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EXECUTIVE SUMMARY

The Burgess Brothers Superfund Site is located in southern Vermont in the
Towns of Woodford and Bennington. The site consists of a 2-3 acre area
located in the northeastern section of a 60-acre parcel which is owned by
Burgess Brothers, Inc. A site map is included as Figure ES-1. The United
States Environmental Protection Agency (EPA) placed the site on the
National Priority List (NPL) in March 1988. A Remedial Investigation (RI)
was completed for the site, on behalf of the Burgess Brothers Steering
Committee, by O'Brien and Gere Engineers, Inc. (OBG), which is
documented in the RI Report, dated July 1996, herein referred to as the RI
Report. Field activities under the RI were completed in fall 1993.

Anomalously high total metals concentrations were detected in
groundwater samples collected under the RI, using conventional purge
and sampling techniques. Conventional sampling consists of purging a
minimum of three well volumes of water using either a bailer or
submersible pump and then collecting groundwater samples with the
same device. This method of sampling can produce groundwater samples
which are relatively turbid, due to the turbulent dynamics created in the
well during bailing or pumping. During the preparation of the Draft R, it
was suspected that the presence of metals in high concentrations was
probably due to suspended sediment and not be reflective of metal
concentrations that are mobile in groundwater. For this reason, EPA
determined that the groundwater results in the RI, for inorganics only,
may not provide an accurate representation of contaminant nature and
extent.

PURPOSE AND SCOPE OF THE SUPPLEMENTAL RI

EPA provided approval of the RI Report, conditional that a Supplemental
RI be performed using low flow sampling protocols to-re-evaluate the
nature and extent of inorganics in groundwater. Under the low flow
methodology, the well is purged and sampled at the approximate rate at
which the aquifer recharges and, therefore, should produce groundwater
samples which are more representative of aquifer conditions. This
Supplemental RI Report is based on data collected coincident with and
from three rounds of low flow sampling under the Long Term Monitoring
Plan (LTMP) for the site.
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The focus of the Supplemental Rl is to complete the evaluation of the
nature and extent of contamination in groundwater and contaminant fate
and transport, particularly for inorganics. However, the Supplemental RI
also discusses sampling data from other media, including potential source
areas, soil, sediment, leachate and surface water, in order to complete the
site characterization and conceptual model. Sampling results from media
not sampled under the Supplemental RI are summarized from the RI
Report.

SUMMARY OF SITE GEOLOGY AND GROUNDWATER FLOW

Site geology consists of a kame sand and ablation glacial till
unconsolidated overburden, underlain by a lodgement till, underlain by
bedrock. Combined, the kame sand and ablation glacial till are up to 35
feet thick. The lodgement till, which separates the kame sand and ablation
glacial till from the bedrock, is approximately 35 to 90 feet thick. Bedrock
consists of shallow weathered bedrock, deep weathered bedrock, and
competent bedrock.

Groundwater flow in the kame sand and ablation glacial till is generally
from the landfill south-southeastward into the Marshy Area. Shallow
groundwater in the Marshy Area discharges to drainage Swale 2. Based
on groundwater quality data, Swale 2 is a barrier to lateral contaminant
migration in the kame sand and ablation glacial till. Groundwater flow in
the shallow weathered bedrock generally follows the hillslope
topography, and is towards the east-southeast.

Groundwater elevation data indicate generally upward gradients in the
kame sand and ablation glacial till in the Marshy Area, with groundwater
discharging to surface water; vertical gradients in the Landfill Area appear
to be slightly upward. The dense lodgement till between the ablation
glacial till and bedrock, is described as "dry", and is a barrier to vertical
migration of groundwater.

SUMMARY OF CONTAMINANT SOURCES

The primary source area for contaminants at the site is the Landfill Area,
which includes two former Lagoon Cells, herein referred to as Lagoon
Cells. Contaminants detected in these areas consist primarily of volatile
organic compounds (trichloroethene (TCE), tetrachloroethene (PCE), vinyl
chloride, 1,2-dichloroethene (1,2-DCE), and 1,1-dichloroethene (1,1-DCE))
and metals (lead, nickel, cadmium, chromium, mercury and zinc), with
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some semi-volatile organic compounds (SVOCs), and polychlorinated bi-
phenyls (PCBs). The primary mechanism of contaminant migration is
surface water infiltration through the Landfill Area and Lagoon Cells.

NATURE , EXTENT AND CONTAMINANT MIGRATION
Kame Sand and Ablation Glacial Till
Volatile Organic Compounds (VOCs)

VOCs, particularly 1,2-DCE, toluene, TCE, PCE and vinyl chloride, were
detected in shallow soils at relatively low concentrations in the Landfill
Area and Marshy Area. Chlorinated VOCs present in exposed soils would
tend to volatilize to the air. A similar suite of VOCs are detected in
subsurface soils in relatively high concentrations (up to 12,600,000 pug/kg),
especially in the Lagoon Cells, and locally in the Landfill Area. VOCs
tend to have relatively high water solubility, and may migrate to
groundwater via rainwater infiltration. VOCs were also detected in
Marshy Area soil. However, based on comparison of groundwater quality
and soil quality, the VOCs detected in saturated soil may be associated
with groundwater and would not represent a source of contaminants.

VOCs detected in groundwater above Federal Maximum Contaminant
Levels (MCLs) or Vermont Enforcement Standards (VES) include, vinyl
chloride, methylene chloride, benzene, 1,1-DCE, 1,2-DCE, 1,2-
dichloroethane (1,2-DCA), TCE, PCE, and chlorobenzene. VOC migration
in groundwater is through dissolved phase transport. The primary
direction of VOC migration in groundwater is from the Landfill Area
towards the south-southeast into the Marshy Area and the primary area of
impact for groundwater contaminant migration is the Marshy Area,
including soil, sediment and surface water.

The extent of the VOC plume in the south-southeast direction appears to
be constrained by the discharge of groundwater to surface water (drainage
Swale 2) and the attenuation of contaminated groundwater in Marshy
Area soils. In addition, limited contaminant migration of dissolved phase
VOC migration beyond the limits of the landfill is observed towards the
west into the West of the Landfill Area.

DNAPL was not observed at the site. However, based on the maximum
concentrations of VOCs detected in groundwater, a DNAPL could exist.
The vertical and lateral distribution of VOCs indicates that the potential
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for DNAPL appears to be contained within the kame sand in the
immediate vicinity of the Landfill Area and Lagoon Cells.

VOCs detected in surface water above Federal Water Quality Standards
(WQS) or Vermont Water Quality Criteria (Vt. WQC) included TCE, PCE,
vinyl chloride, 1,1-DCE, and bromodichloromethane. VOCs in surface
water would likely volatilize to the atmosphere or undergo
biodegradation or photodegradation. Because VOCs in surface water tend
to volatilize rapidly, they are not likely to partition to sediments. The
highest concentrations of VOCs in Surface Water were detected in the
Marshy Area and immediately downstream of the Marshy Area, in Swale
2. The most prevalent VOCs detected in surface water are TCE, PCE, and
vinyl chloride, with maximum concentrations in the Marshy Area of 420
ug/l,71 pg/l, and 800 pg/l, respectively. The downstream edge of the
VOC plume in surface water, as defined by concentrations of VOCs above
WQS or Vt. WQC, is between sample locations SW-15 and SW-04.

VOCs were detected in sediment samples from drainage Swale 2, in the
Marshy Area, however, based on groundwater and surface water
sampling results, the VOCs detected in sediment samples are likely
associated with groundwater entrained in the soil particles, rather than
contamination in the soil.

Semi-volatile Organic. Compounds (SVOCs)

As discussed in the RI Report, SVOCs (primarily of polynuclear aromatic
hydrocarbons (PAHs)), were detected in the former Lagoon Cells. These
SVOCs were not detected in groundwater above MCLs or VES, suggesting
that SVOCs are not mobile. SVOCs were not detected in groundwater
above MCLs or VES during the Supplemental RI.

Pesticides/PCBs

As discussed in the RI Report, pesticides and PCBs were detected in
surface and subsurface soils, primarily in the former Lagoon Cell areas.
Pesticides and PCBs were not detected in groundwater or surface water
indicating that these compounds are not mobile.

Metals

Metals were detected in soils in the Landfill Area and Lagoon Cells at two
to four times background levels, during the RI. Metals detected which
were elevated with respect to background include: lead, nickel, cadmium,
chromium, mercury and zinc. The only metals detected above MCLs or
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VES, during the Supplemental RI, beyond the landfill were iron,
manganese, and thallium. These results indicate that metals in soils, with
the exception of iron, manganese and thallium, are generally insoluble and
immuobile in groundwater. Other metals were detected in the kame sand,
ablation glacial till and bedrock above MCLs or VES; however, these data
are considered non-representative due to high sample turbidity, use of
Grundfos pumps, or poor well construction.

The likely source of metals in groundwater is the Landfill Area, including
the former Lagoon Cells. The lateral extent of the manganese plume, as
defined by levels of manganese which exceed the EPA derived risk based
standard of 840 pg/1, is within the Marshy Area, west of Swale 2
(approximately 120 feet southeast of the former Lagoon Cells); and south
of the Lagoon Cells, to the W-25 and W-09 clusters (approximately 300 feet
southeast of the Lagoon Cells). The distribution of thallium in
groundwater is less widespread than manganese. Beyond the landfill,
thallium was only detected in one Marshy Area well, W-1151, and south
of the former Lagoon Cells, at the W-25 and W-09 clusters.

The iron plume in groundwater extends from the landfill into the Marshy
Area and West of the Landfill Area. Iron was detected at W-06D, east of
Swale 2 in the Marshy Area. Migration of iron east of Swale 2 may be
related to overland flow during high water levels. Because of the hillslope
to the east of Swale 2 and groundwater flow patterns in the kame sand
and ablation glacial till, migration of iron further east of Swale 2 would be
limited.

Concentrations of lead, mercury, nickel, and zinc were detected above
National Oceanic and Atmospheric INOAA) Effects Range Low (ER-L)
concentrations in stream sediments from the Marshy Area. Metals were
not detected in the Downstream sediment sample locations above NOAA
ER-L levels, indicating that these metals are relatively immobile. Metals in
sediment may be naturally occurring or locally impacted from landfill
leachate seeps.

Metals detected above WQS or Vt. WQC included: antimony, arsenic,
copper, iron, lead, mercury, nickel, silver, zinc, and cyanide. The
concentrations of metals above WQS or Vt. WQC were highest in the
Landfill Area and decrease downstream in Swale 2 and the Unnamed
Stream and Barney Brook. A similar suite of metals were detected in soil
samples from the Landfill Area and Lagoon Cells, and Marshy Area soils.
This trend suggests that the impact to surface water quality originates in
the Landfill Area and is reduced as the stream flows toward Barney
Brook. However, some metals, including antimony, arsenic, copper, lead
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and silver are present at all locations at similar concentrations. The
sources of these metals may be naturally occurring and, therefore, not
reflective of impacts from the landfill.

Bedrock

VOC impacts to groundwater, above MCLs or VES, appear to be
contained within the kame sand and ablation glacial till. Concentrations
of VOCs above MCLs or VES in bedrock were only detected at three
locations (W-04SI, W-07SI, and W-09B). These detections may be due to a
laboratory or field sampling error and not representative of groundwater
quality.

Metals, with the exception of iron, were not detected in bedrock based on
representative data. While other metals were detected in the bedrock
above MCLs or VES, these samples were determined to be non-
representative due to sample turbidity, poor well construction, or use of
Grundfos pumps. Iron is likely naturally occurring in bedrock.

The lodgment till layer between the ablation glacial till and bedrock is
described as dense, of low permeability, and not water bearing.
Therefore, the lodgement till is considered to be a barrier to vertical
contaminant migration in groundwater. In addition, vertical hydraulic
gradients in the kame sand and ablation glacial till appear to be upward.
Therefore, migration of dissolved phase contaminants into the shallow
and deep weathered bedrock and competent bedrock is not expected and
has not been detected.

CONCLUSIONS

ERM makes the following conclusions, based on the results of this
Supplemental RI.

1.  The primary source of contamination at the site is the Landfill Area, which
includes two former Lagoon Cells.

2. Inorganic impacts to groundwater are limited to the kame sand and ablation
glacial till and, with the exception of iron, manganese, and thallium, are
contained within the Landfill Area and Lagoon Cells.

3. SVOCs, PCBs, and Pesticides detected in soils are generally immobile, as
they are not detected in groundwater.
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4. VOC impacts to groundwater are limited to the kame sand and ablation
glacial till. Lateral migration of VOCs is primarily from the Landfill Area
and Lagoon Cells into the Marshy Area.

5. VOC and inorganic impacts to bedrock are not observed.

The potential for DNAPL exists at the site; however, a DNAPL, if present, is
likely contained within the kame sand and localized within the immediate
vicinity of the Land(fill Area and Lagoon Cells.

7. VOC and inorganic impacts to surface water and sediments is limited to the
Marshy Area and Unnamed Stream downstream of the Marshy Area.

RECOMMENDATIONS

Based on the results of the Supplemental RI, ERM makes the following
recommendations for future work.

1. Wells W-075I should be resampled for VOCs.

2. Wells W-27T, W-075I1, and W-04DI should be resampled for metals, to
confirm the limits of chromium and nickel in groundwater.

3. Wells W-0851 and W-06 should be resampled for metals, to confirm the
lateral extent of iron in groundwater, and wells W-26T and W-09 should be
resampled to confirm the lateral extent of iron, manganese and thallium in
groundwater.

In summary, no additional assessment work is required to characterize the
site; however, limited additional sampling should be performed to
confirm conclusions presented in this Supplemental RI. Monitoring of
groundwater and surface water should continue under the LTMP. The
scope of the LTMP should be performed in accordance with the letter from
de maximis to EPA dated 18 April 1996, with the addition of the following
wells: W-07SI for VOCs and W-27T, W-07SI, W-04DI, W-0851, W-06D, W-
26T, and W-09S1 for metal. These eight wells should be included for one
additional sampling round.
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1.0

1.1

INTRODUCTION

BACKGROUND

The Burgess Brothers Superfund Site (the site), located in the towns of
Woodford and Bennington, Vermont, has been the subject of
environmental investigation since 1984. Investigation were performed
under the oversight of the Vermont Department of Environmental
Conservation (VTDEC) and, more recently, the United States
Environmental Protection Agency (EPA).

The site was placed on the National Priorities List (NPL) as a Superfund
Site in March 1989. The Settling Parties signed an Administrative Order
on Consent in 1991 and initiated a Remedial Investigation/Feasibility
Study (RI/FS). O'Brien & Gere Engineers, Inc. (OBG) completed the Phase
1A Rl activities in the fall of 1993. OBG submitted an Initial Site
Characterization Report dated January 1994, which was approved by EPA.

A Phase IB RI was performed in early 1994 and interim sampling of
surface water, sediments and groundwater was performed between the
Phase IA and Phase IB activities. The results of the Phase IA RI, Interim
Monitoring, and Phase IB programs are documented in the RI Report
prepared by OBG and dated July 1996, herein referenced as the RI Report.

All groundwater sampling under the Phase IA, Interim Monitoring, and
Phase IB programs was performed using conventional sampling
techniques. Conventional purge and sampling is performed by removing
a minimum of three well volumes of water from the borehole, using either
a bailer or submersible pump, and then collecting groundwater samples
with the same device. Conventional sampling techniques can produce
groundwater samples which are turbid, because the purge and sampling
methods cause sediment in the formation and/or borehole, which are
immobile under hydrologic conditions, to become suspended.

The EPA approved a Long Term Monitoring Plan (LTMP) for the site,
prepared by OBG and dated April 1994. The LTMP included sampling of
groundwater, surface water, and leachate. OBG conducted the first round
of LTMP sampling in November 1994 using conventional sampling
techniques for groundwater.
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1.2

During preparation of the RI Report, it was observed that the total metals
concentrations in unfiltered groundwater samples were significantly
higher than metals concentrations in filtered samples. The turbidity of
these unfiltered samples was also high, typically exceeding 100 NTUs. In
addition, the metals concentrations measured in the background wells
were higher than what is observed elsewhere in New England. The
higher total metals concentrations in unfiltered groundwater samples was
likely due to the presence of suspended sediment in these samples, and
may not be reflective of metal concentrations that are mobile in
groundwater. For this reason, EPA determined that the groundwater
results in the R], for inorganics only, may not provide an accurate
representation of contaminant nature and extent.

EPA provided approval of the RI Report, conditional that a Supplemental
RI be performed using low flow sampling protocols. The scope of the
Supplemental RI is documented in a letter to EPA, dated 28 February 1995
and modified in two letters from de maximis, inc. (de maximis) to EPA
dated 13 April 1995 and 2 May 1996. ERM-New England, Inc. (ERM)
conducted three Supplemental RI sampling events, in conjunction with the
LTMP, in Spring 1995, Fall 1995, and Spring 1996. The results of these
LTMP sampling events are documented in reports to EPA dated 8
September 1995, 20 February 1996 and 20 August 1996, respectively.

PURPOSE AND SCOPE

The purpose of this Supplemental Rl is to complete the characterization of
groundwater quality at the site. The Supplemental RI Report fills data
gaps identified in the RI Report. Specifically, the Supplemental RI focuses
on those contaminants for which analytical results may be affected by
sample turbidity (i.e., inorganics or semi-volatile organic compounds
(SVOCs)). Inorganics and SVOCs detected in groundwater under the RI,
may be anomalously high because the detected constituents may be
associated with suspended sediment, rather than dissolved or mobile in
groundwater.

Low flow sampling methodologies were used in the Supplemental RI to
collect groundwater samples, in order to minimize interference from
suspended sediment. Theoretically, under low flow sampling, the well is
purged and groundwater samples are collected at the approximate rate at
which the aquifer recharges and, therefore, the groundwater samples are
more representative of constituents which are mobile in groundwater.
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1.3

13.1

Inorganics, SVOCs and polychlorinated biphenyls (PCBs) are generally
known to have a geochemical affinity to sediment, especially sediment
containing clay particles. The scope of the Supplemental RI sampling is
presented in Table 1, and includes:

1. Low flow purging and sampling of two wells (SBW-10 and W-08SI)
for SVOCs to evaluate detections of bis(2-theylhexyl)phthalate in
groundwater.

2. Low flow purging and sampling of LTMP wells for VOCs and Target
Analyte List (TAL) metals

Sampling of 3 leachate seeps

4. Sampling of 12 surface water locations

Characterization of volatile organic compounds (VOCs) in groundwater is
adequately documented in the RI Report, using conventional sampling
techniques. However, because this Supplemental RI includes all data
collected under the LTMP, VOCs in groundwater will be updated from
the RI Report.

This Supplemental RI Report will also update the RI for surface water and
leachate quality sampling performed under the three LTMP sampling
events. In addition, other media, such as contaminant source areas and
soil and sediment quality, are summarized from the RI Report, because
they are important to complete the site characterization and conceptual
site model.

SITE BACKGROUND
Site Description
Site Location

The site is located in Woodford and Bennington, Verment, between
Burgess Road and the Walloomsac River. Access to the site is through the
Burgess Brothers facility on Burgess Road, approximately 1.1 miles
southeast of the junction of Burgess Road and State Highway 9. The
Green Mountain National Forest borders the site to the north. The latitude
of the site is 42°52°40” and the longitude is 73°09'00".
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General Site Description

The site consists of a 2-3 acre area located in the northeastern section of a
60-acre parcel which is owned by Burgess Brothers, Inc. (Burgess
Brothers). Burgess Brothers conducts sand and gravel mining and metal
salvage operations at the property. The site location is shown in Figure 1
and the site topography is provided in Figure 2.

The Supplemental RI focused on the following six areas, as shown on
Figure 2:

Landfill Area - which is the waste disposal area

Lagoon Cells -are located within the Landfill Area and consists of two
former waste disposal cells, where solvent and battery wastes were
reportedly disposed

West of the Landfill Area - includes the areas to the west of the
Landfill Area, downslope of the landfill and in the vicinity of the
Landfill Road

Marshy Area - is located downslope of the landfill and consists of a
wetland area with hillslope drainage swales

Hillside Area - includes areas upslope and to the east of the Marshy
Area and Landfill Area on Harmon Hill

Soil Staging Area - is located north of the landfill and is reported the
area used as a tank salvage area

The landfill occupies approximately two acres and the two former Lagoon
Cells, within the Landfill Area, occupy approximately 2,000-square feet.
Both the lagoon and landfill have been covered with soils from the
Burgess Brothers property and the Lagoon Cells are surrounded by a
safety fence.

Surrounding Land Use and Populations

The primary land use in the vicinity of the site is residential. Although
Bennington, Vermont contains many historic structures, no cultural
resources have been identified in the immediate vicinity of the Burgess
Brothers Site.

Two municipal water supply systems, Ryder Spring and Morgan Spring,
are located within one-mile of the site. These systems are operated by the
Bennington Water Department. Four private drinking water wells have
been identified within one-mile of the site.
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The groundwater at the site is classified as Class III, which is defined as
suitable for individual domestic supply, irrigation, agricultural use and
industrial/commercial use. Class I and II waters are aquifers which are
currently in use or have a high probability of use as a public drinking
water supply.

132 Site History

Sand and gravel mining operations at the site began in the 1940s.
Beginning in the late 1960s, the site was used as a metal salvage facility,
and as a disposal area for construction debris, metals, sludges and liquid
wastes. The Battery Products Division of Union Carbide disposed of
liquid waste and sludge in the Lagoon Cells (an unlined bermed pit) from
approximately 1967 to 1976. These wastes reportedly consisted of spent
solvents (tetrachloroethane (PCE) and trichloroethene (TCE)) in 55-gallon
drums and boxed battery waste. Anode gel and manganese dioxide cells
(containing zinc and mercury) were also disposed. The Battery Products
Division of Union Carbide was later purchased by Ralston Purina
Company (Eveready Battery Co. Inc.) in 1986.

133 Previous Investigations

Numerous investigations have been performed at the site to evaluate the
environmental impact of the disposal operation which occurred in the
Landfill Area and former Lagoon Cells. A listing of previous site
investigation activities is provided below. A more detailed discussion of
the findings of the investigations is provided in Section 1.1 of the RI
Report.
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Summary of Previous Investigation Activities

Date Lead  PurposelActivity

1985  Eveready Installed groundwater monitoring wells to characterize shallow
subsurface conditions. Collected soil samples.

2/89 EPA Collected surface water samples.

3/89  Eveready Sampled existing monitoring wells and collected surface water
samples.

4/89 EPA Conducted soil gas survey and soil sampling in lagoon and

marsh areas.

12/91-  Settling Conducted Limited Field Investigation consisting of records
1/92 Parties  review, ground-penetrating radar, air sampling and soil vapor
screening.

9/92- Settling Conducted Phase 1A and 1B RI consisting of seismic refraction

8/94 Parties  survey, soil gas sampling, installation of test pits, air monitoring,
installation of monitoring wells and an ecological assessment. In
addition, sampling and analysis of soils, surface water,
sediments, leachate/seeps and groundwater.

11/94 Settling LTMP sampling of groundwater, surface water, and leachate
Parties sampling. Groundwater sampling conducted using conventional
purging and sampling techniques.

5/95- Settling  Two rounds of LTMP sampling performed, including

11/95 Parties  groundwater, surface water, and leachate sampling.
Groundwater sampling conducted using low flow purging and
sampling techniques.

5/96 Settling  One round of LTMP sampling of groundwater and surface
Parties  water, based on a reduced LTMP SOW. Groundwater samples
collected using low flow purging and sampling techniques.

REPORT ORGANIZATION

The report is organized in accordance with the outline described in the
EPA Guidance for Conducting Remedial Investigations and Feasibility
Studies Under CERCLA. As such, the report contains the following
sections:
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Section 1.0

Section 2.0

Section 3.0

Section 4.0

Section 5.0

Section 6.0

Introduction, background and scope.
Study area investigations, including meteorological,
groundwater, surface water, sediment, leachate, and air

studies.

Physical characteristics of the study area, including geology
and hydrology.

Nature and extent of contaminants in groundwater, surface
water, sediment, and leachate.

Contaminant fate and transport.

Summary, conclusions and recommendations.

This report fills data gaps identified in the RI Report and, as appropriate,
references the RI Report, rather than repeating information already

provided.
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STUDY AREA INVESTIGATIONS FOR SUPPLEMENTAL RI

Since completion of OBG RI activities, ERM has performed three rounds of
groundwater, surface water, leachate, and air sampling, in accordance
with requirements set forth by the EPA. All sampling was performed in
accordance with the LTMP Scope of Work, dated April 1995, and the
Quality Assurance Project Plan (QAPP); as modified using low flow purge
and sampling techniques for groundwater. In this section, a summary of
the investigative methods used to evaluate each media is presented and
any modifications from the proposed protocol are presented.

METEOROLOGICAL INVESTIGATIONS

Precipitation data was obtained from the Northeast Regional Climate
Center (NRCC) recorded at the nearest monitoring station in Pownal, VT.
This data is included in Appendix A. Precipitation data in the vicinity of
the site was compared to groundwater gauging results to monitor
seasonal fluctuations.

SURFACE WATER AND SEDIMENT INVESTIGATIONS

ERM collected twelve surface water samples as part of the LTMP during
Spring and Fall 1995 sampling events and six surface water samples
during the Spring 1996 sampling event. Surface water sample locations
are shown on Figure 2 and summarized in Table 1. All surface water
samples were collected directly into laboratory supplied bottles; therefore,
equipment blanks were not required for this task.

Sediment sampling was not performed by ERM under the Supplemental
RI. Sediment sampling and analysis performed at the site by OBG are
summarized in the RI Report prepared by OBG.

GROUNDWATER INVESTIGATIONS

All monitoring wells were gauged for depth to water, prior to collecting
groundwater samples. Gauging data for the Spring 1995, Fall 1995, and
Spring 1996 sampling events are compiled in Tables 2A, 2B, and 2C,
respectively.
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2.3.1

Spring 1995

ERM collected groundwater samples from 27 wells using low flow purge
and sampling techniques during the Spring 1995 sampling round. The
well sample locations are shown on Figure 2 and laboratory analyses are
summarized in Table 1. Groundwater samples were collected using
dedicated and non-dedicated positive displacement Grundfos Redi-Flo II
(Grundfos) or QED bladder (bladder) pumps. Dedicated teflon lined
tubing was used to collect all groundwater samples. Non-dedicated
pumps were decontaminated between wells and equipment blanks were
collected, in accordance with the QAPP.

Grundfos pumps were initially used to sample 14 of the 27 wells at the site
during Spring 1995. These pumps were unable to sustain flow rates low
enough to achieve the stabilization parameters of drawdown and turbidity
required at the site. At 12 of the 14 locations where Grundfos pumps were
used for sampling, the groundwater turbidity was greater than 5 NTUs.
Drawdown goals were not achieved at any of the wells sampled with
Grundfos pumps, thus requiring a greater purge volume. Average
drawdown in wells sampled with Grundfos pumps was 4.75 feet during
Spring 1995.

ERM used bladder pumps to purge and sample the remaining 13 wells
during Spring 1995. Bladder pumps were capable of sustaining flow rates
low enough to achieve drawdown and turbidity requirements in most
wells. The turbidity goal of 5 NTUs was achieved at 9 of the 13 locations
sampled with bladder pumps. Average drawdown in wells sampled with
bladder pumps was 1.4 feet during Spring 1995. Subsequent LTMP
samplings events were performed using only bladder pumps (dedicated
and non-dedicated).

Purging and sampling was performed in accordance with the EPA Region I
Low Flow (minimum stress) Purging and Sampling Procedure for the Collection
of Ground Water Samples from Monitoring Wells dated 10 August 1994 for
the 1995, with the following exceptions.
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®  Aquifer stabilization indicators used were pH, specific conductance,
temperature, and turbidity. Dissolved oxygen and eH indicators,
which are optional under Region I protocols, were not used as aquifer
stabilization indicators. The wells were purged using low flow
purging techniques until the indicator parameters (pH, specific
conductance and temperature) had stabilized to within 10% for three
consecutive readings. In accordance with Region I protocols, a goal of
5 NTUs was used for turbidity.

¢  Due to difficult aquifer conditions at the site, a turbidity of less than 5
NTUs or a drawdown of less the 0.3 feet (as discussed in the Region I
protocols) could not be achieved for some wells. Based on
discussions and verbal agreements with Mr. Richard Willey of the
EPA during October and November 1995, the following modifications
to the Region I protocols were included in the low flow methodology
at the site:

- All wells were purged until a sufficient volume of water had
been removed to document that pH, conductivity, temperature
and turbidity had stabilized. If a turbidity of less than 5 NTUs
could not be achieved, turbidity was considered stable if the
values were relatively constant and it was apparent that a
turbidity of less than 5 NTUs would not be achieved within a
reasonable length of time.

- If a turbidity of less than 5 NTUs could not be achieved, then a
sample would be collected for dissolved TAL metals.

- Wells were purged until a sufficient volume of water had been
removed to document that the groundwater sample was
representative of the formation and not being drawn from the
borehole. Documentation of adequate purging included:
removing approximately three screen volumes (for wells
screened below the water table); three borehole volumes (for
wells screened across the water table); and a minimum of three
drawdown volumes (where feasible).

- If a well was purged dry then a minimum of three well volumes
was purged prior to sampling.

-  Stabilization parameters were measured and recorded at
approximately five minute intervals. Tables with all stabilization
measurements are provided in Appendix B. Final Stabilization
parameters for the Spring 1995 sampling event are summarized
in Table 3A.
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Fall 1995 and Spring 1996

ERM collected groundwater samples from 24 wells during Fall 1995 and
from 15 wells during Spring 1996 using low flow purge and sampling
techniques. The well sample locations are shown on Figure 2 and
laboratory analyses are summarized in Table 1. Groundwater samples
were collected using dedicated and non-dedicated positive displacement
bladder pumps. Dedicated teflon lined tubing was used to collect all
groundwater samples. Non-dedicated pumps were decontaminated
between wells and equipment blanks were collected, in accordance with
the QAPP.

Purging and sampling was performed in accordance with the EPA Region I
Low Flow (minimum stress) Purging and Sampling Procedure for the Collection
of Ground Water Samples from Monitoring Wells dated 3 August 1995, and as
outlined above for the Spring 1995 sampling event, with the following
exceptions.

*  For the Spring 1996 sampling event, the following guideline was used
to determine if a sufficient volume of water had been purged from the
aquifer; for wells with less than 0.3 feet of drawdown a minimum of
one saturated screen volume was purged; for wells with greater than
0.3 feet of drawdown a minimum of one saturated screen volume
plus one drawdown volume was purged.

¢  For the Spring 1996 sampling event, the following guideline was used
to determine if a sufficient volume of water had been purged from the
aquifer; a minimum of three drawdown volumes was purged from
each well.

¢  For both the Fall 1995 and Spring 1996 sampling events, for wells that
purged dry, samples were collected when the well had recharged
sufficiently to collect a sample.

All modifications to the sampling protocol were based on meetings and
telephone conversations with Mr. Richard Willey of EPA. Tables with all
stabilization measurements are provided in Appendix B. Stabilization
parameters for the Fall 1995 and Spring 1996 sampling events are
summarized in Tables 3B and 3C, respectively.

LEACHATE

Leachate samples were collected from three leachate seeps under the
Spring 1995 and Fall 1995 LTMP sampling events. Leachate seep samples
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were collected by excavating a one foot deep pit and collecting the
samples directly into laboratory supplied containers.

PERFORM DATA QA/QC EVALUATION AND COMPILE AND
ANALYZE DATA

ERM validated all laboratory analytical data from the three LTMP
sampling events, in accordance with EPA Region I protocols. Data
validation reports for the Spring 1995, Fall 1995, and Spring 1996 LTMP
sampling events were submitted to EPA in reports dated 8 September
1995, 20 February 1996 and 20 August 1996, respectively.
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3.0

3.1

3.2

PHYSICAL CHARACTERISTICS OF THE STUDY AREA

METEOROLOGY

The site is located in a temperate climate. The annual mean temperature is
46°F and the temperature varies more in the winter than in the summer.
The average annual rainfall and snowfall totals are 42 inches and 52
inches, respectively. The values are based on thirteen years of sampling
(1979-1992) at the Pownal, Vermont National Oceanic and Atmospheric
Administration (NOAA) weather station.

Vermont is located in a region of prevailing westerly winds, with winds
generally out of the northwest in the winter and southwest in the summer.
Locally winds may be directed by topography, with wind directions
paralleling valleys.

SURFACE WATER HYDROLOGY
Drainage and Surface Waters

The site is located in a rural, wooded area on the western slope of Harmon
Hill and is within the Walloomsac River drainage basin. The site
topography is shown in Figure 2. There are at least three drainage swales,
downslope to the east of the site, originating from Harmon Hill that
discharge into an unnamed stream which flows southerly, to the south-
southwest of the Landfill Area. Although the drainage swales may be dry
in the summer, the unnamed stream typically flows throughout the year.

The unnamed stream continues approximately 1,200 feet into Barney
Brook, which discharges into the Walloomsac River approximately

1.7 miles to the west of the site. Barney Brook and its tributaries are
designated as Class B waters by the State of Vermont. Class B waters are
defined as high quality waters which have aesthetic value and provide
quality habitat for aquatic biota, agricultural uses and recreation.

The site is not located within the 100 or 500 year flood plain.
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3.3

GEOLOGY

A conceptual model of the site was presented in the RI Report. A cross-
section showing the site geology, from the Soil Staging Area through the
Landfill Area, Lagoon Cells, and Marshy Area, is provided as Figure 3. As
presented in the RI Report and shown on Figure 3, geology beneath the
site consists of the following:

Thickness Description
(feet)
0-18 Landfill Material - miscellaneous paper, wood, municipal

trash, cement blocks, and appliances with local areas
(lagoons) containing battery waste sludges

0-36 Kame Sand - loose to medium dense fine sand with trace
amounts of site and /or gravel

4-18 Ablation Glacial Till - medium dense till, transitional with the
kame sand, consisting of medium to fine sandy silt with
gravel and clay; generally poorly sorted

35-50 Lodgement Till - dense, poorly sorted till, consisting of sands
and silts with clay, boulders, and gravel.

180-360 Weathered Bedrock - commonly referred to as "ocher”, this
layer consists of weathered quartz sandstone or arkosic
quartz sandstone, with highly weathered layers of silty clay to
clay, or loose medium to fine sand.

Competent Bedrock - massive to thickly bedded quartzite
with frequent high angle fractures.

The boundary between the kame sand and ablation till appears to be
transitional, with the kame sand being more sand rich, with less fines, and
the ablation glacial till being more poorly sorted and containing more
fines and gravel. In addition, the hydraulic conductivities of the kame
sand and ablation glacial till are similar (see Section 3.4.3), although the
ablation glacial till is lower. The lodgement till is very dense, poorly
sorted, and has very low permeabilites. Boring logs through this unit
describe the unit has dry, suggesting that it is a barrier to contaminant
migration.

Porosity in the weathered bedrock units, shallow weathered bedrock and
deep weathered bedrock, is associated with the weathered layers between
the bedrock and fractures in the bedrock. Porosity in the competent
bedrock occurs mainly in fractures.
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34.1

342

HYDROGEOLOGY
Horizontal Flow

A cross-section through the Landfill Area, Lagoon Cells, and Marshy Area
is provided as Figure 3, to illustrate general hydrogeologic conditions at
the site. Groundwater within the landfill ranges in depth from
approximately 14 to 26 feet below ground surface (bgs). Groundwater in
the Marshy Area is relatively close to the ground surface, and during high
water levels artesian conditions exist.

All monitoring wells at the site were gauged and groundwater flow maps
constructed for the Spring 1995, Fall 1995 and Spring 1996 LTMP sampling
events. Gauging data for these LTMP sampling events are compiled in
Tables 2A, 2B and 2C, respectively.

Groundwater flow maps were constructed for the kame sand, ablation
glacial till, and shallow weathered bedrock units, to confirm groundwater
flow patterns identified in the RI Report. Groundwater flow maps were
not constructed for the deep weathered bedrock or competent bedrock,
however, based on regional geology and topography, groundwater flow is
likely towards the west.

Groundwater flow directions for the Spring 1995, Fall 1995, and Spring
1996 gauging events were similar. Groundwater flow maps for the Spring
1995 sampling event are included as Figures 44, 4B, 4C, and 4D.

Groundwater flow maps for the kame sand, ablation glacial till, and
weathered bedrock confirms groundwater flow interpretations identified
in the RI Report. As shown in Figure 4A, groundwater flow in the kame
sand generally follows the topography, with flow from the Landfill Area
and Hillside Area into the Marshy Area. Groundwater flow in the
ablation glacial till is similar to the kame sand (Figure 4B), with flow from
the Landfill Area and Hillside Area into the Marshy Area.

Groundwater flow in the shallow weathered bedrock, Figure 4C, generally
follow the hillslope regional topography, with flow from northeast to
southwest.

Vertical Gradients

Based on groundwater elevations, the vertical gradient in the shallow
water table and ablation glacial till in the Marshy Area are generally
upward, indicating that the drainage swales and the unnamed stream are
generally gaining streams with groundwater discharging to surface water.
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Seasonally, however, during low water levels in the summer and fall, the
streams may locally be an area of recharge.

Limited data exists regarding vertical gradients within the landfill;
however, based on water level measurements at the W-27 well cluster,
groundwater flow is upward from the ablation glacial till into the kame
sand.

According to the RI Report, groundwater in the ablation glacial till and
weathered bedrock may discharge to Barney Brook; however, this has not
been confirmed. Topographically higher areas, upslope on Harmon Hill,
are reportedly an area of recharge for the competent bedrock. In these
areas, the kame sand and till is reportedly absent. According to the RI
Report, the groundwater in the competent bedrock may discharge to the
Walloomsac River system in the Bennington Valley area to the west.

Hydraulic Conductivity and Groundwater Flow Velocity

OBG performed hydraulic conductivity (slug) tests on all monitoring
wells. The following table summarizes the hydraulic conductivities,
horizontal velocities and vertical velocities, for each of the defined
hydrogeologic units.

Estimated Vertical
Range Mean Horizontal Estimated Velocity Kame
Horizontal Horizontal Velocity Vertical Sand-Ablation

Hydrogeologic Unit K (ft/day)  K(ft/day) (ft’year) K (ftlday)  Glacial Till (ft/year)

Kame Sand 0.01-056 0.12/0.19(a) 10-30 0.015

Ablation Glacial Till 0.03-0.7 0.05 7 0.005 1-2
Shallow Weathered 0.04-0.49 0.19 58 0.019 Not Calculated
Bedrock

Deep Weathered <0.001-0.13 Not Not 0.065 Not Calculated
Bedrock Calculated  Calculated

Competent Bedrock 0.46-2.88 1.67 Not Not Not Calculated

Calculated Calculated

Notes: (a) Values listed are for the kame sand in the Landfill Area/kame sand in the Marshy Area

As indicated in the above table, the hydraulic conductivities are similar
between the kame sand and ablation glacial till. As discussed previously,
these two units are transitional at the site. The vertical hydraulic
conductivities are estimated to be approximately one order of magnitude
lower than the horizontal hydraulic conductivities. Also, between the
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kame sand and ablation glacial till, the vertical velocities are up to one
order of magnitude lower than the horizontal velocities, indicating that
most of the flow in the kame sand and ablation glacial till at the siteisin a
horizontal direction.
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4.0

NATURE AND EXTENT OF CONTAMINATION

This section presents the results of the nature and extent of contamination
detected in groundwater, surface water, and leachate. The focus of the
Supplemental RI is to further characterize the nature and extent of
contaminants in groundwater. Surface water and leachate are also
discussed because these media are directly affected by groundwater
quality. Discussions on the nature and extent of contamination in other
media (i.e., soils, sediment and air) are adequately characterized in the RI
Report, and are briefly summarized in this section for completeness.

The framework for discussing the nature and extent of contamination is as
follows:

1. Sources of contamination are summarized.
2. Thenature and extent of contamination is discussed by media type.

3. Characterization of each media type is discussed by analysis type (i.e.,
VOCs, inorganics etc.).

4. For groundwater, the characterization is discussed by hydrogeologic
unit (unconsolidated kame sand/ablation till and bedrock).

5. Each contaminant type is then discussed in terms of lateral and
vertical distribution.

6. The contaminants detected are discussed in terms of site history and
potential sources, and the levels of contaminants detected are
compared with applicable or potentially applicable standards (i.e.,
federal maximum contaminant levels (MCLs) and Vermont
Enforcement Standards (VES) for groundwater), if available.

For each media, "hits" tables were prepared, which compile only those
compounds or elements detected above method detection limits and for
which a promulgated standard or guideline exists. The contract required
quantitation limit (CRQL) or contract required detectior limit (CRDL) is
also presented. Complete summary tables of validated data, including
compounds detected and not detected are included in Appendix C.
Tables in Appendix C also include sample specific quantitation limits and,
for inorganics, instrument detection limits (IDLs).
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4.1

SOURCES

Sources of contamination at the site are summarized in the RI Report,
Section 4.1. This section provides a summary of the primary sources of
contamination as presented in the RI Report. The primary source of
contamination at the site is the Landfill Area, including the two former
Lagoon Cells. The former Lagoon Cells occupy over 2,000 square feet.
The former Lagoon Cells consisted of two unlined bermed pits excavated
approximately eight feet into the kame sand deposit. A topographic
depression is present in the area of the lagoons. Wastes such as lead plater
sludge, battery processing waste and spent solvents were disposed in the
Lagoon Cells from approximately 1967 to 1976. Alternating layers of
sludge-like material and kame sand indicated that wastes were disposed
and covered on a periodic basis.

The primary contaminants detected in the former Lagoon Cells are
chlorinated VOCs (primarily TCE, PCE, vinyl chloride, 1,1-DCE and 1,2-
DCE) and metals (primarily lead, nickel, cadmium, chromium, mercury
and zinc). An indication of potential non-aqueous phase liquid (NAPL),
petroleum or solvent based liquids, was identified in lagoon soil samples.
Concentrations of TCE and PCE were detected in lagoon soils, up to
6,900,000 pug/kg and 8,100,000 pug/kg, respectively.

The areas of Lagoon Cell 1 and 2 were estimated to be 960 square feet and
3,168 square feet, respectively. The average depth of each Lagoon Cell is
estimated to be 8.5 feet. Residues have migrated an additional five feet, to
the top of the water table. The volume of impacted materials from Lagoon
Cells 1 and 2 were estimated to be 19,200 cubic feet and 27,000 cubic feet,
respectively. Therefore, the total extent of Lagoon Cell impacted material
is estimated to be 46,200 cubic feet or approximately 1,700 cubic yards.

The landfill is located within the kame sand deposit. As shown in Figure
3, the majority of the landfill debris appears to be located above the water
table. The landfill reportedly received municipal-type refuse, such as
wood, newspaper, steel, cardboard and cinders, as well as demolition
debris (not liquid wastes). Sampling indicates that localized areas contain
residues similar to those found in the former Lagoon Cells, but the
concentrations of the residues are lower.

The Landfill Area is also considered a potential source of contamination.
The surface area of the landfill is approximately 60,000 square feet and the
depth of the landfill ranges from 8 to 18 feet. Assuming an average depth
of 13 feet, the volume of the landfill is estimated to be 30,000 cubic yards.
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4.2

SOILS

Soil sampling results are presented in the RI Report, Section 4.1.1. Soil
sampling locations are summarized on attached Figure 5. The sampling
results are summarized below.

Surface Soil Samples

Surface soil samples consisted of grab samples collected from a depth of
up to seven inches. The highest VOC concentrations in surface soil
samples were detected in the Marshy Area at a concentration of 89,154
ug/kg (SP-07). The primary VOCs in the Marshy Area were 1,2-DCE,
toluene, TCE, PCE and vinyl chloride. Trace levels of VOCs were detected
in background surface samples, as well as in samples from the Landfill
Area, Lagoon Cells, Soil Staging Area, Hillside Area, and West of the
Landfill Area. SVOCs (coal tar derivatives, possibly present due to the
disposal of asphalt debris) were detected in one sample from the Marshy
Area. Metals, primarily lead and nickel, were detected in the Marshy Area
and Landfill Area at up to two orders of magnitude above background.

Soil Boring Samples

Soil boring samples were collected from split spoon samples from a depth
of up to 34 feet. The highest concentrations of VOCs in the subsurface
were detected in the former Lagoon Cells at a concentration of 12,600,000
ug/kg (SBW-15), between a depth of two and six feet. VOCs detected in
lagoon soils included, TCE, PCE, and 1,2-DCE.

VOC concentrations generally decreased with depth in the former Lagoon
Cells. An evaluation of how the VOC concentrations decrease with depth
is provided below.

Depth Range SBW-14 TVOCs SBW-1TVOCs SBW-18ATVOCs Median TVOCs
(feet) (uglkg) (uglkg) (uglkg) (ug'kg)

24 NA 10,500,000 NA ° 10,500,000
4-6 NA 12,600,000 56 6,300,000
6-8 530 NA NA 530

8-10 266 540,000 16,200 185,000
12-14 22 NA 163 93

Notes: TVOC = Total VOCs
NA = Not Analyzed
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VOCs were detected in the Marshy Area at concentrations of up to

1,048 pg/kg (W-11, at a depth of eight to 10 feet). The primary VOCs
detected in Marshy Area soil samples included, TCE, PCE, vinyl chloride,
1,2-DCE, and acetone. A similar suite of VOCs is detected in groundwater
at the site. VOCs from groundwater may become adsorbed onto the soil
particles. However, a comparison of the soil sampling data with
groundwater sampling data indicate that the analytical results for soil may
also be indicative of groundwater entrained in the soil. The following
table illustrates this point.

Soil Boring/ Depth of Highest  Highest TVOCs in Soil TVOCs in
Monitoring Well TVOCs in Soil (feet) (ug/’kg) Groundwater (ug/kg)
w-03 10-12 592 41,800
W-04 9-11 142 5,570
w-11 8-10 1,048 10,010
w-22 6-8 192 44,400

~ Note:

TVOC = Total VOCs

SVOCs were detected in the former Lagoon Cells at concentrations up to
41,120 pg/kg (SBW-15) and in the landfill at up to 3,170 ug/kg (SBW-19).
SVOC:s in soils consisted primarily of polynuclear aromatic hydrocarbons
(PAHs), including benzo(a)pyrene, benzo(bk)fluoranthene, indeno(1,2,3-
cd)pyrene, pyrene, and fluoranthene, phenanthrene.

PCBs were detected in one soil sample from the former Lagoon Cells at a
concentration of 25 mg/kg (SBW-15). PCBs were detected in other soil
borings, but at concentrations less than 1 mg/kg.

Metals were detected in soils from the former Lagoon Cell at
concentrations up to four times background levels and in the Landfill
Area at up to two times background levels. Metals detected in lagoon
and/or landfill soils, at least one order of magnitude above background
levels, included: antimony, cadmium, copper, lead, mei'cury, nickel,
silver, and zinc.

Lead and nickel were detected in Marshy Area sediments at up to two
orders of magnitude above background. Metals detected in the Marshy
Area soils at least one order of magnitude above background levels
included: cadmium, copper, lead, mercury, nickel, and zinc. Soils in the
Marshy Area are likely finer grained than the background samples
collected by OBG from Harmon Hill. This is because the Marshy Area
soils are flood plain/overbank deposits from the drainage swales.
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4.3.1

Concentrations of metals would likely be higher in the fine grained
fraction of a soil sample than in the coarser sandy material, which is
generally more quartz-rich. Therefore, the concentrations of metals
detected in Marshy Area soils may be within the range of concentrations
expected for this type of soil. However, soil may be locally impacted by
leachate seeps from the landfill.

GROUNDWATER
Introduction

This section discusses the nature and extent of contamination identified in
groundwater at and near the site. To be consistent with the RI Report and
Risk Characterization, groundwater monitoring wells were divided into
two hydrogeologic units:

e kame sand/ablation glacial till, including:
- landfill material wells
- kamesand wells
-  ablation glacial till wells
*  bedrock, including:
-  shallow weathered bedrock wells
- deep weathered bedrock wells

- competent bedrock wells

A listing of the wells included in each hydrogeologic unit is presented in
Table 1. The kame sand and ablation glacial till are in hydraulic
connection and are transitional, therefore, it is logical to discuss these as
one hydrogeologic unit, in terms of contaminant nature and extent. This is
further discussed in Section 3.3. The kame sand/ablation glacial till and
bedrock are separated by an apparent aquiclude/aquitard, a dense
lodgment till. Therefore, the nature and extent of contamination in the
bedrock is discussed separately from the kame sand/ablation glacial till.

Levels of contaminants detected in groundwater are compared with MCLs
and VES, in order to evaluate groundwater quality. The groundwater
plume is defined as levels of contaminants above MCLs or VES. "Hits"
tables for VOCs and metals in groundwater are attached as Tables 6A-D
and 7A-D, respectively, and present only those compounds or elements
detected above method detection limits and for which a promulgated
standard or guideline exists.
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Volatile Organic Compounds
Introduction

Evaluation of the nature and extent of VOC impacts to groundwater
includes data from all sampling events, including low flow and
conventional sampling data.

Evaluation of Organics Data Quality

ERM reviewed the low flow sampling results for each well and compared
the analytical results with past conventional sampling data. This
comparison generally included 2-3 rounds of low flow data and up to five
rounds of conventional sampling data. Low flow sampling results were
consistent with conventional sampling data. Low flow sampling results
are expected to be consistent with conventional sampling results, because
suspended sediment should not impact analytical results for VOCs.
Therefore, all VOC data from the RI and LTMP sampling events were
used evaluate the nature and extent of contamination.

Kame Sand/Ablation Glacial Till Nature and Lateral Extent of Contamination

As discussed above, the unconsolidated overburden includes landfill
material wells, kame sand wells, and ablation glacial till wells. Maximum
concentrations of specific VOCs detected in the shallow kame sand and
ablation glacial till wells are shown on Figures 6 and 7, respectively.
These maps include only those compounds detected above method
detection limits.

VOCs were not detected in any upgradient wells above MCLs or VES.
One VOC, acetone, was detected at well W-0151 at a maximum
concentration of 4.5 ug/1. Acetone was detected at this location in Fall
1993 and Winter 1994 sampling events, but was not detected in the two
subsequent LTMP sampling rounds.

The following table summarizes the maximum concentration of specific
VOCs detected above MCLs or VES in the kame sand/ablation glacial till,
by area:
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Maximum Concentration in ug/l
West of

MCL/VES | Soil Staging Hillside Landfill Marshy Landfill
Compound (ug/) Area Area Area Area Area
Vinyl Chloride 2/2 - - 2,000 2,300 3
Methylene 5/5 - - 22 - -
Chloride
Benzene 5/5 7 - - 550 -
1,1-DCE 7/7 - - 360 620 1
1,2-DCE 70/70 - - 8,700 22,000 31
1,2-DCA 5/5 - - - 18 -
TCE 5/5 20 - 15,000 40,000 660
PCE 5/0.7 - - 19,000 10,000 380
Chlorobenzene NSA /100 - - - 580 -
Notes: - Indicates that the compound was not detected above method detection limits.

As shown on Figure 6 and 7 and summarized in the above table, the
highest concentration of VOCs were detected within the Landfill Area and
Marshy Area. Within the landfill the highest concentration of VOCs in
groundwater were detected in the former Lagoon Cells (W-TP12).
Concentrations of VOCs detected in the Marshy Area, downgradient of
the former Lagoon Cells (wells W-02, W-03, W-04 cluster, W-05, and W-06
cluster), are at similar or higher concentrations than were detected in the
former Lagoon Cells.

As indicated on Figure 5, a second area of elevated VOCs was identified in
the vicinity of SBW-21, within the Landfill Area, and the Marshy Area
downgradient of SBW-21, in the vicinity of W-2251 and'W-22T.

VOCs were not detected above MCLs or VES in the Hillside Area. Two
VOCs were detected in the Hillside Area below regulatory standards,
toluene at a maximum concentration of 12 ug/1 and xylene at a maximum
concentration of 5 ug/1. The source of these VOCs is not known.

The lateral extent of VOC impacts to groundwater is within the Soil
Staging Area, the Landfill Area, the West of the Landfill Area, and the
Marshy Area. With the exception of the Soil Staging Area, the likely

THE ERM GROUP 4-7 SUPPLEMENTAL RI-397-03-9/30/96



source of VOCs in groundwater is the Landfill Area, and in particular the
former Lagoon Cells. The highest concentrations of VOCs in
groundwater, outside the Landfill Area, are located adjacent to and
downgradient of the former Lagoon Cells. Potential localized source areas
for VOCs in groundwater outside the Lagoon Cells are evident by the
levels of VOCs detected at locations SBW-21, in the Landfill Area, and
W-2251 and W-22T, located downgradient of SBW-21 in the Marshy Area.

The southeastern edge of the VOC plume in the kame sand /ablation
glacial till is approximately at drainage Swale 2. VOC impacts to
groundwater were not identified to the east of Swale 2 at locations W-065
and W-06D. West of Swale 2, VOC impacts to groundwater, above MCLs
or VES were identified as far south and downgradient as W-09S1. The
levels of VOCs at W-09S1 generally were below or slightly above the MCL
or VES, indicating that W-0951 is near the approximate southern limit of
the VOC plume.

West of the Landfill and Swale 2, VOCs were not detected at location
W-26T above method detection limits. VOCs were detected above MCLs
or VES at locations W-2751, W-27T, W-08S1, W-2551 and W-09S1.
Therefore, the western limit of the VOC plume in the kame sand/ablation
glacial till is between the landfill road and W-26T.

VOCs detected in the Soil Staging Area (W-0751) consist primarily of
petroleum related VOCs (benzene, toluene, ethylbenzene, and xylene
(BTEX)) compounds, with the exception of 1,1,1-trichloroethane (1,1,1-
TCA) and TCE. The Soil Staging Area was reportedly used as a fuel tank
salvage area, which is consistent with the contaminants detected in
groundwater. The Soil Staging Area is located upgradient or cross-
gradient of the landfill. Based on hydrogeologic location and past use,
contaminants detected in groundwater in the Soil Staging Area are likely
from a source within the Soil Staging Area, and not from the landfill.

Potential for Dense Non-Aqueous Phase Liquid (DNAPL)

The RI Report noted that concentrations of TCE were détected in the
former Lagoon Cell sludges above the solubility limit for TCE, suggesting
the possibility for a dense non-aqueous phase liquid (DNAPL). The
highest concentration of VOCs in groundwater were detected in the
shallow kame sand. The following table summarizes the maximum
concentrations of specific VOCs detected in groundwater relative to the
solubility limit for that compound:
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Location Maximum

Maximum Concentration  Solubility Limit % of Solubility
Compound Concentration Detected (ug/l) (ug/l) Limit Detected
TCE W-2251 40,000 1,100,000 4%
PCE W-TP12 21,000 150,000 14%
vinyl chloride Ww-1181 2,300 2,670,000 0.1%

As indicated in the above table, concentrations of TCE and PCE were
detected in groundwater within the kame sand at 4% and 14% of their
solubility, respectively. As a general guideline, concentrations of specific
chlorinated solvents above 1-10% of their solubility limits may be
indicative of a DNAPL. DNAPL was not observed at any well locations.

The following table summarizes the maximum concentrations of TCE,
PCE, and vinyl chloride detected in well clusters W-04, W-03 and W-22:

W-04S W-04D W-04T W-03 W-03T W-2251 W-22T
(ug/ (ug/l) (ug/l) (ug/h (ugl/) (ug/l) (ug/h
W-T Base Ablation W-T Ablation W-T Ablation

Kame Kame Glacial Kame Glacial Kame Glacial
Compound Sand Sand Till Sand Till Sand Till
TCE 2,000 9,500 2,500 12,000 47 40,000 8,800
PCE 640 3,300 41 10,000 81 - 4
Vinyl 1,500 620 54 - - 250 6
Chloride
Notes: - = Compound not detected above method detection limits.

W-T = Well is screened across the water table.

As shown in the above table, concentrations of VOCs were lower in the
ablation glacial till than in the kame sand, by up to two orders of
magnitude. Concentrations of specific VOCs detected in the ablation
glacial till are less than 1% of the solubility limit for specific compounds.
The levels of VOCs detected in the ablation glacial till indicate that if a
DNAPL is present then it is likely limited to the kame sand aquifer.

Based on the distribution of VOCs in groundwater, groundwater flow in
the kame sand and ablation glacial till, and topography at the top of the
ablation glacial till, the likely location of DNAPL, if present, would
include the former Lagoon Cells and the Landfill Area, between well
SBW-21 and the W-22 cluster. Based on the distribution of VOCs, a
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DNAPL, if present, appears to be localized within the immediate vicinity
of the former Lagoon Cells and the Landfill Area.

Bedrock Nature and Lateral Extent of Contamination

As discussed previously, the bedrock includes shallow and deep
weathered bedrock wells and competent bedrock wells. Maximum
concentrations of specific VOCs detected in the shallow and deep
weathered bedrock wells and competent bedrock wells are shown on
Figures 8 and 9, respectively. These maps include only those compounds
detected above method detection limits. No bedrock wells were installed
in the Landfill Area or Hillside Area.

VOCs were detected in the bedrock above MCLs or VES at three well
locations, W-04SI, W-27SI, and W-09B. Two VOCs were detected above
MCLs or VES in the deep aquifer, TCE and PCE. The VOCs results for
detections of VOCs above MCLs or VES in bedrock were not repeatable
between sampling events and therefore, may be due to laboratory or field
sampling errors and not representative of groundwater quality.

VOCs were detected above MCLs or VES in the Marshy Area only at
location W-04SI. TCE, PCE, and 1,2-DCE were detected at location W-04SI
in the Spring 1995 LTMP sampling event. Well W-04SI has been sampled
for VOCs on eight occasions, 10 samples total with duplicate samples,
including three rounds using low flow purge and sampling techniques,
and VOCs were below method detection limits for all sampling events
except Spring 1995.

Concentrations of TCE were detected in two wells in the West of the
Landfill Area, W-07SI and W-04B, above MCLs and VES. Concentrations
of TCE were detected at location W-075I (22 pug/1) above MCLs and VES in
the Fall 1995 LTMP sampling event. This well has been sampled on seven
occasions and VOCs were either not detected or below MCLs and VES for
all sampling events. TCE was also detected in the competent bedrock
above MCLs and VES at location W-09B (14 pg/1), in Fall 1994. Well W-
09B was sampled for VOCs on seven occasions. TCE was detected at this
location only on this one occasion.

As discussed in Section 3.3 and 3.4, the lodgement till is a barrier to
dissolved phase vertical contaminant migration. As indicated above, the
detections of VOCs above MCLs or VES at locations W-04SI, W-07SI, and
W-04B were not repeated in other sampling events. Therefore, these
detections may be due to laboratory or field sampling errors and not
representative of groundwater quality.
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Vertical Extent of VOCs in Groundwater

VOC impacts to groundwater above MCLs or VES are contained within
the kame sand and ablation glacial till. Concentrations of VOCs above
MCLs or VES in the bedrock were only detected at two locations, within
the shallow weathered bedrock and one location within the competent
bedrock. As discussed in the previous section, the concentrations of VOCs
above MCLs or VES at these three locations may be due to a laboratory or
field sampling error and are not considered to be representative of
groundwater quality.

Semi-Volatile Organic Compounds

SVOCs detected in groundwater during the RI included bis(2-
ethylhexyl)phthalate, pyrene, and 1,4-dichlorobenzene. As presented in
the letter from de maximis to EPA dated 13 April 1995 (included in
Appendix D), the only SVOCs detected in groundwater which may pose a
risk were detections of bis(2-ethylhexyl)phthalate detected at locations
SBW-10 and W-08SL

SVOC levels in groundwater may be anomalously high, because SVOCs
may be associated with suspended sediment rather than dissolved in
groundwater or mobile in groundwater. Therefore, ERM resampled
locations SBW-10 and W-08SI for SVOCs under the Supplemental RI,
using low flow purge and sampling techniques. SVOCs were not detected
at W-08SI above method detection limits. Bis(2-ethylhexyl)phthalate was
not detected at SBW-10 above method detection limits. 4-Chloro-3-
methylphenol was the only SVOC detected at SBW-10, at a concentration
of 0.8 ug/l. A MCL or VES does not exist for 4-chloro-3-methylphenol.
However, these concentrations are not expected to pose a risk.

Inorganics
Introduction

Evaluation of the nature and extent of inorganic impacts to groundwater

is based on low flow sampling data. Only low flow sampling data are
used in order to reduce potential interference on inorganic analytical
results from suspended sediment. For purposes of determining the nature
and extent of inorganics impacts to groundwater, only representative data,
as discussed below, were considered. Low flow and conventional
sampling results are compared, because the low flow data significantly
changes the conceptual site model for inorganic impacts to groundwater.
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Evaluation of Inorganics Data Quality

As part of the Supplemental RI, ERM analyzed stabilization data collected
from individual wells, for the three LTMP sampling rounds, to determine
the whether inorganic analytical results are representative of groundwater
quality. A summary of data quality for the threelow flow groundwater
sampling events performed under the LTMP is included in Table 4. In this
table a the data from each of the three LTMP sampling rounds is classified
as either representative, and used to evaluate groundwater quality, or
non-representative, and not used to evaluate groundwater quality.

Results of the data quality evaluation are summarized in Table 4.
Following is a discussion of the procedures used to evaluate data quality
and a summary of the data quality.

Data Quality Evaluation Parameters

Turbidity, total aluminum concentration, drawdown, and other
stabilization parameters (i.e., pH, specific conductance, and temperature)
were used to evaluated whether samples are representative of
groundwater quality. A description of the effects each of these parameters
has on data quality is presented below:

* Turbidity - Turbidity is used to measure the amount of suspended
sediment in groundwater. Analytical results from samples with high
turbidity may not be representative of metal concentrations that are
mobile in groundwater. Low flow purging and sampling is intended
to minimize suspended sediment in groundwater samples by purging
and sampling at the same rate as aquifer recharge. In accordance
with EPA Region I low flow sampling protocols, a turbidity of less
than 5 NTU was considered representative. Turbidity values between
5 and 100 NTU were evaluated in conjunction with other data quality
parameters to determine if the data is representative. Samples with
turbidity levels greater than 100 NTU were flagged as non-
representative.

*  Aluminum - Concentrations of total aluminum are used as a
representative element to evaluate whether inorganic analytical
results are likely to be representative of aquifer conditions.
Aluminum is essentially insoluble in groundwater under normal
aquifer conditions. Aluminum is a naturally occurring metal in soil
and rock. Elevated aluminum values detected in groundwater
samples would be a function of high turbidity. Aluminum
concentrations in upgradient wells, for samples with a turbidity less
than 5 NTU, ranged from not detected to 544 ug/1 with a mean of 112
ng/l. The federal drinking water guideline for aluminum is 50 to 200
pg/l. Samples with aluminum concentration less than 200 pg/1 were
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considered acceptable. Samples with aluminum concentrations
greater than 200 pug/1 were considered questionable and were re-
evaluated in conjunction with turbidity.

Drawdown - Drawdown measures the how much the water level in a
well is lowered during purging and sampling, and indicates the
degree to which groundwater is being drawn from storage in the well
and not from the surrounding aquifer. Low flow sampling is
intended to minimize the amount of drawdown in a well. If
drawdown is greater than 0.3 feet, then the data quality is evaluated
by comparing the volume of water purged verses the volume of
drawdown, to determine if the groundwater sample is coming from
the formation. If greater than three drawdown volumes was purged
from a well, then the groundwater sample was assumed to be coming
from the formation.

Other Stabilization Parameters - pH, specific conductance, and
temperature stabilization parameters were reviewed to determine if
any were anomalously high or low and may indicate that the samples
collected are not representative of aquifer conditions. Evaluation of
these stabilization parameters is somewhat subjective and was
performed by comparing stabilization data with past sampling
events, and nearby wells.

Data Quality Evaluation

Based on the four evaluation criteria (turbidity, aluminum concentration,
drawdown, and other stabilization parameters), groundwater data was
classified as representative and used to evaluate the nature and extent of
contamination and fate and transport, or non-representative and not used
to evaluate groundwater quality. Evaluation of data quality was
performed as follows:

1.

If all data quality parameters for a sample were met, including pH,
temperature, specific conductance, turbidity, drawdown, and
aluminum concentrations, then the data was determined to be
representative.

If turbidity was greater than 100 NTU and aluminum concentrations
were greater than 200 pug/1, then the detections from these sample
were determined to be non-representative. This interpretation is
further discussed below.

If groundwater pH values were not within normal range or an
insufficient volume of water was purged to document that the sample
was coming from the formation (rather than from storage in the
borehole), then the data was considered non-representative. This is
because the effects on data quality cannot be determined.
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4. If pH, temperature, and specific conductance stabilization
requirements were met, but only one of the following stabilization
parameters were achieved, turbidity less than 5 NTU or aluminum
concentrations less than 200 pg/1, then the data quality was evaluated
in more detail, on a sample specific basis. In this evaluation, the
historical conventional sample data were reviewed, both filtered and
unfiltered data, other metals concentrations (i.e., iron concentrations),
and plots of drawdown/turbidity verses volume purged/time
(included in Appendix B), to determine if the data is representative of
aquifer conditions.

It should be noted that, for samples where the data is flagged as non-
representative because the aluminum concentrations were elevated or
sample turbidity was high, the inorganics analytical results from these
wells are likely biased high. Therefore, groundwater quality evaluations
based on these data would be conservative. For wells with high turbidity
and/or high aluminum concentrations, in which all metals were either not
detected or below MCLs or VES, these results can be used to determine
the nature and extent of contamination and contaminant fate and
transport.

Summary of Inorganics Data Used to Determine Nature and Extent of

Contamination

Table 4 summarizes the results of the data quality evaluation. Samples
that were categorized as representative were used to evaluate the nature
and extent of contamination. Detections of metals from samples with high
turbidity and high aluminum concentrations were not used because they
are not considered representative of naturally static conditions. Use of
this data would lead to inaccurate or misleading conclusions. Table 5
summarizes the metals detected above MCLs or VES, using low flow
purge and sample techniques, and qualifies the data as either
representative or non-representative.

Samples from wells W-25SI and W-25DI were considered non-
representative because of the high pH in these wells, with pH values
ranging from 10.66 to 11.04 and 11.60 to 11.46, respectively. The
construction of these wells is questionable, as grout may have penetrated
the well screen, causing the high pH values. The effects of the high pH on
data quality cannot be determined. ERM redeveloped well W-255I, to
attempt to bring the pH within normal range. Well redevelopment
including jetting borehole water through the well screen and then
overpumping the well. ERM was not able to lower the groundwater pH
in the well and, for this reason, EPA recommended that wells W-25SI and
W-25DI not be included in the LTMP sampling program.
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As shown in Table 5, following is a summary of the samples which had
both high turbidity and high levels of aluminum in the sample, and
therefore, the detections above MCLs or VES were determined to be non-
representative of groundwater quality and not used to evaluate the nature
and extent of contamination:

* Spring1995  W-TP12, SBW-21, W-03, W-04D, W-06D, W-0851,
W-27T, W-07SI, W-01DI

e Fall 1995 W-03, W-04D, W-0851
e Spring1996  W-06D

Well W-0851 was re-developed prior to the Spring 1996 sampling event.
As indicated in Table 5, the turbidity after re-development was 0.58 and
aluminum was not detected. Samples collected prior to well re-
development had high turbidities and high aluminum concentrations and
interpretations of inorganics groundwater quality would been non-
representative.

Kame Sand|Ablation Glacial Till Nature and Lateral Extent of Contamination |

As discussed above, the unconsolidated overburden includes landfill
material wells, kame sand wells and ablation glacial till wells. A
comparison of low flow sampling results verses conventional sampling
results for the kame sand and ablation glacial till wells are shown on
Figures 10 and 11, respectively. These maps include only those elements
detected above method detection limits and for which a Federal or state
standard or guideline exists. For conventional sampling data, the maps
show the maximum concentration of each metal detected at that location.
The low flow groundwater data are shown for each sampling event at
each well.

Table 5 summarizes the metals detected in the kame sand/ablation glacial
till above MCLs or VES. This table also indicates which data are
considered representative to evaluate the nature and extent of
contamination. The following table summarizes the maximum
concentration of metals detected above MCLs or VES in the kame
sand/ablation glacial till, by area, based on representative data only:
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Maximum Concentration in ug/l
MCL/VES West of

Element (ug/l) Upgradient  Hillside Landfill Marshy Landfill

Iron 300*/300* - - no data 128,000 17,200
representative

Manganese 840(a) - - no data 5,220 8,860
representative

Thallium 2/NSA - - no data 64 6.3
representative

Notes: - = concentrations of metals in this area were either not detected or detected at
concentrations below MCLs or VES
* = the standard is a secondary MCL
NSA = no standard available
(@)=  EPA derived risk based drinking water standard.

Groundwater data for both Landfill Area wells were considered non-
representative." For comparison purposes, concentrations of chromium,
iron, lead, manganese, nickel and thallium were detected from wells
within the Landfill Area and former Lagoon Cells, above MCLs or VES.
These results are likely biased high, because the sample turbidity and
aluminum concentrations for these wells was high. As indicated in the
above table and Table 5, iron, manganese and thallium were detected in
wells beyond the limits of the landfill above MCLs.

Iron, manganese and thallium were detected in the Marshy Area above
MCLs or VES. Manganese was detected at the following locations, in the
Marshy Area, above the EPA derived risk based drinking water standard
for manganese: W-1151 and W-2251. Thallium was detected at one
location in the Marshy Area above MCLs, W-1151. Iron was detected in
the Marshy Area above MCLs or VES, at locations W-1151, W-2251, and
W-22T. Iron, manganese and thallium were detected above MCLs or VES
in the West of the Landfill Area at wells W-2551 and W-0951.

Based on representative data, the lateral extent of the metals plume, with
the exception of iron, manganese and thallium, appears to be contained
primarily within the Landfill Area.

The lateral extent of the manganese plume is within the Marshy Area,
west of Swale 2 (approximately 120 feet southeast of the Lagoon Cells);
and south of the Lagoon Cells, to the W-25 and W-09 clusters
(approximately 300 feet southeast of the Lagoon Cells). The distribution
of thallium in groundwater is less widespread than manganese. Beyond
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the landfill, thallium was only detected in one Marshy Area well, W-11S1,
and south of the Lagoon Cells, at the W-25 and W-09 clusters.

The iron plume extends from the Landfill Area and Lagoon Cells into the
Marshy Area and West of the Landfill Area. Iron was detected at W-06D,
east of Swale 2 in the Marshy Area. Migration of iron east of Swale 2 may
be related to overland flow during high water levels. Because of the
hillslope to the east of Swale 2 and groundwater flow patterns in the kame
sand/ablation glacial till, migration of iron east of Swale 2 would be
localized to the immediate vicinity of Swale 2.

The likely source of iron, manganese, and thallium in groundwater is the
Landfill Area, including the former Lagoon Cells. Iron and manganese are
common landfill constituent. The source of thallium is not known for
certain. Thallium may be associated with landfill waste, or may be a
sampling artifact. According to Pradyot Patnaik, 1992, thallium is used in
photoelectric cells, in semiconductor studies, and in low-range glass
thermometers; thallium salts are used as rodent poisons.

Kame Sand[Ablation Glacial Till - Comparison of Low Flow Verses Conventional
Sampling

Figures 12, 13, and 14 show the lateral extent of the groundwater plume
for lead, chromium, and nickel, respectively, identified using low flow
versus conventional sampling techniques. The extent of the plume is
defined as levels which exceed either MCLs or VES. As shown on this
figure, the upgradient and downgradient edge of the lead and chromium
plumes and the downgradient edge of the nickel plume were not
delineated using conventional sampling. Based on representative low
flow sampling data, the lead, chromium and nickel plumes have not
migrated beyond the limits of the landfill and these metals are not
detected upgradient of the landfill.

Bedrock Nature and Lateral Extent of Contamination

As discussed above, the bedrock includes shallow and deep weathered
bedrock wells and competent bedrock wells. A comparison of low flow
sampling results verses conventional sampling results for the shallow and
deep weathered bedrock and competent bedrock wells are shown on
Figures 15 and 16, respectively. These maps include only those elements
detected above method detection limits and for which a Federal or state
standard or guideline exists. For conventional sampling data, the maps
show the maximum concentration of each metal detected at that location.
The low flow groundwater data are shown for each sampling event.
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Table 5 summarizes the metals detected in the bedrock above MCLs or
VES. This table also indicates which data were considered representative
and are used to evaluate the nature and extent of contamination. Iron was
the only metal detected in the shallow and deep weathered bedrock or
competent bedrock above MCLs or VES. Iron is a common naturally
occurring element in bedrock. The shallow weathered bedrock is
described as having "ocher" layers consisting of weathered quartz
sandstone or arkosic quartz sandstone, with highly weathered layers of
silty clay to clay, or loose medium to fine sand. This would be a likely
natural source of iron in bedrock.

Concentrations of chromium were detected in the Marshy Area at location
W-04DI above the VES of 50 ug/1, but below the MCL of 100 pg/1. Iron
was detected at this location at a concentration of 809 pg/1, which exceeds
the secondary MCL/ VES of 300 pg/1. While this sample did not meet the
screening criteria in Section 4.3.2, to indicate the data should not be used
in the evaluation of the nature and extent of contamination, the following
observations suggest that this detection may not be representative:

¢ Thesample collected was collected using a Grundfos pump and it
was difficult to sustain a constant low flow using a Grundfos pump.
Grundfos pumps were only used in the Spring 1995 LTMP. At 6 of
the 8 well locations where concentrations of metals exceeded MCLs or
VES, the samples were collected using Grundfos pumps.

¢  The turbidity during purging was erratic, as shown in the cross-plot
of turbidity verses volume purged/time, included in Appendix B.

®  Metals were not detected above MCLs or VES in the Fall 1995 sample
collected from this location using a bladder pump.

*  W-04DI was sampled on seven occasions. For each sampling event
both total and filtered metals samples were collected. Chromium was
not detected in any other samples, including both low flow and
conventional sampling data, above MCLs or VES

In summary, an inorganics plume is not identified in the deep aquifer.
The detection of metals in the bedrock above MCLs or VES, with the
exception of iron, is concluded to be an artifact of groundwater sampling
(ie., use of Grundfos pumps which resulted in samples with elevated
turbidities, or poor well construction). Iron is likely naturally occurring in
bedrock.

Bedrock - Comparison of Low Flow Verses Conventional Sampling

Metals detected above MCLs and VES in the bedrock using conventional
sampling techniques included antimony, beryllium, chromium, copper,
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lead, manganese, nickel, and thallium. Metals were detected above MCLs
or VES in all bedrock wells using conventional sampling techniques.
Using low flow sampling techniques the only metal detected in the
bedrock above MCLs or VES, based on representative data, was iron. The
source of iron is likely naturally occurring from the bedrock.

Vertical Extent of Inorganics in Groundwater

Based on representative data, inorganic impacts to groundwater above
MCLs or VES appear to be contained within the kame sand and ablation
glacial till. Metals detected beyond the landfill above MCLs or VES in the
kame sand/ablation glacial till include iron, manganese and thallium.
Inorganics, with the exception of iron, were not detected in the bedrock
above MCLs or VES. Iron is likely naturally occurring in the bedrock.

As discussed in the previous section, other metals were detected in the
kame sand/ablation glacial till and bedrock above MCLs or VES;
however, these data were considered non-representative due to high
sample turbidity, use of Grundfos pumps, or poor well construction.

RESIDENTIAL WELL/RYDER SPRING SAMPLING

One round of residential well sampling, sampling at Ryder Springs, was
performed under the Supplemental RI, to confirm data from previous
sampling events. The results are discussed in the following sections.

Volatile Organic Compounds

VOCs were not detected in the sample from Ryder Springs above method
detection limits. One VOC was detected in the groundwater sample from
the Olin well; tetrahydrofuran (THF) was detected at a concentration of 2
ug/l. AMCL or VES does not exist for THF. For comparison purposes,
Massachusetts has a drinking water guideline for THF of 1,300 ug/1. The
levels of THF detected in the Olin well are three orders of magnitude
lower than the Massachusetts drinking water guideline. THF was not
detected at the site.

VOCs detected in the Dickinson well included acetone (5 pg/1) and
chloroform (14 pg/1). The MCL for chloroform is 100 pg/1; therefore, the
concentrations detected in the Dickinson well are below the drinking
water standard. A VES does not exist for chloroform. A MCL or VES
does not exist for acetone. However, for comparison purposes, the
Massachusetts Drinking Water Guideline for Acetone is 3,000 ug/1.
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In summary, the levels of VOCs detected in the Olin and Dickinson wells
are below existing drinking water standards or guidelines.

Inorganics

The Dickinson private water supply well was analyzed for total lead,
because the lead concentration detected in the November 1993 sampling
event, under the RI, exceeded the MCL for lead. The sample from the
Dickinson well was collected directly from the well using a PVC bailer, in
order to eliminate potential impacts to the well sample from piping in the
house. Lead was not detected above method detection limits in the
Supplemental RI sample.

SURFACE WATER
Introduction

Surface water quality was characterized in the RI Report. ERM conducted
three additional rounds of surface water sampling under the LTMP,
including Spring 1995, Fall 1995 and Spring 1996. Spring 1995 and Spring
1996 were wet weather flow conditions and Fall 1995 was dry weather
flow conditions. This section provides a summary of the nature and extent
of contamination in surface water as discussed in the RI Report and
incorporates the three recent LTMP sampling events.

Revised surface water standards have been promulgated by EPA and the
state of Vermont, as follows:

¢ Federal Water Quality Standards (WQS) were promulgated under 40
CFR Ch. 1 Part 131, dated 1 July 1995

¢  Vermont Water Quality Criteria (Vt. WQC), dated 13 February 1996

For purposes of evaluating surface water quality and the nature and
extent of impacts to surface water, the RI data and Supplemental RI data
are compared with both WQS and Vt. WQC. Comparison to these
standards is not intended for risk assessment purposes. TRC
Environmental Corporation (TRC), under contract to EPA, has conducted
both a Human Health and an Ecological Risk Assessment for site surface
waters.

Seven rounds of surface water sampling have been conducted at the site.
Results of the surface water data for VOCs and TAL metals are
summarized in Tables 8A/8B and 9, respectively. These tables summarize
the VOCs and metals detected in surface water above method detection
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limits. For comparison purposes, this table also lists the WQS and V.
WQC, where available. A complete summary of the VOCs and metals
detected in surface water, including method detection limits for those
compounds/elements not detected, are proved in Appendix C.

For evaluation purposes, the surface water samples are sub-divided into
the following areas:

1. Upstream sample locations (SW-01B, SW-08, and SW-13), which
include sample locations from Swales 1, 2, and 3, upstream of those
portions of the drainage swales located downgradient and downslope
of the landfill.

2. Marshy Area sample locations (SW-09, SW-10, SW-11, SW-12, and
SW-02), which are located downgradient and downslope of the
landfill.

3. Downstream Swale 2 (SW-03 and SW-14), includes surface water
locations immediately downstream of the Marshy Area.

4. TUnnamed Stream (SW-15, SW-04, and SW-07), which includes
surface water sample locations downstream of where Swales 1 and 2
converge.

5. Upstream Barney Brook (SW-05), which evaluates surface water
quality upstream of where the Unnamed Stream discharges to Barney
Brook.

6. Downstream Barney Brook (SW-06, SW-16, and SW-17), which
includes sample locations in Barney Brook located downstream of
where the Unnamed Stream discharges to Barney Brook.

Evaluation of Data Quality

The Fall (November) 1994 LTMP surface water data appears anomalous
when compared with the six other rounds of surface water data, especially
for TAL metals. Metals, particularly iron and manganese were detected in
Fall 1994 at concentrations up to four orders of magnitude greater than the
six other sampling events. In addition, metals were detected in the Fall
1994 sampling event at several locations, which were not detected in any
of the other seven sampling events. For example, beryllium, mercury,
nickel, selenium, and thallium were detected in the Fall 1994 sampling
event, for sample locations in the Marshy Area; these metals were below
method detection limits in this area for the six other sampling events.

The Fall 1994 LTMP samples were collected by OBG; therefore, ERM could
not verify the field procedures used. The source of elevated metals could
be related to sample collection procedures (i.e., stirring up of sediment
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prior to sampling). In addition, the Fall 1994 surface water data was
collected under the LTMP, and therefore, was not validated for potential
laboratory errors.

453 Volatile Organic Compounds

One VOC was detected in the Upstream sample locations, carbon
disulfide at a concentration of 10 pg/l. A WQS or Vt. WQC does not exist
for carbon disulfide. Carbon disulfide is not related to the site.

The following table summarizes the VOCs detected in surface water,
above WQS or Vt. WQC, downslope and downgradient of the site. For
purposes of this table only the most stringent of the WQS or Vt. WQC is
listed. This table also lists the other VOCs detected in each area, for which
no surface water quality standard exists.
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Most Stringent Marshy Area Downstream  Unnamed Stream

Compound Standard ** ugl/l) g/l Swale 2 (ugl/l) (ug/h
TCE 27 420 140 40

PCE 08 58 (71) 21 (34 10
Vinyl Chloride 2 290 (800) 49 4
1,1-DCE 0.057 2 2(2.5) 0.7
Bromodichloro- 0.27 10 BDL BDL
methane

List of other n/a dichlorofluoromethane, 1,2-DCE, acetone, 2-DCE,
VOCs detected, 1,2-DCE, acetone, acetone, acetone, carbon
for which no carbon disulfide, carbon disulfide,

WQS or Vt. xylene, toluene, 1,3,5- disulfide (cis-1,3-dichloro-
WQC exists trimethylbenzene, 1,2,4- propane)

trimethylbenzene,
4-methyl-2-pentanone

Notes: ( ) values or compounds in parenthesis are from the Fall 1994 sampling event,
concentrations from this round were anomalously high and compounds were
detected that were not detected in other sampling events

BDL  compound was not detected above method detection limit
n/a Not applicable
hid value listed is the most stringent standard between the WQS and Vt. WQC

As shown in the above table, VOC concentrations in surface water were
highest in the Marshy Area and decreased downstream in Swale 2 and the
Unnamed Stream. Also, the number of VOC compound detected were
highest in the Marshy Area and decreased downstream in Swale 2 and the
Unnamed Stream.

VOCs were not detected in Barney Brook above WQS or Vt. WQC. VOCs
detected in Barney Brook included trace levels of TCE, 1,2-DCE, acetone,
and carbon disulfide. VOCs detected in Barney Brook upstream of where
the Unnamed Stream discharges into Barney Brook included acetone and
1,2-DCE.

Seasonal variations in the compounds and concentrations of VOCs in
surface water were not observed.
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454 Inorganics

The following table summarizes the maximum concentration of metals
detected in surface water above WQS or Vt. WQC. For purposes of this
table only the most stringent of the WQS or Vt. WQC is listed. This table
also lists the other metals detected in surface water, for which no surface
water quality standard exists.
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(ug/h Maximum Concentration (1g/l)
Most Barney

Stringent Downstream Unnamed Brook Barney Brook
Metal Standard | Upstream  Marshy Swale 2 Stream Upstream Downstream
Antimony 14 BDL
Arsenic 0.018
Copper * 8
Iron 1,000
Lead * 15
Mercury 0.012
Nickel * 106
Selenium 5
Silver * 1.6
Thallium 1.7
Zinc* 71 4.9 43 45 49
Cyanide 5.2 BDL 5 BDL BDL BDL
Other n/a Al, Ba, Al Ba,Cd, Al Ba,Be, Al, Ba, Al,Ba,Cd, Al Ba Cd,
Metals Ca, Cr, Ca, Cr,Co, Cd,Ca, Cr, Cd, Ca, Ca, Cr,Mg, Ca,Cr, Mg
Detected Co, Mg, Mg, Mn, K, Co, Mg, Mn, Cr, Mg, Mn,K,Na Mn,K Na V

Mn, K, Na,V,(Be) K,Na,V,(Be) Mn,K,
Na, V Na, (V)

Notes: () Values or compounds in parenthesis are from the Fall 1994 sampling event,

BDL
n/a

%

concentrations from this round were anomalously high and compounds were
detected that were not detected in other sampling events
Compound was not detected above method detection limit

Not applicable

Standard is calculated using a hardness of 63 mg/1, which is the average
hardness for surface water measurements collected at the site.

Shaded cells/values printed in bold exceed either the WQS or Vt. WQC.
value listed is the most stringent standard between the WQS and Vt. WQC

As shown in the above table, several metals were detected in surface water
upgradient of the Marshy Area, which exceeded the most stringent WQS
or Vt. WQC, including arsenic, copper, iron, lead, silver, and zinc. The
detections of arsenic, copper, silver, and zinc, which exceeded the WQS or
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4.6

4.6.1

4.6.2

Vt. WQC were from location SW-08. This location may be impacted
operations associated with the landfill.

The concentrations of metals above WQS or Vt. WQC were highest in the
Marshy Area and decrease downstream in Swale 2 and the Unnamed
Stream and Barney Brook. This trend suggests that the impact to surface
water quality originates in the Marshy Area and decrease as the stream
flows toward Barney Brook. The source of metals is likely a combination
of naturally occurring and impacts from leachate seeps. However, some
metals, including antimony, arsenic, copper, lead and silver are present in
background samples and/or at all locations at similar concentrations. The
source of these metals may be naturally occurring, and not related to
impacts from the landfill.

Seasonal variations in the compounds and concentrations of VOCs in
surface water were not observed.

SEDIMENT
Introduction

Sediment sampling in the vicinity of Swale 2 and the Unnamed Stream
was performed under the RI. This section provides a summary of the
results of the RI sampling. RI sediment sample locations are divided into
three areas, as follows:

1.  Upstream samples collected at locations SED-014A, SED-01B, and
SED-08

2. Marshy Area samples collected at locations SED-02 and SED-09
through SED-12

3. Downstream samples collected at SED-03 through SED-07, and
SED-13 through SED-15

The sediment sample results are discussed in the RI Report, Section 4.1.3
and the data are compiled in Appendix 15, Tables 20 through 23.

Organics
The only VOC detected at the Upstream sample locations was acetone,

with a maximum concentration of 300 pg/kg. SVOCs and PCB/pesticides
were not detected above method detection limits.
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The results of the VOC sediment analyses from the Marshy Area and
Downstream sample locations are summarized in the following table. For
each VOC, a range of concentrations is presented for each area.

Range Detected in Range Detected in
Compound Marshy Area (ug/kg)  Downstream Area (ug/kg)
Acetone 42-400 26-79
2-Butanone 16-73 BDL
Carbon disulfide BDL-19 BDL-2.6
1,2-DCE 47-1,700 10-35
Ethyl benzene 29-16 BDL
Methyl chloride BDL+4.2 BDL-2.5
Toluene 4.6-190 BDL
TCE 27-520 8-56
PCE BDL-72 9-130
Xylene 2.5-64 BDL
Vinyl Chloride 86-430 BDL

Notes: BDL= Compound was not detected above method detection limits.

As shown in the above table, VOCs were detected in both the Marshy
Area and Downstream Sediment sample locations. A similar suite of
VOCs were detected in sediments, as were detected in groundwater and
soil samples at the site. The concentration of VOCs was highest
downslope of the landfill and decreases from the Marshy Area to the
Downstream Area. No applicable standards or guidelines are available
for VOCs in sediment. TRC, under contract to EPA, has conducted an
Ecological Risk Assessment for the site, which address potential risks
associated with sediment.

4.6.3 Inorganics

As presented in the RI Report, inorganics results are compared with
National Oceanic and Atmospheric Administration (NOAA) Effects Range
Low (ER-L) and Effects Range Medium (ER-M) values. The following
table summarizes the inorganic constituents detected in sediment above
the NOAA ER-L values. Inorganics sediment results are presented for the
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4.7

Upstream, Marshy Area and Downstream sample locations. For each
metal detected above the ER-L, a range of concentrations is presented for
each area. This table also identified other metals which were detected in
sediment at least one order of magnitude above upstream levels, but did
not exceed the ER-L.

Range NOAA Range Detected  Range Detected  Range Detected

ER-L/ER-M Upstream Marshy Area Downstream

Metal (ug/kg) (ug/kg) (ug/kg) (mg/kg
Lead 35/110 5.1-215 7.3-70.3 6.4-22.5
Mercury 0.160/1.3 BDL 0.18-0.31 0.14-0.31
Nickel 30/50 1.7-6.2 4.1-59.8 2.7-24.2
Zinc 120/270 21.4-49.8 0.77-176 24.1-79.9
Other Metals Al Cr,Zn,Ba,Be, Al Ba, Co, Mn,
Detected Co,Cu,Mn,V Ni, V

Notes: BDL = Metal was not detected above method detection limits.

As shown in the above table, metals were not detected in the upstream
sediment sample locations above the NOAA ER-L. Concentrations of
lead, mercury, nickel, and zinc were detected above NOAA ER-L
concentrations in the Marshy Area. Metals were not detected in the
Downstream sample locations above NOAA ER-L levels, indicating that
the extent of impacts to sediment is limited to within the Marshy Area
downslope and downgradient of the landfill.

LEACHATE

Leachate was characterized in the RI Report. Three leachate seeps are
observed at the site on the east flank of the landfill; LS-01, LS-02, and
LS-03. OBG conducted one round of leachate sample. ERM conducted
two additional rounds of leachate sampling under the LTMP, including
Spring and Fall 1995. Spring 1995 was wet weather flow conditions and
Fall 1995 was dry weather flow conditions. This section provides a
summary of the nature and extent of contamination identified in leachate
as discussed in the RI Report and incorporates the two recent LTMP
sampling events.

Three rounds of leachate sampling have been conducted at the site.
Results of the leachate sample data for VOCs and TAL metals are
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summarized in Tables 10 and 11, respectively. These tables summarize
the VOCs and metals detected in leachate above method detection limits.
A complete summary of the VOCs and metals detected in leachate,
including method detection limits for those compounds or elements not
detected are proved in Appendix C. For comparison purposes, laboratory
results from the leachate samples are compared with WQS and Vt. WQC.
WQS and Vt. WQC are only provided for comparison purposes, and are
not necessarily an applicable standard for leachate.

4.7.1 Organics

VOCs were detected at all three leachate seep sample locations. The
following table summarizes the VOCs detected in leachate, above WQS or
Vt. WQC. For purposes of this table only the most stringent of the WQS or
Vt. WQC is listed.

Compound Most Stringent Ls-01 LS-02 LS-03
Standard ** (ug/l) (ug/h (ug/l (ug/l

Vinyl chloride 2 30 70 460
TCE 2.7 570 51 44,000
PCE 08 - - 18,000
1,1-DCE 0.057 - 5 -
Bromodichloromethane 0.27 3 - -
Notes: - concentrations of VOCs in this area were not detected.

n/a not applicable

had value listed is the most stringent standard between the WQS and Vt. WQC

As shown, VOCs detected in leachate above WQS and/or Vi. WQC
included: vinyl chloride, TCE, PCE, and 1,2-DCE. These VOCs were also
detected in Landfill Area and particularly Lagoon Cell soil and
groundwater samples. The highest concentrations of VOCs in leachate
were at location LS-03, which is situated immediately downslope and
downgradient of the Lagoon Cells. The source of VOCs in leachate is the
Landfill Area, and particularly the Lagoon Cells.

As presented in the RI Report, PCBs and pesticides were not detected in
any leachate samples above method detection limits. SVOCs were only
detected at location LS-03. 1,4-dichlorobenzene was detected at a
concentration of 15 pug/1.
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4.72 Inorganics

Inorganics were detected at all three leachate seep sample locations above
WQS and Vt. WQC. The following table summarizes the inorganics
detected in leachate, above WQS or Vt. WQC. For purposes of this table
only the most stringent of the WQS or Vt. WQC is listed.

Most Stringent LS-01 Ls-02 Ls-03

Metal Standard (ug/1) ng/D (ng/D ng/D
Antimony 14 - 39.7 -
Arsenic 0.018 16.9 - -
Copper* 8 29 206 122
Iron 1,000 42,100 260,000 31,900
Lead * 15 82.1 998 314
Mercury 0.012 - 27 0.86
Nickel * 106 19.5 235 390
Silver * 1.6 - 41 -
Thallium 1.7 53 4.7 2.4
Zinc* 71 8,180 1,810 236
Cyanide 5.2 8 - -
Notes: - concentrations of VOCs in this area were not detected.

n/a not applicable

* Standard is calculated using a hardness of 63 mg/1, which is the average

hardness for surface water measurements collected at the site.
Shaded cells/values printed in bold exceed either the WQS or Vt. WQC.
b value listed is the most stringent standard between the WQS and Vt. WQC

A similar suite of metals as was detected in leachate were also detected in
soils from the Landfill Area and Lagoon Cells. The source of some of the
inorganics detected in leachate is likely the Landfill Area, and particularly
the Lagoon Cells. However, all leachate samples were turbid and
therefore, analytical results for the total metals samples from leachate
seeps are likely impacted by suspended sediment.
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5.1

51.1

5.1.2

CONTAMINANT FATE AND TRANSPORT

This section presents an evaluation of the fate and transport of
contaminants identified at the site. This section focuses on groundwater
contaminant fate and transport, but also discusses other media (i.e.,
leachate, surface water etc.), as appropriate. This discussion of fate and
transport either amends or revises the site model presented in the RI
Report, based on the low flow sampling results. The discussion of
contaminant fate and transport is presented in two sections, as follows:

e contaminant mobility and persistence

e contaminant fate and transport

CONTAMINANTS OF POTENTIAL CONCERN, CONTAMINANT
PERSISTENCE, AND FACTORS THAT AFFECT MOBILITY

Contaminants of Potential Concern

Site-related inorganic and organic contaminants have been detected in
environmental media principally in shallow hydrogeologic units (kame
sand and ablation glacial till). Section 4.0 provides a detailed summary of
detections by media.

The VOCs that were the most prevalent in groundwater and surface water
onsite were TCE, PCE, acetone, vinyl chloride, 1,2-DCE, and 1,1-DCE. A
similar suite of VOCs was also detected in other media, including soil,
sediments, and surface water. Relatively low concentrations SVOCs were
detected in the RI sampling events in soil and groundwater.

Inorganics were detected in soils from the Landfill Area and Lagoon Cells
and Marshy Area soils/sediments, that were elevated with respect to
background concentrations. Inorganics that were most prevalent include,
cadmium, copper, iron, lead, manganese, mercury, nickel and zinc. Few
organics were detected in groundwater beyond the landfill boundary, and
consisted primarily of iron, manganese and thallium.

Physical and Chemical Properties Affecting Mobility
General Properties

The physical and chemical properties of contaminants directly affect the
mechanisms of their migration through environmental media. The
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following chemical-specific properties can be indicative of the relative
mobility, retardation, and persistence of chemicals in the environment:

¢  Solubility in Water;

® Vapor Pressure;

* Henry's Law Constant;

¢  Viscosity and Density/Specific Gravity;
*  Soil Adsorption Coefficient (Kq¢); and

*  Octanol Water Coefficient (Kow)-

The solubility of a solid (or miscibility of a fluid) with water is the
maximum concentration of pure chemical dissolved in pure water at
neutral pH within a temperature range of 20-300C. Greater

solubility /miscibility generally indicates a greater potential for
contaminant mobility in water under equilibrium conditions. Soluble
compounds may be leached from wastes and soils and thereby become
mobile in groundwater. The solubility of a chemical may be altered by the
presence of other contaminants. For example, pure metals are generally
insoluble, but they may also form salts and complexes which can be
soluble. Alternatively, a soluble compound may become less soluble in a
solution with less soluble compounds.

The ability of a compound to volatilize is dependent on the vapor
pressure, Henry's Law Constant, and solubility. Vapor pressure is an
indicator of volatility and is based on pure chemical partitioning into air,
at a given temperature (usually between 200 and 30°C). Contaminants
with low vapor pressure are in liquid or solid state, whereas contaminants
with high vapor pressure are primarily gaseous. Henry's Law Constant,
which is derived from vapor pressure, solubility, and molecular weight,
measures partitioning across the liquid-gas interface in equilibrium. A
contaminant with a low Henry’s Law Constant will remain dissolved in
water while a contaminant with a high Henry’s Law Constant will
probably volatilize. Compounds with high vapor pressures, high Henry’'s
Law Constants, and high solubility are generally mobile.

Viscosity and density will affect the flow of a fluid. A liquid which is
more viscous than water will tend to migrate more slowly than water, and
liquid with high viscosity will generally be less mobile than a liquid with
low viscosity. Density may counteract the influence of viscosity on
mobility. For example, denser pure phase contaminants will migrate
downward in an aquifer faster than less dense pure phase contaminants
with equivalent viscosity's.
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The Organic Carbon Partition Coefficient (K, or soil partition coefficient)
reflects the mobility of organic contaminants relative to adsorption. Soil
with a high organic carbon content will adsorb organic contaminants,
therefore retarding mobility. The Koc indicates the degree of partitioning
of the contaminant across the solid-liquid interface. Low Kq¢ values
indicate lower potential for adsorption, and therefore greater mobility
through soil.

The Octanol /Water Partition Coefficient (Kgyy) is a measure of the
distribution of a contaminant between water and octanol. A compound
with a negative log Kgyy is more hydrophilic and therefore more likely to
become mobile in water. A compound with a positive log Koy is

considered hydrophobic and therefore is more likely to adsorb onto
organic matter, therefore reducing mobility.

Properties of Chemical Groups Detected

The VOC:s of potential concern at the site are predominately chlorinated
aliphatic compounds. The most frequently detected VOCs at the site are
TCE, PCE, vinyl chloride, 1,1-DCE, 1,2-DCE, and acetone. These VOCs are
characterized by a relatively high vapor pressure and solubility. The
VOCs have aqueous solubilities ranging from approximately 100 mg/1 to
10,000 mg/1 under specific laboratory conditions. VOCs also have the
highest vapor pressures (ranging from approximately 10 mmgyg to 6000
mmgg) and Henry's Law Constants (0.01 to 0.1 atm-m3/mol), compared
to other compound types. Therefore, they are likely to be the most mobile
contaminants.

The SVOCs detected in soils at the site are predominately PAHs and
phenols. In general, PAHs have low aqueous solubilities, ranging from
less than 10-3 mg/L to 40 mg/1. The vapor pressures and Henry's Law
Constants are also low, ranging from less than 10-10 to 102 mmpgand
10-10 to0 104 atm-m3/mol, respectively. The PAHs have significantly
higher soil adsorption coefficients than the VOCs. The mobility of PAHs
is generally related to molecular weight, with two-ring PAHs (such as
naphthalene) being more mobile than four- and five-ring PAHs (such as
benzo(a)pyrene). The majority of PAHs are relatively immobile. Other
SVOCs detected at the site, such as chlordane and PCBs, also have very
low solubilities and vapor pressures, and therefore are relatively
immobile.

The SVOCs detected using low flow sampling at the site consisted of bis(2-
ethylhexyl)phthalate and 4-chloro-3-methylphenol. In general, phenolic
compounds are relatively hydrophilic and have significantly higher water
solubilities than other SVOCs. Phenol has an aqueous solubility of
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approximately 100,000 mg/L, and is the most soluble of the phenolic
compounds.

A variety of inorganics were detected in soil, sediments, groundwater, and
surface water at the site. Metals are not readily volatile, tend to adsorb to
soils, and are generally insoluble in water under neutral or slightly
alkaline conditions. Metals can become more soluble under increasingly
acid conditions. The cationic salts of most metals are also relatively
insoluble, including many hydroxides, sulfates, and sulfides. The notable
exceptions are the Group I metals such as sodium which are generally
soluble. Some metal-containing anions can also be soluble under certain
conditions. For example, hexavalent chromium as dichromate (Cr2077) is

water soluble, whereas trivalent chromium (CrO47) is insoluble.
However, under reducing conditions, the hexavalent form will readily
convert to trivalent chromium. Hexavalent chromium was not detected at
the site.

Contaminant Persistence

Persistence refers to a contaminant's ability to resist physical, chemical,
and biological environmental conditions that tend to reduce its presence.
The persistence of contaminants is influenced by the properties described
in the previous section as well as molecular structure, site-specific factors
such as the characteristics of soil, water, and other media in which
contaminants occur, the hydrogeological characteristics of the site, and
climactic conditions. For example, most organic compounds will degrade
due to photoloysis, but this mechanism only applies to compounds
immediately on the soil surface.

The VOCs are likely to be the least persistent contaminants in soil. VOCs
are relatively water soluble, and may leach from soil to groundwater due
to infiltration of precipitation. In both soil and groundwater, but
particularly in soil, the VOCs may be transformed through biological
reactions. The end product(s) of the biodegradation is dependent on
several factors, including pH, temperature, dissolved oxygen content, and
nutrient levels. For example, both PCE and TCE can be biologically
transformed into dichloro- and monochloro-ethenes or ethanes, and may
ultimately be mineralized (CO2, H>O, CI, etc.) and converted into
biomass. The daughter products are generally more mobile, and are
therefore more likely to be found away from the source of the original
contamination. Aromatic compounds such as benzene may also undergo
biodegradation, although by different pathways.

SVOCs, with the exception of phenols, are generally persistent in soil due
to their molecular structure, low aqueous solubilities, low vapor pressure,
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5.2.1

and high soil adsorption coefficients. Phenols have relatively high
solubilities and low soil adsorption coefficients, and are therefore
generally less persistent in soil. Phenols may readily biodegraded because
of there solubility. Phenols may also be biodegradation by-products of
aromatic compounds, including PAH.

Most metals will persist in soils at neutral pH, with the exception of those
metal salts which are water soluble. Metals are not subject to
biodegradation, but may change valence state due to biological or physical
processes to become more or less water soluble, thereby affecting
persistence.

FATE AND TRANSPORT
Summary of Groundwater Flow

Groundwater flow in the unconsolidated overburden (kame sand and
ablation glacial till) is generally from the Landfill Area south-
southeastward into the Marshy Area. Shallow groundwater in the Marshy
Area discharges to drainage Swale 2. No evidence of contaminant impacts
to groundwater were observed to the east of drainage Swale 2 suggesting
that Swale 2 is a barrier to lateral contaminant migration in the kame sand
and ablation glacial till.

Vertical flow paths indicate generally upward gradients in the
unconsolidated overburden (kame sand and ablation glacial till) in the
Marshy Area, with groundwater discharging to surface water. Limited
data on vertical gradients in the Landfill Area indicate a slightly upward
gradient in this area. A dense lodgement till separates the kame sand and
ablation glacial till from the bedrock (shallow and deep weathered
bedrock and competent bedrock). The presence of a dense till between the
kame sand/ablation glacial till and bedrock and generally upward
gradients in the kame sand and ablation till indicates that dissolved phase
contaminant migration from the kame sand/ablation glacial till into the
bedrock is not expected. The lodgement till, as a vertical barrier to
migration, is confirmed by bedrock groundwater quality.

According to the RI Report, groundwater in the till and weathered
bedrock may discharge to Barney Brook. No impacts from the landfill
were observed in residential wells or Ryder Spring downgradient of the
landfill. Topographically higher areas, upslope on Harmon Hill, are an
area of recharge for the competent bedrock, according to the RI Report.
In these areas, the kame sand and till is reportedly absent. According to
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5.2.2

523

the RI Report, the competent bedrock may discharge to the Walloomsac
River system in the Bennington Valley area to the west.

Summary of Contaminant Sources

The primary source area for contaminants at the site is the Landfill Area,
and in particular the two Lagoon Cells. As discussed above contaminants
in the Landfill Area, and particularly the Lagoon Cells, consist primarily
of VOCs and metals, with some SVOCs. The primary mechanism of
contaminant migration is surface water infiltration through the Landfill
Area, including the Lagoon Cells, and subsequent release to groundwater.
Once in the groundwater, the contaminants follow the localized flow
pattern into the Marshy Area and towards drainage Swale 2. Drainage
Swale 2 flows southward towards the Unnamed Stream, which eventually
discharges into Barney Brook.

Groundwater data indicate that the potential for DNAPL exists in the
Landfill Area, and particularly within the Lagoon Cells. The potential for
DNAPL appears to be limited to within the kame sand and has not
migrated into the ablation glacial till.

Contaminant Migration
Kame Sand/Ablation Glacial Till
VOCs

Soil

VOCs were detected in shallow soils at relatively low concentrations. This
is because chlorinated aliphatic compounds present in exposed soils
would tend to volatilize to the air. VOCs are detected in subsurface soils
in relatively high concentrations (up to 12,600,000 ug/kg at SBW-15),
especially in the Lagoon Cells, and in the vicinity of SBW-21. Because
VOCs tend to have relatively high water solubility, residues in soils may
migrate to groundwater. ‘

Concentrations of VOCs in Marshy Area sediments do not appear to be a
source of contamination. Rather, the Marshy Area soils are a receptor, in
which VOCs in groundwater may be adsorbed onto soil particles.

Groundwater

VOCs detected at the site are more dense than water. VOC contaminant
migration in groundwater may be by dissolved phase transport, separate
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‘phase transport, or volatilization from groundwater to subsurface soils of
the vadose zone with subsequent escape to the atmosphere. At high
concentrations, higher density, lower solubility chlorinated aliphatics
(PCE and TCE) may form DNAPLs in groundwater, potentially acting as
long term sources of groundwater contamination. '

Observed VOC contaminant migration in groundwater is primarily
dissolved phase transport. The primary direction of VOC contaminant
migration is from the Landfill Area towards the south-southeast into the
Marshy Area. The southeastern edge of the VOC plume in the kame

sand /ablation glacial till is approximately at drainage Swale 2. VOCs are
not detected in groundwater to the east of drainage Swale 2. The southern
edge of the VOC plume is approximately at W-0951. The extent of the
VOC plume in the south-southeast direction is likely constrained by
discharge of contaminated groundwater to surface water and attenuation
of contaminated groundwater in Marshy Area sediments.

Limited contaminant migration beyond the landfill is observed towards
the west into the West of the Landfill Area. The levels of VOCs detected
in West of the Landfill Area wells are lower than observed in the Marshy
Area, generally by two orders of magnitude, suggesting the primary
direction of groundwater contaminant migration is towards the Marshy
Area. This is consistent with groundwater flow maps for the kame sand
and ablation glacial till (Figures 4A and 4B). The western edge of the VOC
plume is between the landfill road an W-26T.

DNAPL was not observed at the site. However, the concentrations of
VOCs detected in groundwater were up to 14 percent of the solubility
limit for that compound (for PCE), suggesting that DN APL could exist.
The nature of the overburden material (kame sand and ablation glacial till)
would significantly impact DNAPL migration. The kame sand and
ablation glacial till are transitional, with the ablation glacial till having a
higher silt and clay content, poorer sorting, and lower hydraulic
conductivities.

Based on dissolved concentrations of VOCs, DNAPL appears to be
contained within the kame sand. DNAPL migration in the kame sand
would be downward under gravity, however, because of the fine grained
nature of the kame sand, lateral migration along silt and clay layers would
occur, as well as adsorption onto the fine grained material. This lateral
dispersion and adsorption would occur along with the downward
migration and would continue until a confining layer is encountered.

DNAPL would migrate downward to the ablation glacial till. The ablation
glacial till does not appear to be a complete confining layer, but may
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locally direct the DNAPL migration. Based on the top of till structure
contour map, presented in the RI Report, a DNAPL in the Landfill Area or
Lagoon Cells would locally be directed towards the Marshy Area.
However, DNAPL would also be adsorbed onto soil particles in the
ablation glacial till. Based on the distribution of VOCs, a DNAPL, if
present, appears to be localized within the immediate vicinity of the
Landfill Area and Lagoon Cells.

Surface Water and Sediments

Groundwater at the site discharges to surface water in the vicinity of
drainage Swale 2. VOCs in surface water would likely volatilization to the
atmosphere or undergo biodegradation or photodegradation. Because
VOCs in surface water tend to volatilize rapidly, they are not likely to
partition to sediments. The downstream edge of the VOC plume in
surface water, as defined by concentrations of VOCs above WQS or Vt.
WQC, is between SW-15 and SW-04.

VOCs were detected in sediment samples from drainage Swale 2, in the
Marshy Area, however, as discussed in Section 4.2, the VOCs detected in
sediment samples are likely associated with groundwater entrained in the
soil particles, rather than contamination in the soil.

SVOCs

SVOCs were detected in the Lagoon Cells at concentrations up to 41,120
ng/kg (SBW-15) and in the Landfill Area at up to 3,170 pg/kg (SBW-19).
SVOC:s in soils consisted primarily of PAHS, including benzo(a)pyrene,
benzo(bk)fluoranthene, indeno(1,2,1-cd)pyrene, pyrene, and fluoranthene,
phenanthrene. These SVOCs were not detected in groundwater above
MCLs or VES, suggesting that SVOCs are not mobile. In general, PAHs
have low aqueous solubilities, low vapor pressures and low Henry's Law
Constants. PAHs also have significantly higher soil adsorption
coefficients than the VOCs.

SVOCs detected in groundwater at the site included low levels of bis(2-
ethylhexyl)phthalate, 4-chloro-3-methylphenol, pyrene, and 1,4-
dichlorobenzene. Based on low flow sampling results, the bis(2-
ethylhexyl)phthalate is likely associated with sample turbidity and not
mobile in groundwater. No MCLs or VES are available for the SVOCs
detected. The concentrations of all other SVOCs detected were below
available risk derived standards (i.e., Massachusetts risk based GW-1
standards). Therefore, SVOCs in groundwater do not appear to pose a
risk at the site.
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Pesticides /PCBs

Contaminant migration of pesticides and PCBs was summarized in the RI
Report. As presented in the RI Report, pesticides and PCBs are not
considered to be contaminants of concern in groundwater or surface water
at the site. PCBs were detected locally in surface and subsurface soils,
primarily in the former Lagoon Cells. Pesticides and PCBs were not
detected above the quantitation limits in groundwater or surface water.
Based on these data, the small quantities or pesticides and PCBs detected
do not indicate the presence of a pesticides or PCBs source area which
would result in impacts to groundwater, surface water or sediments.

Inorganics

Discussion of the fate and transport of inorganics in groundwater is based
on representative data as discussed in Section 4.3.4. While additional
metals were detected above MCLs or VES, these data were determined to
be non-representative due to high sample turbidity, poor well
construction, or use of Grundfos pumps, and therefore, are not used to
evaluate contaminant fate and transport.

Soil

Metals were detected in Lagoon Cell soils at concentrations up to four
times background levels and in the Landfill Area at up to two times
background levels. Metals detected in lagoon and/or landfill soils, at least
one order of magnitude above background levels, included: antimony,
cadmium, copper, lead, mercury, nickel, silver, and zinc.

Lead and nickel were detected in Marshy Area sediments at up to two
orders of magnitude above background. Metals detected in the Marshy
Area soils at least one order of magnitude above background levels
included: cadmium, copper, lead, mercury, nickel, and zinc.

Soils in the Marshy Area are likely finer grained than the background
samples collected by OBG from Harmon Hill. This is because the Marshy
Area soils are flood plain/overbank deposits from the drainage swales.
Concentrations of metals would likely be higher in the fine grained
fraction of a soil sample than in the coarser sandy material, which is
generally more quartz-rich. Therefore, the concentrations of metals
detected in Marshy Area soils may be within the range of concentrations
expected for this type of soil. However, soil may be locally impacted by
leachate seeps from the landfill.
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In summary, the metals detected in soils, beyond the Landfill Area and
Lagoon Cells, may be naturally occurring, associated with the fine grained
fraction, or may locally be impacted by leachate seeps. The Marshy Area
sediments would be a receptor to leachate discharge, but are not
considered a source.

Groundwater

Metals are generally insoluble in groundwater under neutral or slightly
alkaline conditions. Metals can become more soluble under increasingly
acidic conditions. Groundwater pH in the kame sand /ablation glacial till
at the site ranged from 5.54-9.27, with pH's generally between 6-8,
indicating relatively neutral to slightly alkaline conditions. Therefore,
metals are not expected to be mobile in groundwater.

A similar suit of metals were detected above MCLs or VES in
groundwater samples from Landfill Area and Marshy Area wells, using
conventional sampling techniques, as were detected in soils. None of
these metals was detected above MCLs or VES using low flow sampling
techniques. Figures 11,12, and 13 show the lateral extent of the
groundwater plume for lead, chromium, and nickel, respectively,
identified using low flow verses conventional sampling techniques. As
shown on this figure, the upgradient and downgradient edge of the lead
and chromium plumes and the downgradient edge of the nickel plume
were not delineated using conventional sampling. Based on the low flow
sampling results the lead, chromium and nickel plumes have not migrated
beyond the limits of the landfill and these metals are not detected
upgradient of the landfill. These data suggests that the metals in soils are
insoluble and immobile in groundwater.

The lateral extent of the metals plume, with the exception of iron,
manganese and thallium, appears to be contained primarily within the
Landfill Area.

The likely source of metals in groundwater is the Landfill Area, including
the Lagoon Cells. The lateral extent of the manganese plume is within the
Marshy Area, west of Swale 2 (approximately 120 feet southeast of the
Lagoon Cells); and south of the Lagoon Cells, to the W-25 and W-09
clusters (approximately 300 feet southeast of the Lagoon Cells). The
distribution of thallium in groundwater is less widespread than
manganese. Beyond the landfill, thallium was only detected in one
Marshy Area well, W-1151, and south of the Lagoon Cells, at the W-25 and
W-09 clusters.
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The iron plume extends from the Landfill Area and Lagoon Cells into the
Marshy Area and West of the Landfill Area. Iron was detected at W-06D,
east of Swale 2 in the Marshy Area. Migration of iron east of Swale 2 may
be related to overland flow during high water levels. Because of the
hillslope to the east of Swale 2 and groundwater flow patterns in the kame
sand /ablation glacial till, migration of iron east of Swale 2 would be
localized to the immediate vicinity of Swale 2.

Manganese and iron are common landfill constituent. The source of
thallium is not known for certain. As discussed in Section 4.3.4.2, thallium
may be associated with landfill waste, may be a sampling artifact, or may
be a thallium salt associated with landfill waste (i.e., rodent poison).

Surface Water and Sediment

Concentrations of lead, mercury, nickel, and zinc were detected above
NOAA ER-L concentrations in sediments from the Marshy Area. Metals
were not detected in the Downstream sediment sample locations above
NOAA ER-L levels, indicating that the extent of impacts to sediment is
limited to within the Marshy Area drainage Swale 2, downslope and
downgradient of the landfill.

The concentrations of metals above WQS or Vt. WQC were highest in the
Marshy Area and decrease downstream in Swale 2 and the Unnamed
Stream and Barney Brook. Metals detected above WQS or Vt. WQS
included: antimony, arsenic, copper, iron, lead, mercury, nickel, silver,
zing, and cyanide. A similar suit of metals were detected in soil samples
from the Landfill Area and Lagoon Cells, as wells as leachate seep
samples. The source of metals in surface water is likely from leachate
seeps.

Impact to surface water quality appear to originate in the Landfill Area,
and is decrease as the stream flows toward Barney Brook. However, some
metals, including antimony, arsenic, copper, lead and silver are present at
all locations at similar concentrations. The source of these metals may be
background and not related to impacts from the landfill.

Bedrock

Migration of dissolved phase contaminants into the shallow and deep
weathered bedrock and competent bedrock is not expected. Site geology
consists of an approximately 35 to 90 foot thick dense lodgement till,
situated between the kame sand/ablation glacial till and bedrock. This till
is described in drill logs as being dry and is likely a barrier to vertical
migration. Vertical gradient in the kame sand and ablation glacial till
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appear to be upward, which would also inhibit downward migration of
dissolved phase contaminants.

VOC impacts to groundwater above MCLs or VES are limited to
unconsolidated overburden (kame sand and ablation glacial till).
Concentrations of VOCs above MCLs or VES in the bedrock were only
detected at two locations, within the shallow weathered bedrock and one
location within the competent bedrock. As discussed in Section 4.3.3, the
concentrations of VOCs above MCLs or VES at these locations may be due
to a laboratory or field sampling error and not representative of aquifer
conditions.

Metals, with the exception of iron, were not detected in bedrock above
MCLs or VES, based on representative sample data. While additional
metals were detected above MCLs or VES, these data were determined to
be non-representative due to high sample turbidity, poor well
construction (i.e., grout penetrating the well screen), or use of Grundfos
pumps, and therefore, are not used to evaluate contaminant fate and
transport. Iron is a common element in bedrock and is likely naturally
occurring in bedrock.
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6.0

6.1

6.1.1

SUMMARY AND CONCLUSIONS

SUMMARY
Introduction

The Burgess Brothers Superfund Site was placed on the NPL in March
1989. An RI Report was completed for the site in July 1995, following
completion of field work in the fall of 1993. Long Term Monitoring at the
site began in Spring 1994 and is currently performed semi-annually. In
general, total metals concentrations in unfiltered groundwater samples
were significantly higher than metals concentrations in filtered samples.
The turbidity of these samples was also high, typically exceeding 100
NTUs. In addition, the metals concentrations measured in the
background wells were higher than what is observed elsewhere in New
England. The higher total metals concentrations in unfiltered
groundwater samples is likely due to the presence of suspended sediment
in these samples, and not be reflective of metal concentrations that are
mobile in groundwater. For this reason, EPA determined that the
groundwater results in the RI, for inorganics only, may not provide an
accurate representation of contaminant nature and extent.

To complete the RI, EPA required that a Supplemental RI be performed
using low flow sampling protocols, in order to obtain and use data more
representative of groundwater conditions. The scope of the Supplemental
RI is documented in a letter to EPA, dated 28 February 1995 and modified
in two letters from de maximis to EPA dated 13 April 1995 and 2 May
1996. ERM-New England, Inc. (ERM) conducted three Supplemental RI
sampling events, in conjunction with the LTMP, in Spring 1995, Fall 1995,
and Spring 1996. The results of these LTMP sampling events are
documented in reports to EPA dated 8 September 1995, 20 February 1996
and 20 August 1996, respectively.

The focus of this Supplemental Rl is to address the nature and extent of
contamination in groundwater and contaminant fate and transport,
particularly for inorganics. To provide a complete document addressing
groundwater, the characterization of other media (i.e., source areas, soils,
sediments, leachate and surface water) from the RI, Supplemental RI, and
LTMP have been summarized and interpreted.
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6.12

Nature and Extent of Contamination

The following is a summary of the nature and extent of contamination
identified at the site by media.

Source Areas

The primary source of contamination at the site is the Landfill Area, which
includes two former Lagoon Cells. The Lagoon Cells consist of two
unlined bermed pits excavated approximately eight feet into the kame
sand deposit. Wastes such as lead plater sludge, battery processing waste
and spent solvents were disposed in the Lagoon Cells from approximately
1967 to 1976.

The primary contaminants detected in the former Lagoon Cells are
chlorinated VOCs (TCE, PCE, vinyl chloride, 1,1-DCE and 1,2-DCE) and
metals (lead, nickel, cadmium, chromium, mercury and zinc). The area of
Lagoon Cell 1 and 2 were estimated to be 960 sq. ft. and 3,170 sq. ft.,
respectively. The average depth of each lagoon cell is estimated to be 8.5
feet. Therefore, the extent of fill material in the lagoons is approximately
1,700 cubic yards.

The landfill is located within a kame sand deposit. The majority of the
landfill debris appears to be located above the water table. The landfill
reportedly received municipal-type refuse, as well as demolition debris
(not liquid wastes). Sampling indicates that localized areas contain
residues similar to those found in the Lagoon Cells. The surface area of
the landfill is approximately 60,000 square feet and the depth of the
landfill ranges from 8 to 18 feet. Assuming an average depth of 13 feet,
the volume of the landfill is estimated to be 30,000 cubic yards.

Soil

The primary areas of impacts to soil were in the Landfill Area, and
particularly the Lagoon Cells within the Landfill Area, and the Marshy
Area located downslope and downgradient of the landfill. The following
table summarizes the maximum concentration of total VOCs, SVOCs, and
PCBs detected in soils within the Landfill Area and Marshy Area.
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Maximum

Concentration Maximum
from Landfill Concentration
and Lagoon from Marshy
Parameter  Areas (ug/kg)  Landfill Area Area (ug'kg) Marshy Area
VOCs 12,600,000 TCE, PCE, 1,2-DCE 89,154 TCE, PCE, vinyl chloride,
1,2-DCE, toluene
SVOCs 41,120 benzo(a)pyrene, benzo(a)pyrene,
benzo(bk)fluoranthene, benzo(bk)fluoranthene,
indeno(1,2,1-cd)pyrene, indeno(1,2,1-cd)pyrene,
pyrene, and pyrene, chrysene,
fluoranthene, fluoranthene,
phenanthrene phenanthrene
PCBs 25,000 Aroclor 1260 BDL n/a

Notes: BDL  All compounds were below method detection limits.
n/a Not applicable

A comparison of the soil with groundwater sampling data indicates that
the analytical results for soil may be indicative of groundwater entrained
in the soil particles, rather than contamination of the soil itself.

Metals were detected in the Lagoon Cell soils at concentrations up to four
times background levels and in the Landfill Area at up to two times
background levels. Metals detected in lagoon and/or landfill soils, at least
one order of magnitude above background levels, included: antimony,
cadmium, copper, lead, mercury, nickel, silver, and zinc. Metals detected
in the Marshy Area soils, at least one order of magnitude above
background levels, included: cadmium, copper, lead, mercury, nickel,
and zinc.

Groundwater

VOCs

Kame Sand /Ablation Glacial Till Nature and Lateral Extent of

Contamination

VOCs were detected in the kame sand/ablation glacial till in the Soil
Staging Area, Landfill Area, and particularly the Lagoon Cell areas, the
Marshy Area and West of the Land(fill Area. The following table
summarizes the maximum concentrations of VOCs detected in each area,
for those compounds which exceeded MCLs or VES.
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Maximum Concentration in Groundwater ug/l

MCL/VES | Soil Staging  Hillside Landfill  Marshy West of
Compound (ug/) Area Area Area Area Landfill Area
Vinyl Chloride 2/2 - - 2,000 2,300 3
Methylene 5/5 - - 22 - -
Chloride
Benzene 5/5 7 - - 550 -
1,1-DCE 7/7 - - 360 620 1
1,2-DCE 70/70 - - 8,700 22,000 31
1,2-DCA 5/5 - - - 18 -
TCE 5/5 20 - 15,000 40,000 660
PCE 5/0.7 - - 19,000 10,000 380
Chlorobenzene NSA/100 - - - 580 -
Notes: - Indicates that the compound was not detected above method detection limits.

The highest concentration of VOCs were detected within the Landfill Area
and Marshy Area. Two areas were identified within the Landfill Area,
one in the Lagoon Cells and the other in the vicinity of SBW-21.
Concentrations of VOCs detected in the Marshy Area, downgradient of
the former Lagoon Cells, are at similar or higher concentrations than were
detected in the Lagoon Cells.

The likely source of VOCs in groundwater is the Landfill Area, and in
particular the Lagoon Cells. The southeastern edge of the VOC plume in
the kame sand/ablation glacial till is approximately at drainage Swale 2.
VOC impacts to groundwater were not identified to the east of Swale 2.
West of Swale 2, the VOC plume extends approximately to the W-09
cluster (approximately 300 feet southwest of the Lagoon Cells). The
western limit of the VOC plume in the kame sand/ablation glacial till is
between the temporary well access road (see Figure 1) and W-26T.

Potential for DNAPL

The RI Report noted that concentrations of TCE were detected in the
Lagoon Cell sludges above the solubility limit for TCE, suggesting the
potential for a DNAPL. The highest concentration of VOCs in
groundwater were detected in the shallow kame sand. Concentrations of
VOCs were detected in groundwater at up to 14% of their solubility,
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which may be indicative of a DNAPL. However, DNAPL was not
observed at any well locations.

Concentrations of VOCs were lower in the ablation glacial till than in the
kame sand, by up to two orders of magnitude. The levels of VOCs
detected in the ablation glacial till indicate that if a DNAPL is present then
it is limited to the kame sand. Based on the distribution of VOCs, the
potential for DNAPL appears to be localized within the immediate
vicinity of the Lagoon Cells and possibly the Landfill Area.

Bedrock Nature and Lateral Extent of Contamination

VOCs (TCE and/or PCE) were sporadically detected in three bedrock
wells (W-04SI, W-27SI, and W-09B), above MCLs or VES. Two of these
wells have been sampled on seven occasions and one well was sampled
on eight occasions. Concentrations of VOCs above MCLs or VES, at each
of these wells, were only detected in one sampling event. Therefore, the
VOCs detected are likely due to a field sampling or laboratory error and
not representative of aquifer conditions.

Vertical Extent of VOCs in Groundwater

VOC impacts to groundwater above MCLs or VES are contained within
the kame sand and ablation glacial till.

SVOCs

The only SVOC detected in groundwater that indicated potential human
health risk was bis(2-ethylhexyl)phthalate (at locations SBW-10 and W-
085S1). SVOC levels in groundwater may be anomalously high, because
SVOCs may be associated with suspended sediment rather than dissolved
in groundwater or mobile in groundwater. Low flow samples from both
of these wells did not detect bis(2-ethylhexyl)phthalate above method
detection limits. 4-Chloro-3-methylphenol was the only SVOC detected at
SBW-10, at a concentration of 0.8 ug/l. These concentrations are not
expected to pose a risk. ‘

Inorganics

Evaluation of the nature and extent of inorganic impacts to groundwater
is based on low flow sampling data, in order to reduce potential
interference on inorganic analytical results from suspended sediment. For
purposes of determining the nature and extent of inorganics impacts to
groundwater, only representative data were considered, as discussed in
Section 4.3.2.
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Kame Sand/Ablation Glacial Till Nature and Lateral Extent of
Contamination

The following table summarizes the maximum concentration of specific
total metals detected above MCLs or VES in the kame sand/ablation
glacial till, by area:

Maximum Concentration in Groundwater (ug/l)

MCL/VES | Upgradient Hillside Marshy West of
Element (ug/h Area Area Landfill Area Area Landfill Area
Iron 300*/300* - - no data 128,000 17,200

representative

Manganese 840(a) - - no data 4,730 8,860
representative
Thallium 2/NSA - - no data 6.4 6.3
representative
Notes: - = concentrations of metals in this area were either not detected or detected at
concentrations below MCLs or VES
* = the standard is a secondary MCL

NSA = no standard available
@@= EPA derived risk based drinking water standard.

As shown in the above table, concentrations of metals above MCLs or VES
were contained primarily within the Landfill Area and Lagoon Cells. Iron,
manganese, nickel, and thallium were detected in wells beyond and
downgradient of the landfill above MCLs. Iron and manganese are
common landfill constituent. The source of thallium is not known for
certain. Thallium may be associated with landfill waste (i.e., rodent
poison) or may be a sampling artifact.

Bedrock Nature and Lateral Extent of Contamination

The only metal detected in the bedrock, based on repreéentative data was
iron. Iron is likely naturally occurring in bedrock. Therefore, an
inorganics plume is not identified in the bedrock.

Vertical Extent of Inorganics in Groundwater

Inorganic impacts to groundwater above MCLs or VES appear to be
contained within the kame sand and ablation glacial till.

Residential Wells and Ryder Spring
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Groundwater from the Olin and Dickenson residential wells and Ryder
Springs were analyzed for VOCs. The Dickenson well was also analyzed
for lead, to confirm previous results. Concentrations of all VOCs and lead
were below MCLs and VES.

Leachate

VOCs detected in leachate above WQS and/or Vt. WQC included: vinyl
chloride, TCE, PCE, and 1,2-DCE. These VOCs were also detected in
Landfill Area and particularly Lagoon Cell soil and groundwater samples.
The highest concentrations of VOCs in leachate were at location LS-03,
which is situated immediately downslope and downgradient of the
Lagoon Cells. The source of VOCs in leachate is the Landfill Area, and
particularly the Lagoon Cells.

PCBs and pesticides were not detected in any leachate samples above
method detection limits. SVOCs were only detected at location LS-03. 1,4~
dichlorobenzene was detected at a concentration of 15 g/l

A variety of metals were detected in leachate above WQS and /or Vt.
WQC, including antimony arsenic, copper, iron, lead, mercury, nickel,
silver, thallium, zinc, and cyanide. A similar suite of metals as was
detected in leachate were also detected in soils from the Landfill Area and
Lagoon Cells. The source of some of the inorganics detected in leachate is
likely the Landfill Area, and particularly the Lagoon Cells. However, the
leachate sample were all turbid and therefore, analytical results for the
total metals samples from leachate seeps are likely impacted by
suspended sediment.

Surface Water and Sediments
VOCs

The following table summarizes the VOCs detected in surface water above
the most stringent of the WQS or Vt. WQC.
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Most Stringent Landfill Area Downstream  Unnamed Stream
Compound Standard (ug/l) (ug/l) Swale 2 (ug/l) (ug/l)
TCE 27 420 140 40
PCE 0.8 71 34 10
Vinyl Chloride 2 800 49 4
1,1-DCE 0.057 2 25 0.7
Bromodichloro- 0.27 10 BDL BDL
methane
Notes: BDL  compound was not detected above method detection limit

n/a Not applicable

As shown in the above table, VOC concentrations in surface water were
highest in the Landfill Area and decreased downstream in Swale 2 and the
Unnamed Stream. VOCs were not detected in Barney Brook above WQS
or Vt. WQC.

A similar suite of VOCs were detected in sediments including acetone,
2-butanone, carbon disulfide, 1,2-DCE, ethylbenzene, methyl chloride,
toluene, TCE, PCE, xylenes, and vinyl chloride. VOCs were detected in
both the Landfill Area and Downstream Sediment sample locations. The
concentration of VOCs were highest downslope of the landfill and
decrease from the Landfill Area to the Downstream Area.

The likely source of VOCs in surface water and sediment is from landfill
leachate seeps and groundwater discharge to surface water.

Inorganics

The following table summarizes, by area, the metals detected in surface
water above WQS or Vt. WQC.
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6.1.3

Area Metals Detected in Surface Water above the most stringent of the WQS or

vt. WQC
Upstream Arsenic, copper, iron, lead, silver and zinc
Landfill Antimony, arsenic, copper, iron, lead, mercury, nickel, selenium, silver,

thallium and zinc

Downstream Swale2 Antimony, iron, lead, mercury, nickel, silver, thallium and zinc

Unnamed Stream Antimony, lead, mercury, and silver
Barney Brook Antimony, lead, and silver
Upstream

Barney Brook Antimony, lead, and silver
Downstream

The concentrations of metals above WQS or Vt. WQC were highest in the
Landfill Area and decrease downstream in Swale 2, the Unnamed Stream
and Barney Brook. This trend suggests that the impact to surface water
quality originates in the Landfill Area and is reduced as the stream flows
toward Barney Brook. The likely source of metals in surface water is from
landfill leachate seeps. However, some metals (antimony, lead and silver)
are present at all locations at similar concentrations. The source of these

metals may be natural material and not related to impacts from the
landfill.

Inorganics results are compared with NOAA ER-L. Concentrations of
lead, mercury, nickel, and zinc were detected above NOAA ER-L
concentrations in the Landfill Area. Metals were not detected in the
Downstream sample locations above NOAA ER-L levels, indicating that
the extent of impacts to sediment is limited to within the Marshy Area
downslope and downgradient of the landfill. The likely source of metals
in sediment is from landfill leachate seeps and from surface transport of
soils downslope from the landfill, via surface water runoff.

Fate and Transport
Summary of Groundwater Flow

Groundwater flow in the unconsolidated overburden (kame sand and
ablation glacial till) is generally from the Landfill Area south-
southeastward into the Marshy Area. Shallow groundwater in the Marshy
Area discharges to drainage Swale 2. Swale 2 appears to be a barrier to
lateral contaminant migration in the kame sand/ablation glacial till.
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Vertical flow paths indicate generally upward gradients in the kame sand
and ablation glacial till in the Marshy Area, with groundwater discharging
to surface water. Limited data on vertical gradients in the Landfill Area
indicate a slightly upward gradient in this area. A dense lodgement till
separates the kame sand/ablation glacial till from the bedrock. The
presence of a dense till between the kame sand/ablation glacial till and
bedrock and generally upward gradients in the kame sand and ablation
till indicates that dissolved phase contaminant migration from the kame
sand/ablation glacial till into the bedrock is not expected.

Summary of Contaminant Sources

The primary source area for contaminants at the site is the landfill,
primarily the two former Lagoon Cells. Contaminants in the Landfill Area
and Lagoon Cells consist primarily of VOCs and metals, with some
SVOCs. In addition, a DNAPL source potentially exists within the Lagoon
Cells and the Landfill Area. The primary mechanism of contaminant
migration is believed to be surface water infiltration through the Landfill
Area and Lagoon Cells and subsequent release of leachate to

groundwater.

Contaminant Migration
Kame Sand/Ablation Glacial Till
VOCs

VOCs were detected in shallow soils at relatively low concentrations,
because chlorinated aliphatic compounds present in exposed soils would
tend to volatilize to the air. VOCs are detected in subsurface soils in
relatively high concentrations (up to 12,600,000 ug/kg), especially in the
Lagoon Cells, and in the vicinity of SBW-21. Because VOCs tend to have
relatively high water solubility, residues in soils may migrate to
groundwater via infiltrating surface/rain water.

VOC migration in groundwater is primarily through dissolved phase
transport. The primary direction of VOC contaminant migration is from
the Landfill Area towards the south-southeast into the Marshy Area. The
extent of the VOC plume in the south-southeast direction is likely
constrained by discharge of contaminated groundwater to surface water
(drainage Swale 2) and attenuation of contaminated groundwater in
Marshy Area sediments. In addition, limited contaminant migration of
dissolved phase VOCs, beyond the landfill, is observed towards the west
into the West of the Landfill Area.
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DNAPL was not observed at the site. However, the concentrations of
VOCs detected in groundwater indicate that the potential for DNAPL
exists. Based on dissolved concentrations of VOCs, potential for DNAPL
appears to be contained within the kame sand and within the immediate
vicinity of the Landfill Area and Lagoon Cells. DNAPL migration in the
kame sand would be downward under gravity. However, because of the
fine grained nature of the kame sand, lateral migration along silt and clay
layers would occur, as well as adsorption onto the fine grained material.
This lateral dispersion and adsorption would occur along with the
downward migration would continue until a confining layer is
encountered.

The ablation glacial till would locally direct a DNAPL migration. Based
on the top of till structure contour map, presented in the RI, a DNAPL in
the Landfill Area or Lagoon Cells would locally be directed towards the
Marshy Area. However, DNAPL would also be adsorbed onto soil
particles in the ablation glacial till.

VOCs in surface water would likely volatilization to the atmosphere or
undergo biodegradation or photodegradation. Because VOCs in surface
water tend to volatilize rapidly, they are not likely to partition to
sediments. The downstream edge of the VOC plume in surface water, as
defined by concentrations of VOCs above WQS or Vt. WQC, is between
SW-15 and SW-04.

VOCs were detected in sediment samples from drainage Swale 2, in the
Marshy Area, however, as discussed in Section 4.2, the VOCs detected in
sediment samples are likely associated with groundwater entrained in the
soil particles, rather than contamination in the soil.

SVOCs

SVOCs were detected in the Lagoon Cells and consisted primarily of
PAHs. These SVOCs were not detected in groundwater above MCLs or
VES, suggesting that SVOCs are not mobile.

Pesticides /PCBs

Pesticides and PCBs detected in surface and subsurface soils, primarily in
the former Lagoon Cell areas, were not detected in groundwater,
suggesting that these compounds are not mobile. Pesticides and PCBs
were not detected above the quantitation limits in groundwater or surface
water. Based on these data, the small quantities or pesticides and PCBs
detected do not indicate the presence of a pesticides or PCBs source area
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which would result in impacts to groundwater, surface water or
sediments.

Metals

The likely source of metals in groundwater is the landfill, primarily the
Lagoon Cell areas. Low flow groundwater sampling indicates that metals
in soils, with the exception of iron, manganese and thallium, are generally
insoluble and immobile in groundwater. The groundwater metals plume,
with the exception of iron, manganese, and thallium, is approximately
limited to the immediate vicinity of the landfill.

The lateral extent of the manganese plume is within the Marshy Area,
west of Swale 2 (approximately 120 feet southeast of the Lagoon Cells);
and south of the Lagoon Cells, to the W-25 and W-09 clusters
(approximately 300 feet southeast of the Lagoon Cells). The distribution
of thallium in groundwater is less widespread than manganese. Beyond
the landfil], thallium was only detected in one Marshy Area well, W-1151,
and south of the Lagoon Cells, at the W-25 and W-09 clusters.

The iron plume extends from the Landfill Area into the Marshy Area and
West of the Landfill Area. Iron was detected at W-06D, east of Swale 2 in
the Marshy Area. Migration of iron east of Swale 2 may be related to
overland flow during high water levels. Because of the hillslope to the
east of Swale 2 and groundwater flow patterns in the kame sand /ablation
glacial till, migration of iron east of Swale 2 would be localized to the
immediate vicinity of Swale 2.

Iron and manganese are likely a common landfill constituent. The source
of thallium may be from landfill waste (i.e., rodent poison), or a sampling
artifact.

Concentrations of lead, mercury, nickel, and zinc were detected above
NOAA ER-L concentrations in stream sediments from the Landfill Area.
Metals were not detected in the Downstream sediment sample locations
above NOAA ER-L levels, indicating that these metals are relatively
immobile. The source of metals is likely from leachate seeps in the
landfill.

The concentrations of metals above WQS or Vt. WQC were highest in the
Landfill Area and decrease downstream in Swale 2 and the Unnamed
Stream and Barney Brook. Metals detected above WQS or Vt. WQS
included: antimony, arsenic, copper, iron, lead, mercury, nickel, silver,
zinc, and cyanide. A similar suit of metals were detected in soil samples
from the Land(fill Area and Lagoon Cells, and Marshy Area soils. This
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6.2

trend suggests that the impact to surface water quality originates in the
Landfill Area and is reduced as the stream flows toward Barney Brook.
However, some metals, including antimony, lead and silver are present at
all locations at similar concentrations. The source of these metals may be
background and not related to impacts from the landfill.

Bedrock

VOC impacts to groundwater above MCLs or VES are contained within
the kame sand and ablation glacial till. Concentrations of VOCs above
MCLs or VES in the bedrock were only detected at three locations. These
detections may be due to a laboratory or field sampling error and not
representative of aquifer conditions.

Metals, with the exception of iron, were not detected in the bedrock based
on representative data. Iron is likely a naturally occurring element in the
bedrock. While some metals were detected in the bedrock above MCLs or
VES, these samples were determined to be non-representative due to
sample turbidity, poor well construction, or use of Grundfos pumps.

The dense lodgement till layer between the overburden material and
bedrock is likely a barrier to vertical migration. In addition, vertical
gradient in the kame sand and ablation glacial till appear to be upward.
Therefore, migration of dissolved phase contaminants into the shallow
and deep weathered bedrock and competent bedrock is not expected.

CONCLUSIONS

ERM makes the following conclusions, based on the results of this
Supplemental RI.

1. The primary source of contamination at the site is the Landfill Area,
which includes two Lagoon Cells.

Industrial waste was disposed of in the Landfill Area and Lagoon
Cells. VOCs (primarily TCE, PCE, vinyl chloride, 1,1-DCE and 1,2-
DCE) and metals (primarily lead, nickel, cadmium, chromium,
mercury and zinc) were detected in the Lagoon Cells and locally
within the Landfill Area.

2. Inorganic impacts to groundwater are limited to the kame sand and
ablation glacial till and, with the exception of iron, manganese, and
thallium, are contained within the Landfill Area and Lagoon Cells.

Inorganics data was evaluated in detail to determine if the data is
representative of aquifer conditions. Detections of metals from
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samples with high turbidity and high aluminum concentrations were
not used because they are not considered representative of naturally
static conditions. Use of this data would lead to inaccurate or
misleading conclusions.

Inorganic impacts to groundwater are contained within the kame
sand and ablation glacial till. Metals, with the exception of iron,
manganese, and thallium, are limited to the Landfill Area and Lagoon
Cells. Lateral migration of iron, manganese and thallium is primarily
from the Landfill Area and Lagoon Cells, into the Marshy Area, with
limited migration into the West of the Landfill Area.

3. SVOCs, PCBs, and Pesticides detected in soils are generally
immobile.

VOCs, PCBs, and pesticides were detected in Lagoon Cell soils. These
compounds were either not detected or detected in low
concentrations in groundwater, indicating that these compounds are
relatively insoluble and immobile.

4. VOC impacts to groundwater are limited to the kame sand and
ablation glacial till. Lateral migration of VOCs is primarily from
the Landfill Area and Lagoon Cells into the Marshy Area.

VOCs are present in the groundwater within the kame sand and
ablation glacial till in the immediate vicinity of the landfill. The
migration of VOCs is primarily from the Landfill Area into the
Marshy Area, east of Swale 2, and southwestward approximately 300
feet, to the W-09 cluster. Limited VOC migration is observed to the
West of the Landfill Area.

5. VOC and inorganic impacts to bedrock are not observed.

Vertical migration of contaminants into bedrock is not expected
because a dense lodgement till is situated between the kame
sand/ablation glacial till and bedrock. Based on representative data,
VOCs and metals are not detected in groundwater in bedrock, with
the exception of iron. Iron is a common naturally occurring mineral
in bedrock.

6. The potential for DNAPL exists at the site; howevér, a DNAPL, if
present, is likely contained within the kame sand and localized
within the immediate vicinity of the Landfill Area and Lagoon Cells.

Concentrations of VOCs were detected in the kame sand which are
potentially indicative of DNAPL. Based on concentrations of VOCs, a
DNAPL, if present, is contained within the kame sand and within the
immediate vicinity of the Landfill Area and Lagoon Cells, with
limited lateral migration.
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6.3

VOC and inorganic impacts to surface water and sediments is limited
to the Marshy Area and Unnamed Stream downstream of the Marshy
Area.

VOCs and metals are detected in surface water and sediment in the
Marshy Area, which are elevated with respect to background. VOCs
and metals are not detected in sediments downstream of the Marshy
Area. VOCs and metals in surface water are contained primarily
within Marshy Area and Swale 2. The lateral extent of impact from
VOCs and metals to surface water is within the Unnamed Stream
prior to discharge to Barney Brook.

RECOMMENDATIONS

Based on the results of the Supplemental RI, ERM makes the following
recommendations for future work.

1.

Wells W-07SI should be resampled for VOCs.

Anomalous detections of VOCs, above MCLs or VES, in bedrock have
been identified at three locations, W-04SI, W-07SI, and W-04B. The
detection of VOCs at well W-07SI only occurred in 1 of 7 sampling
events, the Fall 1995 low flow sampling event. The well has been
sampled once since VOCs were detected, using low flow protocols,
and VOCs were not detected in this sample. This well should be
resampled one time to confirm the groundwater quality at this
location.

The anomalous detection of VOCs at W-04SI occurred in 1 of 10
samples collected at that location, the Spring 1995 low flow sampling
event. VOCs were detected not detected in two subsequent low flow
sampling events, since Spring 1995. This well is included in the
LTMP scope and should be monitored annually, in accordance with
the LTMP, but should not be resampled in Fall 1996.

VOCs were detected at W-09B, above MCLs or VES, in 1 of 7
sampling events. VOCs were detected not detected in two
subsequent low flow sampling events; therefore, this well should not
be resampled.

Wells W-27T, W-07SI, and W-04DI should be resampled for metals,
to confirm the limits of chromium and nickel in groundwater.

The turbidity and aluminum concentrations for wells W-27T, W-075I,
and W-04DI were high for one of two sampling events; the Spring
1995 sampling event. Concentrations of chromium and/or nickel
were detected in the Spring 1995 sampling event, but not in the
subsequent Fall 1995 sampling event, suggesting that the detections of
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metals are associated with suspended sediment and not
representative of groundwater quality. Therefore, these three wells
should be resampled for metals to confirm the representative data
and the conclusions presented in this Supplemental RI.

3. Wells W-0851 and W-06D should be resampled for metals, to confirm
the lateral extent of iron in groundwater, and wells W-26T and W-09
should be resampled to confirm the lateral extent of iron, manganese
and thallium in groundwater.

The lateral extent of iron detected in groundwater is defined by wells
W-06D, W-085S1, W-26T and W-09. The downgradient edge of the
thallium and manganese plumes, to the south and west of the Landfill
Area, is defined by wells W-0951 and W-26T. For well locations,
W-06D, W-26T, and W-09, at least one of the two sampling events had
high turbidities and high concentrations of aluminum, indicating that
the inorganics data is biased high. Therefore, these wells should be
resampled for metals, to confirm the representative data.

At W-08S1, the concentrations of aluminum were high for the Spring
and Fall 1995 sampling events, conducted prior to redeveloping the
well. The sample collected after well redevelopment, Spring 1996,
had low turbidity and aluminum was not detected. Therefore, the
Spring and Fall 1995 sample data is biased high. W-08S1 should be
resampled to confirm the representative data.

In summary, no additional assessment work is required to characterize the
site; however, limited additional sampling should be performed to
confirm conclusions presented in this Supplemental RI. Monitoring of
groundwater and surface water should continue under the LTMP. The
scope of the LTMP should be performed in accordance with the letter from
de maximis to EPA dated 18 April 1996, with the addition of the following
wells: W-07SI for VOCs and W-27T, W-07SI, W-04DI, W-0851, W-06D, W-
26T, and W-0951 for metal. These eight wells should be included for one
additional sampling round.
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Table 1A
Summary of Monitoring Wells by Area
Supplemental Remedial Investigation
Burgess Brothers Superfund Site

Well Reference Spring 1995 Fall 1995 Fall 1995
Identification Area TCL VOCsI TAL Metals| TCL VOCsﬂ TAL Metals | TCL VOCs| TAL Metals
Kame Sand - Shallow Water Table Wells
Ww-01 Upgradient X X X X X
W-01-51 Upgradient X X X X - -
SBW-10 Soil Staging Area - * - - - -
W-TP-12 Landfill Area X X - - - -
SBW-21 Landfill Area X X - - - -
W-08-51 West of Landfill X X X X X X
W-09-51 West of Landfill X X X X X -
W-25-51 West of Landfill X X X X X X
W-27-51 West of Landfill X X - - X X
Ww-03 Marshy Area X X X X - -
W-04D Marshy Area X X X X X X
W-06D Marshy Area X X X X X -
W-11-51 Marshy Area X X X X - -
W-22-51 Marshy Area X X X X X X
Ablation Glacial Till Wells
W-04T Marshy Area X X X X X -
W-22T Marshy Area X X X X X -
W-23T Hillside Area - - X X - -
W-26T West of Landfill X X - - X -
W-27T West of Landfill X X X X X -
Weathered Bedrock - Shallow Intermediate Wells
W-07-51 Upgradient X X X X X -
W-08-S1 West of Landfill ¥ ¥ - - - -
W-09-S1 West of Landfill X X X X X X
W-25-51 West of Landfill X X X X - -
W-04-S1 Marshy Area X X X X X X
Weathered Bedrock - Deep Intermediate Wells
W-01-DI Upgradient X X X X - -
W-07-DI Soil Staging Area - - - -, - -
W-25-DI West of Landfill X X X X - -
W-04-DI Marshy Area X X X X - -
Competent Bedrock - Bedrock Wells
W-01B Upgradient X X X X - -
W-09B West of Landfill X X X X - -
W-04B Marshy Area X X X X - -

Notes:

X - Sample analyzed for this parameter during specified sampling round.

- - Sample not anaiyzed for this parameter during specified sampling round.

* - W-08SI and SBW-10 were sampled for Semi-Volatile Organic Compounds (SVOCs) during Spring 1995 sampling round.



Table 1B
Summary of Surface Water and Leachate Sampling by Area
Supplemental Remedial Investigation
Burgess Brothers Superfund Site

Sampling Spring 1995 Fall 1995 Fall 1995

Location | TCL VOCs [ 5242 VOCs [ TAL Metals | TCL VOCs [ 524.2VOCs | TAL Metals | TCL VOCs |524.2 VOCs| TAL Metals

Surface Water Sampling Locations

SW-02
SW-04 X
SW-05 X
SW-07 X
SW-11 X -
X
X

b

SW-12
SW-14 -
SW-03 - X
SW-06 - X
SW-15 - X

X

X

P - P P I P
i

\
X X
> X

SW-16 -
SW-17 -

KoK KK KKK KKK KK
1
oo R R K
MoK KKK KK KX KKK
+
Ll
\

]
b
b

Leachate Sampling Locations

LS-01 X - X X -
Ls-02 X -
1LS-03 X - X X -

b

bed

«
X X
[ T
[ T
[

Notes:
X - Sample analyzed for this parameter during specified sampling round.
- - Sample not sampled for this parameter during specified sampling round.
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