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SECTION 1.0

BACKGROUND

This document is a comprehensive and interpretive report on the five-year review conducted

at the Charles George Land Reclamation Trust Landfill Superfund site (the site) in

Tyngsboro, Massachusetts, (see Figure 1-1) for U.S. Environmental Protection Agency

(EPA) Region I. This work was conducted by Metcalf & Eddy (M&E) under the Alternative

Remedial Contract Services (ARCS) contract. The U.S. EPA is the lead agency and

decision-maker for the Charles George Land Reclamation Trust Landfill site.

1.1 INTRODUCTION

The five-year review was undertaken to review remedial actions completed at the site to date,

to ensure that the remedial actions remain protective of human health and the environment.

This review is required by federal statute for any site remedy which results in hazardous

substances remaining on-site (CERCLA §121(c) and 40 CFR §300.430(f)(4)(ii)).

1.1.1 Purpose of Report

The purpose of the five-year review is to: (1) confirm that the remedy as spelled out in the

ROD and/or remedial design remains effective at protecting human health and the

environment; and (2) to evaluate whether original cleanup levels remain protective of human

health and the environment. This report presents the results of a "Level II" five-year review,

as determined by U.S. EPA Region I and in accordance with OSWER Directive 9355.7-02

"Structure and Components of Five Year Reviews." This review includes elements of a

Level II review (document reviews, regulatory review, site inspection, site sampling,

statement of protectiveness and recommendations) except the recalculation of risk. EPA

instructions for this work assignment specified a qualitative reevaluation of risk without a

recalculation.
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1.1.2 Summary of Remedy Stipulated by Records Of Decision

The Charles George Reclamation Landfill is a sixty-acre mixed industrial, municipal, and

hazardous waste landfill located approximately one mile southwest of the town center of

Tyngsboro, Massachusetts (see Figure 1-2). Land use in the vicinity of the site is

predominantly rural residential but also includes some light industry and seasonal livestock

grazing. Drinking water in the area is supplied by local groundwater wells and by a new

water main installed as a result of the EPA's first Record of Decision (ROD I) (Phase I) for

the site. The water main is connected to the City of Lowell's system. The site is bordered

to the east by U.S. Route 3, Flint Pond Marsh, and Flint Pond. Dunstable Road and

Dunstable Brook border to the west, and the Cannongate Condominium complex is about 800

feet to the southeast. Blodgett Street forms the northwest border, eventually becoming

Cummings Road further north of the landfill.

The landfill itself contains municipal and industrial waste disposed on site from the mid-

1950s until the landfill's closing in 1983. The landfill was permitted to accept hazardous

industrial waste from 1973 until 1976.

The investigation and remediation of contamination at the site is divided into four distinct

operable units as follows:

• ROD I. Provide an alternative water supply.

• ROD II. Control the contamination source to reduce off-site migration of
contaminants (i.e., cap the landfill gas and collect the leachate).

• ROD III. Provide treatment of groundwater, leachate and landfill gas and
provide removal of Dunstable Brook sediments as the selected source removal
remedy. ROD III covered both Operable Unit #3 (management of migration)
and Operable Unit #\ (leachate treatment).
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Selected remedial actions for the site were developed in accordance with the Comprehensive

Environmental Response, Compensation, and Liability Act (CERCLA) as amended by the

Superfund Amendments and Reauthorization Act (SARA), and to the extent practicable, the

National Contingency Plan (NCP) at 40 CFR Part 300. Remedial alternative selection was

documented in the Records of Decision (RODs).

ROD I provided a permanent drinking water supply to local groundwater users by extending

an existing water supply system. Local groundwater wells were found to contain volatile

organic compounds associated with the site. The remedy minimized exposure and, therefore,

provided a measure of protectiveness to human health.

ROD II provided a cap for the site including a synthetic membrane and soil cover, a surface

water management system, a passive landfill gas venting system, and a leachate collection

system. These measures minimized the migration of contaminants through the air and

groundwater and, therefore, provided a measure of protectiveness to human health. The

landfill cover minimized storm water infiltration which reduces leachate generation. The

leachate collection system minimized impacts to off-site surface water and groundwater. The

landfill gas collection system delivers landfill gas to an interim flare. The flare, provided

under ROD III, thermally destroys contaminants carried in the gas and minimized impacts to

the air.

Construction of a synthetic landfill cap and appurtenant systems was begun in early 1989 and

completed in October 1990. Included in the construction of the cap were a new shallow

perimeter leachate toe-drain, two leachate pump stations with force mains flowing to a

temporary leachate holding pond, a passive gas collection and venting system, and a surface

water diversion and sedimentation system. The old leachate collection systems on the east

and west sides of the landfill, which were installed by the former landfill operator, have been

connected into pump stations.
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The landfill gas collection and venting system includes a passive, crushed stone gas collection

trench system under the cap liner which will direct the landfill gas through 28 vents along the

top or the landfill. Twelve pre-existing vents are tied into the new gas collection system

below the liner. Landfill gas is being routed to an open flare, part of ROD III, on an interim

basis.

ROD III completes the remedial actions via treatment of the media controlled during

implementation of ROD II. The southwest groundwater collection trench has been

constructed and operating since October 1993. In addition, the residential well monitoring

program started in 1989 and continues to date.

The leachate and groundwater will be collected and treated on site. The treatment plant

effluent is regulated by cleanup standards established in ROD in and, therefore, minimizes

off-site impacts. Currently, leachate is collected in the leachate toe-drain installed with the

cap during implementation of ROD II. The leachate is pumped to a lined holding pond.

Periodically, the holding pond is pumped, treated onsite and discharged to nearby surface

waters. The eastern groundwater remediation is currently in the design phase.

Landfill gas is currently being treated on an interim basis. The final remedy for landfill gas

includes short term monitoring of landfill gas quality and quantity under capped conditions,

followed by an upgrade, if necessary, to the existing treatment system.

The need for excavation of sediments from Dunstable Brook has been reevaluated as part of

this five-year review. Sediments that were to be dredged and placed under the landfill cap

during cover construction remain in the brook. The decision to dredge the brook was based

on a risk assessment of contaminant levels and risk factors at the time ROD III was issued

1988. In 1989, EPA revised the relative absorption factors for PAHs. These changes were

expected to result in decreased human health risk associated with exposure to sediments.

Although new risk calculations were not performed, EPA decided not to dredge the brook.
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Additional sediment data and a reevaluation of risk factors are presented in Section 2.2

and 3.1.

1.1.3 Report Organization

This document is organized for a Level II review. It presents the results of the five-year

review within the following discussions:

Section 1.2, Remedial Objectives presents ROD-specified remedial objectives.

Section 1.3, Standards Review describes the results of a review of existing site
documents which pertain to the remedial actions implemented at the site.

Section 1.4, Risk Assessment Review describes the risk factors and equations used
during the RI/FS and proposes update alternatives.

Section 2.0, Site Conditions describes the present status of the remedial actions,
results of data collected during the five year review, the information obtained during
site inspections and the wetlands assessment conducted at the site.

Section 3.0, Recalculation of Risk presents updated sediment risk calculations based
on updated quantitative risk factors and site data.

Section 4.0, Recommendations

Section 5.0, References contains references cited in the report.

1.2 REMEDIAL OBJECTIVES

ROD I. The first ROD, issued in December 1983, selected an extension of a water supply

line to the residents of the Cannongate/Red Gate Road area. The objective of the new water

main, an extension of Lowell's system, was to provide an uncontaminated alternative water

service to the residents of the Cannongate Condominium complex and surrounding area.
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ROD II. The objective of the second ROD, signed in July 1985, was the implementation of

source control measures to contain contamination and thereby minimize any further off-site

impacts. T' ~d remedy described in ROD II includes: a synthetic membrane cap,

esfablishmem of a . 1 grade on the side slopes where required; a surface water diversion and

collection system; a vent network with a passive gas collection system and a peripheral

leachate collection system.

ROD III. The objective of this ROD, completed September 29, 1988, is on the control and

cleanup of contaminants that have spread or are spreading from the site, including the

treatment of leachate collected as part of the cap system. EPA selected the three-part remedy

outlined below for the cleanup of contaminated groundwater and leachate, landfill gas

emissions, and stream sediment. The selected remedies included in the ROD are:

1. Leachate collected from the landfill cap system will be combined with
overburden and shallow bedrock groundwater from a groundwater recovery
system and treated on-site with biological treatment, hydroxide precipitation,
carbon adsorption, and, if necessary, ion exchange units. The treated leachate
and groundwater will be monitored and discharged into groundwater on-site, if
feasible. If discharge to groundwater is not feasible, the treated leachate and
groundwater will be discharged into a nearby approved surface water. An
upgradient groundwater diversion trench will also be also be installed to assist
in lowering the water table beneath the landfill, thereby minimizing direct
contact between groundwater and landfill wastes. In addition, groundwater
monitoring will be performed to provide early warning of possible increases in
contaminant concentrations that may impact residential drinking wells in deep
bedrock.

2. Landfill vent gas emissions will be collected and thermally destroyed on-site.

3. Contaminated sediments in Dunstable Brook immediately west of the landfill
will be dredged, solidified on-site, and placed beneath the synthetic cap
constructed over the landfill, per EPA's second ROD.
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1.3 STANDARDS REVIEW

This report is based on review of the documents listed in the references section of this

report.

1.3.1 Historical Analytical Data Review

Analytical data has been collected at the site since the initial groundwater monitoring in 1979

and 1980. The data reviewed during this five year review, however, do not include results

prior to those in the documents used to formulate ROD III.

The selection of residents to receive new water supply service hook-ups was based on

groundwater data. The delivery system and pump station designs, however, were not

necessarily designed based on site-specific concentrations. Likewise, the landfill cap design

was sized, including the leachate toe drain, based on the volume or extent of the leachate and

waste, not on the contaminant levels in the leachate or waste (except for HOPE compatibility

studies). Based on this reasoning, analytical data reviewed and used in this five year review

is all post ROD II data.

Groundwater

Historically several volatile organic compounds, semivolatile organic compounds and •

inorganic elements have been detected in site groundwater. Some of these analytes are

chemicals of concern and are identified as such in RODs II and III. Others are not chemicals

of concern but have recently been detected at concentrations that exceed MCLs. Three acid

extractable compounds; phenol, 2-methylphenol and 4-methylphenol were identified as

chemicals of concern in RODs II and III. Semivolatiles, which include the phenols, have

been included in the recent (1990 to date) groundwater monitoring program for both

residential and on- and off-site wells. Analytical results are summarized in Table 1-4 which
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presents the minimum and maximum concentrations detected and the frequency of detection

for samples collected and analyzed between August 1990 and April 1993.

Leachate

The completion of the leachate collection system as part of ROD II remedial measures

conducted at the site included a leachate collection pond which has a capacity of

approximately 3.5 million gallons. On an interim basis (1991, 1992 and 1994), the USAGE

has contracted out to treat and discharge contents of the holding pond.

During treatment, leachate from the collection pond was sampled and analyzed for volatile

organics, semi volatile organics, metals and several water quality parameters including

biochemical oxygen demand, and total suspended solids. Samples of the effluent were also

tested for acute and chronic toxicity. The maximum and minimum concentrations of leachate

chemicals of concern and other chemicals reported at concentrations greater than their MCLs

in the leachate are summarized in Table 1-4. The effluent met all discharge standards set by

the Massachusetts DEP for chemical and water quality parameters. The leachate has

historically had trouble meeting the whole-effluent toxicity standards (NOEL =100%),

although improvements have been made with time. Through several Toxic Identification

Evaluation studies conducted by CDM, it appears that ammonia is the major cause of

toxicity.

The percentage of treated leachate effluent in water required to produce 50 percent mortality

(LC50) was determined in the acute toxicity testing for 24 and 48 hour durations. The

percentage of effluent required in a mixture (e.g., 30% effluent, 70% diluent) to produce a

limited observed effect concentration (LOEC) and no observed effect concentration (NOEC)

was determined in the chronic toxicity testing. The results for four acute and three chronic

facility tests are summarized in the following table. Data from toxicity tests conducted by

USEPA on sediments collected in the fall of 1993 are provided in Section 2 and evaluated in

Section 3.
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Acute Toxicity Concentration of Effluent in Water

50 24 hour

LC™ 48 hour

Chronic Toxicity

LOEC

NOEC

12 - >4 percent

8.5-70 percent

25 - 50 percent

12.5-25 percent

Sediment

Chemicals of concern for sediments identified in the ROD III (EPA, 1988) for the site

included two inorganic elements, arsenic and cadmium, and six carcinogenic polycyclic

aromatic hydrocarbons (PAH). The PAHs are benzo(a)anthracene, benzo(a)pyrene,

benzo(b)fluoranthene, benzo(k)fluoranthene, chrysene and indeno(l,2,3-cd)pyrene. The

maximum and minimum concentrations detected and the frequency of detection for samples

collected and analyzed between 1988 and 1992 are summarized in Table 1-6. Installation of

the landfill cap, stormwater runoff, and leachate collection systems, were designed in part to

prevent continued contamination of sediments adjacent to the site. These remedial measures

should control the source of contaminants and minimize the migration of contaminants

through the surface water and sediments in the vicinity of the site.

1.3.2 Historical Sediment Toxicity Testing Data Review

Based on a review of the 1987 Endangerment Assessment report (ATC, 1987) and the Draft

Final Remedial Investigation report (Ebasco, 1988), no sediment toxicity tests were

conducted during these studies. During treatment and discharge of the leachate holding pond,

(OHM, 1992) effluent samples were analyzed for toxicity.
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1.3.3 ARARs Review

An analysis of newly promulgated or modified requirements of federal and state

environmental laws was conducted to determine if they are applicable or relevant and

appropriate requirements (ARARs) and to determine if they call into question the

protectiveness of the remedy. The following terms, used within this report, require

definition: "applicable", "relevant and appropriate", "to be considered (TBC)",

"substantive", and "administrative".

"Applicable" requirements are those requirements that are legally applicable to the response

action, if that action is not undertaken pursuant to Section 104 or 106 of CERCLA. Due to

the variability of characteristics from site to site, it is impossible to determine, by regulation,

which requirements are applicable. Those determinations are made on a case-by-case basis

and "applicability" is determined objectively.

"Relevant and appropriate" requirements are defined as those requirements that, while not

"applicable," are intended to apply to problems sufficiently similar to those encountered at

hazardous waste sites that their application is appropriate." (EPA, 1988b) These non-

applicable requirements are used only when they are appropriate or relevant to the site and

are applied as applicable requirements.

In addition, other environmental and public health guidelines, although not ARARs, may be

considered (and are termed "to be considered" or "TBC") to help determine what is

protective or are useful in determining CERCLA remedies.

"Substantive" requirements are those requirements that pertain directly to actions or

conditions in the environment. Examples include quantitative health or risk-based standards

for certain hazardous substances (e.g., MCLs for drinking water), and technology-based

standards (e.g., RCRA minimum technology requirements for double liners and leachate

collection systems). CERCLA Section 121(e), codified at 40 CFR Part 300.400(e), exempts
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any response action conducted entirely at the site from having to obtain a federal, state, or

local permit, where the action is carried out in compliance with Section 121. Remedial

actions conducted on Superfund sites need comply only with the substantive aspects of

applicable or relevant and appropriate requirements and not with corresponding

administrative requirements.

"Administrative" requirements are those mechanisms that facilitate the implementation of the

substantive requirements of a statute or regulation (e.g., requirements related to the approval

of or consultation with administrative bodies, documentation, permit issuances, reporting,

record keeping, and enforcement).

Under Section III.A of Attachment I "Explanation of Five-Year Review Policy" to OSWER

Directive 9355.7-02, the Commonwealth of Massachusetts should be requested to identify

state ARARs promulgated or modified since ROD signature which may have a bearing on the

protectiveness of the remedy. M&E has not formally contacted the Department of

Environmental Protection (DEP) regarding this issue.

The basis for the site ROD was developed prior to promulgation of the revised National

Contingency Plan (40 CFR Part 300, March 1990) and prior to publication of the CERCLA

Compliance With Other Laws Manual: Pans I and II, (OSWER Directives 9234.1-01 and

9234.1-02, respectively), although existing Draft ARAR procedures were followed in the

ROD. Many changes to the ARARs have occurred over the past five years. These changes

are presented in this section via several tables:

Table 1-1: Potential chemical-specific ARARs and guidance identified hi the ROD
are re-evaluated in this table. The re-evaluation includes a determination of whether
the rule is currently ARAR or TBC and whether the remediation is in compliance
with the ARAR.

Table 1-2: This chemical-specific ARARs table presents a comparison of the ROD-
specified standards (1988) to current (1993) standards for groundwater and leachate
chemicals of concern.
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Table 1-3: This chemical-specific ARARs table presents a comparison of the ROD-
specified standards (1988) to current (1993) standards for surface water chemicals of
concern.

Table 1-4: This table compares groundwater, leachate, and residential well
rr nitoring results with current (1993) standards. The standards and criteria are
d. ved from Table 1-2.

Table 1-5: In this table, Massachusetts Method 1 soil standards (MCP, July 1993)
are presented. These soil standards have been selected as being applicable to the site.
The standards apply to areas underlain by usable groundwater where the soil exposure
route is low, i.e., subsurface soils, low intensity land use, or mixed frequency and
intensity land use by adults only.

Table 1-6: This table compares sediment sampling results with available sediment
guidelines or criteria.

Table 1-7: Potential location-specific ARARs and guidance identified in the ROD are
presented.

Table 1-8: Potential action-specific ARARs and guidance identified in the ROD are
re-evaluated. The re-evaluation includes a determination of whether the rule is
currently ARAR or TBC.

For future use, a summary of 1993 ARARs as determined by this review is provided as

Appendix B.

Overall, many of the ARARs have changed since ROD completion in 1988. What follows is

a summary of newly promulgated or modified state and federal requirements.

1.3.3.1 Chemical-Specific ARARs. Standards specified by the various chemical-specific

ARARs have undergone significant revision since ROD completion in 1988. These revisions

are reflected in the tables accompanying this text. For future use, a summary of 1993

ARARs as determined by this review is provided as Appendix B.

Newly promulgated chemical-specific requirements include the Massachusetts Contingency

Plan (MCP). The MCP, as revised (July, 1993), lists numerical standards for both soil and
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TABLE 1-3. COMPARISON OF ROD-SPECIFIED NUMERICAL, CHEMICAL-SPECIFIC
ARARS AND CRITERIA* FOR SURFACE WATER AND SEDIMENT CHEMICALS OF

CONCERN", CHARLES GEORGE LANDFILL, MASSACHUSETTS
(All criteria in mg/L)

COCB AMBIENT WATER QUALITY CRITERIAC

Aquatic Life0

Acute
1988 1993

Chronic
1988 1993

2-butanone (MEK)
toluene
acetone
benzene
4-methy 1,2-pentanone
ethylbenzene
1,1-dichloroethene
trichloroethene
benzoic acid
4-methylphenol
2-methylphenol
phenol
PAHs
bis(2-ethylhexyl)

phthalate
arsenic (trivalent)
arsenic (pentavalent)
chromium (III)
chromium (VI)
copper
mercury
cadmium

17.5F

5.3F

32F

0.94F

0.36
0.85

17.5F

5.3F

32F

45"

IQ.2*

0.94F

0.36
0.85
13*
0.016

3.9E-3"
2.4E-3
3.9E-3"

0.003F

0.19
0.048

2*56*

0.003F

0.19

0.011

1.1 E-3"
1.2E-5
1.1E-3"
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TABLE 1-3 (Continued). COMPARISON OF ROD-SPECIFIED NUMERICAL, CHEMICAL-
SPECIFIC ARARS AND CRITERIA* FOR SURFACE WATER AND SEDIMENT

CHEMICALS OF CONCERN", CHARLES GEORGE LANDFILL, MASSACHUSETTS
(All criteria in mg/L)

COCB AMBIENT WATER QUALITY CRITERIAC

Public HealthE

Water
Only
1988

Fish
Consumption

1988 1993

Water &
Fish Ing.
1993

2-butanone (MEK)
toluene
acetone
benzene
4-methy 1,2-pentanone
ethylbenzene
1,1-dichloroethene
trichloroethene
benzole acid
4-methylphenol
2-methylphenol

15

6.7E-4

2.4

424

0.040

3.28

300

7JE-2

29
3.2B-3
8.1&2

10

1.2E-3

3.1
5.7E-5
2.7E-3

phenol
PAHs
bis(2-ethylhexyl)

phthalate
arsenic (trivalent)
arsenic (pentavalent)
chromium (III)
chromium (VI)
copper
mercury
cadmium

- _

15 50
2.5E-6
2.5E-6
-
- _

..
1.1E-2

4600
3J1B-S

S.fl-3
0 Ci.&riO1*)
—
670
0.17
—
1.5E-4
0.17

21
2.8E-6

1.8E-3
0(1.4x10^)
—
33
3.4
1.3
1.4E-4
l.OE-2 •

A This table provides an update of the surface water regulatory criteria identified in Table 2-1 of the feasibility study
(EBASCO, 1988) regulations and criteria.
B Chemicals of Concern (COCs) drawn from 1988 Record of Decision. Table 6, entitled CGL Contaminants of Concern -
Phase III. ROD-specified criteria are from Table 2-1 of the Draft Final Feasibility Study Report, Charles George Landfill
(EBASCO, 1988).
c Ambient Water Quality Criteria (AWQC). From Code of Massachusetts Regulation, Title 314, Section 4.05(5)(e) and/or
U.S. EnvironmentaTProtection Agency, 57 FR 60848, December 22, 1992.
0 Acute criteria are one-hour average concentrations not to be exceeded more than once every three years. Chronic criteria
are four-day average concentrations not to be exceeded more than once every three years. Freshwater criteria are shown.

the table. Concentrations in the parenthesis for potential
- calculates for a water only criterion - the Safe Drinking

The criterion value of zero for potential carcinogens is listed in t
rcinogens correspond to a risk of ICr. The U.S. EPA no longer
ater Act MCL would be the ARAR for drinking water.

carcino^,
Water Act MCL would be the ARAR for drinking
F Value represented is the Lowest Observed Effect Level.
H Hardness-dependent criteria (100 mg/L as CaCC^ used).

Shading indicates the value has been updated since 1988.
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TABLE 1-5. NUMERICAL, CHEMICAL-SPECIFIC ARARS FOR SOIL,
CHARLES GEORGE LANDFILL, MASSACHUSETTS (All criteria in /*« 'kg)

MCP
CHEMICAL METHOD 1 SOIL STANDARDSA

acetone 3,000
benzene 10,000
benzole acid
bis(2-ethylhexyl)phthalate 100,000
2-butanone (MEK) 300
di-n-butylphthalate
1,1 -dichloroethene 700
ethylbenzene 80,000
fluoranthene 600,000
4-methy 1,2-pentanone
4-methylphenol
2-methylphenol
phenanthrene 700,000
phenol 60,000
pyrene 500,000
toluene 90,000
trichloroethene 400
arsenic . 30,000
cadmium 80,000
chromium (total) 5,000,000
copper
mercury 60,000

Notes:

* Massachusetts Contingency Plan, 310 CMR 40.0975(6Xc), Table 4, applicable to soil where the combination of soil and
groundwater categories are S-3 soil and GW-1 groundwater.
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TABLE 1-6. 1993 COMPARISON OF NUMERICAL, CHEMICAL-SPECIFIC CRITERIA FOR
SEDIMENT CHEMICALS OF CONCERN WITH ANALYTICAL RESULTS1,
CHARLES GEORGE LANDFILL, MASSACHUSETTS (All criteria in /tg/Kg)

CHEMICAL

acetone
benzene
benzole acid
bis(2-ethylhexyl)

phthalate
2-butanone (MEK)
1 , 1 -dichloroethene
di-n-butylphthalate
ethylbenzene
fluoranthene
4-methyl,2-pentanone
4-methylphenol
2-methylphenol
phenanthrene
phenol (total)
pyrene
toluene
trichloroethene
arsenic
cadmium
chromium (total)
copper
mercury
lead
nickel

Notes:
1 . This table compare!

Ecological
Sediment
Criteria2

—
—

3.6004

--
—
-
--
600
-
--
--
225
184

350
—

• '—
3,000
800
25,000
19,000
110
27,000
20,000

s the most stringent ARARs,

Sediment
Max.

7.78
0.32
ND

1.2
ND
see note 3
0.43
ND
0.68
ND
ND
ND
0.58
ND
0.60
0.28
see note 3
7,500
5,400
22,000
14,000
180
34,000
22,000

„

(see Section 1.4.2) to analyt

Results
Min.

7.78
0.28
ND

0.61
ND

0.43
ND
0.43
ND
ND
ND
0.40
ND
0.40
0.18

3.1
1.4
8.9
1.9
0.13
5.4
6.6

#Hits/#Samples

1/7
2/7
0/7

4/7
0/7

1/7
0/7
3/7
0/7
0/7
0/7
3/7
0/7
4/7
2/7

4/7
7/7
7/7
7/7
4/7
5/7
7/7

ical results from sampling
conducted between 1988 and 1992. Chemicals of Concern (COCs) are drawn from 1988 Record of
Decision, Table 6, entitled CGL Contaminants of Concern - Phase III, 1988).

2. See Section 1.4.2 for references and criteria description. None of these criteria are considered ARARs.
3. Although this constituent was identified in the ROD as a chemical of concern, the monitoring program did

not include analysis for this compound.
4. Based on total organic carbon content of 3%.
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groundwater, providing several methods for determining which standards would apply. For the

site, it has been determined that category GW-1 groundwater applies since site groundwater is

within 500 feet of a private water supply well that was in use at the time of site discover)' (310

CMR 40.0932(4)(f)). Also, category S-3 soil applies due to the low accessibility of site soils.

In addition, it has been determined that Method 1 Risk Assessment Soil Standards apply, as this

method considers both the potential risk of harm resulting from direct exposure to the

contaminated soil and potential impacts on groundwater.

Another requirement to be added to the chemical-specific ARAR list for the site is the

Massachusetts Surface Water Discharge Permit Program. Even though this program existed in

1988, the ROD did not identify its requirements as ARAR. These regulations apply to any

current or planned discharges to surface water bodies, such as Dunstable Brook, Bridge Meadow

Brook, Flint Marsh, or Flint Pond. Although a Massachusetts surface water discharge permit

is not required, equivalent documentation must be attained, and identified toxic pollutants are

to be controlled to within equivalent effluent limitations. Discharge standards have been

established for the leachate and groundwater treated effluent. These standards were developed

by the MA DEP and have given EPA a window of 5 years to discharge, starting in 1992 and

ending in 1996. Determination as to the feasibility of groundwater reinjection (ROD III remedy)

must be made, with state approval, prior to extending this discharge allowance. The state

conducts periodic sampling of surface water runoff from the site and sediments in the

sedimentation ponds as part of its O&M responsibilities under OU #2 (ROD II).

Although federal ambient water quality criteria are non-enforceable guidance developed under

the Clean Water Act, and therefore cannot be applicable by definition, Section 121(d) of

CERCLA specifies that these criteria be attained when relevant and appropriate. Environmental

factors being considered at the site render these requirements relevant and appropriate.

Criteria to-be-considered are also modified from the 1988 presentation. Massachusetts Dnnking

Water Health Advisories have been replaced by Massachusetts Office of Research and Standards

Guidelines (ORSGs). Federal acceptable intake chronic and subchronic values are no longer

1-50



used, having been replaced by Risk Reference Doses (RfDs). In addition, RfDs and Carcinogen

Assessment Group (CAG) slope factors are two of several factors that may be used to calculate

risk at a site. These criteria do not need to be identified in the ARAR section as they are

usually covered under the risk assessment discussion. For the purposes of this re-evaluation,

however, RfDs and CAG slope factors are updated on the numerical tables.

Revisions to the chemical-specific requirements affect treatment plant design, construction,

operation, and maintenance as well as waste disposal practices. Environmental monitoring

programs may also need to be modified to address the chemical-specific ARARs, particularly

the groundwater protection programs under RCRA and the Commonwealth of Massachusetts.

1.3.3.2 Location-Specific ARARs. The wetlands ARARs identified in the 1988 ROD still

apply today. The Resource Conservation and Recovery Act (RCRA) contains a number of

explicit limitations on where on-site storage, treatment, or disposal of hazardous waste may

occur. RCRA location requirements and land disposal restrictions are considered to be location-

specific ARARs. Other siting requirements are also considered ARAR.

Because there are no wilderness areas in the vicinity of the site, the site is not located near any

wild or scenic rivers, and the site is not located near a coastal area, the requirements associated

with the Wilderness Act, the Coastal Zone Management Act, and the Marine Protection,

Research, and Sanctuaries Act are not considered. Also, because there are no identified historic,

scientific, or archaeologic sites in the vicinity of the site, the requirements associated with the

Archaeological and Historic Preservation Act of 1974, Historic Sites Building and Antiquities

Act, and the National Historic Preservation Act of 1966 are not considered. As no endangered

or threatened species or critical habitat have been identified, the requirements of the federal

Endangered Species Act are also not considered ARARs. Should any federal endangered or

threatened species, or critical habitat, be identified in the vicinity of the site, this act would

become applicable.
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Based upon the 1993 wetlands assessment, areas impacted by remedial actions were assessed.

The Wetland Damage Assessment Report (HMM, 1990) stated that approximately 1.5 acres of

wetlands were filled during capping activities and an additional 5 acres of wetlands were altered

or otherwise damaged. This report also outlined general mitigation requirements and

procedures. Based on the 1993 wetlands inspection, it appears that the wetland mitigation

proposed in the Wetland Damage Assessment Report has not been addressed since no replicated

wetlands were observed and damage to other wetland areas persists. In ROD II, the Consistency

With Other Environmental Laws and Regulations Section includes a provision for wetlands

restoration and replication.

Several requirements listed as location-specific in the 1988 ROD have been deleted as being

redundant with identified action-specific requirements.

1.3.3.3 Action-Specific ARARs. Action-specific requirements identified in the 1988 ROD

were presented for all alternatives evaluated; action-specific requirements for the selected remedy

were not clearly distinguished. An attempt has been made to clarify the requirements The

requirement status identified in Table 1-8 is accurate for on-going remedial actions.

1.4 RISK ASSESSMENT REVIEW

1.4.1 Human Health Risk Assessment

Site-related human health and environmental risks were estimated in the Remedial Investigation

Report prepared by E.G. Jordan and Ebasco (Ebasco, 1988). Human health risks were estimated

to exceed the EPA target cancer risk range of 10"7 to 10"4 and/or a hazard index of 1.0 from the

following exposures:

1. Dermal exposure to sediment in one location in Dunstable Brook (carcinogenic
risk at E.G. Jordan sample location No. 8 estimated as 2.2 x 104 from a worst-
case scenario, mostly from PAHs).
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2. Exposure to groundwater from a hypothetical future deep bedrock water supply
well to the east (estimated carcinogenic risks from groundwater 500 feet from the
landfill sum to 7.2 x 10 ,̂ mostly from arsenic present below the MCL).

3. Exposure to groundwater from existing domestic shallow groundwater wells to
the southwest (carcinogenic risk for most-probable and realistic worst-case
exposures estimated as 1.8 x 10~2, and 2.2x102 respectively; and estimated hazard
indices 0.90 and 1.09 from the same scenarios).

4. Exposure to groundwater from hypothetical bedrock groundwater wells, southwest
of the landfill (hazard indices estimated as maximum of 1.2).

5. Inhalation of venting system emissions on-site (risks estimated as maximum of
1.2 x 10"3, for a realistic worst case scenario, with a hazard index up to 8.0).

6. Inhalation of venting system emissions in off-site area (risk from inhalation of air,
based on monitoring results at the Cannongate residential complex was estimated
as at least 1.5 x lO"4).

7. Inhalation of venting system emissions in off-site area (risk from inhalation of air,
based on monitoring results at Flint Pond was estimated as at least 4.2 x 10~*).

In this five-year review, risks from contaminants in groundwater and landfill gas are not

reassessed, because remediation of these media is planned and/or under way, under ROD III.

Human health risks from exposure to sediment are qualitatively re-assessed, using data from

samples collected in 1993. Several factors differ in the risk from sediment, compared to the

1988 assessment.

The 1988 assessment evaluated human health risk separately for each sampling point. Melcalf &

Eddy evaluated all Dunstable Brook sediment samples together as one exposure route. Measured

sediment concentrations are expected to be different after five years. Table 1-9 presents

sediment data from 1987 and 1988. The list of chemicals detected also differs; however, for

comparability, only those compounds listed in ROD III as sediment contaminants of concern are

compared to 1993 sediment data. Reference doses and slope factors have changed from 1988,

as shown in Table 1-10, for analytes assessed in 1988. One assumption which does not need

to be changed is that inhalation and ingestion of sediment would be negligible, so only dermal
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TABLE 1-9. SEDIMENT CONCENTRATIONS, 1987-1988

CHEMICAL

Bis(2-ethylhexyl)phthalate

Di-n-butyl phthalate

PAHs

2-Butanone

Toluene

Arsenic

Cadmium

Copper

1987 Concentrations from
Alliance (mg/kg)

Most-probable

0.16

0.0334

0.393

0.0036

0.0011

20

0.4

13

Worst-case

0.91

0.2

6.32

0.073

0.011

86

6.5

75

1988 Concentrations from
ECJordan, by area (mg/kg)

Most-probable

„ CD

-- (2)

— <3>

29.4 (1)

30.4 (2)

-_ (3)

0.14(1>

2.1 °>

_. (3)

Worst- case

ll,000(l)

„ (2)

5.3 (3)

110(1)

300 <2)

17.0 (3)

0.2 (1)

6.5 ®

4.8 (3)

(a) RME, reasonable maximum exposure, is defined by U.S. EPA Region I as representing
maximum contaminant concentrations.

(1) Concentration in Flint Pond
(2) Concentration in Flint Pond Marsh
(3) Concentration in Dunstable Brook

No value provided
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contact requires evaluation. Current/recent EPA Region I risk assessment policy would be to

evaluate dermal exposures to sediments only "qualitatively." This review evaluates dermal

exposures qualitatively by comparing to the past quantitative assessment. Possible updates to

dermal exposure assumptions are presented in Table 1-11. This includes reduction to one set

of exposure parameters (except that exposures will be evaluated at two different concentrations -

average and RME), in accordance with EPA Region I protocols. Also, M&E has recalculated

the average weight of people in the age group which was selected for assessment in the 1988

assessment.

A limited percentage of contaminants present in sediments absorbed to skin will diffuse through

the skin so as to be absorbed by the body. This amount is generally less than the absorption of

chemicals following ingestion. The amount of chemical absorbed through the skin can be

described as a roughly equivalent oral dose if the ratio between skin and gastrointestinal

absorption can be estimated. This would be useful because most oral reference doses and slope

factors are based on absorption following ingestion; in these cases the absorption ratio is the

relative absorption factor (RAF). Relative absorption factors have been estimated for various

chemicals from a soil matrix.

Metcalf& Eddy recommends using RAFs tabulated by the Massachusetts Department of

Environmental Protection (MADEP, 1992). Chemical-specific RAFs are available from

MADEP for most of the 1988 chemicals of concern in sediment, MADEP presents

documentation of each selected RAF, and the values are in general use within the

Commonwealth of Massachusetts. Alternatives would be to use discontinued EPA Region I

absorption factors (EPA, 1989) or the values used by E.G. Jordan (1988).

1.4.2 Ecological Risk Assessment

Alliance Technologies Corporation (ATC) reviewed environmental risks in the vicinity of the

Charles George Landfill in the 1987 Endangerment Assessment report (ATC, 1987). The report

was largely qualitative and did not contain a quantitative characterization of risks to flora and
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fauna. The report defined the contaminants of most concern (with respect to human health) and

discussed routes of exposure, mechanisms of contamination, and the potential direct and

ecosystem-level indirect effects of contamination.

The ATC (1987) report stated that the greatest concern for the biota in the vicinity of the landfill

were the chronic effects associated with bioaccumulation and biomagnification of inorganic and

organic compounds within the food chain. Another subject of concern was the high potential

for the loss of species diversity through competitive dominance of less sensitive plants and

animals. ATC (1987) cited data from the NUS (1986) Remedial Investigation which suggested

that sediment toxicity had caused a decrease in macroinvertebrate species diversity from the

location of landfill leachate discharge downstream to Dunstable Brook.

Because previous studies only identified a risk to ecological receptors based on sediment

exposures, only this medium will be directly re-evaluated in this five-year review for ecological

risks. This reassessment will utilize data from sediment toxicity tests conducted on sediments

collected in 1993. If these tests show that the sediments are toxic, results of sediment chemical

analyses for volatile organic compounds, semivolatile organic compounds, and metals will be

compared with available sediment standards, guidelines, or criteria, or to effect levels obtained

from the literature. These include low effect range level (ER-L) and medium effect range level

(ER-M) guideline values developed as part of the National Oceanic and Atmospheric

Administration (NOAA) National Status and Trends Program (Long and Morgan, 1990), U.S.

Environmental Protection Agency (USEPA) Region 5 unpublished guidelines (presented in

Fitchko [1989] and Beyer [1990]) for the pollution classification of Great Lakes harbor

sediments, New York State Department of Environmental Conservation (NYSDEC, 1989)

sediment criteria, and USEPA interim sediment quality criteria (USEPA, 1988). Although none

of these values are considered enforceable criteria and thus would not be considered ARARs,

they provide a reasonable estimate of the potential ecological risk posed by contaminants in

sediments.
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Data from fish tissue sampling, conducted in the fall of 1993, will also be evaluated to estimate

the risk to aquatic receptors. These 1993 fish tissue data, for metals only, will be compared to

similar data collected previously at the site to determine temporal trends in contaminant

concentrations.
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SECTION 2.0

PRESENT SITE CONDITIONS

This section summarizes the activities performed at the site. Site activities performed as part

of the five-year review include:

• A site visit

• Off-site sediment sampling

• Off-site fish tissue sampling

• Wetlands delineation

• Ecological profile

Section 2.1 gives a summary of each activity including the full wetlands and habitat

characterization, Section 2.2 provides the analytical results for sediment and fish tissue

analyses and a brief discussion of the results.

2.1 SUMMARY OF SITE ACTIVITIES

Five activities were performed at or adjacent to the site. These activities documented the site

conditions, downstream effects, and completeness of remedial actions implemented to date.

This effort included the following activities; a visual inspection of the landfill cap, a wetlands

area delineation, an ecological profile, and environmental data collection. Analytical data

gathering activities were performed at locations directly adjacent to the landfill (e.g. sediment

sampling in Dunstable Brook and Flint Pond Marsh) and downstream of the landfill (e.g.

sediment and fish tissue sampling in Flint Pond).

2.1.1 Cap Inspection

On December 9, 1993, M&E performed a site visit to inspect the landfill surface for cracks,

erosion, settlement, vegetative growth, drainage structures and other general features of the
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landfill cap. The inspection (site walkover) included walking the toe of slope, the bench, the

access road and the crest of the landfill. Representatives of the EPA, DEP and the U.S.

Army Corps of Engineers were present throughout the site visit. DEP was present to inspect

the landfill in preparation for subsidence testing. The USAGE was present as the site

construction managers.

Weather conditions during the inspection were cold but sunny. The inspection followed a

recent period of rainfall. The ground was not frozen or snow covered, but there were areas

of visible frost. Overall, the landfill cap is in good condition. Some areas require

maintenance, but they are known and maintenance managed by the USAGE is planned.

These areas are identified below.

Subsidence

One purpose of the inspection was to determine the extent to which localized subsidence is

visibly occurring. Because subsidence is often difficult to notice during field investigations,

documentation from a site walkover can only be approximate in extent and location; the

evaluation is subjective. While aerial photography and surveyed settlement markers provide

a quantitative determination of actual settlement, such activities were not included in the

scope or therefore not undertaken as part of this inspection. The DEP, will be conducting a

more detailed investigation of settlement through the installation and surveying of settlement

markers. The anticipated installation of the markers is the spring of 1994.

In several areas of the landfill, there were indications of potential subsidence such as subtle

irregularities in the side slopes and slight dips or inconsistencies in the grade. One clear

depression was evident on the southern portion of the landfill, between the bench (see

Figure 1-2) and the access road along the top of the landfill. At a second area of possible

subsidence along the northwestern side slope, it was not possible to distinguish whether the

depressed area was indicative of grading or was actually subsiding. The survey work

performed by the DEP should confirm the areas of actual subsidence.
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Vegetative Growth

Since the side slopes are covered with crushed stone, the inspection of vegetative growth was

limited to the top of the landfill. The condition of the vegetation varied substantially across

the landfill surface. In some areas the vegetation was growing quite dense and high. Based

on information exchanged during the site walkover, the USAGE plans to reseed several areas

during the spring of 1994. Along the top of the landfill, several areas were reseeded this

past summer and fall (e.g., an area where preventive maintenance occurred to repair

substantial, but not critical, subsidence.) Vegetative growth in these areas is virtually

nonexistent, but reseeding is planned for spring 1994. Significant gully erosion is present in

several locations across the top of the landfill. This erosion is addressed below.

Erosion

The cap includes crushed stone on most of the side slopes to minimize erosion and reduce

maintenance associated with vegetative cover. Overall, the crushed stone has held up well as

a cover material, but in various locations subtle ridges are evident in the stone. These

ridges, which are somewhat random and are primarily perpendicular to the side slopes, may

be indicative of minor erosion from stones washing down the side slopes due to erosion

beneath the stones. However, these ridges could also be inherent from the initial placement

of the stone and are not necessarily associated with erosion. In no area was significant stone

washout observed, as would be evidenced by either exposed underlayers (geofabric) on the

side slopes or buildup of stone at either the toe of slope or encroaching onto the perimeter

road.

Some erosion was evident in several locations along the haybales that delineate the transition

between the vegetated top of the landfill and the crushed stone side slope bench. In at least

three areas, one or more haybale barriers have dislodged creating isolated eroded areas.

Under the worst observed case, the soil under the dislodged haybales (east of the west

2-3



sedimentation and along Dunstable Road) has washed away. An extra piece of fabric, not

connected to the geofabric layer and therefore not a problem, was uncovered.

Along several lengths of the haybales, erosion was evident in the form of sediment buildup

along the haybales. Along the north side of the landfill where the haybales run down the

slope, gully erosion has formed along the haybales with sediment washed along the access

road at the end of the haybale barrier. These areas require maintenance, such as replacing

the haybales, improving the vegetative cover, and improving the tie-in from the vegetated

areas to the stoned areas.

The greatest erosion onsite was present in the areas that were recently reseeded. Because

vegetation has not yet been established in those areas, there is widespread erosion in the form

of clearly visible rills and gullies. These eroded areas are scheduled to be repaired in the

spring 1994 when reseeding will take place. The most significant erosion was observed on

the west face of the landfill above the transition area from stone to earth cover. No

vegetation is established in this area. There is a riprap lined swale immediately adjacent to

the eroded area. Although the swale was visibly in good condition, surface water appears to

be bypassing the swale (at least in part) and eroding the unvegetated side slopes forming deep

gullies, estimated to be approximately twelve inches or deeper. This area requires

maintenance, and should be addressed in the spring.

Drainage

The drainage channels onsite appeared to be in good condition. Overall, there appeared to

be no scouring beneath the riprap. In a few locations some stone appeared to have dislodged

from the side slopes of the channels. These areas were in the drainage channel along the

western side of the landfill (near Dunstable Road) in the area of the west pump station, and

in the drainage channel on the south-southeastern toe of the landfill. In addition, isolated

areas of the drainage channels had vegetation growing up between the stones.
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There are three detention/sedimentation basins onsite. All basins were in working condition,

although some maintenance is required. The west basin exhibited erosion on the side slopes

as well as some undermining of riprap. However, there are plans by the MA DEP to repair

this basin during the spring of 1994. The southwest basin also exhibited signs of erosion,

but to a much lesser extent. At this basin, the erosion was primarily limited to rills near the

top of the side slopes at the edge of the dirt road. This erosion is a function of recent

groundwater recovery trench construction in the immediate area. However, it should be

repaired before it becomes more significant.

Miscellaneous

Although the major components of the inspection were subsidence, vegetative growth,

erosion, and drainage structures, several miscellaneous issues were also observed.

• The perimeter road was in good condition, with the exception of the area of
recent groundwater recovery trench construction (near the southwest basin.)
The access road along the top of the landfill was recently regraded. There
were several low spots along that road, and in some areas the regrading has
exposed the underlying geotextile.

• Site security (fencing/signs) was in good condition.

• One area of the site exhibited potential leachate breakout, but such breakout is
not confirmed. This area was at the toe of slope along Dunstable Road, and
is being further investigated.

• One area of the site exhibited a strong landfill gas odor. This area was at the
toe of slope along the southern side of the landfill, approximately in the area
of the off-site swamp.

• Around the side slope bench, several small holes were observed hi the earth
cover at the haybale barrier. These holes are possibly due to rodents. Future
inspections should continue to investigate the potential for rodent problems.
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2.1.2 Sediment Sampling

On September 28, September 29 and October 1, 1993 sediment samples were collected from

Dunstable Brook, an unnamed stream feeding Dunstable Brook, Flint Pond Marsh, Flint

Pond and the areas downstream of the Flint Pond dam feeding the Merrimack River.

Eighteen locations were sampled and analyzed for a variety of parameters. One additional

sample, collected by the Environmental Services Division of EPA, was collected from Saw

Mill Pond in Concord, MA, as a control sample. Table 2-1 lists the parameters, and

analytical methods sample locations, and number of samples. Samples including quality

assurance and quality control (QA/QC) samples were collected and analyzed in accordance

with the protocols outlined in the Final Field Operations Plan for Five Year Review (M&E,

September 1993).

A decision based on visual sample characteristics was performed in the field. The accuracy

of the TOC analysis is questionable in high organic content samples. Therefore, as each

sample was collected, its organic content was qualitatively assessed and the organic content

analysis to be performed (TOC vs. TCO) was determined in the field. Sandy, low organic

content samples were analyzed for organic content using the TOC method. High organic

(black muddy) content samples were analyzed using the TCO method. The description of

each sample follows. The sample locations are shown on Figure 2-1.

CGSED-1. Located in Dunstable Brook, this was the background sample. This location

includes a toxicity sample. The sediment was a black muck, analyzed for TCO.

CGSED-2. Located in the unnamed stream feeding Dunstable Brook, this was a sandy,

stony sample which includes a toxicity sample. The sample was analyzed for TOC. The

sediment showed evidence of iron staining and the stream bank contained fresh deer tracks.
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Sediment Chemistry &
Toxicity Analysis

SCALE IN FEET

SOURCE: USGS LOWELL. 1987

FIGURE 2-1.
SEDIMENT SAMPLE LOCATIONS
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CGSED-3. Located in Dunstable Brook downstream of the confluence of the brook and

unnamed stream. This was a sandy stony sample which included a to ;city sample and TOC

analysis. This location showed slight iron staining, less than at CGSED-2.

CGSED-4. Located in the center of Flint Pond Marsh, this sample was a brown to black

mud. It included a toxicity sample and TCO analysis.

CGSED-5. Located in the channel which connects the marsh to Flint Pond. This sample

was also more brown than black mud, much lighter color than the pond samples. It includes

a toxicity sample and TCO analysis. This sample was collected on the pond side of an

abandoned demolished beaver dam.

CGSED-6. Located at the southern most end of the east branch of Flint Pond. This sample

was black pond mud, it included a toxicity sample and was analyzed for TCO.

CGSED-7. Located farthest downstream of the Flint Pond Dam of the two downstream

locations. This sample was brown mud, a little more sand than the pond but less sand than

at CGSED-18 (located just prior to the Merrimack River.) This sample included a toxicity

sample and TCO.

CGSED-8. Located along the bank of the channel which delivers Dunstable Brook under

Route 3 into Flint Pond Marsh at the southern end. Sample collected in an area where the

channel widens, and sediment settling appeared to be occurring. Brownish sediment with

lower organic content than the other marsh locations. This sample did not include a toxicity

sample. This sample was analyzed for TCO.

CGSED-9. Located at the culvert exit across Route 3 from the east leachate pump station.

The sediment was clay and fine sand, therefore it was analyzed for TOC. This location

shows evidence of iron staining. It did not include a toxicity sample.
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CGSED-10. Located at the northern end of the marsh where the tree line begins. Very high

organic content sample analyzed for TCO. It included grass, leaves and twigs with the

sediment. This location did not include a toxicity sample.

CGSED-11. Located at the southern end of the west branch of Flint Pond. This sample was

a black pond mud. Sample analyzed for TCO; not analyzed for toxicity.

CGSED-12. Central location of the west branch of Flint Pond. This location had roots

mixed in with black sediment. The sample was analyzed for TCO but not analyzed for

toxicity.

CGSED-13. This location is the northern most of the west branch of the pond. Sample was

collected in a shallow area. This sample was analyzed for TCO (high organic content); not

analyzed for toxicity.

CGSED-14. Located at the central portion of the east branch of the pond, this sample

contained brown/black pond mud. The sample included TCO but not toxicity.

CGSED-15. Located at the northern most section of the east branch of the pond. This

sample contains more clay, silt and sand than the other pond locations but was brown in

color and analyzed for TCO. This sample was not analyzed for toxicity.

CGSED-16. Located in the cove upstream of the dam at the public ramp. The sample was

silty and brown. It included TCO but not toxicity.

CGSED-17. Located just downstream of the dam. Sample collected towards the southern

side of this cove where sediment settling appears to be occurring. The sample was sandy

and stony, therefore it was analyzed for TOC. No toxicity testing on this sample.
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CGSED-18. Located well downstream of the dam just prior to the Merrimack River. This

sediment was also sandy and stony. It was analyzed for TOC but not toxicity.

CGSED-19 and CGSED-20. These were duplicate samples of CGSED-18 and CGSED-8

respectively.

CGSED-21. This sample was collected at Saw Mill Pond in Concord by EPA Lexington. It

was submitted by M&E under CLP packaging and chain of custody protocols. It was a black

pond mud analyzed for TCO and toxicity.

2.1.3 Off-site Wetlands Investigation

2.1.3.1 Methods of the Off-site Wetlands Investigation. The following is an account of

the information obtained and the methods used to determine the location, extent, and

character of wetlands and other natural resources in the vicinity of the Charles George

Reclamation Landfill (the Site). The off-site wetlands determination was conducted in

accordance with the Preliminary Data Gathering and Synthesis section of the Corps of

Engineers Wetlands Delineation Manual (USACOE, 1987). The sources consulted and

reviewed for the off-site investigation included the U.S. Geological Survey (USGS)

Topographic Map (USGS, 1987), the U.S. Fish and Wildlife Service (USFWS) National

Wetlands Inventory Map (USFWS, 1990), the U.S. Department of Agriculture/Soil

Conservation Service (USDA/SCS) Middlesex County Soil Survey (USDA/SCS, 1989), the

Federal Emergency Management Agency's (FEMA) National Flood Insurance Program Flood

Insurance Rate Map (FEMA, 1982). The state and federal agencies contacted to obtain

further information included the Natural Heritage and Endangered Species Program,

Massachusetts Division of Fish and Wildlife (MANHESP), and the U.S. Fish and Wildlife

Service. The final component of the off-site investigation entailed a review of documents

relating to wetlands and other natural resources previously submitted to the U.S.

Environmental Protection Agency (USEPA) for the Charles George Reclamation Landfill.
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Review of Resource Mapping. Information obtained from the USGS Topographic Map to

identify wetlands and other natural resources included the location of hydrographic features

such as marshes, swamps, streams, rivers, lakes and ponds, and hypsographic features such

as elevation and contour interval.

The USFWS National Wetlands Inventory Map was reviewed to locate, classify and

characterize potential wetland and deepwater habitats. The identification of wetlands by the

National Wetland Inventory (NWI) is based on stereoscopic analysis of high altitude aerial

photographs and a wetland classification scheme following the Classification of Wetlands and

Deepwater Habitats of the United States (Cowardin et al., 1979). The classification scheme

describes and arranges the ecological constituents of wetland habitats into a hierarchical

taxonomic system. The National Wetland Inventory Map does not delineate wetland

boundaries, but does provide information relative to wetland types and an approximation of

areal extent.

The USDA/SCS Soil Survey provided specific information regarding the area! extent of soil

types. The Soil Survey also contained information on hydrographic features, geological

features, human activities, and governmental boundaries. Individual soil series identified in

the vicinity of the landfill were cross-referenced with the Hydric Soils of the United Staf.es

List (NTCHS, 1990). The presence of hydric soils is one of the three criteria used for

determining whether an area is a wetland under federal jurisdiction.

Flood Insurance Rate Maps (FIRMs) from FEMA's National Flood Insurance Program were

reviewed to determine the predicted floodplain zones and boundaries associated with a 100-

year flooding event. The extent of the floodplain is determined by direct observations along

with computer modeling of a 100-year flooding event.

Correspondence with State and Federal Agencies. State and federal agencies were contacted

to request specific information regarding the site and surrounding lands. The U.S. Fish and

Wildlife Service and the Natural Heritage and Endangered Species Program, Massachusetts
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Division of Fish and Wildlife were contacted for information on the presence of state- or

federally- listed rar^, threatened and endangered species in the vicinity of the site. Both

agencies maintain a data base of observations on the location-specific presence of rare,

threatened and endangered species.

Review of Previous Documents. The off-site wetlands investigation included a review of the

two most current wetlands documents submitted to the Commonwealth of Massachusetts or

the USEPA for the site. As tasked in 1990 by the Commonwealth of Massachusetts, HMM

Associates, Inc. prepared a damages assessment report for the site entitled Wetland Damages

Assessment-Charles George Landfill (HMM, 1990). The report documented the negative

effects associated with: (1) the release of toxic and hazardous materials deposited in the site,

(2) the development and operation of the landfill, and (3) the implementation of corrective

measures dictated by USEPA Record of Decision H (USEPA, 1985). The report included

location and character of wetlands, area habitat characteristics, the geographic extent and

level of contamination, and the extent of wetland destruction. Because HMM (1990)

provided the most recent account of the wetlands in the vicinity of the site, it was used as the

baseline reference for Metcalf & Eddy's on-site investigation.

A study similar to HMM (1990), entitled Wetlands Assessment - Charles George Landfill

Site, Massachusetts - Final Report, was conducted in 1986 by the GCA Corporation for the

USEPA (GCA, 1986). GCA (1986) characterized the wetlands in the vicinity of the landfill

and evaluated the potential environmental impacts of each of the eight source-control

alternatives proposed and discussed in the NUS Source-Oriented Feasibility Study (NUS,

1985) prior to the USEPA Record of Decision n (USEPA, 1985). The GCA report

emphasized potential impacts from the remedial alternative selected by the USEPA which

consisted of a synthetic membrane cap with surface water diversion and collection, a leachate

collection system, and gas venting.
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2.1.3.2 Findings of the Off-site Wetlands Investigation. The following is a summary of

the location, extent and character of the wetland resources in the vicinity of the site as

determined by the off-site wetlands investigation. To simplify this account and establish

coherence between this study and the most recent previous work, Metcalf & Eddy (M&E)

has adopted, with one exception, the wetland partitioning scheme used by HMM Associates,

Inc. in the 1990 report, Wetland Damages Assessment-Charles George Landfill (HMM,

1990). The five wetland systems which will be described are Landfill-Adjacent Wetlands,

Dunstable Brook, Bridge Meadow Brook, Flint Pond Marsh, and Flint Pond. The one

exception to the HMM (1990) partitioning scheme is the use of the term "Landfill-Adjacent

Wetlands" rather than "Other Wetlands". The description of each wetland system is

supplemented by the account documented in the HMM damages assessment report (HMM,

1990). In addition, the GCA wetlands assessment (GCA, 1986) is utilized in the discussion

of the Landfill-Adjacent Wetlands. The wetland resource maps which appeared in the HMM

and GCA reports are duplicated as Appendix C of this report.

Review of Resource Mapping.

Landfill-Adjacent Wetlands - This section describes the wetlands in close proximity to the site

which are not described in association with any of the other four wetland systems in the

project area. Wetland areas in close proximity to the site do not appear on the USGS map of

the Lowell 7.5 x 15 Minute Quadrangle (USGS, 1987, see Figure 2-2).

The USFWS National Wetlands Inventory Map of the Nashua South Quadrangle (USFWS,

1990) illustrates seven wetland resource areas in close proximity to the site (Figure 2-3).

Areas of approximately 1 and 2 acres are shown on the western edge and northeastern corner

of the landfill, respectively. Both are classified as excavated palustrine wetland with

unconsolidated bottom (PUBFx). Another palustrine wetland with an unconsolidated

shoreline (PUSCh) covers less than 0.15 acres and is identified 800 feet north of the wetland

on the western edge of the landfill.
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SOURCE: USGS Topographic Map
Lowell Quadrangle, 1987

SCALE IN FEET

FIGURE 2-2. TOPOGRAPHIC MAP OF CHARLES GEORGE LANDFILL,
TYNGSBOROUGH, MA
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SOURCE- USFNS National Wetlands Inventory,
Nashua South Quadrangle, 1990

SCALE IN FEET

FIGURE 2-3. NATIONAL WETLANDS INVENTORY MAP OF CHARLES GEORGE LANDFILL,
TYNGSBOROUGH, MA



The NWI map depicts four wetland areas on the southern edge of the landfill (Figure 2-3).

An area of palustrine forested broad-leaved deciduous/emergent persistent wetland

(PFO/EM1E) covering 2 to 3 acres begins near the southwest corner of the landfill and

extends approximately 500 feet south, parallel to Dunstable Road. Approximately 1000 feet

to the east of this area, NWI shows two excavated palustrine wetland areas with

unconsolidated shoreline (PUSCx) approximately 1 acre and 0.25 acres in size, respectively.

Southeast of the 0.25 acre wetland, NWI identifies another palustrine wetland (PUBH) 0.25

to 0.5 acre in size.

The Middlesex County Soil Survey (USDA/SCS, 1989) defines the two acre wetland on the

northeast edge of the landfill as open water (Figure 2-4). The soil in the same location as

the two wetlands on the western edge of the landfill is classified as Swansea muck. Swansea

muck is considered hydric (NTCHS, 1990).

The NWI map shows four wetland areas on the southern side of the landfill (Figure 2-3).

The soils map shows the area associated with the palustrine forested/emergent wetland

consisting of three different soil series, Paxton fine sandy loam, Whitman loam, and Canton

fine sandy loam (Figure 2-4). Of these soils, only Whitman loam is considered hydric

(NTCHS, 1990). The smallest of the other three wetlands located on the south side of the

landfill is located in an area of non-hydric Canton fine sandy loam. The remaining two

wetlands are located on the Whitman loam soil series.

The wetlands adjacent to the site are not identified on the FEMA Flood Insurance Rate Map

(FEMA, 1982) as part of the 100-year floodplain (Figure 2-5). Likewise, the landfill is

depicted out of the 100-year floodplain zone.

The Wetland Damages Assessment (HMM, 1990) discussed three of the seven landfill

adjacent wetland areas depicted on the NWI map. Based on the HMM site investigation, the

wetland located on the southern side of the landfill and adjacent to Dunstable Road showed
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HYDWC AND NON-HYDWC SOIL
SEMES ASSOCIATED WITH
WETLAND RESOURCES IN THE
VIONITY OF THE CGRL

HYDR1C SOILS

SOURCE: USOA Sol Conservation Survey,
Mdde*ex County,1989
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signs that physical alteration had occurred during the landfill capping process. HMM

observed that the landfill roadway had eroded into the wetland and riprap had been utilized to

stabilize soils. Up to 12 inches of sediment was present in a wide band running parallel to

the landfill roadway for over 150 feet. According to HMM, the wetland receives input from

two landfill discharge outlets, an 18-inch pipe that drains the southwest detention basin at the

toe of the landfill and an 8-inch pipe that drains the landfill roadway. Orange water,

staining, and sedimentation were observed at these outlet areas. During the HMM site visit in

November, 1990, the soils in the area were saturated, vegetation was sparse, and the wetland

was dominated by purple loosestrife (Lythrum salicarid) and common reed (Phragmites spp).

The red maples (Acer rubrwri) near the 18-inch outlet pipe showed signs of stress. An outlet

from the wetland to Dunstable Brook was also observed by HMM. This is the second of the

two landfill tributaries to Dunstable Brook (see Review of Resource Mapping, Dunstable

Brook).

HMM (1990) indicated that the next wetland to the east had been disturbed by landfill

activities, such as the construction of roadways, to the point where the drainage pattern was

altered. Portions of the outer edge of the wetland were filled, banks were altered and

sedimentation was prevalent. The next wetland due east was also affected by landfill

activities. HMM (1990) observed it had been reduced to a remnant of what it was when the

GCA (1986) wetlands assessment was written in 1986.

The three wetland areas already discussed in this'section are present on the NWI map.

HMM (1990) also describes a wetland area between Dunstable Road and Dunstable Brook

upstream of the unnamed stream that empties into Dunstable Brook near the west pump

station. According to HMM, the wetland receives input from Dunstable Brook only during

storm events. The area had sediment on the vegetation and natural soils, ruts from heavy

equipment, and excavated channels that ran toward the channelized stream. Purple

loosestrife, an indicator of disturbance, was a component of the plant community.

#13111 2-20



The Wetlands Assessment - Charles George Landfill Site, Tyngsborough, Massachusetts

(GCA, 1986) provided additional information regarding the wetland areas in close proximity

to the site. The NWI map depicts two palustrine, unconsolidated bottom wetlands which

were excavated. According to the GCA report, these areas represent the east and southwest

detention basins for the landfill. GCA (1986) described two small wetland areas that are not

illustrated on the NWI map or discussed as extant in the HMM (1990) report. One of the

wetlands is located on the southern edge of the landfill approximately 1000 feet west of

Route 3. The second wetland is located on the northern side of the landfill and is likely the

same wetland that was destroyed during the installation of the landfill leachate collection

system (HMM, 1990).

Dunstable Brook - While not officially named on the topographic map (USGS, 1987),

Dunstable Brook is depicted as a perennial stream that originates west of the site

(Figure 2-2). It flows east toward the site and is fed by a short tributary before reaching the

intersection of Blodgett/Cummirigs Road and Dunstable Road. In the vicinity of the site,

Dunstable Brook flows south, parallel to Dunstable Road. The brook flows on the western

side of Dunstable Road and, at its closest point, is located within 650 feet of the southwest

corner of the landfill. Dunstable Brook then flows south toward Red Gate Road, passes

under it, and then turns east toward its confluence with Bridge Meadow Brook. According

to the topographic map, Dunstable Brook is bordered on its western bank by "swamp" before

flowing through two small perennial open water bodies associated with the gravel pit north of

Red Gate Road. From Red Gate Road, Dunstable Brook continues eastward through a

residential area and into Bridge Meadow Brook.

With the exception of two stretches of approximately 200 feet each, the NWI map shows

Dunstable Brook continually bordered by palustrine forested broad-leaved deciduous wetland

(PFO1E) and/or palustrine emergent persistent wetland (PEM1E) from 2000 feet west of the

site to its confluence with Bridge Meadow Brook (Figure 2-3). The stretches not bordered

by wetland are identified due west of the site and 200 feet north of the larger of the two open

water bodies illustrated by USGS north of Red Gate Road. In approximately the same
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location as the water resources associated with the gravel pit on the USGS map, NWI

identifies two areas of excavated palustrine wetland with unconsolidated bottoms (PUBHx).

NWI depicts an area of upland north of the intersection of Red Gate Road and immediately

west of the wetland areas adjacent to Dunstable Brook (Figure 2-3). The upland area is

approximately 40 acres in size and is encircled by a "C" shaped chain of wetlands. The

wetlands surrounding the upland area are defined as palustrine emergent and/or palustrine

forested (PFO/EM1E, PFO1/4E, PFO4/1C, PFO1E). The northern section of the wetland

chain is located in approximately the same place as the marsh/swamp depicted west of

Dunstable Brook on the USGS map.

According to the Middlesex County Soil Survey (USDA/SCS, 1989), the land over which

Dunstable Brook flows is classified into three different soil series, Swansea muck, Scarboro

loamy sand, and Saco mucky silt loam (Figure 2-4). All three soil series are considered

hydric (NTCHS, 1990). The land areas associated with the "C" shaped wetlands chain west

of Dunstable Brook are classified as Swansea muck, Wareham loamy sand, Whitman loam,

and Scarboro loamy sand. Wareham and Whitman are both considered hydric soil phases

(NTCHS, 1990). The soils map also indicated a wet spot on a non-hydric soil series,

Hinckley loamy sand, west of Dunstable Brook and within the "C" shaped wetlands chain

(Figure 2-4).

The soils map (USDA/SCS, 1989) also illustrates three intermittent streams entering

Dunstable Brook that are unmapped on the USGS and NWI maps (Figure 2-4). One stream

flows through the northern section of the "C" shaped chain of wetlands and enters Dunstable

Brook near the gravel pit shown on the topographic map. A second intermittent stream flows

through the southern section of the "C" shaped chain of wetlands and enters Dunstable Brook

in the general area where Dunstable Brook and Red Gate Road intersect. A third intermittent

stream is shown entering Dunstable Brook approximately 1800 feet west of the confluence of

Dunstable Brook and Bridge Meadow Brook.
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The FEMA Flood Insurance Rate Map (FEMA, 1982) depicts the 100-year Dunstable Brook

floodplain as a band, approximately 200 feet wide, tracking the stream's course (Figure 2-5).

The only section of Dunstable Brook excluded from the 100-year floodplain begins

approximately 330 feet downstream of Red Gate Road and extends roughly 200 feet south.

Two of the three intermittent streams shown on the soils map (the two that flow through the

"C" shaped wetlands chain) are also depicted on the floodplain map. Sections of both are

delineated as part of the 100-year floodplain as well as a large percentage of the "C" shaped

wetland chain.

The Wetlands Damages Assessment (HMM, 1990) indicated that the Dunstable Brook

wetlands system received leachate, and eroded soil, silt and gravel from the site. These

materials reached the brook from overland runoff and also through an unnamed stream that

connects the site to Dunstable Brook at the west leachate pump station. In November of

1990, when HMM investigated the site wetlands, the unnamed stream had been disturbed by

erosion and sedimentation. It contained dark orange, turbid water. HMM reported the

characteristics of Dunstable Brook changed markedly after the unnamed stream discharged

into the brook. Erosion and siltation were evident in the Dunstable Brook and its floodplain

(up to 50 feet from the brook). Dunstable Brook also contained highly colored, turbid water.

HMM (1990) found no pronounced changes in plant species composition or density in the

wetland areas that were examined along Dunstable Brook. However, there was evidence of

vegetative stress in the forms of lost canopy, dead branches, and dead trees. While thriving

in the upland areas, a significant number of mature white pine (Pinus strobus) and red maple

were observed to be damaged in the Dunstable Brook wetlands. Roots were covered by

sediment.

According to HMM (1990), a second landfill outlet discharges into Dunstable Brook south of

the unnamed stream. Siltation and highly colored water were observed in the brook and

bordering wetlands from the discharge point of the unnamed stream south to the gravel pit

area. During the HMM site visit in November, 1990, songbirds were prevalent, but no
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waterfowl were observed. HMM listed purple loosestrife as part of the vegetative

community in the Dunstable Brook wetland system.

Bridge Meadow Brook - Bridge Meadow Brook is a perennial stream that begins near

Scribner Hill and flows northeast, passing under State Route 3 (F.E. Everett Turnpike),

through the Cannongate Condominium Complex, and into Flint Pond (Figure 2-2). In the

vicinity of Dunstable Road, the topographic map depicts Bridge Meadow Brook bordered on

both banks by "swamp" and then further downstream by "marsh". Before passing under

Route 3, Bridge Meadow Brook flows through three separate perennial open water bodies,

one of which contains an island.

According to NWI, Bridge Meadow Brook is bordered on both banks near Dunstable Road

by palustrine forested broad-leaved deciduous wetland (PFO1E) (Figure 2-3). Approximately

400 feet upstream of the confluence of Dunstable Brook and Bridge Meadow Brook, the

wetland type bordering Bridge Meadow Brook changes to palustrine emergent persistent

(PEM1E). From the confluence of the two brooks to and including the approximate location

of the first of three open water bodies depicted on the topographic map, Bridge Meadow

Brook is bordered by diked or impounded palustrine wetland with an unconsolidated bottom

(PUBHh). The second open water body contains an island and is also defined as palustrine

with unconsolidated bottom (PUBHx). The first and third open water bodies Bridge Meadow

Brook passes through before flowing under Route 3 are not illustrated on the NWI map.

From the second water body to Route 3, the NWI map identifies palustrine scrub/shrub

broad-leaved deciduous -emergent persistent wetlands (PSS/EM1E). After crossing under

Route 3, Bridge Meadow Brook flows through Flint Pond Marsh and into Flint Pond. The

USGS topographic map shows Bridge Meadow Brook flowing into Flint Pond only.

According to the Middlesex County Soil Survey, Bridge Meadow Brook flows through and is

bordered by Freetown muck, Saco mucky silt loam, Scarboro loamy sand, and the Swansea

muck soil series before crossing under Route 3 (Figure 2-4). All four soil series are

considered hydric (NTCHS, 1990). The soil series associated with the first of three open
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water bodies that USGS illustrates Bridge Meadow Brook flowing through is define as

ponded Freetown muck (NTCHS, 1990). The second open water body is defined as "water"

and the third is undefined specifically but is located in an area consisting of Freetown muck.

Within the project area, FEMA identifies the entire length of Bridge Meadow Brook as a part

of the 100-year floodplain (Figure 2-5). The floodplain area associated with Bridge Meadow

Brook is depicted as a band, approximately 280 feet wide, which tracks the course of the

brook.

According to the Wetlands Damage Assessment by HMM (1990), the Bridge Meadow Brook

wetlands system is densely vegetated with speckled alder (Alnus rugosa), black willow (Salix

nigrd), viburnum (Viburnum spp.) and red maple. The report also listed purple loosestrife as

a member of the Bridge Meadow Brook plant community.

Flint Pond Marsh - Flint Pond Marsh is situated in a "V" between Route 3 and the western

edge of Flint Pond (Figure 2-2). According to the USGS topographical map, it consists of

two unnamed perennial water bodies and an area denoted as "swamp" that borders the

western edge of the northernmost pond. An unnamed stream is depicted entering Flint Pond

Marsh from the north.

At the southern end of the " V", the NWI map illustrates Bridge Meadow Brook crossing

through a palustrine emergent persistent wetland (PEM1E) that parallels Route 3 and extends

approximately 1500 feet north (Figure 2-3). Contrary to the USGS topographic map, the

NWI map documents Bridge Meadow Brook as a tributary of Flint Pond Marsh. Another

discrepancy between the USGS and NWI maps is evident in this area. According to NWI,

the southern one-half of the southern perennial water body depicted by USGS is not

independent of Flint Pond, but rather an oblong extension of Flint Pond defined as lacustrine,

limnetic with an unconsolidated bottom (LIUBHh). The northern half of the USGS-defined

southern open water body is divided by NWI into three areas, two of which are physically

separate from Flint Pond. From south to north, these wetland areas are classified as
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palustrine emergent persistent (PEM1E), palustrine with an unconsolidated bottom (PUBH),

and palustrine scrub/shrub broad-leaved deciduous (PSS1E). The northern open water body

depicted by USGS is also divided into two classes by NWI. Again, from south to north,

these wetland areas are defined as palustrine with an unconsolidated bottom (PUBHx) and

palustrine forested broad-leaved deciduous (PFO1E). The area identified as swamp on the

topographic map is depicted on the NWI map as palustrine forested broad-leaved deciduous -

needle-leaved evergreen wetland (PFO1/4E) in approximately the same location. To the

north of these wetlands, NWI illustrates areas of palustrine emergent (PEM1E) and palustrine

forested broad-leaved deciduous wetland (PFO1E). The unnamed stream that flows into Flint

Pond Marsh from the north flows through both of these wetland areas.

The Middlesex County Soil Survey defines the soil series associated with the Flint Pond

Marsh wetlands as Freetown muck, ponded Freetown muck, and Scarboro loamy sand

(Figure 2-4). All are considered hydric (NTCHS, 1990). The two areas of ponded

Freetown muck are in approximately the same locations as the northern perennial open water

body depicted by USGS and the palustrine emergent wetland illustrated on the NWI map at

the southern end of Flint Pond Marsh.

Flint Pond Marsh is within the 100-year floodplain area illustrated by the FEMA flood rate

insurance maps (Figure 2-5). The floodplain extends from where the unnamed stream enters

Flint Pond Marsh from the north, south to Bridge Meadow Brook. The floodplain is

bounded by Route 3 to the west. Flint Pond Marsh contacts the 100-year floodplain of Flint

Pond only where Bridge Meadow Brook empties into Flint Pond.

In addition to the sources already discussed, the Wetland Damages Assessment (HMM, 1990)

indicated that Flint Pond Marsh is fed by a channel at its northwestern corner, Route 3

drainage, and groundwater flow from the landfill. Via some of these sources, leachate

contaminated with hazardous substances discharged into Flint Pond Marsh. During the

November, 1990 site visit, HMM (1990) observed a groundwater outbreak in Flint Pond

Marsh. The contaminated outbreak was a high orange color and extended approximately 100
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feet along the Route 3 right-of-way. HMM also reported dark orange water and staining on

the headwall and vegetation at the Route 3 culvert. Cattail (Typha spp.) was reported by

HMM (1990) as the dominant species in the marsh. Purple loosestrife was also observed.

Flint Pond - Flint Pond is located east of the site between Route 3 and the Merrimack River

(Figure 2-2). According to the USGS topographic map, it is fed by Bridge Meadow Brook

and an unnamed stream which flows into Flint Pond at its most northern point. Although the

USGS map indicates a small land gap between Flint Pond and Kendall Road, Flint Pond

discharges into the Merrimack River. From the eastern edge of Flint Pond, water flows to

the northeast through an unnamed perennial water body, into a channel that passes under

Kendall Road and Middlesex Road, through another unnamed perennial open water body,

and into the final discharge channel. No other wetland resources associated with Flint Pond

are depicted on the USGS topographic map.

In the same location as Flint Pond on the topographic map, the NWI map identifies an area

of lacustrine, limnetic wetland with an unconsolidated bottom (LIUBHh) covering

approximately 61 acres (Figure 2-3). A small upland island is depicted in the southwestern

section of Flint Pond. In addition, approximately one acre of palustrine forested broad-

leaved deciduous wetland (PFO1E) is depicted on the eastern edge of Flint Pond 800 feet due

west of Middlesex Road. In addition, the NWI map illustrates an area of palustrine

scrub/shrub wetland approximately one acre in size on the northern side of Flint Pond. At

the location where the unnamed stream enters Flint Pond from the north, the NWI map

indicates an area of palustrine emergent persistent wetland (PEM1E). Contrary to the USGS

topographic map, NWI depicts Flint Pond extending all the way to Kendall Road; no land

gap is denoted between Flint Pond and Kendall Road. The NWI map defines the channel

through which the waters of Flint Pond flow toward the Merrimack River as excavated lower

perennial riverine with an unconsolidated bottom (R2UBHx). This habitat type widens along

its course for approximately 400 feet, in the same location as the unnamed water body

nearest the Merrimack River on the USGS map, and then narrows again near the river.
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The Middlesex County Soil Survey illustrates areas of ponded Freetown muck in the sarne

location NWI depicts palustrine emergent wetland on the northern and southwestern shores of

Flint Pond (Figure 2-4). The acre of palustrine forested wetland adjacent to the eastern side

of "lint Pond is classified as Wareham loamy sand. The Wareham and Freetown soil phases

are both considered hydric (NTCHS, 1990). Finally, a wet area is shown on the soils map

in the same location as the palustrine scrub/shrub wetland on the NWI map. The wet area is

located on the non-hydric soil series, Hinckley loamy sand (NTCHS, 1990). The soils map

also indicates a perennial discharge into Flint Pond from both Bridge Meadow Brook and the

stream that enters Flint Pond Marsh from the north and flows south to Flint Pond.

The FEMA flood insurance rate map depicts Flint Pond within the 100-year floodplain

(Figure 2-5). The floodplain extends onshore along the entire perimeter of the pond. The

distance the floodplain extends onshore varies from 30 to 500 feet.

In addition to the sources already discussed, the Wetland Damages Assessment (HMM, 1990)

listed Route 3 and other local roadway drainage areas as inputs to Flint Pond.

Correspondence with State and Federal Agencies. M&E contacted both federal and state

agencies to obtain information on the presence of state- or federally-listed, rare, threatened,

and endangered floral and faunal species in the vicinity of the site. On 12 October, 1993,

M&E received correspondence from the Massachusetts Natural Heritage and Endangered

Species Program (MANHESP), Massachusetts Division of Fish and Wildlife (MANHESP,

1993; see Appendix D). MANHESP was "not aware of any rare or endangered plants or

animals or exemplary natural communities in the vicinity of (the site)." M&E received a

similar response dated 20 November, 1993 from the U.S. Fish and Wildlife Service

(USFWS, 1993; see Appendix D). The conclusions of the U.S. Fish and Wildlife were that,

"no federally listed or proposed threatened and endangered species under the jurisdiction of

the U.S. Fish and Wildlife Service are known to occur in the project area, with the exception

of occasional transient endangered bald eagles (Haliaeetus leucocephalas) or peregrine

falcons (Falcoperegrinus anaturri)."
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HMM (1990) and GCA (1986) also requested information from MANHESP and the USFWS

on the esence of rare, threatened and endangered species on the CGRL and surrounding

lands, fhe response from those inquiries was identical to the responses M&E received.

Review of Previous Documents. The Wetland Damages Assessment-Charles George Landfill

report (HMM, 1990) documented extensive damage to the wetlands adjacent to and

downgradient from the site. Damages were attributed to the release of toxic and hazardous

waste and also to landfill operations and remediation activities. In the Review of Resource

Mapping section of this document, results of the HMM report are summarized for each

wetland area and compared to the descriptions generated from the current available mapping

resources.

HMM (1990) indicated that wetland areas adjacent to the landfill have been lost to

remediation support activities. In addition, the wetland to the southwest of the landfill has

been "substantially altered" by sedimentation from landfill operations and remedial activities

to the point where a "dramatic" reduction in plant species diversity has occurred and ah'en

species have outcompeted the natural flora. In addition, vegetative stress and poor water

quality was evident along stretches of Dunstable Brook. The report goes on to state that, "

Runoff, leachate, and contaminated groundwater discharges to the surface waters and wetland

systems have distributed sediment, contaminated sediments and/or dissolved and suspended

toxic or hazardous materials over a substantial area, approximately 190 acres" (HMM,

1990).

HMM (1990) documented contamination of all five wetland systems with a wide range of

chemicals and compounds including organic polynuclear aromatic hydrocarbons (PAHS) and

poly chlorinated biphenyls (PCBs), and inorganics such as arsenic, cadmium, lead, vanadium,

silver, mercury, iron, and zinc. The report also indicated that areas receiving more direct

exposure to landfill water flow, including Dunstable Brook, Flint Pond Marsh and the

Landfill-Adjacent Wetlands, exhibit higher concentrations of contaminants. The conclusions

of the Wetlands Assessment - Charles George Landfill Site - Tyngsborough, Massachusetts
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(GCA, 1986) were similar. As of 1986, GCA documented that the surface water, ground

water, and sediments of Flint Pond Marsh, the landfill-adjacent wetlands, and Dunstable

Brook all had accumulated detectable levels of contaminants associated with the waste

disposed at the CGRL (GCA, 1986).

2.1.4 On-Site Wetlands Characterization

The on-site wetland characterization was conducted on 20-22 October 1993 and included an

investigation of the Landfill-Adjacent Wetlands, wetlands adjacent to Dunstable Brook and

Bridge Meadow Brook, the Flint Pond Marsh, and Flint Pond. The field survey confirmed

the approximate boundaries of the wetland areas described on published resource mapping

and in the previous site documents, and a field map of their approximate locations was

produced. The boundaries of the wetland areas were determined according to the three

parameter method of the Corps of Engineers Wetland Delineation Manual (USACOE, 1987).

The three wetland parameters described in the 1987 USACOE Manual (dominant vegetation,

soil characteristics and hydrology) were examined and documented in representative plots

within each wetland habitat and in an adjacent upland area. Each wetland habitat was

described and classified according to the USFWS classification system described in

Classification of Wetlands and Deepwater Habitats of the United States (Cowardin et al.,

1979). The concurrent documentation of adjacent upland habitats was utilized for the field

habitat characterization of the natural resources survey (Section 2.1.5).

In addition to the determination of wetland boundaries and documentation of soil

characteristics, hydrology and dominant vegetation, any observed indicators of adverse

impacts to the habitats downgradient of the landfill were recorded. Indicators such as

damaged/stressed plant communities, disturbed soils, sedimentation or altered hydrology

were investigated and documented.

The on-site wetland investigation confirmed the approximate locations of the wetlands

documented in the off-site review of resource mapping (Section 2.1.3). The vegetation, soils
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and hydrology were examined in 19 representative plots within the wetlands, and in

corresponding plots in adjacent upland areas. The observations were recorded on the Three

Parameter Wetland Delineation Summary Sheets included in Appendix E.

Landfill-Adjacent Wetlands - The on-site wetlands investigation revealed the presence of six

discrete wetland habitats within close proximity to the site (between Dunstable Road and

Route 3). Three of the wetlands identified south of the landfill correspond with wetlands

depicted on the NWI map (Figure 2-3). The wetlands classified during the on-site

investigation do not include the two detention basins identified as excavated palustrine

wetlands with unconsolidated bottom on the NWI map (Figure 2-3).

The on-site investigation confirmed the presence and location of five of the six wetlands

identified on Figure 2-3 of the GCA (1986) study (see Figure C-l; Appendix C of this

report), and identified one additional wetland north of the site. Because of the

correspondence between the results of the on-site investigation and the previous study, the

numbering/identification scheme from the earlier study was retained (see Figure 2-6). The

presence of Wetland 1, depicted in the earlier study adjacent to the landfill to the north,

could not be confirmed from outside the landfill perimeter fence (approximately 200 feet

north); however, it appeared that this wetland, if still present, had been significantly altered

and disrupted by landfill capping and remediation activities.

A small wetland area was identified north of the landfill, approximately 15 feet north of the

perimeter fence and approximately 500 feet east of Blodgett Road (Wetland 1A on

Figure 2-6). The palustrine emergent wetland (PEM1) is dominated by tussock sedge (Carex

stricta) and marsh fern (Thelypteris thefypteroides). Wetland 1A is oblong and encompasses

approximately 30 feet x 85 feet, filling a topographic depression surrounded by deciduous

forested upland.

The remaining five wetlands identified adjacent to the site were located south of the landfill

and the perimeter fence, approximately in the locations depicted on Figure 2-3 of the GCA
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(1986) study (see Appendix C, Figure C-l). Wetland G was a palustrine emergent wetland

(PEM1) located in a roughly triangular depression (approximately 40 feet x 75 feet) adjacent

to the landfill perimeter fence, where the edge of the landfill makes a right angle turn

(Figure 2-6). The vegetation community was dominated by the invasive purple loosestrife

and the canopy of mature white pine consists exclusively of standing dead individuals. The

physical evidence suggests that either the wetland plant community at this location has been

directly and indirectly impacted by landfill activities, or that the wetland was itself formed by

the artificial contours and surface water runoff generated by the landfill.

Southwest of Wetland G was the larger Wetland F, consisting of an oblong area of palustrine

emergent and scrub/shrub vegetation (PEM/SS1) with a narrow band of palustrine forested

wetland (PFO1) extending to the south (Figure 2-6). The vegetative community was

dominated by tussock sedge, surrounded by a dense border of highbush blueberry (Vaccinium

corymboswri), with red maple dominant to the south. Signs indicated the presence of a

seasonal channel that drains the emergent/scrub-shrub wetland and flows south through the

narrow forested wetland. The location of this wetland corresponded with the area identified

as PUBH on the NWI map. No overt signs of adverse impacts to this wetland habitat were

observed.

Wetland 2 was located approximately 500 feet west of Wetland F, with the landfill perimeter

fence and its rip-rap slope forming the northern border. The center of the wetland consists

of open water, corresponding to the larger area of excavated palustrine wetland with

unconsolidated shoreline (PUSCx) on the NWI map (Figure 2-3). Wetland 2 was also

dominated by standing dead white pine trees (PFO5), with standing water covering their

roots and lower trunks. Viable saplings of white pine and grey birch (Betula populifolia) are

present along the edges of the wetland, outside the open water area; the open water is also

bordered by emergent vegetation dominated by broad-leaved cattail (Typha lanfolia). HMM

(1990) reported that the wetland had been significantly reduced in areal extent between 1986

and 1990. Because Wetland 2 ends abruptly at the perimeter fence approximately 30 to 50

feet south of the landfill across the access road, it is possible that this wetland previously

extended farther north. The standing dead trees provide evidence that the wetland plant
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community has undergone significant change, possibly due to alterations in hydrology, but

the origin of the changes could not be determined by the on-site investigation.

Wetland 3 is also located adjacent to the landfill perimeter fence, south of the southwest

detention basin and west of Wetland 2 (Figure 2-6). Wetland 3 is a palustrine forested

wetland (PFO1) dominated by white pine and deciduous saplings, with the emergent story

dominated by purple loosestrife. An orange (rust-colored) residue was visible on the surface

and in the top 4 inches of the saturated soils throughout Wetland 3. Figure 2-3 of the GCA

(1986) wetlands assessment (see Appendix C, Figure C-l) depicted Wetland 3 extending

northeast to southwest. The on-site investigation revealed the presence of only the

southwestern portion of the wetland, covering only a fraction of the areal extent indicated by

the previous study (GCA, 1986). Whether the rest of Wetland 3 was directly filled in order

to construct or widen the landfill access road, or it no longer functions as a wetland due to

indirect alterations to site hydrology, could not be determined during the on-site

investigation.

Wetland 4 is located south of the perimeter fence, east of Dunstable Road, and west of

Wetland 3 (Figure 2-6). The location and extent of Wetland 4 roughly corresponds with the

palustrine forested/emergent persistent wetland depicted on the NWI map (Figure 2-3).

Wetland 4 is a palustrine emergent wetland (PEM1), and the vegetative community is

dominated by the invasive species purple loosestrife. A significant number of standing dead

red maple trees are present throughout the wetland. At the time of the on-site investigation,

the 18-inch outlet pipe was discharging water to the northern edge of the wetland. Neither

soil discoloration nor recent sedimentation were detected. The on-site investigation revealed

that the vegetative community of Wetland 4 has undergone recent and/or ongoing

degradation.

Dunstable Brook - The on-site wetlands investigation included a site walkover, examination

and documentation of the Dunstable Brook wetlands system from the area west of the site
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and west of Dunstable Road, to the point at which Dunstable Brook flows into Bridge

Meadow Brook.

Due west of site, Dunstable Brook is bordered by palustrine forested wetlands on both sides

in a band approximately 150 feet wide. These floodplain wetlands constitute a palustrine

deciduous/coniferous forested community (PFO1/4), dominated by red maple, white pine,

and white oak (Quercus alba). Dunstable Brook flows south and is fed by two small

channels that flow from the site, under Dunstable Road and into the brook. The first

appears to drain stormwater runoff from the landfill into this forested wetland community.

The bottom sediments in the small channel and in the brook just downstream of the channel

showed an orange discoloration, and an oil sheen was visible on the water surface. No

evidence of sediment deposition was observed in the forested wetland, but the recently

deposited leaf cover from the deciduous trees might have masked deposited sediments. No

change in species composition or vegetation density was observed downstream of the landfill

runoff channels.

South of the forested wetland and southwest of the site, Dunstable Brook flows through a wet

meadow (Figure 2-6). This palustrine emergent wetland (PEM1) is dominated by lowbush

blueberry (Vacciniwn augustifolium), purple loosestrife, Virginia rye grass (Elymus

virginicus) and other grass species. The emergent wetland and brook are bordered on the

east by an actively grazed cow pasture, and it appeared that the emergent vegetation in the

wet meadow is subject to grazing. The second channel flows from Wetland 4 under

Dunstable Road, through a grassed swale across the pasture, and into the emergent wetland

area. At the time of the on-site investigation, stormwater runoff was flowing swiftly through

the grassed swale 10 feet wide and approximately 8 inches deep. With the exception of the

significant stormwater runoff through the second channel, no discoloration, sedimentation, or

other evidence of adverse impacts from the site were detected in the emergent wetland area.

Within the emergent wetland area, approximately 350 feet south of the forested wetland.

Dunstable Brook flows into a small (35 feet x 30 feet) open water area. This small pond
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appears to have been created in conjunction with agricultural activities. A narrow band of

emergent vegetation borders the pond, and Dunstable Brook flows out of the pond and

continues south.

The pond is bordered to the west by a mixed deciduous/coniferous upland forest

approximately 250 feet wide (east-west). Additional pastures are located west of the forested

area. Northeast of the pond, north of the upland forest, is a palustrine scrub/shrub wetland

dominated by speckled alder (Alnus rugosa) and switchgrass (Panicum virgatum), which

drains into the pond. A small, possibly intermittent stream flows into the scrub/shrub

wetland at its southwestern corner. The stream flows north through a narrow (30 to 40 feet

wide) palustrine forested wetland (PFO1) dominated by red maple with white pine and

American elm (Ulmus americana). The forested wetland and the stream are sandwiched

between two actively grazed pastures, and the stream's headwaters are located in close

proximity to Dunstable Brook approximately 400 feet south of the pond and scrub/ shrub

wetland.

South of the pond, Dunstable Brook continues to flow south through a narrow band (30 feet)

of emergent vegetation, which is bordered on both sides by actively grazed pastures.

Approximately 400 feet south of the pond, the emergent wetland vegetation is dominated by

purple loosestrife and widens to approximately 50 feet as the brook bends to the west.

Dunstable Brook flows west-southwest for approximately 150 feet and then flows south again

through a forested wetland, along the western edge of the large gravel pit identified on the

topographic map.

West of the gravel pit, Dunstable Brook flows south through a deciduous forested wetland

(PFO1) significantly wider than the streambank wetlands encountered upstream (greater i:han

500 feet wide). The wetland plant community is dominated by red maple with an emergent

understory dominated by tussock sedge. The wetland is laced with numerous interconnecting

streams and tributaries, created by the accumulation of water behind a beaver dam farther

south (near Red Gate Road). Dunstable Brook flows into an open water body that ranges
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from 15 to 35 feet wide and several hundred feet long. The location and configuration of

this water body matches the open water areas depicted on the topographic map (Figure 2-2)

and the excavated palustrine .etlands with unconsolidated bottoms (PUBHx) on the NWI

map (Figure 2-3). The eastern bank of the open water, abutting the cleared gravel pit area,

is formed by an artificial berm; the forested wetland continues along the western bank.

Approximately 100 feet north of Red Gate Road, the open water narrows to approximately

12 feet wide where it is obstructed by a beaver dam. South of the beaver dam. Dunstable

Brook flows south through palustrine forested wetlands (PFO1) and through a culvert under

Red Gate Road.

West of Dunstable Brook and the palustrine emergent and open water areas, the NWI map

and HMM report (HMM, 1990) identified a "C" shaped chain of wetlands extending north

from the intersection of Red Gate Road and Dunstable Brook. The findings of the on-site

investigation indicate that a stream flows north under Red Gate Road and through these

mixed deciduous/coniferous forested wetlands (PFO1/4), but the location at which the stream

flows into Dunstable Brook could not be ascertained.

South of Red Gate Road, Dunstable Brook flows southeast through a wide, flat, forested

floodplain wetland, that is bordered on the east by residences along Dunstable Road and on

the west by a gravel pit and another residential development (Figure 2-6). The mixed

deciduous/coniferous forested wetland (PFOl/4b) is dominated by red maple and hemlock

(Tsuga canadensis). Starting several hundred feet downstream of Red Gate Road, Dunstable

Brook had widened and inundated a portion of its floodplain. This widening of the brook

was attributable to beaver activity; the remnants of a beaver dam were obstructing the brook

approximately 250 feet upstream of the culvert under Dunstable Road.

Dunstable Brook flows east through a culvert under Dunstable Road; immediately east of the

road the brook opens into a small (35 feet x 30 feet) excavated open water area. The brook

then flows northeast to its confluence with Bridge Meadow Brook, through a mixed
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deciduous/coniferous forested floodplain wetland, dominated by white pine with an

understory of red maple.

With the exception of the orange staining and high flows from the two channels immediately

west of the site, no evidence was observed of adverse impacts from the landfill to Dunstable

Brook or its associated wetlands. No discoloration of the soils, oil sheen on the water

surface, or sediment deposition was visible south of the locations identified above.

Bridge Meadow Brook - Southwest of Dunstable Road, palustrine forested and emergent

wetlands border Bridge Meadow Brook. The brook flows through an emergent marsh

dominated by purple loosestrife, and then flows through a culvert under Dunstable Road

approximately 700 feet south of the Dunstable Brook culvert. North of Dunstable Road, the

brook is bordered by palustrine forested wetlands, similar to the floodplain wetlands

associated with Dunstable Brook to the north.

A beaver dam obstructing flow several hundred feet downstream has inundated the wetlands

surrounding the confluence of Bridge Meadow Brook and Dunstable Brook. The wetlands at

the confluence are dominated by red maple and a thick shrub understory, primarily red osier

dogwood (Cornus stolonifera) and speckled alder (PSSlb), with standing water to an

unknown depth throughout much of the area. The NWI map identifies this wetland as a

diked or impounded palustrine wetland with unconsolidated bottom (PUBHh). Coniferous

forested uplands of white pine border this wetland to the north and south.

Bridge Meadow Brook then flows north into the first of two open water areas, a previously

excavated gravel pit (PUBHh) (with a campground to the east of the pond as labeled on the

topographic map). Based on the observed inundation of emergent plant communities, the

water level in the pond appeared to have risen recently due to accumulation of dead branches

and other debris at the pond outlet (possible beaver activity). The pond is bordered by a

fringe of palustrine emergent vegetation, and surrounded by mixed deciduous/coniferous

forest.
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Bridge Meadow Brook flows north from the pond through another mixed palustrine forested

wetland (PFO1/4). The narrow (approximately 150 feet wide) band of wetland vegetation

along the brook is dominated by white pine and red maple. Approximately 750 feet north of

the first pond, the brook widens into a larger open water body at the eastern edge of the

Cannongate condominium complex (Figure 2-6). The large pond is bordered to the west by

landscaped lawns, to the east by a forested area with Route 3 farther east, and to the north

and south by forested wetlands associated with Bridge Meadow Brook.

The outlet of the large pond is located at its northern end. and from there Bridge Meadow

Brook flows north for approximately 800 feet before it flows through a culvert under

Route 3. Upstream of the culvert, the brook widens to approximately 25 feet; this may

represent the small open water area depicted on the topographic map (Figure 2-2). In this

area, the brook is bordered by a broad-leaved deciduous wetland (PFO1) dominated by red

maple and white oak. with a thick emergent understory including tussock sedge and purple

loosestrife. The site is located approximately 1000 feet northwest of this wetland and the

point at which Bridge Meadow Brook flows through a culvert under Route 3.

During the on-site investigation, a small open water area (less than 20 feet in diameter) was

observed approximately 25 feet north of the culvert and adjacent to the Route 3 embankment.

The water in this small pond was discolored an opaque blue, the color of copper rust. Water

did not appear to flow into the pond from Bridge Meadow Brook. It could not be

determined whether the discoloration of the water was caused by leachate/runoff from the

landfill, or by runoff from Route 3. This opaque blue discoloration was not observed in any

other wetland or waterway downgradient of the landfill.

With the exception of the discoloration of the small pond described above, Bridge Meadow

Brook did not appear to have undergone any recent adverse impacts from the site. No other

instances of stained soils, oil sheen, sediment migration or vegetation stress/damage

attributable to the site were observed in Bridge Meadow Brook during the on-site
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investigation. The dominant vegetative species observed in the on-site investigation

correspond with those documented in the 1990 investigation (HMM, 1990).

Flint Pond Marsh - The on-site wetlands investigation included the emergent, forested and

open water areas east of Route 3 and west of Flint Pond. Bridge Meadow Brook flows

through a culvert under Route 3 and empties into a palustrine emergent wetland (PEM1) at

the southwestern comer of Flint Pond. This emergent marsh extends approximately 1000

feet north-northwest from the culvert outlet, and is bordered on the west by the Route 3

embankment, on the south, north and southeast by upland forests, on the northeast by Flint

Pond (Figure 2-6). The emergent marsh is characterized by a homogenous cover of broad-

leaved cattail and purple loosestrife, with high vegetation/standing water interspersion. No

orange soil staining or other discoloration was observed; the groundwater outbreak of orange

leachate observed in 1990 (HMM, 1990) was not present. No damage or disturbance of the

plant community was observed.

To the northeast of the emergent marsh and west of Flint Pond is a series of palustrine

forested, emergent and open water areas associated with an unnamed stream flowing north

toward Flint Pond. The southernmost of the open water areas is depicted on the topographic

map as a long narrow band that follows the bank of Flint Pond. The southern end of this

small pond is formed by a beaver dam that obstructs flow into Flint Pond. The open water

is interspersed with stands of purple loosestrife, and the water surface is covered with

duckweed (Lemna sp.). The pond is bordered on both sides by a mixed deciduous/coniferous

palustrine forest.

A second and slightly larger open water area is located upstream and north of the first small

pond. Several large embayments on the western and northern edges of the second pond are

covered with emergent vegetation (purple loosestrife) and standing dead white pine. The

unnamed stream flows into the second pond at its southern end. The water level in both

ponds may have fluctuated with periods of beaver activity, causing changes in the species and

survivability of the plant communities along the banks. The second pond is isolated from
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Flint Pond by a narrow upland strip: several small outlet channels draining into Flint Pond

have been obstructed by beaver activity. The mixed palustrine forest surrounding the second

pond is dominated by red oak (Quercus rubra), white oak and white pine. No soil or water

discoloration or other evidence of adverse impacts from the site were visible in the open

water areas west of Flint Pond.

The on-site investigation concluded downgradient at the western edge of Flint Pond. Flint

Pond is bordered by a mixed forest of white pine and red oak, with a narrow wetland bank

dominated by highbush blueberry. Deciduous leaf litter and submerged aquatic vegetation

were visible on the pond bottom. No evidence of sedimentation, leachate migration,

vegetation damage or other adverse impacts from the site were visible in Flint Pond or any

of the wetland areas east of Route 3.

2.1.5 Field Habitat Characterization and Wildlife Observations

An on-site natural resource survey was conducted at the site and downgradient to Flint Pond

on 20-22 October 1993. The field survey consisted of a site walkover during which direct

observations of faunal species and their sign were observed and recorded. At the same time,

and in conjunction with the wetland characterization (described in Section 2.1.4), habitats

were described, dominant flora recorded, and the habitats classified according to the USFWS

habitat classification system (USFWS, 1981). Any observations of disturbance, damage or

alteration to the ecological community were recorded.

Wildlife observations were collected coincident to recording habitat characteristics and

wetland properties on 20-22 October 1993. All species directly observed and whose sign

was observed were noted (Table 2-2). Species were recorded for eight general areas. Four

of the areas respectively represented the areas immediately north, east, south and west of the

landfill (Landfill-Adjacent Wetlands). The remaining four areas represented areas

downgradient of the landfill (Dunstable Brook north of Red Gate Road, Dunstable Brook

south of Red Gate Road, Bridge Meadow Brook, and Flint Pond/Flint Pond Marsh).
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Ambient temperatures ranged from 40 to 50°F and it rained during the first two days of the

survey. It was sunny on the lact day of the survey (Flint Pond area). As such, during the

majority of the survey, condit: s were less than optimum for observing most wildlife due to

diminished visibility and the obliteration of animal sign. The surveys were conducted

between 7:30 AM and 5:30 PM FJDT.

The site is surrounded to the north, east and south by a mixed deciduous and coniferous

forest community, dominated by red maple, white pine and white oak. Numerous indigenous

and migratory bird species were observed in these forested areas, along with eastern

chipmunks (Tamias striatus), gray squirrels (Sciurus carolinensis) and recurrent signs of

white-tailed deer (Odocoileus virginianus). Six wetland habitats occur as relatively small,

isolated areas within this larger forested habitat (Section 2.1.4). The landfill is bordered on

the west by Dunstable Road, with the Dunstable Brook forested wetland located farther west

and southwest. A stand of dead trees was observed east of the landfill and west of Route 3.

The cause of death was unknown. One dead deer mouse (Peromyscus maniculatus) was

discovered west of the landfill, but the cause of death could not be ascertained. No other

evidence of direct or indirect adverse impacts was visible in the upland communities adjacent

to the landfill. The remainder of the ecological communities investigated downgradient of

the site (Dunstable Brook, Bridge Meadow Brook, Flint Pond Marsh and Flint Pond) are

described in the characterization of wetland habitats (Section 2.1.4).

2.1.6 Fish Tissue Sampling

Fish were collected for tissue analyses on 4 October, 1993 from three locations (Flint Pond,

Between Dams, and Locust Pond; Figure 2-7). The Flint Pond and Between Dams locations

were both considered potentially impacted by the site; Locust Pond served as the reference

site. Both whole fish and fillet/offal samples were analyzed for metals in two fish species,

yellow perch (Perca flavescens) and largemouth bass (Micropterus sabnoides). Sample sizes

were as follows:
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LOCUST POND
(REFERENCE)

\
SOURCE: USGS Topographic Map

Lowell Quadrangle. 1987.

SCALE IN FEET

FIGURE 2-7. SAMPLING LOCATIONS FOR FISH TISSUE SAMPLES.
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Yellow Perch

Largemouth Bass

Flint Pond
Between Dams
Locust Pond

Flint Pond
Between Dams
Locust Pond

let

5
5
5

5
0
5

Offal

5
5
5

5
0
5

Whole

5
5
5

10
5
5

Total
Fish

10
10
10

15
5

10

Fish collection was conducted by U.S. Fish and Wildlife Service and U.S. Environmental

Protection Agency biologists using electroshocking and gill netting techniques. Once

individual fish were selected for analysis, total length (nearest 0.1 cm) and total weight

(nearest 0.1 gram) were measured and the fish were examined for gross external

abnormalities. For fish which were filleted, fillet and offal weights were also measured, sex

was determined, and a brief internal examination was conducted to check for tumors and

other gross abnormalities. Table 2-3 summarizes weight and length measurements for the

fish collected as part of this sampling effort.

All filleting was conducted in the field using stainless steel filleting knives. Only fish flesh

was included in fillet samples; skin was removed from fillets and included in the offal

sample. A fresh pair of disposable nitrile gloves was used for each sample processed and all

equipment (fillet knife, cutting board, forceps, pliers, etc) were decontaminated after each

sample as follows: soapy water wash, tap water rinse, nitric acid (5%) rinse, DIUF-grade

water rinse. Equipment blanks were taken after fish from each location were processed, for

a total of three equipment blanks.

All fish samples were frozen in the field using dry ice following processing and packaging

and were shipped overnight to the analytical laboratory. Fish samples were analyzed for 15

metals (arsenic, aluminum, barium, beryllium, cobalt, cadmium, chromium, copper, silver,

lead, mercury, zinc, selenium, vanadium, and nickel) using Special Analytical Services

(SAS) procedure EECOFish-01. Percent lipid and percent solids were also determined.
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Equipment blanks were analyzed using Routine Analytical Services procedures for 23 TAL

metals.

2.2 Analytical Results Summary

Sediment and fish tissue samples were collected and analyzed during the fall of 1993 as part

of this five year review of the site. The purpose of the samples is to evaluate changes in

concentration over time. This evaluation is incorporated into the review of remedial actions

completed to date at the site to insure they remain protective of human health and the

environment. The following sections present the analytical data with short discussions of the

data validation, data trends and data distributions. Comparison of the data to historical

levels, regulatory limits, ROD established levels, and other ARAR's is included in Section

3.0 Evaluation of Data (to be included in the Draft Five Year Review Report).

2.2.1 Sediment Results Summary

Nineteen locations were sampled and analyzed for several parameters. The breakdown of

locations and number of samples is:

• Three locations in Dunstable Brook, including the site background location

• Five locations in Flint Pond Marsh

• Seven locations in Flint Pond

• Three locations downstream of the Flint Pond dam

• One control sample location at Saw Mill Pond in Concord, Massachusetts

The samples were analyzed for: volatile organics, semi-volatile organics, metals, polycyclic

aromatic hydrocarbons, antimony and cadmium (low detection limit), and grain size. Each

sample was also analyzed for either total organic carbon (TOC) or total combustible organics
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(TCO) depending on its organic content. Visual inspection in the field during sampling was

used to determine the appropriate organic content analysis. Low organic content sediments

(sand) were analyzed for TOC and high organic content sediments (black pond mud) were

analyzed for TCO.

Polycyclic aromatic hydrocarbons (PAHs) were analyzed because of their historic presence at

the site and to reassess their contribution to site risk. Some risk factors (e.g.. reference

dose) have recently been updated for PAH's. Therefore, the risk associated with PAH's has

changed since its calculation during the RI/FS stage. Evaluation of the change to the site

risk is an element of the five year review. Semi-volatile organics analysis also produces

results for PAH compounds. However, semi-volatile organics were analyzed by a Regular

Analytical Services (RAS) method. Changes in the preparation of the sample due to matrix

intereferences or sample material characteristics is not possible under the CLP program.

Analyzing each sample for both PAH's and semi-volatile organics. although redundant,

introduced flexibility to the analytical program and resulted in usable data.

A similar reasoning was used to introduce flexibility to the analytical program for metals in

sediment. Antimony and cadmium have low ecological criteria limits in sediment. In order

to achieve detection at the ecological criteria limits, sediment samples were analyzed for

metals by a RAS method and a separate method which targets a lower detection limit.

Unfortunately, the initial antimony data was rejected during data validation due to problems

during sample digestion. However, adjustments to the digestion method have been agreed

upon by M&E. EPA, and the laboratory. Sediment samples have been reanalyzed for

antimony and the results are included in the tables.

Toxicity testing was performed on samples collected at seven locations. These locations

were specified by EPA and assigned consecutive sample numbers (CGSED-1 through

CGSED-7). However, their locations are spread throughout the sampling area. See

Figure 2-1 and Section 2.1.2 for further details of each sampling location and analytical

parameters.
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Comparison of the data to background levels, reference location levels, regulatory limits, etc.

is included in Section 3.1.1.

2.2.1.1 Volatile Organics. Volatile organic results are in Table 2-4. During data

validation, samples CGSED-4, 5 6, 10, 11 and 13 had their non-detect results rejected due to

high (greater than 70 percent) moisture contents. Detected results were retained but qualified

as estimates. Sample CGSED-12 had all results rejected due to extremely high (greater than

90 percent) percent moisture values.

2.2.1.2 Semi-Volatile Organic. Semi-volatile organic results are in Table 2-5. Except for

Bis(2-ethylhexyl)phthalate, the semi-volatile organics detected are also polycyclic aromatic

hydrocarbons (PAHs). Three causes for rejection of semi-volatile organic data were

identified during data validation. Similar to volatile organic results, some non-detected

results were rejected due to elevated (above 70 percent) moisture contents. This occurred in

sediments CGSED-5, 6, 11, 12, and 13. Two samples, CGSED-4 and CGSED-9 had values

rejected because surrogate recoveries were outside the control limits. Five samples,

CGSED-1, 8, 10, 18, and 21 had values rejected because their extraction dates exceeded the

allowable holding time (7 days) by five to nine days.

2.2.1.3 Polycyclic Aromatic Hydrocarbons (PAHs). PAH results are in Table 2-6. The

PAH analysis consistently achieved a lower detection limit than the semi-volatile organic

analysis. No results were rejected during data validation. Therefore, this data set exhibits a

more accurate representation of site conditions for the PAH compounds.

2.2.1.4 Metals. Metals in sediment results are in Table 2-7. The results indicate that at the

detection limits reported, cadmium and antimony did not have any detections. However, in

some cases, the detection limit was above the limit required for comparison to regulatory

limits. These two compounds were analyzed separately with low detection limits targeted.
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See Section 2.2.1.5. CGSED-4. 5, 6, 10. 11, and 13 each had the non-detected results

rejected due to high moisture content. CGSED-12 had all results rejected due to its

extremely high moisture content.

2.2.1.5 Antimony and Cadmium. Because of low ecological criteria levels, antimony and

cadmium were analyzed separately and low detection limits were targeted. The initial

antimony data was rejected during data validation due to a problem during sample digestion.

Reanalysis of the samples has been performed. Results are in Table 2-8.

2.2.1.6 Organic Content and Grain Size

Two methods were used to determine the organic content of the samples. The accuracy of

total organic carbon (TOC) analysis is questionable at high organic contents. Therefore, the

total combustible organics (TCO) method was performed on high organic content sediments.

Based on visual inspection of each sample, either TOC for low organic (sandy) sediments; or

TCO for high organic (peat) sediments was chosen in the field. TOC results are in Table 2-9

and TCO results are in Table 2-10. Each sample, regardless of its sediment type, was

analyzed for grain size distribution. The grain size results are in Table 2-11.

2.2.1.7 Toxicity Testing

Sediment samples were collected for toxiciry testing from seven locations in the wetlands and

open water areas near the site on 8 October, 1993 (Figure 2-1). Sediment toxicity testing by

the Environmental Services Assistance Team (ESAT) was initiated on 12 October, 1993.

The effect of sediment exposures on survival and growth were measured on two benthic

invertebrates, Hyallela azteca (H. azteca) and Chironomus tentas (C. tentas). At the

laboratory, sediments were homogenized and cleaned using a standard #10 sieve.

Subsequently, 50 ml of sediment and approximately 200 ml of water were introduced into

each test beaker. Sediment was allowed to settle for several hours prior to inoculation. For

each species, there were generally four replicates from each sediment sampling station

#13111 2-67
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(exceptions are noted in Tables 2-12 and 2-13). Ten C. tentas (age 12 to 14 or second

instar) and 15 H. azteca (age 1 to 7 days or second/third instar) were introduced into each

beaker for a ten day period. Both species were fed Tetramin. To evaluate toxicity, results

were compared with data obtained from exposing H. azteca and C. tentas to a reference

sample collected from Saw Mill Pond outfall, Concord, Massachusetts. Survivorship and

growth data are summarized and reported in Tables 2-12 and 2-13, respectively.

2.2.2 Fish Tissue Results Summary

Eighty five fish tissue samples were collected and analyzed for metals. The original plan

was to submit 90 samples from three locations (Flint Pond, Below the Flint Pond Dam, and

Locust Pond). At each location, two types of fish were caught and prepared for analysis,

largemouth bass and yellow perch. At each pond location 30 samples were prepared,

10 whole fish samples, 10 fillet samples, and 10 offal samples. Each group of 10 consisted

of 5 largemouth bass and 5 yellow perch. However, an insufficient amount of largemouth

bass were caught below the Flint Poind Dam (see Table 2-3). Instead, 10 whole largemouth

bass from the pond were analyzed. No offal nor fillets of largemouth bass were obtained

below the Flint Pond dam. Therefore, a total of 85 samples were collected and analyzed.

2.2.2.1 Metals. The results of the metals analyses are in Table 2-14. An evaluation of the

data base similar to the evaluation presented for sediment is included in Section 3.1.2.

#13111 2-76



Table 2-12. ""an day survival percentages for Hyallela azteca and Chironomus lemons
exposed to seaiment collected from seven Charles George sampling stations and one
reference station.

Sediment Sampling Station1

1

2

3

4

5

6

7

Reference5

Percent Survival (%)2

H. azteca 3

80

26

41

91

71

100

76

100

C. tentans*

98

55

38

98

90

83

94

88

Sampling station locations depicted in Figure 2-1.
The survival percentage reported for sediment sampling station 7 (C. tentans) represents the mean of three
replicates. Survival percentages for all other stations and the reference are the mean of four replicates.
Based on Steel's Many-One Rank Test, no differences in survival percentage existed between sediment
sampling stations and the reference station. In contrast, Dunnett's test showed that the survival
percentages at sediment sampling stations 2 and 3 were both significantly lower than the reference station.
Bonferroni-adjusted T-Tests indicated that survival percentages at sediment sampling stations 2 and 3 were
the only sediments with significantly lower survivability than the reference station.
Reference sediment samples were collected from the Saw Mill Pond outflow, Concord, Massachusetts.



Table 2-13. Ten day growth data for Hyallela azteca and Chironomus tentans exposed :o
sediment collected from seven Charles George sampling stations and one reference station.

Sediment Sampling Station1

1

2

3

4

5

6

7

Reference5

Mean Weight (mg)2

H. azteca 3

0.11

0.11

0.09

0.13

0.13

0.11

0.11

0.11

C. tentans *

0.96

1.3

1.35

0.67

0.56

0.32

0.51

0.40

Sampling station locations depicted in Figure 2-1.
Mean weights represent the mean of three replicates for sediment sampling stations 3 and 7 (C. tentans)
and four replicates for all other stations and the reference.
Based on a Dunnett's Test, no significant difference in growth existed between sediment sampling stations
and the reference.
Based on Bonferroni-adjusted T-Tests, no significant differences in growth existed between sampling
stations and the reference.
Reference sediment samples were collected from the Saw Mill Pond outflow, Concord, Massachusetts.
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•0
o

a. ~-
r?
m ~--

a. -»
u- g)

a. -»
u- ro
CO ̂

o

3 "5)

OJce

|-

si
I/I C
(ft (0

j= o
(A —
•^ 4^
u. m
c a

u
M OJ

—• r~
(0 41

41 Ol >
X <- 41

0 OC
xf OJ

• IS
ru in oj

01 >-
41 —
— i. OJ
J3 ID >

K- (_} u-

o
6 "ro
a. ̂
•M

UJ
—I
a-

o

'

(

1

o.

§

1
<

—1
3 3 3 -J

O* in ro PJ r*- in -y «—
»— PJ i i >4- i (N «— OJ - (M ' •

OO O OOO O «-

-3

in O- rvj co»— ro ro -o
«— PJ i t >t ' fM *— ro ' fM > i •

oo o ' o ' o o o «-

—3 ^
3 -J -3 3 -i 3 -?

«— r̂ i i in i •— o rM i >o • i •
oo o ooo o »—

—3 —3
3-3 -) 3 -> 3 -J

'~;rsi! ! ^ ! """! 1 T ! "! ! l o o '
o o o o o o «-

3-3 3 3 - 3 3 -J

mo ro o* in in fM o>
«— ^ 3 - 1 ' ro « «— o «— • ro i • «

oo o ooo o >-

3-3 3 3 - 3 3 -3

f\J«— Nf <O ̂  O >£• <Q «O
«— fM i i ro ' (M o fM «— ro i i •

oo o ooooo *-

3-3 3 3 -t 3 -3

f\l (M «— rO O CM •— •*»
»-r\ j i i ro «-ro • «- > ro i i
oo ooo o o «-

3-3 3 - 3 3 - 3

§ ro (>•-•* CO r>» «- o
fM ' i ro >-fM i ro ' ro>- i

oo ooo o oo «-

u_a.a.rxc>_ct_cLu.oa.u-a.a.cL

u | |§M1_ *_|t.|
E § — — 'i — a! 3 "« 'c o -5
01 •— X E O flJ Q-"O O J< O > <0 U
CO 1_ [ _ o t - ^ tt. (0 I- O — ' — ' C C
t_ to Of <a ̂  o o o ai— a» •— <o —
<ooa i (JU(JU— izaetnt />>rs- )

ii ro
11 o*
H >
II «- -^ O CO
II O ' O

II O (\J O
II «-
II
II
II
II
II
u
11
1
1
i ro
1 0i i
1 *-^T sQN.
1 O 'Ki-
ll i O •
ii o ru N
i «-

i
i
i
i
i

I
I

I 5i i
n •- -* ru co
ii 0 * 0
II O PJ f\J
M *-
n
M
i
i
i
i
i
i
i ro

u «- N* ro r\i
ii o • r\j
II i 00 •
II O f\J«-
u «-
n
n
n
n
n
un
u
n ro
n o
n «- -<r N. oo
II 0 »0

II O f\l«-
ii «—
u
ii

n
u
n
n
n ro
II O
II 1
II •- ^» O fM
I I O * O
II i N- *
II O fM *—
II w-
II
II
II
(I
II
II
II
II
II
ii ro
II O

II O fM«-

II
II

II

ii ro
II O-
II 1
II •- vT O CO
M o ••o
n i -o •
II O (MO
II «-
II
II
II
II
II
II
II
II
II
II
II
II
II
II
II
II
II
II ••
ii ac
II O
ii i- ••
II U O
II < UJ
II U_ _l
ii a.
II Z X </> C/> ••
n O < a n en
ii >- _j a. oc
II 3 UJ O — <
II _l I- </> _l X
II — < UJ
ii oottttec

"8 ol
fi£>g.
g — 01 fc (A

— c *~ a "~
X OJ— <--
O T3 o OJ •—

& w «-l ••-
01 C • — O

OJ C O « "D 4^
O U — • it C

a « v E o> wo
< O — — • L.— • 41 41 OJ

< t .« -E iOQ c_4->*^
< o j Q 4 - > — 3 a. c 4i 5

E Q. OJ— O" 4> O « T3 E
41 ID to *-• U — — —

au. w w j= o> u u— o
i- a. — (o 4> — ~— e Q

.. u. — <_> o "6 — >~D>u) a
01
01 i i i i • i i

§ u_ a. > -3 3 os -3
(J 3

o
o
u.

~ « S'l
- 1 - 3
•o a j * c
OJ OJ OJ O— — c </> —•«- > o <->
•^ OJ ••* -^ U

c u u <->
01 — OJ — 4)

— L. OJ _>•

« c °'S 5
C O -M C u
O 0 C < •—

4^ X E ̂  P"

u — «. — at

: E a 111 OJ i/>
— 3 C S.<
— ' O"»* (/I CA

1 1 1

_l V) _J
a < o
— M OC

en



«

oc

to
u
4-1
>h

<

s
U)
CO

•-

(A

u-

c

Ifl
CO

01
X

-»
1

OJ

01

3
ID

r—

—•

1
ra

c

4->

|

U
01
at
01
o>
u

8
»41
t_
n
u

01

01
ee
t_
a
01

01

u_

ro
o
L^ O)

O. *v

0. ̂

OJ
o
O O)

O- ̂f ?
ft x^

OJ
o
LU O)

0. ̂^i?a. ^*

o
6 01
a. "v

if

o
u. 0)

0.*

a. v»

0

3 0>

a. -v.
u- D)

CD «^

S^
3 9)

O. >*1- ?oo ̂

§^
i w
a. -xijv a
i ̂_j

a

LU

a.

C/)

•4

tfl
LU
t—
>-
_J
<

*

—3
^ —3

r-1- oj
. 0 -J-

o o

.- co-o
. o •

o

ro
i i O

o

-3

0 S. •-
• o •
o

. .s
o

ID -l

mo
• OOJ

oo

-3

§ 00 o
0 •

o o

-s

•-CO

o o

o. u. a.

5 u

|U
3 01 t-_ i_ <0
< < CO

o -* in oj
i i ro •«- ' ro i

0 O O

•- o • — » in oo o
o i r*~ • >» •— oj •—
o o o o o o

—\

o-ooco -j-

0 0 0

^ ̂  ro ^
i i in . ̂  i i- i

o o o

-3

v» coojro ro
i i OJ • OJO OJ i

o o o o

™s

ao <4^ o in oj
i i oj ojroo oj i

o ooo o

=>

• i •* ro ro •- oj •
o o oo o

=3

-j- coo o
i i >» i OJ«- OJ I

o ooo

0.0.0.0.0.0.00.

•— g 5 x
X E O 10 U.*O u a

C O U O O U J X Z

-3

•o

o

-3

OJ

o

ro

o

in
OJ

o

o
(M

O

^

OJ
OJ

o

3
o
OJ

o

-s

OJ
OJ

0

u.

§
g
01
</>

in

>o in

o oj

ro

«- co

O OJ

o
i in

^
co

i i M

~"

* i in

->
co

^K

a. a. a.

.1
•— a —
U> > M

II
II
II
II
II
II
II
II
II
11
II
II
II
H
II
II
II
II
II
II
II
II
It
II
tl

II
II
II
II
II
II
II
II
II
1
II
II
II

II
II
II
II
II
II
II
II
II
II
II
II
II
II
II
II
II
II
II

II
II
II
II
II
II
II
II
II
II
II
II
II
II
II
II

II
II
II
II
II
II
II
II
II
II
II
II
II
II
II
II

II
II
II
II
II
II

II
II
II
II
II
n
n
u
II
n
n
n
II
II
n
II
n
II
n
II
n
II
it
M
II
ii
n
II
H
n
u
n
u
II
u
M
n
u
II
n
n
II
n
n
n
u
II
II
n
n
n
n
it
n
u

i
I
I

ro

»"* ̂  P^ in
O • OJ
O OJtO

ro
o>

«- ~» f~ OJ
o • ro
o roin

ro
ov

^4oj»
• OJ •

O OJO

roo-
r~ *4* C\J *—

O « N-

o ror-^

ro
o.i

O OJO

Qt
1

O OJ O

m
0-

o oj*-

S
1

"~o°^3>
i (NJ •

o ro <•*

Q

< °
U. _J

a.
3E X CO CO
o < o o
_ oo — —
I- -JO.
3 LU O —
-1 1- I/J _J
00 XX

</>
ae
<
z
UJ
ae

S o n

a— u E"E v t- to

4-* (/}*•-4_. o; ec •«- u -5

u u u w >~ v v w u

Q.""*'4-> •— £ > O Z<
n to C • —^ O "~ V "~ -^ Q
CO C O M ^3 4^ 4^ I— 4^ CO V

o u — • 5 c c u u w
en— w ^ o c u c u — Oi— tu

— 4J X"O — O— 3 T J O 4 J 4 J Q

C 0 4 ^ O > E Q > 4 ^ ' O — 1 - 0 > X
UJ C 4J — w — —• O
< o — -• I. _. 01 01

u. U ^ J E C U U O I — » b 4 J — c_ — ce
>»"D C 4 j 5 o ) 3 O - ' - - - — " Oc 5i-o i= *: 5 B 5 a- «-•-—•' "u O.—' to 4) — < 4 - > — < E O . E a < A ( U i / >

D o o D 3 C ( o n e o t o 2x— 3 c S-<
i4.»«c>o'O-->'O>c/) <o—« tT^« cy> t/>

ti •
|u.,

1
_J 00 _1
a < o--



(O %» O>
~» in •-

o
o

O- ~»

0. ̂

II «- •» O O
ii o -con i ^ •
II O C\J «-

t\i
o
3 Ol

a. -..

a. w^

33-3 -3 3 -3

o o o o o o

3

o

-3 -3 11
o in I

o r\j i

I «- •* O -*
i o ->o

(A
+>

"a8
a:

CD
U

4-<
X

c —f
< ̂

Of *•-

3?
<l> CO

*- c
in —

u. n
c a

CO 01
4^ 0) "~

1 O 0!
^ 01
^— U 1—
• a

(M Ul 01
01 >-

Ol —
— > t. 01
.a <o >
CO.C •—

1— CJ u.

i m
a. ̂ .

a. ̂

in
o
O Ol

a. •̂

Q. **

in
o

a. >»

n ^^

?^
O O)

a. x.

A ^^
>.

?«
u. Ol

a. >».

a. **

fO
o
6 n
a. -N,.

a. ̂

^-^ coroo o ^ >o i i »— >yfNj^o
" ^ m « « r o m r s j i ^ i > t ' » • 11 o - ^ o

OO OOO O O «- II OfMCsl
n *-
11
ii
u
ii
ii
ii
H
II
II

-a n ro
3 3 3 3 3 -> ll O*

II i
^o*ro«- o^roooco u-. roco n«-sroo

•O - ( O ' N . O * " * ^ ^ i f O « « - • II O »N*

o o ooooo o o CM ii o ro ĵ-
n «—
M
u
n
n
u
nu
nM
n ro

3 3 I I O
II 1

N in >o «~ rj v- in IM iir-^m-o*
• > o < i « - * r \ i i r o > « - ' < « u o « t v

o o o o o I I O N Oti «-
ii
u
ii
iinuMu

"3 ii ro
3 3 3 3 33 II 0*

ui • rM • i •«- o n i <o •
o o o ooo o o ro H orom

n «-
n
n
u
n
H
n
n
n
n ro

3 II O*

• i O i i f M « ^ i ^ - i ^ i t • I I O « - »

O O O O O 1 OtNJO
II «—
II
II
II
II
II
II
II

-» ii m
33 3 3 M 0-

II •
ro oo o o* u> >o -o >»• in r\ir\j " "~ X *~ H
f N j « « - i i . « - . . . • • • «ro n • > » •

o o ooo o orsj ii orom
n *-
n
n
n

•p x oi
oi oi oi -c «-•

01 >^ *^ ^^ 4^ M *^
*•<•*- > a. 4^ oi E
«•- oi g 01 c •- o —
E *j <- a — — E — -J
— c m ••- >x oi — • 4J -n 3 _< L c
O - D O O I — 6 01 01 O

E ., --- c at —
••- > * » > O f

- .
Q . 4 - « 4 ^ ••- > * » > OEMC . _. o — oi •- —a c o w TJ v t* i. +* ao o •— • 5 c c o o *jm ._ 4-< <-> 5 oi 9 — .01^-01

* *

UJ C 4^ >— *-< •• --- l O *^O— »"D
< o — — t - " O i o i o i c A C aoi

< l- — E ID Q t - U 4 J C O 4 ^ C l -3oiQ4J. -2 . f l .c m « o u c < —
| f i . a - > O ' o i O M - o S — v 3.m S 10 *-. i..-.- ._ 4^ x E — a

o — • > — o oi 4-> o i x a w S a t i
S u. » - i t J . c o i u o i — o*-"—t- — ac

-«.-D C 4 - 3 0 I 5 Q . I - — — 4^0
t> a. — « to oj — > w — « E a . E c o n o i c / )
n o O D S c n o j i o a r±.~ 3 c 2L<

.. u. — <jo-6— >-3>co a— a— v> w>
01 i i i i i i i i i i

§ u- a. > -i 3 oe -3U 3
—J C/> _l
Q < Q— c/> oe

en

(J O
I < UJ



a.
T'
CD

?„
u. Ol

a •».
V g
OB »*

a. >»
^1*
CO -̂

ino
i O)
o. ~»

a. -<

O. -x

Q. N^

UJ

Z

—>
3 3

"iss .
O O

ô
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3.0 EVALUATION OF DATA

The sediment data evaluation is in Section 3.1, the fish tissue data evaluation is in

Section 3.2 and a comparison of site conditions to the RODs is in Section 3.3.

3.1 EVALUATION OF SEDIMENT DATA

This section describes the evaluation of analytical and toxicity data collected during this five-

year review. Sediment analytical data is compared to the background and control location by

area (Dunstable Brook, Flint Pond Marsh, Flint Pond, and Downstream of the Flint Pond

Dam). The sediment toxicity is evaluated by two methods. Toxicity testing results are

discussed and analytical data for metals in sediment are compared to ecological criteria.

Changes in risk assessment factors since the RI was written are qualitatively evaluated to

assess the. change in sediment risk since the original decision was made by EPA not to

dredge Dunstable Brook.

3.1.1 Evaluation of Sediment Analytical Data

For a description of each sediment sample location and field observations, see Section 2.1.2,

Sediment Sampling. This evaluation is based on the maximum and minimum of each area.

If both the maximum and minimum are above the background maximum and minimum, then

the results are considered consistently above background. The same approach is used to

determine if a compound is consistently lower than background. If the comparison is mixed,

no definitive statement is made.

3.1.1.1 Volatile Organics. Table 3-1 has the volatile organics results summary. Each area

is summarized showing the maximum result, minimum results and frequency of detection for

each compound.

3-1
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Background and Control Sample. The background location (CGSED-1) and control

sample (CGSED-21) each have detectable levels of methylene chloride, acetone, and

2-butanone. The control sample also has a detectable level of toluene.

Dunstable Brook. Two samples were collected and analyzed in the Dunstable Brook

area. One sample is in the unnamed stream (CGSED-2) near the west leachate pump

station. The other (CGSED-3) is downstream of the confluence of the unnamed

stream and Dunstable Brook. Both samples have detectable levels of acetone. The

levels are lower than those detected in the background (210 /xg/kg) and control sample

(250 Mg/kg).

Flint Pond Marsh. Five samples were collected and analyzed in the Flint Pond

Marsh area. Two samples (CGSED-4 and CGSED-10) were collected in the center

and north of the marsh respectively. One sample was collected at the culvert across

Route 3 from the east leachate pump station (CGSED-9) one was collected at the

culvert which delivers Dunstable Brook to the marsh (CGSED-8), and one was

collected in the channel which feeds the marsh to Flint Pond (CGSED-5).

At the east leachate pump station culvert, only acetone was detected (67 pg/kg) but,

at a lower level then background (210 f*g/kg)- At the Dunstable Brook culvert, the

same three compounds (methylene chloride, acetone, and 2-butanone) were detected

as at background. Each detection was at a slightly higher level than background.

In the center of the marsh (CGSED-4), only acetone (200 /*g/kg) was detected. At

the edges of the marsh (CGSED-10 to the north, CGSED-5 in the effluent channel),

acetone, benzene, ethyl benzene and total xylenes were detected. Acetone was

detected at lower levels than at the background. However, benzene, ethylbenzene and

total xylenes were detected at levels above background.

3-5



Flint Pond. Some analytical results from Flint Pond sediment samples were rejected

due to high moisture content values. Southern (CGSED-6 and 11) and western

(CGSED-12 and 13) pond sampling locations each had their non-detected results

rejected due to high moisture content values. At CGSED-12, all values were rejected

due to an extremely high (greater than 90 percent) moisture content value. At the

northeastern (CGSED-14, 15, and 16) sampling locations, all values were accepted.

At the southern and western areas, acetone was detected at similar (160 /xg/kg at

CGSED-6) or higher (up to 620 /ig/kg at CGSED-13) levels than at background

(210 Mg/kg). Methylene chloride was detected at CGSED-11, the only location in the

pond with a methylene chloride detection. 2-Butanone was detected at CGSED-13

(150 jig/kg) at a level higher than background (20 /ig/kg). 2-Butanone was not

detected at other southern or western pond locations.

In the three northeastern sampling locations, each sample contained acetone (up to

210 /ig/kg) comparable to or slightly above background (140 j*g/kg). CGSED-14 and

16 also contained 2-butanone (39 /ig/kg ant* 30 /xg/kg respectively) above the

background level (20 jig/kg).

Downstream of the Flint Pond Dam. Low detections were reported downstream of

the Flint Pond Dam. Two locations (CGSED-17 and CGSED-7) are prior to the

center of town. Acetone (37 jxg/kg) was detected in CGSED-7 at a level below

background (210 /ig/kg). CGSED-18 is downstream of the center of town just prior

to the Merrimack River. Acetone (15 /zg/kg) was also detected here at a level below

background.

3.1.1.2 Semi-Volatile Organics. Table 3-2 is the semi-volatile organics results summary.

Each area is summarized by the maximum result, minimum result, and frequency of

detection for each compound.
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Background and Control Sample. One detection of bis(2-ethylhexyl)phthalate was

reported (140 Mg/kg) in the background sample. No detections were reported in the

control sample. Because of rejection of non-detected values during data validation,

comparison of other sample location results to background will be unavailable.

Therefore, the data from each area are discussed independent of any comparison

The PAH data did not experience widespread rejection during data validation and are

used to evaluate the sediment.

Dunstable Brook. Two semi-volatile organics were detected in the unnamed stream

(CGSED-2). Pyrene (85 /zg/kg) and bis(2-ethylhexyl)phthalate (150 /zg/kg) were

detected. In Dunstable Brook, (CGSED-3) nine semi-volatile organics were detected

at levels up to 540 /zg/kg (fluoranthene).

Flint Pond Marsh. In the center of Flint Pond Marsh (CGSED-4), five semi-volatile

organics were detected (phenanthrene, fluoranthene, pyrene, chrysene, and

bis(2-ethylhexyl)phalate). CGSED-5 and 8 also had detections of bis(2-

ethylhexyl)phthalate (740 /zg/kg and 260 Mg/kg, respectively). The marsh receives

runoff from Route 3 and this may influence the results.

Flint Pond. The southern and western sample locations within Flint Pond had their

non-detect semi-volatile organic results rejected during data validation due to high

moisture content. CGSED-12, in the center of the western section of the pond, had

all results rejected due to extremely high (above 90 percent) moisture content.

Therefore, bis(2-ethylhexyl)phthalate is the only detected semi-volatile organic in

these areas of the pond (650 /zg/kg an CGSED-6 and 880 /zg/kg at CGSED-11).

In the northeastern section of the pond, bis(2-ethylhexyl)phthalate was the only semi-

volatile detected. It was detected once (230 /zg/kg at CGSED-15).
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Downstream of the Flint Road Dam. CGSED-17 and 7 are located downstream of

the Flint Pond Dam but prior to the center of town. CGSED-18 is located beyond the

town center just prior to the Merrimack River. This location (CGSED-18) receives

runoff from the center of town which may influence the semi-volatile organics levels.

The results from CGSED-18 were rejected during data validation because the holding

time prior to extraction was exceeded. At CGSED-7, bis(2-ethylhexyl)phthalate and

benzo(a)pyrene were detected.

3.1.1.3 Polycyclic Aromatic Hydrocarbons (PAHs). Table 3-3 has the PAH results

summary. Each area is summarized showing the maximum, minimum and frequency of

detection. The following discussion focusses on comparison of results to the background and

control samples.

Background and Control Sample. Ten PAHs were detected in the background

sample (CGSED-1), only one (pyrene) was detected in the control sample

(CGSED-21). The pyrene level in the background (22 jig/kg) is higher than the level

in the control sample (15 jig/kg).

Dunstable Brook. Both Dunstable Brook locations; CGSED-2 in the unnamed

stream, and CGSED-3 in the brook; have numerous PAH detections (14 and 13

respectively). Both samples consistently have detections higher than background and

CGSED-2 has levels consistently higher than CGSED-3. The maximum PAH

detection is 260 /ig/kg of pyrene at CGSED-2.

Flint Pond Marsh. Flint Pond Marsh analytical results for PAHs have some

unexpected trends. Given the runoff it receives from Route 3, the PAH levels were

expected to be elevated. Although most are consistently above background, (CGSED-

4, 5, 8 and 10) CGSED-9 frequently contained levels below background. Eleven

compounds are detected in CGSED-9, six of those are below background.
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Flint Pond. In general, Flint Pond sample results are elevated above background.

The levels reported are comparable to other sample locations under investigation, and

do not exhibit any obvious trends or distribution. At CGSED-16, 16 compounds were

detected, each of them represent the maximum of the PAH data set for the pond.

Detected levels up to 710 /xg/kg (pyrene) are reported in CGSED-16.

Downstream of the Flint Pond Dam. The PAHs exhibit a similar trend as the

semivolatile organics at locations downstream of the Flint Pond Dam. Upstream of

the town center (CGSED-7 and CGSED-17), levels are above background but

comparable to the results from other sample areas. CGSED-18, on the other hand,

has 16 detections, each represent the maximum of the PAH data set for this area.

Levels up to 1,300 ^g/kg (pyrene) are reported in CGSED-18. CGSED-18 is in a

location which receives runoff from the town center and this may influence the PAH

results.

3.1.1.4 Metals. Table 3-4 is the metals in sediment result summary. Each area is

summarized showing the maximum, minimum, and frequency of detection for each area.

The following compares the results to background and control sample levels. Metcalf &

Eddy collected nineteen sediment samples during September and October 1993. These

sediments were analyzed for 23 EPA target analyte list (TAL) metals including mercury in

addition to other analytical parameters. All metals data were validated in accordance with

EPA Region I data validation guidelines. Several metals including mercury were rejected in

several of the samples. These metals were rejected solely on the basis of the percent solids

content of the samples and not on any other quality control problems. EPA Region I policy

for data validation includes a review of, and action regarding, the percent solids content of

samples. If a soil/sediment has less than ten percent solids all data are rejected. If a soil/

sediment has greater than ten percent but less than thirty percent solids positive (detected)

results are accepted but not detected results are rejected. If the solids content is greater than

thirty percent no validation action is required for percent solids. These limitations apply to

routine analytical services (RAS) analysis is planned and conducted for this project. Any
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future sediment analyses will be conducted through the delivery of analytical services (DAS)

program to overcome the low percent solids problem, unless otherwise directed by EPA.

Background and Control Sample. The metals results at the background and control

sample locations are mixed. Of the 16 compounds detected, nine maximums from

this area are in the background sample and seven maximums from this area are in the

control sample. The manganese level (718 mg/kg) at CGSED-1 (background)

represents the maximum of the total metals data set for that compound.

Dunstable Brook. The results at the two Dunstable Brook locations are also mixed,

some are above background and some are below. Eight compounds (arsenic,

chromium, copper, iron, magnesium, nickel, potassium and zinc) are consistently

higher than background. Five compounds (aluminium, beryllium, cobalt, lead and

manganese) are consistently below background.

Flint Pond Marsh. The results of the five Flint Pond Marsh locations indicate the

marsh is consistently above background for 11 compounds (aluminum, arsenic,

barium, beryllium, calcium, chromium, copper, iron, lead, sodium, and zinc). No

metals in the marsh are consistently below background. CGSED-9 contains 12 of the

maximums in the marsh. CGSED-5 contains 13 of the minimums in the marsh.

However, 10 of the minimum levels in the marsh are above the maximum level in the

background.

Flint Pond. The results at Flint Pond locations indicate that five metals (arsenic,

beryllium, lead, potassium and zinc) are above background and four metals (cobalt,

iron, magnesium, and vanadium) are below background. The pond maximums are

concentrated in the southeast section. Twelve of the pond maximums are at

CGSED-6 and CGSED-14. The pond minimums do not exhibit any obvious

distribution trend.
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Downstream of the Flint Pond Dam. The results downstream of the Flint Pond dam

indicate that two metals (lead and zinc) are consistently above background while seven

metals (aluminum, barium, calcium, cobalt, manganese, nickel, and vanadium) are

consistently below background. Fifteen of the maximums from this area are at

CGSED-7 and CGSED-17 which are both prior to the town center. The minimums

from this area are primarily at CGSED-18 (nine minimums for this area).

3.1.1.5 Antimony and Cadmium. Table 3-5 is the antimony and cadmium results

summary. These metals were analyzed with the full list of metals and also analyzed

separately using a method which targets a lower detection limit. This was done because

antimony and cadmium have low ecological criteria limits.

Background and Control Sample. The background cadmium level is 0.18 mg/kg

and control sample cadmium level is 0.062 mg/kg. Both the background and control

sample results for antimony were non-detects.

Dunstable Brook. The Dunstable Brook locations (CGSED-2 and 3) are consistently

below the background level of cadmium. Antimony levels in the brook are

consistently above the background results. The antimony concentration at CGSED-3

(1.4 mg/kg) represents the maximum antimony results in the brook.

Flint Pond Marsh. Flint Pond Marsh sample results for antimony and cadmium are

consistently above background. Each compound was detected at each marsh location.

There is no obvious distribution trend for the marsh maximums or minimums.

Flint Pond. The trend of antimony and cadmium levels at the pond locations are

similar to that for PAHs. The Flint Pond antimony and cadmium results are

consistently elevated above the background levels. The Flint Pond maximums are at

CGSED-12 and the minimums are both of CGSED-15.
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Down Stream of the Flint Pond Dam. The three samples downstream of the Flint

Pond Dam have results which are consistently below the background cadmium level.

The antimony results downstream of the Flint Pond Dam are also very low, however,

they are not consistently lower than background.

3.1.1.6 Organic Content and Grain Size. No summary table has been prepared for these

data. The results of these analyses were used to qualitatively aid in data interpretation. The

data do indicate sediment types at various locations (e.g., sandy).

Background and Control Sample. The background and control samples were

analyzed using the TCO method for organic content. Results indicate that the

background is 6.53 percent total combustible organics and the control sample is 5.19

percent total combustible organics. The grain size analysis results indicate both are

more than 75 percent sand and gravel (75.5 percent at CGSED-1 and 76.8 percent at

CGSED-21).

Dunstable Brook. The Dunstable Brook samples (CGSED-2 and 3).were analyzed

for organic content using the TOC method. The results were 1.9 percent and 0.13

percent organic content respectively. Grain size results were 83.5 percent sand and

gravel for CGSED-2 and 92.9 percent sand and gravel for CGSED-3.

Flint Pond Marsh. As expected in any marsh, the Flint Pond Marsh sediments have

a low sand and gravel content and a high organic content. The organic content

ranged from a low of 1.8 percent at CGSED-9 to a high of 25.61 percent at

CGSED-10. Grain size distribution data indicates that only CGSED-8 contains more

than 30 percent sand and gravel. Silt, clay and peat content of all samples was above

50 percent. The silt, clay and peat content of the Flint Pond Marsh samples ranged

from 50.1 percent at CGSED-8 to 86.4 percent at CGSED-9.
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Flint Pond. The southern and western areas of the pond were high organic, high

peat content materials. TCO data for CGSED-6, 11, 12, and 13 show a range of

44.19 percent total combustible organics at CGSED-11 to 87.33 percent total

combustible organics at CGSED-13. The northeastern area was also high in organics,

but less than other Flint Pond locations. At CGSED-14, 15 and 16, the TCO results

were 17.19 percent, 10.91 percent and 12.29 percent respectively.

The grain size data does not follow this pattern as strongly. CGSED-12 had 0.1

percent gravel. No other southern and western sample location had any gravel. Silt,

clay and peat ranged from 34.3 percent in the sample from CGSED-13 to 60.5

percent in the sample from CGSED-11. In the northeast area, gravel contents were

slightly higher; up to 4.2 percent sand and gravel in the sample from CGSED-15.

Silt, clay and peat ranged from 48.3 percent at CGSED-15 to 85.7 percent at

CGSED-14.

Downstream of the Flint Pond Dam. Downstream of the Flint Pond Dam, samples

exhibit a low organic content where the flow velocity is high (at CGSED-17 and 18)

and a higher organic content in the low flow area (CGSED-7). CGSED-17,

immediately downstream of the dam, has a total organic content of 0.34 percent. The

CGSED-7 sample location is just prior to the town center where the waterway widens

and velocity slows. The total organic content at CGSED-7 is 9.73 percent. At the

CGSED-18 location, the current is fairly swift and the flow path is channelized. The

total organic content at CGSED-18 is 0.61 percent.

Grain size distribution follows this pattern also. The sediment from CGSED-17 is 88

percent sand and gravel. The sediment from CGSED-7 is 64.9 percent sand and

gravel. The sediment from CGSED-18 is 92.8 percent sand and gravel.

3-25



3.1.2 Evaluation of Sediment Ecological Toxicity

Based on Dunnett's tests and t-tests that were Bonferroni-adjusted for multiple comparisons,

the percent survivability for both H. afteca and C. tentans was significantly lower than the

reference station at sediment locations CGSED-2 and 3 (Tables 2-12). At sediment locations

CGSED-4 through 7, there was no significant difference in survivability compared to the

reference station. In contrast, there were no significant differences in growth rate

(Table 2-13) between all sediment sampling stations and the reference station for either

species.

Another method of evaluating sediment toxicity is comparison of the metals data to ecological

criteria in sediments. Table 3-6 provides the ecological criteria and sediment data. The data

are organized by area to facilitate evaluation of each area.

Background and Control Samples. The background location is in Dunstable Brook

upstream of the site. At the background location arsenic, barium and manganese

exceed the ecological criteria. The control location is Saw Mill Pond in Concord,

MA. The results for arsenic and barium exceed the ecological criteria of the control

sample location. Although some ecological criteria are exceeded, the toxicity testing

indicates metals are not readily available for ingestion by the species tested at these

locations.

Dunstable Brook. Arsenic and barium levels in the unnamed stream (CGSED-2) and

Dunstable Brook (CGSED-3) exceed the ecological criteria. The iron level in the

unnamed stream also exceeds the ecological criteria. These results along with the

high toxicity exhibited at these locations indicate that environmental contaminants at

these locations are present and available for uptake by the species used during toxicity

testing.
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Flint Pond Marsh. Thirteen metals (arsenic, barium, cadmium, chromium, cobalt,

copper, iron, lead, magnesium manganese, nickel, potassium and zinc) exceed the

ecological criteria in at least one marsh sample. Arsenic, barium and manganese

exceed the ecological criteria at all five marsh sample locations. However, the

toxicity testing data indicates that despite the number and frequency of exceedances,

toxicity is not significant in the marsh.

Flint Pond. Marshes tend to act as natural filters. The Flint Pond Marsh data

indicates that it does indeed capture sediment contaminants. Although some

exceptions do exist in the data base, metals levels in Flint Pond are generally lower

than in Flint Pond Marsh. Four metals (arsenic, barium, lead and manganese) are

present in Flint Pond sediments above the ecological criteria. Similar to the marsh,

toxicity testing of the Flint Pond sediment indicates that these metals have limited

availability for uptake by the species tested.

Downstream of the Flint Pond Dam. In this area, arsenic, barium and manganese

are present above the ecological criteria. At CGSED-7, all three metals exceed the

criteria while at the other two locations, only arsenic exceeds the ecological criteria.

Toxicity testing results for this area indicate that the exceedances do not significantly

contribute to toxicity.

3.1.3 Evaluation of Human Health Risk from Exposure to Sediment

Below is a qualitative evaluation of human health risk from exposure to sediments based on

the 1993 contaminant concentrations detected in sediment at the Charles George Landfill.

Sediment at the site has been resampled and these data have been compared to the previously

detected contaminant concentrations, used in the 1988 risk assessment. Dose response data

used in the RI, including chronic oral reference doses and slope factors, have been updated

through April 1994 and these values have been compared to the previously used dose-

response data. Current EPA Region I practice would be to evaluate dermal exposures to
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sediment qualitatively rather than quantitatively. Table 3-7 identifies changes in measured

sediment concentrations between 1987/1988 and 1993. Table 3-8 identifies the changes in

the dose-response data between 1988 and 1994. Table 3-9 shows how exposure parameters

could change between 1987/1988 and 1994, if a quantitative assessment of exposure were to

be undertaken.

The analytical data for sediments indicate that concentrations of some compounds have

increased while concentrations of others have decreased since 1988. Both the average and

maximum concentrations of bis(2-ethylhexyl)phthalate and 2-butanone have increased since

1988. Concentrations of di-n-butyl phthalate, toluene, and copper have all decreased since

1988. For the remaining compounds of concern (carcinogenic PAHs, arsenic and cadmium),

concentrations in sediment at certain areas have increased while concentrations in other areas

have decreased.

Reference doses are used to estimate risk based on noncarcinogenic effects. Risk estimates

based on noncarcinogenic effects are inversely proportional to the magnitude of the reference

dose. Therefore, if the reference dose for a particular compound has increased, this

indicates that an individual may have a higher exposure level at which significant

noncarcinogenic health effects are not expected.

The reference doses for bis(2-ethylhexyl)phthalate, di-n-butyl phthalate, and copper have not

changed since 1988. The reference doses for 2-butanone and cadmium have increased since

1988, indicating that risk estimates based on noncarcinogenic effects from exposure to these

compounds are lower than previously estimated. The reference dose for toluene has

decreased since 1988 indicating that risk estimates based on noncarcinogenic effects from

exposure to toluene are higher than previously estimated. Reference doses which were not

previously available are now available for fluoranthene, pyrene and arsenic. Newly

calculated risk estimates based on noncarcinogenic effects from exposure to these three

compounds may increase the total site risk estimate based on noncarcinogenic effects.
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Slope factors are used to estimate risk based on carcinogenic effects. Carcinogenic risk

estimates are proportional to the magnitude of the slope factor. Therefore if the slope factor

for a particular compound has increased, this indicates that an individual's exposure results in

a higher carcinogenic risk than was previously estimated. Three slope factors have changed

since 1988. The slope factors for bis(2-ethylhexyl)phthalate and arsenic have increased while

the slope factor for carcinogenic PAHs has decreased, the latter indicating that carcinogenic

risk estimates from exposure to carcinogenic PAHs are lower than previously estimated.

One objective of this five year review is to reassess the carcinogenic risk of PAHs in

Dunstable Brook. Since the concentrations of carcinogenic PAHs in Dunstable Brook

sediments have decreased, the slope factors for carcinogenic PAHs has decreased, and most

of the exposure parameters are similar. For reasonable worst-case exposures, it can be

qualitatively stated that carcinogenic risk from exposure to carcinogenic PAHs in sediment at

Dunstable Brook is lower than previously estimated. However, because there are no

consistent trends in sediment concentrations, the updated dose-response data, and exposure

parameters for all compounds of concern, no overall consistent trend toward a decreased risk

based on both carcinogenic and noncarcinogenic effects can be established. Also, additional

analytes have been detected, not addressed in ROD III. Therefore, it cannot be confirmed

that the risk estimates from exposure to all Dunstable Brook sediment contaminants have

decreased.

Two sets of exposure parameters were selected in 1988, representing "most probable" and

"reasonable worst case" exposures. A current evaluation would generally use only the latter.

Evaluation of dermal absorption of contaminants would be different, if a quantitative

evaluation were performed since RAF's have changed. For the conservative case, estimated

absorption of some contaminants would be higher, and others lower.
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3.2 EVALUATION OF FISH TISSUE DATA

A total of eight-five fish tissue samples were collected and analyzed for metals. Laboratory

analyses were conducted in accordance with USEPA approved analytical procedures. Fish

were collected from three locations, Flint Pond, between the dams in Flint Pond (Between

Dams), and Locust Pond (Figure 2-7). Largemouth bass and yellow perch were caught and

prepared for analysis at each location. For each, site, the original sampling plan was to

collect 5 whole fish samples, 5 fillet samples, and 5 offal samples of each species.

However, an insufficient number of largemouth bass were caught at the Between Dams site

in Flint Pond. The original plan was altered so that 5 whole largemouth bass and no offal

and fillet samples were collected from the Between Dams site, and 10, rather than 5, whole

largemouth bass were collected from Flint Pond.

Fish samples were analyzed for aluminum, arsenic, barium, beryllium, cadmium, chromium,

cobalt, copper, lead, mercury, nickel, selenium, silver, vanadium, and zinc. Data were

validated in accordance with USEPA protocols. Only positive detections of metals were

included in summary tables. The complete validated data sets for metals are reported in

Table 2-14.

For the purpose of evaluation, largemouth bass and yellow perch samples were reconstituted;

reported concentrations detected in offal and fillet samples from the same fish were combined

to obtain a single (whole body) value per fish. The relative contributions of the contaminants

in offal and fillet samples were corrected for offal and fillet mass when combining for the

whole body concentrations.

Standard summary statistics for metal concentrations detected in like samples (same location,

species, and tissue type) are reported in Tables 3-10 through 3-15. A total of 11, 13, and 11

different metals were detected in fish collected from Flint Pond, Between Dams, and Locust

Pond, respectively. Barium, chromium, cobalt, copper, mercury, and zinc were common to

both species at all three locations. Among all detected metals, zinc was found in the highest
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concentrations. Positive detection frequencies for like samples were greater than 50 percent

for the majority of metals and detection frequencies were commonly 100 percent.

Relative to sediment, high concentrations of some metals were found in samples yellow perch

and largemouth bass. This is likely due to adult fish having several years over which to

accumulate mercury through the process of biomagnification.

Locust Pond

Locust Pond was chosen as the reference for evaluation of metals data collected from Flint

Pond and Between Dams fish. Ten metals were detected in each species collected from

Locust Pond, nine of them shared. Those not shared were arsenic in largemouth bass and

vanadium in yellow perch. The largemouth bass data summary is in Table 3-10. The yellow

perch data summary is in Table 3-11. Two of the largemouth bass fillets from Locust Pond

exceed the FDA action limit for mercury (1 mg/kg). Therefore the mercury concentrations

in the fillets from the other locations will be compared to the Locust Pond concentrations and

the FDA action limit.

Flint Pond

Nine metals were detected in the largemouth bass collected from Flint Pond (Table 3-12).

The same nine metals, plus aluminum and vanadium, were found in the yellow perch

(Table 3-13). In the largemouth bass data base, eight metals (barium chromium, cobalt,

copper, mercury, nickel, selenium and zinc) have higher averages or maximums than the

average or maximum levels reported in the Locust Pond largemouth bass data base. Seven

metals (aluminum, arsenic, beryllium, cadmium, lead, selenium, silver and vanadium) were

either not detected in Flint Pond largemouth bass or consistently lower than the levels in

Locust Pond largemouth bass. Also, two of the five largemouth bass fillets from Flint Pond

exceeded the FDA action limit for mercury (1 mg/kg). The maximum mercury concentration

in the largemouth bass fillets from Flint Pond is 1.6 mg/kg.
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In the yellow perch data base, 10 metals (aluminum, barium, chromium, cobalt, copper,

lead, mercury, nickel, selenium, and vanadium) have higher averages or maximums when

compared to the average and maximum levels reported in the Locust Pond yellow perch data

base. Five metals (arsenic, beryllium, cadmium, silver and zinc) were either not detected in

Flint Pond yellow perch or their levels in Flint Pond yellow perch are consistently below the

Locust Pond yellow perch levels. No yellow perch fillets exceed the FDA action limit for

mercury.

Between the Flint Pond Dams

Eight metals, including mercury, were detected in the largemouth bass collected from the

Between Dams site (Table 3-14). Eleven metals, including mercury, were detected in the

yellow perch (Table 3-15). However, only six metals were shared between the two species.

The metals not shared were selenium and nickel in largemouth bass, and aluminum, arsenic,

beryllium, and vanadium in yellow perch.

In the largemouth base data base, only whole fish samples were collected between the Flint

Pond Dams. Each of the eight metals detected (barium, chromium, cobalt, copper, mercury,

nickel, selenium, and zinc) have higher averages or maximums when compared to the

averages and maximum levels reported in the Locust Pond largemouth bass. None of the

largemouth bass fillets collected between the Flint Pond dams exceed the FDA action limit

for mercury.

In the yellow perch data base, each of the 11 metals detected (aluminum, arsenic, barium,

beryllium, chromium, cobalt, copper, lead, mercury, vanadium and zinc) have higher

averages or maximums when compared to the average and maximum levels reported in the

Locust Pond yellow perch. None of the yellow perch fillets collected between the Flint Pond

dams exceed the FDA action limit for mercury.
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3.3 SITE COMPLIANCE

The site is being remediated and monitored under the guidance of three RODs. According to

OSWER Directive 9355.7-02 regarding the structure and component of a five year review,

the initial review must be conducted within five years of the first ROD. Therefore, although

some remedial actions remain incomplete (e.g., combined groundwater and leachate

treatment plant is under construction), a review of the original cleanup levels established in

the ROD(s) and the effectiveness of the remedial technologies may be performed.

3.3.1 Compliance with ROD I

ROD I (EPA, 1983) provided for a permanent drinking water supply to local groundwater

users by extending an existing water supply system. As built drawings (Hoyle, Tanner &

Associates, January 1991) indicate that a permanent water line was installed to supply water

from the City of Lowell to residents of Dunstable Road (west of Westford Road),

Cannongate Road, Turnbuckle Lane and Axletree Road.

Originally, the ROD only included the Cannongate Condominiums to be serviced by the

water line. However, on-going residential well monitoring by the State of Massachusetts and

the EPA led to the addition of 24 residential services along Dunstable Road (EPA, 1988c).

Ongoing residential well monitoring has indicated the sporadic presence of antimony and lead

above their 1993 MCLs. Neither compound was included as a compound of concern in

ROD I.

Although the original remedial action is in compliance with the ROD I requirements,

changing regulatory standards and site conditions exist which may require an upgrade to the

original action.
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3.3.2 Compliance with ROD II

The remedial alternatives selected under ROD II were selected in order to manage the

migration of contaminants from the site. This objective was achieved by the implementation

of two control systems:

1) Landfill cap with 3:1 side slopes, a surface water collection and diversion
system, and a passive landfill gas collection and venting system

2) Interim Leachate Management (ILM) system including a peripheral collection
system, pump stations, leachate holding pond and intermittent treatment

These actions, while not completely mitigating the migration of contaminants, achieve the

objective of controlling the migration of contaminants by minimizing stormwater percolation

through the landfill, minimizing landfill gas venting by restricting the available area of

venting, and controlling the offsite migration of contaminants in leachate via collection,

holding and periodic treatment. ROD II provides for further remedial action if necessary

through "an additional feasibility study to evaluate the groundwater and off-site remediation,

whether the treatment of vent gases is required, and the effectiveness of the leachate handling

option selected." (EPA, 1985)

The construction of the landfill cap and appurtenant systems was completed in October 1990.

During the cap inspection conducted as part of this five-year review, the cap integrity was

observed to be uncompromised. Some maintenance activities (e.g., reseeding) remain to be

performed. These activities are planned and anticipated to be performed during 1994. Site

security was observed to be maintained via a continuous fence surrounding the site, security

gates to control site access, and, at the time, personnel tracking upon entrance. The landfill

cap is in compliance with the requirements of ROD II.

The surface water diversion and collection system was observed to be functional during the

cap inspection. The diversion swales and detention basins appeared to be performing as
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designed. Again, some maintenance activities (e.g., minor erosion gullies to be repaired)

remain to be performed but they are also planned and anticipated to be performed during

1994. The surface water management system is in compliance with the requirements of

ROD II.

The passive landfill gas venting system is no longer evident at the site. It has been upgraded

under the remedial alternative selected in ROD III.

Information included in ROD II indicates that an estimated 36 million gallons per year of

leachate was being generated under non-capped conditions. The leachate holding pond

currently on-site has a capacity of approximately 3.5 million gallons (OHM, 1992).

Intermittent leachate treatment is currently occurring at less than once per year. Therefore,

leachate generation has been reduced under capped conditions.

The leachate interception system has experienced many problems since being placed in

operation (CDM, 1992). Among the problems encountered are:

• Pump failure due to iron bacteria build-up resulting in pump motor burnout

• Lack of pump station access due to limited space and an hazardous atmosphere
within the manhole caused by landfill gas (e.g., hydrogen sulfide) infiltration

• Equipment corrosion also due to hydrogen sulfide infiltration

Aluminum submersible pumps, which quickly corroded, were replaced by cast iron

submersible pumps in 1985. In 1990, the system was updated as part of the cap installation.

The system includes two pump stations (east and west pump stations) which tie the peripheral

leachate collection system to the old leachate system. These pump stations deliver leachate .

to the holding pond on the north side of the landfill. Although pump performance increased

as a result of the changes, the problems of corrosion and access persisted. The leachate
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pump stations were tied into the landfill gas collection system design (Law, 1991) as a

temporary solution.

Currently, new pump stations have been designed (CDM, 1993) for implementation with the

groundwater treatment plant. The new pump stations use the existing pump stations as

sumps. The sumps will facilitate iron and other solids settlement. The new pump stations

isolate the pumps from infiltrated landfill gas, reducing corrosion and providing easier access

for pump O&M. The pumps are cast iron with stainless steel fasteners and bronze impellers.

The use of stainless steel and bronze is expected to reduce corrosion of the pumps. The

interim leachate management system is in compliance with the requirements of ROD II to

date. Full compliance is expected to be demonstrated upon startup of the groundwater and

leachate treatment plant.

3.3.3 Compliance with ROD HI

The remedial alternatives selected in ROD III (EPA, 1988a) were selected to perform on-site

remediation of groundwater, leachate, and landfill gas; perform off-site source removal of

contaminated Dunstable Brook sediments; and perform long-term monitoring of the bedrock

groundwater aquifer and off-site residential wells. The selected remedy for groundwater and

leachate includes a groundwater collection trench along the south western side of the landfill,

a groundwater collection system on the eastern side of the landfill capable of withdrawing

overburden and shallow bedrock groundwater, a groundwater diversion trench upgradient

(north) of the landfill, and a peripheral leachate collection system. The groundwater and

leachate treatment plant will include biological treatment, metals precipitation, carbon

absorption and if necessary ion exchange.

During the landfill inspection conducted as part of this five year review, the southwestern

groundwater collection trench was observed to be installed. According to the USAGE, this

trench extends approximately 35 feet below grade to the top of the bedrock. Also observed

during the landfill inspection was the installation of monitoring wells and observation wells
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along the eastern side of the landfill. The wells were installed in anticipation of a

permeability test and a seven-day pump test of the overburden and shallow bedrock aquifers

in that area. (CDM, 1993a). The schedule for design of the treatment plant indicates the

design to be final and construction bidding to begin on April 15, 1994.

Under the OSWER guidance on five year reviews, groundwater and leachate remedial action

is considered a Long Term Remedial Action (LTRA). Compliance with ARAR's is not

necessary at each five year review because attainment of ARAR's is expected to require up

to 30 years. The guidance does specify updating of ARAR's. Groundwater and leachate

target cleanup goals given in Table 8 of ROD III have been updated and provided in

Tables 1-2 and 1-4.

Two of the compounds included in ROD in as groundwater and leachate contaminates of

concern did not have specified target cleanup goals at the time. Ethylbenzene and chromium

currently have groundwater maximums above the most stringent 1993 ARAR (see Table 1-4).

Furthermore five compounds which were not identified as contaminants of concern in 1988,

currently have groundwater and/or leachate concentrations above their most stringent 1993

ARAR. Antimony, 1.2-dichloroethane, lead, methylene chloride and nickel each have

concentrations above their most stringent 1993 ARAR (see Table 1-4).

Based on the design review, the treatment plant specified in ROD III is expected to handle

the changes in groundwater and leachate quality. Final demonstration of compliance is

expected to be performed upon startup of the treatment plant.

The landfill gas treatment system selected in ROD m is a fume incinerator operating at a

minimum temperature of 1,200 degree Fahrenheit. The selected remedy allows for design

and installation of the landfill gas collection system concurrent with the landfill cap

installation. This system and an interim open flare were designed (Law, 1991), and built.

During the landfill inspection conducted as part of this five year review, the interim flare was

operational and continues to operate on an interim basis. Landfill gas quantity and quality
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will be monitored under capped conditions (M&E, 1992) prior to selection, design and

implementation of a flare upgrade system.

Because of the nature of the open flare, stack gas monitoring cannot be performed and

compliance with the target emission limits specified in ROD III cannot be demonstrated.

ROD III does include annual on-site ambient air monitoring to assess compliance with

National Secondary Ambient Air Quality Standards (NAAQS) and Massachusetts Acceptable

Ambient Limits (AAL's). This monitoring is not planned as part of the interim remedial

measure. Therefore, compliance with these standards has not been demonstrated at this time.

It is expected that the final landfill gas treatment system performance test results will

demonstrate compliance with the requirements of ROD III.

The selected remedy for sediments given in ROD III is dredging of the unnamed stream

leading from the west leachate pump station area to Dunstable Brook and possibly some

downstream reaches of the brook. Dredging was to occur to a depth of approximately one

foot below grade. The sediments were to be placed on the landfill below the cap. The

extent of dredging was to be determined by sampling and analysis. Sediments with total

PAH concentrations above the risk based cleanup level of 1 rag/Kg would be dredged. This

remedial action has not been performed.

In 1989 EPA revised the relative absorption factors for PAHs (see Table 1-11). These

changes were expected to result in decreased risk associated with exposure to sediments.

Although new risk calculations were not performed, EPA decided not to dredge the brook.

As part of this five year review, Dunstable Brook sediments were sampled and analyzed for

numerous parameters, including PAHs. The risk from exposure to Dunstable Brook

sediments has been reevaluated. This reevaluation indicates that the PAH levels in Dunstable

Brook have decreased. Also the slope factor used during calculation of carcinogenic risk has

decreased. Therefore it can be qualitatively concluded that the carcinogenic risk from PAH's

in Dunstable Brook has decreased. It has not, however, been determined if the overall

current risk estimate has decreased to within an acceptable range. The risk factors
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(carcinogenic and non-carcinogenic) and 1993 sediment concentrations do not exhibit an

overall consistent trend towards decreased risk.

Sediment toxicity has also been measured as part of this five year review. These

measurements indicate that the Dunstable Brook sediments are toxic to the species tested.

Compliance with the ROD III requirement to dredge Dunstable Brook has not been

demonstrated. Based on the evaluation conducted as part of this five year review, the

anticipated decrease in risk on which the preliminary decision not to dredge Dunstable Brook

sediments was based cannot be confirmed. It is recommended that recalculation of risks

from contaminated sediment be considered by the agencies involved in Project Management.
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4.0 RECOMMENDATIONS

The objective of this five year review is to confirm that the site's remedial actions completed

to date adequately protect human health and the environment. For remedial actions not yet

complete, the cleanup standards set in the RODs are reviewed as well as the technologies

chosen for remedial action implementation. The recommendations are organized according

to the ROD which governs each remedial action.

4.1 RECOMMENDED TECHNOLOGIES

4.1.1 ROD I

The remedial action technology implemented as a result of ROD I (EPA, 1983) was the

installation of a new water supply line to well water users in the vicinity of the site. The

original scope included hookup to the new water line of the Cannongate Condominiums and

nearby homes. A total of 120 service hookups were installed. This usage rate represented

approximately 47% of the available designed water supply capacity. An increased scope

(EPA, 1988) was approved to supply an additional 24 service hookups.

The technologies implemented and the design capacity of the system are adequate. No new,

updated, or supplemental technologies are recommended in response to the requirements of

ROD I.

4.1.2 ROD II

The remedial action technologies implemented as a result of ROD II (EPA, 1985) were

installation of on site source control measures. The remedial alternatives selected were a full

synthetic membrane cap with 3:1 side slopes, a surface water management system, a

peripheral leachate collection system and landfill gas vents. The technologies implemented

are adequate.
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The original landfill cover and appurtenant systems were completed in 1990. Since that

time, the cap has demonstrated its effectiveness simply by its lack of failure. Subsidence

sink holes have been repaired. The DEP has recently established a program to monitor the

stability of the side slopes to address on-going concerns regarding erosion of the crushed

stone side slopes. Presently there does not appear to be "creep" of the crushed stone,

however, the monitoring program will verify this observation. Until data is available to

verify the stability of the crushed stone, the DEP is withholding any conclusion as to the

stability of the side slope.

The most persistent problems since implementation of ROD II has been the leachate pump

stations. However, new pump stations have been designed (and installed) independently of

the leachate and groundwater treatment plant. Therefore, no recommendations of leachate

remedial technologies are necessary as a result of this five year review.

The original landfill gas remedial action specified in ROD II was a passive collection system

with venting to the atmosphere. Per ROD in, this system has been updated to include a

vacuum blower to actively collect landfill gas and deliver it to an open flare.on an interim

basis. Because of this upgrade, the technologies implemented as a result of ROD II exceed

expectations. Furthermore, the interim flare is scheduled to be replaced with a permanent

landfill gas treatment technology in the future. Therefore, no recommendations of landfill

gas remedial technologies are necessary as a result of this five year review. ..

4.1.3 ROD III

It is believed that the quality and quantity of groundwater, leachate, and landfill gas of the

site has been affected by installation of the landfill cap under ROD II. The remedial action

technologies planned for implementation under ROD III are the combined groundwater and

leachate treatment plant, thermal destruction of landfill gas, long term groundwater

monitoring, and Dunstable Brook sediment dredging.
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Because the treatment plant is a long term remedial action (LTRA), only the ARARs have

been updated. Based on the changes to ARARs since 1988 and the on-site detection of

additional compounds above their MCLs a review of the technologies specified in ROD III

was performed. The additional compounds detected in site groundwater which were not

compounds of concern in ROD III are 1,2-dichloroethane, methylene chloride, antimony,

lead, nickel, and thallium. Biological treatment, metals precipitation and activated carbon

remain viable treatment technologies for the groundwater and leachate present on-site.

Compliance of the treatment plant with the requirements of ROD III cannot be demonstrated

until start-up and effluent testing. However, the treatment technologies currently in design

are expected to treat the additional compounds. No recommendations are made regarding

groundwater and leachate treatment technologies as a result of this five year review.

The interim open flare presently destroying landfill gas is a common and proven treatment

technology for landfill gas. A contract has been awarded by EPA to monitor the landfill gas

quantity and quality for one-year and design a treatment upgrade, if necessary. Because the

updated landfill gas data is not yet available and an upgrade recommendation may be made,

no recommendations are made regarding landfill gas treatment as a result of this five year

review.

ROD III does contain a requirement for on-site ambient air monitoring of the final landfill

gas treatment system. There is currently no on-site ambient air data available to demonstrate

compliance with ambient air standards. Therefore, monitoring of ambient air on an annual

basis for the parameters listed in Section X.3 of ROD III during interim flare operation is

recommended.

Long-term groundwater monitoring, including bedrock and residential wells, has been on-

going since ROD I. A large database has been generated. The evaluation of the data base

performed as part of this five year review has been limited to comparing the residential

results to SDWA MCLs. An overwhelming majority of the results are below the MCLs.

However, some results have been above the MCLs.
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Sediment removal under ROD III has not been performed. Sediment sampling for volatile

organics, semi-volatile organics, metals, PAHs. antimony and cadmium (low detection limit),

grain size, organic content and sediment toxicity has been performed as part of this five year

review. Also, fish tissue sampling and analysis for metals has been performed in Flint Pond,

downstream of the Flint Pond dam and, as a control location, Locust Pond. The results are

discussed in detail in Sections 2 and 3. The evaluation of the data indicates that some areas

exhibit ecological toxicity. The evaluation could not confirm that human health risk has

increased or decreased. Therefore, a recalculation of human health risk is recommended.

4.2 STATEMENT OF PROTECTIVENESS

4.2.1 ROD I

In order to evaluate protectiveness of the new water supply line installed under ROD I, the

residential well database was reviewed for analytical results above the most stringent 1993

ARAR. The database consists of 127 samples collected at 64 locations between September,

1988 and April 1993.

This evaluation resulted in two compounds, antimony and lead, present above their ARAR.

Neither compound was included as a chemical of concern in either ROD I, which targeted

volatile organic compounds, or ROD HI, which includes volatile organic compounds semi-

volatile organic compounds and. metals as groundwater chemicals of concern.

The analytical results for antimony include three detections above the 1993 SDWA MCL

(6 ug/L). All three detections occurred during the October, 1990 sampling event. Each

residential well was reanalyzed during the March 1991 sampling event. The antimony levels

from 1990 were not confirmed during 1991. Two of the three locations were also sampled

during October 1991 and March 1992. Neither location contained antimony above the MCL

during these sampling events.
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The analytical results for lead include 14 detections above the 1993 SDWA MCL for lead

(15 ug/L). The 14 detections occurred at 13 locations between August 1989 and March

. 1992. At eight locations, samples collected after the initial detection indicate the levels did

not remain above the MCL. At five locations, no samples have been collected since the

initial detection. As stated above, no lead detections above the MCL have been reported

since March 1992.

Based on the data base evaluation, protectiveness has been demonstrated for the ROD I

(1988) compounds of concern. However, antimony and lead have been sporadically detected

above their respective 1993 MCLs in residential wells since 1988. Neither compound

exhibits a persistent trend. A statistical analysis of the database in accordance with 40 CFR

246.97-246.101 should be performed on the results to confirm the presence or non-presence

of these contaminants at significant levels. This analysis is outside the scope at this five year

review.

4.2.2 ROD II

In order to evaluate the protectiveness of the landfill cap under ROD II a cap inspection was

performed. A detailed discussion of the inspection is in Section 2.1.1. Items requiring

maintenance were identified during the inspection. Maintenance activities are planned and

anticipated to be performed during 1994. Based on the cap inspection, protectiveness has

been demonstrated regarding the landfill cap.

The landfill gas vents installed under ROD n were intended to passively vent to the

atmosphere. As an interim remedial measure, the landfill gas is being destroyed by an open

flare. Based on the installation and operation of the interim flare, the landfill gas

requirements of ROD II have been met and exceeded. However, demonstration of

compliance with the ROD III requirements for landfill gas have yet to be performed.
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Although the leachate collection system has experienced problems due to site conditions,

leachate is being collected and periodically treated on-site. A leachate collection system

upgrade design has been performed and will be implemented as part of the groundwater and

leachate treatment plant remedial action. Therefore, based on the actual and planned leachate

controls, protectiveness with the ROD II requirements has been demonstrated.

4.2.3 ROD HI

Because the selected remedies under ROD III have not been fully implemented,

protectiveness has also not yet been fully demonstrated. However, the five year review

guidance does not require full demonstration of LTRA's protectiveness at each five year

review. Groundwater, leachate and landfill gas treatment are each considered LTRAs, and

their final remedial actions have yet to be implemented.

Leachate and landfill gas have been partially remediated by interim remedial measures. The

leachate holding pond has been treated and discharged in compliance with the requirements

of ROD III. The landfill gas is being treated and discharged to the atmosphere although

ambient air monitoring has not been performed to demonstrate compliance. Ambient air

monitoring on an annual basis is recommended (see section 4.1.3.). Compliance with the

ROD III requirements for landfill gas have not been demonstrated.

The sediment remedial action has also not been implemented. Protectiveness has not been

confirmed via sediment analysis, and the evaluations performed as part of this five year

review. Ecological criteria and toxicity testing indicate the sediment in Dunstable Brook is

toxic to ecological receptors. A qualitative evaluation of the human health risk from

Dunstable Brook sediments indicate that risks from some compounds may have increased and

some may have decreased. The cumulative risk change has not been calculated. It is

recommended that the agencies involved in project management consider recalculation of risk

from contaminated sediment.
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The long-term groundwater monitoring requirements of ROD III are intended to track

progress of the treatment plant effectiveness. Therefore, since a statement of long-term

treatment plant protectiveness is not required for this five year review, no statement of

protectiveness is given for the monitoring program.

Review of previous investigations and the five-year site walkover have indicated that wetland

areas have been damaged by remedial activities. It is recommended that agencies involved in

project management consider options for wetlands mitigation.

4.3 NEXT REVIEW

4.3.1 ROD I

It is anticipated that once the groundwater and leachate treatment plant is in operation, off-

site migration of contaminants will be reduced and natural attenuation will occur. Therefore,

the residential well database developed in the next five years should be evaluated separately

from the existing database. This will allow the effects of on-site treatment on off-site

groundwater quality to be evaluated. No residential wells have been impacted by any plume

originating on-site.

The documents received during this five year review focussed on the residential service

hookups provided by EPA. Other residents may have elected to tie in to the water main.

An analysis of all users of the new water supply line and their impact to the system (e.g.,

percent of system capacity) should be evaluated during the next review to ensure the remedy

remains effective.

4.3.2 ROD II

Two of the remedial actions specified in ROD II (landfill gas venting and leachate collection)

have been superseded by the remedial actions specified in ROD III (thermal destruction of
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landfill gas and leachate treatment). Therefore, the next five year review should focus on the

effectiveness of the ROD III criteria for landfill gas and leachate.

The landfill cap is expected to undergo long term O & M activities during the next five

years. Therefore, a cap inspection should be included, at a minimum, in the next review.

4.3.3 ROD III

It is anticipated that the groundwater and leachate treatment plant, and the final landfill gas

treatment system will be operational prior to the next five year review. At that time, the

effectiveness of the systems and data to demonstrate compliance with discharge limits will be

available. Also groundwater and residential well data collected during treatment plant

operation will be available for analysis. This data should be used to evaluate the

effectiveness of the groundwater and leachate collection systems.

Sediment dredging may or may not be performed prior to the next five year review. If the

recommendations to recalculate risk is accepted, the calculations should be reviewed. If a

decision is made based on the new risk values, the decision should be reviewed. If no action

is taken, sediments should be resampled, analyzed and evaluated with recalculation of risk.

4.4 IMPLEMENTATION REQUIREMENTS

4.4.1 ROD I

Since no new technologies are recommended under ROD I, no requirements for their

implementation exist. The data evaluation recommended (e.g. statistical analysis of the

residential well database) may be implemented in a number of ways:

• Internal evaluation by EPA
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• Evaluation by the DEP as a component of long-term operation and
maintenance management

• Evaluation by the agency, consultant or laboratory performing the sample
collection, analysis and validation management.

4.4.2 ROD II

Since the technologies implemented under ROD II are adequate, no implementation

requirements exist. Implementation of the long term O & M requirements for the landfill

cap and appurtenant systems should maintain the cap effectiveness. Implementation of a final

landfill gas collection and treatment system as well as O & M of the system under ROD III

should maintain protectiveness of the ROD II landfill gas collection requirements.

Installation of the new leachate pump stations combined with leachate treatment plant O & M

should provide an adequate level of protection regarding leachate.

4.4.3 ROD in

At this time, groundwater and leachate treatment technologies are being designed. No

technology improvements have been recommended and, therefore, no implementation

requirements exist.

An ambient air monitoring program has been recommended to demonstrate compliance of the

interim flare. This program should be implemented with the quarterly landfill gas

monitoring planned in anticipation of a landfill gas treatment system upgrade design.

The need to implement the sediment remedial action remains unresolved. Due to mixed

results of the ecological evaluation and the qualitative risk assessment, a definitive statement

of protectiveness has not been presented. A recalculation of human health risk from

sediments has been recommended and should be implemented to resolve the issue.
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ACRONYMS AND ABBREVIATIONS

AAL Massachusetts Ambient Ak Level
ACL Alternate Concentration Level
AIC Acceptable Intake - Chronic
AIS Acceptable Intake - Subchronic
ARAR Applicable or Relevant and Applicable Requirements
ARCS Alternative Remedial Contract Services
AWQC Ambient Water Quality Criteria
CAA Clear Air Act
CAG Carcinogen Assessment Group
CERCLA Comprehensive Environmental Response, Compensation, and Liability Act
CFR Code of Federal Regulations
CGRL Charles George Reclamation Landfill
CMR Code of Massachusetts Regulations
COC Contaminant of Concern
CWA Clean Water Act
DEHP Di(ethylhexyl)phthalate
DEP Massachusetts Department of Environmental Protection
EPA Environmental Protection Agency
EO Executive Order
ESAT Environmental Services Assistant Team
FEMA Federal Emergency Management Agency
FIRM Flood Insurance Rate Map
GCA GCA Corporation
HEA Health Effects Assessment
HEAST Health Effects Assessment Summary Tables
HMM HMM Associates, Inc.
IRIS Integrated Risk Information System
Kg Kilogram
LDR Land Disposal Restrictions
MANHESP Natural Heritage and Endangered Species Program, Massachusetts

Division of Fish and Wildlife
MCL Maximum Contaminant Level
MCLG Maximum Contaminant Limit Goals
MCP Massachusetts Contingency Plan
MEK Methylethyl Ketone
MGL Massachusetts General Laws
mg/L Milligrams per Liter
NAAQC National Ambient Ak Quality Standards
NCP National Contingency Plan
NPDES National Pollutant Discharge Elimination System
NTCHS National Technical Committee for Hydric Soils
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ACRONYMS AND ABBREVIATIONS (Continued)

NUS NUS Corporation
NWI National Wetlands Inventory
O&M Operation and Maintenance
ORSG Massachusetts Office of Research and Standards Guidelines
OSHA Occupational Safety and Health Administration
OSWER Office of Solid Waste and Emergency Response
PAH Polycyclic Aromatic Hydrocarbon
POTW Publicly Owned Treatment Works
RAF Relative Absorption Factor
RCRA Resource Conservation and Recovery Act
RfD Reference Dose
RI/FS Remedial Investigation/Feasibility Study
RME Reasonable Maximum Exposure
ROD Record of Decision
SARA Superfund Amendments and Reauthorization Act
SDWA Safe Drinking Water Act
TBC To Be Considered
TCE Trichloroethylene
TLV Threshold Limit Value
ug/kg Micrograms per Kilogram
USACOE Unites States Army Corps of Engineers
USDA/SCS United States Department of Agriculture/Soil Conservation Service
USEPA United States Environmental Protection Agency
USFWS United States Fish and Wildlife Service
USGS United States Geological Survey
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APPENDIX B

1993 ARARS EVALUATION:

CHARLES GEORGE LANDFILL, MASSACHUSETTS
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This appendix provides a summary of the 1993 ARARs evaluation conducted for the Charles

George Land Reclamation Trust Landfill in Tyngsboro, Massachusetts.
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TABLE B-3. FTVE-YEAR UPDATE OF NUMERICAL, CHEMICAL-SPECIFIC ARARS AND
CRITERIAA FOR SURFACE WATER AND SEDIMENT CHEMICALS OF CONCERN6, CHARLES

GEORGE LANDFILL, MASSACHUSETTS
(All criteria in mg/L)

CHEMICAL AMBIENT W\TER QUALITY CRITERIAC

Aquatic Life" Public Health6

Acute Chronic Fish Water &
Consumption Fish Ing.

2-butanone (MEK)
toluene
acetone
benzene
4-methyl ,2-pentanone
ethyl benzene
1,1-dichloroethene
trichloroethene
benzoic acid
4-methylphenol
2-methylphenol
phenol
PAHs
bis(2-ethylhexyl)

phthalate
arsenic (trivalent)
arsenic (pentavalent)
chromium (III)
chromium (VI)
copper
mercury
cadmium

17.5F

53 F

32F

45F

10.2F

0.94F

0.36
0.85
1.7+
0.016
0.018+
2.4xlO-3

3.9xl03+

21.9F

2.12

2.56F

0.003F

0.19

0.21 +
0.011
0.012+
1.2x10-'
1.1x10'+

300

7 I x l O 2

29
3.2x10'
S . lx lO 2

4,600
3.11xlO-5

5.9x10-'
0 (1.8x10-')

670
0.17

l.SxlO-4

0.17

10

1.2x10'

3.1
5.7xl05

2.7x10'

21
2.8x10-*

1.8x10-'
0 (1.4X104)

33
3.4
1.3
1.4X10"1

l .OxlO 2

A This table provides the 1993 update of the surface water regulatory criteria identified in Table 2-1 of the feasibility study
(EBASCO, 1988) regulations and criteria.
8 Chemicals of Concern (COCs) drawn from 1988 Record of Decision, Table 6, entitled CCL Contaminants of Concern - Phase in.
ROD-specified criteria are from Table 2-1 of the Draft Final Feasibility Study Report, Charles George Landfill (EBASCO, 1988).
0 Ambient Water Quality Criteria (AWQC). From Code of Massachusetts Regulation, Title 314, Section 4.05(5)(e) and/or U.S.
Environmental Protection Agency, 57 FR 60848, December 22, 1992.

° Acute criteria are one-hour average concentrations not to be exceeded more than once every three years. Chronic criteria are
four-day average concentrations not to be exceeded more than once every three years. Freshwater criteria are shown.
E The criterion value of zero for potential carcinogens is listed in the table. Concentrations in the parenthesis for potential
carcinogens correspond to a nsk of 10 .
F Value represented is the Lowest Observed Effect Level.

+ Hardness-dependent criteria (100 mg/L as CaCO, used).
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APPENDIX C

WETLAND RESOURCE MAPS FROM
PREVIOUS CGRL STUDIES
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United States Department of the Interior

FISH AND WILDLIFE SERVICE
New England Field Offices
400 Ralph Pill Marketplace
22 Bridge Street, Unit #1

Concord, New Hampshire 03301-4901

October 20, 1993

Jonathan A. Weier
Metcalf & Eddy
P.O. Box 4043
Woburn, MA. 01888-4043

Dear Mr. Weier:

This responds to your letter dated September 22, 1993 requesting information
on the presence of Federally listed and proposed endangered or threatened
species in relation to the downgradient areas of the Charles George
Reclamation landfill near Tyngsborough, Massachusetts.

Based on information currently available to us, no Federally listed or
proposed threatened and endangered species under the jurisdiction of the
U.S. Fish and Wildlife Service are known to occur in the project area, with
the exception of occasional transient endangered bald eagles (Haliaeetus
leucDcephalus) or peregrine falcons (Falao peregrinus anatum). However, we
suggest that you contact Pat Huckery of the Massachusetts Natural Heritage
Program, Division of Fisheries and Wildlife at 100 Cambridge St., Boston, MA
02202, (617) 727-9194 for information on state listed species that may be
present.

A list of Federally designated endangered and threatened species in
Massachusetts is included for your information. Thank you for your
cooperation and please contact Susi von Oettingen of this office at (603)
225-1411 if we can be of further assistance.

Sincerely yours,

Gordon E. Beckett
Supervisor
New England Field Offices

Inclosure



Commonwealth of Massachusetts
Division of Fisheries and Wildlife
100 Cambridge Street
Boston, MA 02202

Natural Heritage and
Endangered Species Program

tel (617) 727-9194
fax (617) 727-7288

12 October 1993

Jonathon A. Weier
Metcalf & Eddy
P.O. Box 4043
Woburn, MA 01888-4043

Re: Request for rare species information
Charles George Reclamation Landfill
Tyngsborough, MA
NHESP File No. 93-767

Dear Mr. Weier,

Thank you for contacting the Natural Heritage and Endangered Species Program for information
regarding rare or endangered species in the vicinity of the site referred to above.

At this time we are not aware of any rare or endangered plants or animals or exemplary natural
communities in the vicinity of this site.

This review concerns only rare or endangered species of plants and animals and ecologically
significant natural communities for which the Program maintains site-specific records. This review
does not rule out the possibility that more common wildlife or vegetation might be in the vicinity,
especially if consits of or in near undeveloped areas. Should new rare species information become
available, this evaluation may have to be reconsidered. Please call me if you have any questions.

Sincerely,

Jay Copeland
Environmental Reviewer

F«m: ISITENPJC

This response to your request for rare species information has been prepared for you as a free service. However, funding
for this service comes largely from voluntary contributions. Those wishing to help support the program's work, including the
preparation of responses to requests for rare species information such as this, can do so by making out a check to the .
'Natural Heritage and Endangered Species Fund* and sending it to: THE NHES FUND. 100 Cambridge Street, Room 1902-
MDFW-HP, Boston, MA 02202. Contributions are tax deductible on federal income tax returns. Thank you for your
support.
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3 PARAMETER WETLAND DEUNEATION
SUMMARY SHEET

Project Title: Charles George Landfill USFWS Classification: FO4

Sample Location: Landfill - Upland 1A Date: 10/20/93
VEGETATION

DOMINANTS BY STRATUM

Trees:
Pinus strobus

Lianas:

Saplings:
Betula populiMia
Acerrubmm
Quercus af>a

Shrubs:

Seedlings and Herbs:
Osmunds chrmmomea

Mosses and Liverworts:

Tally: IOBL IFACW 1 FAC 2 IFAC-
JOBL+FACW+FAC} X 100 - Area Disturbed?

SUM Describe:

3/5 = 60%

Dominance
Ratio

30/30

20/65
30/65
15/65

15/15

FACU 2

Percent
Dominance

100

30.8
46.2
23.1

100

UPL

NWI Status
of Dominants

FACU

FAC
FAC

FACU-

FACW

SUM 5
YES X NO

Continued on other side



* \

Landfill - Upland 1A
SOIL

Munsell Color (Wet)
Depth Matrix/Mottle USDA Te>

inch
0-12 inch 10YR4/3

inch

inch

rture (Wet) Remarks

Soil Pedigree: Permeability:
Series and Drainage Class:
Phase:

NTCHS List Organic Soil High Organic Content
in Surface Horizon

Histic Eplpedon Sulfidic Material Aqufe Moisture Regime

Peraquic Moisture Regime Reducing Condition Iron Concretions

Manganese Concretions Gleyed

Dark Vertical Streaking of Subsurface Horizons

OBL and FACW Plants and WetfandAJpland Boundai

Wet Spodosols

OBL Plants

ry Abrupt

HYDROLOGY
Recorded Data Indicating Inundation or Saturation
the Growing Season

Source: Dated:
PRIMARY INDICATORS:

Inundation (Depth )

Saturation in Upper 12 Inches (Depth )

Watermarks

Drtfdines

Sediment Deposits

Drainage Patterns

for Extended Period During

SECONDARY INDICATORS:
(2 or more required)

Oxidized Root Channels
in Upper 12 Inches
Water- Stained Leaves

Local Soil Survey

FAC Neutral Test

Other (Buttressed Trees,
Stooling)

CONCLUSIONS
Yes Hydrophytes Prevalent
No Wetland Hydrology

No Hydric Soils
No Wetland?

^
Wetlands Technician(s): •r̂ ^Tr̂ ^^ r̂̂ ii
Wetlands ScJertist(s):̂ ^ l̂cu^X^4M TWu /̂7 s~,J
Wetlands Technical Specialist: () L -̂Y7 £/^<^



3 PARAMETER WETLAND DEUNEATION
SUMMARY SHEET

Project Title: Charles George Landfill USFWS Classification: PEM1E

Sample Location: Landfill - Wetland 1A Date: 10/20/93
VEGETATION

DOMINANTS BY STRATUM

Trees:

Lianas:

Saplings:

Shrubs:

Seedlings and Herbs:
Scirpus cyporinus
Carexstricta
Thetypteris thotypteroides
Spiroa tomontoea

Mosses and Liverworts:

Tally: OBL 1 FACW 1 FAC IFAC-
{OBL+FACW+FAC1 X 100 * Area Disturbed?

SUM Describe:

2/2 = 100%

Dominance
Ratio

15/80
20/80
30/80
15/80

FACU

Percent
Dominance

18.8
25

37.5
18.8

UPL

NWI Status
of Dominants

OBL
FACW+

SUM 2
YES X NO

Continued on other side



Landfill - Wetland 1A
SOIL

Munaell Color (Wet)
Depth Matrix/Mottle USDATe*

inch 1* fibrous
0-6 inch 10 YR 3/2, no mottles

6-14 inch
2^ YR 5/4 - matrix

14-18 inch 10 YR 5/6 - mottles

cture (Wet) Remarks

sand

Soil Pedigree: Permeabnty:
Series and Drainage Claaa:
Phaaa:

NTCHSUat Organic Sol High Organic Content
In Surtace Horizon

HJstte Epipadon SuMdic Material Aqufc Moisture Regime

Peraqufc Moisture Regime Reducing CondUon Iron Concretions

Manganese Concretions Glayad

Dark Vertical Streaking of Subsurface Horizons

WetSpodoaols

OBL Plants

OBL and FACW Plants and Wetland/Upland Boundary Abrupt

HYDROLOGY

the Growing Season

Source: Dated:
PRIMARY INDICATORS:

Inundation (Dapth )

Saturation In Uppar 12 Inchaa (Depth )

watermarks

i1Bj •>•!•!• •unnunoe

Sediment Dopoato

Drainaga Panama

for Extended Period During

SECONDARY INDICATORS:
(2 or more required)

xMHzad Hoot Channels
in Uppar 12 Inches

X Water- Stained Leaves

Local Soi Survey

FAC Neutral Teat

X Other (Stooing)

CONCLUSIONS
Yes Hydrophytes Prevalent
Yes Wetland Hydrology

Yes Hydrlc Soils
Yes Wetland?

-t^"-*
Wetlands Technician(s): ..̂ 5 *̂2^̂ ^̂ *̂?
WettandsScieiitiatW^^L^p .̂TULf ^ ~ .
Wetlands Technical Specialist V (J^-^^7 (^*^.IS



3 PARAMETER WETLAND DELINEATION
SUMMARY SHEET

Project Title: Charles George Landfill USFWS Classification: FO1/4
v

Sample Location: Landfill - Upland 2 Date: 10/20/93
VEGETATION

DOMINANTS BY STRATUM

Trees:
Phusstrobus
Quorcusrubra

Lianas:

Saplings:
Acerrubrum
Ouercus aba
Finns strobus

Shrubs:
Vaccinkim augustifoSum

Seedlings and Herbs:
Quorcusaba

Mosses and Liverworts:

Tally: IOBL IFACW FAC 1 IFAC-
JOBL+FACW+FAO X 100 - Area Disturbed?

SUM Describe:

1/7 = 14.3%

Dominance
Ratio

40/80
40/80

20/50
10/50
20/50

10/10

5/5

FACU 6

Percent
Dominance

50
50

40
20
40

100

100

UPL

NWI Status
of Dominants

FACU
FACU-

FAC
FACU-

FACU

FACU-

FACU-

SUM 7
YES X NO

Continued on other side



Landfill Upland - 2
SOIL

Munsell Color (Wet)
Depth Matrix/Mottle USDA Te»

inch
0-2 inch 10YR3/3

2-12 inch 10YR5/6

inch

lure (Wet) Remarks

Soil Pedigree: Permeability:
Series and Drainage Class:
Phase:

NTCHS List Organic Soil Hkjh Organic Content
in Surface Horizon

Histte Epipedon Suffidfc Material Aqufc Moisture Regime

Peraquic Moisture Regime Reducing Condition Iron Concretions

Manganese Concretions Gleyed

Dark Vertical Streaking of Subsurface Horizons

Wet Spodosols

OBL Plants

OBL and FACW Plants and Wetland/Upland Boundary Abrupt

HYDROLOGY

the Growing Season

Source: Dated:
PRIMARY INDICATORS:

Inundation (Depth )

Saturation in Upper 12 Inches (Depth )

Watermarks

DrifUines

Sediment Depoetts

Drainage Patterns

fnr Evtemted Period Durina

SECONDARY INDICATORS:
(2 or more required)

Oxidized Root Channels
in Upper 12 Inches
Water- Stained Leaves

Local Soi Survey

FAC Neutral Teat

Other (Buttressed Trees.
Stooling)

CONCLUSIONS
No Hydrophytes Prevalent
No Wetland Hydrology

No Hydric Soils
No Wetland?

£_ " ^

Wetlands Technicians): .̂ ^̂ ^S^gî ^
Wetlands Scientistts)̂ ^1^ ,u J. hr~7IT /EL - 1
Wetlands Technical Specialist * ( 4--"7 ̂ D^V^^xC^



3 PARAMETER WETLAND DELINEATION
SUMMARY SHEET

Project Title: Charles George Landfill USFWS Classification: ROW, PFO5

Sample Location: Landfill - Wetland 2 Date: 10/20/93
VEGETATION

DOMINANTS BY STRATUM

Trees:
Pinus strobus dead
Betub popuUMi*

Lianas:

Saplings:
Betula populttolia
Pinus strobus

Shrubs:

Seedlings and Herbs:
Typhatatifoti*
Carex strict*
Lythrum saBcaria
Canxkirida

Mosses and Liverworts:

Tally: OBL 2 FACW FAC 1 IFAC-
lOBL+FACW+FACl X 100 - Aiea Disturbed?

SUM Describe:

3/5 = 60%

Dominance
Ratio

50/60
10/60

20/40
20/40

20/40
10/40
5/40
5/40

FACU 2

Percent
Dominance

633
16.7

50
50

50
25

12.5
12.5

UPL

NWI Status
of Dominants

FACU

FAC
FACU

OBL
OBL

SUM 5
YES X NO

Continued on other side



Landfill - Wetland 2

Munsell Color (Wet)
Depth Matrix/Mottle

inch
0-12 inch 10YR2/1

inch

inch
Soil Pedigree:
Series and
Phase:

NTCHSUet

Histic Epipedon

Peraqute Moisture Regime

Manganese Concretions

SOIL

USDA Texturo (Wet)

Permeability:
Drainage Class:

X Organise*

Sulfldic Material

Reducing Condition

Gtoyed

Dark Vertical Streaking of Subsurface Horizons

OBL and FACW Plants and WattaiuI/Upland Boundary Abrupt

Remarks

organic soil

High Organic Content
in Surface Horizon

Aquic Moisture Regime

Iron Concretions

Wet Spodosols

OBL Plants

HYDROLOGY
Recorded Data Indicating Inundation or Saturation for Extended Period During
the Growing Season

Source:
PRIMARY INDICATORS:

X Inundation (Depth -10*)

Dated:
SECONDARY INDICATORS:
(2 or more required)

Oxidized Root Channels
Saturation in Upper 12 Inches (Depth ) in Upper 12 Inches

watermarks

DrifUinee

Sediment Deposits

Drainage Patterns

X Water-Stained Leaves

Local SoH Survey

FAC Neutral Test

X Other (Stooing)

CONCLUSIONS
Yes Hydrophytes Prevalent
Yes Wetland Hydrology

Yes Hydric Soils
Yes Wetland?

^r ,

Wetlands Technteian(s): -g^^^^^^s'
Wetlands Scientists): ̂ L^/L 7j/ .
Wetlands Technical Specialist , f/^

AU .̂f _ /
^~ y Osb&J



3 PARAMETER WETLAND DEUNEATION
SUMMARY SHEET

Project Title: Charles George Landfill USFWS Classification: FO1/4

Sample Location: Landfill - Upland 3 and 4 Date: 10/20/93
VEGETATION

DOMINANTS BY STRATUM

Trees:
Quorcusaba
Acer sacchanim
Pinus strobus

Lianas:

Saplings:
Pinus strobus
Ulmus americana
Acer saccharum

Shrubs:
Quercusaba
Pinus strobus
Acer spicatum
Prunus serotina
Juniperus virginiana

Seedlings and Herbs:
Gramineae spp.
SoUdagosp.
Mttchotta nptns

Mosses and Liverworts:
Moss spp.

Tally: OBL FACW 1 FAC IFAC-
fOBL+FACW+FAO X 100 - Area Disturbed?

SUM Describe:

1/12 = 8.3%

Dominance
Ratio

20/60
20/60
20/60

5/15
5/15
5/15

2/20
2/20
2/20
2/20
2/20

70/80
5/80
5/80

5/5

FACU 10

Percent
Dominance

335
33.3
33.3

33.3
33.3
33.3

20
20
20
20
20

875
6.3
6.3

100

UPL 1

NWI Status
of Dominants

FACU-
FACU-

FACU

FACU
FACW-
FACU-

FACU-
FACU

FACU-
FACU
FACU

UPL

SUM 12
YES X NO

Continued on other side



Landfill- Up land 3 and 4
SOIL

MunMll Color (Wat)
Depth Matrix/Mottle USDA T«i

inch
0-1 2 Inch 7.5 YR 3/4

inch

inch

(turo (Wet) Remarks

Soil Pedigree: Permeability:
Series and Drainaga Class:
Phass:

NTCHS Ust Oroanic SoH High Organic Content
in Suifaca Horizon

Htotfc Epfpadon Sulfidic Matartel Aqufc Moisture Ragbna

Paraquic Moistura Ragima Raducing Condition Iron Concretions

Manganasa Concrations Glayad

Dark Vertical Streaking of Subsurface Horizons

OBL and FACW Plants and Wetland/Upland Bound*

WetSpodosols

OBL Plants

ry Abrupt

HYDROLOGY
riocoraea Dan inojcaung inundation or saniratton
tha Growing Saason

Sourca: Datad:
PRIMARY INDICATORS:

Inundation (Depth )

Saturation in Uppar 12 Inches (Depth )

Watermarks

DrtfUines

Sediment Deposfts

Drainage patterns

for Extended Period During

SECONDARY INDICATORS:
(2 or more required)

ftvlfffoewf Rnnfr A^kaiffiiiBml*

in Upper 12 Inches
Water-Stained Leaves

Local Sol Survey

FAC Neutral Test

Other (Buttressed Trees,
Stooiing)

CONCLUSIONS
fcjj*. ij..-i— —— t-.^— — Dn»t»alnntNO nyoropnyies trevawni
No Wetland Hydrology

No Hydric Soils
No Wetland?

_ ^^
Wetlands T«rhnirhin(t)_ »ji i ̂ ^^^ îJ^—
Wetlands Sc»nttst(s)f ~\e^^-^L\^^ .
Wetlands TechnteaJ Specialist:/ U«^̂ v^J)MXj<^v«*-̂

^^ " J



3 PARAMETER WETLAND DELINEATION
SUMMARY SHEET

Project Tide: Charts George Landfill USFWS Classification: PFO/SS1

Sample Location: Landfill - Wetland 3 Data: 10/20/93
VEGETATION

DOMINANTS BY STRATUM

Trees:
Acorrubrvm

Lianas:

Saplings:

Shrubs:
Pinufstmbu*
Ulnws americana
Poftjfti* dMafcfe*
Fnudnus pennaytvmnica
Prunus serotina

Seedlings and Herbs:
Lythrum taScaha
SoBdagosp.
Camxttrict*
Gramineaaspp
Typh* tottfot*

Osmunda ngaMs
Mosses and Liverworts:
Tally: OBL 1 FACW 3 FAC 2 |FAC-

Dominance
Ratio

10/10

2/10
2/10
2/10
2/10
2/10

35/95
15/95
15/95
10/95
5/95
fi/QS

5/95
5/95

FACU 2

Percent
Dominance

100

20
20
20
20
20

36.8
15.8
15.8
105
5.3
fi.3

5.3

5J

UPL

NW1 Status
of Dominants

FAC

FACU
FACW-

FAC
FACW
FACU

FACW+
?

OBL

SUM 8
IOBL+FACW+FAC1 X 100 » ATM Disturbed? X YES NO

SUM Describe:
Orange residue visible in top 4' of son.

6/8 = 75%
Continued on other side



Landfill - Wetland 3
SOIL

Munsell Color (Wet)
Depth Matrix/Mottle USDA Tei

inch
0-12 inch 7.5 YR 2/1

inch

inch

cture (Wet) Remarks

saturated to surface

Soil Pedigree: Permeability:
Series and Drainage Class:
Phase:

NTCHS List Organic SoH High Organic Content
in Surface Horizon

Histfe Epipedon Sulffdic Material Aqufe Moisture Regime

Peraquic Moisture Regime Reducing Condition Iron Concretions

Manganese Concretions Gleyed

Dark Vertical Streaking of Subsurface Horizons

OBL and FACW Plants and Wetland/Upland Boundai

WetSpodosob

OBL Plants

j Abrupt

HYDROLOGY
nocoraeo Data indicating inundation or saturation
the Growing Season

Source: Dated:
PRIMARY INDICATORS:

Inundation (Depth )

X Saturation in Upper 12 Inches (Depth = 0")

Watermarks

DriWinea

Sediment Deposits

Drainage Patterns

for Extended Period During

SECONDARY INDICATORS:
(2 or more required)

Qvifflfoawl Rnnt î ttsinnAlfi

in Upper 12 Inches
X Water-Stained Leaves

Local Soi Survey

FAC Neutral Test

X Other (StooBng) .

CONCLUSIONS
Yes Hydrophytes Prevalent
Yes Wetland Hydrology

Yes Hydric Soils
Yes Wetland?

Wetlands Technician(s): ̂  jjL » ' **"~ T "p ĵT ''
Wetlands ScJentisttsU^^n î̂ XTT^ . fW ̂
Wetlands Technical Specialist/ lX^rf>_-V / J^jJ^



3 PARAMETER WETLAND DEUNEATION
SUMMARY SHEET

Project Title: Chart** George Landfill USFWS Classification: PEM1

Sample Location: Landfill - Wetland 4 Date: 10/20/93
VEGETATION

DOMINANTS BY STRATUM

Trees:
Acerrubrum dead

Lianas:

Saplings:

Shrubs:

Seedlings and Herbs:
Lythrum saHcarm
Typhattttfoto
Sdrpuf anwricanuf
Camxatopacoidea
Solidagotp.

Mosses and Liverworts:

Tally: OBL FACW 1 FAC 1 FAC-
/OBL+FACW+FACl X 100 - Area Disturbed?

SUM Describe:

2/2 = 100%

Dominance
Ratio

20/20

90/100
4/100
2/100
2/100
2/100

FACU

Percent
Dominance

100

90
4
2
2
2

UPL

NW1 Status
of Dominants

FAC

FACW+

SUM 2
YES X NO

Continued on other side



Landfill - Wetland 4
SOIL

Munsell Color (Wet)
Depth Matrix/Mottle USDA Te>

inch
0-12 inch 10YR5/2

inch

inch

cture (Wet) Remarks
saturated to surface with
drainage from landfill

Soil Pedigree: Permeability:
Series and Drainage Class:
Phase:

NTCHS List Organic Soil High Organic Content
in Surface Horizon

Histic Epipedon Suffidfe Material Aqufc Moisture Regime

Peraquic Moisture Regime Reducing Condition Iron Concretions

Manganese Concretions Gleyed

Dark Vertical Streaking of Subsurface Horizons

Wet Spodosols

OBL Plants

OBL and FACW Plants and Wetland/Upland Boundary Abrupt

HYDROLOGY
Recorded Data Indicating Inundation or Saturation
the Growing Season

Source: Dated:
PRIMARY INDICATORS:

X Inundation (Depth - 1")

Saturation in Upperl 2 Inches (Depth )

Watermarks

DrtfUtne*

Sediment DeposMs

Drainage patterns

for Extended Period During

SECONDARY INDICATORS:
(2 or more required)

Oxidized Root Channels
in Upper 12 Inches
Water- Stained Leaves

Local Soil Survey

FAC Neutral Test

X Other (Stoohng)

CONCLUSIONS
Yes Hydrophytes Prevalent
Yes Wetland Hydrology

Wetlands Scientist(s): x*^^ ̂  ̂ t J^°3?-IJT
Wetlands Technical Specialist j GX/^T^ (J-^^J^

Yes Hydric Soils
Yes Wetland?

f



3 PARAMETER WETLAND DELINEATION
SUMMARY SHEET

Project Title: Charles George Landfill USFWS Classification: FO1/4

Sample Location: Landfill - Upland G and F Date: 10/20/93
VEGETATION

DOMINANTS BY STRATUM

Trees:
Pinusstmbus
Acerrubrum
Quercusrubfm

Lianas:

Saplings:
Acerrubrum
Pinus strobus

Shrubs:
Pinus strobus
Vacdnkim augusttfoSum
Smilax waKeri

Seedlings and Herbs:

Mosses and Liverworts:

Tallv: IOBL FACW FAC 2 IFAC-

Dominance
Ratio

30/90
30/90
30/90

20/35
15/35

50/95
40/95
5/95

FACU 5

Percent
Dominance

33.3
33.3
33.3

57.1
425

52.6

42.1
S3

UPL

NWI Status
of Dominants

FACU
FAC

FACU-

FAC
FACU

FACU
FACU-

SUM 7
{OBL+FACW+FAC1 X 100 - Area Disturbed? YES X NO

SUM Describe:

2/7 = 28.6%
Continued on other side



Landfill - Upland G and F
SOIL

Munsell Color (Wet)
Depth Matrix/Mottle USDA Te>

inch
0-1 2 inch 10YR5/6

inch

inch

cture (Wet) Remarks

Soil Pedigree: Permeability:
Series and Drainage Class:
Phase:

NTCHS List Organic Soil High Organic Content
in Surface Horizon

Histic Epipedon Sulfidte Material Aqufe Moisture Regime

Peraquic Moisture Regime Reducing Condition Iron Concretions

Manganese Concretions Glayed

Dark Vertical Streaking of Subsurface Horizons

Wet Spodosols

OBL Plants

OBL and FACW Plants and Wetland/Upland Boundary Abrupt

HYDROLOGY
Recorded Date Indicating Inundation or Saturation
the Growing Season

Source: Dated:
PRIMARY INDICATORS:

Inundation (Depth )

Saturation in Upper 12 Inches (Depth )

Watermarks

DrifUinea

Sediment Deposits

Drainage Patterns

for Extended Period During

SECONDARY INDICATORS:
(2 or more required)

Oxidized Root Channels
in Upper 12 Inches
Water-Stained Leaves

Local Soil Survey

FAC Neutral Teat

Other (Buttressed Trees,
Stool ing)

CONCLUSIONS
No Hydrophytes Prevalent
No Wetland Hydrology

No Hydric SoHs
No Wetland?

_
Wetlands Technician(s): .f^^ft^^ttir'f'-"
Wetlands ScSentistfs):̂ ^ t^J^^<. fhna^
Wetlands Technical Specialist T (^-^-^7 ftLe^s^



3 PARAMETER WETLAND DELINEATION
SUMMARY SHEET

Project Title: Charles George Landfill USFWS Classification: PEM/SS1, PFO1 to
south

Sample Location: Landfill - Wetland F Date: 10/20/93
VEGETATION

DOMINANTS BY STRATUM

Trees:
Aoorrubrum

Lianas:

Saplings:

Shrubs:
Vaccinium cotymbosum

Seedlings and Herbs:
Camxstricta
Spinaaija

Mosses and Uverworts:
Mossspp.

Tally: IOBL 1 IFACW 1 FAC 1 IFAC-
lOBL+FACW+FAO X 100 - Area Disturbed?

SUM Describe:

3/3 - 100%

Dominance
Ratio

10/10

20/20

70/80
10/80

15/15

FACU

Percent
Dominance

100

100

87 £
12.5

100

UPL

NWI Status
of Dominants

FAC

FACW-

OBL

SUM 3
YES X NO

Continued on other side



Landfill - Wetland F
SOIL

Munsell Color (Wat)
Depth Matrix/Mottle USDATei

inch
0-10 inch 10YR2/1

10-14 inch 10YR2/0

inch

cture (Wet) Remarks

Soil Pedigree: Permeability:
Series and Drainage Class:
Phase:

NTCHSUst Organic Soi X High Organic Content
in Surface Horizon

Htetic Epipedon Sulfldte Material Aqute Moisture Regime

Peraquic Moisture Regime Roducin

Manganese Concretions Glsyed

Dark Vertical Streaking of Subsurface Horizons

Condition iron concretions

WetSpodosols

OBL Plants

OBL and FACW Plants and Wetland/Upland Boundary Abrupt

HYDROLOGY
Recorded Date Indicating Inundation or Saturation
the Growing Season

Source: Dated:
PRIMARY INDICATORS:

Inundation (Depth )

Saturation in Upper 12 Inches (Depth )

X Watermarks

DrtlUines

Sediment Deposits

X Drainage Patterns

for Extended Period During

SECONDARY INDICATORS:
(2 or more required)

Oxidized Root Channels
In Upper 12 Inches
Water-Stained Leaves

Local Soi Survey

FAC Neutral Test

X Other (Shallow Root
Systems. Stooing)

CONCLUSIONS
Yes Hydrophytes Prevalent
Yes Wetland Hydrology

Yes Hydrtc Soils
Yes Wetland?

^_

Wetlands Technician(s): ^jC^ff^^1^'^ '
Wetlands Scientists) ĵ l̂f 0tJU(J1 ̂ ~1M /4*~ * ̂
Wetlands Technical Specialist jj 0^ ̂  ^-/U+s-Pj f



3 PARAMETER WETLAND DELINEATION
SUMMARY SHEET

Project Title: Charles George Landfill USFWS Classification: PEM1

Sample Location: Landfill - Wetland G Date: 10/20/93
VEGETATION

DOMINANTS BY STRATUM

Trees:
Pinus strobus dead

Uanas:

Saplings:

Shrubs:
Quenusrubrm
Acorrubrum

Seedlings and Herbs:
Lythrum saticaria
Scirpus cyporinus
Tfin&«<Wrb> •"--«• — • .... tflm m1 nmiypiffiS umypttfOIOfS

Sotidagotp.

Mosses and Liverworts:
Mossspp.

Tally: OBL IFACW 1 FAC 1 IFAC-
JOBL+FACW+FAO X 100 - Area Disturbed?

SUM Describe:

2/4 = 50%

Dominance
Ratio

25/25

5/10
5/10

60/95
15/95
10/95
10/95

20/20

FACU 2

Percent
Dominance

100

50
50

63.2
15.8
10£
10̂

100

UPL

NWI Status
of Dominants

FACU

FACU-
FAC

FACW+

SUM 4
YES X NO

Continued on other side



Landfill - Wetland G
SOIL

Munsell Color (Wet)
Depth Matrix/Mottle USDA Te>

inch 2.5 YR 5/2 - matrix
0-7 inch 7.5 YR 4/4 - mottles

7-11 inch 10YR3/2

11 -18 inch 10YR4/4

cture (Wet) Remarks
clay soils, mottles faint
from 6"-7"

Soil Pedigree: Permeability:
Series and Drainage Class:
Phase:

NTCHS List Organic SoH High Organic Content
in Surface Horizon

Histte Epioedon Sulfidic Material Aqufc Moisture Regime

Peraquic Moisture Regime Reducing Condition Iron Concretions

Manganese Concretions Gleyed

Dark Vertical Streaking of Subsurface Horizons

OBL and FACW Plants and Wetland/Upland Boundai

Wet Spodosots

OBL Plants

ry Abrupt

HYDROLOGY
Recorded Data Indicating Inundation or Saturation
the Growing Season

Source: Dated:
PRIMARY INDICATORS:

Inundation (Depth )

Saturation in Upper 12 Inches (Depth )

Watermarks

DrittJines

Sediment Deposits

Drainage Patterns

«nr e» — m. • • •%-.a-jn g* nmtmtm n•or cxmKwo I'vnoQ i/unng

SECONDARY INDICATORS:
(2 or more required)

Oxkfaed Root Channels
hi Upper 12 Inches

X Water-Stained Leaves

IjoceJ Sol Survey

FAC Neutral Test

X Other (Stooing)

CONCLUSIONS
Yes Hydrophytes Prevalent
Yes Wetland Hydrology

Yes Hydric Soils
Yes Wetland?

_f.^e
Wetlands Technician(s): ^^j^J^f^^^l-f^r

Wetlands Scientist(s): *^ Jĵ JjCT'M ^r^
Wetlands Technical Specialist (&^~^-// ^/Lv&J

/



3 PARAMETER WETLAND DELINEATION
SUMMARY SHEET

Project Title: Charles George Landfill USFWS Classification: FO1/4

Sample Location: Brook System - Upland A Date: 10/20/93
VEGETATION

DOMINANTS BY STRATUM

Trees:
Pinusstrobus
Quercusrubm
Acorrubrum
Ulmus amoricana

Lianas:

Saplings:
Ouercus rubra
Ulmus americana
CaryaXXX
Prunus sp.

Shrubs:
Vtoumum dentatum
Quercusatja
Prunus sp.

Seedlings and Herbs:
Vtoumum dontatum
Osmunda dnnamomoa
Pinusstrobus
Quercusaba
Acer saccharum

Mosses and Liverworts:

Tally: OBL IFACW 2 FAC 2 IFAC-

Dominance
Ratio

50/90
30/90
5/90
5/90

5/14
5/14
2/14
2/14

5/12
5/12
2/12

20/50
15/50
5/50
5/50
5/50

FACU 4

Percent
Dominance

55.6
33.3
5.6
5.6

35.7
35.7
14.3
14.3

41.7
41.7
16.7

40
30
10
10
10

UPL

NWI Status
of Dominants

FACU
FACU-

FACU-
FACW-

FAC
FACU-

FAC
FACW

SUM 8
IOBL+FACW+FAC1 X 100 - Area Disturbed? YES X NO

SUM Describe:

4/8 = 50%
Continued on other side



Brook System - Upland A

Depth
inch

0-1 2 inch

inch

inch
Soil Pedigree:
Series and
Phase:

NTCHS

SOIL
Munsell Color (Wet)

Matrix/Mottle USDA 1

10YR5/6

exture (Wet) Remarks

Permeability:
Drainage Class:

List Organic Son High Organic Content
in Surface Horizon

Histfc Epipedon Suffidfc Material Aqufc Moisture Regime

Peraquic Moisture Regime Reducing Condition Iron Concretions

Manganese Concretions Gteyed Wet Spodosobt

Dark Vertical Streaking of Subsurface Horizons OBL Plants

OBL and FACW Plants and WettandAJpland Boundary Abrupt

HYDROLOGY
Recorded Data Indicating Inundation or Saturatic" inr c*»«»~*aH p«rtn/i nnHnn
the Growing Season

Source: Dated:
PRIMARY INDICATORS:

Inundation (Depth )

Saturation in Upper 12 Inches (Depth )

Watermarks

DrHUiMS

Sediment Deposits

Drainage Patterns

SECONDARY INDICATORS:
(2 or more required)

Oxidized Root Channels
in Upper 12 Inches
Water-Stained Leaves

Local SoH Survey

FAC Neutral Test

Other (Buttressed Trees.
Stooling)

CONCLUSIONS
Yes
No

Hydrophytes Prevalent
Wetland Hydrology

—

No Hydric Soils
No Wetland?

Wetlands Technician(s): s^fff^^f^rr
Wetlands ScJertistM^U^JU TtTffto^ _ _
Wetlands Technical Specialist̂  £^/J { JfaA^

l^ V /

/I



3 PARAMETER WETLAND DELINEATION
SUMMARY SHEET

Project Title: Charles George Landfill USFWS Classification: PFO1/4

Sample Location: Brook System - Wetland A Date: 10/20/93
VEGETATION

DOMINANTS BY STRATUM

Trees:
Pinus strobus
Acerrubrum
Quercusrubm

Lianas:

Saplings:
Pinus strobus
Acorrubrum

Shrubs:
Vtoumum dontatum
Quercus rubra
Fagus sp.

Seedlings and Herbs:
Osmunda cinnamomea
Typha tatifolm
Sotidagosp.
Arisaema stovmrdsonU

Mosses and Liverworts:

Tally: IOBL FACW 1 FAC 3 FAC-
IOBL+FACW+FACV X 100 - Area Disturbed?

Dominance
Ratio

20/60
20/60
20/60

15/30
15/30

20/30
5/30
5/30

30/47
5/47

10/47
2/47

FACU 3

Percent
Dominance

33.3
33.3
33.3

50
50

66.6
16.7
16.7

63.8
10.6
21.3
4.3

UPL

NWI Status
of Dominants

FACU
FAC

FACU-

FACU
FAC

FAC

FACW

?

SUM 7
X YES NO

SUM Describe:
Oil sheen on stream surface. Rust visible on stream bottom.

4/7 = 57.1%
Continued on other side



Brook System - Wetland A
SOIL

Munsell Color (Wet)
Depth Matrix/Mottle USDA T<

inch 7.5 YR 2/1
0-12 inch 7.5 YR 4/4

- matrix
- mottles

inch

'inch
Soil Pedigree:
Series and
Phase:

NTCHS List

Histte Epipedon

Peraquic Moisture

ixture (Wet) Remarks

Permeability:
Drainage Class:

Organic Soil High Organic Content
in Surface Horizon

Suffidic Material Aqufc Moisture Regime

Regime Reducing Condition Iron Concretions

Manganese Concretions Gleyed

Dark Vertical Streaking of Subsurface Horizons

Wet Spodosob

OBL Plants

OBL and FACW Plants and Wetland/Upland Boundary Abrupt

HYDROLOGY
Recorded Data Indicating Inundation or Saturation for Extended Period During
the Growing Season

Source: Dated:
PRIMARY INDICATORS:

Inundation (Depth )

Saturation in Upper 12 Inches (Depth )

X Watermarks

DrifUinee

Sediment Deposits

X Drainage Patterns

SECONDARY INDICATORS:
(2 or more required)

Oxidized Root Channels
hi Upper 12 Inches

X Water-Stained Leaves

Local Sol Survey

FAC Neutral Test

X Other (Stootng)

CONCLUSIONS
Yes Hydrophytes Prevalent
Yes Wetland Hydrology

Wetlands Technician(s):
Wetlands ScJentist(s):/*
Wetlands Technical Speq

s^jf^^^g^fagf
,̂ ^JTTIji( f-Oaoyw-^

lalist/ CAXd?^> O4e î

Yes Hydric Soils
Yes Wetland?

&



3 PARAMETER WETLAND DELINEATION
SUMMARY SHEET

Project Title: Charles George Landfill USFWS Classification: FO1/4

Sample Location: Brook System - Upland B Date: 10/21/93
VEGETATION

DOMINANTS BY STRATUM

Trees:
Aotrsmcctmrum
Pfausstrobus
Acorrubrum

Lianas:

Saplings:
Maluspumta

Shrubs:
Fnudnus anwribaru
Acwmbrum
Vttumum dontatum

Seedlings and Herbs:
Gramineaa spp.
°inu3 stntout
Vtoumum duilttum
Juniperus vftyMum

Vacdniumtp'

Mosses and Liverworts:

Tally: IOBL FACW FAC 3 IFAC-
fOBL+FACW+FAC> X 100 - Afea Disturbed?

SUM Describe:

Dominance
Ratio

40/80
20/80
20/80

5/5

•

2/6
2/6
2/6

80/100
5/100
5/100
5/100
5/100

FACU 3

Percent
Dominance

50
25
25

100

333
333
333

80
5
5
5
5

UPL 2

NWI Status
of Dominants

FACU-
FACU

FAC

UPL

FACU
FAC
FAC

UPL

SUM 8
YES X NO

3/8 « 37.5%
Continued on other side



Brook System - Upland B
SOIL

MuriMll Color (Wat)
Depth Matrix/Mottle USDA Tei

inch
0-12 inch 10YR3/3

inch

inch

cture (Wet) Remarks

Soil Pedigree: Permeability:
Series and Drainage Claw:
Phase:

NTCHS List Organic SoH High Organic Content
in Surface Horizon

Histic Epipedon Suffidfe Material Aqufc Moisture Regime

Peraquic Moisture Regime Reducbi

Manganese Concretions Gteyed

Dark Vertical Streaking of Subsurface Horizons

condition iron uoncrauons

Wet Spodosols

OBL Plants

OBL and FACW Plants and Wetland/Upland Boundary Abrupt

HYDROLOGY
Recorded Data Indicating Inundation or Saturation
the Growing Season

Source: Dated:
PRIMARY INDICATORS:

Inundation (Depth )

Saturation in Upper 12 Inches (Depth )

Watermarks

DrttUines

Sediment Deposits

Drainage Patterns

for Extended Period During

SECONDARY INDICATORS:
(2 or more required)

Oxidized Root Channels
in Upper 12 Inches
Water-Stained Leaves

Local Sol Survey

FAC Neutral Test

Other (Buttressed Trees,
Stooling)

CONCLUSIONS
No Hydrophytes Prevalent
No Wetland Hydrology

No Hydric Soils
No Wetland?

Wetlands Technteian(s): .̂ -̂̂ '̂ pjs ĵ̂
Wetlands Scientists): ^~1 ^^J.^VfTff^^
Wetlands Technical Specialist f( ̂ &^3)U<&<^£LJ



3 PARAMETER WETLAND DELINEATION
SUMMARY SHEET

Project Title: Charles George Landfill USFWS Classification: FO1/4

Sample Location: Brook System - Upland C Date: 10/20/93
VEGETATION

DOMINANTS BY STRATUM

Trees:
Pinus strobus
Acerrubrum

Lianas:

Saplings:
Acerrubrum
Pinus strobus
Mahapumila

Shrubs:
Pinus strobus
Acorrubrum
Ulmus americana

Seedlings and Herbs:
Pinus strobus
Juniperus virginiana
Quercuaatta
Sotidagosp.
Lonicora tatarica
Prunus sp.
Vacchfum corymbofum
Gramineae spp.
Mosses and Liverworts:
Tally: OBL IFACW 1 FAC 3 |FAC-

Dominance
Ratio

32/80
48/80

21/30
75/30
15/30

5/15
5/15
5/15

20/90
20/90
3/90
3/90
2/90
2/90
5/90

35/90

FACU 5

Percent
Dominance

40
60

70
25

5

33.3
335
33.3

22.2
225
35
35
2.2
22.
5.6

385

UPL 1

NWI Status
of Dominants

FACU
FAC

FAC
FACU

FACU
FAC

FACW-

FACU
FACU

UPL

SUM 8
fOBL+FACW+FAO X 100 - Area Disturbed? YES X NO

SUM Describe:

4/8 = 50%
Continued on other side



Brook System - Upland C

Munsell Color (Wet)
Depth Matrix/Mottle

inch
0-9 inch 10YR3/3

10YR3/3- matrix
9-12 inch 10 YR 4/6 - motttes

inch
Soil Pedigree:
Series and
Phase:

NTCHSUst

Histte Eplpedon

Peraquic Moisture Regime

Manganese Concretions

Dark Vertical Streaking of Subsurfac

OBL and FACW Plants and Wetland/

Recorded Data Indicating Inundatk
the Growing Season

Source:
PRIMARY INDICATORS:

Inundation (Depth )

Saturation in Upper 12 Inches (Dept

Watermarks

DrifUines

Sediment Deposits

Drainage patterns

Yes Hydrophytes Prevalent
No Wetland Hydrology

" ,̂ ^̂
Wetlands Techniclan(s): ̂ ^a?^^^^

Wetlands Sckmtist(s^ /"— /^V^^
Wetlands Technical Specialist / tA*fLJ

SOIL

USDA Texture (Wet)

Permeability:
Drainage Class:

Organic Soil

Sulfidic Material

Reducing Condition

Gteyed

e Horizons

Upland Boundary Abrupt

HYDROLOGY
MI or Saturation for Extended Ps

Dated:

N )

CONCLUSIONS

4*
'k'3'*—, ,

r^G^^^LL/

Remarks

High Organic Content
in Surface Horizon

Aquic Moisture Regime

Iron Concretions

WetSpodosoht

OBL Plants

iriod During

SECONDARY INDICATORS:
(2 or more required)

Oxidized Root Channels
in Upper 12 Inches
Water-Stained Leaves

Local SoB Survey

FAC Neutral Teet

Other (Buttressed Trees,
Qtnnlbinloioomgj

No Hydric Soils
No Wetland?



3 PARAMETER WETLAND DELINEATION
SUMMARY SHEET

Project Title: Chart** George Landfill USFWS Classification: PEM1

Sample Location: Brook System - Wetland B Date: 10/20/93
VEGETATION

DOMINANTS BY STRATUM

Trees:

Lianas:

Saplings:

Shrubs:
Vacctnkim mugusWbHum

Seedlings and Herbs:
Etymus virgtoicus
Gramineaa spp.
Lythrum safcmrif

Mosses and LJveiwoiUK

Tally: OBL IFACW 2 FAC IFAC-
fOBL+FACW+FACl X 100 - Area Disturbed?

SUM Describe:

2/3 = 66.6%

Dominance
Ratio

10/10

50/100
30/100
20/100

FACU 1

Percent
Dominance

100

50
30
20

UPL

NWI Status
of Dominants

FACU-

FACW-
?

FACW+

SUM 3
YES X NO

Continued on other side



Brook System - Wetland B
SOIL

MunseU Color (Wet)
Depth Matrix/Mottle USDA Te>

inch 7.5 YR 3/0 - matrix
0-7 inch 7.5 YR 4/6 - mottles

7-12 Inch 10YR4/1

inch

cture (Wet) Remarks

sandy soils

Soil Pedigree: PermeabWty:
Series and Drainage Class:
Phase:

NTCHS List Organic

Histic Epipedon SuMdfe

Peraquic Moisture Regime Reducing

Manganese Concretions Gleyed

Dark Vertical Streaking of Subsurface Horizons

Soi High Organic Content
in Surface Horizon

Material Aquic Moisture Regime

wOfioiuoffi iron uocic rations

Wet Spodosols

OBL Plants

OBL and FACW Plants and Wetland/Upland Boundary Abrupt

HYDROLOGY
H_____l_-| rw|« imjiiiaibm ImififfattVMi or e*tiumlLuii

the Growing Season

Source: Dated:
PRIMARY INDICATORS:

Inundation (Depth )

Saturation hi Upper 12 Inches (Depth )

!>*->•-—.••••-watermancs

DriftHnes

Sediment Depoeto

X Drainage Patterns

aWL* Pnlamilaiil ItaaivkiH iTaaavsMM

SECONDARY INDICATORS:
(2 or more required)

Oxidized Root Channels
in Upper 12 Inches
Water-Stained Leaves

Local Soi Survey

FAC Neutral Test

X Other (StooHng)

CONCLUSIONS
YGS nyoropnyitM rfwVsiwni
Yes Wetland Hydrology

Yes Hydric Soils
Yes Wetland?

Wetlands Technician(s): ^^^^^^^ft^
Wetlands ScJentistWK^Y^uWu ~/ty . m>ac^ _
Wetlands Technical Specialist: // (/^J^I^.^~6^--c^^-

| ^_S [/ J - -/



3 PARAMETER WETLAND DELINEATION
SUMMARY SHEET

Project Title: Charles George Landfill USFWS Classification: PFO1

Sample Location: Stream 1 Wetland Data: 10/21/93
VEGETATION

DOMINANTS BY STRATUM

Trees:
Acorrubrum

Lianas:

Saplings:
B«tula populffoBa

Shrubs:
Alnusnigosa
Acerrubrum

Seedlings and Herbs:
Canxttricta
Scbpus amoricana

Bkton* connat*
Gramineae spp.
SoUdagotp.
Mosses and Liverworts:

Tally: IOBL 2 IFACW 1 FAC 3 IFAC-
JOBL+FACW+FAC} X 100 - ATM Disturbed?

SUM Describe:

6/6 = 100%

Dominance
Ratio

90/90

5/5

12/20
8/20

60/100
20/100
10/100
5/100
2/100
2/100

FACU

Percent
Dominance

100

100

60
40

60
20
10
5
2
2

UPL

NWI Status
of Dominants

FAC

FAC

FACW+
FAC

OBL
OBL

SUM 6
YES X NO

Continued on other side



Stream 1 Wetland
SOIL

Depth
inch

0-1 inch

1-11 inch

inch
Soil Pedigree:
Series and
Phase:

NTCHS

Munsell Color (Wet)
Matrix/Mottle USDA T

10YR2/2
10 YR 4/1 -matrix
10YR5/6- mottles

-

exture (Wet) Remarks

- •_• "- * - - • •

Permeability:
Drainage Class:

List Organic Soil X High Organic Content
in Surface Horizon

Htette Epipedon Sulfldfe Material Aqufc Moisture Regime

Peraqufc Moisture Regime Reducing Condition Iron Concretions

Manganese Concretions Gleyed Wet Spodosols

Dark Vertical Streaking of Subsurface Horizons OBL Plants - .

OBL and FACW Plants and Wetland/Upland Boundary Abrupt

HYDROLOGY
Recorded Data Indicating Inundation or Saturation for Extended Period During
the Growing Season

Source: . Dated:
PRIMARY INDICATORS:

Inundation (Depth )

Saturation In Upper 12 Inches (Depth )

X Watermarks

DrifUines

Sediment Deposits

X Drainage Patterns

SECONDARY INDICATORS:
(2 or more required)

Oxidized Root Channels
In Upper 12 Inches

X Water-Stained Leaves

Local Soi Survey

FAC Neutral Test

X Other (Stoottng) -

CONCLUSIONS
Yes
Yes

Hydrophytes Prevalent
Wetland Hydrology

^— i. ^

Yes Hydric Soils
Yes Wetland?

Wetlands Technician(s): .^^^^&£^&.
Wetlands Sck*ntist(s><^7 „ u „-. /L -ft . U*r ~
Wetlands Technical Specialist/ tj2+A^^/&^^r£~

^ V /



3 PARAMETER WETLAND DELINEATION
SUMMARY SHEET

Project Tito: Charles George Landfill USFWS Classification: FO1/4

Sample Location: Stmam 1 Upland Date: 10/21/93
VEGETATION

DOMINANTS BY STRATUM

Trees:
Pfnusstmbut
Quercuaaba
Fnudnus ponnsytvmnica
Acorrubrum

Lianas:

Saplings:
Pinusstrobus
Quercuaaba
Fnudnus pennsytvantca

Shrubs:
Vbumum dfntatum
Fnudnus pennsytvmnica

Seedlings and Herbs:
Lonicora tmtarica
Quorcusaba
Fnudnus ponftsytvunJoa

Mosses and Liverworts:

Tally: IOBL FACW 3 FAC 1 IFAC-
{OBL+FACW+FAO X 100 - Area Disturbed?

SUM Describe:

4/10 «= 40%

Dominance
Ratio

35/90
35/90
10/90
10/90

20/60
20/60
20/60

15/20
5/20

5/10
3/10
2/10

FACU 6

Percent
Dominance

38.9
38.9
11.1
11.1

33.3
33.3
33^

75
25

50
30
20

UPL

NWI Status
of Dominants

FACU
FACU-

FACU
FACU-

FACW

FAC
FACW

FACU
FACU-

FACW

SUM 10
YES X NO

Continued on other side



Stream 1 Upland
SOIL

Munsell Color (Wet)
Depth Matrix/Mottle USDATe)

inch
0-12 inch 10YR3/4

inch

inch

tture (Wat) Remarks

Soil Pedigree: Peiniuali illtyt
Series and Drainage dasa:
Phase:

NTCHS List Organic Soi High Organic Content
In Surface Horizon

Histfe Epipedon SuHMfe Material Aquic Moisture Regime

Peraquic Moisture Regime Reducin

Manganese Concretions Gloved

Dark Vertical Streaking of Subsurface Horizons

Condition iron concretions

Wet Spodosoto

OBL Plants

OBL and FACW Plants and Wetland/Upland Boundary Abrupt

HYDROLOGY
fieuwueu ifaia iimmaumi iiniiHiauun or «NUIHBUUII

. the Growing Season

Sourer: Dated:
PRIMARY INDICATORS:

Inundation (Depth )

Saturation in Upper 12 Inches (Depth )

waiof manes

Drrfflines

Sediment Depoattr

Drainage Pattema

SECONDARY INDICATORS:
(2 or more required)

Oxidized Root Channels
in Upper 12 Inches
Water-Stained Leaves

Local Soi Survey

FAC Neutral Test

Other (Buttressed Trees.
StooHng)

CONCLUSIONS
No Hydrophytes Prevalent
No Wetland Hydrology

No HydrteSotts
No Wetland?

Wetlands Technician }̂: . fTi»*̂ g t̂*'
Wetlands Scientistts)-̂ ,̂. J.^^tf U™^—
Wetlands Technical Specialist! 0-t&J$'f~<#&<-~~&^/i

r



3 PARAMETER WETLAND DELINEATION
SUMMARY SHEET

Project Title: Charles George Landfill USFWS Classification: PFO1/4

Sample Location: Brook System - Wetland D Date: 10/20/93
VEGETATION

DOMINANTS BY STRATUM

Trees:
Acerrubrum
Phus*trobu9
Ulmus amoricana

Lianas:

Saplings:
Acerrubrum
Ulmus amoricana
Fraxinus pennsytvanica

Shrubs:
Vtoumum dontatum

Seedlings and Herbs:
Solidago sp.

Mosses and Liverworts:

Tally: OBL FACW 3 FAC 3 IFAC-
JOBL+FACW+FAO X 100 - Area Disturbed?

SUM Describe:

6/7 = 85.7%

Dominance
Ratio

50/90
20/90
20/90

20/40
10/40
10/40

10/10

10/10

FACU 1

Percent
Dominance

55.6
22.2
22.2

50
25
25

100

100

UPL

NWI Status
of Dominants

FAC
FACU

FACW-

FAC
FACW-

FACW

FAC

SUM 7
YES X NO

Continued on other side



Brook System - Wetland D
SOIL

Munsell Color (Wet)
Depth Matrix/Mottle USDA Te»

inch
0-18 inch 7.5 YR 2/0

inch

inch

cture (Wet) Remarks

standing water at 2*

Soil Pedigree: Permeability:
Series and Drainage Class:
Phase:

NTCHS List Organic Soil High Organic Content
in Surface Horizon

Histic Epipedon Suffidfc Material Aquic Moisture Regime

Peraquic Moisture Regime Reducing Condition Iron Concretions

Manganese Concretions Gleyed

Dark Vertical Streaking of Subsurface Horizons

OBL and FACW Plants and Wetland/Upland Boundai

Wet Spodosols

OBL Plants

ry Abrupt

HYDROLOGY
Recorded Data Indicating Inundation or Saturation
the Growing Season

Source: Dated:
PRIMARY INDICATORS:

X Inundation (Depth = 2")

Saturation in Upper 12 Inches (Depth )

Watermarks

Drifttinee

Sediment Deposits

Drainage Patterns

for Extended Period During

SECONDARY INDICATORS:
(2 or more required)

Oxidized Root Channels
in Upper 12 Inches

X Water- Stained Leaves

Local Soil Survey

FAC Neutml Test

X Other (Buttressed Trees.
StooUng)

CONCLUSIONS
Yes Hydrophytes Prevalent
Yes Wetland Hydrology

Yes Hydric Soils
Yes Wetland?

-̂<-
Wetlands Technteian(s): ^a*^5Z2^2>7
Wetlands Scientist(s):'>>^ai4v%1J/h *W . \4*nn^
Wetlands Technical Specialist/ uL^T^J^^L^/

- 7 v ,/ f



3 PARAMETER WETLAND DELINEATION
SUMMARY SHEET

Project Title: Charles George Landfill USFWS Classification: Pastuni

Sample Location: Brook System - Upland D Date: 10/21/93
and Stream 2 Upland VEGETATION

DOMINANTS BY STRATUM

Trees:

Lianas:

Saplings:
Pinusstrobus

Shrubs:
Junfperuf Mrgghfc/M

Seedlings and Herbs:
Gramineae spp.
crab grass

f •»<*

Mosses and Liverworts:
Moss spp.

Tally: OBL FACW FAC |FAC-

Dominance
Ratio

10/10

40/40

60/65
5/65

FACU 2

Percent
Dominance

100

100

92.3
7.7

UPL 1

NWI Status
of Dominants

FACU

FACU

UPL

SUM 3
{OBL+FACW+FACl X 100 - Area Disturbed? YES X NO

SUM Describe:

0/3 = 0%
Continued on other side



Brook System - Upland D and Stream 2 Upland
SOIL

Munsell Color (Wet)
Depth Matrix/Mottle USDA Te>

inch
0-10 inch 10YR3/3

inch

inch

cture (Wet) Remarks

grazed pasture

Soil Pedigree: Permeability:
Series and Drainage Class:
Phase:

NTCHS List Organic Soil High Organic Content
in Surface Horizon

Histic Epipedon Sulfldic Material Aqulc Moisture' Regime

Peraquic Moisture Regime Reducin

Manganese Concretions Gleyed

Dark Vertical Streaking of Subsurface Horizons

OBL and FACW Plants and Wetland/Upland Boundai

1 Condition Iron Concretions

Wet Spodosote

OBL Plants

7 Abrupt

HYDROLOGY
Recorded Data Indicating Inundation or Saturation
the Growing Season

Source: Dated:
PRIMARY INDICATORS:

Inundation (Depth )

Saturation in Upper 12 Inches (Depth )

Watermarks

DrtfUines

Sediment Deposits

Drainage Patterns

for Extended Period During

SECONDARY INDICATORS:
(2 or more required)

Oxidized Root Channels
hi Upper 12 Inches
Water-Stained Leaves

Local Soi Survey

FAC Neutral Test

Other (Buttressed Trees.
Starting)

CONCLUSIONS
No Hydrophytes Prevalent
No Wetland Hydrology

<f^<<

Wetlands Technician(s): ^^Z-s^^Sffe^sgr

Wetlands Sciertist(8)̂ *T^H.7i' ̂ . \\*an~
Wetlands Technical Specialist/ c îfl̂ r-s (/^^^^

No Hydric Soils
No Wetland?



3 PARAMETER WETLAND DELINEATION
SUMMARY SHEET

Project Title: Charles George Landfill

Sample Location: Brook System - Wetland C
VEGETATION

DOMINANTS BY STRATUM

Trees:

Lianas:

Saplings:

Shrubs:
Ahusrugota
Vtoumum dontatum

Seedlings and Herbs:
Canxsthcta
Lythrum aaicaria
Panicum virgatum

Mosses and Liverworts:

Tally: OBL FACW 1 FAC 1 IFAC-
IOBL+FACW+FAC1 X 100 - Area Disturbed?

SUM Describe:

2/2 = 100%

USFWS ClassM

Dominance
Ratio

50/80
10/60

15/85
5/85

65/86

FACU

cation: PSS1

Date: 10/20/93

Percent
Dominance

83.3
16.7

17.6
5.9

76.5

UPL
YES

NWI Status
of Dominants

FACW+

FAC

SUM 2
X NO

Continued on other side



Brook System - Wetland C
SOIL

MunseH Color (Wet)
Depth Matrix/Mottle USDATei

inch
0-8 Inch 10 YR 3/3

inch

inch
Soil Pedigree: Pe

cturefWet) Remarks
groundvmtoratS*
organic sol

-_, _ -fc niiuirmoeDsjiy:
Series and Drainage Class:
Phase:

NTCHSUst Organic

Htetfc Epipedon SuWldte I

Perequlc Moisture Regime Roduckij

Manganese Concretions Gleyed

Dark Vertical Streaking of Subsurface Horizons

OBL and FACW Plants and Wetland/Upland Boundai

Sol X High Organic Content
hi Surface Horizon

Material Aqufc Moisture Regime

WetSpodosote

OBL Plants

ry Abrupt

HYDROLOGY
Recorded Data Indicating Inundation or Saturation
the Growing Season

Source: Dated:
PRIMARY INDICATORS:

Inundation (Depth )

X Saturation in Upper 12 Inches (Depth )

Watermarks

DrtlUinea

Sediment Deposits

Drainage Patterns

eV^ ̂  — * • • •*• » • •"•• ••iei •POT cXaVfKMO vvfioa i/unng

SECONDARY INDICATORS:
(2 or more required)

Oxidteed Root Channels
hi Upper 12 Inches

X Water-Stained Leaves

Local Sol Survey

FAC Neutral Teat

X Other (StooMng)

CONCLUSIONS
Yes Hydrophytes Prevalent
Yes Wetland Hydrology

_*-r-- -"*

Yes HydfteSons
Yes Wetland?

Wetlands Technicians): ^^5^§^ -̂'
Wetlands ScientistM:̂ ^̂  ̂  / \~F\ l-hy^*
Wetlands Technical Speclaliat/ (jO^ST^^ji^^P J



Stream 2 Wetland
SOIL

Munsell Color (Wet)
Depth Matrix/Mottle USDA Te>

inch 10 YR 4/1 -matrix
0-10 inch 75 YR 4/6 - mottles

10- 12 inch 10YR3/1

inch

cture (Wet) Remarks
clay soil, goundwater at 4*

Soil Pedigree: Permeability:
Series and Drainage Class:
Phase:

NTCHS List Organic Son High Organic Content
in Surface Horizon

Himtic Epipedon Sulfidic Material Aqufe Moisture Regime

Peraquic Moisture Regime Reducing Condition Iron Concretions

Manganese Concretions Gteyed

Dark Vertical Streaking of Subsurface Horizons

OBL and FACW Plants and Wetland/Upland Boundaj

Wet Spodosote

OBL Plants

ry Abrupt

HYDROLOGY
Recorded Data Indicating Inundation or Saturation
the Growing Season

Source: Dated:
PRIMARY INDICATORS:

Inundation (Depth )

X Saturation in Upper 12 Inches (Depth - 4")

Watermarks

DriMnas)

Sediment Deposits

X Drainage Patterns

for Extended Period During

SECONDARY INDICATORS:
(2 or more required)

Oxidized Root Channels
in Upper 12 Inches

X Water-Stained Leaves

Local Soil Survey

FAC Neutral Test

X Other (Stooing)

CONCLUSIONS
Yes Hydrophytes Prevalent
Yes Wetland Hydrology

Yes Hydric Soils
Yes Wetland?

_«— - ^
Wetlands Technician(s): -fge^^jz^^^.
Wetlands ScJentistfsyf̂  [> tM^* /%.&<,«,., ^
Wetlands Technical Specialist/ j4~£^(T\ fe<* .̂



3 PARAMETER WETLAND DELINEATION
SUMMARY SHEET

Project Title: Charles George Landfill USFWS Classification: PEMIE

Sample Location: Stream 2 Wetland Date: 10/21/93
VEGETATION

DOMINANTS BY STRATUM

Trees:

Lianas:

Saplings:
Ac«rrubrum

Shrubs:
VJbumum donMum
Afausrugosa

Seedlings and Herbs:
Lythrum s*Mc*riu
Canx strict*

Mosses and Liverworts:

Tally: OBL 1 FACW 2 FAC 2 IFAC-

Dominance
Ratio

5/5

5/10
5/10

60/90
30/90

FACU

Percent
Dominance

100

50
50

66.6
33.3

UPL

NWI Status
of Dominants

FAC

FAC
FACW+

FACW+
OBL

SUM 5
f OBL+FACW+FACl X 100 - Area Disturbed? YES X NO

SUM Describe:

5/5 - 100%
Continued on other side



3 PARAMETER WETLAND DEUNEATION
SUMMARY SHEET

Project Title: Charles George Landfill USFWS Classification: FO1/4

Sample Location: Stream 3 Upland Date: 10/21/93
VEGETATION

DOMINANTS BY STRATUM

Trees:
Tsuga canadtnsig
QuOfCUtaMta

Lianas:

Saplings:
Acer saccharum
Tsuga canadensis
Betula papyrifen
Betula ateghaniensis

Shrubs:
Acornjbrwn
Ukmttts americana
Phusstrobus
ffatiit» mttoahmnfanahi

Seedlings and Herbs:
Acerrubrum
Ulmuf mnwrieana
Betula papyrttam
QramineaesDp^^

••> -fnatim

Tally: OBL FACW
lOBL+FACW+FACY X 100 -

SUM

2/6 = 33.3%

FAC 2 IFAC-

Dominance
Ratio

21/30
9/30

20/50
20/50
5/50
5/50

30/60
10/60
10/60
10/60

40/70
10/70
10/70
10/70

FACU 4
Area Dtotataedr
Describe:

Percent
Dominance

70
30

40
40
10
10

50
16.7
16.7
16.7

57.1
14.3
14.3
14.3

UPL

NWI Status
of Dominants

FACU
FACU-

FACU-
FACU

FAC

FAC

SUM 6
YES X NO

Continued on other side



Stream 3 Upland
SOIL

Munsell Color (Wet)
Depth Matrix/Mottle USDA Te>

inch
0-2 inch 10YR4/4

2-12 inch 10YR6/4

inch

rture (Wet) Remarks

sandy soils

Soil Pedigree: Permeability:
Series and Drainage Class:
Phase:

NTCHS List Organic Soil High Organic Content
in Surface Horizon

Histic Epipedon Sulfidfc Material Aqute Moisture Regime

Peraquic Moisture Regime Reducing Condition Iron Concretions

Manganese Concretions Gteyed

Dark Vertical Streaking of Subsurface Horizons

OBL and FACW Plants and Wetland/Upland Bound*

Wet Spodosols

OBL Plants

ry Abrupt

HYDROLOGY
Recorded Data Indicating Inundation or Saturation
the Growing Season

Source: Dated:
PRIMARY INDICATORS:

Inundation (Depth )

Saturation in Upper 12 Inches (Depth )

Watermarks

Drifdine*

Sediment Deposits

Drainage Patterns

for Extended Period During

SECONDARY INDICATORS:
(2 or more required)

Oxidteed Root Channels
in Upper 12 Inches
Water- Stained Leaves

Local Soa Survey

FAC Neutral Test

Other (Buttressed Trees,
Steeling)

CONCLUSIONS
No Hydrophytes Prevalent
No Wetland Hydrology

***" "°"~
Wetlands Technician(s): sr:f^^tsfi*%$tvt~*
Wetlands Scientist(s):̂ J OUAJ/C k JM fay ^
Wetlands Technical Specialist /) ^/2^^/7 /} ̂ ^-^

No Hvdrtc Soils
No Wetland?

/



3 PARAMETER WETLAND DELINEATION
SUMMARY SHEET

Project-Title: Charles George Landfill USFWS Classification: PFO1/4

Sample Location: Stream 3 Wetland Date: 10/21/93
VEGETATION

DOMINANTS BY STRATUM

Trees:
Acwrubrum
Tsuga cttmdtnsis
Quoreu* paktttris

Lianas:

Saplings:
Ttug* canadensis
Acorrubnim

Shrubs:
C*rpinu*c*minMna
Tsuga ctnadensb
Ulmus mmfricmnm

Seedlings and Herbs:
MUchfHm np0n»
Ultnut a/neriberwi
Osmund* afarM/namM
Elymutvirginioutr:
0/OWMCOMflSta/*-'ir<'t^-im -

Mosses end Liverworts*
Mossspp.

Tally: OBL IFACW 5 FAC 3 IFAC-
^OBL+FACW+FACl X 100 - Area DistaMtaed?

SUM Describe:

8/12 - 66.6%

Dominance
Ratio

48/80
24/80
8/80

10/20
10/20

5/15
5/15
5/15

10/30
5/30
5/30
5/30
5/30

FACU 4

Percent
Dominance

60
30
10

50
50

33.3
33.3
33.3

33.3
16.7
16.7
16.7
16.7

UPL

NWI Status
of Dominants

FAC
FACU

FACU
FAC

FAC
FACU

FACW-

FACU
FACW-

FACW
FACW-

FACW

SUM 12
YES X NO

Continued on other side



Stream 3 Wetland
SOIL

Munsell Color (Wet)
Depth Matrix/Mottle USDA Te>

inch
0-2 inch 10YR2/1

2-10 inch 7.5 YR 2/0

inch

cture (Wet) Remarks

groundwaterat2*

sandy soils

Soil Pedigree: Permeability:
Series and Drainage Class:
Phase:

NTCHS List Organic Sofl High Organic Content
hi Surface Horizon

Hhrtte Epipedon SuHWte Material Aqufc Moisture Regime

Peraquic Moisture Regime Reducing CondUon Iron Concretions

Manganese Concretions Gleyed

Dark Vertical Streaking of Subsurface Horizons

OBL and FACW Plant* and Wetland/Upland Boundai

WetSpodosols

OBL Plants

ry Abrupt

HYDROLOGY
rtecoraeo, uata irMncaimg inundation or saturation
the Growing Season

Source: Dated:
PRIMARY INDICATORS:

Inundation (Depth )

X Saturation in Upper 12 Inches (Depth « 2*)

Watermarks

DrifUinee

Sediment Deposfts

Drainage Patterns

&•» î -M-t̂  •• riai tt •* • • l%ea*ae»«BinH cjuvnciva I'vinju vming

SECONDARY INDICATORS:
(2 or more required)

Oxidized Root Channels
in Upper 12 Inches

X Water-Stained Leaves

Local Soi Purvey

FAC Neutral Teat

X Other (Shallow Root
Systems. Stoolng)

CONCLUSIONS
Yes Hydrophytes Prevalent
Yes Wetland Hydrology

Yes Hydric Soils
Yes Wetland?

Wetlands Technician (s): ̂ ^^ff^^^^g^
Wetlands Scientist(*rr^-TZ/̂  -/J/Ja*i^-
Wetlands Technical Specialist /) U^f^T^^^^^A

\ J v /• •"
2S



3 PARAMETER WETLAND DELINEATION
SUMMARY SHEET

Project Hue: Chutes George Landfill USFWS Classification: PFO1/4b

Sample Location: Stream 4 Wetland Data: 10/21/93
VEGETATION

DOMINANTS BY STRATUM

Trass:
Aotrrubrum

Lianas:

Saplings:
Acerrubrum
Betub pupyrform

Shrubs:
Cotnu* stotonito*
Vttumum dentation
VtHtmumgp.
Acermbrum

- -s£r"~

Seedlings and Herbs:
OnocJM sonstotts
&umx strict*
Lythrum tateari*

Chflor*gUbim ^

IMO9909 ts^ t̂CI ^JV^H^H^O^vB«

Tally: IOBL 1 IFACW 3 FAC 3 IFAC-
{OBL+FACW+FAO X 100 - Araa Distaubad?

SUM Dascriba:

7/8*88%

Dominanca
Ratio

70/70

5/10
5/10

30/70
20/70
10/70
10/70

20/95
40/95
20/95
10/95
5/95

FACU 1

Parcant
Dominanca

100

50
50

424
28.6
14.3
14.3

21.1
42.1
21.1
105
5J

UPL

NW1 Status
of Dominants

FAC

FAC
FACU

FACW+
FAC

FACW
OBL

FACW+

SUM 8
YES X NO

Note: No upland plot was investigated on this transect because
the floodplain extended to the rear edge of residential lots (private lawns).

Continued on other side



Stream 4 Wetland
SOIL

Munsell Color (Wet)
Depth Matrix/Mottle USDA Te>

inch
0-12 inch 10YR2/0

inch

inch

cture (Wet) Remarks

groundwateratV

Soil Pedigree: Permeability:
Series and Drainage Class:
Phase:

NTCHS List Organic Soil High Organic Content
in Surface Horizon

Histfc Epipedon Suffidfc Material Aqufc Moisture Regime

Peraquic Moisture Regime Reducing Condition Iron Concretions

Manganese Concretions Gleyed

Dark Vertical Streaking of Subsurface Horizons

OBL and FACW Plants and Wetland/Upland Bound*

Wet Spodosoto

OBL Plants

ry Abrupt

HYDROLOGY
Recorded Data Indicating Inundation or Saturation
the Growing Season

Source: Dated:
PRIMARY INDICATORS:

Inundation (Depth )

X Saturation in Upper 12 Inches (Depth - 1")

Watermarks

Driftiines

Sediment Deposits

X Drainage Patterns

for Extended Period During

SECONDARY INDICATORS:
(2 or more required)

Oxidized Root Channels
in Upper 12 Inches

X Water-Stained Leaves

Local Soi Survey

FAC Neutral Test

X Other (Shallow Root
Systems, StooBng)

CONCLUSIONS
Yes Hydrophytes Prevalent
Yes Wetland Hydrology

WoHnnH. Taehniehnfr): ~.£^<Z?^^&*

Wetlands Scieritist(s>r*9^>«iW^ ~fil Hr"E^
Wetlands Technical Specialist// / fcjLJfT /̂te^^JtL

i ^ r̂ ^ ^ </ l

Yes Hydric Soils
Yes Wetland?

Ji



3 PARAMETER WETLAND DELINEATION
SUMMARY SHEET

Project Tltte: Chart** George LuutlDI USFWS Clarification: FO4

Sample Location: Stream 5 Upland Date: 10/21/93
VEGETATION

DOMINANTS BY STRATUM

Trees:
Pinutftrobu*

Lianas:

Saplings:
Pinusstmbus
Acorrubnim

Shrubs:
Pinutttrobu*
Betu*popu8fot»
Quercusmba

Seedlings and Herbs:
Pinusttmbuf
Betula poputtoif
OunrcuvofM
SoHdtaotp. ^•**«•»•• yw a .̂ ^^^

Mtchfttnpmm ^

-<

MOSeWS 4U1O UVWWOfteK

Tally: OBL IFACW FAC 1 IFAC-
/OBL-f-FACW+FAC> X 100 - Area Disturbed?

SUM Describe:

1/5 = 20%

Dominance
Ratio

50/50

10/30
20/30

60/75
10/75
5/75

20/35
5/35
5/35
2/35
3/35

FACU 4

Percent
Dominance

100

33.3
66.6

80
13.3
6.7

57.1
14.3
14.3
6.7
8j6

UPL

NW1 Status
of Dominants

FACU

FACU
FAC

FACU

FACU

SUM 5
YES X NO

Continued on other side



Stream 5 Upland
SOIL

Munsell Color (Wet)
Depth Matrix/Mottle USDA Te>

inch
0-10 inch 10YR3/3

inch

inch

cture (Wet) Remarks

sandy soils

Soil Pedigree: Permeability:
Series and Drainage Class:
Phase:

NTCHS List Organic Soil High Organic Content
In Surface Horizon

Histic Epipedon Suhldic Material Aquic Moisture Regime

Peraquic Moisture Regime Reducing Condition Iron Concretions

Manganese Concretions Gleyed

Dark Vertical Streaking of Subsurface Horizons

OBL and FACW Plants and Wetland/Upland Bound*

Wet Spodosots

OBL Plants

7 Abrupt

HYDROLOGY
Recorded Data Indicating Inundation or Saturation
the Growing Season

Source: Dated:
PRIMARY INDICATORS:

Inundation (Depth )

Saturation in Upper 12 Inches (Depth )

Watermarks

DrifUine*

Sediment Deposits

Drainage Patterns

for Extended Period During

SECONDARY INDICATORS:
(2 or more required)

Oxidized Root Channels
in Upper 12 Inches
Water-Stained Leaves

Local Son Survey

FAC Neutral Test

Other (Buttressed Trees,
StooUng)

CONCLUSIONS
No Hydrophytes Prevalent
No Wetland Hydrology

No Hydric Soils
No Wetland?

-3—"

Wetlands Technician(s): ^^^!£^^5£~7
Wetlands Scientistts)*̂ "!̂ !̂/̂  ~A/ /J™*^
Wetlands Technical Specialist 7 u^d^S^. A£ ̂ ~-£



3 PARAMETER WETLAND DELINEATION
SUMMARY SHEET

Project Title: Charles George Landfill USFWS Classification: PSSIb

Sample Location: Stream 5 Wetland Date: 10/21/93
VEGETATION

DOMINANTS BY STRATUM

Trees:

Lianas:

Saplings:

Shrubs:
Ahusrvgosa
Vtoumum dentmtum
Comuf stotonlfora
Acerrubrum
Popukts doKoides

Seedlings and Herbs:
Ambrosia tp.
Cumx strict*
Rubustp.
Lythnm MAcarit .r_
SoSdagotp. '$&

Mosses and Liverworts:

Tally- OBL 1 FACW 1 FAC IFAC-
IOBL+FACWH-FAO X 100 - Area Disturbed?

SUM Describe:

2/2 = 100%

Dominance
Ratio

45/55
3/55
3/55
2/55
2/55

20/60
20/60
5/60

10/60
5/60

FACU

Percent
Dominance

81.8
5.5
6£
3&
3j6

33^
33.3
B3

16.7
8^

UPL

NW1 Status
of Dominants

FACW+

?
OBL

SUM 2
YES X NO

Continued on other side



Stream 5 Wetland

Munsell Color (Wet)
Depth Matrix/Mottle

inch
0-6 inch 7.5 YR 3/1

7.5 YR 3/1 - matrix
6-12 inch 1 0YR 5/1 - mottles

inch
Soil Pedigree:
Series and
Phase:

NTCHS List

Histic Epipedon

Poraquic Moisture Regime

Manganese Concretions

Dark Vertical Streaking of Subsurfac

OBL and FACW Plants and Wetland/

Recorded Data Indicating Inundatk
the Growing Season

Source:
PRIMARY INDICATORS:

Inundation (Depth )

Saturation in Upper 12 Inches (DeptJ

Watermarks

DriftUnes

Sediment Deposits

X Drainage Patterns

Yes Hydrophytes Prevalent
Yes Wetland Hydrology

WoH.nHc T«ehniei«n(«); '.<*g*rf£&fr

Wetlands ScJentisttsJ^^T^ ,̂̂  a ~Jtf . ftne^
Wetlands Technical Specialist/ tSit.t.A

\^^

SOIL

USDA Texture (Wet)

Permeabnty:
Drainage Class:

Organic Son

Suffidic Material

Reducing Condition

Gleyed

e Horizons

Upland Boundary Abrupt

HYDROLOGY
MI or Saturation for Extended Pa

Dated:

h- 5«)

CONCLUSIONS
^

^/A^-^^^/

Remarks

groundwater at 5'

High Organic Content
in Surface Horizon

Aqute Moisture Regime

Iron Concretions

WetSpodosols

OBL Plants

riod During

SECONDARY INDICATORS:
[2 or more required)

Oxidized Root Channels
in Upper 12 Inches

X Water-Stained Leaves

Local Son Survey

FAC Neutral Test

X Other (Stooing)

res Hydric Soils
res Wetland?



3 PARAMETER WETLAND DELINEATION
SUMMARY SHEET

Project Tltte: Charles George Undflll USFWS Classification: FO4

Sample Location: Stream 6 Upland Date: 10/21/93
VEGETATION

DOMINANTS BY STRATUM

Tra*s:
Qua/cut alba
Pinut ttrobut
Tiat americam

Lianas:

Saplings:
Quorcusatta
Ulmut mmericana

Shrubs:
Pinusstrobuf
Vbumum dontatum
Guv/cut afM
ComusaHemHIom
Comus stotonltom
Vtoumumtp.
Seedlings and Herbs:
Graminaaa top.
Pinu»*tmbut
Qufrcufmtoa
Comutu&mlBom ,„
i / r t -*- • ̂ EL1?"iracdrMum coryoouunt TK*-*
Actrrutxwn
Mossas and Uvatworts:

Tally. OBL IFACW 1 FAC 1 |FAC-

Dom inane*
Ratio

70/90
10/90
10/90

15/20
5/20

10/35
10/35
5/35
4/35
3/35
3/35

85/95
2/95
2/95
2/95
2/95
2/95

FACU 3

Percant
Dominance

77.8
11.1
11.1

75
25

28.6
28.6
145
11>l
8£
8^

895
2.1
2.1
2.1
2.1
2.1

UPL 1

NWI Status
of Dominant*

FACU-

FACU-
FACW-

FACU
FAC

UPL

SUM 6
IOBL+FACW+FAC1 X 100 - Anw Disturbed? YES X NO

SUM Da«crfb«:

2/6 = 33.3%
Continued on othar sida



Stream 6 Upland

Depth
inch

0-12 inch

2- 12 inch

inch
Soil Pedigree:
Series and
Phase:

NTCHS

SOIL
Munsell Color (Wet)

Matrix/Mottle USDA T

10YR3/3

10 YR 4/4

exture (Wet) Remarks

Permeability:
Drainage Class:

List Organic Soil High Organic Content
in Surface Horizon

Histfc Epipedon Sulfidfc Material Aqufc Moisture Regime

Peraquic Moisture Regime Reducing Condition Iron Concretions

Manganese Concretions Gleyed Wet Spodosols

Dark Vertical Streaking of Subsurface Horizons

OBLanc

OBL Plants

1 FACW Plants and Wetland/Upland Boundary Abrupt

HYDROLOGY
Recorded Data Indicating Inundation or Saturation for Extended Period During
the Growing Season

Source: Dated:
PRIMARY INDICATORS:

Inundation (Depth )

Saturation in Upper 12 Inches (Depth )

Watermarks

DrifUines

Sediment Deposits

Drainage Patterns

SECONDARY INDICATORS:
(2 or more required)

Oxidized Root Channels
in Upper 12 Inches
Water-Stained Leaves

Local Sol Survey

FAC Neutral Test

Other (Buttressed Trees,
Stooling)

CONCLUSIONS
No
No

Hydrophytes Prevalent
Wetland Hydrology

No Hydric Soils
No Wetland?

Wetlands Technteian(s): ̂ ^x^ l̂jî L^
Wetlands Scientist(s*r ~77* H t̂T^T?. f£^*V
Wetlands Technical Specialist/ /^LfL^' /&L^~~£s,

<-s y ^S /
f



3 PARAMETER WETLAND DELINEATION
SUMMARY SHEET

Project Title: Charles George Landfill USFWS Classification: PFO1

Sample Location: Stream 6 Wetland Date: 10/21/93
VEGETATION

DOMINANTS BY STRATUM

Trees:
Quanutalba
Aoarrubrum

Lianas:
Smttowitori

Saplings:
Quercusalya
Aearrubrum
Ulmus amoricana

Shrubs:
Pinut stnttut
Vtxmtum dantatum
Primus pansykmnica
Ccmu.ai.mUcm

Seedlings and Herbs:
Osmund* ngaMs
Lythnmt aatcaria
caraxoncai
Qatum dnctorium ^^

Sotidagotp. ^.
Mosses and Liverworts;

Tally: OBL 2 IFACW 2 FAC 3 |FAC-

Dominance
Ratio

32/80
48/80

5/5

5/15
5/15
5/15

5/20
10/20
3/20
2/20

10/60
20/50
15/60
5/60
5/60
5/60

«
FACU 3

Percent
Dominance

40
60

100

33.3

333
333

25
50
15
10

16.7
333

25

83
83

UPL

NW1 Status
of Dominants

FACU-
FAC

OBL

FACU-
FAC

FACW-

FACU
FAC

FACW+
OBL

SUM 10
IOBL+FACW+FAC1 X 100 - Area Disturbed? YES X NO

SUM Describe:

7/10 - 70%
Continued on other side



Stream 6 Wetland

Depth
inch

0-1 2 inch

inch

inch
Soil Pedigree:
Series and
Phase:

NTCHS

SOIL
Munsell Color (Wet)

Matrix/Mottle USDAT

10 YR 3/1

exture (Wet) Remarks

sandy soils

Permeability:
Drainage Class:

List Organic SoH High Organic Content
in Surface Horizon

Histic Epipedon Sulfidic Material Aqufe Moisture Regime

Peraquic Moisture Regime Reducing Condition Iron Concretions

Manganese Concretions Gleyed Wet Spodosols

Dark Vertical Streaking of Subsurface Horizons OBL Plants

OBL and FACW Plants and Wetland/Upland Boundary Abrupt

HYDROLOGY
Recorded Data Indicating Inundation or Saturation for Extended Period During
the Growing Season

Source: Dated:
PRIMARY INDICATORS:

Inundation (Depth )

Saturation in Upper 12 Inches (Depth )

Watermarks

Drtltiines

Sediment Deposits

X Drainage Patterns

SECONDARY INDICATORS:
(2 or more required)

Oxidized Root Channels
hi Upper 12 Inches

X Water-Stained Leaves

Local Soil Survey

FAC Neutral Test

X Other (Shallow Root
Systems, StooHng)

CONCLUSIONS
Yes
Yes

Hydrophytes Prevalent
Wetland Hydrology

Yes Hydric Soils
Yes Wetland?

Wetlands Technician(«): r̂ ~a"**̂ ĵ £^=>
Wetlands ScientisMsr̂ l ou^lln 7*1. /k*»_
Wetlands Technical Specialist / t^£*-5^/&^~~£,4



3 PARAMETER WETLAND DELINEATION
SUMMARY SHEET

Project Title: Charles George Landfill USFWS Classification: FO1/4

Sample Location: Hint Pond 1 Upland Date: 10/22/93
VEGETATION

DOMINANTS BY STRATUM

Trees:
Pinusstrobus
Ouercus aba
Quercus palustris

Lianas:

Saplings:
Pinus stmbus
Quercus aba

Shrubs:
Pinus stmbus
Ouercus aba

Seedlings and Herbs:
Lycopddium sp.
Pinusstrobus
Ouercus aJba
Quercus palustris

Mosses and Liverworts:

Tally: OBL FACW FAC FAC-
JOBL+FACW+FAO X 100 - Area Disturbed?

SUM Describe:

0/6 = 0%

Dominance
Ratio

40/90
40/90
10/90

15/20
5/20

25/30
5/30

12/30
8/30
5/30
5/30

FACU 6

Percent
Dominance

44.4
44.4
11.1

75
25

83.3
16.7

40
26.7
16.7
16.7

UPL

NWI Status
of Dominants

FACU
FACU-

FACU
FACU-

FACU

?
FACU

SUM 6
YES X NO

Continued on other side



Flint Pond 1 Upland

Munsell Color (Wet)
Depth Matrix/Mottle

inch
0-1 inch 10YR3/3

1-7 inch 10YR3/4

7-16 inch 10YR4/6
Soil Pedigree:
Series and
Phase:

NTCH3 List

Histic Eptoedon

Peraquic Moisture Regime

Manganese Concretions

SOIL

USDA Texture (Wet)

Permeability:
Drainage Class:

Organic Soil

Sulfldic Material

Reducing Condition

Gteyed

Dark Vertical Streaking of Subsurface Horizons

Remarks

High Organic Content
in Surface Horizon

Aquic Moisture Regime

Iron Concretions

Wet Spodosols

OBL Plants

OBL and FACW Plants and Wetland/Upland Boundary Abrupt

HYDROLOGY
Recorded Data Indicating Inundation or Saturation for Extended Pe
the Growing Season

Source: Dated:
PRIMARY INDICATORS:

Inundation (Depth )

riod During

SECONDARY INDICATORS:
(2 or more required)

Oxidized Root Channels
Saturation in Upper 12 Inches (Depth )

Watermarks

Drffttmes

Sediment Deposits

Drainage Patterns

in Upper 12 Inches
Water- Stained Leaves

Local Soil Survey

FAC Neutral Test

Other (Buttressed Trees,
StooJing)

CONCLUSIONS
No Hydrophytes Prevalent
No Wetland Hydrology

No Hydric Soils
No Wetland?

Wetlands Technician(s):̂ «^^S^^^^^^
Wetlands Scientist(s "̂*/I!IÎ r"/̂ H?
Wetlands Technical Sptclalistr , Jl^ji^i'Wc^X^7



3 PARAMETER WETLAND DEUNEATION
SUMMARY SHEET

Project Title: Charles George Landfill USFWS Classification: PEM1

Sample Location: Flint Pond 1 Wetland Date: 10/22/93
VEGETATION

DOMINANTS BY STRATUM

Trees:

Lianas:

Saplings:

Shrubs:

Seedlings and Herbs:
Typha fetfbfe
Lythrum salicaria
Canx strict*

Mosses and Liverworts:

Tally: OBL 1 FACW 1 FAC FAC-
IOBL+FACW+FAO X 100 « Area Disturbed?

SUM Describe:

2/2 = 100%

Dominance
Ratio

70/100
25/100
5/100

FACU

Percent
Dominance

70
25
5

UPL

NW1 Status
of Dominants

OBL
FACW+

SUM 2

YES X NO

Continued on other side



Hint Pond 2 Upland

Munsell Color (Wet)
Depth Matrix/Mottle

inch
0-10 inch 10YR3/4

10-15 inch 10YR4/6

inch
Soil Pedigree:
Series and
Phase:

NTCHSUst

Histfc Eptoedon

Peraquic Moisture Regime

Manganese Concretions

SOIL

USDA Texture (Wet)

Permeability:
Drainage Class:

Organic Son

Sulfidic Material

Reducing Condition

Gleyed

Dark Vertical Streaking of Subsurface Horizons

Remarks

High Organic Content
in Surface Horizon

Aquic Moisture Regime

Iron Concretions

Wet Spodosote

OBL Plants

OBL and FACW Plants and Wettand/Uplsnd Boundary Abrupt

HYDROLOGY
Recorded Data Indicating Inundation or Saturation for Extended Period During
the Growing Season

Source: Dated:
PRIMARY INDICATORS:

Inundation (Depth )

SECONDARY INDICATORS:
(2 or more required)

Oxidized Root Channels
Saturation in Upper 12 Inches (Depth ) in Upper 12 Inches

watermarks

DrifUines

Sediment Deposte

Drainage Patterns

Water-Stained Leaves

Local Soi Survey

FAC Neutral Test

Other (Buttressed Trees,
Stooiing)

CONCLUSIONS
No Hydrophytes Prevalent
No Wetland Hydrology

No Hydric Soils
No Wetland?_

Wetlands Technician(s): (^~~^£Z&**s2£zr
Wetlands SctofitistfsVx'^r^^N f^ fhrp*^-
Wetlands Technical Sp0c1klist / ̂ ^U^7^̂ *«-«^̂ /



3 PARAMETER WETLAND DEUNEATION
SUMMARY SHEET

Project Title: Charles George Landfill USFWS Classification: PFO1/4

Sample Location: Flint Pond 2 Wetland Date: 10/22/93
VEGETATION

DOMINANTS BY STRATUM

Trees:
Quercusatoa
Quercus rubra
Pinus strobus
Acerrubrum

Uanas:

Saplings:
Acerrubrum
Pinus strobus

Shrubs:
Pinus strobus
Quercus rubra
Aoerrubrum

Seedlings and Herbs:
Caraxstricta
Acerrubrum
Quercus rubra
Pinus strobus
Osmunda cinnamomea
Prunus sp.
Solanum dulcamara
Lythrum saticaria
Mosses and Liverworts:
Tally: OBL 2 FACW 1 FAC 2 IFAC-

Dominance
Ratio

32/80
32/80
12/80
4/80

5/10
5/10

5/10
3/10
2/10

5/30
2/30
2/30
2/30
5/30
2/30
2/30

10/30

FACU 5

Percent
Dominance

40
40
15

5

50
50

50

30

20

16.7
6.7

6.7
6.7

16.7
6.7

6.7
33.3

UPL

NWI Status
of Dominants

FACU-
FACU-

FAC
FACU

FACU
FACU-

FAC

OBL

FACW

FACW+

SUM 10
fOBL+FACW+FACl X 100 « Area Disturbed? YES X NO

SUM Describe:

5/10 = 50%
Continued on other side



Flint Pond 2 W«Uand
SOIL

Depth
1 inch

0-4 inch

4-11 inch

11-16 inch
Soil Pedigree:
Series and
Phase:

NTCHS

Munsell Color (Wet)
Matrix/Mottle USD/

fibrous
10YR3/1

10YR4/2

2.5 YR 5/2

I Texture (Wet) Remarks

groundwater at 3*

Permeability:
Drainage Class:

List Organic Soil High Organic Content
hi Surface Horizon

Htatfc Epipedon Sullfdic Material Aquic Moisture Regime

Peraquic Moisture Regime Reducing Condition Iron Concretions

Manganese Concretions Gleyed Wet Spodosols

Dark Vertical Streaking of Subsurface Horizons OBL Plants

OBL and FACW Plants and Wetland/Upland Boundary Abrupt

HYDROLOGY
Recorded Data Indicating Inundation or Satura
the Growing Season

Source: Dated:
PRIMARY INDICATORS:

Inundation (Depth )

X Saturation in Upper 12 Inches (Depth •= 3")

Watermarks

DriWines

Sediment Deposits

Drainage Patterns

lion for Extended Period During

SECONDARY INDICATORS:
(2 or more required)

Oxidized Root Channels
In Upper 12 Inches

X Water- Stained Leaves

Local SoH Survey

FAC Neutral Teat

X Other (Shallow Root
Systems)

CONCLUSIONS
Yes
Yes

Hydrophytes Prevalent
Wetland Hydrology

Yes Hydric Soils
Yes Wetland?

Wetlands Technician(s): * *f ,» f^"tT*^ zs^,
Wetlands Scientistfr)̂  t>*«M* Tf^. tty*^
Wetlands Technical Spaci ilist Jl c^^^^fL^^

'



3 PARAMETER WETLAND DELINEATION
SUMMARY SHEET

Project Title: Charles George Landfill USFWS Classification: FO1/4

Sample Location: Flint Pond 3 Upland Date: 10/22/93
VEGETATION

DOMINANTS BY STRATUM

Trees:
Pinus strobus
Quercus rubn

Lianas:

Saplings:
Quercus rubn
Pinus strobus

Shrubs:
Acer spicatum
Prunus serotina
Quercus rubn
Acerrubrum

Seedlings and Herbs:
Acer spicatum
MKchella reports
Acerrubrum
Comusrugosa
Prunus serotina

Mosses and Liverworts:

Tally: OBL FACW FAC FAC-
IOBL+FACW+FAC1 X 100 = Area Disturbed?

SUM Describe:

0/7 = 0%

Dominance
Ratio

55/90
35/90

25/30
5/30

35/50
10/50
3/50
2/50

20/40
10/40
5/40
3/40
2/40

FACU 7

Percent
Dominance

61.1
38.9

83.3
16.7

70
20
6
4

50
25

12.5
7.5

5

UPL

NWI Status
of Dominants

FACU
FACU-

FACU-

FACU-
FACU-

FACU-
FACU

SUM 7
YES X NO

Continued on other side



Rint Pond 3 Upland

Munsell Color (Wet)
Depth Matrix/Mottle

inch
0-12 inch 10YR3/4

inch

inch
Soil Pedigree:
Series and
Phase:

NTCHS List

Histic Eoipodon

Peraquic Moisture Regime

Manganese Concretions

SOIL

USDA Texture (Wet)

Permeability:
Drainage Class:

Organic Soil

Suffidfc Material

Reducing Condition

Gleyed

Dark Vertical Streaking of Subsurface Horizons

OBL and FACW Plants and Wettanid/Uptand Boundary Abrupt

Remarks

High Organic Content
in Surface Horizon

Aquic Moisture Regime

iron woncrauons

Wet Spodosols

OBL Plants

HYDROLOGY
Recorded Data Indicating Inundation or Saturation for Extended Period During
the Growing Season

Source:
PRIMARY INDICATORS:

Inundation (Depth )

Dated:
SECONDARY INDICATORS:
(2 or more required)

Oxidized Root Channels
Saturation in Upper 12 Inches (Depth ) in Upper 12 Inches

Watermarks

DrHUines

Sediment Deposits

Drainage Patterns

Water-Stained Leaves

Local SoU Survey

FAC Neutral Test

X Other (Stoofing)

CONCLUSIONS
No Hydrophytes Prevalent
No Wetland Hydrology

No Hydric Soil*
No Wetland?

Wetlands Technteian(s): ̂ r̂ ig ;̂̂ :̂
Wetlands ScieiitisUsr̂ jTul/ >. "T^f. (•
Wetlands Technical Specialist/ l^f^(

*f£et*7

4r*ft

JrKC*^^



3 PARAMETER WETLAND DEUNEATION
SUMMARY SHEET

Project Title: Charles George Landfill USFWS Classification: PFO/SS1/4

Sample Location: Flint Pond 3 Wetland Date: 10/22/93
VEGETATION

DOMINANTS BY STRATUM

Trees:
Pinus strobus
Quercus rubra

Lianas:

Saplings:
Quercus mbra
Acorrubrum
Pinus strobus

Shrubs:
Vaccinium corymbosum
ItexverticiHata
Vtoumum dentatum
Quercus rubr*

Seedlings and Herbs:
Vaccinium corymbosum
Caraxstricta
Vtoumum dentatum
Quercus rubra

Mosses and Liverwort*:

Tally: OBL IFACW 3 FAC 1 IFAC-
JOBL+FACW+FAC1 X 100 - Area Disturbed?

SUM Describe:

4/7 = 57.1%

Dominance
Ratio

20/30
10/30

3/15
10/15
2/15

45/70
15/70
5/70
5/70

45/60
10/60
3/60
2/60

FACU 3

Percent
Dominance

66.6
33.3

20
66.6
13.3

64.3
21.4
7.1
7.1

75
16.7

5
3.3

UPL

NWI Status
of Dominants

FACU
FACU-

FACU-
FAC

FACW-
FACW+

FACW-

SUM 7
YES X NO

Continued on other side



Flint Pond 3 Wetland
SOIL

Munsell Color (Wet)
Depth Matrix/Mottle USDA Te>

inch
0-14 inch 7.5 YR 2/0

inch

inch

cture (Wet) Remarks
organic peat
groundwaterat 10*

Soil Pedigree: Permeability:
Series and Drainage Class:
Phase:

NTCHS List Organic Soil X High Organic Content
in Surface Horizon

Histic Epipedon Sulfidfe Material Aqulc Moisture Regime

Peraquic Moisture Regime Reducing Condition Iron Concretions

Manganese Concretions Gleyed

Dark Vertical Streaking of Subsurface Horizons

Wet Spodosols

OBL Plants

OBL and FACW Plants and Wetland/Upland Boundary Abrupt

HYDROLOGY
Recorded Data Indicating Inundation or Saturation
the Growing Season

Source: Dated:
PRIMARY INDICATORS:

Inundation (Depth )

X Saturation in Upper 12 Inches (Depth - KT)

Watermarks

DrifUines

Sediment Deposits

Drainage Patterns

for Extended Period During

SECONDARY INDICATORS:
(2 or more required)

Oxidized Root Channels
in Upper 12 Inches
Water-Stained Leaves

Local Soi Survey

FAC Neutral Test

X Other (Shallow Root
Systems, StooBng)

CONCLUSIONS
Yes Hydrophytes Prevalent
Yes Wetland Hydrology

Yes Hydric Soils
Yes Wetland?

-r^
Wetlands Technician (s): ̂ ^ ̂ s£>2^>^>^#9
Wetlands Scientist(sl> l̂̂  *Jl ^ ~fy Kfr^—
Wetlands Technical Specialist/ 6Lbrfv£u~~£J

— I /
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TECHNICAL MEMORANDUM:

RESPONSE TO REVIEW COMMENTS
FIVE-YEAR REVIEW REPORT

DRAFT SLBMITTAL

Metcalf & Eddy has prepared responses to comments received on the Draft Five-Year Review

Report for the Charles George Reclamation Landfill Superfimd Site, prepared by Metcalf &

Eddy, Inc., Wakefield, Massachusetts, April 1994.

Review comments for this document were submitted by the following parties:

Elaine Stanley, Remedial Project Manager, U.S Environmental Protection
Agency (EPA). April 11. 1995.

David Buckley, Project Manager; Dale Young. Branch Chief: Jay Naparstek,
Section Chief; Massachusetts Department of Environmental Protection (DEP).
August 2, 1994. November 2. 1994.

Kenneth Finkelstein, Ph.D.. National Oceanic and Atmospheric Administration
(NOAA). October 6, 1994.

Kenneth C. Carr, Acting Supervisor, New England Field Office, U.S.
Department of the Interior, Fish and Wildlife Service (FWS). April 5, 1995.

These comments were consolidated to aid with addressing them in an organized manner.

The comment responses below are organized in,the order of their appearance within the

document being revised. References appear at the end of each comment that refer to the

commenter.
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Response to Comments on Drat't
"Five-Year Review Report"

for Charles George Landfill Superfund Site.
Tyngshoro, MA,

Prepared by M&E, Inc.. April 1994

Reference Comment Description (identification of commenter in parentheses1) followed by
Response

List of Fieures

List of Tables

Table of Contents

Figure 2-7 Sampling Locations for Fish Tissue Samples is on Page 2-46
(EPA Comment #1)
Pagination and the identification of page numbers in the table of
contents has been checked and corrected.

Table 1-4 is on page 1-28 and Table 1-5 is on page 1-31. (EPA
Comment #2a)
Pagination and the identification of page numbers in the table of
contents has been checked and corrected.

Table 1-10 should be Changes not Changed. (EPA Comment #2b)
This typographical error has been corrected.

Table 2-8 - Summary should be changed from sediment. (EPA
Comment # 2c)
This typographical error has been corrected.

Table 2-10 is on page 2-72. (EPA Comment #2d)
Pagination and the identification of page numbers in the table of
contents has been checked and corrected.

Commemers are identified as follows:

EPA - Elaine Stanley, Remedial Project Manager, U.S. Environmental Protection Agency

DEP - David Buckley, Project Manager; Dale Young, Branch Chief; Jay Naparstek, Section
Chief; Massachusetts Department of Environmental Protection

NOAA- Kenneth Finkelstein, Ph.D., National Oceanic and Atmospheric Administration

FWS - Kenneth C. Can, Acting Supervisor, New England Field Office, U.S. Department of
the Interior, Fish and Wildlife Service

Printed on Recycled Paper



Reference Comment Description (identification of commenter in parentheses) followed by
Response

Section 1

Page 1-3 2nd paragraph under 1.1.2 - Reword with "The landfill itself contains
municipal and industrial waste..." (EPA Comment #3a)
This editorial change has been made.

3rd paragraph - 2nd bullet - add at end of sentence "(i.e., cap the
landfill gas and collect the leachate)". (EPA Comment # 3b)
This editorial change has been made.

3rd bullet - Reword with "Provide treatment of groundwater, leachate
and landfill gas and provide removal of Dunstable Brook sediments as
the selected source removal remedy. ROD III covered both Operable
Unit #3 (management of migration) and Operable Unit #4 (leachate
treatment)." (EPA Comment #3c)
This editorial change has been made.

Figure 1-2 This figure does not show the gas collection and flare systems. I can
provide you with an appropriate drawing if needed. (EPA Comment
#4)
The figure will be changed to one provided by EPA.

Page 1-5 3rd paragraph - ROD II included a landfill gas venting system, not
collection system. (EPA Comment #5a)
The text has been corrected as requested.

3rd paragraph, last sentence - The gas collection system and flare are
under ROD III, not ROD II. (EPA Comment # 5b)
The text has been corrected as requested.

5th paragraph, last sentence - same as comment above. (EPA
Comment #5c)
The text has been changed as requested.

Printed on Recycled Paper



Reference Comment Description (identification of commenter in parentheses) followed hy
Rt'sponse

Page 1-6 1st paragraph - Strike last sentence The southwest grounduater
collection trench has been constructed and operating since October
1993. In addition, the residential well monitoring program started in
1989 and continues to date. (EPA Comment #5d)
The referenced sentence has been deleted and text edited accordingly.

2nd paragraph, 3rd sentence - The leachate toe-drain was installed
under ROD II, not ROD III. (EPA Comment #5e)
The text has been corrected as requested.

2nd paragraph, last sentence - The eastern groundwater remediation is
currently in design. (EPA Comment #5f)
The text has been changed as requested.

4th paragraph, 5th sentence - insert "human health" between decreased
and risk. (EPA Comment #5g)
The text has been cfianged as requested.

4th paragraph - Provide a description of post-ROD monitoring which
showed levels close to original target level, i.e., total cPAH < 1 ppm.
(EPA Comment #5h)
Total cPAH data will be added to the tables and a discussion included
in the text.

Page 1-7 Section 1.2, ROD I - The objective of the new water main , was to
provide an uncontaminated alternative water service to the residents of
Cannongate Condominium complex and surrounding area. (EPA
Comment #6)
The text has been changed as requested.

Page 1-8 last paragraph - Initial groundwater monitoring was conducted in 1979
and 1980. (EPA Comment #7a)
The text has been changed accordingly.

last paragraph - The data reviewed during this five year period....prior
to those in the documents.... (EPA Comment #7b)
The text has been changed accordingly.

Printed on Recycled Paper



Rctcrcncc Comment Description (identification of commenter in parentheses) followed by
Response

last paragraph - Delete last sentence on page 1-8. (EPA Comment
#7c)
The text has been changed as requested.

Page 1-9 The first sentence on this page is confusing. I recommend using two
separate sentences regarding the basis for the water supply design and
the on-site pump station and flow design. (EPA Comment #8a)
The text has been changed accordingly.

The next sentence should include the phase "(except for HOPE
compatability studies)." (EPA Comment #8b)
The text has been changed accordingly.

Groundwater - Analytes of concern are identified in both RODs II and
HI. Also, semivolatiles have been included in the recent (1990 to date)
groundwater monitoring program both residential and on- and off-site
monitoring wells. (EPA Comment #8c)
The text has been changed accordingly.

Leachate - The leachate collection pond has a capacity of approximately
3.5 million gallons. Omit any reference to OHM. On an interim basis,
(1991, 1992 and 1994), the USAGE has contracted out to treat and
discharge contents of the holding pond. (EPA Comment #8d)
The text has been changed accordingly.

Page 1-10 1st paragraph - The last sentence, "samples of the effluent..." should be
put just before the sentence "The maximum and minimum...". In
addition, a sentence should be added stating that the leachate has
historically had trouble meeting the whole-effluent toxicity standards
(NOEL = 100%), although improvements have been made with time.
Through several Toxic Identification Evaluation studies conducted by
CDM, it appears that ammonia is the major cause of toxicity. (EPA
Comment #9a)
The text has been modified accordingly.

Printed on Recycled Paper



Reference Comment Description (identification of commenter in parentheses) followed hy
Response

Page 1-10 Under Section 1.3.2 - In the text starting from "During treatment and
discharge of the leachate... to... The results for four acute and three
chronic.... are not relevant to sediments, including the table on page 1-
11. This is, however, relevant to the Leachate section on page 1-9.
(EPA Comment #9b)
This paragraph has been moved accordingly.

Although sediment toxicity test details are included in Section 2.0,
there are no details provided for the effluent toxicity tests. Therefore,
test organism and results can not be verified. The wide range of
effluent concentrations required to produce a 24-hour and 48-hour
LCSOs suggests the potential for acute effects on a consistent basis.
Consistently low effluent-diluent ratios may be responsible for LC50
values and warrant more frequent monitoring for levels that exceed
MCLs. Chronic toxicity data also suggest that current effluent treatment
is insufficient to provide protection of biota in receiving waters. (FWS)
More information will be provided on effluent toxicity tests. The
effluent treatment is mobile and short term. Therefore, it is not
recommended that more frequent toxicity monitoring of effluent be
conducted.

Page 1-11 Section 1.3.3, ARARs Review: The following is a list of ARARs the
Department has identified as having been adopted or amended since the
OU III Record of Decision and previous RODs that were not identified
in Metcalf & Eddy's Preliminary Draft Five Year Review in the
Attachment. (DEP, 8/2/95)

° Page 1-42, Table 1-8, Air Pollution Control Regulations: 310
CMR 7.02 (2)(a)(2)(g) and (b)(2)(g) Best Available Control
Technology (BACT) Determinations (Applicable). All air
emissions facilities as defined hi 310 CMR 7.02 must meet
BACT requirements. A determination will be required to
identify whether the current flare meets BACT.
The Charles George site remediation does not include any
facilities as defined by 310 CMR 7.02 that emit greater than 1
ton/yr VOCs. The definition of a "Contaminated Groundwater
Treatment System (CGTS)" is restricted to the "stripping of VOC
from the water..." The groundwater treatment system includes

6 Printed on Recycled Paper



Reference Comment Description (identification of commenter in parentheses) followed by
Response

biological treatment, metals precipitation, carbon adsorption,
and, if necessary, ion exchange. Air stripping of VOCs is not
known to be included in the design, however if the design does
include a VOC stripper, this rule would become applicable.
Table 1-8 has been revised to accommodate this concern.

The definition of a "Contaminated Soil Venting System"
specifically excludes the venting of landfills and is, therefore,
not applicable. However, MA DAQC has stated that the
preferred treatment option for best available control technology
for treatment of landfill gas is construction of an enclosed gas
flare. Jlie "Off-Gas Treatment of Point-Source Remedial Air
Emissions" policy (XWSC-94-150), dated May 25, 1994, has
been added to Table 1-8.

Page 1-42, Table 1-8, Air Pollution Control Regulations: 310
CMR 7.03 Plan Application Exemption Construction
Requirements (Applicable). This section outlines the
requirements for all contaminated ground water/soil venting
treatment systems (CGTS). If the permanent wastewater
treatment system is designed to vent VOCs to the atmosphere,
the system should be able to reduce VOCs in air effluent by a
minimum of 95 % (by weight) prior to discharge if greater than
one ton total VOCs will be released annually.
This requirement is not applicable. Please refer to the previous
comment and response regarding the CGTS. In addition,
preliminary calculations prepared for the Charles George
Technology Assessment Report showed that, without any
treatment, total VOCs emitted would be less than 0.368 tons per
year.

Page 1-42, Table 1-8, Air Pollution Control Regulations: 310
CMR 7.13 Stack Testing (Applicable). This section requires
stack testing to be conducted at emission facilities when required
by the Department.
This requirement is not applicable. Stack testing cannot be
conducted on an open flare.
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Reference Comment Description (identification of commenter in parentheses) follov,ed by
Response

Q Page 1-46, Table 1-8, Solid Waste Management Facility
Regulations: 310 CMR 19.117 Air Quality Protection Systems
(Applicable). The section required that an air quality protection
system be capable of controlling explosive gases to no greater
than 25% LEL within on-site structures or at the property
boundary.
Massachusetts Solid Waste Management Regulations are
identified in Table 1-8 as applicable action-specific ARARs.
This discussion has been expanded to include the specific
concerns of the commenter.

° Page 1-46, Table 1-8, Solid Waste Management Facility
Regulations: 310 CMR 19.143 Post-Closure Use of Landfills
(Applicable). This section identifies the requirements for post-
closure use of the landfill. The limitations on post-closure
construction and use are outlined.
Massachusetts Solid Waste Management Regulations are
identified in Table 1-8 as applicable action-specific ARARs.
Landfill closure design does not include a proposal for
alternative end uses. Use restrictions, such as deed restrictions,
should be provided for after completion of remedial activities.
Post-closure requirements have been specifically added to the
table discussion.

Page 1-14 Table 1-1: This section identifies the Massachusetts Contingency Plan
(310 CMR 40) as "Applicable". In accordance with 310 CMR
40.0111, sites regulated under the Federal Superfund Program in which
the Department has concurred with the ROD are considered adequately
regulated and not subject to the MCP. (DEP, 8/2/94) Note: this
comment was rescinded by DEP in a telephone conversation
6/14/95.
This requirement remains in the report.

Page 1-18 Table 1-2: Thallium, tetrahydrofuran and 1,4-dioxane should be added
to the "Other Chemicals" category. Both constituents have been
detected in groundwater and can be considered constituents of concern.
(DEP, 8/2/94)
These constituents have been added to Table 1-2.

8 Printed on Recycled Paper



Reference Comment Description (identification of commenter in parentheses) followed h\
Response

Page 1-23 Table 1-2: Please note, the Massachusetts drinking water standards and
guidelines have been updated. The most recent publication is dated
Spring, 1993. The Massachusetts Maximum Contaminant Level
(MMCL) for thallium has been set at 0.002 mg/L, and the
Massachusetts Drinking Water Guideline for tetrahydrofuran is 1.3
mg/L and for dioxanels 0.05 mg/L. (DEP, 8/2/94)
Since the comment was made, the Massachusetts DEP Office of
Research and Standards has issued a more recent publication. The data
provided in Table 1-2 has been updated to reflect the Autumn 1994
publication.

Table 1-2: MMCLs have also been assigned for methylene chloride
(0.005 mg/L), antimony (0.006 mg/L), and nickel (0.1 mg/L). (DEP.
8/2/94)
The table has been modified accordingly.

Page 1-23 Table 1-4: The value for acetone under column TBC should be
changed to 3000 /xg/L. (DEP, 8/2/94)
This typographical error has been corrected.

Table 1-4: Thallium, tetrahydrofuran and 1,4-dioxane should be added
to the "Other Chemicals" column. (DEP, 8/2/94)
To ensure that future reviews consider these constituents, they have been
added to the list of "other chemicals" in Table 1-4. Historical data,
however, was unavailable in some cases, as indicated in footnotes to the
table.

Page 1-33 Table 1-7: Adversely impacted wetlands have not been remediated.
(FWS)
Wetland areas have been damaged by remedial activities. Wetlands
mitigation should be considered by the agencies involved in project
management. No change to the table is necessary.

Page 1-34 Table 1-8: Site generated hazardous wastes have been classified as
RCRA listed F039 as defined in 40 CFR 261. Therefore, the Land
Disposal Restrictions should be applied to F039 wastes, and not to
characteristic wastes unless a further determination by EPA reclassifies
the waste. (DEP, 8/2/94)
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Reference Comment Description (identification of commcnter in parentheses) followed by
Response

Table 1-8 begins on page 1-38. Table 1-7 references RCRA defined
wastes on page 1-34, however, no change to the text is necessary based
on the comment. RCRA LDR rules are referenced on page 1-40 in
Table 1-8. The text here has been modified to accommodate the new
Universal Treatment Standards and the comment.

Page 1-40 Table 1-8: Treated leachate discharges are noted to be monitored but
not documented. We would like to receive reports documenting
contaminant concentrations in treated effluent. In light of the potential
acute and chronic impacts from effluent discharges, a structured
monitoring program with toxicity testing may be appropriate. (FWS)
Toxicity on surface water runoff is being conducted biannually. Any
leachate breakouts that impact surface water bodies are thus being
monitored. Discharges from the sedimentation basins are being
monitored. Table 1-8 has been edited to state that documentation of
these activities is desireable.

Page 1-40 Table 1-8: The Department would like to address and emphasize the
landfill gas monitoring requirements in 310 CMR 30.118 and 310 CMR
30.132(4). Metcalf and Eddy has appropriately identified 310 CMR
30.132 as an Applicable requirement. These sections outline the
requirements for landfill gas monitoring and constituent limitations.
The Department has requested EPA in correspondence to develop and
implement a gas monitoring program capable of detecting and
monitoring any potential off-site migration of landfill gas. As this is an
applicable requirement, the Department will again request EPA
implement a landfill gas monitoring program. (DEP, 8/2/94)
No change to the document is required.

Page 1-48 Discharge standards have been established for the leachate and
groundwater treated effluent. These standards were developed by the
MA DEP and have given EPA a window of 5 years to discharge
starting in 1992 and ending in 1996. Determination as to the feasibility
of groundwater reinjection (ROD III remedy) must be made (with MA
DEP approval) prior to extending this discharge allowance by the state.
In addition, the state conducts periodic sampling of surface water runoff
from the site and sediments in the sedimentation ponds as part of its
O&M responsibilities under OU #2 (ROD II), (EPA Comment #10)
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Reference Comment Description (identification of commenter in parentheses) followed by
Response'

The te.\( has been changed to reflect the above statement.

Page 1-49 Section 1.3.3.2: Adversely impacted wetlands have not been
remediated. (FWS)
Wetland areas nave been damaged by remedial activities. Wetlands
mitigation should be considered by the agencies involved in project
management. No change to the text in this section is necessary.

Section 2

Page 2-2 top paragraph, last sentence - The USAGE was present as site
construction managers. (EPA Comment #11)
The text has been changed accordingly.

Page 2-3 Vegetative growth - in parentheses - e.g., an area where preventative
maintenance occurred to repair substantial, but not critical, subsidence
(EPA Comment #12a)
The text has been changed accordingly.

Last paragraph - Specify where along the haybales was the geofabric
layer exposed. (EPA Comment #12b)
East of west sedimentation basin, at the corner of Blodgett and
Dunstable Road, on the Dunstable side of the road.

Page 2-4 Last paragraph - MA DEP has O&M responsibilities of the
sedimentation basins, not the USAGE. (EPA Comment #13)
The text has been changed accordingly.

Page 2-11 Wetlands have been impacted from remedial actions and discharge of
other materials. Discuss what restoration or mitigation activities may
be necessary. (EPA Comment #14)
Wetland areas have been damaged by remedial activities. Wetlands
mitigation should be considered by the agencies involved in project
management. A statement to this regard has been added at the end of
section 4.2.3.

Page 2-20 Section 2.1.3.2: Adversely impacted wetlands have not been
remediated. (FWS)
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Reference Comment Description (identification of commenter in parentheses) followed by
Response

Wetland areas have been damaged by remedial activities. Wetlands
mitigation should be considered by the agencies involved in project
management. No change to the referenced text is necessary.
Recommendations for wetlands remediation have been added to section
4.2.3.

Page 2-64 Mercury data was not included in Table 2-7 (Metals in sediment).
(FWS)
Where appropriate, the tables will be edited to include mercury
concentrations detected in sediment.

Section 3

Page 3-15 Section 3.1.1.4 and page 3-25 - Section 3.1.2 - There is no discussion
regarding mercury results and also the numerous rejected metals data,
especially for mercury. Since this metal is of significant concern to the
Trustees and to the public, recommendations for additional sampling
should be made. (EPA Comment #16)
A discussion regarding mercury results will be added to the document,
and further recommendations made.

Page 3-16 Mercury data was not included in Table 3-4 (Metals in sediment).
(FWS) Why isn't mercury in this table? (EPA Comment #15)
Where appropriate, the tables will be edited to include mercury
concentrations detected in sediment.

.Page 3-50 Section 3.3: ROD III measures to remediate sediment in the unnamed
stream and some downstream areas of Dunstable Brook have not been
conducted. (FWS)
Recalculation of the ecological risk posed by sediments should be
considered by the agencies involved in project management. Page 3-51
has been edited to recommend recalculation of ecological risks. Also,
in Section 4.2.3 of the Draft Five Year Review, it is recommended that
the risks from contaminated sediments be recalculated.

Section 4
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Reference Comment Description (identification of commcnter in parentheses; followed by
Response

Page 4-6 Risk to natural resources should be recalculated for the sediment of
Dunstable Brook, the tributary to Dunstable Brook, and Flint Pond
Marsh. (MADEP. 11/2/94)
In Section 4.2.3 of the Draft Five Year Review Report, it is
recommended that the risks from contaminated sediments be
recalculated. Recalculation of the ecological risk posed by sediments
should be considered by the agencies involved in project management.

Page 3-36 It is not known whether tissue analyses were poorly conducted;
(NOAA)
Tissue analyses were conducted and validated in accordance with
USEPA procedures and protocols. This statement has been added to the
text.

Page 3-37 It is not known whether high concentrations of mercury are naturally
present; (NOAA)
It is unlikely that the source of mercury is not anthropogenic.

It is not known whether the landfill impacts both Locust and Flint
Pond; (NOAA)
Based on site hydrogeology, it is unlikely that mercury from CGRL is
impacting Locust Pond.

It is not known whether a separate source of mercury exists. (NOAA)
A site-specific definitive link between sediment mercury and fish tissue
mercury is presumed. Significantly higher mercury concentrations in
fish tissue in the next five year review (1999), might be indicative of an
additional mercury source not related to CGRL.

Mercury levels in sediment would be expected to be higher given that
mercury concentrations in fish tissue samples were relatively high.
(NOAA)
Analytical data for sediment mercury were rejected in 9 of 19 samples.
However, no mercury was detected in the 10 samples that were not
rejected. Reasons why mercury data in sediment were rejected will be
provided in the Final Five Year Review Report.
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Reference Comment Description (identification ot" commenter in parentheses) followed h\
Response

A comparison of the RI and Five- Year Review data indicated that
sediment mercury contamination in Flint Pond was higher in 1987 than
in 1994 suggesting that remedial efforts are working. The high mercury-
concentrations in the tissues of adult fish may be due to
biomagnification through the food chain. For example, the largest
adult perch that was collected was 30 cm Ion? which is indicative of
approximately seven years of age. This indicates that adult perch have
had several years to accumulate mercury. The same is true for the adult
largemouth bass that were sampled. Text has been added to page 3-37.

It is requested that, in the event mercury is found in the sediment of
Flint and Locust Pond, toxicity tests be conducted at several stations
within both ponds (the Five-Year Review included one test in Flint
Pond - negative result) followed by Toxicity Identification Evaluation
(TIE). (NOAA)
Additional-analyses for mercury in Locust Pond and Flint Pond fish and
sediment is not recommended. \o change to rhe text has been made.

It is recommended that USEPA evaluate the fish collection and field
survey logs to determine if enough data are available to provide some
indication of the fish community in the basin. (NOAA)
The size data for yellow perch and largemouth base suggest that the
system is productive. Further srudy of the fish community is not
recommended because many factors, besides CGRL contaminants,
influence the fish community in the Flint Pond basin. Without an
intensive investigation, no reliable conclusions could be dra\vn
regarding, the relationship berween the status of the fish community and
CGRL contaminants. No change to the text has been made.

Page 4-2 1st paragraph - Please explain how it was determined that limited
damage to the underlying membrane has occurred. (EPA Comment
#17a)
This paragraph has been rewritten to clarify findings during the site
visit.

The new pump stations have been designed and (installed)
independently of the leachate and groundwater treatment plant. (EPA
Comment #17b)
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Reference Comment Description (identification of commenter in parentheses folloued h\
Response

The text has been changed accordingly.

The two leachate pump stations will require complete replacement.
(DEP, 4/4/94)
New pump stations have been designed and installed.

3rd paragraph, 2nd sentence - add Per ROD III, this system has been
updated.... (EPA Comment # 17c)
The text has been changed accordingly.

4th paragraph, first sentence - This statement is rather vague and
requires further justification. (EPA Comment #17d)
The text will be revised for clarity.

Page 4-2 Section 4.1.2, ROD II: Rephrase the statement ". . . concerns regarding
erosion of the crushed stone side slopes has waned..." to indicate the
ongoing program to monitor the stability of the side slope. The
Department has recently established a program to monitor the stability
of the side slopes to address on-going concerns. Presently there does
not appear to be "creep" of the crushed stone; however, the monitoring
program will verify this observation. Until data is available to verify
the stability of the crushed stone, the Department will withhold any
conclusion as to the stability of the side slope. (DEP, 11/2/94)
The text has been changed accordingly.

Page 4-3 last paragraph - There have been very few residential water well results
showing exceedences in the MCLs and, therefore, a statistical analysis
does not seem warranted. There have, however, been exceedences in
the MCLs in groundwater for certain off-site monitoring wells. (EPA
Comment #18)
The referenced paragraph has been modified to address this comment;
the recommendation for statistical analysis has been deleted.

Page 4-4 first paragraph - Include the mercury as a TAL for sediments. (EPA •
Comment #19)
Mercury was a TAL metal and is included under metals. The test has
been modified to provide clarity.
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Reference Comment Description (identification of commenter in parentheses) followed hv
Response

Page 4-7 2nd paragraph - It should be noted here that the residential wells have
not been impacted by any plume originating on-site. (EPA Comment
#20)
The text has been changed accordingly.

Page 4-7 The collapsed northeast section of the toe drain that is causing the
leachate breakouts in the perimeter drainage swale at clean-out #2 will
require a major repair effort. (DEP 4/4/94)
This is scheduled for this summer.
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î  ̂

a.
8 X I/I C/l ••

< 0 0 M
l_->—t.'<- H — M — — ii
3 O C V D II >— — / O. DC
U J * V > Q U «3UJO>-<
1- U — '— ' C C II _l I- (/) _l Xu ._«)._ a >. u — < uj
XZV>( />> fM H O Q K X O C

6 41 « J= <->
£ 'C "> "S. ** «-• <S E
g — u g" ai c — o —

w l_ S ..- — E •- -I
••- c <o • '~ >
O ^5 O 4) *.~ w 41 41 5
(. — L. JS E "- ••- C I/I —

SMC*' • — o -^ «i « — - o
So • • - • w e c uuf

W >*~ f 4^ O 41 4| —t Qj *^ 4|
•^ «j x~p •— o - > - 5 ' O o w 4 - ' o

< D 4 ^ V E 4 l < - > ' 6 " - l - 4 I X

^ O •*• ̂  ^ ̂ ^ 4) 41 4) Cfl C (0 41

? 4J O *^ *^ 3 £]. C 41 O O U C ̂  '*"

«> i « 5 ~* f -2 .2 " ..? ̂  x e — §•
0 — • > •— O «V 4-* « I X < D 4 - ' 5 < O Vatk 4 - * k « £ & u ^ — ' O 4 - * > — ( - • — Qe
t_ a. ~> $ u — < 4 - * - ^ g Q . E 0 M * V ( A
U-.t - iOOO'— >"O></) CO — • O"— • C/3 C/>

i i i i i i i i i i
«u-Q->-a 3 QC-a _i w _j
tV U ^ 0 < O
4-* ~ <s> at
O (/)

*J§
Ik



rg
^
o

f\J
d

II «- •«» NO N-

™

CD O

35?
CD

«
fl?

D
F

I
24

6
LA

H
A

TI
O

N
SD

G
 

N
O

.:
97

4

O CM
UJ O UJ
O i V)

_
O

• • z
UJ
1- </>
V) I/I

*ô>
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