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1.0 INTRODUCTION

This Year 5 Annual Groundwater Monitoring Report (GMR) for the Area A Landfill [Site
2/Operable Unit (OU) 1] at the Naval Submarine Base New London (NSB-NLON) in Groton,
Connecticut was prepared for the U.S. Department of the Navy (Navy) by ECC under the
Comprehensive Long-Term Environmental Action Navy (CLEAN), Contract Number N62476-94-
D-0888, Céntract Task Order (CTO) 0816. Ali field activities were performed in accordance with
the approved Groundwater Monitoring Plan (GMP) for the Area A Landfill (Tetra Tech NUS, Inc.
[TINUS], 1999) and the approved recommendations of previous GMRs.

1.1 REPORT ORGANIZATION

This report consists of six sections. Section 1.0 provides a brief introduction and describes the
site characteristics and previous investigations. Section 2.0 provides the methodologies used to
perform the groundwater sampling. Section 3.0 presents the findings of the groundwater
monitoring and Section 4.0 offers a statistical evaluation of the data. Section 5.0 provides
conclusions for the fifth annual monitoring period and recommendations for future monitoring.
Section 6.0 includes references used in preparation of the report. Appendices B through F
contain field forms and data evaluation information for the report. Tables and figures are included
at the end of each section of the report. Supporting documentation is provided in Appendices A

through F which are located in the rear of the report.

Regarding the appendices, the results and supporting field and laboratory documentation for the
first round of monitoring performed during the fifth year (Round 14) were previously presented in
the semi-annual report, ECC 2004. The results from Rounds 14 are summarized in this report;
however, the supporting documentation, with the exception of the sample log sheets, is not
reiterated in the appendices. The results and supporting documentation for the second round of
monitoring (Round 15) are presented in this report because they were not previously presented in
a separate report. A collective summary of the monitoring program’s analytical results (i.e., data

from Years 1, 2, 3, etc.) is also provided in this report.

1.2 SITE CHARACTERISTICS

The following subsections describe the characterisitics of the Area A site at NSB-NLON as
summarized in the Year 4 Annual Groundwater Monitoring Report for Area A Landfill, Naval
Submarine Base — New London, Groton, Connecticut (ECC, 2004) as well as other previous

reports.
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1.2.1 Physical Characteristics
Figure 1-1 shows the location of NSB-NLON. NSB-NLON encompasses approximately 576

acres and is located in southeastern Connecticut in the towns of Ledyard and Groton. NSB-
NLON is situated on the east bank of the Thames River, approximately 6 miles north of Long
Island Sound. NSB-NLON is bounded to the east by Connecticut Route 12, to the south by
Crystal Lake Road, and to the west by the Thames River. Figure 1-2 illustrates NSB-NLON's
main features and identifies the Area A Landfill.

The Area A Landfill site is located in the northeastern and north-central part of NSB-NLON and
encompasses approximately 13 acres. The Area A Landfill is relatively flat and is bordered by a
steep, wooded hillside that rises to the south, a steep wooded ravine to the west, and the Area A
Wetland to the north. Access to the west end of the landfill is via a gate off Wahoo Avenue and
access to the east end of the landfill is via a paved road and gate adjacent to a parking lot and
the Area A recreational facilities. (TtNUS, 2003)

1.2.2 Topography and Surface Features

The topography and surface features of the Area A Landfill, with the cover system and adjacent
sites including the Area A Wetland and Area A Downstream (Site 3/0OU3), are described as
follows. The ground surface slopes gently across the Area A Landfill toward the Area A Wetland.
A steep hillside (central bedrock high) borders the southern edge of the landfill. The Construction
Battalion Unit (CBU) Drum Storage Area (Site 1) was located in the central portion of the landfill
along the southern (upgradient) edge. Near the northwestern edge of the landfili, the ground
surface drops along a steep ravine to the Over Bank Disposal Area (OBDA). The ground surface

increases in elevation to the east from the tennis courts to Route 12 and Baldwin Hill.

The ground surface elevation across the landfill cover system varies from approximately 80 to 87
feet in the eastern portion of the landfill and from 80 to 100 feet in the western portion of the
landfill, such that the landfill cover slopes gently to the northeast at a grade of approximately 3
percent toward the Area A Wetland. Adjacent to the toe of the landfill, the Area A Wetland
surface is at an elevation of approximately 72 feet, and the newly constructed landfill sideslope
angles at a 1:4 (vertical: horizontal) grade from the surface of the wetland. Along this side slope,
a layer of riprap at the higher elevations and a gabion basket system (wire-mesh containing
stones) at the toe of the landfill provide slope stability and erosion protection.

A concrete structure (for salt storage) is located near the Building 460 (Hobby Shop) entrance to
the landfill. The MAA Building previously located at the western end of the landfill has been
demolished and replaced by a metal building located on Thresher Avenue at the entrance to the
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Deployed Parking area. The Deployed Parking area is located at the eastern end of the landfill,
where it can be accessed from Thresher Avenue. The Deployed Parking area is a secure area
where Navy personnel who are out at-sea for an extended time can store their vehicles. A 7-foot

high chain-link fence with a three-strand barbed wire around its perimeter secures the area.

A crane test platform is located within the east-central portion of the landfiil. This platform
consists of a 24-inch thick, 50 foot x 50 foot concrete slab, with No. 8 metal reinforcing bars used
for structural reinforcement. This platform allows testing of cranes where the boom of the crane

can be turned through a full 360 degree rotation.

A sand bag storage area is located in the western portion of the landfill. Several thousand sand
bags are stored on wooden paliets on the completed asphalt surface and kept on hand by NSB-

NLON for use in protecting structures on the Lower Base during severe storm events.

The Public Works Department at NSB-NLON stores equipment and materials on various sections
of the completed landfill cover system. Typically, equipment such as trailer trucks, buses, and

plows is parked on the plateau of the landfill.

1.2.3 Soil Characteristics

The Soil Conservation Service (SCS) soils map (SCS, 1983) classifies the soil across most of the
Area A Landfill as Udorthents-Urban land. This soil type is defined as excessively drained to
moderately drained soils that have been disturbed by cutting and filling. Along the southwestern
slope of the landfill and in upgradient areas, the soil is classified as the Hollis-Charlton-Rock
complex. Stones and boulders are intermingled with a dark, fine, sandy loam. Bedrock outcrops

are prevalent in the area.

1.24 Geology

The Groundwater/Leachate Modeling Study (Brown & Root Environmental (B&RE), October
1996) describes the shallow subsurface geology within and surrounding the Area A Landfill as
consisting of four units. In order of their occurrence with depth, the units are; landfill material,

dredge spoil, alluvium, and competent bedrock.

The Area A Landfill contains miscellaneous fill that consists of fine- to coarse-grained sand and
gravel as well as refuse including ash, wood fragments, paper, brick fragments, and asphalt. The
landfill thickness generally increases from 5 to 10 feet in the western portion of the landfill to 15 to
20 feet in the far eastern portion of the landfill. The landfill material is underlain by dredge spoil
wifhin most of the landfill boundary. Where no dredge spoil is present, fandfill material directly

overlies a thin alluvial layer or the bedrock surface.
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The dredge spoil is a fine-grained material that is easily identified by its silty texture, sulfurous
odor, and the presence of shells. Dredge spoil is present beneath most of the landfill to a
thickness up to 25 feet. This dredge spoil layer continues into the wetland and is present at the
wetland surface. Dredge spoil is not present in the far western portion of the landfill area or along

the southern hillside.

The alluvium includes native surface soils, unconsolidated fluvial and glacial deposits, colluvium,
weathered bedrock, and re-worked clean sand and gravel soils (present to the east of the landfil).
Upgradient of the landfill boundary along the hillside, alluvium is present at the ground surface but
bedrock outcrops are prevalent. Typically, alluvium is present beneath the dredge spoil in the

landfill and wetland areas.

Bedrock in the Area A Landfill vicinity has been identified as the biotite-quartz-feldspar gneiss of
the Mamacoke Formation. Bedrock is located at or near the ground surface along the southern
hillside and beneath the alluvium throughout the landfill and wetland areas. The bedrock surface
slopes to the northeast toward the Area A Wetland from the large central bedrock high in the
center of the facility. Locally, there is a bedrock high in the western portion of the landfill, a small
bedrock valley in the central portion of the landfill, and a bedrock island in the Area A Wetland. In
the far northeastern portion of the landfill, there is a bedrock depression that is filled with a

significant thickness of weathered bedrock and large boulder-like pieces of bedrock (colluvium).

The landfill is situated along the flank of the hiliside such that the depth to bedrock generally
increases from west to east. Thicknesses of each of the three overlying units (alluvium, dredge

spoil, and landfill material) also generally increase from west to east.

1.2.5 Hydrogqeology

As stated in Section 1.2.4, there were four subsurface units identified at the Area A Landfill.
landfill material, dredge spoil, alluvium, and bedrock. Except for the Groundwater/Leachate
Modeling Study, previous investigations grouped the landfill material, dredge spoil, and alluvium
together as overburden and most of the overburden wells were screened across some
combination of these three units. During the Groundwater/Leachate Modeling Study, unit-specific
wells were installed and tested. Based on the comprehensive test results, the estimated hydraulic
conductivity of the landfill material and alluvium were comparable at 4.8 feet per day and 2.0 feet
per day, respectively. The estimated hydraulic conductivity of the dredge spoil and bedrock were
comparable at 2.0E-02 foot per day and 7.0E-02 foot per day, respectively. Also, shelby tube
permeability test results indicated that the mean vertical hydraulic conductivity of the dredge spoil
was 5.4E-04 foot per day. These results, in conjunction with the analysis of groundwater



potentials, support the belief that the dredge spoil, which is often present between landfill material

and alluvium, is a low-permeability confining' unit.

A summary of groundwater flow characteristics for the Area A Landfill, as found during the
Groundwater/Leachate Modeling Study (B&RE, 1996a), is provided below.

Water Table

Groundwater flow directions generally reflect surface topography. Groundwater flows from the
southern hillside, across the Area A Landfill to the northeast toward the Area A Wetland and
across most of the landfill, and to the northwest toward the Area A Downstream in the far western
portion of the landfill. In the western and central portions of the landfill, the hydraulic gradient is
steepest along the hillside, flatter across the landfill, and nearly flat across the wetiand. In these
areas, groundwater elevations range from approximately 80 to 90 feet along the upgradient
landfill boundary to 71 feet along the wetland boundary. In the eastern portion of the landfill, the
hydraulic gradient is relatively flat across the landfill. The groundwater elevations range between
71 to 72 feet. Staff gauge measurements indicate that although the bedrock istand in the wetland
impedes flow, surface water in the wetland moves slowly northwest toward the dike and the Area
A Downstream (B&RE, 1996a).

The saturated thickness of the landfill material typically ranges from approximately O to 5 feet in
the western and central portions of the landfill and from 5 to 10 feet in the eastern portion of the
landfill. The hydraulic gradient was estimated from the water table contour lines at seven
locations across the site (TtNUS, 1999). The lowest estimated hydraulic gradients ranged from
0.0007 ft/ft to 0.0018 ft/ft. These gradients occurred in the central portion of the landfill near the
wetland boundary and across the entire eastern portion of the landfill. The highest estimated
hydraulic gradients ranged from 0.03 ft/ft to 0.09 ft/ft. These gradients occurred in the central
portion of the landfili near the hillside boundary and across the entire western portion of the
landfill. Assuming these gradient ranges, a hydraulic conductivity of 6.0 ft/day for the landfill
material, and a porosity of 0.30, the seepage velocity ranges from 0.014 to 0.036 ft/day across
the areas with lower gradients and from 0.6 to 1.8 ft/day across the areas with higher gradients
(B&RE, 1996a).

Dredge Spoil Groundwater

As stated earlier, the dredge spoil has been characterized as a low permeability, confining unit
that, where present, separates landfill material from the underlying aliuvium and bedrock. During
the Groundwater/Leachate Modeling Study, six monitoring wells were installed within the dredge

spoil to assess the groundwater characteristics of the dredge spoil at different locations across
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the landfill. There is a downward hydraulic gradient from the landfill material to the dredge spoil
at all locations, except at the 2LMW31 well cluster, which is located at the central portion of the
landfill near the southern hillside boundary where the alluvium and dredge spoil are thin and
strong upward gradients are present from the bedrock to the overyling units. The observed
downward hydraulic gradients indicate that the dredge spoil is inhibiting upward recharge from
the bedrock and alluvium to the landfill material.

A groundwater contour map was not generated for the dredge spoil during the
Groundwater/Leachate Modeling Study (B&RE, 1996), because of the limited number of
monitoring wells and some irregular data. For example, in the eastern portion of the landfill, the
measured groundwater elevation at 2LMW33DS was lower than that measured at 2LMW32DS,
which is closer to the wetland but screened at a lower elevation within the dredge spoil. Also, the
measured groundwater elevation at 2LMW34DS within the dredge spoil depression near the
crane test pad was 57.85 feet, which is considerably lower than the measured elevations in the
landfill material and bedrock at the same location. These irregular groundwater elevations
confirm that the dredge spoil cannot be considered to be a continuous water-bearing unit where
hydraulic gradients and seepage velocities can be estimated. Rather, the dredge spoil is a low
permeability confining unit where groundwater elevations are irregular and dependent on local
conditions such as the dredge spoil thickness and overlying and underlying groundwater

elevations.

Alluvium Groundwater

During the Groundwater/Leachate Modeling Study (B&RE, 1996), one monitoring well was
installed in the alluvium material (2LMW29A) in the western portion of the landfill where dredge
spoil is thin. As stated earlier, the estimated hydraulic conductivity of the alluvium is comparable
to the landfill material. There is an upward hydraulic gradient from the alluvium to the landfill
material at this location, which confirms that where dredge spoil is not present, the upward
hydraulic gradient from the bedrock persists to the landfill material. Previously installed
monitoring wells that are screened within landfili material and alluvium include 1MW2S, 2LMW8S,
and 2LMW20S, which are all located near the hillside boundary of the landfill. There is an
upward hydraulic gradient from the bedrock to the alluvium/landfill material at well clusters
2LMW8 and 2LMW20 (there is no bedrock well at 1IMW2S).

A groundwater contour map was not generated for the alluvium due to the limited number of
monitoring wells. However, based on the observed vertical hydraulic gradients and relatively
permeable nature of the alluvium, it can be concluded that bedrock groundwater is recharging the

alluvium. Where dredge spoil is present, alluvium groundwater flows preferentially through
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alluvium material toward the wetland and Area A Downstream. Additionally, where dredge spoil

is not present, alluvium recharges the landfill material.

Bedrock Groundwater

Groundwater in the bedrock flows in similar directions as the water table. Similar to the shallow
groundwater, the hydraulic gradients in the bedrock are steepest across the western and central
portions of the landfill area and are flatter in the eastern portion of the landfill area where the
bedrock depression is focated and the overlying unconsolidated material is thickest. Between the
2LMW13D and 2LMW9D bedrock wells, there is a significant decrease in the groundwater
elevation that is probably related to groundwater discharging to the OBDA groundwater seep
indicated by the sampled point 3MSP01. Discharge from this seep was estimated during the
Groundwater/L.eachate Modeling Study at 109.5 gallons per minute (gpm).

Vertical Gradients and Hydraulic Connections

Although groundwater flow directions and gradients are similar in the water table and bedrock
groundwater, an analysis of vertical flow gradients was completed to determine possible hydraulic
connections. Cross-sections presented in the modeling study (B&RE, 1996a) and the GMP
(TtNUS, 1999) show the water table and the direction of the vertical hydraulic gradients between
the units. In all of these cases, except at the 2LMW3 well cluster, there is an upward gradient
from the bedrock to the overlying unit (the reduced groundwater potential in the bedrock at the
2LMWID well is probably due to bedrock groundwater discharging to the OBDA seep and the
lack of hydraulic connection between the bedrock and the landfill material due to dredge spoil).
Along the hillside near the boundary of the landfill, dredge spoil is either very thin or not present
and there is an upward gradient from the bedrock and alluvium to the landfill material. Within the
landfill where dredge spoil is present, there is a downward gradient from the landfill material to

the dredge spoil.

Based on the analysis of vertical flow gradients, it can be concluded that bedrock groundwater
from the hillside is recharging the overlying units. Along the hillside boundary of the landfili and in
the western portion of the landfill where the alluvium is thin and dredge spoil is not present,
bedrock groundwater recharges landfill material. Where dredge spoil is present, the dredge spoil
inhibits upward recharge from the bedrock to the landfill material, and the bedrock groundwater
recharges the alluvium (and possibly the deeper dredge spoil) only. Although there is a
downward gradient from the landfill material to the dredge spoil, the dredge spoil is relatively
impermeable and shallow groundwater flows preferentially from the landfill material toward the

wetland.
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1.3 PREVIOUS INVESTIGATIONS

As listed in Year 3 Report (TtNUS, 2003), a chronological list of important historical events and

relevant dates for Site 2 is summarized below.

e Landfill operations — 1957 to 1973

e Final Initial Assessment Study (IAS) completed — March 1983

e Verification Step 1A'Study — February 1988

e Phase | Rl completed — August 1992

¢ Remedial Design for Area A Landfill source control OU began — 1994

e Area A Landfill Focused Feasibility Study (FFS) finalized — May 1995

e Proposed Plan for Area A Landfill source control OU issued — June 1995

¢ Public meeting for Area A Landfill source control OU — June 1995

e Record of Decision (ROD) for Area A Landfill source control OU signed —.September .1 995
e Remedial Design for Area A Landfill source control OU completed — December 1996
o\ Remedial Action (RA) for Area A Landfill source control OU began — December 1996
o Phase Il Rl finalized — March 1997

¢ Remedial Action for Area A Landfill source control OU completed — September 1997
¢ Final Report for Remedial Action at Area A Landfill issued — March 1998

e Final Groundwater Monitoring Plan for Area A Landfill issued — January 1999

e Groundwater Monitoring Program initiated — October 1999

e Final Year 1 Groundwater Monitoring Report for Area A Landfill issued — May 2001

e Final Basewide Groundwater OU RI completed — January 2002

e Final Year 2 Groundwater Monitoring Report for Area A Landfill issued — December 2002

1.3.1 Historical Investigative Reports

As listed in Year 3 Report (TtNUS, 2003), the following field investigations were conducted at the
Area A Landfill and the details of the investigations are provided below.

e The field investigation performed for the Phase | RI (Atlantic, 1992).
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s The supplemental field investigation performed for the Area A Landfill Focused Feasibility
Study (FFS) (Atlantic, 1995a).

+ The field investigation performed for the Phase Il Rl (B&RE, 1997).

e The Geotechnical Field Investigation and Area A East End Investigation (B&RE, 1996b)
performed in support of the Area A Landfill Remedial Design (B&RE, 1996c).

o The field investigation performed for the Groundwater/Leachate Modeling Study, which
supported the Area A Landfill Remedial Design (B&RE, 1996a).

¢ The investigations performed for Year 1 of groundwater monitoring at the Area A Landfill
(TtNUS, 2001c).

o The field investigation performed for the Basewide Groundwater OU RI (TtNUS, 2002a).

¢ The investigations performed for Year 2 of groundwater monitoring at the Area A Landfill
(TtNUS, 2002e).

1.3.2 Monitoring History

As in the Year 3 Annual Report (TtNUS, 2003), the details of the previous monitoring reports are

summarized below.
Phase | RI

Atlantic conducted a field investigation at the Area A Landfill in 1992 as part of the base-wide
Phase | RI. A total of 13 monitoring wells (2LMW7S, 2LMW7D, 2LMW8S, 2LMW8D, 2LMW3S,
2LMWAD, 2LMW13S, 2LMW13D, 2LMW14D, 2LMW17S, 2LMW17D, 2LMW18S, 2LMW18D)
and 7 test borings were installed. A total of 12 soil and 12 groundwater samples were collected
from these monitoring wells and test borings. Soil samples were analyzed for target compound
list (TCL) organics, Target Analyte List (TAL) inorganics, PCBs, pesticides, and Toxicity
Characteristics Leaching Procedure (TCLP) pesticides and metals. Groundwater samples were

analyzed for the same pérameters, except TCLP, plus radiological elements.
Area A Landfill FFS

Atlantic conducted a supplemental field investigation at the Area A Landfill in October and
November 1993 to support the Area A Landfill FFS. The main purpose of these field activities
was to characterize the subsurface soil in the vicinity of the bituminous concrete pad located at
the southwestern end of the landfill.
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Twenty-four soil borings were drilled to a depth of 16 feet or auger refusal. Based on field
screening for volatile organic compounds (VOCs), with an HNu organic vapor analyzer (OVA) and
for PCBs with a field gas chromatograph, 13 subsurface soil samples were selected for analysis
of TCL organics, PCBs, pesticides and TAL inorganics. Selected samples were also analyzed for
organic content, cation exchange capacity (CEC), Total Organic Carbon (TOC), dioxin and
geotechnical parameters, including grain-size distribution, moisture content, and specific gravity.

Two samples were also analyzed by the TCLP for all toxicity constituents.
Phase I RI

B&R Environmental conducted a field investigation at the Area A Landfill in 1994 as part of the
base-wide Phase Il RI. A total of 10 monitoring wells (2LPW1S, 2LOW1S, 2LOW1D, 2LOW2S,
2LOWS3S, 2LOW4S, 2LMW13S, 2LMW19D, 2LMW20S, and 2LMW20D) were installed. Eleven
soil samples were collected from two soil borings (2LTB13, 2LTB23). Two rounds of groundwater
level measurements and groundwater sampling were conducted, including one in March and one
in August 1994. Groundwater samples were analyzed for TCL organics, TAL inorganics, PCBs,

and radiological elements.

Geotechnical Field Investigation

B&RE conducted field activities at the Area A Landfill in February and March 1995 as part of the
Geotechnical Field Investigation performed in support of the Remedial Design for a landfill cover
system. The purpose of the Geotechnical Field Investigation was to confirm the areal extent of
the fill material and to obtain additional geotechnical field data.

Twenty test pits were excavated along the edges of the Area A Landfill to allow for visual
observation of subsurface conditions. The purpose of excavating these test pits was primarily to
determine the lateral extent of the fill material and, wherever practical (especially along the

southern edge of the fandfill), establish the depth and competence of bedrock.

Eight soil borings were drilled on the landfill plateau to establish the depth of bedrock and
thickness of the fill and dredge spoil material. The soil borings were also used to collect six soil
samples to be tested for geotechnical parameters (particle size, moisture content, classification,
Atterberg limits, and triaxial compression) and three soil samples to be tested for analytical
parameters (TCL organics, TAL inorganics, PCBs, and pesticides). Four borings were advanced
through the overburden to auger refusal at the bedrock. Four borings were advanced through the

overburden and approximately 5 feet into competent bedrock.
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Area A East End Investigation

B&RE conducted field activities at the Area A Landfill in September 1995 as part of the Area A
East End Investigation performed in support of the Remedial Design for the landfill cover system.
The purpose of the Area A East End Investigation was to verify that the fill used for the
construction of the recreational facilities (Racquetball Building, tennis courts, ball field) located at
the extreme east end of Area A is of a different nature from that placed in the rest of the Area A
Landfill, i.e., does not contain contaminated waste material, and therefore, does not need to be

capped.

Six test trenches (LF-TP22 through LF-TP27) were excavated along the eastern boundary of the
Area A Landfill cover system as designed to verify the eastern limit of contaminated fill material.
The test trenches were field-screened for the presence of VOCs, and four soil samples were
collected and analyzed for TCL organics, TAL inorganics and cyanide, PCBs, pesticides, and
Total Petroleum Hydrocarbon (TPH).

Three soil borings (SB06 through SB08) were drilled in the vicinity of the Area A East End
recreational facilities. These soil borings were advanced through the overburden to the bedrock
to auger refusal. A total of six soil samples were collected from the fill and dredge spoil material
and analyzed for TCL organics, TAL inorganics and cyanide pesticides, PCBs, and TPH. (TtNUS
2003)

Groundwater/Leachate Modeling Study

B&RE conducted field activities at the Area A Landfill in November/December 1995 as part of the
Groundwater/Leachate Modeling Study performed in support of the Remedial Design for the
landfill cover system. The purpose of the Groundwater/Leachate Modeling Study was to evaluate
the impact of the proposed iandfill cover system on the saturated thickness of landfill material and

on the flow and composition of the groundwater/leachate discharge from the landfill.
The modeling field investigation activities included the performance of the following activities:

e Surface infiltration tests at 10 locations (2LT1 thru 2LT10) throughout the surface of the
landfill

e Installation of 13 overburden monitoring wells, including 6 in the landfili material (2LMW28F
through 2LMW33F) and 7 in the underlying dredge spoil or alluvium (2LMW28DS, 2LMW29A,
2LMW30DS through 2LMW34DS).



e Installation of three bedrock wells, including two located upgradient from the Area A Landfill
(2LMW35B and 2LLMW36B) and one at the northeast end of the landfill (2LMW32B).

o Installation of 10 piezometers, including 7 (2LPZ1DS thru 2LPZ7DS) along the boundary
between the Area A Landfill and Area A Wetland and 3 (2LPZ1F, 2LPZ2F, and 2LMW32PZ)
at the northeast end of the landfill.

+ Installation of eight staff gauges (SG07 thru SG14) along the boundary between the Area A
Landfill and Area A Wetland.

e Slug testing of the newly installed wells and one of the piezometers (2LMW32PZ).

o Water level measurements for all newly installed monitoring wells, piezometers, and staff

gauges as well as for all previously existing monitoring wells.

e Flow measurement and sampling of the groundwater seep (3MSP01) from the western face
of the Area A Landfill into the OBDA of the adjoining Area A Downstream (Site 3). This

sample was analyzed for TCL organics and TAL inorganics.

The Groundwater/Leachate Modeling Study provided a comprehensive analysis of the site
geology and hydrogeology. The report provided surface contour maps of the four units (landfill
material, dredge spoil, alluvium and bedrock), thickness maps for the landfill material and dredge
spoil, surface contour maps for the water table and bedrock groundwater, geologic cross-

sections, conceptual flow nets, and an analysis of vertical flow gradients.

Additionally, the Groundwater/Leachate Modeling Study concluded that the Area A Landfill cover
system would reduce the thickness of the saturated landfill material by approximately 0.1 foot
along the Area A Wetland boundary, by approximately 0.5 foot at the eastern end of the landfill,
by approximately 0.2 foot in the center of the landfill, and by over one foot at the western end of
the landfill. The study concluded that the cover system would reduce the flux of groundwater
chemicals of concern (COCs) from the Area A Landfill to the Area A Wetland by 16 to 55 percent
and that none of these COCs would exceed either the Federal Ambient Water Quality Criteria
(AWQC) or the Connecticut Department of Environmental Protection (CTDEP) Surface Water
Protection Criteria (SWPC).

Year 1 of the Monitoring Program

The Year 1 Annual Groundwater Monitoring Report for the Area A Landfill (TINUS, 2001c)
summarized the analytical data collected during Rounds 1 through 4. Sixteen monitoring wells,
seven surface water locations, and one surface seep location were sampled during Year 1 of the

monitoring program. During the initial year of monitoring, samples were collected during the



months of October 1999 (Rd. 1), January 2000 (Rd. 2), April 2000 (Rd. 3), and July 2000 (Rd. 4).
Soil samples were also collected and analyzed during the installation of the downgradient
monitoring wells that were installed prior to the initiation of the monitoring program. Deviations to
the groundwater and/or surface water sampling program occurred at the following locations

during the first year of sampling.

¢ Monitoring well 2WMW44DS was not sampled during Round 2 due to the static water being

frozen within the monitoring well.

e The seep sample and all of the surface water samples were not collected during Round 2

because the surface water within the wetland was frozen.

e The seep sample was not collected during Round 3 because no water was flowing from the

seep location.

e Monitoring well 3MW12S was not sampled during Round 4 because the well was destroyed

during post-remedial construction.

e Surface water samples were not collected from SG22 and SG24 during Round 4 because the

locations were dry.

The analytical results were compared to primary criteria (i.e., CTDEP SWPCs) and secondary
monitoring criteria [i.e., most conservative of Federal AWQC and Connecticut Water Quality
Standards (WQSs)]. The results obtained for the initial four rounds of groundwater monitoring
indicated that arsenic and zinc exceeded primary criteria. In addition to the above exceedances,

chromium, copper, and lead exceeded secondary criteria.

Surface water sampling results for the initial four sample rounds indicated that phenanthrene and
arsenic exceeded primary criteria. Chromium, copper, lead, and zinc also exceeded secondary

criteria for the initial four rounds of surface water samples.

A statistical evaluation of the data indicated that upgradient and downgradient concentrations of
both organic and inorganic chemicals of potential concern (COPCs) were found to be similar
except for total arsenic. The average concentrations of arsenic showed a slight downward

temporal trend.
The Year 1 Annual GMR recommended the following:

e Consideration should be given to reducing the frequency of VOC monitoring in groundwater

because no exceedances of primary or secondary criteria for these compounds were noted.



e Consideration should be given to reducing the parameters being analyzed after the Year 2

monitoring activities are completed.

* Maintenance of monitoring well integrity (i.e., well maintenance and well development) should
continue in case of extended monitoring.

o Discussion of the endpoint for groundwater monitoring should occur if current trends

continue.

The Annual (Year 1) GMR was submitted as a draft document to the regulatory agencies for
review and comment in February 2001. The United States Environmental Protection Agency
(USEPA) provided general and specific comments on the report. The comments focused on
several major topics including the application of statistical methods, the evaluation of arsenic
concentrations in relation to geochemical properties of the groundwater and the need for
additional geochemical analyses, and the approach for comparing upgradient / background
groundwater to downgradient groundwater. No comments were received from the CTDEP:
Minor revisions were made to the Year 1 GMR and the document was resubmitted as a final
version in May 2001. A response to comment letter was appended to the final GMR. The
USEPA responded in a follow-up letter that further discussion was needed regarding refinement
of the conceptual site model for evaluation, which can be used to address well coverage,
analytes, sampling frequency, and future data evaluation approaches. The letter also reiterated
the need for further discussion on the use of upgradient versus background well data.

Basewide Groundwater OU RI

The Area A Landfill site was one of 10 sites investigated during the Basewide Groundwater OU
RI. The groundwater media for the Area A Landfill site was the focus of the Rl. Groundwater
samples were collected from existing monitoring wells to further characterize the Area A Landfili
site. The monitoring wells included in the GMP for the Area A Landfill were the only wells
sampled and, in fact, the results presented in the Rl constituted the results for Round 4 of the
GMP for the site.

The results of the human health risk assessment (HHRA) performed with the groundwater data
during the RI showed that Incremental Cancer Risks and Hazard Indices for construction workers
exposed to groundwater at the Area A Landfill were within the EPA and CTDEP acceptable
levels. The HHRA only considered exposures to construction workers. It was recommended in
the report that the current groundwater monitoring program be continued to gather data to

evaluate long-term trends in contaminant concentrations.



Year 2 of the Monitoring Program

The Year 2 groundwater monitoring activities continued with the completion of four rounds of
quarterly sampling (Rounds 5 through 8) from the same monitoring network defined in the GMP.
However, several deviations in the sampling program occurred during the second year of
monitoring. Two monitoring wells sampled during the first year of monitoring (i.e., 3SMW12S and
3MW12D) were not sampled during the second year of monitoring because they were destroyed
during the RA at the Area A Downstream site. Surface water samples were not collected from
staff gauges SG15, SG16, and SG17 during Rounds 5 through 8 because there was no surface
water at these locations. Surface water samples were not collected at these staff gauges during
the first year of monitoring either for the same reason. Additionally, during Round 8, surface
water was not collected from staff gauges SG22, SG23, and SG24 because there was no surface
water at these locations. Also during Round 8, sufficient sample volume could not be collected
from monitoring well 2WMW38DS to analyze for the complete parameter list; therefore, analysis
for pesticides/PCBs and a majority of the miscellaneous parameters was not completed. Finally,
due to a problem with sample shipment, the samples collected from monitoring well 4MW1S and
staff gauges SG22 and SG24 were not shipped on time and the holding times for the organic
parameters and the miscellaneous parameters were exceeded. Subsequently, these samples

were only analyzed for TAL metals (total and dissolved).

Prior to each round of sampling, one round of groundwater and surface level measurements was
performed and potentiometric surface elevation maps were prepared. However, survey data for
the staff gauges are considered to be suspect due to movement of some staff gauges after
installation. Therefore, the surface water elevations were not used in preparing potentiometric

surface maps.

The analytical results were compared to primary criteria (i.e., CTDEP SWPCs), and secondary
monitoring criteria (i.e., most conservative of Federal AWQCs and Connecticut WQSs). The
results obtained for the second year of groundwater sampling indicated no detections of VOCs or
pesﬁcides/PCBs in any of the sample rounds. The following constituents exceeded primary

criteria during the Year 2 monitoring activities:

e Benzo(a)pyrene
¢ Phenanthrene
e Arsenic

o Zinc



In addition to the above exceedances, chromium, copper, and lead exceeded secondary criteria

in groundwater samples.

Surface water sampling results for the second year of monitoring indicated that the following

constituents exceeded primary criteria:

¢ Benzo(a)anthracene

e Benzo(a)pyrene

o Benzo(b)fluoranthrene
o Benzo(k)fluoranthrene
e Phenanthrene

e Arsenic

e Zinc

All of the exceedances of primary criteria with the exception of phenanthrene, arsenic, and zinc
occurred at the seep sample location 3MSP01. Copper and lead also exceeded secondary

criteria in several of the Year 2 surface water samples.

The statistical evaluation of the data indicated an increase in arsenic concentrations when
comparing upgradient to downgradient concentrations. The evaluation also indicated that no

temporal increase in arsenic concentration was evident over the four sample rounds.
The Year 2 Annual GMR recommended the following:

e The sampling frequency should be reduced from quarterly to bi-annually since no significant

increasing contaminant trends have been observed to date.

e TCL VOCs and TCL pesticides / PCBs should be eliminated from the analytical program as

these contaminants have not been identified as a concern.

e Project laboratories should continue to be warned about the presence of high total dissolved

solids (TDS) and salinity to account for potential interference effects.

e Further discussion on arsenic is needed regarding the technical impracticality of meeting the

primary criteria. The discussions should take place during Year 3 of the monitoring program

e Surface water sample locations at SG15, SG16, and SG17 should be eliminated since
surface water was not present at these locations during the first two years of monitoring

activities.
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¢ Monitoring well 3MW12D, which was previously destroyed, should be replaced. This well
was located in a revegetated area of the Area A downstream and care must be taken when
reinstalling this well. If reinstallation is not possible, then well 2LLMW9D can be considered as
a downgradient monitoring point. Monitoring well 3MW12S was also destroyed, however this
well is not recommended for reinstallation since well 3AMW378S is located in the same general
vicinity and monitors the same hydrogeologic zone.

¢ Routine maintenance of the monitoring wells should be continued.

The Annual (Year 2) GMR was submitted as a draft document to the regulatory agencies for
review and comment in March 2002. No comments were received from the CTDEP. The USEPA
provided general and specific comments on April 3, 2002. Several comments focused on the
need for refinement of the site conceptual model primarily from a geochemistry perspective. A
USEPA comment indicated that reducing the monitoring frequency from quarterly to bi-annually
would be acceptable. The USEPA also agreed to eliminate VOC, pesticide, and PCB analyses in
the future; however, dissolved metals analyses and miscellaneous parameter analyses should be
continued to support the site conceptual model. Furthermore, the USEPA indicated that a
discussion regarding arsenic criterion was needed. The USEPA agreed with recommendations to
eliminate the surface water sample locations that lacked surface water, to replace well 3SMW12D,
and to use the data from well 3MW37S in place of groundwater data from well 3MW12S, which

was destroyed.

A response-to-comment letter was prepared by the Navy and submitted on May 28, 2002. The
response-to-comment letter included proposed additional wells to include in the monitoring
program to'support the site conceptual model refinement from a geochemistry perspective, a
revised arsenic criterion based on protection of ecological receptors, and a monitoring frequency
to include 3 rounds of samples during Year 3, and annual sampling starting in Year 4. A
teleconference was held on June 5, 2002 to discuss these issues. Several of the
recommendations were changed as a result of the teleconference. The final recommendations of
the Year 2 Annual GMR are provided above. The Year 2 Annual GMR was revised to reflect the
modifications. The final Year 2 Annual GMR and final response-to-comment document were

prepared and issued in December 2002.
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Year 3 of the Monitoring Program

Fifteen monitoring wells (4MW1S, 2LMW20S, 2WMW21S, 3MW37S, 2WMW38DS through
2WMW47DS, and 3MW12D), ten surface water locations (SG15 through SG24), and one surface
seep location (3MSP01) were to be sampled as part of the groundwater monitoring program as
specified in the GMP (TtNUS, 1999). However, several deviations in the sampling program

occurred during the third year of monitoring.

e During Round 11, a geochemical investigation was conducted along with the routine
sampling (TtNUS, 2002d).

¢ Monitoring well 3MW12D, which was not sampled during the second year because it was
destroyed during the remedial action at the Area A Downstream site, was replaced during

Round 11 and was sampled during the same round.

e Due to the low water level in monitoring well 2LMW20S during Round 9, a sample was not

collected.

o Surface water samples were not collected from staff gauges SG15 and SG17 during Rounds
9 and 10 due to lack of surface water at these locations. Surface water was sampled at
SG16 during the Round 9 sampling event, but not during Round 10. Staff gauges SG15
through SG17 were eliminated from the monitoring program after Round 10. No surface
water samples were collected from staff gauge SG22 during Rounds 9 through 11 due to a

lack of surface water.

Groundwater and surface water samples were analyzed for TCL organics, TAL inorganics, and
miscellaneous water quality parameters during Rounds 9 and 10 of the third year of monitoring.
TCL VOCs, pesticides, and PCBs were eliminated from the analytical program during Round 11.
Overall, groundwater and surface water resuits were generally similar in that the same
compounds were detected and the ranges of concentrations for the COPCs that exceeded criteria

were similar. Some exceptions were noted for arsenic, copper, lead, and zinc.
The following conclusions were made from the monitoring results for Year 3.

e Eight COPCs were detected in the groundwater samples. A single VOC was detected once
during Year 3. Similar to previous years, no pesticides or PCBs were detected in any of the
groundwater samples collected during the third year of monitoring. A limited number of semi-
volatile organic compounds (SVOCs) were detected and the concentrations were generally

lower that those detected during Year 2. Inorganics were detected most frequently at



concentrations in excess of monitoring criteria and/or background concentrations. Some

discrepancies were noted between total and dissolved inorganic concentrations.

Statistical analyses showed that total xylenes, bis(2-ethylhexyl)phthalate (BEHP), arsenic,
cadmium, chromium, copper, and zinc are present in downgradient groundwater at
statistically higher concentrations than in upgradient groundwater. Further evaluation of the
results for these COPCs (i.e., criteria comparisons and trend analysis) did not indicate that

these COPCs pose any significant migration issues.

The results of the seep and surface water sampling efforts generally confirmed the
groundwater monitoring results and indicate that no significant contaminant migration is

occeurring.

The results of the geochemical investigation provided conclusive evidence that the slightly
elevated arsenic concentrations that have been detected in the downgradient monitoring
wells completed in dredge spoils are related to the dredge spoils and not the landfill. Some
of the other inorganics detected at elevated concentrations in downgradient dredge spoil

wells are also likely related to the dredge spoils.

Overall, the results of the first three years of monitoring for the Area A Landfill indicate that
the RA action at the site is sufficiently reducing infiltration of precipitation through the landfill
source material so that significant contaminant migration from the site to the surrounding area

is not occurring.

The following recommendations were made for the Area A Landfill monitoring program based on

the results of the third year of monitoring at the site:

The monitoring results indicate that the RA and current ROD for the Area A Landfill are

sufficient and no amendments are necessary.

Monitoring should continue at the site to provide supporting information for the next Five-Year

Review.

The sampling frequency should remain semi-annually for Year 4. This recommendation is
justified because of the limited number of detections of chemicals in excess of monitoring
criteria and background concentrations and no significant increasing contaminant trends in
the downgradient monitoring wells over three years. Semi-annual sampling was
implemented during Year 3 (Round 11) of the program. The sampling frequency should be
re-evaluated after Year 4.



e No further geochemical investigations are necessary to address the arsenic issue. The
investigation conducted during Round 11 provided conclusive evidence that the arsenic is
from the dredge spoils and is not migrating to downgradient locations. Continued general

monitoring activities will be sufficient to confirm these results.

» The miscellaneous parameters chemical oxygen demand (COD), sulfate, and TOC should be
eliminated from the analytical program. Three years of data have shown little change for
these parameters. The geochemical investigation completed during Year 3 provided a good
understanding of the geochemistry of the local groundwater. It also provided evidence that
the dredge spoils and not the landfill are the major influence on the geochemistry of the
groundwater. Continued monitoring of the remaining miscellaneous parameters (alkalinity,
chloride, hardness, and TDS), in addition to the typical field water quality parameters, should
provide adequate information to determine any gross changes in groundwater geochemistry

in the future.

e Project laboratories should continue to be made aware of the presence of high TDS and
salinity in the downgradient dredge spoil wells of the monitoring network so that potential

interferences can be accounted for during the analysis of the samples.

e |t is recommended that future monitoring activities at the Area A Landfill follow the final
version of the new GMP that is currently under preparation as part of the O&M Manual. The
new GMP provides updated monitoring criteria for COPCs and data evaluation procedures.
The new GMP is being prepared to provide a “living document’ that is easily adapted to
address changes to criteria, potential receptors, and site conditions. The new GMP is also

integrated with other site-related O&M activities.

¢ Routine maintenance should be conducted on the remaining monitoring wells included in the

monitoring program to facilitate monitoring activities into the future.

Year 4 of the Monitoring Program

The Year 4 Annual GMR summarized Rounds 12 and 13 of groundwater and surface water
analytical data collected from selected surface water locations and monitoring wells installed at
the Area A landfill. The results of the monitoring program were used to evaluate the success of
the RA (i.e., installation of a muiti-layer, low-permeability cover system and a surface
water/shallow groundwater interception and diversion system upgradient of the cover system) at
minimizing contaminant migration from Area A Landfill. The evaluation during Year 4 included

the following:

1-20



Gauging of 15 monitoring wells. Sampling and analyses of groundwater from the 15
monitoring wells using low-flow purging and sampling techniques. Thirteen of the twenty

COPC'’s were detected during analysis.

Gauging of 11 staff gauges. Sampling and analyses of surface water from seven of surface
water locations and one seep water location using the prescribed sampling techniques.

Thirteen of the twenty COPC’s were detected during analysis of the surface water samples.

Completion of a general screen of analytical data to current primary and secondary
monitoring criteria and background concentrations to identify exceedances in upgradient
wells, downgradient wells, and surface locations. There were groundwater exceedances of
the primary monitoring criterion for phenanthrene, arsenic (total and dissolved), and lead
(total and dissolved). There were groundwater exceedances of the secondary monitoring
criterion for copper (total and dissolved), lead (total and dissolved), and total zinc. There were
background concentration exceedances for arsenic (total and dissolved) and lead (total and
dissolved). There were surface water exceedances of the primary monitoring criterion for
benzo(b)fluoranthene, benzo(k)fluoranthene, phenanthrene, arsenic (total and dissolved),
total copper, total lead, and zinc (total and dissolved). There were surface water
exceedances of the secondary monitoring criterion for total arsenic, total chromium, total
copper, total lead, and zinc (total and dissolved). There were surface water excceedences for
the background concentration for total arsenic, total chromium, total copper, total lead, and

zinc (total and dissolved).

The results of the seep and surface water for Year 4 were similar in magnitude as compared
with the previous year of sampling. For the most part, the surface water collected during the
fourth year resulted in overall concentrations less than Year 3. The Year 4 seep water sample
had no detections above the reporting limit. The only staff gauge that contained

concentrations greater than the previous year was Round 13 sample at SG-24.

Performance of a statistical comparison from the complete analytical data set of
downgradient and upgradient monitoring wells was performed to determine significant
differences. Analysis of data indicated that eight of the 13 detected COPCs
(benzo(a)anthracene, phenanthrene, arsenic (total and dissolved), chromium (total and
dissolved), and lead (total and dissolved)) had downgradient resuilts statistically higher than
upgradient concentrations. Detected concentrations of benzo(a)anthracene and dissolved
chromium were below primary, secondary, and background levels and were only slightly
above lab reporting levels. Phenanthrene and total lead each only had one detection.
Dissolved lead had two detections. The concentrations of arsenic, total and dissolved, were
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below the secondary monitoring criteria but above the primary and background limits. Total
chromium exceeded the secondary monitoring criterion only. Further evaluation of the results
for these COPCs (i.e., criteria comparisons and trend analysis) did not indicate that these
COPCs pose any significant migration issues.

¢ Overall, the results of the first four years of monitoring for the Area A Landfill indicate that the
RA action at the site is sufficiently reducing infiltration of precipitation through the landfill
source material so that significant contaminant migration from the site to the surrounding area:

is not occurring.

The analytical results for the fourth year of groundwater monitoring at the Area A Landfill showed
five exceedances of the primary monitoring criteria, five contaminants in excess of the secondary
monitoring criteria, and four contaminants in excess of the background concentration. Eight
COPCs were detected in downgradient wells at concentrations that were statistically higher than
concentrations in upgradient wells. The analytical results for the fourth year of surface water
monitoring at the Area A Landfill showed nine exceedances of the primary monitoring criteria, six
contaminants in excess of the secondary monitoring criteria, and seven contaminants in excess

of the background concentration.

However, the levels and history of these COPCs do not indicate that significant concentrations of
COPCs are migrating from the Area A Landfill site. These results are generally similar to the
results of the first three years of groundwater monitoring although detection, frequency and
values were of a smaller magnitude. These results are indicative that the interim remedial action
at the site removed sufficient contaminant source material and reduced infiltration of precipitation
through any remaining source material so that significant contaminant migration from the site to
the Thames River, via wetland and stream, was not occurring. The RA and current ROD for the

Area A Landfill are sufficient and no amendments were necessary.

e The sampling frequency should continue on a semi-annual basis with the next sample round
scheduled for June 2004. This recommendation was justified because there had been no

significant increasing contaminant trends noted in the downgradient wells in over four years.

-
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2.0 FIELD INVESTIGATION ACTIVITIES

Field investigation activities performed as part of the fifth year groundwater monitoring at Area A
Landfill included the following:

e Two rounds of water level measurements at 15 monitoring wells and 11 staff gauges

e Two rounds of collection of groundwater samples from 15 monitoring welis.

e Two rounds of collection of surface water samples from 7 surface water locations.

e Two rounds of collection of one seep sample location.

During the fifth year of monitoring, field activities were performed during the months of June 2004
(Round 14) and October 2004 (Round 15). Figure 2-1 shows the locations monitored during this

event.

2.1 MONITORING WELL INSPECTION

Prior to water level measurements, all 15 monitoring wells were inspected. In general,
groundwater wells were in good condition and well inspection sheets are included in Appendix B.
The Round 14 inspections yield similar comments as listed below for Round 15. Otherwise, the

monitoring wells were in good condition.
Round 15 inspections uncovered the following information:

* Monitoring well 2LMW20S: did not have a well tag (only a painted well ID); the pad cover was
cracked where the screw fastens, the concrete pad was cracked and was located in a

depressed area, and the rubber seal was missing from the well.

¢ Monitoring wells 2WMW41DS, 2WMW42DS, 2WMW43DS, 2WMW44DS, 2WMW46DS,
2WMW47DS, and 3MW37S: had standing water around the well in inside the wooden box.

e  Monitoring wells 2WMW42DS, 2WMW44DS, and 3MW37S: had grave! missing from the well
pad due to erosion

e Monitoring well AMW1S: the outer casing of the well had rust and dents and the PVC riser

was rubbing against the outer casing.

All the other wells were in satisfactory condition. Inspections will continue in upcoming sampling

events.
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2.2 WATER LEVEL MEASUREMENT

On 1 June 2004 (Round 14) and 4 October 2004 (Round 15), water levels were measured at 15
monitoring wells and 11 staff gauges. Groundwater measurements are presented in Table 2-1.
Figures 2-2 illustrates the Round 15 potentiometric surface map of shallow groundwater at the

Area A Landfill. Groundwater level measurement sheets are provided in Appendix C.

2.3 GROUNDWATER SAMPLING

A total of 15 monitoring wells; (3MW12D, 2LMW20S, 2WMW21S, 4MW1S, 2WMW38DS through
2WMWA47DS, and 3MW37S), were sampled during the fifth year of groundwater monitoring
(Figure 2-1). All wells were sampled in accordance with Low-Stress (Low Flow) Purging and
Sampling Procedure for the Collection of Groundwater Samples from Monitoring Wells (EPA
1996).

The wells were purged using a peristaltic pump with disposable Teflon® tubing. Prior to purging,
the initial static water level was measured in the well using a water-level indicator. During
purging, the water level was measured every 5 to 10 minutes. The pumping rate was initially set
at less than 0.3 liters per minute and reduced to 0.1 to 0.2 liters per minute. The pumping rate

was adjusted in order to prevent exceeding 0.3 foot drawdown limit during purging.

During purging, water quality parameters pH, turbidity, specific conductance (SpC), temperature,
oxidation-reduction potential (ORP) and dissolved oxygen (DO)) were méasured and recorded
every 5 to 10 minutes using a water quality meter and flow-through cell until all of the parameters
stabilized and the minimum purge volume (equal to the stabilized drawdown volume plus the
tubing volume) was removed. A summary of groundwater water quality data for Round 15 is

provided in Table 2-2. Stabilization of the above parameters was generally defined as follows:

s

e pH * 0.1 standard units

e turbidity + 10 % for values greater than 1 nephelometric turbidity unit (NTU)
e SPC+3%

o temperature + 3 %

e ORP+ 10 (mV)

e DO£10%

Following purging, tubing was disconnected from the YSI flow through cell and samples were
collected directly from the discharge end of the tubing. All sample containers were filled by
allowing the discharge to flow gently down the inside of the container with minimal turbulence.
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For filtered inorganic samples, an in-line 0.45-micron filter was used. Equipment calibration logs
are provided in Appendix D along with the groundwater sampling field forms. The Chain of
custody records are provided in Appendix E with the data validation and laboratory analytical

results for Round 15.

Groundwater samples were sent to the project laboratory (Alpha Analytical Labs) for analysis for
select TCL SVOCs without polynuclear aromatic hydrocarbons (PAHs), PAHSs, total analyte list
(TAL) metals (total and dissolved); TOC; chemical oxygen demand (COD); and water chemistry
parameters (TDS, total suspended solids (TSS), alkalinity, chloride, sulfate, and hardness) as
presented in the GMP (TtNUS 2002b). Analytical results for the groundwater samples are

discussed in Section 3.0.

2.4 SURFACE WATER SAMPLING

Surface water samples were collected by directly filling a clean unpreserved sample container
and transferring the water to the appropriate sample containers. Dissolved metal samples were
collected using a clean unpreserved sample container and using a peristaltic pump to filter the
water from the collection container, through a 0.45-micron filter, to the sample container. Surface
water field forms and chain of custody are provided in Appendices D and E, respectively. A

summary of surface water quality data for Round 15 is provided in Table 2-3.

The surface water samples were sent to the project laboratory for analysis for the same
parameters as the groundwater samples. Analytical results for surface water samples are

discussed in Section 3.0.
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TABLE 21
ROUND 15 GROUNDWATER MEASUREMENTS AND ELEVATIONS
YEAR 5 ANNUAL GROUNDWATER MONITORING REPORT -
AREA A LANDFILL, NSB-NLON, GROTON, CONNECTICUT

o : -, - | Measuring Depth to| Groundwater :ngaSPr'ng Depth to | Groundwater.
“ ‘Locatio Date; .| Screened ;. Point i Nater™.| . Elevationt: || L il Point. I \watert | Etevatiohis
S ARt S OnitElE Elevation o5 S5 T 2 e /[ Elevation | TS T L T L e
I Sl remst) | Afeet) ‘ " 1 imst)
2LMW20S 10/4/2004 F/IA 86.83 15.43 71.40 3MW37S [10/4/2004 A 47.26

2WMW21S 10/4/2004 DS 76.31 4.45 71.86 AMW1S | 10/4/2004 BR 129.55

2WMW38DS | 10/4/2004 DS 74.06 7.79 66.27 SG06 10/4/2004 NA NA

2WMW39DS | 10/4/2004| SS/DS 73.54 2.84 70.70 SG15 10/4/2004 NA 74.03

2WMWA40DS | 10/4/2004 DS 73.21 3.44 69.77 SG16 10/4/2004 NA 73.50

2WMW41DS | 10/4/2004 DS 73.39 2.50 70.89 SG17 10/4/2004 NA 73.57

2WMW42DS | 10/4/2004 DS 73.65 2.18 71.47 SG18 10/4/2004 NA 75.92 4.13 71.79
2WMW43DS | 10/4/2004 DS 74.36 2.62 71.74 SG19 10/4/2004 NA 75.83 3.98 71.85
2WMW44DS | 10/4/2004 DS 73.72 1.71 72.01 SG20 10/4/2004 NA 75.19 3.32 71.87
2WMW45DS | 10/4/2004 DS 74.24 2.33 71.91 SG21 10/4/2004 NA 75.32 3.38 71.94
2WMW46DS | 10/4/2004 DS 73.53 1.69 71.84 SG22 10/4/2004 NA 76.13 4.29 71.84
2WMW47DS | 10/4/2004] SS/DS 73.39 1.52 71.87 SG23 10/4/2004 NA 75.83 3.98 71.85
3MW12D 10/4/2004 BR 47.22 4.86 42.36 SG24 10/4/2004 NA 76.68 4.80 71.88

Notes:
(1) Depth to water is the distance in feet from the measuring point (top of well casing) to the water.

A = alluvium

BR = bedrock

DS = dredge spoil

F =il

ft = feet

MSL = mean sea level (Base 1982 Vertical Datum = NAVD 88 + 2.39 ft), (TtNUS 2003)
NA = not applicable

S8 = surficial sand



TABLE 2-2
ROUND 15 GROUNDWATER QUALITY DATA

YEAR 5 ANNUAL GROUNDWATER MONITORING REPORT -
AREA A LANDFILL, NSB-NLON, GROTON, CONNECTICUT

)

S | Cumulative R R N N

WELL - | DATE TIME Volume Temp pH - | Spec. Cond. DO .| ORP | Turbidity Rate

) . (24hr) Purged (°C) (std) -} (mS/cm) {(mg/L) {mV) (NTU) .

. (mi/min)

. (liters) :

2LMW20S 10/06/04 0910 3.7 14.36 5.99 0.48 0.53 -33.0 2.0 100
2WMW21S 10/06/04 1447 6.1 16.43 6.95 43.96 3.83 -363.3 4.0 100
2WMW38DS 10/05/04 0946 4.3 13.91 6.85 1.077 4.57 -60.0 9.0 100
2WMW39DS 10/05/04 0946 4.1 12.56 6.84 2.45 0.80 -90.2 2.0 100
2WMW40DS 10/05/04 1012 10.8 11.33 6.90 27.89 1.01 -320.0 1.7 150
2WMWA41DS 10/05/04 1256 6.1 12.83 6.92 20.00 0.32 -336.9 6.0 100
2WMW42DS 10/06/04 0929 9.6 11.15 6.64 13.81 6.17 -305.4 13.8 100
2WMWA43DS 10/06/04 1239 9.9 13.06 6.80 33.84 3.70 -360.1 6.0 100
2WMW44DS 10/06/04 1450 12.0 13.13 7.04 19.84 1.01 -355.1 25.1 100
2WMW45DS 10/06/04 1147 6.1 15.01 6.97 47.51 2.58 -383.2 5.0 100
2WMW46DS 10/06/04 0949 6.1 11.29 7.07 53.22 0.48 -368.6 8.0 100
2WMWA47DS 10/05/04 1311 7.8 15.17 6.60 6.08 3.96 -219.0 21.0 100
3MW12D 10/05/04 1453 15.3 12.79 6.05 3.489 3.27 -106.6 0.8 100
3MW37S 10/05/04 1306 5.0 13.78 6.07 1.405 0.98 -225.5 1.0 100
4AMW1S 10/06/04 1140 7.7 15.56 5.74 0.33 5.86 230.0 0.0 120

°C = degrees Celcius

DO = dissolved oxygen

mg/L = milligrams per liter
ml/min = milliliters per minute
mS/cm = millisiemens per centimeter

mV = millivolts

NTU = nephelometric turbidity units
ORP = oxidation-reduction potential
ppt = parts per thousand
Spec. Cond. = specific conductivity
std = standard units
Temp = temperature




TABLE 2-3
ROUND 15 SURFACE WATER AND SEEP WATER QUALITY MEASUREMENTS
YEAR 5 ANNUAL GROUNDWATER MONITORING REPORT -
AREA A LANDFILL, NSB-NLON, GROTON, CONNECTICUT

E‘ ¥l Lo, B -
 OCAT DATE | np | pH . | Spec.Condi|:DO. * | ORP -
J;%OCAT'ON - DATE ) (std) | (mslem)EC]E (mgil) | - (mV),
SG18 10/05/04 6.47 0.851 1.65 168.3 70
SG19 10/06/04 8.27 6.31 0.583 1.33 -202.2 17.5
SG20 10/06/04 11.76 6.24 _ 0.634 1.50 -239.1 3.2
SG21 10/06/04 13.25 6.06 0.550 1.06 -10.3 7.6
SG22 10/06/04 11.98 6.32 0.861 6.11 -213.7 39
SG23 10/06/04 8.99 6.21 0.345 4.95 -220.7 31
SG24 10/05/04 13.25 5.95 0.280 5.11 -180 5.00
3MSP01 10/05/04 14.08 6.15 1.376 2.28 -8.8 12
°C = degrees Celcius ORP = oxidation-reduction potential
DO = dissolved oxygen ppt = parts per thousand
mg/L = milligrams per liter Spec. Cond. = specific conductivity
mS/cm = millisiemens per centimeter std = standard units

mV = millivolts Temp = temperature
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3.0 MONITORING RESULTS

During the fifth year of monitoring, field activities were performed during the months of June 2004
(Round 14) and October 2004 (Round 15). Monitoring well locations are shown on Figure 2-1.
Monitoring well construction details are shown on Table 3-1. Appendices B through D contain the
pertinent field forms for the Round 15 sampling activities. Field forms for activities completed for
Rounds 14 were previously provided in the semi-annual report (ECC 2004a). The only exception
is the groundwater sample log sheets, low-flow purge data sheets and surface water sample log

sheets. Copies of these field forms for Rounds 14 are included in Appendix D.

Copies of the monitoring well inspection sheets, water level field forms, calibration logs along with
groundwater and surface water field forms, and data validation memos and laboratory analytical

results for Round 15 are provided in Appendices B through E, respectively.

Samples collected from 15 monitoring wells, seven surface water locations, and one seep
location were analyzed for select TCLL. SVOCs, TAL metals (total and dissolved), PAHs, TOC,
COD, TDS, TSS, alkalinity, chloride, sulfate, and hardness. Monito}ing focused on the following
organic and inorganic chemicals of potential concern (COPC), as identified in the GMP (TtNUS,
2002b) and in the update Operations and Maintenance Manual (TtNUS, 2003a) These COPCs

include:
s Benzo(a)anthracene e Phenanthrene e Chromium
¢ Benzo(a)pyrene e Arsenic o Copper
e Benzo(b)fluoranthene ¢ Berytium e Lead
¢ Benzo(k)fluoranthene e Cadmium o Zinc

e Bis(2-ethylthexyl)phthalate (BEHP)

A complete set of analytical results and data valadation for Round 15 can be found in Appendix
E, Round 14 analytical results and data valadation were supplied in the semi-annual report (ECC
2004a).

The Year 5 groundwater and surface water analytical results for COPCs and miscellaneous
parameters are summarized in Tables 3-2 and 3-3, respectively. These tables also provide side
by side comparisons with the previous round of sample results for the year. The primary and
secondary monitoring criteria are presented in the tables, as well as the basewide background
concentrations for inorganics. A bolded number and shaded cell in Tables 3-2 and 3-3 denotes
an exceedance of monitoring criteria or background concentrations. Figures 3-1 and 3-2 debict

the compounds that were detected in excess of either monitoring criteria at the groundwater and
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surface water monitoring locations, respectively. Figures and tables of exceedances in Round 14

were included in the semi-annual report (ECC 2004a).

A total of 15 monitoring wells (3MW12D, 2LMW20S, 2WMW21S, 4MW1S, 2WMW38DS through
2WMW47DS, and 3MW37S) were sampled during two quarters of the fifth year of groundwater
monitoring (Rounds 14 and 15). As directed in the GMP (TtNUS, 2002b), seven staff gauge
locations (SG18 through SG24) and one seep sampling location (3MSP01) were also sampled as
part of the fifth year sampling program.

The recharge for monitoring well 2WMW38DS was not sufficient to collect enough sample volume

to analyze metals or VOCs.

The analytical results were compared to the primary and secondary monitoring criteria, as
established in Table 2-4 and Table 2-5 of the O&M Manual (TtNUS, 2003a). Inorganic results are
also compared to NSB-NLON background groundwater concentrations as established in the
Basewide Groundwater OU RI (TtINUS 2002a).

The results of this comparison for Round 15 can be summarized as follows:

¢ Benzo(a)anthracene, Benzo(a)pyrene, Benzo(b)fluoranthene, Benzo(k)fluoranthene,
and Phenanthrene were not detected at concentrations exceeding the primary monitoring
criteria for any of the Round 15 samples. The sample for well 2WMW38DS was diluted
twofold and that caused the reporting limits to exceed the primary monitoring criteria of 0.3

pg/L. However, the MDL was well below the primary criteria.

e Bis(2-ethylhexyl)phthalate was detected in three samples (two monitoring well samples and
one surface water). The concentrations did not exceed the primary monitoring criteria of 59

pg/L.

e Total arsenic was detected in concentrations above the background concentration. Wells
2LMW20S, 2WMW21S, 2WMW40DS thru 2WMW43DS, and 2WMW44DS thru 2WMW47DS
exceeded the background criterion of 1.92 pg/L. There were detections in all of the surface

water samples, however there were no exceedances of the primary monitoring criteria of 150

pg/L.

+ Dissolved arsenic was detected in concentrations above the background concentration.
Wells 2LMW20S, 2WMW21S, 2WMW40DS thru 2WMW4SDS, and 2WMW45DS thru
2WMW47DS exceeded the background concentration of 2.55 pg/L. There was no detection
in the monitoring well 2WMW44DS but the reporting limit exceeded the background
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concentration of 2.55 pg/L. There were detections in five of the surface water samples,

however there were no exceedances of the primary monitoring criterion of 150 pg/L.

Total beryllium was not detected in any of the monitoring well samples. It was however
detected in three of the surface water samples but all detections were below the reporting

limit of 1 pg/L.

Dissolved beryllium was not detected in any of the monitoring well or surface water

samples.

Total cadmium was detected in four monitoring well samples and five surface water
samples. None of the monitoring well concentrations exceeded the primary monitoring criteria
of 0.25 pg/L. Three of the surface water samples exceeded the primary criteria: 3aMSP01 (0.3
ug/L), SG-22 (0.7 pg/L), and SG-23 (1 pg/L). The reporting limit for the monitoring wells
exceeded the primary monitoring criteria. However the MDLs were below the primary criteria.

Dissolved cadmium not detected in any monitoring well. The one surface water detection,
SG-24 (0.27 J pg/L), exceeded the primary monitoring criteria of 0.25 pg/L. The reporting
limit for the monitoring wells exceeded the primary monitoring criteria. However the MDLs

were below the primary criteria.

Total chromium was detected in 12 monitoring wells (plus two duplicate samples), only
monitoring well 2WMW41DS (13.5 pg/L) exceeded the primary criterion of 11 pg/L. All of the

surface water samples had detect concentrations, but none exceeded the primary criterion.

Dissolved chromium was detected in both the monitoring well and the surface water

samples. However, no concentration exceeded the primary criterion of 11 pg/L.

Total cobper was detected in samples all of the monitoring well samples except
2WMW44DS, the concentrations were less than the primary monitoring criterion of 4.8 pg/L.
Detections in the surface water samples exceeded the primary monitoring criterion: 3MSP01
(19.4 ug/L), SG-18 (6.8 ug/L), SG-19 (13.6 pg/L), SG-19 DUP (8.6 pg/L), SG-22 (52.1 pg/L),
SG-23 (39.3 pg/L), and SG-24 (24.2 ug/L).

Dissolved copper was detected in samples all of the monitoring well samples except
2WMW44DS, the concentrations were less than the primary monitoring criterion of 4.8 pg/L.
There were detections in all of the surface water samples, but only three samples exceeded
the monitoring criteria: SG-22 (5.9 pg/L), SG-23 (5.1 ug/L), and SG-24 (10.2 pg/L).

Total lead was detected in 11 of the monitoring wells and both duplicates at concentrations
below both the primary monitoring criterion of 1.2 pg/L. Every surface water sample had a
detect concentration above the primary criteria: 3MSP01 (35.6 ug/L), SG-18 (2.6 pg/L), SG-
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19 (4.1 pg/L), SG-19 DUP (3.2 pgiL), SG-20 (1.4 pg/L), SG-21(1.9 ug/L), SG-22 (24.8 ug/L),
SG-23 (20.2 pg/L), and SG-24 (2.5 ug/L). '

¢ Dissolved lead was detected in nine monitoring well samples at concentrations below the
reporting limit (0.5 pg/L) and the primary monitoring criteria (1.2 pg/L). Six of the surface
water samples had detect concentrations and three of those exceeded the primary monitoring
criteria: SG-22 (1.4 pg/L), SG-23 (1.7 pg/L), and SG-24 (1.3 pg/L).

e Total Zinc was detected in 12 monitoring wells (and the two duplicate samples) at
concentrations below the primary monitoring criteria of 65 pg/L. The concentrations at all the
surface water locations except SG-21 exceeded the primary monitoring criteria: 3MSPO1
(105.2 J ug/L), SG-18 (153.6 J pg/L), SG-19 (109.4 ug/L), SG-19 DUP (83.9 J pg/L), SG-20
(77.2 pg/L), SG-22 (808 J ug/L), SG-23 (2274 ug/L), and SG-24 (150.5 J pg/L).

o Dissolved zinc was detected in 12 monitoring wells (and one duplicate sample) at
concentrations below the primary monitoring criteria of 65 pg/L. It was detected in all of the
surface water samples, however, only three of the detections exceeded the primary criteria:
SG-22 (323.8 ug/L), SG-23 (643.2 pg/L), and SG-24 (123.6 J pg/L).

3.1 COMPARISON BETWEEN ROUNDS 14 AND 15

Overall, the groundwater analytical results were of similar magnitudes for Rounds 14 and 15.

Besides SG-24, the COPCs in the rest of the surface waters samples were detected more often
and in higher concentrations during Round 15. SG-24 had higher concentrations in Round 14
than Round 15. However, when looking at the Round 14 concentrations of total and dissolved
metals in comparison to the turbidity of the sampie, it appears that the elevated turbidity (195
NTU) was a major cause of the elevated total metal concentrations. A similar occurrence
happened in the Round 15 sample for SG-18, which had a turbidity of 70 NTUs.

While most of the surface water samples were within an order of magnitude from Round 14 to 15,
there was a larger difference in locations SG-22 and SG-23 where the Round 15 samples were

more than an order of magnitude greater than the Round 14 values.
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TABLE 3-1

MONITORING WELL CONSTRUCTION DETAILS
YEAR 5 ANNUAL GROUNDWATER MONITORING REPORT
AREA A LANDFILL, NSB-NLON, GROTON, CONNECTICUT

Well Top of Riser/ Elevation of Screened Total Depth Depth to
Well Construction | Ground Surface | Top/Bottom | Top/Bottom of Formation (feet BGS) Bedrock
Location Material Elevation "2 of Screen Screen 2 (feet BGS)
(feet) (feet BGS) (feet)
4MW1S PVC 129.55/127.98 8.5-18.5 119.48/109.48 Bedrock 18.5 25
3MwW12D PVC 47.22/44.89 20.0-25.0 24.89/19.89 Bedrock 255 12
2LMW20S PVvC 86.83/87.23 9.0-19.0 78.23/68.23 Fill/Alluvium 19.0 NA
2WMW21S PVC 76.31/74.62 5.0-15.0 69.62/59.62 Dredge Spoil 15.0 NA
3MW37S PVC 47.26/44.09 4.5-55 39.59/38.59 Alluvium 5.5 NA
2WMW38DS PVC 74.06/72.28 4.0-9.0 68.28/63.28 Dredge Spoil 12.0 NA
2WMW39DS PVC 73.53/71.60 4.0-14.0 67.60/57.60 Surficial Sand/ 15.0 NA
Dredge Spoil
2WMW40DS PVvC 73.21/71.46 4.0-14.0 67.46/57.46 Dredge Spoil 15.0 NA
2WMW41DS PVC 73.39/71.04 45-14.5 66.54/56.54 Dredge Spoil 15.5 NA
2WMW42DS PVC 73.65/71.24 6.0-16.0 65.24/55.24 Dredge Spoil 17.0 NA
2WMW43DS PVC 74.36/71.39 4.0-14.0 67.39/57.39 Dredge Spoil 15.0 NA
2WMW44DS PVC 73.72/70.95 4.0-14.0 66.95/56.95 Dredge Spoil 15.0 NA
2WMW45DS PVC 74.24/72.24 4.0-14.0 68.24/58.24 Dredge Spoil 15.0 NA
2WMW46DS PVC 73.53/71.76 4.0-14.0 67.76/57.76 Dredge Spoil 15.0 NA
2WMW47DS PVC 73.39/71.98 4.0-14.0 67.98/ 57.98 Surficial Sand/ 15.0 NA
Dredge Spoll

1 Datum for elevations is the Base 1982 Vertical Datum.

2 All elevations are post-cap construction conditions.

Notes:

Base 1982 Vertical Datum = NAVD 88 + 2.39 feet.

BGS means below ground surface.

NA means information is not available or not applicable.




TABLE 3-2

YEAR 5 ANNUAL GROUNDWATER MONITORING REPORT
AREA A LANDFILL, NSB-NLON, GROTON, CONNECTICUT

ROUNDS 14 AND 15 GROUNDWATER ANALYTICAL RESULTS SUMMARY

Primary | Secondary| NSB-NLON 2LMW20S ~ 2LMW20S 2WMW21S 2WMW21S 2WMW38DS 2WMW38DS 2WMW39DS 2WMW39DS 2WMW40DS
Chemical Monitoring | Monitoring | Background Round 14 Round 15 Round 14 Round 15 Round 14 Round 15 Round 14 Round 15 Round 14
Criterion (" | Criterion | Concentration' 6/3/2004 10/6/2004 6/3/2004 10/6/2004 6/3/2004 10/5/2004 6/1/2004 10/5/2004 6/1/2004
SVOCs (pg/L)
BENZO(A)%\NTHRACENE 0.3 NA = 0.2 UJ 02U 0.2 UJ 0.2 U 0.2 UJ 039 U 0.2 UJ 0.2 U 0.2 UJ

IIBENZO(A)PYRENE 0.3 NA = 0.2 UJ 02U 0.2 UJ 0.2 U 0.2 UJ 0.39 U 02U 0.2 U 02U

IIBENZO(B)FLUORANTHENE 0.3 NA - 02U 02U 0.2 U 0.2 U 02U 0.39 U 0.2 UJ 0.2 U 0.2 UJ

IIBENZO(K)FLUORANTHENE 0.3 NA = 02U 0.2 U 0.2 U 0.2 U 02U 039 U 0.2 UJ 02U 0.2 UJ

I[BIS(2-ETHYLHEXYL)PHTHALATE 59 NA - 10 U 10 U 10 U 10U 10 U 20 U 10 U 10 U 10 U

IIIPHENANTHRENE 0.3 NA = 0.2 U 0.2 U 02U 02U 0.16 J 039 U 0.2 UJ 02 U 0.2 UJ
Inorganics (Total) (ug/L)

[[ARSENIC 150 @ NA 1.92 2.9 9.3 3.3 5.3 1.6 N A 1U 0.75 J 14.1
BERYLLIUM 4 NA NA 1U 1U 1U 1U 1U N A 1U 1U 5U
CADMIUM 0.25 % NA NA 0.2 1U 2U 2 U 0.08 J N A 01U 0.12 J 05U
CHROMIUM 1@ NA 49.9 1.4 1.1 6.8 9.2 3.4 N A 0.94 J 0.94 J 29.1
COPPER 489 NA 107 3.5 2.5 8.3 5.2 2.6 N A 0.29 J 1.2 3.06 J
LEAD 129 NA 6.63 1.1 0.5 1 0.6 1 N A 05U 0.49 J 25U
ZINC 65 NA 131 43.4 58.5 J 60.5 40 J 46.5 N A 2.89 J 1.3 J 32.6
Inorganics (Dissolved) (pg/L)

[ARSENIC 150 ) NA 2.55 2.2 7.3J 6.7 6.4J 2.7 N A 1U 1U 10.7
BERYLLIUM 4 NA NA 1U 1U 1U 1U 1U N A 1U 1U 5U
CADMIUM 0.25% NA NA 01U 1U 0.1U 1U 01U N A 0.1U 1U 05U
CHROMIUM 11@ NA 16 0.56 J 1U 6.5 7.3 1.2 N A 0.38 J 1U 3.77 J
COPPER 489 NA 39.4 0.27 J 0.21 J 0.97 J 2.6 0.81 J N A 0.2J 0.19 J 5U
LEAD 129 NA 2.52 05U 0.33 J 05U 0.27 J 0.7 N A 0.5 U 0.29 J 25U
ZINC 65 NA 109 26.7 J 58.7 3.44 J 11.5 3.24 J N A 5U 6.5 J 25 U
NOTES:

DUP = Field duplicate sample, J = Estimated Value, U = Undetected Value, NA = Not available
ND = Not Detected in background samples, - = Not analyzed for in background samples.

Bold type denotes analyte detection.

Yellow shaded boxes denote exceedances of primary or secondary menitoring criterion
and/or background groundwater concentrations.
Blue shaded boxes denote reporting limit exceedances of primary or secondary monitoring
criterion and/or background groundwater concentrations.
Primary and Secondary Monitoring Criteria shown in table are from the

New London O&M plan dated March 2003.

b WN =

Remedial Investigation Report (TtNUS, 2001)

SWPC for substances in groundwater. (CTDEP, January 1996)
Federal AWQC for protection of aquatic life (chronic, freshwater). (USEPA, 1999)
Ambient Water Quality Criteria update for Cadmium (USEPA, 2001).
Connecticut WQS for protection of aquatic life (chronic, freshwater) (CTDEP, 2002).
Background concentrations taken from Basewide Groundwater Operable Unit
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TABLE 3-2

ROUNDS 14 AND 15 GROUNDWATER ANALYTICAL RESULTS SUMMARY
YEAR 5 ANNUAL GROUNDWATER MONITORING REPORT
AREA A LANDFILL, NSB-NLON, GROTON, CONNECTICUT

Primary | Secondary| NSB-NLON | 2WMWA40DS | 2WMW41DS | 2WMWa4iDS | 2WMWA42DS | 2WMWA42DS (DUP) | 2WMW42D8 | 2WMWA43DSs 2WMW43DS 2WMW44DS
Chemical Monitoring | Monitoring | Background Round 15 Round 14 Round 15 Round 14 Round 14 Round 15 Round 14 Round 15 Round 14
i Criterion | Criterion | Concentration'® 10/5/2004 6/2/2004 10/5/2004 6/2/12004 6/2/2004 |  10/6/2004 |  6/3/2004 |  10/6/2004 |  6/2/2004

SVOCs (pg/L)

BENZO(A#\NTHRACENE 0.3 NA - 0.2 U 02U 02U 02U 02U 0.2 U 0.2 UJ 02U 02U

[[BENZO(A)PYRENE 0.3 NA - 02U 02U 02U 02U 02U 02U 0.2 UJ 02U 02U

[[BENZO(B)FLUORANTHENE 0.3 NA - 0.2 U 02U 02U 02U 02U 02U 02U 02U 0.2 U

[[BENZO(K)FLUORANTHENE 0.3 NA -- 02U 02U 02U 0.2 U 02U 02U 02U 02U 02U

[BIS(2-ETHYLHEXYL)PHTHALATE 59 NA = 10 U 10 U 10 U 10 U 10U 10 U 10 U 24) 10 U

[[PHENANTHRENE 0.3 NA = 02U 0.2 UJ 02U 0.2 UJ 0.2 UJ 02U 02U 02U 0.2 UJ

[lnorganics (Total) (ug/L)

[ARSENIC 150 @ NA 1.92 13.8 4.1 6.1 4.7 4.1 4 7 7.9 4.2

[[BERYLLIUM 4 NA NA 1U 1U 1 U 1U 1U 1U 1U 1U 1U

[lcaDmium 0.25 @ NA NA 1U 0.5 U 0.1 J 05U 0.5 U 1U 1U 1U 1U

[lcHROMIUM 11% NA 49.9 7.5 16.2 13.5 17.6 15.2 5.8 6.9 7.5 6.4

[lcoPPER 48" NA 107 3.3 3.7 2.1 3.2 3.2 1.4 5.5 2.8 6.8

[lLEAD 1g™ NA 6.63 0.4J 0.8 0.5 032 J 0.32 J 0.35 J 0.5U 0.26 J 0.9

[zinc 65 ¥ NA 131 19.5 J 28.5 149 J 14.5 14.6 7.2 21.1 10.5 J 42

[inorganics (Dissolved) (ug/L)

[[ARSENIC 150 @ NA 2.55 10.3 J 45 5.3 5.5 4.3 3.5 7.9 10.2 J 1.8
BERYLLIUM 4 NA NA 1U 1U 1U 1U 1U 1U 1U 1U 1U
CADMIUM 0.25 " NA NA 1U 01U 1U 01U 0.1U 1U 1U 1U 0.1U
CHROMIUM 1@ NA 16 5 9.1 10.8 7.6 7.6 5 6.3 6.9 1.9
COPPER 48" NA 39.4 2.7 3.2 1.3 0.46 J 0.4J 1.1 0.76 J 2.8 0.3J
LEAD 1.2™ NA 2.52 0.27 J 05U 0.37 J 05U 05U 0.31 J 0.5 UJ 05U 05U
ZINC 65 NA 109 7.7 3.58 J 4.84 J 3.49 J 48J 4.49 J 2.29J 18.2 1.4J
NOTES:

DUP = Field duplicate sample, J = Estimated Value, U = Undetected Value, NA = Not available
ND = Not Detected in background samples, -- = Not analyzed for in background samples.

Bold type denotes analyte detection.
Yellow shaded boxes denote exceedances of primary or secondary monitoring criterion

and/or background groundwater concentrations.

Blue shaded boxes denote reporting limit exceedances of primary or secondary monitoring
criterion and/or background groundwater concentrations.
Primary and Secondary Monitoring Criteria shown in table are from the

g BRwWw N -

New London O&M plan dated March 2003.

SWPC for substances in groundwater. (CTDEP, January 1996)
Federal AWQC for protection of aquatic life (chronic, freshwater). (USEPA, 1999)
Ambient Water Quality Criteria update for Cadmium (USEPA, 2001).
Connecticut WQS for protection of aquatic life (chronic, freshwater) (CTDEP, 2002).

Background concentrations taken from Basewide Groundwater Operable Unit

Remedial Investigation Report (TINUS, 2001)
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TABLE 3-2

ROUNDS 14 AND 15 GROUNDWATER ANALYTICAL RESULTS SUMMARY
YEAR 5 ANNUAL GROUNDWATER MONITORING REPORT
AREA A LANDFILL, NSB-NLON, GROTON, CONNECTICUT

Primary | Secondary| NSB-NLON W44l JWNMW45DS | 2WMW45DS | 2WMWA45DS (DUP) | 2WMWA46DS 2WMWA46DS | 2WMWA47DS | 2WMWA7DS (DUP) |
Chemical Monitoring | Monitoring | Background Round 15 Round 14 Round 15 Round 15 Round 14 Round 15 Round 14 Round 14
Criterion """ | Criterion | Concentration'® 10/6/2004 6/2/2004 10/6/2004 10/6/2004 6/2/2004 10/6/2004 6/3/2004 6/3/2004
SVOCs (ug/L)
[BENZO(A)ANTHRACENE 0.3 NA = 02U 02 UJ 02U 02U 0.2 UJ 02U 0.2 UJ 0.2 UJ
[[BENZO(A)PYRENE 0.3 NA = 02U 0.2 UJ 0.2 U 02U 0.2 U 0.2 U 0.2 UJ 0.2 UJ
([BENZO(B)FLUORANTHENE 0.3 NA = 02U 0.2 UJ 0.2 U 02U 0.2 UJ 0.2 U 0.2 U 02U
([BENZO(K)FLUORANTHENE 0.3 NA - 0.2 U 0.2 UJ 0.2 U 02U 0.2 UJ 0.2 U 0.2 U 0.2 U
[BIS(2-ETHYLHEXYL)PHTHALATE 50 NA = 24 10 U 10 U 10 U 10 U 10 U 10 U 10 U
[[PHENANTHRENE 0.3 NA - 02U 0.2 UJ 0.2 U 02U 0.2 UJ 0.2 U 0.2 U 02U
Inorganics (Total) (ug/L)
[ZRSENIC 150 @ NA 1.92 3.55 J 8.8 8 12.9 25.2 22.1 34.7 35.2
[[BERYLLIUM 4 NA NA 4 U 5U 1U 1U 5U 1U 1U 1U
flcaDmium 0.25 % NA NA 5U 05U 1U 2U 05U 2 U 0.5 U 0.5 U
flcHROMIUM 119 NA 49.9 5J 8 5.5 5.4 10.6 8.7 2.3 2.7
[lcoPPER 489 NA 107 10 U 1.08 J 26 2.8 224 4.3 1.2 1.3
[lLEAD 129 NA 6.63 10 U 25U 0.5 0.45 J 25U 0.35 J 0.28 J 09J
{lzine 65 Y NA 131 21J 15.14 J 24.9 J 16.8 33.3 20.2 3.77 J 431 J
[llnorganics (Dissolved) (ug/L)
lARSENIC 150 @ NA 2.55 4U 9.9 6.5 J 7 22.6 21.4 J 34.5 32.6
[BERYLLIUM 4 NA NA 4U 5U 1U 1U 5U 1U 1U 1U
CADMIUM 0.25 ¥ NA NA 5U 05U 1U 1U 0.5 U 1U 0.1 U 01U
CHROMIUM 1% NA 16 10 U 4.54 J 4.8 4.7 8.2 8.1 0.82 J 0.78 J
COPPER 48 @ NA 39.4 10 U 5U 1.6 1.6 111 J 3.8 J 1U 1U
LEAD 129 NA 252 10 U 25U 05U 05U 25U 0.5 U 0.5 U 0.5 UJ
ZINC 65 4 NA 109 5J 474 ) A 478 J 25 U 12.5 487 J 1.41 J
NOTES:

DUP = Field duplicate sample, J = Estimated Value, U = Undetected Value, NA = Not available
ND = Not Detected in background samples, -- = Not analyzed for in background samples.

Bold type denotes analyte detection.

Yellow shaded boxes denote exceedances of primary or secondary monitoring criterion
and/or background groundwater concentrations.
Blue shaded boxes denote reporting limit exceedances of primary or secondary monitoring
criterion and/or background groundwater concentrations.
Primary and Secondary Monitoring Criteria shown in table are from the

New London O&M plan dated March 2003.

g oW N =

Remedial Investigation Report (TtNUS, 2001)

SWPC for substances in groundwater. (CTDEP, January 1996)
Federal AWQC for protection of aquatic life (chronic, freshwater). (USEPA, 1999)
Ambient Water Quality Criteria update for Cadmium (USEPA, 2001).
Connecticut WQS for protection of aquatic life (chronic, freshwater) (CTDEP, 2002).
Background concentrations taken from Basewide Groundwater Operable Unit
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TABLE 3-2
ROUNDS 14 AND 15 GROUNDWATER ANALYTICAL RESULTS SUMMARY
YEAR 5 ANNUAL GROUNDWATER MONITORING REPORT
AREA A LANDFILL, NSB-NLON, GROTON, CONNECTICUT

II Primary | Secondary| NSB-NLON | 2WMWA47DS | 2WMWA47DS (DUP) 3MW12D | 3MWi2D 3MW375 3MW37S | 4MWIS aMW1S
Chemical Monitoring | Monitoring | Background Round 15 Round 15 Round 14 Round 15 Round 14 Round 15 Round 14 Round 15
. |criterion"| criterion | Concentration'” 10/5/2004 10/5/2004 6/2/2004 10/5/2004 6/2/2004 10/5/2004 6/2/2004 10/6/2004
[SVOCs (pg/L)
[[BENZO(A)ANTHRACENE 0.3 NA p 02U 02 U 0.2 UJ 02U 0.2 UJ 02U 0.2 UJ 02U
[[BENZO(A)PYRENE 0.3 NA - 02U 02U 0.2 U 02 U 02U 02U 0.2 UJ 02 U
[BENZO(B)FLUORANTHENE 0.3 NA . 02U 02 U 0.2 UJ 02U 0.2 UJ 02U 0.2 U 02 U
[BENZO(K)FLUORANTHENE 0.3 NA - 02 U 0.2 U 0.2 UJ 02U 0.2 UJ 02U 0.2 U 02U
[BIS(Z-ETHYLHEXYL)PHTHALATE 59 NA - 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U
[[PHENANTHRENE 0.3 NA - 0.2 U 02U 0.2 UJ 02U 0.2 UJ 02U 02 U 02U
Iigganlcs (Total) (ug/L)

RSENIC 150 @ NA 1.92 37 39.8 0.8 J 0.85 J 1U 1U 1U 1U
[(BERYLLIUM 4 NA NA 1U 1U 1U 1U 1U 1U 1 U 1U
flcabmium 0.25 ¥ NA NA 1U 1U 0.1U 0.09 J 0.2 0.09 J 0.1 1U
CHROMIUM 119 NA 49.9 2.8 3 1U 1U 1U 1U 1U 0.3J
COPPER 48 @ NA 107 1.2 1.5 0.55 J 073 J 2.2 1.7 0.68 J 1.4
LEAD 12@ NA 6.63 0.42 J 0.6 05U 05U 05U 0.22 J 0.5 U 0.5 U
llzine 65 @ NA 131 52 J 52 J 3.26 J 5U 2.69 J 5U 5.3 3.65 J
Inorganics (Dissolved) (ug/L)
|ARSENIC 150 @ NA 2.55 39.7 33.9 0.78 J 0.72 J 1U 1U 0.04 J 1U
[BERYLLIUM 4 NA NA 1U 1U 1U 1U 1U 1U 1U 1U
flcapmium 0259 NA NA 1U 1U 01U 1U 0.1U 1U 01U 1U
f[cHROMIUM 119 NA 16 1.6 1.5 1U 1U 0.31J 1U 1U 1U
f[corPPER 48" NA 39.4 0.42 J 0.36 J 0.26 J 0.81J 1.6 0.84 J 0.68 J 0.78 J
LEAD 12@ NA 252 0.41J 0.5 U 05U 0.5 U 0.5 U 0.36 J 0.5 U 0.37 J
ZINC 65 ¥ NA 109 5J 5U 3.91 J 5U 5U 5U 5.6 J 4.05 J
NOTES:

DUP = Field duplicate sample, J = Estimated Value, U = Undetected Value, NA = Not available
ND = Not Detected in background samples, — = Not analyzed for in background samples.

Bold type denotes analyte detection.

Yellow shaded boxes denote exceedances of primary or secondary monitoring criterion
and/or background groundwater concentrations.
Blue shaded boxes denote reporting limit exceedances of primary or secondary monitoring
criterion and/or background groundwater concentrations.
Primary and Secondary Monitoring Criteria shown in table are from the

New London O&M plan dated March 2003.

s W N =

Remedial Investigation Report (TINUS, 2001)

SWPC for substances in groundwater. (CTDEP, January 1996)
Federal AWQC for protection of aquatic life (chronic, freshwater). (USEPA, 1999)
Ambient Water Quality Criteria update for Cadmium (USEPA, 2001).
Connecticut WQS for protection of aquatic life (chronic, freshwater) (CTDEP, 2002).
Background concentrations taken from Basewide Groundwater Operable Unit
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TABLE 3-3

ROUNDS 14 AND 15 SURFACE WATER ANALYTICAL RESULTS SUMMARY

YEAR 5 ANNUAL GROUNDWATER MONITORING REPORT -
AREA A LANDFILL, NSB-NLON, GROTON, CONNECTICUT

Primary | Secondary| NSB-NLON 3MSPO1 3MSP01 SG-18 SG-18 SG-19 SG-19 (DUP) SG-19 SG-19 (DUP) $G-20
Chemical Monitoring | Monitoring| Background Round 14 Round 15 Round 14 Round 15 Round 14 Round 14 Round 15 Round 15 Round 14

il il | Criterion | cCriterion | Concentration” 6/2/2004 10/5/2004 6/2/2004 10/5/2004 6/2/2004 6/2/2004 10/6/2004 10/6/2004 6/3/2004
SVOCs (uglL)

IBENZO(A)ANTHRACENE NA NA = 0.35 J 0.22 0.2 UJ 0.15 J 0.065 J 0.2 UJ 0.052 J 0.06 J 0.2 UJ
[BENZO(A)PYRENE NA NA = 0.23 0.22 0.2 U 0.16 J 02U 02U 0.2 UJ 0.064 J 0.2 UJ
(IBENZO(B)FLUORANTHENE NA NA P 0.14 J 0.28 0.2 UJ 017 J 0.2 UJ 0.2 UJ 01J 012 J 02U
([BENZO(K)FLUORANTHENE NA NA = 0.14 J 0.21 0.2 UJ 0.16 J 011J 0.2 UJ 0.074 J 0.086 J 02U
[BIS(2-ETHYLHEXYL)PHTHALATE NA NA . 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U
[[PHENANTHRENE NA NA - 0.27 J 017 J 0.2 UJ 0.15 J 0.081 J 0.2 UJ 0.2 0.21 02U
I::_organics (Total) (ug/L)

RSENIC 150 NA NA 2.1 3 0.77 J 2.9 29 J 1.6 J 2.3 2.1 0.51 J

((BERYLLIUM NA NA NA 1U 1U 1U 0.16 J 1U 1U 1U 1U 1U
flcADMIUM 0.25 ¥ NA NA 0.3 0.3 01U 0.15 J 02J 0.1 UJ 02U 0.2 U 0.1U
[[CHROMIUM 11 NA NA 3.6 4.3 0.72 J 1.5 2 1.3 1.8 2.3 0.6 J
[[coPPER 48 NA NA 14.2 19.4 2 6.8 127 J 57 J 13.6 8.6 1.3
[lLEAD 1.2% NA NA 24 35.6 0.4J 2.6 5.5 J 22J 4.1 3.2 0.6
lzINnC 65 NA NA 81.7 105.2 J 23.4 153.6 J 90.9 38.7 J 109.4 83.9 J 24.1
|In£ganics (Dissolved) (ug/L)
ARSENIC 150 NA NA 1U 1U 5U 1 U 1U 1 U 1U 1U 0.26 J
BERYLLIUM NA NA NA 1U 1U 5U 1 U 1U 1U 1 U 1U 1 U
CADMIUM 0.25 @ NA NA 0.1U 02U 0.5 U 0.2 U 01U 01U 02U 02U 0.1 U
CHROMIUM 11 NA NA 1U 1U 5U 1U 10 1U 1U 1U 1 U
[cOPPER 48" NA NA 1.3 1.2 5U 0.36 J 0.39 J 0.28 J 0.64 J 0.54 J 0.37 J
[LEAD 1.2%9 NA NA 05U 0.2J 25U 0.5 U 0.5 U 05U 05U 05U 0.5 U
ZINC 65 ™ NA NA 27.9 38.5J 3.93J 278 J 6.9 5.9 143 10.5 6.6 J
NOTES:

DUP = Field duplicate sample, J = Estimated Value, U = Undetected Value, NA = Not available

ND = Not Detected in background samples, -

Bold type denotes analyte detection.

Not analyzed for in background samples.

Yellow shaded boxes denote exceedances of primary or secondary monitoring criterion
and/or background groundwater concentrations.
Blue shaded boxes denote reporting limit exceedances of primary or secondary monitoring
criterion and/or background groundwater concentrations.
Primary and Secondary Monitoring Criteria shown in table are from the

New London O&M plan dated March 2003.

B W N -

SWPC for substances in groundwater. (CTDEP, January 1996)
Federal AWQC for protection of aquatic life (chronic, freshwater). (USEPA, 1999)
Ambient Water Quality Criteria update for Cadmium (USEPA, 2001).
Connecticut WQS for protection of aquatic life (chronic, freshwater) (CTDEP, 2002).
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TABLE 3-3

ROUNDS 14 AND 15 SURFACE WATER ANALYTICAL RESULTS SUMMARY

YEAR 5 ANNUAL GROUNDWATER MONITORING REPORT -
AREA A LANDFILL, NSB-NLON, GROTON, CONNECTICUT

Primary | Secondary NSB-NLON || $G-20 -~ S8G219 | SG-21 | = SG-22 §G-22 $G-23 -~ S§G-23 $G-24 SG-24
Chemical Monitoring | Monitoring | Background Round 15 Round 14 Round 15 Round 14 Round 15 Round 14 Round 15 Round 14 Round 15
Criterion " | Criterion | Concentration'” 10/6/2004 6/2/2004 10/6/2004 6/2/2004 10/6/2004 6/2/2004 10/6/2004 6/3/2004 10/5/2004
SVOCs (ug/L)
IBENZO(%?ANTHRACENE NA NA - 0.2 U 0.2 UJ 02U 0.094 J 0.076 J 0.2 UJ 02U 012 J 02U
BENZO(A)PYRENE NA NA - 0.2 U 0.2 U 02U 0.089 J 0.08 J 02U 02U 0.084 J 02U
BENZO(B)FLUORANTHENE NA NA u 02U 0.2 UJ 02U 0.2 UJ 0.1J 0.2 UJ 02U 0.1J 02U
[[BENZO(K)FLUORANTHENE NA NA - 02U 0.2 UJ 02U 01J 0.083 J 0.2 UJ 02U 0.19 J 02U
[BIS(2-ETHYLHEXYL)PHTHALATE NA NA - 10 U 10 U 22d 10 U 10 U 10 U 10 U 10 U 10 U
[[PHENANTHRENE NA NA - 0.2 U 0.11J 0.06 J 0.08 J 0.068 J 0.2 UJ 0.031 J 0.095 J 02U
Inorganics (Total) (pg/L)
ARSENIC 150 NA NA 2.2 0.88 J 1.4 5.3 49.5 1U 12 44.9 3.1
BERYLLIUM NA NA NA 1U 1U 1U 1 U 0.23J 1U 0.4 J 1.1J 1U
CADMIUM 0.25%9 NA NA 0.2 U 01U 02U 0.2 0.7 01U 1 0.5 0.19 J
CHROMIUM 11 NA NA 0.89 J 0.92 J 1.2 5.3 7.7 0.39 J 6.9 34 1
[lcoPPER 48° NA NA 3.8 2 2.9 25.9 52.1 1.5 39.3 109.9 24.2
ILEAD 1.2 NA NA 1.4 3.4 1.9 14.5 24.8 0.44 J 20.2 70.7 2.5
flzINC 65 NA NA 77.2 29.3 43.6 216.3 808 J 134.5 2274 506.8 150.5 J
[inorganics (Dissolved) (ug/L)
ARSENIC 150 NA NA 0.66 J 1U 0.82 J 1 U 8.9J 1U 36J 4.7 0.86 J
BERYLLIUM NA NA NA 1U 1U 1U 1 U 1U 1U 1 U 1 U 1U
CADMIUM 0.25 "% NA NA 02U 0.1U 0.2 U 0.1U 02U 0.1U 02U 01U 0.27 J
CHROMIUM 11 NA NA 1 U 1U 1U 1 U 0.87 J 1 U 1 1U 1U
COPPER 489 NA NA 0.72 J 0.4J 1 0.43 J 5.9 0.34 J 5.1 0.4 J 10.2
LEAD 129 NA NA 0.27 J 0.5 U 0.37 J 0.5 U 1.4 0.5 U 1.7 0.5 UJ 1.3
ZINC 65 " NA NA 29 6.3 15.6 18.6 323.8 82.5 643.2 9.3 J 123.6 J
NOTES:

DUP = Field duplicate sample, J = Estimated Value, U = Undetected Value, NA = Not available
ND = Not Detected in background samples, -- = Not analyzed for in background samples.

Bold type denotes analyte detection.

Yellow shaded boxes denote exceedances of primary or secondary monitoring criterion
and/or background groundwater concentrations.
Blue shaded boxes denote reporting limit exceedances of primary or secondary monitoring
criterion and/or background groundwater concentrations.

Primary and Secondary Monitoring Criteria shown in table are from the

New London O&M plan dated March 2003.

B W N =

SWPC for substances in groundwater. (CTDEP, January 1996)
Federal AWQC for protection of aquatic life (chronic, freshwater). (USEPA, 1999)
Ambient Water Quality Criteria update for Cadmium (USEPA, 2001).
Connecticut WQS for protection of aquatic life (chronic, freshwater) (CTDEP, 2002).
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4.0 STATISTICAL ANALYSIS

A statistical analysis was performed on the results presented in Section 3.0 in an effort to
determine whether COPCs are having an impact on groundwater at the Site. In the analysis, 12
downgradient wells (2WMW38DS, 2WMW39DS, 2WMW40DS, 2WMW41DS, 2WMW42DS,
2WMW43DS, 2WMW44DS, 2WMW45DS, 2WMW46DS, 2WMW47DS, 3MW12D and 2MW378S)
and two upgradient wells (2LMW20S and 4MW1S) were compared using various statistical

methods. Analysis is summarized in the following sections and detailed in Appendix F.

4.1 STATISTICAL ANALYSIS METHODOLOGY

Statistical analysis of the data was performed in order to:

¢ Summarize contaminant concentrations for each COPC with detection frequency, range and

average values; and

e Compare COPC detections in downgradient wells to detections in upgradient wells.

411 Summary Statistics

For each COPC the frequency of detection was tabulated for both upgradient and downgradient
wells. Analytes which were identified but the associated numerical value was an approximate
concentration, denoted with “J” during validation, were include as a positive detection. The range
of data and average values were tabulated for all detected analytes. Averaging for detected
analytes was performed using two different methods. The first method averaged detected and
estimated “J” values only and did not account for non-detects. The second method replaced non-

detects with a value equal to half of the laboratory reporting limit prior to averaging all resuits.

4.1.2 Comparison of Downgradient Wells to Upgradient Wells

The comparison of downgradient and upgradient data sets for the Area A Landfill site is
summarized in Table 4-1. The statistical method employed for each COPC, determined by the
number of detections, distribution and variance for each of the data sets, are summarized below.

The number of detections was determined for both the downgradient and upgradient data sets for
each analyte. If there were no detections in either data set, no statistical analysis was performed
and downgradient and upgradient concentrations were considered statistically similar. In cases
where there were detections in the downgradient wells but none in the upgradient wells, no
statistical analysis was performed and downgradient results were considered statistically higher
than upgradient concentrations for that analyte. However, in cases were the detections in the

downgradient wells were below the reporting limit for the upgradient wells, no statistical analysis
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was performed and downgradient and upgradient concentrations were considered statistically
similar. In cases where there were detections in the upgradient wells but none in the
downgr\adient wells, no statistical analysis was performed and downgradient results were not
considered statistically higher than upgradient concentrations for that analyte. When non-detects
exceeded 50% of either data set a Two-Sample Test of Proportions was used in accordance with
USEPA guidance (USEPA, 1992).

The Analysis of Variance (ANOVA) technique is the preferred method to compare data from
upgradient and downgradient monitoring well locations. The ANOVA technique is used to test
whether there is statistically significant evidence of contamination. There are parametric and
non-parametric ANOVA techniques. The parametric ANOVA method assumes that the
upgradient and downgradient data sets are both normally (or lognormally) distributed and that
group variances of the upgradient and downgradient data sets are homogeneous. These two
assumptions can be checked by performing the Shapiro-Wilk Test of Normality and Levene’s Test
of Homogeneity of Variance, respectively. If the results of the two tests indicated that either of
these assumptions were violated a non-parametric ANOVA technique was conducted. This

technique compares ranks of the observations rather than the observations themselves.

Figure 4-1 illustrates the decision process employed for selecting the appropriate statistical
method to compare downgradient and upgradient data for each COPC at the Area A Landfill site.
Once the appropriate method was determined, it was performed in accordance with USEPA
guidance and the Year 3 Annual Monitoring Report (TINUS 2003). Details of computation are
included in Appendix F for all of the tests employed:

e Two-Sample Test of Proportions

e Shapiro-Wilk Test of Normality

e Levene's Test of Homogeneity of Variance
e Parametric ANOVA

¢ Modified Wilcoxon Rank-Sum Test

4.2 STATISTICAL ANALYSIS RESULTS

Results of downgradient and upgradient data set comparisons are summarized in Table 4-1. A
total of 13 COPCs were detected. For each of these 13 COPCs the number of detections,
distribution and variance were evaluated for both upgradient and downgradient data sets. No
statistical analysis was required for two of the 13 COPCs because the upgradient well data set

consisted entirely of non-detects. Two-Sample Test of Proportions was performed on two
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COPCs and Non-Parametric ANOVA in the form of the modified Wllcoxon Rank-Sum Test was
performed on the remaining nine COPCs.

Results of these statistical analyses are summarized in Table 4-1 and each test is detailed in

Appendix F.

In cases where there were _detei:_tjons in the downgradient wells that were less than or equal to
trTe reporting limit for upgr%dient- wells, no statistical analysis was performed and downgradient
results were normally not considered statistically higher than upgradient concentrations for that
analyte. These COPC included BEHP and phenanthrene. BEHP had two detections, both 2.4 J
pg/L, which were less than the reporting limit of 10 pg/L. Phenanthrene had one detection of 0.16
J ug/L which was below the reporting limit of 0.2 pg/L. As a resuit downgradient and upgradient

data sets for these COPCs were considered statistically similar.

Seven COPCs upgradient and downgradient well data sets consisted entirely of non-detects.
These COPCs included benzo(a)anthracene, benzo(a)pyrene, benzo(b)fluoranthene,
benzo(k)fluoranthene, total beryllium, dissolved beryllium, and dissolved cadmium. As a result

downgradient and upgradient data sets for these COPCs were considered statistically similar.

The Two-Sample Test of Proportions was used on two COPCs because greater than half the
samples were non-detect values. Total cadmium and dissolved lead were both analyzed using
the Two-Sample Test. Both were determined to have downgradient and upgradient data sets that

were statistically similar.

Non-parametric ANOVA analyses were utilized for the remaining nine COPCs: arsenic (total and
dissolved), chromium (total and dissolved), copper (total and dissolved), total lead, and zinc (total
and dissolved). Since there were only two data sets, a modified Wilcoxon Rank-Sum test was
used to analyze the difference between the downgradient and upgradient concentrations. Six
COPCs analyzed with the Wllcoxon Rank-Sum test were determined to have downgradient and
upgradient data sets that were statistically similar. These COPCs were arsenic (total and

dissolved), total copper, total lead, and zinc (total and dissolved).

Analyses showed that the downgradient concentrations were in excess of the upgradient for the

remaining three COPCs: total chromium, dissolved chromium and dissolved copper.

Total chromium was detected in nineteen out of twenty-three downgradient samples (average
8.03 pg/L) and three upgradient sample (average 0.93 ug/L). All the concentrations of the

downgradient wells were below the background concentration of 49.9 pg/L. Dections in wells
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2WMW40DS, 2WMW41DS and 2WMW42DS exceeded the primary monitoring criteria of 4.8
ug/L.

Dissolved chromium was detect in eightteen out of twenty-three downgradient samples (average
4.59 pg/L) and one upgradient sample (0.56 pg/L). All of the detections and the average in
downgradient wells were below the primary monitoring criterion of 11 pg/L and the background

conentration of 16 pg/L.

Dissolved copper was detect in nineteen out of twenty-three downgradient samples (average 1.21
pg/L) and four upgradient sample (average 0.49 pg/L). All of the detections and the average in
downgradient wells were below the primary monitoring criterion of 4.8 pg/L and the background

conentration of 39.4 pg/L.

As detailed above, statistical analysis of the data indicated that downgradient results were
statistically higher than upgradient results for three COPCs (total and dissolved chromium and
dissolved copper). Of these, two COPCs (dissolved chromium and dissolved copper) were below
both their respective primary monitoring criteria and background concentration. Total chromium

exceeded the primary monitoring criteria but was below the background concentration.

Downgradient wells with detections of total chromium were plotted against time to determine
whether concentrations appear to be increasing and are described in further detail below. During
Year 5, the total chromium maximum concentration of 29.1 ug/L. was reported during the Round
14 sampling event on 1 June 2004. During Year 4, the total chromium maximum concentration of
20 pg/L was reported during the Round 12 sampling event on 8 April 2003. During Year 3, the
total chromium maximum concentration of 12.8 ug/L was reported during the Round 11 sampling
event on 2 October 2002. The concentrations appear to be increaseing slightly from Year 3 to

Year 5 as shown in the plot in Appendix F.



CHART 4-1
DECISION CHART FOR APPROPIATE STATISTICAL METHOD
TO COMPARE ANALYTE UPGRADIENT AND DOWNGRADIENT RESULTS

Do either downgradient data set
and/or upgradient data set consist
entirely of nondetects?

No

A 4

Do Non-Detects exceed 50% of
either the upgradient or the
downeradient data sets?

Perform
Shapiro-Wilk
Test

Does Shapiro-Wilk indicate that
upgradient and downgradient
data sets are both normally or

lognormally distributed?

Perform
Levene Test

Does Levene indicate that
upgradient and downgradient
data set variances are
homogeneous?

No

No

Perform Two-
Sample Test of
Proportions.

Perform Non-
Parametric
ANOVA.

Perform
Parametric
ANOVA.



TABLE 4-1
YEAR 5 STATISTICAL ANALYSIS SUMMARY
YEAR 5 ANNUAL GROUNDWATER MONITORING REPORT
AREA A LANDFILL, NSB-NLON, GROTON, CONNECTICUT

v

C DOWNGRﬁlENT WELLS I UPGRADIENT WELLS _ |
%{% ST :\\ \\‘;;/ R 1. ' E%/??

SVOCs (ng/L)

BENZO(A)ANTHRACENE 0/ 24 - - 0.1 0/
BENZO(A)PYRENE 0/ 24 - - 0.1 0/
BENZO(B)FLUORANTHENE 0 /24 - - 0.1 0/
BENZO(K)FLUORANTHENE 0/ 24 - - 0.1 0/
BIS(2-ETHYLHEXYL)PHTHALATE 2 /] 24 24 - 24 2.4 4.99 0/
PHENANTHRENE 1/ 24 0.16 - 0.16 0.11 0/

Inorganics (Total) (ug/L)
ARSENIC .-
[BERYLLIUM
lcapmium =i
CHROMIUMZ . &

SRR
&

.05 - 6.1 2] Non-Parametric® | | 3
None NO*
[ TwoSempleTest| *TNo 7 %

Non-Parametric

0.08
0.945

" 0.15
0.93

~| 0.29™ e 2.02 Non-Parametr|c3
‘ ‘1 0.22 S 08 _Noné ick |1
¥ 2.69 27.7 A'Non-Parametric®|

Inorganlcs (Dlssolved) (pg/L)
|[ARSENIC 7 E 3.18 251 |[‘Non-Parametric’ NO °
[BERYLLIUM - 0.5 None NO*
CADMIUM - 0.28 None NO*
CHROMIUM " 056 | 052 | Non-Parametric’ TUYES T &
COPPER 0.49 0.49 |l Non-Parametric® YES .
[lLEAD . 0.35 0.3 || Two-Sample Test NO: s & .
lzine - 18.2 - 238 | 238 | Non-Parametric®| . ,.. . NO [ %
NOTES:

1 For non-detect occurances, half of the reporting limit was used in calculating the average.

2 Gray highlighting denotes detection in upgradient and downgradient wells. These wells were evaluated with statistical analysis.

3 Modified Wilcoxon Rank Sum Test used for Non-Parametric ANOVA because sample data set < 12

4 When there were no detections in downgradient wells, downgradient results were autmatically declared not statistically higher..

5 Detections in downgradient wells were less than or equal to the reporting limit for upgradient wells, not declared statistically higher.



5.0 CONCLUSIONS AND RECOMMENDATIONS

This Year 5 Annual GMR summarizes Rounds 14 and 15 of groundwater and surface water
analytical data collected from selected surface water locations and monitoring wells installed at
the Area A landfill. The resuilts of the monitoring program are being used to evaluate the success
of the RA (i.e., installation of a multi-layer, low-permeability cover system and a surface
water/shallow groundwéter interception and diversion system upgradient of the cover system) at
minimizing contaminant migration from Area A Landfill. The evaluation included the following:

e Gauging of 15 monitoring wells. Sampling and analyses of groundwater from the 15
monitoring wells using low-flow purging and sampling techniques. Thirteen of the twenty

COPC'’s were detected during analysis.

e Gauging of 11 staff gauges. Sampling and analyses of surface water from seven of surface
water locations and one seep water location using the prescribed sampling techniques.

Nineteen of the twenty COPC'’s were detected during analysis of the surface water samples.

e Compiletion of a general screen of analytical data to current primary monitoring criteria and
background concentrations to identify exceedances in upgradiént wells, downgradient wells,
and surface locations. There were groundwater exceedances of the primary monitoring
criterion for total chromium and total copper. There were surface water exceedances of the
primary monitoring criterion for cadmium (total and dissolved), total chromium, copper (total
and dissolved), lead (total and dissolved), and zinc (total and dissolved). There were

groundwater background concentration exceedances for total and dissolved arsenic.

e Performance of a statistical comparison from the complete analytical data set of
downgradient and upgradient monitoring wells was performed to determine significant
differences. Analysis of data indicated that three of the 13 detected COPCs (total and
dissolved chromium and dissolved copper) had downgradient results statisticaily higher than
upgradient concentrations. Detected concentrations of dissolved chromium and dissolved
copper were below primary monitoring criterion and background levels. Total chromium

exceeded the primary monitoring criterion only.

o Overall, the results of the first five years of monitoring for the Area A Landfill indicate that the
RA action at the site is sufficiently reducing infiltration of precipitation through the landfill
source material so that significant contaminant migration from the site to the surrounding area

is not occurring.
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The analytical results for the fifth year of groundwater monitoring at the Area A Landfill showed
two exceedances of the primary monitoring criteria and two contaminants in excess of the
background concentration. Three COPCs were detected in downgradient wells at concentrations
that were statistically higher than concentrations in upgradient wells. The analytical results for the
fifth year of surface water monitoring at the Area A Landfill showed nine exceedances of the

primary monitoring criteria.

However, the levels and history of these COPCs do not indicate that significant concentrations of
COPCs are migrating from the Area A Landfill site. These results are generally similar to the
results of the first four years of groundwater monitoring although detection, frequency and values
were of a smaller magnitude. These results are indicative that the interim remedial action at the
site removed sufficient contaminant source material and reduced infiltration of precipitation
through any remaining source material so that significant contaminant migration from the site to
the Thames River, via wetland and stream, is not occurring. Therefore, as was recommended in
the Year 4 report, the RA and current ROD for the Area A Landfill are sufficient and no

amendments are necessary.

e The sampling frequency should continue on a semi-annual basis with the next sample round
tentatively scheduled for spring 2005. This recommendation is justified because there have
been no significant increasing contaminant trends have been noted in the downgradient wells
in over five years. The recommendation to maintain the sampling frequency on a semi-annual
basis was also made in the Year 4 GMR and was agreed to by the USEPA. The sampling

frequency should be re-evaluated after Year 6.

e The future monitoring program should include the same fifteen monitoring wells that were
sampled in Rounds 14 and 15. Those wells include 2LMW20S and 4MW1S as upgradient
monitoring wells and 2WMW38DS, 2WMW39DS, 2WMW40DS, 2WMW41DS, 2WMW42DS,
2WMW43DS, 2WMW44DS, 2WMW45DS, 2WMW46DS, 2WMW47DS, 3MW12D and

2MW378S as downgradient monitoring wells.

+ Routine maintenance should be conducted on the remaining monitoring wells included in the

monitoring program to facilitate monitoring activities into the future.
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APPENDIX A

Site Figures: Copies from Year 3 Annual Report
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