\V’EPA EPA 600/R-14/084 | May 2015 | www.epa.gov/hfstudy

United States
Environmental Protection
Agency

Retrospective Case Study in

Southwestern Pennsylvania

STUDY OF THE POTENTIAL IMPACTS OF
HYDRAULIC FRACTURING ON DRINKING
WATER RESOURCES

United States Environmental Protection Agency
Office of Research and Development




(This page intentionally left blank.)



Retrospective Case Study in Southwestern Pennsylvania May 2015

Retrospective Case Study in Southwestern Pennsylvania
Study of the Potential Impacts of Hydraulic Fracturing
on Drinking Water Resources

U.S. Environmental Protection Agency
Office of Research and Development
Washington, DC

May 2015
EPA/600/R-14/084

iii



Retrospective Case Study in Southwestern Pennsylvania May 2015

Disclaimer

This document has been reviewed in accordance with U.S. Environmental Protection Agency policy and
approved for publication. Mention of trade names or commercial products does not constitute
endorsement or recommendation for use.
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Preface

The U.S. Environmental Protection Agency (EPA) is conducting a study of the potential impacts of
hydraulic fracturing for oil and gas on drinking water resources. This study was initiated in Fiscal Year
2010 when Congress urged the EPA to examine the relationship between hydraulic fracturing and
drinking water resources in the United States. In response, EPA developed a research plan (Plan to
Study the Potential Impacts of Hydraulic Fracturing on Drinking Water Resources) that was reviewed by
the Agency’s Science Advisory Board (SAB) and issued in 2011. A progress report on the study (Study of
the Potential Impacts of Hydraulic Fracturing on Drinking Water Resources: Progress Report), detailing
the EPA’s research approaches and next steps, was released in late 2012 and was followed by a
consultation with individual experts convened under the auspices of the SAB.

The EPA’s study includes the development of several research projects, extensive review of the
literature and technical input from state, industry, and non-governmental organizations as well as the
public and other stakeholders. A series of technical roundtables and in-depth technical workshops were
held to help address specific research questions and to inform the work of the study. The study is
designed to address research questions posed for each stage of the hydraulic fracturing water cycle:

e Water Acquisition: What are the possible impacts of large volume water withdrawals
from ground and surface waters on drinking water resources?

e Chemical Mixing: What are the possible impacts of surface spills of hydraulic fracturing fluid
on or near well pads on drinking water resources?

e  Well Injection: What are the possible impacts of the injection and fracturing process on
drinking water resources?

e Flowback and Produced Water: What are the possible impacts of surface spills of flowback
and produced water on or near well pads on drinking water resources?

e Wastewater Treatment and Waste Disposal: What are the possible impacts of inadequate
treatment of hydraulic fracturing wastewaters on drinking water resources?

This report, Retrospective Case Study in Southwestern Pennsylvania, is the product of one of the
research projects conducted as part of the EPA’s study. It has undergone independent, external peer
review in accordance with Agency policy, and all of the peer review comments received were considered
in the report’s development.

The EPA’s study will contribute to the understanding of the potential impacts of hydraulic fracturing
activities for oil and gas on drinking water resources and the factors that may influence those impacts.
The study will help facilitate and inform dialogue among interested stakeholders, including Congress,
other Federal agencies, states, tribal government, the international community, industry, non-
governmental organizations, academia, and the general public.

Xiv
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Executive Summary

In December 2009, Congress urged the U.S. Environmental Protection Agency (EPA) to study the
relationship between hydraulic fracturing and drinking water resources. This report provides the results
of one of five retrospective case studies conducted as part of the resulting national study (US EPA,
2012). The retrospective case studies focused on investigating reported instances of drinking water
contamination in areas where hydraulic fracturing had already occurred. This report describes the
retrospective case study for southwestern Pennsylvania, which was conducted in Amwell, Cross Creek,
Hopewell, and Mount Pleasant Townships in Washington County, locations that have witnessed
unconventional gas production from the Devonian-age Marcellus Shale.

The Marcellus Shale is an unconventional shale-gas reservoir within the Appalachian Basin, a northeast-
to-southwest oriented basin that extends from New York in the northeast to northern Georgia and
Alabama in the southwest. In Washington County, the Marcellus Shale ranges in thickness from less
than 50 to about 150 feet, and varies in depth from about 5,000 to over 7,000 feet below land surface.
Gas production from the Marcellus Shale depends on recent advances in horizontal drilling and hydraulic
fracturing technologies to enhance and create fracture porosity and permeability to facilitate gas flow.
Oil and gas exploration and production has a long history in Washington County, extending back to the
late 1800s. Much of the early resource extraction in Washington County occurred at much shallower
depths compared to present-day gas development from the Marcellus Shale. In this study, water quality
samples were collected from 16 domestic wells, three springs, and three surface water locations during
three events in July 2011, March 2012, and May 2013. The sampling locations were selected based
upon public recommendations and concerns of landowners about deteriorated water quality potentially
linked to nearby drilling, hydraulic fracturing, and the related use of pits and impoundments for storing
drilling wastes and flowback/produced water from the Marcellus Shale. The domestic wells sampled in
Washington County ranged in depth from 50 to 160 feet below land surface, with a median depth of 95
feet below land surface.

The geochemistry of water samples was investigated by analysis of major ions, trace metals, dissolved
methane/ethane gas concentrations, volatile organic compounds (VOCs), low-molecular-weight acids,
semivolatile organic compounds (SVOCs), glycol ethers, diesel-range organics (DRO), gasoline-range
organics (GRO), radiometric constituents, strontium isotope ratios, and selected stable isotopes

(6" 04120, 6*Hiz0, 6Coic, 8"Cepa, and 8°Hepa) (see Appendices A and B of this report). Major ion data
collected for this study were compared to historical water quality data obtained from the literature and
national water quality databases, including the U.S. Geological Survey (USGS) National Water
Information System (NWIS) and National Uranium Resource Evaluation (NURE) databases. These data
sources provide water quality data for samples collected before 2005, and therefore before Marcellus
Shale gas recovery. Statistical comparisons (ANOVA and Kruskal-Wallis) were made between the data
collected for this study and historical data on a countywide basis and on a reduced-area (3-mile-radius)
basis in order to specifically focus on historical water quality samples collected near the sampling
locations of this study. To help determine whether hydraulic fracturing or processes related to hydraulic
fracturing had caused or contributed to alleged impacts on water quality, other potential contaminant
sources were identified through detailed environmental record searches (see Appendix C of this report).

Three ground water types were identified in this study based on major ion chemistry: the calcium-
bicarbonate, sodium-bicarbonate, and calcium-chloride types. These ground water types generally
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coincide with major ion types identified in historical water quality data, with the exceptions that the
calcium-chloride water type was unique to this study and the sodium-sulfate and calcium-sulfate water
types prevalent in the NWIS database were not identified at the sampling locations of this study.
Elevated concentrations of chloride relative to historical water quality data and time-dependent
concentration behavior indicate that a recent ground water impact occurred at sampling locations of
this study near the Yeager impoundment in Amwell Township. Based on background assessment and
evaluation of existing data, candidate causes for the issues concerning ground water chemistry at these
sampling locations include historical land use, current drilling processes and practices, historical drilling
practices, naturally occurring sources, and road salt. These potential causes are examined using
available geochemical data, land use information, and data obtained from environmental record
searches. The water quality trends with time suggest that the chloride anomaly is linked to sources
associated with the impoundment site; site-specific data are unavailable to provide more definitive
assessments of the primary causes(s) and longevity of the ground water impact.

Methane occurs naturally in ground water in southwestern Pennsylvania and is present within
subsurface glacial deposits, Permian- and Pennsylvania-age coal seams/sedimentary deposits, as well as
underlying Devonian-age strata, including the Marcellus Shale. Methane dissolved in water is odorless
and tasteless; at high concentrations, dissolved methane can outgas and produce flammable or
explosive environments. In this study, dissolved methane was detected in 24% of the ground water and
spring water samples collected; detected concentrations ranged from about 0.002 to 15.5 milligrams per
liter (mg/L), with a median value of 0.045 mg/L. One domestic well sampled in this study had a methane
concentration above the Pennsylvania Department of Environmental Protection (PA DEP) action level of
7 mg/L. Concentrations of methane were sufficient at this and one other location for measurement of
the C and H isotope signatures, which ranged from -76.0 to -52.5 permil (%o) and -239 to -161 permil,
respectively. The most negative values, characteristic of biogenic sources, were also associated with the
highest methane concentration observed in this study. The combined C and H isotope signatures in
domestic well waters were distinct from the reported thermogenic composition of Marcellus Shale gas
(62Ccpa = -38.1 to -28.7 permil; 8’Hepg = -167 to -157 permil). Evaluations of ¥Sr/®°sr, §"*Cpic, "% 0nz0,
8”Huz0, [CI/Br], and [SO,/CI] ratio data from the sampling locations selected for this study provide no
clear evidence of contamination of shallow ground water by flowback or produced water from Marcellus
Shale gas wells, Upper Devonian sands, and/or other deep brines.

Water samples were analyzed for organic chemicals, including VOCs, SVOCs, glycol ethers, low-
molecular-weight acids, DRO, and GRO; these analyses evaluated up to 133 organic compounds in total.
The purpose of these analyses was to evaluate ground water and surface water for the potential
occurrence of chemicals documented as components of hydraulic fracturing fluids, and specifically the
chemicals in fracturing fluids that have been applied in Pennsylvania. There were no detections of glycol
ethers, GRO compounds, or acetate in ground water and surface water samples. VOCs (toluene,
benzene, chloroform, and acetone), SVOCs (2-butoxyethanol, phenol, and phthalates), and DRO
compounds were detected at some locations during some of the sampling rounds. Detected
concentrations of VOCs were 1.9 to 4.0 orders of magnitude below EPA’s drinking water standards
(maximum contaminant levels [MCLs], where available) and included: (i) toluene at two locations during
the first and last sampling rounds; (ii) benzene at one location during the last sampling round; (iii)
acetone at three locations during the last sampling round; and (iv) chloroform at two locations during
the last sampling round. Detected concentrations of SVOCs were below EPA MCLs, where available, and
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included: (i) phthalates at eight locations mainly during the first round of sampling; (ii) 2-butoxyethanol
at eight locations during the first round of sampling; and (iii) phenol at two locations during the first
round of sampling. Detection of individual SVOCs were not repeated at any location during the multiple
sampling rounds of this case study. Lack of correlation with other potential chemical indicators in
ground water samples with low-level concentrations of VOCs and/or SVOCs, such as elevated chloride
and other organic compounds such as glycol ethers, indicates that the infrequent detections of organic
compounds likely did not originate from hydraulic fracturing activities.

A total of 24 ground water and four surface water samples were collected for radionuclide
measurements during the latter two sampling events. Previous studies have shown high levels of
radium (73 to 6,540 picocuries per liter, pC/L) in produced water from the Marcellus Shale. The
isotopes of radium (**Ra and ?*®Ra) were not detected in any of the surface water or shallow ground
water samples collected in this study above 1 pC/L. The EPA MCL for gross a activity is 15 pC/L. In this
study, gross a and gross B were detected above method reporting limits in one sample collected from a
domestic well in May 2013 at activities of 6.3 and 10.3 pCi/L, respectively. The gross a activity
determined in the ground water from this well was below the EPA MCL. The radionuclide results are
consistent with the isotope data for water, dissolved inorganic carbon, and strontium and suggest that
shallow ground water and surface water from the selected sampling locations of this study were not
impacted by flowback or produced water from Marcellus Shale gas wells or other deep brines enriched
in radioactive substances.

Primary MCL exceedances were observed in this study at one location for nitrate and at two locations
for total lead. Sources of nitrate to ground water include septic systems, animal manure, and fertilizers
applied to lawns and crops; nitrate is not typically considered to be associated with hydraulic fracturing
operations. The mobility of lead in ground water is limited due to the low solubility of lead carbonates
and hydroxy carbonates, and because of the tendency for lead to sorb to mineral surfaces. Lead is not
typically considered to be associated with hydraulic fracturing operations but can be derived from
weathering of natural lead-containing minerals and drinking water can potentially be contaminated by
lead pipes or copper pipes with lead solder.

Water quality data collected for this study are consistent with historical observations showing the
common occurrence and wide-ranging concentrations of iron and manganese in ground water in
Washington County, Pennsylvania. Many of the accounts conveyed by local residents about the quality
of water from their wells related to episodic turbidity and discolored water; in many cases these
descriptions were suggestive of the presence of particulate iron and/or manganese. Concentrations of
iron and manganese in ground water systems are predominantly controlled by oxidation—reduction
(redox) reactions. In this study, these elements showed negative correlations with redox potential (Ey),
that is, higher concentrations of iron and manganese were associated with lower E,;, or more reducing
conditions. While the occurrences of iron and manganese in ground water of Washington County likely
stem from geology and geochemical processes that result in the natural enrichment of these elements in
regional aquifers, this water quality issue may be amplified in areas of active drilling. Previous studies in
Pennsylvania showed that some water wells sampled before and after drilling activities had increased
levels of iron and manganese. Such impacts may be related to vibrations and energy pulses put into the
ground during drilling and/or other operations. These energy inputs may cause naturally formed
particles containing iron and manganese to mobilize and possibly increase turbidity and may explain
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temporally isolated instances of reduced water quality. Such transient water quality events were not
captured at any location during the sampling conducted for this case study.

Key observations/findings from this study are summarized below.

Elevated concentrations of chloride relative to historical water quality data and time-dependent
concentration behavior indicate that a recent ground water impact occurred at sampling
locations near the Yeager impoundment in Amwell Township. The impact resulted in chloride
concentrations in a drinking water supply that exceeded the secondary MCL and a shift in
ground water chemistry toward a calcium-chloride composition. The impoundment site was
used to store drilling wastes and wastewater associated with the hydraulic fracturing water
cycle.

Dissolved methane was detected in 24% of the ground water and spring water samples collected
in this study at concentrations that ranged from about 0.002 to 15.5 mg/L. Carbon and
hydrogen isotope signatures of methane in domestic well waters were distinct from the
reported thermogenic composition of Marcellus Shale gas. Methane occurs naturally in ground
water in southwestern Pennsylvania and is present within subsurface glacial deposits, Permian-
and Pennsylvania-age coal seams/sedimentary deposits, as well as underlying Devonian-age
strata, including the Marcellus Shale.

There were no detections in this study of glycol ethers, GRO compounds, or acetate in ground
water and surface samples collected in Washington County. Detections of VOCs and SVOCs
were infrequent, below EPA’s drinking water MCLs, and did not correlate with other potential
indicators of hydraulic fracturing fluids, such as elevated chloride and/or the presence of glycol
ethers.

Primary MCL exceedances were observed in this study at one location for nitrate and at two
locations for total lead; the occurrences of nitrate and lead in ground water are not considered
to be associated with hydraulic fracturing operations.

Secondary MCL exceedances for manganese and iron were common in homeowner wells;
increased concentrations of these elements correlate with moderately reducing ground water
conditions and are consistent with historical observations that demonstrate the natural
enrichment of these elements in regional aquifers. Transient episodes of decreased water
quality from increased concentrations of iron and/or manganese and increased turbidity may be
amplified in areas of active drilling.
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1. Introduction

Recent advances in drilling technologies (horizontal drilling) and well stimulation (hydraulic fracturing)
have resulted in large-scale development of vast, unconventional reserves of oil and gas across a wide
range of geographic regions and geologic formations in the United States. These reserves are
considered unconventional, because they are bound up in low-permeability reservoirs such as shale,
tight sands, limestone, and coal beds, and recovery of these reserves was previously uneconomical.
While some of this new development is occurring in areas with mature oil and gas fields, areas with very
little or no previous oil and gas development also are now being developed. As a result, there are rising
concerns over potential impacts on human health and the environment, including potential effects on
drinking water resources. Environmental concerns include the potential for contamination of shallow
ground water by stray gases (methane), fracturing chemicals associated with unconventional gas
development, and formation waters (brines).

In December 2009, Congress urged the U.S. Environmental Protection Agency (EPA) to study the
relationship between hydraulic fracturing and drinking water. The study was to be conducted using an
approach that relied on the best available science as well as independent sources of information, and
through a transparent, peer-reviewed process that would ensure the validity and accuracy of the data.
EPA consulted with other federal agencies and appropriate state and interstate regulatory agencies in
carrying out the study (US EPA, 2010a). In February 2011, EPA issued the Draft Plan to Study the
Potential Impacts of Hydraulic Fracturing on Drinking Water Resources (US EPA, 2011a). The final Plan
to Study the Potential Impacts of Hydraulic Fracturing on Drinking Water Resources was released in
November 2011 (US EPA, 2011b).

In 2011, EPA began to research the potential impacts of hydraulic fracturing on drinking water
resources, if any, and to identify the driving factors that could affect the severity and frequency of any
such impacts. EPA scientists focused primarily on hydraulic fracturing of shale formations, with some
study of other oil- and gas-producing formations, including coal beds. EPA designed the scope of the
research around five stages of the hydraulic fracturing water cycle (US EPA, 2012).

Each stage of the cycle is associated with a primary research question:

e Water acquisition: What are the potential impacts of large-volume water withdrawals from
ground water and surface waters on drinking water resources?

e Chemical mixing: What are the potential impacts of hydraulic fracturing fluid surface spills on or
near well pads on drinking water resources?

e Well injection: What are the potential impacts of the injection and fracturing process on
drinking water resources?

e Flowback and produced water: What are the potential impacts of flowback and produced water
(collectively referred to as “hydraulic fracturing wastewater”) surface spills on or near well pads
on drinking water resources?

e Wastewater treatment and waste disposal: What are the potential impacts of inadequate
treatment of hydraulic fracturing wastewater on drinking water resources?
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Prior to the release of the study plan, EPA invited the public to nominate specific regions of the United
States for inclusion as potential sites for retrospective case studies. The plan identified 41 potential
sites. The studies were to focus on investigating reported instances of drinking water resource
contamination in areas where hydraulic fracturing had already occurred and were intended to inform
several of the primary research questions related to chemical mixing, well injection, and flowback and
produced water. Of the 41 sites nominated during the stakeholder process, EPA selected five sites
across the United States at which to conduct the retrospective case studies. The sites were deemed
illustrative of the types of problems that were reported to EPA during stakeholder meetings held in 2010
and 2011. Additional information on site selection can be found in US EPA (2011b). EPA’s plan for the
retrospective case studies was to make a determination of the presence and extent of drinking water
resource contamination, if any, as well as whether hydraulic fracturing or related processes contributed
to the contamination. Thus, the retrospective sites were expected to provide EPA with information
regarding key factors that may be associated with drinking water contamination from hydraulic
fracturing activities (US EPA, 2011b).

In 2011, EPA began conducting investigations at the five selected sites in Washington County,
Pennsylvania (southwestern Pennsylvania); Bradford County, Pennsylvania (northeastern Pennsylvania);
Wise County, Texas; Las Animas and Huerfano Counties, Colorado (Raton Basin); and Dunn County,
North Dakota (Killdeer). This report presents the results of the retrospective case study in southwestern
Pennsylvania that was conducted in Amwell, Cross Creek, Hopewell, and Mount Pleasant Townships in
Washington County, locations where hydraulic fracturing has already occurred and may continue to
occur (see Figure 1). Hydraulic fracturing activities in these areas mainly focus on recovering natural gas
from the Marcellus Shale, a large reservoir of natural gas in the Appalachian Basin.

The sampling locations selected for this study were based primarily on homeowner concerns regarding
potential adverse impacts on their well water and possible association with the drilling or processes
related to hydraulic fracturing in the vicinity of their homes. The study specifically focused on two areas
in Washington County: the northern area and southern area (see Figure 2). In the northern area,
homeowner reports included recent changes in water quality (e.g., turbidity, staining properties, taste,
and odors) of the drinking water in their homes and concerns regarding the use of impoundments
(specifically the Carter impoundment). In the southern area, homeowner concerns focused on changes
in water quality and the possibility that water quality issues were related to the collection and storage of
flowback and other water in an impoundment (the Yeager impoundment) and drill cuttings in a reserve
pit on the Yeager Unit 7H well pad (see Figure 3). The 7H well (horizontal Marcellus well) was
completed in December 2009. Well records indicate that in 2011 the well was activated and began
producing natural gas, and it continued to produce through the first quarter of 2013 (PA DEP, 2013). A
plan for closure and reclamation of the Yeager impoundment site was submitted to the Pennsylvania
Department of Environmental Protection (PA DEP) in February 2014.

The following sections of this report provide the purpose and scope of this case study, an overview of
the case study site background, study methods, historical water quality data, analysis of the study
sample data, a discussion of site-specific topics, and a summary of the case study findings.
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Figure 1. Location map of Washington County in southwestern Pennsylvania.
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2. Purpose and Scope

As a component of EPA’s National Study of the Potential Impacts of Hydraulic Fracturing on Drinking
Water Resources (US EPA, 2012), five retrospective case studies were conducted to investigate reported
instances of drinking water resource contamination in areas of natural gas development and use of
hydraulic fracturing technology. These studies were intended to inform primary research questions
related to the hydraulic fracturing water cycle (US EPA, 2012).

This report provides the results of the retrospective case study conducted in southwestern Pennsylvania
and describes the general water quality and geochemistry of shallow ground water and surface water in
Washington County, Pennsylvania. This area has been the focus of natural gas extraction from the
Devonian-age Marcellus Shale. Water quality results are used to evaluate the potential impacts on
drinking water resources, if any, from various land use activities not restricted to shale-gas drilling and
production. The evaluation of potential impacts includes consideration of the chemicals commonly used
in hydraulic fracturing, analyses of dissolved gases and their isotopic compositions, deep brine
geochemistry in relation to shallow ground water geochemistry, historical ground water quality in
Washington County, and time-dependent geochemical trends. Potential causes of water quality
impairment that were evaluated include: industrial/commercial land use, historical land use (e.g.,
farming and mining), current drilling processes/practices, historical drilling practices, and naturally
occurring sources of contamination.

This report presents analytical data for water samples from 22 locations representing domestic wells,
springs, and surface water bodies that were sampled at least once during three rounds spanning 22
months (July 2011, March 2012, and May 2013) in Amwell, Cross Creek, Hopewell, and Mount Pleasant
Townships. The water samples were analyzed for over 235 constituents, including organic compounds,
nutrients, major ions, metals and trace elements, gross radioactivity and radioisotopes, dissolved gases,
and selected stable isotopes. Ground water quality data and summary statistics are presented for
sampled constituents. In addition to chemical data collected specifically for this study, the report
includes analysis of literature data, historical data from the U.S. Geological Survey (USGS) National
Water Information System (NWIS) database, and other sources of water quality data for Washington
County.

Each of the retrospective case study sites differs in geologic and hydrologic characteristics; however,
generally similar research approaches were followed at the case study locations to assess potential
drinking water impacts. As described in US EPA (2012), a tiered approach was followed to guide the
progress of the retrospective case studies. The tiered scheme uses the results of successive steps or
tiers to refine research activities. This report documents progress through the Tier 2 stage and includes
the results of water sampling activities and evaluation of water quality impacts. The approach for Tier 2
efforts included a literature review of background geology and hydrology; the choice of sampling
locations and the development of a site-specific Quality Assurance Project Plan (QAPP); sampling and
analysis of water wells, springs, and surface water; analysis of historical background data and evaluation
of new results against background data; statistical and geochemical evaluation of water quality data;
evaluation of potential drinking water contamination; and identification of potential sources of
identified contamination, if applicable. Further evaluation of identified contaminant sources and
contaminant transport and fate, including the collection of site-specific hydrogeologic information, is
not part of the scope of this report.
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3. Study Area Background

Washington County is in the southwest corner of Pennsylvania, about 28 miles southwest of downtown
Pittsburgh (Figure 1). The county covers about 857 square miles. According to the census results of
2010, the population density in Washington County was about 240 people per square mile. Mean
temperatures range from about 27 to 70 degrees Fahrenheit in winter and summer months,
respectively. Average annual precipitation is about 40 inches, with the highest precipitation levels
typically occurring in May. The study area is in the Appalachian Plateau physiographic province, which is
characterized by rolling hills, valleys, and sharp terrain in some areas. Stream erosion has created an
incised landscape with up to 750 feet of relief between stream valleys and hilltops (Newport, 1973).

3.1. Geology

The geology of Washington County consists of thick sequences of Paleozoic-era (542 to 251 million years
ago) sedimentary strata, which have accumulated in the Appalachian Basin, a northeast-to-southwest-
oriented basin that extends from New York in the northeast to northern Georgia and Alabama in the
southwest (Shultz, 1999). In this basin, sedimentary rocks generally dip and thicken to the southeast,
toward the basin axis. The rocks of the Appalachian Basin represent both clastic and biochemical
sedimentary deposits from a variety of paleoenvironments including terrestrial swamps, near-shore
environments, and deep marine basins. The basement rocks of Washington County are Precambrian in
age and they are not known to have been penetrated by drilling activities. Based on data from a few
deep wells in the northwestern part of Pennsylvania, basement rocks consist of granitic gneiss and
amphibolite (Shultz, 1999).

Bedrock geology in Washington County consists of rocks of Pennsylvanian and Permian age. The
Pennsylvanian rocks are represented by the Conemaugh and Monongahela Group formations (see
Figures 4 and 5). The geologic units of this time period mainly consist of limestones, sandstones, shales,
mudstones, and coal (Lentz and Neubaum, 2005; Ryder et al., 2012). Well records show these
formations to be approximately 1,515 feet below land surface to 180 feet below land surface, with a
thickness of approximately 1,335 feet (Wagner, 1969). Within the Monongahela Group are the non-
marine Pittsburgh coal beds, which are regionally continuous in Pennsylvania (Markowski, 1998).
Underground mining techniques were heavily used to recover the coal from these beds, and evidence of
mining activity still exists throughout the county (Lentz and Neubaum, 2005). The Permian period is
represented by the Dunkard Group formations, including the Washington and Greene formations.
These units are described as sandstones, siltstones, mudstones, and claystones, with thin coal beds
(Shultz, 1999; Ryder et al., 2012). The base of the Permian lies about 180 feet below land surface
(Wagner, 1969). An unconformity at the top of the Permian rocks represents a period of non-deposition
of material. Lying on top of the Permian rocks are the regional soils of the area (Shultz, 1999).

Soils in Washington County consist of Quaternary alluvial deposits, predominantly in stream valleys of
the county. Alluvial deposits are generally less than 60 feet thick and consist of clay, silt, sand, and
gravel derived from local bedrock. The uppermost soils can be described as well drained to poorly
drained, very shallow to deep, nearly level to steeply sloping, clays, silts, and loams with some stones
(USDA, 1983).

11



Retrospective Case Study in Southwestern Pennsylvania May 2015

TOTOTTT

Geologic Formations O®% Greene Formation 2006 Land Use Foredh P S8 k __eRochester 4
Casselman Formation Monongahela Group Open Water Shrubland B *
Glenshaw Formation “ Washington Formation Developed Grass/Herbaceous 5 ' 3 LA

O® Wayneshurg Formation Barren Agricultural
Search Areas % Wetlands [

 penNsYLVANIAS
]

& Search Areas

@  EPA Sampling Locations 5

O EPA Sampling Locations

 Pittsburgh

.
Harrisburg,

= TMARYLAND i J
“v,\l;"kr ‘Dove};

Q xﬁ"ﬁwo\is\sum
ik ) !

Map Panels
A: Geologic Formations
B: Land Use/Land Cover
A B | 000
W C: Oil and Gas Wells
May 2014 Active Marcellus Locations (1239 Total . .
May 2014 Active Oil and Gas Locations e, A 10 2008 ( ) with Active Well Status
Well Status Adive (3412 Total) » ;:0; < (May 2014)
A O seadh Areas e 2010 012 D: Marcellus Shale Wells
Burpeneiovn ot * o) e 213 {Unconvential Well
BT SRS | L with Active Status
% o* "°. 8 g Q v-"“ OSenrch Areas May 2014)
':1 oS
Votrtis Sale )
Vigst, s CIVEVINIES “\-E—-ml:—»u:lr:" l)-:-:-5=":\Ililes
i andy irg
Washington County
Rk C D Pennsylvania
s Olites. Landuce occ: Ceoloay. PASE)S MOl Lostlions -+ st s EPA Hydraulic Fracturing Study

Figure 4. Panel map showing geology, land use, locations of active oil and gas wells, and Marcellus Shale wells in Washington County, Pennsylvania. The
indicated search areas (blue circles) were used for the analysis of land use and environmental record searches (see Appendix C).

12



Retrospective Case Study in Southwestern Pennsylvania May 2015

SYSTEM/
GROUP GEOLOGIC UNIT LITHOLOGY
Quaternary alluvium Poorly sorted clay, silt, sand, and gravel

c : Sandstone with thin shaly limestone

® Greene Formation anddhinicealibads

E Dunkard

— Group

& Washington Formation Alternating shale and sandstone, with

some coal beds
Waynesburg Formation
Uniontown Formation Massive to thin-bedded limestone, shale,
g:’;‘fp”gahe'a and sandstone; base is at the bottom of
Pittsburgh Formation the Pittsburgh coal

c

B

% Conemaugh Casselman Formation Sandstone and shale; some limestone and thin

> Group i coal beds

= Glenshaw Formation

[72]

c

& gllgggeny Allegheny Formation Shale, sandstone, thin limestone and coal beds
Pottsville X ) Sandstone, conglomeratic sandstone, with
Group Pottsville Formation minor shale

Figure 5. Stratigraphic chart for the bedrock of Washington County, Pennsylvania.

Of particular interest are Devonian-age strata which are present below the sedimentary formations
shown in Figure 5 (Roen, 1984). The Devonian strata occur in the subsurface of Washington County and
are represented in the geologic record of Pennsylvania as a group of 14 rock formations. These
formations, from oldest to youngest, are the Corriganville, Mandata Shale, Licking Creek Limestone,
Oriskany Sandstone, Bois Blanc, Onondaga Limestone, Hamilton Group formations (including the
Marcellus Shale), Tully Limestone, Genesee, Sonyea, West Falls, Brallier, Chadakoin, and the Venango
Group formations. These formations consist mainly of shales, limestones, and sandstones (Shultz, 1999;
see also Carter, 2007). Devonian sedimentary units lie between about 7,990 and 2,215 feet below land
surface and have an overall thickness of about 5,775 feet in Washington County (Wagner, 1969). The
Murrysville Sandstone (a member of the Venango Group) of the Upper Devonian is a historical shallow
natural gas reservoir in the county (Shultz, 1999). Recent gas exploration and production focuses on the
black carbonaceous shales of the Marcellus Shale. The maximum depth of the Marcellus Shale is about
7,432 feet below land surface, and it has an average thickness of approximately 102 feet (Wagner,
1969).

The Marcellus Shale, also referred to as the Marcellus Formation, is a Middle Devonian-age (about 390
million years), black, low-density, organic-carbon-rich shale that occurs in the subsurface beneath much
of Ohio, West Virginia, Pennsylvania, and New York (Roen, 1984; see Figure 2). Smaller areas of
Maryland, Kentucky, Tennessee, and Virginia are also underlain by the Marcellus Shale. The Marcellus
Shale is part of a transgressive sedimentary package that was deposited in a deepening basin. Itis
underlain by limestone (Onondago Formation) and overlain by siltstones and shales (Mahantango
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Formation). These sediments were deposited under a sea that covered the Appalachian Basin. It is
believed that very little oxygen was present at the bottom of the ocean during deposition of the
Devonian black shales (e.g., Rimmer, 2004). Thus, organic detritus was preserved in the deposited
sediments. Subsequent burial of the carbon-rich sediments ultimately led to the formation of gas that
became trapped in the rock. Natural gas occurs within the Marcellus Shale in three ways: (1) within the
pore spaces of the shale; (2) within vertical fractures (joints) that break through the shale; and, (3)
adsorbed on mineral grains and organic material. The most productive zones for natural gas extraction
are located in areas where fracturing and brecciation produce space for gas accumulation (Engelder et
al., 2009). An assessment conducted by the USGS suggested that the Marcellus Shale contained an
estimated 1.9 trillion cubic feet of undiscovered recoverable natural gas (USGS, 2003). Estimated
volumes have increased significantly in more recent assessments of the gas reserves (Milici and Swezey,
2006). In Washington County, the Marcellus Shale ranges from approximately <50 to about 150 feet in
thickness (Lash and Engelder, 2011), and its depth ranges from about 5,000 feet below land surface in
the northwest corner of Washington County to over 7,000 feet below land surface in the southeastern
portion of the county (MCOR, 2013).

3.2. Hydrology

Background information on the geology and hydrology of Washington County is summarized from
reports published by Newport (1973) and Williams et al. (1993). Washington County is in the Ohio River
Basin. In the northern portion of the county, streams drain into the Ohio River; in the southern part of
the county, flow is into the Monongahela River, which subsequently flows into the Ohio River near
Pittsburgh. A majority of the public drinking water supply in this county is derived from the
Monongahela River in Allegheny County; however, rural residents often rely on private supply wells for
potable water. Potable ground water is typically located within aquifers less than 300 feet below land
surface (Carter et al., 2011). Ground water below these depths is sometimes found as brine as a result
of elevated salt content. Natural brine in Pennsylvania generally increases in concentration with
increasing age of the geologic formations; for example, Poth (1962) showed solute concentrations as
total dissolved solids (TDS) that ranged from about 6,000 mg/L in Pennsylvanian-age sandstones to
299,000 mg/L in Cambrian-age carbonate aquifers. The depth to ground water in Washington County is
generally less than 100 feet and commonly less than 40 feet, depending on topographic setting
(Newport, 1973; Battelle, 2013). As noted above, the geologic units in Washington County include
sedimentary rocks of Pennsylvanian (Monongahela and Conemaugh Groups) and Permian (Dunkard
Group) age, including sandstone, siltstone, limestone, shale, and coal, and unconsolidated Quaternary
deposits. The Quaternary deposits consist of alluvium, which overlies bedrock in some of the major
stream valleys of the county. The alluvium is generally less than 60 feet thick and is made up of clay, silt,
sand, gravel, and cobbles derived primarily from local bedrock. The unconsolidated alluvial deposits in
Washington County are often the source of high-yield wells, especially near rivers and streams.

Ground water in Washington County occurs in both artesian and water-table aquifers. Well yields range
from a fraction of a gallon per minute to over 350 gallons per minute (Newport, 1973). Ground water
flow in the shallow aquifer system generally follows topography, moving from recharge areas near
hilltops to discharge areas in valleys. Ground water is also derived from bedrock aquifers (see Figure 5),
including the Dunkard Group, Monongahela Group, and Conemaugh Group formations. The
Conemaugh Group generally provides the greatest yield, although the median yield for wells in this
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aquifer is 5 gallons per minute (Williams et al., 1993). Carter et al. (2011) estimated that 10% to 30% of
the population in Washington County relies on private wells for drinking water.

The quality of ground water in Washington County is variable and depends on factors such as formation
lithology and residence time. For example, recharge ground water sampled from hilltops and hillsides is
typically calcium-bicarbonate type and usually low in TDS (~500 mg/L; Newport, 1973). Ground water
from valley settings in areas of discharge is typically sodium-bicarbonate type with higher values of TDS
(up to 2,000 mg/L). Williams et al. (1993) reported that concentrations of iron and manganese in the
ground water from Washington County are frequently above EPA’s secondary maximum contaminant
levels (SMCLs). In their study, over 33% of water samples had iron concentrations greater than the
SMCL (300 pg/L), and 30% of water samples had manganese concentrations above the SMCL (50 pg/L).
Hard water was also reported as being a common problem in the county. TDS concentrations in more
than one third of the wells sampled by Williams et al. (1993) exceeded 500 mg/L. The concentrations of
arsenic, cadmium, chromium, copper, lead, mercury, selenium, silver, and zinc were below the drinking
water standards established by EPA (Williams et al., 1993). In some areas, ground water quality in
Washington County has been degraded, in part, because of drainage from coal mining operations
(Williams et al., 1993). Additionally, freshwater aquifers in some locations have been contaminated by
brine from deeper, non-potable aquifers through historical oil and gas wells that were improperly
abandoned or have corroded casings (Newport, 1973).

3.3. Oil and Gas Production

Washington County is currently experiencing extensive natural gas exploration and production targeting
the Marcellus Shale. Resource development uses horizontal and vertical drilling and hydraulic fracturing
technologies to stimulate gas production. The first test well into the Marcellus play was drilled in Mount
Pleasant Township in Washington County in 2003 by Range Resources (Renz #1 well); the well was
hydraulically fractured in 2004 (Carter et al., 2011). Since that time drilling has proceeded at a rapid rate
in Washington County. Data provided by the Pennsylvania Department of Environmental Protection (PA
DEP) indicate that the numbers of permitted wells per year in the Marcellus Shale increased rapidly from
2005 to 2009 (from 10 to 205 wells per year; see Figure 6). Since 2009, the rate of increase in the
number of well permits approved for unconventional wells decreased, although the number of well
permits issued continued to increase year by year. The highest number of wells (310) was approved in
2013. From 2005 to 2008, more permits were issued in Washington County than were issued anywhere
else in the state (Carter et al., 2011).

Oil and gas exploration and production has a long history in southwestern Pennsylvania. In Washington
County, most of the early drilling activity occurred in the late 1800s and early 1900s. According to
Ashley and Robinson (1922), the first oil well in Washington County (the Gantz well) was completed in
1885 in the shallowest sand of the Upper Devonian Venango Group. In 1917, the deepest well in the
United States at that time was completed to a depth of 7,248 feet near McDonald, Pennsylvania in
Washington County (Ashley and Robinson, 1922). Note that many of the wells drilled in the late
nineteenth and early twentieth centuries produced both oil and gas at depths much shallower than
present-day gas development from the Marcellus Shale. The primary oil fields in Washington County are
the McDonald Field in the northern part of the county (oil struck in 1890), and the Washington-
Taylorstown Field (oil struck in 1885), near the city of Washington in the center of the county. Following
the early oil boom, oil and gas production in Washington County expanded to exploit the Allegheny
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sandstone (Middle Pennsylvanian), Pottsville sandstone (Lower and Middle Pennsylvanian), Big Injun
sandstone (Lower Mississippian), and Berea sandstone (Upper Devonian). More recently, coalbed
methane resource potential in Washington County has been examined in coal seams within the
Conemaugh Group formations (e.g., Markowski, 1998).

250 b R

200 -

Approved Well Permits

T T
2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013

Figure 6. The number of approved well permits for the Marcellus Shale in Washington County by
year through 2013 (data from Marcellus.org, accessed 3/7/2014).

Battelle (2013) mapped the locations of over 11,600 conventional oil and gas wells drilled in Washington
County (active and inactive). Well numbers and locations are necessarily uncertain because of
incomplete historical records. With passage of the Qil and Gas Act in 1984, Pennsylvania modernized
environmental controls and resource management for development of crude oil and natural gas. This
Act, following previous laws, required that all new wells be permitted by the state prior to drilling.
Similar to other regions of the United States with long histories of oil and gas production, little is known
about well construction and abandonment practices for historical oil and gas wells. Early wells are
known to provide potential conduits for gas and brine migration into shallow aquifers (e.g., Newport,
1973; Vidic et al., 2013). Vidic et al. (2013) stated that methane detection in domestic wells in
northeastern Pennsylvania is common (80% to 85%) and contrasts with the lower number of methane
detections in southwestern Pennsylvania (24%). Vidic et al. (2013) also suggested that the
hydrogeological regime in the northeastern part of Pennsylvania is more prone to gas migration.
Brantley et al. (2014) proposed that geomorphic and hydrogeologic processes in fractured rocks of the
upper Devonian Lock Haven and Catskill formations of northeastern Pennsylvania could have facilitated
fast migration of ground water and methane over long distances, possibly in the presence of natural or
gas-well-induced pressure gradients. In any case, the southwestern and northeastern regions of
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Pennsylvania have very different histories with respect to oil and gas production. For several decades
before any significant water quality testing programs were in place, a much higher density of potential
subsurface conduits has been present in southwestern Pennsylvania than in the northeastern part of the
state due to historical oil and gas activities (see PA DCNR, 2007).

3.4. Lland Use

Although much of Washington County has historically been devoted to agriculture and forestry, the
county’s economic development in the nineteenth and twentieth centuries was derived in great part
from coal mining and industries that relied on that coal. At their peak, the steel mills in the county
employed tens of thousands of workers. The county also experienced a brief oil boom in the early part
of the twentieth century, and natural gas has been extracted in the county for many decades. The
industrial portion of the county’s economy fell into decline in the 1970s and 1980s, and many industrial

plants closed (Washington County, 2005).

Figure 7 shows land use maps for Washington County in 1992 and 2006 based on the National Land
Cover Database (NLCD); land use data are presented in Table 1. The NLCD uses 30-meter-resolution
data from the Landsat satellite (USGS, 2012a). The 2006 dataset was the most recent land-use
information available at the time of this study.

Table 1. Land use in Washington County in 1992 and 2006.

1992 2006

Land Use Square Miles ':/;toafl Square Miles ;/:;:J:I
Forest 479 55.4% 484 56.0%
Planted/cultivated 332 38.4% 234 27.1%
Developed 42 4.9% 124 14.4%
Barren 9 1.0% 4 0.5%
Water 3 0.3% 5 0.6%
Others 0 0.0% 13 1.5%
Total 865 100% 864 100%

Note: Totals may not sum exactly due to rounding. Source: USGS (2012a).

The NLCD data indicate that, in 1992 and 2006, forest cover was the largest land use in the county,
followed by planted/cultivated land, and that these two categories accounted for a majority of the land
use in the county. Because of methodological differences, quantitative comparisons between the 1992
and 2006 datasets are not recommended. Qualitative comparisons suggest very little change in the
predominant land use patterns (Multi-Resolution Land Characteristics Consortium, 2013). This lack of
change in land use is consistent with the relative stability of the county’s population (i.e., an indicator of
the intensity of land use) over decades as indicated by US census data (Appendix C). Additional land-use
analysis, with particular focus in the areas adjacent to the sampling locations of this study, is presented

in Appendix C.
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Table 2 provides an estimate of the land area potentially affected by active well pads in Washington
County. The PA DEP website provided the number of permitted unconventional well pads as of May 19,
2014 (PA DEP, 20144, 2014b). The “unconventional” classification indicates that a well is completed in
the Marcellus Shale and has been stimulated using hydraulic fracturing. The number of permitted
conventional well pads was based on the total number of active conventional oil and gas wells in
Washington County as reported on the Pennsylvania Spatial Data Access site by the PA DEP. Each
conventional well was assumed to have one well pad. As shown in Figure 4C, there were a total of 3,412
active oil and gas wells in Washington County in May 2014. Approximately 36% of these wells were
unconventional shale-gas wells (Figure 4D). The estimates of the areas affected per type of well pad
were taken from a USGS study of the landscape impacts of natural gas extraction in Pennsylvania (USGS,
2012b). Using these estimates for the land area per type of well pad and the number of conventional
and unconventional well pads described above, approximately 23 square miles (2.6% of the land area in
the county) are estimated to be affected by pad development; 25% of this estimated area is associated
with unconventional gas development (see Table 2).

Table 2. Area potentially affected by active well pads in Washington County.

Item
Number of wells (1)
Conventional 2,173
Unconventional 1,239
Number of pads
Conventional® 2,173
Unconventional® 351

Affected acres per well pad® (2)

Conventional 4.9

Unconventional 10.6

Affected area in square miles®

Conventional 16.8

Unconventional 5.8
Total 22,6
Total area of county in square miles (3) 857
% of County Area Affected by Well Pads 2.6%
Sources:

(1) PA DEP (2014a; Oil and Gas Locations — Conventional/Unconventional Layer).
(2) USGS (2012b).
(3) U.S. Census Bureau (2012).

Notes:

® Includes all active conventional oil and gas wells as of May 2014.

® Includes all active unconventional well pads as of May 2014.

¢ Original source in hectares converted to acres (2.471 acres per hectare).
4 640 acres per square mile.
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3.5. Potential Contaminant Sources

To help determine whether hydraulic fracturing or processes related to hydraulic fracturing had caused
or contributed to alleged impacts on water quality, a consistent approach was adopted for evaluating
potential contaminant sources using causal assessment. Causal assessment is defined as the
organization and analysis of available evidence to evaluate links between apparent environmental
impacts and potential causes, and the assessment of the level of confidence in these causal links.

A list of candidate causes—that is, hypothesized causes of an environmental impairment that are
sufficiently credible to be analyzed (US EPA, 2000a)—was developed for the northern and southern
areas of this retrospective case study. Each environmental stressor was evaluated through an
examination of potential causes and effects. Candidate causes included potential sources that could
impact the environment and contribute to any detected levels of surface and/or ground water
contamination. Candidate causes were categorized as follows: industrial/commercial land use, historical
land use (e.g., farming and mining), current drilling processes/practices, historical drilling practices, and
naturally occurring sources.

In order to identify potential sources of contamination, in addition to drilling and hydraulic fracturing
processes, a background assessment was performed using the following databases:

e Environmental records search: Environmental record searches were performed by obtaining
environmental record reports from Environmental Data Resources, Inc. (EDR). EDR provides a
service for searching publically available databases and provides data from its own proprietary
databases.

e Well inventory: Existing oil and gas well inventories were prepared on the same search areas
used for the EDR reports using PA DEP’s oil and gas well database.

e State record summary: The PA DEP Web site containing Pennsylvania’s Environment Facility
Application Compliance Tracking System (eFACTS at http://www.ahs.dep.pa.gov/eFACTSWeb/
criteria_site.aspx) was used to find up-to-date well records for the study areas. This database
provides information on inspection and pollution prevention visits, including a listing of all
inspections that have occurred at each well on record, whether violations were noted, and any
enforcement that may have resulted. The system provides multiple options to search for
records.

Appendix C provides the results of these background assessments. The issues concerning ground water
and surface water as reported by landowners in the northern area included concerns about changes in
water quality (e.g., turbidity, staining properties, and odor) believed to be associated with recent gas
drilling and the use of impoundments (Carter impoundment). Although many gas wells have been
recently drilled and continue to be drilled in this area, no specific gas well was considered as a potential
candidate cause at the initiation of the study. Other candidate causes for observed changes in water
quality included land use, historical drilling practices, and naturally occurring sources (see Appendix C).

Landowners reported similar issues concerning ground water and surface water in the southern area,
possibly related to practices and procedures near an impoundment area. For example, water quality
impacts could be related to potential leaks in the reserve pit and/or Yeager impoundment, discharge
from former coal mines, migration of landfill fluids, migration of brine from underlying formations along
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well bores due to poor casing cement integrity, migration of brine from underlying formations along
natural fractures, and road salt infiltration (see Appendix C).

Battelle (2013) concluded that potential impacts to water resources in Washington County include
contaminant sources from agriculture, mining, steel production, manufacturing, and conventional oil
and gas extraction. They suggested that the major causes of water quality impairment in southwestern
Pennsylvania are acid mine drainage (AMD), agricultural, urban and storm water runoff, and waste
handling. For example, a total of 1,759 miles of streams are impacted by one or more of these activities.
Deep coal mining has occurred under approximately 53% of the county (Battelle, 2013). More than
11,600 oil and gas wells have been completed in the county over approximately 130 years of resource
development, a majority of them within 2,500 feet of land surface (whereas unconventional wells target
depths greater than 5,000 feet). The analysis in Appendix C identifies potential contaminant sources
within the areas surrounding the sampling locations of this study; this analysis of potential contaminant
sources is integrated into the evaluation of the water quality data, where appropriate, in the following
sections of this report.
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4.Study Methods

Water quality sampling locations within the northern and southern areas included 16 domestic wells,
three springs, and three surface water locations. Sampling events occurred in July 2011, March 2012,
and May 2013 (see Table 3). Domestic wells ranged in depth from 50 to 160 feet below land surface,
with a median depth of 95 feet below land surface. Wherever possible, ancillary data for each well were
collected during or near the time of sample collection and included latitude and longitude (recorded
with a handheld GPS device), topographic setting, depth, diameter, screened interval, casing material,
and static water level (depth to water). Samples were analyzed for over 235 constituents, including field
parameters, major ions, nutrients, trace metals, volatile organic compounds (VOCs), semivolatile organic
compounds (SVOCs), diesel-range organics (DRO), gasoline-range organics (GRO), glycol ethers
(diethylene, triethylene, and tetraethylene glycol), low-molecular-weight acids (lactate, formate,
acetate, propionate, isobutyrate, and butyrate), dissolved gases (methane, ethane, propane, and

butane), radioactivity (gross alpha/beta,

226 228
Ra,

Ra), strontium isotope ratios (¥’Sr/®°sr), and selected

stable isotopes (8Ccua, *Hena, 8°Coic, 820m20, 8°Huzo). Descriptions of the sampling methods,
analytical methods, and QA/QC are provided in the QAPP for this study (Wilkin, 2013). The results of
QA/QC samples and assessments of data usability are provided in Appendix A and analytical results for

the sample measurements are tabulated in Appendix B.

Table 3. Information on wells sampled in Washington County.

comnon |t | Ao | tatude | tongue | fovnd |0 e
SWPAGWO01 | Well Northern | N40 16.430 | W80 18.161 1,3 50
SWPAGWO02 | Well Northern | N40 16.579 | W80 18.285 1,3 98
SWPAGWO03 | Well Northern | N4017.409 | W80 20.636 1,2,3 100
SWPAGWO04 | Well Northern | N40 19.463 | W80 17.778 1,2,3 80
SWPAGWO05 | Well Northern | N40 16.666 | W80 21.464 1,2,3 95
SWPAGWO06 | Well Northern | N40 16.654 | W80 23.824 1,2,3 88
SWPAGWO07 Well Northern | N40 16.653 | W80 23.853 1,3 91
SWPAGWO08 Well Northern | N40 13.992 | W80 20.456 1,23 130
SWPAGWO09 Well Northern | N40 16.573 | W80 23.949 1,3 160
SWPAGW10 Well Southern | N40 05.278 | W80 13.825 1,2 130
SWPAGW11 Well Southern | N40 05.109 | W80 13.844 1,2 unknown
SWPAGW12 Well Southern | N40 05.282 | W80 13.769 1,2 80
SWPAGW13 | Spring Southern | N40 05.562 | W80 13.803 1,2,3 -
SWPAGW14 | Spring Southern | N40 05.565 | W80 13.834 2,3 -
SWPAGW15 | Spring Southern | N40 05.323 | W80 13.793 2 -
SWPAGW16 | Well Southern | N40 05.230 | W80 13.812 2 70
SWPAGW17 | Well Southern | N40 04.993 | W80 14.109 2 102
SWPAGW18 | Well Southern | N40 05.496 | W80 13.840 3 unknown
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Table 3. Information on wells sampled in Washington County.

dentfcation | tocation | Are3 | latiwde | Longituge | G | PUFLeS
SWPAGW19 | Well Southern | N40 05.424 | W80 13.850 3 unknown
SWPASWO01 Surface water | Northern | N40 16.608 | W80 18.233 1,3 -
SWPASWO02 Surface water | Northern | N40 19.453 | W80 17.792 1,2,3 -
SWPASWO03 Surface water | Southern | N40 05.308 | W80 13.835 1,2 -
4.1. Sampling Locations

Water samples from ground water and surface water resources were collected within the northern and
southern areas that are designated in Figure 2. A general summary of sampling activities is as follows:

e Round 1 (July 2011 sampling event): Water samples were collected from 13 domestic
wells/springs and three surface water locations.

e Round 2 (March 2012 sampling event): Water samples were collected from 13 domestic
wells/springs and two surface water locations.

e Round 3 (May 2013 sampling event): Water samples were collected from 13 domestic
wells/springs and two surface water locations.

The samples collected provide analytical data for a broad range of compounds and chemical indicators
that are potentially linked to hydraulic fracturing activities and/or that aid in providing a conceptual
framework for evaluating potential impacts. Some locations in the study were sampled once, some
twice, and some during all three rounds (see Table 3). Reasons for retaining or excluding a location
during a sampling round included access issues and quality assurance/quality control (QA/QC)
constraints (such as well functionality issues). The completion depths of domestic wells sampled in this
study were, in some cases, uncertain and based on homeowner knowledge of their wells.

4.2. Water Collection

Sample bottles for each location were uniquely labeled prior to each sampling round, and all labels were
color-coded by analytical parameter. See Table Al (Appendix A) for pre-cleaned bottle types and
number of sample bottles needed for each laboratory analysis.

Water samples were collected as close to the ground water pump as possible and processed using
methods designed to yield samples that were representative of environmental conditions and
unaffected by contamination during sample collection. Teflon-lined polyethylene tubing was connected
to the pump output at each sample location; clean tubing was used prior to sampling and filtration and
discarded after use.

Unfiltered samples were collected first and included the following parameters: dissolved gases, VOCs,
SVOCs, DRO, GRO, glycol ethers, low-molecular-weight acids, total metals, gross alpha, gross beta, 226Ra,
228Ra, 8"Cepa, and 8*Hepa. Samples for dissolved metals, anions, nutrients, dissolved inorganic carbon
(DIC), 8"Cpyc, dissolved organic carbon (DOC), 80150, 8*Huzo, and Sr isotope analyses were filtered
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onsite using 0.45-micron pore-size, disposable-capsule filters (Millipore). Approximately 100 milliliters
(mL) of ground water were passed through the filter, to waste, before sample bottles were filled. The
date, time, and initials of the sampler were recorded at each location. Sample preservation and holding
time requirements for each sample type are described in Table A1 (Appendix A).

4.3. Purging and Sampling at Domestic Wells and Springs

A well volume approach, combined with the monitoring of stabilization parameters, was used for
purging domestic wells (Yeskis and Zavala, 2002). Domestic wells were sampled using downhole pumps
via homeowner taps, or by accessing the wells directly using a submersible pump (Proactive Monsoon)
fitted with Teflon-lined polyethylene tubing. When possible, the ground water level was measured
using a Solinist® water level indicator and tracked every 10 to 15 minutes during well purging. In
general, wells were purged for about an hour prior to sample collection. Water samples were collected
upstream of pressure tanks before any water treatment. Initial flow rates were obtained at each
location; wells were then purged at flow rates of about 0.4 to 10 gallons per minute, depending on the
well volume and recharge rate. The rate of purging was determined by measuring the volume of water
collected after a unit of time into a large metered pail or graduated cylinder. Spring samples were
collected by placing inlet tubing to a peristaltic pump (Pegasus Pump Company Alexis®) at the point of
ground water discharge. Water quality parameters were continuously monitored and recorded using a
YSI 556 multi-parameter probe system to track the stabilization of pH (<0.02 standard units per minute),
oxidation-reduction potential (ORP) (<2 millivolts per minute), specific conductance (<1% per minute),
dissolved oxygen (DO), and temperature. Water flow through the cell containing the multi-parameter
probe was maintained at about 0.25 to 0.50 gallons per minute, with the excess flow valved to waste.
Sample collection began after parameter stabilization occurred. All samples were stored on ice before
being processed for shipping.

4.4. Sampling at Surface Water Locations

Surface water samples were collected from flowing water bodies (<0.5 meters deep), in some cases
down gradient from spring discharges. Geochemical parameters and samples were collected
simultaneously; parameters were recorded every 2 minutes for up to 40 minutes at each surface water
site, or until parameter stabilization was attained. Sample bottles were submerged into the surface
water just below the surface and filled as grab samples for unfiltered samples. Sampling of surface
waters was performed to minimize capture of sediment. Filtered samples were obtained by pumping
surface water through Teflon-lined polyethylene tubing and a 0.45-micron, high-capacity filter using a
peristaltic pump. Approximately 100 mL of water was passed through the filter, to waste, before sample
bottles were filled. Samples were stored on ice before being processed for shipping.

4.5. Sample Shipping/Handling

At the conclusion of each day, samples were organized by analytical parameter, placed together into
sealed Ziploc plastic bags, and transferred to coolers filled with ice. Glass bottles were packed with
bubble wrap to prevent breakage. A temperature blank and a chain-of-custody form were placed in
each cooler. Coolers were sealed, affixed with a custody seal, and sent to the appropriate lab via
express delivery, generally within 24 hours of collection, depending on sample holding time
requirements. Sample bottles for 8%Ccua and 8”Hepa analyses were placed in an inverted position in
coolers and maintained in the inverted position throughout shipment to the analytical laboratory.
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4.6. Water Analysis

4.6.1. Field Parameters

Temperature, specific conductance, pH, ORP, and dissolved oxygen were continuously monitored during
well purging using a YSI 556 multi-parameter probe and flow-cell assembly. Electrode measurements of
specific conductance were correlated to the concentration of total dissolved solids (TDS). YSI electrodes
were calibrated every morning before sampling according to the manufacturer’s instructions.
Performance checks were conducted at midday and at the end of each day, and the electrodes were re-
calibrated if necessary. A National Institute of Standards and Technology (NIST)-traceable 1,413 pS/cm
specific conductance standard was used for calibration and performance checks. NIST-traceable buffer
solutions (4.00, 7.00 and 10.01) were used for pH calibration and performance checks. An Orion ORP
standard was used for calibration and performance checks of redox potential measurements. Note that
field determinations of the ORP provide an approximate measure of redox conditions, but ORP values
do not necessarily correspond to equilibrium Ey values (US EPA, 2002). Dissolved oxygen sensors were
calibrated with air, and low-oxygen measurement performance was tested with a zero-oxygen solution
(sodium sulfite). Zero-oxygen solutions consistently read below 0.25 mg/L. The probe assembly was
stored in pH 4.00 buffer solution when not in use.

After geochemical parameters stabilized in each well, a 500-mL sample was collected for field
determinations of alkalinity, turbidity, ferrous iron, and dissolved sulfide. Alkalinity measurements were
determined by titrating water samples with 1.6N sulfuric acid (H,SO,) to the bromcresol green-methyl
red endpoint using a Hach titrator (EPA Method 310.1). Turbidity measurements (EPA Method 180.1)
made use of a Hach 2100Q portable meter. Ferrous iron concentrations were determined using the
1,10-phenanthroline colorimetric method (Hach DR/890 colorimeter, Standard Method 3500-FeB for
Wastewater). Dissolved sulfide measurements were made using the methylene blue colorimetric
method (Hach DR/2700 spectrophotometer, Standard Method 4500-S”D for Wastewater).

Hach spectrophotometers (for ferrous iron and sulfide) and turbidimeters (for turbidity) were inspected
before going into the field, and their functions were verified using performance calibration check
solutions. The ferrous iron accuracy was checked through triplicate measurements of a 1 mg Fe/L
standard solution (Hach Iron Standard solution, using Ferrover reagent); the results were between 0.90
and 1.10 mg Fe/L. The accuracy of dissolved sulfide measurements was checked by measuring standard
solutions prepared in the laboratory by purging dilute sodium hydroxide solution (0.0001 M) with 1.0%
H.S gas (balance N,); the results of spectrophotometric measurements were within 20% of expected
concentrations. Turbidity was checked against formazin turbidity standards supplied by Hach. Titrant
cartridges used for alkalinity measurements were checked using a 100 mg/L standard prepared from
sodium bicarbonate (NaHCOs). Blank solutions (deionized water) were measured at the beginning of the
day, at midday, and at the end of the day for each parameter (see Appendix A).

4.6.2. Analytical Methods for Ground Water and Surface Water

Water samples were collected and analyzed using the methods identified in Table Al of Appendix A.
The laboratories that performed the analyses, per sampling round, are also identified in Table A1l. A
total of 1,304 samples (not including duplicates of glass containers) were collected and delivered to up
to 10 laboratories for analysis.
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Anions, nutrients, DIC, and DOC samples were analyzed for all sampling events (rounds 1, 2, and 3).
Quantitative analysis of the major anions bromide (Br), chloride (CI), fluoride (F) and sulfate (SO,%) was
performed by capillary ion electrophoresis (EPA Method 6500) with a Waters Quanta 4000 Capillary lon
Analyzer. During the first two rounds of sampling, bromide concentrations up to about 2.5 mg/L were
detected in samples containing low to moderate levels of chloride (2—228 mg/L) using EPA Method
6500. During the third round of sampling, bromide analysis was also conducted using flow injection
analysis on a Lachat QuickChem 8000 Series flow injection analyzer and bromide levels were consistent
with the first two rounds of sampling. Nutrients (NOs;+ NO,, NHs, total Kjeldahl Nitrogen) were
measured by flow injection analysis (EPA Method 350.1, 353.1, and 351.2). The concentration of carbon
in DIC and DOC in aqueous samples was determined via acidification and combustion followed by
infrared detection (EPA Method 9060A) on a Shimadzu TOC-VCPH Analyzer.

Samples for dissolved gases, low-molecular-weight acids, and stable isotopes of water (8°H,,0 and

5" 0n20) Were analyzed by Shaw Environmental for rounds 1 and 2 and by CB&I for round 3. Dissolved
gases were measured by gas chromatography (Agilent Micro 3000 gas chromatograph) using a
modification of the method described by Kampbell and Vandegrift (1998). Two methods were used to
collect dissolved gas samples in round 3. Only the results for the first method (filled bucket submersion
method) are presented in this report, as this method was used consistently in all rounds of sampling.
The concentrations of low-molecular-weight acids were determined using high-performance liquid
chromatography (Dionex Ics-3000). Hydrogen and oxygen isotope ratios for aqueous samples collected
during round 1 were determined by isotope ratio mass spectrometry (Finnigan TC/EA, Finnigan Delta
Plus XP IRMS); cavity ring-down spectrometry (CRDS) was used to measure isotope ratios in samples
collected during rounds 2 and 3 (Picarro L2120i CRDS). The oxygen and hydrogen isotope ratio values
are reported in terms of permil (%) notation with respect to the Vienna Standard Mean Ocean Water
(VSMOW) standard. For consistency of methodology and analytical results, data collected using CRDS
from rounds 2 and 3 are used in the data analysis.

The analysis of DRO, GRO, and SVOCs in water samples collected during rounds 1, 2, and 3 was
completed by the EPA Region 8 Laboratory. DRO and GRO concentrations were determined by gas
chromatography using a gas chromatograph equipped with a flame ionization detector (EPA Method
8015B; Agilent 6890N GC). The concentrations of SVOCs were determined by gas chromatography
(GC)/mass spectrometry (MS) (EPA Method 8270D; HP 6890 GC and HP 5975 MS).

VOCs were analyzed by Shaw Environmental for samples collected during rounds 1 and 2; samples were
analyzed using automated headspace GC/MS (EPA Methods 5021A and 8260C; Agilent 6890/5973
Quadrupole GC/MS). Following round 3, samples were analyzed for VOCs by the Southwest Research
Institute using purge-and-trap GC/MS (EPA Method 8260B; Agilent 6890N GC/MS).

Glycols (2-butoxyethanol, diethylene, triethylene, and tetraethylene glycol) were measured by the EPA
Region 3 Laboratory for samples collected during rounds 1, 2, and 3. The samples were analyzed by
high-performance liquid chromatography (HPLC) coupled with positive electrospray ionization tandem
mass spectrometry (MS/MS; Waters HPLC/MS/MS with a Waters Atlantis dC18 3um, 2.1 x 150mm
column). Over the course of this case study, the glycol method was in development. A verification
study of the method was completed using volunteer federal, state, municipal, and commercial analytical
laboratories. The study indicated that the HPLC/MS/MS method was robust, had good accuracy and
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precision, and exhibited no matrix effects for several water types that were tested (Schumacher and
Zintek, 2014).

For samples collected in July 2011 and March 2012 (rounds 1 and 2), major cations and trace metals
were determined on filtered (dissolved metals) and unfiltered (total metals) samples by Shaw
Environmental. Major cations were analyzed using inductively coupled plasma—optical emission
spectroscopy (ICP-OES; EPA Method 200.7; Optima 3300 DV ICP—OES); trace metals were determined by
inductively coupled plasma—mass spectroscopy (ICP-MS; EPA Method 6020A; Thermo X Series Il ICP—
MS). Unfiltered samples were prepared before analysis by microwave digestion (EPA Method 3015A).
Total and dissolved trace metals were also analyzed through EPA’s Contract Laboratory Program (CLP)
for samples collected in round 2. The samples were prepared and analyzed following CLP methodology
(Method ISM01.3). Total and dissolved metal analyses for samples collected in May 2013 (round 3)
were conducted by the Southwest Research Institute in accordance with EPA Methods 6020A (ICP—MS)
and 200.7 (ICP—OES). Unfiltered samples were digested prior to analysis (EPA Method 200.7). Mercury
concentrations were determined by cold-vapor atomic absorption (EPA Method 7470A; Perkin Elmer
FIMS 400A).

Following all sampling rounds, samples were submitted to Isotech Laboratories, Inc., for analysis of
stable isotope ratios of DIC and methane (8Cpic, 8*Ccpa, 8*Hena). The 8Cpic was determined using gas
stripping and isotope ratio mass spectrometry (IRMS). Elemental analyses, coupled to an isotope ratio
mass spectrometer, were used to obtain methane (8"Ccpa, 8’Hena) isotope ratios. The carbon isotope
ratio value is reported in terms of permil (%o.) notation with respect to the Vienna Pee Dee Belemnite
(VPDB) standard. The hydrogen isotope ratio value is reported in terms of permil notation with respect
to the VSMOW standard.

Strontium isotopes (¥Sr/®sr) and rubidium (Rb) and strontium (Sr) concentrations were measured by
USGS for samples collected during all sampling events. High precision (20 = £0.00002) strontium isotope
ratio results were obtained using thermal ionization mass spectrometry (TIMS; Finngan MAT 262) using
methods described in Peterman et al. (2012). The activity concentrations of gross alpha and gross beta
were measured simultaneously using a gas proportional counter following EPA Method 900.0 at ALS
Environmental. Isotopes of radium were determined by ALS Environmental using EPA Methods 903.1
and 904.0.

4.7. QA/QC

Field QC samples for ground water and surface water sampling are summarized in Table A2 (Appendix A;
see Wilkin, 2013). These QC samples included several types of blanks and duplicate samples. In
addition, adequate volumes were collected to allow for laboratory matrix spike samples to be prepared,
where applicable. All of the QC sample types were collected, preserved, and analyzed using
methodologies identical to those used for water samples collected in the field. Appendix A presents
detailed QA practices and the results of QC samples, including discussions of chain of custody, holding
times, blank results, field duplicate results, laboratory QA/QC results, data usability, Quality Assurance
Project Plan (QAPP) additions and deviations, field QA/QC, application of data qualifiers, tentatively
identified compounds (TICs), audits of data quality (ADQ), and the laboratory and field Technical System
Audits (TSA). All reported data met project requirements unless otherwise indicated by application of
data qualifiers. In rare cases, data not meeting project requirements were rejected as unusable and not
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reported (see Appendix A). Detection and reporting limits for all analytes, per sample type, are provided
in Tables B1-B7 in Appendix B.

4.8. Data Handling and Analysis

For each sampling location from this study, geochemical parameters and the water quality data for
major ions and other selected inorganic ions collected over the multiple sampling events were averaged.
This approach ensures that more frequently sampled locations are given equivalent weight in the data
analysis (Battelle, 2013); however, a shortcoming of this method is that potential temporal variability in
concentration data at a single location is not captured. Intra-site variability of the data collected in this
study was examined through evaluation of time-dependent concentration trends at specific locations.
Summary statistics were calculated for selected parameters after averaging across sampling events for
each location (e.g., mean, median, standard deviation, minimum and maximum values). Parameters
with non-detect values were set at half the method detection limit; summary statistics determined for
parameters that showed mixed results, both above and below the quantitation limit (QL), were
generally determined only when over 50% of the concentration data were above the QL (US EPA,
2000b). In rare cases, concentration values set at half the MDL were used for calculating summary
statistics (e.g., for iron and manganese), and these cases are noted in the tabulated data. The three
springs sampled as part of this study in the southern area were grouped together with ground water
samples collected from the domestic wells. In all cases, springs were sampled at their discharge points
and showed geochemical parameters consistent with ground water—e.g., dissolved oxygen
concentrations were below the saturation level, indicating that the springs are representative of surficial
aquifers. Surface water samples were treated as a separate group.

Concentration data for organic compounds were not averaged across the multiple sampling events
because relatively few detections above the QL were found and because detections were generally not
consistent through time at specific sampling locations. Stable isotope and strontium isotope data, used
to identify fluid sources and biogeochemical processes, were not averaged so that the full range of data
variability could be evaluated. Furthermore, historical sources of isotope data for the study were not
available so that weighting was not a significant data analysis issue.

Historical water quality data from Washington County were collected from Newport (1973) and online
from the USGS NWIS (USGS, 2013a) and the USGS National Uranium Resource Evaluation, or NURE
(USGS, 2013b) databases. Secondary data from these sources were considered based upon various
evaluation criteria, such as: (i) did the organization that collected the data have a quality system in
place; (ii) were the secondary data collected under an approved QAPP or other similar planning
document; (iii) were the analytical methods used comparable to those used for the primary data; (iv) did
the analytical laboratories have demonstrated competency (such as through accreditation) for the
analysis they performed; (v) were the data accuracy and precision control limits similar to those for the
primary data; (vi) were the secondary data source MDLs (method detection limits) and QLs comparable
to those associated with the primary data or at least adequate to allow for comparisons; and (vii) were
sampling methods comparable to those used for the primary water quality data collected for this study.
In general, the secondary water quality data sources are missing the accompanying metadata necessary
to fully assess these evaluation criteria; thus, the secondary data are used with the understanding that
they are of an indeterminable quality relative to the requirements specified for this study (see QAPP;
Wilkin, 2013). The EPA STORET (Storage and Retrieval) data warehouse was not used because these
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data may be indicative of environmental impact monitoring that could skew background
characterization.

The software package AgqQA (version 1.1.1; Standard Methods, 2012) was used to evaluate internal
consistency of water compositions by calculating cation/anion balances and by comparing measured
and calculated electrical conductivity values (see Appendix A, Table A26). Major ion charge balance was
calculated by comparing the summed milliequivalents of major cations (calcium, magnesium, sodium,
and potassium) with major anions (chloride, sulfate, and bicarbonate) in filtered samples using the
equation:

Charge balance error (%) = |(2cat-Zan)/(Zcat+Zan)*100| (1)

where 2cat and Zan are the summed milliequivalents of positively and negatively charged ions,
respectively. The calculated charge balance error over the three sampling rounds ranged between 0.1
and 9.0%; 71% of the samples collected for this study had a charge balance error less than 5% (see
Appendix A). For data collected in this study, the calcite saturation index was determined using the
Geochemist’s Workbench package (version 8; Bethke, 1996). Speciation and mineral equilibria
calculations were made by using temperature and concentrations of base species: major cations (Na*,
K*, Ca®, Mg2+), anions (CI', SO,*, HCO5), and pH. Activity corrections were made using the extended
Debye-Huickel equation (Stumm and Morgan, 1996). The LLNL (EQ3/6) thermodynamic database was
selected for use in the calculations (Delany and Lundeen, 1990). For these calculations, charge
imbalance was handled by compensating with chloride for samples with an anion deficit or by
compensating with sodium for samples with a cation deficit. Only samples with a charge balance error
<5% were used for determining saturation indices.

For the historical datasets, samples with a charge balance error <15% were used for water-type analysis
and for constructing geochemical plots such as Piper and Schoeller diagrams. In most cases, charge
balance errors exceeding the 15% criterion were due to missing concentrations of major cations or
anions in the historical datasets. Again, the historical data from locations with multiple sampling events
were averaged and summary statistics were determined, in order to avoid undue weighting of locations
sampled on multiple occasions. Charge balance criteria were not used to screen data for use in
summary statistic calculations and for plotting box and whisker diagrams. Ground water and spring data
were combined, and surface water was treated as a separate group. Summary statistics for historical
data were determined on a countywide basis for comparison with the data collected in this study and
also on a reduced-area basis (3-mile radius) in order to more directly evaluate data from samples
collected in nearby locations. The reduced areas used for evaluating water quality data were chosen to
approximately coincide with the areas considered in the background assessment of potential
contaminant sources (see Appendix C). Various issues relating to data quality and applicability of
historical water quality data have been discussed previously (Battelle, 2013; US EPA, 2013; Wilkin, 2013),
such as comparability of analytical methods, comparability of analytes, unknown sample collection
methods, and unavailable laboratory QC data and data quality-related qualifiers. While recognizing
these limitations, historical data are used as the best points of reference available to compare with the
water quality data collected in this study.

Statistical evaluations were carried out using the ProUCL (US EPA, 2010b) and Statistica (version 12)
software packages. Hypothesis testing for the water quality data was performed using parametric
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(ANOVA) and nonparametric (Kruskal-Wallis) methods. An assumption underlying parametric statistical
procedures is that datasets are normally distributed or can be transformed to a normally distributed
form; data transformations in some cases included logarithmic functions. For the analysis of the major-
ion trends, average values were used in the statistical tests and were combined with single observations.
As noted previously, this approach was used to avoid the undue weighting of locations sampled multiple
times, either in the new data collected for this study or in the historical water quality data. Post hoc
tests were performed to identify significant differences among water quality datasets for particular
analytes, including the Scheffe and Kruskal-Wallis multiple comparison tests. A p-value of less than 0.05
was interpreted as a significant difference between compared datasets. Because a large number of
comparisons were made between the data from this study and the historical water quality data, which
encompass many sampling investigations, multiple locations, and extended periods of time, the problem
of multiple comparisons is suggested: that is, the increased likelihood of rejecting the null hypothesis
and flagging significant differences among datasets. Given the exploratory nature of this study, p-value
adjustments (e.g., Bonferroni or Sidak correction factors) were not incorporated and the traditional
significance threshold of 0.05 was applied for the data comparisons.
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5. Historical Water Quality Data

Historical ground water quality data for Washington County were obtained from Newport (1973), and
the USGS NWIS (USGS, 2013a) and USGS NURE databases (USGS, 2013b). These data sources represent
sampling events conducted before 2005 that pre-date unconventional gas development in the county.
Comparisons of data from historical sources and collected during this study were conducted at the
county scale (approximate area 860 square miles). No attempt was made to expand the analysis to
include adjacent counties in Pennsylvania, West Virginia, and Ohio; however, more refined analysis was
conducted in areas proximal to the sampling locations of this study (reduced-area comparisons;
approximately 150 square miles in the northern area and 30 square miles in the southern area). The
regions included in the reduced-area comparisons were controlled by the spatial distribution of
sampling locations from this study; for example, a smaller region was considered in the southern area
because sampling locations there were relatively close to one another (e.g., within 1 mile; see Figure 8).
The historical data are constrained temporally by the availability of information in the databases, as
noted below. It is important to point out that the historical water quality data are not taken a priori as
being representative of the background condition in the county, where background is taken to represent
the water quality regime in the absence of all human activities, including unconventional oil and gas
development. It is anticipated that the historical databases, in fact, contain examples in which the water
quality information reflects anthropogenic impact. Thus, for the purposes of this report, the historical
data are used as points of reference for screening-level comparisons in order to illustrate regional
concentration ranges typical in ground water and for constraining major water composition types that
have previously been encountered throughout the county. The applicability of these data is limited by
the parameters for which data have been historically collected; organic compounds, radiogenic
parameters, stable isotopes, and dissolved gases are not generally represented in the historical data, yet
these data types are critical for this study (Bowen et al., 2015). Subsequent analysis of the historical
water quality information, in relation to the new data collected for this study, provides appropriate
context regarding the geologic settings and geochemical environments, the influence of anthropogenic
impacts based on environmental record searches (see Appendix C), and the recognition of data quality
issues (see US EPA, 2013). The following paragraphs briefly describe the historical datasets used for
comparison purposes in this study.

The Newport (1973) report provides water quality data for 14 sampling locations noted to be
representative of water from wells drilled in Washington County, although an unspecified number of
samples were considered to represent extreme conditions atypical of background conditions.
Concentration data for major cations (sodium, potassium, calcium, magnesium), major anions
(bicarbonate, sulfate, chloride), and other constituents (silicon, nitrate, and total iron) were provided in
tabular form (see Table 4 in Newport, 1973). Water samples were collected from wells ranging in depth
from 28 to 200 feet below land surface (median = 90 feet) and represent a range of topographic
locations, including stream channels, valleys, and hilltops. Sampling locations are approximated in
Figure 8 (coordinates provided for the southeast corner of the 1-minute quadrangle containing the well).
For the Newport (1973) dataset, the calculated charge balance error ranges from 0.2% to 13.1% (median
= 1.4%); thus, all data were used for evaluation of water types and constructing Piper diagrams.
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The USGS NWIS database for Washington County contains entries for 95 ground water locations (1926—
1997), six spring locations (1983-1985), and 46 surface water locations (1964-2012); sampling locations
are identified in Figure 8. Ground water samples were collected from wells ranging in depth from 21 to
301 feet below land surface (median = 100 feet). Water quality data from the ground water and spring
entries were combined. Analytical data mainly include major cations, anions, general parameters (e.g.,
pH, specific conductance, and alkalinity), some trace elements, and very limited entries for organic
compounds and radiogenic constituents. Of the 101 combined ground water and spring samples, 50
samples have a charge balance error of 15% or lower and were used for evaluating water types and for
constructing Piper diagrams. Of the 46 surface water locations, 40 samples have a charge balance error
of 15% or lower.

The USGS NURE database for Washington County contains entries for 107 ground water locations, 46
spring locations, and 107 stream water locations; sampling locations are identified in Figure 8. Ground
water samples were collected from wells ranging in depth from about 6 to 250 feet below land surface
(median = 60 feet). All of the samples were collected during the summer of 1978. Water quality data
from the ground water and spring entries were combined. These data include a more limited selection
of parameters, including pH, specific conductance, sodium, magnesium, chloride, fluoride, bromine,
manganese, uranium, vanadium, and aluminum. Consequently, no charge balance evaluation is possible
with the NURE dataset.

Summary statistics for water quality parameters were computed separately for the Newport (1973),
NWIS, and NURE datasets, including minimum and maximum values, median, mean, and standard
deviation. Analysis is provided for the countywide distribution of data as well as for the reduced-area
distributions (see Figures 9 and 10).
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6. Water Quality Data from This Study

The following sections describe the results and present interpretations of the water quality testing
conducted in this case study, including geochemical parameters, major cations and anions, trace metals,
organic compounds, dissolved gases, stable isotopes, and radiometric constituents. Also presented are
comparisons of data from this study with historical data. Analytical data obtained during the three
sampling events are provided in tabular form in Appendix B.

6.1. Geochemical Parameters

Water temperature, turbidity, dissolved oxygen, specific conductance, pH, ORP, and concentrations of
dissolved sulfide were measured in the field during the collection of water samples. The mean
temperature of well water and springs from the three sampling events ranged from 10.3 to 17.5 degrees
Celsius (°C), with a median temperature of 13.3°C. Turbidity ranged from <1 to 18 nephelometric
turbidity units (NTU), with a median of 5.4 NTU, representative of water with very little suspended
particulate or colloidal material. Dissolved oxygen concentrations ranged from 0.05 to 7.7 mg/L, with a
median of 4.6 mg/L. Although most of the well waters and springs were oxygenated, dissolved oxygen
concentrations indicative of more reducing (anoxic) conditions—i.e., generally less than 1 mg/L—were
measured at some of the locations. Concentrations of dissolved sulfide were below the level of
detection (<0.01 mg/L) at all locations except SWPAGWO06 during the second and third rounds of
sampling (0.05 to 0.26 mg/L, J; see Appendix A for data qualifiers). Redox conditions and impacts on
water quality characteristics are discussed in the “Iron and Manganese” section below.

Frequency distributions for values of specific conductance (a surrogate measure of TDS) from historical
water quality data and this study are shown in Figure 11. Specific conductance values for ground water
and springs measured in this study ranged from 440 to 1,801 puS/cm (median=659 uS/cm; n = 19) and fall
within ranges of the NURE and NWIS datasets (see Figure 11 and Table 4). Statistical analysis of the
specific conductance values from the different datasets on a countywide basis reveals a significant
difference between data from this study and historical data using the nonparametric Kruskal-Wallis test
(p-value <0.05); post hoc multiple comparison tests show that specific conductance values from this
study and the NURE dataset are not significantly different (p-value = 0.14), indicating that the NWIS
distribution of specific conductance values is distinct. NWIS data include samples with high specific
conductance (>2,000 uS/cm), suggesting that the NWIS dataset may include impacted waters not
representative of typical background conditions. This issue is further evaluated below in the discussion
of water types.

The mean pH value of the NURE dataset (7.2; n = 153) is equivalent to the mean value from this study
(7.2; n=19). Post hoc statistical analysis reveals that pH data from this study and the NURE dataset are
not significantly different (p-value = 0.82; Kruskal-Wallis). The distribution of pH values from the NWIS
dataset differs from the distribution in this study and the NURE data (p-value <0.05; see Figure 12), with
a positive shift of the mean pH value to 8.0 (n = 88; see Table 4).
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Table 4. Summary statistics for countywide ground water and spring data.

Data Source | Parameter Dis;gl‘;fd/ Units Mean Median SD Min Max | Locations | N z'
NURE pH 7.2 7.3 032 | 6.1 8.7 153 153 | --
NWIS pH 8.0 8.1 0.50 | 6.5 9.1 101 88 --
This study | pH 7.2 7.1 0.53 | 6.5 8.9 19 19 --
NURE SPC pS/cm 604 550 298 80 2050 153 153 | O
NWIS SPC pS/cm 1238 675 1412 | 71 7000 101 97 0
This study |SPC pS/cm 742 659 341 | 440 | 1801 19 19 0
NWIS Alkalinity mg/L 164 156 71 9 460 101 91 0
This study | Alkalinity mg/L 273 250 93 105 540 19 19 0
1\'1:";';’;’ " |sodium dissolved | mg/L 87 33 122 | 82 | 440 14 14 | o
NURE Sodium dissolved mg/L 19 7 40 1.4 309 153 130 0
NWIS Sodium dissolved mg/L 198 42 362 4.0 1700 101 48 0
This study |Sodium dissolved mg/L 51 20 70 33 265 19 19 0
1\'1‘;";'5)0 M |potassium  |dissolved |mg/L 4.7 36 30 | 17 | 12 14 14 | o
NWIS Potassium dissolved mg/L 3.5 3.4 1.7 0.2 7.2 101 48 0
This study | Potassium dissolved mg/L 1.3 1.3 0.3 0.9 1.8 19 19 0
1\'1:";';’;’ " | calcium dissolved | mg/L 94 69 124 | 2.8 | 506 14 14 | o
NWIS Calcium dissolved mg/L 74 66 30 19 160 101 69 0
This study | Calcium dissolved mg/L 98 93 68 6.2 311 19 19 0
1\'1‘;";'5)0 M |Magnesium |dissolved |mg/L 26 18 35 | 21 | 141 14 14 | o
NURE Magnesium | dissolved mg/L 10 7 10 1.0 73 153 123 0
NWIS Magnesium | dissolved mg/L 20 14 15 3.6 67 101 69 0
This study | Magnesium |dissolved mg/L 14 12 7 4.4 29 19 19 0
1\'1:";';’;’ " | Chloride dissolved | mg/L 45 17 72 | 14 | 220 14 14 | o
NURE Chloride dissolved mg/L 23 9 51 1.9 404 153 128 0
NWIS Chloride dissolved mg/L 90 29 159 3.0 910 101 73 0
This study | Chloride dissolved mg/L 74 35 116 2.2 494 19 19 0
1\'1‘;";'5)0 T [sulfate dissolved | mg/L 176 54 416 | 3.7 | 1600 14 14 | o
NWIS Sulfate dissolved mg/L 349 175 521 10 2600 101 91 0
This study Sulfate dissolved mg/L 40 38 20 4.5 95 19 19 0
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Table 4. Summary statistics for countywide ground water and spring data.

Data Source | Parameter Dis_:zl\;fd/ Units Mean Median SD Min Max | Locations | N z'
NURE Fluoride dissolved mg/L 0.12 0.07 0.17 | 0.01 | 1.24 153 102 | O
NWIS Fluoride dissolved mg/L 0.27 0.20 0.16 | <0.1 0.8 101 48 2
This study | Fluoride dissolved mg/L 0.29 0.10 0.50 | <0.05| 2.03 19 19 3
z\llzv;/;)ort Bicarbonate |dissolved mg/L 340 316 181 45 867 14 14 0
NWIS Bicarbonate |dissolved mg/L 209 190 89 13 560 101 54 0
This study |[Bicarbonate |dissolved mg/L 349 335 99 146 605 17 19 0
:\'1‘;";’5)0 T |Nitrate dissolved | mg/L 9.3 095 | 216 | <0.1 | 75 14 14 | 1
NWIS Nitrate’ dissolved mg/L 0.5 0.5 0.4 |<0.04 1.4 101 16 1
This study | Nitrate dissolved mg/L 2.0 0.6 46 |<0.01| 204 19 19 2
?‘1‘;";’;’)0 B silicon dissolved | mg/L 15 16 54 | 73 | 26 14 14 | 0
NWIS Silicon dissolved mg/L 6.6 5.7 3.3 2.9 21 101 48 0
This study | Silicon dissolved mg/L 6.1 5.8 14 4.3 10 19 19 0
NWIS Barium dissolved ug/L 51 13 70 9 183 101 6 0
This study |Barium dissolved ug/L 143 125 105 34 437 19 19 0
NWIS Strontium dissolved ug/L 1485 810 1800 | 445 6400 101 11 0
This study | Strontium dissolved ug/L 493 453 308 86 1267 19 19 0
:\lleg";';’)o " iron total ug/L 771 700 639 | 70 | 2300 14 14 | o
NWIS Iron total ug/L 693 330 1278 | <50 9200 101 79 1
This study Iron total ug/L 561 63 1366 | <22 5175 19 19 10
NWIS Iron dissolved ug/L 675 320 1383 | 130 | 9000 101 42 0
This study Iron dissolved ug/L 158 29 326 <20 1280 19 19 12
NWIS Manganese total ug/L 107 60 126 <10 710 101 67 2
This study Manganese | total ug/L 201 15 384 <4 1265 19 19 11
NURE Manganese |dissolved ug/L 131 62 176 7 903 153 71 0
NWIS Manganese2 dissolved ug/L 69 40 74 10 340 101 58 0
This study [Manganese |dissolved ug/L 115 10 241 <4 913 19 19 12
NURE Uranium dissolved ug/L 0.30 0.22 0.27 | 0.004 | 1.7 153 153 0
This study | Uranium dissolved ug/L 0.54 0.53 0.39 | <0.05 1.6 19 19 2
NURE Vanadium dissolved ug/L 1.2 0.6 1.1 0.2 3.1 153 7 0
This study | Vanadium dissolved ug/L 0.05 0.04 0.07 |<0.02 | 0.28 13 13 4
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Table 4. Summary statistics for countywide ground water and spring data.

Data Source | Parameter Dlsizl\;fd/ Units Mean Median SD Min Max | Locations N '
NURE Br dissolved mg/L 0.15 0.04 0.36 | 0.10 1.9 153 45 0
This study |Br dissolved mg/L 0.93 0.83 0.71 | <0.17 | 2.5 19 19 8

1
2
3

Z is the number of locations with left-censored data; concentration values were set at % of the MDL or Reporting Level.

Data base entries of “0” were not included in the statistical analysis.

The NURE dataset provides results for bromine. Itis likely that total bromine is present as bromide; however, because of uncertainty
about the analytical procedures used for Br analysis, comparisons between the NURE bromine results and bromide data from this study
should be made with caution. NURE Br results are not provided in subsequent data tables.

6.2. Major lons

Water types, based on the predominant cation-anion pair (molar basis), were determined for the
Newport (1973) and NWIS historical water quality datasets for Washington County and compared to the
results of this study. Results of the dissolved metals (filtered) analyses were used for water-type
evaluations, charge balance calculations, and for constructing Piper diagrams. As noted previously,
turbidity was generally low for the ground water and surface water samples, and in most cases, the
results of total and dissolved metals analyses were similar, typically with the exceptions of calcium,
aluminum, iron, and manganese in some samples. The calcium-bicarbonate water type was the most
frequently observed across all of the datasets in Washington County (see Figure 13), followed by the
sodium-bicarbonate and calcium-sulfate water types. NWIS data include a high proportion of the
sodium-sulfate water type (31%), which was not observed in this study or in the Newport (1973) data.
This study included the calcium-chloride water type from several locations (SWPAGWO05, SWPAGW13,
and SWPAGW14); these sampling locations are discussed more fully in following sections.

The major cation and anion compositions of ground water and springs are shown on a trilinear diagram
(Piper diagram; see Figure 14) for each water sample for which a charge balance error of 15% or lower
was determined, encompassing all of the locations from this study, the Newport (1973) data, and 50
locations in Washington County from the NWIS database (ground water and springs). The Piper diagram
includes two ternary plots, one for anions and one for cations, and a central quadrilateral plot,
containing data projected from the ternary diagrams. In each of the datasets evaluated, major cations
trend from compositions dominated by calcium and magnesium to compositions dominated by sodium
plus potassium. The anion compositions of waters from this study are mainly bicarbonate-dominated,
with a trend toward chloride-dominated compositions (represented mainly by locations SWPAGW13
and SWPAGW14); the chloride trend is not present in the historical water quality data (see Figure 14).
The anionic composition of some waters from the NWIS data and the Newport (1973) data show a
separate distinctive trend toward sulfate-dominated compositions. As discussed below, the sodium-
sulfate type compositions present in the NWIS data, but not in this study, tend to be elevated in TDS and
may be representative of more evolved water-rock interactions, perhaps involving weathering of sulfide
minerals such as pyrite contained in coal and other sedimentary rocks.

The origin of major ions in ground water in part reflects long-term reactions of recharge water with the
minerals contained in subsurface aquifers, including silicate-rich and carbonate-rich rocks and
unconsolidated materials. The primary chemical reactions expected in ground water systems include
abiotic dissolution-precipitation processes and several important biotic processes (e.g., Hem, 1985).
Various trends are revealed by plotting specific water quality parameters against the measure of TDS (or
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its surrogate specific conductance) and retaining context to the primary water types (see Figure 15). For
example, water samples with pH below 7 (acidic) tend to be unbuffered and low in specific conductance.
The sodium-sulfate water type (NWIS data) tends to be elevated in pH and enriched in TDS resulting
from water-rock interactions. The calcium-chloride water type from this study shows increasing calcium
and chloride concentrations with increasing specific conductance, but no change in pH or the
concentrations of bicarbonate, sulfate, and sodium, suggesting decoupled behavior and a specific source
of calcium and chloride enrichment (see Figure 15).
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Figure 13. Frequency diagram of water types (ground water) identified in Washington County from this study and
from historical water quality data.
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Figure 14. Major ion chemistry of ground water from this study and from historical data.
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in Washington County; data are plotted with respect to water type. Arrows indicate trends in Ca-Cl type waters from this study.
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Water quality data collected for this study are compared to historical data from Washington County in
Tables 4 through 7. Descriptive statistics for selected water quality parameters were determined, and
data from this study were compared to values determined from the historical data on a countywide
basis (see Table 4) and on a reduced-area basis (see Tables 5 and 6). Data for surface water are
presented in Table 7. Descriptive statistics include the mean, median, standard deviation, minimum and
maximum values, number of total locations, and number of data entries for the particular parameter.
The last two metrics indicate that the datasets are not always complete for all of the parameters of
interest, for example, not all locations have concentration data for sodium, etc. Summary statistics are
also provided in Table 8 for selected parameters measured in this study but not generally included in
historical water quality datasets (i.e., ORP, dissolved oxygen, DOC, dissolved and total arsenic, and
dissolved lithium).

The reduced search areas (see Figures 9 and 10) were drawn to represent a 3-mile radius of influence
from the central point in the southern area (equivalent to the site-7H area; see Appendix C) and to
consider the area encompassed by overlapping 3-mile radii around sampling locations in the northern
area (resulting in a 7-mile radius; see Appendix C). Box and whisker plots were constructed from the
historical datasets and from data collected for this study (see Figures 16, 17, and 18).

On a countywide basis, the concentrations of sodium and chloride from this study, the NURE dataset,
and the Newport (1973) dataset are generally lower than those from the NWIS dataset. Statistical
analysis of sodium concentrations using the post hoc Scheffe test revealed no significant differences
between the Newport (1973) data, NURE data, and data from this study (p-value >0.62). Values for
magnesium from this study are within the ranges of the Newport (1973), NURE, and NWIS data. Calcium
and bicarbonate values from this study and from Newport (1973) are generally similar to the NWIS data
but lower for sulfate (see Table 4 and Figure 16). With the exception of calcium, ANOVA (log-
transformed) and Kruskal-Wallis tests showed significant differences among all of the datasets for the
major ions: sodium, chloride, sulfate, magnesium, and bicarbonate (p-value <0.05). In particular, the
presence of high sulfate concentrations in the NWIS dataset compared to the data collected for this
study indicates that comparisons with lumped historical water quality data may not be appropriate;
however, no attempt was made to filter the datasets in order to avoid unintended bias in the evaluation
of historical data.

Northern area reduced-area analysis: The northern sampling area retains good coverage of water
quality data from the Newport (1973), NURE, and NWIS datasets, with up to 4, 16, and 32 locations
within the reduced area, respectively (see Figure 17). With the exception of calcium, the range of major
ion concentrations observed in this study fell within historical data ranges. Concentrations of sodium,
magnesium, chloride, sulfate, and bicarbonate were generally lower in the data from this study
compared to NWIS data. Significant differences among the datasets were found for all parameters in
Figure 17 using the Kruskal-Wallis nonparametric ANOVA by ranks test (p-value <0.05).
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Table 5. Summary statistics for northern area ground water and spring data.

Data Source | Parameter Dis;gl‘;fd/ Units Mean | Median SD Min | Max | Locations | N z'
NURE pH 7.2 7.3 0.23 6.6 7.6 29 29 -
NWIS pH 8.0 8.1 0.43 7.0 8.8 35 31 -
This study pH 7.1 7.1 0.29 6.5 7.6 9 9 -
NURE SPC uS/cm 603 575 299 300 | 2000 29 29 0
NWIS SPC uS/cm 1110 505 1615 | 305 | 7000 35 33 0
This study |SPC uS/cm 640 530 240 440 | 1230 9 9 0
NWIS Alkalinity mg/L 160 150 90 9 460 35 32 0
This study | Alkalinity mg/L 251 250 70 105 342 9 9 0
;\'1‘;‘;’5)0 " |sodium dissolved | mg/L 44 33 37 | 12 | 97 4 4 1o
NURE Sodium dissolved mg/L 18 11 29 4.2 124 29 16
NWIS Sodium dissolved mg/L 229 46 448 7.4 1700 35 22 0
This study | Sodium dissolved mg/L 39 20 42 5.1 124 9 9 0
:\'1‘;‘;’5;’ " |Potassium |dissolved  |mg/L 4.4 4.9 18 | 18 | 59 4 a | o
NWIS Potassium dissolved mg/L 3.5 3.2 14 0.7 6.9 35 22 0
This study | Potassium dissolved mg/L 1.3 1.2 0.3 0.9 1.8 9 9 0
;\'1‘;‘;’5)0 " calcium dissolved | mg/L 70 69 9 62 | 82 4 4| o
NWIS Calcium dissolved mg/L 63 58 22 24 130 35 29 0
This study | Calcium dissolved mg/L 87 77 37 27 155 9 9 0
:\llzv;/g;)rt Magnesium | dissolved mg/L 26 29 6 17 30 4 4 0
NURE Magnesium | dissolved mg/L 9 6 10 3 44 29 16 0
NWIS Magnesium | dissolved mg/L 17 12 15 7 67 35 29 0
This study | Magnesium |dissolved mg/L 15 12 7 8 29 9 9 0
;\'1‘;‘;’5)0 | Chloride dissolved | mg/L 19 18 14 4 38 4 4| o
NURE Chloride dissolved mg/L 13 8 11 2 35 29 15 0
NWIS Chloride dissolved mg/L 102 21 192 7 910 35 30 0
This study | Chloride dissolved mg/L 57 52 55 5 178 9 9 0
:\'1‘;‘;’5;’ T |sulfate dissolved | mg/L 116 123 105 | 6 | 210 4 4 | o
NWIS Sulfate dissolved mg/L 299 92 618 26 2600 35 32 0
This study | Sulfate dissolved mg/L 39 39 9 25 50 9 9 0
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Table 5. Summary statistics for northern area ground water and spring data.

Data Source | Parameter Dis_:zl\;fd/ Units Mean | Median SD Min | Max | Locations | N z'
NURE Fluoride dissolved mg/L 0.21 0.11 0.26 | 0.01 | 0.98 29 16 0
NWIS Fluoride dissolved mg/L 0.30 0.20 0.20 | <0.1 | 0.70 35 22 2
This study | Fluoride dissolved mg/L 0.20 0.11 0.26 | 0.06 | 0.87 9 9 0
:\Ilt;v;/g)ort Bicarbonate |dissolved mg/L 248 282 145 45 383 4 4 0
NWIS Bicarbonate |dissolved mg/L 233 200 104 140 560 35 18 0
This study |Bicarbonate |dissolved mg/L 333 342 94 146 506 9 9 0
;\llegv;/g)ort Nitrate dissolved mg/L 20 1.4 37 0.2 75 4 4 0
NWIS Nitrate dissolved mg/L 0.49 0.51 0.25 0.2 0.87 35 5 0
This study | Nitrate dissolved mg/L 0.81 0.56 0.73 | <0.01 | 1.88 9 9 1
:\'1‘;";’2)0 T silicon dissolved  |mg/L 14 14 3 10 | 17 4 4| o0
NWIS Silicon dissolved mg/L 6.0 5.9 1.9 3.1 10 35 22 0
This study | Silicon dissolved mg/L 6.0 5.7 1.7 4.3 10 9 9
:“169";’;)0 T liron total ug/L 520 610 250 | 170 | 700 4 4 | o
NWIS Iron total pg/L 676 360 918 70 | 4800 35 32 0
This study |[lron total ug/L 1058 54 1910 15 5175 9 9 5
NWIS Iron dissolved pg/L 624 510 530 150 | 1900 35 9 0
This study |[lron dissolved ug/L 310 90 440 10 1280 9 9 6
NWIS Manganese | total ug/L 125 60 136 <10 590 35 27 1
This study |Manganese |total ug/L 182 17 333 <4 1002 9 9 6
NURE Manganese |dissolved ug/L 118 99 92 30 321 29 11 0
NWIS Manganese |dissolved ug/L 76 50 79 10 340 35 23 0
This study |Manganese |dissolved ug/L 170 30 300 <4 910 9 9 6
NURE Uranium dissolved ug/L 0.21 0.16 0.2 |0.004 | 0.77 29 29 0
This study | Uranium dissolved ug/L 0.33 0.32 0.21 | 0.07 | 0.63 9 9 0

! Zis the number of locations with left-censored data; concentration values were set at % of the MDL or Reporting Level.
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Table 6. Summary statistics for southern area ground water and spring data.

Data Source | Parameter Dis:z:\:led/ Units Mean | Median SD Min | Max | Locations | N z'
NURE pH 7.4 7.4 0.18 7.2 7.7 8 8 --
NWIS pH - -- = = = 2 2 -
This study | pH 7.3 7.0 0.68 6.6 8.9 10 10 --
NURE SPC pS/cm 500 520 122 360 675 8 8 0
NWIS SPC pS/cm -- - - -- -- 2 2 --
This study |SPC pS/cm 838 750 397 491 | 1801 10 10 0
NWIS Alkalinity mg/L - - - - - 2 2 -
This study | Alkalinity mg/L 293 259 110 200 540 10 10 0
z\llzv;/gf rt Sodium dissolved mg/L -- -- -- -- -- 1 1 --
NURE Sodium dissolved mg/L 21 9 26 2 75 8 7 0
NWIS Sodium dissolved mg/L - - - - - 2 1 -
This study |Sodium dissolved mg/L 62 18 90 3.3 265 10 10 0
1\11:\;/5)0 rt Potassium dissolved mg/L -- - - -- -- 1 1 --
NWIS Potassium dissolved mg/L - -- -- - - 2 1 --
This study | Potassium dissolved mg/L 1.3 1.3 0.3 0.9 1.7 10 10 0
z\llzv;/gf rt Calcium dissolved mg/L -- -- -- -- -- 1 1 --
NWIS Calcium dissolved mg/L - - - - - 2 1 -
This study | Calcium dissolved mg/L 108 96 88 6.2 311 10 10 0
l\llzv;/g;)rt Magnesium | dissolved mg/L -- -- -- -- -- 1 1 --
NURE Magnesium | dissolved mg/L 6 7 4 1.6 11 8 7 0
NWIS Magnesium | dissolved mg/L -- -- -- -- -- 2 1 --
This study | Magnesium | dissolved mg/L 13 12 7 4.4 28 10 10 0
Lﬂlzv;/g;:)rt Chloride dissolved mg/L -- -- -- -- -- 1 1 --
NURE Chloride dissolved mg/L 8 7 5 2.8 17 8 7 0
NWIS Chloride dissolved mg/L - - - - - 2 1 -
This study | Chloride dissolved mg/L 89 34 154 2.2 494 10 10 0
1\11:\;/5)0 rt Sulfate dissolved mg/L -- -- -- -- -- 1 1 --
NWIS Sulfate dissolved mg/L - -- -- - - 2 2 --
This study Sulfate dissolved mg/L 40 30 27 4.5 95 10 10 0
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Table 6. Summary statistics for southern area ground water and spring data.

Data Source | Parameter Dis;z:\:led/ Units Mean | Median SD Min | Max | Locations | N z'
NURE Fluoride dissolved mg/L 0.11 0.1 0.09 0.02 | 0.23 8 6 0
NWIS Fluoride dissolved mg/L -- -- -- -- -- 2 1 --
This study | Fluoride dissolved mg/L 0.38 0.08 0.65 0.03 | 2.03 10 10 0
:\llzv;g)o rt Bicarbonate |dissolved mg/L - -- -- - - 1 1 -
NWIS Bicarbonate |dissolved mg/L -- - - -- -- 2 1 --
This study |Bicarbonate |dissolved mg/L 367 327 108 274 605 10 8 0
z\llzv;/g)o rt Nitrate dissolved mg/L - - - - - 1 1 -
NWIS Nitrate dissolved mg/L -- -- -- -- -- 2 0 --
This study | Nitrate dissolved mg/L 3.1 0.59 6.2 <0.10 20 10 10 1
:\llzv;g)o rt Silicon dissolved mg/L -- - - -- -- 1 1 --
NWIS Silicon dissolved mg/L -- -- -- -- -- 2 1 --
This study | Silicon dissolved mg/L 6.3 6.3 1.1 4.6 8.1 10 10 0
z\llzv;/g)o rt Iron total ug/L - - - - - 1 1 -
NWIS Iron total pg/L - - - - - 2 2 -
This study |lron total ug/L 113 67 128 <22 423 10 10 5
NWIS Iron dissolved ug/L - - - - - 2 2 -
This study |lron dissolved ug/L 23 13 18 <20 60 10 10 6
NWIS Manganese | total ug/L -- - - -- -- 2 2 --
This study Manganese |total ug/L 217 12 442 <4 1265 10 10 5
NURE Manganese |dissolved ug/L 34 22 33 10 82 8 4 0
NWIS Manganese |dissolved ug/L -- -- -- -- -- 2 2 --
This study |[Manganese |dissolved ug/L 66 10 174 <4 560 10 10 6
NURE Uranium dissolved ug/L 0.32 0.25 0.3 0.03 | 0.95 8 8 0
This study | Uranium dissolved ug/L 0.73 0.78 0.43 0.09 1.6 10 10 0

! Zis the number of locations with left-censored data; concentration values were set at % of the MDL or Reporting Level.
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Table 7. Summary statistics for countywide surface water data.

Data Source | Parameter Dis:z:\:led/ Units Mean | Median SD Min Max | Locations | N z'
NURE pH 8.0 8.1 0.23 7.1 8.5 107 107 | --
NWIS pH 7.5 7.5 0.45 5.8 8.1 46 46 -
This study |pH 7.5 7.4 0.55 7.0 8.1 3 3 -
NURE SPC pS/cm 716 550 542 330 4300 107 107 | O
NWIS SPC pS/cm 847 788 474 365 3600 46 46 0
This study  |SPC usS/cm 522 553 59 454 559 3 3 0
NWIS Alkalinity mg/L 181 166 60 96 450 46 45 0
This study | Alkalinity mg/L 259 235 44 232 310 3 3 0
NURE Sodium dissolved mg/L 16 9 27 14 241 107 107 0
NWIS Sodium’ dissolved mg/L 69 36 109 9.2 720 46 45 0
This study |Sodium dissolved mg/L 12 8 7 7.5 19 3 3 0
NWIS Potassium?’ dissolved mg/L 2.8 2.4 1.7 1.2 12 46 45 0
This study Potassium dissolved mg/L 1.2 1.2 0.2 1.1 14 3 3 0
NWIS Calcium’ dissolved mg/L 78 77 22 30 151 46 45 0
This study | Calcium dissolved mg/L 86 92 14 71 96 3 3 0
NURE Magnesium | dissolved mg/L 13 8 14 2 81 107 106 | O
NWIS Magnesiu m’ | dissolved mg/L 19 20 8 7 48 46 45 0
This study Magnesium | dissolved mg/L 18 18 9 10 27 3 3 0
NURE Chloride dissolved mg/L 11 8 10 2.3 83 107 106 0
NWIS Chloride’ dissolved mg/L 63 26 145 2.2 950 46 45 0
This study | Chloride dissolved mg/L 20 11 24 1.9 47 3 3 0
NWIS Sulfate dissolved mg/L 157 123 132 26 490 46 46 0
This study | Sulfate dissolved mg/L 43 44 4 39 47 3 3 0
NURE Fluoride dissolved mg/L 0.10 0.09 0.06 0.01 0.39 107 102 | O
NWIS Fluoride® dissolved mg/L 0.44 0.33 0.28 0.15 1.3 46 44 0
This study Fluoride dissolved mg/L 0.13 0.14 0.05 0.06 0.17 3 3 0
NWIS Bicarbonate’ |dissolved mg/L 240 241 70 144 540 46 44 0
This study Bicarbonate |dissolved mg/L 317 331 64 250 375 3 3 0
NWIS Nitrate’ dissolved mg/L 1.3 0.42 2.4 0.01 9 46 18 0
This study Nitrate dissolved mg/L 0.91 0.68 0.58 0.48 1.57 3 3 0
NWIS Silicon” dissolved mg/L 11 11 3 6.3 22 46 44 0
This study | Silicon dissolved mg/L 5 5 0.4 4.5 5.3 3 3 0
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Table 7. Summary statistics for countywide surface water data.

Data Source | Parameter Dis:z:\:led/ Units Mean | Median SD Min Max | Locations | N z'
NWIS Iron total pg/L 2355 1135 4932 110 | 33095 46 46 0
This study Iron total ug/L 327 349 305 <22 620 3 3 1
NWIS Iron dissolved pg/L 1455 665 2437 95 14620 46 42 0
This study Iron dissolved ug/L 29 19 25 <20 58 3 3 1
NWIS Manganese total ug/L 259 140 285 10 1074 46 45 0
This study Manganese |total ug/L 30 9 43 <4 79 3 3 1
NURE Manganese dissolved ug/L 378 181 642 9 3752 107 104 0
NWIS Manganese dissolved ug/L 553 192 836 10 4600 46 44 0
This study Manganese |dissolved ug/L 19 2 29 <4 52 3 3 1
NURE Uranium dissolved ug/L 0.40 0.33 0.50 | <0.002 5 107 107 | 12
This study Uranium dissolved ug/L 0.78 0.65 0.38 0.48 1.2 3 3 0
NWIS Aluminum total ug/L 1965 686 2780 0 7600 46 8 0
This study | Aluminum total ug/L 120 19 190 <3.7 339 3 3 1
NURE Vanadium dissolved ug/L 0.77 0.60 0.52 0.20 2.1 107 107 | O
This study | Vanadium dissolved ug/L 0.34 -- -- 0.18 0.50 2 2 0
1 Ziis the number of locations with left-censored data; concentration values were set at % of the MDL or Reporting Level. ? Data base
entries of “0” were not included in the statistical analysis.
Table 8. Summary statistics for countywide ground water and spring data, additional parameters.
sgz::e Parameter Dis;gl‘;fd/ Units Mean | Median SD Min Max Locations N z'
This study | ORP mV 86 113 87 -128 224 19 19 --
This study gf;g;fd mg/L | 3.7 4.6 28 | 005 | 7.7 19 19 | -
This study gfsg: Dissolved | mg/L | 0.76 064 | 042 | 025 | 1.99 17 17 | 0
This study | Arsenic Dissolved ug/L 0.49 0.54 0.24 | <0.04 | 0.84 19 19 2
This study | Arsenic Total ug/L 1.02 0.56 1.36 0.23 5.9 19 19 0
This study | Lithium Dissolved ug/L 9.0 8.4 4.9 3.7 18.8 13 13 0

1 Ziis the number of locations with left-censored data; concentration values were set at % of the MDL.
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Southern area reduced-area analysis: In the southern area, only the NURE dataset allowed for any
comparison with the data from this study (see Figure 18). Overall, values for sodium, chloride, and
magnesium were higher from this study than in the NURE data. With the exceptions of sodium, calcium,
magnesium, and chloride from several specific sampling locations (SWPAGW13 and SWPAGW14), the
data collected for this study in relation to major cations and anions generally fell within the ranges
observed in historical water quality data. Although historical water quality data in the southern area are
sparse, it is clear that chloride concentrations at one location (SWPAGW13) were anomalous, e.g.,
chloride concentrations exceeded secondary drinking water standards as described below and they
were within the upper 9o™ percentile of chloride concentrations available for Washington County (see
Figure 16). This sampling location is described in more detail in a following section (“Southern Area”).

The concentration data in historical datasets indicate that secondary drinking-water standards (SMCLs)
of 250 mg/L for both chloride and sulfate have been exceeded in Washington County in some cases (see
Figure 16). For data collected in this study, exceedances of the chloride SMCL were noted at location
SWPAGW13 during each sampling event; no exceedances of the sulfate SMCL at any sampling location
were noted in the data collected for this study. Concentrations of aluminum, iron, and manganese, in
some cases, exceeded SMCLs (50 to 200 pg/L, 300 pg/L, and 50 pg/L, respectively). These secondary
standards are limits based on aesthetic qualities of water, such as taste, odor, and staining properties.
Similar observations relating to ground water quality in Washington County, and throughout
Pennsylvania generally, were described in previous studies (PA DEP, 1998; Williams et al., 1993;
Newport, 1973). Iron and manganese concentrations are influenced by oxidation-reduction (redox)
processes as discussed in a following section (“Iron and Manganese”). Total aluminum concentrations in
this study ranged from <3.7 to 2,380 pg/L and aluminum was detected above the QL in 9 of the 19
ground water and spring sampling locations. Aluminum was above the minimum value of the SMCL
range in seven ground water and spring samples across the three sampling events, but the SMCL
exceedances for aluminum were never repeated at specific sampling locations. Particulate aluminum in
ground water is generally considered to be fine-grained aluminum hydroxide or an aluminosilicate
(Hem, 1985).

In this study, primary MCL exceedances were observed for nitrate at location SWPAGW10 and total lead
at locations SWPAGWO09 and SWPAGW12. Sources of nitrate to ground water include septic systems,
animal manure, and fertilizers applied to lawns and crops; nitrate is not typically considered to be
associated with hydraulic fracturing operations. A precise evaluation of the source of nitrate from the
well at location SWPAGW10 was beyond the scope of this project; however, isotopic tracer techniques
could be applied for this purpose. Other sample locations in proximity to SWPAGW10 did not show
elevated levels of nitrate, including surface water (SWPASWO03) located about 250 feet to the northwest
(see Figure 3). In round 1 sampling (July 2011), a total lead concentration of 17 pg/L (J) was detected at
location SWPAGW12; a field duplicate showed a concentration of 14 pg/L (J), as compared to the lead
action level of 15 pg/L. Concentrations of lead in the dissolved (filtered) samples were <17 ug/L. In
round 2 sampling (March 2012), concentrations of total and dissolved lead were <1 pg/L at location
SWPAGW12, and revealed no consistent pattern of detection. During the third round of sampling (May
2013), a total lead concentration of 25.6 pg/L was detected at location SWPAGWO09; the concentration
in the corresponding dissolved sample was 1.4 pg/L, suggesting that the lead was partitioned to
particulate matter. The mobility of lead in ground water is limited due to the low solubility of lead
carbonates and hydroxy carbonates, and because of the tendency for lead to sorb to mineral surfaces

55



Retrospective Case Study in Southwestern Pennsylvania May 2015

(Hem, 1985). Precise evaluation of the source of lead in these samples was outside the scope of the
study. Lead is not typically considered to be associated with hydraulic fracturing operations but can be
derived from weathering of natural lead-containing minerals (e.g., galena) and drinking water can
potentially be contaminated by lead pipes or copper pipes with lead solder.

Ground water quality characteristics are expected to be influenced by aquifer formation properties,
such as mineral content and bulk chemical composition. Studies have indicated that ground water
derived from the Monongahela Group may contain higher chloride levels than ground water from other
formations, but data are generally not available to make more detailed assessments of links between
geologic formations and water quality in Washington County (Battelle, 2013). The depth of wells
sampled in this study ranged from about 50 to 160 feet below land surface, with a median value of 95
feet below land surface. The distribution of well depths in the northern study area are compared to the
distribution of well depths from the NURE and NWIS datasets on a countywide and reduced-area basis
in Figure 19. Within the northern study area, well depths are highly comparable (p-value = 0.43) to well
depths represented in the historical water quality datasets, suggesting that similar formation
characteristics are captured in the analysis of ground water chemical data. The same depth
relationships are apparent in the southern study area, although data are not plotted in Figure 19.

Time-dependent trends in water quality parameters are critical for evaluating potential impacts because
natural variability as well as potential source-response trends can result in changing geochemical
signatures with time. Figure 20 shows time-trends for selected parameters in wells that were sampled
during each of the three events. Specific conductance values and other major ions showed consistent
patterns through time in samples from well locations SWPAGWO03, SWPAGW04, SWPAGWO06, and
SWPAGWO08. In contrast, SWPAGWO5 data showed increasing specific conductance values with time,
and data from location SWPAGW13 showed decreasing values. These time-dependent trends were
generally followed by other major cation and anion concentration data in these wells. For comparison,
the Cl/specific conductance ratio increased at location SWPAGWOS5 (0.09 to 0.17) over the three rounds
of sampling and the molar [Sr/Ca] ratio decreased from 0.006 to 0.003 (¥Sr/%®Sr ratios were invariant).
The molar [Sr/Ca] ratio in flowback and produced water from Marcellus Shale gas wells is >0.05
(Chapman et al., 2012). These characteristics suggest that the changing concentrations in this well may
not be associated with impacts from Marcellus Shale water or other identifiable sources of
contamination and are possibly related to natural variability, but mixing processes cannot be ruled out
at this location. For example, model results from Kolesar Kohl et al. (2014) indicate that very small shifts
in molar [Sr/Ca] ratios could result from the mixing of upward-migrating brines with shallow ground
water. Additional complicating factors include high dilution of deeper formation waters and possible
modification of ground water chemistry due to mineral-water processes like carbonate dissolution-
precipitation and cation exchange with clay minerals. State record searches indicated several violation
notices issued in June 2011 related to discharge of pollutants within 0.4 to 1 mile of location
SWPAGWO05 although the nature and composition of the discharged material is not known (see
Appendix C). Time-dependent behavior of dissolved ions at location SWPAGW13 is discussed in a
following section (“Southern Area”).
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Time-dependent trends have some implication regarding the use of data averaged across multiple
sampling events for calculating summary statistics of water quality parameters (Tables 4 through 8). At
most well locations, variability in major-ion (Na, K, Ca, Mg, Cl, SO,) concentration data was minimal. The
coefficient of variation (standard deviation/mean) was <0.30 in 81% of the major-ion comparisons
across all sampling locations of this study. However, locations SWPAGWO05 and SWPAGW13 showed
more significant concentration trends with time. Using time-averaged values from these locations
reduces the maximum concentration values, but the overall shift in other statistical parameters (e.g.,
mean, median) is minor, indicating that the summary data in Tables 4 through 8 are representative of
the water quality data collected in this study.

Brantley et al. (2014) concluded that the most Marcellus-specific “fingerprint” elements are Ba, Sr, and
Br. The available information for these parameters is limited in the historical water quality datasets. For
example, concentrations of Ba and Sr are not reported in the NURE dataset or Newport (1973). The
NWIS database includes Ba concentrations from six locations in Washington County (samples collected
1985 to 1997; Table 4) and Sr concentrations from 11 locations (samples collected 1983 to 1999; Table
4). In general, Sr concentrations from this study are lower than those in the NWIS database and Ba
concentrations are higher (Table 4). Too few data are available in the historical datasets to draw any
inferences about water quality trends for these elements as a function of time. Historical
concentrations of bromide in ground water are not available in the NWIS dataset for Washington
County.

Surface waters were sampled primarily to establish potential links, if any, between observed ground
water quality and nearby surface water quality. Summary statistics for the historical data and the data
from this study for surface water are provided in Table 7. In all cases, median concentration data
determined in this study from surface water locations were comparable to or below median
concentrations determined from historical water quality data. Maximum concentration values
determined in this study were in all cases below maximum values from historical data. Surface water
location SWPASWO02 is situated about 0.3 miles down gradient from the Carter impoundment, formerly
used for storage of flowback and produced water from hydraulic fracturing. Chloride concentrations at
this location ranged from about 40 to 60 mg/L, and [Cl/Br] weight ratio values ranged from about 60 to
125; these were the highest values determined for any surface water in this study. Ground water from
nearby location SWPAGWO04 showed lower chloride concentrations (27-30 mg/L) and lower [Cl/Br]
ratios (15-24; see “Halogen lons” section below). Thus, it is possible that the surface water in this area
shows some input from fluids stored in the impoundment or runoff of road salt used for deicing (see
Appendix C).

6.3. Organic Compounds

Water samples were analyzed for VOCs, SVOCs, glycol ethers, low-molecular-weight acids, DRO, and
GRO. Measurements evaluated up to 133 organic compounds. The purpose of these analyses was to
examine the potential occurrence in ground water and surface water of chemicals generally
documented to be components of hydraulic fracturing fluids (e.g., Ely, 1989; Veatch et al., 1989; Vidic et
al., 2013; U.S. House of Representatives, 2011) and, more specifically, chemicals in fracturing fluids that
have been used in Pennsylvania (PA DEP, 2010). For example, organic chemicals frequently used in
hydraulic fracturing formulations are alcohols, glycol ethers, BTEX compounds (i.e., benzene, toluene,
ethyl benzenes, and xylenes), and organic acids, such as acetic acid. These chemicals are covered, in
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large part, by the analytical methods used in this study. For example, glycols (diethylene glycol,
triethylene glycol, and tetraethylene glycol) and the chemically related compound 2-butoxyethanol, are
frequently used in hydraulic fracturing fluids, but are not found naturally in ground water. Thus, these
chemicals serve as potentially reliable indicators of water resource contamination from hydraulic
fracturing activities. The analytical method for glycols used in this study is an improved liquid
chromatography—-tandem mass spectrometry method (LC-MS-MS) developed to increase the sensitivity
and resolution of glycol analysis over existing methods (e.g., EPA Method 8015; see US EPA, 2012).

A summary of all organic compounds detected in this study is provided in Table 9. In terms of general
analytical groups, organic compounds detected included VOCs, SVOCs, and DRO (see Table 9). There
were no analytically significant detections of glycol ethers, GRO, or acetate in ground water or surface
water samples. None of the concentrations in Table 9 represent exceedances of EPA’s drinking water
standards (MCLs), where available. Historical water quality data do not provide information on the
comprehensive set of analytes evaluated in this study; thus, meaningful comparisons between organic
compound data collected for this study and historical data collected before unconventional gas
development in Washington County are not possible. The nature of organic compound detections is
discussed below by analytical grouping.

Table 9. Detections of organic compounds in ground water and surface water.

Chemical/Location Concentration (pg/L) Qualifier’ Notes
July 2011
Volatile Organic Compounds
Toluene (MCL = 1,000 pg/L)
SWPAGWO04-0711 0.80 B Trip blank = 0.75 ug/L, SWPAGWO04 data
are used with caution.
SWPASWO1-0711 518 B Trip blank = 0.75 ug/L, SWPASWO1 data
are used with caution.
Semivolatile Organic Compounds
2-butoxyethanol
SWPAGWO05-0711 1.00 J-
Present in the field duplicate of
SWPAGW(08-0711 0.74 8B SWPAGWOS at 0.56 pg/L (J-). Presentin
SWPAGW10-0711 0.69 J-, B the field duplicate of SWPAGW12 at 0.87
ug/L (J-), but not in the primary sample.
SWPAGW11-0711 1.99 J- Equipment blank detection at 3.61 pg/L (J-
SWPAGW13-0711 2972 ) ). See Table A26 and discussion in report;
data are used with caution.
SWPASWO01-0711 0.54 J-
SWPASWO03-0711 1.65 J-, B
Phenol
SWPAGWO06-0711 1.39
SWPAGW11-0711 131 - Potential low bias.
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Table 9. Detections of organic compounds in ground water and surface water.

Chemical/Location Concentration (pg/L) Qualifier’ Notes
Bis-(2-ethylhexyl) phthalate (MCL =6 pg/L)
SWPAGWO01-0711 2.17
SWPAGWO02-0711 1.51
SWPAGWO07-0711 1.38
SWPAGWO08-0711 1.06 J- Potential low bias.
Butyl benzyl phthalate
SWPAGWO06-0711 1.40
SWPAGW11-0711 2.16 J- Potential low bias.
Diesel-Range Organics
SWPAGWO04-0711 34.6 J- Detected in a field duplicate of
SWPAGWO5 at 32.3 pg/L (J-), but not in
SWPAGWO06-0711 315 - primary field sample. Potential low bias.
SWPAGWO08-0711 71.2 J-
SWPAGW10-0711 26.9 J-
SWPAGW11-0711 73.8 J-
SWPAGW12-0711 27.1 J-
SWPASWO01-0711 34.9 J-
SWPASW02-0711 28.7 J-
March 2012
Semivolatile Organic Compounds
di-n-octyl phthalate
SWPAGWO05-0312 1.13
Diesel-Range Organics
SWPAGWO08-0312 74.7 Detected in field duplicate at 71.1 pg/L.
SWPAGW10-0312 27.1
SWPAGW11-0312 84.4
SWPAGW16-0312 24.8
SWPAGW17-0312 87.9
Sample concentration was similar to but
SWPASWO02-0312 29.0 B greater than blank values; data are used
with caution.
May 2013
Volatile Organic Compounds
Acetone
SWPAGW03-0513 0.87 J Below QL.
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Table 9. Detections of organic compounds in ground water and surface water.

Chemical/Location Concentration (pg/L) Qualifier’ Notes
SWPAGWO09-0513 0.48 J Below QL.
SWPAGW19-0513 13
Chloroform (MCL = 80 pg/L)
SWPAGW14-0513 0.15 J Below QL.
SWPASW02-0513 0.28 J Below QL.
Benzene (MCL =5 pg/L)
SWPAGW19-0513 0.07 J Below QL.
Toluene (MCL = 1,000 pg/L)
SWPAGWO04-0513 0.37 J Below QL.
SWPAGW18-0513 0.11 J Below QL.
SWPAGW19-0513 2.20
Semivolatile Organic Compounds
Bis-(2-ethylhexyl) phthalate (MCL =6 pg/L)
SWPAGWO09-0513 4.34
Diesel-Range Organics
SWPAGWO04-0513 324
SWPASWO02-0513 51.2

11 = value is an estimate; J- = value is an estimate and may be biased low; B = analyte was found in a blank sample above the
QL. See Appendix A for additional details regarding these qualifiers.

6.3.1. Volatile Organic Compounds

VOCs are a subset of organic compounds with inherent physical and chemical properties (i.e., high vapor
pressure, low to medium water solubility, and low molecular weight) that allow these compounds to
move preferentially from water into air. Some VOCs occur naturally, while others result from
anthropogenic activities, and some VOCs have both origins (Zogorski et al., 2006). Toluene was detected
at a low concentration in one domestic well (location SWPAGWO04) and one surface water sample
(location SWPASWO1) during the first sampling event in July 2011. No VOCs were detected in any of the
ground water or surface samples collected during the second sampling event in March 2012. In the
third sampling round (May 2013), low concentrations of acetone, toluene, and benzene were detected
in one newly constructed domestic well (SWPAGW19). Most of these detections were below the QL,
but were above the MDL. The concentrations of VOCs in Table 9 are 1.9 to 4.0 orders of magnitude
below EPA’s drinking water standards (maximum contaminant levels [MCLs] where available, for
benzene, toluene, and chloroform). The sources of acetone and benzene at location SWPAGW19 and
toluene at locations SWPAGW18 and SWPAGW19 possibly included newly installed well components
(pumps) and construction materials used for the wells. Toluene was also detected in the third round of
sampling at location SWPAGWO04 at a concentration less than the QL. Toluene can be a constituent of
the petroleum distillate light fraction that is added to some hydraulic fracturing fluids and has been
detected in Marcellus Shale flowback and produced water (Abualfaraj et al., 2014; Maguire-Boyle and
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Barron, 2014). Toluene can also be present as a laboratory or field contaminant as indicated by
infrequent detections of toluene in blank samples (US EPA, 1992; Douglas, 2012; Miller, 2015; Table 9).
Lack of consistent correlation with other potential chemical indicators in ground water samples with
low-level VOC detections, such as elevated chloride and other organic compounds such as glycols,
suggest that the toluene detected did not likely originate from hydraulic fracturing activities. In
anaerobic ground water environments, natural breakdown products of organic compounds such
benzene, toluene, and glycols include acetate (e.g., Corseuil et al., 2011; Dwyer and Tiedje, 1983). The
absence of acetate in the ground water samples further suggests that significant degradation of organic
compounds, which could have resulted in the accumulation of daughter products, has not occurred at
the sampling locations.

6.3.2. Semivolatile Organic Compounds

SVOCs are typically hydrophobic organic compounds that have a moderate tendency to volatilize;
consequently, SVOCs are released slowly from their source and have a propensity to preferentially
distribute into organic phases, such as tissue (i.e., bioaccumulation) and/or sediments containing
organic carbon (Lopes and Dionne, 1998; Smith et al., 1988). Several phthalates were detected in the
three rounds of sampling, including bis-(2-ethylhexyl) phthalate, butylbenzyl phthalate, and di-n-octyl
phthalate; however, these compounds were not detected consistently at any sampling location (see
Table 9). Phthalates are common lab contaminants and are most commonly associated with plastics
(Griffiths et al., 1985; US EPA, 1992; Miller, 2015); thus, phthalates sometimes appear in equipment
blank samples and field samples that are passed through tubing, plastic fittings, and capsule filters made
of plastic. Phthalates can also leach from plastic components in well construction materials. Phenol was
detected in the first sampling round in two domestic wells (SWPAGWO06 and SWPAGW11), but was not
detected in either well in the second round, or during the third round at location SWPAGWO06. 2-
butoxyethanol was detected in several domestic wells, a spring, and two surface water samples during
the first round of sampling. Concentrations of 2-butoxyethanol ranged from 0.54 to 2.92 ug/L. An
equipment blank collected in the field during the first round of sampling returned the highest 2-
butoxyethanol concentration (3.61 pg/L). This chemical was not detected in subsequent rounds of
sampling; however, the method QL for 2-butoxyethanol increased in the second and third rounds due to
method updates at the Region 8 Laboratory resulting from annual MDL studies. The detections of 2-
butoxyethanol are of interest because of the common use of this chemical in hydraulic fracturing fluids
and occurrence of 2-butoxyethanol in Marcellus Shale wastewater (e.g., Ferrar et al., 2013). The
detections of 2-butoxyethanol are viewed with caution because: (i) they were not repeated past the first
round of sampling, (ii) there was detection in an equipment blank exceeding sample concentrations, and
(iii) there were no supportive qualified detections of 2-butoxyethanol using the LC-MS-MS method for
glycols and 2-butoxyethanol in any sampling round (see Table B-5; Appendix B). Because there were no
detections of 2-butoxyethanol in subsequent sampling rounds, detections in the July 2011 sampling
round were likely due to contamination in the laboratory, sampling equipment, and/or sample
containers because 2-butoxyethanol is commonly used in soaps and detergents (Harris et al., 1998;
Wess et al., 1998). Repeated low-level detections of these compounds would necessarily be viewed as a
potential water quality impact, by implying a continuous source. However, note that 2-butoxyethanol
and glycol ethers may be degraded rapidly in the environment by microorganisms under suitable
conditions (e.g., Howard et al., 1991; Dwyer and Tiedje, 1983; Mrklas et al., 2004; Carnegie and Ramsay,
2009).
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6.3.3. Diesel- and Gasoline-Range Organics

DRO was detected in ground water and surface water samples during each of the three sampling
rounds. DRO are solvent-extracted compounds that include hydrocarbons from Cy to Cyg, found in
particular diesel fuels, fuel oils, and kerosene. However, non-targeted organic compounds, such as
pesticides, phenols, phthalates, and other hydrocarbons can be captured in the chromatographic
integration window and reported as DRO. Note that some of these compounds were detected in the
semivolatile scans previously described. Therefore, it is often helpful to view the DRO chromatograms
directly, as shown in Figure 21 for samples collected at locations SWPAGW08, SWPAGW10, SWPAGW11,
and SWPAGW17. The chromatograms indicate that most of the samples contain weathered or
degraded organic compounds at low levels. Phthalates are suggested in samples SWPAGWO08-0711 and
SWPAGW10-0711 by the dual peaks that appear at a retention time of about 20 minutes. The
chromatogram available for the sample collected at location SWPAGW17 shows a broad feature with a
peak at about 27 minutes; this pattern implies longer, alkane-series carbon chains and the presence of
heavier oils. The environmental records search indicated two leaking underground storage tanks (USTs),
one gasoline and one diesel, about 1.2 miles from the sampling points in the southern area (see
Appendix C), which includes location SWPAGW17. These underground tanks are not likely sources of
DRO to ground water in the area due to their distance from the nearest sampling locations. There were
no analytically significant detections of GRO in this study (see Table 9).

6.4. Water Isotopes

Stable isotopes can be useful in water quality studies for understanding water sources and gaining
insight about the physical and biogeochemical processes affecting the composition of ground water and
surface water (e.g., Toran, 1982). Water samples were analyzed for the isotope ratios of hydrogen (8°H)
and oxygen (5'%0) expressed as & values, in parts per thousand (permil), as the ratio of the heavy to the
light isotope relative to a standard:

6sample = 1000[(Rsample/Rstandard)']-] (2)

where Rgmple aNd Ryangarg are the ratio of the heavy to light isotope in the sample and the standard,
respectively. The standard for water used in this study is VSMOW such that SLAP (Standard Light
Antarctic Precipitation) reference water is -428 permil and -55.5 permil for 8’°H and 820, respectively. A
larger o value shows enrichment of the heavier isotope, whereas a smaller value indicates depletion of
the heavier isotope. Results and interpretation of the stable isotope data for water are discussed below.

The "0 and 8%H values of water samples collected in this study in rounds 2 and 3 using CRDS revealed a
narrow range, from -9.1 to -8.2 and -59.0 to -51.8 permil, respectively (see Figure 22). These data fall
within a similar range of water isotope data reported by Sharma et al. (2014) for shallow ground water
collected from the nearby Monongahela River Basin of north-central West Virginia, a basin where
limited Marcellus Shale gas development has occurred (see Figure 22A). The isotopic composition of
shallow ground water in this region (southwestern Pennsylvania and north-central West Virginia) is
different from water produced from the Marcellus Shale, Upper Devonian sands (Sharma et al., 2014),
and oil and gas brines from southwestern Pennsylvania (Dresel and Rose, 2010). The latter fluids are
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Figure 21. DRO chromatograms (GC-FID) for selected samples: A) SWPAGWO08, B) SWPAGW10, C) SWPAGW11
(rounds 1 and 2), and D) SWPAGW17 (round 2). The window of integration for DRO is shaded; the large peak at
about 16 minutes is the surrogate o-terphenyl.
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highly enriched in **0 and deuterium (*H) compared to shallow ground water, and they plot to the right
of the Global Meteoric Water Line (see Figure 22A). Enrichment of **0 compared to H in the produced
waters and brine is the result of extensive oxygen exchange between meteoric water and reservoir rocks
(Clayton et al., 1966). Mixing small quantities of brine or Marcellus Shale—produced water with local
ground water will cause increases in the 8'®0 and §H values of ground water and would be expected to
correlate with increasing brine signatures, e.g., concentrations of TDS and chloride. Because the isotope
signatures of the gas-producing fluids and shallow ground water are so different, §'®0 and 8°H of water
can be informative probes of potential mixing of these water types. However, due to the very large
differences in solute concentrations between brines and shallow ground water, dilute mixtures of brine
and ground water will have a large effect on the concentrations of major and minor ions, but the effect
of mixing is expected to be less significant for §'®0 and 8°H of water (e.g., Warner et al., 2012). Figure
22A shows that the water isotope data collected in this study falls within a similar range determined for
a nearby region in West Virginia without extensive Marcellus Shale gas development. There is no
discernible indication that the stable isotope signature of shallow ground water in Washington County,
based on the samples collected for this study, is impacted by deep brines, including flowback and
produced water from hydraulically fractured Marcellus Shale gas wells. The paired results for §°H and
520 define a trend for the local meteoric water line (LMWL) of:

8°H=6.84*8"%0 + 4.25 (R*=0.94) (3)

as shown in Figure 22B (linear regression of data collected in March 2012 and May 2013 using CRDS).
Note that the water isotope values from this study and from Sharma et al. (2014) fall above the Global
Meteoric Water Line of Craig (1961): §°H=8 5'%0 + 10. This deviation from the global mean trend
reflects local patterns in the isotopic composition of precipitation and recharge water. Temporal
changes in the water isotope data collected in this study show variability along the LMWL and not along
inferred mixing lines with deep brine or flowback and produced water from the Marcellus Shale. The
isotopic composition of surface water also falls along the LMWL, suggesting limited isotopic enrichment
due to evaporation.

6.5. Dissolved Gases

In Pennsylvania, the PA DEP has set an action level of 7 mg/L for dissolved methane in ground water
(Pennsylvania Code, 2011). In cases where sustained concentrations in homeowner wells are equal to
or greater than 7 mg/L and operators are deemed responsible for the methane presence, operators—in
conjunction with the PA DEP—are required to “take measures necessary to ensure public health and
safety.” The action level of 7 mg/L represents 25% of the approximate 28 mg/L solubility limit for
methane in water at atmospheric pressure (atmosphere 100% methane). Dissolved methane
concentrations at depth can be much greater than 28 mg/L (due to the effects of hydrostatic pressure);
as a result, dissolved methane in water pumped from depth may undergo significant outgassing to yield
free methane once at the surface. The Department of the Interior (DOI; Eltschlager et al., 2001) has
proposed an action level for dissolved methane in water of 10 mg/L, with the recommendations that at
concentrations between 10 mg/L and 28 mg/L, “remediation may be prudent to reduce the methane
concentration to less than 10 mg/L” and “ignition sources be removed from the immediate area.” Other
federal action levels for dissolved methane in water were not available during the time of this study.
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Dissolved methane was detected above the analytical level of quantitation in nine ground water samples
(domestic wells and springs) collected during the three sampling rounds of this study, representing 24%
of the total ground water samples. Methane was not detected in any of the surface water samples.
When detected, methane concentrations in ground water ranged from about 0.002 to 15.5 mg/L, with a
median concentration of 0.045 mg/L (mean = 3.0 mg/L; n =9). Concentrations above 0.5 mg/L were
detected in domestic well SWPAGWO6 in each of the sampling events, and in domestic well SWPAGW17,
which was sampled in March 2012. A methane concentration exceeding PA DEP’s 7 mg/L action level
was measured in domestic well SWPAGW17 during the second sampling event (15.5 mg/L). Dissolved
ethane was detected twice at location SWPAGWO6 at concentrations of about 0.004 mg/L, and at
location SWPAGW17 at a concentration of 0.29 mg/L. The distribution of methane concentrations
observed in this study is shown in Figure 23 and compared to methane concentrations reported in
Sharma et al. (2014) for shallow ground water in north-central West Virginia. A similar positively
skewed concentration pattern is indicated in both datasets. Historical methane data are unavailable to
document pre-gas development concentrations in domestic wells in southwestern Pennsylvania,
analogous to the survey recently conducted in Sullivan County in north-central Pennsylvania (Sloto,
2013). Methane occurs naturally in the strata underlying southwestern Pennsylvania at depths above
the Devonian black shales, often at significant concentrations. For example, methane is present in coal
seams present in the Monongahela and Conemaugh Group aquifers and thus coal seams could provide a
natural source of methane gas to shallow ground water (e.g., Markowski, 1998).

Methane occurrence in natural systems is recognized to be the result of two main pathways:
thermogenic and microbial. Thermogenic methane is formed by the thermal breakdown, or cracking, of
organic material that occurs during deep burial of sediments (Schoell, 1980; 1988). In contrast,
microbial methane is produced via anaerobic decomposition of buried organic material, such as glacial
drift and other sedimentary deposits that contain organic carbon (e.g., Schoell, 1980; Whiticar et al.,
1986; Coleman et al., 1995; Martini et al., 1998). Microbial methane that forms in shallow subsurface
environments via acetate fermentation is called marsh gas, swamp gas, and landfill gas (Coleman et al.,
1995). In glacial-drift deposits, methane formed by microbial reduction of carbon dioxide (CO.) is
referred to as drift gas. Techniques that evaluate and analyze stable isotope signatures of methane and
related molecules can be used to help determine the importance of these different sources of methane
in the environment. Multiple post-genetic processes, such as oxidation, migration, and mixing of
sources, may alter isotope ratios and dissolved gas concentrations. Each of these processes (oxidation,
migration, and mixing) can change the isotopic composition of methane gas, making unambiguous
discrimination between thermogenic and microbial methane challenging.

6.5.1. Methane Isotopes

Schoell (1980) suggested that §Ccys values less than -64 permil and ethane concentrations less than 0.5
mol% may represent a signature of microbially generated methane gas, whereas increasingly more
positive 6 Cys values grade into admixtures of thermogenic and microbial gas and finally pure
thermogenic gas. Discrimination criteria for evaluating methane sources have expanded to use multiple
isotopes and gas ratios (e.g., Whiticar et al., 1986; Whiticar, 1999).
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Various isotopic fingerprint diagrams that utilize §**Ccys and 8*Hcpa have been applied to better
understand gas occurrences in ground water systems (e.g., Osborn et al., 2011; Jackson et al., 2013;
Révész et al., 2010; Giustini et al., 2013; Baldassare and Laughrey, 1997; Taylor et al., 2000; Sharma et
al., 2014; Molofsky et al., 2013). Concentrations of methane were sufficient at two locations
(SWPAGWO06 and SWPAGW17) for measurement of C and H isotope signatures. Figure 24 shows a
methane C and H isotope diagram, with genetic zonation from Giustini et al. (2013). Data plotted on this
diagram include methane isotope data for samples collected in this study at locations SWPAGWO06 and
SWPAGW17; shallow ground water samples from north-central West Virginia (Sharma et al., 2014);
production gas from the Marcellus Shale and Upper Devonian sands in southwestern Pennsylvania
(Sharma et al., 2014); and production gas from the Marcellus Shale in Susquehanna County in
northeastern Pennsylvania (Molofsky et al., 2013).

In Figure 24, data from location SWPAGW17 plot within the "Microbial CO, Reduction" field. The overall
methanogenic reaction implied by this process is:

CO, + 4H, = CH, + 2H,0 (4)

Methanogenesis occurs in highly reducing systems that are low in sulfate and elevated in hydrogen
(Chapelle et al., 1995). Ground water from location SWPAGW17 had low dissolved oxygen (<0.1 mg/L),
low sulfate (4.5 mg/L; lower 25 percentile), and a methane to ethane ratio of 100. Furthermore, the
513C value of DIC in this water was the most enriched (-7.8 permil) encountered in this study, suggesting
microbial fractionation as CO, is reduced to CH, (Simpkins and Parkin, 1993; Martini et al., 1998). All of
these features are consistent with the high levels of methane in this well (15.5 mg/L) resulting from
bacterial reduction of CO, (i.e., drift gas). Note that the observed fractionation between DIC and CH, (a
= Rpic/Rena = 1.0738) in ground water from location SWPAGW17 is in reasonable agreement with the
predicted temperature-dependent equilibrium fractionation factor between CO,and CH, (ot = 1.0753 at
13°C; see Botz et al., 1996). In addition, the 8”Hcya (-238.8 permil) is heavier than the model presented
in Waldron et al. (1999) for predicting 8*Hcus from 8°Huao in marine environments, which matches the
pattern for drift gas from wells in Illinois. This trend could also be due to gas migration and associated
fractionation of the lighter isotope (e.g., Prinzhofer and Pernaton, 1997). Note also that the highest
ethane concentration detected in this study was from location SWPAGW17.

The isotopic composition of Marcellus Shale methane, as reported by Sharma et al. (2014) and Molofsky
et al. (2013), is enriched in *C and 2H and plots within the thermogenic field in Figure 24. These data
suggest that there may be subtle differences in the isotopic composition of methane from the Marcellus
Shale, depending on geographic location, which may reflect the thermal history of the Appalachian Basin
and the composition of organic carbon in the Marcellus Shale. An extensive dataset on the gas
composition and stable isotope compositions of methane and ethane from Neogene to Middle
Devonian-age strata was recently published by Baldasarre et al. (2014) for a five-county study area in
northeastern Pennsylvania. The results of this study indicate that similar datasets in other areas of
active Marcellus Shale gas development would be essential for stray gas investigations.

Methane concentrations in well SWPAGWO06 ranged from 0.78 to 5.56 mg/L, and isotopic data reveal a
consistent pattern within the "Mixed" field in Figure 24. Note that the isotopic composition of methane
from well SWPAGWO06 was similar to methane data reported by Sharma et al. (2014) for a nearby region
that has yet to experience extensive gas development of the Marcellus Shale. Samples from well
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SWPAGWO06 had detections of dissolved sulfide, up to 0.26 mg/L (J), generally low sulfate
concentrations, and slightly elevated 8"C values of inorganic carbon compared to the mean of all
ground water samples. The presence of dissolved sulfide suggests that anaerobic methane oxidation
may play a role in controlling the C and H isotope ratios, as the 8**C and 8°H values of methane
potentially lie along an oxidation trend originating from a microbial end member. Sharma et al. (2014)
suggested that methane occurrence in the aquifers of north-central West Virginia is not the result of
recent microbiological activity, but rather is a consequence of migration from deeper formations over
millions of years through natural structural pathways and/or abandoned oil and gas wells, as there was
no shale drilling program in the region at the time their samples were collected. While this long-term
migration model may be somewhat speculative, it is clear from the results of this study and the Sharma
et al. (2014) study that the available isotopic and hydrocarbon signatures of methane in shallow ground
water aquifers of this region (north-central West Virginia and southwestern Pennsylvania), Upper
Devonian sands, and the Marcellus Shale are distinct from one another. As noted previously, these
differences in isotopic composition can be related to different sources as well as secondary effects, such
as oxidation, fractionation during transport, and/or mixing of different sources.

6.5.2. Inorganic Carbon Isotopes

The processes that control the stable isotope composition of inorganic carbon (§"3Cp;c) in ground water
include breakdown of organic matter, carbonate mineral dissolution and precipitation, microbially
mediated processes that oxidize reduced carbon and generate CO,, microbially mediated processes that
reduce CO, and generate CH,4, and mixing of waters with different 83Cpc values (e.g., Deines et al. 1974;
Botz et al., 1996; Alperin et al., 1988). All 8"Cpc values reported here are in permil relative to the VPDB.

5"Cpic values in ground water ranged from -18.1 to -7.8 permil, with a mean value of -14.6 + 1.9 permil
(n =37), and 8"Cp,c values in surface water ranged from -16.2 to -11.9 permil, with a mean value of
-13.8 + 1.7 permil (n = 7). In general, an apparent positive correlation was observed between DIC
concentrations and §"3C (R*= 0.20; see Figure 25A).

Ground water undersaturated with respect to calcite tended to be depleted in **C (see Figure 25B) and
low in TDS and may represent more recent recharge with a comparatively short residence time in the
aquifer. The most enriched *C samples tended to be oversaturated with respect to calcite (see Figure
25B). As discussed in the previous section on dissolved gases, one sample from location SWPAGW17
had a 8*Cp,c of -7.8 permil and showed other chemical characteristics consistent with CO, reduction.
During CO, reduction, methanogenic bacteria preferentially oxidize isotopically light CO, to CH,,
resulting in enriched inorganic carbon in the ground water. An elevated calcite saturation index for this
sample (SWPAGW17) was mainly the result of elevated pH (8.93), which may be a secondary effect
caused by methane off-gassing during water well purging (Taulis and Milke, 2013).

The carbon isotope ratios of DIC from this study are compared to the results presented in Sharma et al.
(2014) for samples collected from shallow ground water aquifers and streams overlying the Marcellus
Shale in north-central West Virginia and southwestern Pennsylvania, and wells producing gas from the
Middle Devonian Marcellus Shale and Upper Devonian sands in southwestern Pennsylvania (see Figure
26). The 8Cpc values in shallow ground water are similar between the datasets collected from similar
geographic and geologic regions. Surface water 8Cp,c values from Sharma et al. (2014) tend to be more
enriched than those reported here. The 8"Cpc values of DIC of produced waters from Devonian-age

72



Retrospective Case Study in Southwestern Pennsylvania

May 2015

® July 2011
® March 2012
® May 2013
120 _- I v | K | . | v | . I. y | _-
110 4 -
100 - e oY - .
90 - _ = R*=020 -
. _ - (p-value=0.0006) T
80 - o e - _
g_ . ~ ‘. -7 @ 4
Q 70- N ® 4
5 - . - ' =
O 60 -vep® e -
D 50 _- i - - % .* _'
i °® -
40 - 4
304 ©® ]
20 |. — 71 r* I = I ~ T = I 7 |A
-18 -16 -14 -12 -10 -8 -6
1.5 l T I T I 1 I L) I L] l ] I
- C02 -
(>]<) 1.0 - reduction | 7
go] T o 1
£ 05- N ® .
s | . -
= 50 e . ®* 2 o . Equilibrium
e ®e “o ks
-— - @ 4
®©
B 054 Low & -
0
:-5 1 TDS g
= -1.04 ® -
@) i B
_1 .5 l ) I L] I 1 l 1 I L] l ) I
-18 -16 -14 -12 -10 -8 -6

5'°C DIC, permil (VPDB)

Figure 25. §"C of dissolved inorganic carbon in shallow ground water and correlation with dissolved inorganic

carbon concentration and the calcite saturation index.

73



Retrospective Case Study in Southwestern Pennsylvania

Frequency

3 7] Sharma et al. (2014), Upper Devonian sands
2 - (n=4)
1 4
o
-20 -10 0 10 20
3 "] sharma et al. (2014), Marcellus Shale produced water
2 o (n=3)
1 i %
0 I ] I L] l 1 I L] Eﬁ )
-20 -10 0 10 20
6 -
4 N
2 ] Sharma et al. (2014), surface water
. NN [ W=18)
O I ) L] I ) I L] I )
-20 -10 0 10 20
4 —
2
7 This study, surface water (n=7)
0 I ) I L] I ) I ] I ]
-20 -10 0 10 20
20
10 -
0 _‘4 Sharma et al. (2014), ground water (n=41)
L] — I ) I L] I I
-20 -10 0 10 20
20
10
0 This study, ground water (n=37)
S— L] I ) I L] I )
-20 -10 0 10 20

5'"°C DIC, permil (VPDB)

Figure 26. Frequency diagrams of 8"C of dissolved inorganic carbon.

74

May 2015



Retrospective Case Study in Southwestern Pennsylvania May 2015

shales and sands are high, generally greater than +8 permil. The heavy §"*Cpc signatures suggest an
origin through biogenic methanogenesis (e.g., Botz et al., 1996; Sharma and Baggett, 2011). Shallow
ground water from the study area in southwestern Pennsylvania does not show similarity in carbon
isotope ratios of DIC with water from Devonian-age gas-producing formations.

6.6. Strontium Isotopes

Samples were collected in each of the three field events for strontium isotope analysis by thermal
ionization mass spectrometry. Studies have shown that fluid mixing behavior can be understood by the
combined evaluation of strontium concentrations and strontium isotope signatures (¥Sr/%°Sr). This
technique is highly sensitive, especially in cases where two end member fluids differ significantly in both
concentration and isotope ratio (e.g., Capo et al., 1998; Frost and Toner, 2004; Shand et al., 2009;
Peterman et al., 2012). In this case study, the practical problem is applying strontium isotopes and
concentrations to evaluate whether or not shallow ground water has been impacted by deeper brine
and/or flowback and produced water from Marcellus Shale gas wells. For example, Myers (2012)
concluded that preferential flow through fractures could allow transport of contaminants from deep
hydraulically fractured zones to shallow aquifers over timescales of less than 10 years (see also Saiers
and Barth, 2012; Cohen et al., 2013; Flewelling and Sharma, 2014; and Rozell, 2014). Long-term (“‘104
years) migration of brine from depth to near-surface environments has also been suggested to explain
major ion and strontium isotope trends in northeastern Pennsylvania (e.g., Warner et al., 2012;
Llewellyn, 2014). Abandoned wells could also potentially connect deep and shallow aquifers that would
otherwise be separated by continuous aquitards (e.g., Newport, 1973; US EPA, 1977; Myers, 2012).
Figure 27A shows a semilog plot of strontium concentrations versus ¥’Sr/%®Sr values for samples
collected in this study compared to Marcellus Shale flowback and produced waters from southwestern
Pennsylvania reported by Chapman et al. (2012). Although the Marcellus Shale is ostensibly dry (see
Engelder, 2012), Marcellus Shale flowback and produced waters have high strontium concentrations
compared to shallow ground water in Washington County (Chapman et al., 2012; Haluszczak et al.,
2013), and significant contrast is evident in the 8’Sr/%*Sr values. Figure 27A shows hypothetical mixing
curves between flowback and produced Marcellus water and selected points within the field of shallow
ground water data (SWPAGW16-0312 and SWPASW02-0513). The mixing curves were calculated using
the equation from Faure (1998):

(87sr/865r)mix= a/[sr]mix +b (5)

where (¥Sr/2°Sr) iy is the isotope ratio in the fluid mixture, [Sr]ix is the strontium concentration in the
mixture, and a and b are constants that are calculated based on end member 8Sr /%8sy ratios and
strontium concentrations (Faure, 1998). The array of strontium isotope ratios in the shallow ground
water field and the modeled mixing relationships suggest that mixing very small amounts of Marcellus-
produced water (<0.1%) could explain some of the observed variability in the strontium data (e.g.,
Warner et al., 2012). The highest strontium concentration (up to 1,530 pg/L) observed in ground water
in this study was from location SWPAGWO05. Ground water from this location is similar to the Type D
water described by Warner et al. (2012), i.e., sodium-calcium-chloride composition and elevated salt
content. However, the ¥Sr/®°Sr value for location SWPAGWO05 was distinctly greater than the value in
flowback and produced water from the Marcellus Shale, but could fall along a potential mixing curve
(see Figure 27A).

75



Retrospective Case Study in Southwestern Pennsylvania May 2015

] ) lllllll L] T lllllll L] L] lllllll ] L) lllllll L) L) llllll' L)
s A o July 2011
1199 g ® March2012 |7
P e May 2013
] i L | ]
c7) . 0 S 1 surface water
8 0.712 - o BN -
= ® ~ SWPAGWOS  Marcellus
I\(D ® C el produced water
© . ) ,'\‘_.0_1% Chapman et al. (2012) 1
. 1%
0.711 4 e LT \'..
---------- W s evoggszese
m
] ] llllll' ] T lllllll ] ] lllllll ] ) llllll' ) ) llllll' )
10 100 1000 10000 100000 1000000
Sr, ng/L
! 1 ! |
(]
o
07134 = [ | <
-
] m g
“ I S
n »
8 0.712 - -
il _. ____________________________________ o — = _______ 7
L " X i
='e) 414 N <TZ ]
m | GE)
07114 ™ £-
Q
pd
! 1 ! |
6/15/2011 6/15/2012 6/15/2013
—l— GWO01 —Hl— GWO02 GWO03 —l— GW04 GWO05 —l— GW06 —l— GWO07
—B— GW08 —l— GW09 —l— GW10 —l— GW11 GW12 —l— GW13 —l— GW14

Figure 27. A) Strontium isotope values versus strontium concentrations and mixing model trends with %
contributions of Marcellus Shale produced water (see text). B) ¥sr/%sr values in ground water as a function of
time and by well location.

76



Retrospective Case Study in Southwestern Pennsylvania May 2015

In ideal situations, fixed end member fluid compositions are known or reasonably constrained. In this
case, the Marcellus data represent a fairly robust end member composition. Selection of the receiving
end member is more arbitrary, although adding produced water to shallow ground water should result
in increased strontium concentrations and decreased #Sr/®Sr values. Fluid mixing is expected to be a
dynamic process and strontium concentrations and isotope ratios should vary in time as mixing occurs,
or after fluid mixing occurs and background conditions are reestablished. Figure 27B shows that, in fact,
sr/%sr values were remarkably consistent at each of the sampling points through time. The estimated
uncertainty in the ¥Sr/®sr values is about 15x10°® based on eight duplicate field samples collected over
the course of this study. Variability in ¥’Sr/%°Sr values observed at the sampling locations ranged from
1x10°® to 446x10°, with a median value 22x10°. For comparison, Kolesar Kohl et al. (2014) recently
showed that variability in the strontium isotopic composition of spring water, representing shallow
ground water in Greene County, Pennsylvania (located just to the south of Washington County, see
Figure 1), was ~100%10°® over a 15-month period. Except locations SWPAGWO03, SWPAGWO0S,
SWPAGWO09, and SWPAGW13, all the other sampling locations showed #'Sr/%Sr values that were
independent of time within expected analytical and sampling uncertainties (see Figure 27B). Locations
SWPAGWO08, SWPAGWO09, and SWPAGW?13 all showed *'Sr/*Sr trends that increased with time, i.e.,
strontium isotope ratios at these locations became less like flowback and produced water from the
Marcellus Shale; the ¥ Sr/®°Sr ratio decreased with time at location SWPAGWO3, becoming more similar
to fluids recovered from the Marcellus Shale, yet the concentration of strontium did not increase at this
location. The most significant change in ¥’Sr/%®Sr was observed at location SWPAGWO9 between the
first and third sampling event (Figure 27B). The reason for the positive shift in ¥’Sr/®°Sr is not certain,
but other anomalous results were obtained at this well during the third sampling event, such as elevated
turbidity and increased concentrations of iron, manganese, strontium, and sodium. Thus, it is
challenging to draw conclusions from the data collected from this well. Note that the ¥’Sr/®°Sr ratio was
slightly higher in the southern area (0.71190 to 0.71301) compared to the northern area (0.71109 to
0.71185; see Figure 27B). Regional trends and the general invariant strontium isotope ratios suggest
that the fluids are near equilibrium with surrounding aquifer materials. Lack of variability with time
suggests that deep brine or fluids derived from Marcellus Shale gas wells did not impact shallow ground
water at the selected sampling locations over the time scale of this study. The strontium isotope
method can be highly sensitive for evaluating potential brine migration into shallow aquifers and this
geochemical tool is most useful in cases where time-resolved data are available (e.g., Kolesar Kohl et al.,
2014).

6.7. Halogen lons

Another sensitive method for evaluating fluid-mixing processes and potential impacts to shallow ground
water involves the use of dissolved halogen anions such as chloride and bromide (Davis et al., 1998;
Panno et al., 2006; Kight and Siegel, 2011; Wilson et al., 2014). Both of these anions are expected to
behave conservatively in ground water and surface water, and both anions are enriched in Pennsylvania
oilfield brines and Marcellus Shale flowback and produced water (Dresel and Rose, 2010; Haluszczak et
al., 2013; Barbot et al., 2013). Collectively, data from this study indicate that the [CI/Br] ratio of ground
water and surface water increases with increasing chloride concentration (see Figure 28). Similar trends
in [Cl/Br] ratios were presented by Alawattegama et al. (2015) for ground water samples collected in
southwestern Pennsylvania. Samples with low chloride concentrations and low [Cl/Br] ratios are
characteristic of precipitation (e.g., Panno et al., 2006). Samples with high chloride concentrations
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(>5,000 mg/L) and [CI/Br] ratios ~100 are characteristic of oil and gas—produced waters in Pennsylvania
(Figure 28).

The results of several conservative mixing models are also shown in Figure 28. In each model, the
lowest chloride concentration/lowest [Cl/Br] ratio sample (SWPASWO01-0711) was selected as the dilute
end member composition. The sources of chloride and bromide were modeled as: (i) Marcellus Shale
flowback water (site 32 from Haluszczak et al., 2013); (ii) NaCl brine with 0.1 wt% Br; and (iii) NaCl brine
with 0.01 wt% Br. The latter two end members are representative of either Br-depleted road salt or
septic discharge of Br-depleted salts associated with water softeners, respectively. The model results
provide indistinguishable trends at low mixing concentrations (e.g., <0.1% salt source). Samples from
locations SWPAGW13 and SWPAGW 14 with the highest observed chloride concentrations (>100 mg/L)
showed [Cl/Br] ratios that were higher than the [Cl/Br] ratio typical in Marcellus Shale flowback waters
and oilfield brines of southwestern Pennsylvania, presumably excluding flowback water and brine as
sources of chloride in these samples. It is important to note that the model results shown in Figure 28
are highly dependent on the choice of end member compositions and also on the assumption that a
similar mechanism (i.e., fluid mixing) is responsible for the apparent trend of increasing [Cl/Br] ratio with
increasing chloride concentration. It is possible that different samples in the group are influenced by
different or multiple sources.

Concentrations of sodium, bromide, calcium, and lithium are compared to chloride concentrations in
Figure 29 for samples collected in this study, Marcellus Shale flowback water, and oil and gas brines
from western Pennsylvania. Analysis of geochemical data for water injected during hydraulic fracturing
and for water produced from Marcellus Shale gas wells indicated that: (i) water returned to the surface
after subsurface injection is modified by mixing of injected water with formation brines of evaporated
paleoseawater, and (ii) injection of sulfate-rich water during hydraulic fracturing may stimulate
microbial sulfate reduction at some sites (Engle and Rowan, 2014). Marcellus Shale—produced water
exhibits [Na/Cl] and [Br/Cl] ratios similar to those of other oil and gas brines from Pennsylvania (Barbot
et al., 2013; Haluszczak et al., 2013). However, Marcellus Shale flowback water has less calcium than
other brines in Pennsylvania. The origin of salinity in the brines is considered to be related to seawater
evaporation, precipitation of halite, and subsequent dilution by freshwater, seawater, or other brines
(Haluszczak et al., 2013). Similarly, major ion trends in Marcellus Shale flowback water can be explained
by mixtures of highly evaporated brine with more dilute water. With the exception of sodium, most
other major and minor ions in shallow ground water and surface water are not explained by simple
dilution of deep brine or Marcellus Shale flowback water (see Figure 29). Concentrations of chloride and
sodium in shallow ground water appear to coincide with extensive brine dilution (see Figure 29);
however, with some exceptions (notably locations SWPAGW13 and SWPAGW14), most shallow ground
water data cluster around the molar [Na/Cl] ratio of 1, suggesting that NaCl dissolution could in part
explain the concentrations of sodium and chloride in the aquifers used for drinking water. Lithium and
bromide data from this study show chloride-independent changes in concentration that are inconsistent
with brine dilution. Similarly, calcium shows several apparent trends with chloride: (i) surface water and
sodium-bicarbonate type ground water shows low and variable calcium concentrations, and (ii) all other
ground water samples show a slight regular increase in chloride with increasing calcium. Both trends
appear to be discontinuous with extensive brine dilution (see Figure 29). Note that similar non-linear
trends between brine and shallow ground water data were shown by Warner et al. (2012) for
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Figure 29. Chloride versus sodium, bromide, calcium, and lithium. Data are shown for shallow ground water (this study, NURE), surface water (this study),
Marcellus Shale flowback water (Haluszcak et al., 2013), and oil and gas brines from Pennsylvania (Dresel and Rose, 2010).
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northeastern Pennsylvania. These authors suggested that non-linear solute relationships were
potentially related to mixing processes with sources from sewers and/or deicing salt.

Wilson et al. (2014) developed an approach to distinguish oil and gas—produced water from various coal-
related wastewaters and brine treatment plant discharges in southwestern Pennsylvania using [SO,/Cl]
weight ratios and bromide concentrations. These geochemical parameters are useful because they may
vary over many orders of magnitude, they are commonly measured anions, and because they may be
qualitatively diagnostic of distinct sources of water. For example, the [SO,/Cl] weight ratio is much
higher in coal-related wastewaters than in oil and gas—produced waters, whereas bromide
concentrations are much lower in mine discharge compared to oil and gas—produced waters. Figure 30
shows a [SO,/Cl] weight ratio versus bromide concentration plot for shallow ground water and surface
water of this study compared to Marcellus Shale flowback water, oil and gas brines from Pennsylvania,
and highlighted data regions from Wilson et al. (2014), representing abandoned mine drainage, surface
water, discharges from brine treatment plants, coal-fired power plant effluent, and Marcellus Shale—
produced water. The data collected in this study for shallow ground water and surface water cluster
near the data regions for surface water and mine drainage in Pennsylvania (Figure 30). The [SO,/CI]
ratios of ground water and surface water from this study are generally several orders of magnitude
higher than the ratios observed in Marcellus Shale—produced water. In contrast, bromide
concentrations in ground water and surface water collected in this study were generally orders of
magnitude lower than the bromide concentrations in Marcellus Shale—produced water (see Figure 30).

6.8. Radionuclides

Recent studies have indicated that saline Marcellus Shale brines can impact the quality of shallow
drinking-water aquifers, perhaps due to brine migration along natural pathways (e.g., Warner et al.,
2012; Myers, 2012; Vengosh et al., 2014). Data on the chemical composition of flowback and produced
waters from Marcellus Shale wells in central and western Pennsylvania were recently reported by
Haluszczak et al. (2013; see also Rowan et al., 2011). Their results show high concentrations of 2%%Ra and
228Ra in some of the flowback brines, with total *°Ra+**®Ra concentrations ranging from 73 to 6,540
pCi/L; these concentrations exceed EPA’s MCL (5 pC/L) by 13 to 1,300 times.

In this study, analysis of gross radioactivity and specific radionuclides included gross a radioactivity,
gross B radioactivity, and the radium isotopes *°Ra and **®Ra. Analyses were conducted in the second
and third rounds of sampling in March 2012 and May 2013, respectively. Gross a and B measurements
are generally used as screening-level measurements and are often used to indicate whether more
detailed follow-up analyses are appropriate. The main a emitting radionuclides in natural decay series
are 28U, 2%U, 2°Th, *Ra, ?°Po, *’Th and ?*Th. The major B emitting radionuclides are **°Pb, **®Ra, and
%K (Bonotto et al., 2009). Naturally occurring radioactivity in ground water is produced mainly by the
radioactive decay of 22U and *’Th. The **®U atom has a half-life of 4.5x10° years, and its decay series
products include *°Ra and ***Rn.

A total of 24 ground water and four surface water samples were collected for radionuclide
measurements in the second and third sampling events. The isotopes of radium were not detected in
any of the samples above the method reporting limit (1 pCi/L). Gross a and B were detected above the
method reporting limit at activities of 6.3 and 10.3 pC/L, respectively, in one sample from location
SWPAGWO09 collected in May 2013. The gross a and B activities in this well were below EPA’s MCLs of
15 pC/L and 50 pCy/L, respectively. (Note that the MCL for gross B activity is not an official regulatory
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level, but is used as a trigger for additional testing). During the purging of this well, significant
drawdown of the water table was observed, which led to somewhat elevated turbidity at the time of
sampling (>15 NTU). Interestingly, total barium was also elevated in this well (675 pg/L), which supports
the observed correlation of gross o (and *°Ra) and alkaline earths, such as barium (e.g., Haluszczak et
al., 2013). In this well, dissolved and total thorium concentrations were 0.16 (J) and 1.2 ug/L,
respectively, indicating the presence of some form of particulate thorium. Note that location
SWPAGWO09 also showed the presence of particulate lead above the primary action level for drinking
water treatment. The radionuclide results are consistent with the isotope data for water, DIC, and
strontium and suggest that shallow ground water and surface water from the selected sampling
locations of this study were not impacted by flowback or produced water from Marcellus Shale gas
wells, Upper Devonian sands, and/or other deep brines.

Dissolved uranium concentrations in ground water samples collected in March 2012 and May 2013
ranged from <0.05 to 1.6 pg/L, with a median concentration of 0.53 pg/L (n = 19). The distribution of
uranium concentrations determined in this study was in very good agreement with the NURE dataset
(see Table 4). These concentrations are below EPA’s MCL for uranium of 30 pg/L.
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Figure 30. [SO,/CI] weight ratio versus bromide concentration for shallow ground water and surface water, as
well as Marcellus Shale flowback water (Haluszcak et al., 2013), oil and gas brines from Pennsylvania (Dresel and
Rose, 2010), and other water types identified in Wilson et al. (2014; yellow shaded regions).
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7.Southern Area

The preceding analysis of historical water quality data and comparison to data collected for this study
indicates several locations in the southern area with anomalous major ion signatures, i.e., examples
where concentration data from this study fell near or above the 90" percentile in either the countywide
or the reduced-area comparisons of historical water quality. In particular, locations SWPAGW13 and
SWPAGW14 (springs) showed elevated ground water concentrations of chloride and calcium. The
average chloride concentration at location SWPAGW13 over the three sampling rounds represents the
third highest value (99th percentile) when compared to all of the historical water quality data from
Washington County considered in this study. When compared to chloride concentrations in samples
collected from springs only, locations SWPAGW13 and SWPAGW14 exceeded all historical data in the
NWIS and NURE datasets by up to 8.7 times. When comparing to historical data in this way, it is
necessary to establish a threshold for what is considered significantly different from the historical
background data.

Matschullat et al. (2000) presented several methods for estimating the upper limits of background
thresholds in geochemical data (see also Reimann et al., 2008). In each method, a critical mean+2o
value is determined as the normal range for background. The methods include: (i) inflection points on
cumulative frequency curves, (ii) 4c-outlier test, (iii) iterative 2o-technique, (iv) original data meant2o
value (96" percentile), and (v) the calculated distribution function based on values in the lower 50"
percentile. Matschullat et al. (2000) concluded that the iterative 2c6-technique and the calculated
distribution function provide realistic approximations of the background condition; however, they
further pointed out that no single method can provide absolute results due to the inherent complexity
of geochemical datasets. For example, environmental data may be collected using different sampling
approaches and analytical methods. Chloride data from ground water and springs in Washington
County are shown in Figure 31 using a histogram and a cumulative distribution curve. The results of the
different background approximation methods are also provided in Figure 31. For the Washington
County dataset, critical mean*2co values for chloride range from 33 mg/L using the calculated
distribution function to 405 mg/L using the inflection method. The average chloride concentration at
location SWPAGW13 exceeded the critical values determined using each of the background estimation
techniques and was, therefore, reasonably outside of background thresholds (see Figure 31). Average
chloride concentrations from location SWPAGW 14 fell within the critical values determined using the
iterative 2o0-technique and the 4c-outlier test; assessments about whether this location was within
background conditions are less certain. When compared to chloride concentrations from springs,
however, both SWPAGW13 and SWPAGW14 were consistently anomalous.

Chloride concentrations at location SWPAGW13 showed significant changes through time; chloride
concentrations decreased by 27% and 16% between the first and second and the second and third
rounds of sampling, respectively. Parallel concentration trends were also indicated for calcium,
strontium, barium, and sodium (see Figure 20). Decaying concentration trends are well-established
features of advective-dispersive transport of conservative tracers and contaminants that result from
instantaneous pulses or transient sources such as spills and leachate migration from buried waste (e.g.,
Freeze and Cherry, 1979; Guerrero et al.,, 2010, 2013; Olayiwola et al., 2013). Elevated concentrations of
chloride above background thresholds, time-dependent concentration behavior, and data collected at
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SWPAGW13 and SWPAGW14 before this study in 2009 (described below) indicate that an impact has
occurred at these sampling locations.
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Figure 31. Histogram and cumulative distribution curve of chloride concentrations from ground water and springs
in Washington County, including data from this study and historical data. Critical background values were
determined using the methods presented by Matschullat et al. (2000; see text). The average and range of chloride
concentrations is shown for locations SWPAGW13 and SWPAGW14.
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The map locations of SWPAGW13 and SWPAGW 14 and proximal sampling locations are shown in Figure
3. Locations SWPAGW13 and SWPAGW14 are both springs near the northern margin of the map area in
Figure 3. Both springs are located to the east (~250 feet and ~75 feet, respectively) of a paved county
road. SWPAGW13 is located east of SWPAGW14 and is about 35 feet higher in elevation; thus, location
SWPAGW 14 represents discharge of somewhat deeper ground water. The water discharging from these
springs is protected within covered vaults. Both springs are located to the northwest and hydraulically
down gradient from an impoundment, a former reserve pit used for the disposal of drilling wastes, and a
gas well (well 7H, PA DEP permit no. 125-23824). Drilling of well 7H started in September 2009 and was
completed in November 2009 to a depth of 7,190 feet below land surface; the well was hydraulically
fractured in December 2009.

A common approach for evaluating background conditions in ground water investigations at hazardous
waste sites includes analysis of nearby wells that are not expected to be influenced by sources of
contamination (e.g., US EPA, 1995). The major ion composition of all water samples collected in the
southern area of the study were compared using a Schoeller diagram (see Figure 32). As noted
previously, samples collected in this study from locations SWPAGW13 and SWPAGW 14 were calcium-
chloride type waters; all other waters in the area were calcium-bicarbonate type, with the exceptions of
SWPAGW18 and SWPAGW19, which were sodium-bicarbonate type. Samples from locations
SWPAGW13 and SWPAGW14 showed higher concentrations of calcium and chloride than all other
nearby samples, which collectively represent an approximation of background conditions in the area. In
addition, samples collected from locations SWPAGW13 and SWPAGW14 in August 2009, prior to drilling
activities at well 7H, showed calcium-bicarbonate type water typical of other water wells in the area (see
Appendix D and Figure 32). Note in particular that chloride concentrations in both SWPAGW13 and
SWPAGW14 were <5 mg/L in August 2009 before the impoundment was built. The chloride
concentration in SWPAGW13 during the first round of sampling, for example, was 631 mg/L, indicating
that a concentration change of over 155x occurred between August 2009 and July 2011. At location
SWPAGW 14, the increase in chloride concentration from August 2009 to March 2012 was over 90x.
Similar abrupt increases in concentrations were indicated for calcium, strontium, barium, and sodium.
Secondary data from SWPAGW13 and SWPAGW 14 were weighted similarly to other historical data and
were obtained using appropriate analytical methods (see Appendix D). Charge balance was within 2%
for the samples collected in 2009 (Appendix D). In all cases, major ion data collected in 2009 from
locations SWPAGW13 and SWPAGW14 fell within the range observed in nearby wells that are
reasonably representative of local background conditions (see Figure 32).

The molar increase in chloride (17.7 mmol/L) between the August 2009 and July 2011 sampling of
SWPAGW13 was not entirely balanced by molar increases in calcium (6.05 mmol/L) or sodium (1.71
mmol/L). This discrepancy suggests that water-rock interactions such as sodium for calcium cation
exchange (Howard and Beck, 1993) may have an important influence on water chemistry and,
consequently, the observed cation/anion distribution in ground water may not reflect the composition
of the source.

With the exception of location SWPAGW12, available data did not show significant time-dependent
changes in chloride or calcium concentrations in the other domestic wells and springs shown in Figure
32. The chloride concentration in well water from location SWPAGW12 decreased from 28.7 mg/L to
1.9 mg/L between the July 2011 and March 2012 sampling events. The chloride concentrations in this
well were within the range of other wells in the area (2.2 to 41.8 mg/L), excluding SWPAGW13 and
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SWPAGW14. Thus, the changes in chloride concentrations at location SWPAGW12 cannot be viewed as
anomalous when compared to the chloride concentration distribution in nearby wells, although low-
level impacts in this well, and other wells in the area, may be indistinguishable from the range of
background concentrations.
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Figure 32. Schoeller diagram showing the major ion composition of shallow ground water, springs, and surface water
in the southern area. Data are shown for locations SWPAGW13 and SWPAGW14 before (August 2009) and after
construction of the Yeager impoundment (July 2011 to May 2013). The shaded ovals highlight changes in chloride and
calcium concentrations at locations SWPAGW13 and SWPAGW14 (see text).
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Based on detailed background assessment and evaluation of existing data, potential candidate causes
for the issues concerning ground water chemistry at locations SWPAGW13 and SWPAGW14 include:
historical land use, current drilling processes and practices, historical drilling practices, naturally
occurring sources, and road salt, as described below (see Appendix C).

The EDR search indicated that there are two abandoned coal mines about 1.5 miles northeast of
location SWPAGW13. Mines could affect ground water quality and are a candidate cause;
however, there are limited data on the regional ground water hydrology that would allow for a
definite cause-and-effect linkage. Other sampling locations in the vicinity of SWPAGW13 and
SWPAGW14 would be expected to show related water quality impacts if the identified
abandoned mines were a source term.

One orphan CERCLIS landfill site was identified in the environmental records search; its location
could not be accurately determined based on information available. Without further
information about this landfill, particularly the location, it cannot be ruled out as a potential
contributor to ground water quality impacts.

Contaminant sources related to the Yeager Unit 7H well—such as poor casing cement integrity
and potential leaks in the former Yeager reserve pit and impoundment—are potential causes.
Evaluation of elevation contours indicates that locations SWPAGW13 and SWPAGW14 are likely
hydraulically down gradient from the former reserve pit, and this source would be consistent
with the time-dependent behavior of water chemistry, as noted above. Infiltration of chloride
and associated constituents from impoundments into shallow ground water was previously
studied in other natural gas extraction regions (e.g., Healy et al., 2008, 2011).

Background reports on hydrology in Washington County (Newport, 1973; Williams et al., 1993)
suggest that freshwater aquifers in some locations have been contaminated by brine, under
artesian conditions, migrating upward from deeper, non-potable aquifers through historical oil
and gas wells that were improperly abandoned or have corroded casings. Although specific
candidate wells were not identified in this study, this source or other natural pathways of brine
migration are considered to be a candidate cause. As indicated in previous sections, this
scenario is inconsistent with Sr isotope data and [CI/Br] ratio analysis.

Road salt application to aid in snow and ice removal can impact shallow ground water and is
considered as a candidate source (e.g., Howard and Beck, 1993; Williams et al., 1999; Blasius
and Merritt, 2002). According to the Amwell Township Road Department, road salt is typically
used for deicing state roads but not for county roads (Barale, 2013). The township used cinders
that were generated from coal ash for deicing county roads. The nearest state road to the area
of interest, Route 19, is over a mile away; therefore, an impact from road salt in the area of
interest is not suspected. In addition, locations SWPAGW13 and SWPAGW14 are significantly
higher in elevation compared to the adjacent county road and are unlikely to be impacted by
runoff.

Site-specific data relating to local hydrology and ground water chemistry are unavailable to
provide more definitive assessments of the primary causes(s) and longevity of the ground water
impact.
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8.Iron and Manganese

Many of the homeowner concerns regarding water quality from their domestic wells were related to
turbidity, taste, and staining properties of the water, particularly in the northern area. These water
quality issues are frequently linked to concentrations of particulate and dissolved iron and manganese,
and in some cases to elevated dissolved sulfide concentrations (Hem, 1985). Recall that dissolved
sulfide was only detected at one location (SWPAGWO06), so elevated sulfide levels were not indicated to
be the cause of poor water quality at most of the sampling locations of this study. Previously, Williams
et al. (1993) concluded that the primary issues with ground water quality within Washington County are
occurrences of elevated levels of iron, manganese, dissolved solids, and hardness. Similar water quality
issues have been documented in other parts of Pennsylvania (e.g., PA DEP, 1998). Based on their
analysis of water samples collected to study the impacts of coal mining on water resources in
Washington County, Williams et al. (1993) showed that more than 33% of the water samples they
studied had dissolved iron concentrations higher than the SMCL (300 pg/L; n = 104), and 30% had
dissolved manganese concentrations higher than the SMCL (50 pg/L; n =91). Williams et al. (1993)
noted that these elements are natural constituents of soils and rocks that can solubilize or precipitate in
ground water, typically as a consequence of oxidation-reduction processes. Water quality data collected
for this study are consistent with these historical observations and show the common occurrence and
wide-ranging concentrations of iron and manganese in ground water at the locations sampled in
Washington County (see Table 4 and Figure 33). Note that when iron and manganese were detected in
water samples, concentrations in the unfiltered (total) sample were typically greater than in the filtered
sample (see Figure 33). This relationship indicates the presence of particulate iron and/or manganese.
Particulate iron and manganese may be transported in ground water as fine-grained or colloidal
particles or might originate from accumulated solids present in the well bore that were suspended
during well purging. Note that the formation of iron encrustations is known to negatively affect the
performance of wells by reducing permeability and specific capacity (e.g., Walter, 1997; Houben, 2003).

The distributions of iron and manganese in ground water systems are largely controlled by redox
reactions. At near-neutral pH conditions typical of ground water, both elements tend to be more
soluble and mobile under conditions that are free of oxygen (anoxic). Under such conditions, iron and
manganese are primarily present as the dissolved cations Fe?* and Mn?*. Mobile Fe** and Mn*" may
precipitate in the presence of dissolved oxygen to form insoluble solids of Fe(OH);and MnO,, and/or
other related solids. In the presence of bicarbonate and carbonate, Fe*" and Mn*" may precipitate to
form siderite (FeCO;3) or rhodochrosite (MnCQOs). The effects of pH and redox conditions on the mobility
of manganese, for example, can be shown on an Ey-pH diagram. Figure 34 shows the primary stability
fields of dissolved and solid forms of manganese as a function of pH and E, for the system Mn-H,0-CO,
(total manganese concentration 10°° mol/L, ~50 ug/L; bicarbonate concentration 10 mol/L, ~60 mg/L;
ideal solution behavior assumed) at 25 °C and 1 atmosphere pressure. The data points plotted on the
diagram are measured pH and E, values estimated from ORP measurements from the ground water
samples of this study. In most cases, field measurements of pH and ORP indicate that manganese
should be present in the soluble and mobile form. Note that precipitation of manganese-containing
minerals is favored with increasing pH and E,. Sulfur is not considered in Figure 34; however,
manganese sulfide (MnS, alabandite) is fairly soluble and would not be expected to precipitate based on
the negligible dissolved sulfide concentrations present in most of the domestic wells. Concentrations of
dissolved manganese and iron showed a negative correlation with Ey; i.e., higher concentrations of
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these elements were associated with lower Ey, or more reducing conditions, consistent with
thermodynamic predictions (see Figure 35).
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Figure 33. Iron and manganese concentrations in ground water from this study and historical data.
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4 5 6 7 8 9 10
pH

Figure 34. E,-pH diagram for Mn (25°C, Mn = 10°°, HCO; = 10"3). Data points are measured pH versus oxidation-
reduction potential (ORP) values of ground water converted to E, (voltage reading versus the standard hydrogen
electrode). The shaded green area indicates the Ey-pH region in which manganese precipitation is expected.
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Arsenic is a trace element that shows similar redox-related solubility characteristics and transport
behavior to iron and manganese (Smedley and Kinniburgh, 2002). Dissolved arsenic concentrations
measured in this study from ground water and springs ranged from <0.04 to 0.84 pg/L (cf. the arsenic
MCL of 10 pg/L); the median concentration of arsenic was 0.54 pg/L (see Table 8). However, unlike iron
and manganese, arsenic concentrations were poorly correlated with Ey (R*=0.07; see Figure 35); the
poor correlation with E; and the low concentrations of dissolved arsenic in ground water may reflect low
concentrations of arsenic in the aquifer solids.

While the occurrences of iron and manganese in ground water of Washington County, and indeed
throughout the state, likely stem from geology and geochemical processes that result in the natural
enrichment of these elements in regional aquifers, this water quality issue may be amplified in areas of
active drilling. For example, Boyer et al. (2011) and Alawattegama et al. (2015) noted areas in
Pennsylvania where water wells sampled before and after drilling activities showed increased levels of
manganese and iron. Groat and Grimshaw (2012) suggested that these types of impacts may be related
to vibrations and energy pulses put into the ground during drilling and/or other operations. These
energy inputs could cause naturally formed particles containing iron and manganese to mobilize and
possibly increase turbidity in domestic wells in the vicinity of gas development. The overall process that
might be occurring would involve several key steps:

1. Dissolution of naturally occurring iron and manganese through redox-related processes.
2. Transport of iron and manganese through ground water seepage.

3. Slow oxidation and precipitation of iron and manganese solids in and around water wells that
serve to provide conduits for air (oxygen) into the subsurface.

4. Gradual accumulation of Fe- and/or Mn-solids through time in and around water wells.
5. Transient high-energy events related to drilling or other operations (e.g., Fontenot et al., 2013).

6. Temporary pulses in domestic wells of high turbidity, increased staining, and poor water quality.
Such transient events of increased turbidity, and related enrichment of iron and/or manganese,
were not captured at any location during the sampling events conducted for this study.
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9. Summary of Case Study Results

Washington County, Pennsylvania, is underlain by the Marcellus Shale, which serves as an
unconventional reservoir of gas in the Appalachian Basin. Extensive drilling and production of Marcellus
gas wells began in 2005, with a progressive increase in development thereafter. As of December 2013,
approximately 1,435 wells were permitted in the Marcellus Shale in Washington County (PA DEP, 2013).

This retrospective case study was prompted by concerns about potential impacts on human health and
the environment. The focus of the study was on potential effects on drinking water resources from
current gas development in the Marcellus Shale. Environmental concerns include the potential for
contamination of shallow ground water by stray gases (methane), fracturing chemicals associated with
unconventional gas development, and deep formation waters (brine). Potential contaminant migration
pathways connecting hydraulically fractured zones to shallow ground water include advective transport
through sedimentary strata, fractures, faults, abandoned wells, and/or compromised boreholes. Surface
features, such as impoundments and pits used for storage of flowback and produced water and other
drilling wastes, also represent potential contaminant sources to shallow ground water and surface
water. Overall, the quality of shallow ground water used for drinking water in Washington County is
expected to be governed by a number of factors that modify the composition of infiltrated water,
including geology, land use, past coal mining activities, agricultural activities, industrial operations,
waste disposal, materials storage, deicing application and storage, and oil and gas development.

Washington County was selected for a retrospective case study in order to follow up on reported
instances in the county of decreased water quality in domestic wells related to appearance, odor, and
taste. The study focused on locations where homeowners expressed concerns about potential impacts
to their wells from nearby hydraulic fracturing activities and surface disposal/storage of wastes. In this
study, water quality samples were collected from 16 domestic wells, three springs, and three surface
water locations in Amwell, Cross Creek, Hopewell, and Mount Pleasant Townships during three rounds
in July 2011, March 2012, and May 2013. The domestic wells sampled ranged in depth from 50 to 160
feet below land surface (cf. the depth of the Marcellus Shale in Washington County, which is more than
5,000 feet below land surface). The water samples collected were analyzed for geochemical parameters
(temperature, pH, specific conductance, ORP, dissolved oxygen, and turbidity), major cations and
anions, nutrients, trace metals, VOCs, SVOCs, DRO, GRO, glycol ethers, low-molecular-weight acids,
radionuclides, strontium isotope ratios (¥’Sr/%°Sr), and selected stable isotopes (6§00, 6*Hiz0, 6Coic,
8"Ccna, and 8°Hepa).

The locations sampled in this study were not monitored extensively before drilling and gas production.
Therefore, identification of specific changes in water quality inclusive of the pre-drilling and gas
development time frame was not possible in most cases. The evaluation of new data from this study
with respect to potential impacts from unconventional gas development included consideration of the
chemicals used in hydraulic fracturing, analysis of dissolved gases and their isotopic compositions,
analysis of deep brine geochemistry in relation to shallow ground water geochemistry, analysis of
historical ground water quality in Washington County, and analysis of time-dependent geochemical
trends. Land use factors and potential environmental stressors were also evaluated using available data.
Historical water quality data from Washington County were collected from literature sources and online
from the USGS NWIS and NURE databases. The historical data were used as points of reference for
screening-level comparisons in order to illustrate regional concentration ranges typical in ground water
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and for constraining major water composition types that were encountered within Washington County
before gas development in the Marcellus Shale. Table 10 summarizes the potential ground water and
surface water impacts identified during this study.

Table 10. Potential ground water and surface water impacts identified in the retrospective case study in southwestern

Pennsylvania.

Impacted Study Locations Sample Description Potential Sources
Parameters Area Type
SWPAGWO4 Detections from 0.002 to .
SWPAGWO06 . . Drift gas; coal seams; long-
. Northern Ground 15.5 mg/L; consistent with o
Dissolved SWPAGWO07 e ermile el ey mies term migration from deep
Methane SWPAGWO08 Springs e shales, sandstones, and
Southern SWPAGW14 sources coal beds
SWPAGW17
Nitrate Southern SWPAGW10 Ground Primary MCL exceedance Septic systenlwls; animal
water manure; fertilizers
Total lead Northern >WPAGWO? LT Primary MCL exceedance Natural sources; plpe.
Southern SWPAGW12 water and/or solder corrosion
SWPAGWO02
SWPAGWO04
Northern swpagwos | &round Natural - urbidi
Iron and SWPAGWO09 ;v;:iirgls Secondary MCL ps':zr:iiaslﬁ/ui;cﬁz:;uc;(; k;:/y
Manganese SWPASWO2 Surface’ exceedances drilling; coal-mine drainage
SWPAGW11 water ’
Southern SWPAGW12
SWPAGW14
SWPAGWO04
Northern SWPAGWO08
SWPAGWO09 Ground .
Southern SWPAGW12 Springs
SWPAGW13
SWPAGW14
Northern SWPAGWO05 Ground Elevated concentrations Historical land use; current
SWPASWO02 water, compared to historical and/or historical drilling
Chloride SWPAGW13 Springs, data; secondary MCL_ practices;. impoundments;
Southern SWPAGW14 Surface exceedances at location reserve pits; natural
water SWPAGW13 sources of brine; road salt

Three ground water types were identified in this study based on major ion chemistry: calcium-
bicarbonate, sodium-bicarbonate, and calcium-chloride. These water types coincide with major ion
types represented in historical water quality databases, except that (i) the calcium-chloride type water
was unique to this study; and (ii) the sodium-sulfate and calcium-sulfate water types were not identified

in this study, but are prevalent in the NWIS database. The sodium-sulfate type compositions included in
the NWIS data tend to be elevated in TDS and may be representative of more evolved water-rock
interactions, perhaps involving weathering of sulfide minerals such as pyrite contained in coal and other

sedimentary rocks.
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Methane occurs naturally in ground water in southwestern Pennsylvania and is present within glacial
deposits, Permian- and Pennsylvania-age coal seams/sedimentary deposits, as well as underlying
Devonian-age strata, including the Marcellus Shale. Dissolved methane was detected in 24% of the
ground water and spring samples collected in this study, at concentrations ranging from about 0.002 to
15.5 mg/L. In samples for which methane isotope values could be determined, the C and H isotope
signatures were distinct from the reported thermogenic composition of methane from the Marcellus
Shale. The isotopic signature in the sample with the highest methane concentration was consistent with
a biogenic origin. Coal seams in the comparatively shallow Monongahela and Conemaugh Group
aquifers could also provide a natural source of methane to shallow ground water. Historical water
quality databases do not include information on dissolved gas concentrations and isotope compositions,
which is a limitation for this study. Literature data from a neighboring region (north-central West
Virginia), which has witnessed limited shale-gas development, shows similar methane concentration
distributions and isotopic signatures as described here for Washington County. Data on the gas
composition and stable isotope compositions of methane and other dissolved gases from glacial drift
deposits, Pennsylvanian and Permian coal seams, and Devonian strata would be essential to support
source identity evaluations for stray gas investigations in this area.

Evaluation of ¥Sr/®°sr, §"*Cpic, 6"®0nao, 8°Huzo, [Cl/Br], and [SO./CI] ratio data provides no clear evidence
of contamination of shallow ground water with water produced from the Marcellus Shale or other deep
brines. These geochemical techniques are sensitive and appropriate for detecting and assessing fluid
mixing processes. They provide the most certainty when well-constrained end members are
established, which for the purpose of evaluating potential impacts related to natural gas development
would necessarily include pre-drilling and development data. The isotopes of radium (**°Ra and **®Ra)
have been noted to be elevated in flowback and produced water from some Marcellus Shale gas wells.
These radiogenic isotopes were not detected in any of the samples collected for this study above an
activity of 1 pC/L. Gross a and B radioactivity were detected above method reporting limits in one
sample collected from a domestic well in May 2013 at activities of 6.3 and 10.3 pCi/L, respectively. The
gross a activity determined in the ground water from this well, 6.3 pC/L, was below EPA’s maximum
contaminant level of 15 pCy/L.

The purpose of extensive analysis of organic chemicals was to evaluate the potential occurrence in
ground water and surface water of chemicals documented as components of hydraulic fracturing fluids.
Low-level detections of VOCs (toluene, benzene, chloroform, and acetone) and SVOCs (2-butoxyethanol,
phenol, phthalates) and DRO compounds were observed at sampling locations on an inconsistent basis.
There were no significant detections in ground water or surface samples of glycol ethers, gasoline-range
organic compounds, or acetate. Concentrations of organic compounds did not exceed EPA’s drinking
water standards, and over the three rounds of sampling there were no significant and repeated
detections at any location of organic chemicals known to be associated with the process of hydraulic
fracturing. Lack of correlation with other potential indicators (e.g., elevated TDS, chloride, and barium
concentrations) in ground water and surface water that contained low-level detections of organic
compounds suggests that the infrequent detections of these compounds did not originate from
hydraulic fracturing activities. Historical water quality databases include very little information on
organic chemicals in ground water from Washington County.

Primary MCL exceedances were observed in this study at one location for nitrate and at two locations
for total lead (Table 10). Sources of nitrate to ground water include septic systems, animal manure, and
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fertilizers applied to lawns and crops; nitrate and lead are not typically considered to be associated with
hydraulic fracturing operations. A precise evaluation of the sources of nitrate and lead at the locations
was beyond the scope of this project. Water quality data collected for this study are consistent with
historical observations showing the common occurrence and wide-ranging concentrations of iron and
manganese in ground water in Washington County, Pennsylvania; the presence of these elements is
shown to be related to redox conditions. While the occurrences of iron and manganese in ground water
of Washington County likely stem from geology and geochemical processes that result in the natural
enrichment of these elements in regional aquifers, increased turbidity from iron and/or manganese
particulates may be amplified in areas of active drilling. Boyer et al. (2011) and Alawattegama et al.
(2015) noted a small number of wells in Pennsylvania where water samples collected before and after
drilling activities showed increased levels of iron and manganese. Such impacts may be related to
vibrations and energy pulses put into the ground during drilling and/or other operations (Groat and
Grimshaw, 2012). These energy inputs could cause, in geochemically favorable environments, naturally
formed particles containing iron and manganese to mobilize and possibly increase turbidity and may
explain reported instances of reduced water quality isolated in time. Such transient events were not
captured at any location during the sampling events of this study.

Elevated concentrations of chloride relative to historical water quality data and time-dependent
concentration behavior, including water quality results that predate this study, indicate that an impact
(elevated chloride) occurred at sampling locations of this study near the Yeager impoundment in Amwell
Township. Based on detailed background assessment and evaluation of existing data, candidate causes
for the issues concerning ground water chemistry at this location include: historical land use, current
drilling processes and practices, historical drilling practices, naturally occurring sources, and road salt.
County records and analysis of geochemical data collected for this study suggest that road salt and/or
upwelling of deep brines are unlikely candidate causes for the water quality impact. The water quality
trends with time suggest that the chloride anomaly is linked to sources associated with the
impoundment site; site-specific data are unavailable to provide more definitive assessments of the
primary causes(s) and longevity of the ground water impact. A plan for closure and reclamation of the
impoundment site was submitted to the PA DEP in February 2014.

Key observations/findings from this study are summarized below.

e Dissolved methane was detected in 24% of the ground water and spring water samples
collected in this study at concentrations that ranged from about 0.002 to 15.5 mg/L. The
methane concentration in one domestic well sampled in this study was above the PA DEP
action level of 7 mg/L. Multiple lines of evidence including the C and H isotope signature of
methane, redox conditions, levels of sulfate and dissolved oxygen, and the isotope signature
of inorganic carbon indicate that the origin of methane from this location was from CO,
reduction, i.e., drift gas.

e Analysis of ’Sr/*Sr, §**Cpic, 6"*Opz0, 5’Huao, gross a activity, gross B activity, >°Ra and ***Ra,
[CI/Br], and [SO,/CI] ratio data from the sampling locations selected for this study provide no
clear evidence of contamination of shallow ground water by flowback or produced water
from Marcellus Shale gas wells, Upper Devonian sands, and/or other deep brines. However,
these multiple lines of evidence provided inconclusive results regarding brine impacts at
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three locations due to a lack of pre-drilling and development data (SWPAGWO05, SWPAGWQ9,
and SWPASWO02).

e There were no detections in this study of glycol ethers, GRO compounds, or acetate in
ground water and surface samples collected in Washington County. Detections of VOCs and
SVOCs were infrequent, below EPA’s drinking water MCLs, and did not correlate with other
potential indicators of hydraulic fracturing fluids, such as elevated chloride and/or the
presence of glycol ethers.

e Primary MCL exceedances were observed in this study at one location for nitrate and at two
locations for total lead; the occurrences of nitrate and lead in ground water are not
considered to be associated with hydraulic fracturing operations.

e Secondary MCL exceedances for manganese and iron were common in homeowner wells;
increased concentrations of these elements correlate with moderately reducing ground
water conditions and are consistent with historical observations that demonstrate the
natural enrichment of these elements in regional aquifers. Transient episodes of decreased
water quality from increased concentrations of iron and/or manganese and increased
turbidity may be amplified in areas of active drilling.

e Elevated concentrations of chloride relative to historical water quality data and time-
dependent concentration behavior indicate that a recent ground water impact occurred at
sampling locations near the Yeager impoundment in Amwell Township. The impact resulted
in chloride concentrations in a drinking water supply that exceeded the secondary MCL and a
shift in ground water chemistry toward a calcium-chloride composition. The impoundment
site was used to store drilling wastes and wastewater associated with the hydraulic
fracturing water cycle. Site-specific data relating to local hydrology and ground water
chemistry are unavailable to provide more definitive assessments of the primary causes(s)
and longevity of the ground water impact.
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A.1. Introduction

This Appendix describes general Quality Assurance (QA) practices and the results of Quality Control (QC)
samples, including discussion of chain of custody (COC), holding times, blank results, field duplicate
results, laboratory QA/QC results, data usability, double lab comparisons, performance evaluation
samples, Quality Assurance Project Plan (QAPP) additions and deviations, field QA/QC, application of
data qualifiers, tentatively identified compounds (TICs), Audits of Data Quality (ADQ), and field and
laboratory Technical System Audits (TSAs). All reported data for the Retrospective Case Study in
Southwestern Pennsylvania met project requirements unless otherwise indicated by the application of
data qualifiers in the final data summaries (see Appendix B). In rare cases, data were rejected as
unusable and not reported.

A.1.1. July 2011 Sampling Event

The sampling and analytical activities for the July 2011 sampling event were conducted under a QAPP
titled “Hydraulic Fracturing Retrospective Case Study, Marcellus Shale, Washington County, PA,” version
0 approved on July 21, 2011. Deviations from this QAPP are described in Section A9. Twelve domestic
wells, one spring, and three surface water locations were sampled during this event. A total of 340
samples were collected and delivered to six laboratories for analysis: Shaw Environmental, Ada, OK; EPA
Office of Research and Development/National Risk Management Research Laboratory (ORD/NRMRL),
Ada OK; EPA Region 8, Golden, CO; EPA Region 3, Fort Meade, MD; Isotech Laboratories, Inc.,
Champaign, IL; and U.S. Geological Survey (USGS) Laboratory, Denver, CO. Measurements were made
for over 225 analytes per sample location. Of the 340 samples, 78 samples (23%) were QC samples
including blanks, field duplicates, matrix spikes, and matrix spike duplicates.

A.1.2. March 2012 Sampling Event

The sampling and analytical activities for the March 2012 sampling event were conducted under a QAPP
titled “Hydraulic Fracturing Retrospective Case Study, Marcellus Shale, Washington County, PA,” version
1 approved on March 5, 2012. Specific changes made to the quality assurance documentation are
described in the revised QAPP. Deviations from this QAPP are described in Section A9. An Addendum to
version 1 approved on November 30, 2012 was prepared to document QC acceptance criteria for the
reanalysis of samples for metals collected during the March 2012 sampling event. Ten domestic wells,
three springs, and two surface water locations were sampled during this event. A total of 435 samples
were collected and delivered to eight laboratories for analysis: Shaw Environmental, Ada, OK; EPA
ORD/NRMRL, Ada OK; EPA Region 8, Golden, CO; EPA Region 3, Fort Meade, MD; Isotech Laboratories,
Inc., Champaign, IL; ALS Environmental, Fort Collins, CO; USGS Laboratory, Denver, CO; and A4 Scientific,
Inc., The Woodlands, TX. Measurements were made for over 230 analytes per sample location. Of the
435 samples, 135 samples (31%) were QC samples including blanks, field duplicates, matrix spikes, and
matrix spike duplicates.

A.1.3. May 2013 Sampling Event

The sampling and analytical activities for the May 2013 sampling event were conducted under a QAPP
titled “Hydraulic Fracturing Retrospective Case Study, Marcellus Shale, Washington County, PA,” version
2 approved on April 22, 2013. Specific changes made to the quality assurance documentation are
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described in the revised QAPP. Deviations from the QAPP are described in Section A9. Eleven domestic
wells, two springs, and two surface water locations were sampled during this event. A total of 529
samples were collected and delivered to eight laboratories for analysis: CB&I, Ada, OK; EPA
ORD/NRMRL, Ada OK; SWRI, San Antonio, TX; EPA Region 8, Golden, CO; EPA Region 3, Fort Meade, MD;
Isotech Laboratories, Inc., Champaign, IL; ALS Environmental, Fort Collins, CO; and USGS Laboratory,
Denver, CO. Note that the Shaw Environmental Laboratory name changed to CB&l for the final round of
sampling (same laboratory equipment, procedures, and staff). Measurements were made for over 235
analytes per sample location. Of the 529 samples, 222 samples (42%) were QC samples including blanks,
field duplicates, matrix spikes, and matrix spike duplicates.

A final version of the QAPP titled “Hydraulic Fracturing Retrospective Case Study, Marcellus Shale,
Washington County, PA,” version 3 was approved on August 29, 2013. The QAPP is available at:
http://www?2.epa.gov/sites/production/files/2013-11/documents/hydraulic_fracturing retrospective

case study marcellus shale washington county pa revision 3.pdf.

A.2. Chain of Custody

Sample types, bottle types, sample preservation methods, analyte holding times, and the laboratories
that received samples for analysis are listed in Table A1l. Samples collected in the field were packed on
ice into coolers for shipment by overnight delivery along with completed COC documents and
temperature blank containers. In general, all samples collected in the field were successfully delivered
to the laboratories responsible for conducting the analyses. The following sections describe any noted
issues related to the sample shipments and potential impacts on data quality.

A.2.1. July 2011 Sampling

One cooler, delivered to the Robert S. Kerr Environmental Research Center (Ada, Oklahoma), was
received without attached custody seals. This cooler included samples SWPAGW11, SWPAGW12,
SWPAGW12dup, SWPAGW13, and a field blank collected on July 28, 2011. The analytical suites included
with these samples were: metals, dissolved gases, volatile organic compounds (VOCs), low-molecular-
weight acids, anions, nutrients, dissolved inorganic carbon (DIC)/dissolved organic carbon (DOC), and
water isotopes. There is no expected impact on data quality for these parameters in the noted samples.
One cooler sent to the EPA Region 3 Laboratory for glycol analysis containing samples from locations
SWPAGW11, SWPAGW12, SWPAGW12dup, SWPAGW13 and a field blank arrived at the laboratory at a
temperature of 17°C due to a delay in shipment. Glycols were not detected in any of the samples; these
samples were qualified with the “J-” qualifier as estimated with a potential low bias. Some samples for
Diesel Range Organics (DRO) analysis were not at the pH<2 preservation criterion; affected samples

HJ _II

were qualified with the qualifier as estimated.

A.2.2. March 2012 Sampling
There were no noted issues related to COCs, temperature blanks, or preservation.

A.2.3. May 2013 Sampling
There were no noted issues related to COCs, temperature blanks, or preservation.
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A.3. Holding Times

Holding times are the length of time a sample can be stored after collection and prior to analysis without
significantly affecting the analytical results. Holding times vary with the analyte, sample matrix, and
analytical methodology. Sample holding times for the various analyses conducted in this investigation
are listed in Table Al and range from 7 days to 6 months. Generally, estimated analyte concentrations
for samples with holding time exceedances are considered to be biased low.

A.3.1. July 2011 Sampling

Glycol samples collected on 7/25/2011 and 7/26/2011 exceeded the 14-day holding time by 24 to 48
hours for diethylene glycol, triethylene glycol, and tetraethylene glycol. Affected samples were qualified
with the “H” qualifier. Glycols were not detected in any of the samples during this event.

A.3.2. March 2012 Sampling

All samples met holding times.

A.3.3. May 2013 Sampling

All samples met holding times.

A.4. Blank Samples Collected During Sampling

An extensive series of blank samples was collected during all sampling events, including field blanks,
equipment blanks, and trip blanks (Table A2). These quality control samples were intended to test for
possible bias from potential sources of contamination during field sample collection, equipment
cleaning, sample bottle transportation to and from the field, and laboratory procedures. The same
source water was used for the preparation of all blank samples (Barnstead NANOpure Diamond UV
water). Field blanks were collected to evaluate potential contamination from sample bottles and
environmental sources. Equipment blanks were collected to determine whether cleaning procedures or
sample equipment (filters, fittings, and tubing) potentially contributed to analyte detections. Trip blanks
consisted of sealed serum bottles and VOA vials filled with NANOpure water. Trip blanks were used to
evaluate whether VOA vials and dissolved gas serum bottles were contaminated during sample storage,
sampling, or shipment to and from the field. All analyses have associated field and equipment blanks,
except isotope ratio analyses for which no blank sampling schemes are appropriate. Sample bottle
types, preservation, and holding times were applied to blank samples in the same way as they were
applied to field samples (see Table Al).

The following criteria were used for flagging samples with potential blank contamination. Sample
contamination was considered significant if analyte concentrations in blanks were above the method
Quantitation Limit (QL) and if the analyte was present in an associated field sample at a level <10x the
concentration in the blank. In cases where both the sample and its associated laboratory, equipment,
field, or trip blank were between the Method Detection Limit (MDL) and the QL, the sample data were
reported as less than the QL with a “U” qualifier. Blank samples were associated to field samples by
dates of collection; for example, most sample shipments included both field samples and blank samples
that were used for blank assessments. Results of blank analyses are reported in Tables A3-A12. In
general, field blank samples were free from detections of a vast majority of analytes examined in this
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study. The following sections describe instances where blank detections were noted and potential
impacts on data quality and usability. As previously stated, a majority of these blanks were free from
detections or were less than the QL, and in these cases, the sample data are not affected and are not
discussed in the following sections.

A.4.1. July 2011 Sampling

Nitrate was reported in one equipment blank collected on 7/27/2011 (see Table A3); several affected
samples were qualified with the “B” qualifier as estimated, but in all cases the field samples showed
higher levels of nitrate than were measured in the equipment blank.

There were detectable concentrations of toluene in one trip blank dated 7/21/2011 and one field blank
collected on 7/26/2011 (see Table A6). Due to the trip blank detection above the QL, the results for two
samples were qualified with the “B” qualifier: SWPAGWO04 and SWPASWO01.

For the low-molecular-weight acids, acetate was found to be a significant contaminant in the field and
equipment blanks; consequently, the acetate data were rejected (see Table A7). The source of acetate
contamination was later determined to be the preservative.

One equipment blank collected on 7/27/11 for semi-volatile organic compound (SVOC) analysis had
blank detection of 2-butoxyethanol above the QL of 0.50 pg/L (see Table A10). This blank detection
affected three samples: SWPAGWO08, SWPAGW10, and SWPASWO03, which were qualified. Other
samples analyzed for 2-butoxyethanol were above the QL and not qualified; however, all 2-
butoxyethanol detections in this set of data are suspect due to the high level detected in the equipment
blank, i.e., the concentration detected in the equipment blank was higher than any detected level in the
samples. The source of this contamination appears to be from the sampling equipment or containers,
although other sources cannot be ruled out.

For gasoline range organic (GRO) samples, all field blanks had detectable concentrations (see Table A11).
However, with the exception of SWPASWO01, all field GRO samples were less than the QL, so no impact
to the data is suggested for these samples. In the case of SWPASWO01, the sample was qualified for
GRO.

A.4.2. March 2012 Sampling

Two field blanks and one equipment blank had concentrations of nitrate + nitrite above the QL. These
blank detections resulted in the application of several “B” qualifiers to the nitrate + nitrite concentration
data; the source of this contamination is unknown, but in general, concentrations of nitrate + nitrite
were greater in the samples compared to levels in the blanks with detections above the QL.

There were numerous detections in blank samples submitted for inductively coupled plasma mass
spectrometry (ICP-MS) analysis by the EPA Superfund Analytical Services Contract Laboratory Program
(CLP) laboratory, including dissolved and total aluminum (Al), total cadmium (Cd), total chromium (Cr),
dissolved and total copper (Cu), dissolved and total nickel (Ni), and total lead (Pb) (see Tables A4 and
A5). In one case, the total Cd concentration in a field blank was 134 pg/L. These blank detections were
likely related to laboratory contamination and in only one case (for dissolved Ni) did these detections
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have an impact on data quality because concentrations of these elements in the samples were negligible
and below the QL.

Formate and propionate were identified at detectable concentrations in some of the blank samples (see
Table A7). In the case of formate, all blank samples had significant concentrations and consequently
formate data were rejected. Propionate was detected at concentrations above the QL in a field blank
and an equipment blank, affecting one sample which was qualified with a “B.” Follow-up studies
indicated that the likely source of contamination for formate was from the sample containers. Formate
was not reported in the last round of sampling for this reason.

For SVOC analytes, there was a single detection above the QL of bis-(2-ethylhexyl) phthalate in a field
blank collected on 3/24/2013 (see Table A10). There was no impact on data quality because none of the
samples had detectable concentrations of this chemical.

There was a detection of DRO at the QL in one of the equipment blanks (see Table A11). Two samples
were affected and qualified with a “B.” For GRO, several blanks had concentrations above the QL;
however, there was no impact on data quality because none of the samples contained levels of GRO
above the QL.

A.4.3. May 2013 Sampling

Several equipment blanks and one field blank had detections of DOC both above and below the QL (see
Table A3). The blanks above the QL resulted in the qualification of several samples with the “B”
qualifier. One equipment blank for Total Kjeldahl Nitrogen (TKN) collected on 5/17/2013 showed a
detection above the QL; this impacted two samples that were qualified with the “B” qualifier.

There were low level detections, both above and below the QL, in equipment and/or field blanks of
dissolved Al, calcium (Ca), cobalt (Co), Cr, Cu, iron (Fe), Pb, Si, Sr, titanium (Ti), and zinc (Zn) (see Table
A4). In most cases, these detections had no impact on data quality, with the exceptions of certain
samples for dissolved Al, dissolved Cu, and dissolved Pb that had the “B” qualifier applied. For total
metals, there were detections in field and equipment blanks for total arsenic (As), Ca, Cu, Fe, sodium
(Na), Pb, selenium (Se), Si, Sr, thorium (Th), Ti, vanadium (V), and Zn (see Table A5). Those with
detections greater than the QL led to the application of the “B” qualifier for some samples for total As,
Cu, Pb, V, and Zn. The source of this contamination is likely the laboratory.

For SVOC analytes, there was a single detection above the QL of bis-(2-ethylhexyl) phthalate in a field
blank collected on 5/18/2013 (see Table A10). There was no impact on data quality because none of the
affected samples had detectable concentrations of this chemical.

DRO was detected above the QL in one equipment blank collected on 5/20/2013; this detection
impacted none of the samples because DRO detections were not observed in any samples collected on
that date.
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A.5. Field Duplicate Samples

Field duplicate samples were collected to measure the reproducibility and precision of field sampling
and analytical procedures. The relative percent difference (RPD) was calculated to compare

concentration differences between the primary (sample 1) and duplicate sample (sample 2) using the
following equation:

RPD (%) = ABS [2 x (sample 1 sample 2)j x 100

(sample 1 + sample 2)

RPDs were calculated when the constituents in both the primary sample and duplicate sample were >5x
the method QLs. Sample results were qualified if RPDs were >30%. The results of field duplicate
analyses are provided in Tables A13-A25.

A.5.1. All Sampling Events

The only parameters that required qualification based on RPDs not meeting the 30% criterion were total
Fe and total Mn in the May 2013 sampling event. RPDs for one of the field duplicate pairs
(SWPAGWO04/SWPAGWO04d) were 32.0% and 32.5%, respectively, for these analytes. Overall
reproducibility of the multiple field duplicates was very good as shown on the cumulative percent
diagram below (Figure A1). RPD values of field duplicates from the first two rounds of sampling follow a
similar pattern, with 100% of the calculated RPD values less than 10%. Over 65% of the duplicate
analyses agreed to within 1%. During the third round of sampling, additional ICP-MS analyses were
completed. These analyses of trace metals tended to have overall higher RPD values. The third round of
sampling showed that over 90% of the duplicates agreed to within 15%.

120
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Figure A1l. Cumulative % diagram showing the percent agreement of duplicate samples collected during the
three rounds of sampling for this case study.
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A.6. Laboratory QA/QC Results and Data Usability Summary

The QA/QC requirements for laboratory analyses conducted as part of this case study are provided in
the QAPPs. Table A26 summarizes laboratory QA/QC results identified during sample analysis, such as
laboratory duplicate analysis, laboratory blank analysis, matrix spike results, calibration, continuing
calibration checks, and field QC. Impacts on data quality and usability, as well as any issues noted in the
QA/QC results, are presented in Table A26. Data qualifiers are listed in Table A28. Many of the specific
QA/QC observations noted in the Audits of Data Quality are summarized in Table A26.

A majority of the reported data met project requirements. Data that did not meet QA/QC requirements
specified in the QAPP are indicated by the application of data qualifiers in the final data summaries (see
Appendix B). Data determined to be unusable were rejected and qualified with an “R.” Depending on
the data qualifier, data usability is affected to varying degrees. For example, data qualified with a “B”
would not be appropriate to use when the sample concentration is relatively close to the blank
concentration. But as the sample data increase in concentration and approach 10x the blank
concentration, they may be more appropriate to use. Data with a “J” flag are usable with the
understanding that the concentration is approximate, but the analyte is positively identified. A “J+” or
“J-" qualifier indicates a potential positive or negative bias, respectively. An “H” qualifier, for exceeding

“uxn

sample holding time, is considered a negative bias. An indicates that the data are less precise than
project requirements. Each case is evaluated to determine the extent that data are usable or not (see

Table A26).

A.7. Double-lab Comparisons

No double-lab comparisons were conducted for this case study.

A.8. Performance Evaluation Samples

A series of performance evaluation (PE) samples were analyzed by the laboratories conducting critical
analyses to support the Hydraulic Fracturing Retrospective Case Studies. The PE samples were analyzed
as part of the normal QA/QC standard operating procedures, and in the case of certified laboratories, as
part of the certification process and to maintain certification for that laboratory. The results of the PE
tests are presented in tabular form in the Wise County, Texas Retrospective Case Study QA/QC Appendix
and not repeated here. These tables show the results of 1354 tests; 98.6% of the reported values fell
within the acceptance range. For the ORD/NRMRL Laboratory a total of 95 tests were performed with
96.9% of the reported values falling within the acceptable range. Similarly, for the Shaw Environmental
Laboratory, a total of 835 tests were performed, with 98.7% of the reported values falling within the
acceptable range. The EPA Region 8 Laboratory had a total of 424 tests performed with 98.8% of the
reported values falling within the acceptable range. These PE sample results demonstrate the high
quality of the analytical data reported here. Analytes not falling within the acceptable range were
examined, and corrective action was undertaken to ensure data quality in future analysis.

A.9. QAPP Additions and Deviations

The July 2011 sampling was conducted using the “Hydraulic Fracturing Retrospective Case Study,
Marcellus Shale, Washington County, PA” revision 0 QAPP. The March 2012 sampling was conducted
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using “Hydraulic Fracturing Retrospective Case Study, Marcellus Shale, Washington County, PA” revision
1 QAPP. The May 2013 sampling was conducted using the “Hydraulic Fracturing Retrospective Case
Study, Marcellus Shale, Washington County, PA” revision 2 QAPP.

During the first two sampling events several field and equipment blanks were not collected as described
in the QAPP. In cases when a particular blank was not collected on a day of sampling, blank results from
the previous day were used to evaluate application of qualifiers in situations where there were
detections in the blank samples. There was no expected impact on data quality resulting from this QAPP
deviation. As described previously, blank contamination issues did not impact a vast majority of the
analytes determined for this case study.

An additional deviation from planned analyses described in the QAPP was that all of the ICP-MS metals
data were not reported from the July 2011 sampling event. These data were not reported because of
concerns about the data quality and because the samples could not be re-analyzed within the specified
sample holding time. Instead, ICP-OES data were reported for the ICP-MS metals As, Cd, Cr, Cu, Ni, Pb,
and Se. ICP-MS data were collected for the March 2012 and May 2013 sampling events. In general, the
ICP-OES trace metal data cannot be compared with the subsequent ICP-MS data due to the large
differences in QLs and MDLs for the ICP-OES and ICP-MS methods, respectively. Therefore, trace metal
evaluations only consider data collected during the last two sampling events. Information about the
concentrations of As, Cd, Cr, Cu, Ni, Pb, and Se from the first round of sampling is considered to be for
screening-level evaluation.

Analysis of the original ICP-MS results for the March 2012 sampling event indicated that the laboratory
did not analyze interference check solutions (ICSs) as described in EPA Method 6020A. These ICSs would
have enabled the laboratory to evaluate the analytical method’s ability to appropriately handle known
potential interferences and other matrix effects. In ICP-MS analysis, the ICS is used to verify that
interference levels are corrected by the data system within quality control limits. Because of the
importance of this missing quality control check, it was deemed necessary to reject the data from the
original analysis. Because samples were within the method holding time, reanalysis was conducted by
the EPA Superfund Analytical Services CLP for Al, As, Cd, Cr, Cu, Ni, Pb, Sb, Se, Th, Tl, and uranium (U) by
ICP-MS. This additional work was completed under an Addendum to revision 1 of the QAPP. The CLP
ICP-MS data were reported for both dissolved and total metals for the metals listed above for the
samples collected during the March 2012 sampling event.

A.10. Field QA/QC

A YSI Model 556 electrode and flow-cell assembly was used to measure temperature, specific
conductance, pH, oxidation-reduction potential (ORP), and dissolved oxygen. YSI electrodes were
calibrated in the morning of each sampling day. Performance checks were conducted after initial
calibration, midday and at the end of each day. NIST-traceable buffer solutions (4.00, 7.00 and/or
10.01) were used for pH calibration and for continuing checks. Orion ORP standard was used for
calibration of redox potential measurements. Oakton conductivity standard was used for calibration of
specific conductance measurements. Dissolved oxygen sensors were calibrated with air and checked
with zero-oxygen solutions to ensure good performance at low oxygen levels. Table A27 provides the
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results of initial, midday and end-of-the-day performance checks. Prior to field deployment, the
electrode assembly and meter were checked to confirm good working order. Field performance checks
were within acceptance limits (Table A27).

Field parameters for this case study consisted of turbidity, alkalinity, total dissolved sulfide species
(2H,S), and ferrous iron. Because field measurements of ferrous iron and dissolved sulfide sometimes
required dilution and because all sample preparations and measurements were made in an uncontrolled
environment (i.e., the field), concentration data for these parameters are qualified in all cases as
estimated. Turbidity was measured using a Hach 2100Q Portable Turbimeter and was calibrated using a
Hach 2100Q StablCal Calibration Set. The Hach 2100Q StablCal Calibration Set consists of the 20
nephelometric turbidity unit (NTU), 100 NTU, and 800 NTU standards with a 10 NTU calibration
verification standard. For alkalinity measurements, a Hach Model AL-DT Digital Titrator was used. The
total dissolved sulfide and ferrous iron measurements were collected using Hach DR2700 and DR890
spectrometers, respectively. The equipment used for measuring alkalinity, total dissolved sulfide
species, and ferrous iron was tested in the lab prior to field deployment using known standards. In the
field, a blank sample was measured to confirm that no cross contamination occurred. This was also the
case for turbidity; however, a 10 NTU standard was also used to verify the calibration.

A.11. Data Qualifiers

Data qualifiers and their definitions are listed in Table A28. Many factors can impact the quality of data
reported for environmental samples, including factors related to sample collection in the field, transport
of samples to laboratories, and the analyses conducted by various laboratories. The list of qualifiers in
Table A28 is based on the Data Qualifier Definitions presented in the EPA CLP National Functional
Guidelines for Superfund Organic Methods Data Review (USEPA/540/R-01, 2008), and the EPA CLP
National Functional Guidelines for Superfund Inorganic Methods Data Review (USEPA/540/R/10/011,
2010), with the addition of data qualifiers “H” and “B”, which are necessary for communicating issues
that occur during analysis in laboratories not bound by the CLP statement of work. The “R” qualifier is
used in cases where it was determined that data needed to be rejected. Data rejection can occur for
many reasons, which must be explained in QA/QC narratives. Conditions regarding the application of
qualifiers include:

o If the analyte was not detected, then it was reported as <QL and qualified with U.

e If the analyte concentration was between the MDL and QL, then it was qualified with J.

e If the analyte concentration was <QL, then the B qualifier was not applied.

e If both an analyte and an associated blank concentration were between the MDL and QL, then
the sample results were reported as <QL and qualified with U.

e For samples associated with high matrix spike recoveries, the J+ qualifier was not applied if the
analyte was <QL.

e For samples associated with low matrix spike recoveries, the J- qualifier was applied to the
analyte with low recovery regardless of analyte concentration (< or > QL).
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A.12. Tentatively Identified Compounds

The EPA Region 8 Laboratory reported tentatively identified compounds (TICs) from SVOC analyses.
Several SVOC TICs were identified in samples and blanks (see Table A29). To be identified as a TIC, a
peak had to have an area at least 10% as large as the area of the nearest internal standard and a match
quality greater than 80. The TIC match quality is based on the number and ratio of the major
fragmentation ions. A perfect match has a value of 99. Although the TIC report is essentially a
qualitative report, an estimated concentration was calculated based on a response factor of 1.00 and
the area of the nearest internal standard. The search for TICs included the whole chromatogram from
approximately 3.0 to 41.0 minutes for SVOCs. TICs are compounds that can be detected, but, without
the analysis of standards, cannot be confirmed or reliably quantified. Oftentimes, TICs are
representative of a class of compounds rather than indicating a specific compound. Only the top TIC
was reported for each peak.

A.13. Audits of Data Quality

An Audit of Data Quality (ADQ) was performed for each sampling event per EPA’s NRMRL standard
operating procedure (SOP), “Performing Audits of Data Quality (ADQs),” to verify that the requirements
of the QAPP were properly implemented for the analysis of critical analytes for samples submitted to
laboratories identified in the QAPP associated with this project. The ADQs were performed by a QA
support contractor, Neptune and Company, Inc., and reviewed by NRMRL QA staff. NRMRL QA staff
provided the ADQ results to the project Principal Investigator for response and assisted in the
implementation of corrective actions. The ADQ process is an important element of Category | (highest
of four levels in EPA ORD) Quality Assurance Projects, which this study operated under for all aspects of
ground water and surface water sample collection and analysis.

Complete data packages were provided to the auditors for the July 2011, March 2012, and May 2013
sampling events. A complete data package consisted of the following: sample information; method
information; data summary; laboratory reports; raw data, including QC results; and data qualifiers. The
QAPP was used to identify data quality indicator requirements and goals, and a checklist was prepared
based on the types of data collected. The data packages were reviewed against the checklist by tracing
a representative set of the data in detail from raw data and instrument readouts through data
transcription or transference through data manipulation (either manually or electronically by
commercial or customized software) and through data reduction to summary data, data calculations,
and final reported data. All calibration and QA/QC data were reviewed for all available data packages.
Data summary spreadsheets prepared by the Principal Investigator were also reviewed to determine
whether data had been accurately transcribed from lab summary reports and appropriately qualified
based on lab and field QC results.

The ADQ focused on the critical analytes, as identified in revision 3 of the QAPP. These are GRO; DRO;
VOCs including alcohols (naphthalene, acrylonitrile, benzene, toluene, ethylbenzene, xylenes, ethanol,
isopropyl alcohol and tert butyl alcohol); trace elements [As, Se, Sr, barium (Ba), and boron (B)]; major
cations [Ca, magnesium (Mg), Na, and potassium (K)]; and major anions (chloride, nitrate + nitrite,
sulfate). Also included in the ADQ were the glycols and all metals analyzed. The non-conformances
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identified in an ADQ may consist of the following categories: finding (a deficiency that has or may have a
significant effect on the quality of the reported results; a corrective action response is required), or
observation (a deficiency that does not have a significant effect on the quality of the reported results; a
corrective action response is required). The ADQ for the July 2011 sampling event noted a series of five
observations; the March 2012 sampling event had two findings and six observations; the March 2012
CLP ICP-MS metals analysis had two findings and three observations; and, the May 2013 event had eight
observations. The ADQ findings and observations that had an impact on data quality and usability are
found in Table A26 along with the corrective actions taken and data qualifications. All findings and
observations were resolved through corrective actions.

A.14. Laboratory Technical System Audits

Laboratory Technical Systems Audits (TSAs) were conducted early in the project to allow for
identification and correction of any issues that may affect data quality. Laboratory TSAs focused on the
critical target analytes. Laboratory TSAs were conducted on-site at the ORD/NRMRL Laboratory and
Shaw Environmental [both laboratories are located at the Robert S. Kerr Research Center, Ada, OK] and
at the EPA Region 8 Laboratory (Golden, CO) which analyzed for SVOCs, DRO and GRO. Detailed
checklists, based on the procedures and requirements specified in the QAPP, related SOPs, and EPA
Methods, were prepared and used during the TSAs. These audits were conducted with contract support
from Neptune and Co., with oversight by NRMRL QA Staff. The QA Manager tracked implementation
and completion of any necessary corrective actions. The TSAs took place in July 2011. The TSAs found
good QA practices in place at each laboratory. There were no findings and six observations across the
three laboratories audited. All observations were resolved through corrective actions. The observations
had no impact on the sample data quality.

A.15. Field TSAs

For Category 1 QA projects, TSAs are conducted on both field and laboratory activities. Detailed
checklists, based on the procedures and requirements specified in the QAPP, SOPs, and EPA Methods
were prepared and used during the TSAs. The field TSA took place during the second sampling event in
March 2012 (audit date: March 26, 2012). The sample collection, documentation, field measurements
(and calibration), and sample handling were performed according to the QAPP. No findings and two
observations were noted in the field TSA related to sample labeling and collection of dissolved gas
samples. All observations were resolved through corrective actions. There was no impact on the sample
data quality.
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Appendix A Tables
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Table A1. Sample containers, preservation, and holding times for water samples.

Sample Type

Analysis Method (Lab Method)

Sample Bottles/ # of bottles®

Preservation/ Storage

Holding
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Sampling
Rounds>

Dissolved gases

Shaw Environmental®: No EPA
Method (RSKSOP-194v4 &-175v5)

60 mL serum bottles/2

No headspace TSP4, pH
>10; refrigerate <6°C’

Time(s)

14 days

1,23

Dissolved Metals (Filtered)

Shaw Environmental: EPA
Methods 200.7 & 6020A (RSKSOP-
213v4 & -257v2 or -332v0)

125 mL plastic bottle/1

HNO,, pH<2

6 months (Hg
28 days)

1,2

Dissolved Metals (Filtered)

EPA Region 7 RASP Contract
Southwest Research Institute:
EPA Methods 200.7 & 6020A

1L plastic bottle/1

HNOs, pH<2

6 months

Dissolved Hg (Filtered)

EPA Region 7 RASP Contract
Southwest Research Institute: EPA
Method 7470A

1L plastic bottle/1

HNO,, pH<2

28 days

Total Metals (Unfiltered)

Shaw Environmental: Analysis-
EPA Methods 200.7 & 6020A
(RSKSOP-213v4 & -257v2 or -

332v0); and Digestion- EPA

Method 3015A (RSKSOP-179v3)

125 mL plastic bottle/1

HNO,, pH<2

6 months

1,2

Total Metals (Unfiltered)

EPA Region 7 RASP Contract
Southwest Research Institute:
EPA Methods 200.7 & 6020A; and
Digestion EPA Method 200.7

1L plastic bottle/1

HNO,, pH<2

6 months

Total Hg (Unfiltered)

EPA Region 7 RASP Contract
Southwest Research Institute: EPA
Method 7470A; and Digestion EPA

Method 200.7

1L plastic bottle/1

HNO,, pH<2

28 days
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Table A1. Sample containers, preservation, and holding times for water samples (cont.).

Holding Sampling
Time(s) Rounds’

Sample Type Analysis Method (Lab Method) Sample Bottles/ # of bottles* Preservation/ Storage

EPA CLP Inorganic Statement of
Work (SOW) ISM01.3, Exhibit D —

Trace Metals (Total and Part B,“Analytical Methods for 125 mL plastic bottle/1
. Inductively Coupled Plasma — for each total and dissolved HNO;, pH<2 6 months 2
Dissolved) o .
Mass Spectrometry”, with fraction
modifications as noted in QAPP
revision 1 addendum
Sulfate (SO,), Chloride (Cl), ORD/NRMRL (Ada): EPA Method . . o
<
Fluoride (F), Bromide (Br) 6500 (RSKSOP-276v3) 30 mL plastic bottle/1 Refrigerate <6°C 28 days 1,2,3
ORD/NRMRL (Ada): No EPA . . o
<
Br Method (RSKSOP-214v5) 30 mL plastic bottle/1 Refrigerate <6°C 28 days 3
Br ORD/NRMRL (Ada): EPA Method 30 mL plastic bottle/1 Refrigerate <6°C 28 days 3

6500 (RSKSOP-288v3)

ORD/NRMRL (Ada): EPA Method H,S0,, pH<2;

Nitrate+Nitrite (NO3+NO,) 353.1 (RSKSOP-214v5) 60 mL plastic bottle/1 refrigerate <6°C 28 days 1,2,3

. ORD/NRMRL (Ada): EPA Method . H,S0,, pH<2;
Ammonia (NH3) 350.1 (RSKSOP-214v5) 60 mL plastic bottle/1 refrigerate <6°C 28 days 1,2,3
Total Kjeldahl Nitrogen ORD/NRMRL (Ada): EPA Method 60 mL plastic bottle/1 H,50,, pH<2; 28 days 3

) & 351.2 (RSKSOP-214v5) P refrigerate <6°C y
Dissolved Inorganic Carbon ORD/NRMRL (Ada): EPA Method . . o
<

(DIC) 9060A (RSKSOP-330v0) 40 mL clear glass VOA vial/2 Refrigerate <6°C 14 days 1,2,3
Dissolved Organic Carbon ORD/NRMRL (Ada): EPA Method 40 mL clear glass VOA vial/2 H;PO,; refrigerate <6°C 28 days 1,2,3

(DOC) 9060A (RSKSOP-330v0)




Table A1. Sample containers, preservation, and holding times for water samples (cont.).
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. 1 . Holding Sampling
Sample Type Analysis Method (Lab Method) Sample Bottles/ # of bottles Preservation/ Storage Time(s) Rounds’
. . Shaw Environmental: EPA 4
Volatile O C d No head TSP”, pH
olatile Drganic LOmMpoUNAs | yyothod 5021A + 8260C (RSKSOP- | 40 mL amber glass VOA vial/2 | ' o headspace 157, p 14 days 1,2
(VvoCQ) >10; refrigerate <6°C
299v1)
Volatile Organic Compounds EPA Region 7 RASP Con'Fract . No headspace HCI, pH
(VOQ) Southwest Research Institute: 40 mL amber glass VOA vial/4 <2 refrigerate <6°C 14 days 3
EPA Methods 8260B s retngerate =
. . Shaw Environmental®: No EPA . TSP4, pH >10;
Low Molecular Weight Acids Method (RSKSOP-112v6) 40 mL amber glass VOA vial/2 refrigerate <6°C 30 days 1,2,3
7 days
Semi-volatile organic EPA Region 8: EPA Method 8270D . o extraction, 30
<
compounds (SVOC) (ORGM-515 r1.1) 1 L amber glass bottle/2 Refrigerate <6°C days after 1,2,3
extraction
7 days
. . EPA Region 8: EPA Method 8015D HCI, pH<2; refrigerate extraction, 40
Diesel Range Organics (DRO) (ORGM-508 r1.0) 1L amber glass bottle/2 <6°C days after 1,2,3
extraction
Gasoline Range Organics EPA Region 8: EPA Method 8015D . No headspace HCl, pH
40 mL ber VOA vial/2 14d 1,2,3
(GRO) (ORGM-506 r1.0) mL amber VOA vial/ <2; refrigerate <6°C ays 1
EPA Region 3: No EPA Method . . o
<
Glycols (R3 Methods) 40 mL amber VOA vial/2 Refrigerate <6°C 14 days 1,2,3
87Sr/865r Isotope Analysis U.SG.S: No EPA Method (Thermal 500 mL plastic bottle/2 Refrigerate <6°C 6 months 1,23
ionization mass spectrometry)
260 ALS SOP783v9 (EPA Method 1L plastic/1 HNO3;, pH<2; room 6 months 23
903.1) temperature
228 ALS SOP746v9 (EPA Method . HNO;, pH<2; room
Ra 904.0) 2 L plastic/1 temperature 6 months 2,3
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Table A1. Sample containers, preservation, and holding times for water samples (cont.).

Sample Type Analysis Method (Lab Method) Sample Bottles/ # of bottles* Preservation/ Storage :Ic:‘ 1‘{5 S:on:‘f‘i;r;zg
Gross Alpha/Beta ALS sopz;;‘&%%gég\)/ll (EPA 1L plastic/1 HN&;E::azt;u:Zom 6 months 2,3
O, H stable isotopes of water &Zilzvozn(\sgiggs;tggv(;\;?lEBIAS 20 ml glass VOA vial/1 Refrigerate <6°C Stable 1
O, H stable isotopes of water '\sﬂhei;vozn{;;ir;rgﬁ?;gz\:lol;l;ocizi 20 ml glass VOA vial/1 Refrigerate <6°C Stable 2,3
8C of inorganic carbon ISOteCh(;l\;gji:ziﬁ);:ﬁjdr;d IRMS 60 mL plastic bottle/1 Refrigerate <6°C 14 days 1,2,3
8C and 8°H of methane ISOteCh(;l\lgc?SEIS?TpNFl);:E;dn)d IRMS 1L plastic bottle/1 Cacillf)tri(:jfezzg?gggtm 3 months 1,2,3

! Spare bottles were made available for laboratory QC samples and for replacement of compromised samples (broken bottle, QC failures, etc.).
2 Sampling rounds occurred in July 2011 (round 1), March 2012 (round 2), and May 2013 (round 3).

3 Analyses in round 3 were performed by CB&I (name changed from Shaw).

* Trisodium phosphate.

> Above freezing point of water.

® EPA Methods 8000C and 8321 were followed for method development and QA/QC; method based on ASTM D773-11.



Table A2. Field QC samples for ground water and surface water analysis.

QC Sample

Purpose

Frequency
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Acceptance Criteria/

Corrective Actions

Trip Blanks (VOCs and
Dissolved Gases only)

Assess contamination during
transportation.

Fill bottles with reagent
water and preserve, take to
field and return without
opening.

One in an ice chest with VOA
and dissolved gas samples.

Equipment Blanks

Assess contamination from
field equipment, sampling
procedures, decontamination
procedures, sample
container, preservative, and

shipping.

Apply only to samples
collected via equipment,
such as filtered samples:

Reagent water is filtered and
collected into bottles and
preserved same as filtered

samples.

One per day of sampling.

Field Blanks"

Assess contamination
introduced from sample
container with applicable
preservation.

In the field, reagent water is
collected into sample
containers with
preservatives.

One per day of sampling.

<QL

Samples were flagged when
the analyte concentration
was >QL, but <10X the
concentration found in the
blank.

Field Duplicates

Represent precision of field
sampling, analysis, and site
heterogeneity.

One or more samples
collected immediately after
original sample.

One in every 10 samples, or if
<10 samples collected for a
water type (ground or
surface), collect a duplicate
for one sample.

RPD<30% for results > 5X the
QL.
Affected data were flagged
as needed.

Temperature Blanks

Measure temperature of
samples in the cooler.

Water sample that is
transported in cooler to lab.

One per cooler.

The temperature was
recorded by the receiving lab
upon receipt.2

! Blank samples were not required for isotope ratio measurements, including 180/160, HZ/H, and 13'C/HC. *The Pl was notified if the samples arrived with no ice

and/or if the temperature recorded from the temperature blank was >6°C.




Table A3. DOC, DIC, Ammonia, and Anion Blanks.

Sample ID

Date Collected

DOC
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July 2011

SWPA Field Blk 01 7/25/2011 <0.50 <1.00 <0.10 NA <0.10 <1.00 <1.00 <1.00 <0.20
SWPA FId Blk 02 7/26/2011 <0.50 <1.00 <0.10 NA <0.10 <1.00 <1.00 <1.00 <0.20
SWPA Eq Blk 01 7/27/2011 <0.50 <1.00 0.21 NA <0.10 <1.00 <1.00 <1.00 <0.20
MDL 0.07 0.02 0.01 0.01 0.14 0.07 0.14 0.04
QL 0.50 1.00 0.10 0.10 1.00 1.00 1.00 0.20
Detections in

samples 16/18 18/18 17/18 2/18 14/18 18/18 18/18 17/18
Concentration min 0.54 33.2 0.19 0.18 0.48 1.86 14.4 0.06
Concentration max 1.80 103 17.7 0.27 2.40 631 98.9 1.24

March 2012

SWPA F Blank01 3/23/2012 <0.50 <1.00 0.28 NA <0.10 <1.00 <1.00 <1.00 <0.20
SWPA F Blank02 3/24/2012 <0.50 <1.00 0.43 NA <0.10 <1.00 <1.00 <1.00 <0.20
SWPA F Blank03 3/26/2012 <0.50 <1.00 <0.10 NA <0.10 <1.00 <1.00 <1.00 <0.20
SWPA Eq Blank01 3/23/2012 0.07 <1.00 0.27 NA <0.10 <1.00 <1.00 <1.00 <0.20
SWPA Eq Blank02 3/26/2012 <0.50 <1.00 <0.10 NA <0.10 <1.00 <1.00 <1.00 <0.20
MDL 0.07 0.02 0.01 0.01 0.13 0.11 0.05 0.03
QL 0.50 1.00 0.10 0.10 1.00 1.00 1.00 0.20
Detections in

samples 16/17 17/17 17/17 3/17 13/17 17/17 17/17 16/17
Concentration min 0.52 49.2 0.38 0.14 0.44 1.91 4,51 0.03
Concentration max 1.99 119 23 0.27 3.03 462 91.6 2.03

NA, not analyzed.




Table A3. DOC, DIC, Ammonia, and Anion Blanks (cont.).
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Date
Sl Ol Collected
May 2013
SWPA F Blank01 5/17/2013 <0.25 <1.00 <0.10 0.07 <0.10 <1.00 <1.00 <1.00 <0.20
SWPA F Blank02 5/18/2013 <0.25 <1.00 <0.10 <0.10 <0.10 <1.00 <1.00 <1.00 <0.20
SWPA F Blank03 5/19/2013 <0.25 <1.00 <0.10 <0.10 <0.10 <1.00 <1.00 <1.00 <0.20
SWPA F Blank04 5/20/2013 0.05 <1.00 <0.10 <0.10 <0.10 <1.00 <1.00 <1.00 <0.20
SWPA Eq Blank01 5/17/2013 0.45 <1.00 0.01 0.36 <0.10 <1.00 0.22 <1.00 <0.20
SWPA Eq Blank02 5/18/2013 0.08 <1.00 <0.10 <0.10 <0.10 <1.00 <1.00 <1.00 <0.20
SWPA Eq Blank03 5/19/2013 0.12 <1.00 0.01 <0.10 <0.10 <1.00 <1.00 <1.00 <0.20
SWPA Eq Blank04 5/20/2013 0.56 <1.00 0.01 <0.10 <0.10 <1.00 <1.00 <1.00 <0.20
MDL 0.05 0.09 0.01 0.03 0.02 0.17 0.13 0.16 0.05
QL 0.25 1.00 0.10 0.10 0.10 1.00 1.00 1.00 0.20
Detections in samples 15/15 15/15 15/17 13/17 5/17 10/17 17/17 17/17 14/17
Concentration min 0.39 24.2 0.02 0.05 0.08 0.20 1.93 14.6 0.06
Concentration max 1.85 98.3 1.46 0.51 0.29 2.23 390 524 1.15




Table A4. Dissolved Metal Blanks.

Sample ID

Date
Collected

Ag
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July 2011

SWPA Field Blk 01 7/25/2011 <14 <494 <20 <333 <4 <10 <0.29 <4 <4 <7 <20 <67 NA
SWPA Fld Blk 02 7/26/2011 <14 <494 <20 <333 <4 <10 <0.29 <4 <4 <7 <20 <67 NA
SWPA Eq Blk 01 7/27/2011 <14 <494 <20 <333 <4 <10 <0.29 <4 <4 <7 <20 <67 NA
MDL 4 148 6 100 1 3 0.09 1 1 2 6 20

QL 14 494 20 333 4 10 0.29 4 4 7 20 67
Detections in samples 3/18 0/18 0/18 1/18 18/18 0/18 18/18 0/18 2/18 0/18 9/18 4/18
Concentration min 4 <494 <20 256 34 <10 12.4 <4 1 <7 7 23
Concentration max 5 <494 <20 256 465 <10 351 <4 1 <7 60 1060

March 2012

SWPA F Blank01 3/23/2012 <14 <20.0 <1.0 <333 <4 <10 <0.29 <1.0 <4 <2.0 <2.0 <67 NA
SWPA F Blank02 3/24/2012 <14 7.7 <1.0 <333 <4 <10 <0.29 | <1.0 <4 <2.0 0.47 <67 NA
SWPA F Blank03 3/26/2012 <14 41 <1.0 <333 <4 <10 <0.29 | <1.0 <4 <2.0 0.55 <67 NA
SWPA Eq Blank01 3/23/2012 <14 <20.0 | <1.0 <333 <4 <10 <0.29 | <1.0 <4 <2.0 0.52 <67 NA
SWPA Eq Blank02 3/26/2012 <14 <20.0 <1.0 <333 <4 <10 <0.29 <1.0 <4 <2.0 <2.0 <67 NA
MDL 4 3.7 0.44 100 1 3 0.09 0.22 1 0.43 0.46 20

QL 14 20.0 1.0 333 4 10 0.29 1.0 4 2.0 2.0 67
Detections in samples 0/17 3/17 | 16/17 | 2/17 | 17/17 | 0/17 | 17/17 | 1/17 0/17 0/17 6/17 5/17
Concentration min <14 15.7 0.51 109 33 <10 6.21 0.31 <4 <2.0 <2.0 26
Concentration max <14 28.7 1.4 246 438 <10 298 0.31 <4 <2.0 11.0 2750

NA, not analyzed.
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Table A4. Dissolved Metal Blanks (cont.).

Date
Sl Ol Collected
May 2013
SWPA F Blank01 5/17/2013 <10 <20 <0.20 <40 <5.0 <5.0 <0.10 | <0.20 <5.0 <2.0 <0.50 | <100 | <0.20
SWPA F Blank02 5/18/2013 <10 <20 <0.20 <40 <5.0 <5.0 | <0.10 | <0.20 | <5.0 <2.0 | <0.50 | <100 | <0.20
SWPA F Blank03 5/19/2013 <10 <20 <0.20 <40 <5.0 <5.0 | <0.10 | <0.20 | <5.0 <2.0 | <0.50 31 <0.20
SWPA F Blank04 5/20/2013 <10 <20 <0.20 <40 <5.0 <5.0 | <0.10 | <0.20 | <5.0 <2.0 1.6 <100 | <0.20
SWPA Eq Blank01 5/17/2013 <10 <20 <0.20 <40 <5.0 <5.0 <0.10 | <0.20 <5.0 <2.0 <0.50 | <100 | <0.20
SWPA Eq Blank02 5/18/2013 <10 21 <0.20 <40 <5.0 <5.0 <0.10 | <0.20 <5.0 <2.0 <0.50 | <100 | <0.20
SWPA Eq Blank03 5/19/2013 <10 <20 <0.20 <40 <5.0 <5.0 | <0.10 | <0.20 | <5.0 <2.0 | <0.50 | <100 | <0.20
SWPA Eq Blank04 5/20/2013 <10 <20 <0.20 <40 <5.0 <5.0 0.14 | <0.20 1.3 0.31 2.7 <100 | <0.20
MDL 1.4 3.5 0.04 4.2 0.1 0.1 0.009 | 0.10 1.0 0.30 0.20 14 0.01
QL 10 20 0.2 40 5.0 5.0 0.10 0.20 5.0 2.0 0.50 100 0.20
Detects 2/17 2/17 | 15/17 | 13/17 | 17/17 | 0/17 | 17/17 | 0/17 3/17 5/17 | 15/17 | 14/17 | 0/17
Min 2.2 <20 0.08 11 85 <5.0 17.4 | <0.20 1.7 0.32 0.24 27 <0.20
Max 2.9 136 0.84 236 407 <5.0 288 <0.20 2.0 1.3 78.6 888 <0.20




Table A4. Dissolved Metal Blanks (cont.).

Date
SO Collected
July 2011
SWPA Field Blk 01 7/25/2011 | <0.35 NA <0.10 <14 <17 <1.71 <84 <0.06 <17 <0.46 R <30 <0.43
SWPA FId Blk 02 7/26/2011 | <0.35 NA <0.10 <14 <17 <1.71 <84 <0.06 <17 <0.46 R <30 <0.43
SWPA Eq Blk 01 7/27/2011 | <0.35 NA <0.10 <14 <17 <1.71 <84 <0.06 <17 <0.46 R <30 <0.43
MDL 0.11 0.03 4 5 0.51 25 0.02 5 0.14 9 0.13
QL 0.35 0.10 14 17 1.71 84 0.06 17 0.46 30 0.43
Detections in samples 18/18 18/18 | 8/18 1/18 | 18/18 | 0/18 0/18 0/18 | 18/18 0/18 | 18/18
Concentration min 0.76 3.85 18 26 4.44 <84 <0.06 <17 5.66 <30 4.58
Concentration max 1.63 27.5 929 26 160 <84 <0.06 <17 314 <30 11.2
March 2012
SWPA F Blank01 3/23/2012 | <0.35 NA <0.10 <14 <17 <1.71 | <1.0 | <0.06 | <1.0 | <0.46 | <2.0 <5.0 | <0.43
SWPA F Blank02 3/24/2012 | <0.35 NA <0.10 <14 <17 <1.71 | 21.2 | <0.06 | <1.0 | <0.46 | <2.0 <5.0 | <0.43
SWPA F Blank03 3/26/2012 | <0.35 NA <0.10 <14 <17 <1.71 6.0 <0.06 | <1.0 | <0.46 | <2.0 <5.0 | <0.43
SWPA Eq Blank01 3/23/2012 | <0.35 NA <0.10 <14 <17 <1.71 | 0.29 | <0.06 | <1.0 | <0.46 | <2.0 <5.0 | <0.43
SWPA Eq Blank02 3/26/2012 | <0.35 NA | <0.10 <14 <17 <1.71 | <1.0 | <0.06 | <1.0 | <0.46 <2.0 <5.0 | <0.43
MDL 0.11 0.03 4 5 0.51 0.22 0.02 0.20 0.14 0.44 1.0 0.13
QL 0.35 0.10 14 17 1.71 1.0 0.06 1.0 0.46 2.0 5.0 0.43
Detections in samples 17/17 17/17 8/17 0/17 17/17 | 4/17 2/17 4/17 17/17 0/17 3/17 17/17
Concentration min 0.89 4.43 20 <17 3.33 0.63 0.02 0.23 1.53 <2.0 1.8 4.55
Concentration max 1.82 29.4 1060 <17 265 3.0 0.06 0.46 32.0 <2.0 4.2 9.70

NA, not analyzed. R, data rejected due to potential spectral interferences.
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Table A4. Dissolved Metal Blanks (cont.).

Date
Sl Ol Collected
May 2013
SWPA F Blank01 5/17/2013 | <0.50 <10 <0.05 <5.0 <0.50 | <0.25 | <0.20 | <0.05 | <0.20 NA <0.20 <2.0 <0.10
SWPA F Blank02 5/18/2013 | <0.50 <10 <0.05 <5.0 | <0.50 | <0.25 | <0.20 | <0.05 | <0.20 NA <0.20 | <2.0 | <0.10
SWPA F Blank03 5/19/2013 | <0.50 <10 <0.05 <5.0 | <0.50 | <0.25 | <0.20 | <0.05 | <0.20 NA <0.20 | <2.0 | <0.10
SWPA F Blank04 5/20/2013 | <0.50 <10 <0.05 <5.0 | <0.50 | <0.25 | <0.20 | <0.05 | <0.20 NA <0.20 | <2.0 0.03
SWPA Eq Blank01 5/17/2013 | <0.50 <10 <0.05 <5.0 <0.50 | <0.25 | <0.20 | <0.05 | <0.20 NA <0.20 <2.0 <0.10
SWPA Eq Blank02 5/18/2013 | <0.50 <10 <0.05 <5.0 <0.50 | <0.25 | <0.20 | <0.05 | <0.20 NA <0.20 <2.0 <0.10
SWPA Eq Blank03 5/19/2013 | <0.50 <10 <0.05 <5.0 | <0.50 | <0.25 | <0.20 | <0.05 | <0.20 NA <0.20 | <2.0 | <0.10
SWPA Eq Blank04 5/20/2013 | <0.50 <10 <0.05 <5.0 | <0.50 | <0.25 | <0.20 | <0.05 0.27 NA <0.20 | <2.0 | <0.10
MDL 0.046 0.4 0.003 0.2 0.15 | 0.008 | 0.20 | 0.005 0.05 0.10 0.4 0.005
QL 0.50 10 0.05 5.0 0.50 0.25 0.20 0.05 0.20 0.20 2.0 0.10
Detects 17/17 | 17/17 | 17/17 | 17/17 | 7/17 | 17/17 | 17/17 | 5/17 7/17 3/17 0/17 | 17/17
Min 0.95 3.7 5.42 0.42 0.52 5.48 0.7 0.01 0.16 0.10 <2.0 3.76
Max 2.12 18.8 29.7 750 6.3 182 10.2 0.06 1.4 0.20 <2.0 9.02

NA, not analyzed.



Table A4. Dissolved Metal Blanks (cont.).
Date

Sample ID Collected Sr Th
July 2011
SWPA Field Blk 01 7/25/2011 <4 NA <7 R NA <10 <50
SWPA FId Blk 02 7/26/2011 <4 NA <7 R NA <10 <50
SWPA Eq Blk 01 7/27/2011 <4 NA <7 R NA <10 <50
MDL 1 2 3 15
QL 4 7 10 50
Detections in samples 18/18 0/18 4/18 | 15/18
Concentration min 200 <7 3 17
Concentration max 1530 <7 5 245
March 2012
SWPA F Blank01 3/23/2012 <4 <1.0 <7 <1.0 <1.0 <10 <50
SWPA F Blank02 3/24/2012 <4 <1.0 <7 <1.0 <1.0 <10 <50
SWPA F Blank03 3/26/2012 <4 <1.0 <7 <1.0 <1.0 <10 <50
SWPA Eq Blank01 3/23/2012 <4 <1.0 <7 <1.0 <1.0 <10 <50
SWPA Eq Blank02 3/26/2012 <4 <1.0 <7 <1.0 <1.0 <10 <50
MDL 1 0.29 2 0.20 0.20 3 15
QL 4 1.0 7 1.0 1.0 10 50
Detections in samples 17/17 | 0/17 | 0/17 0/17 | 15/17 | 0/17 0/17
Concentration min 86 <1.0 <7 <1.0 0.46 <10 <50
Concentration max 1050 <1.0 <7 <1.0 1.6 <10 <50

NA, not analyzed. R, data rejected due to spectral interferences.
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Table A4. Dissolved Metal Blanks (cont.).

Date
Sl Ol Collected S
May 2013
SWPA F Blank01 5/17/2013 | <2.0 | <0.20 | <5.0 | <0.20 | <0.20 | <0.20 | <5.0
SWPA F Blank02 5/18/2013 <2.0 <0.20 <5.0 <0.20 | <0.20 | <0.20 <5.0
SWPA F Blank03 5/19/2013 <2.0 <0.20 <5.0 <0.20 | <0.20 | <0.20 <5.0
SWPA F Blank04 5/20/2013 0.12 <0.20 <5.0 <0.20 | <0.20 | <0.20 <5.0
SWPA Eq Blank01 5/17/2013 | <2.0 | <0.20 | 0.28 | <0.20 | <0.20 | <0.20 | <5.0
SWPA Eq Blank02 5/18/2013 0.18 <0.20 <5.0 <0.20 | <0.20 | <0.20 0.5
SWPA Eq Blank03 5/19/2013 0.18 <0.20 <5.0 <0.20 | <0.20 | <0.20 1.4
SWPA Eq Blank04 5/20/2013 0.83 <0.20 <5.0 <0.20 | <0.20 | <0.20 2.4
MDL 0.1 0.10 0.2 0.05 0.05 0.02 0.5
QL 2.0 0.20 5.0 0.20 0.20 0.20 5.0
Detects 17/17 1/17 | 14/17 | 0/17 | 15/17 | 11/17 | 5/17
Min 215 0.16 0.25 <0.20 0.08 0.04 3.9
Max 1220 0.16 2.7 <0.20 0.93 0.50 16.6
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Table A5. Total Metal Blanks.

A-30

Date
Sl Ol Collected
July 2011

SWPA Field Blk 01 7/25/2011 <16 <548 <22 <370 <4 <11 <0.32 <4 <4 <8 <22 <74 NA
SWPA Fld Blk 02 7/26/2011 <16 <548 <22 <370 <4 <11 <0.32 <4 <4 <8 <22 <74 NA
SWPA Eq Blk 01 7/27/2011 <16 <548 <22 <370 <4 <11 <0.32 <4 <4 <8 <22 <74 NA
MDL 4 164 7 111 1 3 0.10 1 1 2 7 22

QL 16 548 22 370 4 11 0.32 4 4 8 22 74
Detections in samples 0/18 5/18 0/18 1/18 | 18/18 | 0/18 | 18/18 | 2/18 0/18 3/18 6/18 | 11/18
Concentration min <16 182 <22 247 35 <11 12.9 2 <4 4 27 25
Concentration max <16 1030 <22 247 493 <11 352 2 <4 7 70 3040

March 2012

SWPA F Blank01 3/23/2012 | <16 <20.0 | <1.0 <370 <4 <11 <0.32 | <1.0 <4 <2.0 0.51 <74 NA
SWPA F Blank02 3/24/2012 | <16 17.6 <1.0 <370 <4 <11 <0.32 134 <4 0.50 1.1 <74 NA
SWPA F Blank03 3/26/2012 | <16 4.9 <1.0 <370 <4 <11 <0.32 | <1.0 <4 <2.0 <2.0 <74 NA
SWPA Eq Blank01 3/23/2012 | <16 <20.0 | <1.0 <370 <4 <11 <0.32 | <1.0 <4 <2.0 <2.0 <74 NA
SWPA Eq Blank02 3/26/2012 | <16 <20.0 | <1.0 <370 <4 <11 <0.32 | <1.0 <4 <2.0 <2.0 <74 NA
MDL 4 3.7 0.44 111 1 3 0.10 0.22 1 0.43 0.46 22

QL 16 20 1.0 370 4 11 0.32 1.0 4 2.0 2.0 74
Detections in samples 0/17 6/17 17/17 1/17 17/17 0/17 17/17 0/17 0/17 1/17 11/17 | 10/17
Concentration min <16 21.8 0.44 246 33 <11 6.46 <1.0 <4 0.73 0.63 41
Concentration max <16 469 2.3 246 446 <11 309 <1.0 <4 0.73 24.9 3080

NA, not analyzed.
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Table A5. Total Metal Blanks (cont.).

Date
Sl Ol Collected
May 2013
SWPA F Blank01 5/17/2013 <10 <20 <0.20 <20 <2.5 <2.5 <0.05 | <0.20 <2.5 <2.0 <0.50 <50 <0.20
SWPA F Blank02 5/18/2013 <10 <20 <0.20 <20 <2.5 <2.5 <0.05 | <0.20 | <2.5 <2.0 | <0.50 22 <0.20
SWPA F Blank03 5/19/2013 <10 <20 <0.20 <20 <2.5 <2.5 <0.05 | <0.20 | <2.5 <2.0 | <0.50 <50 <0.20
SWPA F Blank04 5/20/2013 <10 <20 0.24 <20 <2.5 <2.5 <0.05 | <0.20 | <2.5 <2.0 1.1 <50 <0.20
SWPA Eq Blank01 5/17/2013 <10 <20 0.30 <20 <2.5 <2.5 <0.05 | <0.20 <2.5 <2.0 <0.50 14 <0.20
SWPA Eq Blank02 5/18/2013 <10 <20 0.23 <20 <2.5 <2.5 <0.05 | <0.20 <2.5 <2.0 1.0 <50 <0.20
SWPA Eq Blank03 5/19/2013 <10 <20 0.21 <20 <2.5 <2.5 <0.05 | <0.20 | <2.5 <2.0 0.54 <50 <0.20
SWPA Eq Blank04 5/20/2013 <10 <20 0.23 <20 <2.5 <2.5 <0.05 | <0.20 | <2.5 <2.0 | <0.50 <50 <0.20
MDL 0.6 3.5 0.04 2.1 0.05 0.05 | 0.004 | 0.10 0.5 0.3 0.20 7 0.01
QL 10 20 0.2 20 2.5 2.5 0.05 0.20 2.5 2.0 0.50 50 0.20
Detects 2/17 7/17 | 17/17 | 16/17 | 17/17 | 1/17 | 17/17 | 0/17 3/17 1/17 | 17/17 | 16/17 | 2/17
Min 0.8 26.3 0.23 3.1 81 0.21 19.0 | <0.20 | 0.54 15.8 0.59 44 0.01
Max 2.9 2380 5.9 230 675 0.21 274 <0.20 10.8 15.8 74 10200 | 0.02




Table A5. Total Metal Blanks (cont.).

Date
SO Collected
July 2011
SWPA Field Blk 01 7/25/2011 | <0.39 NA <0.11 <16 <19 <1.90 <93 <0.07 <19 <0.51 R <33 0.16
SWPA FId Blk 02 7/26/2011 | <0.39 NA <0.11 <16 <19 <1.90 <93 <0.07 <19 <0.51 R <33 <0.48
SWPA Eq Blk 01 7/27/2011 | <0.39 NA <0.11 5 <19 <1.90 <93 <0.07 <19 <0.51 R <33 <0.48
MDL 0.12 0.03 4 6 0.57 28 0.02 6 0.15 10 0.14
QL 0.39 0.11 16 19 1.90 93 0.07 19 0.51 33 0.48
Detections in samples 18/18 18/18 | 8/18 0/18 | 18/18 | 0/18 3/18 2/18 | 18/18 0/18 | 18/18
Concentration min 0.78 4.03 33.7 <19 4.75 <93 0.03 14 4.78 <33 4.42
Concentration max 1.80 28.1 1580 <19 157 <93 0.04 17 28.8 <33 11.0
March 2012
SWPA F Blank01 3/23/2012 | <0.39 NA <0.11 <16 <19 <1.90 | <1.0 | <0.07 <1.0 | <0.51 <2.0 <5.0 | <0.48
SWPA F Blank02 3/24/2012 | <0.39 NA <0.11 <16 <19 <1.90 1.3 <0.07 0.47 | <0.51 <2.0 <5.0 | <0.48
SWPA F Blank03 3/26/2012 | <0.39 NA <0.11 <16 <19 <1.90 | <1.0 | <0.07 <1.0 | <0.51 <2.0 <5.0 | <0.48
SWPA Eq Blank01 3/23/2012 | <0.39 NA <0.11 <16 <19 <1.90 <1.0 <0.07 <1.0 0.25 <2.0 <5.0 <0.48
SWPA Eq Blank02 3/26/2012 | <0.39 NA <0.11 <16 <19 <1.90 <1.0 <0.07 <1.0 <0.51 <2.0 <5.0 <0.48
MDL 0.12 0.03 4 6 0.57 0.22 0.02 0.20 0.15 0.44 1.0 0.14
QL 0.39 0.11 16 19 1.90 1.0 0.07 1.0 0.51 2.0 5.0 0.48
Detections in samples 17/17 17/17 | 9/17 0/17 | 17/17 | 7/17 3/17 6/17 | 17/17 | 0/17 2/17 | 17/17
Concentration min 0.93 4.40 16 <19 3.60 0.33 0.04 0.21 1.39 <2.0 3.0 4.26
Concentration max 1.93 29.9 2200 <19 265 0.80 0.08 4.3 27.9 <2.0 5.3 9.23

NA, not analyzed. R, data rejected due to potential spectral interferences.
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Table A5. Total Metal Blanks (cont.).

Date
Sl Ol Collected
May 2013
SWPA F Blank01 5/17/2013 | <0.25 <5.0 <0.03 <2.5 <0.50 | <0.13 | <0.20 | <0.03 | <0.20 NA <0.20 0.55 <0.05
SWPA F Blank02 5/18/2013 | <0.25 <5.0 | <0.03 <2.5 <0.50 | <0.13 | <0.20 | <0.03 | <0.20 NA <0.20 | <2.0 | <0.05
SWPA F Blank03 5/19/2013 | <0.25 <5.0 | <0.03 <2.5 <0.50 | <0.13 | <0.20 | <0.03 | <0.20 NA <0.20 | <2.0 | <0.05
SWPA F Blank04 5/20/2013 | <0.25 <5.0 | <0.03 <2.5 <0.50 | 0.17 | <0.20 | <0.03 | <0.20 NA <0.20 | 0.47 0.05
SWPA Eq Blank01 5/17/2013 | <0.25 <5.0 <0.03 <2.5 <0.50 | <0.13 | <0.20 | <0.03 | <0.20 NA <0.20 <2.0 <0.05
SWPA Eq Blank02 5/18/2013 | <0.25 <5.0 | <0.03 <2.5 <0.50 | <0.13 | <0.20 | <0.03 0.28 NA <0.20 | <2.0 | <0.05
SWPA Eq Blank03 5/19/2013 | <0.25 <5.0 | <0.03 <2.5 <0.50 | <0.13 | <0.20 | <0.03 | <0.20 NA <0.20 | <2.0 | <0.05
SWPA Eq Blank04 5/20/2013 | <0.25 <5.0 | <0.03 <2.5 <0.50 | <0.13 | <0.20 | <0.03 | <0.20 NA <0.20 | <2.0 | <0.05
MDL 0.023 0.2 0.002 0.1 0.15 | 0.004 | 0.20 | 0.002 0.05 0.10 0.4 0.003
QL 0.25 5.0 0.03 2.5 0.50 0.13 0.20 0.03 0.20 0.20 2.0 0.05
Detects 17/17 | 17/17 | 17/17 | 17/17 | 11/17 | 17/17 | 17/17 | 9/17 | 11/17 3/17 6/17 | 17/17
Min 0.90 3.9 5.55 0.42 0.21 5.30 1.1 0.003 0.06 0.14 0.46 3.99
Max 2.40 18.2 28.2 857 6.1 175 175 0.22 25.6 0.20 1.10 9.46

NA, not analyzed.



Table A5. Total Metal Blanks (cont.).
Date

Sample ID Collected Sr
July 2011
SWPA Field Blk 01 7/25/2011 1 NA <8 R NA <11 <56
SWPA FId Blk 02 7/26/2011 <4 NA <8 R NA <11 <56
SWPA Eq Blk 01 7/27/2011 <4 NA <8 R NA <11 <56
MDL 1 2 3 17
QL 4 8 11 56
Detections in samples 18/18 4/18 7/18 | 15/18
Concentration min 206 7 4 18
Concentration max 1560 28 5 641
March 2012
SWPA F Blank01 3/23/2012 <4 <1.0 <8 <1.0 <1.0 <11 <56
SWPA F Blank02 3/24/2012 <4 <1.0 <8 <1.0 <1.0 <11 <56
SWPA F Blank03 3/26/2012 <4 <1.0 <8 <1.0 <1.0 <11 <56
SWPA Eq Blank01 3/23/2012 <4 <1.0 <8 <1.0 <1.0 <11 <56
SWPA Eq Blank02 3/26/2012 <4 <1.0 <8 <1.0 <1.0 <11 <56
MDL 1 0.29 2 0.20 0.20 3 17
QL 4 1.0 8 1.0 1.0 11 56
Detections in samples 17/17 | 0/17 | 11/17 | 0/17 | 15/17 | 0/18 1/18
Concentration min 84 <1.0 2 <1.0 0.46 <11 35
Concentration max 1030 <1.0 30 <1.0 2.0 <11 35

NA, not analyzed. R, data rejected due to potential spectral interferences.
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Table A5. Total Metal Blanks (cont.).

Date

Sample ID Collected Sr Th

May 2013
SWPA F Blank01 5/17/2013 <25 <0.20 | 0.16 | <0.20 | <0.20 | 0.34 1.3
SWPA F Blank02 5/18/2013 <25 <0.20 | <2.5 | <0.20 | <0.20 | 0.38 0.34
SWPA F Blank03 5/19/2013 <25 <0.20 | <2.5 | <0.20 | <0.20 | 0.38 <2.5
SWPA F Blank04 5/20/2013 | 0.16 | <0.20 | <2.5 | <0.20 | <0.20 2.3 0.44
SWPA Eq Blank01 5/17/2013 <25 0.16 <2.5 | <0.20 | <0.20 | 0.51 4.0
SWPA Eq Blank02 5/18/2013 | 0.10 | <0.20 | <2.5 | <0.20 | <0.20 | 0.35 2.8
SWPA Eq Blank03 5/19/2013 <25 <0.20 | <2.5 | <0.20 | <0.20 | 0.34 3.8
SWPA Eq Blank04 5/20/2013 <25 <0.20 | <2.5 | <0.20 | <0.20 | 0.54 3.6
MDL 0.1 0.10 0.1 0.05 0.05 0.02 0.3
QL 25 0.20 2.5 0.20 0.20 0.20 2.5
Detects 17/17 | 2/17 | 14/17 | 0/17 | 16/17 | 16/17 | 8/17
Min 220 0.18 0.50 | <0.20 | 0.05 0.22 4.4
Max 1310 1.20 433 | <0.20 | 0.92 6.1 39.8
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Table A6. Volatile Organic Compound Blanks.
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July 2011
SWPA Trip Blank 7/21/2011 <100 <25 <25 <0.5 <1.0 <5.0 <1.0 <1.0 <1.0 <1.0 <0.5 R <0.5
SWPA Field Blk 01 7/25/2011 <100 <25 <25 <0.5 <1.0 <5.0 <1.0 <1.0 <1.0 <1.0 <0.5 R <0.5
SWPA FId Blk 02 7/26/2011 <100 <25 <25 <0.5 <1.0 <5.0 <1.0 <1.0 <1.0 <1.0 <0.5 R <0.5
SWPA FId Blk 03 7/27/2011 <100 <25 <25 <0.5 <1.0 <5.0 <1.0 <1.0 <1.0 <1.0 <0.5 R <0.5
Field Blk 04 7/28/2011 <100 <25 <25 <0.5 <1.0 <5.0 <1.0 <1.0 <1.0 <1.0 <0.5 R <0.5
SWPA Eq Blk 01 7/27/2011 <100 <25 <25 <0.5 <1.0 <5.0 <1.0 <1.0 <1.0 <1.0 <0.5 R <0.5
MDL 12.4 6.4 6.8 0.16 0.63 2.8 0.41 0.12 0.17 0.15 0.18 0.07
QL 100 25 25 0.5 1.0 5.0 1.0 1.0 1.0 1.0 0.5 0.5
Detections in samples 0/18 0/18 0/18 0/18 0/18 0/18 0/18 0/18 0/18 0/18 0/18 0/18
Concentration min <100 <25 <25 <0.5 <1.0 <5.0 <1.0 <1.0 <1.0 <1.0 <0.5 <0.5
Concentration max <100 <25 <25 <0.5 <1.0 <5.0 <1.0 <1.0 <1.0 <1.0 <0.5 <0.5
March 2012
SWPA F Blank01 3/23/2012 | <100 <25 <25 <0.5 <1.0 <5.0 <1.0 <1.0 <1.0 <1.0 <0.5 R <0.5
SWPA F Blank02 3/24/2012 | <100 <25 <25 <0.5 <1.0 <5.0 <1.0 <1.0 <1.0 <1.0 <0.5 R <0.5
SWPA F Blank03 3/26/2012 | <100 <25 <25 <0.5 <1.0 <5.0 <1.0 <1.0 <1.0 <1.0 <0.5 R <0.5
SWPA Eq Blank01 3/23/2012 | <100 <25 <25 <0.5 <1.0 <5.0 <1.0 <1.0 <1.0 <1.0 <0.5 R <0.5

R, data rejected. 1,1,2-trichloroethane is subject to alkaline hydrolysis to 1,1-dichloroethene. This reaction could be supported by the sample preservative
(trisodium phosphate).
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Table A6. Volatile Organic Compound Blanks (cont.).
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March 2012 (cont.)
SWPA Eq Blank02 3/26/2012 | <100 <25 <25 <0.5 <1.0 <5.0 <1.0 <1.0 <1.0 <1.0 <0.5 R <0.5
SWPA Trip Blank01 3/23/2012 | <100 <25 <25 <0.5 <1.0 <5.0 <1.0 <1.0 <1.0 <1.0 <0.5 R <0.5
SWPA Trip Blank02 3/26/2012 | <100 <25 <25 <0.5 <1.0 <5.0 <1.0 <1.0 <1.0 <1.0 <0.5 R <0.5
MDL 12.4 6.4 6.8 0.16 0.63 2.8 0.41 0.12 0.17 0.15 0.18 0.07
QL 100 25 25 0.5 1.0 5.0 1.0 1.0 1.0 1.0 0.5 0.5
Detections in samples 0/17 0/17 0/17 0/17 0/17 0/17 0/17 0/17 0/17 0/17 0/17 0/17
Concentration min <100 <25 <25 <0.5 <1.0 <5.0 <1.0 <1.0 <1.0 <1.0 <0.5 <0.5
Concentration max <100 <25 <25 <0.5 <1.0 <5.0 <1.0 <1.0 <1.0 <1.0 <0.5 <0.5

R, data rejected. 1,1,2-trichloroethane is subject to alkaline hydrolysis to 1,1-dichloroethene. This reaction could be supported by the sample preservative
(trisodium phosphate).
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Table A6. Volatile Organic Compound Blanks (cont.).
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May 2013
SWPA F Blank01 5/17/2013 | <100 <10 <1.0 <0.5 <1.0 <10 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5
SWPA F Blank02 5/18/2013 | <100 <10 <1.0 <0.5 <1.0 <10 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5
SWPA F Blank03 5/19/2013 | <100 <10 <1.0 <0.5 <1.0 <10 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5
SWPA F Blank04 5/20/2013 | <100 <10 <1.0 <0.5 <1.0 <10 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5
SWPA Eq Blank01 5/17/2013 | <100 <10 <1.0 <0.5 <1.0 <10 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5
SWPA Eq Blank02 5/18/2013 | <100 <10 <1.0 <0.5 <1.0 <10 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5
SWPA Eq Blank03 5/19/2013 | <100 <10 <1.0 <0.5 <1.0 <10 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5
SWPA Eq Blank04 5/20/2013 | <100 <10 <1.0 <0.5 <1.0 <10 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5
SWPA Trip Blank1 5/17/2013 | <100 <10 <1.0 <0.5 <1.0 <10 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5
SWPA Trip Blank2 5/18/2013 | <100 <10 <1.0 <0.5 <1.0 <10 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5
SWPA Trip Blank3 5/19/2013 | <100 <10 <1.0 <0.5 <1.0 <10 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5
SWPA Trip Blank4 5/20/2013 | <100 <10 <1.0 <0.5 <1.0 <10 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5
MDL 63 7.4 0.07 0.05 0.28 4.9 0.07 0.08 0.11 0.51 0.14 0.09 0.10
QL 100 10 1.0 0.5 1.0 10 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Detections in samples 0/17 0/17 0/17 0/17 3/17 0/17 0/17 0/17 0/17 0/17 0/17 0/17 0/17
Concentration min <100 <10 <1.0 <0.5 0.48 <10 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5
Concentration max <100 <10 <1.0 <0.5 13 <10 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5




Table A6. Volatile Organic Compound Blanks (cont.).
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July 2011
SWPA Trip Blank 7/21/2011 <1.0 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 0.75 R <0.5
SWPA Field Blk 01 7/25/2011 <1.0 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 R <0.5
SWPA Fld Blk 02 7/26/2011 <1.0 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 0.59 R <0.5
SWPA Fld Blk 03 7/27/2011 <1.0 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 R <0.5
Field Blk 04 7/28/2011 <1.0 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 R <0.5
SWPA Eq Blk 01 7/27/2011 <1.0 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 R <0.5
MDL 0.14 0.11 0.08 0.14 0.07 0.09 0.1 0.07 0.16 0.15 0.1 0.1
QL 1.0 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Detections in samples 0/18 0/18 0/18 0/18 0/18 0/18 0/18 0/18 0/18 0/18 2/18 0/18
Concentration min <1.0 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 0.80 <0.5
Concentration max <1.0 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 2.18 <0.5
March 2012
SWPA F Blank01 3/23/2012 | <1.0 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 R <0.5
SWPA F Blank02 3/24/2012 <1.0 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 0.43 R <0.5
SWPA F Blank03 3/26/2012 <1.0 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 R <0.5
SWPA Eq Blank01 3/23/2012 <1.0 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 R <0.5

R, data rejected. 1,1,2-trichloroethane is subject to alkaline hydrolysis to 1,1-dichloroethene. This reaction could be supported by the sample preservative

(trisodium phosphate).
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Table A6. Volatile Organic Compound Blanks (cont.).
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March 2012 (cont.)
SWPA Eq Blank02 3/26/2012 | <1.0 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 R <0.5
SWPA Trip Blank01 3/23/2012 | <1.0 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 R <0.5
SWPA Trip Blank02 3/26/2012 | <1.0 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 R <0.5
MDL 0.14 0.11 0.08 0.14 0.07 0.09 0.1 0.07 0.16 0.15 0.1 0.1
QL 1.0 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Detections in samples 0/17 0/17 0/17 0/17 0/17 0/17 0/17 0/17 0/17 0/17 0/17 0/17
Concentration min <1.0 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5
Concentration max <1.0 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5

R, data rejected. 1,1,2-trichloroethane is subject to alkaline hydrolysis to 1,1-dichloroethene. This reaction could be supported by the sample preservative
(trisodium phosphate).
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Table A6. Volatile Organic Compound Blanks (cont.).
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May 2013
SWPA F Blank01 5/17/2013 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5
SWPA F Blank02 5/18/2013 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5
SWPA F Blank03 5/19/2013 | <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5
SWPA F Blank04 5/20/2013 | <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5
SWPA Eq Blank01 5/17/2013 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5
SWPA Eq Blank02 5/18/2013 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5
SWPA Eq Blank03 5/19/2013 | <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5
SWPA Eq Blank04 5/20/2013 | <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5
SWPA Trip Blank1 5/17/2013 | <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5
SWPA Trip Blank2 5/18/2013 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5
SWPA Trip Blank3 5/19/2013 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5
SWPA Trip Blank4 5/20/2013 | <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5
MDL 0.10 0.07 0.06 0.10 0.05 0.09 0.09 0.05 0.04 0.12 0.07 0.07 0.13
QL 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Detections in samples 0/17 0/17 0/17 0/17 2/17 0/17 0/17 1/17 0/17 0/17 3/17 0/17 0/17
Concentration min <0.5 <0.5 <0.5 <0.5 0.15 <0.5 <0.5 0.07 <0.5 <0.5 0.11 <0.5 <0.5
Concentration max <0.5 <0.5 <0.5 <0.5 0.28 <0.5 <0.5 0.07 <0.5 <0.5 2.2 <0.5 <0.5




Table A6. Volatile Organic Compound Blanks (cont.).
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July 2011
SWPA Trip Blank 7/21/2011 <0.5 <1.0 <2.0 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5
SWPA Field Blk 01 7/25/2011 <0.5 <1.0 <2.0 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5
SWPA FId Blk 02 7/26/2011 <0.5 <1.0 <2.0 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5
SWPA Fld Blk 03 7/27/2011 <0.5 <1.0 <2.0 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5
Field Blk 04 7/28/2011 <0.5 <1.0 <2.0 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5
SWPA Eq Blk 01 7/27/2011 <0.5 <1.0 <2.0 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5
MDL 0.09 0.07 0.17 0.06 0.06 0.06 0.06 0.1 0.08 0.12 0.13 0.12
QL 0.5 1.0 2.0 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Detections in samples 0/18 0/18 0/18 0/18 0/18 0/18 0/18 0/18 0/18 0/18 0/18 0/18
Concentration min <0.5 <1.0 <2.0 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5
Concentration max <0.5 <1.0 <2.0 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5
March 2012
SWPA F Blank01 3/23/2012 <0.5 <1.0 <2.0 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5
SWPA F Blank02 3/24/2012 <0.5 <1.0 <2.0 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5
SWPA F Blank03 3/26/2012 <0.5 <1.0 <2.0 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5
SWPA Eq Blank01 3/23/2012 <0.5 <1.0 <2.0 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5

R, data rejected. 1,1,2-trichloroethane is subject to alkaline hydrolysis to 1,1-dichloroethene. This reaction could be supported by the sample preservative

(trisodium phosphate).




Table A6. Volatile Organic Compound Blanks (cont.).
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ethylbenzene (100 41 4)

m+p xylene (108 38 3, 106 42 3)

isopropylbenzene (98 82 8)

1,3,5 trimethylbenzene (108 67 8)

1,2,4 trimethylbenzene (95 63 6)

1,3 dichlorobenzene (541 73 1)

1,4 dichlorobenzene (106 46 7)

1,2,3 trimethylbenzene (526 73 8)

1,2 dichlorobenzene (95 50 1)
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naphthalene (91 20 3)

March 2012 (Cont.)

SWPA Eq Blank02 3/26/2012 <0.5 <1.0 <2.0 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5
SWPA Trip Blank01 3/23/2012 <0.5 <1.0 <2.0 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5
SWPA Trip Blank02 3/26/2012 <0.5 <1.0 <2.0 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5
MDL 0.09 0.07 0.17 0.06 0.06 0.06 0.06 0.1 0.08 0.12 0.13 0.12
QL 0.5 1.0 2.0 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Detections in samples 0/17 0/17 0/17 0/17 0/17 0/17 0/17 0/17 0/17 0/17 0/17 0/17
Concentration min <0.5 <1.0 <2.0 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5
Concentration max <0.5 <1.0 <2.0 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5

R, data rejected. 1,1,2-trichloroethane is subject to alkaline hydrolysis to 1,1-dichloroethene. This reaction could be supported by the sample preservative

(trisodium phosphate).
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Table A6. Volatile Organic Compound Blanks (cont.).
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May 2013
SWPA F Blank01 5/17/2013 <0.5 <0.5 <1.0 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5
SWPA F Blank02 5/18/2013 <0.5 <0.5 <1.0 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5
SWPA F Blank03 5/19/2013 | <0.5 <0.5 <1.0 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5
SWPA F Blank04 5/20/2013 | <0.5 <0.5 <1.0 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5
SWPA Eq Blank01 5/17/2013 <0.5 <0.5 <1.0 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5
SWPA Eq Blank02 5/18/2013 <0.5 <0.5 <1.0 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5
SWPA Eq Blank03 5/19/2013 | <0.5 <0.5 <1.0 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5
SWPA Eq Blank04 5/20/2013 | <0.5 <0.5 <1.0 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5
SWPA Trip Blank1 5/17/2013 | <0.5 <0.5 <1.0 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5
SWPA Trip Blank2 5/18/2013 <0.5 <0.5 <1.0 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5
SWPA Trip Blank3 5/19/2013 <0.5 <0.5 <1.0 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5
SWPA Trip Blank4 5/20/2013 | <0.5 <0.5 <1.0 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5
MDL 0.08 0.06 0.15 0.06 0.07 0.08 0.03 0.09 0.07 0.15 0.05 0.08
QL 0.5 0.5 1.0 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Detections in samples 0/17 0/17 0/17 0/17 0/17 0/17 0/17 0/17 0/17 0/17 0/17 0/17
Concentration min <0.5 <0.5 <1.0 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5
Concentration max <0.5 <0.5 <1.0 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5
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Table A7. Low Molecular Weight Acid Blanks.

sample ID Date Lactate Formate Acetate Propionate Butyrate Isobutyrate
Collected (50215) (64186) (6419 7) (79 09 4) (107 92 6) (79 31 2
July 2011
SWPA Field Blk 01 7/25/2011 <0.10 0.07 R <0.10 <0.10 <0.10
SWPA FId Blk 02 7/26/2011 <0.10 0.06 R <0.10 <0.10 <0.10
SWPA Eq Blk 01 7/27/2011 <0.10 0.07 R <0.10 <0.10 <0.10
MDL 0.01 0.01 0.02 0.01 0.01
QL 0.10 0.10 0.10 0.10 0.10
Detections in samples 0/18 14/18 0/18 0/18 0/18
Concentration min <0.10 0.11 <0.10 <0.10 <0.10
Concentration max <0.10 0.38 <0.10 <0.10 <0.10
March 2012
SWPA F Blank01 3/23/2012 <0.10 R <0.10 <0.10 <0.10 <0.10
SWPA F Blank02 3/24/2012 <0.10 R <0.10 <0.10 <0.10 <0.10
SWPA F Blank03 3/26/2012 <0.10 R 0.05 0.10 <0.10 <0.10
SWPA Eq Blank01 3/23/2012 <0.10 R <0.10 <0.10 <0.10 <0.10
SWPA Eq Blank02 3/26/2012 <0.10 R 0.06 0.11 <0.10 <0.10
MDL 0.01 0.01 0.02 0.01 0.01
QL 0.10 0.10 0.10 0.10 0.10
Detections in samples 2/17 0/17 1/17 0/17 0/17
Concentration min 0.04 <0.10 0.11 <0.10 <0.10
Concentration max 0.06 <0.10 0.11 <0.10 <0.10
May 2013
SWPA F Blank01 5/17/2013 <0.10 NR <0.10 <0.10 <0.10 <0.10
SWPA F Blank02 5/18/2013 <0.10 NR <0.10 <0.10 <0.10 <0.10
SWPA F Blank03 5/19/2013 <0.10 NR <0.10 <0.10 <0.10 <0.10
SWPA F Blank04 5/20/2013 <0.10 NR <0.10 <0.10 <0.10 <0.10
SWPA Eq Blank01 5/17/2013 <0.10 NR <0.10 <0.10 <0.10 <0.10
SWPA Eq Blank02 5/18/2013 <0.10 NR <0.10 <0.10 <0.10 <0.10
SWPA Eq Blank03 5/19/2013 <0.10 NR <0.10 <0.10 <0.10 <0.10
SWPA Eq Blank04 5/20/2013 <0.10 NR <0.10 <0.10 <0.10 <0.10
MDL 0.02 0.01 0.02 0.02 0.02
QL 0.10 0.10 0.10 0.10 0.10
Detects 0/15 0/15 0/15 0/15 0/15
Min <0.10 <0.10 <0.10 <0.10 <0.10
Max <0.10 <0.10 <0.10 <0.10 <0.10

R, data rejected, formate contamination in preservative. NR, not reported.
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Table A8. Dissolved Gas Blanks.

sample ID Date Collected Methane Ethane Propane Butane
(74-82-8) (74-84-0) (74-98-6) (106-97-8)
July 2011
SWPA Trip Blank 7/21/2011 <0.0015 <0.0029 <0.0041 <0.0055
SWPA Field Blk 01 7/25/2011 <0.0015 <0.0029 <0.0041 <0.0055
SWPA Fid Blk 02 7/26/2011 <0.0015 <0.0029 <0.0041 <0.0055
SWPA Fid Blk 03 7/27/2011 <0.0015 <0.0029 <0.0041 <0.0055
Field Blk 04 7/28/2011 <0.0015 <0.0029 <0.0041 <0.0055
SWPA EqgBL 7/27/2011 <0.0015 <0.0029 <0.0041 <0.0055
MDL 0.0002 0.0008 0.0008 0.0010
QL 0.0015 0.0029 0.0041 0.0055
Detections in samples 3/18 1/18 0/18 0/18
Concentration min 0.0276 0.0043 <0.0041 <0.0055
Concentration max 5.56 0.0043 <0.0041 <0.0055
March 2012
SWPA F Blank01 3/23/2012 <0.0014 <0.0027 <0.0038 <0.0048
SWPA F Blank02 3/24/2012 <0.0014 <0.0027 <0.0038 <0.0048
SWPA F Blank03 3/26/2012 <0.0014 <0.0027 <0.0038 <0.0048
SWPA Eq Blank01 3/23/2012 <0.0014 <0.0027 <0.0038 <0.0048
SWPA Eq Blank02 3/26/2012 <0.0014 <0.0027 <0.0038 <0.0048
SWPA Trip Blank01 3/23/2012 <0.0014 <0.0027 <0.0038 <0.0048
SWPA Trip Blank02 3/26/2012 <0.0014 <0.0027 <0.0038 <0.0048
MDL 0.0003 0.0005 0.0007 0.0007
QL 0.0014 0.0027 0.0038 0.0048
Detections in samples 6/17 1/17 0/17 0/17
Concentration min 0.0016 0.291 <0.0038 <0.0048
Concentration max 15.50 0.291 <0.0038 <0.0048
May 2013

SWPA F Blank01 5/17/2013 <0.0013 <0.0027 <0.0037 <0.0047
SWPA F Blank02 5/18/2013 <0.0013 <0.0027 <0.0037 <0.0047
SWPA F Blank03 5/19/2013 <0.0013 <0.0027 <0.0037 <0.0047
SWPA F Blank04 5/20/2013 <0.0013 <0.0027 <0.0037 <0.0047
SWPA Eq Blank01 5/17/2013 <0.0013 <0.0027 <0.0037 <0.0047
SWPA Eq Blank02 5/18/2013 <0.0013 <0.0027 <0.0037 <0.0047
SWPA Eq Blank03 5/19/2013 <0.0013 <0.0027 <0.0037 <0.0047
SWPA Eq Blank04 5/20/2013 <0.0013 <0.0027 <0.0037 <0.0047
SWPA Trip Blank1 5/17/2013 <0.0013 <0.0027 <0.0037 <0.0047
SWPA Trip Blank2 5/18/2013 <0.0013 <0.0027 <0.0037 <0.0047
SWPA Trip Blank3 5/19/2013 <0.0013 <0.0027 <0.0037 <0.0047
SWPA Trip Blank4 5/20/2013 <0.0013 <0.0027 <0.0037 <0.0047
MDL 0.0002 0.0008 0.0004 0.0003
QL 0.0013 0.0027 0.0037 0.0047
Detects 1/15 1/15 0/15 0/15
Min <0.0013 <0.0027 <0.0037 <0.0047
Max 5.35 0.0045 <0.0037 <0.0047




Table A9. Glycol Blanks.
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July 2011
SWPA FId Blk 01 7/25/2011 <5 <50 <5 <25
SWPA FId Blk 02 7/26/2011 <5 <50 <5 <25
Field BIk04 7/28/2011 <5 <50 <5 <25
EQ BIk-01 7/27/2011 <5 <50 <5 <25
QL 5 50 5 25
Detections in samples 0/18 0/18 0/18 0/18
Concentration min <5 <50 <5 <25
Concentration max <5 <50 <5 <25
March 2012
SWPA F Blank01 3/23/2012 <10 <25 <25 <50
SWPA F Blank02 3/24/2012 <10 <25 <25 <50
SWPA F Blank03 3/26/2012 <10 <25 <25 <50
SWPA Eq Blank01 3/23/2012 <10 <25 <25 <50
SWPA Eq Blank02 3/26/2012 <10 <25 <25 <50
QL 10 25 25 50
Detections in samples 0/17 0/17 0/17 0/17
Concentration min <10 <25 <25 <50
Concentration max <10 <25 <25 <50
May 2013
SWPA F Blank01 5/17/2013 <10 <10 <10 <10
SWPA F Blank02 5/18/2013 <10 <10 <10 <10
SWPA F Blank03 5/19/2013 <10 <10 <10 <10
SWPA F Blank04 5/20/2013 <10 <10 <10 <10
SWPA Eq Blank01 5/17/2013 <10 <10 <10 <10
SWPA Eq Blank02 5/18/2013 <10 <10 <10 <10
SWPA Eq Blank03 5/19/2013 <10 <10 <10 <10
SWPA Eq Blank04 5/20/2013 <10 <10 <10 <10
QL 10 10 10 10
Detects 0/15 0/15 0/15 0/15
Min <10 <10 <10 <10
Max <10 <10 <10 <10
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Table A10. Semi-Volatile Organic Compound Blanks.
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July 2011
SWPA Field Blank 7/25/2011 <0.50 | <0.50 | <0.50 | <0.50 | <0.50 | <0.50 | <0.50 | <0.50 | <0.50 | <0.50 | <0.50 | <0.50 | <0.50
SWPA FLD BLk 02 7/26/2011 <0.50 | <0.50 | <0.50 | <0.50 | <0.50 | <0.50 | <0.50 | <0.50 | <0.50 | <0.50 | <0.50 | <0.50 | <0.50
SWPA Eq BLk-01 7/27/2011 <0.50 | <0.50 | <0.50 | <0.50 | <0.50 | <0.50 | <0.50 | <0.50 | <0.50 | <0.50 | <0.50 | <0.50 | <0.50
QL 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50
Detections in samples 0/18 0/18 0/18 0/18 0/18 0/18 0/18 0/18 0/18 0/18 0/18 0/18 0/18
Concentration min <0.50 | <0.50 | <0.50 | <0.50 | <0.50 | <0.50 | <0.50 | <0.50 | <0.50 | <0.50 | <0.50 | <0.50 | <0.50
Concentration max <0.50 | <0.50 | <0.50 | <0.50 | <0.50 | <0.50 | <0.50 | <0.50 | <0.50 | <0.50 | <0.50 | <0.50 | <0.50
March 2012

SWPA F Blank01 3/23/2012 <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <2.00 | <2.00 | <2.00
SWPA F Blank02 3/24/2012 <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <2.00 | <2.00 | <2.00
SWPA F Blank03 3/26/2012 <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <2.00 | <2.00 | <2.00
SWPA Eq Blank01 3/23/2012 <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <2.00 | <2.00 | <2.00
SWPA Eq Blank02 3/26/2012 <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <2.00 | <2.00 | <2.00
QL 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 2.00 2.00 2.00
Detections in samples 0/17 0/17 0/17 0/17 0/17 0/17 0/17 0/17 0/17 0/17 0/17 0/17 0/17
Concentration min <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <2.00 | <2.00 | <2.00
Concentration max <1.00 <1.00 <1.00 <1.00 <1.00 <1.00 <1.00 <1.00 <1.00 <1.00 | <2.00 | <2.00 | <2.00
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Table A10. Semi-Volatile Organic Compound Blanks (cont.).

F — n
]
= _ Y _ _ S £y

~ _ _ _ =

= & 85 & 88 s ¢ | § & 8 2 =

1 i ) N o v 3 © N o ) S 0

~N ot Ln (-] < [= (=} (=) (<)) c c N

[ () &) ~ n © N - S = o o -

o c - i - o () - = o h h =

0 ()] ] = (] (S [} = c o o o

o N c o c © o c o ) ° ° c

i c () c () S g Q c © = = ]

e $§ § & § ¥ § & & £ = = 3

@ 5 2 S = o S = o © o 5

2 s S k- S z - S 8 3 g g s

<) I= o 2 o = s o 2 £ 1] @ =

= =2 = - = [} x = =] > - - =

Dat = = S = S £ £ S £ = © © s

ate - < S ] S ] © S ] g < n n

Sample ID Collected = :‘? :‘? :‘? ::. ::. ::. :. :"'. a :. :. :.

May 2013

SWPA F Blank01 5/17/2013 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <2.00 | <2.00 | <2.00
SWPA F Blank02 5/18/2013 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <2.00 | <2.00 | <2.00
SWPA F Blank03 5/19/2013 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <2.00 | <2.00 | <2.00
SWPA F Blank04 5/20/2013 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <2.00 | <2.00 | <2.00
SWPA Eq Blank01 5/17/2013 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <2.00 | <2.00 | <2.00
SWPA Eq Blank02 5/18/2013 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <2.00 | <2.00 | <2.00
SWPA Eq Blank03 5/19/2013 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <2.00 | <2.00 | <2.00
SWPA Eq Blank04 5/20/2013 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <2.00 | <2.00 | <2.00

QL 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 2.00 2.00 2.00
Detects 0/15 0/15 0/15 0/15 0/15 0/15 0/15 0/15 0/15 0/15 0/15 0/15 0/15
Min <1.00 | <1.00 | <1.00 |<1.00 |<1.00 |<1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <2.00 | <2.00 | <2.00
Max <1.00 | <1.00 | <1.00 |<1.00 |<1.00 |<1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <2.00 | <2.00 | <2.00
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Table A10. Semi-Volatile Organic Compound Blanks (cont.).
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July 2011
SWPA Field Blank 7/25/2011 <0.50 | <0.50 | <0.50 | <5.00 | <0.50 | <0.50 | <0.50 | <0.50 | <0.50 | <0.50 | <0.50 | <0.50 | <0.50
SWPA FLD BLk 02 7/26/2011 <0.50 | <0.50 | <0.50 | <5.00 | <0.50 | <0.50 | <0.50 | <0.50 | <0.50 | <0.50 | <0.50 | <0.50 | <0.50
SWPA Eq BLk-01 7/27/2011 <0.50 | <0.50 | <0.50 | <5.00 | <0.50 | <0.50 3.61 <0.50 | <0.50 | <0.50 | <0.50 | <0.50 | <0.50
QL 0.50 0.50 0.50 5.00 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50
Detections in samples 0/18 0/18 0/18 0/18 0/18 0/18 9/18 0/18 0/18 0/18 0/18 0/18 0/18
Concentration min <0.50 | <0.50 | <0.50 | <5.00 | <0.50 | <0.50 0.54 <0.50 | <0.50 | <0.50 | <0.50 | <0.50 | <0.50
Concentration max <0.50 | <0.50 | <0.50 | <5.00 | <0.50 | <0.50 2.92 <0.50 | <0.50 | <0.50 | <0.50 | <0.50 | <0.50
March 2012
SWPA F Blank01 3/23/2012 <2.00 | <2.00 | <2.00 | <3.00 | <1.00 | <1.00 | <1.00 | <1.00 | <2.00 | <1.00 | <2.00 | <1.00 | <2.00
SWPA F Blank02 3/24/2012 <2.00 | <2.00 | <2.00 | <3.00 | <1.00 | <1.00 | <1.00 | <1.00 | <2.00 | <1.00 | <2.00 | <1.00 | <2.00
SWPA F Blank03 3/26/2012 <2.00 | <2.00 | <2.00 | <3.00 | <1.00 | <1.00 | <1.00 | <1.00 | <2.00 | <1.00 | <2.00 | <1.00 | <2.00
SWPA Eq Blank01 3/23/2012 <2.00 | <2.00 | <2.00 | <3.00 | <1.00 | <1.00 | <1.00 | <1.00 | <2.00 | <1.00 | <2.00 | <1.00 | <2.00
SWPA Eq Blank02 3/26/2012 <2.00 | <2.00 | <2.00 | <3.00 | <1.00 | <1.00 | <1.00 | <1.00 | <2.00 | <1.00 | <2.00 | <1.00 | <2.00
QL 2.00 2.00 2.00 3.00 1.00 1.00 1.00 1.00 2.00 1.00 2.00 1.00 2.00
Detections in samples 0/17 0/17 0/17 0/17 0/17 0/17 0/17 0/17 0/17 0/17 0/17 0/17 0/17
Concentration min <2.00 | <2.00 | <2.00 | <3.00 | <1.00 | <1.00 | <1.00 | <1.00 | <2.00 | <1.00 | <2.00 | <1.00 | <2.00
Concentration max <2.00 | <2.00 | <2.00 | <3.00 | <1.00 | <1.00 | <1.00 | <1.00 | <2.00 | <1.00 | <2.00 | <1.00 | <2.00
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Table A10. Semi-Volatile Organic Compound Blanks (cont.).
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May 2013
SWPA F Blank01 5/17/2013 <2.00 | <2.00 | <2.00 | <3.00 | <1.00 | <1.00 | <1.00 | <1.00 | <2.00 | <1.00 | <2.00 | <1.00 | <2.00
SWPA F Blank02 5/18/2013 <2.00 | <2.00 | <2.00 | <3.00 | <1.00 | <1.00 | <1.00 | <1.00 | <2.00 | <1.00 | <2.00 | <1.00 | <2.00
SWPA F Blank03 5/19/2013 <2.00 | <2.00 | <2.00 | <3.00 | <1.00 | <1.00 | <1.00 | <1.00 | <2.00 | <1.00 | <2.00 | <1.00 | <2.00
SWPA F Blank04 5/20/2013 <2.00 | <2.00 | <2.00 | <3.00 | <1.00 | <1.00 | <1.00 | <1.00 | <2.00 | <1.00 | <2.00 | <1.00 | <2.00
SWPA Eq Blank01 5/17/2013 <2.00 | <2.00 | <2.00 | <3.00 | <1.00 | <1.00 | <1.00 | <1.00 | <2.00 | <1.00 | <2.00 | <1.00 | <2.00
SWPA Eq Blank02 5/18/2013 <2.00 | <2.00 | <2.00 | <3.00 | <1.00 | <1.00 | <1.00 | <1.00 | <2.00 | <1.00 | <2.00 | <1.00 | <2.00
SWPA Eq Blank03 5/19/2013 <2.00 | <2.00 | <2.00 | <3.00 | <1.00 | <1.00 | <1.00 | <1.00 | <2.00 | <1.00 | <2.00 | <1.00 | <2.00
SWPA Eq Blank04 5/20/2013 <2.00 | <2.00 | <2.00 | <3.00 | <1.00 | <1.00 | <1.00 | <1.00 | <2.00 | <1.00 | <2.00 | <1.00 | <2.00
QL 2.00 2.00 2.00 3.00 1.00 1.00 1.00 1.00 2.00 1.00 2.00 1.00 2.00
Detects 0/15 | o/15 | o/15 | o/15 | o/15 | o/15 | o/15 | o/15 | o/15 | o/15 | o/15 | 0/15 | 0/15
Min <2.00 | <2.00 | <2.00 | <3.00 | <1.00 | <1.00 | <1.00 | <1.00 | <2.00 | <1.00 | <2.00 | <1.00 | <2.00
Max <2.00 | <2.00 | <2.00 | <3.00 | <1.00 | <1.00 | <1.00 | <1.00 | <2.00 | <1.00 | <2.00 | <1.00 | <2.00
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Table A10. Semi-Volatile Organic Compound Blanks (cont.).
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Units pug/L pug/L pg/L  pg/L pg/L | pg/L pg/L pg/L  pg/L
July 2011
SWPA Field Blank 7/25/2011 <0.50 | <1.00 | <0.50 | <0.50 | <0.50 | <0.50 | <1.00 | <0.50 | <0.50 | <2.50 | <0.50 | <0.50 | <0.50
SWPA FLD BLk 02 7/26/2011 <0.50 | <1.00 | <0.50 | <0.50 | <0.50 | <0.50 | <1.00 | <0.50 | <0.50 | <2.50 | <0.50 | <0.50 | <0.50
SWPA Eq BLk-01 7/27/2011 <0.50 | <1.00 | <0.50 | <0.50 | <0.50 | <0.50 | <1.00 | <0.50 | <0.50 | <2.50 | <0.50 | <0.50 | <0.50
QL 0.50 1.00 0.50 0.50 0.50 0.50 1.00 0.50 0.50 2.50 0.50 0.50 0.50
Detections in samples 0/18 0/18 0/18 0/18 0/18 0/18 0/18 0/18 0/18 0/18 0/18 0/18 0/18
Concentration min <0.50 <1.00 <0.50 <0.50 <0.50 <0.50 <1.00 <0.50 <0.50 <2.50 | <0.50 | <0.50 | <0.50
Concentration max <0.50 <1.00 <0.50 <0.50 <0.50 <0.50 <1.00 <0.50 <0.50 <2.50 | <0.50 | <0.50 | <0.50
March 2012
SWPA F Blank01 3/23/2012 <5.00 | <1.00 | <3.00 | <2.00 | <1.00 | <2.00 | <3.00 | <1.00 | <3.00 | <3.00 | <1.00 | <1.00 | <1.00
SWPA F Blank02 3/24/2012 <5.00 | <1.00 | <3.00 | <2.00 | <1.00 | <2.00 | <3.00 | <1.00 | <3.00 | <3.00 | <1.00 | <1.00 | <1.00
SWPA F Blank03 3/26/2012 <5.00 | <1.00 | <3.00 | <2.00 | <1.00 | <2.00 | <3.00 | <1.00 | <3.00 | <3.00 | <1.00 | <1.00 | <1.00
SWPA Eq Blank01 3/23/2012 <5.00 | <1.00 | <3.00 | <2.00 | <1.00 | <2.00 | <3.00 | <1.00 | <3.00 | <3.00 | <1.00 | <1.00 | <1.00
SWPA Eq Blank02 3/26/2012 <5.00 | <1.00 | <3.00 | <2.00 | <1.00 | <2.00 | <3.00 | <1.00 | <3.00 | <3.00 | <1.00 | <1.00 | <1.00
QL 5.00 1.00 3.00 2.00 1.00 2.00 3.00 1.00 3.00 3.00 1.00 1.00 1.00
Detections in samples 0/17 0/17 0/17 0/17 0/17 0/17 0/17 0/17 0/17 0/17 0/17 0/17 0/17
Concentration min <5.00 | <1.00 | <3.00 | <2.00 | <1.00 | <2.00 | <3.00 | <1.00 | <3.00 | <3.00 | <1.00 | <1.00 | <1.00
Concentration max <5.00 <1.00 <3.00 <2.00 <1.00 <2.00 <3.00 <1.00 <3.00 <3.00 | <1.00 | <1.00 | <1.00




Table A10. Semi-Volatile Organic Compound Blanks (cont.).
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3,3' dichlorobenzidine (91 94 1)

3 nitroaniline (99 09 2)

4,6 dinitro 2 methylphenol (534 52 1)

4 bromophenyl phenyl ether (101 55 3)

4 chloro 3 methylphenol (59 50 7)

4 chloroaniline (106 47 8)

4 chlorophenyl phenyl ether (7005 72 3)

4 nitroaniline (100 01 6)

4 nitrophenol (100 02 7)

Acenaphthene (83 32 9)

Acenaphthylene (208 96 8)

Adamantane (281 23 2)

May 2013
SWPA F Blank01 5/17/2013 | <5.00 | <1.00 | <3.00 | <2.00 | <1.00 | <2.00 | <3.00 | <1.00 | <3.00 | <3.00 | <1.00 | <1.00 | <1.00
SWPA F Blank02 5/18/2013 | <5.00 | <1.00 | <3.00 | <2.00 | <1.00 | <2.00 | <3.00 | <1.00 | <3.00 | <3.00 | <1.00 | <1.00 | <1.00
SWPA F Blank03 5/19/2013 | <5.00 | <1.00 | <3.00 | <2.00 | <1.00 | <2.00 | <3.00 | <1.00 | <3.00 | <3.00 | <1.00 | <1.00 | <1.00
SWPA F Blank04 5/20/2013 | <5.00 | <1.00 | <3.00 | <2.00 | <1.00 | <2.00 | <3.00 | <1.00 | <3.00 | <3.00 | <1.00 | <1.00 | <1.00
SWPA Eq Blank01 5/17/2013 | <5.00 | <1.00 | <3.00 | <2.00 | <1.00 | <2.00 | <3.00 | <1.00 | <3.00 | <3.00 | <1.00 | <1.00 | <1.00
SWPA Eq Blank02 5/18/2013 | <5.00 | <1.00 | <3.00 | <2.00 | <1.00 | <2.00 | <3.00 | <1.00 | <3.00 | <3.00 | <1.00 | <1.00 | <1.00
SWPA Eq Blank03 5/19/2013 | <5.00 | <1.00 | <3.00 | <2.00 | <1.00 | <2.00 | <3.00 | <1.00 | <3.00 | <3.00 | <1.00 | <1.00 | <1.00
SWPA Eq Blank04 5/20/2013 | <5.00 | <1.00 | <3.00 | <2.00 | <1.00 | <2.00 | <3.00 | <1.00 | <3.00 | <3.00 | <1.00 | <1.00 | <1.00
QL 5.00 1.00 3.00 2.00 1.00 2.00 3.00 1.00 3.00 3.00 1.00 1.00 1.00
Detects 0/15 | 0o/15 | 0/15 | 0/15 | 0/15 | 0/15 | O/15 | O/15 | O/15 | 0O/15 | 0O/15 | 0/15 0/15
Min <5.00 | <1.00 | <3.00 | <2.00 | <1.00 | <2.00 | <3.00 | <1.00 | <3.00 | <3.00 | <1.00 | <1.00 | <1.00
Max <5.00 | <1.00 | <3.00 | <2.00 | <1.00 | <2.00 | <3.00 | <1.00 | <3.00 | <3.00 | <1.00 | <1.00 | <1.00
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Table A10. Semi-Volatile Organic Compound Blanks (cont.).
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Sample ID Collected = | BHE | 5 BRE | BE | &8 | 4 e | BE | 5

July 2011
SWPA Field Blank 7/25/2011 <1.00 | <0.50 | <0.50 | <0.50 | <0.50 | <0.50 | <0.50 | <0.50 | <5.00 | <0.50 | <0.50 | <0.50 | <0.50
SWPA FLD BLk 02 7/26/2011 <1.00 | <0.50 | <0.50 | <0.50 | <0.50 | <0.50 | <0.50 | <0.50 | <5.00 | <0.50 | <0.50 | <0.50 | <0.50
SWPA Eq BLk-01 7/27/2011 <1.00 | <0.50 | <0.50 | <0.50 | <0.50 | <0.50 | <0.50 | <0.50 | <5.00 | <0.50 | <0.50 | <0.50 | <0.50
QL 1.00 0.50 0.50 0.50 0.50 0.50 0.50 0.50 5.00 0.50 0.50 0.50 0.50
Detections in samples 0/18 0/18 0/18 0/18 0/18 0/18 0/18 0/18 0/18 0/18 0/18 0/18 0/18
Concentration min <1.00 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <5.00 <0.50 | <0.50 | <0.50 | <0.50
Concentration max <1.00 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <5.00 <0.50 | <0.50 | <0.50 | <0.50
March 2012

SWPA F Blank01 3/23/2012 <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <3.00 | <1.00 | <1.00 | <1.00 | <1.00
SWPA F Blank02 3/24/2012 <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <3.00 | <1.00 | <1.00 | <1.00 | <1.00
SWPA F Blank03 3/26/2012 <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <3.00 | <1.00 | <1.00 | <1.00 | <1.00
SWPA Eq Blank01 3/23/2012 <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <3.00 | <1.00 | <1.00 | <1.00 | <1.00
SWPA Eq Blank02 3/26/2012 <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <3.00 | <1.00 | <1.00 | <1.00 | <1.00
QL 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 3.00 1.00 1.00 1.00 1.00
Detections in samples 0/17 0/17 0/17 0/17 0/17 0/17 0/17 0/17 0/17 0/17 0/17 0/17 0/17
Concentration min <1.00 <1.00 <1.00 <1.00 <1.00 <1.00 <1.00 <1.00 <3.00 <1.00 | <1.00 | <1.00 | <1.00
Concentration max <1.00 <1.00 <1.00 <1.00 <1.00 <1.00 <1.00 <1.00 <3.00 <1.00 | <1.00 | <1.00 | <1.00
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Table A10. Semi-Volatile Organic Compound Blanks (cont.).
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May 2013

SWPA F Blank01 5/17/2013 <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <3.00 | <1.00 | <1.00 | <1.00 | <1.00
SWPA F Blank02 5/18/2013 <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <3.00 | <1.00 | <1.00 | <1.00 | <1.00
SWPA F Blank03 5/19/2013 <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <3.00 | <1.00 | <1.00 | <1.00 | <1.00
SWPA F Blank04 5/20/2013 <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <3.00 | <1.00 | <1.00 | <1.00 | <1.00
SWPA Eq Blank01 5/17/2013 <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <3.00 | <1.00 | <1.00 | <1.00 | <1.00
SWPA Eq Blank02 5/18/2013 <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <3.00 | <1.00 | <1.00 | <1.00 | <1.00
SWPA Eq Blank03 5/19/2013 <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <3.00 | <1.00 | <1.00 | <1.00 | <1.00
SWPA Eq Blank04 5/20/2013 <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <3.00 | <1.00 | <1.00 | <1.00 | <1.00
QL 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 3.00 1.00 1.00 1.00 1.00
Detects 0/15 | o0/15 | o/a5 | o/a5 | o/15 | o/15 | o/a5 | o/15 | o/15 | o/15 | o/15 | o/15 | o0/15
Min <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <3.00 | <1.00 | <1.00 | <1.00 | <1.00
Max <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <3.00 | <1.00 | <1.00 | <1.00 | <1.00
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Table A10. Semi-Volatile Organic Compound Blanks (cont.).
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July 2011
SWPA Field Blank 7/25/2011 <1.00 | <1.00 | <0.50 | <0.50 | <0.50 | <0.50 | <0.50 | <0.50 | <0.50 | <0.50 | <0.50 | <0.50 | <0.50
SWPA FLD BLk 02 7/26/2011 <1.00 | <1.00 | <0.50 | <0.50 | <0.50 | <0.50 | <0.50 | <0.50 | <0.50 | <0.50 | <0.50 | <0.50 | <0.50
SWPA Eq BLk-01 7/27/2011 <1.00 | <1.00 | <0.50 | <0.50 | <0.50 | <0.50 | <0.50 | <0.50 | <0.50 0.60 <0.50 | <0.50 | <0.50
QL 1.00 1.00 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50
Detections in samples 0/18 4/18 2/18 0/18 0/18 0/18 0/18 0/18 0/18 0/18 0/18 0/18 0/18
Concentration min <1.00 1.06 1.40 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 | <0.50 | <0.50 | <0.50
Concentration max <1.00 2.17 2.16 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 | <0.50 | <0.50 | <0.50
March 2012
SWPA F Blank01 3/23/2012 <1.00 | <2.00 | <2.00 | <3.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00
SWPA F Blank02 3/24/2012 <1.00 2.88 <2.00 | <3.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00
SWPA F Blank03 3/26/2012 <1.00 | <2.00 | <2.00 | <3.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00
SWPA Eq Blank01 3/23/2012 <1.00 | <2.00 | <2.00 | <3.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00
SWPA Eq Blank02 3/26/2012 <1.00 | <2.00 | <2.00 | <3.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00
QL 1.00 2.00 2.00 3.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Detections in samples 0/17 0/17 0/17 0/17 0/17 0/17 0/17 0/17 0/17 0/17 1/17 0/17 0/17
Concentration min <1.00 <2.00 <2.00 <3.00 <1.00 <1.00 <1.00 <1.00 <1.00 <1.00 1.13 <1.00 | <1.00
Concentration max <1.00 | <2.00 | <2.00 | <3.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 1.13 <1.00 | <1.00
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Table A10. Semi-Volatile Organic Compound Blanks (cont.).
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May 2013
SWPA F Blank01 5/17/2013 <1.00 | <2.00 | <1.00 | <3.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00
SWPA F Blank02 5/18/2013 <1.00 8.80 <1.00 | <3.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00
SWPA F Blank03 5/19/2013 <1.00 | <2.00 | <1.00 | <3.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00
SWPA F Blank04 5/20/2013 <1.00 | <2.00 | <1.00 | <3.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00
SWPA Eq Blank01 5/17/2013 <1.00 | <2.00 | <1.00 | <3.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00
SWPA Eq Blank02 5/18/2013 <1.00 | <2.00 | <1.00 | <3.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00
SWPA Eq Blank03 5/19/2013 <1.00 | <2.00 | <1.00 | <3.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00
SWPA Eq Blank04 5/20/2013 <1.00 | <2.00 | <1.00 | <3.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00
QL 1.00 2.00 1.00 3.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Detects 0/15 1/15 0/15 0/15 0/15 0/15 0/15 0/15 0/15 0/15 0/15 0/15 0/15
Min <1.00 4,34 <1.00 <3.00 <1.00 <1.00 <1.00 <1.00 <1.00 <1.00 | <1.00 | <1.00 | <1.00
Max <1.00 4,34 <1.00 | <3.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00
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Table A10. Semi-Volatile Organic Compound Blanks (cont.).
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July 2011
SWPA Field Blank 7/25/2011 | <0.50 | <0.50 | <1.00 | <0.50 | <1.00 | <0.50 | <0.50 | <0.50 | <0.50 | <0.50 | <0.50 | <1.00
SWPA FLD BLk 02 7/26/2011 | <0.50 | <0.50 | <1.00 | <0.50 | <1.00 | <0.50 | <0.50 | <0.50 | <0.50 | <0.50 | <0.50 | <1.00
SWPA Eq BLk-01 7/27/2011 | <0.50 | <0.50 | <1.00 | <0.50 | <1.00 | <0.50 | <0.50 | <0.50 | <0.50 | <0.50 | <0.50 | <1.00
QL 0.50 0.50 1.00 0.50 1.00 0.50 0.50 0.50 0.50 0.50 0.50 1.00
Detections in samples 0/18 0/18 0/18 0/18 0/18 0/18 0/18 0/18 0/18 0/18 0/18 0/18
Concentration min <0.50 | <0.50 | <1.00 | <0.50 | <1.00 | <0.50 | <0.50 | <0.50 | <0.50 | <0.50 | <0.50 | <1.00
Concentration max <0.50 | <0.50 | <1.00 | <0.50 | <1.00 | <0.50 | <0.50 | <0.50 | <0.50 | <0.50 | <0.50 | <1.00
March 2012
SWPA F Blank01 3/23/2012 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00
SWPA F Blank02 3/24/2012 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00
SWPA F Blank03 3/26/2012 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00
SWPA Eq Blank01 3/23/2012 <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00
SWPA Eq Blank02 3/26/2012 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00
QL 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Detections in samples 0/17 0/17 0/17 0/17 0/17 0/17 0/17 0/17 0/17 0/17 0/17 0/17
Concentration min <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00
Concentration max <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00
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Table A10. Semi-Volatile Organic Compound Blanks (cont.).

< ~

S o & 3

— o~ N )] n o
= o0 S~ o0 N S _
Ny 3 @ = a 3 T )
) o 2 N = o & 3

- 0} ] N ) o~ c g
=) 5 @ ~ c ™ on = & 5
> 2 £ ] g =) o 1 £ > =
c KT} ] P > o ~ o a0 o °
o ] o c = i - = = o <
e g E 2 3 % ) = 3 a 2
2 2 g @ m c Q e £ = o
o o 2 = ~ 2 S g 5 5 =
o o i) o ) o © c 2 o %
<= = < = o ° < = o o (3]
Date S S 3 3 s < = S 5 = 8
3 b} b > ° 3 = 5 c c <
Sample ID Collected T T T T £ 0] 2 > 2 2 a

May 2013

SWPA F Blank01 5/17/2013 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <2.00
SWPA F Blank02 5/18/2013 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <2.00
SWPA F Blank03 5/19/2013 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <2.00
SWPA F Blank04 5/20/2013 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <2.00
SWPA Eq Blank01 5/17/2013 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <2.00
SWPA Eq Blank02 5/18/2013 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <2.00
SWPA Eq Blank03 5/19/2013 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <2.00
SWPA Eq Blank04 5/20/2013 <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <2.00
QL 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 2.00
Detects 0/15 0/15 0/15 0/15 0/15 0/15 0/15 0/15 0/15 0/15 0/15 0/15
Min <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <2.00
Max <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <2.00




Table A10. Semi-Volatile Organic Compound Blanks (cont.).
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Date  § 8 28 §9 -

Sample ID Collected & =0 = < s

July 2011
SWPA Field Blank 7/25/2011 | <0.50 | <0.50 | <0.50 | <0.50 | <1.00 | <0.50 <1.00
SWPA FLD BLk 02 7/26/2011 | <0.50 | <0.50 | <0.50 | <0.50 | <1.00 | <0.50 <1.00
SWPA Eq BLk-01 7/27/2011 | <0.50 | <0.50 | <0.50 | <0.50 | <1.00 | <0.50 <1.00
QL 0.50 0.50 0.50 0.50 1.00 0.50 1.00
Detections in samples 0/18 2/18 0/18 0/18 0/18 0/18 0/18
Concentration min <0.50 1.31 <0.50 | <0.50 | <1.00 | <0.50 <1.00
Concentration max <0.50 1.39 <0.50 | <0.50 | <1.00 | <0.50 <1.00
March 2012

SWPA F Blank01 3/23/2012 | <1.00 | <2.00 | <1.00 | <1.00 | <2.00 | <1.00 <1.00
SWPA F Blank02 3/24/2012 | <1.00 | <2.00 | <1.00 | <1.00 | <2.00 | <1.00 <1.00
SWPA F Blank03 3/26/2012 | <1.00 | <2.00 | <1.00 | <1.00 | <2.00 | <1.00 <1.00
SWPA Eq Blank01 3/23/2012 | <1.00 | <2.00 | <1.00 | <1.00 | <2.00 | <1.00 <1.00
SWPA Eq Blank02 3/26/2012 | <1.00 | <2.00 | <1.00 | <1.00 | <2.00 | <1.00 <1.00
QL 1.00 2.00 1.00 1.00 2.00 1.00 1.00
Detections in samples 0/17 0/17 0/17 0/17 0/17 0/17 0/17
Concentration min <1.00 | <2.00 | <1.00 | <1.00 | <2.00 | <1.00 <1.00
Concentration max <1.00 | <2.00 | <1.00 | <1.00 | <2.00 | <1.00 <1.00
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Table A10. Semi-Volatile Organic Compound Blanks (cont.).

Sample ID

Date
Collected
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tri (2 butoxyethyl) phosphate (78 51 3)

May 2013
SWPA F Blank01 5/17/2013 | <1.00 | <2.00 | <1.00 | <1.00 | <2.00 | <1.00 | <1.00
SWPA F Blank02 5/18/2013 | <1.00 | <2.00 | <1.00 | <1.00 | <2.00 | <1.00 | <1.00
SWPA F Blank03 5/19/2013 | <1.00 | <2.00 | <1.00 | <1.00 | <2.00 | <1.00 | <1.00
SWPA F Blank04 5/20/2013 | <1.00 | <2.00 | <1.00 | <1.00 | <2.00 | <1.00 | <1.00
SWPA Eq Blank01 5/17/2013 | <1.00 | <2.00 | <1.00 | <1.00 | <2.00 | <1.00 | <1.00
SWPA Eq Blank02 5/18/2013 | <1.00 | <2.00 | <1.00 | <1.00 | <2.00 | <1.00 | <1.00
SWPA Eq Blank03 5/19/2013 | <1.00 | <2.00 | <1.00 | <1.00 | <2.00 | <1.00 | <1.00
SWPA Eq Blank04 5/20/2013 | <1.00 | <2.00 | <1.00 | <1.00 | <2.00 | <1.00 | <1.00
QL 1.00 2.00 1.00 1.00 2.00 1.00 1.00
Detects 0/15 0/15 0/15 0/15 0/15 0/15 0/15
Min <1.00 | <2.00 | <1.00 | <1.00 | <2.00 | <1.00 | <1.00
Max <1.00 | <2.00 | <1.00 | <1.00 | <2.00 | <1.00 | <1.00
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Table A11. DRO/GRO Blanks.

Sample ID Date Collected GRO/TPH
July 2011
SWPA Field Blank 7/25/2011 27.0 <20.0
SWPA FLD BLk 02 7/26/2011 25.7 <21.1
SWPA Eq BLk-01 7/27/2011 24.4 <21.1
QL 20.0 20.0
Detections in samples 1/18 9/18
Concentration min <20.0 <20.0
Concentration max 254 73.8
March 2012
SWPA F Blank01 3/23/2012 <20.0 <20.0
SWPA F Blank02 3/24/2012 <20.0 <20.0
SWPA F Blank03 3/26/2012 20.0 <20.0
SWPA Eq Blank01 3/23/2012 24.2 20.0
SWPA Eq Blank02 3/26/2012 27.4 <20.0
QL 20.0 20.0
Detections in samples 0/17 8/17
Concentration min <20.0 <20.0
Concentration max <20.0 87.9
May 2013
SWPA F Blank01 5/17/2013 <20.0 <20.0
SWPA F Blank02 5/18/2013 <20.0 <20.0
SWPA F Blank03 5/19/2013 <20.0 <20.0
SWPA F Blank04 5/20/2013 <20.0 <20.0
SWPA Eq Blank01 5/17/2013 <20.0 <20.0
SWPA Eq Blank02 5/18/2013 <20.0 <20.0
SWPA Eq Blank03 5/19/2013 <20.0 <20.0
SWPA Eq Blank04 5/20/2013 <20.0 24.6
QL 20.0 20.0
Detects 0/15 2/15
Min <20.0 <20.0
Max <20.0 51.2
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Table A12. Gross Alpha, Gross Beta, Ra-226, and Ra-228 Blanks.

Date
Sample ID Collected
March 2012
SWPA F Blank01 3/23/2012 <3.0 <4.0 <1.0 <1.0
SWPA F Blank02 3/24/2012 <3.0 <4.0 <1.0 <1.0
SWPA F Blank03 3/26/2012 <3.0 <4.0 <1.0 <1.0
SWPA Eq Blank01 3/23/2012 <3.0 <4.0 <1.0 <1.0
SWPA Eq Blank02 3/26/2012 <3.0 <4.0 <1.0 <1.0
RL 3.0 4.0 1.0 1.0
Detections in samples 0/17 0/17 0/17 0/17
Concentration min <3.0 <4.0 <1.0 <1.0
Concentration max <3.0 <4.0 <1.0 <1.0
May2013
SWPA F Blank01 5/17/2013 <3.0 <4.0 <1.0 <1.0
SWPA F Blank02 5/18/2013 <3.0 <4.0 <1.0 <1.0
SWPA F Blank03 5/19/2013 <3.0 <4.0 <1.0 <1.0
SWPA F Blank04 5/20/2013 <3.0 <4.0 <1.0 <1.0
SWPA Eq Blank01 5/17/2013 <3.0 <4.0 <1.0 <1.0
SWPA Eq Blank02 5/18/2013 <3.0 <4.0 <1.0 <1.0
SWPA Eq Blank03 5/19/2013 <3.0 <4.0 <1.0 <1.0
SWPA Eq Blank04 5/20/2013 <3.0 <4.0 <1.0 <1.0
QL 3.0 4.0 1.0 1.0
Detects 1/15 1/15 0/15 0/15
Min 6.3 10.3 <1.0 <1.0
Max 6.3 10.3 <1.0 <1.0

Samples for gross alpha, gross beta, Ra-226, and Ra-228 were not collected during the July 2011 sampling event.



Table A13. DOC, DIC, Ammonia, and Anion Duplicates.

Sample ID

DE!]
Collected
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July 2011
5x QL 2.50 5.0 0.50 0.50 5.00 5.00 5.00 1.00
SWPAGWO05-0711 7/26/2011 0.80 103 0.49 <0.10 1.00 75.7 53.9 0.11 NA
SWPAGWO05d-0711 7/26/2011 0.86 102 0.50 <0.10 1.00 75.7 53.8 0.11 NA
RPD (%) NC 1.0 NC NC NC 0.0 0.2 NC NC
SWPAGW12-0711 7/28/2011 0.83 70.2 4.54 <0.10 1.99 28.7 56.2 0.09 NA
SWPAGW12d-0711 7/28/2011 0.84 70.2 4.53 <0.10 1.94 28.6 55.6 0.07 NA
RPD (%) NC 0.0 0.2 NC NC 0.3 1.1 NC NC
March 2012
5x QL 2.50 5.00 0.50 0.50 5.00 5.00 5.00 1.00
SWPAGW08-0312 3/24/2012 0.55 55.6 2.26 <0.10 0.72 12.7 36.0 0.09 NA
SWPAGWO08d-0312 3/24/2012 0.54 55.4 2.24 <0.10 0.71 12.6 36.2 0.09 NA
RPD (%) NC 0.4 0.9 NC NC 0.8 0.6 NC NC
SWPAGW13-0312 3/24/2012 0.52 55.6 1.21 <0.10 <1.00 462 27.3 0.05 NA
SWPAGW13d-0312 3/24/2012 0.54 55.7 1.10 <0.10 <1.00 455 26.2 0.07 NA
RPD (%) NC 0.2 9.5 NC NC 1.5 4.1 NC NC
May 2013

5x QL 1.25 5.00 0.50 0.50 5.00 5.00 5.00 1.00 0.15
SWPAGW02-0513 5/18/2013 0.69 60.7 0.05 <0.10 1.54 14.8 38.4 0.17 <0.10
SWPAGWO02d-0513 5/18/2013 0.66 60.4 0.05 <0.10 1.55 14.7 38.2 0.14 <0.10
RPD (%) NC 0.5 NC NC NC 0.7 0.5 NC NC
SWPAGWO07-0513 5/19/2013 0.62 24.2 1.09 <0.10 <1.00 111 35.1 <0.20 0.09
SWPAGWO07d-0513 5/19/2013 0.63 25.1 1.10 <0.10 <1.00 112 34.9 <0.20 0.10
RPD (%) NC 3.7 0.9 NC NC 0.9 0.6 NC NC

NA, not analyzed. NC, not calculated.
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Table A14. Dissolved Metal Duplicates.

Sample ID Coﬁ:::e d Ag Al Y B Ba Be Ca Cd Co Cr Cu ]
pg/L | g/l | pg/l g/l | pg/l | pe/l | mg/l | pe/l | pg/t | pg/l | pg/L | pg/L |
July 2011
5x QL 70 2470 100 1665 20 50 1.5 20 20 35 100 335
SWPAGWO05-0711 7/26/2011 4 <494 <20 <333 175 <10 125 <4 <4 <7 11 <67
SWPAGWO05d-0711 7/26/2011 <14 <494 <20 <333 175 <10 126 <4 1 <7 9 <67
RPD (%) NC NC NC NC 0.0 NC 0.8 NC NC NC NC NC
SWPAGW12-0711 7/28/2011 <14 <494 <20 <333 37 <10 103 <4 <4 <7 21 <67
SWPAGW12d-0711 7/28/2011 <14 <494 <20 <333 37 <10 102 <4 <4 <7 20 <67
RPD (%) NC NC NC NC 0.0 NC 1.0 NC NC NC NC NC
March 2012
5x QL 70 100 5 1665 20 50 1.5 5 20 10 10 335
SWPAGWO08-0312 3/24/2012 <14 28.1 0.69 <333 129 <10 91.3 <1.0 <4 <2.0 3.6 <67
SWPAGWO08d-0312 3/24/2012 <14 <20.0 0.60 <333 129 <10 89.2 <1.0 <4 <2.0 3.5 <67
RPD (%) NC NC NC NC 0.0 NC 2.3 NC NC NC NC NC
SWPAGW13-0312 3/24/2012 <14 <20.0 1.0 <333 223 <10 295 <1.0 <4 <2.0 <2.0 <67
SWPAGW13d-0312 3/24/2012 <14 <20.0 1.4 <333 223 <10 298 <1.0 <4 <2.0 <2.0 <67
RPD (%) NC NC NC NC 0.0 NC 1.0 NC NC NC NC NC
May 2013
5x QL 50 100 1.0 200 25 25 0.5 1.0 25 10 2.5 500
SWPAGWO02-0513 5/18/2013 <10 <20 0.17 11 97 <5.0 75.8 <0.20 <5.0 0.32 0.57 122
SWPAGWO02d-0513 5/18/2013 <10 <20 0.18 24 99 <5.0 76.3 <0.20 <5.0 <2.0 0.52 101
RPD (%) NC NC NC NC 2.0 NC 0.7 NC NC NC NC NC
SWPAGWO07-0513 5/19/2013 <10 <20 0.12 17 85 <5.0 59.1 <0.20 <5.0 <2.0 78 <100
SWPAGWO07d-0513 5/19/2013 2.9 <20 0.08 14 86 <5.0 60.0 <0.20 <5.0 <2.0 79 <100
RPD (%) NC NC NC NC 1.2 NC 1.5 NC NC NC 1.4 NC

NC, not calculated.
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Table A14. Dissolved Metal Duplicates (cont.).

Date .
Sample ID Collected Hg Li Mg Mn
pug/L pg/L  mg/L  pg/L
July 2011
5x QL NA 1.8 NA 0.5 70 85 8.6 420 0.3 85 2.3 R
SWPAGWO05-0711 7/26/2011 NA 1.57 NA 19.6 <14 <17 47.8 <84 <0.06 <17 17.3 R
SWPAGWO05d-0711 7/26/2011 NA 1.55 NA 19.7 <14 26 47.9 <84 <0.06 <17 17.7 R
RPD (%) NC 0.5 NC NC 0.2 NC NC NC 2.3
SWPAGW12-0711 7/28/2011 NA 1.04 NA 15.0 18 <17 12.0 <84 <0.06 <17 18.0 R
SWPAGW12d-0711 7/28/2011 NA 1.03 NA 14.9 19 <17 12.0 <84 <0.06 <17 17.9 R
RPD (%) NC 0.7 NC NC 0.0 NC NC NC 0.6
March 2012
5x QL NA 1.8 NA 0.5 70 85 8.6 5 0.3 5 2.3 10
SWPAGWO08-0312 3/24/2012 NA 1.24 NA 8.75 20 <17 6.14 <1.0 | <0.06 | <1.0 13.0 <2.0
SWPAGWO08d-0312 3/24/2012 NA 1.24 NA 8.57 20 <17 6.11 <1.0 <0.06 <1.0 12.5 <2.0
RPD (%) NC 2.1 NC NC NC NC NC NC 3.9 NC
SWPAGW13-0312 3/24/2012 NA 1.21 NA 14.1 <14 <17 23.3 <1.0 | <0.06 | <1.0 11.1 <2.0
SWPAGW13d-0312 3/24/2012 NA 1.22 NA 14.3 <14 <17 23.3 <1.0 | <0.06 <1.0 10.8 <2.0
RPD (%) NC 1.4 NC NC 0.0 NC NC NC 2.7 NC
May 2013
5xQL 1.0 2.5 50 0.25 25 2.5 1.3 1.0 0.25 1.0 NA 1.0
SWPAGWO02-0513 5/18/2013 | <0.20 | 1.18 3.9 22.7 78 0.52 7.32 3.1 <0.05 | <0.20 NA <0.20
SWPAGWO02d-0513 5/18/2013 | <0.20 | 1.24 5.0 23.2 80 0.57 7.52 3.5 <0.05 | <0.20 NA <0.20
RPD (%) NC NC NC 2.2 2.5 NC 2.7 12.1 NC NC NC
SWPAGWO07-0513 5/19/2013 | <0.20 | 1.34 3.7 10.4 0.4 <0.50 | 39.0 2.6 <0.05 | 0.84 NA <0.20
SWPAGWO07d-0513 5/19/2013 | <0.20 | 1.30 4.2 10.6 0.7 <0.50 | 39.2 3.0 <0.05 | 0.82 NA <0.20
RPD (%) NC NC NC 1.9 NC NC 0.5 14.3 NC NC NC

NA, not analyzed. NC, not calculated. R, data rejected.
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Table A14. Dissolved Metal Duplicates (cont.).

) Co?l::e g S s | s T T u V | zn
pg/L | mg/L | pg/L | ug/L | ug/L |
July 2011
5% QL 150 | 22 | 20 | NA | 35 R NA | 50 | 250
SWPAGW05-0711 7/26/2011 | <30 | 6.01 | 1530 | NA | <7 R NA | <10 | 29
SWPAGW05d-0711 7/26/2011 | <30 | 6.1 | 1530 | NA | <7 R NA | <10 | 26
RPD (%) NC | 17 | 00 NC NC | NC
SWPAGW12-0711 7/28/2011 | <30 | 6.10 | 310 | NA | <7 R NA | <10 | 245
SWPAGW12d-0711 7/28/2011 | <30 | 6.07 | 300 | NA | <7 R NA 3 | 243
RPD (%) NC | 05 | 33 NC NC | NC
March 2012
5x QL 25 | 22 | 20 5 35 5 5 50 | 250
SWPAGW08-0312 3/24/2012 | <5.0 | 533 | 201 | <10 | <7 | <1.0 | 055 | <10 | <50
SWPAGW08d-0312 3/24/2012 | <5.0 | 533 | 201 | <10 | <7 | <1.0 | 050 | <10 | <50
RPD (%) NC | 00 | 00 | NC | NC | NC | NC | NC | NC
SWPAGW13-0312 3/24/2012 | 32 | 560 | 690 | <10 | <7 | <1.0 | 088 | <10 | <50
SWPAGW13d-0312 3/24/2012 | 42 | 560 | 690 | <10 | <7 | <10 | 086 | <10 | <50
RPD (%) NC | 00 | 00 | NC | NC | NC | NC | NC | NC
May 2013
5xQl 0 ] 05 | 10 | 1.0 | 25 | 10 | 10 | 10 | 25
SWPAGW02-0513 5/18/2013 | <2.0 | 4.05 | 455 | <020 | 0.61 | <0.20 | 0.63 | <0.20 | <5.0
SWPAGW02d-0513 5/18/2013 | <2.0 | 4.07 | 458 | <020 | 059 | <0.20 | 0.64 | <0.20 | <5.0
RPD (%) NC | 05 | 07 | NC | NC | NC | NC | NC | NC
SWPAGW07-0513 5/19/2013 | <2.0 | 542 | 229 | <020 | 0.81 | <020 | 0.14 | 0.05 | 17
SWPAGW07d-0513 5/19/2013 | <2.0 | 550 | 218 | <0.20 | 0.81 | <0.20 | <0.20 | 0.04 | 16
RPD (%) NC | 15 | 49 | NC | NC | NC | NC | NC | NC

NA, not analyzed. NC, not calculated.
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Table A15. Total Metal Duplicates.

Sample ID Coﬁ:::e d Ag Al Y B Ba Be Ca Cd Co Cr Cu ]
Units | we/L | opg/t | opg/t | pg/l | pg/l | pg/l | mg/l | pe/l | pg/t pg/t | pg/l | pg/L |
July 2011
5xQL 80 2740 110 1850 20 55 1.6 20 20 40 110 370
SWPAGWO05-0711 7/26/2011 <16 <548 <22 <370 178 <11 127 <4 <4 <8 <22 <74
SWPAGWO05d-0711 7/26/2011 <16 <548 <22 <370 176 <11 127 <4 <4 <8 <22 <74
RPD (%) NC NC NC NC 1.1 NC 0.0 NC NC NC NC NC
SWPAGW12-0711 7/28/2011 <16 986 <22 <370 76 <11 104 2 <4 7 47 835
SWPAGW12d-0711 7/28/2011 <16 881 <22 <370 74 <11 105 2 <4 6 45 749
RPD (%) NC NC NC NC 2.7 NC 1.0 NC NC NC NC 10.9
March 2012
5x QL 80 100 5 1850 20 55 1.6 5 20 10 10 370
SWPAGWO08-0312 3/24/2012 <16 54.8 0.50 <370 129 <11 93.5 <1.0 <4 <2.0 4.1 41
SWPAGWO08d-0312 3/24/2012 <16 55.5 0.48 <370 130 <11 93.9 <1.0 <4 <2.0 4.4 48
RPD (%) NC NC NC NC 0.8 NC 0.4 NC NC NC NC NC
SWPAGW13-0312 3/24/2012 <16 <20.0 0.87 <370 222 <11 309 <1.0 <4 <2.0 <2.0 <74
SWPAGW13d-0312 3/24/2012 <16 <20.0 1.9 <370 222 <11 306 <1.0 <4 <2.0 <2.0 <74
RPD (%) NC NC NC NC 0.0 NC 1.0 NC NC NC NC NC
May 2013
5xQL 50 100 1 100 12.5 12.5 0.25 1.00 12.5 10.0 2.5 250
SWPAGWO02-0513 5/18/2013 <10 <20 1.3 24 102 <2.5 73.3 <0.20 <2.5 <2.0 0.80 902
SWPAGWO02d-0513 5/18/2013 <10 <20 1.1 26 100 <2.5 73.9 <0.20 <2.5 <2.0 0.85 653
RPD (%) NC NC 16.7 NC 2.0 NC 0.8 NC NC NC NC 32
SWPAGWO07-0513 5/19/2013 <10 <20 0.23 23 81 <2.5 56.1 <0.20 <2.5 <2.0 72 <50
SWPAGWO07d-0513 5/19/2013 <10 <20 0.32 27 83 <2.5 57.8 <0.20 <2.5 <2.0 74 44
RPD (%) NC NC NC NC 2.4 NC 3.0 NC NC NC 2.7 NC

NC, not calculated.



Table A15. Total Metal Duplicates (cont.).

DEN .
Sample ID Collected Hg K Li Mg Mn
Units ‘ ug/L ‘ mg/L ‘ ug/L ‘ mg/L ‘ ug/L ‘
July 2011
5xQL 2.0 0.6 80 95 9.5 465 0.4 95 2.6
SWPAGWO05-0711 7/26/2011 NA 1.61 NA 20.1 <16 <19 48.0 <93 <0.07 <19 16.1 R
SWPAGWO05d-0711 7/26/2011 NA 1.61 NA 19.9 <16 <19 47.9 <93 | <0.07 | <19 16.1 R
RPD (%) NC 0.0 NC 1.0 NC NC 0.2 NC NC NC 0.0
SWPAGW12-0711 7/28/2011 NA 1.28 NA 15.2 1580 <19 12.4 <93 <0.07 17 16.3 R
SWPAGW12d-0711 7/28/2011 NA 1.23 NA 15.4 | 1490 <19 12.5 <93 | <0.07 14 16.3 R
RPD (%) NC NC NC 1.3 5.9 NC 0.8 NC NC NC 0.0
March 2012
5x QL 2.0 0.6 80 95 9.5 5 0.4 5 2.6 10
SWPAGWO08-0312 3/24/2012 NA 1.24 NA 8.63 33 <19 6.27 <1.0 | <0.07 | <1.0 11.2 <2.0
SWPAGWO08d-0312 3/24/2012 NA 1.27 NA 8.69 35 <19 6.26 <1.0 | <0.07 | <1.0 11.4 <2.0
RPD (%) NC NC NC 0.7 NC NC NC NC NC NC 1.8 NC
SWPAGW13-0312 3/24/2012 NA 1.23 NA 14.2 <16 <19 23.6 <1.0 | <0.07 | <1.0 9.73 <2.0
SWPAGW13d-0312 3/24/2012 NA 1.28 NA 14.1 <16 <19 23.5 <1.0 | <0.07 | <1.0 9.93 <2.0
RPD (%) NC NC NC 0.7 NC NC 0.4 NC NC NC 2.0 NC
May 2013
5xQL 1.0 1.25 25 0.15 12.5 2.5 0.63 1.00 0.15 1 1
SWPAGWO02-0513 5/18/2013 | <0.20 | 1.18 4.2 22.0 508 0.66 7.46 3.7 <0.03 | <0.20 NA <0.20
SWPAGWO02d-0513 5/18/2013 | <0.20 | 1.18 4.4 22.2 366 0.68 7.26 3.0 <0.03 | <0.20 NA <0.20
RPD (%) NC NC NC 0.9 32.5 NC 2.7 20.9 NC NC NC
SWPAGWO07-0513 5/19/2013 | <0.20 | 1.28 3.9 9.68 0.5 0.21 37.4 2.6 0.01 0.82 NA <0.20
SWPAGWO07d-0513 5/19/2013 | <0.20 | 1.28 4.0 10.0 0.4 <0.50 | 37.9 2.4 <0.03 | 0.91 NA <0.20
RPD (%) NC 0 NC 3.3 13.3 NC 1.3 8.0 NC NC NC

NA, not analyzed. NC, not calculated. R, data rejected.
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Table A15. Total Metal Duplicates (cont.).

sample ID CO'I)I:Z:e g Se Si Sr Th Ti TI U v Zn
Units g/l | mg/L | wg/L | g/l | pg/t | pg/L pg/L | pg/l | pg/L |
July 2011
5xQL 165 | 2.4 | 20 40 55 | 280
SWPAGW05-0711 7/26/2011 | <33 | 585 | 1560 | NA | <8 R NA | <11 | 23
SWPAGW05d-0711 7/26/2011 | <33 | 581 | 1560 | NA | <8 R NA 4 23
RPD (%) NC | 07 | 00 | NC | NC NC | NC | NC
SWPAGW12-0711 7/28/2011 | <33 | 717 | 325 | NA | 13 R NA 4 | 641
SWPAGW12d-0711 7/28/2011 | <33 | 691 | 330 | NA 9 R NA 5 632
RPD (%) NC | 37 | 15 | NC | NC NC | NC | 14
March 2012
5x QL 25 | 24 | 20 5 40 5 5 55 | 280
SWPAGW08-0312 3/24/2012 | <50 | 502 | 197 | <10 | 3 | <1.0 | 051 | <11 | <56
SWPAGW08d-0312 3/24/2012 | <50 | 505 | 197 | <10 | 3 | <10 | 052 | <11 | <56
RPD (%) NC | 06 | 00 | NC | NC | NC | NC | NC | NC
SWPAGW13-0312 3/24/2012 | 3.0 | 531 | 683 | <10 | 3 | <10 | 093 | <11 | <56
SWPAGW13d-0312 3/24/2012 | 53 | 532 | 675 | <10 | 3 | <1.0 | 1.0 | <11 | <56
RPD (%) NC | 02 | 1.2 | NC | NC | NC | NC | NC | NC
May 2013
5xQlL 10 | 025 | 125 | 1.00 | 125 | 1.00 | 1.00 | 1.0 | 125
SWPAGW02-0513 5/18/2013 | 0.46 | 3.99 | 475 | <0.20 | 0.50 | <0.20 | 0.66 | 0.53 | <2.5
SWPAGW02d-0513 5/18/2013 | 0.76 | 4.02 | 475 | <020 | 0.64 | <0.20 | 0.66 | 0.53 | <2.5
RPD (%) NC | 07 | 00 | NC | NC | NC | NC | NC | NC
SWPAGW07-0513 5/19/2013 | <2.0 | 519 | 228 | 018 | 072 | <0.20 | 0.06 | 0.28 | 10.3
SWPAGW07d-0513 5/19/2013 | 1.10 | 531 | 220 | <0.20 | 0.64 | <0.20 | 0.05 | 0.50 | 11.0
RPD (%) NC | 23 | 36 | NC | NC | NC | NC | NC | NC

NA, not analyzed. NC, not calculated. R, data rejected.



Table A16. Volatile Organic Compound Duplicates.
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Sample ID Collected = 2 S z o o £ = = o £ a3
Units pg/ pg/ pg/ / / pg/
July 2011
5x QL 500 125 125 2.5 5 25 5 5 5 5 2.5
SWPAGWO05-0711 7/26/2011 | <100 <25 <25 <0.5 <1.0 <5.0 <1.0 <1.0 <1.0 <1.0 <0.5 R
SWPAGWO05d-0711 7/26/2011 <100 <25 <25 <0.5 <1.0 <5.0 <1.0 <1.0 <1.0 <1.0 <0.5 R
RPD (%) NC NC NC NC NC NC NC NC NC NC NC NC
SWPAGW12-0711 7/28/2011 <100 | <25.0 <25 <0.5 <1.0 <5.0 <1.0 <1.0 <1.0 <1.0 <0.5 R
SWPAGW12d-0711 7/28/2011 <100 | <25.0 <25 <0.5 <1.0 <5.0 <1.0 <1.0 <1.0 <1.0 <0.5 R
RPD (%) NC NC NC NC NC NC NC NC NC NC NC NC
March 2012
5x QL 500 125 125 2.5 5 25 5 5 5 5 2.5
SWPAGWO08-0312 3/24/2012 | <100 <25 <25 <0.5 <1.0 <5.0 <1.0 <1.0 <1.0 <1.0 <0.5 R
SWPAGWO08d-0312 3/24/2012 | <100 <25 <25 <0.5 <1.0 <5.0 <1.0 <1.0 <1.0 <1.0 <0.5 R
RPD (%) NC NC NC NC NC NC NC NC NC NC NC NC

NA, not analyzed. NC, not calculated. R, data rejected.
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Table A16. Volatile Organic Compound Duplicates (cont.).
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Date 2 a E E ‘g - ‘.:_' 8 ;> : = 5
Sample ID Collected = 2 S z o o £ = = o S a3
Units wg/L | wg/L | wg/t | g/l | ug g/t | g/l | ug
March 2012
5x QL 500 125 125 2.5 5 25 5 5 5 5 2.5
SWPAGW13-0312 3/24/2012 | <100 <25 <25 <0.5 <1.0 <5.0 <1.0 <1.0 <1.0 <1.0 <0.5 R
SWPAGW13d-0312 3/24/2012 | <100 <25 <25 <0.5 <1.0 <5.0 <1.0 <1.0 <1.0 <1.0 <0.5 R
RPD (%) NC NC NC NC NC NC NC NC NC NC NC NC
May 2013
5xQL 500 100 5 2.5 5 50 2.5 2.5 2.5 2.5 2.5 2.5
SWPAGWO02-0513 5/18/2013 | <100 <10 <1.0 <0.5 <1.0 <10 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5
SWPAGWO02d-0513 5/18/2013 | <100 <10 <1.0 <0.5 <1.0 <10 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5
RPD (%) NC NC NC NC NC NC NC NC NC NC NC NC
SWPAGWO07-0513 5/19/2013 | <100 <10 <1.0 <0.5 <1.0 <10 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5
SWPAGWO07d-0513 5/19/2013 | <100 <10 <1.0 <0.5 <1.0 <10 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5
RPD (%) NC NC NC NC NC NC NC NC NC NC NC NC

NA, not analyzed. NC, not calculated. R, data rejected.
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Table A16. Volatile Organic Compound Duplicates (cont.).
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Date = £ @ o - 5 - 2 N T s 3
Sample ID Collected g £ £ a3 2 s a3 g B 3 = °
Units / pg/ pg/ pg/
July 2011
5x QL 2.5 5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5
SWPAGWO05-0711 7/26/2011 | <0.5 <1.0 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5
SWPAGWO05d-0711 7/26/2011 <0.5 <1.0 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5
RPD (%) NC NC NC NC NC NC NC NC NC NC NC NC
SWPAGW12-0711 7/28/2011 <0.5 <1.0 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5
SWPAGW12d-0711 7/28/2011 <0.5 <1.0 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5
RPD (%) NC NC NC NC NC NC NC NC NC NC NC NC
March 2012
5x QL 2.5 5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5
SWPAGWO08-0312 3/24/2012 | <0.5 <1.0 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5
SWPAGWO08d-0312 3/24/2012 | <0.5 <1.0 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5
RPD (%) NC NC NC NC NC NC NC NC NC NC NC NC

NC, not calculated.
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Table A16. Volatile Organic Compound Duplicates (cont.).
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Sample ID Collected g £ £ a3 2 s a3 g B 3 = °
Units ug/L | wg/L | mg/l  mg/L | pe/L | pg/L | pg/L | pg/l we/L | wg/l  wg/L | pg/L

March 2012
5x QL 2.5 5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5
SWPAGW13-0312 3/24/2012 | <0.5 <1.0 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5
SWPAGW13d-0312 3/24/2012 | <0.5 <1.0 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5
RPD (%) NC NC NC NC NC NC NC NC NC NC NC NC
May 2013

5x QL 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5
SWPAGWO02-0513 5/18/2013 | <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5
SWPAGWO02d-0513 5/18/2013 | <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5
RPD (%) NC NC NC NC NC NC NC NC NC NC NC NC
SWPAGWO07-0513 5/19/2013 | <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5
SWPAGWO07d-0513 5/19/2013 | <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5
RPD (%) NC NC NC NC NC NC NC NC NC NC NC NC

NC, not calculated.



A-75

Table A16. Volatile Organic Compound Duplicates (cont.).
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Sample ID Collected b ° s = £ 5 2 i A i x A

Units / pg/ pg/ pg/ pg/
July 2011
5x QL 2.5 2.5 5 10 2.5 2.5 2.5 2.5 2.5 2.5 2.5
SWPAGWO05-0711 7/26/2011 R <0.5 <0.5 <1.0 <2.0 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5
SWPAGWO05d-0711 7/26/2011 R <0.5 <0.5 <1.0 <2.0 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5
RPD (%) NC NC NC NC NC NC NC NC NC NC NC NC
SWPAGW12-0711 7/28/2011 R <0.5 <0.5 <1.0 <2.0 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5
SWPAGW12d-0711 7/28/2011 R <0.5 <0.5 <1.0 <2.0 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5
RPD (%) NC NC NC NC NC NC NC NC NC NC NC NC
March 2012

5x QL 2.5 2.5 5 10 2.5 2.5 2.5 2.5 2.5 2.5 2.5
SWPAGWO08-0312 3/24/2012 R <0.5 <0.5 <1.0 <2.0 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5
SWPAGWO08d-0312 3/24/2012 R <0.5 <0.5 <1.0 <2.0 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5
RPD (%) NC NC NC NC NC NC NC NC NC NC NC NC

NC, not calculated. R, data rejected.
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Table A16. Volatile Organic Compound Duplicates (cont.).
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Sample ID Collected b ° s = £ 5 2 i A i x A

Units ug/L | weg/L | mg/l  wg/L | pe/L | pg/L | pg/L | pg/l  we/l | wg/l  wg/L | pg/L
March 2012

5x QL 2.5 2.5 5 10 2.5 2.5 2.5 2.5 2.5 2.5 2.5

SWPAGW13-0312 3/24/2012 R <0.5 <0.5 <1.0 <2.0 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5

SWPAGW13d-0312 3/24/2012 R <0.5 <0.5 <1.0 <2.0 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5

RPD (%) NC NC NC NC NC NC NC NC NC NC NC NC
May 2013

5xQL 2.5 2.5 2.5 2.5 5 2.5 2.5 2.5 2.5 2.5 2.5 2.5

SWPAGWO02-0513 5/18/2013 | <0.5 <0.5 <0.5 <0.5 <1.0 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5

SWPAGWO02d-0513 5/18/2013 | <0.5 <0.5 <0.5 <0.5 <1.0 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5

RPD (%) NC NC NC NC NC NC NC NC NC NC NC NC

SWPAGWO07-0513 5/19/2013 | <0.5 <0.5 <0.5 <0.5 <1.0 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5

SWPAGWO07d-0513 5/19/2013 | <0.5 <0.5 <0.5 <0.5 <1.0 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5

RPD (%) NC NC NC NC NC NC NC NC NC NC NC NC

NC, not calculated. R, data rejected.



Table A16. Volatile Organic Compound Duplicates (cont.).
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July 2011
5x QL 2.5 2.5
SWPAGWO05-0711 7/26/2011 <0.5 <0.5
SWPAGWO05d-0711 7/26/2011 <0.5 <0.5
RPD (%) NC NC
SWPAGW12-0711 7/28/2011 <0.5 <0.5
SWPAGW12d-0711 7/28/2011 <0.5 <0.5
RPD (%) NC NC
March 2012
5x QL 2.5 2.5
SWPAGWO08-0312 3/24/2012 <0.5 <0.5
SWPAGWO08d-0312 3/24/2012 <0.5 <0.5
RPD (%) NC NC

NC, not calculated.
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Table A16. Volatile Organic Compound Duplicates (cont.).
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March 2012
5x QL 2.5 2.5
SWPAGW13-0312 3/24/2012 <0.5 <0.5
SWPAGW13d-0312 3/24/2012 <0.5 <0.5
RPD (%) NC NC
May 2013
5xQL 2.5 2.5
SWPAGWO02-0513 5/18/2013 <0.5 <0.5
SWPAGWO02d-0513 5/18/2013 <0.5 <0.5
RPD (%) NC NC
SWPAGWO07-0513 5/19/2013 <0.5 <0.5
SWPAGWO07d-0513 5/19/2013 <0.5 <0.5
RPD (%) NC NC

NC, not calculated.



Table A17. Low Molecular Weight Acid Duplicates.

A-79

sample ID Date Lactate Formate Acetate Propionate Butyrate Isobutyrate
Collected (50 21 5) (64 18 6) (64 19 7) (79 09 4) (107 92 6) (79 31 2)
Units mg/L mg/L mg/L mg/L mg/L mg/L
July 2011
5x QL 0.50 0.50 0.50 0.50 0.50
SWPAGWO05-0711 7/26/2011 <0.10 0.19 R <0.10 <0.10 <0.10
SWPAGWO05d-0711 7/26/2011 <0.10 0.21 R <0.10 <0.10 <0.10
RPD (%) NC NC NC NC NC NC
SWPAGW12-0711 7/28/2011 <0.10 0.14 R <0.10 <0.10 <0.10
SWPAGW12d-0711 7/28/2011 <0.10 0.13 R <0.10 <0.10 <0.10
RPD (%) NC NC NC NC NC NC
March 2012
5x QL 0.50 0.50 0.50 0.50 0.50
SWPAGWO08-0312 3/24/2012 <0.10 R <0.10 <0.10 <0.10 <0.10
SWPAGWO08d-0312 3/24/2012 <0.10 R <0.10 <0.10 <0.10 <0.10
RPD (%) NC NC NC NC NC NC
SWPAGW13-0312 3/24/2012 <0.10 R <0.10 <0.10 <0.10 <0.10
SWPAGW13d-0312 3/24/2012 <0.10 R <0.10 <0.10 <0.10 <0.10
RPD (%) NC NC NC NC NC NC
May 2013
5% QL 0.50 0.50 0.50 0.50 0.50
SWPAGWO02-0513 5/18/2013 <0.10 NA <0.10 <0.10 <0.10 <0.10
SWPAGWO02d-0513 5/18/2013 <0.10 NA <0.10 <0.10 <0.10 <0.10
RPD (%) NC NC NC NC NC NC
SWPAGWO07-0513 5/19/2013 <0.10 NA <0.10 <0.10 <0.10 <0.10
SWPAGWO07d-0513 5/19/2013 <0.10 NA <0.10 <0.10 <0.10 <0.10
RPD (%) NC NC NC NC NC NC

NC, not calculated. R, data rejected. NA, not analyzed.
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Table A18. Dissolved Gas Duplicates.

Methane Ethane Propane Butane
Sample ID Date Collected 7/ g5 g) (74 84 0) (74 ’;8 ) (106 97 8)
mg/L mg/L mg/L mg/L
July 2011

5x QL 0.0075 0.0145 0.0205 0.0275
SWPAGWO05-0711 7/26/2011 <0.0015 <0.0029 <0.0041 <0.0055
SWPAGWO05d-0711 7/26/2011 <0.0015 <0.0029 <0.0041 <0.0055
RPD (%) NC NC NC NC
SWPAGW12-0711 7/28/2011 <0.0015 <0.0029 <0.0041 <0.0055
SWPAGW12d-0711 7/28/2011 <0.0015 <0.0029 <0.0041 <0.0055
RPD (%) NC NC NC NC

March 2012
5x QL 0.0070 0.0135 0.0190 0.0240
SWPAGWO08-0312 3/24/2012 0.0016 <0.0027 <0.0038 <0.0048
SWPAGWO08d-0312 3/24/2012 0.0017 <0.0027 <0.0038 <0.0048
RPD (%) NC NC NC NC
SWPAGW13-0312 3/24/2012 <0.0014 <0.0027 <0.0038 <0.0048
SWPAGW13d-0312 3/24/2012 <0.0014 <0.0027 <0.0038 <0.0048
RPD (%) NC NC NC NC

May 2013

5x QL 0.0065 0.0135 0.0185 0.0235
SWPAGWO02-0513 A 5/18/2013 <0.0013 <0.0027 <0.0037 <0.0047
SWPAGWO02d-0513 A 5/18/2013 <0.0013 <0.0027 <0.0037 <0.0047
RPD (%) NC NC NC NC
SWPAGWO07-0513 A 5/19/2013 <0.0013 <0.0027 <0.0037 <0.0047
SWPAGWO07d-0513 A 5/19/2013 <0.0013 <0.0027 <0.0037 <0.0047
RPD (%) NC NC NC NC

NC, not calculated.



Table A19. Glycol Duplicates.
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Sample ID Collected =~ a = 2

Units g/ g/

July 2011
5x QL 25 250 25 125
SWPAGWO05-0711 7/26/2011 <5 <50 <5 <25
SWPAGWO05d-0711 7/26/2011 <5 <50 <5 <25
RPD (%) NC NC NC NC
SWPAGW12-0711 7/28/2011 <5 <50 <5 <25
SWPAGW12d-0711 7/28/2011 <5 <50 <5 <25
RPD (%) NC NC NC NC
March 2012
5x QL 50 125 125 250
SWPAGWO08-0312 3/24/2012 <10 <25 <25 <50
SWPAGWO08d-0312 3/24/2012 <10 <25 <25 <50
RPD (%) NC NC NC NC
SWPAGW13-0312 3/24/2012 <10 <25 <25 <50
SWPAGW13d-0312 3/24/2012 <10 <25 <25 <50
RPD (%) NC NC NC NC
May 2013

5x QL 50 50 50 50
SWPAGWO02-0513 5/18/2013 <10 <10 <10 <10
SWPAGWO02d-0513 5/18/2013 <10 <10 <10 <10
RPD (%) NC NC NC NC
SWPAGWO07-0513 5/19/2013 <10 <10 <10 <10
SWPAGWO07d-0513 5/19/2013 <10 <10 <10 <10
RPD (%) NC NC NC NC

NC, not calculated.
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Table A20. Semi-Volatile Organic Compound Duplicates.
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=124 trichlorobenzene (120 82 1)
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& 1,2 dichlorobenzene (95 50 1)
S~
[

&£ 1,2 dinitrobenzene (528 29 0)
S~
[

& 1,3 dichlorobenzene (541 73 1)
S~
[

& 1,3 dimethyladamantane (702 79 4)
S~
[

& 1,3 dinitrobenzene (99 65 0)
S~
[

& 1,4 dichlorobenzene (106 46 7)
S~
[

& 1,4 dinitrobenzene (100 25 4)
S~
[

& 1 methylnaphthalene (90 12 0)
S~
[

& 23,46 tetrachlorophenol (58 90 2)
S~
r

& 23,56 tetrachlorophenol (935 95 5)
S~
r

Date
Sample ID Collected
Units
July 2011
5x QL 2.50 2.50 2.50 2.50 2.50 2.50 2.50 2.50 2.50 2.50 2.50 2.50
SWPAGWO05-0711 7/26/2011 | <0.50 | <0.50 | <0.50 | <0.50 | <0.50 | <0.50 | <0.50 | <0.50 | <0.50 | <0.50 | <0.50 | <0.50
SWPAGWO05d-0711 7/26/2011 | <0.50 | <0.50 | <0.50 | <0.50 | <0.50 | <0.50 | <0.50 | <0.50 | <0.50 | <0.50 | <0.50 | <0.50
RPD (%) NC NC NC NC NC NC NC NC NC NC NC NC
SWPAGW12-0711 7/28/2011 | <0.50 | <0.50 | <0.50 | <0.50 | <0.50 | <0.50 | <0.50 | <0.50 | <0.50 | <0.50 | <0.50 | <0.50
SWPAGW12d-0711 7/28/2011 | <0.50 | <0.50 | <0.50 | <0.50 | <0.50 | <0.50 | <0.50 | <0.50 | <0.50 | <0.50 | <0.50 | <0.50
RPD (%) NC NC NC NC NC NC NC NC NC NC NC NC
March 2012

5% QL 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 10.0 10.0
SWPAGWO08-0312 3/24/2012 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <2.00 | <2.00
SWPAGWO08d-0312 3/24/2012 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <2.00 | <2.00
RPD (%) NC NC NC NC NC NC NC NC NC NC NC NC

NC, not calculated.
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Table A20. Semi-Volatile Organic Compound Duplicates (cont.).
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Sample ID Collected =t A b b i i i x x - it it
Units g/l | g / Cpg/L pg/L | pg/L wg/l | we/l | g/l g
March 2012
5x QL 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 10.0 10.0
SWPAGW13-0312 3/24/2012 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <2.00 | <2.00
SWPAGW13d-0312 3/24/2012 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <2.00 | <2.00
RPD (%) NC NC NC NC NC NC NC NC NC NC NC NC
May 2013
5x QL 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 10.0 10.0
SWPAGWO02-0513 5/18/2013 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <2.00 | <2.00
SWPAGWO02d-0513 5/18/2013 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <2.00 | <2.00
RPD (%) NC NC NC NC NC NC NC NC NC NC NC NC
SWPAGWO07-0513 5/19/2013 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <2.00 | <2.00
SWPAGWO07d-0513 5/19/2013 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <2.00 | <2.00
RPD (%) NC NC NC NC NC NC NC NC NC NC NC NC

NC, not calculated.



Table A20. Semi-Volatile Organic Compound Duplicates (cont.).
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Sample ID Collected N N N N N N 5 = o~ o~ -~ -~
Units ug/L  pg/L g/ g/ g/ mg/L  pg/L  pg/L  pg/L

July 2011

5x QL 2.50 2.50 2.50 2.50 25.00 2.50 2.50 2.50 2.50 2.50 2.50 2.50
SWPAGWO05-0711 7/26/2011 | <0.50 | <0.50 | <0.50 | <0.50 | <5.00 | <0.50 | <0.50 1.00 <0.50 | <0.50 | <0.50 | <0.50
SWPAGWO05d-0711 7/26/2011 | <0.50 | <0.50 | <0.50 | <0.50 | <5.00 | <0.50 | <0.50 0.56 <0.50 | <0.50 | <0.50 | <0.50

RPD (%) NC NC NC NC NC NC NC NC NC NC NC NC
SWPAGW12-0711 7/28/2011 | <0.50 | <0.50 | <0.50 | <0.50 | <5.00 | <0.50 | <0.50 | <0.50 | <0.50 | <0.50 | <0.50 | <0.50
SWPAGW12d-0711 7/28/2011 | <0.50 | <0.50 | <0.50 | <0.50 | <5.00 | <0.50 | <0.50 0.87 <0.50 | <0.50 | <0.50 | <0.50

RPD (%) NC NC NC NC NC NC NC NC NC NC NC NC

March 2012

5x QL 10.0 10.0 10.0 10.0 15.0 5.00 5.00 5.00 5.00 10.0 5.00 10.0
SWPAGWO08-0312 3/24/2012 | <2.00 | <2.00 | <2.00 | <2.00 | <3.00 | <1.00 | <1.00 | <1.00 | <1.00 | <2.00 | <1.00 | <2.00
SWPAGWO08d-0312 3/24/2012 | <2.00 | <2.00 | <2.00 | <2.00 | <3.00 | <1.00 | <1.00 | <1.00 | <1.00 | <2.00 | <1.00 | <2.00

RPD (%) NC NC NC NC NC NC NC NC NC NC NC NC

NC, not calculated.
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Table A20. Semi-Volatile Organic Compounds Duplicates (cont.).
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Sample ID Collected NG NG NG NG NG NG 5 ~ ~ ~ ~ ~

Units g/l | ug /L | wg/t | wg/L | g/l | pe/t | we/L | wg/L | pg/t | /L

March 2012
5x QL 10.0 10.0 10.0 10.0 15.0 5.00 5.00 5.00 5.00 10.0 5.00 10.0
SWPAGW13-0312 3/24/2012 | <2.00 | <2.00 | <2.00 | <2.00 | <3.00 | <1.00 | <1.00 | <1.00 | <1.00 | <2.00 | <1.00 | <2.00
SWPAGW13d-0312 3/24/2012 | <2.00 | <2.00 | <2.00 | <2.00 | <3.00 | <1.00 | <1.00 | <1.00 | <1.00 | <2.00 | <1.00 | <2.00
RPD (%) NC NC NC NC NC NC NC NC NC NC NC NC
May 2013

5x QL 10.0 10.0 10.0 10.0 15.0 5.00 5.00 5.00 5.00 10.0 5.00 10.0
SWPAGWO02-0513 5/18/2013 | <2.00 | <2.00 | <2.00 | <2.00 | <3.00 | <1.00 | <1.00 | <1.00 | <1.00 | <2.00 | <1.00 | <2.00
SWPAGWO02d-0513 5/18/2013 | <2.00 | <2.00 | <2.00 | <2.00 | <3.00 | <1.00 | <1.00 | <1.00 | <1.00 | <2.00 | <1.00 | <2.00
RPD (%) NC NC NC NC NC NC NC NC NC NC NC NC
SWPAGWO07-0513 5/19/2013 | <2.00 | <2.00 | <2.00 | <2.00 | <3.00 | <1.00 | <1.00 | <1.00 | <1.00 | <2.00 | <1.00 | <2.00
SWPAGWO07d-0513 5/19/2013 | <2.00 | <2.00 | <2.00 | <2.00 | <3.00 | <1.00 | <1.00 | <1.00 | <1.00 | <2.00 | <1.00 | <2.00
RPD (%) NC NC NC NC NC NC NC NC NC NC NC NC

NC, not calculated.



Table A20. Semi-Volatile Organic Compound Duplicates (cont.).
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Sample ID Collected : : :’; :, $ ': : : : : :
Units ug/ ug/ ug/L  pg/L ug/ ug/
July 2011
5x QL 2.50 2.50 2.50 5.00 2.50 2.50 2.50 2.50 5.00 2.50 2.50 | 12.50
SWPAGWO05-0711 7/26/2011 | <0.50 | <0.50 | <0.50 | <1.00 | <0.50 | <0.50 | <0.50 | <0.50 | <1.00 | <0.50 | <0.50 | <2.50
SWPAGWO05d-0711 7/26/2011 | <0.50 | <0.50 | <0.50 | <1.00 | <0.50 | <0.50 | <0.50 | <0.50 | <1.00 | <0.50 | <0.50 | <2.50
RPD (%) NC NC NC NC NC NC NC NC NC NC NC NC
SWPAGW12-0711 7/28/2011 | <0.50 | <0.50 | <0.50 | <1.00 | <0.50 | <0.50 | <0.50 | <0.50 | <1.00 | <0.50 | <0.50 | <2.50
SWPAGW12d-0711 7/28/2011 | <0.50 | <0.50 | <0.50 | <1.00 | <0.50 | <0.50 | <0.50 | <0.50 | <1.00 | <0.50 | <0.50 | <2.50
RPD (%) NC NC NC NC NC NC NC NC NC NC NC NC
March 2012
5x QL 5.00 10.0 25 5.00 15.0 10.0 5.00 10.0 15.0 5.00 15.0 15.0
SWPAGWO08-0312 3/24/2012 | <1.00 | <2.00 | <5.00 | <1.00 | <3.00 | <2.00 | <1.00 | <2.00 | <3.00 | <1.00 | <3.00 | <3.00
SWPAGWO08d-0312 3/24/2012 | <1.00 | <2.00 | <5.00 | <1.00 | <3.00 | <2.00 | <1.00 | <2.00 | <3.00 | <1.00 | <3.00 | <3.00
RPD (%) NC NC NC NC NC NC NC NC NC NC NC NC

NC, not calculated.
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Table A20. Semi-Volatile Organic Compound Duplicates (cont.).
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Sample ID Collected ﬁ ﬁ :~ :, :~ ': : : : j j
Units | pg/L | us /L ug/L | pg/L | wg/L | wg/L | pe/L | pg/L wg/L  ug/L | pg/L
March 2012
5x QL 5.00 10.0 25 5.00 15.0 10.0 5.00 10.0 15.0 5.00 15.0 15.0
SWPAGW13-0312 3/24/2012 | <1.00 | <2.00 | <5.00 | <1.00 | <3.00 | <2.00 | <1.00 | <2.00 | <3.00 | <1.00 | <3.00 | <3.00
SWPAGW13d-0312 3/24/2012 | <1.00 | <2.00 | <5.00 | <1.00 | <3.00 | <2.00 | <1.00 | <2.00 | <3.00 | <1.00 | <3.00 | <3.00
RPD (%) NC NC NC NC NC NC NC NC NC NC NC NC
May 2013

5x QL 5.00 10.0 25 5.00 15.0 10.0 5.00 10.0 15.0 5.00 15.0 15.0
SWPAGWO02-0513 5/18/2013 | <1.00 | <2.00 | <5.00 | <1.00 | <3.00 | <2.00 | <1.00 | <2.00 | <3.00 | <1.00 | <3.00 | <3.00
SWPAGWO02d-0513 5/18/2013 | <1.00 | <2.00 | <5.00 | <1.00 | <3.00 | <2.00 | <1.00 | <2.00 | <3.00 | <1.00 | <3.00 | <3.00
RPD (%) NC NC NC NC NC NC NC NC NC NC NC NC
SWPAGWO07-0513 5/19/2013 | <1.00 | <2.00 | <5.00 | <1.00 | <3.00 | <2.00 | <1.00 | <2.00 | <3.00 | <1.00 | <3.00 | <3.00
SWPAGWO07d-0513 5/19/2013 | <1.00 | <2.00 | <5.00 | <1.00 | <3.00 | <2.00 | <1.00 | <2.00 | <3.00 | <1.00 | <3.00 | <3.00
RPD (%) NC NC NC NC NC NC NC NC NC NC NC NC

NC, not calculated.



Table A20. Semi-Volatile Organic Compound Duplicates (cont.).
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Sample ID Collected & & 2 & & & = = = = = =
Units mg/L  pg/L  pg/L  pg/L mg/L  pg/L  pg/L  pg/L  pg/L  pg/L g/

July 2011
5x QL 2.50 2.50 2.50 5.00 2.50 2.50 2.50 2.50 2.50 2.50 2.50 | 25.00
SWPAGWO05-0711 7/26/2011 | <0.50 | <0.50 | <0.50 | <1.00 | <0.50 | <0.50 | <0.50 | <0.50 | <0.50 | <0.50 | <0.50 | <5.00
SWPAGWO05d-0711 7/26/2011 | <0.50 | <0.50 | <0.50 | <1.00 | <0.50 | <0.50 | <0.50 | <0.50 | <0.50 | <0.50 | <0.50 | <5.00
RPD (%) NC NC NC NC NC NC NC NC NC NC NC NC
SWPAGW12-0711 7/28/2011 | <0.50 | <0.50 | <0.50 | <1.00 | <0.50 | <0.50 | <0.50 | <0.50 | <0.50 | <0.50 | <0.50 | <5.00
SWPAGW12d-0711 7/28/2011 | <0.50 | <0.50 | <0.50 | <1.00 | <0.50 | <0.50 | <0.50 | <0.50 | <0.50 | <0.50 | <0.50 | <5.00
RPD (%) NC NC NC NC NC NC NC NC NC NC NC NC
March 2012

5x QL 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 15.0
SWPAGWO08-0312 3/24/2012 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <3.00
SWPAGWO08d-0312 3/24/2012 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <3.00
RPD (%) NC NC NC NC NC NC NC NC NC NC NC NC

NC, not calculated.
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Table A20. Semi-Volatile Organic Compound Duplicates (cont.).
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Sample ID Collected < < < < < & @ @ @ @ @ @
Units g/l | opg/t | we/L | wg/t | pg/t | pg/L pg/t | pg/l | pg/L | wg/L | we/l | g
March 2012
5x QL 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 15.0
SWPAGW13-0312 3/24/2012 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <3.00
SWPAGW13d-0312 3/24/2012 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <3.00
RPD (%) NC NC NC NC NC NC NC NC NC NC NC NC
May 2013
5x QL 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 15.0
SWPAGWO02-0513 5/18/2013 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <3.00
SWPAGWO02d-0513 5/18/2013 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <3.00
RPD (%) NC NC NC NC NC NC NC NC NC NC NC NC
SWPAGWO07-0513 5/19/2013 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <3.00
SWPAGWO07d-0513 5/19/2013 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <3.00
RPD (%) NC NC NC NC NC NC NC NC NC NC NC NC

NC, not calculated.



Table A20. Semi-Volatile Organic Compound Duplicates (cont.).
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Date N &, &) &) o o > _'é’ 2 § § %
Sample ID Collected A = = = = = = S S a a B
Units pg/L  upg/L  pg/L pg/
July 2011
5x QL 2.50 2.50 2.50 2.50 5.00 5.00 2.50 2.50 2.50 2.50 2.50 2.50
SWPAGWO05-0711 7/26/2011 | <0.50 | <0.50 | <0.50 | <0.50 | <1.00 | <1.00 | <0.50 | <0.50 | <0.50 | <0.50 | <0.50 | <0.50
SWPAGWO05d-0711 7/26/2011 | <0.50 | <0.50 | <0.50 | <0.50 | <1.00 | <1.00 | <0.50 | <0.50 | <0.50 | <0.50 | <0.50 | <0.50
RPD (%) NC NC NC NC NC NC NC NC NC NC NC NC
SWPAGW12-0711 7/28/2011 | <0.50 | <0.50 | <0.50 | <0.50 | <1.00 | <1.00 | <0.50 | <0.50 | <0.50 | <0.50 | <0.50 | <0.50
SWPAGW12d-0711 7/28/2011 | <0.50 | <0.50 | <0.50 | <0.50 | <1.00 | <1.00 | <0.50 | <0.50 | <0.50 | <0.50 | <0.50 | <0.50
RPD (%) NC NC NC NC NC NC NC NC NC NC NC NC
March 2012
5x QL 5.00 5.00 5.00 5.00 5.00 10.0 10.0 15.0 5.00 5.00 5.00 5.00
SWPAGWO08-0312 3/24/2012 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <2.00 | <2.00 | <3.00 | <1.00 | <1.00 | <1.00 | <1.00
SWPAGWO08d-0312 3/24/2012 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <2.00 | <2.00 | <3.00 | <1.00 | <1.00 | <1.00 | <1.00
RPD (%) NC NC NC NC NC NC NC NC NC NC NC NC

NC, not calculated.

A-90



A-91

Table A20. Semi-Volatile Organic Compounds Duplicates (cont.).

- — —
- - L]
i —
a | s | 8| 5 | S
o 3 g p S N 0
~ < - 22} -
2 | - | 37| 8| 5| 8 2
- o el [} —
— £ = £ () © L0 ( N
© = < ® = ® £ - = ©
- e ] — i < P o G ©
Ln i £ > — E ) c < <
o > (7] 5 ® o 2 == ) 3 © 0}
o x = = © (-] © o
S o > = = = < = o o o o
- < < ) = = = ~ © < = ©
) ] o 2 0] ] % © ) ‘E p =
< = = < = = = % ~ g o <
[} > > ~ ol os =
= 2 2 2 = = c @ = = 3 <
© < < < = r=] ] o c o o o
= O O O [T [T o N o N N =
Date N ) ) < ! ! > S % g g %
Sample ID Collected = = = = & = a S S 8 a a
Units Cpg/L g/l wg/l | pg/L | wg/L | g/l pg/L | g/l | g/l
March 2012
5x QL 5.00 5.00 5.00 5.00 5.00 10.0 10.0 15.0 5.00 5.00 5.00 5.00
SWPAGW13-0312 3/24/2012 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <2.00 | <2.00 | <3.00 | <1.00 | <1.00 | <1.00 | <1.00
SWPAGW13d-0312 3/24/2012 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <2.00 | <2.00 | <3.00 | <1.00 | <1.00 | <1.00 | <1.00
RPD (%) NC NC NC NC NC NC NC NC NC NC NC NC
May 2013
5x QL 5.00 5.00 5.00 5.00 5.00 10.0 5.0 15.0 5.00 5.00 5.00 5.00
SWPAGWO02-0513 5/18/2013 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <2.00 | <1.00 | <3.00 | <1.00 | <1.00 | <1.00 | <1.00
SWPAGWO02d-0513 5/18/2013 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <2.00 | <1.00 | <3.00 | <1.00 | <1.00 | <1.00 | <1.00
RPD (%) NC NC NC NC NC NC NC NC NC NC NC NC
SWPAGWO07-0513 5/19/2013 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <2.00 | <1.00 | <3.00 | <1.00 | <1.00 | <1.00 | <1.00
SWPAGWO07d-0513 5/19/2013 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <2.00 | <1.00 | <3.00 | <1.00 | <1.00 | <1.00 | <1.00
RPD (%) NC NC NC NC NC NC NC NC NC NC NC NC

NC, not calculated.



Table A20. Semi-Volatile Organic Compound Duplicates (cont.).
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Sample ID Collected 8 8 8 3 2 2 2 2 2 2 £ 2
Units
July 2011
5x QL 2.50 2.50 2.50 2.50 2.50 2.50 2.50 5.00 2.50 5.00 2.50 2.50
SWPAGWO05-0711 7/26/2011 | <0.50 | <0.50 | <0.50 | <0.50 | <0.50 | <0.50 | <0.50 | <1.00 | <0.50 | <1.00 | <0.50 | <0.50
SWPAGWO05d-0711 7/26/2011 | <0.50 | <0.50 | <0.50 | <0.50 | <0.50 | <0.50 | <0.50 | <1.00 | <0.50 | <1.00 | <0.50 | <0.50
RPD (%) NC NC NC NC NC NC NC NC NC NC NC NC
SWPAGW12-0711 7/28/2011 | <0.50 | <0.50 | <0.50 | <0.50 | <0.50 | <0.50 | <0.50 | <1.00 | <0.50 | <1.00 | <0.50 | <0.50
SWPAGW12d-0711 7/28/2011 | <0.50 | <0.50 | <0.50 | <0.50 | <0.50 | <0.50 | <0.50 | <1.00 | <0.50 | <1.00 | <0.50 | <0.50
RPD (%) NC NC NC NC NC NC NC NC NC NC NC NC
March 2012
5x QL 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00
SWPAGWO08-0312 3/24/2012 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00
SWPAGWO08d-0312 3/24/2012 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00
RPD (%) NC NC NC NC NC NC NC NC NC NC NC NC

NC, not calculated.
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Table A20. Semi-Volatile Organic Compound Duplicates (cont.).
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Sample ID Collected 8 5 5 3 2 2 $ $ $ $ 2 2
Units ug/l | pg/ g/t g/l wg/t | wg/L | wg/t | wg/L | ug
March 2012
5x QL 500 | 500 | 500 | 500 | 500 | 500 | 500 | 500 | 500 | 500 | 500 | 5.00
SWPAGW13-0312 3/24/2012 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00
SWPAGW13d-0312 3/24/2012 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00
RPD (%) NC NC NC NC NC NC NC NC NC NC NC NC
May 2013
5x QL 500 | 500 | 500 | 500 | 500 | 500 | 500 | 500 | 500 | 500 | 500 | 5.00
SWPAGW02-0513 5/18/2013 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00
SWPAGW02d-0513 5/18/2013 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00
RPD (%) NC NC NC NC NC NC NC NC NC NC NC NC
SWPAGW07-0513 5/19/2013 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00
SWPAGWO07d-0513 5/19/2013 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00
RPD (%) NC NC NC NC NC NC NC NC NC NC NC NC

NC, not calculated.



Table A20. Semi-Volatile Organic Compound Duplicates (cont.).
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Sample ID Collected 2 S = = 2 = = & & = 2 s

Units ug/ ug/L  pg/L ug/
July 2011

5x QL 2.50 2.50 2.50 2.50 5.00 2.50 2.50 2.50 2.50 5.00 2.50 5.00
SWPAGWO05-0711 7/26/2011 | <0.50 | <0.50 | <0.50 | <0.50 | <1.00 | <0.50 | <0.50 | <0.50 | <0.50 | <1.00 | <0.50 | <1.00
SWPAGWO05d-0711 7/26/2011 | <0.50 | <0.50 | <0.50 | <0.50 | <1.00 | <0.50 | <0.50 | <0.50 | <0.50 | <1.00 | <0.50 | <1.00

RPD (%) NC NC NC NC NC NC NC NC NC NC NC NC
SWPAGW12-0711 7/28/2011 | <0.50 | <0.50 | <0.50 | <0.50 | <1.00 | <0.50 | <0.50 | <0.50 | <0.50 | <1.00 | <0.50 | <1.00
SWPAGW12d-0711 7/28/2011 | <0.50 | <0.50 | <0.50 | <0.50 | <1.00 | <0.50 | <0.50 | <0.50 | <0.50 | <1.00 | <0.50 | <1.00

RPD (%) NC NC NC NC NC NC NC NC NC NC NC NC

March 2012

5x QL 5.00 5.00 5.00 5.00 5.00 5.00 10.0 5.00 5.00 10.0 5.00 5.00
SWPAGWO08-0312 3/24/2012 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <2.00 | <1.00 | <1.00 | <2.00 | <1.00 | <1.00
SWPAGWO08d-0312 3/24/2012 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <2.00 | <1.00 | <1.00 | <2.00 | <1.00 | <1.00

RPD (%) NC NC NC NC NC NC NC NC NC NC NC NC

NC, not calculated.
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Table A20. Semi-Volatile Organic Compound Duplicates (cont.).
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Sample ID Collected 3 5 = = & = = g g -3 & £

Units g/l | g /L ug/L | pg/L | wg/L | wg/L | pe/L | pg/L wg/L  ug/L | pg/L
March 2012

5x QL 5.00 5.00 5.00 5.00 5.00 5.00 10.0 5.00 5.00 10.0 5.00 5.00

SWPAGW13-0312 3/24/2012 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <2.00 | <1.00 | <1.00 | <2.00 | <1.00 | <1.00

SWPAGW13d-0312 3/24/2012 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <1.00 | <2.00 | <1.00 | <1.00 | <2.00 | <1.00 | <1.00

RPD (%) NC NC NC NC NC NC NC NC NC NC NC NC
May 2013

5x QL 5.00 5.00 5.00 5.00 10.0 5.00 10.0 5.00 5.00 10.0 5.00 5.00

SWPAGWO02-0513 5/18/2013 | <1.00 | <1.00 | <1.00 | <1.00 | <2.00 | <1.00 | <2.00 | <1.00 | <1.00 | <2.00 | <1.00 | <1.00

SWPAGWO02d-0513 5/18/2013 | <1.00 | <1.00 | <1.00 | <1.00 | <2.00 | <1.00 | <2.00 | <1.00 | <1.00 | <2.00 | <1.00 | <1.00

RPD (%) NC NC NC NC NC NC NC NC NC NC NC NC

SWPAGWO07-0513 5/19/2013 | <1.00 | <1.00 | <1.00 | <1.00 | <2.00 | <1.00 | <2.00 | <1.00 | <1.00 | <2.00 | <1.00 | <1.00

SWPAGWO07d-0513 5/19/2013 | <1.00 | <1.00 | <1.00 | <1.00 | <2.00 | <1.00 | <2.00 | <1.00 | <1.00 | <2.00 | <1.00 | <1.00

RPD (%) NC NC NC NC NC NC NC NC NC NC NC NC

NC, not calculated.
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Table A21. DRO/GRO Duplicates.

Date

Sample ID Collected GRO/TPH
Units ug/L \
QL 20.0
July 2011
5x QL 100 100
SWPAGWO05-0711 7/26/2011 <20.0 <21.5
SWPAGWO05d-0711 7/26/2011 <20.0 323
RPD (%) NC NC
SWPAGW12-0711 7/28/2011 <20.0 27.1
SWPAGW12d-0711 7/28/2011 <20.0 <20.0
RPD (%) NC NC
March 2012
5x QL 100 100
SWPAGWO08-0312 3/24/2012 <20 74.7
SWPAGWO08d-0312 3/24/2012 <20 71.1
RPD (%) NC NC
SWPAGW13-0312 3/24/2012 <20 <20.0
SWPAGW13d-0312 3/24/2012 <20 <20.0
RPD (%) NC NC
May 2013
5xQL 100 100
SWPAGWO02-0513 5/18/2013 <20.0 <20.0
SWPAGWO02d-0513 5/18/2013 <20.0 <20.0
RPD (%) NC NC
SWPAGWO07-0513 5/19/2013 <20.0 <20.0
SWPAGWO07d-0513 5/19/2013 <20.0 <20.0
RPD (%) NC NC

NC, not calculated.



Table A22. O and H Stable Isotopes of Water Duplicates.
Date

2 18
Sample ID Collected 6°H 60

‘ %o ‘ %o

July 2011
SWPAGW05-0711 7/26/2011 -54.60 -8.10
SWPAGWO05d-0711 7/26/2011 -54.22 -8.03
RPD (%) 0.70 0.87
SWPAGW12-0711 7/28/2011 -53.91 -8.39
SWPAGW12d-0711 7/28/2011 -54.04 -8.42
RPD (%) 0.24 0.36
March 2012
SWPAGWO08-0312 3/24/2012 -53.14 -8.40
SWPAGWO08d-0312 3/24/2012 -53.10 -8.42
RPD (%) 0.08 0.24
SWPAGW13-0312 3/24/2012 -53.18 -8.38
SWPAGW13d-0312 3/24/2012 -53.08 -8.47
RPD (%) 0.19 1.1
May 2013

SWPAGW02-0513 5/18/2013 -56.02 -8.66
SWPAGWO02d-0513 5/18/2013 -56.00 -8.73
RPD (%) 0.04 0.81
SWPAGWO07-0513 5/19/2013 -55.97 -8.72
SWPAGWO07d-0513 5/19/2013 -55.91 -8.79
RPD (%) 0.11 0.80
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Table A23. Carbon and Hydrogen Isotopes of DIC and Methane Duplicates.

Sample ID Date Collected s“cbic ‘ 5" C CH, 6D CH,
Units %o %o %o
July 2011
SWPAGW05-0711 7/26/2011 -13.04 NR NR
SWPAGWO05d-0711 7/26/2011 -12.92 NR NR
RPD (%) 0.92 NC NC
SWPAGW12-0711 7/28/2011 -16.34 NR NR
SWPAGW12d-0711 7/28/2011 -16.19 NR NR
RPD (%) 0.92 NC NC
March 2012
SWPAGW08-0312 3/24/2012 -14.55 NR NR
SWPAGWO08d-0312 3/24/2012 -14.48 NR NR
RPD (%) 0.48 NC NC
SWPAGW13-0312 3/24/2012 -15.07 NR NR
SWPAGW13d-0312 3/24/2012 -14.75 NR NR
RPD (%) 2.2 NC NC
May 2013
SWPAGW02-0513 5/18/2013 -14.6 NR NR
SWPAGWO02d-0513 5/18/2013 -14.6 NR NR
RPD (%) 0.0 NC NC
SWPAGWO07-0513 5/19/2013 -17.6 NR NR
SWPAGWO07d-0513 5/19/2013 -17.7 NR NR
RPD (%) 0.57 NC NC

NR, not reported by laboratory, no methane detected. NC, not calculated.
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Table A24. Strontium Isotope Duplicates.

Sample ID Date Collected ¥Sr/%sr Rb/Sr
Atom Ratio Weight Ratio
July 2011
SWPAGWO05-0711 7/26/2011 1550 0.711733 0.0006 0.000645
SWPAGWO05d-0711 7/26/2011 1540 0.711762 0.0006 0.000649
RPD (%) 0.65 0.004 0.00 0.65
SWPAGW12-0711 7/28/2011 294 0.712413 0.0034 0.002041
SWPAGW12d-0711 7/28/2011 305 0.712409 0.0033 0.001967
RPD (%) 3.67 0.0006 2.99 3.67
March 2012
SWPAGWO08-0312 3/24/2012 200 0.711536 0.00500 0.009500
SWPAGWO08d-0312 3/24/2012 204 0.711535 0.00490 0.009314
RPD (%) 1.98 0.0001 1.98 1.98
SWPAGW13-0312 3/24/2012 699 0.711940 0.00143 0.001187
SWPAGW13d-0312 3/24/2012 705 0.711937 0.00142 0.001163
RPD (%) 0.85 0.0004 0.85 2.07
May 2013

SWPAGWO02-0513 5/18/2013 443 0.711236 0.00226 NR
SWPAGWO02d-0513 5/18/2013 442 0.711247 0.00226 NR
RPD (%) 0.23 0.00155 0.23 NC
SWPAGWO07-0513 5/19/2013 213 0.711852 0.00469 NR
SWPAGWO07d-0513 5/19/2013 214 0.711880 0.00467 NR
RPD (%) 0.47 0.00393 0.47 NC

NR, not reported by laboratory. NC, not calculated.
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Table A25. Gross Alpha, Gross Beta, and Radium Isotope Duplicates.

g g
= @
Date 2 2
Sample ID Collected o iG]
Units Ci/L C
July 2011
5x RL
SWPAGWO05-0711 NA NA NA NA
SWPAGWO05d-0711 NA NA NA NA
RPD (%)
SWPAGW12-0711 NA NA NA NA
SWPAGW12d-0711 NA NA NA NA
RPD (%)
March 2012
5% RL 15 20 5 5
SWPAGWO08-0312 3/24/2012 <3.0 <4.0 <1.0 <1.0
SWPAGWO08d-0312 3/24/2012 <3.0 <4.0 <1.0 <1.0
RPD (%) NC NC NC NC
SWPAGW13-0312 3/24/2012 <3.0 <4.0 <1.0 <1.0
SWPAGW13d-0312 3/24/2012 <3.0 <4.0 <1.0 <1.0
RPD (%) NC NC NC NC
May 2013
5x RL 15 20 5 5
SWPAGWO02-0513 5/18/2013 <3.0 <4.0 <1.0 <1.0
SWPAGWO02d-0513 5/18/2013 <3.0 <4.0 <1.0 <1.0
RPD (%) NC NC NC NC
SWPAGWO07-0513 5/19/2013 <3.0 <4.0 <1.0 <1.0
SWPAGWO07d-0513 5/19/2013 <3.0 <4.0 <1.0 <1.0
RPD (%) NC NC NC NC

NA, not analyzed. NC, not calculated.



Table A26. Data Usability Summary?.

Analysis/Lab

Summary of QA/QC Results

A-101

Impact on Data/Usability

Field Parameters/EPA on-
site

July 2011
All QA/QC criteria were met.

Results for ferrous iron and sulfide are
considered screening values as they
were measured on site with field kits.

Meets project requirements.

”J ”

All detected results were qualified with
as estimated. Data usability is unaffected.

Dissolved gases/ Shaw
Environmental

All QA/QC criteria were met.

Meets project requirements.

DOC/ORD/NRMRL- Ada

All QA/QC criteria were met.

Meets project requirements.

DIC/ORD/NRMRL- Ada

All QA/QC criteria were met.

Meets project requirements.

Anions/ Ammonia
ORD/NRMRL- Ada

Nitrate + Nitrite: One Equipment Blank
was above the QL.

Nitrate + Nitrite: Affected samples were
qualified with “B.” The SWPAGWO08
concentration was almost 10x the blank
value and is considered usable. The
remaining qualified samples can be used
with caution.

Dissolved Metals/ Shaw
Environmental

ICP-MS: All ICP-MS results were
rejected and replaced with ICP-OES
results. The reasons stated were
potential interferences and that
interference check standards were not
run.

ICP-OES: Dissolved Sb and Tl results
were rejected due to potential spectral
interference.

Continuing calibration checks were
analyzed at appropriate intervals,
however, some metals (B, Ba, K, Na,
Ag, Si, S, P, and U) were not always
included in the check standards at the
required intervals.

ICP-MS: The ICP-MS data were replaced
with ICP-OES data. Detection and
guantitation limits are higher than
desirable. The ICP-OES data should not be
compared with the subsequent ICP-MS data
for trace metals from the last two sampling
events.

ICP-OES: Sb and Tl results were rejected as
unusable.

All samples with detected quantities for
these metals were qualified “J” as
estimated. Data for B, Ba, K, Na, Ag, Si, S, P,
and U are usable as positive identifications
with estimated concentrations.




Table A26. Data Usability Summary (cont.).

Analysis/Lab

Summary of QA/QC Results

A-102

Impact on Data/Usability

Total Metals/ Shaw
Environmental

ICP-MS: All ICP-MS results were
rejected and replaced with ICP-OES
results. The reasons stated were
potential interferences and that
interference check standards were not
run.

ICP-OES: Total Sb and Tl results were
rejected due to potential spectral
interference.

Continuing calibration checks were
being analyzed at appropriate
intervals, however, some metals (B, Ba,
K, Na, Ag, Si, S, P, and U) were not
always included in the check standards
at the required intervals.

Digestion: It was determined that all
parameters were not adhered to in
EPA Method 3015A.

ICP-MS: The ICP-MS data were replaced
with ICP-OES data. Detection and
guantitation limits are higher than
desirable. The ICP-OES data should not be
compared with the subsequent ICP-MS data
for trace metals from the last two sampling
events.

ICP-OES: Sb and Tl results were rejected as
unusable.

All samples with detected quantities for
these metals were qualified “J” as
estimated. Data for B, Ba, K, Na, Ag, Si, S, P,
and U are usable as positive identifications
with estimated concentrations.

The “)” qualifier was applied to detections
above the QL for digested samples. Data
are usable as positive identifications with
estimated concentrations.

Charge Balance

The calculated charge balance error
ranged from 0.5 to 5.3%, based on the
major cations (dissolved Na, K, Ca, and
Mg) and anions (Cl, SO,, and DIC).

Meets project requirements.

Measured versus
calculated values of
Specific Conductance
(SPC)

The error in measured SPC versus
calculated SPC ranged from 0.6 to
19.2%.

Samples SWPAGWO01, SWPAGWO02,
SWPAGWO03, SWPAGWO04, SWPASWO01, and
SWPASWO02 were above the acceptance
criterion of 15%; SPC data for these
samples are used with caution. In all cases,
for samples outside of the acceptance
range, the measured SPC value was less
than the calculated value; thus, SPC values
for these samples could be biased low.

VOC/ Shaw
Environmental

The matrix spike results for 1,1-
dichloroethene and 1,1,2-
trichloroethane were significantly
outside of the control limits. These
compounds are known to be affected

All data for 1,1-dichloroethene and 1,1,2-
trichloroethane were qualified with “R” and
rejected as unusable.




Table A26. Data Usability Summary (cont.).

Analysis/Lab

Summary of QA/QC Results

A-103

Impact on Data/Usability

by base hydrolysis. The preservative,
trisodium phosphate (TSP), is a base
and elevated temperatures (heated
headspace sample introduction) will
accelerate the hydrolysis of 1,1,2-
trichloroethane to 1,1-dichloroethene.

Toluene: The Trip Blank and Field Blank
2 had detections of toluene greater
than the QL.

Toluene: Affected samples (SWPAGWO04
and SWPASWO01) were qualified with “B”.
SWPAGWO04 concentration was similar to
the blanks and is usable with caution.
SWPASWO01 was ~3x the Trip Blank and
should be used with caution.

Low Molecular Weight
Acids/ Shaw
Environmental

All field blanks for acetate were
greater than the QL. It was later
determined that the TSP preservative
was the source of the acetate
contamination.

Low recovery (0%) was noted for the
isobutyrate matrix spike.

For acetate, the data were qualified with
“R” and rejected as unusable.

IIJ R4

Samples were qualified with . Negative
bias to the data is possible. As there were
no sample detections, it is possible the

negative bias may be a factor.

Glycols/ EPA Region 3
Laboratory

The method for glycols was under
development.

One cooler that contained samples
SWPAGW11, SWPAGW12,
SWPAGW12D, SWPAGW13, and a field
blank arrived at the lab at temperature
above 6° Cat 17° C.

The samples collected on July 25" and
26™ 2011 exceeded the 14 day holding
time for diethylene, triethylene, and
tetraethylene glycol by 24-48 hours.

The QAPP stated these data are to be
considered screening values until the
method was validated. Even though the
data are considered as screening level
values, these data are usable as on-going
QC checks provide confidence that the
method can detect glycols.

Affected sample results were qualified with
“J-” due to the temperature exceedance;
the potential negative bias is taken into
account for data usability.

Sample results were qualified with “H” to
indicate potential impact. Holding time
exceedance is considered a potential
negative bias. However, the holding time
exceedance was minor, so an impact on
data usability is considered unlikely.




Table A26. Data Usability Summary (cont.).

Analysis/Lab

Summary of QA/QC Results

A-104

Impact on Data/Usability

SVOC/ EPA Region 8
Laboratory

The laboratory control spike for a
sample batch had low recoveries for
limonene, aniline,
hexachlorocyclopentadiene, and
pyridine. The laboratory control spike
for another sample batch had low
recoveries for aniline,
hexachlorocyclopentadiene, and
pyridine.

The matrix spike of sample
SWPAGW11 had low recovery for the
following analytes: limonene, 1,2-
dichlorobenzene, 1,3-dichlorobenzene,
1,3-dimethyl adamantine, 1,4-
dichlorobenzene, 2,4-dichlorophenol,
2-butoxyethanol, and
hexachloroethane. Also one surrogate
in sample SWPAGW11 was at 47%

recovery, below the lower limit of 50%.

This further supports the potential for
a low bias.

A laboratory refrigerator lost coolant
and exceeded the 6°C upper limit,
reaching a maximum of 10.7° C.

One equipment blank had 2-
butoxyethanol detected above the QL.

These analytes and affected samples were
qualified with “J-” to indicate a potential
negative bias that is taken into account for
data usability.

These analytes were qualified for sample
SWPAGW11 with “J-” to indicate a potential
negative bias. The detections for 2-
butoxyethanol, butyl benzyl phthalate, and
phenol may be biased low.

Affected samples (SWPAGWO03,
SWPAGWO08, SWPAGW09, SWPAGW10,
SWPAGW11, SWPAGW12, SWPAGW12-
DUP, SWPAGW13, SWPASWO03, and SWPA
Eq Blk-1) were qualified with “J-” due to a
potential negative bias that is taken into
account for data usability.

Samples collected on the same day as the
equipment blank (SWPAGWO0S,
SWPAGW10, and SWPASWO03) with
detected quantities were qualified with “B.”
Samples collected on another day with
detections were not qualified with “B”
(SWPAGWO05, SWPAGWO05d, and
SWPAGW11, SWPAGW12d, SWPAGW13,
and SWPASWO01). Detections in all of these
samples are viewed with caution. There are
other factors that support this approach.
See discussion in report.
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Table A26. Data Usability Summary (cont.).

Analysis/Lab Summary of QA/QC Results Impact on Data/Usability
GRO: Both field blanks and the GRO: SWPASWO01 was qualified with “B.”
equipment blank were above the QL. The sample concentration was less than the

associated field blank and is therefore
considered unusable.

DRO: The MS/MSD for sample DRO: Affected samples were qualified with
SWPAGW11 had a low recovery of 69% | “J-” for a potential negative bias
and 67.2% (limits 70-130%). (SWPAGWO04, SWPAGWO05, SWPAGWO0S5D,

SWPAGWO06, SWPAGWO07, SWPAGWOS,
SWPAGWO09, SWPAGW10, SWPAGW11,
SWPAGW12, SWPAGW12D, SWPAGW13,
SWPASWO03, SWPA FId Blk 2, and SWPA Eq
Blk-1). Data may be biased low.

A refrigerator lost coolant and These samples were qualified with “J-” for a
DRO/GRO/ EPA Region 8 exceeded the 6 °C upper limit, reaching | potential negative bias (SWPAGWO04,
Laboratory a maximum of 10.7 °C. SWPAGWO05, SWPAGWO05d, SWPAGWO06,

SWPAGWO07, SWPAGWO08, SWPAGWO09,
SWPAGW10, SWPAGW11, SWPAGW12,
SWPAGW12D, SWPAGW13, SWPASWO02,
SWPASWO03, SWPA Fld Blk 2, and SWPA Eq
Blk-1). Data may be biased low.

Some samples were received with a pH | Affected samples were qualified with “J-”
greater than two. for a potential negative bias (SWPAGWO04,
SWPAGWO05, SWPAGWO05d, SWPAGWO06,
SWPAGWO08, and SWPASWO02). Data may
be biased low.

For DRO, due to each of the factors listed,
all results should be used with caution as

biased low.
O, H Stable Isotopes of All QA/QC criteria were met. Meets project requirements.
Water/ Shaw
Environmental
Sr Isotopes/ USGS All QA/QC criteria were met. Meets project requirements.
Laboratory- Denver
All QA/QC criteria were met. Meets project requirements.

Isotech Gas Isotopes




Table A26. Data Usability Summary (cont.).

Analysis/Lab

Summary of QA/QC Results
March 2012

A-106

Impact on Data/Usability

Field Parameters/EPA on-
site

All QA/QC criteria were met.

Results for ferrous iron and sulfide are
considered screening values as they
were measured on site with field kits.

Meets project requirements.

”J ”

All detected results were qualified with
as estimated. Data usability is unaffected.

Dissolved gases/ Shaw
Environmental

All QA/QC criteria were met.

Meets project requirements.

DOC/ ORD/NRMRL- Ada

All QA/QC criteria were met.

Meets project requirements.

DIC/ ORD/NRMRL- Ada

All QA/QC criteria were met.

Meets project requirements.

Anions/ Ammonia
ORD/NRMRL- Ada

Nitrate+Nitrite: Two field blanks and
one equipment blank had detections of
above the QL.

Nitrate+Nitrite: Affected samples
(SWPAGWO03, SWPAGWO04, SWPAGWOS5,
SWPAGWO06, SWPAGWO08, SWPAGWO08d,
SWPAGW12, SWPAGW13, SWPAGW13d,
SWPAGW15, and SWPASWO02) were
qualified with “B.”

These data are indicative of low levels of
nitrate in the samples and may be used
with caution, with the exception of sample
SWPAGWOS6, in which the blank
concentration was greater than the sample
concentration.

Dissolved Metals/ Shaw
Environmental

ICP-MS: All ICP-MS results were
rejected due to potential interferences
and that interference check standards
were not run. Samples were re-
analyzed using a CLP lab.

ICP-OES: Continuing calibration checks
were analyzed at appropriate intervals,
however, these metals (B, Ba, K, Na,
Ag, Si, S, and P) were not always
included in the check standards at the
required intervals.

ICP-MS: CLP lab ICP-MS data were used.

ICP-OES: All samples with detected
guantities for these metals were qualified
“J” as estimated.

Data for B, Ba, K, Na, Ag, Si, S, P, and U are
usable as positive identifications with
estimated concentrations.

Total Metals/ Shaw
Environmental

ICP-MS: All ICP-MS results were
rejected due to potential interferences
and that interference check standards
were not run. Samples were re-
analyzed using a CLP lab.

ICP-MS: CLP ICP-MS data were used.
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Analysis/Lab

Summary of QA/QC Results

A-107

Impact on Data/Usability

Digestion: It was determined that all
parameters were not adhered to in
EPA Method 3015A.

ICP-OES: Continuing calibration checks
were analyzed at appropriate intervals,
however, these metals (B, Ba, K, Na,
Ag, Si, S, and P) were not always
included in the check standards at the
required intervals.

ItJrl

Digestion: The “J” qualifier was applied to
detections above the QL for digested
samples. Data are usable as positive
identifications with estimated

concentrations.

ICP-OES: All samples with detected
guantities for these metals were qualified
“J” as estimated.

Data for B, Ba, K, Na, Ag, Si, S, P, and U are
usable as positive identifications with
estimated concentrations.

Total and Dissolved
Metals by ICP-MS/CLP

The ICP-MS metal analytes, as
identified in the QAPP, which were
analyzed by the CLP lab are total and
dissolved: Al, As, Cd, Cr, Cu, Pb, Ni, Sb,
Se, Th, Tl, and U.

Field blanks SWPAFBIk02 and
SWPAFBIk03 both had dissolved Ni
concentrations exceeding the QL at
21.2 and 6.0 pg/L, respectively.
SWPAFBIlank02 also had total
concentrations of cadmium (134 pg/L)
and nickel (1.3 pg/L) above the CRQL.
The only affected sample was
SWPAGW11 for dissolved Ni. No
samples were reported with detects
for Cd, and no samples were >QL for
total Ni.

For dissolved Ni, SWPAGW11 was qualified
with a “B”. The sample concentration was
below the blank value and is therefore
unusable.

Charge Balance

The calculated charge balance error
ranged from 0.1 to 5.4%, based on the
major cations (dissolved Na, K, Ca, and
Mg) and anions (Cl, SO,, and DIC). NO;
was also used for samples SWPAGW10
and SWPAGW16.

Meets project requirements.

Measured versus
calculated values of
Specific Conductance
(SPC)

The error in measured SPC versus
calculated SPC ranged from 0.0 to
7.5%.

Meets project requirements.
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Analysis/Lab

Summary of QA/QC Results

A-108

Impact on Data/Usability

VOC/ Shaw
Environmental

The matrix spike results for 1,1-
dichloroethene and 1,1,2-
trichloroethane were significantly
outside of the control limits. These
compounds are known to be affected
by base hydrolysis. The preservative,
trisodium phosphate (TSP), is a base
and elevated temperatures (heated
headspace sample introduction) will
accelerate the hydrolysis of 1,1,2-
trichloroethane to 1,1-dichloroethene.

The carbon disulfide matrix spike had a
low recovery.

All data for 1,1-dichloroethene and 1,1,2-
trichloroethane were qualified with “R” and
rejected as unusable.

Affected samples (SWPAGWO03,
SWPAGWO04, SWPAGWO05, SWPAGWO06,
SWPAGWO08, SWPAGWO08d, SWPAGW12,
SWPAGW13, SWPASW13d, SWPAGW15,
and SWPASWO02) were qualified with “J-” as
a potential negative bias that is taken into
account for data usability.

Low Molecular Weight
Acids/ Shaw
Environmental

Formate: All field blank samples
contained formate above the QL and
were greater than or similar to the
sample concentrations. It was
determined this was due to
contamination from the preservative.

Propionate was above QL in a field and
an equipment blank.

Formate: All results were rejected and
qualified with an “R” as unusable.

The affected sample (SWPASWO03) was
qualified with “B.” Data are considered
usable with caution as the sample
concentration is similar to the blank levels.

Glycols/ EPA Region 3
Laboratory

The method for glycols was under
development.

A blank spike was below recovery
limits at 76% for tetraethylene glycol.
Lab reported low (34%) recovery for
tetraethylene glycol in a low blank
spike at 25 pg/L and low (44%)
recovery for 2-butoxyethanol in a low
blank spike at 5 pg/L.

The QAPP stated these data are to be
considered screening values until the
method was validated. The data are usable
as on-going QC checks provide confidence
that the method can detect glycols.

ltJ R4

All samples were qualified with for
these two analytes for a potential negative
bias that is taken into account for data

usability.
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Analysis/Lab

SVOC/ EPA Region 8
Laboratory

Summary of QA/QC Results

Method Blank Spike 1, Batch 1200101,
had low recoveries for limonene,
adamantane, and 1,3-dimethyl
adamantane.

Method Blank Spike 1, Batch 1200102,
had a low recovery for limonene,
adamantane, and 1,3-dimethyl
adamantane.

Matrix spike MS1, Batch 1200101, had
low recoveries for limonene and 1,3-
dimethyl adamantane. The duplicate
for this spike (MSD1) had a low
recovery for adamantane.

A-109

Impact on Data/Usability

Affected samples (SWPAGWO03,
SWPAGWO04, SWPAGWO05, SWPAGWO0S,
SWPAGWO08d, SWPAGW12, SWPAGW13,
SWPAGW13d, SWPAGW15 and
SWPASWO02) were qualified with “J-” for a
potential negative bias that is taken into
account for data usability.

Affected samples (SWPAGWO06-0312,
SWPAGW10-0312, SWPAGW11-0312,
SWPAGW14-0312, SWPAGW16-0312,
SWPAGW17-0312 and SWPASW03-0312)
were qualified with “J-” for a potential
negative bias that is taken into account for
data usability.

The affected sample (SWPAGWO05) was
already qualified with “J-” (see above). As a
result of the spike recoveries noted above,
all samples were qualified for limonene,
adamantane, and 1,3-dimethyl adamantane
with “J-” for a potential negative bias that is
taken into account for data usability.

DRO/GRO/ EPA Region 8
Laboratory

DRO: Diesel range organics were
detected in an equipment blank SWPA
Eq BlankO1 at the RL (20.0 ug/L).

GRO: There were detections in one
field blank and both equipment blanks;
concentrations ranged from 20.0 to
27.4 pg/L. Because TPH as gasoline was
not detected in any samples, no
qualifications were necessary.

DRO: Affected samples (SWPAGWO0S5 and
SWPASWO02) were qualified with “B.” The
result for SWPAGWO05 was at the blank
concentration and is unusable. The DRO
concentration in SWPASWO02 was greater
than the blank; data for this sample are
therefore considered to be usable with
caution.

GRO: No impact to data usability.

O, H Stable Isotopes of
Water/ Shaw
Environmental

All QA/QC criteria were met.

Meets project requirements.

Sr Isotopes/ USGS
Laboratory- Denver

All QA/QC criteria were met.

Meets project requirements.
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Table A26. Data Usability Summary (cont.).

Analysis/Lab Summary of QA/QC Results Impact on Data/Usability
Isotech Gas Isotopes All QA/QC criteria were met. Meets project requirements.
ALS Radionuclides All QA/QC criteria were met. Meets project requirements.
All QA/QC criteria were met. Meets project requirements.

Field Parameters/EPA on-

site Results for ferrous iron and sulfide are | All detected results were qualified with “J”
considered screening values as they as estimated. Data usability is unaffected.
were measured on-site with field kits.

Dissolved gases/ CB&l All QA/QC criteria were met. Meets project requirements.

Affected samples (SWPAGWO1,
SWPAGWO03, SWPAGWO05, SWPAGWO09,
SWPAGW13, and SWPAGW14) were
qualified with “B.” Sample concentrations
for SWPAGWO03 and SWPAGW13 were less
Two equipment blanks with detections | than the equipment blank concentrations
DOC/ORD/NRMRL- Ada o
above QL. and are unusable, but indicative of low level
DOC concentrations. Sample
concentrations for SWPAGWO1,
SWPAGWO05, SWPAGWO09, and SWPAGW14
were greater than the blank concentrations
and are usable with caution.

DIC/ORD/NRMRL-Ada All QA/QC criteria were met. Meets project requirements.
TKN: One equipment blank with TKN: Affected samples (SWPAGWOS5 and
detection above QL. SWPAGWO09) were qualified with “B.”

SWPAGWO5 concentration was less than
the equipment blank and is therefore
unusable. SWPAGWO09 was similar to the
blank value and is therefore usable with
caution.

Anions/ Ammonia
ORD/NRMRL-Ada
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Analysis/Lab

Summary of QA/QC Results

A-111

Impact on Data/Usability

Dissolved Metals/
Southwest Research
Institute

ICP-MS Dissolved Metals, field and
equipment blank detections were >QL
as listed below:

Al: Equipment Blank 2

Cu: Equipment Blank 4 and Field Blank
4

Pb: Equipment Blank 4

ICP-OES: All QA/QC criteria were met.

Cold vapor AA for Hg: All QA/QC
criteria were met.

ICP-MS: Affected samples were qualified as
follows:

Al: SWPASWO02 was qualified with a “B.”
The sample concentration was greater than
the equipment blank concentration and is
therefore usable with caution.

Cu: SWPAGWO03, SWPAGW13, and
SWPAGW14 were qualified with a “B.”
SWPAGWO03 was ~4x the concentration of
Field Blank 4 and should be used with
caution. SWPAGW13 and SWPAGW14
concentrations were less than Field Blank 4
and are therefore unusable.

Pb: SWPAGWO03 was qualified with a “B.”
The sample concentration was greater than
the blank and is therefore usable with
caution.

ICP-OES: Meets project requirements.

Cold vapor AA for Hg: Meets project
requirements.

Total Metals/ Southwest
Research Institute

ICP-OES:

Fe: Samples SWPAGWO02 and
SWPAGWO02d were field duplicates.
The requirement for field duplicates
was a RPD <30% for results >5xQL. The
results for samples SWPAGWO02 and
SWPAGWO02d were 902 and 653 pg/L,
respectively. These results were both
greater than 5xQL and the RPD for
these field duplicates was 32%.

Mn: Samples SWPAGWO02 and

SWPAGWO02d were field duplicates.
The requirement for field duplicates
was an RPD <30% for results >5xQL.

ICP-OES: Affected samples were qualified as
follows:

Fe: Samples SWPAGWO02 and SWPAGWO02d
as well as SWPAGWO04 were qualified with

“uxn

an for total Fe results. Precision of
these sample results exceeded the project
requirement by just 2%, but this variation is

considered when using the data.

Mn: Samples SWPAGWO02 and
SWPAGWO02d as well as SWPAGWO04 were

uxn

qualified with an for total Mn results.

Precision of these sample results exceeded
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Analysis/Lab

Summary of QA/QC Results

A-112

Impact on Data/Usability

The results for samples SWPAGW02
and SWPAGWO02d were 508 and 366
ug/L, respectively. These results were
both greater than 5xQL and the RPD
for these field duplicates was 32.5%.

ICP-OES Total Metals, field and
equipment blank had detections >QL
as listed below:

Zn : EB1, EB2, EB3, EB4; the associated
samples with concentrations <10x
blank: GW03, GW04, GWO05, GW07,
GWO07d, GW08, GW09

GWO01, required a “B” qualifier.

ICP-MS:

V:V was detected in the preparation
blank for Sample Delivery Group (SDG)
524043 at 0.22 pg/L. This affected
samples: GWO01, GW02, GW02d,
GWO03, GW04, GW05, GW06, GW07d,
GWO08, SW01, SW02, FB1, FB2, FB3,
EB1, EB2, EB3, and EB4. V was also
detected in the preparation blank for
SDG 524061 at 0.23 pg/L. This affected
samples GW07, GW14, GW18, and
GW19.

ICP-MS Total Metals, field and
equipment blank detections >QL listed
below:

project requirements by just 2.5% but this
variation is considered when using the data.

Zn: Samples SWPAGWO03, SWPAGWO04,
SWPAGWO05, SWPAGWO07, SWPAGWO07d,
SWPAGWO08, and SWPAGWO09 were
qualified with “B”. The SWPAGWO09
concentration was almost 10x the blank
and is usable. The remaining samples had
similar to up to 3x the blank concentration
and are considered to be usable with
caution.

ICP-MS: Affected samples were qualified as
follows:

V: Samples SWPAGWO01,SWPAGWO02,
SWPAGWO02d, SWPAGWO03, SWPAGWO04,
SWPAGWO05, SWPAGWO06, SWPAGWO07,
SWPAGWO07d, SWPAGWO08, SWPAGW14,
SWPAGW18, SWPAGW19, SWPASWO01,
SWPASWO02, FB1, FB2, FB3, EB1, EB2, EB3,
and EB4 were qualified with a “B.” Most
sample concentrations were ~2-4x the
laboratory preparation blanks. Due to the
detection of vanadium in preparation
blanks and the similarity of the sample
concentrations, the blank detections
appear to be a laboratory contamination
issue or possibly an interference problem
with the instrument; the data should be
considered unusable.




Table A26. Data Usability Summary (cont.).

Analysis/Lab

Summary of QA/QC Results

As: EB1, EB2, EB3, EB4, FB4; the
associated samples with
concentrations <10x blank — GWO01,
GWO02, GW02d, GW03, GW05, GWO0S6,
GWO07, GW07d, GW08, GW13, GW14,
GW18, GW19, SW01, and SW02 .

Cu: EB2, EB3, FB4; the associated
samples with concentrations <10x
blank - GW02, GW02d, GW03, GWO04,
GWO06,GW08, GW13, GW14, GW18,
GW19, SWO01, and SWO02.

Pb : EB2; the associated samples with
concentrations <10x blank — GW04,
SWO01, and SWO02.

V: EB1, EB2, EB3, EB4, FB1, FB2, FB3,
FB4; the associated samples with
concentrations <10x blank — GWO01,
GWO02, GW02d, GW03, GW04, GWO05,
GWO06, GW07, GW07d, GW08, GW14,
GW18, GW19, SW01, and SW02.
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Impact on Data/Usability

As: Samples SWPAGWO01, SWPAGWO02,
SWPAGWO02d, SWPAGWO03, SWPAGWOS5,
SWPAGWO06, SWPAGWO07, SWPAGWO07d,
SWPAGWO08, SWPAGW13, SWPAGW14,
SWPAGW18, SWPAGW19, SWPASWO01, and
SWPASWO02 were qualified with “B”.
Samples were ~2-5x the blank
concentrations; the data should be used
with caution.

Cu: Samples SWPAGWO02, SWPAGW02d,
SWPAGWO03, SWPAGWO04, SWPAGWOS6,
SWPAGWO08, SWPAGW13, SWPAGW14,
SWPAGW18, SWPAGW19, SWPASWO01, and
SWPASWO02 were qualified with “B”.
SWPAGWO02, SWPAGWO02d, SWPAGWO03,
SWPAGW13, SWPAGW14, SWPAGW18,
SWPAGW19, and SWPASWO01
concentrations were all below the blank
concentrations and are therefore unusable.
SWPASWO02 had a concentration similar to
the blank and should be considered usable
with caution. SWPAGWO03, SWPAGWO04,
SWPAGWO06, and SWPAGWO08 were up to
~6x the blank value and can be used with
caution.

Pb: Samples SWPAGWO04, SWPASWO01, and
SWPASWO02 were qualified with “B”. The
SWPAGWO04 concentration was less than
the blank and is therefore unusable. The
other two samples are less than 2x the
blank; therefore, these data should be used
with caution.

V: Samples SWPAGWO01,SWPAGWO02,
SWPAGWO02d, SWPAGWO03, SWPAGWO04,
SWPAGWO05, SWPAGWO06, SWPAGWO07,
SWPAGWO07d, SWPAGWO08, SWPAGW14,
SWPAGW18, SWPAGW19, SWPASWO01,
SWPASWO02 qualified with “B”. Most
sample concentrations were similar to the
blanks. This is related to the issue discussed
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Table A26. Data Usability Summary (cont.).

Analysis/Lab Summary of QA/QC Results Impact on Data/Usability

above with V. These data should be
considered unusable.

Cold vapor AA for Hg: All QA/QC Cold vapor AA for Hg: Meets project
criteria were met. requirements.
The calculated charge balance error Meets project requirements.
ranged from 2.9 to 9.0%, based on the

Charge Balance major cations (dissolved Na, K, Ca, and

Mg) and anions (Cl, SO,, NO3, and DIC).
Alkalinity was used for samples
SWPAGW18 and SWPAGW19.

Measured versus The error in measured SPC versus Meets project requirements.
calculated values of calculated SPC ranged from 0.1 to
Specific Conductance 5.9%.
(SPC)
VOC/ Southwest Research | All QA/QC criteria were met. Meets project requirements.
Institute

Low recovery (0%) for isobutyrate All samples were qualified with “J-” with
Low Molecular Weight matrix spike. potential negative bias to the data. As there
Acids/ Shaw were no sample detections, it is possible
Environmental the negative bias may be a factor (note the

0% recovery for the matrix spike).
The QAPP stated these data are to be
considered screening values until the

. The method for glycols was under .
Glycols/EPA Region 3 method was validated. The data are usable
development. . . .
as on-going QC checks provide confidence

that the method can detect glycols.

The following samples had low Analytes that were associated with these

surrogate recoveries: SWPAGWO07d: p- | surrogates for samples SWPAGWO03 and
SVOC/ EPA Region 8 terphenyl = low; SWPAGWO03: SWPAGWO07d were qualified with “J-” for a
Laboratory nitrobenzene d5 = low, 2- potential negative bias that is taken into

flourobiphenyl = low. account for data usability.

See Appendix B for samples qualified.
GRO: All QA/QC criteria were met. GRO: Meets project requirements.
DRO: SWPA Eq Blank04 (collected DRO: No impact to data usability.

5/20/13) was above the RL (20 pg/L) at
24.6 pg/L. This affected samples
SWPAGWO03, SWPAGW13, SWPAGW 14
and SWPA F Blank04; all samples were
non-detect so no B qualifiers are

DRO/GRO/ EPA Region 8
Laboratory

necessary.
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Table A26. Data Usability Summary (cont.).

Analysis/Lab Summary of QA/QC Results Impact on Data/Usability

O, H Stable Isotopes of All QA/QC criteria were met. Meets project requirements.
Water/ Shaw
Environmental
Sr Isotopes/ USGS All QA/QC criteria were met. Meets project requirements.
Laboratory- Denver

All QA/QC criteria were met. Meets project requirements.
Isotech Gas Isotopes

All QA/QC criteria were met. Meets project requirements.

ALS Radionuclides

' QA/QC criteria and project requirements were met with exceptions as listed.
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Table A27. Field QC Data for YSI Electrode Measurements.

Parameter Electrode Reading Acceptance Range ‘ Performance Evaluation
July 2011
July 25, 2011 initial/ mid-day
Specific Conductance 1385 1272-1554 Acceptable
ORP 208 204-234 Acceptable
pH 7.01 6.80-7.20 Acceptable
Zero-DO 0.02 <0.25 Acceptable
July 25, 2011 end-of-day
Specific Conductance 1350 1272-1554 Acceptable
ORP 208 204-234 Acceptable
pH 7.03 6.8-7.2 Acceptable
Zero-DO 0.05 <0.25 Acceptable
July 26, 2011 initial
Specific Conductance 1413 1272-1554 Acceptable
ORP 205 204-234 Acceptable
pH 7.00 6.8-7.2 Acceptable
Zero-DO 0.01 <0.25 Acceptable
July 26, 2011 mid-day
Specific Conductance 1401 1272-1554 Acceptable
ORP 208 204-234 Acceptable
pH 7.02 6.8-7.2 Acceptable
July 26, 2011 end-of-day
Specific Conductance 1309 1272-1554 Acceptable
ORP 210 204-234 Acceptable
pH 7.04 6.8-7.2 Acceptable
Zero-DO 0.01 <0.25 Acceptable
July 27, 2011 mid-day/end-of-day
Specific Conductance 1396 1272-1554 Acceptable
ORP NR NR Not evaluated
pH 7.04 6.8-7.2 Acceptable
Zero-DO NR NR Not evaluated
July 28, 2011 mid-day/ end-of-day
Specific Conductance 1400 1272-1554 Acceptable
ORP 209 204-234 Acceptable
pH 6.98 6.8-7.2 Acceptable
Zero-DO 0.00 <0.25 Acceptable
March 2012
March 23, 2012 initial
Specific Conductance 1412 1272-1554 Acceptable
ORP 214 204-234 Acceptable
pH 7.00 6.8-7.2 Acceptable
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Table A27. Field QC Data for YSI Electrode Measurements (cont.).

Parameter

Performance Evaluation

Electrode Reading

Acceptance Range

March 23, 2012 mid-day

pH 7.03 | 6.8-7.2 | Acceptable
March 23, 2012 end-of-day
Specific Conductance 1380 1272-1554 Acceptable
ORP 215 204-234 Acceptable
pH 7.02 6.8-7.2 Acceptable
Zero-DO 0.01 <0.25 Acceptable
March 24, 2012 initial
Specific Conductance 1410 1272-1554 Acceptable
ORP 216 204-234 Acceptable
pH 7.00 6.8-7.2 Acceptable
Zero-DO 0.02 <0.25 Acceptable
March 24, 2012 mid-day/end-of-day
Specific Conductance 1398 1272-1554 Acceptable
ORP 215 204-234 Acceptable
pH 7.05 6.8-7.2 Acceptable
Zero-DO 0.03 <0.25 Acceptable
March 25, 2012 initial
Specific Conductance 1412 1272-1554 Acceptable
ORP 215 204-234 Acceptable
pH 7.00 6.8-7.2 Acceptable
Zero-DO 0.06 <0.25 Acceptable
March 25, 2012 mid-day
Specific Conductance 7732 7690-8080 Acceptable
ORP 230 204-234 Acceptable
pH 6.88 6.8-7.2 Acceptable

March 25, 2012 end-of-day

Specific Conductance NR NR Not evaluated
ORP NR NR Not evaluated
pH 7.01 6.8-7.2 Acceptable
Zero-DO NR NR Not evaluated
March 26, 2012 initial
Specific Conductance 1411 1272-1554 Acceptable
ORP 216 204-234 Acceptable
pH 6.99 6.8-7.2 Acceptable
Zero-DO 0.04 <0.25 Acceptable
March 26, 2012 mid-day/end-of-day
Specific Conductance 1350 1272-1554 Acceptable
ORP 226 204-234 Acceptable
pH 6.97 6.8-7.2 Acceptable
Turbidity 6.87 0-10 Acceptable
March 27, 2012 initial
Specific Conductance 1413 1272-1554 Acceptable
ORP 216 204-234 Acceptable
pH 7.00 6.8-7.2 Acceptable
Zero-DO 0.05 <0.25 Acceptable
Alkalinity 100 106 Acceptable
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Table A27. Field QC Data for YSI Electrode Measurements (cont.).

Parameter Electrode Reading Acceptance Range \ Performance Evaluation
March 27, 2012 mid-day/end-of-day
pH 7.02 6.8-7.2 Acceptable
May 17, 2013 initial
Specific Conductance 1420 1272-1554 Acceptable
ORP 214 204-234 Acceptable
pH 7.00 6.8-7.2 Acceptable
Zero-DO 0.07 <0.25 Acceptable
May 17, 2013 mid-day
Specific Conductance 1398 1272-1554 Acceptable
ORP 214 204-234 Acceptable
pH 7.05 6.8-7.2 Acceptable
Zero-DO 0.05 <0.25 Acceptable
May 17, 2013 end-of-day
Specific Conductance 1398 1272-1554 Acceptable
ORP 216 204-234 Acceptable
pH 7.05 6.8-7.2 Acceptable
Zero-DO 0.11 <0.25 Acceptable
Turbidity 6.70 0-10 Acceptable
May 18, 2013 initial
Specific Conductance 1413 1272-1554 Acceptable
ORP 216 204-234 Acceptable
pH 7.00 6.8-7.2 Acceptable
Zero-DO 0.11 <0.25 Acceptable
May 18, 2013 mid-day/end-of-day
Specific Conductance 1379 1272-1554 Acceptable
ORP 214 204-234 Acceptable
pH 6.98 6.8-7.2 Acceptable
Zero-DO 0.06 <0.25 Acceptable
May 19, 2013 initial
Specific Conductance 1413 1272-1554 Acceptable
ORP 215 204-234 Acceptable
pH 7.01 6.8-7.2 Acceptable
Zero-DO 0.07 <0.25 Acceptable
May 19, 2013 mid-day/end-of-day
Specific Conductance 1389 1272-1554 Acceptable
ORP 217 204-234 Acceptable
pH 7.06 6.8-7.2 Acceptable
Zero-DO 0.22 <0.25 Acceptable
May 20, 2013 initial
Specific Conductance 1413 1272-1554 Acceptable
ORP 215 204-234 Acceptable
pH 7.00 6.8-7.2 Acceptable
Zero-DO 0.21 <0.25 Acceptable




Table A27. Field QC Data for YSI Electrode Measurements

Parameter

A-119

cont.).

Electrode Reading
May 20, 2013 mid-day/end-of-day

Acceptance Range

Performance Evaluation

Specific Conductance

1490 1272-1554 Acceptable
ORP 216 204-234 Acceptable
pH 7.12 6.8-7.2 Acceptable
Zero-DO 0.12 <0.25 Acceptable
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Table A28. Data Qualifiers and Data Descriptors.

Qualifier Definition

U The analyte was analyzed for, but was not detected above the reported quantitation limit (QL).

The analyte was positively identified. The associated numerical value is the approximate concentration of the analyte in the sample (due either

J to the quality of the data generated because certain quality control criteria were not met, or the concentration of the analyte was below the
QL).

J+ The result is an estimated quantity, but the result may be biased high.

J- For both detected and non-detected results, there may be a low bias due to low spike recoveries or sample preservation issues.

The analyte is found in a blank sample above the QL and the concentration found in the sample is less than 10 times the concentration found

in the blank.
H The sample was prepared or analyzed beyond the specified holding time. Sample results may be biased low.
* Relative percent difference of a field or lab duplicate is outside acceptance criteria.
R The data are unusable. The sample results are rejected due to serious deficiencies in the ability to analyze the sample and/or meet quality

control criteria. Sample results are not reported. The analyte may or may not be present in the sample.

Data Descriptors

Descriptor Definition ‘
NA Not Applicable (See QAPP)

NR Not Reported by Laboratory or Field Sampling Team

ND Not Detected

NS Not Sampled




Table A29. Tentatively Identified Compounds (TICs) for SVOCs.

Compound (CAS Number)

July 2011 Sampling Event

A-121

Estimated
concentration

(ng/L)

Toluene (108-88-3) 0.57
3-Hexen-2-one (763-93-9) 0.29
SWPASWO01-0711 2-Cyclohexen-1-one, 2-methyl-5 0.32
Caprolactum (105-60-2) 0.53
Octacosane (630-02-4) 0.28
SWPAGWO04-0711 Toluene (108-88-3) 0.34
Caprolactum (105-60-2) 0.56
SWPASW02-0711 Toluene (108-88-3) 0.52
SWPAGWO05-0711 Caprolactum (105-60-2) 0.39
SWPAGWO05d-0711 Caprolactum (105-60-2) 0.39
SWPAGWO06-0711 Cyclic octaatomic sulfur (010544-50-0) 5.51
SWPAGW10-0711 1-methyl-2-pyrrolidone (872-50-4) 0.47
SWPASW03-0711 1-methyl-2-pyrrolidone (872-50-4) 0.42
Caprolactum (105-60-2) 0.37
1-methyl-2-pyrrolidone (872-50-4) 0.67
SWPA EQ BLK-01 Caprolactum (105-60-2) 0.44
2-methyl-propanoic acid (79-31-2) 0.37
3,5-bis(1...)-benzenepropanoic acid (70331-94-1) 0.34
1-methyl-2-pyrrolidone (872-50-4) 1.23
2-(2-butoxyethoxy)ethanol (112-34-5) 0.78
SWPAGW13-0711 Caprolactum (105-60-2) 0.39
1,2-benzenedicarboxylic acid (88-99-3) 0.32
2-hydroxy-1-(...)-octdecanoic acid 0.37
1-methyl-2-pyrrolidone (872-50-4) 0.35

SWPAGW12-0711
2,6-dimethylbenzoquinone (527-61-7) 0.44
SWPAGW12d-0711 2,6-dimethylbenzoquinone (527-61-7) 0.54
Caprolactam (105-60-2) 0.42

SWPAGW11-0711
2-ethyl-1-hexanol (104-76-7) 0.74
SWPA EQ Blank 2-undecanone (112-12-9) 1.12
SWPAGWO06-0312 Cyclic octaatomic sulfur (010544-50-0) 2.02
SWPA F Blank03 2-undecanone (112-12-9) 1.20
SWPA Eq Blank02 2-undecanone (112-12-9) 0.89
SWPAGW11-0312 Cyclic octaatomic sulfur (010544-50-0) 1.48




Table A29. Tentativel

Identified Compounds (TICs) for SVOCs (cont.).

Compound (CAS Number)

May 2013

A-122

Estimated

concentration

(ng/L)

SWPA F Blank01 2-undecanone (112-12-9) 1.21
SWPA Eq Blank01 2-undecanone (112-12-9) 1.19
1-propene, 1,2,3-trichloro (013116-57-9) 1.05

SWPAGW05-0513 Propylene glycol (57-55-6) 7.46
SWPAGWO09-0513 Cyclic octaatomic sulfur (010544-50-0) 3.40
2-undecanone (112-12-9) 1.32

SWPA F Blank02 3,5-di-tert-butyl-4-hydroxy (001620-98-0) 0.64
2-undecanone (112-12-9) 1.09

SWPA Eq Blank02 3,5-di-tert-butyl-4-hydroxy (1620-98-0) 0.53
Phenol, 2,4-bis(1,1-dimethyl) (96-76-4) 0.66

2-undecanone (112-12-9) 1.25

SWPA F Blank03 Thiophene, 2-(1,1-dimethyl) (1689-78-7) 0.55
3,5-di-tert-butyl-4-hydroxy (001620-98-0) 0.79

2-undecanone (112-12-9) 1.01

SWPA Eq Blank03 3,5-di-tert-butyl-4-hydroxy (001620-98-0) 0.61
Phenol, 2,4-bis(1,1-dimethyl) (96-76-4) 0.57

SWPAGWO08-0513 Cyclic octaatomic sulfur (010544-50-0) 29.5
3,5-di-tert-butyl-4-hydroxy (001620-98-0) 0.64

SWPA Eq Blank04 2-undecanone (112-12-9) 213
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Appendix B. Sample Results. Legend (Washington County, Pennsylvania)

Data Qualifiers

<

u

R

Notes
Table B-1

Table B-3
Table B-4

Table B-5

The analyte concentration is less than the quantitation limit (QL).

The analyte was analyzed for, but was not detected above the reported QL.

The analyte was positively identified. The associated numerical value is the approximate concentration of the analyte in the sample (due either to the quality of the data
generated because certain quality control criteria were not met, or the concentration of the analyte was below the QL).

The result is an estimated quantity, but the result may be biased high.

For both detected and non-detected results, the result is estimated but may be biased low.
The analyte is found in a blank sample above the QL and the concentration found in the sample is less than 10 times the concentration found in the blank.

The sample was prepared or analyzed beyond the specified holding time. Sample results may be biased low.

Relative percent difference of a field or lab duplicate is outside acceptance criteria.

The data are unusable. The sample results are rejected due to serious deficiencies in the ability to analyze the sample and/or meet quality control criteria. Sample results are not
reported. The analyte may or may not be present in the sample.

Total Dissolved Solids (TDS) is estimated based on Specific Conductance (SPC): TDS(mg/L) = SPC(mS/cm) * 650.
Field-determined concentrations of ferrous iron and hydrogen sulfide are screening values.

R. Data rejected. Potential spectral (mass or emission) interference.

R. Data rejected. 1,1,2-trichloroethane is subject to alkaline hydrolysis to 1,1-dichloroethene. This reaction could be supported by the sample preservative (trisodium
phosphate).

R. Data rejected. Acetate contamination in samples and blanks is due to the sample preservative (trisodium phosphate).

The method used for glycol analysis is under development.



Appendix B. Sample Results - Legend (Washington County, Pennsylvania)

Acronyms
CAS
DIC
DO
DOC
DRO
GRO
NA
ND
NR
NS
ORP
SPC
TDS
TKN
TPH
Gross Alpha

Gross Beta

Chemical Abstracts Service
Dissolved Inorganic Carbon
Dissolved Oxygen

Dissolved Organic Carbon
Diesel Range Organics
Gasoline Range Organics

Not Applicable (See QAPP)

Not Detected

Not Reported by Laboratory or Field Sampling Team
Not Sampled

Oxidation reduction potential
Specific Conductance

Total Dissolved Solids

Total Kjeldahl Nitrogen

Total Petroleum Hydrocarbons
Gross alpha particle activity

Gross beta particle activity

Units
BTU
°c
ue/L
mg/L
mS/cm

pCi/L

Key
GW
Sw
04

British thermal unit

Degrees Celsius

Micrograms per liter

Milligrams per liter

Millisiemens per centimeter at 25°C

Picocuries per liter

Ground water sample
Surface water sample
Sampling location

Field Duplicate
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Appendix B. Sample Results. Legend (Washington County, Pennsylvania)
Metals and Isotopes

Ag Silver Hg Mercury Sb Antimony 8°H [(*H/H) Sample/(*H/H) Standard] * 1000

Al Aluminum K Potassium Se Selenium 80 [(**0/"°0) Sample/(**0/*°0) Standard] * 1000
As Arsenic Li Lithium Si Silicon 8" [(**c/™c) sample/(**c/*C) Standard] * 1000
B Boron Mg Magnesium Sr Strontium

Ba Barium Mn Manganese Th Thorium Ra-226 Radium-226

Be Beryllium Mo Molybdenum Ti Titanium Ra-228 Radium-228

Ca Calcium Na Sodium Tl Thallium

Cd Cadmium Ni Nickel V] Uranium

Co Cobalt P Phosphorus Vv Vanadium

Cr Chromium Pb Lead Zn Zinc

Cu Copper Rb Rubidium

Fe Iron S Sulfur



Table B-1 Sample Results - Field Parameters (Washington County, Pennsylvania)

Sample GWO01 GWo1 GWO02 GWO02 GWO03 GWO03 GWO03
Sample Date 7/25/11 5/17/13 7/25/11 5/18/13 7/25/11 3/23/12 5/20/13
Parameter Unit Round 1 Round 3 Round 1 Round 3 Round 1 Round 2 Round 3
Temperature °c 17.2 14.1 12.6 12.3 16.0 11.9 12.3
SPC mS/cm 0.379 0.537 0.343 0.537 0.581 0.752 0.798
TDS mg/L 247 349 223 349 378 489 519
DO mg/L 0.01 0.15 0.00 0.09 4.47 7.64 8.52
pH 7.12 6.87 7.56 6.90 7.52 7.06 6.85
ORP mV 17 78 -132 -25 23 99 235
Turbidity NTU 2.0 0.6 8.2 27.7 5.2 10.6 2.5
Alkalinity mg CaCO,/L 350 281 300 240 262 252 187
Ferrous Iron mg Fe’'/L <0.03 U <0.03 U 0.03)J 0.03) <0.03 U <0.03 U <0.03 U
Hydrogen Sulfide mg S/L <0.01 U 0.01) <0.01 U <0.01 U <0.01 U <0.01 U <0.01 U
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Table B-1 Sample Results - Field Parameters (Washington County, Pennsylvania)
Sample

GWo04

GW04

GWo04

B-7

GWO05 GWO05 GWO05 GWO06 GWO06 GWO06
Sample Date 7/25/11 3/23/12 5/18/13 7/26/11 3/23/12 5/17/13 7/26/11 3/24/12 5/19/13
Parameter Unit Round 1 Round 2 Round 3 Round 1 Round 2 Round 3 Round 1 Round 2 Round 3
Temperature °c 14.8 14.2 134 13.4 12.3 12.7 16.3 11.7 12.0
SPC mS/cm 0.398 0.587 0.597 0.874 1.352 1.472 0.645 0.642 0.694
TDS mg/L 258 382 388 568 879 957 420 417 452
DO mg/L 0.03 0.06 0.14 2.86 7.42 4.49 0.47 0.23 0.12
pH 7.29 7.20 7.06 7.14 6.84 6.77 8.60 6.99 7.14
ORP mV -29 -49 -31 127 82 130 -157 -98 -130
Turbidity NTU 17 5.7 15.2 16 4.4 0.9 19 0.8 7.1
Alkalinity mg CaCO,/L 244 232 274 340 320 365 428 205 278
Ferrous Iron mg Fe®'/L 1.65) <0.03 U 0.55) <0.03 U <0.03 U <0.03 U 0.15) 0.83) 0.78)
Hydrogen Sulfide mg S/L <0.01 U <0.01 U <0.01 U <0.01 U <0.01 U <0.01 U <0.01 U 0.05) 0.26)




B-8

Table B-1 Sample Results - Field Parameters (Washington County, Pennsylvania)

Sample GWO07 GWO07 GWO08 GWO08 GWO08 GWO09 GWO09 GW10 GW10
Sample Date 7/26/11 5/19/13 7/27/11 3/24/12 5/19/13 7/27/11 5/17/13 7/27/11 3/26/12
Parameter Unit Round 1 Round 3 Round 1 Round 2 Round 3 Round 1 Round 3 Round 1 Round 2
Temperature °c 13.2 13.0 20.1 10.8 12.3 13.0 12.3 13.4 11.5
SPC mS/cm 0.442 0.592 0.481 0.525 0.527 0.583 0.754 0.816 0.894
TDS mg/L 287 385 312 341 343 379 490 531 581
DO mg/L 3.97 494 5.41 6.12 6.49 8.24 7.22 3.89 7.28
pH 6.88 6.20 7.52 7.35 7.18 7.17 6.92 7.13 6.98
ORP mV 115 134 75 14 178 98 153 99 41
Turbidity NTU 9.0 3.0 7.6 1.6 2.2 5.0 25.2 4.3 3.5
Alkalinity mg CaCO,/L 94 115 208 202 210 216 252 396 290
Ferrous Iron mg Fe”*/L <0.03 U <0.03 U <0.03 U <0.03 U <0.03 U <0.03 U <0.03 U <0.03 U <0.03 U
Hydrogen Sulfide mg S/L <0.01 U <0.01 U <0.01 U <0.01 U <0.01 U <0.01 U <0.01 U <0.01 U <0.01 U




Table B-1 Sample Results - Field Parameters (Washington County, Pennsylvania)

B-9

Sample GW11 GW11 GW12 GW12 GW13 GW13 GW13 GW14 GW14
Sample Date 7/28/11 3/26/12 7/28/11 3/25/12 7/28/11 3/24/12 5/20/13 3/27/12 5/20/13
Parameter Unit Round 1 Round 2 Round 1 Round 2 Round 1 Round 2 Round 3 Round 2 Round 3
Temperature °c 16.6 13.6 19.1 14.7 16.9 10.7 12.4 9.0 11.6
SPC mS/cm 0.608 0.710 0.568 0.413 2.005 1.869 1.530 1.120 1.002
TDS mg/L 395 462 369 268 1303 1215 994 728 651
DO mg/L 0.19 0.25 2.86 6.35 1.85 9.68 6.21 6.36 4.64
pH 7.11 6.98 6.97 6.82 7.02 6.95 7.05 7.10 6.74
ORP mV 68 23 90 105 103 63 257 120 187
Turbidity NTU 4.5 2.3 7.0 2.2 13 2.0 2.9 3.7 12.0
Alkalinity mg CaCO,/L 264 290 272 210 198 192 225 194 224
Ferrous Iron mg Fe”*/L <0.03 U 0.05J <0.03 U <0.03 U <0.03 U <0.03 U <0.03 U <0.03 U <0.03 U
Hydrogen Sulfide mg S/L <0.01 U <0.01 U <0.01 U <0.01 U <0.01 U <0.01 U <0.01 U <0.01 U <0.01 U




Table B-1 Sample Results - Field Parameters (Washington County, Pennsylvania)

Sample GW15 GW16 GW17 GW18 GW19
Sample Date 3/25/12 3/27/12 3/27/12 5/20/13 5/20/13
Parameter Unit Round 2 Round 2 Round 2 Round 3 Round 3
Temperature °C 11.1 12.2 12.6 17.5 16.1
SPC mS/cm 0.503 0.617 1.024 0.531 0.840
TDS mg/L 327 401 666 345 546
DO mg/L 6.86 6.30 0.06 3.25 1.82
pH 7.00 6.63 8.93 7.82 7.70
ORP mV 79 224 123 193 124
Turbidity NTU 0.8 2.4 1.0 4.7 5.4
Alkalinity mg CaCO,/L 216 200 540 294 407
Ferrous Iron mg Fe”*/L <0.03 U <0.03 U <0.03 U <0.03 U <0.03 U
Hydrogen Sulfide mg S/L <0.01 U <0.01 U <0.01 U <0.01 U <0.01 U

B-10



Table B-1 Sample Results - Field Parameters (Washington County, Pennsylvania)
swo1

Sample SWo1 SW02 SWo02 SW02 SwWo3 SWo03
Sample Date 7/25/11 5/18/13 7/25/11 3/23/12 5/18/13 7/27/11 3/26/12
Parameter Unit Round 1 Round 3 Round 1 Round 2 Round 3 Round 1 Round 2
Temperature °C 16.1 11.8 22.1 16.7 18.9 19.1 10.2
SPC mS/cm 0.370 0.538 0.457 0.610 0.593 0.566 0.551
TDS mg/L 241 349 297 397 386 368 358
DO mg/L 4.87 8.45 6.06 11.17 9.81 4.55 6.94
pH 7.45 7.33 8.13 8.27 7.89 7.14 6.90
ORP mV -10 219 -1 84 148 -23 64
Turbidity NTU 5.4 18.3 47 27.0 19.8 3.0 0.7
Alkalinity mg CaCO,/L 326 293 292 198 205 252 218
Ferrous Iron mg Fe”*/L <0.03 U <0.03 U 0.03J <0.03 U <0.03 U <0.03 U <0.03 U
Hydrogen Sulfide mg S/L <0.01 U <0.01 U <0.01 U <0.01 U <0.01 U <0.01 U <0.01 U
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Table B-2 Sample Results - Anions and Ammonia (Washington County, Pennsylvania)

Parameter

Anion-Cation

Sample
Sample Date

Unit

GWO01
7/25/11
Round 1

GWO01
5/17/13
Round 3

GWO02
7/25/11
Round 1

GWO02
5/18/13
Round 3

GWO03
7/25/11
Round 1

GWO03
3/23/12
Round 2

GWO03
5/20/13
Round 3

% 1.8 8.4 5.3 7.2 3.0 33 6.9
Balance
DOC mg/L <0.50 U 0.46 B 0.64 0.69 <0.50 U 0.60 0.52B
DIC mg/L 75.3 72.8 65.1 60.7 68.5 72.0 70.2
Nitrate + Nitrite mg N/L 0.55 0.18 0.21 0.05J 0.73 2.508B 1.20
Ammonia mg N/L <0.10U <0.10U <0.10 U <0.10U <0.10U <0.10U <0.10U
TKN mg N/L NA <0.10 U NA <0.10U NA NA 0.05J
Bromide mg/L 1.24 1.70 1.41 1.54 <2.00U 1.88 <1.00U
Chloride mg/L 5.17 4.85 5.04 14.8 92.7 50.9 73.4
Sulfate mg/L 43.2 37.1 38.9 38.4 57.3 41.3 52.2
Fluoride mg/L 0.13) 0.17) 0.18) 0.17 ) 0.16J 0.10) 0.06J
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Table B-2 Sample Results - Anions and Ammonia (Washington County, Pennsylvania)

Sample GW04 GWO04 GW04 GWO05 GWO05 GWO05 GWO06 GWO06 GWO06
Sample Date 7/25/11  3/23/12  5/18/13  7/26/11  3/23/12 5/17/13  7/26/11  3/24/12  5/19/13
Parameter Unit Round 1 Round 2 Round 3 Round 1 Round 2 Round 3 Round 1 Round 2 Round 3
Anion-Cation % 35 1.2 5.0 3.5 2.1 43 08 2.2 6.3
Balance
DOC mg/L 1.02 0.98 0.92 0.80 1.19 1.10B 0.54 <0.50 U 0.45
DIC mg/L 68.8 62.9 63.3 103 97.4 98.3 75.9 54.2 71.7
Nitrate + Nitrite mg N/L 0.19 0.57 B 0.02) 0.49 1.51B 0.38 <0.10 U 0.41B <0.10 U
Ammonia mg N/L 0.18 0.14 0.09) <0.10U <0.10U <0.10 U 0.27 0.27 0.17
TKN mg N/L NA NA 0.25 NA NA 0.16B NA NA 0.36
Bromide mg/L 1.75 1.17 1.60 1.00J <1.00U <1.00U <1.00U 0.66 <1.00U
Chloride mg/L 27.0 27.9 29.5 75.7 210 249 46.1 58.1 51.3
Sulfate mg/L 28.1 26.0 23.6 53.9 37.0 44.7 14.4 47.1 14.6
Fluoride mg/L 0.17) 0.09] 0.13) 0.11) 0.05] 0.06 1.24 0.22 1.15




Table B-2 Sample Results - Anions and Ammonia (Washington County, Pennsylvania)

Parameter

Sample
Sample Date

Unit

GWO07
7/26/11
Round 1

GWO07
5/19/13
Round 3

GWO08
7/27/11
Round 1

GWO08
3/24/12
Round 2

GWO08
5/19/13
Round 3

GWO09
7/27/11
Round 1

GWO09

5/17/13
Round 3

GW10
7/27/11
Round 1

B-14

GW10

3/26/12
Round 2

Anion-Cation % 48 7.3 16 22 7.6 1.8 9.0 5.2 1.0
Balance

DOC me/L 0.56 0.62 0.61 0.55 0.39 0.58 0.60 B 1.06 1.07
DIC me/L 332 242 56.3 55.6 54.1 62.1 72.8 80.5 79.2
Nitrate + Nitrite mg N/L 2.55 1.09 1.938 2268 1.46 0848 0.28 17.7 23
Ammonia mgN/L | <0.10U | <0.10U | <0.10U | <0.10U | <0.10U | <0.10U 0.29 <010U | <0.10U
TKN me N/L NA 0.09 NA NA <0.10 U NA 0518 NA NA
Bromide me/L <1.00U | <1.00U 1.53 072 1.06 1.57 <1.00 U 2.05 3.03
Chloride me/L 732 111 16.7 12.7 11.9 46.7 68.0 40.4 43.2
Sulfate me/L 37.7 351 40.4 36.0 378 42.4 52.4 69.8 70.9
Fluoride me/L 0.10J <0.20 U 0.13) 0.09 0.09 0.06J 0.09 0.06 0.07




Table B-2 Sample Results - Anions and Ammonia (Washington County, Pennsylvania)

B-15

Sample GW11 GW11 GW12 GW12 GW13 GW13 GW13 GW14 GW14
Sample Date 7/28/11 3/26/12 7/28/11 3/25/12 7/28/11 3/24/12 5/20/13 3/27/12 5/20/13
Parameter Unit Round 1 Round 2 Round 1 Round 2 Round 1 Round 2 Round 3 Round 2 Round 3
Anion-Cation % 23 1.9 1.4 5.4 2.3 1.3 2.9 0.7 5.7
Balance
DOC mg/L 0.65 0.73 0.83 0.55 0.55 0.52 0.54B 0.67 0.61B
DIC mg/L 80.1 80.0 70.2 55.1 52.6 55.6 53.6 54.6 57.2
Nitrate + Nitrite mg N/L 0.38B 0.73 454 0.84B 0.32B 1.218B 0.32 0.71 0.31
Ammonia mg N/L <0.10U <0.10U <0.10 U <0.10U <0.10U <0.10U <0.10U <0.10U <0.10 U
TKN mg N/L NA NA NA NA NA NA 0.14 NA 0.12
Bromide mg/L 2.40 1.98 1.99 0.44 ) <6.00 U <1.00U 2.23 0.54 ) 0.64)
Chloride mg/L 16.7 16.6 28.7 1.91 631 462 390 228 179
Sulfate mg/L 98.9 91.6 56.2 26.8 25.7 27.3 31.3 25.8 31.3
Fluoride mg/L 0.10) 0.08) 0.09J 0.11J <0.20U 0.05) <0.20U <0.20 U 0.07J




Table B-2 Sample Results - Anions and Ammonia (Washington County, Pennsylvania)
GW18

Parameter

Sample
Sample Date

Unit

GW15
3/25/12
Round 2

GW16
3/27/12
Round 2

GW17
3/27/12
Round 2

5/20/13
Round 3

GW19
5/20/13
Round 3

Anion-Cation % 4.2 3.9 2.4 0.6 2.8
Balance

DOC mg/L 0.62 1.33 1.99 NS NS
DIC mg/L 60.0 66.0 119 NS NS
Nitrate + Nitrite mg N/L 1.688B 3.88 0.38 0.32 <0.10U
Ammonia mg N/L <0.10U <0.10U 0.27 0.13 0.08)
TKN mg N/L NA NA NA 0.26 0.24
Bromide mg/L 0.72) 1.39 <1.00U 0.20) <1.00U
Chloride mg/L 7.76 34.5 41.2 2.23 33.9
Sulfate mg/L 30.9 56.6 4.51 22.7 24.6
Fluoride mg/L 0.08) 0.06J 2.03 0.3 0.96
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Table B-2 Sample Results - Anions and Ammonia (Washington County, Pennsylvania)

Parameter

Anion-Cation

Sample
Sample Date

Unit

%

SWo1
7/25/11
Round 1

SWo1

5/18/13
Round 3

SW02
7/25/11
Round 1

SW02
3/23/12
Round 2

SW02
5/18/13
Round 3

SwWo3

7/27/11
Round 1

SWo03
3/26/12
Round 2

2.7 6.3 0.5 0.9 3.1 2.9 3.74
Balance
DOC mg/L 1.17 0.94 1.80 1.24 1.85 0.90 0.72
DIC mg/L 69.0 61.4 51.9 49.2 46.2 80.8 66.7
Nitrate + Nitrite mg N/L 0.57 0.38 0.42 1.29B 0.32 0.71B 2.42
Ammonia mg N/L <0.10 U <0.10U <0.10U <0.10U <0.10U <0.10U <0.10 U
TKN mg N/L NA 0.05) NA NA 0.17 NA NA
Bromide mg/L 1.15 1.17 0.48) 0.66) 0.70) 1.15 0.99)
Chloride mg/L 1.86 1.93 60.4 41.9 40.1 8.59 13.2
Sulfate mg/L 38.3 38.7 43.6 40.5 49.3 48.8 45.5
Fluoride mg/L 0.17) 0.17) 0.14) 0.13) 0.16J 0.10)J 0.03)
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Table B-3 Sample Results - Dissolved and Total Metals (Washington County, Pennsylvania)

Sample GWo01 GWO01 GWO02 GWO02 GWO03 GWO03 GWO03
Sample Date 7/25/11 5/17/13 7/25/11 5/18/13 7/25/11 3/23/12 5/20/13
Parameter Unit Round 1 Round 3 Round 1 Round 3 Round 1 Round 2 Round 3
Dissolved Ag pg/L <14 U <10 U <14 U <10 U <14 U <16 U <10 U
Total Ag ug/L <16 U <10U <16 U <10U <l6 U <16 U, )& <10U
Dissolved Al ug/L <494 U <20 U <494 U <20 U <494 U <20.0U <20 U
Total Al ug/L <548 U <20U <548 U <20U <548 U <20.0U <20 U
Dissolved As ug/L <20U <0.20U <20U 0.17) <20U 0.53) 0.14)
Total As ug/L <22 U 0.31B <22 U 138B <22 U 0.54) 0.57B
Dissolved B ug/L <333 U <40 U <333 U 11) <333 U <333 U 11
Total B ug/L <370 U 16 <370 U 24 <370U <370 U 21
Dissolved Ba ug/L 163 166 89 97 96 109 J 101
Total Ba ug/L 161) 162 93] 102 97 109 100
Dissolved Be ug/L <10U <5.0U <10U <5.0U <10U <10U <5.0U
Total Be ug/L <11U <2.5U <11 U <2.5U <11U <11 U <2.5U
Dissolved Ca mg/L 74.6 78.8 69.9 75.8 127 121 135
Total Ca mg/L 74.7 ) 75.4 71.1) 73.3 130 1251 135
Dissolved Cd ug/L <4 U <0.20U <4 U <0.20U <4 U <1.0U <0.20U
Total Cd ug/L <4 U <0.20U <4 U <0.20U <4 U <1.0U <0.20U
Dissolved Co ug/L <4 U <5.0U <4 U <5.0U <4 U <4 U <5.0U
Total Co ug/L <4 U <25U <4 U <25U <4 U <4 U 0.54)
Dissolved Cr ug/L <7U 0.46 ) <7U 0.32) <7U <2.0U <2.0U
Total Cr ug/L <8 U <2.0U <8 U <2.0U <8 U <2.0U <2.0U
Dissolved Cu ug/L 12) 9.4 <20 U 0.57 <20U 6.4 5.8B
Total Cu ug/L <22 U 9.4 <22 U 0.80B 38 6.1 6.2B
Dissolved Fe ug/L <67 U 100 67 122 <67 U <67 U 106
Total Fe ug/L <74 U 94 297 ) 902 * <74 U <74 U 139
Dissolved Hg ug/L NA <0.20 U NA <0.20 U NA NA <0.20 U
Total Hg ug/L NA <0.20 U NA <0.20 U NA NA <0.20 U
Dissolved K mg/L 0.76 ) 0.95 0.96J 1.18 1.23) 1.13) 1.27
Total K mg/L 0.78 ) 0.90 1.03J 1.18 1.30J 1.14) 1.25
Dissolved Li ug/L NA 6.5) NA 3.9J NA NA 8.6
Total Li Hg/L NA 6.7 NA 42) NA NA 8.2
Dissolved Mg mg/L 27.5 29.7 21.4 22.7 15.6 12.7 15.1




Table B-3 Sample Results - Dissolved and Total Metals (Washington County, Pennsylvania)

B-19

Sample GWO04 GWo04 GW04 GWO05 GWO05 GWO05 GWO06 GWO06 GWO06
Sample Date 7/25/11 3/23/12 5/18/13 7/26/11 3/23/12 5/17/13 7/26/11 3/24/12 5/19/13
Parameter Unit Round 1 Round 2 Round 3 Round 1 Round 2 Round 3 Round 1 Round 2 Round 3
Dissolved Ag pg/L <14 U <16 U <10 U 4] <16 U <10 U <14 U <16 U <10 U
Total Ag ug/L <16 U <16 U, J& <10 U <16 U <16 U, )& <10U <16 U <16 U, J&l <10U
Dissolved Al ug/L <494 U <20.0U <20 U <494 U 28.7 <20U <494 U <20.0U <20U
Total Al ug/L <548 U <20.0U 85 <548 U 21.8 <20U <548 U <20.0U <20 U
Dissolved As ug/L <20U 0.77) 0.55 <20U 0.83) 0.11) <20U 1.3 0.19)
Total As ug/L <22 U 2.3 4.1 <22 U 0.96) 0.46 B <22 U 1.4 0.67 B
Dissolved B ug/L <333 U <333 U 30) <333 U <333 U 29 256 ) 109 J 236
Total B ug/L <370 U <370 U 36 <370 U <370 U 39 247 ) <370 U 230
Dissolved Ba ug/L 465 ) 438 ) 407 175 280 265 231) 410 293
Total Ba ug/L 493 J 446 ) 460 178 ) 274 ) 264 239 394 ) 301
Dissolved Be ug/L <10 U <10 U <5.0U <10U <10U <5.0U <10U <10 U <5.0U
Total Be ug/L <11 U <11 U <25U <11 U <11 U <25U <11 U <11 U <25U
Dissolved Ca mg/L 92.0 91.8 93.7 125 164 176 12.4 52.6 17.4
Total Ca mg/L 94.2) 93.8 ) 91.9 127) 167 181 12.9) 53.9) 19.0
Dissolved Cd ug/L <4 U <1.0U <0.20U <4 U <1.0U <0.20U <4 U <1.0U <0.20U
Total Cd ug/L <4 U <1.0U <0.20U <4 U <1.0U <0.20U <4 U <1.0U <0.20U
Dissolved Co ug/L <4 U <4 U 1.7) <4 U <4 U <5.0U <4 U <4 U <5.0U
Total Co ug/L <4 U <4 U 0.62J <4 U <4 U <2.5U <4 U <4 U <2.5U
Dissolved Cr ug/L <7U <2.0U <2.0U <7U <2.0U 0.86)J <7U <2.0U <2.0U
Total Cr ug/L <8U <2.0U <2.0U <8 U <2.0U <2.0U <8U <2.0U <2.0U
Dissolved Cu ug/L <20 U <2.0U 0.44) 11) <2.0U 1.1 <20 U <2.0U 0.24)
Total Cu ug/L <22 U <2.0U 3.5B <22 U <2.0U 14 <22 U 12.2 1.58B
Dissolved Fe ug/L 1060 773 348 <67 U 265 77) 201 2750 888
Total Fe ug/L 3040 1950 5450 * <74 U 44 ) 89 800 3080 1480
Dissolved Hg ug/L NA NA <0.20 U NA NA <0.20U NA NA <0.20 U
Total Hg ug/L NA NA <0.20U NA NA <0.20U NA NA <0.20U
Dissolved K mg/L 1.35) 1.20) 1.33 1.57) 1.82) 2.08 0.83) 1.32) 0.97
Total K mg/L 1.36)J 1.25) 1.30 1.61) 1.93) 2.04 0.88J 1.34) 0.96
Dissolved Li ug/L NA NA 8.4) NA NA 8.4) NA NA 19
Total Li pug/L NA NA 7.8 NA NA 8.2 NA NA 18
Dissolved Mg mg/L 11.7 12.1 13.5 19.6 21.0 22.3 3.85 13.6 5.42
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Table B-3 Sample Results - Dissolved and Total Metals (Washington County, Pennsylvania)

Sample GWO07 GWO07 GW08 GWO08 GWO08 GWO09 GWO09 GW10 GW10
Sample Date 7/26/11 5/19/13 7/27/11 3/24/12 5/19/13 7/27/11 5/17/13 7/27/11 3/26/12
Parameter Unit Round 1 Round 3 Round 1 Round 2 Round 3 Round 1 Round 3 Round 1 Round 2
Dissolved Ag pg/L <14 U <10 U <14 U <l6 U <10 U <14 U <10 U <14 U <16 U
Total Ag ug/L <l6 U <10 U <le U <le U, J& <10 U <l6 U <10U <l6 U <le U, J-
Dissolved Al ug/L <494 U <20U <494 U 28.1 <20 U <494 U 136 <494 U <20.0U
Total Al ug/L <548 U <20U <548 U 54.8 33 <548 U 2380 <548 U 69.7
Dissolved As ug/L <20U 0.12) <20U 0.69) <0.20 U <20U 0.46 <20U 0.59)
Total As ug/L <22 U 0.23 B <22 U 0.50) 0.38B <22 U 5.9 <22 U 1.2
Dissolved B ug/L <333 U 171 <333 U <333 U <40 U <333 U 52 <333 U <333 U
Total B ug/L <370 U 23 <370 U <370 U <20U <370 U 35 <370 U <370 U
Dissolved Ba ug/L 74 ) 85 125) 129 121 264 ) 179 104 ) 90
Total Ba ug/L 77 ) 81 127 ) 129 120 273 ) 675 107 ) 91
Dissolved Be ug/L <10U <5.0U <10 U <10 U <5.0U <10U <5.0U <10 U <10U
Total Be ug/L <11U <2.5U <11 U <11 U <2.5U <11 U 0.21) <11 U <11 U
Dissolved Ca mg/L 53.7 59.1 89.4 91.3 98.5 98.5 56 129 134
Total Ca mg/L 54.4) 56.1 90.8) 93.5) 93.5 100 109 131 141)
Dissolved Cd ug/L <4 U <0.20U <4 U <1.0U <0.20U <4 U <0.20U <4 U 0.31)
Total Cd ug/L <4 U <0.20U <4 U <1.0U <0.20U <4 U <0.20U <4 U <1.0U
Dissolved Co ug/L <4 U <5.0U <4 U <4 U <5.0U <4 U 2.0) <4 U <4 U
Total Co ug/L <4 U <2.5U <4 U <4 U <2.5U <4 U 10.8 <4 U <4 U
Dissolved Cr ug/L <7U <2.0U <7U <2.0U <2.0U <7U 13 <7U <2.0U
Total Cr ug/L <8 U <2.0U <8U <2.0U <2.0U 4) 15.8 <8 U <2.0U
Dissolved Cu ug/L 60 78 8] 3.6 1.5 <20U 2.9 <20U <2.0U
Total Cu ug/L 70) 72 27) 4.1 1.98B <22 U 36.1 <22 U 1.3)
Dissolved Fe ug/L <67 U <100 U <67 U <67 U <100 U <67 U 832 <67 U <67 U
Total Fe ug/L 25) <50U <74 U 41 ) 46 ) 150 10200 <74 U 58 J
Dissolved Hg ug/L NA <0.20U NA NA <0.20 U NA <0.20U NA NA
Total Hg ug/L NA <0.20U NA NA 0.01) NA 0.02) NA NA
Dissolved K mg/L 1.26) 1.34 1.30) 1.24) 1.09 0.90) 2.12 1.63) 1.82)
Total K mg/L 1.29) 1.28 1.31) 1.24) 1.08 1.00) 2.40 1.66) 1.87)
Dissolved Li ug/L NA 3.7) NA NA 4.6) NA 18 NA NA
Total Li ug/L NA 3.9J NA NA 46) NA 14 NA NA
Dissolved Mg mg/L 10.0 10.4 8.83 8.75 9.28 13.0 9.74 21.5 21.3
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Table B-3 Sample Results - Dissolved and Total Metals (Washington County, Pennsylvania)

Sample GW11 GW11 GW12 GW12 GW13 GW13 GW13 GW14 GW14
Sample Date 7/28/11 3/26/12 7/28/11 3/25/12 7/28/11 3/24/12 5/20/13 3/27/12 5/20/13
Parameter Unit Round 1 Round 2 Round 1 Round 2 Round 1 Round 2 Round 3 Round 2 Round 3
Dissolved Ag pg/L <14 U <16 U <14 U <l6 U 4] <16 U <10 U <16 U <10 U
Total Ag ug/L <16 U <16 U, )& <16 U <16 U, J& <l6 U <16 U, J&l <10U <16 U, J&l <10U
Dissolved Al ug/L <494 U <20.0U <494 U <20.0U <494 U <20.0U <20 U <20.0U <20 U
Total Al ug/L <548 U <20.0U 986 J <20.0U 182 <20.0U <20 U 66.0 26
Dissolved As ug/L <20U 0.63) <20U 0.56) <20U 1.0 0.08) 1.1 0.31
Total As ug/L <22 U 0.78 <22 U 0.71) <22 U 0.87) 0.23B 1.1 0.56 B
Dissolved B ug/L <333 U <333 U <333 U <333 U <333 U <333 U <40 U <333 U <40 U
Total B ug/L <370 U <370 U <370 U <370 U <370 U <370 U 3.1) <370 U 8.2)
Dissolved Ba ug/L 34) 33) 37 43 ) 291 223 ) 172 142 ) 122
Total Ba ug/L 35) 33 76 44 ) 298 ) 222) 163 142 ) 115
Dissolved Be ug/L <10U <10U <10 U <10 U <10U <10U <5.0U <10 U <5.0U
Total Be ug/L <11U <11 U <11 U <11 U <11U <11 U <2.5U <11 U <2.5U
Dissolved Ca mg/L 102 104 103 70.8 351 295 288 190 175
Total Ca mg/L 103) 104 ) 104 ) 72.1) 352 309 274 194 ) 175
Dissolved Cd ug/L <4 U <1.0U <4 U <1.0U <4 U <1.0U <0.20U <1.0U <0.20U
Total Cd ug/L <4 U <1.0U 2) <1.0U <4 U <1.0U <0.20U <1.0U <0.20U
Dissolved Co ug/L 1) <4 U <4 U <4 U <4 U <4 U <5.0U <4 U <5.0U
Total Co ug/L <4 U <4 U <4 U <4 U <4 U <4 U <25U <4 U <25U
Dissolved Cr ug/L <7U <2.0U <7U <2.0U <7U <2.0U <2.0U <2.0U <2.0U
Total Cr ug/L <8 U <2.0U 7] <2.0U <8 U <2.0U <2.0U <2.0U <2.0U
Dissolved Cu ug/L 9] 2.9 21 5.7 <20 U <2.0U 0.84B <2.0U 1.0B
Total Cu ug/L <22 U 24.9 47 ) 6.5 <22 U <2.0U 0.718B 0.63 ) 0.68 B
Dissolved Fe ug/L 23) 75 <67 U <67 U <67 U <67 U 27 ) 26 93J
Total Fe ug/L 48 ) 383 835 <74 U 27 <74 U 61 210 135
Dissolved Hg ug/L NA NA NA NA NA NA <0.20U NA <0.20 U
Total Hg ug/L NA NA NA NA NA NA <0.20U NA <0.20U
Dissolved K mg/L 1.54) 1.59) 1.04) 1.09J 1.39) 1.21) 1.36 1.10J 1.11
Total K mg/L 1.63) 1.69) 1.28) 1.15) 1.44) 1.23) 1.29 1.22) 1.06
Dissolved Li ug/L NA NA NA NA NA NA 6.9) NA 5.4)
Total Li ug/L NA NA NA NA NA NA 6.9 NA 54
Dissolved Mg mg/L 27.5 29.4 15.0 9.09 16.1 14.1 13.0 12.2 12.1
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Table B-3 Sample Results - Dissolved and Total Metals (Washington County, Pennsylvania)

Sample GW15 GW16 GW17 GW18 GW19
Sample Date 3/25/12 3/27/12 3/27/12 5/20/13 5/20/13
Parameter Unit Round 2 Round 2 Round 2 Round 3 Round 3
Dissolved Ag pg/L <l6 U <16 U <l6 U 2.2) <10U
Total Ag ug/L <16 U, J& <le U, J& <16 U, J& <10U 0.81J
Dissolved Al ug/L <20.0U <20.0U <20.0U <20 U <20 U
Total Al ug/L <20.0U <20.0U <20.0U <20U 46
Dissolved As ug/L 0.51) 0.78 ) 0.64) 0.19) 0.84
Total As ug/L 0.44) 0.75) 1.0 0.31B 0.94B
Dissolved B ug/L <333 U <333 U 246 ) 132 97
Total B ug/L <370U <370 U 246 ) 138 105
Dissolved Ba ug/L 49 44 ) 60 J 131 137
Total Ba ug/L 50 46 ) 60 127 127
Dissolved Be ug/L <10U <10U <10U <5.0U <5.0U
Total Be ug/L <11 U <11 U <11U <2.5U <2.5U
Dissolved Ca mg/L 94.9 96.5 6.21 38.7 27.7
Total Ca mg/L 98.5) 99 6.46) 40.1 25.5
Dissolved Cd ug/L <1.0U <1.0U <1.0U <0.20 U <0.20U
Total Cd ug/L <1.0U <1.0U <1.0U <0.20 U <0.20U
Dissolved Co ug/L <4 U <4 U <4 U <5.0U <5.0U
Total Co ug/L <4 U <4 U <4 U <25U <2.5U
Dissolved Cr ug/L <2.0U <2.0U <2.0U <2.0U <2.0U
Total Cr ug/L <2.0U <2.0U <2.0U <2.0U <2.0U
Dissolved Cu ug/L <2.0U 11.0 <2.0U <0.50 U <0.50 U
Total Cu ug/L <2.0U 10.2 0.901J 0.598B 0.60B
Dissolved Fe ug/L <67 U <67 U <67 U 29 27
Total Fe ug/L <74 U 63 <74 U 94 71
Dissolved Hg ug/L NA NA NA <0.20U <0.20U
Total Hg ug/L NA NA NA <0.20 U <0.20 U
Dissolved K mg/L 0.92) 1.65) 0.89) 1.58 1.26
Total K mg/L 1.051J 1.71) 0.93) 1.58 1.18
Dissolved Li ug/L NA NA NA 12 12
Total Li ug/L NA NA NA 12 12
Dissolved Mg mg/L 5.94 14.3 4.43 10.8 6.02




Table B-3 Sample Results - Dissolved and Total Metals (Washington County, Pennsylvania)

Sample SWO01 SWo1 SWo02 SWo02 SWo02 SWo03 SwWo3
Sample Date 7/25/11 5/18/13 7/25/11 3/23/12 5/18/13 7/27/11 3/26/12
Parameter Unit Round 1 Round 3 Round 1 Round 2 Round 3 Round 1 Round 2
Dissolved Ag pg/L 5] <10 U <14 U <16 U <10 U <14 U <16 U
Total Ag ug/L <l6 U <10 U <l6 U <16 U, )& 29 <le U <le U, J-
Dissolved Al ug/L <494 U <20 U <494 U 15.7 ) 22 B <494 U <20.0U
Total Al ug/L 364 ) 339 1030 469 359 <548 U <20.0U
Dissolved As ug/L <20U 0.16) <20U 0.79) 0.61 <20U <1.0U
Total As ug/L <22 U 0.61 B <22 U 0.91) 1.0B <22 U 0.53J
Dissolved B ug/L <333 U 11) <333 U <333 U 13 <333 U <333 U
Total B ug/L <370 U 21 <370 U <370 U 23 <370 U <370 U
Dissolved Ba ug/L 105) 105 144 ) 1301 118 45 ) 40
Total Ba ug/L 110 107 155 140 118 46 ) 41)
Dissolved Be ug/L <10 U <5.0U <10U <10U <5.0U <10 U <10U
Total Be ug/L <11 U <25U <11 U <11 U <25U <11 U <11 U
Dissolved Ca mg/L 67.5 73.5 101 94.7 93.1 96.2 87.0
Total Ca mg/L 69 J 71.3 103) 99.2 ) 90.7 97.9) 88.9)
Dissolved Cd ug/L <4 U <0.20U <4 U <1.0U <0.20U <4 U <1.0U
Total Cd ug/L <4 U <0.20 U <4 U <1.0U <0.20U <4 U <1.0U
Dissolved Co ug/L <4 U <5.0U <4 U <4 U 1.8) <4 U <4 U
Total Co ug/L <4 U <25U <4 U <4 U <25U <4 U <4 U
Dissolved Cr ug/L <7U 0.34) <7U <2.0U <2.0U <7U <2.0U
Total Cr ug/L <8U <2.0U <8 U 0.73 ) <2.0U <8 U <2.0U
Dissolved Cu ug/L <20 U 0.58 <20 U <2.0U 4.5 71 <2.0U
Total Cu ug/L <22 U 0.93 B <22 U <2.0U 1.3B 38 0.74 )
Dissolved Fe ug/L <67 U 105 <67 U <67 U 38 <67 U <67 U
Total Fe ug/L 196 502 699 J 679 ) 481 <74 U <74 U
Dissolved Hg ug/L NA <0.20 U NA NA <0.20U NA NA
Total Hg ug/L NA <0.20U NA NA <0.20U NA NA
Dissolved K mg/L 1.22) 1.22 1.55) 1.22) 1.45 0.86J 1.24)
Total K mg/L 1.34) 1.24 1.80)J 1.44) 1.40 0.91) 1.32)
Dissolved Li ug/L NA 46 NA NA 5.5) NA NA
Total Li ug/L NA 5.4 NA NA 5.2 NA NA
Dissolved Mg mg/L 25.8 27.5 10.2 8.82 9.80 18.1 17.3
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Table B-3 Sample Results - Dissolved and Total Metals (Washington County, Pennsylvania)

Sample GWO01 GWo1 GWO02 GWO02 GWO03 GWO03 GWO03
Sample Date 7/25/11 5/17/13 7/25/11 5/18/13 7/25/11 3/23/12 5/20/13
Parameter Unit Round 1 Round 3 Round 1 Round 3 Round 1 Round 2 Round 3
Total Mg mg/L 27.9) 28.2 21.8) 22.0 16.0J 12.7) 14.5
Dissolved Mn ug/L <14 U 5.4 113 78 <14 U <14 U 18
Total Mn ug/L <l6 U 8.5 223 ) 508 * <l6 U <16 U 18
Dissolved Mo ug/L <17 U <0.50U <17 U 0.52 <17 U <17 U <0.50 U
Total Mo ug/L <19U <0.50U <19 U 0.66 <19U <19 U <0.50U
Dissolved Na mg/L 4.76) 5.48 4.44 ) 7.32 22.7) 16.9 ) 19.8
Total Na mg/L 4.97) 5.30 4.75) 7.46 22.5) 17.1) 19.3
Dissolved Ni ug/L <84 U 4.3 <84 U 3.1 <84 U <1.0U 6.0
Total Ni ug/L <93 U 2.9 <93 U 3.7 <93 U <1.0U 4.4
Dissolved P mg/L <0.06 U <0.05 U <0.06 U <0.05 U <0.06 U <0.06 U <0.05U
Total P mg/L <0.07 U <0.03 U <0.07 U <0.03 U <0.07 U <0.07 U <0.03 U
Dissolved Pb ug/L <17 U 1.20 <17 U <0.20U <17 U <1.0U 0.29B
Total Pb ug/L <19U 1.3 <19 U <0.20 U <19U 0.21) 0.31
Dissolved S mg/L 13.7) NA 12.7) NA 18.6 ) 14.6 ) NA
Total S mg/L 12.7) NA 11.6) NA 17.4) 13.0) NA
Dissolved Sb ug/L R <0.20U R <0.20U R <2.0U <0.20U
Total Sb ug/L R <0.20U R <0.20U R <2.0U <0.20U
Dissolved Se ug/L <30U <2.0U <30 U <2.0U <30U <5.0U <2.0U
Total Se ug/L <33U <2.0U <33 U 0.46) <33U <5.0U <2.0U
Dissolved Si mg/L 5.44 ) 5.01 4.58 ) 4.05 5.72) 6.13 ) 5.31
Total Si mg/L 5.31) 4.84 4.42 ) 3.99 5.63) 5.83) 5.13
Dissolved Sr ug/L 520 494 450 455 690 524 566
Total Sr ug/L 521 528 451 475 716 520 604
Dissolved Th ug/L NA <0.20U NA <0.20U NA <1.0U <0.20U
Total Th ug/L NA <0.20U NA <0.20U NA <1.0U <0.20U
Dissolved Ti ug/L <7U <5.0U <7U 0.61) <7U <7U 1.20)
Total Ti ug/L <8 U <25U <8 U 0.50J <8 U <8 U 1.7)
Dissolved TI ug/L R <0.20U R <0.20 U R <1.0U <0.20U
Total Tl ug/L R <0.20U R <0.20 U R <1.0U <0.20U
Dissolved U ug/L NA 0.32 NA 0.63 NA 0.48 | 0.57
Total U ug/L NA 0.34 NA 0.66 NA 0.46 ) 0.60
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Table B-3 Sample Results - Dissolved and Total Metals (Washington County, Pennsylvania)
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Sample GWO04 GWO04 GWo04 GWO05 GWO05 GWO05 GWO06 GWO06 GWO06
Sample Date 7/25/11 3/23/12 5/18/13 7/26/11 3/23/12 5/17/13 7/26/11 3/24/12 5/19/13
Parameter Unit Round 1 Round 2 Round 3 Round 1 Round 2 Round 3 Round 1 Round 2 Round 3
Total Mg mg/L 11.9) 12.0)J 12.6 20.1) 209 21.8 4.03 ) 13.8) 5.99
Dissolved Mn ug/L 929 1060 750 <14 U 77 2.6) 143 690 233
Total Mn ug/L 1060 J 1090 J 857 * <16 U 16 34 188 J 745 ) 273
Dissolved Mo ug/L <17 U <17 U 0.78 <17 U <17 U <0.50 U <17 U <17 U <0.50 U
Total Mo ug/L <19 U <19 U 0.97 <19U <19 U <0.50 U <19 U <19 U <0.50 U
Dissolved Na mg/L 11.1) 10.9J 12.6 47.8) 80.8) 106 160 J 64.4) 149
Total Na mg/L 11.3) 11.2) 12.2 48.0) 80.5J 106 157 57.4) 138
Dissolved Ni ug/L <84 U <1.0U 4.0 <84 U 3.0 7.8 <84 U <1.0U 0.7
Total Ni ug/L <93 U 0.70) 3.3 <93 U 0.68 ) 6.6 <93 U <1.0U 1.1
Dissolved P mg/L <0.06 U <0.06 U <0.05 U <0.06 U <0.06 U <0.05 U <0.06 U 0.02 ) 0.06
Total P mg/L 0.03) <0.07 U 0.09 <0.07 U <0.07 U <0.03 U 0.03) 0.04) 0.04
Dissolved Pb ug/L <17 U <1.0U <0.20 U <17 U 0.23) <0.20 U <17 U <1.0U <0.20 U
Total Pb ug/L <19 U <1.0U 0.21B <19 U <1.0U 0.10J <19 U <1.0U 0.06)
Dissolved S mg/L 9.01) 8.88) NA 17.3) 12.5) NA 5.66 J 16.9 ) NA
Total S mg/L 8.22) 8.07) NA 16.1) 11.9) NA 4,78 ) 14.9) NA
Dissolved Sb ug/L R <2.0U <0.20U R <2.0U <0.20U R <2.0U <0.20U
Total Sb ug/L R <2.0U <0.20U R <2.0U <0.20U R <2.0U <0.20U
Dissolved Se ug/L <30U <5.0U <2.0U <30U <5.0U <2.0U <30U <5.0U <2.0U
Total Se ug/L <33 U <5.0U <2.0U <33 U <5.0U <2.0U <33 U <5.0U <2.0U
Dissolved Si mg/L 11.2) 9.70) 9.02 6.01) 6.38) 5.29 6.01) 9.64 ) 6.26
Total Si mg/L 11.0)J 9.23) 9.46 5.85) 6.01) 5.22 5.87) 8.97 ) 6.38
Dissolved Sr ug/L 790 794 871 1530 1050 1220 200 622 215
Total Sr ug/L 824 ) 780 874 1560 J 1030 1310 208 ) 573 239
Dissolved Th ug/L NA <1.0U <0.20 U NA <1.0U <0.20U NA <1.0U <0.20 U
Total Th ug/L NA <1.0U <0.20 U NA <1.0U <0.20 U NA <1.0U <0.20 U
Dissolved Ti ug/L <7U <7U 1.20J <7U <7U <5.0U <7U <7U 0.29)
Total Ti ug/L <8 U 2) 2.2) <8 U 3) <25U <8 U <8 U <25U
Dissolved TI ug/L R <1.0U <0.20U R <1.0U <0.20U R <1.0U <0.20U
Total Tl ug/L R <1.0U <0.20 U R <1.0U <0.20 U R <1.0U <0.20 U
Dissolved U ug/L NA <1.0U 0.08 J NA 0.46 ) 0.52 NA <1.0U <0.20 U
Total U ug/L NA <1.0U 0.10) NA 0.47) 0.56 NA <1.0U <0.20 U




Table B-3 Sample Results - Dissolved and Total Metals (Washington County, Pennsylvania)
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Sample GWO07 GWO07 GW08 GWO08 GWO08 GWO09 GWO09 GW10 GW10
Sample Date 7/26/11 5/19/13 7/27/11 3/24/12 5/19/13 7/27/11 5/17/13 7/27/11 3/26/12
Parameter Unit Round 1 Round 3 Round 1 Round 2 Round 3 Round 1 Round 3 Round 1 Round 2
Total Mg mg/L 10.1) 9.68 8.88) 8.63 ) 8.89 13.3) 16.3 21.9) 21.3)
Dissolved Mn ug/L <14 U 0.42) <14 U 20 1.8) <14 U 172 20 <14 U
Total Mn ug/L <16 U 0.48) <16 U 331 3.0 <16 U 425 34) 21)
Dissolved Mo ug/L <17 U <0.50U <17 U <17 U <0.50 U <17 U <0.50U <17 U <17 U
Total Mo ug/L <19U 0.21) <19 U <19 U <0.50 U <19U 1.2 <19 U <19 U
Dissolved Na mg/L 23.0)J 39.0 7.32) 6.14) 7.23 10.8) 132 24.1) 24.3)
Total Na mg/L 23.0) 37.4 7.50) 6.27) 7.20 11.3) 47.6 24.1) 24.6)
Dissolved Ni ug/L <84 U 2.6 <84 U <1.0U 4.2 <84 U 4.4 <84 U <1.0U
Total Ni ug/L <93 U 2.6 <93 U <1.0U 2.9 <93 U 17.5 <93 U 0.40)
Dissolved P mg/L <0.06 U <0.05 U <0.06 U <0.06 U <0.05 U <0.06 U 0.06 <0.06 U <0.06 U
Total P mg/L <0.07 U 0.01J <0.07 U <0.07 U <0.03 U <0.07 U 0.22 <0.07 U <0.07 U
Dissolved Pb ug/L <17 U 0.84 <17 U <1.0U 0.56 <17 U 1.40 <17 U <1.0U
Total Pb ug/L <19U 0.82 <19 U <1.0U 0.60 <19U 25.6 <19 U 0.23 )
Dissolved S mg/L 12.9) NA 13.0J 13.0J NA 13.8) NA 23.2) 24.4)
Total S mg/L 11.8) NA 11.7 ) 11.2) NA 12.6) NA 21.4) 219
Dissolved Sb ug/L R <0.20U R <2.0U <0.20U R 0.10J R <2.0U
Total Sb ug/L R <0.20 U R <2.0U <0.20U R 0.20 R <2.0U
Dissolved Se ug/L <30U <2.0U <30 U <5.0U <2.0U <30U <2.0U <30 U <5.0U
Total Se ug/L <33U <2.0U <33 U <5.0U 0.90J <33U <2.0U <33 U <5.0U
Dissolved Si mg/L 6.09) 5.42 5.11) 5.33) 4.82 5.95) 3.76 7.27) 7.18)
Total Si mg/L 5.96 ) 5.19 4.98) 5.02 ) 4.70 5.89) 9.13 7.17) 6.89)
Dissolved Sr ug/L 200 229 230 201 216 380 603 690 577
Total Sr ug/L 206 ) 228 237) 197 227 398 690 686 J 584 )
Dissolved Th ug/L NA <0.20U NA <1.0U <0.20 U NA 0.16J NA <1.0U
Total Th ug/L NA 0.18 ) NA <1.0U <0.20 U NA 1.20 NA <1.0U
Dissolved Ti ug/L <7U 0.81)J <7U <7U 0.68J <7U <5.0U <7U <7U
Total Ti ug/L <8 U 0.72) <8 U 3)J 1.1) <8 U 43.3 <8 U 3)J
Dissolved TI ug/L R <0.20U R <1.0U <0.20U R <0.20U R <1.0U
Total Tl ug/L R <0.20U R <1.0U <0.20 U R <0.20U R <1.0U
Dissolved U ug/L NA 0.14) NA 0.55) 0.46 NA 0.24 NA 1.6
Total U ug/L NA 0.06 J NA 0.51) 0.50 NA 0.45 NA 2.0




Table B-3 Sample Results - Dissolved and Total Metals (Washington County, Pennsylvania)
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Sample GW11 GW11 GW12 GW12 GW13 GW13 GW13 GW14 GW14
Sample Date 7/28/11 3/26/12 7/28/11 3/25/12 7/28/11 3/24/12 5/20/13 3/27/12 5/20/13
Parameter Unit Round 1 Round 2 Round 1 Round 2 Round 1 Round 2 Round 3 Round 2 Round 3
Total Mg mg/L 28.1) 29.9) 15.2J 8.95) 16.3J 14.2 ) 12.1 12.2) 11.4
Dissolved Mn ug/L 299 821 18 <14 U <14 U <14 U 1.7) 38 57
Total Mn ug/L 330 2200 1580 J <l6 U <16 U <l6 U 2.0) 46 ) 58
Dissolved Mo ug/L <17 U <17 U <17 U <17 U <17 U <17 U <0.50U <17 U <0.50 U
Total Mo ug/L <19 U <19U <19 U <19 U <19 U <19U 0.36J <19 U 0.32)
Dissolved Na mg/L 11.3) 11.0) 12.0J 4.52) 43.4) 23.3) 20.6 11.8) 11.8
Total Na mg/L 11.7) 11.9) 12.4) 4.69 ) 43.7) 23.6) 19.5 119 11.2
Dissolved Ni ug/L <84 U 3.0B <84 U <1.0U <84 U <1.0U 10.2 <1.0U 6.4
Total Ni ug/L <93 U 0.33) <93 U <1.0U <93 U <1.0U 8.0 <1.0U 5.3
Dissolved P mg/L <0.06 U <0.06 U <0.06 U <0.06 U <0.06 U <0.06 U <0.05 U <0.06 U 0.01J
Total P mg/L <0.07 U <0.07 U <0.07 U <0.07 U <0.07 U <0.07 U 0.003 ) <0.07 U 0.01)
Dissolved Pb ug/L <17 U 0.46) <17 U 0.40) <17 U <1.0U <0.20U <1.0U <0.20U
Total Pb ug/L <19U 4.3 17 <1.0U <19U <1.0U <0.20U 0.22) <0.20 U
Dissolved S mg/L 31.4) 32.0) 18.0)J 9.19) 8.39) 11.1) NA 9.94) NA
Total S mg/L 28.8) 27.9) 16.3) 7.94) 7.27) 9.73 ) NA 8.78 ) NA
Dissolved Sb ug/L R <2.0U R <2.0U R <2.0U <0.20U <2.0U <0.20U
Total Sb ug/L R <2.0U R <2.0U R <2.0U <0.20U <2.0U <0.20U
Dissolved Se ug/L <30U <5.0U <30 U <5.0U <30U 3.2) <2.0U 1.8) <2.0U
Total Se ug/L <33U <5.0U <33 U <5.0U <33 U 3.0J <2.0U <5.0U <2.0U
Dissolved Si mg/L 6.69) 6.66 ) 6.10) 5.21) 5.79) 5.60) 4,91 5.38) 4.97
Total Si mg/L 6.46 ) 6.20) 7.17) 493 5.83) 5.31) 4.72 5.53) 4.74
Dissolved Sr ug/L 310 309 310 168 830 690 595 514 499
Total Sr ug/L 319 307 325 165 J 849 ) 683 ) 602 500 493
Dissolved Th ug/L NA <1.0U NA <1.0U NA <1.0U <0.20U <1.0U <0.20 U
Total Th ug/L NA <1.0U NA <1.0U NA <1.0U <0.20U <1.0U <0.20U
Dissolved Ti ug/L <7U <7U <7U <7U <7U <7U 2.70) <7U 1.40)
Total Ti ug/L <8 U <8 U 13 <8 U <8 U 3)J 2.0J 10 2.3)
Dissolved Tl ug/L R <1.0U R <1.0U R <1.0U <0.20U <1.0U <0.20 U
Total Tl ug/L R <1.0U R <1.0U R <1.0U <0.20U <1.0U <0.20 U
Dissolved U ug/L NA 0.90) NA 0.57) NA 0.88) 0.93 0.73) 0.77
Total U ug/L NA 0.92 ) NA 0.70) NA 0.93) 0.92 0.69J 0.71




Table B-3 Sample Results - Dissolved and Total Metals (Washington County, Pennsylvania)

Sample GW15 GW16 GW17 GW18 GW19
Sample Date 3/25/12 3/27/12 3/27/12 5/20/13 5/20/13
Parameter Unit Round 2 Round 2 Round 2 Round 3 Round 3
Total Mg mg/L 6.06)J 14.2 ) 4.4) 11.0 5.55
Dissolved Mn ug/L <14 U <14 U <14 U 13 9.0
Total Mn ug/L <l6 U <16 U <l6 U 15 9.2
Dissolved Mo ug/L <17 U <17 U <17 U 0.62 0.67
Total Mo ug/L <19U <19 U <19 U 0.62 0.58
Dissolved Na mg/L 3.33) 12.0) 265 76.8 182
Total Na mg/L 3.60J 12.2) 265 67.0 175
Dissolved Ni ug/L <1.0U 1.0 0.63) 1.6 1.1
Total Ni ug/L <1.0U 0.43) 0.77 ) 1.7 1.5
Dissolved P mg/L <0.06 U <0.06 U 0.06J 0.01) 0.05)
Total P mg/L <0.07 U <0.07 U 0.08 ) 0.01)J 0.05
Dissolved Pb ug/L <1.0U 0.26) <1.0U <0.20 U <0.20U
Total Pb ug/L <1.0U 0.41) <1.0U <0.20U <0.20U
Dissolved S mg/L 11.1) 19.3) 1.53) NA NA
Total S mg/L 9.85J 17.1) 1.39) NA NA
Dissolved Sb ug/L <2.0U <2.0U <2.0U 0.12) 0.20
Total Sb ug/L <2.0U <2.0U <2.0U 0.14) 0.17)
Dissolved Se ug/L <5.0U <5.0U <5.0U <2.0U <2.0U
Total Se ug/L <5.0U <5.0U <5.0U <2.0U <2.0U
Dissolved Si mg/L 6.04 ) 7.08 ) 4.55) 8.06 6.63
Total Si mg/L 5.67) 6.70) 4.26) 8.06 6.22
Dissolved Sr ug/L 219 250 86 1080 424
Total Sr ug/L 216 249 ) 84 ) 1160 419
Dissolved Th ug/L <1.0U <1.0U <1.0U <0.20U <0.20U
Total Th ug/L <1.0U <1.0U <1.0U <0.20U <0.20U
Dissolved Ti ug/L <7U <7U <7U 0.31) 0.25)
Total Ti ug/L 3) <8 U <8 U 0.68)J 1.8)
Dissolved TI ug/L <1.0U <1.0U <1.0U <0.20U <0.20U
Total Tl ug/L <1.0U <1.0U <1.0U <0.20U <0.20U
Dissolved U ug/L 0.80)J 0.83) 0.70) 0.12) 0.09)
Total U ug/L 0.77) 0.76J 0.68 ) 0.12) 0.09)
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Table B-3 Sample Results - Dissolved and Total Metals (Washington County, Pennsylvania)

Sample SWO01 Swo1 SWo02 SWo02 SWo02 SwWo3 Swo3
Sample Date 7/25/11 5/18/13 7/25/11 3/23/12 5/18/13 7/27/11 3/26/12
Parameter Unit Round 1 Round 3 Round 1 Round 2 Round 3 Round 1 Round 2
Total Mg mg/L 26.5) 26.5 10.4) 8.94) 9.34 18.6J 17.3)
Dissolved Mn ug/L <14 U 2.8 78 29 50 <14 U <14 U
Total Mn ug/L <l6 U 16 100 701 68 <16 U <l6 U
Dissolved Mo ug/L <17 U 0.96 <17 U <17 U 6.3 <17 U <17 U
Total Mo ug/L <19 U 1.0 <19U <19U 6.1 <19 U <19 U
Dissolved Na mg/L 7.94 ) 7.09 21.1) 17.3) 19.1 8.51) 7.37)
Total Na mg/L 8.19) 6.66 21.1) 17.3) 18.0 8.71) 7.76 )
Dissolved Ni ug/L <84 U 3.2 <84 U <1.0U 4.2 <84 U <1.0U
Total Ni ug/L <93 U 2.5 <93 U 0.80)J 3.4 <93 U <1.0U
Dissolved P mg/L <0.06 U <0.05 U <0.06 U <0.06 U <0.05U <0.06 U <0.06 U
Total P mg/L <0.07 U <0.03 U 0.04) 0.05 ) 0.04 <0.07 U <0.07 U
Dissolved Pb ug/L <17 U <0.20 U <17 U <1.0U 0.16)J <17 U <1.0U
Total Pb ug/L <19 U 0.428B <19U 0.91]J 0.48B <19 U <1.0U
Dissolved S mg/L 12.5) NA 14.4) 14.4) NA 15.9) 15.7 )
Total S mg/L 11.6) NA 13.2) 13.0) NA 14.7 ) 13.7 )
Dissolved Sb ug/L R <0.20 U R <2.0U <0.20U R <2.0U
Total Sb ug/L R <0.20U R <2.0U <0.20U R <2.0U
Dissolved Se ug/L <30 U <2.0U <30U <5.0U <2.0U <30U <5.0U
Total Se ug/L <33 U 0.97) <33U <5.0U 1.00) <33 U <5.0U
Dissolved Si mg/L 4.97) 4.11 6.01) 5.24 ) 4.73 4.86) 5.67)
Total Si mg/L 5.54 ) 4.60 7.77) 6.56 J 5.05 4.79) 5.38)
Dissolved Sr ug/L 730 630 400 606 324 370 345
Total Sr ug/L 750) 666 402 ) 599 320 381 338
Dissolved Th ug/L NA <0.20U NA <1.0U <0.20U NA <1.0U
Total Th ug/L NA <0.20U NA <1.0U <0.20U NA <1.0U
Dissolved Ti ug/L <7U 0.52) <7U <7 U 1.2) <7U <7U
Total Ti ug/L 7) 6.1 28 30) 9.0 <8 U 26
Dissolved Tl ug/L R <0.20 U R <1.0U <0.20 U R <1.0U
Total Tl ug/L R <0.20 U R <1.0U <0.20U R <1.0U
Dissolved U ug/L NA 0.48 NA 0.65 0.64 NA 1.2
Total U ug/L NA 0.52 NA 0.66J 0.68 NA 1.2
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Table B-3 Sample Results - Dissolved and Total Metals (Washington County, Pennsylvania)

Sample GWO01 GWO01 GWO02 GWO02 GWO03 GWO03 GWO03

Sample Date 7/25/11  5/17/13  7/25/11  5/18/13  7/25/11  3/23/12  5/20/13

Parameter Unit Round 1 Round 3 Round 1 Round 3 Round 1 Round 2 Round 3
Dissolved V ug/L <10 U <0.20U <10 U <0.20 U <10 U <10 U 0.04)
Total V ug/L <11U 0.518B 4] 0.53B <11U <11U 0.598B
Dissolved Zn ug/L 24 ) 15 <50U <5.0U 25 <50 U <5.0U
Total Zn ug/L 21) 13.7B <56 U <2.5U 25 <56 U 5.1B
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Table B-3 Sample Results - Dissolved and Total Metals (Washington County, Pennsylvania)

Sample GWO04 GWO04 GWo04 GWO05 GWO05 GWO05 GWO06 GWO06 GWO06

Sample Date 7/25/11  3/23/12  5/18/13  7/26/11  3/23/12  5/17/13  7/26/11  3/24/12  5/19/13

Parameter Unit Round 1 Round 2 Round 3 Round 1 Round 2 Round 3 Round 1 Round 2 Round 3
Dissolved V ug/L <10 U <10U <0.20U <10U <10U 0.05) <10U <10 U <0.20U
Total V ug/L <11U <11 U 0.818B <11 U <11U 0.498B <11 U <11 U 0.49B
Dissolved Zn ug/L 19 <50 U <5.0U 29 <50 U 39 <50 U <50 U <5.0U
Total Zn ug/L 20 <56 U 5.1B 23 <56 U 4.4B <56 U <56 U <25U
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Table B-3 Sample Results - Dissolved and Total Metals (Washington County, Pennsylvania)

Sample GWO07 GWO07 GWO08 GWO08 GWO08 GWO09 GWO09 GW10 GW10

Sample Date 7/26/11  5/19/13  7/27/11  3/24/12  5/19/13  7/27/11  5/17/13  7/27/11  3/26/12

Parameter Unit Round 1 Round 3 Round 1 Round 2 Round 3 Round 1 Round 3 Round 1 Round 2
Dissolved V ug/L <10 U 0.05)J <10 U <10 U <0.20 U <10 U 0.28 4] <10 U
Total V ug/L <11U 0.288B <11 U <11 U 0.54 B <11 U 6.1 4) <11 U
Dissolved Zn ug/L <50 U 17 24 ) <50 U <5.0U 191 5.0 251 <50U
Total Zn ug/L <56 U 10.3B 22) <56 U 4.4 B 19 39.8B 25 <56 U
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Table B-3 Sample Results - Dissolved and Total Metals (Washington County, Pennsylvania)

Sample GW11 GW11 GW12 GW12 GW13 GW13 GW13 GW14 GW14

Sample Date 7/28/11 3/26/12 7/28/11 3/25/12 7/28/11 3/24/12 5/20/13 3/27/12 5/20/13

Parameter Unit Round 1 Round 2 Round 1 Round 2 Round 1 Round 2 Round 3 Round 2 Round 3
Dissolved V ug/L <10 U <10 U <10 U <10 U 5] <10 U 0.07) <10 U 0.07)
Total V ug/L <11 U <11 U 4) <11 U <11 U <11 U <0.20U <11 U 0.36 B
Dissolved Zn ug/L 34) <50 U 245 <50 U 48 <50U <5.0U <50 U <5.0U
Total Zn ug/L 34) 35 641) <56 U 40 <56 U <2.5U <56 U <25U
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Table B-3 Sample Results - Dissolved and Total Metals (Washington County, Pennsylvania)

Sample GW15 GW16 GW17 GW18 GW19

Sample Date 3/25/12 3/27/12 3/27/12 5/20/13 5/20/13

Parameter Unit Round 2 Round 2 Round 2 Round 3 Round 3
Dissolved V ug/L <10U <10U <i0U 0.04 ) 0.04)
Total V ug/L <11U <11U <11U 0.22 8B 0.34B
Dissolved Zn ug/L <50U <50 U <50U <5.0U <5.0U
Total Zn ug/L <56 U <56 U <56 U <2.5U <2.5U
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Table B-3 Sample Results - Dissolved and Total Metals (Washington County, Pennsylvania)

Sample SWO01 SwWo1 SWo02 SWo02 SWo02 SWo03 SWo03

Sample Date 7/25/11 5/18/13 7/25/11 3/23/12 5/18/13 7/27/11 3/26/12

Parameter Unit Round 1 Round 3 Round 1 Round 2 Round 3 Round 1 Round 2
Dissolved V ug/L <10U 0.18) <i0U <10U 0.50 3) <10U
Total V ug/L <11 U 1.2B 4) <11U 1.7B 5] <11 U
Dissolved Zn ug/L 18] <5.0U 21 <50 U <5.0U 171 <50 U
Total Zn ug/L 18 <25U 20 <56 U <2.5U 18 <56 U




Table B-4 Sample Results - Volatile Organic Compounds (Washington County, Pennsylvania)

Parameter (CAS Number)

Sample
Sample Date

Unit

GWO01
7/25/11
Round 1

GWO01
5/17/13
Round 3

GWO02
7/25/11
Round 1

GWO02
5/18/13
Round 3

GWO03

7/25/11

Round 1

GWO03
3/23/12
Round 2

GWO03
5/20/13
Round 3

ethanol (64-17-5) ug/L <100 U <100 U <100 U <100 U <100 U <100 U <100 U
isopropanol (67-63-0) ug/L <25U <10 U <25U <10U <25U <25U <10 U
acrylonitrile (107-13-1) ug/L <25U <1.0U <25U <1.0U <25U <25U <1.0U
styrene (100-42-5) ug/L <0.5U <0.5U <0.5 U <0.5U <0.5U <0.5U <0.5U
acetone (67-64-1) ug/L <1.0U <1.0U <1.0U <1.0U <1.0U <1.0U 0.87)
tert-butyl alcohol (75-65-0) ug/L <5.0U <10 U <5.0U <10 U <5.0U <5.0U <10 U
methyl tert-butyl ether (1634-04-4) ug/L <1.0U <0.5U <1.0U <0.5U <1.0U <1.0U <0.5U
diisopropyl ether (108-20-3) ug/L <1.0U <0.5U <1.0U <0.5U <1.0U <1.0U <0.5U
ethyl tert-butyl ether (637-92-3) ug/L <1.0U <0.5U <1.0U <0.5U <1.0U <1.0U <0.5U
tert-amyl methyl ether (994-05-8) ug/L <1.0U <0.5U <1.0U <0.5U <1.0U <1.0U <0.5U
vinyl chloride (75-01-4) ug/L <0.5U <0.5U <0.5U <0.5U <0.5U <0.5U <0.5U
1,1-dichloroethene (75-35-4) ug/L R <0.5U R <0.5U R R <0.5U
carbon disulfide (75-15-0) ug/L <0.5U <0.5U <0.5U <0.5U <0.5U <0.5 U, J& <0.5U
methylene chloride (75-09-2) ug/L <1.0U <0.5U <1.0U <0.5U <1.0U <1.0U <0.5U
trans-1,2-dichloroethene (156-60-5) ug/L <0.5U <0.5U <0.5U <0.5U <0.5U <0.5U <0.5U
1,1-dichloroethane (75-34-3) ug/L <0.5U <0.5U <0.5U <0.5U <0.5U <0.5U <0.5U
cis-1,2-dichloroethene (156-59-2) ug/L <0.5U <0.5U <0.5U <0.5U <0.5U <0.5U <0.5U
chloroform (67-66-3) ug/L <0.5U <0.5U <0.5U <0.5U <0.5U <0.5U <0.5U
1,1,1-trichloroethane (71-55-6) ug/L <0.5U <0.5U <0.5U <0.5U <0.5U <0.5U <0.5U
carbon tetrachloride (56-23-5) ug/L <0.5U <0.5U <0.5U <0.5U <0.5U <0.5U <0.5U
benzene (71-43-2) ug/L <0.5U <0.5U <0.5U <0.5U <0.5U <0.5U <0.5U
1,2-dichloroethane (107-06-2) ug/L <0.5U <0.5U <0.5U <0.5U <0.5U <0.5U <0.5U
trichloroethene (79-01-6) ug/L <0.5U <0.5U <0.5U <0.5U <0.5U <0.5U <0.5U
toluene (108-88-3) ug/L <0.5U <0.5U <0.5U <0.5U <0.5U <0.5U <0.5U
1,1,2-trichloroethane (79-00-5) ug/L R <0.5U R <0.5U R R <0.5U
tetrachloroethene (127-18-4) ug/L <0.5U <0.5U <0.5U <0.5U <0.5U <0.5U <0.5U
chlorobenzene (108-90-7) ug/L <0.5U <0.5U <0.5U <0.5U <0.5U <0.5U <0.5U
ethylbenzene (100-41-4) ug/L <1.0U <0.5U <1.0U <0.5U <1.0U <1.0U <0.5U
m+p xylene (108-38-3, 106-42-3 ) ug/L <2.0U <1.0U <2.0U <1.0U <2.0U <2.0U <1.0U
o-xylene (95-47-6) ug/L <0.5U <0.5U <0.5U <0.5U <0.5U <0.5U <0.5U
isopropylbenzene (98-82-8) ug/L <0.5U <0.5U <0.5U <0.5U <0.5U <0.5U <0.5U
1,3,5-trimethylbenzene (108-67-8) ug/L <0.5U <0.5U <0.5U <0.5U <0.5U <0.5U <0.5U
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Table B-4 Sample Results - Volatile Organic Compounds (Washington County, Pennsylvania)

Parameter (CAS Number)

Sample
Sample Date

Unit

GWO04
7/25/11
Round 1

GWO04
3/23/12
Round 2

GWO04
5/18/13
Round 3

GWO05
7/26/11
Round 1

GWO05
3/23/12
Round 2

GWO05
5/17/13
Round 3

ethanol (64-17-5) ug/L <100 U <100 U <100 U <100 U <100 U <100 U
isopropanol (67-63-0) ug/L <25U <25 U <10 U <25U <25U <10 U
acrylonitrile (107-13-1) ug/L <25U <25 U <1.0U <25U <25 U <1.0U
styrene (100-42-5) ug/L <0.5U <0.5U <0.5U <0.5U <0.5U <0.5U
acetone (67-64-1) ug/L <1.0U <1.0U <1.0U <1.0U <1.0U <1.0U
tert-butyl alcohol (75-65-0) ug/L <5.0U <5.0U <10 U <5.0U <5.0U <10 U
methyl tert-butyl ether (1634-04-4) ug/L <1.0U <1.0U <0.5U <1.0U <1.0U <0.5U
diisopropyl ether (108-20-3) ug/L <1.0U <1.0U <0.5U <1.0U <1.0U <0.5U
ethyl tert-butyl ether (637-92-3) ug/L <1.0U <1.0U <0.5U <1.0U <1.0U <0.5U
tert-amyl methyl ether (994-05-8) ug/L <1.0U <1.0U <0.5U <1.0U <1.0U <0.5U
vinyl chloride (75-01-4) ug/L <0.5U <0.5U <0.5U <0.5U <0.5U <0.5U
1,1-dichloroethene (75-35-4) ug/L R R <0.5U R R <0.5U
carbon disulfide (75-15-0) ug/L <0.5U <0.5 U, J& <0.5U <0.5U <0.5U, J& <0.5U
methylene chloride (75-09-2) ug/L <1.0U <1.0U <0.5U <1.0U <1.0U <0.5U
trans-1,2-dichloroethene (156-60-5) ug/L <0.5U <0.5U <0.5U <0.5U <0.5U <0.5U
1,1-dichloroethane (75-34-3) ug/L <0.5U <0.5U <0.5U <0.5U <0.5U <0.5U
cis-1,2-dichloroethene (156-59-2) ug/L <0.5U <0.5U <0.5U <0.5U <0.5U <0.5U
chloroform (67-66-3) ug/L <0.5U <0.5U <0.5U <0.5U <0.5U <0.5U
1,1,1-trichloroethane (71-55-6) ug/L <0.5U <0.5U <0.5U <0.5U <0.5U <0.5U
carbon tetrachloride (56-23-5) ug/L <0.5U <0.5U <0.5U <0.5U <0.5U <0.5U
benzene (71-43-2) ug/L <0.5U <0.5U <0.5U <0.5U <0.5U <0.5U
1,2-dichloroethane (107-06-2) ug/L <0.5U <0.5U <0.5U <0.5U <0.5U <0.5U
trichloroethene (79-01-6) ug/L <0.5U <0.5U <0.5U <0.5U <0.5U <0.5U
toluene (108-88-3) ug/L 0.80 B <0.5U 0.37) <0.5U <0.5U <0.5U
1,1,2-trichloroethane (79-00-5) ug/L R R <0.5U R R <0.5U
tetrachloroethene (127-18-4) ug/L <0.5U <0.5U <0.5U <0.5U <0.5U <0.5U
chlorobenzene (108-90-7) ug/L <0.5U <0.5U <0.5U <0.5U <0.5U <0.5U
ethylbenzene (100-41-4) ug/L <1.0U <1.0U <0.5U <1.0U <1.0U <0.5U
m+p xylene (108-38-3, 106-42-3 ) ug/L <2.0U <2.0U <1.0U <2.0U <2.0U <1.0U
o-xylene (95-47-6) ug/L <0.5U <0.5U <0.5U <0.5U <0.5U <0.5U
isopropylbenzene (98-82-8) ug/L <0.5U <0.5U <0.5U <0.5U <0.5U <0.5U
1,3,5-trimethylbenzene (108-67-8) ug/L <0.5U <0.5U <0.5U <0.5U <0.5U <0.5U
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Table B-4 Sample Results - Volatile Organic Compounds (Washington County, Pennsylvania)

Parameter (CAS Number)

Sample
Sample Date

Unit

GWO06
7/26/11
Round 1

GWO06
3/24/12
Round 2

GWO06
5/19/13
Round 3

GWO07
7/26/11
Round 1

GWO07
5/19/13
Round 3

ethanol (64-17-5) ug/L <100 U <100 U <100 U <100 U <100 U
isopropanol (67-63-0) ug/L <25U <25 U <10 U <25U <10 U
acrylonitrile (107-13-1) ug/L <25U <25 U <1.0U <25U <1.0U
styrene (100-42-5) ug/L <0.5U <0.5U <0.5 U <0.5U <0.5U
acetone (67-64-1) ug/L <1.0U <1.0U <1.0U <1.0U <1.0U
tert-butyl alcohol (75-65-0) ug/L <5.0U <5.0U <10 U <5.0U <10 U
methyl tert-butyl ether (1634-04-4) ug/L <1.0U <1.0U <0.5U <1.0U <0.5U
diisopropyl ether (108-20-3) ug/L <1.0U <1.0U <0.5U <1.0U <0.5U
ethyl tert-butyl ether (637-92-3) ug/L <1.0U <1.0U <0.5U <1.0U <0.5U
tert-amyl methyl ether (994-05-8) ug/L <1.0U <1.0U <0.5U <1.0U <0.5U
vinyl chloride (75-01-4) ug/L <0.5U <0.5U <0.5U <0.5U <0.5U
1,1-dichloroethene (75-35-4) ug/L R R <0.5U R <0.5U
carbon disulfide (75-15-0) ug/L <0.5U <0.5 U, J& <0.5U <0.5U <0.5U
methylene chloride (75-09-2) ug/L <1.0U <1.0U <0.5U <1.0U <0.5U
trans-1,2-dichloroethene (156-60-5) ug/L <0.5U <0.5U <0.5U <0.5U <0.5U
1,1-dichloroethane (75-34-3) ug/L <0.5U <0.5U <0.5U <0.5U <0.5U
cis-1,2-dichloroethene (156-59-2) ug/L <0.5U <0.5U <0.5U <0.5U <0.5U
chloroform (67-66-3) ug/L <0.5U <0.5U <0.5U <0.5U <0.5U
1,1,1-trichloroethane (71-55-6) ug/L <0.5U <0.5U <0.5U <0.5U <0.5U
carbon tetrachloride (56-23-5) ug/L <0.5U <0.5U <0.5U <0.5U <0.5U
benzene (71-43-2) ug/L <0.5U <0.5U <0.5U <0.5U <0.5U
1,2-dichloroethane (107-06-2) ug/L <0.5U <0.5U <0.5U <0.5U <0.5U
trichloroethene (79-01-6) ug/L <0.5U <0.5U <0.5U <0.5U <0.5U
toluene (108-88-3) ug/L <0.5U <0.5U <0.5U <0.5U <0.5U
1,1,2-trichloroethane (79-00-5) ug/L R R <0.5U R <0.5U
tetrachloroethene (127-18-4) ug/L <0.5 U <0.5U <0.5U <0.5U <0.5U
chlorobenzene (108-90-7) ug/L <0.5U <0.5U <0.5U <0.5U <0.5U
ethylbenzene (100-41-4) ug/L <1.0U <1.0U <0.5U <1.0U <0.5U
m+p xylene (108-38-3, 106-42-3 ) ug/L <2.0U <2.0U <1.0U <2.0U <1.0U
o-xylene (95-47-6) ug/L <0.5U <0.5U <0.5U <0.5U <0.5U
isopropylbenzene (98-82-8) ug/L <0.5U <0.5U <0.5U <0.5U <0.5U
1,3,5-trimethylbenzene (108-67-8) ug/L <0.5U <0.5U <0.5U <0.5U <0.5U
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Table B-4 Sample Results - Volatile Organic Compounds (Washington County, Pennsylvania)

Parameter (CAS Number)

Sample
Sample Date

Unit

GWO08
7/27/11
Round 1

GWO08
3/24/12
Round 2

GWO08
5/19/13
Round 3

GWO09
7/27/11
Round 1

GWO09
5/17/13
Round 3

GW10
7/27/11
Round 1

GW10
3/26/12
Round 2

ethanol (64-17-5) ug/L <100 U <100 U <100 U <100 U <100 U <100 U <100 U
isopropanol (67-63-0) ug/L <25U <25 U <10 U <25U <10 U <25U <25 U
acrylonitrile (107-13-1) ug/L <25U <25 U <1.0U <25U <1.0U <25U <25 U
styrene (100-42-5) ug/L <0.5U <0.5U <0.5U <0.5U <0.5U <0.5U <0.5U
acetone (67-64-1) ug/L <1.0U <1.0U <1.0U <1.0U 0.48) <1.0U <1.0U
tert-butyl alcohol (75-65-0) ug/L <5.0U <5.0U <10 U <5.0U <10 U <5.0U <5.0U
methyl tert-butyl ether (1634-04-4) ug/L <1.0U <1.0U <0.5U <1.0U <0.5U <1.0U <1.0U
diisopropyl ether (108-20-3) ug/L <1.0U <1.0U <0.5 U <1.0U <0.5U <1.0U <1.0U
ethyl tert-butyl ether (637-92-3) ug/L <1.0U <1.0U <0.5U <1.0U <0.5U <1.0U <1.0U
tert-amyl methyl ether (994-05-8) ug/L <1.0U <1.0U <0.5U <1.0U <0.5U <1.0U <1.0U
vinyl chloride (75-01-4) ug/L <0.5U <0.5U <0.5U <0.5U <0.5U <0.5U <0.5U
1,1-dichloroethene (75-35-4) ug/L R R <0.5U R <0.5U R R

carbon disulfide (75-15-0) ug/L <0.5U <0.5 U, J& <0.5U <0.5U <0.5U <0.5U <0.5U
methylene chloride (75-09-2) ug/L <1.0U <1.0U <0.5U <1.0U <0.5U <1.0U <1.0U
trans-1,2-dichloroethene (156-60-5) ug/L <0.5U <0.5U <0.5U <0.5U <0.5U <0.5U <0.5U
1,1-dichloroethane (75-34-3) ug/L <0.5U <0.5U <0.5U <0.5U <0.5U <0.5U <0.5U
cis-1,2-dichloroethene (156-59-2) ug/L <0.5U <0.5U <0.5U <0.5U <0.5U <0.5U <0.5U
chloroform (67-66-3) ug/L <0.5U <0.5U <0.5U <0.5U <0.5U <0.5U <0.5U
1,1,1-trichloroethane (71-55-6) ug/L <0.5U <0.5U <0.5U <0.5U <0.5U <0.5U <0.5U
carbon tetrachloride (56-23-5) ug/L <0.5U <0.5U <0.5U <0.5U <0.5U <0.5U <0.5U
benzene (71-43-2) ug/L <0.5U <0.5U <0.5U <0.5U <0.5U <0.5U <0.5U
1,2-dichloroethane (107-06-2) ug/L <0.5U <0.5U <0.5U <0.5U <0.5U <0.5U <0.5U
trichloroethene (79-01-6) ug/L <0.5U <0.5U <0.5U <0.5U <0.5U <0.5U <0.5U
toluene (108-88-3) ug/L <0.5U <0.5U <0.5U <0.5U <0.5U <0.5U <0.5U
1,1,2-trichloroethane (79-00-5) ug/L R R <0.5U R <0.5U R R

tetrachloroethene (127-18-4) ug/L <0.5U <0.5U <0.5U <0.5U <0.5U <0.5U <0.5U
chlorobenzene (108-90-7) ug/L <0.5U <0.5U <0.5U <0.5U <0.5U <0.5U <0.5U
ethylbenzene (100-41-4) ug/L <1.0U <1.0U <0.5U <1.0U <0.5U <1.0U <1.0U
m+p xylene (108-38-3, 106-42-3 ) ug/L <2.0U <2.0U <1.0U <2.0U <1.0U <2.0U <2.0U
o-xylene (95-47-6) ug/L <0.5U <0.5U <0.5U <0.5U <0.5U <0.5U <0.5U
isopropylbenzene (98-82-8) ug/L <0.5U <0.5U <0.5U <0.5U <0.5U <0.5U <0.5U
1,3,5-trimethylbenzene (108-67-8) ug/L <0.5U <0.5U <0.5U <0.5U <0.5U <0.5U <0.5U
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Table B-4 Sample Results - Volatile Organic Compounds (Washington County, Pennsylvania)

Parameter (CAS Number)

Sample
Sample Date

Unit

GW11
7/28/11
Round 1

GW11
3/26/12
Round 2

GW12
7/28/11
Round 1

GW12
3/25/12
Round 2

GW13
7/28/11
Round 1

GW13
3/24/12
Round 2

GW13
5/20/13
Round 3

ethanol (64-17-5) ug/L <100 U <100 U <100 U <100 U <100 U <100 U <100 U
isopropanol (67-63-0) ug/L <25U <25U <25U <25U <25U <25U <10 U
acrylonitrile (107-13-1) ug/L <25U <25U <25U <25U <25U <25U <1.0U
styrene (100-42-5) ug/L <0.5U <0.5U <0.5 U <0.5U <0.5U <0.5U <0.5U
acetone (67-64-1) ug/L <1.0U <1.0U <1.0U <1.0U <1.0U <1.0U <1.0U
tert-butyl alcohol (75-65-0) ug/L <5.0U <5.0U <5.0U <5.0U <5.0U <5.0U <10 U
methyl tert-butyl ether (1634-04-4) ug/L <1.0U <1.0U <1.0U <1.0U <1.0U <1.0U <0.5U
diisopropyl ether (108-20-3) ug/L <1.0U <1.0U <1.0U <1.0U <1.0U <1.0U <0.5U
ethyl tert-butyl ether (637-92-3) ug/L <1.0U <1.0U <1.0U <1.0U <1.0U <1.0U <0.5U
tert-amyl methyl ether (994-05-8) ug/L <1.0U <1.0U <1.0U <1.0U <1.0U <1.0U <0.5U
vinyl chloride (75-01-4) ug/L <0.5U <0.5U <0.5U <0.5U <0.5U <0.5U <0.5U
1,1-dichloroethene (75-35-4) ug/L R R R R R R <0.5U
carbon disulfide (75-15-0) ug/L <0.5U <0.5U <0.5U <0.5 U, J& <0.5U <0.5 U, J& <0.5U
methylene chloride (75-09-2) ug/L <1.0U <1.0U <1.0U <1.0U <1.0U <1.0U <0.5U
trans-1,2-dichloroethene (156-60-5) ug/L <0.5U <0.5U <0.5U <0.5U <0.5U <0.5U <0.5U
1,1-dichloroethane (75-34-3) ug/L <0.5U <0.5U <0.5U <0.5U <0.5U <0.5U <0.5U
cis-1,2-dichloroethene (156-59-2) ug/L <0.5U <0.5U <0.5U <0.5U <0.5U <0.5U <0.5U
chloroform (67-66-3) ug/L <0.5U <0.5U <0.5U <0.5U <0.5U <0.5U <0.5U
1,1,1-trichloroethane (71-55-6) ug/L <0.5U <0.5U <0.5U <0.5U <0.5U <0.5U <0.5U
carbon tetrachloride (56-23-5) ug/L <0.5U <0.5U <0.5U <0.5U <0.5U <0.5U <0.5U
benzene (71-43-2) ug/L <0.5U <0.5U <0.5U <0.5U <0.5U <0.5U <0.5U
1,2-dichloroethane (107-06-2) ug/L <0.5U <0.5U <0.5U <0.5U <0.5U <0.5U <0.5U
trichloroethene (79-01-6) ug/L <0.5U <0.5U <0.5U <0.5U <0.5U <0.5U <0.5U
toluene (108-88-3) ug/L <0.5U <0.5U <0.5U <0.5U <0.5U <0.5U <0.5U
1,1,2-trichloroethane (79-00-5) ug/L R R R R R R <0.5U
tetrachloroethene (127-18-4) ug/L <0.5U <0.5U <0.5U <0.5U <0.5U <0.5U <0.5U
chlorobenzene (108-90-7) ug/L <0.5U <0.5U <0.5U <0.5U <0.5U <0.5U <0.5U
ethylbenzene (100-41-4) ug/L <1.0U <1.0U <1.0U <1.0U <1.0U <1.0U <0.5U
m+p xylene (108-38-3, 106-42-3 ) ug/L <2.0U <2.0U <2.0U <2.0U <2.0U <2.0U <1.0U
o-xylene (95-47-6) ug/L <0.5U <0.5U <0.5U <0.5U <0.5U <0.5U <0.5U
isopropylbenzene (98-82-8) ug/L <0.5U <0.5U <0.5U <0.5U <0.5U <0.5U <0.5U
1,3,5-trimethylbenzene (108-67-8) ug/L <0.5U <0.5U <0.5U <0.5U <0.5U <0.5U <0.5U
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Table B-4 Sample Results - Volatile Organic Compounds (Washington County, Pennsylvania)

Parameter (CAS Number)

Sample
Sample Date

Unit

GW14
3/27/12
Round 2

GW14
5/20/13
Round 3

GW15
3/25/12
Round 2

GW16
3/27/12
Round 2

GW17
3/27/12
Round 2

GW18
5/20/13
Round 3

GW19
5/20/13
Round 3

ethanol (64-17-5) ug/L <100 U <100 U <100 U <100 U <100 U <100 U <100 U
isopropanol (67-63-0) ug/L <25U <10 U <25 U <25U <25U <10U <10 U
acrylonitrile (107-13-1) ug/L <25U <1.0U <25 U <25 U <25 U <1.0U <1.0U
styrene (100-42-5) ug/L <0.5U <0.5U <0.5U <0.5U <0.5U <0.5U <0.5U
acetone (67-64-1) ug/L <1.0U <1.0U <1.0U <1.0U <1.0U <1.0U 1.3

tert-butyl alcohol (75-65-0) ug/L <5.0U <10 U <5.0U <5.0U <5.0U <10 U <10 U
methyl tert-butyl ether (1634-04-4) ug/L <1.0U <0.5U <1.0U <1.0U <1.0U <0.5U <0.5U
diisopropyl ether (108-20-3) ug/L <1.0U <0.5U <1.0U <1.0U <1.0U <0.5U <0.5U
ethyl tert-butyl ether (637-92-3) ug/L <1.0U <0.5U <1.0U <1.0U <1.0U <0.5U <0.5U
tert-amyl methyl ether (994-05-8) ug/L <1.0U <0.5U <1.0U <1.0U <1.0U <0.5U <0.5U
vinyl chloride (75-01-4) ug/L <0.5U <0.5U <0.5U <0.5U <0.5U <0.5U <0.5U
1,1-dichloroethene (75-35-4) ug/L R <0.5U R R R <0.5U <0.5U
carbon disulfide (75-15-0) ug/L <0.5U <0.5U <0.5U, J& <0.5U <0.5U <0.5U <0.5U
methylene chloride (75-09-2) ug/L <1.0U <0.5U <1.0U <1.0U <1.0U <0.5U <0.5U
trans-1,2-dichloroethene (156-60-5) ug/L <0.5U <0.5U <0.5U <0.5U <0.5U <0.5U <0.5U
1,1-dichloroethane (75-34-3) ug/L <0.5U <0.5U <0.5U <0.5U <0.5U <0.5U <0.5U
cis-1,2-dichloroethene (156-59-2) ug/L <0.5U <0.5U <0.5U <0.5U <0.5U <0.5U <0.5U
chloroform (67-66-3) ug/L <0.5U 0.15) <0.5U <0.5U <0.5U <0.5U <0.5U
1,1,1-trichloroethane (71-55-6) ug/L <0.5U <0.5U <0.5U <0.5U <0.5U <0.5U <0.5U
carbon tetrachloride (56-23-5) ug/L <0.5U <0.5U <0.5U <0.5U <0.5U <0.5U <0.5U
benzene (71-43-2) ug/L <0.5U <0.5U <0.5U <0.5U <0.5U <0.5U 0.07)
1,2-dichloroethane (107-06-2) ug/L <0.5U <0.5U <0.5U <0.5U <0.5U <0.5U <0.5U
trichloroethene (79-01-6) ug/L <0.5U <0.5U <0.5U <0.5U <0.5U <0.5U <0.5U
toluene (108-88-3) ug/L <0.5U <0.5U <0.5U <0.5U <0.5U 0.11) 2.2

1,1,2-trichloroethane (79-00-5) ug/L R <0.5U R R R <0.5U <0.5U
tetrachloroethene (127-18-4) ug/L <0.5U <0.5U <0.5U <0.5U <0.5U <0.5U <0.5U
chlorobenzene (108-90-7) ug/L <0.5U <0.5U <0.5U <0.5U <0.5U <0.5U <0.5U
ethylbenzene (100-41-4) ug/L <1.0U <0.5U <1.0U <1.0U <1.0U <0.5U <0.5U
m+p xylene (108-38-3, 106-42-3 ) ug/L <2.0U <1.0U <2.0U <2.0U <2.0U <1.0U <1.0U
o-xylene (95-47-6) ug/L <0.5U <0.5U <0.5U <0.5U <0.5U <0.5U <0.5U
isopropylbenzene (98-82-8) ug/L <0.5U <0.5U <0.5U <0.5U <0.5U <0.5U <0.5U
1,3,5-trimethylbenzene (108-67-8) ug/L <0.5U <0.5U <0.5U <0.5U <0.5U <0.5U <0.5U
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Table B-4 Sample Results - Volatile Organic Compounds (Washington County, Pennsylvania)

Parameter (CAS Number)

Sample
Sample Date

Unit

SWo1
7/25/11
Round 1

SWo1
5/18/13
Round 3

SW02
7/25/11
Round 1

SW02
3/23/12
Round 2

SW02
5/18/13
Round 3

SWo03
7/27/11
Round 1

SWo03
3/26/12
Round 2

ethanol (64-17-5) ug/L <100 U <100 U <100 U <100 U <100 U <100 U <100 U
isopropanol (67-63-0) ug/L <25U <10 U <25 U <25U <10 U <25U <25 U
acrylonitrile (107-13-1) ug/L <25U <1.0U <25 U <25U <1.0U <25U <25 U
styrene (100-42-5) ug/L <0.5U <0.5U <0.5U <0.5U <0.5U <0.5U <0.5U
acetone (67-64-1) ug/L <1.0U <1.0U <1.0U <1.0U <1.0U <1.0U <1.0U
tert-butyl alcohol (75-65-0) ug/L <5.0U <10 U <5.0U <5.0U <10 U <5.0U <5.0U
methyl tert-butyl ether (1634-04-4) ug/L <1.0U <0.5U <1.0U <1.0U <0.5U <1.0U <1.0U
diisopropyl ether (108-20-3) ug/L <1.0U <0.5U <1.0U <1.0U <0.5U <1.0U <1.0U
ethyl tert-butyl ether (637-92-3) ug/L <1.0U <0.5U <1.0U <1.0U <0.5U <1.0U <1.0U
tert-amyl methyl ether (994-05-8) ug/L <1.0U <0.5U <1.0U <1.0U <0.5U <1.0U <1.0U
vinyl chloride (75-01-4) ug/L <0.5U <0.5U <0.5U <0.5U <0.5U <0.5U <0.5U
1,1-dichloroethene (75-35-4) ug/L R <0.5U R R <0.5U R R

carbon disulfide (75-15-0) ug/L <0.5U <0.5U <0.5U <0.5 U, J& <0.5U <0.5U <0.5U
methylene chloride (75-09-2) ug/L <1.0U <0.5U <1.0U <1.0U <0.5U <1.0U <1.0U
trans-1,2-dichloroethene (156-60-5) ug/L <0.5U <0.5U <0.5U <0.5U <0.5U <0.5U <0.5U
1,1-dichloroethane (75-34-3) ug/L <0.5U <0.5U <0.5U <0.5U <0.5U <0.5U <0.5U
cis-1,2-dichloroethene (156-59-2) ug/L <0.5U <0.5U <0.5U <0.5U <0.5U <0.5U <0.5U
chloroform (67-66-3) ug/L <0.5U <0.5U <0.5U <0.5U 0.28 ) <0.5U <0.5U
1,1,1-trichloroethane (71-55-6) ug/L <0.5U <0.5U <0.5U <0.5U <0.5U <0.5U <0.5U
carbon tetrachloride (56-23-5) ug/L <0.5U <0.5U <0.5U <0.5U <0.5U <0.5U <0.5U
benzene (71-43-2) ug/L <0.5U <0.5U <0.5U <0.5U <0.5U <0.5U <0.5U
1,2-dichloroethane (107-06-2) ug/L <0.5U <0.5U <0.5U <0.5U <0.5U <0.5U <0.5U
trichloroethene (79-01-6) ug/L <0.5U <0.5U <0.5U <0.5U <0.5U <0.5U <0.5U
toluene (108-88-3) ug/L 2.18 B <0.5U <0.5U <0.5U <0.5U <0.5U <0.5U
1,1,2-trichloroethane (79-00-5) ug/L R <0.5U R R <0.5U R R

tetrachloroethene (127-18-4) ug/L <0.5U <0.5U <0.5U <0.5U <0.5U <0.5U <0.5U
chlorobenzene (108-90-7) ug/L <0.5U <0.5U <0.5U <0.5U <0.5U <0.5U <0.5U
ethylbenzene (100-41-4) ug/L <1.0U <0.5U <1.0U <1.0U <0.5U <1.0U <1.0U
m+p xylene (108-38-3, 106-42-3 ) ug/L <2.0U <1.0U <2.0U <2.0U <1.0U <2.0U <2.0U
o-xylene (95-47-6) ug/L <0.5U <0.5U <0.5U <0.5U <0.5U <0.5U <0.5U
isopropylbenzene (98-82-8) ug/L <0.5U <0.5U <0.5U <0.5U <0.5U <0.5U <0.5U
1,3,5-trimethylbenzene (108-67-8) ug/L <0.5U <0.5U <0.5U <0.5U <0.5U <0.5U <0.5U
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Table B-4 Sample Results - Volatile Organic Compounds (Washington County, Pennsylvania)

Sample GWO01 GWo1 GWO02 GWO02 GWO03 GWO03 GWO03

Sample Date 7/25/11  5/17/13  7/25/11  5/18/13  7/25/11  3/23/12  5/20/13

Parameter (CAS Number) Unit Round 1 Round 3 Round 1 Round 3 Round 1 Round 2 Round 3
1,2,4-trimethylbenzene (95-63-6) ug/L <0.5U <0.5U <0.5U <0.5U <0.5U <0.5U <0.5U
1,3-dichlorobenzene (541-73-1) ug/L <0.5U <0.5U <0.5U <0.5U <0.5U <0.5U <0.5U
1,4-dichlorobenzene (106-46-7) ug/L <0.5U <0.5U <0.5U <0.5U <0.5U <0.5U <0.5U
1,2,3-trimethylbenzene (526-73-8) ug/L <0.5U <0.5U <0.5 U <0.5U <0.5U <0.5U <0.5U
1,2-dichlorobenzene (95-50-1) ug/L <0.5U <0.5U <0.5 U <0.5U <0.5U <0.5U <0.5U
naphthalene (91-20-3) ug/L <0.5U <0.5U <0.5U <0.5U <0.5U <0.5U <0.5U
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Table B-4 Sample Results - Volatile Organic Compounds (Washington County, Pennsylvania)

Sample GWO04 GWO04 GWO04 GWO05 GWO05 GWO05 ‘

Sample Date 7/25/11  3/23/12  5/18/13  7/26/11  3/23/12  5/17/13

Parameter (CAS Number) Unit Round 1 Round 2 Round 3 Round 1 Round 2 Round 3
1,2,4-trimethylbenzene (95-63-6) ug/L <0.5U <0.5U <0.5U <0.5U <0.5U <0.5U
1,3-dichlorobenzene (541-73-1) ug/L <0.5U <0.5U <0.5U <0.5U <0.5U <0.5U
1,4-dichlorobenzene (106-46-7) ug/L <0.5 U <0.5U <0.5U <0.5U <0.5U <0.5U
1,2,3-trimethylbenzene (526-73-8) ug/L <0.5 U <0.5U <0.5 U <0.5U <0.5U <0.5U
1,2-dichlorobenzene (95-50-1) ug/L <0.5 U <0.5U <0.5 U <0.5U <0.5U <0.5U
naphthalene (91-20-3) ug/L <0.5 U <0.5U <0.5U <0.5U <0.5U <0.5U
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Table B-4 Sample Results - Volatile Organic Compounds (Washington County, Pennsylvania)

Sample GWO06 GWO06 GWO06 GWO07 GWO07

Sample Date 7/26/11 3/24/12 5/19/13 7/26/11 5/19/13

Parameter (CAS Number) Unit Round 1 Round 2 Round 3 Round 1 Round 3
1,2,4-trimethylbenzene (95-63-6) ug/L <0.5U <0.5U <0.5U <0.5U <0.5U
1,3-dichlorobenzene (541-73-1) ug/L <0.5 U <0.5U <0.5U <0.5U <0.5U
1,4-dichlorobenzene (106-46-7) ug/L <0.5 U <0.5U <0.5 U <0.5U <0.5U
1,2,3-trimethylbenzene (526-73-8) ug/L <0.5U <0.5U <0.5 U <0.5U <0.5U
1,2-dichlorobenzene (95-50-1) ug/L <0.5 U <0.5U <0.5 U <0.5U <0.5U
naphthalene (91-20-3) ug/L <0.5 U <0.5U <0.5U <0.5U <0.5U
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Table B-4 Sample Results - Volatile Organic Compounds (Washington County, Pennsylvania)

Sample GWO08 GWO08 GWO08 GWO09 GWO09 GW10 GW10

Sample Date 7/27/11  3/24/12  5/19/13  7/27/11  5/17/13  7/27/11  3/26/12

Parameter (CAS Number) Unit Round 1 Round 2 Round 3 Round 1 Round 3 Round 1 Round 2
1,2,4-trimethylbenzene (95-63-6) ug/L <0.5 U <0.5U <0.5 U <0.5U <0.5U <0.5U <0.5U
1,3-dichlorobenzene (541-73-1) ug/L <0.5U <0.5U <0.5U <0.5U <0.5U <0.5U <0.5 U
1,4-dichlorobenzene (106-46-7) ug/L <0.5 U <0.5U <0.5U <0.5U <0.5U <0.5U <0.5 U
1,2,3-trimethylbenzene (526-73-8) ug/L <0.5 U <0.5U <0.5 U <0.5U <0.5U <0.5U <0.5 U
1,2-dichlorobenzene (95-50-1) ug/L <0.5 U <0.5U <0.5 U <0.5U <0.5U <0.5U <0.5U
naphthalene (91-20-3) ug/L <0.5 U <0.5U <0.5U <0.5U <0.5U <0.5U <0.5U
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Table B-4 Sample Results - Volatile Organic Compounds (Washington County, Pennsylvania)

Sample GWI11 GW11 GW12 GW12 GW13 (c],TA K] GW13

Sample Date 7/28/11 3/26/12 7/28/11 3/25/12 7/28/11 3/24/12 5/20/13

Parameter (CAS Number) Unit Round 1 Round 2 Round 1 Round 2 Round 1 Round 2 Round 3
1,2,4-trimethylbenzene (95-63-6) ug/L <0.5U <0.5U <0.5U <0.5U <0.5U <0.5U <0.5U
1,3-dichlorobenzene (541-73-1) ug/L <0.5U <0.5U <0.5U <0.5U <0.5U <0.5U <0.5U
1,4-dichlorobenzene (106-46-7) ug/L <0.5U <0.5U <0.5U <0.5U <0.5U <0.5U <0.5U
1,2,3-trimethylbenzene (526-73-8) ug/L <0.5U <0.5U <0.5 U <0.5U <0.5U <0.5U <0.5U
1,2-dichlorobenzene (95-50-1) ug/L <0.5U <0.5U <0.5 U <0.5U <0.5U <0.5U <0.5U
naphthalene (91-20-3) ug/L <0.5U <0.5U <0.5U <0.5U <0.5U <0.5U <0.5U
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Table B-4 Sample Results - Volatile Organic Compounds (Washington County, Pennsylvania)

Sample GW14 GW14 GW15 GW16 GW17 GW18 GW19

Sample Date 3/27/12 5/20/13 3/25/12 3/27/12 3/27/12 5/20/13 5/20/13

Parameter (CAS Number) Unit Round 2 Round 3 Round 2 Round 2 Round 2 Round 3 Round 3
1,2,4-trimethylbenzene (95-63-6) ug/L <0.5 U <0.5U <0.5U <0.5U <0.5U <0.5U <0.5U
1,3-dichlorobenzene (541-73-1) ug/L <0.5U <0.5U <0.5U <0.5U <0.5U <0.5U <0.5U
1,4-dichlorobenzene (106-46-7) ug/L <0.5 U <0.5U <0.5U <0.5U <0.5U <0.5U <0.5U
1,2,3-trimethylbenzene (526-73-8) ug/L <0.5 U <0.5U <0.5U <0.5U <0.5U <0.5U <0.5U
1,2-dichlorobenzene (95-50-1) ug/L <0.5 U <0.5U <0.5U <0.5U <0.5U <0.5U <0.5U
naphthalene (91-20-3) ug/L <0.5 U <0.5U <0.5U <0.5U <0.5U <0.5U <0.5U
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Table B-4 Sample Results - Volatile Organic Compounds (Washington County, Pennsylvania)

Sample SWO01 Swo1 SWo02 SWo02 SWo02 Swo3 SwWo3

Sample Date 7/25/11 5/18/13 7/25/11 3/23/12 5/18/13 7/27/11 3/26/12

Parameter (CAS Number) Unit Round 1 Round 3 Round 1 Round 2 Round 3 Round 1 Round 2
1,2,4-trimethylbenzene (95-63-6) ug/L <0.5 U <0.5U <0.5U <0.5U <0.5U <0.5U <0.5U
1,3-dichlorobenzene (541-73-1) ug/L <0.5U <0.5U <0.5U <0.5U <0.5U <0.5U <0.5 U
1,4-dichlorobenzene (106-46-7) ug/L <0.5 U <0.5U <0.5U <0.5U <0.5U <0.5U <0.5 U
1,2,3-trimethylbenzene (526-73-8) ug/L <0.5 U <0.5U <0.5U <0.5U <0.5U <0.5U <0.5 U
1,2-dichlorobenzene (95-50-1) ug/L <0.5 U <0.5U <0.5U <0.5U <0.5U <0.5U <0.5U
naphthalene (91-20-3) ug/L <0.5 U <0.5U <0.5U <0.5U <0.5U <0.5U <0.5U




Table B-5 Sample Results - Dissolved Gases, Diesel and Gasoline Range Organics, Glycols, and Low Molecular

Weight Acids (Washington County, Pennsylvania)

vle Da 0
Dissolved Gases
Methane (74-82-8) mg/L <0.0015U | <0.0013 U | <0.0015 U | <0.0013 U | <0.0015U | <0.0014 U | <0.0013 U
Ethane (74-84-0) mg/L <0.0029 U | <0.0027 U | <0.0029 U | <0.0027 U | <0.0029 U | <0.0027 U | <0.0027 U
Propane (74-98-6) mg/L <0.0041 U | <0.0037 U | <0.0041 U | <0.0037 U | <0.0041 U | <0.0038 U | <0.0037 U
Butane (106-97-8) mg/L <0.0055 U | <0.0047 U | <0.0055 U | <0.0047 U | <0.0055U | <0.0048 U | <0.0047 U
Diesel and Gas Range Organics
GRO/TPH ug/L <20.0U <20.0U <20.0U <20.0U <20.0U <20.0U <20.0U
DRO ug/L <21.3U <20.0U <20.0U <20.0U <21.1U <20.0U <20.0U
Glycols
2-butoxyethanol (111-76-2) ug/L <5U <10U <5U <10 U <5U <10 U, )& <10U
Diethylene glycol (111-46-6) ug/L <50H, U <10U <50 H, U <10U <50H, U <25U <10U
Triethylene glycol (112-27-6) ug/L <5H,U <10U <5H,U <10 U <5H,U <25U <10U
Tetraethylene glycol (112-60-7) ug/L <25H, U <10 U <25H, U <10 U <25H,U <50 U, J& <10 U
Low Molecular Weight Acids
Lactate (50-21-5) mg/L <0.10 U <0.10U <0.10U <0.10U <0.10 U <0.10U <0.10 U
Formate (64-18-6) mg/L <0.10U NA 0.11 NA <0.10U R NA
Acetate (64-19-7) mg/L R <0.10U R <0.10U R <0.10U <0.10 U
Propionate (79-09-4) mg/L <0.10U <0.10U <0.10U <0.10U <0.10U <0.10U <0.10U
Butyrate (107-92-6) mg/L <0.10 U <0.10U <0.10U <0.10U <0.10 U <0.10U <0.10 U
Isobutyrate (79-31-2) mg/L <0.10 U, JAl| <0.10 U, J&| <0.10 U, J&| <0.10 U, J&| <0.10 U, J&| <0.10U | <0.10U, J&
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Table B-5 Sample Results - Dissolved Gases, Diesel and Gasoline Range Organics, Glycols, and Low Molecular

Weight Acids (Washington County, Pennsylvania)

Parameter (CAS Number)

Dissolved Gases

Sample
Sample Date

Unit

GWO04
7/25/11
Round 1

GWO04
3/23/12
Round 2

GWO04
5/18/13
Round 3

GWO05
7/26/11
Round 1

GWO05
3/23/12
Round 2

GWO05
5/17/13
Round 3

Methane (74-82-8) mg/L 0.0276 0.0304 <0.0013 U | <0.0015U | <0.0014 U | <0.0013 U
Ethane (74-84-0) mg/L <0.0029 U | <0.0027 U | <0.0027 U | <0.0029 U | <0.0027 U | <0.0027 U
Propane (74-98-6) mg/L <0.0041 U | <0.0038 U | <0.0037 U | <0.0041 U | <0.0038 U | <0.0037 U
Butane (106-97-8) mg/L <0.0055 U | <0.0048 U | <0.0047 U | <0.0055U | <0.0048 U | <0.0047 U
Diesel and Gas Range Organics

GRO/TPH ug/L <20.0U <20.0U <20.0U <20.0U <20.0U <20.0U
DRO ug/L 34.6 B <20.0U 324 <2150, )@ 20.18B <20.0U
Glycols

2-butoxyethanol (111-76-2) ug/L <5U <10 U, J& <10U <5U <10 U, J& <10U
Diethylene glycol (111-46-6) ug/L <50 H, U <25U <10 U <50H, U <25U <10U
Triethylene glycol (112-27-6) ug/L <5H,U <25 U <10U <5H,U <25U <10U
Tetraethylene glycol (112-60-7) ug/L <25H, U <50 U, J& <10 U <25H, U <50 U, J& <10 U
Low Molecular Weight Acids

Lactate (50-21-5) mg/L <0.10U <0.10 U <0.10U <0.10U <0.10U <0.10U
Formate (64-18-6) mg/L <0.10 U R NA 0.19 R NA
Acetate (64-19-7) mg/L R <0.10 U <0.10U R <0.10 U <0.10U
Propionate (79-09-4) mg/L <0.10U <0.10U <0.10U <0.10U <0.10U <0.10U
Butyrate (107-92-6) mg/L <0.10U <0.10U <0.10U <0.10U <0.10 U <0.10U
Isobutyrate (79-31-2) mg/L <0.10U, JBI| <0.10U | <0.10U, JRI| <0.10U,J&I| <0.10U <0.10 U, J&
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Table B-5 Sample Results - Dissolved Gases, Diesel and Gasoline Range Organics, Glycols, and Low Molecular
Weight Acids (Washington County, Pennsylvania)

Parameter (CAS Number)

Dissolved Gases

Sample
Sample Date

Unit

GWO06
7/26/11
Round 1

GWO06
3/24/12
Round 2

GWO06
5/19/13
Round 3

GWO07
7/26/11
Round 1

GWO07
5/19/13
Round 3

GWO08
7/27/11
Round 1

GWO08
3/24/12
Round 2

GWO08
5/19/13
Round 3

Methane (74-82-8) mg/L 5.560 0.7810 5.35 0.0447 <0.0013 U | <0.0015 U 0.0016 <0.0013 U
Ethane (74-84-0) mg/L 0.0043 <0.0027 U 0.0045 <0.0029 U | <0.0027 U | <0.0029 U | <0.0027 U | <0.0027 U
Propane (74-98-6) mg/L <0.0041 U | <0.0038 U | <0.0037 U | <0.0041 U | <0.0037 U | <0.0041 U | <0.0038 U | <0.0037 U
Butane (106-97-8) mg/L <0.0055 U | <0.0048 U | <0.0047 U | <0.0055 U | <0.0047 U | <0.0055 U | <0.0048 U | <0.0047 U
Diesel and Gas Range Organics

GRO/TPH ug/L <20.0U <20.0U <20.0U <20.0U <20.0U <20.0U <20.0U <20.0U
DRO ug/L 31.5 )@ <20.0U <20.0U | <20.0U,Jm| <20.0U 71.2 )@ 74.7 <20.0U
Glycols

2-butoxyethanol (111-76-2) ug/L <5U <10 U, J& <10U <5U <10U <5U <10 U, J& <10 U
Diethylene glycol (111-46-6) ug/L <50 H, U <25U <10 U <50H, U <10U <50 U <25 U <10U
Triethylene glycol (112-27-6) ug/L <5H,U <25 U <10U <5H,U <10U <5U <25U <10U
Tetraethylene glycol (112-60-7) ug/L <25H, U <50 U, J& <10 U <25H, U <10 U <25U <50 U, J& <10 U
Low Molecular Weight Acids

Lactate (50-21-5) mg/L <0.10 U <0.10U <0.10 U <0.10U <0.10U <0.10U <0.10 U <0.10U
Formate (64-18-6) mg/L 0.21 R NA 0.13 NA 0.37 R NA
Acetate (64-19-7) mg/L R <0.10U <0.10 U R <0.10 U R <0.10 U <0.10 U
Propionate (79-09-4) mg/L <0.10 U <0.10U <0.10 U <0.10U <0.10 U <0.10U <0.10 U <0.10U
Butyrate (107-92-6) mg/L <0.10 U <0.10U <0.10 U <0.10U <0.10 U <0.10U <0.10 U <0.10U
Isobutyrate (79-31-2) mg/L <0.10U,J”| <0.10U | <0.10U,J&| <0.10U, J&| <0.10U, J&I| <0.10 U, JBI| <0.10U | <0.10 U, J&I
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Table B-5 Sample Results - Dissolved Gases, Diesel and Gasoline Range Organics, Glycols, and Low Molecular
Weight Acids (Washington County, Pennsylvania)

Para nto A he

Dissolved Gases

Methane (74-82-8) mg/L <0.0015 U | <0.0013 U | <0.0015 U | <0.0014 U | <0.0015U | <0.0014 U | <0.0015U | <0.0014 U
Ethane (74-84-0) mg/L <0.0029 U | <0.0027 U | <0.0029 U | <0.0027 U | <0.0029 U | <0.0027 U | <0.0029 U | <0.0027 U
Propane (74-98-6) mg/L <0.0041 U | <0.0037 U | <0.0041 U | <0.0038 U | <0.0041 U | <0.0038 U | <0.0041 U | <0.0038 U
Butane (106-97-8) mg/L <0.0055 U | <0.0047 U | <0.0055 U | <0.0048 U | <0.0055U | <0.0048 U | <0.0055 U | <0.0048 U
Diesel and Gas Range Organics

GRO/TPH ug/L <20.0U <20.0U <20.0U <20.0U <20.0U <20.0U <20.0U <20.0U
DRO ug/L <21.1U,Jm| <20.0U 26.9 B 27.1 73.8 )@ 84.4 27.1 )3 <20.0U
Glycols

2-butoxyethanol (111-76-2) ug/L <5U <10U <5U <10 U, J& <5U, )@ <10 U, )& <5U, @ <10U, J-
Diethylene glycol (111-46-6) ug/L <50U <10U <50 U <25U <50 U, J& <25U <50 U, J& <25U
Triethylene glycol (112-27-6) ug/L <5U <10U <5U <25 U <5 U, J& <25U <5 U, J& <25 U
Tetraethylene glycol (112-60-7) ug/L <25U <10 U <25 U <50 U, J& <25 U, Ja <50 U, J& <25 U, I <50 U, J-
Low Molecular Weight Acids

Lactate (50-21-5) mg/L <0.10 U <0.10U <0.10 U <0.10U <0.10 U <0.10U <0.10 U <0.10U
Formate (64-18-6) mg/L 0.26 NA 0.20 R 0.31 R 0.14 R
Acetate (64-19-7) mg/L R <0.10 U R <0.10U R <0.10 U R <0.10 U
Propionate (79-09-4) mg/L <0.10 U <0.10 U <0.10 U <0.10U <0.10 U <0.10 U <0.10 U <0.10U
Butyrate (107-92-6) mg/L <0.10 U <0.10 U <0.10 U <0.10U <0.10U <0.10 U <0.10 U <0.10U
Isobutyrate (79-31-2) mg/L <0.10 U, JA| <0.10 U, J&| <0.10 U, JAI| <0.10U | <0.10U,JB| <0.10U | <0.10U,JB| <0.10U
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Table B-5 Sample Results - Dissolved Gases, Diesel and Gasoline Range Organics, Glycols, and Low Molecular
Weight Acids (Washington County, Pennsylvania)

Para nto A he

Dissolved Gases

Methane (74-82-8) mg/L <0.0015 U | <0.0014 U | <0.0013 U 0.0027 <0.0013 U | <0.0014 U | <0.0014 U 15.50
Ethane (74-84-0) mg/L <0.0029 U | <0.0027 U | <0.0027 U | <0.0027 U | <0.0027 U | <0.0027 U | <0.0027 U 0.291
Propane (74-98-6) mg/L <0.0041 U | <0.0038 U | <0.0037 U | <0.0038 U | <0.0037 U | <0.0038 U | <0.0038 U | <0.0038 U
Butane (106-97-8) mg/L <0.0055 U | <0.0048 U | <0.0047 U | <0.0048 U | <0.0047 U | <0.0048 U | <0.0048 U | <0.0048 U
Diesel and Gas Range Organics

GRO/TPH ug/L <20.0U <20.0U <20.0U <20.0U <20.0U <20.0U <20.0U <20.0U
DRO ug/L <21.3U,Jm| <20.0U <20.0U <20.0U <20.0U <20.0U 24.8 87.9
Glycols

2-butoxyethanol (111-76-2) ug/L <5U, @ <10 U, J@ <10U <10 U, J& <10U <10 U, )& <10 U, J@ <10U, J-
Diethylene glycol (111-46-6) ug/L <50 U, J& <25U <10U <25U <10U <25U <25U <25U
Triethylene glycol (112-27-6) ug/L <5U, J& <25U <10U <25 U <10 U <25U <25 U <25U
Tetraethylene glycol (112-60-7) ug/L <25 U, J& <50 U, J& <10 U <50 U, J& <10 U <50 U, J& <50 U, J& <50 U, J-
Low Molecular Weight Acids

Lactate (50-21-5) mg/L <0.10 U <0.10U <0.10 U 0.06 J <0.10 U <0.10U <0.10 U <0.10U
Formate (64-18-6) mg/L 0.38 R NA R NA R R R
Acetate (64-19-7) mg/L R <0.10U <0.10 U <0.10U <0.10 U <0.10U <0.10 U <0.10U
Propionate (79-09-4) mg/L <0.10U <0.10U <0.10U <0.10U <0.10U <0.10U <0.10U <0.10U
Butyrate (107-92-6) mg/L <0.10 U <0.10U <0.10 U <0.10U <0.10 U <0.10U <0.10 U <0.10U
Isobutyrate (79-31-2) mg/L <0.10U,JA| <0.10U | <0.10U,JA| <0.10U | <0.10U,JB| <0.10U <0.10 U <0.10 U
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Table B-5 Sample Results - Dissolved Gases, Diesel and Gasoline Range Organics, Glycols, and Low Molecular
Weight Acids (Washington County, Pennsylvania)

Sample GW18 GW19 |
Sample Date 5/20/13 5/20/13
Parameter (CAS Number) Unit Round 3 Round 3
Dissolved Gases
Methane (74-82-8) mg/L NS NS
Ethane (74-84-0) mg/L NS NS
Propane (74-98-6) mg/L NS NS
Butane (106-97-8) mg/L NS NS
Diesel and Gas Range Organics
GRO/TPH ng/L NS NS
DRO ug/L NS NS
Glycols
2-butoxyethanol (111-76-2) ug/L NS NS
Diethylene glycol (111-46-6) ug/L NS NS
Triethylene glycol (112-27-6) ug/L NS NS
Tetraethylene glycol (112-60-7) ug/L NS NS
Low Molecular Weight Acids
Lactate (50-21-5) mg/L NS NS
Formate (64-18-6) mg/L NA NA
Acetate (64-19-7) mg/L NS NS
Propionate (79-09-4) mg/L NS NS
Butyrate (107-92-6) mg/L NS NS
Isobutyrate (79-31-2) mg/L NS NS




Table B-5 Sample Results - Dissolved Gases, Diesel and Gasoline Range Organics, Glycols, and Low Molecular

Weight Acids (Washington County, Pennsylvania)

Parameter (CAS Number)

Dissolved Gases

Sample
Sample Date

Unit

SWo1
7/25/11
Round 1

SWo1
5/18/13
Round 3

SW02
7/25/11
Round 1

SW02
3/23/12
Round 2

SW02
5/18/13
Round 3

SWo03
7/27/11
Round 1

SWo03
3/26/12
Round 2

Methane (74-82-8) mg/L <0.0015 U | <0.0013 U | <0.0015U | <0.0014 U | <0.0013 U | <0.0015U | <0.0014 U
Ethane (74-84-0) mg/L <0.0029 U | <0.0027 U | <0.0029 U | <0.0027 U | <0.0027 U | <0.0029 U | <0.0027 U
Propane (74-98-6) mg/L <0.0041 U | <0.0037 U | <0.0041 U | <0.0038 U | <0.0037 U | <0.0041 U | <0.0038 U
Butane (106-97-8) mg/L <0.0055 U | <0.0047 U | <0.0055 U | <0.0048 U | <0.0047 U | <0.0055 U | <0.0048 U
Diesel and Gas Range Organics

GRO/TPH ug/L 25.4 B <20.0U <20.0U <20.0U <20.0U <20.0U <20.0U
DRO ug/L 34.9 B <20.0U 28.7 )@ 29.0B 51.2 <21.7U,JA| <20.0U
Glycols

2-butoxyethanol (111-76-2) ug/L <5U <10 U <5U <10 U, J& <10U <5U <10 U, J-
Diethylene glycol (111-46-6) ug/L <50 H, U <10U <50H, U <25U <10U <50 U <25 U
Triethylene glycol (112-27-6) ug/L <5H,U <10 U <5H,U <25U <10U <5U <25U
Tetraethylene glycol (112-60-7) ug/L <25H, U <10 U <25H, U <50 U, J& <10 U <25U <50 U, J-
Low Molecular Weight Acids

Lactate (50-21-5) mg/L <0.10 U <0.10U <0.10 U <0.10U <0.10 U <0.10U 0.04 )
Formate (64-18-6) mg/L 0.16 NA <0.10 U R NA 0.22 R
Acetate (64-19-7) mg/L R <0.10U R <0.10U <0.10 U R <0.10 U
Propionate (79-09-4) mg/L <0.10 U <0.10U <0.10 U <0.10U <0.10 U <0.10U 0.11 B
Butyrate (107-92-6) mg/L <0.10 U <0.10U <0.10 U <0.10U <0.10 U <0.10U <0.10 U
Isobutyrate (79-31-2) mg/L <0.10 U, J&| <0.10 U, JA| <0.10 U, JA| <0.10U | <0.10U, )| <0.10U, JBI| <0.10 U
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Table B-6 Sample Results - Semivolatile Organic Compounds (Washington County, Pennsylvania)

Parameter (CAS Number)

Sample
Sample Date
Unit

GWO01
7/25/11
Round 1

GWO01
5/17/13
Round 3

GWO02
7/25/11
Round 1

GWO02
5/18/13
Round 3

GWO03
7/25/11
Round 1

GWO03
3/23/12
Round 2
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GWO03
5/20/13
Round 3

R-(+)-limonene (5989-27-5) ug/L <0.50U,Ja| <1.00U <0.50U, J&| <1.00U <0.50 U, J@| <1.00 U, JA| <1.00U
1,2,4-trichlorobenzene (120-82-1) ug/L <0.50 U <1.00U <0.50 U <1.00 U <0.50 U, Ja| <1.00U <1.00 U, J-
1,2-dichlorobenzene (95-50-1) ug/L <0.50 U, J&| <1.00U <0.50 U, J&I| <1.00U <0.50 U, J&I| <1.00U <1.00U
1,2-dinitrobenzene (528-29-0) ug/L <0.50U <1.00U <0.50U <1.00U <0.50U, J&| <1.00U <1.00U
1,3-dichlorobenzene (541-73-1) ug/L <0.50 U, J&@| <1.00U <0.50 U, J&I| <1.00U <0.50 U, J&I| <1.00U <1.00U
1,3-dimethyladamantane (702-79-4) ug/L <0.50 U, J&| <1.00U <0.50 U, J&I| <1.00U <0.50 U, J&I| <1.00 U, J&I| <1.00 U, J&I
1,3 -dinitrobenzene (99-65-0) ug/L <0.50U <1.00U <0.50U <1.00U <0.50U, J&| <1.00U <1.00U
1,4-dichlorobenzene (106-46-7) ug/L <0.50 U <1.00U <0.50 U <1.00 U <0.50 U, J&I| <1.00U <1.00U
1,4-dinitrobenzene (100-25-4) ug/L <0.50 U <1.00U <0.50 U <1.00 U <0.50 U, J&I| <1.00U <1.00U
1-methylnaphthalene (90-12-0) ug/L <0.50 U <1.00U <0.50 U <1.00 U <0.50 U, J&I| <1.00U <1.00 U, J-
2,3,4,6-tetrachlorophenol (58-90-2) ug/L <0.50U <2.00U <0.50U <2.00U <0.50U, J&| <2.00U <2.00U
2,3,5,6-tetrachlorophenol (935-95-5) ug/L <0.50U <2.00U <0.50U <2.00U <0.50U, J&| <2.00U <2.00U
2,4,5-trichlorophenol (95-95-4) ug/L <0.50U <2.00U <0.50U <2.00U <0.50U, Ja| <2.00U <2.00 U, J-
2,4,6-trichlorophenol (88-06-2) ug/L <0.50U <2.00U <0.50U <2.00U <0.50U, J&| <2.00U <2.00 U, J-
2,4-dichlorophenol (120-83-2) ug/L <0.50U, JA| <2.00U <0.50U, J&| <2.00U <0.50U, J&| <2.00U <2.00 U, J-
2,4-dimethylphenol (105-67-9) ug/L <0.50 U <2.00U <0.50 U <2.00U <0.50U, @[ <2.00U <2.00 U, J-
2,4-dinitrophenol (51-28-5) ug/L <5.0U <3.00U <5.0U <3.00U <5.0U,J8 | <3.00U <3.00U
2,4-dinitrotoluene (121-14-2) ug/L <0.50 U <1.00U <0.50 U <1.00 U <0.50U, J@| <1.00U <1.00U
2,6-dinitrotoluene (606-20-2) ug/L <0.50 U <1.00U <0.50 U <1.00 U <0.50U, @[ <1.00U <1.00U
2-butoxyethanol (111-76-2) ug/L <0.50U, @[ <1.00U <0.50U, J&| <1.00U <0.50U, @[ <1.00U <1.00U
2-chloronaphthalene (91-58-7) ug/L <0.50 U <1.00U <0.50 U <1.00U <0.50 U, J&a| <1.00U <1.00U
2-chlorophenol (95-57-8) ug/L <0.50 U <2.00U <0.50 U <2.00U <0.50U, J@| <2.00U <2.00U
2-methylnaphthalene (91-57-6) ug/L <0.50 U <1.00U <0.50 U <1.00U <0.50 U, Ja| <1.00U <1.00 U, J-
2-methylphenol (95-48-7) ug/L <0.50 U <2.00U <0.50 U <2.00U <0.50U, @ <2.00U <2.00U
2-nitroaniline (88-74-4) ug/L <0.50 U <1.00U <0.50 U <1.00 U <0.50U, J@| <1.00U <1.00U
2-nitrophenol (88-75-5) ug/L <0.50 U <2.00U <0.50 U <2.00U <0.50U, J@| <2.00U <2.00 U, J-
3&4-methylphenol (108-39-4 & 106-44-5) ug/L <0.50 U <5.00U <0.50 U <5.00 U <0.50 U, Ja| <5.00U <5.00 U, J-
3,3'-dichlorobenzidine (91-94-1) ug/L <1.00U <1.00U <1.00U <1.00U <1.00U, Ja| <1.00U <1.00U
3-nitroaniline (99-09-2) ug/L <0.50U <3.00U <0.50 U <3.00U <0.50U,Jm| <3.00U <3.00U
4,6-dinitro-2-methylphenol (534-52-1) ug/L <0.50 U <2.00U <0.50 U <2.00U <0.50U, Ja| <2.00U <2.00U
4-bromophenyl phenyl ether (101-55-3) ug/L <0.50U <1.00U <0.50 U <1.00 U <0.50U, | <1.00U <1.00U
4-chloro-3-methylphenol (59-50-7) ug/L <0.50U <2.00U <0.50 U <2.00U <0.50U, J@| <2.00U <2.00U, )&




Table B-6 Sample Results - Semivolatile Organic Compounds (Washington County, Pennsylvania)

Parameter (CAS Number)

Sample
Sample Date

Unit

GWO04
7/25/11
Round 1

GWO04
3/23/12
Round 2

GWO04
5/18/13
Round 3

GWO05
7/26/11
Round 1

GWO05
3/23/12
Round 2

GWO05
5/17/13
Round 3

R-(+)-limonene (5989-27-5) ug/L <0.50 U, J&| <1.00 U, JBI| <1.00U <0.50 U, J&| <1.00 U, JBI| <1.00U
1,2,4-trichlorobenzene (120-82-1) ug/L <0.50 U <1.00 U <1.00U <0.50 U <1.00U <1.00U
1,2-dichlorobenzene (95-50-1) ug/L <0.50 U, Ja| <1.00U <1.00U <0.50 U, J&I| <1.00U <1.00 U
1,2-dinitrobenzene (528-29-0) ug/L <0.50U <1.00U <1.00U <0.50U <1.00U <1.00U
1,3-dichlorobenzene (541-73-1) ug/L <0.50 U, JBI| <1.00U <1.00U <0.50 U, J&I| <1.00U <1.00U
1,3-dimethyladamantane (702-79-4) ug/L <0.50 U, J@| <1.00U, JBI| <1.00U <0.50 U, J&I| <1.00U, JBI| <1.00U
1,3 -dinitrobenzene (99-65-0) ug/L <0.50 U <1.00U <1.00U <0.50 U <1.00U <1.00U
1,4-dichlorobenzene (106-46-7) ug/L <0.50 U <1.00U <1.00U <0.50 U <1.00U <1.00U
1,4-dinitrobenzene (100-25-4) ug/L <0.50 U <1.00U <1.00 U <0.50 U <1.00U <1.00U
1-methylnaphthalene (90-12-0) ug/L <0.50 U <1.00U <1.00 U <0.50 U <1.00U <1.00U
2,3,4,6-tetrachlorophenol (58-90-2) ug/L <0.50 U <2.00U <2.00U <0.50 U <2.00U <2.00U
2,3,5,6-tetrachlorophenol (935-95-5) pg/L <0.50 U <2.00U <2.00U <0.50 U <2.00U <2.00U
2,4,5-trichlorophenol (95-95-4) pg/L <0.50 U <2.00U <2.00U <0.50 U <2.00U <2.00U
2,4,6-trichlorophenol (88-06-2) pg/L <0.50 U <2.00U <2.00U <0.50U <2.00U <2.00U
2,4-dichlorophenol (120-83-2) ug/L <0.50 U, Ja| <2.00U <2.00U | <0.50U,J@| <2.00U <2.00 U
2,4-dimethylphenol (105-67-9) ug/L <0.50 U <2.00U <2.00U <0.50 U <2.00U <2.00U
2,4-dinitrophenol (51-28-5) ug/L <5.0U <3.00U <3.00 U <5.0U <3.00U <3.00U
2,4-dinitrotoluene (121-14-2) ug/L <0.50 U <1.00U <1.00 U <0.50 U <1.00U <1.00 U
2,6-dinitrotoluene (606-20-2) ug/L <0.50 U <1.00U <1.00 U <0.50 U <1.00 U <1.00 U
2-butoxyethanol (111-76-2) ug/L <0.50 U, J&I| <1.00U <1.00U 1.00 J& <1.00U <1.00U
2-chloronaphthalene (91-58-7) ug/L <0.50 U <1.00U <1.00U <0.50 U <1.00U <1.00U
2-chlorophenol (95-57-8) ug/L <0.50 U <2.00U <2.00U <0.50 U <2.00U <2.00U
2-methylnaphthalene (91-57-6) ug/L <0.50 U <1.00U <1.00U <0.50 U <1.00U <1.00U
2-methylphenol (95-48-7) ug/L <0.50 U <2.00 U <2.00U <0.50U <2.00 U <2.00U
2-nitroaniline (88-74-4) ug/L <0.50 U <1.00 U <1.00U <0.50U <1.00U <1.00U
2-nitrophenol (88-75-5) pg/L <0.50 U <2.00 U <2.00U <0.50U <2.00U <2.00U
3&4-methylphenol (108-39-4 & 106-44-5) pg/L <0.50 U <5.00U <5.00U <0.50 U <5.00U <5.00U
3,3'-dichlorobenzidine (91-94-1) pg/L <1.00U <1.00U <1.00U <1.00U <1.00U <1.00U
3-nitroaniline (99-09-2) pg/L <0.50 U <3.00U <3.00U <0.50U <3.00U <3.00U
4,6-dinitro-2-methylphenol (534-52-1) ug/L <0.50 U <2.00U <2.00U <0.50U <2.00U <2.00U
4-bromophenyl phenyl ether (101-55-3) pg/L <0.50 U <1.00U <1.00U <0.50U <1.00U <1.00U
4-chloro-3-methylphenol (59-50-7) ug/L <0.50 U <2.00U <2.00U <0.50U <2.00U <2.00U
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Table B-6 Sample Results - Semivolatile Organic Compounds (Washington County, Pennsylvania)

Sample GWO06 GWO06 GWO06 GWO07 GWO07
Sample Date 7/26/11

3/24/12 5/19/13 7/26/11 5/19/13

Parameter (CAS Number)

Unit

Round 1

Round 2

Round 3

Round 1

Round 3

R-(+)-limonene (5989-27-5) ug/L <0.50 U, JBlI| <1.00U,J&I| <1.00U <0.50U, JoI| <1.00U
1,2,4-trichlorobenzene (120-82-1) ug/L <0.50 U <1.00 U <1.00U <0.50 U <1.00U
1,2-dichlorobenzene (95-50-1) ug/L <0.50 U, JBI| <1.00U <1.00U <0.50 U, J&I| <1.00U
1,2-dinitrobenzene (528-29-0) ug/L <0.50 U <1.00 U <1.00U <0.50 U <1.00U
1,3-dichlorobenzene (541-73-1) ug/L <0.50 U, JBI| <1.00U <1.00U <0.50 U, J&I| <1.00U
1,3-dimethyladamantane (702-79-4) ug/L <0.50U, J&| <1.00U, J&I| <1.00U <0.50U, J&| <1.00U
1,3 -dinitrobenzene (99-65-0) ug/L <0.50 U <1.00U <1.00U <0.50 U <1.00U
1,4-dichlorobenzene (106-46-7) ug/L <0.50 U <1.00U <1.00U <0.50 U <1.00U
1,4-dinitrobenzene (100-25-4) ug/L <0.50 U <1.00U <1.00 U <0.50 U <1.00U
1-methylnaphthalene (90-12-0) ug/L <0.50 U <1.00U <1.00 U <0.50 U <1.00U
2,3,4,6-tetrachlorophenol (58-90-2) ug/L <0.50 U <2.00U <2.00U <0.50 U <2.00U
2,3,5,6-tetrachlorophenol (935-95-5) pg/L <0.50 U <2.00U <2.00U <0.50 U <2.00U
2,4,5-trichlorophenol (95-95-4) pg/L <0.50 U <2.00U <2.00U <0.50 U <2.00U
2,4,6-trichlorophenol (88-06-2) ug/L <0.50 U <2.00U <2.00U <0.50 U <2.00U
2,4-dichlorophenol (120-83-2) pg/L <0.50U, J&I| <2.00U <2.00U <0.50U,JA| <2.00U
2,4-dimethylphenol (105-67-9) ug/L <0.50 U <2.00U <2.00U <0.50 U <2.00U
2,4-dinitrophenol (51-28-5) ug/L <5.0U <3.00U <3.00U <5.0U <3.00U
2,4-dinitrotoluene (121-14-2) ug/L <0.50 U <1.00U <1.00 U <0.50 U <1.00U
2,6-dinitrotoluene (606-20-2) ug/L <0.50 U <1.00 U <1.00 U <0.50 U <1.00 U
2-butoxyethanol (111-76-2) ug/L <0.50 U, JaI| <1.00U <1.00U <0.50 U, J&| <1.00U
2-chloronaphthalene (91-58-7) ug/L <0.50 U <1.00U <1.00U <0.50 U <1.00U
2-chlorophenol (95-57-8) ug/L <0.50 U <2.00U <2.00U <0.50 U <2.00U
2-methylnaphthalene (91-57-6) ug/L <0.50 U <1.00U <1.00U <0.50 U <1.00U
2-methylphenol (95-48-7) ug/L <0.50 U <2.00U <2.00U <0.50 U <2.00U
2-nitroaniline (88-74-4) ug/L <0.50 U <1.00 U <1.00 U <0.50 U <1.00 U
2-nitrophenol (88-75-5) ug/L <0.50 U <2.00U <2.00U <0.50 U <2.00U
3&4-methylphenol (108-39-4 & 106-44-5) pg/L <0.50 U <5.00U <5.00U <0.50 U <5.00U
3,3'-dichlorobenzidine (91-94-1) pg/L <1.00U <1.00U <1.00U <1.00U <1.00U
3-nitroaniline (99-09-2) pg/L <0.50 U <3.00U <3.00U <0.50 U <3.00U
4,6-dinitro-2-methylphenol (534-52-1) pg/L <0.50 U <2.00U <2.00U <0.50U <2.00U
4-bromophenyl phenyl ether (101-55-3) pg/L <0.50 U <1.00U <1.00 U <0.50U <1.00U
4-chloro-3-methylphenol (59-50-7) pg/L <0.50 U <2.00U <2.00U <0.50 U <2.00U




Table B-6 Sample Results - Semivolatile Organic Compounds (Washington County, Pennsylvania)

Parameter (CAS Number)

Sample
Sample Date

Unit

GWO08
7/27/11
Round 1

GWO08
3/24/12
Round 2

GWO08
5/19/13
Round 3

GWO09
7/27/11
Round 1

GWO09
5/17/13
Round 3

GW10
7/27/11
Round 1

B-60

GW10
3/26/12
Round 2

R-(+)-limonene (5989-27-5) ug/L <0.50 U, JAa| <1.00U, JBI| <1.00U <0.50U,Ja| <1.00U <0.50 U, J&I| <1.00 U, J-
1,2,4-trichlorobenzene (120-82-1) ug/L <0.50 U, J&I| <1.00U <1.00U <0.50 U, J&I| <1.00U <0.50 U, J&I| <1.00U
1,2-dichlorobenzene (95-50-1) ug/L <0.50 U, J&I| <1.00U <1.00U <0.50 U, J&I| <1.00U <0.50 U, J&I| <1.00U
1,2-dinitrobenzene (528-29-0) ug/L <0.50U, JA| <1.00U <1.00 U <0.50U, B <1.00U <0.50U, JBI| <1.00U
1,3-dichlorobenzene (541-73-1) ug/L <0.50 U, J&@| <1.00U <1.00U <0.50 U, J&I| <1.00U <0.50 U, J&I| <1.00U
1,3-dimethyladamantane (702-79-4) ug/L <0.50 U, J@| <1.00U, JBI| <1.00U <0.50 U, J&I| <1.00U <0.50 U, J&| <1.00 U, J&I
1,3 -dinitrobenzene (99-65-0) ug/L <0.50U, JBI| <1.00U <1.00 U <0.50U, J@| <1.00U <0.50U, JBI| <1.00U
1,4-dichlorobenzene (106-46-7) ug/L <0.50 U, J&I| <1.00U <1.00 U <0.50 U, J&I| <1.00U <0.50 U, J&I| <1.00U
1,4-dinitrobenzene (100-25-4) ug/L <0.50 U, JBI| <1.00U <1.00U <0.50U, J@| <1.00U <0.50U, JB| <1.00U
1-methylnaphthalene (90-12-0) ug/L <0.50 U, J&I| <1.00U <1.00 U <0.50 U, Ja| <1.00U <0.50 U, J&| <1.00U
2,3,4,6-tetrachlorophenol (58-90-2) pg/L <0.50 U, J&I| <2.00U <2.00U <0.50U,J&| <2.00U <0.50U, J&| <2.00U
2,3,5,6-tetrachlorophenol (935-95-5) pg/L <0.50 U, J&I| <2.00U <2.00U <0.50U,J&| <2.00U <0.50U, J&| <2.00U
2,4,5-trichlorophenol (95-95-4) ug/L <0.50U, J&| <2.00U <2.00U <0.50U,Ja| <2.00U <0.50 U, J&I| <2.00U
2,4,6-trichlorophenol (88-06-2) ug/L <0.50 U, J&| <2.00U <2.00U <0.50U, J&I| <2.00U <0.50 U, J&I| <2.00U
2,4-dichlorophenol (120-83-2) ug/L <0.50 U, J&a| <2.00U <2.00U <0.50 U, J&A| <2.00U <0.50 U, J&A| <2.00U
2,4-dimethylphenol (105-67-9) ug/L <0.50 U, J&a| <2.00U <2.00U <0.50 U, J&A| <2.00U <0.50 U, J&A| <2.00U
2,4-dinitrophenol (51-28-5) ug/L <5.0U, & <3.00U <3.00U <5.0U, ) <3.00U <5.0U, Jm <3.00U
2,4-dinitrotoluene (121-14-2) ug/L <0.50 U, J&a| <1.00U <1.00U <0.50 U, J&@| <1.00U <0.50 U, J&@| <1.00U
2,6-dinitrotoluene (606-20-2) ug/L <0.50 U, JB| <1.00U <1.00U <0.50U, J@| <1.00U <0.50 U, JA| <1.00U
2-butoxyethanol (111-76-2) ug/L 0.74 )-, B <1.00U <1.00U <0.50U, J&| <1.00U 0.69J-, B <1.00U
2-chloronaphthalene (91-58-7) ug/L <0.50U, J&I| <1.00U <1.00U <0.50U,J&| <1.00U <0.50U, J&| <1.00U
2-chlorophenol (95-57-8) pg/L <0.50 U, J&A| <2.00U <2.00U <0.50U, JA| <2.00U <0.50 U, JA| <2.00U
2-methylnaphthalene (91-57-6) pg/L <0.50 U, J&I| <1.00U <1.00U <0.50U, J&a| <1.00U <0.50 U, J&| <1.00U
2-methylphenol (95-48-7) pg/L <0.50 U, JA| <2.00U <2.00U <0.50U, Ja| <2.00U <0.50 U, JA| <2.00U
2-nitroaniline (88-74-4) pg/L <0.50U, JA| <1.00U <1.00 U <0.50U, Ja| <1.00U <0.50 U, J&a| <1.00U
2-nitrophenol (88-75-5) pg/L <0.50U, JA| <2.00U <2.00U <0.50U, Ja| <2.00U <0.50 U, J&A| <2.00U
3&4-methylphenol (108-39-4 & 106-44-5) pg/L <0.50 U, J&I| <5.00U <5.00U <0.50U, Ja| <5.00U <0.50 U, JaI| <5.00U
3,3'-dichlorobenzidine (91-94-1) ug/L <1.00U, J&| <1.00U <1.00U <1.00U,Ja| <1.00U <1.00U, J&I| <1.00U
3-nitroaniline (99-09-2) ug/L <0.50 U, J&A| <3.00U <3.00U <0.50 U, JA| <3.00U <0.50 U, JA| <3.00U
4,6-dinitro-2-methylphenol (534-52-1) ug/L <0.50 U, JaI| <2.00U <2.00U <0.50U, JA| <2.00U <0.50 U, J&I| <2.00U
4-bromophenyl phenyl ether (101-55-3) ug/L <0.50U, J&| <1.00U <1.00U <0.50 U, J@| <1.00U <0.50 U, J&I| <1.00U
4-chloro-3-methylphenol (59-50-7) ug/L <0.50 U, J&I| <2.00U <2.00U <0.50U, JA| <2.00U <0.50 U, J&| <2.00U




Table B-6 Sample Results - Semivolatile Organic Compounds (Washington County, Pennsylvania)

Parameter (CAS Number)

Sample
Sample Date

Unit

GW11
7/28/11
Round 1

GW11
3/26/12
Round 2

GW12
7/28/11
Round 1

GW12
3/25/12
Round 2

GW13
7/28/11
Round 1

GW13
3/24/12
Round 2

B-61

GW13
5/20/13
Round 3

R-(+)-limonene (5989-27-5) ug/L <0.50 U, J&a| <1.00 U, Ja| <0.50 U, JBI| <1.00 U, J&I| <0.50 U, J&I| <1.00 U, J&I| <1.00U
1,2,4-trichlorobenzene (120-82-1) ug/L <0.50 U, J&| <1.00U <0.50 U, J&I| <1.00U <0.50 U, J&I| <1.00U <1.00U
1,2-dichlorobenzene (95-50-1) ug/L <0.50 U, J&@| <1.00U <0.50 U, J&I| <1.00U <0.50 U, J&| <1.00U <1.00U
1,2-dinitrobenzene (528-29-0) ug/L <0.50U, JA| <1.00U <0.50U, JA| <1.00U <0.50U, JA| <1.00U <1.00U
1,3-dichlorobenzene (541-73-1) ug/L <0.50 U, J@| <1.00U <0.50 U, J&| <1.00U <0.50 U, J&@| <1.00U <1.00U
1,3-dimethyladamantane (702-79-4) ug/L <0.50 U, J@| <1.00U, Ja| <0.50 U, J&I| <1.00U, J&I| <0.50 U, J&| <1.00U, JBI| <1.00U
1,3 -dinitrobenzene (99-65-0) ug/L <0.50U, )| <1.00U <0.50U, JBI| <1.00U <0.50U, J@| <1.00U <1.00U
1,4-dichlorobenzene (106-46-7) ug/L <0.50 U, J&| <1.00U <0.50 U, J&@| <1.00U <0.50 U, J&I| <1.00U <1.00U
1,4-dinitrobenzene (100-25-4) ug/L <0.50U, )@l <1.00U <0.50U, JBI| <1.00U <0.50U, )| <1.00U <1.00U
1-methylnaphthalene (90-12-0) ug/L <0.50 U, JB| <1.00U <0.50 U, JBI| <1.00U <0.50 U, Ja| <1.00U <1.00U
2,3,4,6-tetrachlorophenol (58-90-2) ug/L <0.50U, J&I| <2.00U <0.50 U, J&I| <2.00U <0.50U,Ja| <2.00U <2.00U
2,3,5,6-tetrachlorophenol (935-95-5) pg/L <0.50U, J&I| <2.00U <0.50U, J&I| <2.00U <0.50U,Ja| <2.00U <2.00U
2,4,5-trichlorophenol (95-95-4) ug/L <0.50U, JA| <2.00U <0.50U, J&| <2.00U <0.50U, J&| <2.00U <2.00U
2,4,6-trichlorophenol (88-06-2) ug/L <0.50U, J&| <2.00U <0.50U, J&| <2.00U <0.50U, J&| <2.00U <2.00U
2,4-dichlorophenol (120-83-2) ug/L <0.50U, J&@| <2.00U <0.50U, J&| <2.00U <0.50U, JA| <2.00U <2.00U
2,4-dimethylphenol (105-67-9) ug/L <0.50U, Ja| <2.00U <0.50 U, J&a| <2.00U <0.50 U, Ja| <2.00U <2.00U
2,4-dinitrophenol (51-28-5) ug/L <5.0U, )& <3.00U <5.0U, & <3.00U <5.0U, & <3.00U <3.00U
2,4-dinitrotoluene (121-14-2) ug/L <0.50U,Ja| <1.00U <0.50 U, J&a| <1.00U <0.50U, Ja| <1.00U <1.00U
2,6-dinitrotoluene (606-20-2) ug/L <0.50U,Ja| <1.00U <0.50 U, Ja| <1.00U <0.50U, Ja| <1.00U <1.00U
2-butoxyethanol (111-76-2) ug/L 1.99 J& <1.00U <0.50 U, JBI| <1.00U 2.92 )@ <1.00U <1.00U
2-chloronaphthalene (91-58-7) ug/L <0.50U, Ja| <1.00U <0.50U, Ja| <1.00U <0.50U, Ja| <1.00U <1.00U
2-chlorophenol (95-57-8) pg/L <0.50U,Ja| <2.00U <0.50 U, J&| <2.00U <0.50U,Ja| <2.00U <2.00U
2-methylnaphthalene (91-57-6) pg/L <0.50 U, J&| <1.00U <0.50 U, J&I| <1.00U <0.50 U, JB| <1.00U <1.00U
2-methylphenol (95-48-7) pg/L <0.50U, JA| <2.00U <0.50 U, J&A| <2.00U <0.50U,Ja| <2.00U <2.00U
2-nitroaniline (88-74-4) pg/L <0.50U, JA| <1.00U <0.50U, JA| <1.00U <0.50U,Ja| <1.00U <1.00U
2-nitrophenol (88-75-5) pg/L <0.50U, JA| <2.00U <0.50U, JA| <2.00U <0.50U, JA| <2.00U <2.00U
3&4-methylphenol (108-39-4 & 106-44-5) ug/L <0.50U, JA| <5.00U <0.50 U, J&I| <5.00U <0.50 U, JA| <5.00U <5.00U
3,3'-dichlorobenzidine (91-94-1) ug/L <1.00U, Ja| <1.00U <1.00U, J&| <1.00U <1.00U, JA| <1.00U <1.00U
3-nitroaniline (99-09-2) ug/L <0.50U, Ja| <3.00U <0.50 U, JA| <3.00U <0.50U, JA| <3.00U <3.00U
4,6-dinitro-2-methylphenol (534-52-1) ug/L <0.50U, Ja| <2.00U <0.50 U, JaI| <2.00U <0.50U, Ja| <2.00U <2.00U
4-bromophenyl phenyl ether (101-55-3) ug/L <0.50U, | <1.00U <0.50U, JBI| <1.00U <0.50U, | <1.00U <1.00U
4-chloro-3-methylphenol (59-50-7) ug/L <0.50U,Ja| <2.00U <0.50 U, JaI| <2.00U <0.50U, JAa| <2.00U <2.00U




Table B-6 Sample Results - Semivolatile Organic Compounds (Washington County, Pennsylvania)

Parameter (CAS Number)

Sample
Sample Date

Unit

GW14
3/27/12
Round 2

GW14
5/20/13
Round 3

GW15
3/25/12
Round 2

GW16
3/27/12
Round 2

GW17
3/27/12
Round 2

GW18
5/20/13
Round 3

B-62

GW19
5/20/13
Round 3

R-(+)-limonene (5989-27-5) ug/L <1.00U,JRI| <1.00U | <1.00U,J&| <1.00U, J&I| <1.00 U, J& NS NS
1,2,4-trichlorobenzene (120-82-1) ug/L <1.00U <1.00 U <1.00 U <1.00 U <1.00U NS NS
1,2-dichlorobenzene (95-50-1) ug/L <1.00U <1.00 U <1.00U <1.00 U <1.00U NS NS
1,2-dinitrobenzene (528-29-0) ug/L <1.00U <1.00U <1.00U <1.00U <1.00U NS NS
1,3-dichlorobenzene (541-73-1) ug/L <1.00U <1.00 U <1.00U <1.00 U <1.00U NS NS
1,3-dimethyladamantane (702-79-4) ug/L <1.00U, J&| <1.00U <1.00U, J&@| <1.00 U, J&I| <1.00 U, J& NS NS
1,3 -dinitrobenzene (99-65-0) ug/L <1.00U <1.00U <1.00U <1.00U <1.00U NS NS
1,4-dichlorobenzene (106-46-7) ug/L <1.00 U <1.00U <1.00U <1.00U <1.00U NS NS
1,4-dinitrobenzene (100-25-4) ug/L <1.00 U <1.00U <1.00U <1.00U <1.00U NS NS
1-methylnaphthalene (90-12-0) ug/L <1.00 U <1.00U <1.00U <1.00U <1.00U NS NS
2,3,4,6-tetrachlorophenol (58-90-2) ug/L <2.00U <2.00U <2.00U <2.00U <2.00U NS NS
2,3,5,6-tetrachlorophenol (935-95-5) pg/L <2.00U <2.00U <2.00U <2.00U <2.00U NS NS
2,4,5-trichlorophenol (95-95-4) ug/L <2.00U <2.00U <2.00U <2.00U <2.00U NS NS
2,4,6-trichlorophenol (88-06-2) ug/L <2.00U <2.00U <2.00U <2.00U <2.00U NS NS
2,4-dichlorophenol (120-83-2) ug/L <2.00U <2.00U <2.00U <2.00U <2.00U NS NS
2,4-dimethylphenol (105-67-9) ug/L <2.00 U <2.00U <2.00U <2.00U <2.00U NS NS
2,4-dinitrophenol (51-28-5) ug/L <3.00 U <3.00 U <3.00 U <3.00 U <3.00 U NS NS
2,4-dinitrotoluene (121-14-2) ug/L <1.00U <1.00U <1.00U <1.00U <1.00U NS NS
2,6-dinitrotoluene (606-20-2) ug/L <1.00U <1.00U <1.00U <1.00U <1.00U NS NS
2-butoxyethanol (111-76-2) ug/L <1.00U <1.00U <1.00U <1.00U <1.00U NS NS
2-chloronaphthalene (91-58-7) ug/L <1.00U <1.00U <1.00U <1.00U <1.00U NS NS
2-chlorophenol (95-57-8) pg/L <2.00U <2.00U <2.00U <2.00U <2.00U NS NS
2-methylnaphthalene (91-57-6) ug/L <1.00U <1.00U <1.00U <1.00U <1.00U NS NS
2-methylphenol (95-48-7) pg/L <2.00U <2.00U <2.00U <2.00U <2.00U NS NS
2-nitroaniline (88-74-4) pg/L <1.00U <1.00U <1.00U <1.00U <1.00U NS NS
2-nitrophenol (88-75-5) pg/L <2.00U <2.00U <2.00U <2.00U <2.00U NS NS
3&4-methylphenol (108-39-4 & 106-44-5) pg/L <5.00U <5.00U <5.00U <5.00U <5.00U NS NS
3,3'-dichlorobenzidine (91-94-1) ug/L <1.00U <1.00U <1.00U <1.00U <1.00U NS NS
3-nitroaniline (99-09-2) ug/L <3.00 U <3.00U <3.00U <3.00U <3.00U NS NS
4,6-dinitro-2-methylphenol (534-52-1) ug/L <2.00U <2.00U <2.00U <2.00U <2.00U NS NS
4-bromophenyl phenyl ether (101-55-3) ug/L <1.00 U <1.00U <1.00U <1.00 U <1.00U NS NS
4-chloro-3-methylphenol (59-50-7) ug/L <2.00U <2.00U <2.00U <2.00U <2.00U NS NS




Table B-6 Sample Results - Semivolatile Organic Compounds (Washington County, Pennsylvania)

Parameter (CAS Number)

Sample
Sample Date

Unit

SWo1
7/25/11
Round 1

SWo1
5/18/13
Round 3

SW02
7/25/11
Round 1

SW02
3/23/12
Round 2

SW02
5/18/13
Round 3

SWo03
7/27/11
Round 1

B-63

SWo03
3/26/12
Round 2

R-(+)-limonene (5989-27-5) ug/L <0.50 U, J&| <1.00U <0.50 U, JBI| <1.00U,J&I| <1.00U <0.50 U, J&| <1.00 U, J-
1,2,4-trichlorobenzene (120-82-1) ug/L <0.50 U <1.00 U <0.50 U <1.00 U <1.00U <0.50 U, JBI| <1.00U
1,2-dichlorobenzene (95-50-1) ug/L <0.50 U, J&I| <1.00U <0.50 U, J&@| <1.00U <1.00U <0.50 U, J&I| <1.00U
1,2-dinitrobenzene (528-29-0) ug/L <0.50U <1.00U <0.50U <1.00U <1.00U <0.50U, J&I| <1.00U
1,3-dichlorobenzene (541-73-1) ug/L <0.50 U, J&@| <1.00U <0.50 U, J&@| <1.00U <1.00U <0.50 U, J&I| <1.00U
1,3-dimethyladamantane (702-79-4) ug/L <0.50 U, J&@| <1.00U <0.50 U, J@| <1.00U,JAI| <1.00U <0.50 U, J&| <1.00 U, J&I
1,3 -dinitrobenzene (99-65-0) ug/L <0.50U <1.00U <0.50U <1.00U <1.00U <0.50U, J&I| <1.00U
1,4-dichlorobenzene (106-46-7) ug/L <0.50 U <1.00U <0.50 U <1.00U <1.00U <0.50 U, J&| <1.00U
1,4-dinitrobenzene (100-25-4) ug/L <0.50 U <1.00U <0.50U <1.00U <1.00U <0.50U, J&I| <1.00U
1-methylnaphthalene (90-12-0) ug/L <0.50 U <1.00U <0.50 U <1.00U <1.00U <0.50 U, Ja| <1.00U
2,3,4,6-tetrachlorophenol (58-90-2) pg/L <0.50 U <2.00U <0.50 U <2.00U <2.00U <0.50U, J&| <2.00U
2,3,5,6-tetrachlorophenol (935-95-5) pg/L <0.50 U <2.00U <0.50U <2.00U <2.00U <0.50U, J&| <2.00U
2,4,5-trichlorophenol (95-95-4) ug/L <0.50 U <2.00U <0.50 U <2.00U <2.00U <0.50 U, J&I| <2.00U
2,4,6-trichlorophenol (88-06-2) ug/L <0.50U <2.00U <0.50U <2.00U <2.00U <0.50 U, J&I| <2.00U
2,4-dichlorophenol (120-83-2) ug/L <0.50U, J@| <2.00U <0.50U, @[ <2.00U <2.00U <0.50 U, J&| <2.00U
2,4-dimethylphenol (105-67-9) ug/L <0.50 U <2.00U <0.50 U <2.00 U <2.00U <0.50 U, J&| <2.00U
2,4-dinitrophenol (51-28-5) ug/L <5.0U <3.00U <5.0U <3.00U <3.00U <5.0U, J& <3.00U
2,4-dinitrotoluene (121-14-2) ug/L <0.50 U <1.00U <0.50U <1.00 U <1.00 U <0.50U, J&| <1.00U
2,6-dinitrotoluene (606-20-2) ug/L <0.50 U <1.00 U <0.50U <1.00U <1.00 U <0.50U, J&| <1.00U
2-butoxyethanol (111-76-2) ug/L 0.54 )& <1.00U <0.50U, JB| <1.00U <1.00U 1.65J-, B <1.00U
2-chloronaphthalene (91-58-7) ug/L <0.50 U <1.00U <0.50 U <1.00U <1.00U <0.50 U, J&| <1.00U
2-chlorophenol (95-57-8) ug/L <0.50 U <2.00 U <0.50U <2.00U <2.00 U <0.50U, J@| <2.00U
2-methylnaphthalene (91-57-6) pg/L <0.50 U <1.00U <0.50 U <1.00U <1.00U <0.50 U, Ja| <1.00U
2-methylphenol (95-48-7) pg/L <0.50 U <2.00 U <0.50 U <2.00U <2.00U <0.50U, J&@| <2.00U
2-nitroaniline (88-74-4) pg/L <0.50 U <1.00 U <0.50 U <1.00 U <1.00U <0.50U, J&@| <1.00U
2-nitrophenol (88-75-5) pg/L <0.50 U <2.00 U <0.50 U <2.00U <2.00U <0.50U, Ja| <2.00U
3&4-methylphenol (108-39-4 & 106-44-5) pg/L <0.50 U <5.00U <0.50 U <5.00U <5.00U <0.50 U, J&I| <5.00U
3,3'-dichlorobenzidine (91-94-1) ug/L <1.00U <1.00 U <1.00U <1.00U <1.00U <1.00U, J&| <1.00U
3-nitroaniline (99-09-2) ug/L <0.50 U <3.00U <0.50U <3.00U <3.00U <0.50 U, JAI| <3.00U
4,6-dinitro-2-methylphenol (534-52-1) ug/L <0.50 U <2.00U <0.50U <2.00U <2.00U <0.50 U, J&I| <2.00U
4-bromophenyl phenyl ether (101-55-3) ug/L <0.50 U <1.00U <0.50U <1.00U <1.00U <0.50 U, J&I| <1.00U
4-chloro-3-methylphenol (59-50-7) ug/L <0.50 U <2.00U <0.50 U <2.00U <2.00U <0.50 U, J&| <2.00U




Table B-6 Sample Results - Semivolatile Organic Compounds (Washington County, Pennsylvania)

Parameter (CAS Number)

Sample
Sample Date

Unit

GWO01
7/25/11
Round 1

GWO01
5/17/13
Round 3

GWO02
7/25/11
Round 1

GWO02
5/18/13
Round 3

GWO03
7/25/11
Round 1

GWO03
3/23/12
Round 2

B-64

GWO03
5/20/13
Round 3

4-chloroaniline (106-47-8) ug/L <1.00U <3.00 U <1.00 U <3.00 U <1.00U, Ja| <3.00U <3.00 U, J-
4-chlorophenyl phenyl ether (7005-72-3) ug/L <0.50 U <1.00U <0.50 U <1.00 U <0.50 U, J&I| <1.00U <1.00U
4-nitroaniline (100-01-6) ug/L <0.50U <3.00U <0.50U <3.00 U <0.50U, J&| <3.00U <3.00U
4-nitrophenol (100-02-7) ug/L <2.50U <3.00U <2.50U <3.00 U <2.50U, J&| <3.00U <3.00U
Acenaphthene (83-32-9) ug/L <0.50 U <1.00 U <0.50 U <1.00 U <0.50 U, J&I| <1.00U <1.00U
Acenaphthylene (208-96-8) ug/L <0.50 U <1.00U <0.50 U <1.00 U <0.50 U, Ja| <1.00U <1.00U
Adamantane (281-23-2) ug/L <0.50U,J@| <1.00U <0.50U, JA| <1.00U <0.50U, J@| <1.00U, JBI| <1.00U
Aniline (62-53-3) ug/L <1.00U <1.00U <1.00U <1.00 U <1.00U, J&| <1.00U <1.00U
Anthracene (120-12-7) ug/L <0.50 U <1.00U <0.50 U <1.00 U <0.50 U, J&I| <1.00U <1.00U
Azobenzene (103-33-3) ug/L <0.50 U <1.00U <0.50 U <1.00 U <0.50 U, J&I| <1.00U <1.00U
Benzo(a)anthracene (56-55-3) ug/L <0.50 U <1.00U <0.50 U <1.00 U <0.50 U, J&I| <1.00U <1.00U
Benzo(a)pyrene (50-32-8) ug/L <0.50 U <1.00U <0.50 U <1.00 U <0.50 U, J&I| <1.00U <1.00U
Benzo(b)fluoranthene (205-99-2) ug/L <0.50 U <1.00U <0.50 U <1.00 U <0.50 U, J&I| <1.00U <1.00U
Benzo(g,h,i)perylene (191-24-2) ug/L <0.50 U <1.00U <0.50 U <1.00 U <0.50 U, J&I| <1.00U <1.00U
Benzo(k)fluoranthene (207-08-9) ug/L <0.50 U <1.00U <0.50 U <1.00 U <0.50 U, J&I| <1.00U <1.00U
Benzoic Acid (65-85-0) ug/L <5.00 U <3.00U <5.00 U <3.00U | <5.00U,JA| <3.00U | <3.00U, J-
Benzyl alcohol (100-51-6) ug/L <0.50 U <1.00U <0.50 U <1.00 U <0.50 U, J&I| <1.00U <1.00U
Bis-(2-chloroethoxy)methane (111-91-1) ug/L <0.50 U <1.00U <0.50 U <1.00U | <0.50U,JA| <1.00U | <1.00U, J-
Bis-(2-chloroethyl)ether (111-44-4) ug/L <0.50 U <1.00U <0.50 U <1.00U <0.50 U, Ja| <1.00U <1.00U
Bis-(2-chloroisopropyl)ether (108-60-1) ug/L <0.50U <1.00U <0.50 U <1.00 U <0.50U, J&| <1.00U <1.00U
Bis-(2-ethylhexyl) adipate (103-23-1) ug/L <1.00 U <1.00 U <1.00 U <1.00U | <1.00U,JR| <1.00U <1.00 U
Bis-(2-ethylhexyl) phthalate (117-81-7) ug/L 2.17 <2.00U 1.51 <2.00U <1.00U, J&| <2.00U <2.00U
Butyl benzyl phthalate (85-68-7) ug/L <0.50 U <1.00 U <0.50 U <1.00U | <0.50U,JrI| <2.00U <1.00 U
Carbazole (86-74-8) ug/L <0.50 U <3.00U <0.50 U <3.00U | <0.50U,J@I| <3.00U <3.00 U
Chrysene (218-01-9) ug/L <0.50 U <1.00 U <0.50 U <1.00U | <0.50U,JrI| <1.00U <1.00 U
Dibenz(a,h)anthracene (53-70-3) ug/L <0.50 U <1.00U <0.50 U <1.00U | <0.50U,JrI| <1.00U <1.00 U
Dibenzofuran (132-64-9) ug/L <0.50 U <1.00 U <0.50 U <1.00U | <0.50U,JRI| <1.00U <1.00 U
Diethyl phthalate (84-66-2) ug/L <0.50 U <1.00U <0.50 U <1.00 U <0.50U, Ja| <1.00U <1.00U
Dimethyl phthalate (131-11-3) ug/L <0.50 U <1.00U <0.50 U <1.00 U <0.50U, Ja| <1.00U <1.00U
Di-n-butyl phthalate (84-74-2) ug/L <0.50 U <1.00U <0.50 U <1.00 U <0.50U, Ja| <1.00U <1.00U
Di-n-octyl phthalate (117-84-0) ug/L <0.50 U <1.00U <0.50 U <1.00 U <0.50U, Ja| <1.00U <1.00U
Diphenylamine (122-39-4) ug/L <0.50U <1.00U <0.50U <1.00U <0.50U, J&| <1.00U <1.00U




Table B-6 Sample Results - Semivolatile Organic Compounds (Washington County, Pennsylvania)

Parameter (CAS Number)

Sample
Sample Date

Unit

GWO04
7/25/11
Round 1

GWO04
3/23/12
Round 2

GWO04
5/18/13
Round 3

GWO05
7/26/11
Round 1

GWO05
3/23/12
Round 2

GWO05
5/17/13
Round 3

4-chloroaniline (106-47-8) ug/L <1.00U <3.00U <3.00U <1.00 U <3.00U <3.00U
4-chlorophenyl phenyl ether (7005-72-3) ug/L <0.50 U <1.00 U <1.00U <0.50 U <1.00U <1.00 U
4-nitroaniline (100-01-6) ug/L <0.50 U <3.00U <3.00U <0.50 U <3.00U <3.00U
4-nitrophenol (100-02-7) ug/L <2.50U <3.00U <3.00U <2.50 U <3.00U <3.00U
Acenaphthene (83-32-9) ug/L <0.50 U <1.00 U <1.00U <0.50 U <1.00U <1.00U
Acenaphthylene (208-96-8) ug/L <0.50 U <1.00 U <1.00U <0.50 U <1.00U <1.00 U
Adamantane (281-23-2) ug/L <0.50U, JA| <1.00U, JBI| <1.00U <0.50U, JBl| <1.00U, JBI| <1.00U
Aniline (62-53-3) ug/L <1.00U <1.00 U <1.00U <1.00U <1.00U <1.00U
Anthracene (120-12-7) ug/L <0.50 U <1.00 U <1.00U <0.50 U <1.00U <1.00U
Azobenzene (103-33-3) ug/L <0.50 U <1.00 U <1.00U <0.50 U <1.00U <1.00U
Benzo(a)anthracene (56-55-3) ug/L <0.50 U <1.00 U <1.00U <0.50 U <1.00U <1.00U
Benzo(a)pyrene (50-32-8) ug/L <0.50 U <1.00 U <1.00U <0.50 U <1.00U <1.00U
Benzo(b)fluoranthene (205-99-2) ug/L <0.50 U <1.00 U <1.00U <0.50 U <1.00U <1.00U
Benzo(g,h,i)perylene (191-24-2) ug/L <0.50 U <1.00 U <1.00U <0.50 U <1.00U <1.00U
Benzo(k)fluoranthene (207-08-9) ug/L <0.50 U <1.00 U <1.00U <0.50 U <1.00U <1.00U
Benzoic Acid (65-85-0) ug/L <5.00U <3.00U <3.00U <5.00U <3.00U <3.00U
Benzyl alcohol (100-51-6) ug/L <0.50 U <1.00 U <1.00U <0.50 U <1.00U <1.00U
Bis-(2-chloroethoxy)methane (111-91-1) ug/L <0.50 U <1.00 U <1.00U <0.50 U <1.00U <1.00U
Bis-(2-chloroethyl)ether (111-44-4) ug/L <0.50 U <1.00U <1.00U <0.50 U <1.00U <1.00U
Bis-(2-chloroisopropyl)ether (108-60-1) ug/L <0.50 U <1.00 U <1.00U <0.50 U <1.00U <1.00U
Bis-(2-ethylhexyl) adipate (103-23-1) ug/L <1.00U <1.00U <1.00U <1.00U <1.00U <1.00U
Bis-(2-ethylhexyl) phthalate (117-81-7) ug/L <1.00U <2.00U <2.00U <1.00U <2.00U <2.00U
Butyl benzyl phthalate (85-68-7) ug/L <0.50 U <2.00U <1.00U <0.50 U <2.00U <1.00U
Carbazole (86-74-8) ug/L <0.50 U <3.00U <3.00U <0.50 U <3.00U <3.00U
Chrysene (218-01-9) ug/L <0.50 U <1.00U <1.00U <0.50 U <1.00U <1.00U
Dibenz(a,h)anthracene (53-70-3) ug/L <0.50 U <1.00U <1.00U <0.50 U <1.00U <1.00U
Dibenzofuran (132-64-9) ug/L <0.50U <1.00 U <1.00U <0.50 U <1.00U <1.00U
Diethyl phthalate (84-66-2) ug/L <0.50 U <1.00U <1.00U <0.50 U <1.00U <1.00U
Dimethyl phthalate (131-11-3) ug/L <0.50 U <1.00U <1.00 U <0.50 U <1.00 U <1.00U
Di-n-butyl phthalate (84-74-2) ug/L <0.50 U <1.00 U <1.00U <0.50 U <1.00U <1.00U
Di-n-octyl phthalate (117-84-0) ug/L <0.50 U <1.00 U <1.00U <0.50 U 1.13 <1.00U
Diphenylamine (122-39-4) ug/L <0.50 U <1.00 U <1.00U <0.50 U <1.00U <1.00U
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Table B-6 Sample Results - Semivolatile Organic Compounds (Washington County, Pennsylvania)

Sample GWO06 GWO06 GWO06 GWO07 GWO07

Sample Date 7/26/11 3/24/12 5/19/13 7/26/11 5/19/13

Parameter (CAS Number) Unit Round 1 Round 2 Round 3 Round 1 Round 3
4-chloroaniline (106-47-8) ug/L <1.00U <3.00U <3.00U <1.00 U <3.00U
4-chlorophenyl phenyl ether (7005-72-3) ug/L <0.50 U <1.00 U <1.00U <0.50 U <1.00U
4-nitroaniline (100-01-6) ug/L <0.50 U <3.00U <3.00U <0.50 U <3.00U
4-nitrophenol (100-02-7) ug/L <2.50U <3.00U <3.00U <2.50 U <3.00U
Acenaphthene (83-32-9) ug/L <0.50 U <1.00 U <1.00U <0.50 U <1.00U
Acenaphthylene (208-96-8) ug/L <0.50 U <1.00 U <1.00U <0.50 U <1.00U
Adamantane (281-23-2) ug/L <0.50U, J&| <1.00U, J&I| <1.00U <0.50U,Ja| <1.00U
Aniline (62-53-3) ug/L <1.00U <1.00 U <1.00U <1.00U <1.00U
Anthracene (120-12-7) ug/L <0.50 U <1.00 U <1.00U <0.50 U <1.00U
Azobenzene (103-33-3) ug/L <0.50 U <1.00 U <1.00U <0.50 U <1.00U
Benzo(a)anthracene (56-55-3) ug/L <0.50 U <1.00 U <1.00U <0.50 U <1.00U
Benzo(a)pyrene (50-32-8) ug/L <0.50 U <1.00 U <1.00U <0.50 U <1.00U
Benzo(b)fluoranthene (205-99-2) ug/L <0.50 U <1.00 U <1.00U <0.50 U <1.00U
Benzo(g,h,i)perylene (191-24-2) ug/L <0.50 U <1.00 U <1.00U <0.50 U <1.00U
Benzo(k)fluoranthene (207-08-9) ug/L <0.50 U <1.00 U <1.00U <0.50 U <1.00U
Benzoic Acid (65-85-0) ug/L <5.00U <3.00U <3.00U <5.00U <3.00U
Benzyl alcohol (100-51-6) ug/L <0.50 U <1.00 U <1.00U <0.50 U <1.00U
Bis-(2-chloroethoxy)methane (111-91-1) ug/L <0.50 U <1.00 U <1.00U <0.50 U <1.00U
Bis-(2-chloroethyl)ether (111-44-4) ug/L <0.50 U <1.00U <1.00U <0.50 U <1.00U
Bis-(2-chloroisopropyl)ether (108-60-1) ug/L <0.50 U <1.00 U <1.00U <0.50 U <1.00U
Bis-(2-ethylhexyl) adipate (103-23-1) ug/L <1.00U <1.00U <1.00U <1.00U <1.00U
Bis-(2-ethylhexyl) phthalate (117-81-7) ug/L <1.00U <2.00U <2.00U 1.38 <2.00U
Butyl benzyl phthalate (85-68-7) ug/L 1.40 <2.00U <1.00U <0.50 U <1.00U
Carbazole (86-74-8) ug/L <0.50 U <3.00U <3.00U <0.50 U <3.00U
Chrysene (218-01-9) ug/L <0.50 U <1.00U <1.00U <0.50 U <1.00U
Dibenz(a,h)anthracene (53-70-3) ug/L <0.50 U <1.00U <1.00 U <0.50 U <1.00 U
Dibenzofuran (132-64-9) ug/L <0.50 U <1.00U <1.00 U <0.50 U <1.00 U
Diethyl phthalate (84-66-2) ug/L <0.50 U <1.00 U <1.00U <0.50 U <1.00U
Dimethyl phthalate (131-11-3) ug/L <0.50 U <1.00 U <1.00U <0.50 U <1.00U
Di-n-butyl phthalate (84-74-2) ug/L <0.50 U <1.00 U <1.00U <0.50 U <1.00U
Di-n-octyl phthalate (117-84-0) ug/L <0.50 U <1.00 U <1.00U <0.50 U <1.00U
Diphenylamine (122-39-4) ug/L <0.50 U <1.00 U <1.00U <0.50 U <1.00U




Table B-6 Sample Results - Semivolatile Organic Compounds (Washington County, Pennsylvania)

Parameter (CAS Number)

Sample
Sample Date

Unit

GWO08
7/27/11
Round 1

GWO08
3/24/12
Round 2

GWO08
5/19/13
Round 3

GWO09
7/27/11
Round 1

GWO09
5/17/13
Round 3

GW10
7/27/11
Round 1

B-67

GW10
3/26/12
Round 2

4-chloroaniline (106-47-8) ug/L <1.00U, J&I| <3.00U <3.00U <1.00U, J&| <3.00U <1.00U, J&I| <3.00U
4-chlorophenyl phenyl ether (7005-72-3) ug/L <0.50 U, JBI| <1.00U <1.00U <0.50 U, J&I| <1.00U <0.50 U, J&I| <1.00U
4-nitroaniline (100-01-6) ug/L <0.50U, JA| <3.00U <3.00 U <0.50U, JB| <3.00U <0.50 U, JBI| <3.00U
4-nitrophenol (100-02-7) ug/L <2.50U, J&I| <3.00U <3.00U <2.50U, J&1| <3.00U <2.50U, J&I| <3.00U
Acenaphthene (83-32-9) ug/L <0.50U, J&I| <1.00U <1.00U <0.50U, J&| <1.00U <0.50U, J&I| <1.00U
Acenaphthylene (208-96-8) ug/L <0.50 U, Ja| <1.00U <1.00 U <0.50 U, J&I| <1.00U <0.50 U, JBI| <1.00U
Adamantane (281-23-2) ug/L <0.50U, JBI| <1.00U, JBI| <1.00U <0.50U, J@| <1.00U <0.50 U, J&I| <1.00 U, J-
Aniline (62-53-3) ug/L <1.00U, J&I| <1.00U <1.00U | <1.00U,JR| <1.00U | <1.00U,JRI| <1.00U
Anthracene (120-12-7) ug/L <0.50 U, JBI| <1.00U <1.00U <0.50U, J@| <1.00U <0.50U, JB| <1.00U
Azobenzene (103-33-3) ug/L <0.50 U, JBI| <1.00U <1.00U <0.50U, J@| <1.00U <0.50U, JB| <1.00U
Benzo(a)anthracene (56-55-3) pg/L <0.50 U, J&I| <1.00U <1.00 U <0.50 U, J&a| <1.00U <0.50 U, J&I| <1.00U
Benzo(a)pyrene (50-32-8) pg/L <0.50 U, J&I| <1.00U <1.00 U <0.50 U, J&I| <1.00U <0.50 U, J&I| <1.00U
Benzo(b)fluoranthene (205-99-2) ug/L <0.50U, JBI| <1.00U <1.00U <0.50U, JBI| <1.00U <0.50 U, J&I| <1.00U
Benzo(g,h,i)perylene (191-24-2) ug/L <0.50U, JBI| <1.00U <1.00U <0.50U, J&| <1.00U <0.50 U, J&I| <1.00U
Benzo(k)fluoranthene (207-08-9) ug/L <0.50U, J&| <1.00U <1.00U <0.50U, J&| <1.00U <0.50U, J&I| <1.00U
Benzoic Acid (65-85-0) ug/L <5.00U, Ja| <3.00U <3.00U | <5.00U,JR| <3.00U | <5.00U,J&| <3.00U
Benzyl alcohol (100-51-6) ug/L <0.50 U, Ja| <1.00U <1.00U | <0.50U,JA| <1.00U | <0.50U,JRI| <1.00U
Bis-(2-chloroethoxy)methane (111-91-1) ug/L <0.50U, JBI| <1.00U <1.00U <0.50 U, J&| <1.00U <0.50 U, J&I| <1.00U
Bis-(2-chloroethyl)ether (111-44-4) ug/L <0.50 U, Ja| <1.00U <1.00U | <0.50U,J&| <1.00U | <0.50U,JRI| <1.00U
Bis-(2-chloroisopropyl)ether (108-60-1) ug/L <0.50U, J&| <1.00U <1.00U <0.50 U, Ja| <1.00U <0.50 U, J&| <1.00U
Bis-(2-ethylhexyl) adipate (103-23-1) ug/L <1.00U, J&I| <1.00U <1.00U | <1.00U,JB| <1.00U | <1.00U,JR| <1.00U
Bis-(2-ethylhexyl) phthalate (117-81-7) ug/L 1.06 J& <2.00 U <2.00U | <1.00U,J& 4.34 <1.00U, J&| <2.00U
Butyl benzyl phthalate (85-68-7) ug/L <0.50 U, J&I| <2.00U <1.00U | <0.50U,Ja| <1.00U | <0.50U,J&| <2.00U
Carbazole (86-74-8) pg/L <0.50 U, J&I| <3.00U <3.00U | <0.50U,Ja| <3.00U | <0.50U,J&| <3.00U
Chrysene (218-01-9) pg/L <0.50 U, J&| <1.00U <1.00U | <0.50U,JA| <1.00U | <0.50U,J&| <1.00U
Dibenz(a,h)anthracene (53-70-3) pg/L <0.50 U, J&| <1.00U <1.00U | <0.50U,J&| <1.00U | <0.50U,JR| <1.00U
Dibenzofuran (132-64-9) pg/L <0.50 U, J&| <1.00U <1.00U | <0.50U,JR| <1.00U | <0.50U,J&| <1.00U
Diethyl phthalate (84-66-2) ug/L <0.50 U, Ja| <1.00U <1.00U <0.50 U, JB| <1.00U <0.50 U, J&I| <1.00U
Dimethyl phthalate (131-11-3) ug/L <0.50 U, Ja| <1.00U <1.00U <0.50 U, J&I| <1.00U <0.50 U, J&I| <1.00U
Di-n-butyl phthalate (84-74-2) ug/L <0.50 U, Ja| <1.00U <1.00U <0.50 U, J&I| <1.00U <0.50 U, J&I| <1.00U
Di-n-octyl phthalate (117-84-0) ug/L <0.50 U, Ja| <1.00U <1.00U <0.50 U, J&I| <1.00U <0.50 U, J&I| <1.00U
Diphenylamine (122-39-4) ug/L <0.50U, J&| <1.00U <1.00U <0.50U, J&| <1.00U <0.50U, J&I| <1.00U




Table B-6 Sample Results - Semivolatile Organic Compounds (Washington County, Pennsylvania)

Parameter (CAS Number)

Sample
Sample Date

Unit

GW11
7/28/11
Round 1

GW11
3/26/12
Round 2

GW12
7/28/11
Round 1

GW12
3/25/12
Round 2

GW13
7/28/11
Round 1

GW13
3/24/12
Round 2

B-68

GW13
5/20/13
Round 3

4-chloroaniline (106-47-8) ug/L <1.00U, J&| <3.00U <1.00U, J&I| <3.00U <1.00U, J&I| <3.00U <3.00U
4-chlorophenyl phenyl ether (7005-72-3) ug/L <0.50 U, J&I| <1.00U <0.50 U, J&I| <1.00U <0.50 U, J&I| <1.00U <1.00U
4-nitroaniline (100-01-6) ug/L <0.50U, JA| <3.00U <0.50U, JA| <3.00U <0.50U, J@| <3.00U <3.00U
4-nitrophenol (100-02-7) ug/L <2.50U,J&| <3.00U <2.50U, J&I| <3.00U <2.50U,J&| <3.00U <3.00U
Acenaphthene (83-32-9) ug/L <0.50U, J&| <1.00U <0.50U, J&I| <1.00U <0.50U, J&| <1.00U <1.00U
Acenaphthylene (208-96-8) ug/L <0.50 U, Ja| <1.00U <0.50 U, Ja| <1.00U <0.50 U, Ja| <1.00U <1.00U
Adamantane (281-23-2) ug/L <0.50U, J@| <1.00U, JAI| <0.50U, JBI| <1.00 U, JBI| <0.50 U, JBI| <1.00 U, JBI| <1.00U
Aniline (62-53-3) ug/L <1.00U, )| <1.00U <1.00U,JR| <1.00U | <1.00U,JA| <1.00U <1.00U
Anthracene (120-12-7) ug/L <0.50U, JBI| <1.00U <0.50U, JBI| <1.00U <0.50U, )| <1.00U <1.00U
Azobenzene (103-33-3) ug/L <0.50U, JBI| <1.00U <0.50 U, JBI| <1.00U <0.50U, JBI| <1.00U <1.00U
Benzo(a)anthracene (56-55-3) ug/L <0.50 U, J&I| <1.00U <0.50 U, J&I| <1.00U <0.50U, JBI| <1.00U <1.00U
Benzo(a)pyrene (50-32-8) pg/L <0.50 U, J&I| <1.00U <0.50 U, J&I| <1.00U <0.50U, JBI| <1.00U <1.00U
Benzo(b)fluoranthene (205-99-2) ug/L <0.50 U, J&I| <1.00U <0.50 U, JBI| <1.00U <0.50 U, J&I| <1.00U <1.00U
Benzo(g,h,i)perylene (191-24-2) ug/L <0.50 U, J&I| <1.00U <0.50U, JBI| <1.00U <0.50 U, J&I| <1.00U <1.00U
Benzo(k)fluoranthene (207-08-9) ug/L <0.50U, J&| <1.00U <0.50U, J&| <1.00U <0.50U, Ja| <1.00U <1.00U
Benzoic Acid (65-85-0) ug/L <5.00U,Ja| <3.00U | <5.00U,JA| <3.00U | <5.00U,JE| <3.00U <3.00 U
Benzyl alcohol (100-51-6) ug/L <0.50 U, Ja| <1.00U <0.50U, JBIf <1.00U | <0.50U,JR| <1.00U <1.00U
Bis-(2-chloroethoxy)methane (111-91-1) ug/L <0.50U, J&I| <1.00U <0.50U, JBI| <1.00U <0.50 U, J&| <1.00U <1.00U
Bis-(2-chloroethyl)ether (111-44-4) ug/L <0.50 U, Ja| <1.00U <0.50U, JBIf <1.00U | <0.50U,JB| <1.00U <1.00U
Bis-(2-chloroisopropyl)ether (108-60-1) ug/L <0.50 U, J&| <1.00U <0.50 U, J&| <1.00U <0.50U, J&| <1.00U <1.00U
Bis-(2-ethylhexyl) adipate (103-23-1) ug/L <1.00U, J&| <1.00U <1.00U, J&| <1.00U <1.00U, J&| <1.00U <1.00 U
Bis-(2-ethylhexyl) phthalate (117-81-7) ug/L <1.00U,Ja| <2.00U | <1.00U,JA| <2.00U <1.00U, J&| <2.00U <2.00 U
Butyl benzyl phthalate (85-68-7) ug/L 2.16 )@ <2.00U | <0.50U,JR| <2.00U <0.50U, JB| <2.00U <1.00 U
Carbazole (86-74-8) pg/L <0.50U,JA| <3.00U | <0.50U,JB| <3.00U <0.50 U, JaI| <3.00U <3.00 U
Chrysene (218-01-9) pg/L <0.50U, JA| <1.00U | <0.50U,JRI| <1.00U | <0.50U,JE| <1.00U <1.00 U
Dibenz(a,h)anthracene (53-70-3) pg/L <0.50U, JA| <1.00U | <0.50U,JRI| <1.00U | <0.50U,JE| <1.00U <1.00 U
Dibenzofuran (132-64-9) pg/L <0.50U, JA| <1.00U | <0.50U,JRI| <1.00U | <0.50U,JB| <1.00U <1.00U
Diethyl phthalate (84-66-2) ug/L <0.50U, JBI| <1.00U | <0.50U,JB| <1.00U | <0.50U,J8| <1.00U <1.00 U
Dimethyl phthalate (131-11-3) ug/L <0.50U, Ja| <1.00U <0.50 U, Ja| <1.00U <0.50U, Ja| <1.00U <1.00U
Di-n-butyl phthalate (84-74-2) ug/L <0.50U, Ja| <1.00U <0.50 U, Ja| <1.00U <0.50U, Ja| <1.00U <1.00U
Di-n-octyl phthalate (117-84-0) ug/L <0.50U, Ja| <1.00U <0.50 U, Ja| <1.00U <0.50U, Ja| <1.00U <1.00U
Diphenylamine (122-39-4) ug/L <0.50U,Ja| <1.00U <0.50U, J&I| <1.00U <0.50U, J&| <1.00U <1.00U




Table B-6 Sample Results - Semivolatile Organic Compounds (Washington County, Pennsylvania)

Parameter (CAS Number)

Sample
Sample Date

Unit

GW14
3/27/12
Round 2

GW14
5/20/13
Round 3

GW15
3/25/12
Round 2

GW16
3/27/12
Round 2

GW17
3/27/12
Round 2

GW18
5/20/13
Round 3

B-69

GW19
5/20/13
Round 3

4-chloroaniline (106-47-8) ug/L <3.00U <3.00U <3.00U <3.00U <3.00U NS NS
4-chlorophenyl phenyl ether (7005-72-3) ug/L <1.00U <1.00 U <1.00U <1.00 U <1.00U NS NS
4-nitroaniline (100-01-6) ug/L <3.00U <3.00 U <3.00U <3.00 U <3.00U NS NS
4-nitrophenol (100-02-7) ug/L <3.00U <3.00U <3.00U <3.00U <3.00U NS NS
Acenaphthene (83-32-9) ug/L <1.00U <1.00 U <1.00U <1.00 U <1.00U NS NS
Acenaphthylene (208-96-8) ug/L <1.00U <1.00 U <1.00U <1.00 U <1.00U NS NS
Adamantane (281-23-2) ug/L <1.00U,JRI| <1.00U | <1.00U,J&| <1.00U, JB| <1.00 U, J& NS NS
Aniline (62-53-3) ug/L <1.00U <1.00U <1.00 U <1.00U <1.00 U NS NS
Anthracene (120-12-7) ug/L <1.00U <1.00 U <1.00U <1.00 U <1.00U NS NS
Azobenzene (103-33-3) ug/L <1.00U <1.00 U <1.00U <1.00 U <1.00U NS NS
Benzo(a)anthracene (56-55-3) ug/L <1.00U <1.00 U <1.00U <1.00 U <1.00U NS NS
Benzo(a)pyrene (50-32-8) ug/L <1.00U <1.00 U <1.00U <1.00 U <1.00U NS NS
Benzo(b)fluoranthene (205-99-2) ug/L <1.00U <1.00 U <1.00U <1.00 U <1.00U NS NS
Benzo(g,h,i)perylene (191-24-2) ug/L <1.00U <1.00 U <1.00U <1.00 U <1.00U NS NS
Benzo(k)fluoranthene (207-08-9) ug/L <1.00U <1.00 U <1.00U <1.00 U <1.00U NS NS
Benzoic Acid (65-85-0) ug/L <3.00U <3.00U <3.00U <3.00U <3.00U NS NS
Benzyl alcohol (100-51-6) ug/L <1.00U <1.00 U <1.00U <1.00 U <1.00U NS NS
Bis-(2-chloroethoxy)methane (111-91-1) ug/L <1.00U <1.00 U <1.00U <1.00 U <1.00U NS NS
Bis-(2-chloroethyl)ether (111-44-4) ug/L <1.00U <1.00U <1.00U <1.00U <1.00U NS NS
Bis-(2-chloroisopropyl)ether (108-60-1) ug/L <1.00U <1.00 U <1.00U <1.00 U <1.00U NS NS
Bis-(2-ethylhexyl) adipate (103-23-1) ug/L <1.00U <1.00U <1.00U <1.00U <1.00U NS NS
Bis-(2-ethylhexyl) phthalate (117-81-7) ug/L <2.00U <2.00U <2.00U <2.00U <2.00U NS NS
Butyl benzyl phthalate (85-68-7) ug/L <2.00U <1.00U <2.00U <2.00U <2.00U NS NS
Carbazole (86-74-8) ug/L <3.00U <3.00U <3.00U <3.00U <3.00U NS NS
Chrysene (218-01-9) ug/L <1.00U <1.00U <1.00U <1.00U <1.00U NS NS
Dibenz(a,h)anthracene (53-70-3) ug/L <1.00U <1.00U <1.00U <1.00U <1.00U NS NS
Dibenzofuran (132-64-9) ug/L <1.00U <1.00 U <1.00U <1.00U <1.00U NS NS
Diethyl phthalate (84-66-2) ug/L <1.00U <1.00U <1.00U <1.00U <1.00U NS NS
Dimethyl phthalate (131-11-3) ug/L <1.00 U <1.00U <1.00 U <1.00U <1.00 U NS NS
Di-n-butyl phthalate (84-74-2) ug/L <1.00U <1.00 U <1.00U <1.00 U <1.00U NS NS
Di-n-octyl phthalate (117-84-0) ug/L <1.00U <1.00 U <1.00U <1.00 U <1.00U NS NS
Diphenylamine (122-39-4) ug/L <1.00U <1.00U <1.00U <1.00 U <1.00U NS NS




Table B-6 Sample Results - Semivolatile Organic Compounds (Washington County, Pennsylvania)

Parameter (CAS Number)

Sample
Sample Date

Unit

SWo1
7/25/11
Round 1

SWo1
5/18/13
Round 3

SW02
7/25/11
Round 1

SW02
3/23/12
Round 2

SW02
5/18/13
Round 3

SWo03
7/27/11
Round 1

B-70

SWo03
3/26/12
Round 2

4-chloroaniline (106-47-8) ug/L <1.00U <3.00 U <1.00U <3.00U <3.00U <1.00U, J&I| <3.00U
4-chlorophenyl phenyl ether (7005-72-3) ug/L <0.50 U <1.00 U <0.50 U <1.00U <1.00U <0.50 U, J&I| <1.00U
4-nitroaniline (100-01-6) ug/L <0.50U <3.00 U <0.50U <3.00U <3.00U <0.50 U, JBI| <3.00U
4-nitrophenol (100-02-7) ug/L <2.50U <3.00 U <2.50U <3.00U <3.00U <2.50U, JBI| <3.00U
Acenaphthene (83-32-9) ug/L <0.50U <1.00 U <0.50U <1.00U <1.00U <0.50U, J&I| <1.00U
Acenaphthylene (208-96-8) ug/L <0.50 U <1.00 U <0.50 U <1.00U <1.00U <0.50 U, JBI| <1.00U
Adamantane (281-23-2) ug/L <0.50U, JA| <1.00U <0.50U, J@| <1.00U, JBI| <1.00U <0.50 U, J@| <1.00 U, J-
Aniline (62-53-3) ug/L <1.00 U <1.00 U <1.00 U <1.00 U <1.00U | <1.00U,JR| <1.00U
Anthracene (120-12-7) ug/L <0.50 U <1.00 U <0.50 U <1.00U <1.00U <0.50 U, J&I| <1.00U
Azobenzene (103-33-3) ug/L <0.50U <1.00 U <0.50U <1.00U <1.00U <0.50 U, J&I| <1.00U
Benzo(a)anthracene (56-55-3) ug/L <0.50 U <1.00 U <0.50 U <1.00U <1.00U <0.50 U, J&I| <1.00U
Benzo(a)pyrene (50-32-8) ug/L <0.50 U <1.00 U <0.50 U <1.00U <1.00U <0.50 U, J&I| <1.00U
Benzo(b)fluoranthene (205-99-2) ug/L <0.50 U <1.00 U <0.50 U <1.00U <1.00U <0.50 U, J&I| <1.00U
Benzo(g,h,i)perylene (191-24-2) ug/L <0.50 U <1.00 U <0.50 U <1.00U <1.00U <0.50 U, J&I| <1.00U
Benzo(k)fluoranthene (207-08-9) ug/L <0.50 U <1.00 U <0.50 U <1.00U <1.00U <0.50 U, J&I| <1.00U
Benzoic Acid (65-85-0) ug/L <5.00 U <3.00U <5.00 U <3.00U <3.00U | <5.00U,JR| <3.00U
Benzyl alcohol (100-51-6) ug/L <0.50 U <1.00 U <0.50 U <1.00U <1.00U <0.50 U, J&I| <1.00U
Bis-(2-chloroethoxy)methane (111-91-1) ug/L <0.50 U <1.00 U <0.50 U <1.00U <1.00U <0.50 U, J&I| <1.00U
Bis-(2-chloroethyl)ether (111-44-4) ug/L <0.50 U <1.00U <0.50 U <1.00U <1.00U <0.50 U, J&I| <1.00U
Bis-(2-chloroisopropyl)ether (108-60-1) ug/L <0.50 U <1.00 U <0.50 U <1.00U <1.00U <0.50 U, J&I| <1.00U
Bis-(2-ethylhexyl) adipate (103-23-1) ug/L <1.00 U <1.00 U <1.00 U <1.00 U <1.00U | <1.00U,JR| <1.00U
Bis-(2-ethylhexyl) phthalate (117-81-7) ug/L <1.00 U <2.00U <1.00 U <2.00U <2.00U | <1.00U,JR| <2.00U
Butyl benzyl phthalate (85-68-7) ug/L <0.50 U <1.00 U <0.50 U <2.00U <1.00U | <0.50U,JRI| <2.00U
Carbazole (86-74-8) ug/L <0.50 U <3.00U <0.50 U <3.00U <3.00U | <0.50U,JRI| <3.00U
Chrysene (218-01-9) ug/L <0.50 U <1.00U <0.50 U <1.00U <1.00U | <0.50U,JR| <1.00U
Dibenz(a,h)anthracene (53-70-3) ug/L <0.50 U <1.00U <0.50 U <1.00U <1.00U | <0.50U,JR| <1.00U
Dibenzofuran (132-64-9) ug/L <0.50 U <1.00 U <0.50 U <1.00 U <1.00U | <0.50U,JR| <1.00U
Diethyl phthalate (84-66-2) ug/L <0.50 U <1.00 U <0.50 U <1.00U <1.00U <0.50 U, JBI| <1.00U
Dimethyl phthalate (131-11-3) ug/L <0.50 U <1.00 U <0.50 U <1.00U <1.00U <0.50 U, J&I| <1.00U
Di-n-butyl phthalate (84-74-2) ug/L <0.50 U <1.00 U <0.50 U <1.00U <1.00U <0.50 U, JBI| <1.00U
Di-n-octyl phthalate (117-84-0) ug/L <0.50 U <1.00 U <0.50 U <1.00U <1.00U <0.50 U, J&I| <1.00U
Diphenylamine (122-39-4) ug/L <0.50U <1.00 U <0.50U <1.00U <1.00U <0.50 U, JBI| <1.00U




Table B-6 Sample Results - Semivolatile Organic Compounds (Washington County, Pennsylvania)

Parameter (CAS Number)

Sample
Sample Date

Unit

GWO01
7/25/11
Round 1

GWO01
5/17/13
Round 3

GWO02
7/25/11
Round 1

GWO02
5/18/13
Round 3

GWO03
7/25/11
Round 1

GWO03
3/23/12
Round 2

B-71

GWO03
5/20/13
Round 3

Fluoranthene (206-44-0) ug/L <0.50U <1.00U <0.50U <1.00U <0.50U, J&| <1.00U <1.00U
Fluorene (86-73-7) ug/L <0.50U <1.00U <0.50U <1.00U <0.50U, J&| <1.00U <1.00U
Hexachlorobenzene (118-74-1) ug/L <0.50 U <1.00U <0.50 U <1.00 U <0.50 U, J&I| <1.00U <1.00U
Hexachlorobutadiene (87-68-3) ug/L <1.00U <1.00U <1.00U <1.00 U <1.00U, Ja| <1.00U <1.00 U, J-
Hexachlorocyclopentadiene (77-47-4) ug/L <0.50 U <1.00U <0.50 U <1.00 U <0.50 U, J&I| <1.00U <1.00 U, J-
Hexachloroethane (67-72-1) ug/L <1.00U,Ja| <1.00U <1.00U, J&| <1.00U <1.00U, J&| <1.00U <1.00 U, J&
Indeno(1,2,3-cd)pyrene (193-39-5) ug/L <0.50 U <1.00U <0.50 U <1.00 U <0.50 U, J&I| <1.00U <1.00U
Isophorone (78-59-1) ug/L <0.50 U <1.00 U <0.50 U <1.00 U <0.50 U, J&I| <1.00U <1.00 U, J-
Naphthalene (91-20-3) ug/L <0.50 U <1.00U <0.50 U <1.00 U <0.50 U, J&I| <1.00U <1.00 U, J-
Nitrobenzene (98-95-3) ug/L <0.50U <1.00U <0.50U <1.00U <0.50U, J&| <1.00U <1.00 U, J-
N-nitrosodimethylamine (62-75-9) ug/L <0.50 U <1.00U <0.50 U <1.00 U <0.50 U, J&I| <0.50U <1.00U
N-nitrosodi-n-propylamine (621-64-7) ug/L <0.50 U <1.00U <0.50 U <1.00 U <0.50 U, J&I| <1.00U <1.00U
Pentachlorophenol (87-86-5) ug/L <1.00U <2.00U <1.00U <2.00U <1.00U, J&I| <1.00U <2.00U
Phenanthrene (85-01-8) ug/L <0.50 U <1.00U <0.50 U <1.00 U <0.50 U, J&I| <1.00U <1.00U
Phenol (108-95-2) ug/L <0.50U <2.00U <0.50 U <2.00U | <0.50U,JA| <2.00U <2.00U
Pyrene (129-00-0) ug/L <0.50U <1.00U <0.50 U <1.00U | <0.50U,Ja| <1.00U <1.00U
Pyridine (110-86-1) ug/L <0.50U <1.00U <0.50 U <1.00U | <0.50U,JA| <1.00U <1.00U
Squalene (111-02-4) ug/L <1.00U <2.00U <1.00 U <2.00U | <1.00U,JA| <2.00U <2.00U
Terpiniol (98-55-5) ug/L <0.50U <1.00 U <0.50 U <1.00U | <0.50U,JA| <1.00U | <1.00U,J&
tri-(2-butoxyethyl) phosphate (78-51-3) ug/L <1.00U <1.00U <1.00U <1.00U <1.00U, J&a| <1.00U <1.00U




Table B-6 Sample Results - Semivolatile Organic Compounds (Washington County, Pennsylvania)

Parameter (CAS Number)

Sample
Sample Date

Unit

GWO04
7/25/11
Round 1

GWO04
3/23/12
Round 2

GWO04
5/18/13
Round 3

GWO05
7/26/11
Round 1

GWO05
3/23/12
Round 2

GWO05
5/17/13
Round 3

Fluoranthene (206-44-0) ug/L <0.50 U <1.00 U <1.00U <0.50 U <1.00U <1.00U
Fluorene (86-73-7) ug/L <0.50 U <1.00 U <1.00U <0.50 U <1.00U <1.00 U
Hexachlorobenzene (118-74-1) ug/L <0.50 U <1.00 U <1.00U <0.50 U <1.00U <1.00 U
Hexachlorobutadiene (87-68-3) ug/L <1.00U <1.00 U <1.00U <1.00 U <1.00U <1.00 U
Hexachlorocyclopentadiene (77-47-4) ug/L <0.50 U <1.00 U <1.00U <0.50 U <1.00U <1.00 U
Hexachloroethane (67-72-1) ug/L <1.00U, J&I| <1.00U <1.00U <1.00U, JBI| <1.00U <1.00U
Indeno(1,2,3-cd)pyrene (193-39-5) ug/L <0.50 U <1.00 U <1.00U <0.50 U <1.00U <1.00U
Isophorone (78-59-1) ug/L <0.50 U <1.00 U <1.00U <0.50 U <1.00U <1.00U
Naphthalene (91-20-3) ug/L <0.50 U <1.00 U <1.00U <0.50 U <1.00U <1.00U
Nitrobenzene (98-95-3) ug/L <0.50 U <1.00 U <1.00U <0.50 U <1.00U <1.00U
N-nitrosodimethylamine (62-75-9) ug/L <0.50 U <0.50 U <1.00U <0.50 U <0.50 U <1.00U
N-nitrosodi-n-propylamine (621-64-7) ug/L <0.50 U <1.00 U <1.00U <0.50 U <1.00U <1.00U
Pentachlorophenol (87-86-5) ug/L <1.00U <1.00 U <2.00U <1.00U <1.00U <2.00U
Phenanthrene (85-01-8) ug/L <0.50 U <1.00 U <1.00U <0.50 U <1.00U <1.00U
Phenol (108-95-2) ug/L <0.50 U <2.00U <2.00 U <0.50 U <2.00U <2.00U
Pyrene (129-00-0) ug/L <0.50 U <1.00 U <1.00 U <0.50 U <1.00U <1.00U
Pyridine (110-86-1) ug/L <0.50 U <1.00U <1.00 U <0.50 U <1.00U <1.00U
Squalene (111-02-4) ug/L <1.00 U <2.00U <2.00 U <1.00U <2.00U <2.00U
Terpiniol (98-55-5) ug/L <0.50 U <1.00 U <1.00 U <0.50 U <1.00U <1.00U
tri-(2-butoxyethyl) phosphate (78-51-3) ug/L <1.00U <1.00 U <1.00U <1.00U <1.00U <1.00U
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Table B-6 Sample Results - Semivolatile Organic Compounds (Washington County, Pennsylvania)

Sample GWO06 GWO06 GWO06 GWO07 GWO07

Sample Date 7/26/11 3/24/12 5/19/13 7/26/11 5/19/13

Parameter (CAS Number) Unit Round 1 Round 2 Round 3 Round 1 Round 3
Fluoranthene (206-44-0) ug/L <0.50 U <1.00 U <1.00U <0.50 U <1.00U
Fluorene (86-73-7) ug/L <0.50 U <1.00 U <1.00U <0.50 U <1.00U
Hexachlorobenzene (118-74-1) ug/L <0.50 U <1.00 U <1.00U <0.50 U <1.00U
Hexachlorobutadiene (87-68-3) ug/L <1.00U <1.00 U <1.00U <1.00U <1.00U
Hexachlorocyclopentadiene (77-47-4) ug/L <0.50 U <1.00 U <1.00U <0.50 U <1.00U
Hexachloroethane (67-72-1) ug/L <1.00U, J&I| <1.00U <1.00U <1.00U, J&I| <1.00U
Indeno(1,2,3-cd)pyrene (193-39-5) ug/L <0.50 U <1.00 U <1.00U <0.50 U <1.00U
Isophorone (78-59-1) ug/L <0.50 U <1.00 U <1.00U <0.50 U <1.00U
Naphthalene (91-20-3) ug/L <0.50 U <1.00 U <1.00U <0.50 U <1.00U
Nitrobenzene (98-95-3) ug/L <0.50 U <1.00 U <1.00U <0.50 U <1.00U
N-nitrosodimethylamine (62-75-9) ug/L <0.50 U <0.50 U <1.00U <0.50 U <1.00U
N-nitrosodi-n-propylamine (621-64-7) ug/L <0.50 U <1.00 U <1.00U <0.50 U <1.00U
Pentachlorophenol (87-86-5) ug/L <1.00U <1.00 U <2.00U <1.00U <2.00U
Phenanthrene (85-01-8) ug/L <0.50 U <1.00 U <1.00U <0.50 U <1.00U
Phenol (108-95-2) ug/L 1.39 <2.00U <2.00U <0.50 U <2.00U
Pyrene (129-00-0) ug/L <0.50 U <1.00 U <1.00 U <0.50 U <1.00U
Pyridine (110-86-1) ug/L <0.50 U <1.00 U <1.00 U <0.50 U <1.00U
Squalene (111-02-4) ug/L <1.00U <2.00U <2.00U <1.00U <2.00U
Terpiniol (98-55-5) ug/L <0.50 U <1.00 U <1.00 U <0.50 U <1.00U
tri-(2-butoxyethyl) phosphate (78-51-3) ug/L <1.00U <1.00 U <1.00U <1.00U <1.00U




Table B-6 Sample Results - Semivolatile Organic Compounds (Washington County, Pennsylvania)

Parameter (CAS Number)

Sample
Sample Date
Unit

GWO08
7/27/11
Round 1

GWO08
3/24/12
Round 2

GWO08
5/19/13
Round 3

GWO09
7/27/11
Round 1

GWO09
5/17/13
Round 3

GW10
7/27/11
Round 1

B-74

GW10
3/26/12
Round 2

Fluoranthene (206-44-0) ug/L <0.50U, JB| <1.00U <1.00U <0.50U, JBl| <1.00U <0.50 U, JBI| <1.00U
Fluorene (86-73-7) ug/L <0.50U, JA| <1.00U <1.00 U <0.50U, JBI| <1.00U <0.50 U, JBI| <1.00U
Hexachlorobenzene (118-74-1) ug/L <0.50 U, J&I| <1.00U <1.00U <0.50 U, J&I| <1.00U <0.50 U, J&I| <1.00U
Hexachlorobutadiene (87-68-3) ug/L <1.00U, J&| <1.00U <1.00U <1.00U, J&| <1.00U <1.00 U, J&I| <1.00U
Hexachlorocyclopentadiene (77-47-4) ug/L <0.50 U, Ja| <1.00U <1.00 U <0.50 U, J&I| <1.00U <0.50 U, J&I| <1.00U
Hexachloroethane (67-72-1) ug/L <1.00U, J&| <1.00U <1.00 U <1.00U, J&I| <1.00U <1.00 U, J&I| <1.00U
Indeno(1,2,3-cd)pyrene (193-39-5) ug/L <0.50 U, JBI| <1.00U <1.00U <0.50 U, J&| <1.00U <0.50 U, J&I| <1.00U
Isophorone (78-59-1) ug/L <0.50U, J&I| <1.00U <1.00U <0.50U, J&| <1.00U <0.50U, J&I| <1.00U
Naphthalene (91-20-3) ug/L <0.50 U, JBI| <1.00U <1.00U <0.50U, Ja| <1.00U <0.50 U, J&I| <1.00U
Nitrobenzene (98-95-3) ug/L <0.50 U, JBI| <1.00U <1.00U <0.50U, J@| <1.00U <0.50U, JB| <1.00U
N-nitrosodimethylamine (62-75-9) ug/L <0.50 U, J&I| <0.50U <1.00 U <0.50 U, J&I| <1.00U <0.50 U, J&I| <0.50U
N-nitrosodi-n-propylamine (621-64-7) pg/L <0.50 U, J&I| <1.00U <1.00 U <0.50 U, J&I| <1.00U <0.50 U, JBI| <1.00U
Pentachlorophenol (87-86-5) ug/L <1.00U, J&I| <1.00U <2.00U <1.00U, J&I| <2.00U <1.00U, J&I| <1.00U
Phenanthrene (85-01-8) ug/L <0.50U, J&| <1.00U <1.00U <0.50U, J&| <1.00U <0.50U, J&I| <1.00U
Phenol (108-95-2) ug/L <0.50 U, J&| <2.00U <2.00U <0.50 U, JA| <2.00U <0.50 U, JAI| <2.00U
Pyrene (129-00-0) ug/L <0.50 U, J&| <1.00U <1.00U <0.50U,JA| <1.00U <0.50 U, JA| <1.00U
Pyridine (110-86-1) ug/L <0.50 U, Ja| <1.00U <1.00U <0.50U,Ja| <1.00U <0.50 U, JA| <1.00U
Squalene (111-02-4) ug/L <1.00U,Ja| <2.00U <2.00U <1.00U,JA| <2.00U <1.00U,JAI| <2.00U
Terpiniol (98-55-5) ug/L <0.50 U, Ja| <1.00U <1.00U <0.50U,Ja| <1.00U <0.50 U, JAI| <1.00U
tri-(2-butoxyethyl) phosphate (78-51-3) ug/L <1.00U, J&| <1.00U <1.00U <1.00U,J&a| <1.00U <1.00U, J&a| <1.00U




Table B-6 Sample Results - Semivolatile Organic Compounds (Washington County, Pennsylvania)

Parameter (CAS Number)

Sample
Sample Date

Unit

GW11
7/28/11
Round 1

GW11
3/26/12
Round 2

GW12
7/28/11
Round 1

GW12
3/25/12
Round 2

GW13
7/28/11
Round 1

GW13
3/24/12
Round 2

B-75

GW13
5/20/13
Round 3

Fluoranthene (206-44-0) ug/L <0.50U, JA| <1.00U <0.50U, JA| <1.00U <0.50U,J@| <1.00U <1.00U
Fluorene (86-73-7) ug/L <0.50U, JA| <1.00U <0.50U, JA| <1.00U <0.50U, JA| <1.00U <1.00U
Hexachlorobenzene (118-74-1) ug/L <0.50 U, J&@| <1.00U <0.50 U, J&I| <1.00U <0.50 U, J&| <1.00U <1.00U
Hexachlorobutadiene (87-68-3) ug/L <1.00U, J&| <1.00U <1.00U, J&| <1.00U <1.00U, J&| <1.00U <1.00U
Hexachlorocyclopentadiene (77-47-4) ug/L <0.50 U, J&I| <1.00U <0.50 U, JBI| <1.00U <0.50 U, J&I| <1.00U <1.00U
Hexachloroethane (67-72-1) ug/L <1.00U,Ja| <1.00U <1.00U, J&| <1.00U <1.00U,JAa| <1.00U <1.00U
Indeno(1,2,3-cd)pyrene (193-39-5) ug/L <0.50 U, J&I| <1.00U <0.50 U, JBI| <1.00U <0.50U, J&I| <1.00U <1.00U
Isophorone (78-59-1) ug/L <0.50U,J&| <1.00U <0.50U, J&| <1.00U <0.50U,Ja| <1.00U <1.00U
Naphthalene (91-20-3) ug/L <0.50 U, JB| <1.00U <0.50 U, JBI| <1.00U <0.50 U, Ja| <1.00U <1.00U
Nitrobenzene (98-95-3) ug/L <0.50U, JBI| <1.00U <0.50 U, JBI| <1.00U <0.50U, )@l <1.00U <1.00U
N-nitrosodimethylamine (62-75-9) ug/L <0.50 U, J&I| <0.50U <0.50 U, J&I| <0.50U <0.50 U, JBI| <0.50U <1.00U
N-nitrosodi-n-propylamine (621-64-7) pg/L <0.50 U, J&I| <1.00U <0.50 U, J&I| <1.00U <0.50U, JBI| <1.00U <1.00U
Pentachlorophenol (87-86-5) ug/L <1.00U, J&| <1.00U <1.00U, J&I| <1.00U <1.00U, J&| <1.00U <2.00U
Phenanthrene (85-01-8) ug/L <0.50U, J&| <1.00U <0.50U, J&| <1.00U <0.50U,Ja| <1.00U <1.00U
Phenol (108-95-2) ug/L 1.31 )@ <2.00U | <0.50U,JA| <2.00U | <0.50U,J&| <2.00U <2.00U
Pyrene (129-00-0) ug/L <0.50U,Ja| <1.00U | <0.50U,JA| <1.00U | <0.50U,JE| <1.00U <1.00U
Pyridine (110-86-1) ug/L <0.50 U, Ja| <1.00U <0.50U,JB| <1.00U | <0.50U,J&| <1.00U <1.00U
Squalene (111-02-4) ug/L <1.00U,Ja| <2.00U <1.00U,JR| <2.00U | <1.00U,J&| <2.00U <2.00U
Terpiniol (98-55-5) ug/L <0.50 U, Ja| <1.00U <0.50U,JRI| <1.00U | <0.50U,JA| <1.00U <1.00 U
tri-(2-butoxyethyl) phosphate (78-51-3) ug/L <1.00U, J&| <1.00U <1.00U, J&a| <1.00U <1.00U, J&| <1.00U <1.00U
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Table B-6 Sample Results - Semivolatile Organic Compounds (Washington County, Pennsylvania)

Sample GW14 GW14 GW15 GW16 GW17 GW18 GW19
Sample Date 3/27/12 5/20/13 3/25/12 3/27/12 3/27/12 5/20/13 5/20/13
Parameter (CAS Number) Unit Round 2 Round 3 Round 2 Round 2 Round 2 Round 3 Round 3
Fluoranthene (206-44-0) ug/L <1.00U <1.00 U <1.00U <1.00 U <1.00U NS NS
Fluorene (86-73-7) ug/L <1.00U <1.00 U <1.00U <1.00 U <1.00U NS NS
Hexachlorobenzene (118-74-1) ug/L <1.00U <1.00 U <1.00U <1.00 U <1.00U NS NS
Hexachlorobutadiene (87-68-3) ug/L <1.00U <1.00 U <1.00U <1.00 U <1.00U NS NS
Hexachlorocyclopentadiene (77-47-4) ug/L <1.00U <1.00 U <1.00U <1.00 U <1.00U NS NS
Hexachloroethane (67-72-1) ug/L <1.00U <1.00 U <1.00U <1.00 U <1.00U NS NS
Indeno(1,2,3-cd)pyrene (193-39-5) ug/L <1.00U <1.00 U <1.00U <1.00 U <1.00U NS NS
Isophorone (78-59-1) ug/L <1.00U <1.00 U <1.00U <1.00 U <1.00U NS NS
Naphthalene (91-20-3) ug/L <1.00U <1.00 U <1.00U <1.00 U <1.00U NS NS
Nitrobenzene (98-95-3) ug/L <1.00U <1.00 U <1.00U <1.00 U <1.00U NS NS
N-nitrosodimethylamine (62-75-9) ug/L <0.50 U <1.00 U <0.50 U <0.50 U <0.50 U NS NS
N-nitrosodi-n-propylamine (621-64-7) ug/L <1.00U <1.00 U <1.00U <1.00 U <1.00U NS NS
Pentachlorophenol (87-86-5) ug/L <1.00U <2.00U <1.00U <1.00 U <1.00U NS NS
Phenanthrene (85-01-8) ug/L <1.00U <1.00 U <1.00U <1.00 U <1.00U NS NS
Phenol (108-95-2) ug/L <2.00U <2.00U <2.00U <2.00U <2.00U NS NS
Pyrene (129-00-0) ug/L <1.00 U <1.00 U <1.00U <1.00U <1.00U NS NS
Pyridine (110-86-1) ug/L <1.00 U <1.00 U <1.00 U <1.00 U <1.00U NS NS
Squalene (111-02-4) ug/L <2.00 U <2.00U <2.00 U <2.00U <2.00U NS NS
Terpiniol (98-55-5) ug/L <1.00 U <1.00 U <1.00U <1.00 U <1.00U NS NS
tri-(2-butoxyethyl) phosphate (78-51-3) ug/L <1.00U <1.00 U <1.00U <1.00 U <1.00U NS NS




Table B-6 Sample Results - Semivolatile Organic Compounds (Washington County, Pennsylvania)

Parameter (CAS Number)

Sample
Sample Date

Unit

SWo1
7/25/11
Round 1

SWo1
5/18/13
Round 3

SW02
7/25/11
Round 1

SW02
3/23/12
Round 2

SW02
5/18/13
Round 3

SWo03
7/27/11
Round 1

B-77

SWo03
3/26/12
Round 2

Fluoranthene (206-44-0) ug/L <0.50U <1.00U <0.50U <1.00U <1.00U <0.50 U, JBI| <1.00U
Fluorene (86-73-7) ug/L <0.50U <1.00U <0.50U <1.00U <1.00U <0.50 U, JBI| <1.00U
Hexachlorobenzene (118-74-1) ug/L <0.50 U <1.00 U <0.50 U <1.00U <1.00U <0.50 U, J&I| <1.00U
Hexachlorobutadiene (87-68-3) ug/L <1.00U <1.00 U <1.00U <1.00U <1.00U <1.00U, J&I| <1.00U
Hexachlorocyclopentadiene (77-47-4) ug/L <0.50 U <1.00 U <0.50 U <1.00U <1.00U <0.50 U, J&I| <1.00U
Hexachloroethane (67-72-1) ug/L <1.00U, J&I| <1.00U <1.00U, J&I| <1.00U <1.00U <1.00U, J&I| <1.00U
Indeno(1,2,3-cd)pyrene (193-39-5) ug/L <0.50 U <1.00 U <0.50 U <1.00U <1.00U <0.50 U, J&I| <1.00U
Isophorone (78-59-1) ug/L <0.50 U <1.00 U <0.50 U <1.00U <1.00U <0.50 U, J&I| <1.00U
Naphthalene (91-20-3) ug/L <0.50 U <1.00 U <0.50 U <1.00 U <1.00U <0.50 U, JEI| <1.00U
Nitrobenzene (98-95-3) ug/L <0.50U <1.00 U <0.50U <1.00U <1.00U <0.50 U, J&I| <1.00U
N-nitrosodimethylamine (62-75-9) ug/L <0.50 U <1.00 U <0.50 U <0.50 U <1.00U <0.50 U, J&I| <0.50U
N-nitrosodi-n-propylamine (621-64-7) ug/L <0.50 U <1.00 U <0.50 U <1.00U <1.00U <0.50 U, J&I| <1.00U
Pentachlorophenol (87-86-5) ug/L <1.00U <2.00U <1.00U <1.00U <2.00U <1.00U, J&I| <1.00U
Phenanthrene (85-01-8) ug/L <0.50 U <1.00 U <0.50 U <1.00U <1.00U <0.50 U, J&I| <1.00U
Phenol (108-95-2) ug/L <0.50 U <2.00U <0.50U <2.00U <2.00U | <0.50U,JR&| <2.00U
Pyrene (129-00-0) ug/L <0.50 U <1.00 U <0.50 U <1.00 U <1.00U | <0.50U,J&| <1.00U
Pyridine (110-86-1) ug/L <0.50 U <1.00 U <0.50 U <1.00 U <1.00U | <0.50U,J&| <1.00U
Squalene (111-02-4) ug/L <1.00 U <2.00U <1.00U <2.00U <2.00U | <1.00U,JR| <2.00U
Terpiniol (98-55-5) ug/L <0.50 U <1.00 U <0.50 U <1.00U <1.00U | <0.50U,J&| <1.00U
tri-(2-butoxyethyl) phosphate (78-51-3) ug/L <1.00U <1.00 U <1.00U <1.00U <1.00U <1.00U, J&| <1.00U




B-78
Table B-7 Sample Results - Water Isotopes, Strontium Isotopes, and Radiological Parameters (Washington County,

Pennsylvania)
Sample GWo01 GWo1 GWO02 GWO02 GWO03 GWO03 GWO03
Sample Date 7/25/11  5/17/13  7/25/11  5/18/13  7/25/11  3/23/12  5/20/13
Parameter Unit Round 1 Round 3 Round 1 Round 3 Round 1 Round 2 Round 3
Water Isotopes
8°H %o -54.96 -54.59 -54.93 -56.02 -54.95 -53.90 -56.40
80 %o -9.01 -8.60 -9.01 -8.66 -9.04 -8.42 -8.85
Strontium Isotopes
Sr pg/L 516 483 448 443 719 525 568
Rb ug/L <0.5 <1 <0.5 <1 0.70 0.64 <1
¥sr/%sr Atom Ratio | 0.711222 | 0.711221 | 0.711229 | 0.711236 | 0.711634 | 0.711549 | 0.711571
1/Sr L/ug 0.0019 0.00207 0.0022 0.00226 0.0014 0.00190 0.00176
Rb/Sr Weight Ratio NR NR NR NR 0.0010 0.001219 NR
Radiological Parameters
Gross Alpha pCi/L NA <3.0U NA <3.0U NA <3.0U <3.0U
Gross Beta pCi/L NA <4.0U NA <4.0U NA <4.0U <4.0U
Radium-226 pCi/L NA <1.0U NA <1.0U NA <1.0U <1.0U
Radium-228 pCi/L NA <1.0U NA <1.0U NA <1.0U <1.0U
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Table B-7 Sample Results - Water Isotopes, Strontium Isotopes, and Radiological Parameters (Washington County,

Pennsylvania)
Sample GWO04 GWO04 GWO04 GWO05 GWO05 GWO05 GWO06 GWO06 GWO06
Sample Date 7/25/11 3/23/12 5/18/13 7/26/11 3/23/12 5/17/13 7/26/11 3/24/12 5/19/13
Parameter Unit Round 1 Round 2 Round 3 Round 1 Round 2 Round 3 Round 1 Round 2 Round 3
Water Isotopes
8°H %o -54.57 -53.09 -54.65 -54.60 -52.52 -56.97 -53.84 -52.07 -54.23
80 %o -8.88 -8.29 -8.59 -8.10 -8.25 -8.97 -7.47 -8.36 -8.54
Strontium Isotopes
Sr pg/L 810 779 888 1550 1050 1190 197 626 216
Rb pg/L 1.0 0.80 <1 1.0 1.3 1.1 0.8 1.2 <1
#sr /%05y Atom Ratio | 0.711614 | 0.711619 | 0.711629 | 0.711733 NR 0.711710 | 0.711706 | 0.711694 | 0.711675
1/Sr L/ug 0.0012 0.00128 0.00113 0.0006 0.00095 0.00084 0.0051 0.00160 0.00463
Rb/Sr Weight Ratio 0.0012 0.001027 NR 0.0006 0.001238 0.000924 0.0041 0.001917 NR
Radiological Parameters
Gross Alpha pCi/L NA <3.0U <3.0U NA <3.0U <3.0U NA <3.0U <3.0U
Gross Beta pCi/L NA <4.0U <4.0U NA <4.0U <4.0U NA <4.0U <4.0U
Radium-226 pCi/L NA <1.0U <1.0U NA <1.0U <1.0U NA <1.0U <1.0U
Radium-228 pCi/L NA <1.0U <1.0U NA <1.0U <1.0U NA <1.0U <1.0U
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Table B-7 Sample Results - Water Isotopes, Strontium Isotopes, and Radiological Parameters (Washington County,

Pennsylvania)
Sample GWO07 GWO07 GWO08 GWo08 GWO08 GWO09 GWO09 GW10 GW10
Sample Date 7/26/11  5/19/13  7/27/11  3/24/12  5/19/13  7/27/11  5/17/13  7/27/11  3/26/12
Parameter Unit Round 1 Round 3 Round 1 Round 2 Round 3 Round 1 Round 3 Round 1 Round 2
Water Isotopes
&°H %o -53.88 -55.97 -54.01 -53.14 -54.22 -54.83 -55.34 -53.40 -51.85
80 %o -7.75 -8.72 -7.80 -8.40 -8.67 -8.50 -8.74 -7.71 -8.16
Strontium Isotopes
Sr pg/L 204 213 229 200 214 388 581 689 570
Rb pg/L <0.5 <1 2.2 1.9 1.4 0.8 2.6 1.0 1.1
¥sr/%sr Atom Ratio | 0.711858 | 0.711852 | 0.711499 | 0.711536 | 0.711557 | 0.711092 | 0.711538 | 0.712666 | 0.712645
1/Sr L/ug 0.0049 0.00469 0.0044 0.00500 0.00467 0.0026 0.00172 0.0015 0.00175
Rb/Sr Weight Ratio NR NR 0.0096 0.009500 | 0.006542 0.0021 0.004475 0.0015 0.001930
Radiological Parameters
Gross Alpha pCi/L NA <3.0U NA <3.0U <3.0U NA 6.3 NA <3.0U
Gross Beta pCi/L NA <40U NA <4.0U <4.0U NA 10.3 NA <4.0U
Radium-226 pCi/L NA <1.0U NA <1.0U <1.0U NA <1.0U NA <1.0U
Radium-228 pCi/L NA <1.0U NA <1.0U <1.0U NA <1.0U NA <1.0U
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Table B-7 Sample Results - Water Isotopes, Strontium Isotopes, and Radiological Parameters (Washington County,

Pennsylvania)
Sample GW11 GW11 GW12 GW12 GW13 GW13 GW13 GW14 GW14
Sample Date 7/28/11 3/26/12 7/28/11 3/25/12 7/28/11 3/24/12 5/20/13 3/27/12 5/20/13
Parameter Unit Round 1 Round 2 Round 1 Round 2 Round 1 Round 2 Round 3 Round 2 Round 3
Water Isotopes
8°H %o -54.07 -52.93 -53.91 -51.76 -54.25 -53.18 -54.20 -52.67 -55.04
80 %o -7.59 -8.21 -8.39 -8.29 -8.42 -8.38 -8.57 -8.28 -8.67
Strontium Isotopes
Sr pg/L 306 301 294 159 811 699 592 509 467
Rb pg/L 0.8 0.82 0.6 0.72 <1 0.83 <2 0.47 <2
#sr /%05y Atom Ratio | 0.712993 | 0.713013 | 0.712413 | 0.712448 | 0.711904 | 0.711940 | 0.711955 | 0.712120 | 0.712126
1/Sr L/ug 0.0033 0.00332 0.0034 0.00629 0.0012 0.00143 0.00169 0.00196 0.00214
Rb/Sr Weight Ratio 0.0026 0.002724 0.0020 0.004528 NR 0.001187 NR 0.000923 NR
Radiological Parameters
Gross Alpha pCi/L NA <3.0U NA <3.0U NA <3.0U <3.0U <3.0U <3.0U
Gross Beta pCi/L NA <4.0U NA <4.0U NA <4.0U <4.0U <4.0U <4.0U
Radium-226 pCi/L NA <1.0U NA <1.0U NA <1.0U <1.0U <1.0U <1.0U
Radium-228 pCi/L NA <1.0U NA <1.0U NA <1.0U <1.0U <1.0U <1.0U
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Table B-7 Sample Results - Water Isotopes, Strontium Isotopes, and Radiological Parameters (Washington County,
Pennsylvania)

Sample GW15 GW16 GW17 GW18 GW19
Sample Date 3/25/12 3/27/12 3/27/12 5/20/13 5/20/13

Parameter Unit Round 2 Round 2 Round 2 Round 3 Round 3

Water Isotopes

8°H %o -53.26 -52.18 -52.64 -59.00 -55.25
80 %o -8.46 -8.30 -8.25 -9.14 -8.80
Strontium Isotopes

Sr pg/L 211 243 64.9 NS NS
Rb pg/L 0.40 0.63 0.83 NS NS
¥7sr/%sr Atom Ratio | 0.711983 | 0.712797 | 0.712210 NS NS
1/Sr L/ug 0.00474 0.00412 0.01541 NS NS
Rb/Sr Weight Ratio| 0.001896 | 0.002593 0.012789 NS NS
Radiological Parameters

Gross Alpha pCi/L <3.0U <3.0U <3.0U NS NS
Gross Beta pCi/L <4.0U <4.0U <4.0U NS NS
Radium-226 pCi/L <1.0U <1.0U <1.0U NS NS
Radium-228 pCi/L <1.0U <1.0U <1.0U NS NS
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Table B-7 Sample Results - Water Isotopes, Strontium Isotopes, and Radiological Parameters (Washington County,

Pennsylvania)
Sample SwWo1 Swo1 SWo02 SWo02 SWo02 SWo03 SWo3
Sample Date 7/25/11 5/18/13 7/25/11 3/23/12 5/18/13 7/27/11 3/26/12
Parameter Unit Round 1 Round 3 Round 1 Round 2 Round 3 Round 1 Round 2
Water Isotopes
8°H %o -55.08 -56.18 -53.72 -51.67 -55.94 -54.16 -53.63
80 %o -9.00 -8.81 -8.03 -8.20 -8.83 -8.20 -8.50
Strontium Isotopes
Sr pg/L 774 622 380 605 313 374 336
Rb pg/L <0.5 <1 0.6 0.54 <1 <0.5 0.20
#sr /%05y Atom Ratio | 0.711421 | 0.711372 | 0.711506 | 0.711100 | 0.711491 | 0.712527 | 0.712556
1/Sr L/ug 0.0013 0.00161 0.0026 0.00165 0.00319 0.0027 0.00298
Rb/Sr Weight Ratio NR NR 0.0016 0.000893 NR NR 0.000595
Radiological Parameters
Gross Alpha pCi/L NA <3.0U NA <3.0U <3.0U NA <3.0U
Gross Beta pCi/L NA <4.0U NA <4.0U <4.0U NA <4.0U
Radium-226 pCi/L NA <1.0U NA <1.0U <1.0U NA <1.0U
Radium-228 pCi/L NA <1.0U NA <1.0U <1.0U NA <1.0U




Table B-8 Sample Results - Isotech Gas Isotopes (Washington County, Pennsylvania)

Sample GWO01 GWo01 GWO02 GWO02 GWO03 GWo03 GWO03
Sample Date 7/25/11 5/17/13 7/25/11 5/18/13 7/25/11 3/23/12 5/20/13
Parameter Unit Round 1 Round 3 Round 1 Round 3 Round 1 Round 2 Round 3
Helium % NR NR NR NR NR NR NR
Hydrogen % NR ND NR ND NR ND ND
Argon % 1.54 1.70 1.68 1.74 1.40 1.50 1.36
Oxygen % 4.30 1.30 5.02 1.46 24.89 20.55 27.33
Carbon dioxide % 6.94 10.26 5.52 6.82 4.46 7.51 5.25
Nitrogen % 87.22 86.74 87.78 89.98 69.23 70.40 66.06
Carbon monoxide % ND ND ND ND 0.018 0.038 ND
Methane % ND 0.0014 0.0031 0.0033 ND 0.0021 0.0014
Ethane % ND ND ND ND ND ND ND
Ethene % ND ND ND ND ND ND ND
Propane % ND ND ND ND ND ND ND
Isobutane % ND ND ND ND ND ND ND
Normal Butane % ND ND ND ND ND ND ND
Isopentane % ND ND ND ND ND ND ND
Normal Pentane % ND ND ND ND ND ND ND
Hexane Plus % ND ND ND ND ND ND ND
613CCH4 %o NR NR NR NR NR NR NR
62HCH4 %o NR NR NR NR NR NR NR
513Ccsz %o NR NR NR NR NR NR NR
613CDIC %o -15.10 -15.0 -14.60 -14.6 -13.56 -14.67 -13.9
Specific Gravity 1.018 1.033 1.012 1.014 1.032 1.043 1.039
BTU 0 0 0 0 0 0 0
Helium dilution factor 0.70 0.78 0.71 0.76 0.70 0.71 0.72
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Table B-8 Sample Results - Isotech Gas Isotopes (Washington County, Pennsylvania)
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Sample GWO04 GWo04 GWO04 GWO05 GWO05 GWO05 GWO06 GWO06 GWO06
Sample Date 7/25/11 3/23/12 5/18/13 7/26/11 3/23/12 5/17/13 7/26/11 3/24/12 5/19/13
Parameter Unit Round 1 Round 2 Round 3 Round 1 Round 2 Round 3 Round 1 Round 2 Round 3

Helium % NR NR NR NR ND NR NR NR NR
Hydrogen % NR ND ND NR ND ND NR ND ND
Argon % 1.63 1.72 1.70 1.51 1.4 1.47 1.21 1.45 1.16
Oxygen % 6.69 4.21 2.09 10.89 20.93 10.83 4.26 2.73 0.24
Carbon dioxide % 5.51 5.13 5.81 12.06 12.74 14.47 0.79 6.16 2.32
Nitrogen % 86.00 88.75 90.12 75.54 64.91 73.23 65.43 85.04 65.09
Carbon monoxide % ND ND ND ND 0.023 ND 0.007 ND ND
Methane % 0.169 0.193 0.284 ND 0.0011 0.0012 28.29 4.62 31.18
Ethane % ND ND ND ND ND ND 0.0151 0.0038 0.011
Ethene % ND ND ND ND ND ND ND ND ND
Propane % ND ND ND ND ND ND ND ND ND
Isobutane % ND ND ND ND ND ND ND ND ND
Normal Butane % ND ND ND ND ND ND ND ND ND
Isopentane % ND ND ND ND ND ND ND ND ND
Normal Pentane % ND ND ND ND ND ND ND ND ND
Hexane Plus % ND ND ND ND ND ND ND ND ND
§"Ceug %o NR NR NR NR NR NR -55.34 -52.51 -55.16
62HCH4 %o NR NR NR NR NR NR -175.9 -160.9 -179.4
513Ccsz %o NR NR NR NR NR NR NR NR NR
613CDIc %o -16.66 -16.46 -15.7 -13.04 -14.77 -13.5 -11.38 -13.14 -11.4
Specific Gravity 1.013 1.008 1.008 1.055 1.07 1.068 0.866 0.992 0.856
BTU 2 2 3 0 0 0 287 47 316
Helium dilution factor 0.72 0.75 0.75 0.69 0.72 0.74 0.66 0.71 0.68




Table B-8 Sample Results - Isotech Gas Isotopes (Washington County, Pennsylvania)
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Sample GWO07 GWO07 GWO08 GWO08 GWO08 GWO09 GWO09 GW10 GW10
Sample Date 7/26/11 5/19/13 7/27/11 3/24/12 5/19/13 7/27/11 5/17/13 7/27/11 3/26/12
Parameter Unit Round 1 Round 3 Round 1 Round 2 Round 3 Round 1 Round 3 Round 1 Round 2
Helium % NR NR NR NR NR NR NR NR NR
Hydrogen % NR ND NR ND ND NR ND NR ND
Argon % 1.48 1.49 1.50 1.59 1.59 1.43 1.42 1.41 1.38
Oxygen % 15.86 12.00 20.18 19.67 14.84 26.67 24.16 16.24 21.31
Carbon dioxide % 8.31 9.10 3.17 2.99 2.48 3.97 4.36 8.29 7.75
Nitrogen % 74.33 77.41 75.11 75.70 81.09 67.92 70.05 74.05 69.53
Carbon monoxide % 0.018 ND 0.044 0.036 ND 0.014 ND 0.012 0.031
Methane % ND 0.0010 ND 0.0121 0.0027 ND 0.0051 ND 0.0011
Ethane % ND ND ND ND ND ND ND ND ND
Ethene % ND ND ND ND ND ND ND ND ND
Propane % ND ND ND ND ND ND ND ND ND
Isobutane % ND ND ND ND ND ND ND ND ND
Normal Butane % ND ND ND ND ND ND ND ND ND
Isopentane % ND ND ND ND ND ND ND ND ND
Normal Pentane % ND ND ND ND ND ND ND ND ND
Hexane Plus % ND ND ND ND ND ND ND ND ND
§Ca %o NR NR NR NR NR NR NR NR NR
62HCH4 %o NR NR NR NR NR NR NR NR NR
8"Cope %o NR NR NR NR NR NR NR NR NR
613CDIC %o -17.59 -17.6 -14.37 -14.55 -14.4 -14.19 -13.2 -15.65 -16.03
Specific Gravity 1.041 1.040 1.019 1.017 1.008 1.032 1.030 1.041 1.045
BTU 0 0 0 0 0 0 0 0 0
Helium dilution factor 0.68 0.70 0.72 0.72 0.73 0.70 0.72 0.70 0.73




Table B-8 Sample Results - Isotech Gas Isotopes (Washington County, Pennsylvania)
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Sample GW11 GW11 GW12 GW12 GW13 GW13 GW13 GW14 GW14
Sample Date 7/28/11 3/26/12 7/28/11 3/25/12 7/28/11 3/24/12 5/20/13 3/27/12 5/20/13
Parameter Unit Round 1 Round 2 Round 1 Round 2 Round 1 Round 2 Round 3 Round 2 Round 3
Helium % NR NR NR NR NR NR NR NR NR
Hydrogen % NR ND NR ND NR ND ND ND ND
Argon % 1.55 1.60 1.51 1.56 1.33 1.42 1.38 1.54 1.52
Oxygen % 4.69 3.89 10.07 15.85 25.55 26.17 27.73 21.12 16.97
Carbon dioxide % 6.59 6.85 6.63 7.74 6.04 6.07 3.87 4.38 7.02
Nitrogen % 87.17 87.66 81.78 74.82 67.08 66.34 67.02 72.94 74.48
Carbon monoxide % ND ND 0.015 0.031 ND ND ND ND ND
Methane % ND 0.0014 ND 0.0007 ND ND 0.0019 0.0151 0.0117
Ethane % ND ND ND ND ND ND ND ND ND
Ethene % ND ND ND ND ND ND ND ND ND
Propane % ND ND ND ND ND ND ND ND ND
Isobutane % ND ND ND ND ND ND ND ND ND
Normal Butane % ND ND ND ND ND ND ND ND ND
Isopentane % ND ND ND ND ND ND ND ND ND
Normal Pentane % ND ND ND ND ND ND ND ND ND
Hexane Plus % ND ND ND ND ND ND ND ND ND
§Ca %o NR NR NR NR NR NR NR NR NR
62HCH4 %o NR NR NR NR NR NR NR NR NR
8" Copns %o NR NR NR NR NR NR NR NR NR
613CDIc %o -14.28 -14.41 -16.34 -15.98 -15.74 -15.07 -14.4 -14.70 -14.7
Specific Gravity 1.016 1.017 1.024 1.038 1.041 1.043 1.032 1.027 1.036
BTU 0 0 0 0 0 0 0 0 0
Helium dilution factor 0.68 0.70 0.69 0.72 0.71 0.72 0.73 0.72 0.74
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Table B-8 Sample Results - Isotech Gas Isotopes (Washington County, Pennsylvania)

Sample GW15 GW16 GW17 GW18 GW19
Sample Date 3/25/12 3/27/12 3/27/12 5/20/13 5/20/13
Parameter Unit Round 2 Round 2 Round 2 Round 3 Round 3
Helium % NR NR NR NS NS
Hydrogen % ND ND ND NS NS
Argon % 1.49 1.36 0.581 NS NS
Oxygen % 21.85 20.43 2.31 NS NS
Carbon dioxide % 5.76 12.21 0.18 NS NS
Nitrogen % 70.88 65.98 21.96 NS NS
Carbon monoxide % 0.020 0.023 ND NS NS
Methane % 0.0011 0.0014 74.34 NS NS
Ethane % ND ND 0.631 NS NS
Ethene % ND ND ND NS NS
Propane % ND ND ND NS NS
Isobutane % ND ND ND NS NS
Normal Butane % ND ND ND NS NS
Isopentane % ND ND ND NS NS
Normal Pentane % ND ND ND NS NS
Hexane Plus % ND ND ND NS NS
8"Coug %o NR NR -76.02 NS NS
62HCH4 %o NR NR -238.8 NS NS
8"Cope %o NR NR NR NS NS
§Chc %o -15.20 -18.14 -7.79 NS NS
Specific Gravity 1.035 1.068 0.667 NS NS
BTU 0 0 765 NS NS
Helium dilution factor 0.73 0.71 0.63 NS NS




Table B-8 Sample Results - Isotech Gas Isotopes (Washington County, Pennsylvania)

Sample SWo01 SWo1 SW02 SW02 SW02 SWo03 SW03
Sample Date 7/25/11 5/18/13 7/25/11 3/23/12 5/18/13 7/27/11 3/26/12
Parameter Unit Round 1 Round 3 Round 1 Round 2 Round 3 Round 1 Round 2

Helium % NR NR NR NR NR NR NR
Hydrogen % NR ND NR ND ND NR ND
Argon % 1.39 1.44 1.38 1.38 1.31 1.40 1.45
Oxygen % 25.29 26.23 28.71 31.69 33.00 21.57 21.30
Carbon dioxide % 4.10 2.37 0.76 0.58 0.44 9.19 7.76
Nitrogen % 69.17 69.96 69.08 66.29 65.24 67.76 69.46
Carbon monoxide % 0.049 ND 0.050 0.050 ND 0.085 0.035
Methane % ND 0.0008 0.0205 0.0064 0.0135 ND ND
Ethane % ND ND ND ND ND ND ND
Ethene % ND ND ND ND ND ND ND
Propane % ND ND ND ND ND ND ND
Isobutane % ND ND ND ND ND ND ND
Normal Butane % ND ND ND ND ND ND ND
Isopentane % ND ND ND ND ND ND ND
Normal Pentane % ND ND ND ND ND ND ND
Hexane Plus % ND ND ND ND ND ND ND
613CCH4 %o NR NR NR NR NR NR NR
éSZHCH4 %o NR NR NR NR NR NR NR
8"Cope %o NR NR NR NR NR NR NR
613CDIc %o -14.41 -12.9 -12.83 -12.64 -11.9 -16.22 -15.71
Specific Gravity 1.030 1.022 1.017 1.020 1.020 1.053 1.045
BTU 0 0 0 0 0 0 0
Helium dilution factor 0.71 0.73 0.74 0.73 0.73 0.72 0.72
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C.1. Land Use

This section presents descriptions of land uses in Washington County as a whole, followed by
descriptions of land uses in and around the sampling points of this study. Building on information
provided in the Background section of this report, information on the use of planted/cultivated land can
be obtained from the Cropland Data Layer produced by the US Department of Agriculture’s National
Agricultural Statistics Service, which provides data on agricultural uses of land based on satellite imagery
and extensive agricultural ground checking of the imagery (US Department of Agriculture, 2012). Figure
C1 shows land uses, including the agricultural uses, in Washington County in 2012. Table C1 shows the
percentages of county land devoted to the largest agricultural uses. Alfalfa growing was the largest
agricultural land use accounting for approximately 19% of land in the county.

Turning to land use changes, data from the US Geological Survey’s National Land Cover Database for
1992 and 2006 are not directly comparable (US Geological Survey, 2012). However, it is possible to
compare data from 1992 to data from 2001, and to then compare data from 2001 to that from 2006 to
identify changes in land use in the 1992 to 2001 and 2001 to 2006 sub-periods (Multi-Resolution Land
Characteristics Consortium, 2013). Figure C2 shows land use changes between 1992 and 2001 and
between 2001 and 2006, respectively. Table C2 contains data on the changes in land use in the same
two sub-periods. It can be seen from the table that a very small proportion of the land in the county
changed use in each sub-period and that <1% of the county’s land was developed and thereby
converted to urban land in each sub-period.

This lack of significant change in land use is consistent with the relative stability of the county’s
population (i.e., an indicator of the intensity of land use) over decades as indicated by US Census data
(see Figure C3) (US Census Bureau, 2013a, 2013b, 2013c). In 2011, the population density in the county
was approximately 243 persons per square mile, as compared to approximately 285 persons per square
mile for the entire state (US Census Bureau, 2012a). In 2010, the percentage of the land in the county
taken up by urban areas (i.e., another indicator of the intensity of land use) was 11.8%, as compared to
10.5% for the entire state (US Census Bureau, 2012b).

Employment is another broad indicator of land use in the county. Table C3 identifies the largest
industries, by employment, in the county. Among the production industries (i.e., manufacturing, mining,
and utilities), manufacturing is the largest individual industry, accounting for just over 1 in 6 jobs in the
county.

C.2. Search Areas

C.2.1. Land Use

Figures C4 through C8, which were created using data from the National Land Cover Database, show
land use maps for Search Areas C, D, E, F and 7H, respectively, in 1992 and 2006. The search areas
encompass a 3-mile search radius in the Southern Area and 1-mile or 3-mile search radii around
sampling points in the Northern Area. These search areas are used to focus the analysis of land use
patterns and environmental records searches in the areas around the sampling points of this study.
Tables C4 through C8 contain data on land use in Search Areas C, D, E, F and 7H, respectively, in 1992
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and 2006. Although the data for land use in the two years are not comparable due to methodological
differences, they do indicate that forest cover and planted/cultivated land accounted for the vast
majority of land use in all of the search areas in both years.

C.2.2. Crop lLand

Figures C9 through C13 show land uses, including the agricultural uses of land, in Search Areas C, D, E, F,
and 7H, respectively, in 2012. Tables C9 through C13 show the percentages of land devoted to the
largest agricultural uses in Search Areas C, D, E, F and 7H, respectively. Alfalfa growing comprises the
largest agricultural land use in all of the search areas, with the percentage of land devoted to alfalfa
growing ranging from 24.5% in Search Area 7H to 53.6% in Search Area E.

C.2.3. Land Use Changes

Figures C14 through C18 show land use changes in Search Areas C, D, E, F and 7H, respectively, between
1992 and 2001 and between 2001 and 2006. Tables C14 through C18 present the changes in land use in
the two sub-periods. The tables show that, in general, only a tiny proportion of the land in the search
areas changed use in either sub-period. In the particular case of Search Area E, no land changed use
between 2001 and 2006.

C.3. Environmental Records Search

Environmental record searches for the Northern and Southern areas were obtained by Environmental
Data Resources, Inc. (EDR). EDR provides a service for searching publically available databases and also
provides data from their own proprietary databases. The database searches included records reviews of
several federal, state, tribal, and EDR proprietary environmental databases for the two study areas with
regard to the documented use, storage, or release of hazardous materials or petroleum products (see
Attachment 1). Record dates varied based on the particular database from which the record was
obtained. EDR began collecting a majority of the records in 1991 from the standard databases (State
Hazardous Sites Cleanup Act Site Lists [SHWS]; Landfills [LF]; Leaking Underground Storage Tanks [LUST];
Underground Storage Tanks [UST]; Resource Conservation and Recovery Act [RCRA]; National Priority
List [NPL]; Comprehensive Environmental Response, Compensation and Liability Information System
[CERCLIS]; etc.). However, some databases (e.g., Spills) may have records dating back to the 1980s.

The record search areas were based on 1- and 3-mile-radius search areas centered around a single
sampling point or a cluster of EPA sampling points. These search areas were chosen based on
professional judgment considering the large size of the study area, as described below:

! Note: Environmental Data Resources Inc. (EDR) does not search the EnviroFacts and its associated EnviroMapper databases,

but searches 19 of the 20 environmental databases covered by EnviroFacts, either as standalone databases (such as
CERCLIS, RCRA, TSCA, etc.) or as databases searched as part of the Facility Index System/Facility Registry System (FINDS)
database. The only EnviroFacts database that is not reviewed as part of an EDR search is the Cleanups in My Community
(Cleanup) database, which maps and lists areas where hazardous waste is being or has been cleaned up throughout the
United States. However, it is likely the information in the Cleanup database is also found in other databases that are part of
EDR searches.
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1. In general, a 3-mile search radius extended from either a specific production well (e.g., the 7H
well for the Southern Area) or the mean center point based on the sample cluster locations
(Northern Area).

2. Inthe Northern Area, there were sample points beyond the 3-mile radius. In those cases, an
additional 1-mile radius was generated for each extraneous point that was not clustered with
other points.

3. Lastly, if a sample point was less than 1 mile from the edge of the 3-mile search radius, they
were considered an extraneous point and a 1-mile radius was used.

The identified records included historically contaminated properties; businesses that use, generate,
transport, or dispose of hazardous materials or petroleum products in their operations; active
contaminated sites that are currently under assessment and/or remediation; sites that have NPDES and
SPDES permits; and active and abandoned mines and landfills. All properties listed in the Environmental
Records Search Report were reviewed and screened based on the EDR record search findings to
determine whether they are potential candidate causes. The criteria used for the screening included
relevant environmental information (including, but not limited to, notices of violations, current and
historical use of the site, materials and wastes at the site, releases and/or spills) and distance from the
sampling points.

Sites that could not be mapped due to poor or inadequate address information were not included on
the EDR Radius Map. However, EDR, determined that based on the limited address information
available, it is possible that these sites could be located within the stated search radius (e.g., zip code
listed within searched radius) and are listed on the Environmental Records Search Report as “orphan
sites.” Even though they were not mappable, the orphan sites were screened to the extent possible
based on limited information on those sites available through additional searches of the databases listed
above and information obtained through internet searches (i.e., EPA and eFACTS Web sites).

C.3.1. Oil and Gas Well Inventory

Well inventories were prepared for the same search areas described above for the EDR reports and for
the land use analysis. All oil and gas wells within these areas were selected for review. Specific focus
was placed on wells within 1 mile of EPA sampling locations. Information was obtained from desktop
surveys performed using searchable state agency databases. The oldest well spud date identified in this
study was June 1982.

C.3.2. State Record Summary

The Pennsylvania Department of Environmental Protection (PADEP) Web site containing Pennsylvania’s
Environment Facility Application Compliance Tracking System (eFACTS at
http://www.ahs.dep.pa.gov/eFACTSWeb/criteria_site.aspx) was used to find up-to-date well records for

wells within the search radii. The database provides information on inspection and pollution prevention
visits, including a listing of all inspections that have occurred at each well on record, whether violations
were noted, and any enforcement that may have resulted. The system provides multiple options to
search for records. Due to the large number of wells in each study area, this record search was
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performed only on oil and gas wells within a 1-mile radius of each EPA sampling point. Not all of the
state’s records are included in the state’s electronic database. Access to additional paper records can be
obtained by appointment only from the particular state regional office. The oldest violation identified
by the desktop survey for this investigation is from April 1987.

C.4. Evaluation of Data for the Northern Area

C.4.1. Northern Area EDR Search Results

Four separate search radii (search areas) were established to perform database searches that captured
all 11 EPA sampling points (see Figure C19). The search radii for Search Areas C, D, E, and F ranged from
1 to 3 miles. The database search located 30 mapped sites within these search areas. An additional 140
orphan sites were identified during the searches. Orphan sites are those sites with poor locational
information in the databases that may or may not exist outside the actual search radius. EPA attempted
to locate these sites with information available in the reports and through internet searches to aid in
determining the potential of these sites as a candidate cause. The evaluation of records is summarized
in Tables C19 through C22.

Of the 170 sites contained in the EDR reports, only 33 were retained as potential candidate causes. Sites
were retained only if they were within a plausible distance from an EPA sampling point (i.e., a distance
the contaminant could plausibly migrate from the source to the sampling location. In this case, EPA
conservatively chose a 2-mile radius) and consisted of an incident that involved a contaminant(s) of
concern (petroleum product, brine, or fracturing fluid constituent). The following is a summary of the
potential candidate causes and the databases used to identify them:

e US MINES and MINES - Two databases were used to identify mines: US MINES, which is
maintained by the United States Department of Energy and includes all mine identification
numbers issued for mines active or opened since 1971 and violation information; and MINES,
which is maintained by the Pennsylvania Spatial Data Access (PASDA) and includes the
approximate locations of Abandoned Mine Land Problem Areas containing public health, safety,
and public welfare problems created by past coal mining. Abandoned and active mine lands can
contribute to poor water quality over large areas and thus are retained as a potential candidate
cause until more data, such as hydrologic framework, can be evaluated to make a more accurate
determination. One US Mines site was retained and is located in Search Area F within about 0.4
miles of SWPAGWO09.

e Comprehensive Environmental Response, Compensation, and Liability Information System
(CERCLIS)/CERCLIS - No Further Remedial Action Planned (NFRAP) - These databases contain
sites that are, or were, under evaluation for inclusion in the National Priority List
(NPL)/Superfund Program because of a potential uncontrolled release of hazardous waste. A
total of two CERCLIS sites were retained, one in Search Area C (orphan site) and the other site in
Search Area F (orphan site). The orphan site in Search Area F was also listed in the FINDS
database. However, the location information for both sites could not be accurately determined
based on information in the report or information found through internet searches. Additional
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location information and information in regards to the status of the potential uncontrolled
hazardous waste release is needed for these sites.

e Emergency Response Notification System (ERNS) - This database records and stores
information on reported releases of oil and hazardous substances. A total of 13 ERNS subject
sites were retained, with one site in Search Area C, five sites in Search Area D, one site in Search
Area E, and six sites in Search Area F. One of the sites in Search Area F was also listed in the VCP
and FINDS databases. The ERNS records may include multiple calls about the same property
over time. The emergency response records included releases of natural gas, methanol,
unknown causes of diesel and other air odors, aboveground storage tank (AST) explosion,
ground water contamination, and leaks of unknown substances.

e Historic Landfills (HIST LF) - This database contains a listing of inactive non-hazardous facilities,
solid waste facilities, or abandoned landfills, although portions of this database are no longer
maintained by the PADEP. Two HIST LF sites were retained, one site in Search Area C (orphan
site) and one site in Search Area D (orphan site), primarily because the location could not be
determined. Without further information about these landfills, particularly their locations, they
cannot be ruled out as potential contributors to ground water quality impacts.

e UST/LUST/AST Storage Tanks - Includes sites listed in one of three databases: Underground
Storage Tank (UST), which contains a list of registered USTs regulated under the Resource
Conservation and Recovery Act (RCRA); Leaking Underground Storage Tank (LUST) Incident
Reports, which contains an inventory of reported leaking USTs that comes from the Department
of Environmental Resources’ list of confirmed releases; and Aboveground Storage Tank (AST),
which contains a list of registered ASTs from the PADEP’s listing of Pennsylvania regulated ASTs.
A total of six UST sites (three in Search Area F, two in Search Area C, and one in Search Area D),
two LUST (one in Search Area F and one in Search Area C), and three AST sites (one each in
Search Areas E, D, and F) were retained. Besides a known leaking UST in Search Area F, the
other 10 sites were orphans included as potential contributors to ground water quality impacts
due to their proximity to the nearest sampling point or because the location could not be
determined.

e US Hist Auto STAT - This database is a select list of business directories of potential gas
station/filling station/service station sites that were available to EDR that may not show up in
current government record searches. A total of three US HIST Auto STAT sites were retained, all
of which are located in Search Area F, as potential gas station/filling station/service station sites
and were included as potential contributors to ground water quality impacts due to their
proximity to the nearest sampling point. One of the sites was also listed in the NPDES, FINDS,
and Manifest databases.

e  Facility Index System (FINDS) - This database contains both facility information and other
sources of information from the EPA/National Technical Information Service (NTIS). Two
different FIND sites were retained, both of which are located in Search Area F: one site involves
a gas station with an NPDES permit, and the other involves violations related to the improper
storage of the flammable liquids in tanks that lacked sufficiently sized venting capability and
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maintenance of the thief hatches. Both sites were included as potential contributors to ground
water quality impacts due to their proximity to the nearest sampling point.

C.4.2. Oil and Gas Well Inventory Summary

As described above, the EPA sampling locations were compared to the distance to the inventory of wells
identified in the PADEP oil and gas well database files as of May 20, 2013(see Table C23).

The Northern Area of Washington County was split into four distinct regions, designated as “Search C”
through “Search F” (see Figure C19). There are 188 oil and gas wells in these four search areas, of which
108 are within 1 mile of EPA sampling points (see Table C24).

In addition to obtaining well inventory data, Google Earth Aerial Imagery from 1988 to 2012 was
reviewed to determine whether impoundments or reserve pits associated with oil and gas wells were
present in the study area. Prior to 2008, no impoundments/reserve pits were visible in the aerial images
that were reviewed. However, since these features are relatively short-term and the time frame
between the images can span multiple years, additional impoundments/reserve pits could have been
present but not captured by the available imagery. Since 2008, at least 24 impoundments and 10
reserve pits were identified in the study area. Most of these impoundments/reserve pits were installed
after 2010; however, at least three impoundments were installed in 2008. The distances of the
impoundments/reserve pits from the EPA sampling locations are identified in Table C25, and the
locations relative to the search areas are shown on Figure C20. The specific use of each impoundment is
unknown; however, impoundments are generally used to store fresh water for hydraulic fracturing, and
are later mixed with treated flowback fluids (brines and spent hydraulic fracturing fluid) from the
hydraulic fracturing process. In addition, many of the well pads contain, or previously contained,
reserve pits, which are generally used for drill cuttings.

In summary, numerous oil and gas production wells are located in the study area, most well pads
contain/contained a reserve pit, and many of the well pads were associated with an impoundment.
However, all of the impoundments/reserve pits identified from the aerial imagery are located within
Search Areas C, D, and F. The presence of numerous oil and gas wells, reserve pits, and impoundments
increases the probability of one or more of these features to be a potential source of contamination.

C.4.3. State Record Summary

Notice of Violations. The notice of violation records within a 1-mile radius of Search Areas C, D, E, and F
included 96 oil and gas wells scattered throughout the following townships: Canton - 7, Cross Creek - 19,
Hopewell - 9, and Mount Pleasant - 61 (see Table C26). Nine of the wells are listed as inactive or
plugged. No violations were reported for 86 of the wells; however, violations were reported for the
remaining 25 wells and 2 impoundments. All of the violations noted in eFACTS for these wells are listed
as corrected or abated, with the exception of two instances where the resolution was not listed and four
instances where Legacy Data was listed in the resolution field. Fines ranging from $17,500 to $58,000
were applied for some of these violations (although these fines may reflect violations at multiple
facilities).
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The following details for the most notable violations that could be linked to a candidate cause are
summarized in Table C27 along with the distance of the violation from the nearest EPA sampling points:

e LOWRY WILLIAM UNIT 3H - A violation involving the discharge of industrial waste, including drill
cuttings, oil, brine, and/or silt was noted during an inspection performed as a result of an
incident-response to accident or event stream for well LOWRY WILLIAM UNIT 3H, located in
Hopewell Township (Search Area C) in February 2010. The EPA sampling point closest to this
unit is SWPAGWO0S8 (0.8 miles to the southeast).

e ALEXANDER UNIT 2 - A similar violation involving the discharge of industrial waste, including
drill cuttings, oil, brine, and/or silt was noted during an inspection performed in March 2008 due
to a complaint about well ALEXANDER UNIT 2, located in Mount Pleasant Township (Search Area
D). During this inspection, a second violation involving the discharge of pollutional material to
waters of the Commonwealth was noted. The sampling points closest to this unit are
SWPAGWO0?2 (0.6 miles to the southeast), SWPASWO01 (0.6 miles to the southeast), SWPAGWO01
(0.8 miles to the southeast), and SWPAGWO03 1.8 miles to the northwest. The EPA surface water
sampling location is approximately 50 feet lower in elevation than the point of discharge;
however, the sampling location was a small stream with no apparent connection to the spill site.

e CHRISTMAN UNIT 2 - A violation involving the discharge of pollutional material to waters of the
Commonwealth was noted for CHRISTMAN UNIT 2, located in Cross Creek Township (Search
Area F), during a site restoration inspection performed in April 2008. The EPA sampling points
closest to this unit are SWPAGWOS5 (1 mile to the north/northeast), SWPAGWO06 (1.9 miles to
the northwest), SWPAGWO07 (1.8 miles to the northwest), and SWPAGWO09 (1.9 miles to the
northwest).

e COWDEN 47H - A violation involving the discharge of pollutional material to waters of the
Commonwealth was also noted for COWDEN 47H, located in Cross Creek Township (Search Area
F), during a site restoration inspection performed in April 2008. The EPA sampling points closest
to this unit are SWPAGWO06 (0.9 miles to the northwest), SWPAGWO07 (0.8 miles to the
northwest), SWPAGWO09 (0.9 miles to the northwest), and SWPAGWOS5 (1.6 miles to the
northeast).

e OHIO VALLEY LBC Unit 8H - Failure to properly store, transport, process or dispose of a residual
waste, and failure to properly control or dispose of industrial or residual waste to prevent
pollution of waters of the Commonwealth in Search Area F. The EPA sampling points closest to
this unit are SWPAGWO05 (0.4 miles to the west) and SWPAGWO03 (0.9 miles to the northeast).

e BEST IMPOUNDMENT DAM - Impoundment not structurally sound, impermeable, 3"-party
protected, greater than 20 inches of seasonal high ground water table (March 17, 2010) in
Search area D. The EPA sampling point closest to this impoundment is SWPAGWO08 (0.1 miles to
the west).

e CARTER IMPOUNDMENT - Failure to properly store, transport, process or dispose of a residual
waste, and failure to properly control or dispose of industrial or residual waste to prevent
pollution of waters of the Commonwealth in Search Area E. The EPA sampling points closest to
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this impoundment are SWPAGWO04 (0.3 miles to south/southeast) and SWPASWO02 (0.4 miles to
the south/southeast).

Each of these violations could be a potential candidate cause.

C.5. Evaluation of Data for the Southern Area

C.5.1. Southern Area EDR Search Results

The environmental database search for the Southern Area was completed using one 3-mile search
radius (Site-7H Search) centered around the Yeager 7H well at Latitude 40.0915270 (40° 5’ 29.40") and
Longitude 80.2281111 (80° 13" 41.16") (see Figure C19). This center point was used to efficiently
capture information for a cluster of sampling points in the Southern Area. EDR located a total of 27 sites
within the 3-mile search radius. An additional 18 orphan sites were identified during the searches. EPA
attempted to locate these sites with information available in the reports and through internet searches
to aid in determining the potential of these sites as a candidate cause. The evaluation of records is
summarized in Table C28.

Of the 45 sites, a total of 22 records (16 sites) were retained as potential candidate causes and were
identified in the databases described below:

o US MINES and MINES - Two databases were used to identify mines: US MINES, which is
maintained by the United States Department of Energy and includes all mine identification
numbers issued for mines active or opened since 1971 and violation information; and MINES,
which is maintained by the Pennsylvania Spatial Data Access (PASDA) and includes the
approximate location of Abandoned Mine Land Problem Areas containing public health, safety,
and public welfare problems created by past coal mining. Abandoned and active mine lands can
contribute to poor water quality over large areas and thus are retained as a potential candidate
cause until more data, such as hydrologic framework, can be evaluated to make a more accurate
determination. Two abandoned mine land sites were retained, both located approximately 1.5
miles northeast from sampling location SWPAGW13.

e Comprehensive Environmental Response, Compensation, and Liability Information System
(CERCLIS)/CERCLIS-No Further Remedial Action Planned (NFRAP) - These databases contain sites
that are under, or were under, evaluation for inclusion on the National Priority List
(NPL)/Superfund Program because of a potential uncontrolled release of hazardous waste. One
orphan CERCLIS landfill site was retained, the location of which could not be accurately
determined based on information in the report. Without further information about this landfill,
particularly the location, it cannot be ruled out as a potential contributor to ground water
quality impacts.

o Emergency Response Notification System (ERNS) - This database records and stores
information on reported releases of oil and hazardous substances. The ERNS records may
include multiple calls about the same property over time. Two ERNS records (also in the Spills
database) were retained that included incidents reported from an address near the Yeager
impoundment regarding Range Resources notifications of releases to the ground and/or water
from a frac water retaining pond and a tanker. The site of the releases is likely the Yeager
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impoundment. Another cluster of ERNS records was reported from a different address (0.5
miles east of Yeager 7H) regarding a frac pond overflowing into the stream system on the
property.

e UST/LUST/AST Storage Tanks - Includes sites listed in one of three databases: Underground
Storage Tank (UST) contains a list of registered USTs regulated under the Resource Conservation
and Recovery Act (RCRA); Leaking Underground Storage Tank (LUST) Incident Reports contains
an inventory of reported leaking USTs that comes from the PADEP list of confirmed releases;
and Aboveground Storage Tank (AST) contains list of registered ASTs from the PADEP listing of
Pennsylvania regulated ASTs. A total of one UST and two LUST sites were retained. Two leaking
USTs (one gasoline and one diesel) are located approximately 1.2 miles from the sampling
points, with the other two orphan sites included as potential contributors to ground water
quality impacts due to their proximity to the nearest sampling point or because the location
could not be determined.

e US Hist STAT Auto - This database is a select list of business directories of potential gas
station/filling station/service station sites that were available to EDR that may not show up in
current government record searches. A total of four US HIST Auto STAT sites were retained as
potential gas station/filling station/service station sites and were included as potential
contributors to ground water quality impacts due to their proximity to the nearest sampling
point. One of these sites was also listed in the RCRA-Small Quantity Generator, FINDS, and
Manifest databases.

e Facility Index System (FINDS) - This database contains both facility information and other
sources of information from the EPA/NTIS. Two FIND sites were retained. One was an orphan
site that involved a violation for not submitting a discharge monitoring report for discharging
gasoline-contaminated water from a remediation system. This site was included as a potential
contributor to ground water quality impacts due to its proximity to the nearest sampling point.
The other site is a compressor station 0.68 miles southeast of SWPAGW11. No details were
reported, but compressor stations could be a source of contamination.

e Manifest Sites - This database includes sites that have used