unit Fs Fs X
ERI08-TCEDEG Mvé’igi)c?AR MW242 | 12/19/2007 PHYSC pH 6.09 std Unit Fs Fs X
ERI08-TCEDEG Mvé’ifo(:?AR MW243 | 12/19/2007 PHYSC pH 5.96 std Unit Fs Fs X
ERI08-TCEDEG | MWZOZSAR | Mwzea | 1271972007 PHYSC pH 5.97 Std Unit Fs Fs X
ERI08-TCEDEG | MW3S0SAR | Mwaao | 1271972007 PHYSC pH 6.04 Std Unit Fs Fs X
ERI08-TCEDEG | MWIBICAR | mwagr | 1271072007 PHYSC pH 6.65 Std Unit Fs Fs X
eri08-TCEDEG | MWEOCARE | mwes | 1271072007 PHYSC pH 6.01 Std Unit Fs Fs X
ERI08-TCEDEG MvgiféAR MW125 | 12/19/2007 | WG | GR REG VOA Styrene 25 ug/L 25 PGDP| 82608 X 5
ERI08-TCEDEG Mvgig%%AR MW168 | 12/19/2007 | WG | GR REG VOA Styrene 6.2 ugiL 6.2 PGDP | 82608 x| 125
ERI08-TCEDEG MV;;?%%AR MW185 | 12/19/2007 | WG | GR REG VOA Styrene 120 ug/L 120 PGDP| 82608 X 25
ERI08-TCEDEG Mvgigf‘(%AR MW194 | 12/19/2007 | WG | GR REG VOA Styrene 5 ug/L 5 PGDP| 82608 X 1
ErI0s-TCEDEG | MWISTOAR | Mwao7 | 12102007 | WG | GR REG VOA Styrene 5 ugiL 5 PGDP | 8260B X 1
ERI08-TCEDEG | MWZSSCAR | Mwass | 12102007 | we | GR REG VOA Styrene 5 ugiL 5 PGDP| 8260B X 1
ERI08-TCEDEG | MWZI2OAR | Mwzaz | 12102007 | WG | GR REG VOA Styrene 5 ugiL 5 PGDP| 8260B X 1
ERI08-TCEDEG Mvé’if&AR MW243 | 12/19/2007 | WG | GR REG VOA Styrene 25 ugiL 25 PGDP | 8260B X 5
ERI08-TCEDEG Mvgigi%AR MW262 | 12/19/2007 | WG | GR REG VOA Styrene 50 ug/L 50 PGDP| 82608 X 10
ERI08-TCEDEG M‘gig%%AR MW340 | 12/19/2007 | WG | GR REG VOA Styrene 400 ug/L 400 PGDP| 82608 X 80
ERI08-TCEDEG | MWIBISAR | mwagr | 121012007 | WG | GR REG VOA Styrene 5 ugiL 5 PGDP| 8260B X 1
Eriog-TCEDEG | MWOOCARB | viwes | 12102007 | WG | GR REG VOA Styrene 25 ugiL 25 PGDP| 8260B X 5
ERI08-TCEDEG | TPICARBIZ | oc | 121022007 | WQ | GR B VOA Styrene 5 ugiL 5 PGDP| 8260B X 1
ERI08-TCEDEG TBZCQRBQ' QC | 121192007 | woQ | R B VOA Styrene 5 ug/L 5 PGDP| 82608 X 1
ERI08-TCEDEG | MWIZ5CAR | Mwizs | 1271012007 | WG | GR REG | RADS | Technetium-99 | 220 | 17.8| pCilL 67| 186 PeDP| - X
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ErI0g-TCEDEG | MWISSCAR | mwaes | 121012007 | WG | GR REG | RADS | Technetium-99 | 200 | 45.1| pCiL 67| 747|  PeDP| - X
ERI08-TCEDEG | MWISSCAR | Mwigs | 12102007 | we | GR REG | RADS | Technetium-99 | 696 | 26.4| pCilL 61| 36|  PeDP| - X
ERI08-TCEDEG | MWISICAR | Mwaoa | 121012007 | WG | GR REG RADS | Technetium-99 |6.11| 115| pCilL 61| 115 pepp| b X
Erios-TCEDEG | MWISTOAR | Mwao7 | 12102007 | WG | GR REG RADS | Technetim99 | g% | 114| pCiL 167| 114 pepp| b X
ERI08-TCEDEG | MWZSSCAR | Mwass | 12102007 | we | GR REG RADS | Technetium-99 |20.1| 12.7| pCilL 167| 127 peop| R X
ERI08-TCEDEG Mvé’igi)c?AR MW242 | 12/19/2007 | WG | GR REG RADS | Technetium-99 | 110 | 15.1| pCilL 167| 153 peop| S X
ERI08-TCEDEG Mvé’ifo(:?AR MW243 | 12/19/2007 | WG | GR REG RADS | Technetium-99 | 306 | 19.4| pCilL 161] 209 peop| S X
ERI08-TCEDEG | MWZOZCAR | Mwzez | 12102007 | WG | GR REG | RADS | Technetium99 | 519 | 234| pCilL 61| 27| PeDP| - X
ERI08-TCEDEG | MWIS0SAR | Mwaao | 12102007 | we | GR REG | RADS | Technetium-99 | 647 | 256| pCilL 61| 02| pPeop| - X
ERI08-TCEDEG | MWIBISAR | mwagr | 12012007 | WG | GR REG RADS | Technetium-99 |215| 125| pCilL 167| 125 pepp| b X
erios-TCEDEG | MWOOCARE | mwes | 12102007 | we | GR REG RADS | Technetium-99 | 530 | 23.7| pCilL 161] 271 peDP| R X
ERI08-TCEDEG MvgiféAR MW125 | 12/19/2007 PHYSC |  Temperature | 558 deg F Fs Fs X
ERI08-TCEDEG Mvgig%%AR MW168 | 12/19/2007 PHYSC |  Temperature | 62.7 deg F Fs Fs X
ERI08-TCEDEG MV;;?%%AR MW185 | 12/19/2007 PHYSC |  Temperature | 59.4 deg F Fs Fs X
ERI08-TCEDEG Mvgigf‘(%AR MW194 | 12/19/2007 PHYSC |  Temperare | 57.6 deg F Fs Fs X
Eri0s-TCEDEG | MWISTEAR | Mwio7 | 1271072007 PHYSC |  Temperatwre | 57.7 deg F Fs Fs X
ERI08-TCEDEG Mvgigi%AR MW236 | 12/19/2007 PHYSC |  Temperature | 57.8 deg F Fs Fs X
ERI08-TCEDEG | MWZIZSAR | Mwzaz | 1271072007 PHYSC | Temperature | 57 deg F Fs Fs X
ERI08-TCEDEG Mvé’if&AR MW243 | 12/19/2007 PHYSC |  Temperature | 57.2 deg F Fs Fs X
ERI08-TCEDEG Mvgigi%AR MW262 | 12/19/2007 PHYSC |  Temperaure | 616 deg F Fs Fs X
ERI08-TCEDEG M‘gig%%AR MW340 | 12/19/2007 PHYSC |  Temperaure | 60.7 deg F Fs Fs X
ErI08-TCEDEG | MWIBISAR | mwagr | 1271072007 PHYSC |  Temperawre | 578 deg F Fs Fs X
Eriog-TCEDEG | MWOPCARB | e | 1271072007 PHYSC |  Temperawre | 603 deg F Fs Fs X
ERI08-TCEDEG Mvgif(%AR MW125 | 12/19/2007 | WG | GR REG VOA | Tetrachloroethene | 25 ug/L 25 PGDP| 82608 X 5
ERI08-TCEDEG Mvgig%%AR MW168 | 12/19/2007 | WG | GR REG VOA | Tetrachloroethene | 6.2 ugiL 6.2 PGDP | 8260B x| 125
ERI08-TCEDEG Mvgigi%AR MW185 | 12/19/2007 | WG | GR REG VOA | Tetrachloroethene | 120 ugiL 120 PGDP | 8260B X 25

189




5 i) b = | @ | o @ ® I
2 5 E . S| £ | & |SE| T | & |58 |8% |87 &8
B £ 5 2 © o] 2o @ ) = w o K] 8- >| g < T 2 S =5
5 o 2 = 28| ££ gg gg = E g | 8 w S 0|8 2 a"
g I & e 2| 88 SF <F = @ e = - s | £ 3
- = % < 5 5
3 8 3 IS
ERI08-TCEDEG Mvgigf‘(%AR MW194 | 121192007 | WG | GR REG VOA | Tetrachlorosthene | 5 ug/L 5 PGDP| 82608 X 1
ERI08-TCEDEG | MWITCAR | Mwio7 | 12102007 | we | GR REG VOA | Tetrachloroethene | 5 ug/L 5 PGDP| 82608 X 1
ERI08-TCEDEG | MWZSSCAR | Mwass | 121022007 | we | GR REG VOA | Tetrachloroethene | 5 ug/L 5 PGDP| 82608 X 1
ERI08-TCEDEG | MWZIZOAR | Mwza | 12192007 | WG | GR REG VOA | Tetrachloroethene | 5 ug/L 5 PGDP| 82608 X 1
ERI08-TCEDEG | MWZISOAR | Mwzaz | 12102007 | WG | GR REG VOA | Tetrachloroethene | 25 ug/L 25 PGDP| 82608 X 5
MW262CAR
ERI08-TCEDEG NISPAR | Mwas2 | 121912007 | WG | GR REG VOA | Tetrachlorosthene | 50 ug/L 50 PGDP| 82608 X 10
MW340CAR
ERI08-TCEDEG ooy | Mwado | 1211912007 | WG | GR REG VOA | Tetrachloroethene | 400 ug/L 400 PGDP| 82608 X 80
ERI08-TCEDEG | MWSSTOAR | Mwag | 12102007 | we | GR REG VOA | Tetrachloroethene | 5 ug/L 5 PGDP| 82608 X 1
ERI08-TCEDEG waze_ngB MW66 | 12/19/2007 | WG | GR REG VOA | Tetrachloroethene | 25 ug/L 25 PGDP| 82608 X 5
ERI08-TCEDEG | TOICPRBIZ | e | 121022007 | wQ | GR B VOA | Tetrachloroethene | 5 ugiL 5 PGDP| 82608 X 1
ERI08-TCEDEG TBZC(@RBH' QC | 121192007 | wQ | GR B VOA | Tetrachloroethene | 5 ug/L 5 PGDP| 82608 X 1
ERI08-TCEDEG MvgiféAR MW125 | 12/19/2007 | WG | GR REG VOA Toluene 25 ug/L 25 PGDP| 82608 X 5
ERI08-TCEDEG Mvgig%%AR MW168 | 12/19/2007 | WG | GR REG VOA Toluene 6.2 ug/L 6.2 PGDP| 82608 x| 125
ERI08-TCEDEG | MWISSSAR | Mwigs | 121022007 | we | GR REG VOA Toluene 120 ug/L 120 PGDP | 82608 X 25
ERI08-TCEDEG | MWISCAR | Mwios | 12102007 | we | GR REG VOA Toluene 5 ug/L 5 PGDP | 82608 X 1
ERI08-TCEDEG | MWITSAR | mwio7 | 12102007 | we | GR REG VOA Toluene 5 ug/L 5 PGDP| 82608 X 1
ERI08-TCEDEG | MWZSSCAR | Mwass | 12102007 | we | GR REG VOA Toluene 5 ugiL 5 PGDP | 82608 X 1
ERI08-TCEDEG | MWZI2OAR | Mwzaz | 12102007 | WG | GR REG VOA Toluene 5 ugiL 5 PGDP | 82608 X 1
ERI08-TCEDEG Mvé’if&AR Mw243 | 121192007 | WG | GR REG VOA Toluene 25 ug/L 25 PGDP| 82608 X 5
ERI08-TCEDEG | MWEOZCAR | Mwze | 12192007 | we | GR REG VOA Toluene 50 ug/L 50 PGDP | 82608 X 10
ERI08-TCEDEG | MWST0CAR | Mwaao | 12192007 | we | GR REG VOA Toluene 400 ug/L 400 PGDP | 82608 X 80
ERI08-TCEDEG | MWISIOAR | Mwas | 12102007 | we | GR REG VOA Toluene 5 ug/L 5 PGDP| 82608 X 1
eriog-TCEDEG | MWOOCARE | mwes | 121022007 | we | GR REG VOA Toluene 25 ug/L 25 PGDP| 82608 X 5
ERI08-TCEDEG | TPICARBIZ | oc | 12102007 | wQ | GR B VOA Toluene 5 ugiL 5 PGDP | 82608 X 1
ERI08-TCEDEG TBZCQRBQ' QC | 121192007 | wo | GR B VOA Toluene 5 ug/L 5 PGDP| 82608 X 1
ERI08-TCEDEG | MWIZSCAR | \iwios | 12110912007 | we | GR REG VOA frans-1,2- 5 ug/L 5 PGDP| 82608 X 5
B12-07 Dichloroethene
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MW168CAR trans-1,2-
ERI08-TCEDEG Blyos | MW168 | 12192007 | WG GR REG VOA | Dioroeitene | 12 ug/L 1.2 PGDP| 82608 X| 125
ERI08-TCEDEG | MWIBSCAR | \inngs | 1211912007 | wa | R REG VOA frans-1,2- 25 ug/L 25 PGDP| 82608 X 25
B12-07 Dichloroethene
ERI08-TCEDEG | MWICAR | \iwias | 121192007 | W GR REG VOA frans-1,2- 1 ug/L 1 PGDP| 8260B X 1
B12-07 Dichloroethene
ERI08-TCEDEG | MWIITCAR | \iwie7 | 121192007 | wo GR REG VOA frans-1,2- 1 ug/L 1 PGDP| 8260B X 1
B12-07 Dichloroethene
MW236CAR trans-1,2-
ERI08-TCEDEG Bloos | MW236 | 12/19/2007 | WG GR REG VOA | gt e | 1 ug/L 1 PGDP| 8260B X 1
MW242CAR trans-1,2-
ERI08-TCEDEG Bioos | MW242 | 12192007 | WG GR REG VOA | it |1 ug/L 1 PGDP| 82608 X 1
MW243CAR trans-1,2-
ERI08-TCEDEG Bioos | MW243 | 12/19/2007 | WG GR REG VOA | pDihorocitene | 5 ug/L 5 PGDP| 82608 X 5
ERI08-TCEDEG | MW2B2CAR | \ipoer | 1211912007 | wa | GR REG VOA trans-1,2- 10 ug/L 10 PGDP| 82608 X 10
B12-07 Dichloroethene
ERI08-TCEDEG | MWS40CAR | \inaag | 1211912007 | wa | R REG VOA frans-1,2- 80 ug/L 80 PGDP| 82608 X 80
B12-07 Dichloroethene
Eri0s-TCEDEG | MWSBICAR | \ivysgr | 1211092007 | we GR REG VOA frans-1,2- 1 ug/L 1 PGDP| 8260B X 1
B12-07 Dichloroethene
MW66CARB trans-1,2-
ERI08-TCEDEG ooy MW66 | 12/19/2007 | WG GR REG VOA | it e | 5 ug/L 5 PGDP| 8260B X 5
TBICARBI2- trans-1,2-
ERI08-TCEDEG o QC | 12019/2007 | WQ GR B VOA | e e | 1 ug/L 1 PGDP| 8260B X 1
TB2CARB12- trans-1,2-
ERI08-TCEDEG o QC | 12019/2007 | WQ GR B VOA | it |1 ug/L 1 PGDP| 82608 X 1
ERI08-TCEDEG | MWIZSCAR | \inios | 1211912007 | wa | GR REG voa |  lransls3- 25 ugiL 25 PGDP| 82608 X 5
B12-07 Dichloropropene
ERI08-TCEDEG | MWIBBCAR | \inneg | 1211912007 | wa | GR REG voa |  lransl3- 6.2 ug/L 6.2 PGDP| 82608 x| 125
B12-07 Dichloropropene
ERI08-TCEDEG | MWIBSCAR | \ivigs | 121192007 | wo GR REG VOA _ trans-1,3- 120 ug/L 120 PGDP| 8260B X 25
B12-07 Dichloropropene
MW194CAR trans-1,3-
ERI08-TCEDEG Bloos | MW194 | 127192007 | WG GR REG VOA | Litioropropene | © ug/L 5 PGDP| 8260B X 1
MW197CAR trans-1,3-
ERI08-TCEDEG Bloos | MW197 | 12/19/2007 | WG GR REG VOA | Liioropropene | © ug/L 5 PGDP| 8260B X 1
MW236CAR trans-1,3-
ERI08-TCEDEG Bio0s | MW236 | 12192007 | WG GR REG VOA | Litioropropene | ug/L 5 PGDP| 82608 X 1
ERI0B-TCEDEG | MW242CAR | \iapas | 1211912007 | wa | GR REG voa |  lransls3- 5 ug/L 5 PGDP| 82608 X 1
B12-07 Dichloropropene
ERI0B-TCEDEG | MW24SCAR | \ipoas | 1211912007 | wa | GR REG voa |  transls3- 25 ugiL 25 PGDP| 82608 X 5
B12-07 Dichloropropene
ERI08-TCEDEG | MW2B2CAR | \ivvoso | 1211972007 | WG GR REG VOA _ trans-1,3- 50 ug/L 50 PGDP| 8260B X 10
B12-07 Dichloropropene
ERI08-TCEDEG | MWS340CAR | \iwsao | 1211972007 | wo GR REG VOA  trans-1,3- 400 ug/L 400 PGDP| 8260B X 80
B12-07 Dichloropropene
MW381CAR trans-1,3-
ERI08-TCEDEG Bipos | MW3BL | 12/19/2007 | WG GR REG VOA | Liioropropene | © ug/L 5 PGDP| 8260B X 1
MWG66CARB trans-1,3-
ERI08-TCEDEG 200 MW66 | 12/19/2007 | WG GR REG VOA | Litioropropene | 25 ug/L 25 PGDP| 82608 X 5
ERI0S-TCEDEG | TBICARBIZ-| o | 1511900007 | wQ | GR B VOA  frans-1,3- 5 ug/L 5 PGDP| 82608 X 1
07 Dichloropropene
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TB2CARB12- trans-1,3-
ERI08-TCEDEG o QC | 12792007 | WQ | GR 8 VOA | e repene | 5 uglL 5 PGDP| 82608 X 1
MWI25CAR :
ERI08-TCEDEG | MWISSSAR | Mwios | 121022007 | we | GR REG VOA | Trichloroethene | 620 ug/L 5 PGDP| 82608 o ox 5
MWI68CAR :
ERI08-TCEDEG | MWISSCAR | Mwies | 1271022007 | we | GR REG VOA | Trichloroethene | 110 ug/L 12 PGDP| 82608 | x| 125
ERI08-TCEDEG | MWISSSAR | Mwigs | 121022007 | we | GR REG VOA | Trichloroethene | °C° ug/L 25 PGDP| 82608 o ox 25
ERI08-TCEDEG | MWISCAR | Mwios | 12102007 | we | GR REG VOA | Trichloroethene | 1 ug/L 1 PGDP| 82608 X 1
ERI08-TCEDEG | MWISTOAR | Mwig7 | 12012007 | WG | GR REG VOA | Trichloroethene | 35 ug/L 1 PGDP| 82608 o ox 1
ERI0B-TCEDEG | MW2SOCAR | Mwase | 121012007 | WG | GR REG VOA | Trichloroethene | 72 ug/L 1 PGDP| 82608 o ox 1
ERI0B-TCEDEG | MW2A2SAR | Mwadz | 1271012007 | WG | GR REG VOA | Trichloroethene | 150 ug/L 1 PGDP | 82608 | x 1
ERI0B-TCEDEG | MW2RSCAR | Mwaas | 121012007 | WG | GR REG VOA | Trichloroethene | 590 ug/L 5 PGDP | 82608 | x 5
ERI08-TCEDEG | MWESZSAR | Mwze | 1271022007 | WG | GR REG VOA | Trichloroethene | *o° ug/L 10 PGDP| 82608 o ox 10
ERI08-TCEDEG | MWIT0CAR | Mwaao | 121022007 | we | GR REG VOA | Trichloroethene | °7° ug/L 80 PGDP| 8260B| IS| X 80
MW381CAR :
ERI08-TCEDEG | MISOLOAR | mwasr | 121012007 | wG | GR REG VOA | Trichloroethene | 47 ug/L 1 peDP| 82608 15| X 1
eriog-TceDEG | VWOPCARB | vwes | 12012007 | WG | GR REG VOA | Trichloroethene | 930 ug/L 10 PGDP| 82608 o ox 10
ERI08-TCEDEG TBlCOAfBlZ' oc | 121192007 | wo | GR B VOA | Trichloroethene | 1 ug/L 1 PGDP| 82608 X 1
ERI08-TCEDEG TBZCOA7R512' oc | 121192007 | wo | GR B VOA | Trichloroethene | 1 ug/L 1 PGDP| 82608 X 1
ERI08-TCEDEG | MWIZSCAR | Mwizs | 1271072007 WESH T Tubidity | 202 NTU FS FS X
ERI08-TCEDEG | MWISSOAR | Mwies | 1271072007 WEIPH T Tubidity | 652 NTU Fs Fs X
ERI08-TCEDEG | MWISSCAR | Mwags | 1271072007 WEPH T Tubidiy | 7.2 NTU Fs Fs X
ERI08-TCEDEG | MWISPCAR | Mwioa | 1271072007 WETSH | tubidity | 5.9 NTU Fs Fs X
ERI08-TCEDEG | MWITSAR | Mwio7 | 1271972007 WEST L Tubidity | 435 mv FS Fs X
ERI08-TCEDEG | MWZSSCAR | Mwass | 1271972007 WEST L Tubidiy | 43 NTU Fs Fs X
ERI08-TCEDEG | MWZIZCAR | Mwzaz | 1271072007 WESH T Tubidity | 633 NTU FS FS X
ERI08-TCEDEG | MWZSSOAR | vwzaz | 1271072007 WEH L Tubidiy | 23 NTU Fs Fs x
ERI08-TCEDEG | MWZSZSAR | Mwze2 | 1271072007 WEIRH T Tubidity | 207 NTU Fs Fs X
ERI08-TCEDEG | MIS20SAR | Mwado | 1271072007 WETSH | tubidity | 65 NTU Fs Fs X
ERI08-TCEDEG | MWIOLSAR | mwas1 | 1271012007 WELH | Tumidity | 43 NTU Fs Fs X
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ERI08-TCEDEG waigf‘RB MW66 | 12/19/2007 WELICH Turbidity 71 NTU Fs Fs

ERI08-TCEDEG M‘gigi%m MW125 | 12/19/2007 | WG | GR REG VOA | Vinylacetate | 50 ug/L 50 PGDP| 82608 5

ErI0s-TCEDEG | MWISSCAR | mwies | 121012007 | WG | GR REG VOA | Vinylacetate | 12 ugiL 12 PGDP| 8260B 125

ErI08-TCEDEG | MWISSCAR | mwigs | 121012007 | WG | GR REG VOA | Vinylacetate | 250 ugiL 250 PGDP| 8260B 25

ERI08-TCEDEG Mvgigf?AR MW194 | 12/19/2007 | WG | GR REG VOA | Vinylacetate | 10 ug/L 10 PGDP| 82608 1

ERI08-TCEDEG Mvgig?o(:?AR MW197 | 12/19/2007 | WG | GR REG VOA | Vinylacetate | 10 ug/L 10 PGDP| 82608 1

ERI08-TCEDEG Mvgig?oc?AR MW236 | 12/19/2007 | WG | GR REG VOA | Vinylacetate | 10 ugiL 10 PGDP | 8260B 1

ERI08-TCEDEG Mvgigi%AR Mw242 | 121192007 | WG | GR REG VOA | Vinylacetate | 10 ug/L 10 PGDP| 82608 1

ERI08-TCEDEG Mvgig%%AR Mw243 | 121192007 | WG | GR REG VOA | Vinylacetate | 50 ug/L 50 PGDP| 82608 5

ERI0B-TCEDEG | MW2SZSAR | Mwae2 | 1271022007 | WG | GR REG VOA | Vinylacetate | 100 ugiL 100 PGDP| 8260B 10

ERI08-TCEDEG Mvgig?(%AR MW340 | 12/19/2007 | WG | GR REG VOA Vinyl acetate | 800 ug/L 800 PGDP| 82608 80

ERI08-TCEDEG Mvgig?éAR MW381 | 12/19/2007 | WG | GR REG VOA Vinyl acetate | 10 ug/L 10 PGDP| 82608 1

ERI08-TCEDEG waigf‘RB MWe6 | 12/19/2007 | WG | GR REG VOA | Vinylacetate | 50 ugiL 50 PGDP | 8260B 5

ERI08-TCEDEG TBlCOAfBlZ' oc | 121192007 | wo | GR B VOA Vinyl acetate | 10 ug/L 10 PGDP| 82608 1

ERI08-TCEDEG TBZCOA7R512' oc | 121192007 | wo | GR B VOA Vinyl acetate | 10 ug/L 10 PGDP| 82608 1

ERI08-TCEDEG | MWIZSCAR | Mwizs | 121022007 | WG | GR REG VOA | Vinylchloride | 10 ugiL 10 PGDP| 8260B 5

ERI08-TCEDEG | MWISSCAR | vwieg | 12102007 | we | GR REG VOA | Vinylchloride | 25 ug/L 25 PGDP | 82608 1.25

ERI08-TCEDEG Mvgigi%AR MW185 | 12/19/2007 | WG | GR REG VOA | Vinylchloride | 50 ug/L 50 PGDP| 82608 25

ERI08-TCEDEG Mvgigf‘(%AR MW194 | 12/19/2007 | WG | GR REG VOA | Vinylchloride | 2 ug/L 2 PGDP| 82608 1

ERI08-TCEDEG M‘gig?&AR MW197 | 12/19/2007 | WG | GR REG VOA | Vinylchloride | 2 ugiL 2 PGDP| 82608 1

ERI08-TCEDEG M‘gig%%AR MW236 | 12/19/2007 | WG | GR REG VOA | Vinylchloride | 2 ugiL 2 PGDP| 82608 1

ERI0B-TCEDEG | MW2A2SAR | Mwaaz | 121012007 | WG | GR REG VOA | Vinylchloride | 2 ugiL 2 PGDP| 8260B 1

ERI08-TCEDEG | MW2RSCAR | mwaas | 121012007 | WG | GR REG VOA | Vinylchloride | 10 ugiL 10 PGDP| 8260B 5

ERI08-TCEDEG | MWZSZSAR | Mwaea | 12102007 | WG | GR REG VOA | Vinylchloride | 20 ug/L 20 PGDP | 82608 10

ERI08-TCEDEG Mvgig%%AR MW340 | 12/19/2007 | WG | GR REG VOA | Vinylchloride | 160 ugiL 160 PGDP | 8260B 80

ERI08-TCEDEG Mvgig}(%AR MW381 | 12/19/2007 | WG | GR REG VOA | Vinylchloride | 2 ugiL 2 PGDP | 8260B 1
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ERI08-TCEDEG waigf‘RB MWe6 | 12/19/2007 | WG | GR REG VOA | Vinylchloride | 10 ug/L 10 PGDP| 82608 X
ERI08-TCEDEG TBlCOAfBlZ' oc | 121192007 | wo | GR B VOA | Vinylchloride | 2 ug/L 2 PGDP| 82608 X
ERI0B-TCEDEG | TO°CPRBI | e | 121022007 | wQ | GR B VOA | Vinylchloride | 2 ug/L 2 PGDP| 82608 X
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Appendix 2B. Geochemical Plots for Project Specific Sampling Locations
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Figure 2B.1. Chloride (mg/liter) — All Locations all values (no filtering of data
based on detection limit). Water from all wells exceeded the sample detection
limit.
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Figure 2B.2. Dissolved Organic Carbon (mg/liter) — All Locations all values (no
filtering of data based on detection limit). Water from two wells (MW168,
MW197) exceeded the sample detection limit of 1 mg/liter.
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Figure 2B.3. Dissolved Oxygen (mg/liter) — All Locations all values.
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Figure 2B.4. Fe2+ (mg/liter) - All Locations all values (no filtering of data based
on detection limit). Water from four wells (MW197, MW242, MW243, MW66)
exceeded the detection limit of 0.02 mg/liter.
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Figure 2B. 5. pH - All Locations all values.
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Figure 2B.6. Redox (mV) — All Location all values.
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Figure 2B.7TCE (ug/liter) — All Locations all values (no filtering of data based on
detection limit). Water from all wells except MW197 exceeded the sample
detection limit.
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Figure 2B.8. Total Organic Carbon (mg/liter) — All Locations all values (no
filtering of data based on detection limit). Water from all wells except MW197 did
not exceeded the sample detection limit.
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Figure 2B.9. TCE in groundwater December 2007 (ug/liter).

Figure 2B.10. Delta Carbon-13 (0/00) values for NWP wells from December 2007
sampling event
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Figure 2B.11. Technetium-99 in groundwater December 2007 (ug/liter).
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Appendix 2C. Graphical Analysis of Select Project Sampling Location Geochemical Data
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Appendix 2D. Spatial Evaluation of Select Quarterly Geochemical Data
(Upper, Middle, and Lower RGA Annual Groundwater Mapping Monitoring Locations)

208



Figure 2D.1. URGA Quarterly Monitoring Locations.
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Figure 2D.1.b. URGA Quarterly Monitoring Locations

Figure 2D.1.a. URGA Quarterly Monitoring Locations.
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Figure 2D.2a. MRGA Quarterly Monitoring Locations.

Figure 2D.2. MRGA Quarterly Monitoring Locations.
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Figure 2D.2c. MRGA Quarterly Monitoring Locations.

Figure 2D.2b. MRGA Quarterly Monitoring Locations.
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Figure 2D.4. All RGA Locations
Figure 2D.3. LRGA Quarterly Monitoring Locations.
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Figure 2D.5. All RGA Dissolved Oxygen average concentrations 1988 — 2006 Figure 2D.6. All RGA Dissolved Oxygen maximum concentrations 2001 —
(ug/L). 2006 (ug/L).
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Figure 2D.7. All RGA Dissolved Oxygen concentrations most recent value
(ug/L).

Figure 2D.8. URGA average Dissolved Oxygen concentrations 1996 -2006.
(ug/L).

215



. . . Figure 2D.10. LRGA average Dissolved Oxygen Concentration 1996 to 2006
Figure 2D.9. MRGA average Dissolved Oxygen concentrations 1996 -2006 (ug/L).

(ug/L)
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Figure 2D.11. URGA cis-1,2, DCE maximum concentrations 1988 — 2006 Figure 2D.12. URGA cis-1,2, DCE maximum concentrations 1988 — 2006
(ug/L). (ug/L)
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Figure 2D.13. LRGA cis-1,2, DC(E rr/1a;<imum concentrations 1988 — 2006 Figure 2D.14. URGA Chloride average detects 1988 — 2006 (ug/L).
ug/L).
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Figure 2D.15. URGA Chloride average detects 2001 — 2006 (ug/L). Figure 2D.16. URGA Chloride most recent value (ug/L).
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Figure 2D.17. MRGA Chloride average detect 1988 - 2006. Figure 2D.18. MRGA Chloride most recent value.

220



Figure 2D.19. LRGA chloride average detects 1988 - 2006.
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Figure 2D.21. MRGA toluene maximum detects 1988 - 2006.
Figure 2D.20. URGA toluene maximum detects 1988 - 2006.
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Figure 2D.22. LRGA toluene maximum detects 1988 - 2006.
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Figure 2D.23. URGA alkalinity average detects 1988 - 2006. Figure 2D.24. MRGA alkalinity average detects 1988 - 2006.
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Figure 2D.25, LRGA alkalinity average detects 1988 - 2006. Figure 2D.26. LRGA alkalinity maximum detects 1988 - 2006
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Figure 2D.27. URGA sulfide maximum detects 1988 - 2006
Figure 2D.28. MRGA sulfide maximum detects 1988 - 2006
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Figure 2D.29. LRGA sulfide maximum detects 1988 - 2006 Figure 2D.30. AII-RGA nitrate average detects 1988 - 2006
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Figure 2D.31. AII-RGA nitrate maximum detects 1988 - 2006
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Appendix 2E. Spatial Distibution of TOC in soil samples from 0 to 145’ bgs.
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Figure 2EG.1. Total organic carbon in soil 0 to 6° bgs (ug/kg). Figure 2E.2. Total organic carbon in soil 6 to 60" bgs (ug/kg).
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Figure 2E.3. Total organic carbon in soil 6 to 60’ bgs at SWMU 1
(ug/kg).

Figure 2E.4. Total organic carbon in soil (RGA) 60 to 120’ bgs (ug/kg).
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Figure 2E.5. Total organic carbon in (McNairy Formation) soil 120 to
140’ bgs (ug/kg).
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Appendix 2F. UCRS Groundwater Spatial Plots.
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Figure 2F.1. Average UCRS GW Dissolved Oxygen concentrations 1988 — Figure 2F.2. Average UCRS GW Dissolved Oxygen concentrations 2001 —
2006 (ug/L). 2006 (ug/L).
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Appendix 2G.1 UCRS DO Trends
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Appendix 2G.2 Terrace Gravel and Eocene Sands DO Trends
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Appendix 2H.1 DO Trend Plots from Select URGA Wells
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MW165 TCE & DO Trend

~ 9000
=
> ]
> 8000 © o Dissolved
Oxygen
$ 7000 4 3
o
Trichloroeth
g‘ 6000 - e:(; loroet
iy
< 5000 - . R o
9} SRS o . TCE_Det
> 4000 <O .~ Limit
o 9, o5
? © SV o O35 - @
® 3000 <o (ol el e Rl - = - - Linear
a s © 00 B R (Dissolved
O;
& 2000 - ° 0en)
9]
e 1000
0 -+ - a R
OO Hd N T W ONDODO A NMT WO~
D PP P PP RRPRYPRPQQ QO
O 0O 0O O 0O OO0 OO 0O 0 0O 0 o O 0 O
O D O DO D DD D DD DD DD D DD DD
[ R R T R R R [ o Y [ R [ R [ R Y R R A |
Date
MW168 TCE & DO Trend
<o Dissolved
= 9000 Oxygen
= (o
\C’ 8000 o Trichloroeth
g 7000 - . .«? > ene
< 6000 o i ~<7 o
(o] < O, e  TCE_Det
< 5000 < M Limit
@ .~ >
= 4000 - .
8 3000 1 > o Y, = = = = Linear
2 .. (Dissolved
g 2000 - Oxygen)
<>
8 1000 i
IO Oo 0 0 0
Lt 0 r@ T ) \[:] T T T \E] | e — T
DO NI ONNDOVDNO AdAN®MNT OO
RRPRPRAPIPIPIAQIQIAFIFIFR
O 0O 00000000 0000 OO0 O
O DD DDDODDDODDIDODD DDIDD DODD
[aapalaNaNaNalNalNalNaaRNal AN AR AR AN

244

MW173 TCE & DO Trend

5000
4500
~ 4000 -
3 3500
< > issolved
% 3000 - < Sogen
g 2500 4 ooo - Trichloroetn
[ o
a 2000 . ‘Lrifnli_oe(
o
b 1500 € - - =X m5 - 2O e - ommmmmm - ° - - - - Linear
Co Co PPN gissolvea
1000 - < < S S o o xygen)
DR S o
500
0 BEE————— -
EEERENEEERE
Date
MW168 TCE & DO Trend
o Dissolved
= Oxygen
= 8000
2
< 7000 o Trichloroeth
% ene
26000 - . o
o 5000 ... f> o e  TCE Det
B 4000 e Limit
=2 el 0
S 3000 - o o SR .
3 . = = = = Linear
= 2000 + (Dissolved
e o> < Oxygen)
o3 1000 O
]
8 0 g e T . T g T T T T
L © ~ © o o — o~ [32) < [To)
2 @ 9 @ 9 % 9 9 9 9
o o o o o o o o o o
7] 7} a3 5} a3 a3 7} a3 7] 7}
a o o o [a)] o o [a)] a o
Date




MW178 TCE & DO Trend
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MW20 TCE & DO Trends
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Appendix 3. Stable Carbon Isotope Evaluation
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Appendix 3A. Stable Carbon Isotope Laboratory Data
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Averages

Sample ID

TCE d13C (permil)

MW-66
MW-125
MW-168
MW-185
MW-194
MW-197
MW-236
MW-242
MW-243
MW-262
MW-340
MW-381

-25.3
-25.6
-24.8
-25.9
na
-23.1
-25.3
-24.6
-25.3
-25.8
-25.9
-25.4

Table 3A.1. Fractionation measurements from University of Oklahoma.

Client

Project name #
OU Project Ref. #

Number/Type of Samples
Analysis Required

Date Received

Date Analysis Completed

notes:

Univ. Ke
ER108-

ntucky

TCEDEG

230

12 water (11
analyzed)

TCE, d13C
12/21/2007
1/25/2008

na—not analyzed, sample below quantitation limit
highlighted values—d13C accuracy is reduced by + 1 permil due to low TCE

concentration

Replicate runs

Run #
7383
7399
7393
7401
7390
7386
7397
7402
7392
7388
7394
7391
7387
7395
7396

Sample
MW-66

MW-66

MW-125
MW-125
MW-168
MW-185
MW-197
MW-197
MW-236
MW-242
MW-243
MW-262
MW-340
MW-381
MW-381

ID

TCE d13C
Dilution x (permil)

63 -25.2
63 -25.4
42 -25.7
42 -25.5
7 -24.8
250 -25.9
1 -23.1

1 -23.1

5 -25.3
10 -24.6
36 -25.3
83 -25.8
625 -25.9
3 -25.4

3 -25.4

266

Averages

Sample ID
MW-66
MW-125
MW-168
MW-185
MW-194
MW-197
MW-236
MW-242
MW-243
MW-262
MW-340
MW-381

TCE d13C

(permil)
-25.3
-25.6
-24.8
-25.9

na
-23.1
-25.3
-24.6
-25.3
-25.8
-25.9
-25.4

QAQC — precision

StDev of
replicate



QAQC - external standards

Run #

7377
7378
7384
7389

Sample ID

STANDARD
STANDARD
STANDARD
STANDARD

average d13C
stdev n=4
max stdev n=2

off-line d13C
of Std
compound

sample
standard
deviation

TCE d13C
(permil)

-30.2
-30.6
-30.5
-30.3

-30.4
0.2
0.3

-30.7

0.182574186

267

d13C
Sample ID TCE
MW-66
MW-125

MW-197
MW-381

0.1
0.1

0.0
0.0




Appendix 3B. Stable Carbon Isotope Enrichment Factor Data & Calculations
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Appendix 3B.1. Published Data.

C/Co (measured) In(C/Co) measured

1 0 -31.95
0.845386193 -0.167961723 -31.85
0.831740356 -0.184234959 -32.07
0.691131692 -0.369424891 -32.14
0.713971216 -0.336912631 -32.18
0.581064936 -0.542892763 -31.29
0.608408371 -0.496908959 -31.57
0.416766507 -0.875229149 -30.95
0.421040003 -0.865027431 -31.19
0.313040334 -1.161423234 -30.52
0.372324895 -0.987988432 -30.79
0.286021881 -1.251686965 -30.56
0.447278995 -0.804572728 -31.17

Table 3B.1.1. Fractionation calculations from Chu, et.al. (2007).

8 13C (per mil VPDB)

Figure 2 TCE degradation by OB3b

0 0.2 0.4 0.6 0.8 1
0 ‘ ‘ ‘ ‘

-5 e measured
10 - —— modeled
-15 - o = 0.9989
-20 - R2=0.79
-25 -

-30 - - o qe .o |
-35

Fraction remaining (C/Co)

Table 3B.1.2. Fractionation calculations from Chu, et.al. (2007).
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Appendix 3B.2. Statistical Workup of Published Data

SUMMARY OUTPUT 90% one tailed confidence interval

Regression Statistics

Multiple R 0.93548242
R Square 0.87512736
Adjusted R Square 0.8637753
Standard Error 0.22100101
Observations 13
ANOVA
df SS MS F Significance F
Regression 1 3.765174862 3.765175 77.08975 2.66846E-06
Residual 11 0.537255907 0.048841
Total 12 4.302430769

Coefficients Standard Error  t Stat P-value Lower 95% Upper 95% Lower 80.0% Upper 80.0%

Intercept -32.2667124 0.115972303 -278.228 1.62E-22 -32.52196574 -32.01145911 -32.4248326 -32.10859227
X Variable 1 -1.39692851 0.159102082 -8.78008 2.67E-06 -1.747109832 -1.04674719 -1.61385311 -1.180003909
The value of epsilon is -1.40 The value of the 90% one tailed confidence interval on epsilon is -1.61

Table 3B.2.1. 90% one-tailed confidence interval on epsilon derived from Chu, et.al. (2007).

SUMMARY OUTPUT 95% one tailed confidence interval

Regression Statistics

Multiple R 0.935482419
R Square 0.875127356
Adjusted R Square 0.863775297
Standard Error 0.221001009
Observations 13
ANOVA
df SS MS F Significance F
Regression 1 3.765174862 3.765175 77.08975 2.66846E-06
Residual 11 0.537255907 0.048841
Total 12 4.302430769

Coefficients Standard Error t Stat P-value Lower 95% Upper 95%  Lower 90.0% Upper 90.0%

Intercept -32.2667124 0.115972303 -278.228 1.62E-22  -32.52196574 -32.01145911 -32.47498532 -32.0584395
X Variable 1 -1.39692851 0.159102082 -8.78008 2.67E-06  -1.747109832 -1.04674719 -1.682657524 -1.1111995
The value of epsilon is -1.40 The value of the 95% one tailed confidence interval on epsilon is -1.68

Table 3B.2.2. 95% one-tailed confidence interval on epsilon derived from Chu et.al. (2007).
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Appendix 3C. Strawman approach for SCI Data Reduction and Evaluation
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Strawman approach for SCI Data Reduction and Evaluation

Strawman on approach to evaluate SCIR data on TCE to evaluate biodegradation, or a process to get to a decision
estimation statement

For the wells sampled and sent to OU for analysis in Paul Philp’s lab, DOD will provide a calculation of the
apparent extent of removal of TCE (measured concentration divided by original concentration) based on
concentrations of TCE normalized to concentrations of **Tc. The up gradient well will be the well with the highest
concentration of TCE that is in a plausible flow path to the down gradient well. The up gradient well must be one of
the wells sampled and sent to Paul Philp.

C/CO =TCE down gradient /(TCE up gradient *[ 99TC down gradient /ggTC up gradient])

Then, based on the results of the carbon isotopic analysis, C/Co will be independently calculated from the following
formula

C/CO —e ((513Cdowngradient _513Cupgradient ) €)

Where 5"Cpgradient iS the carbon isotopic ratio in TCE in the up gradient well, where 8**Coungragient i the carbon
isotopic ratio in TCE in the down gradient well, and &, the isotopic fractionation factor for aerobic biodegradation of
TCE through co-metabolism (subject to revision based availability of more literature), will be -1.1 %o. This value of
¢ is provided by Chu, K.-H., Mahendra, S., Song, D.L., Conrad, M.E., and Cohen, L.A. (2004) Stable carbon isotope
fractionation during aerobic degradation of chlorinated ethenes. Environmental Science & Technology 38: 3126-
3130.

The stable isotope analyses will be evaluated by comparing the rate of TCE transformation as predicted from the analyses to
the rate of TCE transformation extracted from the field monitoring data. If the rate of TCE transformation predicted from the
extent of removal of TCE based on stable isotope measurements is at least one third the rate extracted from the field data,
then the stable isotope analyses will be considered to provide a third line of evidence for MNA processes as defined in United
States Environmental Protection Agency. 1999. Use of Monitored Natural Attenuation at Superfund, RCRA Corrective
Action, and Underground Storage Tank Sites. Office of Solid Waste and Emergency Response, Directive 9200.4-17P.
http://www.epa.gov/swerustl/directiv/d9200417.htm.

Assuming pseudo first order kinetics:

C/Co=e™

Where k is the first order rate constant for attenuation and t is time of travel from the up gradient to the down gradient well.
Taking the natural logarithm of both sides:

In(C/Co) = —kt

Because t is the same for the estimate based on TCE concentrations or the estimate based on stable isotope ratios, it can be
scaled as “one travel time.” The value of t in both cases is one.

If the natural logarithm of the value of C/Co provided from the analysis of stable isotope ratios is more negative than natural
logarithm of the value of C/Co as calculated from measured concentrations of TCE as normalized to the measured
concentrations of **Tc, or if the natural logarithm of the value of C/Co provided from the analysis of stable isotope ratios is
no more than a factor of 0.33 more positive than the natural logarithm of the value of C/Co as calculated from measured
concentrations of TCE as normalized to the measured concentrations of *Tc, the stable isotope analyses will be considered to
provide a third line of evidence for MNA processes.

As an example:
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Assume the normalized value of C/Co for measured TCE concentrations is 5.5 pg/L down gradient and 200 pg/L upgradient.
The value of C/Co is 0.0275 and the value of In(C/Co) is -3.59. Multiplying -3.59 by 0.33 produces a criterion of -1.18. The
stable isotope data will be considered to provide the third line of evidence if the value of In(C/co) estimated from the stable
isotope ratios is less than -1.18.

Assume the value of 8°Cypgragient 1S -30.20%0 and the value of 8"*Cuowngradient IS -28.10%o. If £ is -1.1%o, the value of C/Co
predicted from the stable isotope ratios is 0.148 and the value of In(C/CO0) is -1.91. Because -1.91 is less than -1.18, the
criterion would be satisfied and the stable isotope data would be considered to provide the third line of evidence.

If the natural logarithm of the value of C/Co provided from the analysis of stable isotope ratios is more than a factor of 0.33
more positive than the natural logarithm of the value of C/Co as calculated from measured concentrations of TCE as
normalized to the measured concentrations of **Tc, the stable isotope analyses will be considered to provide no interpretable
information, and will not be used to support a decision.

Assume the value of §"*Cpgradient IS -30.20%o and the value of 5"*Cowngradient IS ~29.00%o. If € is -1.1%, the value of C/Co
predicted from the stable isotope ratios is 0.336 and the value of In(C/CO0) is -1.09. Because -1.09 is greater than -1.18, the
criterion would not be satisfied and the stable isotope data would be considered to provide no interpretable information, and
will not be used to support a decision.

To allow for statistical uncertainty in the determination of *3C analyses, the value of 613Cupg,adiem will be replaced with
8"°Cpgradient PIUS the sample standard deviation of the analysis, and 3"*Cgowngradient Will be replaced with §"*Coungradient MiNUS the
sample standard deviation of the analysis.

If the natural logarithm of the value of C/Co provided from the analysis of stable isotope ratios is not more than a factor of
0.10 more positive than the natural logarithm of the value of C/Co as calculated from measured concentrations of TCE as
normalized to the measured concentrations of **Tc, the stable isotope analyses will be considered to provide a third line of
evidence for MNA processes. If the natural logarithm of the value of C/Co provided from the analysis of stable isotope ratios
is more than a factor of 0.1 more positive than the natural logarithm of the value of C/Co as calculated from measured
concentrations of TCE as normalized to the measured concentrations of *Tc, the stable isotope analyses will be considered to
provide no interpretable information, and will not be used to support a decision.

The value of In(C/Co) for the normalized TCE field data was -3.59. Multiplying -3.59 by 0.10 produces a criterion of -0.359.

Assume the value of 3"*Cypgragient 1S -30.2%0 and the value of 5"*Caowngradient IS -28.1%o. Also assume the sample standard
deviation is 0.25%.. The values modified by the standard deviation are -29.95%o and -28.35%.. If € is -1.1%o., the value of
C/Co predicted from the stable isotope ratios is 0.234 and the value of In(C/CO0) is -1.45. Because -1.45 is less than -0.359,
the criterion would be satisfied and the stable isotope data would still be considered to provide the third line of evidence,
despite its measured uncertainty.

If the parties choose to accept this outline to negotiate a decision estimation statement, they should negotiate the factors of
0.33 and 0.01, and the value for ¢.
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Appendix 3D. University of Oklahoma MTBE CSIA Slide Presentation
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Appendix 4. Propagation of Errors Statistical Analysis (Student T-test)
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Propagation of Errors Statistical Analysis

4D.1: Introduction

Population parameters can not be fully characterized until sufficient data on the population is collected: therefore,
statistical uncertainties must be approximated by using available data (often small, insufficient data sets or
potentially similar data drawn from the scientific literature) while employing well-established statistical methods. In
this instance, we use the propagation of errors technique (slightly modified) to estimate the uncertainty associated
with the stable carbon isotope data. The modified approach incorporates the Student t-statistic to illuminate and
account for the overall lack of data samples.

In section 3E.2 we will discuss, in some detail, the methods used in determining error propagation. The statistical
methods that are utilized in this section are standard statistical techniques; however, we refer the reader to Brandt
(1999) for a reference of the methods employed. In section 3E.3, we will consider the pertinent error propagation
formula for the stable carbon isotope data. The data in use for this section originated from the USEPA reevaluation
of the Chu, et al data (Chu, 2004) as well as the USEPA stable carbon isotope data. The uncertainties determined in
this section can safely be assumed to be two-sided (i.e. plus and minus) even if not stated. Finally, section 3E.4
represents a brief discussion of implications to the uncertainties and the applicability of the described techniques to
other studies.

4D.2: Error Propagation

Suppose that the population parameters of concern were given by a set of measurable
quantities X = (Xl, Xy yeen Xn) , in which we had established, by experiment, an estimate of the measurable

quantities X = (Xl, Xy yens Xn) . If two parameters from the aforementioned set X vary together, we would quantify
this variation as the covariance of the two variables. Since we have more than 2 parameters -- in general we have N
such parameters -- we can define an N'x N symmetric covariance matrix U whose elements are defined by the
covariance of two measurements from any two elements from X, namely:
U; =Cov(xi,Xj).
This, however, is not the end of the story. If our interest is not in the individual parameters but an analytic function
f of the measurable quantities X , then our goal is to find the covariance matrix of f !. Ultimately, the variance --

or how the quantity varies with respect to itself -- of f will serve as the desired statistical uncertainty of f . Itis

convenient, as well as necessary, to use the Taylor series to obtain a linear approximation. The Taylor series is a
way to write an arbitrary function that satisfies certain technical criteria as a polynomial of multiple variables on a
certain domain of the function. For this particular case, we are only interested in the linear contribution to the sum,
namely:

— n o of —
fO)~fo+>— X
i1 OX; |
! Xi =X
where fO is the first term in the series. Using the following two covariance identities®:
Cov(aX,bY) =abCov(X,Y)

Cov(ZXi,ZYj) = ZZCOV(Xi,Yj)

where in the first equation X and Y are random variables and @ and b are real numbers and in the second
equation, X; and Y, are elements of two sets of random variables (or parameters), we can deduce the form of the

! For a single function this is a 1 by 1 matrix, however, for multiple functions this will be a non-trivial matrix.
Z These identities can easily be deduced from the definition of covariance; namely:

Cov(X,Y)=E((X — )Y —v)),where E(®) is the expectation value (or the expected value of a parameter
in a given statistical distribution) of the argumentand E(X) = ¢, E(Y) =v.
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covariance matrix of the function f . It follows from the preceding equations that the covariance matrix of f

(V,, =Cov(f (x), f (x)) =Var(f(x))) can be approximated by expanding to linear terms in f , as done earlier:

o Cov(xi, X;)
_ OX. _

i=xi ) =

n n

VZZ

|lrl

We should note the first term in the series of f has no bearing on the variance of f . This equation can be restated
as:

=V, Zn: ) Var(x.)+znlzn: o Cov(xi, Xj).
=1 | X =i i=1 }j | %; =Xi an Xj:;j

The preceding equation represents the most general statement regarding the propagation of error in a function f 3

in terms of the covariance of ; . The formulas in the subsequent section can be derived by employing the prior
formula.

4D.3: Statistical Uncertainty

Following the recommendation suggested in the introduction, the total uncertainty should be based on the error
propagation of the of the uncertainty of the mean of the differencesin 0 °C = §C -5"C

Downgradient Upgradient

and the error in &, namely,

A(-kt) _ A(In(C/Cy)) _ \/( 513c) ( e _ 2A513CAgp
—kt In(C/C,) s P sce 0T

where the A notation represents the error, the over-bar notation represents the mean of the respective parameter and
P sisc,. 18 the correlation coefficient. We suggest that p ., - vanishes, since it is unknown’ as to whether or not

oC and & are correlated. We assume that the correlation is negligible, and that this approximation is acceptable.
The uncertainty in &"*C should be determined using the Student’s t statistic;

ASVC =1, )5S, .
where S is the sample standard deviation, and the t value is one-tailed at 0.10 significance. The sample standard
deviation of the 5™>C is determined through a similar propagation of error calculation:

35130 = \/(Scdown )2 + (SCup )2 - 2Cov(élscdown ’ 513Cup)

are the standard deviations determined by USEPA which implies these quantities assume a

where S and S

Cdown Cup
value of 0.183. We also are assuming that the COV quantity in the preceding equation can be neglected in this

discussion. The numerical value of 55% can be determined to be 0.25.

Similarly, the uncertainty associated with the & should be determined using the Student’s t statistic along with the
sample standard deviation, S, namely;

A& =1,04)1,S,

where the t value is the one-tailed at 0.10 significance and the value of S, (=.22) was determined from the USEPA

revaluation of the Chu, et al (2004) data. The use of the Student’s t statistic is employed to accurately account for
the deficiency arising from the number of samples.

Following the preceding discussion, the uncertainty can be reformulated in the following manner;

® This expression is exact if f is a linear function.

* Without additional data
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A(kt) _ AIn(C/Cy)) _ \/(tmasgmc o (lawz®e e

—kt In(C/C,) s%c €
Let us consider the following average values for 5°C , g.and In(C /C,) namely®:
5"C =.30,
£=-14,

In(C/C,) =-0.27.

Utilizing the t values from (Zar, 1999), and taking N = 4 (although we know in this case N = 1) along with the
calculated sample standard deviations, we arrive at the following values:

S oty =25%1.638 = 0.41
s,t,1, =.22*1.356 = 0.30.

These values lead to the conclusion that the uncertainty associated with In(C/C,) is:
AIn(C/C,) =-0.29.

4D.4: Discussion

The preceding discussion presented a general procedure to determine the error of propagation as well as a specific
example that pertains to the stable carbon isotope data. A particular advantage of this approach is its applicability
to a variety of data sets, including the stable hydrogen isotope experiment.

BIBLIOGRAPHY:
Brandt, Siegmund Data analysis: statistical and computational methods for scientists and
Engineers 3" ed. New York Springer, 1999

Zar, Jerrold H. Biostatistical Analysis,
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® Forgoing units
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Appendix 5a. Borehole/Well Lithologic Logs (DWGIS)

R&R INTERNATIONAL MONITORING WELL LOG

/ 1 of 3
IMonitoring Well No.: 243 Date Started: July 20, 1994 Logged By: BLY, MAL, PAK
: MEK-Ferguson of Oak Ridge Company Drilling Cg.: Pennsylvarus Drilling |
IR&R Project No.: 302122 Date Completed: July 27, 1994 Driller: Joe Raab I!
ME-F Project No.: 3014/2005 Location/Coordinates: I
|Drilling Method: 6.25" ID HSA |
[Final Elevation: Sampling Method: Split-spocn i
\Riser: Type - Stainless Steel Diameter - 20" Length - 65.13" 5-'
Screen: Type - Stainless Steel Diameter - 2.0° Length - 10.00" |
Total Depth: 75.5" Top Sand Pack: 61.00° Top of Seal: 58.00" J
Water Level at Completion: 40,70 Slot - = 0.010" i
State of Kentucky Permit Number: 80004533 I(
Depth { B | Sample No. | PITy/ | Rec | Lithology Grain Size Graphic i
in frer) | C | Interval RAD |(In feer) | Description G S S C Boring I
] : ! 1.
___hl I | J |
1 1] { | | Deilled blind w0 20.0° ‘ i
| —i I |
—_ .'I | i i i
z R I i See Soil Horings M and 35 for ‘
| | | llI ,'I ! complete comparative fithology
3 . | | ( | |
" — |
4 B ! ' i | '
| | i ! : I
I S i |
4 r | i
i 5 ! | In' [ I !
6 i i i ! ‘ | *
— | ! I
| =\ L |
7 i : | i i I ;Ii
— . |
H i
I ] | :& | |- |"
il |
| L Pl ' |
| i ! i
I ’ |_ ! l : | | 1
! — / I' | i
I 10 i |III !I i ]
I 1 J I| || I ;Clﬂhn.gs show clavey gl lipht brown
! I I_ i IIi I;I I | l
. ; J I; I’. : I |
| N — Vi ' ! | |
i R —_— L i i i
! . — i ' ! :
i ! . ! !
| H I | 1 H
I b [— ; ; | |
i Loy '|i ' , i
15 S i ' 1




i —
; R&R INTERNATIONAL MONITORING WELL LOG
| Page 2 of 3
iMonitoring Well Mo.: 243 Date Started: July 20, 1994 Logged By: BLY, MAL, PAK
!f;'lieut: ME-Ferguson of Oak Ridge Company Drilling Co.: Pennsylvania Drilling |
IR&R Project No.: 302122 Date Completed: July 27, 1994  Driller- Joe Raab ;
ME-F Project No.: 501412005 Location/Coordinates: !
|
! " Depth B | Sample No. | PIDV | Rec . Lithology Grain Size .
(in feer) C Ierval | RAD |{In feen)| Description G S 5t C
_\ / - i ISILT with lime clay {10%)
, 16 ! , i '
S
! 7 '\ ¢ | | |
| =N
18 j \ i :
1 I' [
19 IR '
| /N .
E 20 i ...-"‘r \I ) _;C]_AT. ailty wilh trare sand sewme: momled
l | i | gray and yellowrds brown (5 Y 51 ang
2] 1| 1 L0 | L0 7.5 YR 5i8y, mers: medium plassiciny;
(2] 02 | BKG | lemwws
22 i ]Ddl | _!EI.D-E.S'G];iAﬁL:ED%J.Mlh wrace fine |c| !
:' [ i i i - imedium sand and elay (10% each): angular o |
' 23 LF 2 | I 20 | uberounded: naf-ceinented; iron oxidized f
i.. 25 | (22-29) | BKG | [22.5 - 2.0 SAND (95 %) with wace gravet
24 40 | | ! _'iS'F.-}'. sib-rounded: well sorted: non-cemerted;
oo A i imoist: 7.5 YR $/4; firm to dense
! 25 N / I '
| | I ! |
| 26 T ‘1\ i ) i
L I i
{ . = N/
! . — A | i :
! 13 |_ TRy }
I [ i ! . | |
I 29 N Yo ! -
! P f \ i
1 30 i i
Il __ [CLAY (65 %), 5l (25%). and sand {10%); !
I:| 3 P4 3 0 20 monied yellowish pray and brown 3 ¥ 31,
: li (30 - 37) T BKG ;anﬂ 7.5 YR 5/8; firm o 2iff; mom: mediom
32 ﬂ : — I plamscity; fine 1o mediem gramned ;.
{ i i
I 33 IR a 0 ! 20" clov derrerses 10 50% . sand increascs 10 25% |




R&R INTERNATIONAL MONITORING WELL LOG =

Page 3 of 5
{Monitoring Well No.; 243 Date Started: July 20, 1994 Logged By: BLY, MAL, PAK
Clienr: ME-Ferpuson of Oak Ridge Company Drilling Ca.: Peransy lvanis Drilling
[R&R Project Na.: 02122 ' Date Completed: July 27, 1994 Driller: Joe Raab
IMK-F Project No.: 50142005 Lacation/Coordinates:
Depth | B | Sample No. | PIDV | Rec Lithology 7 |'Gra.iu Size Graphic
{in feer) (€| I[merval | RAD i{In feer)| Description G S St C Bori
‘7 . (32 - 34) BEG | ysilt 25% with wsee gravels ]
3 b i 3.5 - 34.0° sanst decreases 1o 15%: wift; moisc: .
| i botom 0.3" highly plastic
15 ENEE o |1 !
| (34-36) | BEKG | :
3% v i ! !
H ¥ |
. i I-J | '
37 | | /! I |
i I i i
= | _
38 I - _! :i_ I | | : | |
i [ i I | |
39 o . | ; - A
! P lo i . '
i ;_ i |I I_| | | i |
i 40 : H . i i 4
i o fod ! | i
il —_— 1 | i | | ||
!| 41 i Voo | j i
! o v : :
! — ! = I
; a2 i : ' i
| — i"
a3 [ [ 5 : =
o A | ;
 — i I
. 44 | In': 1 { I
i P i : i i
, 45 S B S S ;
i A |
i 46 I [ |
P Lo |
I« — |
i . | .
| 4% ;
§ |
14 i
50 -' . |
| JCLAY (BOH) wath irace fine 1o medium l
1 51 86 ' 0 2.0 graned sand (10%1 and sl 10%) |




: R&R INTERNATIONAL MONITORING WELL LO
Page 4 of
iMonitoring Well No.: 243 Date Started: July 20, 1994 Lopged By: BLY, MAL, PAK
{Client; MK-Ferguson of Oak Ridge Company Drilling Co.:  Penasylvanis Drilling
JR&R Project MNo.: 302122 Date Completed: July 27, 1994 Driller: Joe Raab
IME-F Project Ne.; 3014/2005 Location/Coordinates;
:| H
@ Depth | B | Sample No. | PID/ | Rec Lithology Grain Size | Graphic !
i‘ (1n feeg) > Ineerval | RAD {In feer)| Description G 5 &5 C ! Boring :
10 | 50 -52) BKG | CLAY, 25 above
i 52 13 | | SAND, fine grained; light gray with brown
; _1| | ! patches: 5 ¥ 746 and 7.5 YR 3/8; well sortad:
i 53 |6 | T i 0 :! 10" e meeaceous: loose: sub-rounded 1o sub-
| 10 ] (52-54) | BKG | angutar; wrace gravel
: 54 10 | ' !
I ) ] |
| i [
i |
35 5 £ 1] 2.0
! =l ]i ‘ | |
] L5 | (54-56) | BKG | |
" 56 5 | | i .'
1 ) 7 H :
y _Ikl' 'IIII i !
57 | | i | |
|1 f | I
| L I | |
! 58 ! I ! | i
y o .I :|' | i | !
| 59 — /] ! | | |
J | L i 1
; IR :l'll ‘ I' il
E &0 |_'_ : I.I II.' :
! | — I| ] i
i — a [
! R |
| i i i i X i
! 62 VI ! |
i I N :'
I 63 A ' |
| e I | | | i
| A T A i
'I' b4 -i '. =Il ! l : ; i
I' =I_! i :: i H | : 3
| I I'I i i i . !
| 65 | S | | | |
| o .l'l 1o ! = ' i
] —_— ' ! i b
! 66 L : ! !
! B ._ ' ! !
:I 57 ] ' !
1 i ! ' I i ! !
— -. : | |
&%) L Y ; |i
. - - ; I | i
‘| i : ! ] | i
e 69 . i _ i | | 1




| R&R INTERNATIONAL MONITORING WELL LOG |
Page 5 of 5

Monitoring Well No.: 243 Date Started: July 20, 1994 Logged By: BLY, MAL, PAK
| Client: MEK.-Ferguson of Oak Ridge Company Drilling Co.: Penmsylvania Drilling
R&R Project No.: 302122 Date Completed: July 27, 1994 Driller: Joe Raab
ME-F Project No.: S014/2005 Location/Coordinates: I
Depth | B | Sampie No, | PIDV | Rec | . Lithology Grain Size Graphic
(in feet) C Interval RAD |(In fect) Description G S5 S ¢ Boring
70 ]:l \
RN
71
- —
73 | SAND, fine-grained. wace silt (3%): brown
| | i 10 YR 6/6: sub-rounded; well-sorted; wet
74 1‘U_| 9 |0} LD CLAY. with Linde =it and trace gravel (1%); smiff
17 (73 - 75) | BKG mottled brown 7.5 YR 4/ &net 10 YR 5/6; mojs
75 30 1 | _ | GRAVEL with some sand {20E); rousd 1o s
i | | | roneded; wer
76 | Base of boring ot 75.5° °
77 JHOTE: Depth of intenior well base verified during development; as of 12/13/94 10 be 75, [T
_1 below T.0.C.
78 .
79 ]
i
P
81 |
82 [
I
83 1
Ba ]
85 L
| i
B ! |
R _ a




WELL-HEAD ASSEMBLY

G.5. ELEV. ___
T.OC. ELEY. __

ﬁmmli—l | I_J (=T
He=jI==TE=1k

ﬁJ

DATA LOGGER

TOP OF SEAL  98.00° ———

TCFOFSN‘I} a1.00° —“—\
I

SAND ABOVE SCREEN 413 — " { | _

BASE OF PLMP IMLET 69.00° ——
BOTTOM OF WELL 75,13 —j

r’/[_”_i = == =TT

65, IJ ‘SEH S5/TYPE 34 5.5, RISER

/
——= 52.35' PRESSURE TRANSODUCER (PROEE) PTX-260
1
p — CENTRALIZESS
CEMENT -
BENTONITE SLURIRY GROUT
Ly
A 62.30° BOTTOM OF PACKER
- PLRGE MIZER HOCEL L200

TOTAL BOREHOLE DEFTH 7%5.50°

.-/:.—-_ 3.00° BENTOMITE SEAL

DISCHARGE TUBING

—— e SAMND PACK

. I ——— 2.0° TYPE 316 5.5. SCREEN
{ {0,010" SLAT) PRE PACKED)

2.0 50H. § S/TYPE M4, 5.5, PLUG

== BORE MOLE DIAMETER 12.0°

C BRCRIC, O

S COLUMBUS, OH
- PITTSBURGH, Pa
S COLUABIA, D

WELL CONSTRUCTION DIAGRAM

T——

LEGEND
e e ——" "

MHOT TO SCALE
" WELL VAT AS-S0NT ORuweics REFERENCE CSE “S N0

MONITORING WELL NO. MW-243
NORTHWEST PLUME-SOUTH FIELD
PADUCAH CASEQUS OIFFUSIOM PLANT
5.0, PERMIT MO, 8000— 4333

T/haras | ST, | OOPoRR . | PoREL 2




R&R INTERNATIONAL MONITORING WELL L6G

1 Page 1 of ]
j|mmmnng Well No.: 242 Date Started: August 16, 1994 Logged By: LIS
IClient: MEK-Ferguson of Oak Ridge Company . Drilling Co.:  Pennsylvania Drilling
'[R&R Praject No.: 302122 Date Completed: August 19, 1994 Driller: C. Coulter ;
_J.MIK-F Project Na.: 5014/2005 Lacation/Coordinates: !
ﬂDn’lI'.ing Method: 6.25 ID HSA/6.0° OD SS5A _ !
iFinal Elevation: ‘ Sampling Method; Split-spoon B .r
|Riser: Type - Stainless Steel Diameter - 20" Length - 65.10' i
creen: Type - Stainless Steel Diameter - .07 Length - 10.00° |r|'
|Tuf.x] Depth: 75.00" (97.30% Top Sand Pack: 63.00" Top of Seal;
Water Level at Completion: 42.40' Slot - -
State of Kentucky Permit Number: BO00-4543 ]
Depth | B | Sample No. | PID/ i Rec | Lithology IGI‘H.I.I[ Size
{in feer) Interval RAD l(m feer)| Description G § St C|
i [1 j f I i
1 i f‘ I IDn’IId blind 1o 200" ,r
I
1 2 I i 1 i rSMSuiIan;;IImM far ! | i
! !I |=' Il IJ |commlete eomgaratve lithology , i
3 i \ : | !
ﬁ 0 I—-, | 'f | ! ! ! i i
"—.: b | I | I H B
4 i 1 ! ! | i
b F ]
B | ;' |
. L1 i | ! 5 i
& i [ ! [ |
H— 'I, j | IJ i . ’
! 7 P f ] | j :
B i ¥ 1 : I
] - I; | ,' 5
i 8 i f ! | !
[— i . : | H i
|- [ i \ | ' i | f [
9 IL__| [ | | i | !
l i I | i | H
A | i : -’
10 — | j i | i
i i i i [ i | i I ! [
i _ HE: i i i i
H 1 T ' é ' I
| — '. | |
| — ) ' [ ; 4
12 L
13 — i
T i
— |
|4 ‘ i
1 P L
s L ! !




R&R INTERNATIONAL MONITORING WE
Page 2

LL LOG

of 5}
Monitoring Well No. 242 Date Started: August 16, 1994 Logped By: LI
Client: ME-Ferguson of Oak Ridge Company Drilling Co.:  Penasyl vania Drilling
Project No.: 02122 Date Completed: August 19, 1994 Driller: C. Coulter
|ME-F Project No.: 501472005 Location/Coordinates:
Depth J B | Sample No. [ PID/ | Rec i Lithology Grain Size Giraphic ;
(in feer) ' € ! mmervai | RAD !n feen) Description G S S C Boring |
i i ;1 l i :
16 / ' : -
— 1\ o .
oo/ Ii ! ! :
! 17 \ ! !
N/ | _i
— /\/ i ! ! [
18 | i | |
."f \."1., I !I :
/ ..\l | | ﬁ
| 1 H
19 ! W : i
- | i
. v ! ]
20 | ;. | |
[ : ! [CLAY (70%) with some silt (30 %); tight brown| .
: 21 12 | i 10 FA5T 000 VR 663 - &) dases 1o moist; very miff | i
y 20 | (20-27) | BKG JGRAVEL (65%) with some fine grained, sub- J
: 22 50053 i roundes sand (25 %) and tmce sift (10%); gravel !
i i\ f1 ! jis subangular: very dense i
23 i N | i 3
1 i ! f i
24 I i i ! i
IR |
!
25 b j i ] !
IR o
26 : 1 .’I ! | i
IR | ! |
i 27 i \ ) |
f -— ¥ ' 1 .
! o i ! i
28 i L
; P . i i
J —— o N
f 29 ! I !
i I i B . I H |
1 : | 3
. ; | i
32 R I i
[ ) ! I o
R " 1 i
33 B H i | ]




R&R INTERNATIONAL MONITORING WELL LOG
Page 4 of &

nitoring Well No.: 242 Date Started: August 16, 1994 Logged By: 13 i
: MEK -Fergusen of Ozk Ridge Company Drilling Co.:  Pennsylvania Drilling i
{R&R Project No.: 302122 Date Completed: August 19, 1994  Driller: C. Coulter
IME-F Project No.: 50142005 Location/Coordinates: |
Depth | B | Sample No. | PID/ | Rec Lithology Grain Size
(in feer) | €| Inerval | RAD Ifln feer) Description G5 S C
TN
| i
i 52 I\ | .
N\ ! |
53 | ! / ! !
H i ’,,X I E
- i
54 P i
- N ff N ' ]
35 ] I \\ H i |:
| i | ICLAY (85 %) with linle fine grained roundsd i
A 56 P 7! 2 0 1 23" fsand (15%), monled light geny and orangish i
| B (35-5M BKG | brewn (10 YR 6/1 and 6/8); mois; frm 1
1 57 4 i | i :J
[ Fog / II [SAND (95 %) fine prained, rounded with trace #
58 ‘.’\ | |' sl (5%); firm (last 0.3%) b
| / . 3 ]
59 s / | {
R [ } i
60 [ 1& fol : ; i
=\ /0
6l ! : | ! ! f
I S T ! |
- L E
o — o |I
— \." i i !
63 L Vo ! i’ h
R i i : §
P i1 . i 1
B ! I i H ;
4 — -'f A 1 : 1
i 65 AL | ! ' :
; L ! ' 'r
H &6 B ' i i
; — ! | )
: 67 - : I
b — ' 1 :
1 : ' 4
- L ; | |
I T .I'.i ! i i
i) i v i i ]




R&R INTERNATIONAL MONIT ORING WELL LOG
Page 5 of &
Monitoring Well No.: 242 Date Started: Aupust 16, 1994 Logged By: LIS
Client: - MEK-Ferguson of Oak Ridge Company Drilling Co.: Peansyl vania Drilling
|’R&R Project No.: 02122 Date Completed: August 19, 1994  Driller: C. Coulter
ilh-[l(-F Project No.: 501442003 Location/Coordinates:
: Depth B | Sample No. | PIDV | Rec | Lithology \Grain Size Graphic
(in feer) C | merval | RAD l(In feen| Description G S St C B oring
o | L ) |
i |
& | 1\ ff |I
Vo !
72 \l{ i
| i i
| / |
AL
I A } 4
74 | Y .F :
Y % i |
s y v ! t
| ' i GRAVEL (S0%) and SAND (45%) with trace | I
i 76 L4 3 0 ‘ 1.65 1=l (S%]: sand is medivm prained: gravel is
! - 14 (75 -77) BEG | [subangular, medium brown (10 YR 6/6): wel é
77 14 | |ﬁrm JI
. ) f1 f i
8 N /| | !
I |t | !
— | / . |
|
?9 |I_‘_I \ / |
’ [— i ! | i i
80 : ' |
3 \ ," .' |
&1 I ! ! |
h i
L S |
82 If ,{ | i i
- AU | |
[ ! . | . ' H fi
i —— .‘l | ' i | kY
I ! H ! : 1 o
| * — | | | ;
. P . | ! i
i 8 | é : : ! !
I I | ' § ' i
! 86 L i . | ] i
I ; ' | |
I a7 | ] I i [ i




; R&R INTERNATIONAL MONITORING WELL L.OG
' f

Pape ] of
Monitoring Well No.: 242 Date Started: August 16, 1994 Logged By: LJS
Client: ME-Ferguson of Oak Ridge Company Drillicig Cao,: Pennsy | vanie. Drilling
RE&R Project No.: 32122 Date Completed: August 19, 1994 Driller: C. Couldter
ME-F Project No.: 5014/2005 Location/Coordinates:
_— :
Depth B | Sampie No. | PIV | Rec ] Lithology Grain Size Graphic
{in feer) C | Interval RAD |(Tn feer)| Description G § S5 C Boring .
- R
88 | | -
] |
89 [ ‘\ |
o ! | | |
91 C i [

N L___! . / \ ! ! - _ i
93 — / \ | | | i

o4 i ' | I

Same as sbave 10 4"

96 12 4 ] ! ¥

171 ms.9n | BKG

a7 21 | ICLAY (80%) with silt (20%): very mify | | I|
[ SAND ($0%) with trace it (10%); sandis | j
L] | fing eramed; firm; wes | |
I | Hase of boring ar 97.7°
59 | I
: INOTE: Depth of interior well base verified during developrrers; as of 12415794 10 be 75, 1) |
—
100 ! below T.0.C.
L
I —
I 10 I 1 F
. — .
| S | i
| 102 | l
: | i
1 e
| 103 ; |
| ' i
I la | |
—
105 i |
| [
| |




WELL-HEAD ASSEMALY ——

TOTAL BOREHOLE CEFTH 75.00°

G.5 ELEV. __
T.oC ElEy.

TRAMSDUCER RESL

COMCRETE WaLAT
T HIEENANNZ wiITh &° COMCRETE

GROUMD SURFACE

H=ET=T==

===

=E=EIER

DaTa LOGGER

TOP OF SEaL 50,800

TOF OF SAMD &3 00

HASE OF PUMP MLET 49.00-
BOTTOM OF WELL 751" —

=T
L “A

14 i
r'}:,,.'

CEMENT-

= 42,307 BOTTOM OF PACKER
FURGE MIZER MODEL L20g

//dl—‘ 5.00° BENTONITE SEAL
i

———— SAND PACY

LEGEND

HOT TO SCALE
T OWELL VAT AS-HIALT DRmeres REFERENCE CHE -S0001-001

j /u’_'.rl—'!lﬂll-—ffi_"“’_

- 45, O SCHLASITYRE Mk 5.5 RISER

g.——_ SL.0% PRESSLIAE TRAMSDUCER (PROSE] PTX.260
g /(\"’ e CENTRALIZERS

SENTOMITE SLURRY GROUT

DISCHARGE TLRMG

2.0° TYPE Mi& 5.5, SCRESH

0, 210" SLAT) PRE P ACKED)
S 07 S0, SSATYPE M8, 5.5 PLLG

f,'r Jn'f GORE HOLE DIAMETER 12.0"

T - AR RO, OH
- COLUMBLIS, O+
- EITTSAURGH,  Pa
CCOLUMELA, wD

e E—— -

WELL CONSTRUCTION DIAGRAM
MOMTORING WELL NO. WW-242

MNORTHWEST PLUME—S0UTH FIELD
FPADUCAN CASEOUS OOFFLSKE BLANT
S0, PERMIT MO BO00- 4540




WELL-HEAD ASSEMALY ——

TOTAL BOREHOLE CEFTH 75.00°

G.5 ELEV. __
T.oC ElEy.

TRAMSDUCER RESL

COMCRETE WaLAT
T HIEENANNZ wiITh &° COMCRETE

GROUMD SURFACE

H=ET=T==

===

=E=EIER

DaTa LOGGER

TOP OF SEaL 50,800

TOF OF SAMD &3 00

HASE OF PUMP MLET 49.00-
BOTTOM OF WELL 751" —

=T
L “A

14 i
r'}:,,.'

CEMENT-

= 42,307 BOTTOM OF PACKER
FURGE MIZER MODEL L20g

//dl—‘ 5.00° BENTONITE SEAL
i

———— SAND PACY

LEGEND

HOT TO SCALE
T OWELL VAT AS-HIALT DRmeres REFERENCE CHE -S0001-001

j /u’_'.rl—'!lﬂll-—ffi_"“’_

- 45, O SCHLASITYRE Mk 5.5 RISER

g.——_ SL.0% PRESSLIAE TRAMSDUCER (PROSE] PTX.260
g /(\"’ e CENTRALIZERS

SENTOMITE SLURRY GROUT

DISCHARGE TLRMG

2.0° TYPE Mi& 5.5, SCRESH

0, 210" SLAT) PRE P ACKED)
S 07 S0, SSATYPE M8, 5.5 PLLG

f,'r Jn'f GORE HOLE DIAMETER 12.0"

T - AR RO, OH
- COLUMBLIS, O+
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CCOLUMELA, wD

e E—— -

WELL CONSTRUCTION DIAGRAM
MOMTORING WELL NO. WW-242

MNORTHWEST PLUME—S0UTH FIELD
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Client:

R&R INTERNATIONAL MONITORING WELL LOG

Momhrmg Well No.:

R&R Project No.:
ME-F Project No.;

Page
236 Date Started: Sept. 8, 1994
MK-Ferguson of Qak Ridge Company
02122 Date Completed: Sept. 9, 1994
501442005 Location/Coordinares:

of

Logged By:
Drilling Co.:

Driller: -

3
PAK
Pennsylvania Drilling
C. Coulter
B. Goilihue

Depth
fin feet

Lithology
Description

B | Sample No. PID/ | Rec |

Graphic
Eoring

i

16
17
18
19
0

2]

23
24
25
16

7

C Interval RAD |(In feer)|

S f |
\ / j Drritled Blind to 70.0°

1]

LT




R&R INTERNATIONAL MONITORING WELL LOG

i'
| of 5
IMonitoring Well No.: 236 Date Started: Sept. 8, 1994 Logged By:  PAK
(Client: ME-Ferguson of Qak Ridge Company Drilling Co.:  Pennsylvanis Drilling
RE&R Project No.: 302122 Date Completed: Sept. 9, 1994 Driller: C, Coulter
ME-F Project No.: 5014/2005 Location/Coordinates: B. Gollihue
| Depth B | Sampie No. | PID/ | Rec | Lithology. Grain Size | Graphic i
{in feet) C | Interval | RAD | Description G S S C| Boring ;
] I : 1 _-_.
| :
34 Drilled blind te 70.0° - I
I . |
| I
15 | i
; 36 ' I'. i
| |
17 '|
| |
B | |
' 38 | \ ; - |
| ' I i
y ] | i !:
i ) — i |
] | ||I II| | i
41 I‘_' Ii I{I l I
T | g
42 L | [ [ i '|
43 — /I\ |
i ! |
i | 'I | _ i
i 44 i III ' . | i
N |
45 ! ! |
i |
| 46 | ; i
| L i i ; !
’ a7 Er ! | | E
| o ; | ;
:i 48 i | { i I :'
| ! P ! I l
j 49 i | g |
| S |
50 ! H X ' ]
1 | EII- i I :
—
- N — L _




R&R INTERNATIONAL MONITORING WELL LOG
Page 4 of 5

poitoring Well No.: 236 Date Started: Sepr. 8, 1994 Logped By: PAK . |t
EC“'"": MEK-Ferguson of Qak Ridge Company Drilling Co.:  Penasylvania Drilling i
i|R&R Project No.: 302122 Date Completed: Sepe. 9, 1994 Diriller: C. Coulter :
-F Project No.: 5014/2005 Location/Coordinates: B. Gollitue !
Depth B | Sample No. | PIDV i Rec ! Lithology Grain Size Graphic
{in feer) C Intervai RAD [|{In feet)! Deseription G 5 5t C Boring
. ' i
32 } Drilled blind to 70.0° -
53 X !
54 — | |
f i
55
Vo
H i
i 56 i I f
. | | i j
i 57 I i
i -
=R i i i
k — [ "l I
59 / ' i
i | il
60 | f -
Loy
(31 i |
i i F
62 :,_.._! \ i |
L | | [
| e R | . | ]
i P I|| ! i ! ! i
! | i { ! i
I S ' | 5 |
- (A R S T i i i i
'? 65 H i ]] .i I : ‘ i
| ] . ' | i
i 66 | ! .i
_ - : :
] 67 . L |
G — L i
63 ' | E .
o - | II | f !:
i R i: | i
: 69 i i ' | I | i




R&R INTERNATIONAL MONITORING WELL LO

Page 5 of 5
IMonitoring Well No.: 138 Date Started: Sept. 8, 1994 Logged By: PAK

lient: ME-Ferguson of Oak Ridge Company . Drilling Co.: Peansyivania Drilling
TR&R Project No.: 302122 Date Completed: Sept. 9, 1994 Driller: C. Coulter
MEK-F Pruject No.: S014/2005 Location/Coordinates: . B. Gollihue
Depth |' B | Sample No. | PIV | Rec I Lithology Grain Size | Graphic
{in feet) ! C Interval RAD [{lﬂ feet) Description G 5 S5t C Boring
i ! A .
? 0 | .I [sum {90%) with trace clay (10%); subane- -
| | !lﬂu 1o mubrounded; fine: well-somed: reddish
71 16 | 1 0 2.0"  [yellow wimonled brown: loose: wet: firm
[--———_._._ —
i 14 {70-7) . BKG GRAVEL (75%) with some sand {25 %), -
72 t41 I gravel is anguler 10 subrounded: sand is wel]-
| i i [ sonied: subangular 1o subreunded; reddish
73 L / i ‘yellow wi mottled gray (7.5 YR, 6/8 and i
| i \ L 10 YR &/1); chen fragments; gravel is poorly
—
] 74 iy / soTen
i —— [} J
i i ]
| — / . i
! 75 i \ ! ]
I - \ ;; I : l
| % ; y i ;
i ."l,. I | |
77 AT i
— £ Ir i
! : rf Y | !
| 78 D B U '
i P o | [
| 79 Y I : I
— \ JI |
I:" 1 | :
i B} ¥ Y ! J !
i ! Base of boning at 40,00°
i 81 .|
| 'NOTE: Depth of interior well base venficd during development: as of 1215/%4 1o be 79,50
g2 i : bedow T.0.C.
| 83 c i
) R
T Na )
; 45 :
’_ K 5
| —




G.5. ELEY, __
TO.C. S8y,

TRANSDUCER RESL

COMCRETE VALLT
SITE S5 E2 wam &° COMNCRETE

GROLMD SURFACE

)
.'|IJI :
AT LY e ===y
HERMIT / I r__,: | [ ___”.,_ " 9.50" EU'LEIE-I'T'!'HE 36 5.5 RISER
MODEL W00 © r”Jl l)rf .
DATA LOGGER LA J 56.70C PRESSURE TRAMSDUCER (PROBE) PTX-260
. | B
RN
Y /ri _J g — CENTRALIZERS
| //@J.
_EENTIJI'H-TE-SLLRR'{ERCUT
¥ - r
! r"‘ﬂr @\_f/
I h .
TOR OF SEAL 82.00° N\, ﬁil% oo Borrees o pacxen
R B o e i PURGE MIZER HOEL £200
L~ ks '
_— g 5 / j—o-/"‘:: L0 BENTONITE SERL
oF 85000 —
SN 77 11172 miies
I =1 B S

SAMD SAOVE SCREEM 5.50"——— 7§

i

|_,_'-'—'_'_'__F

WELL w12 amn JT

SAMPLING PLMP

E-'D-'IT{H“IGF“ELL?'?&Q _——,

kT

|~ 2.0 TYPE M6 5.5, SCREEN
(0.00™ SLOT, PRE PACKERD)

— 2.0° SCH, S5/TYPE 38 5.5 PLUG

r— HOREHLE MAMETER 12.0°

!
ERR i

- AKROMN,
QoL HEUS Qu

'-u-—u_- - oL LIkEA, [
WELL CONSTRUCTION DIaGRAM

TOTLA BOREHOLE BESTH 80.00°

LEGEND

MOT T SCAE
T WELL VAT AS-SULT DRawwss REFeRoecs CSE - 3900 001

MONITORING WELL NO. 236
NORTHWEST PLUME—MNORTH FIELD
PAUCAH CASEQUS COFFUSION PLAMT
S.0K PORWT MO, BOGT -5999

sras TR | P | R O




FROJECT MUMBER

BORING NUMBER
ORO 30888F1 MW-1E8

SHEET I OF 3

SOIL BORIMG LOG i

PrRoJECT PGOP Phase 11 Site Investigation

LOCATION Diesed Spill Arsa, near Virgina and 10th 5t

ELEVATION 2" TOC 377,42 £, M5L

DRILLIMG CONTRACTOR Broicke Engineering

DAILLING METHOD AMD EGUIPMENT T2 CME, 12" CFA. 7 3/4" 0D auger, &% 310 sanpler

WATER LEVELS START 12/20/80 FinisH Q14781 LOGGER 0_Beshwenger
= SAMPLE STaMDAR S0IL DESCRIPTION COMM
i PEI\ET]!‘F'!JATTH%N OMMENTS —
oL
-] =] E RESULTS SOIL MAME, USCS GROUP SYMBOL, COLOR, o
B2l 2|35 % MOISTURE CONTENT, RELATIVE GENSITY 2 | DRILLIE FLiRhg, oG RaTg
B w Wik = B g - OR CONSISTEMCY, SD]L STRUCTURE, B TESTS AND INS TRUMENT ATI0N
& EZ M) MINERALOGY o
am | = |oF | ¥ s
T Top I.¥: Lean Clay (CLY; reddish Drown, Backaround:
- moist, moattling, Bottom 08" Lean Clay HMu=0 ppm, AAD=2% cpm ]
& [CLY; gray, moist, seiff. FP = pockel pensiromeier
o
- L; E -
- = 21
- o S .
| l W
T T Lean Clay [CL) gra_i.- mederale regdish ]
brown medtling, sois
1 n Hiu=0, RAD=backgroumnd 7
i Eh i
8 | E5 | a8
- L 5-— -
] ] in
T Lean Clay (CL), yellowish Brown, reddish =]
| brown meitling, moist,
= HKu=3 ppm, RAD=backgraund ]
w L=
= = E -
= E a0
- 9 8 -
_ l i i
-I Top 12" Lean Clay ICLL; yellonish browm, n
molting moist, Bottom 0.8" Poorly Graded
1 w Grawel (GP); with sand, brawn, moist, Hiu=0, RAD=background b
- g
0 ™ z -
= € 2.0
1 o a ]
] l i ]
1 Well Graded Sand [SW) with graws, ]
reddish brown, wet, sand is coarse
1 = grained. HMu=1, RAD=cackground 1
i =]
-] 2 -
z | = | 34
- E 5 -
- J, i _
lr Top 08" Well Graded Sand |SW); wilh .
gravel, same 33 above, Boliom 4.47 Lean
4 - Clay (CLE weliowish Drown, gray mottling, HHu=0, Rab=background
= 2 moigl,
- r!; E‘_n B
a = g0
| 2|8
l 2]




PROJECT NUMBER
0RO 30BAEF]

BORING NUHBER
MW-168

SHEET 2 0OF 3

S0IL BORING LOG

proJECT PGOF Phase 11 Site Investigation
CLEVATION 2° TOC 377.47 1t MSL
ORILLING HETHOD AMD EQUIPMENT TS CME, 12" CFA, T 3/4" 0D auger, 5'% 3710 sampler

WATER LEVELS

LocAT o Diesel Spil drea, near ¥irging and 10th St

DRILLING CONTRACTOR Eretcke Engneering

START J&/20/20

Finisy Oi1a7al LogaER O Gesheender

— SaMPLE TAMDAR S0IL DESCRIPTION COMMENTS
i |PENET‘[: %‘1"%”
o
i = = fo i AME, 1=
gy | 2 |G| B LTS N OO URE cONTenT, RELATIVE BERSITY | 5 | DERTHOF CASING, DAILLING RuTd
En & e o B -G —f° OF COMSISTENCY, SOIL STRUCTURE, & TESTS AMD NS TRUMENTATION
a. (= Lx o i MINERALDGY o
fiv] = =2 wm IN) =0
[=L) = —-= &= ina
'T' Top 3.8 Lean Clay |CL); same as above.
A Eottom LI: Clayey Sand [SCh wilh gravel, i i
2 moderately yellowish brown, noist. HHu=0, Ral=Eackground
|12 |2 ] |
k- == 5.0
1= 52 N 4
A J in 4 ]
35 - Top I Clayey Sand with Gravel (SCh same | -
T as above except motitng Bollom 47
| - Lean Clay (CL) moderately reddish brown, — HHu=Coudn't gst a reading b
! o 5 moisl. RaD=background
S Z B PP = 2.5 Kgfom? 1
L4 = 5.0
- ﬂ 5 - .
4 1 o ] -
40 [ 3 .1 Lean Clay with Sand (CLL reddish brown, - =
é T wel,
1 ¢ = y HMu=na reading 7
. 2 RAD=tackground
4 = z e PP = L5 Kg/em? b
= = 5.0
a E a . i
_ l i ] |
45 [ T Lean Clay (CL); reddish brown, moist. ] ]
¥
1 4 - T HHu=couldn'i get a readn T
= o R.ﬁl:l—na:kgnlﬁd “
4 @ 2 4 FP = LB Kg/cmg .
2 = 5.0
- ﬁ S - -4
d 1 i _ 4
y |
Sﬂ T T Clayey Sand [SC)k reddish brown, modst, 7 ]
T a 7 HHu=0, RAD=packground ]
w 2 FP = 0,76 Kg/emg
4 w 2 — 13" &l slough R
- = ar
13 it - i
A l e 4 4
55 Lean Clay with Sand {CL); moderate gray ] 1
T T with mo bling, maist.
N - T Hiu=0, RAD=backaoround T
E PP = 075 to L5 Kgfom2
1 8 2 4 J
2 = 5.0
18 |8 1 i
_ l i _ J




PROJECT HUMBER
ORD 3G8EAFI

BORING MUWBER

MW-168

SHEET 3 OF 3

S0IL BORIMNG LOG

prOJECT FEOP Phase 11 Site Investigation

ELEVATION 2° TOC 377.42 fi. MEL

Location Diesel Spil Area, near Virgina and 10th 5t
DRILLING CONTRaCToR Erotcke Engineering

DARILLING METHOD AND EGUIFMENT 7= CME, 12" CF A, T 3/4" 0D suger, 5% 3"I0 sampler

LoBEER [B_Geshwender

COMMENTS

DEFTH OF CASING, DRILLING RATE
DRILLING FLUIO LOSS
TESTS AND INSTRUMENTAT ION

WATER LEVELS START 2420780 FINisH 0114781
p— SAMFLE STAMDAR S0IL DESCRIFTION
= PENETHAT fon
Hﬂg = e = RESULTS SOIL NAME, USCS GROUP SYMEOL, COLOR, =)
=3 2 L u MOISTURE CONTENT, RELATIVE OEMSITY =
El i E¥ g B -H' -B" OR COMNSISTENCY, S0IL STRUCTURE, m
o= N I O i MINERALOGY E%
[ ':‘ Poorty Graded Sand [SP) with trace
_ i gravel, moderale reddish brown, wet i
Ll
] & g ,
o =Elu!l | —————— e
4 = 5 |
=3 o T
i l in Well Graded Gravel [GW]
65 T Well Graged Gravel [GW); vellowish =1
T brawn-re-ddish brown, wet.
2 -
(=] =]
1 = z H .
=2 = 20 |
1 8 & g
| im
70 l -1 Tolal Depth = 700 feetl
75 ! -
Bh —

HHu=[1, RAD=background T

Cobble in sampler,

Oriller fhinks he was driling in
gravel.

HMu=0, RaD=background h




{See Logbook # 27 )
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WELL CONSTRUCTION DETAILS

WELL MN-188
ELEVATION: 2* TOC 377.42 fL. MSL

PGOP Phase I1 Site Investigation
Diesel Spill Area, near Virgina and 10th St.




PROJECT HUMBER BORNG MUMBER
ORO30as88.B1 MWig4 sEer 1 of 2

SOIL BORING LOG

PROJECT. PGDP_Phase Il Site Investigation Locanon _Off Site, Next to Big Bayou Creek

eLevamon__353.76 NGVD DRLLING MMM

DRILLING METHOD AND EQUIPMENT
WATER LEVEL AND DATE

e
i

::E
e E@

INTERVAL

 GRAVEL DRILL PAD

05 |5'Con; 3.5 N/A LEAN CLAY (CL}, dark yellow brown
7 tinuougy (10 YR 4/2), moist; organics and trace Rad =50 cpm
. gravel prasent in top 2 J Pocket Pen (P.P.) =0.4-1.7 -

d
&S
7
é
_ % oent u
%
%

Bkgd: OVA=0 ppm; Rad=40 cpm

OVA = 0 ppm

] -
-10 |5 Comy 2, NIA OVA = 0 ppm
4 510 finuoug o = Rad =35 cpm -
| i PP. = 2545+ kgiem? i
4 SILT WISAND (ML), grayish orange - -
(10 ¥R 7/4), molst | |
0 015]5Con 05| WA | POORLY GRADED SAND (SP), [ ova = 0 ppm
] tinuou3 moderate yellowbrown {10 YR5/4), | Rad= 35 cpm N
N wet F.P. = N/A (gravel) i
7 7 ? ? ? R
' (WELL GRADED ND (GW), YT :
4 muduraia yellow brown (10 YR 5/4), wel; 54 .
subrounded gravel [
15 y
|15-20(|5 Cony 5.0 MNFA FAT CLAY (CH), dark yellow orange _/ OVA = 0 ppm i
tinuoug (10 YR 6/6), moist; grades leaner and / Rad = 60 cpm
E mottles moderately red brown —/ PP =3?—45+kurnn13 .
| (10 R 4/6) past 19" | % |
20 -%
12025/ Con1 5.0 A | FAT CLAY (CH), moderate red brown - % QVA~ 0 ppm .
10 A 4/8), mottling light gray (N7), = 40 cpm i
i Ldﬂ J % PP =3.2-3.5kgicm2
25 A

2530(5Con 5.0| MNA | LEAN CLAY (CL), light brown (5 YR 5/6), [////] OVA=0ppm

- [tinuous i -/ A _
mottling light gray (N7), moist / PP =20-2.7 kglcm2

AN




ELEVATION 353 76 NGVD

© S FROJECT NUMBER BORING NUMBER
I
SOIL BORING LOG
PROECT PGDP_Phase Il Site Investigation Locanion _Off Site, Next to Big Bayou Creek

pRLLING conTrRacTon _Brotcke Engineering Co., Inc.

DRILLNG METHOD AND EQUIPMENT _CME 75 Rig; 7-3/4" OD CME Augers; 3"x5' CME Stainless Steel Sampler

WATER LEVEL AND DATE MIA STAAT T ﬂﬁ;&q_m 38181 13:15 LOGGER J. Anderson
B SAMPLE [ STANDARD SOIL_DESCRIPTION COMMENTS
TEST
gy z | mesuts
g z $ REUATIVE BETeRTIY oM CONSISTENGY, BOIL BRI RATE "
E g - STRUCTURE, MINERALOGY, USCS GROUP DRILLING FLUID LDSS,
£ iM EYMECL TESTS AND
a Tl INSTRUMENTATION
{30355 Con1 47| NA | LEAN GLAY W/ SAND (CL), light brown OVA = 0 ppm
] il (5 YR 5/6), mottled light gray (N7), moist; | Rad = 40 cpm
grades to SANDY LEAN CLAY (CL) past P.P. =0.2-0.7 kgicm?
. a5
3 Con o
5' Con- VA =
{7 finuouel *#| ™A | POORLY GRADED SAND (5P, igh Rad 35 cpm
J brown (5 YR 5/8), wet, fine sand P.P. = N/A {sand)
40 Rt
40-45|5Con{ 4.1| MNA | POORLY GRADED SAND (SP), same as |- OVA =0 ppm
1 “““"“1 above, with CLAYEY SAND pockets from | Rad = 50 cpm
- 4243 e PP = NUA (sand)
45
|45-50|F Can- 2.2 | N/A 3] OVA = 0 ppm
tinuous) % Rad= 35 cpm
) WELL GRADED GRAVEL W/SAND (GW], P.P. = N/A (gravel)
N light brown (5 YR 5/5), wet
50
{50-65(5 Con-| 20| N/A | WELL GRADED GRAVEL W/SAND (GW), {775 OVA = 0 ppm
J same as above | Rad = 40 cpm
P.P. = N/A [gravel)
55
End of Boring
60
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LOG OF BORING NO. 66

SHEET 1 OF 1
. R
’ EDGe . SURFACE ELEVATION 36559
EI'IHiIlEE.I"II‘Ig, Dl.!ﬁi.g'll &G cosciences Gro up, Ing, BOTTOM OF HOLE; DEFTH: i___l.]_-
MC Consulting Engineers Project No. 2211710 ELEVATION: 3036
Geologic Associates Project No. 85-375F BORING LOCATION: 930.4 N, 7071.8 W
COMPLETION DATE:  §.27.85
PROJECT:  [Martin Marietta Energy Systerns - ~
Paducah Gaseous Diffusion Mant, Kentucky DRILLER Kgih Campien 4
Ground Water Manitoring '
Project No. ESO 16380 HELPER AL Clark Sga1y i
DRILL RIG lesgrengl ot 111 63
DRILLED FOR LM, behnion
LOGGED BY W5 Andersan
THOLOGY SAMPLE FROM - - . SAMPLE
——_— wa, RO a — DESCHIPTEON S AND REMARK L
Lo, 0.0 10 Clay, wery sandy, silty, brown [Fil) i
I'.Ir '..rn" )
4 H!“~l 10 130 Probably clay, ulty, sandy | brown :
! 15 GLJ_‘? 18.5 Probably clay, very sandy, silty with accasianal cohbles (179-185 ¢ cobblar) |
] — - -
[§. 182 8.5 20.0 23-26-32 | Sand, coarse and gravel, silty, dayey, brown £ £ 7 G, QT 2555
200 285 Sand, vanabdy coarsg to fine, slity, brown
_‘.I.S'\J [_-ﬂ H.S-ﬂ; 100 41218 Sand, fine to very fume, welty, vanabily cla yey. brown O, 192 Vg ; LIt ®
0.0 ns Sand, fine tovery fine, sity, vanably clayey, biown
s a0 Probably clay, sandy, wlty, brown
340 iso Prabably sand lenge
1,4 ([ 5.0 s Frobably clay, sandy, silty, brown
(€ 9C, I C 17,5 (a7 C)
E} 8.5 ag.q 5-7-9 Clay. slightly uné - shightly silty, light reddrsh. brgun mattled gray L
ac.n 485 Clay, variably sandy, shighitly sifty, light reddesh-brown m ottled gray with
occavional sand seams (41,0 - 42 g}
e 8.5 50.0 S710 | Clay. variably silty, shghtly sandy, light gray g G, 729, Mag PEF 5, e
] I"w.I 0.0 3 10g Clay, variably wilky, slightly vandy, light gray (2c9.c "'I )
i, ,';'. i 514 54 ﬂ-;l.:_' Probably sand, vary ulty
54"JI 4.0 585 Probably coare sand and gravel
a1V 3 8.5 592 250002 | Gravel and coarse sand, shghtly selty, Brown bmechancally crushed during 0 5 )
Lt
|II ! 593 L] Gravel and coare sand, shghtly silty. brown {Clean gut lor screen larget 60-55)

Baring terminasted at 63 0 lett-“ll

®
MURBER OF BLOWS PER G TERVALS, 10 DAV 10010, 7~ 0F FRLIT BARREL SAMPLER WITH 140 POUNED WAMBIER FALUNG B0 INCHES (a1 FiR AT O 5440

W OERATES GRAIN YZE araLY S A% FER ALTH D 42141 ATT]
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LOG OF BORING NO. 66

SHEET 1 OF 1
. —_
: EDGe . SURFACE ELEVATION 365,58
J Engineering, Design & Geosciences Grog up, Ine, BOTTOM OF HOLE; DEPTH: 630
MCI Consulting Engineers Project No. 2211710 ELEVATION: 3056
Geologic Associates Project No. 85-375F BORING LOCATION: 9304 M, TOT1.8 W
|
.J COMPLETION DATE: 2785
PROJECT:  fMlartin Marietta Energy Systers = .
} Paducah Gaseous Diffusion Flant, Kentucky DRILLER Kgith Camphei
. Ground Water Manitoring '
Praject No., ESO 16380 HELPER AL Clark Staly i
DRILL RIG epuanal Raod Tar 69
DRILLED FOR LM, behninn
LOGGED BY W5 Andersan
-
LITHOLOGY TAMPLE T . SARPLE
— . RO Q — DESCAIP TR % AMD REMARE S
I.Er i) 0.0 0 Clay, very sandy, silty, brown (Fill) .
.4 !E-II 10 150 Probably clay, ulty, sandy | brown :
] 15 ﬂ}jp 185 Probably clay, very sandy, silty with occasianal cobbles (179-18.5 t cobbles) ;|
] — 1 -
| (3.7 14 il 165 20.0 45-26-32 [ Sand, coarse and gravel, silty, clayey, brown & £ 7. G, TR 2595 o
|
200 285 Sand, varably coarse to fine, ulty, broswn
.:H.S"NJ [_-.JJ J‘a.iﬂ? 00 40218 Sand, fine to very fene, milty, vanably cla yey. brown O, 135 Nag , YA
0.0 ns Sand, fine tovery fing, sity, vaniably clayey, bt own
ns a0 Frobably clay, sandy, wlty, brown
4.0 50 Probably sand lenie
]"'L? (™ 150 s Probably clay, sandy, silty, brown
(OC, I NC, I 5 (457 c)
E} 165 40.0 579 Clay. slightly san ¥ stightly silty, light reddrsh-broswn mattled gray ]
40,0 485 Clay, variably sandy, shightly sifty, light recdesh-brown mottled gray with
occavonal sand seams (41,0 - 42 0}
i-'i t 485 50.0 5-7-10 Clay. variabily sity, slightiy sandy, light grayi S, 72 7, Ma ©,PET S; »
iy 0.0 ELELT Clay. variably sity, shightly sangy, light gray (2£9.0) _
0 510 el ATy Probably sand, very wiley
4 / 4.0 565 Probuably coarte sand and gravel
eyt W 5 b1 %1 591 215003 | Gravel and coane tand, shightly selty, browen imethamcally crished during 0 5.)
Ly
! |II ! 59,3 Gio Gravel and coare sand, shghtly sslty, brown {Clean aut tor screen target 60-55)
Baring terminated at 63 ﬂ lert-r‘ll

* 0
HURLBER OF BLOWS FER 6™ INTERVALS,
B OEROTES GhaL M anaLy A% PER

1O DAV 1R L0, 37 0.0, $pLT BARREL SAMPLER WITH 140 UMD HAMBIER FALUING DD INCRHES (44 FiR ASTs O A 5840

ALTI D AR 41 AT




IN ViCiiTd ool Gg o d (g

MONITORING wEL L NG, 66 MARTIN MARIE T
PADUCAK COP xy
MONITORING WELL COOROINA TES 9344 N / 70718 W © PROKECT MO £50 16180
INSTALLA Tow a475e B—27—86
LVER AL LLEVA Tow
QED WELL WZARD
HEAR ASSEUEL ¥ e HEAD PLATE +2.98 J471.56
0P OF 5.5. cAsivg +2.49 371.07
SECURITY ot
CASING "::E
5%
i
iy, 0.0 368.58
W
]
* HATEW [EVET © 4 e — =97 328.9
CEMEN TABEN Fong Te
GRawr \ X WATER LEVEL O 48 ji ~39.4 329.2
_J WATER LEVEL @ -
e ss X ik AWM FO—P—gs —40.72 327.9. <
WELL casivg = ] Y 18/8% —. —— 322,27
% E _ TOP OF BENTOMITE -51. 7.
== = PRLLETS —=e 317.6
— = oe oF =53, ' 5.
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WELL NO. MW-340

WELL INSTALLATION DIAGRAM

LOGGED BY: John Tillson
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Miller Drilling Co., Inc.
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Appendix 5b. Borehole/Well Completion Data

Well Location, Plant Top Bottom

Coordinates Approximate | Approximate Ground Bottom

Within Screen Screen Surface Top Screen Screen

Well Year NW RGA Interval, Interval, Elevation Interval, Interval,

Number | Completed X Y Plume Horizon (ft bgs) (ft bgs) (ft msl) (ft msl) (ft msl)
66 1986 -6872.62 978.57 Yes URGA 55.2 60.2 368.6 313.4 308.4
168 1991 -4822.5 -924.8 Yes URGA 63 68 3745 3115 3065
194 1991 -10177.5 1865.6 No URGA 41.9 46.9 353.5 3116 306.6
197 1991 -6162.5 2863.1 No URGA 58 63 366 308 303
185 1991 -6601.9 952.9 Yes MRGA 68 73 3715 3035 2985
381 2002 -4890.7 7746.4 Yes MRGA 65.8 75.8 369.3 3035 2035
242 1995 -7083.28 | 1678.98 Yes MRGA 65.1 75.1 369.21 304.11 29411
243 1995 -7382 1681.4 Yes MRGA 65.1 75.1 367.4 3023 2923
236 1995 -5087.79 | 7919.99 Yes LRGA 69.5 79.5 368.89 299 39 28939
262 1995 -5378.46 86.98 Yes LRGA 90.2 94.9 372.2 282 2773
340 1996 -6165.4 665.5 Yes LRGA 85.6 95.3 370 284.4 2747
125 1990 -5662.81 | 6139.28 Yes LRGA 78 88 372.67 294,67 284,67

Table A5b.1. Well construction and screened interval data for EAP & SCI wells.




Appendix 6. Biofouling Evaluation Activities Analytical Proposal (TRFLP)



Microbiological Sampling of Groundwater Monitoring Wells at the Paducah Gaseous Diffusion Plant (PGDP)
-- Considerations and Options to Resolve Technical Issues

Hope Lee (North Wind, Inc.) and Brian Looney (Savannah River National Laboratory)

Introduction

Representatives of the Paducah Gaseous Diffusion Plant (PGDP), regulatory agencies, universities, industry and the
Department of Energy are collaborating to investigate the potential for attenuation of tricholoroethene (TCE) in the
aerobic groundwater underlying that site. This work builds on previous site data and specifically focuses on
collecting the geochemical and microbiological information needed to assess the role of aerobic cometabolism in
biological degradation of TCE. Typical of such studies, this effort primarily utilizes groundwater samples collected
from monitoring wells located throughout the contaminant plume. This type of sampling represents a practical
compromise. Groundwater monitoring wells provide broad access and samples of subsurface materials for a
reasonable cost, but they sample only those organisms that are in the water phase and may not provide complete
information on the relatively large fraction of the organisms that are attached to the aquifer matrix — the organisms
associated with the solid phase can only be effectively collected by drilling and coring (a process that introduces its
own set of uncertainties). Recent research has suggested that alternative monitoring well based methods such as
colonizing samplers and push pull tests may provide data to supplement microbial measurement in water samples.
Nonetheless, groundwater samples are the standard and such samples represent the only reasonable large scale
method to collect replicable samples. Factors that impact microbial data collected from groundwater samples (e.g.,
biofilms, construction materials, pump systems, etc.) have been the subject of significant research. Notably,
biofilms have been documented in the monitoring wells at PGDP and the potential impacts of the local microbial
population and well cleaning histories on the current study are worthy of consideration.

Problem Statement

Biofilms (“Biofouling”) in wells in the Northwest contaminant plume at Paducah has called into question the
representativeness of the groundwater samples that were used in enzyme activity probe assessment. If samples that
were analyzed for aerobic degradation capability are not qualified as representing the potential and activity of the
bulk groundwater system, then there are concerns that the data will not (a) be applicable to determining a rate of
attenuation, or (b) likely be used as a technical tool in the evaluation of other groundwater plumes at the site (one of
the primary purposes of the demonstration).

In order to ensure that the biological assessments, mainly the enzyme activity probes, are not compromised by any
questions relating to the influence or contribution of biofouling populations present in most, if not all, of the
sampled monitoring wells, a yet to be determined evaluation needs to be undertaken. The accepted evaluation needs
to effectively and conclusively determine if the groundwater sampled in May-June 2007 represented Northwest
(NW) formation groundwater OR if those samples were a mixture of indigenous formation and biofilm populations
resulting from the lack of rehabilitation of wells in the NW monitoring wells.

Background

It is worth noting that the biofilm populations present in any biofouled well are the result of indigenous
microorganisms attaching to surfaces present in the well whether as a result of materials present in the well (screens)
or the stagnant conditions present in open borehole type wells. While it is certainly worth establishing if
groundwater sampled following low-flow procedures (for this assessment as well as other monitoring efforts for
standard geochemistry and VOC analysis) represents the typical abundances and or total biomass present in natural
groundwater, the populations present in the biofilms represent the metabolic functions present in the aquifer.

One other consideration that has not been taken into account, is that it is often expected that there are microsites and
potential biofilms naturally occurring in the aquifer; anaerobic bugs do exist at most sites (so do aerobic), however
the prevalence of anaerobic or aerobic, even specific functional groups of organisms is not the same over space and
time, in the aquifer. Organisms are most typically opportunistic and shifts in populations are seen over time with
variances in the availability of oxygen or other electron acceptors; microbial techniques minimize the visualization
of the ever-changing population structure of communities because they typically only consider one moment in time
and space. This comment is particularly important in the context for the choice of wells; the desire to choose wells
along a flow path is important for geochemistry but also for getting a better handle on the sampling for metabolic
function over the lateral extent of the plume.



Proposed Solutions/Evaluation
1. Rehabilitate all of the wells and resample at some undetermined time point in the future
2. Rehabilitate two of the wells (66 and 340) and resample at some undetermined time point in the future
3. Evaluate the microbial community diversity within the different wells; use the samples already collected

It is our understanding that one of the proposed actions in response to the above stated problem would be to rehab
wells 66 and 340. However the other sampled wells that have been cleaned in the past three years have been done at
irregular schedules. Therefore, to clean two wells and expect that the sampling following would be similar to wells
that were cleaned two years ago or eight months ago, is not substantiated in the literature. In fact, there are few
studies that have determined the (a) impact of cleaning on indigenous microbial communities or (b) time it takes for
a biofilm to “reform” in a well. Unless there is an option to clean all of the sampled wells, over a relatively short
timeframe, with sampling of all of the wells within a designated timeframe (e.g. 3 months), questions will continue
to rise regarding the relevance and validity of the data sets generated (both this study as well as historical
geochemistry and VOC concentration trends, etc.)

An alternative action would be to further examine the microbial communities present in samples that have already
been collected in order to place the data in context. The proposed work would involve analyzing the DNA of
collected samples using a technique called Terminal Restriction Fragment Length Polymorphism or TRFLP.
TRFLP is a DNA (can also be RNA targeted) fingerprinting technique that provides a broad look at the diversity of
the Bacterial and/or Archaeal communities in a sample (Marsh et al., 1999; 2000; Dunbar et al., 2000; 2001; Osborn
et al., 2000; Blackwood et al., 2003 ). TRFLP is a relatively straight-forward technique that relies on the presence of
the 16S rDNA gene, which has been shown to be present in all known organisms (Woese, 1975). Most typically, the
technique involves (1) PCR amplification of DNA from a sample using fluorescently labeled primers, followed by a
(2) restriction enzyme digest that cuts the DNA fragments into pieces, and finally (3) a run through a DNA
sequencer to determine the length (bp) and abundance (fluorescence) of each of the fluorescent fragments produced
from steps one and two (Figure 1). ldeally, an individual organism would provide a single fragment from the
analysis; however it has been shown that this is not the case and individual organisms can produce multiple
fragments. Additionally, more than one organism could theoretically produce the same size fragment. However, the
fingerprint resulting from a TRFLP analysis has been shown to be a powerful technique for identifying differences
in population structure and determining the overall diversity of a population, and can easily be compared across
temporal or spatial scales (few examples: Dunbar et al., 2000; Osborn et al., 2000; Scala and Kerkhof, 2000;
Mummey and Stahl, 2003).
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Figure 1. TRFLP schematic, copied with permission from the Center for Microbial Ecology, Michigan State
University.

For the particular concern at PGDP, TRFLP is proposed as a simple approach to identify the contribution of biofilm
(i.e. biofouling) communities to the total microbial makeup of the groundwater samples collected for enzyme probe
analysis. Theoretically, biofilm populations and/or wells with biofouling issues should have microbial communities
that look more similar to one another than to the aquifer communities. It is assumed that in a “thriving” biofilm
population, there are both anaerobic and aerobic microorganisms present. Microbial populations on the surface of
biofilms are in constant contact with the groundwater and are therefore predominated by aerobic metabolisms;
underlying populations are sustained, down through the thickness of the biofilm, through the use of microbial
exudates from neighboring populations, as electron acceptors (i.e. anaerobic). Thus anaerobic organisms that could
not otherwise survive in aerobic, oligotrophic groundwater (no electron donor availability) can thrive in stagnant
biofilm communities that have the potential to biofoul monitoring wells. Additionally, biofilm communities, while
some fraction may represent the indigenous community, are specialized in that they provide the opportunity not only
for anaerobic growth but also for depressed communities, the opportunity to build biomass. As such, these
communities are typically dominated by (a) anaerobic organisms and (b) opportunistic organisms that have taken
advantage of the sessile, eutrophic environment created by biofilm populations.

By comparing TRFLP patterns in all twelve wells sampled, the following scenario would be expected if the biofilm
populations present in wells in the NW plume represented a significant component of the biomass sampled:

(1) Community profiles will not differ based on TCE concentrations, i.e. high TCE concentration wells will not
look similar to one another and significantly different from communities outside the plume

(2) Community profiles will not differ based on availability of oxygen, methane, or other biogeochemical
parameter

(3) Community profiles of the wells that were cleaned in the same time frame should look more similar to one
another than those that were cleaned more recently or never

(4) All of the profiles should have similarities that “outweigh” the differences, i.e. if biofilm is present in all,
should show similarities (e.g. anaerobic contribution)
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Appendix 7. First Order degradation rate calculation from the Southwest Plume Investigation.



Location

MW248
MW250
MW243
Mw241
MW238
MW236

GW
Flow
Rate
(ft/d)

Ln

Distance Me?élgecj Nor_rlm_wglgzed Best Fit 9L5?J)<,)v(e::_ UppgrL95% Normalized
TCE
4,170 13,000 13,000 13,618 10,590 17,513 9.4727
4,545 11,000 11,973 12,556 9,691 16,268 9.3904
4,592 13,000 13,691 12,429 9,584 16,118 9.5245
10,892 1,400 3,187 3,178 2,162 4,672 8.0668
11,051 1,500 3,084 3,071 2,083 4,528 8.0340
11,479 1,400 2,772 2,799 1,882 4,162 7.9273
S e’ Tceral
Rate Coefflc_llent Life (yrs)
(year™)
0.91 0.0719 9.6
2.72 0.2149 3.2
SUMMARY OUTPUT
Regression Statistics
Multiple R 0.9978
R Square 0.9956
Adjusted R
Square 0.9946
Standard Error ~ 0.058926278
Observations 6
ANOVA
SS MS F Significance F
Regression 1 3.173384776 3.17338478 913.9126952 7.13149E-06
Residual 4 0.013889225 0.00347231

Total

5 3.187274001

Total CI

65417
60099
62117
28733
31814
33033

Ln (Best
Fit)
9.519E+00
9.438E+00
9.428E+00
8.064E+00
8.030E+00
7.937E+00

Ln (LCL)

9.268E+00
9.179E+00
9.168E+00
7.679E+00
7.641E+00
7.540E+00

Ln (UCL)

9.771E+00
9.697E+00
9.688E+00
8.449E+00
8.418E+00
8.334E+00



Standard

Coefficients Error t Stat P-value Lower 95% Upper 95%
Intercept 10.42179761 0.060732881 171.60058 6.91796E-09 10.25317575  10.59041947
X Variable 1 -2.165E-04 7.16026E-06  -30.230989 7.13149E-06 -2.363E-04 -1.966E-04
Rate (1
ft/d) 0.0719 0.0785 0.0653
Rate
(3/ft/d) 0.2149 0.2346 0.1952
Half-life (1 ft/d) 9.6 8.8 10.6
Half-life (3 ft/d) 3.2 3.0 3.6



Appendix 8. NGWA - PGDP First Order Rate Constant Estimation Method and
Results Presentation

An Evaluation of Aerobic Trichloroethene
Attenuation in a Perturbed Hydrologic System

Bruce E. Phillips, Portage Environmental Inc.

Aerobic natural attenuation of trichloroethene (TCE) is being evaluated on a groundwater contaminant
plume at the Paducah Gaseous Diffusion Plant. The hydrologic system is considered perturbed due to
ongoing remedial actions (pump and treat operations) over the past twelve years. However, the plume
remains relatively stable. First-order rate estimation methods were used to calculate attenuation rates after
monitoring well data were statistically evaluated to determine which locations near extraction wells could
be used for the analyses. The method used to determine an attenuation rate was a “tracer corrected”
approach using a co-contaminant [technetium-99 (**Tc)] that would distinguish dispersion and degradation
processes. Since the hydrologic system was perturbed, the ratio of TCE to *Tc for each sampling event was
used in the evaluation (actual concentrations of either TCE or **Tc near extraction wells were less than in
the surrounding plume but the ratios remained similar). The degradation half-life for TCE was calculated to
range between 16.5 and 6.1 years for average groundwater flow rates between 550 and 910 feet/year,
respectively. Ongoing analytical work is being conducted at the site to determine if the observed TCE
attenuation is due to aerobic cometabolism, or if some other process (e.g., sorption) is attenuating TCE at
greater rates than the **Tc.

(Presented as a poster session March 31 and April 1, 2008 at the National Groundwater
Association Groundwater Summit 2008 in Memphis, TN. The abstract above was
submitted October 26, 2007 and accepted on January 11, 2008.)
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SLIDE 1

AN EVALUATION OF AEROBIC
TRICHLOROETHENE ATTENUATION IN A
PERTURBED HYDROLOGIC SYSTEM

BRUCE E. PHILLIPS
PORTAGE ENVIRONMENTAL INC.
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Slide 2

The Paducah Gaseous Diffusion Plant (PGDP), a facility owned by the U.S. Department of Energy (DOE),
is located in western Kentucky approximately 3.5 miles southwest of the Ohio River. Off-site groundwater
contamination associated with the PGDP was first discovered in 1988 as a result of residential well
sampling north of the facility. The PGDP is the source of three groundwater contaminant plumes in the
Regional Gravel Aquifer (RGA) which is the shallow aquifer underlying the plant. These plumes are
defined by an organic contaminant, trichloroethene (TCE) and a radionuclide, technetium (**Tc).

Approximate Southern Limit
of Ancestral Tennessee River
Deposits

TCE > 1.0 mg/L

3 |:| TCE > 0.005 mg/L
i — o

L] 1
Nilex
I i 0 . ]|
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SLIDE 3

The shallow groundwater flow system at the PGDP is developed in sediments filling a buried valley of the
ancestral Tennessee River (which previously flowed near the present course of the Ohio River). The valley
fill sediments consist of a basal sand-and-gravel unit averaging 35 ft thick referred to as the “Regional
Gravel Aquifer.” The long-term average groundwater flow velocity for the Northwest (NW) Plume is 550
to 910 ft/yr (1.5 to 2.5 ft/d) (determined considering the length of the plume in 1990 when initially
characterized versus the expected time of contaminant release). The RGA underlies approximately 50 to 60
ft of clayey-silt that comprises the upper portion of the valley fill sequence. Groundwater flow in the upper
sequence is predominantly downward and acts to recharge the RGA. Groundwater flow in the RGA is
towards the Ohio River.

The RGA is dominantly an aerobic aquifer with dissolved oxygen levels ranging from 2 to 8 mg/L. The
fraction of organic carbon in the aquifer is low at 0.02%.

Ohio River Alluvium

_— @ ®regional Gravel AQ

I
= 4000 ft

Vert. Exaggeration = 30x
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SLIDE 4

The NW Plume is the best characterized of the PGDP contaminant plumes. Observations of dissolved TCE
and *Tc levels within the NW Plume indicate that TCE attenuates faster over distance than **Tc. TCE
attenuation is being evaluated on a nearly 3.8 mile long, aerobic plume to provide a rate coefficient for fate
and transport modeling. This degradation rate coefficient is estimated using a modified method from EPA’s
technical protocol (EPA 1998; Sorenson 2000).

The primary source of both the TCE and *Tc is located near the C-400 Cleaning Building. The TCE
source, a DNAPL source, has been estimated at up to 100,000 gallons (380,000 liters) distributed in pools
and ganglia to a depth of approximately 95 feet. The NW Plume extends from the C-400 Cleaning
Building, located near the center of the industrial complex, to near the Ohio River, a distance of
approximately 3.8 miles. DOE installed a two-well-field “partial” hydraulic containment system to mitigate
the migration of the core of the plume. The system includes one well field near the point where the plume
exits the industrial complex and another well field located near the downgradient limit of the plume core
defined by TCE concentrations greater than 1 mg/L. Each well field contains two extraction wells pumping
approximately 50 gpm (273,000 L/d) each. Site data indicate the C-400 sources of TCE and **Tc are not
being rapidly depleted and the NW Plume was approximately stable prior to startup of the extraction wells
in late 1995.

EXTRACTION WELL
LOCATIONS

" PRIMARY CONTAMINANT %
SOURCE LOCATION

2 el S | N i R R 4o i ¢ B
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SLIDE 5

®Tc is a co-contaminant with TCE in the NW Plume. Previous investigations at the site have described the
strong correlation (correlation coefficient of 0.96) of TCE concentrations and *Tc activities within the
plume (DOE 1995). **Tc degrades to **Ru by beta and gamma decay with a half-life of 212,000 years. In
aerobic settings like the RGA, **Tc is in the form of the pertechnetate anion that is readily mobile. Previous
studies of ®Tc transport in the RGA have shown that *Tc migrates as a dissolved species and does not
form colloids. A log-log plot of ®Tc versus TCE in the NW Plume illustrates the strong correlation
between the two contaminants and suggests a slight loss of TCE in moving from the source to distal
sampling locations.

%T¢ meets the three requirements of a tracer for analyzing first-order attenuation rate coefficients:

1) Both TCE and *Tc sources are located near the C-400 Cleaning Building and exhibit a single co-
mingled plume migrating to the northwest of C-400.

2) *Tc does not degrade within the aquifer relative to the potential age of the sources (maximum age
of source is 55 years relative to the half-life of 212,000 years).

3) Sorption of **Tc, relative to groundwater flow and TCE, is well understood.
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SLIDE 6

In a perturbed system with ongoing groundwater pumping, the linear regression of contaminant
concentrations alone may lead to an overestimate of the attenuation rate. Contaminant concentrations in
monitoring wells near the extraction field and downgradient are significantly influenced by the remedial
action. However, if the regression is performed on the natural logarithm of the ratio of contaminant to
tracer, based on the modified method of Sorenson (2000), the analysis should still be valid. Monitoring well
data for ten wells located near the extraction fields were evaluated using statistical t-tests to determine if the
pre-pumping and post-pumping means of the ratios of contaminant to tracer were similar (with 95% level
of confidence). Based on this initial analysis, four monitoring wells were rejected. It is assumed that these
four wells were affected by pumping and no longer in flowpaths indicative of the NW Plume core.
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SLIDE 7

Previous estimates of TCE degradation at Paducah used a limited data set. The previous analysis used data
from only one month prior to initiation of the remedial action (six sampling locations in two general areas)
to arrive at a range in TCE half-life from 3.2 to 11.3 years (this corresponded to a range in groundwater
flow rate from 1 to 3 years). The previous study normalized downgradient TCE concentrations using both
®Tc and total chloride. While the methodology used was applied correctly, the result was essentially
relying on the linear regression between two groupings of data points. The reason for using a limited data
set was that the hydraulic containment system initiated in late 1995 had caused changes in monitoring well
concentrations near the extraction wells and other wells along the NW Plume core did not exist at the time.
A more robust data set could be used if post-pumping analyses could be considered.
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SLIDES8/9/10

Analyses (TCE and *“Tc) from eleven monitoring wells, as well as two creek seeps, located along the core
of the NW Plume and sampled between 1995 and 2005 comprise the data set for derivation of the TCE
attenuation rate coefficient. Although the monitoring wells only partially penetrate the RGA, the observed
contaminant levels are representative of the core of the plume. A good measure of the average contaminant
level in the core is the contaminant levels in the extraction wells which are fully penetrating. This expanded
data set includes over 450 pairs of analyses of TCE and *Tc compared to the previous study which only
used six pairs of contaminant/tracer analyses.

Using methods in EPA’s technical protocol (EPA 1998), the presence of a nonreactive co-contaminant such
as *Tc may be used as a tracer to evaluate the rate of degradation of TCE within a dissolved-phase plume,
using **Tc to normalize the downgradient TCE concentrations. This method relies on the assumption that
first-order kinetics can be used to model degradation and differences between actual and normalized levels
in the downgradient locations are attributable to degradation and volatilization (independent of dilution and
dispersion if the co-contaminant or tracer behaves in a simlar manner during groundwater transport).
Sorenson (2000) modified the equation in the EPA technical protocol such that when the natural logarithm
of the ratio of contaminant concentration to tracer concentration is plotted against the distance along a flow
path, the slope of the line is equal to the first-order degradation rate coefficient divided by the groundwater
velocity. This is shown by the following equation:

In(C")) = (kV)x + In(C"a) where:

C’, is the ratio of the contaminant concentration at point x to the tracer concentration at point x;
C’a is the concentration ratio at the upgradient reference point or source;

k is the first-order degradation rate coefficient;

v is the contaminant transport velocity; and,

x is the distance from the source to the downgradient sampling location along the flowpath.

As implied by the above equation, attenuation of one compound relative to another can be evaluated by
plotting the ratios of the two compounds at sampling locations as a function of downgradient distance.
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Sampling Distance from
Location Source (ft)

MW342 480

MW343 630
MW262 1,905
MW261 2,850
MW339 3,360
MW248 4,460
MW?243 4,700
MWwW?241 11,150
MW240 11,200
MW?238 11,300
MW235/MW381 11,700
LBC-Seep6 16,720
LBC-Seep5 16,800

Blue = URGA screen Green = LRGA screen Red = MRGA screen
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SLIDE 11

Rather than perform the linear regression on individual data points, the mean of the
contaminant/tracer ratio at each sampling location was plotted against the distance from
the source for the current evaluation. While some scatter is apparent in the data, as would
be expected in a heterogeneous hydrologic setting, the first-order linear regression
appears reasonable. The upper and lower 95% confidence intervals were also calculated
with commercial software to provide a range of values that might be used in probabilistic
modeling.
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SLIDE 12

This analysis, using “Tc as a conservative tracer, yields a TCE degradation rate coefficient of 0.042 year™
to 0.114 year™ for groundwater flow rates of 550 to 910 feet/year, respectively. Groundwater velocity is
probably the most critical hydrogeological parameter in first-order rate estimates so bounding values were
used rather than a specific value. These degradation rate coefficients correspond to a TCE half-life ranging
from 6.1 to 16.5 years.

Volatilization of TCE in the RGA is not considered significant because the RGA is a semi-confined
aquifer, with the upper surface of the aquifer at a depth of approximately 50 to 60 feet along most of the
transport length (until reaching Little Bayou Creek where springs are found). Recent sensitivity analyses
have determined that the distribution coefficient (Kg) of ®Tc ranges from 0.0 to 0.1 L/kg meaning it would
be only slightly retarded, if any, during migration. Likewise, the same study determined the distribution
coefficient of TCE at the site ranges from 0.01 to 0.1 L/kg suggesting that TCE is also only slightly
retarded relative to groundwater flow. Therefore, sorption was considered only briefly due to the absence of
organic material in the aquifer (also, it is assumed that clay particles are not significant in the aquifer as
evidenced by the high hydraulic conductivity and flow velocity).
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DISCUSSION SUMMARY SLIDES (to be pulled from text below)

EPA'’s technical protocol (EPA 1998) reviewed literature documenting TCE degradation rate constants and
found that most rates clustered between 0.3 and 3.0 year™ (equal to TCE half-life range of 2.3 to 0.2 years).
This literature review primarily reflected studies of anaerobic degradation which occurs at a greater rate
than aerobic co metabolism.

Idaho National Engineering and Environmental Laboratory (INEEL) has documented the occurrence of
aerobic degradation through co metabolism at their site. The calculated TCE half-life for INEEL ranged
from 13 to 21 years. In co metabolism, TCE is not a source of energy for the microbes, but it is degraded by
the enzymes that the microbes generate to catalyze oxidation of other organic material (which may be
naturally occurring or a groundwater co-contaminant).

The downgradient decrease of TCE levels relative to **Tc in the core of the NW Plume provides a means
for derivation of a site-specific TCE degradation rate coefficient for the dissolved-phase TCE
contamination in the RGA. The use of tracer-corrected TCE concentrations, specifically using the
contaminant to tracer ration, following a statistical screening of wells affected by ongoing groundwater
extraction operations, allowed the quantification of aerobic degradation independent of dispersion because
the **Tc is also subject to dispersion.

The rate of degradation in this aerobic setting is much slower, by more than an order of magnitude, relative
to anaerobic dechlorination. The range of the TCE degradation rate coefficient, 0.042 year™ to 0.114 year™
(equivalent to a TCE half-life range of 16.5 to 6.1 years, respectively) is calculated over the range in
average groundwater flow rate within the NW Plume, which is estimated to vary from 550 to 910 ft/year.

The possibility of an aerobic degradation mechanism (such as co metabolism) is considered. During co
metabolism, TCE does not act as a source of energy for the microbes, but it is transformed by enzymes that
catalyze oxidation of other organic substrates. Recent laboratory studies using PGDP groundwater have
revealed the presence of bacteria (methanotrophs, etc.) capable of co metabolically transforming TCE. The
substrate, which may include naturally occurring humic acids in groundwater, has not yet been identified.
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SLIDE 15
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