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EXECUTIVE SUMMARY

The following report reviews and provides recommendations for a long-term
groundwater monitoring network for the Kearsarge Metallurgical Corporation Superfund
site (KMC site). The KMC site is a former foundry and metal fabrication facility in
Conway, New Hampshire, listed on the National Priorities List (NPL) in 1984. The
facility operated between 1964 and 1982, using chlorinated solvents to clean metal
surfaces. Waste management practices during this time resulted in a residual groundwater
plume in the shallow subsurface. Extensive remedial actions have been implemented, and
the site is currently in a long-term operation and maintenance (O&M) phase.

The primary goal of developing an optimized groundwater monitoring strategy at the
KMC site is to create a dataset that fully supports site management decisions relating to
the long-term remedial strategy and reuse options for the property.

In the following report, the current KMC site groundwater monitoring network has been
evaluated using a formal qualitative approach as well as statistical tools found in the
Monitoring and Remediation Optimization System software (MAROS). The evaluation
of the monitoring system included data collected both prior to and during active
groundwater extraction (1983 - 2005) and after cessation of the extraction remedy (2006 -
2009). Network recommendations are made for groundwater sampling frequency and
location based on lines of evidence developed from qualitative factors as well as
statistical results.

Qualitative considerations for the KMC site include hydrogeologic conditions as
described in Summary/Update Regarding Ste Conceptual Model Kearsarge
Metallurgical Corporation (GeoTrans 2009). KMC site hydrogeology is complex, with
radial groundwater flow, variable depth to the confining layer, and fluctuating
groundwater levels. Additional qualitative factors considered during the analysis include
anticipated future property use, source attenuation processes, as well as the long-term
monitoring (LTM) goals for the site. Lines of evidence from MAROS statistical results
were interpreted along with qualitative factors in order to account for the complexities of
the site. The report outlines recommendations based on the formal evaluation, but final
determination of sampling locations and frequencies are to be decided by the overseeing
regulatory agencies.

Site Groundwater Monitoring Goals and Objectives

A groundwater extraction and treatment system was operated at KMC between 1993 and
2005. In 2003, a large area of residual soil contamination was excavated and disposed
offsite. Active groundwater extraction stopped in 2005 in response to contaminant
concentrations falling below cleanup levels and due to the low rate of mass extraction
relative to the amount of groundwater removed. Since 2005, monitoring data have been
collected to evaluate the remaining groundwater plume under ambient conditions. Going
forward, primary monitoring goals for the program include: 1) confirming that
concentrations of constituents of concern (COCs) are declining; and 2) ensuring that
COCs are not migrating horizontally beyond the current extent of affected groundwater.
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Project Goals and Objectives

The goal of the long-term monitoring optimization (LTMO) process is to review the
current groundwater monitoring program and provide recommendations for improving
the efficiency and accuracy of the network in supporting site monitoring objectives.
Specifically, the LTMO process provides information on the site characterization,
stability of the plume, sufficiency and redundancy of monitoring locations and the
appropriate frequency of sampling. The end product of the LTMO process at the KMC
site is a recommendation for specific sampling locations and frequencies that best address
monitoring goals and support future management and redevelopment decisions (see
Figure 9 for the final network recommendations).

Results

Statistical analysis and qualitative review of KMC site analytical data have been
conducted and the following general conclusions have been developed based on the
results of these analyses:

. Historical remedial activities have diminished the size of the plume. In the years
since discontinuation of extraction remedy, the majority of monitoring locations
show either no detections of contaminants of concern (COCs) or show low or
decreasing concentrations of COCs.

- Biotic and abiotic degradation pathways are active at the site. Historically,
biological degradation of 1,1,1-trichloroethane (1,1,1-TCA) to 1,1-dichloroethane
(1,1-DCA) and chloroethane has been active in the eastern area of the site.
Currently, abiotic degradation of 1,1,1-TCA, producing 1,1-dichloroethene (1,1-
DCE), is the dominant degradation process at the site, especially in the western
area of the plume. Due to its relatively low cleanup level (7 ug/L, the U.S. EPA
MCL), 1,1-DCE is the priority groundwater contaminant at the site.

« Two areas of the plume show increasing concentration trends. The area around
well MW-3008 near the drainage culvert shows a strongly increasing trend for
1,1-DCE. The area in the vicinity of MW-3003 shows increasing trends for 1,1,1-
TCA and 1,1-DCE. These two areas are priorities for the monitoring effort. Areas
of the plume north and south of the source excavation show largely decreasing
trends and very low concentrations, and are of lower monitoring priority.

« Monitoring Well Redundancy/Sufficiency: Spatial analysis indicates that there is
monitoring well redundancy on the edges of the plume and in the Hobbs Street
Area. No excess concentration uncertainty requiring new monitoring locations
was found in the aerial extent of the plume.

« Reduced Sampling Freguency: The statistical sampling frequency analysis along
with a qualitative review indicated that a reduced sampling frequency may be
appropriate for many wells in the network. With the exception of MW-3003 and
MW-3008; MW-3009 concentrations are changing very slowly and frequent
monitoring does not provide unique information.

. Satistically “ clean” locations: The following locations have adequate analytical
data to confirm that groundwater in the area has attained the cleanup goals for all



constituents: EW-01, EW-02, EW-06, MW-202A, MW-211, MW-3004, MW-
3005, MW-3007, MW-9, and PZ-4004.

Recommendations

The following recommendations are made based on the results of the qualitative and
quantitative review of data received, with findings summarized above and in Sections 2
and 3 below.

« Eliminate Wells from Monitoring Program: Eliminate ten wells from routine
monitoring: EW-01, EW-10, MW-203A, MW-205, MW-211; MW-3007, MW-
5001; MW-8, MW-9 and PZ-4003. These locations provide redundant
information for the routine monitoring program. The recommendation is not to
plug and abandon the wells, as they may provide useful hydrogeologic data.
These wells may be included in the future network if they address specific
regulatory requirements related to monitoring the boundary of the groundwater
management zone. No additional new wells are recommended.

« Reduce Sampling Frequency: Annual sampling is recommended for the majority
of the monitoring locations, and is recommended for wells that delineate or serve
as point of compliance (POC) locations. Five locations are recommended for
semiannual sampling: MW-3006, MW-3003, MW-3008, MW-3009 and MW-
3010. Semiannual sampling is recommended for wells that indicate residual
source strength and to develop a statistically significant dataset (MW-3006), to
track historic high concentrations (MW-3008 and MW-3010) and to monitor
increasing concentration trends (MW-3003, MW-3008 and MW-3009).

« Areasof concern: Groundwater in the area of MW-3003 shows increasing
concentration trends and flow in this region is to the west.

. Source, Sentry and Compliance Monitoring Locations: Wells recommended to
evaluate continued attenuation of the source include: MW-3003; MW-3006; MW-
3008, MW-3009 and MW-3010. Wells recommended as sentry points, to indicate
a potentially expanding plume or threats to downgradient receptors, include MW-
5003, PZ-4002, EW-09; MW-3004, MW-3011, and MW-3004. Concentration
trend analysis is an appropriate analytical technique for interpreting data from
both source and sentry monitoring locations. Wells recommended to delineate the
plume or to demonstrate compliance with regulatory cleanup goals include: EW-
02, EW-03, EW-06, MW-202A, MW-206, MW-5002, MW-3004, MW-213, MW-
3005, and EW-13B. Delineation wells show no recent detections of site
contaminants or intermittent detections below cleanup goals.

« Surface water monitoring: The area between MW-3008 and the drainage culvert
shows a strongly increasing trend for 1,1-DCE. The drainage culvert may receive
discharge from shallow groundwater and appears to be a flow barrier for eastward
migration of the plume. Discharge to the drainage culvert should be monitored in
the region of MW-3008 in order to confirm that concentrations of contaminants
above surface water quality standards are not being released. Locations CB 7-8,
CB 6-7 and CB 5-6 should be monitored annually as POC locations to confirm
that excess concentrations of 1,1-DCE are not affecting surface water.



« Futurereductionsin monitoring effort may be possible after a larger dataset has
been collected and increasing trends at MW-3003 and MW-3008 have stabilized
or begin to decline.



1.0INTRODUCTION

The Kearsarge Metallurgical Corporation Superfund site (KMC site) is a National
Priorities Listed (NPL) site in Conway, New Hampshire. The site comprises a four-acre
former industrial property and an adjacent five-acre wetland. Historical metal casting and
foundry activities have resulted in residual groundwater contamination related to releases
of chlorinated solvents to a septic system. The site is bounded to the south by Pequawket
Pond which ultimately discharges to the Saco River. The site is bounded to the north by
industrial/commercial property, with Hobbs Street to the west/northwest and other
industrial properties to the north. A drainage culvert runs along the eastern side of the
property, discharging to Pequawket Pond. Wooded wetland property lies to the east of the
culvert (see Figurel).

KMC has undergone significant remedial activities since approval of the record of
decision (ROD) in 1990. A groundwater extraction and treatment system (pump and treat
[P&T]) was operated at the site between 1993 and 2005. In December 2005, the P&T
system was discontinued because groundwater concentrations of priority contaminants
dropped below cleanup goals, and the mass of contaminants being removed relative to the

volume of water pumped was very low (United States Army Corps of Engineers
[USACE] 2008).

At the KMC site, monitoring goals define why data are collected and how data will be
used to support site management decisions. Currently, groundwater monitoring efforts are
underway to evaluate ambient conditions after the cessation of active P&T. Groundwater
monitoring data will be used to evaluate whether monitored natural attenuation (MNA) is
an appropriate long-term remedy for residual contamination. Therefore, current
monitoring goals for the site include: 1) confirming that concentrations of constituents of
concern (COCs) remain below cleanup levels; 2) documenting changes to the
groundwater plume after excavation of a source area and cessation of the P&T system;
and 3) ensuring that COCs are not migrating horizontally beyond the current extent of
affected groundwater or beyond boundaries of the institutional control.

U.S. EPA Region 1 has requested GSI Environmental (GSI) under contract to EMS to
review the KMC site groundwater monitoring network and provide recommendations for
improving the efficiency and accuracy of the network for supporting site management
decisions during aquifer restoration. To this end, the following tasks have been
performed:

« Review monitoring objectives and overall remedial goals, and qualitatively
evaluate the ability of the monitoring network to achieve goals and objectives.

« Evaluate individual well concentration trends over time;

« Evaluate overall “plume stability” through concentration trend and moment
analysis;

« Develop sampling location recommendations based on a calculation of spatial
concentration uncertainty as well as a review of hydrogeologic features;

« Develop sampling frequency recommendations based on both qualitative and
quantitative statistical analysis results; and



« Evaluate individual well analytical data for statistical sufficiency and identify
locations that have achieved clean-up goals.

1.1 SITE BACKGROUND

Between 1900 and 1964, the KMC property was the site of a saw mill operation. In 1964,
the property was converted to a foundry for the manufacture of precision stainless steel
castings operated by KMC. During this time, chlorinated solvents such as 1,1,1-
trichloroethane (1,1,1-TCA) were used to clean metal surfaces, and waste solvents were
discharged to a septic system. In addition to chlorinated solvents, several types of waste
were generated at the site including ceramic materials, metal grindings, spent acids, and
caustic soda (U.S. EPA 1990). Chemical wastes were disposed of through the septic
system on the east side of the main KMC building. The septic system discharged to the
ground via a lower leach field oriented toward the current storm drainage system known
as the “Culvert Area.” Liquid wastes also were discharged toward the west, on property
owned by Carroll Reed Industries.

In the late 1970s KMC was directed by the State of New Hampshire to discontinue
disposal of wastes through the septic system. In 1982, the state began a hydrologic
investigation of the site. Groundwater monitoring wells were installed with sampling
results indicating significant quantities of dissolved chlorinated solvents in shallow
groundwater. KMC ceased foundry operations in 1982 and the site was added to the NPL
in 1984. A remedial investigation (RI) began in 1985 and the ROD was published in
September of 1990.

The KMC site conceptual model has been reviewed and summarized by GeoTrans in a
memorandum dated 15 May, 2009 (GeoTrans 2009). The memorandum identifies the key
aspects of site hydrogeology and how they impact the distribution of residual
groundwater contaminants. The most significant feature of site hydrogeology is a low
permeability, fine-grained silt layer that underlies the upper transmissive sand layer. The
depth to the fine-grained silt varies greatly across the site, causing variations in
groundwater flow and velocity. The silt layer lies near the surface on the east side of the
property and drops off sharply to the west of the site buildings. Variability in infiltration
caused by paved areas, along with the high rate of recharge to the shallow eastern area
also impact groundwater flow, resulting in a radial flow regime.

The shallow subsurface layer consists of sandy fill with residual saw dust from the mill
overlying a fine, silty sand with gravel. Under ambient conditions, groundwater flow in
the transmissive zone is radial, roughly outward from the former manufacturing and
waste release area. A groundwater mound currently exists between wells EW-13B and
PZ-4002. During the 1993 to 2005 time frame, groundwater flow was altered, inward
toward the extraction wells. Underlying the sand layer, the upper silt zone is composed of
a series of undulating layers including a thin, discontinuous, gray, silty fine sand, and a
tan clayey sand or silt layer of varying thickness (usually 2 to 4 feet in depth) (Weston
2008). Underlying these layers is the gray silt/clay aquitard. Variability in the thickness
of the thin upper layers of the silt may be responsible for some of the variability in
distribution of residual contamination.



Based on the depth to the fine-grained zone, the site can be divided conceptually into the
eastern Culvert Area and the western Hobbs Street Area. In the Culvert Area, the upper
transmissive zone extends 8 to 14 feet below ground surface (bgs), and groundwater
flows to the east. The hydraulic gradient in the upper sandy zone of the Culvert Area is
high, and groundwater velocity fast relative to flow to the west.

The drainage culvert is most likely a flow barrier to the spread of the plume to the east.
Groundwater appears to discharge to the culvert, but measured concentrations of
contaminants are low in water leading to Pequawket Pond located to the south. Low
concentrations in groundwater discharge are attributed to evaporation of constituents.
Groundwater discharge to the culvert is sampled at several points (CB5-6, CB6-7, CB7-8,
CB8-9, and CB10+) along the culvert. Water levels in Pequawket Pond are managed
seasonally, and can impact the potentiometric surface across the site.

Toward the west of the site, the surface sandy layer becomes deeper and coarser,
extending more than 40 ft in depth near Hobbs Street. The hydraulic gradient flattens as a
result of the increase in saturated thickness. Groundwater flow in this area is largely to
the north/northwest.

1.2 REGULATORY STATUSAND REMEDY

Initial groundwater sampling during the 1980s at KMC indicated the presence of volatile
organic compounds including 1,1,1-TCA and its daughter products 1,1-dichloroethene
(1,1-DCE) and 1,1-dichloroethane (1,1-DCA), as well as trichloroethene (TCE),
chloroform and some metals. Aqueous samples taken from the septic tank in 1989
indicated the presence of high concentrations of the 1,1,1-TCA anaerobic degradation
product 1,1-DCA.

Shallow groundwater at the site is classified as IIB, and is deemed to be suitable for
drinking water. Therefore, federal Maximum Contaminant Levels (MCLs) and Maximum
Contaminant Level Goals (MCLG) were established by the 1990 ROD as cleanup levels
for groundwater. The ROD identified cleanup levels for 1,1,1-TCA, 1,1-DCE, 1,1-DCA
TCE, 1,2-dichloroethane (1,2-DCA), chloroform, nickel and chromium. An explanation
of significant differences (ESD) (U.S. EPA 2003) published in 2003 adjusted the cleanup
goal for 1,1-DCA from 4 pg/L to 3650 ug/L. Current cleanup goals for site COCs are
listed in Table 2.

The ROD identified remedial action objectives (RAOs) for groundwater that include
minimizing further horizontal and vertical migration of contaminated groundwater,
minimizing any negative impact on Pequawket Pond resulting from discharge of affected
groundwater, and preventing the migration of contaminants from the septic system and
associated soils that could further degrade groundwater quality. The remedy chosen to
address the RAOs was designed to include source control, plume migration control and
long-term groundwater monitoring to evaluate progress toward attainment of cleanup
goals.



The chosen remedy included removal, treatment and disposal of surface waste piles, and
excavation of the septic tank and leach field as source control mechanisms. A
groundwater P&T system was installed in 1993 to remove contaminants and control
migration of the plume. The P&T system included groundwater extraction wells along
Hobbs Street and a small extraction trench and wells in the Culvert Area. The 2003 ESD
identified an area of low permeability soils downgradient of the former leach field in the
Culvert Area as a continuing source of contaminants. The ESD authorized excavation and
offsite disposal of the affected soils. As a result of excavation activities, the Culvert Area
P&T system was reconfigured in 2004 with one large extraction trench and a single new
extraction well (EW-13B) (see Figure 1). In 2004, the Hobbs Street P&T system was
discontinued as a result of groundwater having met cleanup goals. In 2005, the P&T
system in the Culvert Area was also discontinued.

Since 2005, groundwater at KMC has been monitored to evaluate any changes resulting
from cessation of active P&T. The site is in the process of being evaluated for an MNA
remedy to address both migration control and residual contaminant treatment.

Institutional controls (ICs) have been proposed for the site to prevent exposure of
possible receptors to affected groundwater. ICs will consist of fencing and other physical
barriers as well as a groundwater management zone (GMZ) established by judicial
enactment that would prevent drilling into groundwater zones affected by contaminants.
Designation of the boundaries of the GMZ is ongoing.

1.3 KEARSARGE SITE MONITORING OBJECTIVES

Monitoring objectives for the KMC site are not explicitly listed in site documents.
However, based on the site history and overall goals of the Superfund program, the
following monitoring objectives have been proposed for the KMC site:

« Delineate the extent of groundwater affected above cleanup goals;

« Monitor possible exposure pathways such as discharge to surface water bodies
(Pequawket Pond);

« Monitor the boundaries of the site (IC or GMZ boundaries) to ensure that
concentrations do not exceed regulatory limits in offsite locations;

« Monitor historical source areas to confirm attenuation of constituents and to
anticipate future source strength; and

« Monitor locations that may indicate plume migration or an impending exceedance
of regulatory levels at compliance or exposure points.

Recommendations developed in the following report for the KMC monitoring network
are designed to address the objectives listed above. Wells addressing objectives above
can be summarized into three basic categorizes: delineation or point of compliance (POC)
wells, source monitoring wells and flow path monitoring or sentry wells. Each well
recommended for the final monitoring network (see Table 7) has been identified as
addressing one or more of the monitoring objectives above. Because the GMZ has yet to
be recorded, the locations that address regulatory requirements related to monitoring the
GMZ are estimated.



20 QUALITATIVE REVIEW OF CONTAMINANT CHEMISTRY

1,1,1-TCA is the primary parent chlorinated solvent remaining in KMC site groundwater.
1,1,1-TCA is unique in that both biodegradation and abiotic chemical degradation
pathways determine its fate in the groundwater (Figure 2). Each pathway produces
different primary byproducts with very different cleanup standards. Microbial
degradation of 1,1,1-TCA generates 1,1-DCA (cleanup goal = 3650 pg/L) while
spontaneous abiotic degradation produces 1,1-DCE (cleanup goal = 7 pug/L) and acetic
acid (no drinking water standard). By assessing the relative strength of each of these
pathways in various parts of the plume, the persistence and future footprint of the plume
can be estimated.

1,1,1-TCA is degraded under anaerobic conditions by microorganisms through reductive
dechlorination. The primary product of biological degradation is 1,1-DCA (Vogel and
McCarty 1987). 1,1-DCA is further degraded to chloroethane by reductive
dechlorination. However, the second reaction is somewhat slower than 1,1,1-TCA
degradation as 1,1-DCA is more stable and less oxidized than its parent compound.
Chloroethane degrades quickly in the subsurface under both aerobic and anaerobic
conditions. The presence of 1,1-DCA and chloroethane in various locations within the
KMC plume is an indication of a history of active anaerobic degradation processes. More
labile contaminants (i.e., benzene), sewage, or residual organic matter from the sawmill
operation may have contributed organic matter to induce anaerobic conditions in the
shallow subsurface of the Culvert Area. At the KMC site, 1,1-DCA and chloroethane are
found frequently at locations MW-3008, MW-3010, and MW-203A. Anaerobic
degradation processes appear more active in the shallow groundwater of the Culvert Area
than in groundwater in the Hobbs Street plume.

Because the cleanup goal for 1,1-DCA is relatively high, the anaerobic transformation of
1,1,1-TCA represents a reduction in risk, a reduction in plume size and significant
progress toward site cleanup goals.

1,1,1-TCA also undergoes significant spontaneous abiotic degradation in water. Two
mechanisms dominate abiotic transformation (degradation) of 1,1,1-TCA: 1) -
elimination or dehydrohalogenation; and 2) hydrolysis by nucleophilic addition. The -
elimination reaction generates 1,1-DCE and accounts for approximately 20% of the
transformation product yield (Vogel and McCarty 1987). Nucleophilic substitution
generates acetic acid with approximately 80% yield, representing a significant destructive
mechanism for 1,1,1-TCA. Acetic acid is degraded very rapidly by microorganisms in the
subsurface, so is seldom detected. 1,1-DCE is degraded by reductive dechlorination to
vinyl chloride (Vogel and McCarty 1987), but the process is slow, and no vinyl chloride
has been detected at the site. Consequently, the formation of 1,1-DCE represents a more
recalcitrant compound with a lower cleanup standard, that may affect the ultimate size
and persistence of the groundwater plume.

The abiotic degradation process is not influenced by geochemical conditions such as the
presence or absence of oxygen (Vogel and McCarty 1987; Haag and Mill 1988; Jeffers,
Ward et al. 1989); therefore, spontaneous abiotic degradation occurs in both aerobic and



anaerobic environments at the same rate. The abiotic degradation rate for 1,1,1-TCA is
relatively fast, with degradation half-lives of 1.7, 1.1, and 2.5 years found in three studies
summarized by Wiedemeier et al. (Wiedemeier, Rifai et al. 1999). If groundwater
temperatures fall below 25°C, the rate of spontaneous degradation may be slower
(Schwarzenbach, Gschwend et al. 1993).

In order to visualize the relative contributions of the anaerobic and spontaneous
degradation pathways to 1,1,1-TCA degradation, trilateral diagrams have been
constructed using site analytical data (see Appendix C for an explanation). A trilateral
diagram is used to analyze how the parent compound (1,1,1-TCA) is being converted by
either the abiotic reaction (1,1-DCE) or the reductive dechlorination reaction (1,1-DCA)
at various locations and times. Trilateral diagrams are constructed by calculating the
percent (%) molar concentration of each constituent in the groundwater sample relative to
the total molar concentration of the three compounds. The relative % molar
concentrations are plotted on a three-sided graph, indicating the relative contribution of
each constituent to the whole. The location of the point on the trilateral diagram indicates
the ratio of contaminants at a particular spatial and/or temporal location in the plume. The
trilateral diagram does not indicate the total concentration of contaminant at the site (i.e.,
low-concentration wells and high-concentration wells are plotted the same way).

The trilateral diagram in Figure 3 indicates compound ratios for wells sampled in April
2009 (see Table 3 for concentrations and molar ratios). Locations with relatively more
1,1,1-TCA are indicated near the top of the triangle, whereas groundwater where abiotic
degradation processes dominate or have dominated (generating 1,1-DCE) are located to
the lower right. Locations where biodegradation is active (generating 1,1-DCA) appear to
the lower left.

Based on the 2009 data, different processes appear to have dominated in different areas
of the plume. Groundwater at MW-213 shows only parent 1,1,1-TCA, and therefore has
the possibility of generating 1,1-DCE over time. Location MW-203A and MW-3008
show relatively high concentrations of degradation products and, therefore, represent
groundwater where active degradation has been on-going for some time. The dominance
of 1,1-DCA at MW-203A indicates that biodegradation is causing the plume to shrink in
this area. Wells toward the center of the site in the area of groundwater mounding, show a
more even distribution of parent and daughter compounds (MW-3009 and MW-3010).
Overall, the data are arrayed on the graph such that wells closest to the source, showing
the highest amount of degradation, are near the bottom of the triangle, and wells father
from the source, with a greater percentage of parent compound, near the top.

Figure 4 compares compound ratios from wells in the east (Culvert Area), west (Hobbs
Street Area) and north parts of the plume between 2006 and 2009. Ratios for samples
taken 2006 to 2009 for each well are shown (the dates are not indicated on the graph). As
in Figure 3, samples in the Culvert Area near the former leach field (wells MW-203A,
MW-3008) show on-going biodegradation of 1,1,1-TCA. Groundwater in the north and
northwestern areas of the plume (PZ-4002 and MW-213) is dominated by the parent
compound 1,1,1-TCA, with some relative increase in 1,1-DCE to the west. Overall, wells
in the Hobbs Street Area show more stability in compound ratios over time.



Figure 5 highlights ratios for well MW-3008 for dates between October 2005 and April
2009. The figure shows that 1,1-DCE became a larger proportion and 1,1,1-TCA a
smaller portion of the total chlorinated solvent concentration between August 2006 and
April 2009. The data indicate that abiotic degradation processes are beginning to
dominate. Anaerobic biodegradation is still active, based on the continued generation of
1,1-DCA and chloroethane, but abiotic degradation appears to be occurring at a faster
rate. The historical compound ratios for this area are indicated by the results for EW-08
from March 2000.

Areas of the plume that show active biodegradation are less likely to cause expansion of
the footprint of groundwater exceeding cleanup standards, and are candidates for reduced
monitoring effort. Locations where 1,1,1-TCA dominates may require LTM effort as
1,1,1-TCA has the potential to generate 1,1-DCE, with a lower cleanup standard.
Locations where 1,1-DCE already dominates and 1,1,1-TCA concentrations are low are
more likely to demonstrate stable concentration trends over time due to the recalcitrance
of this compound. Locations with stable 1,1-DCE trends are also candidates for reduced
monitoring effort due to the slow rate of change.

Residual 1,1,1-TCA in the Hobbs Street Area (MW-213, MW-5003, and MW-3003) will
most likely continue to be a source of 1,1-DCE in the western area of the site. Depending
on the strength of attenuation processes specific to 1,1-DCE, 1,1-DCE concentrations
may increase slightly over time as 1,1,1-TCA degrades. Because the cleanup goal for 1,1-
DCE is significantly lower than that of 1,1,1-TCA continued generation of 1,1-DCE,
even with significant production of acetic acid, has the potential to cause an expansion of
groundwater above cleanup goals. Qualitatively, the monitoring networks in the Hobbs
Street Area and near MW-3008 are priorities for the site.

3.0MAROSEVALUATION

The MAROS 2.2 software was used to evaluate the LTM network at the KMC site.
MAROS is a collection of tools in one software package that is used to statistically
evaluate groundwater monitoring programs. The tool includes models, statistics, heuristic
rules, and empirical relationships to assist in optimizing a groundwater monitoring
network system. Results generated from the software tool can be used to develop lines of
evidence, which in combination with professional judgment, can be used to inform
regulatory decisions for safe and economical LTM of affected groundwater. A summary
description of each tool used in the analysis is provided in Appendix A of this report. For
a detailed description of the structure of the software, assumptions underpinning
statistical methods and further utilities, refer to the MAROS 2.2 Manual ((AFCEE 2004);
http://www.gsi-net.com/software/MAROS V2 2Manual.pdf) and Aziz et al., 2003 (Aziz,
Newell et al. 2003).

Groundwater data collected between 2006 and April 2009, the time period since total shut
down of the P&T systems, were used for the majority of statistical analyses. Additional
data collected in September 2009 were reviewed, but not included in the formal analysis.
Affected groundwater at KMC was evaluated as a single plume, despite radial



groundwater flow and the variability in saturated thickness and depth to the aquitard
between eastern and western zones. The majority of statistical analyses, including the
trend analyses and zeroth and first moments are not affected by the direction of
groundwater flow, so treating the plume as a single unit did not affect these calculations.
Additionally, affected groundwater was analyzed as a single plume because of the small
dataset since cessation of P&T (2006 - 2009) and the small number of wells that can be
grouped in any one groundwater flow direction. MAROS analyses that rely on a single
groundwater flow direction or seepage velocity (e.g. heuristic analyses, Second Moment)
have not been performed. A summary of wells evaluated is presented in Table 1 with
generalized aquifer specific input parameters for the MAROS software presented in
Table 2.

3.1COC CHOICE

MAROS includes a short module that provides recommendations on prioritizing COCs
plume-wide based on toxicity, prevalence, and mobility. 1,1-DCE is the priority
constituent at the KMC site. 1,1-DCE is the only constituent that significantly exceeds its
cleanup goal, exceeding the goal at the most individual monitoring locations across the
site. By comparison, other contaminants do not exceed cleanup goals on a plume-wide
basis. These results are consistent with the qualitative evaluation of priority constituents
in Section 2. Consequently, statistical results for 1,1-DCE were prioritized when
evaluating the monitoring network at KMC. A report showing results of the COC
prioritization is shown in Appendix B.

3.2PLUME STABILITY

Plume stability is an important concept in long-term site maintenance. A stable plume,
one that is predictable under ambient conditions, requires less monitoring effort than
plumes that are expanding or changing rapidly. Within MAROS, time-series
concentration data at individual wells and plume-wide trends are analyzed to develop a
conclusion about “plume stability”.

3.2.1 Individual Well Trends

Summary statistics, including maximum detected concentrations (1983 - 2009), detection
frequencies (2006 - 2009) and concentration trends for 1,1,-TCA and 1,1-DCE are shown
in Table 4. Historical maximum concentrations for 1,1-DCE and 1,1,1-TCA have been
normalized by the cleanup goals and plotted on Figures 6 and 7 in order to provide an
idea of probable long-term source areas for affected groundwater. Current concentrations
at most locations are below cleanup goals. Overall, TCE has not been detected since shut-
down of the P&T system (only one detection of TCE in the full dataset at EW-03).
Recent analytical data and plume contours have been illustrated in other site reports (see
Geotrans 2009 and Weston 2008).

Individual well concentration trends were determined using the Mann-Kendall (MK) and
linear regression methods for data collected between 2006 and 2009. A summary of trend
results is provided in the table below and in Table 4. Detailed reports for MK trends 2006



- 2009 and trends 1983 - 2009 for all wells and COCs are provided in Appendix B.
Results of the individual well MK trends (2006 - 2009) along with summary statistics for
1,1-DCE and 1,1,1-TCA are illustrated on Figures 6 and 7.

Constituent Total |Number and Percentage of Wells for Each Trend Category
Wells Non PD, D S I, Pl  |[No Trend | N/A

Detect
1,1,1-TCA 31 [12(39%) | 7 (23%) | 3(10%) | 1 (3%) | 3 (10%) |5 (16%)
1,1-DCE 31 [12(39%) | 5(16%) | 4 (13%) | 2 (6%) | 3 (10%) |5 (16%)
1,1-DCA 31 [ 12(39%) | 6 (19%) | 4 (13%) 0 4 (13%) |5 (16%)
Chloroethane 31 [19(61%) | 1(3%) | 2(6%) | 1(3%) | 3(10%) |5 (16%)

Note: Number and percentage of total wells in each category shown. Decreasing trend (D), Probably Decreasing trend
(PD), Stable (S), Probably Increasing trend (PI), and Increasing trend (1); (N/A) insufficient data to evaluate a trend.

Almost 40% of site wells show no detections for priority contaminants 2006 - 2009. Non-
detect locations address monitoring objectives for delineation of affected zones,
monitoring IC boundaries and as POCs. Because groundwater flow is radial, several
delineation or POC wells will be required going forward.

Concentrations of 1,1,1-TCA are decreasing at several locations including EW-06 and
MW-203A in the southeast and PZ-4002, PZ-4003, EW-09, MW-3010 and MW-3009
north of the excavation. Only MW-3003 shows an increasing trend for 1,1,1-TCA;
however the concentration is still below the cleanup level. The increasing trend for MW-
3003 began after cessation of the P&T system. The only location sampled in 2009 with
1,1,1-TCA above the screening level (200 pg/L) was MW-3010 in the Culvert Area,
which has a probably decreasing trend since