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Disclosure Statement

The laws of New York State require that the corporations which render engineering
services in New York be owned by individuals licensed to practice engineering in the
State. ARCADIS Geraghty & Miller, Inc. cannot meet that requirement. Therefore, all
engineering services rendered to Broome County and GAF Corporation are being
performed by GM Consulting Engineers, P.C., a New York Professional corporation
qualified to render professional engineering in New York. There is no surcharge or
extra expense associated with the rendering of professional services by GM Consulting
Engineers, P.C.

ARCADIS Geraghty & Miller, Inc. is performing all those services which do not
constitute professional engineering and is providing administrative and personnel
support to GM Consulting Engineers, P.C. All matters relating to the administration of
the contract with Broome County and GAF Corporation are being performed by
ARCADIS Geraghty & Miller, Inc. pursuant to it’s Amended and Restated Services
Agreement with GM Consulting Engineers, P.C. All communications should be
referred to the designated project manager at ARCADIS Geraghty & Miller.
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1. Introduction

ARCADIS Geraghty & Miller was retained by Broome County and GAF Corporation
(GAF) to prepare this design report for the groundwater remediation system to be

installed at the Colesville Landfill in Broome County, New York. The groundwater remedy
planned for the site is comprised of a groundwater extraction and treatment system

" combined with an in-situ enhanced reductive dechlorination (ERD) technology. The

objective of this remedial design is to enhance the groundwater component of the remedy
documented in the March 29, 1991 Record of Decision (ROD) for the Colesville Landfill
which called for groundwater extraction and treatment only. Other components of the ROD
remedy associated with groundwater (such as landfill capping [which was completed in
1995], and elimination of groundwater receptors) remain the same. This report describes
the conceptual design and how the design objectives and criteria will be met. Detailed
plans and specifications necessary to implement the system are also presented.

2. Project Background

The U.S. Environmental Protection Agency (USEPA) and New York State Department of
Environmental Conservation (NYSDEC) allowed Broome County and GAF to reevaluate
the effectiveness of the pump-and-treat component of the ROD Remedy given the physical
limitations of subsurface site conditions, and to propose enhancements to the ROD Remedy.
This section provides a summary of the reevaluation effort that led to this revised
groundwater remediation approach.

The potential limitations of implementing the groundwater pump-and-treat component of
the ROD Remedy with vertical extraction wells was initially recognized after a thorough
review of slug test data, soil boring logs, grain size distribution tests, and aquifer and well
yield tests. Based upon this information, groundwater flow and contaminant transport
modeling was performed to evaluate the effectiveness of the ROD Remedy (ARCADIS

Colesville Landfill

Geraghty & Miller 1996). The solute transport simulations predicted that pump-and-treat as '

a stand-alone remedy would not restore groundwater to maximum contaminant levels in a

reasonable timeframe. Factors such as adsorption of contaminants to the aquifer matrix and
zones of low permeability where groundwater velocities are extremely slow would result in
the inability of pump-and-treat to effectively clean up the aquifer in a reasonable timeframe.

To verify the results of the modeling effort, an aquifer test was conducted using Production
Well GMPW-2 and nearby monitoring wells. Production Well GMPW-2 was selected as
the pumping well because it was in an area that is representative of the Site hydrogeology.
The glacial outwash aquifer in this area consists of silty sand and fine sand, with some clay.

G\APROJECTBROOMEWNY0949.0131100% Design\GWRSENGRPT.doc
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The aquifer test provided reliable data for calculation of the transmissivity and hydraulic
conductivity of the glacial outwash aquifer. The hydraulic conductivity of 0.24 feet/ day
that was calculated from the time-drawdown data for Production Well GMPW-2
corresponded to the previous hydraulic conductivity value computed from specific
capacity data (ARCADIS Geraghty & Miller May 19, 1998).

Biogeochemical sampling was conducted at the landfill to evaluate potential natural
biodegradation processes that were believed to be ongoing in groundwater. The results of
the biogeochemical sampling rounds showed that anaerobic and moderately reducing
conditions were present in groundwater beneath and immediately adjacent to the landfill,
but that relatively low concentrations of dissolved organic carbon was a limiting factor in
the degree of reductive dechlorination occurring in groundwater. At distances further away
from the landfill, the geochemical environment transitions to a primarily aerobic
environment. The results of biogeochemical sampling rounds are presented in Appendix A
of the Revised Focused Feasibility Study (ARCADIS Geraghty & Miller 1996), and Natural
Attenuation Sampling Data Reports (ARCADIS Geraghty & Miller 1997, 1998a, 1998b,
and 1998c). ‘

Based upon the data collected during these supplemental investigations, several remedial
technologies were evaluated to identify an alternative remedial approach or a method to
enhance the existing ROD Remedy. Based upon this review, ARCADIS Geraghty & Miller
selected enhanced reductive dechlorination (ERD) as a recommended technology for
groundwater remediation, and proposed a six-month pilot study to field test the feasibility of
the ERD technology and to collect necessary data for a full-scale remediation system at the
Site. The objective of the ERD pilot study was to enhance the anaerobic degradation of

. VOCs by altering the natural groundwater environment to a more reduced and carbon-rich
state, thereby increasing rates of biodegradation and producing innocuous and non-toxic
compounds such as ethane, ethene, and carbon dioxide.

The ERD pilot test was highly successful in accomplishing the objectives of enhancing
biogeochemical conditions to increase rates of biodegradation at the site (ARCADIS

Geraghty & Miller 1999). An overview of the significant results that were achieved during
the six-month pilot test is as follows: ‘

e A redox zone was strongly established in and downgradient of the pilot test area.

e Significant concentrations of total organic carbon (TOC) was introduced to
groundwater.

GAAPROJECT\BROOME\NY0949.013\100% Desigm"\GWRSENGRPT.doc
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e Dechlorination of parent VOCs present at the site was clearly evident.
e An overall reduction in VOC concentrations was achieved.

e A steep decline in VOC concentrations at the downgradient edge of the ERD zone
was achieved.

e Some surfactant effects (desorption of VOCs) were evident in close proximity to
the injection wells, which indicates that an ERD approach can significantly reduce
the remedial timeframe by attacking sorbed contaminant mass.

The pilot test results indicated that the ERD technology could be used to enhance the
remediation of VOCs and significantly expedite the timeframe for restoring groundwater
quality to MCLs at the Site.

3. Design Analysis

Section 3.0 presents a discussion of the proposed design and the engineering analysis
performed to support the design criteria.

3.1 Design Overview |

The data collected during the aquifer test (Appendix A) and ERD zone piiot test (Appendix
B) were used to design a full-scale groundwater remediation system for the Site. The
primary objective of the proposed enhancement to the ROD Remedy is to increase the
removal rate (via biodegradation) of VOC mass from the subsurface and expedite the
overall timeframe for remediation. The approach is based on using key aspects of the
existing pump-and-treat ROD Remedy, and enhancing the beneficial effects of extracting
impacted groundwater with a large-scale in-situ reactive zone near the landfill boundary.

Application of an ERD zone near the landfill boundary was selected as an approach for
augmenting the ROD Remedy because it would not interfere with groundwater extraction
downgradient of the landfill and would address the factors responsible for limiting the
effectiveness of pump-and-treat. An ERD enhancement of the pump-and-treat remedy will
augment the overall groundwater remediation in the following manner:

-

e An ERD zone will treat a large volume of aquifer and overcome the fact that the
groundwater extraction wells influence only a small aquifer volume.

G:AAPROJECT\BROOMEWNY0949.0131100% Design\GWRSENGRPT.doc
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¢ An ERD zone will provide in-situ treatment of VOCs associated with extremely
low permeability zones, and overcome the fact that the pump-and-treat system is
limited by the rate at which VOCs can diffuse from these zones.

e The injection of reagent acts as a surfactant that results in desorption of VOCs from
the aquifer matrix, making the VOC mass more available for reductive
dechlorination. This process overcomes the fact that pump-and-treat can only
address the dissolved component of VOC contamination.

¢ The pump-and-treat system would continue to extract contaminant mass (from the
area within the limiting flowpaths of the highest concentrations of VOCs) that has
already migrated beyond the proposed ERD zone.

Therefore, this groundwater remediation system has been designed to complement and
enhance the pump-and-treat remedy and provide the most feasible approach to expediting
the timeframe for restoring groundwater quality. A description of the design criteria (e.g.,
number of pumping wells and rates of withdrawal, number of injection wells and reagent
concentrations) is provided in the following section.

3.2 ' Design Criteria

The proposed groundwater remediation system will consist of two components: a
groundwater recovery system and an ERD system. The groundwater recovery system is
designed to extract a total of one gallon per minute (gpm) from one existing well: PW-3,
and two proposed wells: GM-PW-4 and GM-PW-5. The ERD system is designed to create
an in-situ reactive zone across the southwest boundary of the landfill by injecting a .
molasses solution into a series of 17 injection wells.

As previously discussed, the design pumping rates for the groundwater remediation system
were based on the results of pumping tests conducted by ARCADIS Geraghty & Miller.
The design constituent concentrations for the proposed groundwater treatment system were
based on historic groundwater quality (Appendix C). The rationale for the layout of the
ERD zone was based on the “Results of the ERD Pilot Study” report dated October 29,
1999 (Appendix B), and an ARCADIS Geraghty & Miller memorandum to the USEPA
dated December 17, 1999 (Appendix C). :

GAAPROJECT\BROOMEWNY0943.013\100% Design\GWRSENGRPT.doc
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Additional design goals/parameters include the following:

e Groundwater treatment system will be designed to provide a source of water for
mixing the molasses and water solution for the ERD system.

e Groundwater treatment will meet or exceed the NYSDEC effluent quality
standards.

e Air discharges will be in conformance with NYSDEC requirements, as specified in
NYSDEC Air Guide-1 and its accompanying appendices (NYSDEC 1995).

e Operation of the groundwatef treatment and ERD system will allow for automated
molasses injections. '

e Piping connections, valving, and system controls will provide flexibility in
operation of the groundwater recovery and ERD systems.

4. Description of Groundwater Remediation System

This section includes descriptions of the injection wells and piping; the molasses mixing
and delivery system; the groundwater pumping wells and recovery piping; the groundwater
treatment process; the treatment building; the treated water discharge; and the process
controls and operation.

4.1  ERD System

4.1.1 Injection Wells and Piping

The ERD system will utilize the three injection wells currently in use for the ERD pilot
study (IW-1, IW-2, GM-MW-1), existing monitoring well PW-6, and 13 new injection
wells. The location of the existing and proposed injection wells are shown on Drawing No.
3 of the design drawings submittal. The proposed injection wells will be constructed of 2-
inch diameter schedule 40 PVC casing and screen (0.010 slot) with a 1-inch diameter
schedule 80 PVC drop tube. The 1-inch diameter drop tube will have 0.25-inch holes on 2-
foot centers. The screen intervals of the proposed injection wells will be field determined
and fully penetrating from the water table to-the base of the glacial outwash aquifer. The
details of the proposed and existing injection wells are provided on Drawing No. 8 of the
design drawings submittal. A 1-inch diameter SDR 11 high-density polyethylene (HDPE)
tube will be bundled and placed in a common trench from the proposed treatment building
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to each injection well. The tubing will be installed as shown on Drawing No. 8 of the
design drawings submittal.

4.1.2 Molasses Delivery System

A portion of the treated water from the groundwater recovery system will be stored in
holding tank (HT-500) in the treatment building for use in producing the molasses and
water solution. Raw molasses will be delivered to the site every three months and stored in
270-gallon totes in the treatment building. The layout of the molasses delivery system 1S
depicted on Drawings No. 6 and No.7. Pumps will transfer water from the holding tank and
molasses from the totes into the mixing tank (MT-800) (at a molasses to water ratio of 1 to
7.5) by transfer pump (TP-600) and molasses pump (MP-700), respectively. The molasses
and water solution will then be automatically mixed, and then delivered to the injection

“wells by transfer pump (TP-900), at three day intervals. Each injection well will then get a
predetermined volume of rinse water to flush the injection lines. This process will occur in
the injection wells in the following order: TW-15, IW-14, IW-13, IW-12, TW-11, IW-10,
IW-9, IW-8, IW-7, IW-6, IW, 5, IW-4, GM-MW-1, IW-2, IW-1, IW-3, and PW-6.

4.2 Groundwater Recovery System
4.2.1 Recovery Wells and Piping
The groundwater recovery system will utilize one existing well PW-3, and two proposed

wells, GM-PW-4 and GM-PW-5. The locations of these wells are shown on Drawing No. 3 .
of the design drawings. The construction details of these wells are as follows:

Well 1.D. Depth (ft)  Screened Interval (ft bls)  Casing Diameter (inches)

PW-3 30 4.7-29.7 4 .
GM-PW-4 35 15-30 6

GM-PW-5 35 15-30 6

Groundwater will be recovered from each well using submersible pneumatic groundwater
pumps. Compressed air will be supplied to each pump from an air compressor (AC-200)
located in the treatment building. Each wellhead will be enclosed with a concrete vault
along with the associated piping. The extracted groundwater from each well will be
conveyed via three 0.75-inch diameter HDPE pipes to the treatment building.

GMAPROJECT\BROC Y .013\100% Desig! SENGRPT.doc
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The combined flow from the common header will discharge into the low profile air
stripper (AS-100) for treatment. The Process Piping and Instrumentation Diagram
(Drawing No. 5 of the design drawings) presents the piping sizes, valves, flow controls,
and process flow arrangement for the treatment system.

4.2.2 Treatment Process

Groundwater from the pumping wells will be conveyed via underground piping to a
proposed one-story treatment building which will be located as shown on Drawing No. 3.
The groundwater will be pumped directly into a low profile air stripper. Once the
groundwater has passed through the air stripper, the treated water will be pmhped through a
series of bag filters and then into a 1,000 gallon holding tank (HT-500). Upon reaching the
pre-determined volume of water in HT-500, the treated water will then be routed to the
treated water bypass line, and eventually discharged to the North Stream.

The low profile air stripper will be used to reduce VOC concentrations in the recovered
groundwater to below NYSDEC effluent standards. Air stripping is an effective means of
removing VOCs from water and has the advantage of relatively low operation and
maintenance (O&M) requirements. The low profile air stripping unit consists of two trays
with numerous aeration holes. The function of the aeration holes is to provide a frothing
action that increases the opportunity for air/water mixing, thus enhancing the mass transfer
surface area. The VOCs enter the air stream and are then discharged to the atmosphere.
The off-gas from the air stripper will be discharged to the atmosphere via a single 6-inch
diameter stack.

The low profile air stripper has been designed based on historical concentrations of VOCs
and the allowable VOC effluent concentrations listed in Table 1. Because methylene
chloride and cis-1,2-dichloroethene have relatively low Henry’s Law constants, they control
the air stripper design. By meeting the required effluent concentrations for methylene
chloride and cis-1,2-dichloroethene, the other VOCs present will also be removed to
acceptable levels. The minimum removal efficiencies for the low profile air stripper are
summarized in Appendix D along with the design air-to-water ratio, airflow rate, water flow
rate, and water temperature. Modeling indicates that two trays will be required to remove
methylene chloride and cis 1,2-dichloroethene to less than a target effluent standard of 5

micrograms per liter (ug/L).
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43 Treatment Building

The treatment building will be designed and constructed in strict conformance with New
York State building code requirements. The proposed building will be comprised of a
treatment building that will house the influent and effluent piping, a low profile air stripper,
holding and mixing tanks, pumps, filters, an air compressor, electrical controls, and
molasses storage totes.

The treatment building equipment layout and piping are presented on Drawings 6 and 7 of
the design drawings. The building is 20 feet long by 24 feet wide and 12 feet in height,
providing approximately 480 square feet of floor space. Access to provide molasses totes
(and tanks, if necessary) will be provided through an overhead door on the southemn side of
the treatment building. A grate covered sump will be provided in the center of the building.

44 Treated Water Discharge

The groundwater treatment system is designed for each pumping well to pump
intermittently at an optimal flow rate of 0.33 gpm under normal operating conditions.
Pumping wells will not be shut down except in the case of a treatment system failure, in an
emergency, or as required for normal maintenance. Extracted water will be treated and
either stored in HT-500 for use in the injection process or discharged to the North Stream.
The 6 NYCRR Chapter X, Section 930.4 — Table 1, entitled, “Classifications and Standards
of Quality and Purity which are Assigned to the Waters of the Susquehanna River
Bordering or Flowing Through the Counties of Tioga, Broome, Chenango, Delaware and
Otsego”, was used in the determination of the North Stream classification. The North
‘Stream, which is referenced by the NYSDEC as Tributary 120, has a Fresh Surface Water
Classification of C and a Water Quality Standard of C(T). Based on this classification and
documented effluent limitations, an application will be submitted to the NYSDEC for the
establishment of effluent limitations for the site.

4.5 Air Emissions

The air emission limitations for the air stripper off-gas were derived from NYCRR Part 200
and New York’s Air Guide-1. Limitations for the constituents in the air stream were
selected using the Air Guide-1 specified Annual Guideline Concentrations (AGCs) and
Short-Term Guideline Concentrations (SGCs). The AGCs provide a more conservative
(lower) maximum hourly emissions rate and were used as the design limitations. A
summary of the air emissions limitations and toxicity information for each constituent in the
air stripper off-gas is presented in Table 2. The design loading rates for the air stripper off-
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gas were calculated for each constituent in the air stream. The results of the modeling are
presented in Table 3.

A direct comparison of the resulting emission rate potentials (ERPs) with the maximum
allowable emissions rates indicates that all of the constituents in the air stream will be less
than their respective AGCs, therefore, off-gas treatment will not be necessary. Air samples
will be collected and analyzed during the system start-up period and during monthly
operation and maintenance visits to confirm that maximum emussion rates are below the

- AGCs.

4.6  Utility Service

Electric service will be obtained from an existing power pole located on-site. The power
will be transferred via underground conduit from the power pole to the proposed treatment
building. The on-site utility pole currently provides a 230 Volt, 100 Amp, single phase
electrical power. The electric service will be upgraded to 200 Amp in order to satisfy the
power requirements of the equipment controls in the proposed treatment building. Controls
and instrumentation for the operation of the treatment system and associated recovery wells
will be located in the main treatment building.

Phone service will be provided. No potable water supply or sanitary sewer service is
available on site.

4.7 Process Controls and Operation -

The process control system will be designed with a graphical user interface (GUI) and will
provide the necessary alarms and interlocks to ensure that the compressor, blower, pumps,
piping, mixer, and recovery and injection systems operate smoothly, efficiently, and as a
unit. Additionally, the system will include an autodialer which will notify operator(s) of
any system fault. Controls and instrumentation will be interconnected via serial network,
utilizing network wiring installed in exposed conduit. The main control panel (MCP),
located in the treatment building, will house a programmable logic controller (PLC) to
monitor and integrate the operation of the compressor, blower, pumps, piping, mixer,
treatment and injection systems, and all treatment system interlocks.

The following sections describe the operation, system monitoring, and alarm conditions.
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4.7.1 Operation and Programmable Logic Controller

Under normal operating conditions, the control system will monitor the flow of treated
water from holding tank (HT-500) to mixing tank (MT-800), the flow of the molasses
from the molasses totes to MT-800, and the flow of the molasses and water solution to the
injection wells. The control systém will maintain the operating levels within the holding
and mixing tanks to ensure an ample supply of treated water and molasses and water
solution for the injection system. The system will deliver a predetermined volume of
molasses and water solution to each of the seventeen injection wells. The GUI will allow
the user to choose the ratio of molasses and water and the volume of solution injected into
‘each well, the injection frequency, and the volume of rinse water injected into each well.

The process equipment will include switches tied to alarms mounted on the MCP. The PLC
will be utilized to provide the necessary control logic to coordinate the control signals from
the remote switches and instrumentation throughout the treatment system. These interlocks
will provide fail-safes and monitor operating conditions to maintain optimum performance
of the treatment system.

4.7.2 Monitoring

Flow meters will be provided on the molasses supply line, on the treated water line going .
into the mixing tank, and on the influent line to the injection wells to monitor flow ‘
totalization, as well as to allow adjustment of flow control valve settings. The flow from
the molasses totes, treated water to the mixing tank line, and influent to the injection wells

will be totaled at the MCP.

4.7.3 Alarms and Interlocks

The transfer pumps, blower, air stripper, compressor, and mixing tank will be interlocked
and alarmed to ensure that the water is properly treated, mixed with molasses, and injected.
All process equipment motors will have hand-off-auto switches located at the MCP.
Operation of the groundwater recovery system components including the transfer pumps
will be dependent various pressure switches and level switches located throughout the
system. Interlocks will be established such that untreated water will not be discharged from

the air stripper system in the event that the blower is not operating.

Level switches will be installed within the holding and mixing tanks, and the low profile air
stripper in order to ensure efficient operation of the system. The level switches will include

the following:

10
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e Level Switch High High (LSHH)
e Level Switch High (LSH)

e Level Switch Normal (LSN)

e Level Switch Low (LSL)

. Le'vel Switch Low Low (LSLL)

e Pressure Switch Low (PSL)

e  Pressure Switch High (PSH) -

A description of the level switches is provided below.

As water levels rise within the shallow tray air stripper, the transfer pump (TP-400) will be
turned on once the LSH-100 is engaged. At this point, treated water will be pumped from
the air stripper until LSH-100 is disengaged where TP-400 will be turned off. If the LSHH-
100 is engaged, the compressor (AC-200) and blower (B-300) will be shut down, the
autodialer will be engaged, and the system will be reactivated manually.

The pumping well compressed air line will have a pressure switch low (PSL-201). If PSL-
201 is engaged, compressor (AC-200) will be turned off and blower (B-300) will be
shutdown. The autodialer will then be engaged, and the system will be reactivated
manually.

The air stripper blower effluent line will contain PSL-301. If engaged, PSL-301 will tum
off the blower (B-300) and compressor (AC-200). The autodialer will then be engaged, and
the system will be reactivated manually. A pressure switch high (PSH-402), located before
bag filters BF-400 and BF-401 will shut down AC-200 and B-300 and activate the

autodialer.

As water rises within holding tank (HT-500), LSH-500 will engage, closing a solenoid to
the holding tank and opening a solenoid valve to the treated water bypass line. This will
access treated water to discharge to the North Stream. If the LSHH-500 is engaged in the

11
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holding tank, the compressor (AC-200) and blower (B-300) will be turned off and the
autodialer will be engaged. Once the LSL-500 is engaged, the solenoid allowing treated
water to discharge to North Stream will be closed, allowing the tank to refill. In the event
LSLL-500 is engaged, the entire groundwater remediation system will be shut off and the
autodialer engaged. -

Upon reaching LSL-800 in mixing tank (MT-800), transfer pump (TP-600) will be engaged
and will pump water into mixing tank MT-800. Once LSN-800 is activated, TP-600 will be
turned off and MP-700 will be turned on along with molasses mixer (MM-800). A pulse
transmitting flow meter (FE-701) will quantify and regulate the amount of molasses to be
pumped into the mixing tank. The molasses line between MP-700 and the mixing tank
(MT-800) will have a pressure switch low (PSL-701). When engaged, PSL-701 will
shutdown the molasses mixing sequence and engage the autodialer. Once the desired
amount of molasses has been pumped into the mixing tank, MP-700 will turn off, TP-600
will be turned on and the remaining water needed for the molasses and water solution will

" bypass through the molasses line as a rinse. Water will be pumped to fill the tank to LSH-

800. In the event that either LSHH-800 or LSLL-800 is engaged, the feed solution mixing
and injection sequence will be turned off, the autodialer will be activated, and the system
will be reactivated manually. Pressure switch high (PSH-901) will monitor the molasses
injection line following transfer pump (TP-900). If PSH-901 is engaged the mjectlon
sequence will be shutdown and the autodialer will be activated.

5. Permitting

A completed NYSDEC Air Facility Registration Form is included as Appendix E. A
completed State Pollutant Discharge Elimination System (SPDES) industrial application
form is included as Appendix F. -

6. Construction Schedule

A design and construction schedule for the remediation system is provided in Appendix F.
However, construction of the remediation system depends on a number of factors including
weather conditions. Should delays be encountered due to occurrences beyond our control
(inclement weather conditions, property access difficulties, etc.) the NYSDEC and USEPA
will be notified of the change in schedule.

12
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Table 1. Air Stripper Design Concentrations, Colesville Landfill, Broome County, New York.

Air Stripper
Design Effluent

Influent™ Limit ?
Constituent (ug/L) (ug/L)
Tetrachloroethene 3.7 5
Trichloroethene 66 5
1,1-Dichloroethene 56 5
cis-1,2-Dichloroethene 88 S
1,1,1 - Trichloroethane . 110 2
Chloroform 5.1, 7
Methylene Chloride ' 50 5
Notes:
ug/L Micrograms per liter.
) Values represent highest concentration from historic groundwater quality
2 Values previously accepted by New York State Department of Environmental Conservation

(NYSDEC). Based on Surface/Groundwater Quality Standards and Groundwater
Effluent Standards for Class GA groundwater published in 6 NYCRR Part 703; and
NYSDEC's October 1993 Division of Water and Technical Operation Guidance Series.

G\APROJECT\BROOME\NY0949.013\85% Design\Table1.xis- Sheet1
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Table 2. Air Stripper Off-Gas Emission Limitations, Colesville Landfill, Broome County, New York.

-

AGC SGC Toxicity
Constituent (ug/m’) (ug/m’) '
Tetrachloroethene 1.2 40,000 Moderate
Trichloroethene 0.45 33,000 Moderate
1,1-Dichloroethene 0.02 2,000 High
cis-1,2-Dichloroethene ’ 1,900 190,000 Moderate
1,1,1 - Trichloroethane 1000 450,000 Low
Chloroform 0.04 980 Moderate
Methylene Chloride 27 41,000 Moderate
Notes:

3 . . .
ug/m Micrograms per cubic meter of air

G\APROJECT\BROOME\NY0948.013195% Design\Table2 xis- Sheett
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Table 3. New York State Department of Environmental Conservation Air Guide 1 Worksheet, Colesville Landfill, Broome County, New York.

AIR GUIDE 1 - WORKSHEET
Version: Update June 8, 1994 from NYSDEC Air Guide 1 Appendix B (April 4, 1994)

CALCULATED BLDG. CAVITY HEIGHT: _ 18 feet
DATE: 01/06/99 THE PHYSICAL STACK HEIGHT IS LESS THAN THE BLDG CAVITY HEIGHT,
| JOBNAME: : Colesville Landfill THEREFORE:
| JOB NUMBER: NY000949.0013 v IGNORE CAVITY IMPACTS
~ LOCATION: Broome County, New York ) -
‘ ' LOADING
CONTAMINANT CAS # (Ibs/hr) (Ibsfyr) ,
AIR EMISSION POINT Tetrachloroethene 1.85E-06 0.02 \ : |
Proposed Air Stripping System ' o Trichloroethene 3.31E-05 0.29
MAXIMUM VAPOR FLOWRATE: 150 acfm 1,1-Dichloroethane " 2.80E-05 0.25
cis-1,2-Dichloroethene 441E-05 . 039
DISCHARGE TEMPERATURE: 60 Degrees F 1,1,1 - Trichloroethane 5.51E-05 0.48
Chloroform 2.55E-06 0.02
AMBIENT TEMPERATURE: 50 Degrees F Methylene Chloride ' 250805 022
BUILDING HEIGHT: 12 feet
‘ : STANDARD POINT SOURCE DISCHARGE METHOD SUMMARY .
MAX BUILDING WIDTH: 20 feet (Stack Reduction)
AGC LIMIT Ca CP CST SGC LIMIT
PHYSICAL STACK HEIGHT: 15 feet ‘ (ug/m™3) (ug/m™3) ugm™3)  (ugmt3)  (ug/mt3)
CONTAMINANT
STACK DIAMETER: * 6 inches . Tetrachloroethene 2.00E-02 2.20E-04 2.51E-08 1.63E-06 4.00E+04
, ' Trichloroethene 4.50E-01 3.92E-03 4.48E-07  291E-05  3.30E+04
CAPPED STACK EXIT? (Y/N) N 1,1-Dichloroethane 5.00E+02 3.33E-03 3.80E-07  247E-05 . 9.60E+04
- cis-1,2-Dichloroethene 1.90E+03 5.23E-03 5.97E-07  3.88E-05  1.90E+05
MAXIMUM EXIT VELOCITY: 1273 feet/sec 1,1,1 - Trichloroethane 1.00E+03 6.54E-03 _ TA46E-07  485E-05  4.50E+0S
' Chloroform 4.00E-02 3.03E-04 3.46E-08  225E-06  9.80E+02
STACK / BUILDING RATIO(Hs/Hb): 1.3 ’ Methylene Chloride 2.70E+01 2.97E-03 3.39E-07  2.21E-05 4.10E+04
STACK REDUCTION FACTOR: 1.00
CALCULATED MOMENTUM FLUX: 9.94 feet*4/secr2
DIST. TO PROP. LINE: - 150 feet CALCULATED BUOYANCY FLUX: 0.00 feet*a/sec™2
note: If greater than 3 times building height ignore cavity impacts. NO PLUME RISE CREDIT BECAUSE Hs/Hb <1.5
. MOMENTUM PLUME RISE CREDIT: 0.00
EFFECTIVE STACK HEIGHT: 150 feet THERE IS NO BUOYANCY CREDIT BECAUSE Hs/HB<2.5
(INCLUDING MOMENTUM AND BUOYANCY RISE CREDITS) . BUOYANCY FINAL RISE CREDIT: 0.00 feet

g-aprojectibroome\ny0949.013\95% design\Emissions}
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Appendix A

»Aquifer Test Results,” Colesville
Landfill, Colesville, New York
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George Jacob

U.S. Environmental Protection Agency
26 Federal Plaza

New York, New York 10002

Subject:
Aquifer Test Results, Colesville Landfill, Colesville, New York.

Dear Mr. Jacob:

Aquifer testing was conducted at the Colesville Landfill in accordance with the
requirements set forth by the U.S. Environmental Protection Agency (USEPA) and
an approved Work Plan. The field effort and methodology for determining
hydraulic properties was conducted in accordance with ASTM standards and
Suggested Operating Procedures for Aquifer Pumping Tests (USEPA 1993). The
wells were screened in the glacial outwash aquifer in an area that is both
representative of site hydrogeology and where potential groundwater recovery wells

would be best utilized. The following sections describe the aquifer test methodology
and results, and document that the.low permeability.of. the formation is not amenable-

to groundwater remediation via pump-and-treat
Aquifer Testing Methodology

Aquifer testing was performed on-site after completion of the installation,
development and step-drawdown testing of Production Wells GMPW-1, GMPW-2,
and GMPW-3. Based on the results of the step-drawdown testing, the three wells
had similar well yields and specific capacities, and no well was clearly best suited to
serve as the pumping well for the aquifer test. At the request of the U.S. .
Environmental Protection Agency (USEPA) during a conference call on January 29,
1998, Production Well GMPW-2 was selected as the pumping well for the aquifer
test. Once the pumping well was selected, monitoring wells GMMW-2 and
GMMW-3 were installed 30 feet (ft) and 15 ft from GMPW-2, respectively. The
locations of all production and monitoring wells installed as part of this aquifer
testing effort were approved by the USEPA.

The aquifer test was performed from April 2, 1998, through April 9, 1998. The
aquifer test was proposed to be conducted in three continuous phases: (1) one 72
hour period of background monitoring, (2) one 72 hour pumping test, however, the
pumping phase ended after approximately 53 hours due to an electrical malfunction,

~ and (3) one 24 hour period of recovery monitoring.

ARCADIS Geraghty & Miller, Inc.
88 Duryea Road

Melville

New York 11747

Tel 516 249 7600

Fax 516 249 7610

ENVIRONMENTAL

Date,

19 May, 1998

Contact:
Steve Feldman

Extension: '

(516) 391-5244
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Selection of Pumping Well and Observation Points

Although aquifer characteristics suggested that a steep cone of depression of limited
areal extent was expected to develop around the pumping well, a total of seven
observation wells were selected and used to monitor water levels at varying
distances from the pumping well during all three phases of the aquifer test. The
pumping well (GMPW-2) and four observation wells were equipped with pressure
transducers and a data logger to electronically measure and record changes in water
levels. Observation wells used and corresponding distances from Production Well
GMPW-2 include: Observation Well GMMW-2 (30 feet cross-gradient),
Observation Well GMMW-3 (15 feet cross-gradient), Observation Well W-5 (90
feet upgradient), and Observation Well PW-4 (100 feet downgradient). Water levels
in three additional observation wells were measured by hand using an electronic

" water-level indicator. These wells and the corresponding distances from Production

Well GMPW-2 are as follows: Observation Well GMMW-1 (160 feet upgradient),
Observation Well PW-3 (300 feet downgradient), and Observation Well W-228 (460
feet downgradient). In addition, one staff gauge, SG-1, was installed in the North
Stream. Stream-level measurements were collected by hand at SG-1 during the
aquifér test. The locations of all monitoring points on-site are provided on Figure 1
of this report. : : SR

Pre-Test Field Activities

Prior to commencement of the pumping test, background water-level monitoring
was performed to establish baseline static conditions. An automatic data logger
(Hermit 2000SE Data Logger) recorded water levels from the four observation wells
and the pumping well that were equipped with pressure transducers. Prior to
installation, each pressure transducer was checked for proper factory calibration.
The transducers were set in each well near the bottom of the screen zones to allow
maximum drawdown to be recorded. A 2-inch diameter variable speed submersible
pump was selected for Production Well GMPW-2 due to the anticipated difficulty of
maintaining a low flow rate. Prior to installation, the pump was decontaminated
using a potable water and detergent solution. To minimize turbulence in the water
column resulting from continuous pumping action, the pressure transducer was
installed in Production Well GMPW-2 inside a temporary two-inch diameter PVC
still-tube. Once the pump was installed, a continuously reading electronic flow
meter and totalizer were installed in-line and checked for proper factory calibration
using anticipated flow rates and discharge pipe diameter prior to the pump test.

A continuously reading barometer and rain gauge were set up in the test area.
Barometric and precipitation data were recorded periodically throughout the test.

. During the test, the rain gauge was emptied after each measurement in order to
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accurately calculate the quantity of daily rainfall. These data are provided in Table 1
of this report.

To prevent re-infiltration, flooding, and erosion and to mitigate any contaminant
migration, all water generated during the aquifer test was containerized in a
temporary stainless steel tank on-site. For details on water disposal methods, please
refer to the section entitled Disposal of Pumped Water.

Background Monitoring

To establish the pre-pumping water-level trend, background water-level monitoring
began on April 2, 1998 at 3:20 p.m. and continued until April 6, 1998 at 10:00 a.m.,
when the pumping phase of the test began (Table 2). Manual water-level
measurements were also collected on April 2, 1998 in the background observation
wells not equipped with pressure transducers and from the staff gauge. The
background measurements indicated no discernible change in water levels in the

days immediately preceding the pumping test.

Pumping Test

The pumping phase of the aquifer test began at 10:00. a.m. (1000 hours) on April 6,
1998. The in-line flow meter used to measure flow rates during the test is based on
the principal of rotation of an in-line turbine. Because the low flow rate was
insufficient to properly turn the turbine, the in-line flow meter did not register flow
readings. Therefore, flow measurements were made manually with a graduated
beaker and stop watch. Flow rate measurements during the aquifer test are provided
in Table 3. The pumping test was started at a flow rate of approximately 0.31

gallons per minute (gpm). This flow rate was maintained within approximately 19
percent (maximum flow was recorded at 0.37 gpm, and minimum flow was recorded
at 0.25 gpm) for the duration of the test. Three instances led to temporary deviations
from this range in flow rate. These instances are as follows:

1. On April 7, 1998 at 1400 hours (1,690 minutes into the test), representatives
from the USEPA arrived on site. Upon arrival the USEPA was informed of the
non-registering flow meter (due to the low flow) and requested that the flow
meter be removed. Air was introduced during removal of the meter, which
obstructed the discharge of pumped water. The pumping rate had to be
increased to 1 gpm to restore flow. The water level in Production Well GMPW-
2 had declined to the pump intake before flow could be re-adjusted, leading to a
temporary disruption in pumping. After 10 minutes the pump and data logger
recording interval were restarted, with the flow rate set at 0.30 gpm.
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2. On April 7, 1998 at 2040 hours (2,030 minutes into the test), the water level in
the production well declined to the pump intake. It was determined that the
pump could be safely lowered further into the screened interval. Therefore the
pump was lowered three feet further into the well screen. The pump was then
restarted after approximately 30 minutes and these changes were noted.

3. On April 7, 1998 at 2300 hr. (2,150 minutes into the test) the control box for the
pump failed due to an electrical problem in the wiring connecting the control
box and the pump. The connection was repaired and the pump was restarted
after approximately 25 minutes. The flow rate was set to 0.34 gpm.

On April 8, 1998 at 1700 hours (3,200 minutes into the test) the control box failed
and could not be repaired. Since the aquifer test at that point was approximately 75
percent complete and no measurable drawdown was recorded at nearby observation
wells, the pumping test was considered complete. Drawdown data recorded by the
data logger are provided in Table 4 and water-level measurements collected
manually are provided in Table 5.

Recovery Monitoring

Upon completion of the pumping phase of the aquifer test on April 8, 1998, the data - ..
logger recorded 16 hours of recovery data from Observation Wells GMMW-2, -
GMMW-3, PW-4, and W-5 and from the pumping well (GMPW-2). The recovery
phase was abbreviated because the pumping well achieved 99% recovery in this
period. Manual water-level measurements were collected on April 9, 1998 from the
background observation wells not equipped with pressure transducers and from the

staff gauge.
Disposal of Pumped Water

Upon completion of the aquifer test, the water generated from the test was pumped
from the tank on-site into a tanker truck. The tank was then decontaminated using a
high temperature steam cleaner. All pumping test water and water generated from
decontamination was transported for off-site treatment and disposal at the Nanticoke
Leachate Treatment Facility, located in Binghamton, New York. The tanks were

then removed from the site.

Aquifer Test Results

Despite the difficulties in conducting an aquifer test at such a low flow rate, the
drawdown data obtained from the pumping test provided reliable data for the
calculation of aquifer properties. Aquifer test data were analyzed to characterize the

" drawdown behavior of the glacial outwash aquifer and to estimate the aquifer
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properties of transmissivity and storage. The aquifer test data were analyzed with
the support of the AQTESOLYV software program, which is an interactive program
that provides graphical curve matching analyses.

Drawdown data were analyzed for transmissivity (T) and aquifer storage (S) using
both the Cooper-Jacob (1946) and Theis (1935) methods. These methods were used
because the drawdown did not exhibit a delayed water-table response. Prior to
amalysis using these methods, the drawdown data are corrected as follows:

S’ = S-(S¥2M)
where:
S’ = equivalent confined aquifer drawdown
S = observed drawdown under unconfined conditions
M = aquifer thickness under static conditions

‘With the Cooper-Jacob method, drawdowns in the pumped well are plotted against
the logarithm of time after pumping started on semi-logarithmic paper. The time-
drawdown graph yields a straight-line plot in the region where the coefficient u <
0.0, and the slope of the straight line is used to determine the transmissivity. -
Deviation from a straight line becomes appreciable when p exceeds about 0.02, and .
the method would not be valid-in this area where the data would actually plot as a

‘gentle curve.

The calculated transmissivity for thé time-drawdown data from Production Well

GMPW-2 is 4.72 square feet per day [ft”/day] (Figure 2). As a check of the
appropriate use of the Cooper-Jacob method, the region of the data where p < 0.02
was calculated and compared with the region of data through which the straight line
wasdrawn. The time that must elapse before the straight-line method can be applied
to aquifer test data is determined from the following equation presented in Walton

(1962):
t, = 1.35x10°2S/T

where:

t, = time after pumping starts before a semi-log time drawdown plot
will yield a straight-line graph, in min

r = distance from pumped well to observation well (in this case,
radial distance to the extent of sand pack), in ft

T = transmissivity, in gpd/ft
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S = coefficient of storage, fraction

Inserting the data for the glacial outwash aquifer (S=0.0563, T=35.30gpd/ft, and
=0.417 ft) results in a t, of 37.4 minutes. Therefore, the straight line was drawn
through the appropriate region of data because it was after an elapsed time of 37.4

minutes.

Based on a saturated thickness of 19.8 ft for the glacial outwash aquifer, the
calculated value for hydraulic conductivity is 0.24 f/day. This value is in close
agreement with the estimate of 0.28 ft/day calculated from specific capacity data
that was collected from Production Well GMPW-2 during the step-drawdown testing

(ARCADIS Geraghty & Miller 1997).

Asa check of the Cooper-Jacob solution, the Theis curve fitting method was used to
calculate the transmissivity and storage coefficient. This method is typically used
for drawdown measured at observation wells because they depict the true water level
in the aquifer. The water level in a pumping well may reflect the combination of
aquifer drawdown and well loss. However, because the GMPW-2 well screen has a
high open area (capable of yielding 97.5 gpm) but was only pumping 0.3 gpm, the
well loss is .probably negligible. Therefore, the Theis solution provided a reliable
estimate of transmissivity when the curve was fitted to the data on logarithmic paper .
(Figure 3). ‘ '

The storage coefficient calculated from the time-drawdown data was 0.056.
However, it should be noted that the storage coefficient cannot be determined with a
high degree of accuracy from data for the pumped well because the effective radius
of the pumped well is seldom precisely known (Walton 1962).

In summary, the aquifer test provided reliable data for calculation of the
transmissivity and hydraulic conductivity in the glacial outwash aquifer. The
hydraulic conductivity of 0.24 ft/day calculated from time-drawdown data for
Production Well GMPW-2 corresponded to the previous hydraulic conductivity
computed from specific capacity data. The step-drawdown and aquifer testing
program indicated that the glacial outwash aquifer in the area of interest has a low
permeability (approximately 0.2 to 0.3 ft/day) and poor ability to yield water (0.25

to 0.5 gpm).

Given the low permeability and poor yield of the glacial outwash formation, pump-
and-treat would be ineffective at this site for the following reasons:

o The production wells have an extremely limited area of influence, as
noted by the fact that no drawdown was recorded at a monitoring well
located 15 feet from the production well.
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e Groundwater velocities would be increased only in the immediate
vicinity of a production well due to the extremely limited areal extent of

drawdown.

e Due to geologic heterogeneities, cleanup times would be determined by
the rate that contaminants either flush or diffuse from low permeability
zones. Contaminant diffusion from low permeability zones is an
extremely slow process.

e Pump-and-treat at this site will not speed up the process of contaminant
desorption from the aquifer solids.

This field program further supports the grain size distribution testing, slug testing,
and groundwater flow and contaminant transport modeling results which concluded
that a groundwater pump-and-treat remedy is not warranted given the site-specific
conditions (Wehran 1992; Geraghty & Miller 1996). .

If you have any questions or comments, please do not hesitate to contact us.

‘Sincerely,

ARCADIS Geraghty & Miller, Inc.

S A

Vice President/Project Officer

Copies:

Brian Davidson, NYSDEC

Celeste Langomarsino, GAF Corporation
Ray Standish, Broome County
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George Jacob

U.S. Environmental Protection Agency
26 Federal Plaza

New York, New York 10002

Subject:
Aquifer Test Results, Colesville Landfill, Colesville, New York.

Dear Mr. Jacob:

Aquifer testing was conducted at the Colesville Landfill in accordance with the
requirements set forth by the U.S. Environmental Protection Agency (USEPA) and
an approved Work Plan. The field effort and methodology for determining

hydraulic properties was conducted in accordance with ASTM standards and
Suggested Operating Procedures for Aquifer Pumping Tests (USEPA 1993). The
wells were screened in the glacial outwash aquifer in an area that is both
representative of site hydrogeology and where potential groundwater recovery wells
would be best utilized. The following sections describe the aquifer test methodology

and results, and document that the low permeability. of the formation is not amenable

to groundwater remediation via pump-and-treat.
Aquifer Testing Methodology

Aquifer testing was performed on-site after completion of the installation,
development and step-drawdown testing of Production Wells GMPW-1, GMPW-2,
and GMPW-3. Based on the results of the step-drawdown testing, the three wells
had similar well yields and specific capacities, and no well was clearly best suited to
serve as the pumping well for the aquifer test. At the request of the U.S.
Environmental Protection Agency (USEPA) during a conference call on January 29,
1998, Production Well GMPW-2 was selected as the pumping well for the aquifer
test. Once the pumping well was selected, monitoring wells GMMW-2 and
GMMW-3 were installed 30 feet (ft) and 15 ft from GMPW-2, respectively. The
locations of all production and monitoring wells installed as part of this aquifer
testing effort were approved by the USEPA.

The aquifer test was performed from April 2, 1998, through April 9, 1998. The
aquifer test was proposed to be conducted in three continuous phases: (1) one 72
hour period of background monitoring, (2) one 72 hour pumping test, however, the
pumping phase ended after approximately 53 hours due to an electrical malfunction,

~ and (3) one 24 hour period of recovery monitoring.

ARCADIS Geraghty & Miller, Inc.
88 Duryea Road
Melville

" New York 11747

Tel 516 249 7600
Fax 516 249 7610

ENVIRONMENTAL

Date,

19 May, 1998

Contact:

Steve Feldman

Extension; R

.. (516) 391-5244
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Selection of Pumping Well and Observation Points

Although aquifer characteristics suggested that a steep cone of depression of limited
areal extent was expected to develop around the pumping well, a total of seven
. observation wells were selected and used to monitor water levels at varying
distances from the pumping well during all three phases of the aquifer test. The
pumping well (GMPW-2) and four observation wells were equipped with pressure
transducers and a data logger to electronically measure and record changes in water
levels. Observation wells used and corresponding distances from Production Well
GMPW-2 include: Observation Well GMMW-2 (30 feet cross-gradient),
Observation Well GMMW-3 (15 feet cross-gradient), Observation Well W-5 (90
feet upgradient), and Observation Well PW-4 (100 feet downgradient). Water levels
‘in three additional observation wells were measured by hand using an electronic
water-level indicator. These wells and the corresponding distances from Production
Well GMPW-2 are as follows: Observation Well GMMW-1 (160 feet upgradient),
Observation Well PW-3 (300 feet downgradient), and Observation Well W-22S (460
feet downgradient). In addition, one staff gauge, SG-1, was installed in the North
Stream. Stream-level measurements were collected by hand at SG-1 during the
aquifer test. The locations of all monitoring points on-site are provided on Figure |

of this report.
Pre-Test Field Activities

Prior to commencement of the pumping test, background water-level monitoring
was performed to establish baseline static conditions. An automatic data logger
(Hermit 2000SE Data Logger) recorded water levels from the four observation wells
and the pumping well that were equipped with pressure transducers. Prior to
installation, each pressure transducer was checked for proper factory calibration.
The transducers were set in each well near the bottom of the screen zones to allow
maximum drawdown to be recorded. A 2-inch diameter variable speed submersible
pump was selected for Production Well GMPW-2 due to the anticipated difficulty of
maintaining a low flow rate. Prior to installation, the pump was decontaminated
using a potable water and detergent solution. To minimize turbulence in the water
column resulting from continuous pumping action, the pressure transducer was
installed in Production Well GMPW-2 inside a temporary two-inch diameter PVC
still-tube. Once the pump was installed, a continuously reading electronic flow
meter and totalizer were installed in-line and checked for proper factory calibration
using anticipated flow rates and discharge pipe diameter prior to the pump test.

A continuously reading barometer and rain gauge were set up in the test area.
Barometric and precipitation data were recorded periodically throughout the test.
. During the test, the rain gauge was emptied after each measurement in order to
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accurately calculate the quantity of daily rainfall. These data are provided in Table 1
of this report.

To prevent re-infiltration, flooding, and erosion and to mitigate any contaminant
migration, all water generated during the aquifer test was containerized in a
temporary stainless steel tank on-site. For details on water disposal methods, please
refer to the section entitled Disposal of Pumped Water.

Background Monitoring

To establish the pre-pumping water-level trend, background water-level monitoring
began on April 2, 1998 at 3:20 p.m. and continued until April 6, 1998 at 10:00 a.m.,
when the pumping phase of the test began (Table 2). Manual water-level
measurements were also collected on April 2, 1998 in the background observation
wells not equipped with pressure transducers and from the staff gauge. The
background measurements indicated no discernible change in water levels in the

days immediately preceding the pumping test.
Pumping Test

The pumping phase of the aquifer test began at 10:00'a.m. (1000 hours) on April 6,
1998. The in-line flow meter used to measure flow rates during the test is based on
the principal of rotation of an in-line turbine. Because the low flow rate was
insufficient to properly turn the turbine, the in-line flow meter did not register flow
readings. Therefore, flow measurements were made manually with a graduated
beaker and stop watch. Flow rate measurements during the aquifer test are provided
in Table 3. The pumping test was started at a flow rate of approximately 0.31
gallons per minute (gpm). This flow rate was maintained within approximately 19
percent (maximum flow was recorded at 0.37 gpm, and minimum flow was recorded
at 0.25 gpm) for the duration of the test. Three instances led to temporary deviations
from this range in flow rate. These instances are as follows:

1. On April 7, 1998 at 1400 hours (1,690 minutes into the test), representatives
from the USEPA arrived on site. Upon arrival the USEPA was informed of the
non-registering flow meter (due to the low flow) and requested that the flow
meter be removed. Air was introduced during removal of the meter, which
obstructed the discharge of pumped water. The pumping rate had to be
increased to 1 gpm to restore flow. The water level in Production Well GMPW-
2 had declined to the pump intake before flow could be re-adjusted, leading to a
temporary disruption in pumping. After 10 minutes the pump and data logger
recording interval were restarted, with the flow rate set at 0.30 gpm.
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2. On April 7, 1998 at 2040 hours (2,030 minutes into the test), the water level in
the production well declined to the pump intake. It was determined that the
pump could be safely lowered further into the screened interval. Therefore the
pump was lowered three feet further into the well screen. The pump was then
restarted after approximately 30 minutes and these changes were noted.

3. On April 7, 1998 at 2300 hr. (2,150 minutes into the test) the control box for the
pump failed due to an electrical problem in the wiring connecting the control
box and the pump. The connection was repaired and the pump was restarted
after approximately 25 minutes. The flow rate was set to 0.34 gpm.

On April 8, 1998 at 1700 hours (3,200 minutes into the test) the control box failed
and could not be repaired. Since the aquifer test at that point was approximately 75
percent complete and no measurable drawdown was recorded at nearby observation
wells, the pumping test was considered complete. Drawdown data recorded by the
data logger are provided in Table 4 and water-level measurements collected

manually are provided in Table 5.

Recovery Monitoring

‘Upon completion of the pumping phase of the aquifer test:on April 8, 1998, the data - .
logger recorded 16 hours of recovery data from Observation Wells GMMW-2,
GMMW-3, PW-4, and W-5 and from the pumping well (GMPW-2). The recovery
phase was abbreviated because the pumping well achieved 99% recovery in this
pericd. Manual water-level measurements were collected on April 9, 1998 from the
background observation wells not equipped with pressure transducers and from the

staff gauge.
Disposal of Pumped Water

Upon completion of the aquifer test, the water generated from the test was pumped
from the tank on-site into a tanker truck. The tank was then decontaminated using a
high temperature steam cleaner. All pumping test water and water generated from

decontamination was transported for off-site treatment and disposal at the Nanticoke

Leachate Treatment Facility, located in Binghamton, New York. The tanks were
then removed from the site.

Aquifer Test Results

Despite the difficulties in conducting an aquifer test at such a low flow rate, the
drawdown data obtained from the pumping test provided reliable data for the
calculation of aquifer properties. Aquifer test data were analyzed to characterize the

" drawdown behavior of the glacial outwash aquifer and to estimate the aquifer
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_ properties of transmissivity and storage. The aquifer test data were analyzed with

the support of the AQTESOLYV software program, which is an interactive program
that provides graphical curve matching analyses.

Dnwdown data were analyzed for transmissivity (T) and aquifer storage (S) using
both the Cooper-Jacob (1946) and Theis (1935) methods. These methods were used
because the drawdown did not exhibit a delayed water-table response. Prior to
analysis using these methods, the drawdown data are corrected as follows:

S’ = S-(S¥2M)

where:
S’ = equivalent confined aquifer drawdown
S = observed drawdown under unconfined conditions

M = aquifer thickness under static conditions

With the Cooper-Jacob method, drawdowns in the pumped well are plotted -against

- the logarithm of time after pumping started on semi-logarithmic paper. The time-

drawdown graph yields a straight-line plot in the region where the coefficient p.<
0.0l, and the slope of the straight line is used to determine the transmissivity.
Deviation from a straight line becomes appreciable when p exceeds about 0.02, and

- themethod would not be valid in"this-area where the data would actually plot as a.

gentle curve.

The calculated transmissivity for the time-drawdown data from Production Well
GMPW-2 is 4.72 square feet per day [ft’/day] (Figure 2). As a check of the
appropriate use of the Cooper-Jacob method, the region of the data where p < 0.02
was calculated and compared with the region of data through which the straight line
wasdrawn. The time that must elapse before the straight-line method can be applied
to aquifer test data is determined from the following equation presented in Walton

(1962):
t, = 1.35x10°°S/T

where:

t,= time after pumping starts before a semi-log time drawdown plot
will yield a straight-line graph, in min

r = distance from pumped well to observation well (in this case,
radial distance to the extent of sand pack), in ft

T = transmissivity, in gpd/ft
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S = coefficient of storage, fraction

Inserting the data for the glacial outwash aquifer (S=0.0563, T=35.30gpd/ft, and
=0.417 ft) results in a t, of 37.4 minutes. Therefore, the straight line was drawn
through the appropriate region of data because it was after an elapsed time of 37.4

minutes.

Based on a saturated thickness of 19.8 ft for the glacial outwash aquifer, the
calculated value for hydraulic conductivity is 0.24 ft/day. This value is in close
agreement with the estimate of 0.28 ft/day calculated from specific capacity data
that was collected from Production Well GMPW-2 during the step-drawdown testing

(ARCADIS Geraghty & Miller 1997).

As a check of the Cooper-Jacob solution, the Theis curve fitting method was used to
calculate the transmissivity and storage coefficient. This method is typically used
for drawdown measured at observation wells because they depict the true water level
in the aquifer. The water level in a pumping well may reflect the combination of
aquifer drawdown and well loss. However, because the GMPW-2 well screen has a
high open area (capable of yielding 97.5 gpm) but was only pumping 0.3 gpm, the
well loss is probably negligible. Therefore, the Theis solution provided.a reliable

_estimate of transmissivity when the curve was fitted to the data on loganithmic paper .

(Figure 3).

The storage coefficient calculated from the time-drawdown data was 0.056.
However, it should be noted that the storage coefficient cannot be determined with a
high degree of accuracy from data for the pumped well because the effective radius
of the pumped well is seldom precisely known (Walton 1962).

In summary, the aquifer test provided reliable data for calculation of the
transmissivity and hydraulic conductivity in the glacial outwash aquifer. The
hydraulic conductivity of 0.24 ft/day calculated from time-drawdown data for
Production Well GMPW-2 corresponded to the previous hydraulic conductivity
computed from specific capacity data. The step-drawdown and aquifer testing
program indicated that the glacial outwash aquifer in the area of interest has a low
permeability (approximately 0.2 to 0.3 ft/day) and poor ability to yield water (0.25

to 0.5 gpm).

Given the low permeability and poor yield of the glacial outwash formation, pump-
and-treat would be ineffective at this site for the following reasons:

e The production wells have an extremely limited area of influence, as
noted by the fact that no drawdown was recorded at a monitoring well

located 15 feet from the production well.
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e Groundwater velocities would be increased only in the immediate

vicinity of a production well due to the extremely limited areal extent of
drawdown.

* Due to geologic heterogeneities, cleanup times would be determined by
the rate that contaminants either flush or diffuse from low permeablhty
zones. Contaminant diffusion from low permeability zones lS an
extremely slow process.

e Pump-and-treat at this site will not speed up the process of contaminant
desorption from the aquifer solids.

This field program further supports the grain size distribution testing, slug testing,
and groundwater flow and contaminant transport modeling results which concluded
that a groundwater pump-and-treat remedy is not warranted given the site-specific

, condmons (Wehran 1992; Geraghty & Miller 1996).
It' you have any questions or comments, please do not hesxtate to contact us.

: Smcerely,

ARCADIS Geraghty & Miller, Inc.

Vice President/Project Officer

Copies:

Brian Davidson, NYSDEC

Celeste Langomarsino, GAF Corporation
Ray Standish, Broome County

Our ref.:

Page:
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Table 1. Rain Gauge and Barometer Readings Collected During the April 1998 Aquifer Test,
Colesville Landfill, Colesville, New York.

Rain Gauge Barometer
‘ Time Reading Reading
Date {(hours) {inches) {(mb) Comment
4/2/98 1100 0.00 979 Dry, clear
4/6/98 0841 0.07 NR Dry, clear
1108 NR 979 Dry, clear
1300 NR 979 Dry, clear
1700 0.00 979 Dry, clear
1900 0.00 979 Dry, clear
4/7/98 0700 0.00 979 Dry, clear
1700 0.00 986 Dry, clear
' 4/8/98 0700 trace 985 Light Rain.
1700 - .- - 0.26 NR: Rain
4/9/98 0850 0.1 980 Dry, clear
Note: Rain gauge emptied after each reading.
mb Millibars
NR Not recorded
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Table 2. Background Water-Level Measurements Recorded By Data Logger
From Pumping and Observation Wells During the Aprit 1998 Aquifer Test,
Colesville Landfill, Colesville, New York.

Date & Time

Since Start Pumping Well Observation Well Observation Well Observation Well. Observation Well

of Test GMPW-2 GMMW-2 GMMW-3 W-5 PW-4

{minutes) .. (ft bmp) {30 ft cross-gradient) {15 ft cross-gradient} (90 ft upgradient) . {100 ft downgradient)

: (ft bmp) (ft bmp) (ft bmp) (ft bmp)

April 2, 1998

o 0.000 -0.012 -0.006 -0.012 -0.006
5 0.000 -0.006 -0.006 -0.006 0.000
10 . 0.000 -0.012 , -0.006 -0.006 0.000
15 0.006 -0.006 0.000 0.000 0.012
20 0.000 -0.006 -0.006 -0.006 0.000
25 0.000 -0.006 0.000 0.006 0.012
145 0.000 -0.006 -0.006 0.012 0.006
265 -0.006 -0.012 -0.012 0.006 . 0.012
385 -0.012 -0.012 . -0.012 0.000 0.006
Aprit 3, 1998

505 -0.024 -0.031 . -0.025 ’ . -0.018 -0.006
625 -0.024 -0.037 . -0.025 . -0.012 -0.006
745 -0.024 -0.094 ©- -0.025 -0.018 -0.012
865 -0.024 -0.126 : - -0.025 -0.012 -0.006
985 -0.024 -0.170 . -0.025 -0.006 -0.006
1105 -0.024 -0.050 -0.025 -0.018 -0.006
1225 -0.031 -0.050 -0.031 -0.018 ) -0.012
1345 -0.018 -0.031 -0.018 0.000 0.000
1465 -0.037 -0.050 -0.031 -0.025 -0.031
1585 -0.037 -0.044 -0.031 -0.025 -0.012
1705 . -0.037 -0.044 -0.025 -0.018 -0.012
1825 -0.037 -0.044 -0.031 . -0.018 -0.012
April 4, 1998

1945 -0.056 -0.056 ' -0.044 -0.050 -0.025
2065 -0.062 -0.056 -0.044 -0.044 -0.025
2185 -0.062 -0.056 -0.050 -0.044 -0.031
2305 -0.049 -0.056 -0.044 -0.044 -0.025
Note: Pasitive " + " values indicate a decrease in water {evel

Negative "-" values indicate an increase in water level.

ft bmp feet below measuring point.
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Table 2. Background Water-Level Measurements Recorded By Data Logger
From Pumping and Observation Wells During the April 1998 Aquifer Test,
Colesville Landfill, Colesville, New York.
bate & Time :
Since Start Pumping Well Observation Well Observation Well Observation Well . Observation Well
of Test GMPW-2 GMMW-2 GMMW-3 w-5 PW-4
{minutes) (ft bmp) (30 ft cross-gradient) (15 ft cross-gradient) (90 ft upgradient) (100 ft downgradient)
(ft bmp) {ft bmp) (ft bmp) (ft bmp}
April 4, 1998
2425 -0.043 -0.050 -0.037 -0.025 -0.025
2545 -0.056 -0.050 -0.044 -0.037 -0.031
2665 -0.056 -0.050 -0.044 -0.037 -0.025
2785 -0.056 -0.050 -0.044 -0.037 -0.025
2905 -0.056 -0.050 -0.050 -0.037 -0.031
3025 -0.056 -0.050 -0.044 -0.031 -0.018
3145 -0.056 -0.044 -0.044 -0.025 -0.012
3265 -0.056 -0.044 -0.044 -0.031 -0.012
April 5, 1998
3385 -0.062 -0.050 -0.050 -0.044 -0.012
3505 -0.074 -0.056 -0.063 -0.050 -0.025
3625 -0.074 -0.063 -0.069 +-0.063 -0.025
3745 -0.068 -0.056 -0.063 © -0.050 -0.018
3865 -0.062° .. . -0.050 © .-0.063 -0.044 -0.012
3985 -0.062 - -0.044 -0.063 -0.031 -0.006
4105 -0.068 -0.050 -0.063 -0.044 -0.012
4225 -0.074 -0.063 -0.075 -0.056 -0.018
4345 -0.068 -0.056 -0.075 -0.056 -0.025 ;
4465 -0.074 -0.056 -0.069 - -0.050 -0.012 |
4585 -0.074 -0.050 -0.075 -0.044 -0.012 J
4705 -0.074 -0.056 -0.075 -0.050 -0.006 1
J
April 6,1998 |
|
4825 -0.081 -0.063 -0.082 -0.056 -0.012 |
4945 -0.087 -0.069 -0.088 -0.063 -0.012
5065 -0.093 -0.069 -0.088 -0.069 -0.012
5185 -0.087 -0.069 -0.094 -0.069 -0.012 -
5305 -0.081 -0.063 -0.088 -0.050 -0.006
5425 -0.074 -0.063 -0.088 -0.050 0.000
Note: Positive " + " values indicate a decrease in water level
Negative "-" values indicate an increase in water level.
ft bmp feet below measuring point.
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Table3. Flow Rates and Drawdown Recorded at Production Well GMPW-2
During the April 1998 Aquifer Test, Colesville Landfill, Colesville, New York.
Time Since instantaneous Cumulative
Time of Day Start of Pumping Drawdown Pumping Rate Volume Pumped
Date (hours) (min) (feet) {gpm) {gallons)
4/6/98 1018 18 3.26 0.32 5.8
1030 30 3.80 0.32 9.6
1100 60 4.07 0.32 19.2
1130 90 4.48 0.32 28.8
1200 120 5.19 0.32 38.4
1230 160 5.60 0.33 51.6
1300 180 5.80 0.35 58.6
1330 200 5.90 0.35 65.6
1400 240 6.16 0.35 79.6
1430 270 6.32 0.37 90.7
1500 300 6.42 0.37 101.8
1530 330 6.44 0.25 109.3
1600 360 5.15 0.26 117.1
1700 420 5.15 0.26 132.7
1800 480 6.72 0.34 153.1
1830 . 510 8.74 0.32 162.7
2130 690 8.12 0.32 220.3
2230 750 8.15 0.34 240.7
477/98 0100 840 8.12 0.34 285.6
: 0500 1080 7.61 0.3 357.6
0700 1200 6.79 0.24 386.4
0730 1230 6.95 0.26 394.2
0900 1300 7.06 0.23 410.3
0922 1320 B8.95 0.29 416.1
0940 1340 9.21 0.28 421.7
1100 1480 9.28 0.26 458.1
1130 1510 9.40 0.26 465.9
1200 1540 9.48 0.32 475.5
1230 1570 9.76 0.26 483.3
1245 1585 10.57 0.32 488.1
4/7/98 1300 1600 10.75 0.27 432.0
1330 1630 11.35 0.27 440.1
1400 1660 13.45 0.37 451.2
1530 1750 12.24 0.30 478.2
1600 1780 12.27 0.30 487.2
1630 1810 12.15 0.29 495.9
1700 1840 12.10 0.28 504.3
1720 1860 12.23 0.30 510.3
2030 2050 13.76 0.30 567.3
2144 2164 13.64 0.32 603.8
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Table 3. Flow Rates and Drawdown Recorded at Production Well GMPW-2
During the April 1998 Aquifer Test, Colesville Landfill, Colesville, New York.
. Time Since Instantaneous Cumulative
Time of Day Start of Pumping Drawdown Pumping Rate Volume Pumped
Date {hours) {min) {feet) {gpm) (gallons)
4/7/98 2200 2220 13.71 0.30 620.6
2230 2250 13.20 0.29 629.3
2325 2305 10.82 0.34 648.0
4/8/98 2400 2340 12.35 0.29 678.6
0030 2370 12.96 0.30 687.6
0100 2400 12.91 0.29 696.3
0130 2430 12.84 0.28 704.7
0140 2440 13.40 0.31 707.8
0200 2460 13.45 0.30 713.8
0230 2490 13.40 0.29 722.5
0300 2520 13.34 0.29 731.2
0330 2550 " 13.31 - 0.29 739.9
0400 2580 13.25 .- 0.28 748.3
0430 2610 13.65 . 0.29 757.0
0500 2640 13.67 0.28 765.4
0530 2670 13.75 0.28 773.8
0600 2700 14.97 - 0.30 + 782.8
0630 2730 15.01 0.29 7915
0700 2760 14.99 0.30 800.5
0730 2790 14.99 0.28 808.9
0800 2820 15.68 0.29 817.6
4/8/98 0830 2850 15.64 0.29 826.3
0900 2880 15.67 0.32 835.9
0930 2910 16.65 0.32 845.5
1100 3000 15.80 0.33 875.2
1130 3030 15.82 0.32 884.8
1200 3060 156.77 0.31 894.1
1230 3090 16.73 0.31 903.4
1300 3110 15.82 0.31 909.6
1400 3170 15.74 0.31 928.2
1500 3230 15.77 0.31 946.8
1600 3290 15.73 0.31 965.4
1630 3310 16.72 0.31 971.6
Total Flow {gpm): 971.6
Average Flow {(gpm): 0.29
gpm gallons per minute
min minutes




d |

—,

-;

\-

——

a_

- - _" - ‘-

Table 4. Drawdown and Recovery Measurements Recorded by Data Logger From
Pumping and Observation Wells During the April 1998 Aquifer Test,

Colesville Landfill, Colesville, New York.

Page 1 of 15

Negative "-" values indicate an increase in water level.

ft bmp feet below measuring point

Date & Time Pumping Well Observation Well Observation Well Observation Well Observation Well
Since Start GMPW-2 GMMW-2 GMMW-3 w-5 PW-4
of Pumping (ft bmp) {30 ft cross-gradient) (15 ft cross-gradient) (90 ft upgradient) (100 feet downgradient)
(minutes) (ft bmp) {ft bmp) {ft bmp) {ft bmp)
April 6, 1998
0.01 -0.187 -0.056 -0.094 -0.050 -0.008
0.02 -0.187 -0.056 -0.094 -0.044 -0.006
0.03 -0.187 -0.056 -0.094 -0.050 -0.006
0.03 -0.187 -0.056 -0.094 -0.050 -0.006
0.04 -0.187 -0.056 -0.094 -0.050 -0.006
0.05 -0.162 -0.056 -0.094 -0.044 -0.006
0.06 -0.162 -0.056 -0.094 -0.050 -0.006
0.07 -0.156 -0.056 -0.094 -0.044 -0.006
0.08 -0.156 -0.056 -0.094 -0.044 -0.006
0.08 ' -0.137 -0.056 -0.094 -0.044 -0.006
" 0.09 -0.143 -0.056 © -0.094 -0.044 -0.006 .
0.10 -0.112 -0.056 -0.094 -0.050 -0.006
0.11 -0.099% -0.056 -0.094 -0.044 -0.006
0.12 -0.099 - -0.056 - -0.094 -0.050 -0.006
0.13. -0.093 -0.056 - -0.094 -0.050 -0.006 -
0.13- -0.074 -0.056 - .. -0.094 -0.044 -0.006
0.14 -0.062 - -0.056 2 -0.094 -0.050 -0.012
0.15 . -0.049 . -0.056 - . -0.094 -0.050 -0.006
0.16 -0.043 -0.056 - -0.094 -0.044 -0.012
0.17 -0.037 -0.063 -0.094 -0.044 -0.012
0.18 -0.024 -0.056 -0.094 -0.050 -0.006
0.18 -0.018 -0.056 -0.094 -0.050 -0.012
0.19 -0.006 -0.056 -0.094 -0.050 -0.012
0.20 -0.012 -0.063 -0.094 -0.044 -0.012
0.2} 0.000 -0.056 -0.094 -0.050 -0.012
0.22 0.000 -0.063 -0.094 -0.050 -0.012
0.23 0.006 -0.056 -0.094 -0.044 -0.012
0.23 0.006 -0.056 -0.094 -0.050 -0.012
0.24 0.018 -0.056 -0.094 -0.050 -0.012 .
0.25 0.018 -0.056 -0.094 -0.050 -0.012
0.26 0.031 -0.056 -0.094 -0.050 -0.012
0.27 0.031 -0.063 -0.094 -0.050 -0.012
0.27 0.043 -0.056 -0.094 -0.050 -0.012
0.28 0.043 -0.056 -0.094 -0.050 -0.012
0.29 0.049 -0.056 -0.094 -0.050 -0.018
Note: Positive " + " values indicate a decrease in water levet
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Table 4. Drawdown and Recovery Measurements Recorded by Data Logger From
Pumping and Observation Wells During the April 1998 Aquifer Test,
Calesville Landfill, Colesville, Naw York.
Date & Time Pumping Well Observation Well Observation Well Observation Well Observation Well
Since Start GMPW-2 GMMW-2 GMMW-3 W-5 . PW-4
of Pumping (ft bmp) {30 ft cross-gradient) (15 ft cross-gradient) (90 ft upgradient) {100 feet downgradient)
{minutes) {ft bmp) {ft bmp) {ft bmp) (ft bmp)
April 6, 1998
0.30 0.056 -0.063 -0.094 -0.050 -0.012
0.31 0.056 -0.063 -0.094 -0.050 -0.012
0.32 0.056 -0.056 -0.094 -0.050 -0.012
0.32 0.062 -0.056 -0.094 -0.050 -0.018
0.33 0.068 -0.056 -0.094 -0.050 -0.018
0.35 0.081 -0.056 -0.094 -0.050 -0.018
0.37 0.087 -0.063 . -0.094 -0.050 -0.018
0.38 0.099 -0.056 -0.094 -0.050 ’ -0.018
0.40 0.099 -0.063 -0.094 -0.050 -0.018
0.42 0.106 - -0.056 : -0.094 -0.044 . -0.018
0.43 0.106 . -0.063 o -0.094 - -0.050 " -0.018
0.45 0.106 -0.063 ‘5 -0.094 -0.050 Lo -0.018 .
0.47 0.099 -0.063 ‘3, -0.094 -0.050 -0.018
0.48 0.099 -0.056 i -0.094 -0.050 . -0.018
0.50 0.099 -0.056 -0.094 -0.050 -0.018
0.52 0.099 -0.056 -0.094 - -0.050 . -0.018
0.53 0.106 -0.063 -0.094 . -0.050 -0.018
0.55 0.106 -0.063 o -0.094 ’ -0.050 - -0.018
0.57 0.118 - -0.056 ' -0.094 -0.050 -0.018
0.58 0.112 -0.063 . -0.094 -0.050 -0.018
0.60 0.118 -0.056 -0.094 -0.050 -0.018
0.62 0.118 -0.056 -0.094 -0.050 -0.018
0.63 0.118 -0.056 - -0.094 -0.050 -0.018
0.65 0.112 -0.063 -0.094 -0.050 -0.018
0.67 0.118 -0.063 -0.094 -0.050 -0.018
0.68 0.118 -0.056 -0.094 -0.050 -0.018
0.70 0.112 -0.063 -0.094 -0.050 -0.018
0.72 0.112 -0.063 -0.094 -0.050 -0.018
0.73 0.118 -0.063 -0.094 -0.050 -0.012
0.75 0.112 -0.063 -0.094 -0.050 -0.018
0.77 0.106 -0.063 -0.094 -0.050 -0.018
0.78 0.112 -0.063 -0.094 -0.050 -0.012
0.80 0.124 -0.056 -0.094 -0.050 -0.012
0.82 0.131 -0.063 -0.094 -0.050 -0.012
0.83 0.156 -0.063 -0.094 -0.050 -0.012
Note: Positive " + " values indicate a decrease in water level
Negative "-" values indicate an increase in water level.
ft bmp feet below measuring point
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Table 4. Drawdown and Recovery Measurements Recorded by Data Logger From
Pumping and Observation Wells During the April 1998 Aquifer Test,
Colesville Landfill, Colesville, New York.

Date & Time Pumping Well Observation Well Observation Wall Observation Well Observation Well
Since Start GMPW-2 GMMW-2 GMMW-3 w-S . PW-4
of Pumping (ft bmp) (30 ft cross-gradient) (15 ft cross-gradient) (90 ft upgradient) {100 feet downgradient)
{minutes) {ft bmp) (ft bmp) {ft bmp) {ft bmp)
April 6, 1998

0.85 0.174 -0.056 -0.094 -0.050 -0.012
0.87 0.187 -0.063 -0.094 -0.050 -0.018
0.88 0.205 -0.063 -0.094 -0.050 -0.012
0.90 0.218 -0.063 -0.094 -0.050 -0.012
0.92 0.218 -0.056 -0.094 -0.050 -0.012
0.93 0.230 . -0.056 -0.094 -0.050 -0.012
0.95 0.243 -0.056 -0.094 -0.050 -0.012
0.97 0.249 -0.063 -0.094 -0.050 -0.012
0.98 0.262 -0.063 -0.094 -0.050 -0.012
1.0 0.274 -0.063 -0.094 . -0.050 -0.006
1.2 0.318 - -0.056 - -0.094 . 1-0.056 -0.006
1.4 0.368 -’ -0.056 -0.094 -:-0.056 -0.006
2.0 0.636 ‘i’ -0.063 -0.094 - -0.056 0.000
2.2 0.661 i - -0.063 -0.094 .+0.056 -0.008
2.4 0.649 ‘- -0.063 -0.094 : --0.063 -0.006
2.6 0.680 :: - -0.063 -0.094 :-0.056 0.000
2.8 0.699 : -0.063 -0.094 : .~-0.056 0.000
3.0 0.761 - -0.063 -0.094 ..-0.050 0.006
3.2 0.855 -0.056 -0.094 -0.050 0.000
3.4 0.973 -0.056 -0.088 -0.050 0.000
3.6 1.098 -0.056 -0.094 -0.050 0.006
3.8 1.217 -0.056 -0.094 -0.050 0.000
4.0 1.229 -0.056 -0.094 -0.050 0.000
4.2 1.273 -0.056 -0.088 -0.050 0.000
4.4 1.310 -0.056 -0.094 -0.050 0.000
4.6 1.360 -0.063 -0.094 -0.050 -0.006
4.8 1.404 -0.063 -0.094 - -0.056 -0.006
5.0 1.454 -0.056 -0.094 -0.050 0.000
5.2 1.485 -0.056 -0.088 -0.056 0.000
5.4 1.516 -0.056 -0.088 -0.056 0.000
5.6 1.554 -0.056 -0.088 -0.056 -0.006
5.8 1.578 -0.056 -0.088 -0.056 0.000
6.0 1.610 -0.056 -0.088 -0.056 0.000
6.2 1.628 -0.056 -0.088 -0.056 0.000
6.4 1.653 -0.056 -0.088 -0.050 0.006
Nota: Positive " + " values indicate a decrease in water level

Negative "-" values indicate an increase in water level.

ft bmp feet below measuring paint
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Table 4. Drawdown and Recovery Measurements Recorded by Data Logger From
Pumping and Observation Wells During the April 1998 Aquifer Test,

Colesville Landfill, Colesville, New York.

Page 4 of 15

Negative "-" values indicate an increase in water level.

ft bmp feet below measuring point

Date & Time Pumping Wall Observation Well Observation Well  Observation Well Observation Well
Since Start GMPW-2 GMMW-2 GMMW-3 w-5 PW-4
of Pumping {ft bmp) {30 ft cross-gradient) (15 ft cross-gradient) (90 ft upgradient) (100 feet downgradient)
{minutes) {ft bmp) {ft bmp} (ft bmp) {ft bmp)
April 6, 1998

6.6 1.678 -0.056 -0.088 -0.050 0.006
6.8 1.691 -0.056 -0.088 -0.050 0.006
7.0 1.716 -0.056 -0.088 -0.050 0.006
7.2 1.734 -0.056 -0.088 -0.050 0.006
7.4 1.753 -0.056 -0.088 -0.050 0.000
7.6 1.766 -0.056 -0.088 -0.050 0.000
7.8 1.784 .-0.056 -0.088 -0.050 0.000
8.0 1.797 -0.056 - -0.088 -0.050 0.006- -
8.2 1.809 -0.056 3 -0.088 -0.050 0.000
8.4 1.822 - -0.056 ~° -0.088 -0.050 0.000
8.6" 1.834 - -0.056 » -0.088 --0.050 -0.006
8.8 1.847 . -0.050- ;¢ -0.088 -0.056 -0.006-
9.0 . 1.863 -0.056 -3 -0.088 -0.050 -0.006
9.2 .1.872 ) -0.056 . .- -0.088 -0.056 -0.006
94 .1.890 : -0.056 -0.088 -0.056 -0.012
9.6 1.897 -0.050 © i . -0.082 -0.050 -0.012
9.8° 1.872 h -0.050 v -0.082 -0.056 -0.018

10 - 1.853 ’ -0.050 : -0.082 -0.056 -0.012.

12 2028 ° -0.050 : -0.075 -0.050 0.000
14 3.026 -0.044 -0.075 -0.037 -0.006
16 3.088 -0.044 -0.075 -0.044 -0.006
18 3.257 -0.044 -0.075 -0.050 -0.018
20 3.388 -0.044 : -0.069 -0.050 0.000
22 3.481 -0.044 -0.069 -0.050 0.006
24 3.562 -0.037 -0.063 -0.050 0.000
26 3.600 -0.037 -0.063 -0.050 -0.006
28 3.656 -0.031 -0.063 -0.037 0.006
30 3.699 -0.031 -0.063 -0.044 -0.006
32 3.743 -0.031 -0.063 -0.044 0.006
34 3.780 -0.031 -0.056 -0.050 0.000
36 3.g8 -0.037 -0.056 -0.044 0.000
38 3.843 -0.031 -0.056 -0.044 0.000
40 3.868 -0.031 -0.056 -0.044 0.006
42 3.886 -0.025 -0.056 -0.050 0.000
44 3.911 -0.025 -0.050 -0.037 0.012
Note: Positive ® + " values indicate a decrease in water level
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Table 4. Drawdown and Recovery Measurements Recorded by Data Logger From
Pumping and Observation Wells During the April 1998 Aquifer Test,
Colesville Landfili, Colesville, New York.

Date & Time Pumping Well Observation Well Observation Well Observation Well Observation Well
Since Start GMPW-2 GMMW-2 GMMW-3 W-5 ) PW-4
of Pumping (ft bmp) {30 ft cross-gradient) (15 ft cross-gradient) ({90 ft upgradient) (100 feet downgradient)
{minutes}) {ft bmp) {ft bmp) {ft bmp) {ft bmp)
April 6, 1998

46 3.930 -0.025 -0.050 -0.044 -0.012
48 3.943 -0.025 -0.050 -0.050 0.012
50 3.949 -0.031 -0.050 -0.056 -0.025
52 3.974 -0.018 -0.044 -0.037 0.000
54 3.992 -0.037 -0.056 -0.063 -0.025
56 4.024 -0.031 -0.050 -0.056 -0.006
58 4.049 -0.018 -0.050 -0.037 0.031
60 4.074 -0.025 -0.050 -0.050 -0.018
62 4.098 : -0.025 -0.050 -0.037 0.031
64 4.123 -0.031 -0.044 -0.056 -0.050
66 4.148 i -0.031 -0.044 . -0:063 -0.025
68 4.180 L -0.025 - -0.044° -0:044 0.006
70 4.204 . -0.025 -0.050 . -0:056 0.006
72 4.229 -0.031 -0.044 } -0.069 -0.018
74 - 4.267 : -0.025 - -0.044 - -0:056 0.000
76 . . 4279 -0.025 . -0.044 -0:056 0.012
78 4.304 B -0.018 -0.044 o -0.050 0.000
80 . 4335 -0.025 -0.044 ;. -0.044 -0.006
82 4.360 -0.025 © -0.044 . -0.056 -0.012
84 4.379 -0.025 -0.044 -0.056 -0.025
86 4.410 -0.018 -0.044 -0.050 0.012
88 4.435 -0.012 -0.044 -0.044 0.031
90 4.448 -0.031 -0.044 -0.069 -0.025
92 4.473 -0.006 -0.037 -0.025 0.044
94 4.485 -0.018 -0.037 -0.044 -0.018
96 4.504 -0.025 -0.044 -0.063 . -0.050
98 4.572 0.000 -0.037 -0.031 0.050
100 4.710 -0.018 -0.037 -0.037 0.012
120 5.190 -0.018 -0.037 -0.063 -0.050
140 5.507 -0.018 -0.031 -0.069 -0.044
160 5.651 0.000 -0.018 -0.044 0.018
180 5.825 -0.006 -0.025 -0.050 0.006
200 5.888 0.000 -0.018 -0.056 0.012
220 6.006 0.006 -0.012 -0.025 0.031
240 6.162 0.012 -0.012 -0.056 0.000
Note: Positive " + " values indicate a decrease in water level

Negative "-" values indicate an increase in water level.

ft bmp feet below measuring point
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Drawdown and Recovery Measurements Recorded by Data Logger From
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Table 4.
Pumping and Observation Wells During the April 1998 Aquifer Test,
Colesville Landfill, Colesville, New York.

Date & Time Pumping Well Observation Well Observation Well QObservation Well Observation Well
Since Start GMPW-2 GMMW-2 GMMW-3 w-5 ) PW4
of Pumping {ft bmp) (30 ft cross-gradient) (15 ft cross-gradient) (90 ft upgradient) (100 feet downgradient)
(minutes) (ft bmp) (ft bmp) (ft bmp) {ft bmp)
April 6, 1998

260 6.280 0.012 -0.012 -0.031 0.044
280 6.411 0.006 -0.012 -0.050 0.012
300 6.417 -0.018 -0.018 -0.056 -0.006
320 6.430 -0.006 -0.018 -0.050 0.012
340 6.449 0.000 -0.012 -0.056 0.006
360 5.146 -0.012 -0.025 -0.063 0.000
380 5.059 -0.012 -0.031 -0.056 0.000
400 5.084 -0.012 -0.031 -0.063 0.000
420 5.146 -0.012 -0.031 -0.063 0.000
440 5.177 -0.018 -0.025 -0.063 0.006
460 - 5.190 -0.012 - -0.025 -0.056 0.006
480 - 6.723 -0.012 +-0.025 -0.063 0.006
500 8.723 0.006 : 0,000 -0.050 0.012
520 8.766 0.012 “0.006 -0.050 0.012
540 8.716 0.012 0.006 -0.044 0.006
560 - 8.654 0.012 ©. . ..0.006 -0.056 0.012
580 - 8.579 ' 0.018 -0.006 -0.050 0.012
600 8.498 0.018 .- -0.006 -0.050 0.018
620 8.417 0.012 0.000 -0.056 0.012
640 8.318 . 0.012 0.000 -0.056 0.012
660 8.243 0.012 0.000 -0.056 0.012
680 8.137 0.012 0.000 -0.063 0.018
700 8.081 0.006 -0.006 -0.063 0.012
720 8.031 0.006 -0.006 -0.063 0.012
740 8.062 0.006 -0.006 -0.063 0.012
760 8.212 0.006 -0.006 -0.069 0.012
780 8.218 0.006 -0.006 -0.069 0.018
800 8.212 0.008 -0.006 -0.069 0.012
820 8.199 0.012 -0.006 -0.069 0.018
April 7, 1998
840 8.118 0.006 -0.006 -0.063 0.018
860 8.025 0.006 -0.012 -0.069 0.012
880 7.963 0.006 -0.006 -0.069 0.012
Note: Positive " + " values indicate a decrease in water level

Negative "-" values indicate an increase in water level.

ft bmp feet below measuring point
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Table 4. Drawdown and Recovery Measurements Recorded by Data Logger From
Pumping and Observation Wells During the April 1998 Aquifer Test,
Colesville Landfill, Colesville, New York.

Date & Time Pumping Well  Observation Well Observation Well Observation Well Observation Well
Since Start GMPW-2 GMMW-2 GMMW-3 Ww-5 . PW-4
of Pumping (ft bmp) (30 ft cross-gradient) (15 ft cross-gradient) (90 ft upgradient) {100 feet downgradient)
(minutes) (ft bmp) (ft bmp) (ft bmp) (ft bmp)
April 7, 1998

900 7.925 0.006 -0.012 -0.069 0.018
920 7.857 0.006 -0.012 -0.069 0.018
940 7.776 0.000 -0.012 -0.069 0.012
960 7.701 0.000 -0.012 -0.075 0.012
2980 7.608 0.000 -0.018 -0.075 0.018
1000 7.533 0.000 -0.018 -0.075 0.012
1030 7.433 0.000 -0.018 -0.069 0.012
1060 7.626 : - 0.000 -0.018 -0.075 0.012
1090 7.608 0.006 -0.018 -0.069 0.018
1120 7.452 0.006 -0.018 -0.069 0.018
1150 7.271 © 0.000 " -0.025 -0.069 0.018
1180 7.109 -+ 0.000 -0.025 - -0.069 0.025
1210 7.003 - 0.000 -0.018 -0.069 : 0.025
1240 6.879 : 0.006 -0.025 " -0.063. ) 0.025
1270 6.760 . 0.000 -0.025 -0.063 ' 0.025 -
1300 7.028 0.006 -0.018 . -0.086" 0.025
1330 7.016 - - 0.006 -0.018 . ¢ --0.056 0.025
1360 7.078 - 0.006 -0.025 ©. -0.063 0.025
1390 8.853 0.012 - -0.012 -0.056 0.025
1420 9.327 0.018 -0.006 . -0.056 0.031
1450 9.333 0.025 -0.006 -0.063 0.031
1480 9.302 0.031 0.000 -0.050 0.037
1510 9.395 0.031 0.000 -0.050 0.031
1540 9.488 0.025 0.006 -0.056 0.031
1570 9.762 0.037 0.006 -0.044 0.037
1600 10.759 0.044 0.012 -0.044 0.025
1630 11.269 0.050 0.018 -0.050 0.025
1660 13.459 0.050 0.018 -0.056 0.018
1690.00 13.708 0.050 0.018 -0.063 0.018
1690.01 11.356 0.044 0.025 -0.056 0.031
1690.02 11.350 0.044 0.025 -0.063 0.031
1690.03 11.350 0.044 0.031 -0.056 0.031
1690.03 11.344 0.044 0.031 -0.063 0.025
1690.04 11.344 0.044 0.025 -0.056 0.025
1690.05 11.337 0.044 0.025 -0.056 0.025
Note: Positive "+ " values indicate a decrease in water level

Negative "-" values indicate an increase in water level.

ft bmp feet below measuring point
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Table 4. Drawdown and Recovery Measurements Recorded by Data Logger From
Pumping and Observation Wells During the April 1998 Aquifer Test,
Colesville Landfill, Colesville, New York.

Date & Time Pumping Well Observation Well Observation Well  Observation Well Observation Well

: .
N p

N ; .
R - —
- ; S
N

Since Start GMPW-2 GMMW-2 GMMW-3 w-5 ; PW-4
of Pumping (ft bmp) {30 ft cross-gradient) ({15 ft cross-gradient) (90 ft upgradient) {100 feet downgradient)
{minutes) (ft bmp) (ft bmp) (ft bmp} (ft bmp}
Aprit 7, 1998

1690.06 11.331 0.044 0.025 -0.063 0.031
1690.07 11.331 0.044 0.025 -0.063 0.031
1690.08 11.331 0.044 0.025 -0.063 0.025
1690.08 11.325 0.044 0.025 -0.063 0.031
1690.09 11.319 0.044 0.025 -0.056 0.025
1690.10 11.319 0.044 0.031 -0.063 0.031
1690.11 11.319 0.044 0.025 -0.063 0.025
1690.12 11.313 0.044 0.025 -0.063 0.025
1690.13 - 11.306 0.044 0.025 -0.063 0.025
1690.13 ¢ 11.306 0.037 0.031 -0.063 0.025
1690.14 : 11.306 0.044 0.025 -0.063 0.025
1690.15° . 11.306 0.044 0.025 -0.063 0.031
1690.16 " 11.300 0.037 0.025 -0.063 0.025
1690.17-.:: 11.300 0.037 - 0.825 -0.063 0.025
1690.18 11.294 0.044 0.025 -0.063 0.025
1690.18 - 11.294 0.037 0.025 -0.063 0.025
1690.19 11.288 0.037 0.025 -0.063 0.025 -
1690.20 . 11.288 0.037 0.025 -0.063 0.025 -
1690.21 - 11.281 0.037 0.025 -0.063 0.025 -
1690.22 11.281 0.037 0.025 -0.063 0.025
1690.23 . 11.275 0.037 0.025 -0.063 0.025
1690.23 11.275 0.037 0.025 -0.063 ' 0.025
1690.24 11.269 0.037 0.025 -0.063 0.025
1690.25 11.269 0.037 0.025 -0.063 0.025
1690.26 11.263 0.037 0.025 -0.063 0.025
1690.27 11.263 0.037 0.025 -0.063 0.025
1690.28 11.257 0.037 0.025 -0.063 0.025
1690.28 11.257 0.037 0.025 -0.063 0.025
1690.29 11.257 0.037 0.025 -0.063 0.025
1690.30 11.250 0.037 0.025 -0.063 0.025
1690.31 11.250 0.037 0.025 -0.063 0.025
1690.32 11.244 0.037 0.025 -0.063 0.025
1690.33 11.244 0.037 0.025 -0.063 0.025
1690.33 11.238 0.037 0.025 -0.063 0.025
1690.35 11.238 0.037 0.025 -0.063 0.025
Note: Positive " + " values indicate a decrease in water level

Negative "-" values indicate an increase in water level.

ft bmp feet below measuring point
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Table 4. Drawdown and Recovery Measurements Recorded by Data Logger From
Pumping and Observation Wells During the April 1998 Aquifer Test,
Colesville Landfill, Colesville, New York.
Date & Time Pumping Weil Observation Well Observation Well Observation Well Observation Well
Since Start - GMPW-2 GMMW-2 GMMW-3 W-5 A PW-4
of Pumping {ft bmp) (30 ft cross-gradient) (15 ft cross-gradient) (90 ft upgradient) (100 feet downgradient)
{minutes) {ft bmp) (ft bmp) (ft bmp) {ft bmp)
April 7, 1998
1690.37 11.232 0.037 0.018 -0.063 0.025
1690.38 11.219 0.037 0.025 -0.063 0.025
1690.40 11.219 0.037 0.025 -0.063 0.025
1690.42 11.213 0.037 0.025 -0.063 0.025
1690.43 11.207 0.037 0.018 -0.063 0.025
1690.45 11.201 0.037 0.018 -0.063 0.025
1690.47 11.194 0.037 0.018 -0.063 0.025
1690.48 11.188 0.037 0.025 -0.063 0.025
1690.50 11.182 0.037 0.018 -0.063 0.025
1690.52 11.176 0.037 0.025 -0.063 0.025
1690.53 11.169 .. 0.037 -0.025 -0.063. 0.025
1690.55 11.169 - 0.037 ‘0.025 -0.063 0.025
-1690.57 11.157 - 0.037 0.025 -0.063 . 0.025
1680.58 11.157 - .. .0.037 0.018 -0.063 . 0.025
1690.60 . 11.151 0.037 0.025 -0.063 0.025
1690.62 11.144 .. 0.037 ~0.025 -0.063 .. 0.025
. 1690.63 11.138 0.037 0.018 -0.063. - 0.025
1690.65 11.132 0.037 0.018 -0.063 0.025
1690.67 11.126 0.037 '0.018 -0.063 0.025
1690.68 11.120 0.037 0.018 -0.063 0.018
1690.70 11.113 0.037 0.018 -0.063 0.025
1690.72 11.107 0.037 0.018 -0.063 0.025
1690.73 11.101 0.037 0.025 -0.063 0.025
1690.75 11.095 0.037 . 0.018 -0.063 0.018
1690.77 11.088 0.037 0.025 -0.063 0.018
1690.78 11.082 0.037 0.018 -0.063 0.018
1690.80 11.076 0.037 0.018 -0.063 0.018
1690.82 11.070 0.037 0.025 -0.063 0.018
1690.83 11.070 0.037 0.025 -0.063 0.018
1690.85 11.057 0.037 0.025 -0.063 0.018
1690.87 11.057 0.037 0.018 -0.063 0.018
1690.88 11.051 0.037 0.025 -0.063 0.018
1690.90 11.045 0.037 0.025 -0.056 0.018
1690.92 11.039 0.037 0.025 -0.063 0.018
1690.93 11.032 0.037 0.018 -0.063 0.018
Note: Positive " + " values indicate a decrease in water fevel
Negative "-" values indicate an increase in water level.
ft bmp feet below measuring point
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_

Colesville Landfill, Colesville, New York.

Date & Time Pumping Well ' Observation Well Observation Well Observation Well Observation Well

[ -

R 2

Since Start GMPW-2 GMMW-2 GMMW-3 wW-5 . PW-4
of Pumping (ft bmp) (30 ft cross-gradient) ({15 ft cross-gradient) (90 ft upgradient) {100 feet downgradient)
(minutes) {ft bmp) {ft bmp) (ft bmp) {ft bmp)
April 7, 1998
1690.95 11.026 0.037 0.025 -0.056 0.018
1690.97 11.026 0.031 0.018 -0.056 0.018
1690.98 11.014 0.037 0.025 -0.056 0.018
1691.0 11.014 0.037 0.025 -0.063 0.018
1691.2 10.939 0.037 0.025 -0.063 0.018
1691.4 10.871 0.037 0.018 -0.056 0.018
-1691.6 10.802 0.037 0.025 -0.063 0.018
1691.8 10.734 0.034 0.025 -0.056 0.018 .
1692.0 10.665 0.037 0.018 -0.056 0.018
"1692.2 10.603 0.037 0.018 -0.063 0.018 .
1692.4 10.534 0.037 0.018 -0.063 0.018
1692.6 10.466 0.044 0.018 -0.056 0.012
1692.8 10.460 0.044 0.018 -0.056 0.012
1693.0 10.466 0.044 0.018 -0.056 0.012.
1693.2 10.715 0.044 0.018 -0.056 0.018
1693.4 10.920 0.044 - .0.018 -0.056 0.018-
1693.6 10.858 0.044 © 0.018 -0.050 0.012
1693.8 10.777 0.044 :0.018 -0.050 0.012
1694.0 10.703 " 0.044 0.018 -0.050 0.012°
1694.2 10.703 0.044 0.018 -0.050 0.012
1694.4 10.765 0.044 0.025 -0.056 0.018
1694.6 10.958 0.044 0.018 -0.056 0.012
1694.8 11.120 0.044 0.018 -0.056 0.018
1695.0 11.356 0.044 0.018 -0.063 0.018
1695.2 11.642 0.044 0.018 -0.063 0.018
1695.4 11.885 0.037 0.018 -0.063 0.018
1695.6 12.059 0.037 0.012 -0.063 0.012
1695.8 11.997 0.044 0.018 -0.063 0.006
1696.0 11.960 0.037 0.012 -0.063 0.012
1696.2 11.985 0.044 0.012 -0.063 0.012
1696.4 12.010 0.044 0.018 -0.063 0.018
1696.6 12.034 0.044 0.018 -0.056 0.018
1696.8 12.059 0.044 0.018 -0.056 0.018
1697.0 12.072 0.044 0.018 -0.056 0.025
1697.2 12.034 0.037 0.018 -0.056 0.018
Note: Positive " + " values indicate a decrease in water level
Negative "-" values indicate an increase in water level.
ft bmp feet below measuring point
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Drawdown and Recovery Measurements Recorded by Data Logger From

Table 4.
Pumping and Observation Wells During the April 1998 Aquifer Test,
Colesville Landfill, Colesville, New Yark.
Date & Time Pumping Well Observation Well Observation Well Observation Well Observation Well
Since Start GMPW-2 GMMW-2 GMMW-3 wW-5 . PW-4
of Pumping {ft bmp) {30 ft cross-gradient) (15 ft cross-gradient)} (90 ft upgradient) {100 feet downgradient)
{minutes) {ft bmp) {ft bmp) (ft bmp) (ft bmp)
April 7, 1998
1697.4 11.991 0.044 0.018 -0.056 0.018
1697.6 11.954 0.044 0.018 -0.056 0.012
1697.8 11.922 0.037 0.018 -0.056 0.012
1698.0 11.879 0.037 0.018 -0.063 0.012
1698.2 11.860 0.037 0.018 -0.063 0.018
1698.4 11.842 0.044 0.018 -0.056 0.018
1698.6 11.823 0.044 0.025 -0.056 0.025
1698.8 11.804 0.044 0.018 --0.050 0.025
1699.0 11.786 0.044 0.018 -0.050 0.025
1699.2 11.767. 0.050 0.018 © -0.050 0.018
1699.4 11.748 0.044 0.018 -0.056 . 0.006
1699.6 11.730 - 0:044 0.018 L -0.050 . : 0.012
1699.8 11.71 0.044 0.018 -0.056 i 0.012
1700.0 11.698 0.044 0.018 ) -0.056 . 0.012
1702 11.792. “0.044 0.018 . -0.063 " - 0.006
1704 11.922 0.031 © 0.018 c -0.056 ’ 0.025
1706 12.022 0.037 0.018 - -0.063 ;- 0.018
1708 12.090 - 0.037 0.018 : -0.056 ; 0.012
1710 12.140 0.037 0.012 -0.063 o 0.018
1712 12.178 0.044 0.025 . -0.056 0.025
1714 12.202 0.044 0.018 -0.056 0.025
1716 12.215 0.037 0.018 -0.056 0.018
1718 12.227 0.037 0.012 -0.063 0.018
1720 12.246 0.044 0.018 -0.050 0.025
1722 12.252 0.044 0.018 -0.056 0.031
1724 12.240 0.044 0.018 -0.056 0.018
1726 12.252 0.050 0.025 -0.050 0.031
1728 12.252 0.044 0.018 -0.050 0.025
1730 12.252 0.044 0.018 -0.056 0.031
1732 12.240 0.031 0.012 -0.069 0.025
1734 12.240 0.037 0.018 -0.063 0.018
1736 12.240 0.037 0.018 -0.063 0.025
1738 12.234 0.037 0.018 -0.063 0.025
1740 12.227 0.044 0.018 -0.056 0.031
1742 12.221 0.037 0.018 -0.063 0.018
Note: Positive " + " values indicate a decrease in water level
Negative "-" values indicate an increase in water level.
ft bmp feet below measuring point
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Table 4.
Pumping and Observation Wells During the April 1998 Aquifer Test,
Colesville Landfill, Colesville, New York.
Date & Time Pumping Well Observation Well Observation Weli Observation Well Observation Well
Since Start GMPW-2 GMMW-2 GMMW-3 W-5 PW-4
of Pumping {ft bmp) {30 ft cross-gradient) (15 ft cross-gradient} (90 ft upgradient) {100 feet downgradient)
{minutes) (ft bmp) (ft bmp) (ft bmp) (ft bmp)
April 7, 1998
1744 12.227 0.044 0.018 -0.056 0.031
1746 12.234 0.037 0.018 -0.069 0.025
1748 12.234 0.037 0.012 -0.063 0.025
1750 12.240 0.037 0.012 -0.063 0.018
1752 12.234 0.031 0.012 -0.075 0.018
1754 12.246 0.037 0.018 -0.069 0.025
1756 12.246 0.037 0.012 -0.063 0.012
1758 12.252 0.037 0.012 -0.069 0.025
1760 12.252 0.037 0.012 -0.063 0.018
1762 12.258 0.037 0.012 -0.069 0.025
1764 12.258 0.037 0.012 . -0.069 0.031
1766 12.265 . 0.037 . 0.012 -0.069 0.025
1768 - 12.252 0.031 0.012 - -0.075 0.025
1770 12.252 0.031 0.012 -0.075 0.025
1772 12.234 0.037 0.012 -0.069 0.012
1774 -12.221 0.037 0.012 -0.069 0.025 .
1776 12.202. 0.037 ; 0.006: - -0.075 0.031
1778 ° 12.178 0.031 " 0.006" -0.081 0.018
1780 12,171 0.037 0.012 -0.069 0.018
1782 12.159 0.037 0.012 -0.075 0.025
1784 12.140 0.031 0.006 -0.081 0.018
1786 12.146 0.037 0.012 -0.069 0.031
1788 12.140 0.037 0.012 -0.069 0.025
1790 12.140 0.037 0.012 -0.069 0.018
1810 12.128 0.037 0.012 -0.075 0.025
1830 12.103 0.037 0.006 -0.075 0.025
1850 12:271 0.037 0.012 -0.075 0.031
1870 12.258 0.037 0.012 -0.069 0.025
1890 12.252 0.031 0.006 -0.075 0.018
1910 12.134 0.031 0.006 -0.075 0.031
1930 12.140 0.037 0.012 -0.075 0.031
1950 12.178 0.031 0.006 -0.075 0.031
1970 12171 0.031 0.006 -0.075 0.037
1990 12.395 0.037 0.006 -0.075 0.031
2010 13.758 0.037 0.012 -0.075 0.031
Note: Positive " + " values indicate a decrease in water level
Negative "-" values indicate an increase in water level.
ft bmp feet below measuring point
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Drawdown and Recovery Measurements Recorded by Data Logger From

Table 4.
Pumping and Observation Wells During the April 1998 Aquifer Test,
Colesville Landfill, Colesville, New York.
Date & Time Pumping Well Observation Well Observation Well Observation Well Observation Well
Since Start GMPW-2 GMMW-2 GMMW-3 W-5 ; PW-4
of Pumping {ft bmp) {30 ft cross-gradient) (15 ft cross-gradient) (90 ft upgradient) (100 feet downgradient)
{minutes) {ft bmp) {ft bmp) {ft bmp) {ft bmp)
April 7, 1998
2030 13.919 0.037 0.018 -0.075 0.031
2050 7.757 0.025 0.000 -0.075 0.037
2070 5.813 0.000 -0.037 -0.075 0.031
2090 13.198 0.025 0.000 -0.069 0.037
2110 13.708 0.037 0.012 -0.075 0.037
2130 13.733 0.037 0.012 -0.075 0.037
2150 13.727 0.037 0.012 -0.075 0.031
2170 8.149 0.031 0.000 -0.075 0.037
2190 7.072 0.006 -0.025 ~0.081 ’ 0.031
2210 11.456 0.012 -0.012 . -0.088 0.025
2230 12.594 '0.025 -0.006 - -0.088 0.031
2250 12.949 .- 0.025 0.000 -0.088 0.037
2270 12.937 » 0.0 0.000 -0.088 T 0.031
April 8, 1998
2290 12.906 ’ 0.025 0.000 - . -0.088 S 0.031
2310 12.862 0.025 -0.006 . - -0.088 . 0.031
2330 13.403 0.031 -0.006 -0.088 : 0.037
2350 13.453 0.031 0.000 . -0.088 0.031
2370 13.428 0.031 -0.006 -0.088 0.031
2390 13.378 0.031 0.000 : -0.088 0.031
2410 13.347 0.025 -0.006 -0.094 0.031
2430 13.329 0.025 -0.006 -0.094 0.031
2450 13.304 0.025 -0.006 -0.088 0.037
2470 13.260 0.025 -0.006 -0.094 0.025
2490 13.229 0.025 -0.012 -0.094 0.025
2510 13.646 0.025 -0.006 -0.100 0.031
2530 13.689 0.025 -0.006 -0.0%4 0.025
2550 13.689 0.018 -0.006 -0.100 0.025
2570 13.758 0.025 -0.006 -0.100 0.031
2590 14.983 0.037 0.006 -0.088 0.044
2610 15.045 0.044 0.006 -0.081 0.037
2630 15.014 0.037 0.006 -0.075 0.037
2650 15.008 0.044 0.006 -0.075 0.037
Note: Positive " + " values indicate a decrease in water level
Negative "-" values indicate an increase in water level.
ft bmp feet below measuring point
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Table 4. Drawdown and Recovery Measurements Recorded by Data Logger From
Pumping and Observation Wells During the April 1998 Aquifer Test,

Colesville Landfill, Colesville, New York.

A
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Date & Time Pumping Well Observation Well Observation Well

Observation Well

Observation Well

Since Start GMPW-2 - GMMW-2 GMMW-3 W-5 ; PW-4
of Pumping {ft bmp) {30 ft cross-gradient) (15 ft cross-gradient) (90 ft upgradient) (100 feet downgradient)
{minutes) {ft bmp) {ft bmp) (ft bmp) (ft bmp)
April 8, 1998

2670 15.002 0.037 0.006 -0.081 0.037
2690 15.306 0.044 0.012 -0.075 0.044
2720 15.679 0.031 0.000 -0.088 0.02%
2750 15.710 0.037 0.006 -0.081 0.044
2780 15.673 0.037 0.000 -0.088 0.037
2810 15.673 0.044 0.006 -0.088 0.037
28B40 15.642 0.044 0.012 -0.081 0.044
2870 15.791 0.050 0.012 -0.081 0.044
2900 15.835 0.044 0.006 -0.081 0.044
2930 15.822 0.044 - . 0.006 -0.081 0.037
2960 -.15.754 0.037 - 0.000 -0.088 0.037 :
2990 " 15.735 : 0.031 0.000 -0.094 0.025
3020 -.15.785 0.037 0.000 -0.094 0.031
3050 15.760 0.031 -0.006 -0.107 0.031
3080 15.741 0.031 : 0.000 -0.100 0.037
3110 15.797 0.031 0.000 . -0.100 0.031
3140 7 7°.15.785 0.037 0.006 - -0.088 0.044
3170 15.766 0.044 0.006 -0.088 0.050
3200 15.735 0.031 0.000 -0.088 0.037
3230 5.576 -0.006 -0.050 -0.100 0.025
3260 1.635 -0.03 -0.082 -0.088 0.050
3290 0.474 -0.056 -0.107 -0.081 0.037
3320 0.586 -0.056 -0.107 -0.088 0.037
3350 0.337 -0.063 -0.113 -0.081 0.037
3380 0.305 -0.063 -0.120 -0.081 0.037
3410 0.293 -0.069 -0.126 -0.088 0.031
3440 0.280 -0.069 -0.126 -0.088 0.031
3470 0.280 -0.063 : -0.120 -0.081 0.044
3500 0.280 -0.056 -0.120 -0.075 0.044
3530 0.268 -0.069 -0.126 -0.075 0.037
3560 0.249 -0.069 -0.132 -0.081 0.031
3590 0.243 -0.075 -0.139 -0.094 0.031
3620 0.237 -0.081 -0.139 -0.100 0.025
3650 0.230 -0.081 -0.139 -0.100 0.031
3680 0.224 -0.081 -0.145 -0.107 0.025
3710 0.224 -0.075 -0.145% -0.100 0.025
Note: Positive " + " values indicate a decrease in water level

Negative "-" values indicate an increase in water level.

ft bmp feet below measuring point
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Table 5.  Manual Water-Level Measurements Collected from Background Observation
Wells and Pumping Well During the April 1998 Aquifer Test, Colesville Landfiil,
Colesville, New York.

y

U,

Measuring Time of Measuring Point
Point Date of Measurement Depth to Water Elevation Water Level Elevation
Designation Measurement {hours) (ft bmp) (ft msl) ’ (ft msi)
WELLS
GMMW-2 4/2/98 1100 36.82 1030.95 994.13
GMMW-3 4/2/98 1100 34.70 1028.02 993.32
GMPW-2 4/2/98 1100 32.20 1028.80 996.60
W-5 4/2/98 1100 51.57 1051.41 999.84
W-22S 4/2/98 1100 9.02 965.05 .956.03
1420 9.00 . 956.05
4/6/98 0841 9.42 - 955.63
‘ 1108 9.40 - 955.65
1300 9.42 - 965.63
1500 9.42 ~..9556.63
1700 9.44 “955.61
1900 9.45 955.60
2100 9.42 955.63
2300 9.45 955.60
4/7/98 0100 9.48 955.57
0300 9.48 9565.57
0500 9.48 955.57
0700 9.49 955.56
0930 9.50 955.55
1100 9.50 955.55
1300 9.50 955.55
1500 9.50 955.55
1700 9.48 955.57
1900 9.50 955.55
2100 9.50 955.55
2300 9.52 955.53
4/8/98 0100 9.54 955.51
0300 9.54 955.51
0500 9.55 955.50
0700 9.55 955.50
0900 9.56 955.49
1100 9.56 955.49
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Table 5. Manual Water-Level Measurements Collected from Background Observation
Wells and Pumping Well During the April 1998 Aquifer Test, Colesville Landfill,
Colesville, New York.
Measuring Time of Measuring Point
Point Date of Measurement Depth to Water Elevation Water Level Elevation
Designation Measurement (hours) (ft bmp) {ft msl) {ft msl)
W-22S 4/8/98 1300 9.56 965.05 955.49
1500 9.58 955.47
4/9/98 0830 9.55 955.50
PW-3 4/2/98 1100 9.02 988.92 979.90
1920 9.00 979.92
0841 9.30 979.62
1108 9.30 979.62
1300 9.30 979.62
1500 9.30 979.62
1700 9.32 979.60
1900 9.32 979.60
2100 9.34 979.58
2300 9.32 979.60
4/7/98 0100 9.32 979.60
' 0300 9.32 979.60
0500 9.34 979.58
0700 9.36 979.56
0930 9.34 979.58
1100 9.34 979.58
1300 9.34 979.58
1500 9.34 979.58
1700 9.33 979.59
1900 9.34 979.58
2100 9.34 979.58
2300 9.36 979.56
4/8/98 0100 9.36 979.56
0300 9.36 979.56
0500 9.36 979.56
0700 9.37 979.55
0800 9.38 979.54
1100 9.34 979.58
1300 9.36 979.56
1500 9.34 979.58
4/9/98 0830 9.36 979.56
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Table 5. Manual Water-Level Measurements Collected from Background Observation
Wells and Pumping Well During the April 1998 Aquifer Test, Colesville Landfill,

Colesville, New York.

Measuring Time of Measuring Point
Point Date of Measurement Depth to Water Elevation Water Level Elevation
Designation Measurement (hours) {ft bmp) {ft msl) {ft msl)
GMMW-1 4/2/98 1100 46.90 1043.59 996.69
1920 46.85 996.74
4/6/98 0841 46.92 996.67
1108 46.90 996.69
1300 46.89 996.70
1500 46.90 .996.69
1700 46.90 996.69
1900 - 46.92 996.67
2100 46.94 996.65
2300 46.92 996.67
4/7/98 - 0100 46.90 996.69
* 0300 46.88 996.71
. 0500 46.87 996.72
0700 46.88 996.71
0930 46.90 996.69
1100 46.90 .'996.69
- 1300 46.88 ‘996.71
1500 46.84 .996.75
- 1700 46.82 996.77
1900 46.84 996.75
2100 46.85 996.74
2300 46.85 996.74
4/8/98 0100 46.86 996.73
0300 46.84 996.75
0500 46.85 996.74
0700 46.87 996.72
0900 46.87 996.72
1100 46.85 996.74
1300 46.86 996.73
1500 46.86 996.73
4/9/98 0830 46.83 996.76
STAFF GAUGE
sG-1 " 4/2/98 1100 0.00 NS -
1420 0.00 -
4/6/98 0841 -0.18 --
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Table 5. Manual Water-Level Measurements Collected from Background Observation
Wells and Pumping Well During the April 1998 Aquifer Test, Colesville Landfill,
Colesville, New York.
Measuring Time of Measuring Point .
Point Date of Measurement Depth to Water Elevation Water Level Elevation
Designation Measurement {hours) (ft bmp) (ft msl) : (ft msl)

STAFF GAUGE

j 5G-1 @ 4/7/98 1700 -0.18 NS -
1900 -0.18 -
\ 0700 -0.2 -
,! 1700 -0.22 -
|
4/8/98 0700 -0.23 -
| 1700 -0.16 -
i
l .
: 4/9/98 0830 -0.12 -
.'
! Note: Negative "-" values indicate a rise in water level.
I'l ft msl Feet relative to mean sea level
K ft bmp Feet below measuring point .
R Values refer to change in stage of North Stream
! NS Not surveyed ' :
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Results of Enchanced
Reductive Dechlorination
Pilot Study, Colesville
Landfill, Broome County,
New York

1. Introduction

ARCADIS Geraghty & Miller, Inc., was retained by Broome County and GAF Corporation to
prepare this summary of the Enhanced Reductive Dechlorination (ERD) Pilot Test conducted
at the Colesville Landfill, located in Broome County, New York. This summary is intended
to present the results of the pilot test and critical design data that would be necessary to
implement the design-related activities for a larger scale ERD approach at the Colesville
Landfill. Preliminary information regarding the progress of the pilot test has been submitted
to the United States Environmental Protection Agency (USEPA) in progress reports dated
March 31 and June 15, 1999.

The Pilot Test was initiated in the northwestern portion of the site in an area adjacent to
the landfill where historically the highest concentrations of volatile organic compounds
(VOCs) have been observed (Figure 1). The ERD Pilot Test was conducted for six .
months between December 1998 and July 1999. This test involved supplying the
impacted groundwater with a carbon source in the form of 2 mixture of molasses and
water. This molasses reagent induces an anaerobic and reducing environment in the
groundwater (an in-situ reactive zone), which is conducive to enhaneing the natural - .
biodegradation of chlorinated aliphatic hydrocarbons or VOCs present in groundwater
atthe site. The target VOCs at the Colesville Landfill include tetrachloroethene (PCE)
and 1,1,1 trichloroethane (TCA) and their associated degradation (daughter) products.
The biodegradation mechanisms that are enhanced are reductive dechlorination (or
dehalogenation) processes. Evidence of an anaerobic and reducing groundwater
environment in portions of the site was previously presented in Appendix A of the
Revised Focused Feasibility Study (ARCADIS Geraghty & Miller 1996), and Natural
Attenuation Sampling Data Reports (ARCADIS Geraghty & Miller 1997, 1998a,

1998b, 1998c).
The ERD Pilot Test was highly successful in accomplishing the objectives of

enhancing biogeochemical conditions to dramatically increase rates of biodegradation
at the site. An overview of the significant results that were achieved during the six

month pilot test is as follows:

e A redox zone was strongly established in and downgradient of the pilot test area.
» Significant concentrations of total organic carbon (TOC) have been introduced.

e Degradation of VOCs to more lightly chlorinated compounds is clearly evident.

DRAFT
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s An overall reduction in VOC concentrations was achieved.

+ A steep decline in VOC concentrations at the downgradient edge of the ERD zone
was achieved.

* Some surfactant effects (desorption of VOCs) are evident in close proximity to the
injection wells, which indicates that an ERD approach can significantly reduce the
remedial timeframe by attacking sorbed contaminant mass.

2. Site Background and Conditions

Waste disposal operations were conducted at the Site from 1969 until it was closed in
1984. The landfill was primarily used for the disposal of municipal solid waste.
Historical data indicate that waste was not placed below the water table during : -
operation of the landfill. Installation of the landfill cap as a source control measure,
which was completed on November 1, 1995, will essentially eliminate the generation

- of landfill leachate over time. In addition to the expected iniprovement in.groundwater:

quality résulting from the landfill caps, VOC mass removal via natural attentiation -
processes are ongoing at the Site. Groundwater samples collected from beneath-and
downgradient of the landfill since 1995 indicate that the areal extent of VOC-intpacted
groundwater is static, and total VOC concentrations are stable to decreasing with time.
The following sections present details regarding the groundwater chemistry and
hydrogeology of the site and pilot test area.

24 Groundwater Chemistry

Several classes of VOCs are present in the site groundwater, including aromatics such

as benzene, toluene, and chlorobenzene; chlorinated aliphatics, such as trichloroethene

(TCE) and its degradation products, including cis-1,2-DCE, and vinyl chloride (VC);

and 1,1,1-trichloroethane (TCA) and its degradation products, including 1,1 |
dichloroethane (1,1-DCA), chloroethane (CA) and the transformation product 1,1-

dichloroethene (1,1-DCE). Additional chlorinated intermediates are also present in the

groundwater, such as chlorinated methanes and substituted benzenes.

The chlorinated VOCs present in the site groundwater can be degraded both biotically
(ie. through biologically mediated processes) and also through abtotic (or chemical,
non-biological processes). The following sequences show some of the general
transformation sequences for the VOCs on site (with “a” indicating an abiotic pathway;

and “‘b” indicating a biotic pathway). ' :
DRAFT
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A

L . .
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Al

e 1,1,1-trichloroethane (TCA) —* 1,1-dichloroethene (1,1-DCE) —"vinyl
chloride (VC) —° ethene —”ethane -

e TCA —*acetic acid
e TCA —"1,1-dichloroethane (1,1-DCA) — " chloroethane (CA) —»? ethanol
/ —»® ethane

e 1,2-dichloroethane (1,2-DCA) —" ethane

e tetrachloroethene (PCE) —»® trichloroethene (TCE) -’ cis-1,2-
dichloroethene (1,2-DCE) —* VC —° ethene —" ethane

e carbon tetrachloride (CT) —" chloroform (CF) —»° -
dichloromethane[methylene chloride (MC)] —” chloromethane (CM) -°

methane

) The primary constituents on sil:e- are TCAandPCE and their transformation products. - -

Groundwater data collected prior to June 1996 indicated that the areal extent of VOC- -
impacted groundwater at the site had remained static, with some wells showing
decreasing concentrations with time. These results prompted an investigation in June
1996 to collect biogeochemical parameters from groundwater at the site in order to
evaluate potential natural, (or intrinsic) biodegradation processes that were believed to
be ongoing. Additional rounds of biogeochemical sampling data collected in July 1997
and quarterly in 1998 (March, June, September, and December) provided further
evidence of ongoing biodegradation mechanisms at the site.

The results of the biogeochemical sampling rounds showed that anaerobic and
reducing environments were present in groundwater beneath and immediately adjacent
to the landfill. These conditions are necessary for natural biological processes to
effectively degrade the chlorinated VOCs. At distances further away from the landfill,

the geochemical environment transitions to a primarily aerobic environment.

Chlorinated compounds can be subject to anaerobic reductive dehalogenation reactions
in groundwater, whereby a chlorine atom is removed and substituted with a hydrogen
atom. The reductive process is usually through co-metabolism. Reductive
dechlorination mechanisms involving cometabolic processes contribute to the
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degradation of the VOCs present in groundwater at the site (such as TCE and 1,1,1-
TCA). :

The reductive dechlorination of chlorinated VOCS involves naturally occurring
subsurface microbes which utilize organic carbon in the groundwater as a primary
substrate for obtaining energy. During this process, the microbes use the chlorinated
VOCs as electron donors, and oxygen, nitrate, and/or iron/manganese, sulfate, and
carbon dioxide, as electron acceptors. Enzymes produced by microbes during the more
strongly reducing reactions fortuitously degrade the source chlorinated VOCs. The
organic carbon necessary for cometabolic degradation can either be natural (i.e.,

present in the aquifer matrix) or anthropogenic (such as in the form of other
groundwater contaminants, such as benzene, and toluene).

The presence of organic carbon is necessary for the anaerobic dechlorination processes

. to occur. At the Colesville site the presence of organic carbon (as dissolved total
‘organic carbon [DOC]) in the wells in or near the landfill allows for reductive-

dechlorination to occur. The occurrence of reductive dechlorination mechapisms is-.
evidenced by relatively elevated concentrations of ethene and etharie (final degradation . .

. products) in these wells. However, the relatively low concentrations of dissolved

organic carbon in the area downgradient of the landfill are a limiting factor in the
degree of reductive dechlorination in groundwater. The basic goal of the pilot study
was to enhance a carbon-depleted portion of the site groundwater in order to stimulate

degradation processes.

2.2 Site Hydrogeology

The target hydrogeologic unit at the Colesville Landfill is the glacial outwash aquifer.
This aquifer has a thickness of approximately 20 ft in the pilot test area. Glacial
outwash deposits consist of a heterogeneous mixture of gravel, sand, clay and silt.
The average hydraulic conductivity of these materials is approximately 0.3 f/day
(ARCADIS Geraghty & Miller 1998). Depths to water in the pilot area are
approximately 40 feet (within sands and silty sand lithologies). Groundwater
elevations measured over successive events in monitoring wells during the pilot study
indicate that groundwater is flowing in a westerly to southwesterly direction (Figure 2).
The horizontal hydraulic gradient in the immediate vicinity of the pilot test is
approximately 0.5 feet per foot. Assuming an effective porosity of 20 percent for the
silty sand lithology, the average linear groundwater velocity in this localized area is
approximately 0.75 feet per day (ft/day) or approximately 274 feet per year.
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Glaciolacustrine deposits ranging in thickness from 6 to 225 ft were encountered
throughout the site directly beneath the glacial outwash deposits. This unit, consisting
predominantly of silt and clayey silt, acts as a confining unit between the glacial
outwash aquifer and the underlying bedrock aquifer.

3. Objectives of the ERD Technology

The application of Enhanced Reductive Dechlorination (ERD) is intended to address
the chlorinated VOCs present in the glacial outwash aquifer in the vicinity of the
landfill. By creating an in-situ reactive zone it is possible to remove VOC mass from
the subsurface at a rate much greater than that which could be achieved through
groundwater extraction alone. The ERD approach would ultimately degrade VOCs to
innocuous compounds such as carbon dioxide, water, and chloride. The in-situ

. reactive zone technology will not generate air. emissions, thereby eliminating the .
potential for transfer into another media, as well as the need towetreat an air- dxscharge
vaporstream(asmﬂ'lecaseofﬂteSVBsyshem) = .

The large scale effectiveness of an ERD appmach atﬂns site wxll be dependent on thie
efficacy of the resulting in-situ reactive zone in desorbirig VOCs from the aquifer
media and then degrading the VOCs dissolved in groundwater. The pilot study was
therefore targeted for an area of the site where relatively elevated concentrations of
VOCs have been detected in groundwater (approximately 2 to 4mg/L). An overview

of the Pilot Test approach is presented in Section 5.

4. Detailed Description of the ERD Technology

This section of the report contains a detailed description of the ERD technology.

4.1 Overview of Enhanced Reductive Dechlorination (ERD)

The prevalent chlorinated solvents found at the Colesville Site are PCE and TCA. PCE
and TCA are both transformed by naturally occurring chemical and biological
processes in the subsurface to form a variety of other VOCs (daughter products). PCE
is transformed primarily through biotic processes (i.e. biologically mediated), while
TCA is capable of both biotic and significant abiotic processes (i.e. non- biological, or

chemical).
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4.1.1 Reductive Dechlorination Processes

. Reductive dechlorination is a general term that describes the sequential removal of a chlorine

atom from a chlorinated VOC and the substitution with a hydrogen atom. The degradation
sequence for PCE is as follows: PCE — TCE —> DCE—> VC —> cthene—> ethane — carbon

dioxide, water and chloride.

The later steps of this process, such as the degradation of DCE (cls-and trans-isomers) to VC,
and the degradation of VC to ethene, generally require more strongly reducing conditions
than do the initial degradation steps. The more highly chlorinated compounds are most
susceptible to reductive dechlorination because of their higher state of oxidation (McCarty
1996). Often the groundwater environment is not reducing enough (i.e., the oxidation-
reduction potential is not negative enough) to allow for the complete degradation of a
chlorinated VOC to:occur, which can result in an accumulation of daughter products (such as
DCE and VC). Generally, stronger reducing conditions, and thie depletion of electron
acceptors, are needed to foster the latter processes in this sequence. Under transitional to -
oxidizing conditions (ORP measurements above 0 mV) n groundwater most anacmblc .

«teduchvereacuonsm'enot favorable. . | 4 Cwr oL e e

Reductive dechlorination mechanisms are primarily co-metabolic processes that occur .
in anaerobic (oxygen-deficient) environments. Once oxygen is depleted from the
groundwater environment, microbes can utilize alternate electron acceptors for
respiration, such as nitrate, iron, manganese, sulfate, and carbon dioxide. Organic
carbon serves as an energy substrate and is oxidized during this process. Enzymes and
co-factors produced during these reactions fortuitously degrade the source chlorinated

volatile organic compounds (McCarty 1996).
412 Applying ERD for Groundwater Treatment through In-Situ Reactive Zones

ERD is founded on the concept of enhancing the natural conditions in the subsurface system
in order to drive the conditions to a state that is more conducive to degradation of the VOCs.
Often, natural degradation is limited or stalled at a site due to one or more of the following

limiting conditions:

Aerobic or oxidizing conditions.
Weak reducing conditions.
Deficiency of organic carbon.
Deficiency of electron acceptors.
Deficiency of nutrients.
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» Stressed bacterial population.

The most common rate-limiting factors that result in slow or little degradation are a
lack of organic carbon and relatively mild redox conditions (often slightly aerobic). It
has been reported that concentrations of TOC in excess of 100 times the contaminant
concentration are needed for optimal co-metabolic degradation rates (Bouwer 1994).

In order to overcome the lack of adequate natural carbon and ensure a strongly reducing
environment for the reductive dechlorination of the parent chlorinated solvents and their
daughter products, the use of ERD through molasses injection was proposed at the Colesville
site. The application of ERD result in the faster rates of reductive dechlorination of VOCs by
sequentially lower redox environments in groundwater, with greater utllxzatlon of sulfate and
carbon dioxide as electron accepmts. . ,

An advantage of ERD nuhzmg erganic carbon substxates is the abthty to treat mass that is
adsorbed to the subsurface soil matrix. More traditional groundwater treatment technglogies -
rely on physical flushing of this mass from the aquifer, which requires multiple pore:-yolumes -

.of the aquifer to be removed, often with only a small percent of thetotal mass removed. The

ability of ERD wchnology to treat adsorbed mass ls due to severil factors: - ot

1. In a carbon-nch agueous envn'onment, hydrophobic constituents wﬂl tend to parhhon
from the soil matrix into the aqueous environment; :

2. A flourishing microbial community produces natural surfactants (consisting of
carbohydrates and lipids) which aid in desorbing mass from the soil matrix; and

3. Fermentative conditions created in the subsurface via the ERD produce low
concentrations of alcohols which can have a co-solvency effect, making mass accessible

to the microbial population for treatment.

One of the goals of the Pilot Test at the Colesville Site was to determine the amount of
desorption that the ERD would create and to ensure that this influx of mass could be

effectively treated via ERD.
5. Pilot Test: Overview of Approach
A plan to conduct the pilot test at the Colesville Site was proposed to the USEPA and

New York State Department of Environmental Conservation (NYDEC) in November
1998. This test involved the installation of an additional two injection wells and two
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monitoring wells. Molasses-based reagents were delivered to the impacted aquifer
through a network of three injection wells for a period of approximately 6 months
(December 1998 to July 1999), while periodically monitoring the groundwater in the
test area for VOCs and select biogeochemical parameters. The following sections
present an overview of the rationale, goals and scope of work for the Pilot Test.

5.1 Pilot Test Rationale

The Pilot Study was implemented in the northwestern portion of the site near existing
wells GM-PW-1 and GM-MW-1. Groundwater in this portion of the site showed
concentrations of chlorinated VOCs in the 2 to 4 mg/L range and also showed .
significant evidence of the degradation of these VOCs. This area was selected under
the premise that if ERD could be successful in this area of historically high
concentrations of VOCs, it could be successful as a site-wide remedy. - -

5.-2. Pilot Test Goals

Ultimately, the goals of the pilot test were to gather information that canbe usedto.... - . ..o

estimate the long-term treatment effectiveness, the remedial timeframe and costs . : - -
associated with the fuill scale system. Specifically, the goals of the Pilot Test were as :

follows:

A = Demonstrate the ability of the ERD to desorb the mass of YOCs that is adsorbed to

the aquifer matrix. VOC mass adsorbed to the aquifer would lengthen the
duration of traditional treatment techniques for the site. Identifying the relative
concentrations (or influx) of VOCs as a result of the ERD Pilot Test is an
important first step in evaluating the efficacy of ERD.

» Evaluate the degradation of YOCs along groundwater flow paths. Develop

degradation rates for groundwater so that long-term effectiveness and treatment
life span can be evaluated.

Determine the optimal strengths and frequency of reagent delivery for the site.

5.3 Pilot Test Scope of Work

The scope of work associated with the implementation of the Pilot Test consisted of the
following elements:

|
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Well Installation: Two injection wells were installed in the glacial outwash
aquifer to a depth of approximately 65 feet below land surface (ft bls). The
injection wells were located approximately 15 and 30 feet northwest of existing
well GM-MW-1, respectively (identified as IW-1 and IW-2 on Figure 2). These
wells were installed using hollow stem auger techniques, and are constructed of 2-
inch diameter .006-inch slotted PVC screen. Two additional monitoring wells
were also installed prior to initiation of the pilot test, using similar installation
techniques and construction specifications: Monitoring Wells GMMW-4 and
GMMW-5 were installed approximately 15 and 25 feet southeast of existing Well
GW-PW-1. Additionally, existing wells GM-MW-1 and GM-PW-1 were used as
injection and monitoring wells, respectively. The distance between individual
injection and monitoring wells in each row varied between five and fifteen feet.
This configuration was selected to allow for some variability in the induced
flowpath created during the pilot test and also to collect data in the early stages of
the pilot test. ' » o

Groundwater Monitoring: A baseline monitoring event consisting of VOCs and.
biogeochemical parameters was conducted at the three pilot monitoring wells
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(GM-PW-1, GMMW-4 and GMMW-5) in December 1998 prior to the initiation . |

of molasses injections. Field parameters and totil and dissolved organic carbon
were also collected from the three injection wells during the baseline event. To

evaluate pilot test performance, a complete set of biogeochemical parameters and -

VOCs were also collected from these three wells in April and July 1999.
Additionally, reduced sets of field parameters and DOC/TOC were also collected
periodically from injection and monitoring wells. In addition, samples were also
collected from GM-PW-2 (located approximately 180 feet downgradient of
injection well GM-MW-1) during the baseline and July 1999 monitoring events.
Monitoring of other downgradient wells (GMMW-2, PW-4, and PW-5) in future
sampling events will also be conducted. All monitoring events consisted of
monitoring of both water levels and groundwater quality. The results of the
baseline and performance monitoring events are discussed in further detail in

Section 7.

Injections: A molasses and water reagent (mixed at a ratio of 1:100) was initially
targeted for each injection well utilized in the pilot test Given the results of initial
water level and field parameter monitoring, the strength of this reagent was later
increased to approximately 5 gallons of molasses per 27 gal of water, and the
injections were conducted weekly. In order to implement a bi-weekly injection
schedule, the solution strength was subsequently doubled to 10 gal of molasses
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per 27 gal of water. The reagent was delivered primarily via gravity feed due to
the approximately 40 foot depths to groundwater. Injection wells were monitored
periodically for TOC (as an indicator of carbon loading), and for field parameters
(particularly pH —in order to monitor for extreme fermentative conditions). Actual
delivery volumes varied between 23 and 37 gallons per bi-weekly injection event
per well.

Reporting: Two progress repotts, dated March 26 and June 4, 1999, were submitted to
the USEPA to report groumdwater quality data collected during the Pilot Test. These
progress reports also reported any changes in scope or operation and maintenance -

issues which arose during the test. This report is intended to summarize and evaluate
the final results collected during the pilot study.
6. Pilot Test Delivery System

6.1 Injactlon WelIsIOpemﬁon and Maintenance
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- - Three m}ecuon wells were used to dehver the molasses reagent to. the groundwater and. - .

create an in-situ reactive zone. Injection wells IW-1, IW-2 and GMMW-1 received 15 .

bi-weekly injections throughout the course of the six month pilot test. Injections in .
these three wells have continued on a voluntary basis since completion of the six
month test. An initial molasses to water ratio of 1:100 was utilized for the first six
injection events. Sampling of the injection wells indicated that the molasses feed rate

was too low.

Beginning on February 23, 1999, the molasses-to-water ratio was increased to a
solution strength of 5 gal of molasses to 27 gal of water per well per week. Beginning
on April 6, 1999, the injections were conducted on a bi-weekly schedule, and the
solution strength was increased to 10 gal of molasses to 27 gal of water so that the
same mass of molasses was delivered. The increased ratio was necessary to conform
to field conditions based on TOC measurements and calculations of hydraulic gradients
and groundwater velocities. The water table configuration in the vicinity of the pilot
test area is shown on Figure 1.

Minimal additional operation and maintenance (O&M) of the injection wells was
required as part of the pilot test. The screen zones of IW-2 and IW-1 were swabbed
and surged in April 1999 to break up and remove suspected bacterial growth or viscous
molasses residue which was creatmg unusually high water level elevations within these
wells.

|
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Ficld parameters were initially collected on a monthly basis from the injection wells in
order to document the establishment of the ERD zone. Following an increase in
reagent injection strength (February 1999), the pH measured in groundwater from
Injection Well IW-2 was too low (4.5) and the TOC loading too elevated (36,000
mg/L). Variables which limit reagent deliverability (such as well or screen clogging or
low aquifer permeability) can allow for elevated levels of reagent (carbohydrates) near
the well which can lower the pH and create fermentative conditions (and unwanted
intermediates). In order to alleviate the condition in IW-2, reagent injections were
temporarily alternated with clean water injections on 2 injection (see Appendix A)
events in order to push the reagent away from the well, and allow the TOC and pH

levels to rebound.
7. Pilot Test Performance Monitoring

A monitoring program was developed to (1) assess whether the injection program was
delivering adequate concentrations of organic carbon to groundwater beneath the test
area, (2) monitor how biogeochemical conditions were affected by the injection, and

© (3) evaluite the overall objective of the pilot test in degradmg VOCs.in- gmt.mdwa’eer

The monitoring program consisted of the following elements.

e Baseline samplmg to characterize biogeochemical conditions and VOC
- concentrations at the start of the test. Initial sampling during the early phase of the
injection program to monitor field parameters and TOC/DOC concentrations is
discussed along with the baseline sampling in Section 7.1.

o Sampling and analysis of select biogeochemical parameters and VOCs at the
approximate midpoint of the test in April 1999.

e Sampling and analysis of select biogeochemical parameters and VOCs at the
conclusion of the test in July 1999.

A discussion of these sampling events is provided below.

7.1 Baseline and Initial Sampling Events

The primary objective of the initial data collection effort was to document baseline
conditions in groundwater in the pilot test area and to evaluate whether the inj jection of
a carbohydrate solution (sucrose in the form of food-grade molasses) was establishing
a more strongly anaerobic and reducing environment. This was accomplished by
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collecting an initial round of groundwater samples from the pilot monitoring wells, and
also by collecting field parameters and TOC/DOC from injection and monitoring wells

in the initial stages of the program.

Prior to the first injection on December 8, 1998, samples were collected from the test
monitoring wells (GM-PW-1, GM-MW-4, and GM-MW-5) and downgradient well
GM-PW-2 (on December 10, 1998) to document baseline concentrations of VOCs and
biogeochemical indicator parameters. The results of field parameters measured at both
the monitoring wells and the injection wells (GM-MW-1, IW-1, and IW-2) is presented
in Table 1. Table 2 presents the results of biogeochemical analyses for the monitoring
wells. The results of VOC analyses are provided in Table 3. Additional laboratory
analytical data for total organic carbon (TOC) and dissolved organic carbon (DOC)
measurements were also collected during the initial stages of the pilot study and are .
provided in Table 2. Baseline conditions in the pilot test area are summarized on
Figure 3 and can be charactenzed as follows:

. Thc primary . VOCs in groundwal:er are Mchlomethene (TCE) cis-1,2- -
dichloroethene (cts-l,Z- DCE), chlorobenzene, and chloroethene.

° D‘ISSOlVBd oxygen was detectedmgmtmdwatermthe range of 0.9 to 2.0
mg/L.

e Oxidation-reduction (redox) potential was measured in groundwater in the
range of -139.3 to -6.5 mv.

e DOC and TOC were detected in groundwater in the range of 5.5 to 8.5
mg/L and 5.0 to 7.4 mg/L, respectively.

o Femrous iron was detected in groundwater in the range of 0.27 to 2.66
mg/L.

These baseline data indicate a moderately reducing environment with some organic
carbon present in groundwater to support bacterial growth. Concentrations of ferrous
iron in GM-PW-1 (2.66 mg/L) and GM-MW-4 (2.32 mg/L) provide a relative
indication of the presence of a reducing environment in the test area (as compared to
background levels of ferrous iron measured in areas of the site not impacted by the

landfill).
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Field parameter measurements and laboratory analytical results for TOC and DOC
were collected on a monthly basis during the initial stages of the pilot test between
December 1998 and April 1999. The purpose of these monthly events was to collect
preliminary data to determine when the ERD Zone was established and when more
thorough groundwater analysis would be wammanted. The initial measurements
indicated that the ERD zone was being established by March 1999 and was expanding
outward to encompass the area of the test monitoring wells. Initial measurements of
field parameters and TOC/DOC analysis is discussed below.

Injection Wells

Biogeochemical indicator parameters measured in February and March 1999 indicated
that a strongly reducing environment with high levels of organic carbon was being
achieved. This was a result of increasing the reagent solution strength after injection

- event #6 (see molasses injection logs in Appendix A). An increased reagent strength
was found to have the following effects on groimdwater quality at.the injection wells

- -themselves.

* Dissolved oxygen (DO) decreased to the range of 0.2 to 0.37 mg/L.

* Oxidation-reduction (redox) potential was lowered to the range of -513.1
t0-376.3 mv.

* DOC and TOC were effectively increased to the range of 445 to 1230
mg/L and 804 to 1540 mg/L, respectively.

» Ferrous iron levels increased to the range of 2.78 to 32.0 mg/L.

Sulfide concentrations increased to a range of 0.169 to 0.222 mg/L.
Monitoring Wells

Indicator parameters collected from the monitoring wells on a monthly basis during the
early stages of the test also indicated a trend toward more strongly reducing conditions.

The data collected in February and March 1998 indicated the following:

* Redox potential decreased to a range of -51.7 to —121.1 mv, from a range
of -1.3to-1.7mv
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e DO had decreased to a range between 0.48 and 1.03 mg/L.

e Ferrous iron concentrations in GM-MW-4 and GM-MW-5 increased by an
order of magnitude.

In summary, the baseline data and initial monthly monitoring results showed that
changes made to the injection strength were beneficial in beginning to establish a
strongly reducing environment in groundwater within the pilot area.

|

72  April 1999 Performance Monitoring

The first extensive performance monitoring event was conducted in April 1999 after

initial measurements indicated that an ERD zone had been established. Three pilot test

monitoring wells (GM-PW-1, GM-MW-4, and GM-MW-5) were sample for - . ‘
biogeochemical indicator parameters and VOCs on Agpril 6, 1999. The results of this ks
monitoring event showed that geochemical conditions:were being effectively modified : . Sy
in the pilot test area and transformations of VOCs were'occurring in groundwater. T
The data also confirm that the increase in reagent injection strengths that began on B A
February 23, 1999 were effective in optimizing and maintaining an adequate carbon R
load in the groundwater. The following sections summarize the results of the first

performance monitoring event conducted in April 1999. The data are also presented in

Tables 1, 2 and 3. Mass histograms for chlorinated VOCs detected in individual wells

are also presented in Appendix B.

- A

Injection Wells

e Biogeochemical indicator parameters measured in groundwater from the mjection
wells in April 1999 indicated a strongly reducing environment was created in the
groundwater with high levels of organic carbon. A summary of key observations

is as follows:

e DO concentrations indicated that the groundwater in the vicinity of the injection
wells was anaerobic (in the range of 0.2 to 1.24 mg/L).

e ORP measurements indicate that the groundwater was reducing near the injection
wells (in the range of -78 to -376 mv).

e DOC and TOC concentrations showed that organic carbon was being delivered to
groundwater near the injection wells at concentrations significantly above DR AFT
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background (in the range of 445 to 39,900 mg/L. and 804 to 36,400 mg/L,
respectively).

e Elevated ferrous iron concentrations detected since initiation of the injections
demonstrated that ferric iron was being reduced to ferrous iron via iron-reducing
bacteria (in the range of 2.78 to 32.0 mg/L).

o Elevated sulfide concentrations measured in groundwater from the injection wells
(in the range of 0.169 to 0.222 mg/L) indicated that sulfate was being reduced by

sulfate reducing bacteria.

e pH was measured in the range of 4.5 to 6.2 SU, indicating that conditions were
generally amenable to subsurface microbes. However, the pH measurement of 4.5
indicated thiat injection well IW-2 contained conditions that were:becoming acidie

..and TOC loading was therefore decreased at this well. . - P

‘Incomparison to. the baseline data collected in December 1998, the April 1999 results.

showed that groundwater was driven toward a more reduced state, with evidence ofthe . .

utilization of alternate electron acceptors, and production of reduced by-products.
These conditions-are more amenable to more efficient rates of reductive dechlorination

then the baseline conditions.
Monitoring Wells

Biogeochemical indicator parameters measured from groundwater samples collected
from the monitoring wells in April 1999 indicated a continued trend toward more

strongly reducing conditions:

e A continued decrease in ORP measurements (ranging from 120 to '188 .
mV) shows that the area downgradient of the injection wells continued to
evolve towards 2 more reduced state.

e DO concentrations also decreased in the area downgradient of the
injection wells (ranging between 0.57 and .93 mg/L), indicating that
anaerabic environments were being maintained.

» Total organic carbon levels increased to between 4.4 and 11.3 mg/L. This
showed that a TOC gradient was being developed between the injection
wells and downgradient groundwater.
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VOCs collected from the monitoring wells in April 1999 showed an increase in
degradation products that is significant when compared to baseline or historical trends.
The following sections summarize the results of the first VOC analysis following the

initiation of reagent injections during the pilot study.

GMMW-4

Monitoring Well GMMW -4 is located in the center of the pilot test area andis
downgradient of both Injection Wells IW-1 and IW-2. Key observations based on data

from this well are as follows:

e Decreased in concentrations of benzené, chlorobenzene, chloroform, 1,2-
dichloroethane (1,2-DCA), 1,1-dichloroethene (1,1-DCE), 1,3-. .
dichloropropane (1,3-DCP), and ethylbenzene evident in the Apsil
sampling data indicate that the enhanced anaerobic and carbon-rich
environments aided in the degradation of these compounds.

e - Increased PCE- and DCE degradation, as evidenced by a lack of PCE
(from 15 ug/L to ND), and increases in TCE (from nan:=detect (ND) to 64
ug/L) and VC concentrations (from ND to 34 ug/L). Concentrations of
cis-1,2-DCE were reduced significantly (634 ug/L to 35 ug/L). An overall
reduction in VOC mass was observed in groundwater at GMMW-4 (see

histograms in Appendix B).

e Increased TCA degradation, as evidenced by decreases in TCA
concentrations (from 13.1 ug/L to ND) and increases in DCA
concentrations (from ND to 31 ug/L).

GMMW-5

Monitoring Well GMMW-5 is the southemmost monitoring well in the pilot test
located approximately 20 feet downgradient of Injection Well IW-2, and fifteen feet
(west) and side gradient of Injection Well GMMW-1. Key observations based on data

from this well are as follows:

» Decreased concentrations of xylenes, toluene, ethylbenzene, benzene and
chlorobenzene indicate that the induced anaerabic and carbon-rich
environments have aided in the degradation of these aromatic compounds.

| DRAFT
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Increased TCE and DCE degradation was observed as evidenced by
decreasing concentrations of TCE (588 ug/L to 240 ug/L), and associated
increases in DCE (from 462 to 860 ug/L) and VC (143 to 360 ug/L)
concentrations. The overall mass of VOCs in groundwater near this well
increased during the April sampling event; however, this mass is
comprised of more lightly chlorinated daughter products (see mass
histograms in Appendix B).

Increased TCA and DCA degradation was observed, as evidenced by
increases in the concentrations of DCA (227 to 580 ug/L) and CA (130 to

350 ug/L).

Increased MC concentrations (from 87 to 240 ug/L) may indicate a
desorption effect, since very little chloroform was present m the
groundwater (approximately 11 ug/L) to serve as a source. .

Monitoring well GMPW-1 is the northem most monitoring point associated with the -
pilot test and is located approximately ten feet downgradient of Injection Well IW-1. .
Key observations based on data from this well are as follows:

Decreased concentrations of benzene, chlorobenzene,
bromodichloromethane, 1,2-DCA, toluene and isopropylbenzene may
indicate that the enhanced groundwater conditions are more amenable to

degradation of these compounds.

Increased concentrations of TCA (from 98 to 140 ug/L) are most likely
due to desorption resulting from a natural surfactant effect. Adsorbed
VOCs are commonly desorbed from saturated aquifer materials during the
initial phases of an in-situ reactive zone approach. Hydrophobic
compounds will tend to desorb due to the presence of dissolved organic
carbon in the groundwater and also through the presence of materials
which are naturally produced by the enhanced microbial population (e.g.,
enzymes, lipids). These effects are pronounced due to the proximity of the
monitoring wells to the injection wells, but are expected to wane in later
stages of the test as a larger microbial population develops.

DRAFT
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e Increased TCA and DCA degradation was observed, as evidenced by
significant increases in concentrations of DCA (from 147 to 490 ug/L) and
CA (83 to 150 ug/L). This well showed an overall increase in the mass of
VOCs detected in groundwater. However, the majority of the mass
consisted of degradation products (see mass histograms in Appendix B).

e Increased PCE, TCE, and DCE degradation was observed, as evidenced
by a decrease in PCE (from 7 ug/L to nd) and TCE (219 to 91 ug/L)
concentrations, and the relatively greater predominance of DCE and vC
over the other more chlorinated source VOCs.

e

In summary, the April 1999 VOC data collected downgradient of the injection wells
showed a shift to a predominance of degradation products (DCE, VC, DCA and CA)
rather then source-type VOCs (PCE, TCE, and TCA). The elimination of aromatie
VOCs combined with differing rates of daughter product accumulation or depletion
suggests that these changes are a result of the transformation of the VOCs rather than

the effects of dilution.
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7.3  July 1999 Performance Monitoring

On July 14, 1999, a complete set of biogeochemical parameters and VOC analyses was
performed on groundwater samples collected from the three downgradient monitoring
wells associated with the pilot test (GMMW-4, GMMW-5 and GMPW-1).
Additionally, due to the greater localized groundwater velocity in the pilot test area, an
additional distal downgradient well was added to the July sampling event, GM-PW-2.
This data was collected following approximately 6 months of molasses reagent

injections at the site.

The results of the July 1999 sampling event show continued evidence that the
groundwater environment is maintaining an anaerobic and reduced state, and that
carbon gradients remain in the pilot area. Indicator parameters and general redox
environments are shown on Figure 4.

The results of VOC sampling in July also showed that continued transformation of the
VOCs is occurring, with a lower amount of mass present in some monitoring wells (see
Appendix B) and a greater percentage of degradation products present in all of the
monitoring wells. The results obtained from the distal monitoring well GMPW-2 were
particularly encouraging, showing that the areal extent of the reactive zone is much
greater than expected. Some desorption effects are still evident from the results;
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however, this is magnified due to the close proximity of the monitoring wells to the
injection area.

The following sections summarize the results of the biogeochemical and VOC analyses
for the monitoring wells used in the pilot study.

GMPW-1
Key observations based on data collected from this well are as follows.

e VOC concentrations have been reduced by 50 percent in this well since the
initiation of the pilot test. A greater percentage of degradation intermediates (as
compared with source VOCs) is now present in groundwater near this well. The
mass of VOCs in groundwater at this well has also been reduced through the

course of the pilot study (see mass histogram in Appendix B).

¢ A continued decrease in the concentrations of benzene, chlorobenzene, -
bromodichloromethane, 1,2-DCA, toluene and isopropyl benzene has been -
observed at this location (between 50 and 100 percent).

e The predominant VOCs in groundwater near this well are DCA (490 ug/L) and
DCE (440 ug/L), with an observed increase in the degradation of TCA, TCE and

DCE.

e TOC levels indicate that a significant carbon gradient has been established. TOC
levels were two orders of magnitude greater than baseline at this well location.

e Carbon dioxide, and dissolved and ferrous iron concentrations indicate that
anaerobic activity is significantly above baseline conditions. The ORP has also

been lowered significantly throughout the pilot test.

GMMW-5
Key observations based on data collected from this well are as follows.

e Overall VOC concentrations have only been reduced by approximately 5 percent,.
However, reductive dechlorination has resulted in a lowering of TCE
concentrations from 588 ug/L to 11 ug/L, while DCA, CA, DCE and VC
concentrations have increased. The mass of VOCs in groundwater at this well is R AF ?
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slightly greater than observed during the baseline event. The majority of this mass
is attributed to greater TCE degradation and the formation of DCE (see mass
histograms in Appendix B).

A significant TOC gradient has been developed at this well location.

Carbon dioxide and methane concentrations are elevated significantly, while
dissolved oxygen concentrations have decreased and dissolved and ferrous iron

concentrations have increased. These observations provide evidence that
significant anaerobic activity is ongoing in the pilot area.

GMMW-4

" Key observations based on data collected from this well are as follows.

VOC concentrations are elevated by approximately 200 percent as compared to the
baseline analysis. Previously this well had shown a decrease in VOCs of 85 -
percent. The 200 percent increase is most likely due to desoxption resulting from
injections in the two upgradient injection points that are-in close proximity to this

well.

Significant production of ethene and ethane was observed at this location, which
provides evidence of ongoing reductive dechlorination of VOCs.

ORP measurements and dissolved and ferrous iron and carbon dioxide
concentrations indicate that this area has transitioned toward a more anaerobic

environment.

GMPW-2

GMPW-2 is located approximately 180 feet downgradient of the pilot injection area.
Due to its distance from the injection wells, data was collected only during the baseline

sampling event and the final performance monitoring event.

e VOCs have been reduced by two orders of magnitude or approximately 95 percent
at this well location. Similarly, the total mass of VOCs at this well has also been
reduced significantly (see mass histograms in Appendix B). Less then 3 ug/l of
DCE, DCA, TCE and TCA now remain in groundwater near this well. These
results are significant, because they demonstrate the areal extent of the reactive

NRAET
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zone that has been established during the pilot study. Whereas the results obtained
from the monitoring wells that are directly adjacent to an injection location will
tend to show more transient effects of desorption, data collected from GMPW-2
show the full effects of ERD due to the longer residence time of VOCs being
subjected to conditions in the ERD zone.

o Increases in specific conductance, TOC, sulfides, and dissolved and ferrous iron all
provide evidence that the ERD zone has spread this far downgradient and induced

an anaerobic and reducing groundwater environment.

8. Strategy for Enhancing the Groundwater Remedy

Based on the results of the Pilot Test and other studies (e.g., aquifer test, ,
biogeochemical sampling) conducted since issuance of the groundwater remedy ..
described in the Record of Decision (ROD), ARCADIS Geraghty & Miller has ‘
developed an approach to enhance the removal of VOC mass and expedite the overall -
timefirame for remediation. The approach is based on utilizing key aspectsof the - :.-
existing pump-and-treat ROD Remedy, and enhancing the overall remedy. through: ;- '
application of the ERD technology. The following sections describe the limitations of
the ROD Remedy and how enhancing the remedy with an ERD zone can optimize the

overall groundwater remediation effort.
81 Limitations of ROD Remedy

The potential limitations of implementing pump-and-treat as a stand-alone

groundwater remedy was initially recognized after a thorough review of slug test data,
boring logs, grain size distribution tests, and well yield tests. Based upon this
information, groundwater flow and contaminant transport modeling was performed to
evaluate the effectiveness of the ROD Remedy (ARCADIS Geraghty & Miller 1996).
The solute transport simulations predicted that restoration of groundwater to maximum
contaminant levels (MCLs) for all VOCs would be attainable in a timeframe of
approximately 65 years for both pump-and-treat and natural attenuation. Factors such
as sorption of contaminants to the aquifer matrix and zones of low permeability where
groundwater velocities are extremely slow will result in the inability of pump-and-treat

to clean up the aquifer more quickly than natural attenuation.

In order to more rigorously evaluate hydraulic properties used in the modeling effort,
an aquifer test was conducted using Production Well GMPW-2 and nearby monitoring

wells. Production Well GMPW-2 was selected as the pumping well because it was in
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an area that is representative of the site hydrogeology and was requested by the
USEPA. The glacial outwash aquifer in this area consists of silty sand and fine sand,

with some clay.

The aquifer test provided reliable data for calculation of the transmissivity and
hydraulic conductivity of the glacial outwash aquifer. The hydraulic conductivity of
0.24 feet/day that was calculated from the time-drawdown data for Production Well
GMPW-2 corresponded to the previous hydraulic conductivity computed from specific
capacity data. The step-drawdown and aquifer testing program supported the grain
size distribution testing, slug testing, and groundwater flow and contaminant transport
results which concluded that groundwater pump-and-treat would not be effective given
the site specific conditions.

The primary factors that limit the effectiveness of pump-and-treat at the site are as R

follows:

» The glacial outwash aquifer has a poor ability to yield water, and preduction wells
can be expected to pump.at a rate of approximately 0.25 to 0.5 gallons per- minute

(gpm). '

e The production wells induce a steep cone of depression with limited areal extent,
which will have little effect in increasing groundwater velocities (and the
associated flushing of contaminants) on a site-wide basis.

o The timeframe for remediation will be determined by how fast the lower-
permeability zones flush. In localized areas of extremely slow groundwater
velocities, cleanup time will be limited by the rate of contaminant diffusion from
the low-permeability zones, which is an extremely slow process.

o The cleanup time will be limited by the desorption of contaminants from the
aquifer matrix.

8.2 Rationale for Application of an ERD Zone

Based on the anticipated limitations of pump-and-treat in restoring groundwater quality
to MCLs, the application of an ERD zone was identified as a technology that could
enhance the overall remedial effort by augmenting the existing anaerobic and reducing
groundwater environment. An ERD zone upgradient of the pumping wells would not
interfere with groundwater extraction and would address the factors responsible for
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limiting the effectiveness of pump-and-treat. An ERD enhancement of the pump-and-
treat remedy would augment the overall groundwater remediation in the following

manner:

e An ERD zone would treat a large volume of aquifer and overcome the fact that the
groundwater extraction wells influence only a small aquifer volume.

o An ERD zone would provide in-situ treatment of VOCs associated with extremely
low permeability zones, and overcome the fact that a pump-and-treat system may
be limited by the rate at which VOCs can diffuse from these zones.

e The injection of reagent acts as a surfactant that results in the desorption of VOCs
from the aquifer matrix, making the VOC mass more available for reductive
dechlorination. This process overcomes the fact that pump-and-treat can only
address the dissolved component of VOC contamination. : :

_“Therefore, an ERD zone located: close to the landfill boundary would complement and -
 enhance the pump-and-treat remedy and provide the: most feasible approach to

expediting the timeframe for restoring groundwater quality.
83 Full-Scale Groundwater Remediation system

This section provides a description of the physical layout for an enhanced pump-and-
treat groundwater remedy. The recommended configuration of remedial pumping
wells and the approximate location for the ERD zone injection wells are shown on

Figure 4.
83.1 Pump-and-Treat Configuration

The groundwater extraction component of the enhanced remedy would utilize existing
wells PW-2, PW-3, PW-4, and PW-5. These well locations were part of the ROD
Remedy for the extraction of impacted groundwater downgradient of the landfill. The
wells are incorporated into the enhanced pump-and-treat design because they will
intercept impacted groundwater within the limiting flowpaths of the highest

concentrations of VOCs.

The extracted water will be treated and discharged to the North Stream. The 6
NYCRR Chapter X, Section 930.4 - Table 1, entitled, “Classifications and Standards
of Quality and Purity which are Assigned to the Waters of the Susquehanna River
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Bordering or Flowing Through the Counties of Tioga, Broome, Chenango, Delaware
and Otsego”, was used in the determination of the North Stream classification. The
North Stream, which is referenced by the NYSDEC as Tributary 120, has a Fresh
Surface Water Classification of C and 2 Water Quality Standard of C(T). Based on this
classification and documented effluent limitations, an application will be submitted to
the NYSDEC for the establishment of effluent limitations for the site.

A portion of the treated effluent will be used as the source of water for mixing the
molasses and water solution for the ERD zone injections.

83.2 ERD System Configuration

The ERD zone component of the enhanced pump-and-treat groundwater remedy will
use a series of injection wells along the southwest boundary-of the landfill. The
recommended location of the planned ERD injection wells isrepresented with gray . .
shading (approximately 825 ft long) on Figure 4. The number of injection wells, the
spacing between wells, and the precise location of the wells;within this zone is .
presently under evaluation. - . , e e

The location of the ERD zone is based on enhancing biogeochemical conditions along ..
the section of the landfill boundary where the highest concentrations of VOC-impacted
groundwater are migrating downgradient. Based on the southwesterly direction of
groundwater flow inferred from water level contours on Figure 1, the ERD zone will
enhance the removal of VOC mass throughout a large volume of aquifer material. The
beneficial effects of the ERD zone will reduce VOC concentrations throughout the area
approximately bounded by the North Stream (downgradient of PW-6) to the southwest

and W-168 to the south.

The ERD zone is expected to reduce VOC concentrations throughout the reactive zone
and also facilitate the desorption of VOCs from the aquifer matrix. This desorption
effect will expedite the overall timeframe for remediation by making the sorbed VOCs
available for remediation via reductive dechlorination or groundwater extraction. Once
the ERD zone is well established and effectively reducing VOC concentrations, the
VOCs in groundwater extracted by PW-2, PW-3, PW-4, and PW-5 are expected to
decline to low asymptotic concentrations. After consistently low asymptotic
concentrations of VOCs are observed in the extracted groundwater, the pumping and
treatment of groundwater can be pulsed at rates consistent with the water needs for

mixing with molasses for the ERD zone injections.
DRAFT
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It is estimated that asymptotic concentrations will be achieved in a relatively short
timeframe (1 to 2 years) based on previous experience in similar environments. At the
appropriate time we will recommend to the USEPA and NYSDEC that the
extraction/treatment system be shut down (except for meeting the ERD zone water
needs), and the wells be used either for monitoring purposes or as additional ERD
injection points.

9. Summary

In summary, data collected over the past six months indicate that the pilot test was
effective in establishing an ERD zone with elevated organic carbon in the aquifer at the
site. The trends in the field parameter and biogeochemical measurements indicate that
the ERD zone has continued to strengthen and expand throughout the pilot test. “The
VOC data collected throughout the test demonstrated that the ERD technique has been
effective in transforming or degrading VOCs at rates that significantly exceed those
observed historically-for the site. . s

In areas located adjacent to the injection wells, desorption of VOCs from the aquifer

matrix (which is expected to be a relatively short-term phenomena) is observed. This
mass would be difficult to remediate through traditional remedial techniques (eg.,
pump and treat). As evidenced from data collected at a sufficient distance
downgradient of the pilot area, the mass that is introduced to the groundwater
environment through desorption can be effectively degraded within the reactive zone.

The key observations that demonstrate the effectiveness of the ERD zone at the
Colesville Landfill site are as follows:

e A steep decline in VOC concentrations was evident at the downgradient edge of
the ERD zone (approximately 180 ft downgradient of the injection wells).

e Degradation of VOCs to more lightly chlorinated compounds is evident in the pilot
test monitoring wells.

» A redox zone has been strongly established and significant concentrations of total
organic carbon have been introduced to the groundwater system.

e An overall reduction in VOC concentrations has occurred as the result of the ERD

Zone.
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The results obtained from this pilot test also identified the proper molasses reagent
strengths and frequency of delivery, which could be employed in a full-scale system.
Injections have continued in the pilot test area in order to maintain the reactive zone
and collect data on the longer-term effects of the ERD approach. Additional data will
be collected from other wells located downgradient of the pilot test (such as at
GMMW-2, PW-4, and PW-5). The data will be used to evaluate the areal extent of the
ERD treatment zone and provide engineering design information for a full-scale

system.
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MOLASSES INJECTION LOG

In Situ Reactive Zone Technology Field Test
Colesville Landfill Site
Colesville, New York

Injection Well # IW-1
—
Injection | Raw Molasses | Water Volume Solution Volume
Date No. Volume gallons) (gallons) I Strength (Ratio) Injected (gallons) | Notes/ Observations
12/8/98 1 0.216 21.6 100:1 23 Initial Injection
12/22/98 2 0.216 216 100:1 23 DTW: 47.57 (GMPW-1 DTW. 49.81)
1/6/99 3 0.216 21.6 100:1 23 DTW: 47.31 (GMPW-1: 49.73); 25 minutes
1/21/99 4 0.216 216 100:1 23 DTW: 47.03 (GMPW-1: 49.86); 11 minutes
2/3/99 5 0.216 216 100:1 . 23 DTW: 46.77 (GMPW-1; 49.51); 25 minutes
2/16/99 6 0.216 216 100:1 : 23 DTW. 46.62 (GMPW-1: 49.53); 10 minutes
3/1/99 7 5.0 270 5.5:1 - 32 DTW: 46.93 (GMPW-1: 49.60); 10 minutes
3/9/99 8 5.0 27.0 5.5:1 32 DTW: 46.72 (GMPW-1: 49.63); 20 minutes
3/16/99 9 10.0 27.0 2.71 37 DTW. 44.76 (GMPW-1: 49.60); 25 minutes
3/29/99 10 5.0 27.0 551 32
4/6/99 11 10.0 27.0 2741 37 DTW: 43.13 (GMPW-1: 49.34): Pressure Injection
4/19/99 12 10.0 27.0 2.71 7
5/3/39 13 10.0 27.0 2.71 37 DTW: 41.80 (GMPW-1: 49.11). Pressure 23 min.
5/17/99 14 10.0 27.0 271 37 DTW: 38.89 (GMPW-1: 49.17); Pressure 45 minutes
6/3/99 15 10.0 27.0 2.7:1 37 DTW: 42.84 (GMPW-1: 48.92)
6/16/99 16 10.0 27.0 2.71 37 DTW: 43.88 (GMPW-1: 49.08); Pressure 15 min.
6/30/99 17 10.0 27.0 2.7:1 a7 DTW: 43.98 (GMPW-1: 49.23); Pressure 10 min.
7/14/99 18 10.0 27.0 271 37 DTW. 31.99 (GMPW-1: 49.18),

RCADIS Geraghty & Miller " N DR AFT Page 1 of 1




MOLASSES INJECTION LOG

In Situ Reactive Zone Technology Field Test
Colesville Landfill Site
Colesville, New York

Injection Well # IW-2
injection | Raw Molasses | Water Volume Solution Volume I
Date No. Volume (gallons) (gallons) Strength (Ratio) Injected (gallons’ Notes/ Observations
12/8/98 1 0.216 216 100:1 23 Initial Injection
12/22/98 2 0.216 21.6 100:1 23 DTW: 49.61 (GMMW-45TW: 49.04)
1/6/99 3 0.216 21.6 100:1 23 DTW: 49.54 (GMMW-4: 49.21); 15 minutes
1/21/99 4 0.216 218 100:1 23 DTW: 48.33 (GMMW-4: 49.17); 23 minutes
2/3/99 5 0.216 21.6 o 10001 ) 23 DTW. 48.95 (GMMW-4; 48.95); 10 minutes
2/16/99 6 0.216 21.6 10001 - ' 23 DTW: 48.98 (GMMW-4: 48.95); 30 minutes
3/1/99 7 5.0 27.0 5.5.1 32 DTW: 48.98 (GMMW-4: 49.01); 40 minutes
3/9/99 8 5.0 27.0 5.5:1 ) 32 DTW: 46.08 (GMMW-4: 48.97); 35 minutes
3/16/99 9 10.0 27.0 271 ' 37 DTW: 44.75 (GMMW-4: 48.99); 100 minutes
3/29/99 10 5.0 27.0 : 5511 32
4/6/99 11 10.0 27.0 271 . 1. 37 DTW: 44.35 (GMMW-4: 48.90); Pressure Injection
4/19/99 12 10.0 27.0 2.7:14 37 ‘
5/3/99 13 0.0 0.0 - 0 DTW: 45.09 (GMMW-4: 48.71); Pressure 10 min.
5/17/99 14 10.0 . 27.0 2.7:1 37 DTW. 44.82 (GMMW-4; 47.57); Pressure 10 min.
6/3/99 15 0 27.0 water only 27 DTW: 44.28 (GMMW-4: 48.78)
6/16/99 16 10.0 27.0 2.71 7 DTW: 44.01 (GMMW-4: 47.88); Pressure 15 min.
6/30/99 17 0 27.0 water only 27 DTW: 43.80 (GMMW-4: 47.91); Gravity 3 hrs.
7/14/99 18 10.0 27.0 271 37 DTW: 43.63 (GMMW-4: 48.47)

\RCADIS Geraghty & Miller e ‘ DR AFT Page 1 of 1
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MOLASSES INJECTION LOG
In Situ Reactive Zone Technology Field Test
Colesville Landfill Site
Colesville, New York
Injection Well # GMMW-1
Injection | Raw Molasses | Water Volume Solution - - - ‘Volume
Date No. Volume (gallons) (gallons) Strength (Ratio) Injected (gallons) Notes/ Observations
12/8/98 1 0.216 216 100:1 23 Initial Injection
12/22/98 2 0.216 216 100:1 23 DTW: 47.77 (GMMW-5 DTW: 50.44)

1/6/99 3 0.216 216 100:1 23 DTW: 47.50 (GMMW-5: 50.43); 10 minutes
1/21/99 4 0.216 216 100:1 23 DTW: 47.60 (GMMW-5: 50.23); 7 minutes

2/3/99 5 0.216 216 100:1 23 DTW: 47.68 (GMMW-5: 50.05); 15 minutes
2/16/99 6 0.216 216 100:1 -~ 23 DTW: 47.64 (GMMW-5: 50.03); 15 minutes

3/1/99 7 50 27.0 55:1 32 DTW: 48.03 (GMMW-5: 49.90); 20 minutes

3/9/99 8 50 27.0 5.5.1 32 DTW: 48.21 (GMMW-5: 49.85); 10 minutes
3/16/99 9 10.0 27.0 2.7:1 37 DTW: 47.74 (GMMW-5: 49.83); 20 minutes
3/29/99] 10 5.0 27.0 551 ... 32

4/6/99] 11 10.0 27.0 2.7 37 DTW: 46.90 (GMMW-5: 49.77)
4/19/99 12 10.0 27.0 271 - 37~

5/3/99] 13 10.0 27.0 2.7 37 DTW: 46.23 (GMMW-5: 49.37); Pressure 6 min.
5/17/99] 14 10.0 27.0 2.7:1 37 DTW-: 46.63 (GMMW-5: 49.50); Pressure 5 min

6/3/99] 15 10.0 27.0 271 37 DTW: 45.83 (GMMW-5: 49.47)
6/16/99 16 10.0 27.0 278 oo -3 . |DTW: 47.29 (GMMW-5: 45.44); Pressure 10 min.
6/30/99] 17 10.0 27.0 271 - A DTW. 47.48 (GMMW-5: 49.52); Gravity 30 min.
7114/99] 18 10.0 27.0 2.7:1 37 DTW: 47.76 (GMMW-5: 49.64)

ARCADIS Geraghty & Miller
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Appendix B

VOC Mass Histograms for Selected
Monitoring Well Sampling Results,
Enhanced Reductive Dechlorination
Pilot Test, Colesville Landfill,
Broome County, New York.




ible 1. Summary of Field Parameters Measured in Groundwater, Enhanced Reductive bai:hloﬂnétlon Pilot Test, Colesviile Landfill,

Broome County, New York.

Page 1 of 2

ONSTITUENT: WELL: GMPW-1 GMPW-1 GMPW-1 GMPW-1 GMPW-1 GMPW-1 GMPW-1 GMPW-1 GMPW-2
DATE: 12/7/98 1/6/99 2/3/99 3/16/99 4/6/99 -6/3/99 6/3/99 7/14/99% 12/10/98
eld Flow through Cell Parameters
? Units.
4 pH units 6.86 6.72 6.90 6.9 6.9 6.64 5.93 6.08 6.22
sdox mv -139.3 -10.56 -1.5 -51.7 - -120.% -169.1 -166.9 -48.7
% onductivity umhos/cm 430 245 200 432 400 669 869 877 495
 amperature cslcius 13 7.0 19 115 12.0 13.2 131 124 12
urbidity NTU 9.8 - - 3.19 8.7 - 24.6 6.67 3.68
issolved oxygen mg/L 1.0 1.3 1.1 0.74 1.2 0.93 6.80 2.02 1.1
ONSTITUENT: WELL: GMPW-2 GMMwW-4 GMMW-4 GMMW-4 GMMW-4 GMMW-4 GMMW-4 GMMW-4* GMMW-5
DATE: 7/14/98 12/7/98 1/6/99 2/3/99 3/16/99 6/3/99 6/2/99 7/14/99 12/7/98
ield Flow through Cell Parameters
\nits
H pH units 6.23 6.85 6.61 7.03 6.90 6.60 6.69 6.68 6.88
edox mv -54.4 -84.5 -10.6 1.7 -85.6 -188.2 <126.2 -106.1 -6.5
‘onductivity umhos/cm 792 600 360 286 799 1096 1060 1223 420
‘emperature celcius 14.5 13 10 20 108 12.9 13.2 16.9 13
‘urbidity NTU 8.05 2 - - 13.70 - 20.7 9.14 0.95
Jissolved oxygen ma/t 0.22 0.9 1.4 1.3 0.48 0.51 875 2.87 2
Footnotes:
- Not analyzed.
ug/L Micrograms per liter.
mg/L Milligrams per fiter.
ng/L Nanograms per liter.
mv Millivolts.

umhos/cm Microohms per centimeter
NTU Nephlometric turbidity units.

Baseline sampling svent on 12/7/98.

sjeet\Broome\N'Y0949.0012\repors\ERD_seport_tables-Ficld Parametery
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i Page 2 of 2
able 1. Summary of Field Parameters Measured in Groundwater, Enhanced Reductive Dechlorination Pilot Test, Colesville Landfil,
Broome County, New York.
ONSTITUENT: WELL: GMMW-5 GMMW-5. GMMW-5 GMMW-6 GMMW-b6 GMMW-5 GMMW-B GMMW-1 GMMW-1
DATE: 1/6/199 2/3/99 3/16/99 4/6/99 5/3/99 6/2/99 7/14/99 2/16/99 3/9/99
ield Flow through Cell Parametars
Units

H pH units 6.63 7.1 6.9 - 6.8 6.46 5.97 5.88 6.9 6.2
edox mv -6.% -1.3 -1211 e ~156.7 -187.1 -98.9 -1.3 -428.4
‘onductivity umhos/cm 220 220 809 280 1114 1928 3270 200 448
emperature celcius 10 20 13.2 16.0 14.0 - 16.8 20 9.9
urbidity NTU - - 9.1 105 - 11.19 11.9 4.4 231
lissolved oxygen mg/L 24 1.6 1.03 0.8 0.14 0.02 2.14 0.6 0.46
JONSTITUENT: WELL: 1W-1 IW-1 IW-1 IW-2 IwW-2 IW-2 IW-2

~ . DATE: 2/16/99 3/9/99 3/16/99 2/16/99 3/9/99 3/16/99 6/3/99
H pH units 6.7 6.6 5.8 66 - b6 4.5 5.73
ledox mv 0.7 -139.3 3763 U7 5131 -78.7 76.7
sonductivity umhos/cm 175 37 634 130 899 2790 4.85
‘emperature celcius 20 5.4 132 20.5 8.1 10.4 13.7
furbidity NTU 14.6 20.4 73.0 21.8 87.4 177.6 <200
dissolved oxygen mg/L 1.3 1.07 0.20 0.37 1.24 7.09

1.0

Footnotes:

ug/L

mg/L

ng/L

mv
umhos/cm
NTU

Not analyzed.
Micrograms per liter.
Milligrams per liter.
Nanograms per liter.
Miltivoits.

Microohms per centimeter
Nephlometric turbidity units.

gject\Broome\NY0949.001 2\report\ERD_rcpant_tables-Ficld Parameters

Baseline sampling event on 12/7/98,

DRAFT



Table 2. Summary of Biogeochemical Parameters Measured in Groundwater Enhanced Reductwe Dechlorination Piiot Test, Page 1 of 4
Colesville Landfill, Broome County, New York. e

CONSTITUENT: LL: - . . .
DATE  ramie  anees  Ges  Soms 6388 onaes  vanome  Tnaws
: , 7/14/99 12/10/98 7/14/98
Dissolved Gases Units
Carbon dioxide mg/L 90.56 - 51.51 - - 273.9% 326.10 -
Oxygen mg/L 1.60 - 1.79 - - 0.54 0.64 -
Nitrogen mg/t 20.76 - 14.07 - - 13.84 " 13.37 -
Methane mg/L 1.02 - 0.32 - - 0.36 1.45 -
Carbon monoxide mg/L <0.40 - <0.40 N - <0.40 <0.40 -
Ethane ng/l 4360 - 835 T ) - 897 810 -
Ethene ng/L 9140 - 2814 - - 3232 5692 -
ic P .
Alkalinity 337 -~ 251 - - . 170 364 370
Ammonia <0.02 - <0.02 -~ - 0.1% <0.02 <0.02
Biological Oxygen Demand <3 - <3 - - 748 - <6
Chloride <1 - 8.3 - - 42.2 24 31.8
Chemical Oxygen Demand 8.2 - <2 - - 1480 - 12.8
Dissolved QOrganic Carbon 6.6 <06 <0.6 - - 559 5 14.7
Flouride 0.16 - - o . - - 0.16 -
Iron, Dissolved 5.33 - 671 . .= .. - 95.9 2,39 14.4
Iran, Total 5.84 - 4.04 - : - 81.3 3.29 12.8
Iron, Ferrous 2.66 6.7 0.60 5.40 2.78 > 75 2.72 16.3
Manganese, Dissolved 1.91 - 1.77 - - 14.5 0.047 0.188
Manganese, Total 1.96 - 1.5 - - 13.7 0.0 0.134
Nitrate <0.05 - '0.22 - - 1.54 <0.2 0.41
Nitrite 0.016 - <0.01 - - 0.017 <0.,01 0.02
Sulfate 2.15 - 6.75 - - 33.8 6.04 5.2
Sulfide, Lab <2 - <2 - - 0.386 <2 <2
Sulfide, field 0.022 0.014 0.027 0.086 0.170 - 0.07 0.170
Hardness 412 - - - - - 268 -
Total Organic Carbon 5 <0.5 4.3- o - 337 <0.5 6.1 -
Footnotes:

- Not analyzed.

ug/L Micrograms per liter.
mg/L Milligrams per liter,
ng/L Nanograms per liter.
mv Millivolts.

umhos/cm Microohms per centimeter

NTV Nephlometric turbidity units. D R A FT

Baseline sampling event on 12/7/98.
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Table 2. Summary of Biogeochemical Parameters Measured in Groundwater, Enhanced Reductive Dechlorination Pilot Test, Page 20t 4
Colesville Landfili, Broome County, New York.

CONSTITUENT: WELL: GMMW-4 GMMW-4 GMMW-4 GMMW-4 GMMW-4 GMMW-4 GMMW-4* GMMW-5
DATE: 12/7/98 3/16/99 4/6/99 5/3/99 6/2/199 7/14/99 714/99 12/7/98
Carbon dioxide mg/L 167.95 - 136.43 - 176.86 176.14 84.67
Oxygen mg/L 0.88 - 0.54 - 0.68 0.64 2.86
Nitrogen mg/L 18.88 - 12.83 - 15.54 158.74 17.84
Methane mg/L 0.92 - 041 - 0.62 0.6 0.45
Carbon monoxide mg/L <0.40 - <04 L - <0.40 <0.40 <0.40
Ethane ng/L 5843 - 1295 . . - 1897 1801 2690
Ethene ng/L 23656 - 10799 - 16029 15993 7700
Inorganic Parameters inmg/t
Alkalinity 518 - 465 - 586 590 316
Ammonia 0.05 .- 0.13 . - 0.05 <0.02 <0.02
Biological Oxygen Demand <3 - <3 - 57.7 33.7 <3
Chloride 48.4 - 6.4 - 47 45.1 25.2
Chemical Oxygen Demand 20.8 - 17.7 - 251 244 14.2
Dissolved Organic Carbon 8.5 8.8 7.7 - 84.9 81.6 5.5
Flouride 0.33 - - - - - 0.33
iron, Dissolved 14.5 - 21.8 - 36.3 36.4 0.455
tron, Total 14.8 - 24.9 N - 36.3 3a.1 0.493
iron, Ferrous 2.32 23.4 20.2 39.0 >76 >75 >75 0.27
Manganese, Dissolved 3.73 - 4,92 - 12,5 13 1.79
Manganese, Total 3.94 - 4.37 : - 13 1.9 2.15
Nitrate 0.28 - T 0.34 ’ - <0.2 0.18 0.632
Nitrite 0.028 - 0.036 - <0.01 0.051 0.026
Sulfate 3.08 - 6.61 .- 2.21 2.24 4.38
Sulfide, Lab <2 - <2 - <2 <2 <2
Sulfide, field 0.01% - 0.013 0.028 0.121 0.024 0.024 0.006
Hardness 680 - - - - - 486
Total Organic Carbon 7.4 6.5 1.4 - 64.8 75.7 6.6
Footnotes:

- Not analyzed,

ug/t Micrograms per liter.
mg/L Milligrams per liter.
ng/L Nanograms per liter.
mv Millivolts.

umhos/em Microohms per centimeter

NTU Nephlometric turbidity units. D R A F T

Baseline sampling event on 12/7/98,



Table 2. Summary of Biogeochemical Parameters Measured in Groundwater, Enhanced Reductive Dechlorination Pilot Test Page 3 of 4 i

Colesville Landfill, Broome County, New York. ' ’
CONSTITUENT: WELL: GMMW-5 GMMW-§ GMMW-5 GMMW-5 GMMW-5 GMMW-1 GMMW-1 IW-1

DATE: 3/16/99 4/6/99 65/3/99 6/2/98 7/14/98 2/16/89 3/9/99 2/16/99
Carban dioxide mg/L - 70.97 - - 825.28 - - - ‘
Oxygen mgit 0.57 - - 0.17 - - -
Nitrogen mg/L - 12.05 - - 1.64 - - - i
Methane mg/t - 0.2 - - 21.45 - - - )
Carbon monoxide mg/t - <0.4 - - <0.40 - - . .
Ethane ng/L - 861 - - 160 - - -
Ethene ng/L - 4329 - - 1416 - - -
ic P .
Alkalinity - KLY - - 656 - - -
Ammonia - 0.03 - - 0.49 - - -
Biological Oxygen Demand - 6 - - 1700 - - -
Chloride - 7.2 - - 73.1 - - -
Chemical Oxygen Demand - 14 - - 5380 v - -
Dissolved Qrganic Carbon 1.7 124 - - 1950 5.8 445 27.9
Flouride -- - - - - . - - -
iron, Dissolved - 15.4 - T - 2N - - -
tron, Total ’ - 15.7 Tes - 283 - - -
ron, Ferrous 23.7 1.89 220 TUTUUETETT TUUST8 ’ 19.2 2.78 1.14
Manganese, Dissolved - 2.14 - - 107 - - -
Manganess, Total - 2.1 - - 104 - - -
Nitrate - <2 - - 2.63 - - -
Nitrite - <0.01 - - 0.112 - - -
Suifate - 4.% - - 46.8° - - -
Sulfide, Lab - <2 - - <2 - - -
Sulfide, field 0.018 0.042 0.163 0.250 0.086 ND 0.176 0.006
Hardness - - - - - - .- -
Total Organic Carbon 10.4 11.3 - - 1880 5.8 804. 24.4
Footnotes:

- Not analyzed.

ug/L Micrograms per liter.
mg/t Milligrams per liter.
ng/l Nanograms per liter.
mv Millivolts.

umhos/cm Microohms per centimeter

NTU Nephlometric turbidity units. : D R F
Baseline sampling event on 12/7/88. R A T
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Table 2. Summary of Biogeochemical Parameters Measured in Groundwater, Enhanced Reductive Dechlorination Pilot Test Page 4 of 4
Colesville L.andfill, Broome County, New York. '

CONSTITUENT: WELL: IW-1 w-1 IW-2 w-2 IW-2 FB-1

FB-1
DATE: 3/9/99 3/16/99 2/16/99 3/9/99 3/16/99 4/6/99 7/14/99
Dissolved Gases Units
Carbon dioxide mg/L - - - - - 0.46 -
Oxygen mg/L - - - - - §5.26 -
Nitrogen mgi/l - - - - - ‘9.58 -

' Methane mg/L - - - - - 0.00236 -

[ Carbon monoxide mg/t -~ .- - - - <0.4 -
Ethane ng/l - - - - - 17 -
Ethene ng/L - - - - - 35 -

ic P .
Alkalinity - - - - - <2 <2
Ammonia - - - - - <0.02 <0.02
Biological Oxygen Demand - - - - - <3 <2
Chloride - - - - - <0.1 <0.05
Chemical Oxygen Demand -~ - - - - <2 <2
Dissolved Organic Carbon 395 986 26.1 1230 39,900 - -
Flouride - - - - - - -
Iron, Dissolved - - - - ' - - -
iron, Total - - - - - 0.2 0.173
Iron, Ferrous 2.60 32 16.70 272.3° 72541 - -
Manganese, Dissolved “ - - - - - -
Manganese, Total - - - - - 0.023 0.018
Nitrate - - - T - <0.2 0.107
Nitrite - - - - - <0.01 <0.01
Sulfate - - - -- - <2 <1
Sulfide, Lab - - - - - <2 <2
Sulfide, field . 0.033 0.169 0.182 0.222 1.6 - -
Hardness - - - - - - -
Total Organic Carbon 804 973 24.4 1540 36,400 <0.5 <0.5
Footnotes:

- Not analyzed.
ug/L Micrograms per liter.

mg/L Milligrams per liter.
ng/t Nanograms per liter,
my Millivolts.

umhos/cm  Microohms per centimeter DR A F T
NTV Naphlometric turbidity units. -

Baseline sampling event on 12/7/98.
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Table 3. Summary of VOCs Detected in Groundwater, Enhanced Reductive Dechlorination Pilot Test,
Colesville Landfill, Broome County, New York.
CONSTITUENT: WELL: GMPW-1 GMPW-1 GMPW-1 GMPW-2 GMPW-2 GMMW-4
DATE: 12/7/98 4/6/99 7/14/99 12/10/98 7/14/98 12/7/98
Valatile O ic C s i 1
Benzene 37.8 21 19 24.7 <1.0 46.1
Bromabenzene <1 <10 <1.0 <1 <10 <1
Chlorabromomethane <1 <10 <1.0 <t <1.0 <1
Bromodichloromethane 88.6 <10 <1.0 <1 <1.0 <1
Bromofarm <1 <10 <1.0 <1 <1.0 <1
Bromomethane <t <10 <1.0 <1 <1.0 <1
n-Butylbenzene <1 <10 <1.0 <1 <1.0 <1
sec-Butylbenzene <1 <10 <1.0 <1 <1.0 1.4
tert-Butylbenzene <1 <10 <1.0 <1 <1.0 <1
Carbon tetrachloride <1 <10 <1.0 <1 <1.0 <t
Chlorobenzene 1M1 57 . 62 16.5 <1.0 151
- Dibromochloromethane <1 <10 <1.0 <1 <1.0 . <t
Chlorosthane 83.1 _ 150 18 41.3 <1.0 270
Chloroform 7.5 <10 . 4.0 9 <1.0 17.7
Chloromethane <1 - <10 <1.0 <1 . <1.0 <1
" 2-Chiorotoluene : <1 <10 <1.0 <1 <1.0 <1
* 4-Chiorotoluene <1 . <10 . <1.0 <1 <1.0 <1
1,2-Dibromo-3-chloropropane <1 <10 . - <1.0 <1 <1.0 - <1
1,2-Dibromoethane <1 - <10 . <1.0 <1 <1.0 <1
Dibromomethane . <1 . <10 - . <10 <1 <1.0- <1
1,2-Dichlorobenzene <1 <10 <1.0 <t <1.0 <1
1,3-Dichlorobenzene <1 . <10 <1.0 <1 <1.0 <1
1,4-Dichlorobenzene <1 <10 <1.0 <1 <1.0 <1
Dichlorodifftuoromethane <1 <10 <1.0 <1 <1.0 <1
1,1-Dichloroethane 147 490 190 110 2.2 <1
1,2-Dichloroethane 6.3 <10 <1.0 <1 <1.0 25.1
1, 1-Dichloroethene 8.8 33 8.3 15 <1.0 12.9
cis- 1,2-Dichlorosthene 573 440 360 254 2.7 654
trans-1,2-Dichloroethene 1.2 27 <1.0 1.1 <1.0 28
1,2-Dichloropropane <1 <10 <1.0 2 <1.0 <1
1,3-Dichloropropane <1 <10 <1.0 <1 <1.0 31.2
2,2-Dichloropropane <1 <10 <1.0 <1 <1.0 <1
1,1-Dichloropropene <1 <10 <1.0 <1 <1.0 <1
cis-1,3-Oichloropropene <1 <10 <1.0 <1 <1.0 <1
trans-1,3-Dichloropropene <1 <10 <1.0 <1 <1.0 <
Ethylbenzene <1 <10 <1.0 <1 <1.0 1319
Hexachlorobutadiene <1 <10 <1.0 <1 <1.0 <1t
Isopropylbenzene 8.2 <10 <1.0 <1 <1.0 <1
p-Isopropylitoluene <1 <10 <1.0 <1 <1.0 <)
Methylene chloride 150 350 75 58.2 <1.0 <1
Naphthalene <1 <10 <1.0 <1 <1.0 <
n-Propylbenzene <1 <10 <1.0 1.1 <1.0 <1
Styrene <1 <10 <1.0 <1 <1.0 <1
1,1,1,2-Tetrachloroethane <1 <10 <1.0 <1 <1.0 <
1,1,2,2-Tetrachloroethane <1 <10 <1.0 <1 <1.0 <1
Tetrachloroethene 7 <10 <1.0 13.2 <1.0 15.1

Footnotes next page
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Table 3. Summary of VOCs Detected in Groundwater, Enhanced Reductive Dechlorination Pilot Test,

Colesville Landfill, Broome County, New York.

Basefine sampling event on 12/7/98.

CONSTITUENT: SITE: GMPW-1 GMPW-1 GMPW-1 GMPW-2 GMPW-2 GMMW-4
DATE: 12/7/98 4/6/99 7/14/99 12/10/98 7/14/98 12/7/198

continued
Toluene 24 <10 <1.0 2.2 - 27.6
1,2,3-Tirichlorobenzene <1 <10 <1.0 <1 <1.0 <1
1,2,4-Trichlorocbenzene <1 <10 <1.0 <1 <1.0 <1
1,1,1-Trichloroethane 98.8 140 73 505 26 13.1
1,1,2-Trichloroethane 2.7 <10 <1.0 <1 <1.0 121
Trichioroethene 219 91 4.7 96.2 1.3 <1
Trichlorofluoromethane <1 <10 <1.0 <1 <1.0 <1
1,2,3-Trichloropropane <1 <10 <1.0 <1 <1.0 <1
1,2,4-Triimethylbenzene <1 <10 <1.0 <1 <1.0 - 3.2
1,3.5-Triimethylbenzene <1 <10 <1.0 <1 <1.0 <1
Viny! chioride <1 270 26 <1 <10 - <1
o-Xylene <1 12 <1.0 <1 <1.0 - 28.2
M/P-xylenes <1 <20 <1.0 <1 <1.0-: 16.4
Total VOCs 1552.4 2081 1341

Footnotes:

- Not analyzed.

ug/L Micrograms per liter.

mg/L . Milligrams per liter.

ng/L Nanograms per liter.

mv Millivolts.

umhos/cm Microohms per centimeter

NTU Nephiometric turbidity units.
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Table 3. Summary of VOCs Detected in Groundwater, Enhanced Reductive Dechlorination Pilot Test,
Colesville Landfill, Broome County, New York.
CONSTITUENT: WELL: GMMW-4 GMMW-4 GNMMW-4° GMMW-b GMMW-5 GMMW-5
DATE: 4/6/99 7114/99 7/14/99 12/7/98 4/6/99 7/14/99

Yolatila O ic C is i 1
Benzens <1 52 46 26.9 15 13
Bromobenzene <1 <10 <10 <1 <10 <1.0
Chiorobromomethane <1 <10 <10 <1 <10 <1.0
Bromodichloromethane <1 <10 <10 <1 <10 <1.0
Bromoform <1 <10 <10 <1 <10 <1.0
Bromomethane <1 <10 <10 <1 <10 <1.0
n-Butylbenzene : <1 <10 <10 <1 <10 <1.0
sec-Butylbenzene <1 <10 <10 <1 <10 - <1.0
tert-Butylbenzene <1 <10 <10 <1 <10 <1.0
Carbon tetrachloride <1 <10 <10 <1 <10 <1.0
Chlorobenzene <1 . <10 320 99.5 66 52
Dibromochloromethane - <1 - <10 <10 - <1 <10 <1.0
Chloiroethane’ 27 . 720 690 130 350 - 40
Chloroform . <1 35 . 34 11 <10 - <1.Q
Chloromethane . <1 <10 - <10 <1 <10 <1.0
2-Chlorotoluene . ' <1 <10 - <10 <1 <10 <1.0
4-Chlorotoluene. . ' <1 <10 . . <10 <1 <10 . <1.0
1,2-Dibromo-3-chioropropane <1 - <10 <10 <1 <10 <1.0
1,2-Dibromoethane ' <1 <10 <10 <1 <10 . <1.0 ..
Dibromomethane <1 <10 - .<10 <t <10 <1.0
1,2-Dichlorobenzene <1 <10 <10 <1 <10 <1.0
1,3-Dichlorobenzene <1 <10 <10 <1 <10 <1.0
1,4-Dichlorobenzene <1 <10 <10 <1 <10 <1.0
Dichloredifluoromethane <1 <10 <10 <1 <10 <1.0
1, 1-Dichioroethane : 31 930 890 227 580 450
1,2-Dichloroethane <1 36 34 10 <10 2.9
1,1-Dichloroethene <1 42 39 9 <10 2.8
cis-1,2-Dichloroethene 35 2000 1900 462 860 1200
trans-1,2-Dichloroethane <1 <10 <10 23 <10 <1.0
1,2-Dichloropropane <1 <10 <10 <1 <10 <1.0
1,3-Dichloropropane <1 <10 <10 33.6 <10 <1.0
2,2-Dichloropropane <1 <10 <10 <1 <10 <1.0
1,1-Dichloropropene <1 <10 <10 <1 <10 <1.0
cis-1,3-Dichioropropene <1 <10 <10 <% <10 <1.0
trans-1,3-Dichloropropene <1 <10 <10 <1 <10 <1.0
Ethylbenzene <1 14 13 4.1 <10 1.4
Hexachlorobutadiene <1 <10 <10 <1 <10 <1.0
isopropylbenzene <3 <10 <10 <1 <10 <1.0
p-lsopropyltoluene <1 <10 <10 <1 <10 <1.0
Methylene chioride 15 210 200 88.6 240 32
Naphthalene <1 <10 <10 <1 <10 <1.0 |
n-Propyibenzene <1 <10 <10 <1 <10 <1.0 ;
Styrene <1
1,1,1,2-Tetrachloroethane <1
1,1,2,2-Tetrachloroethane <1
Tetrachloroethene <1

Footnotes next page
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Table 3. Summary of VOCs Detected in Groundwater, Enhanced Reductive Dechlorination Pilot Test,
Colesville Landfill, Broome County, New York.

CONSTITUENT: SITE: GMMW-4 GMMW-4 GMMW-4* GMMW-5 GMMW-5 GMMW-S
DATE: 4/6/99 7/114/99 7/14/99 12/7/98 4/6/99 7/14/99
continued
Toluene <1 110 100 29.7 23 22
1,2.3-Trichtorobenzene <1 <10 <10 <1 <10 <1.0
1,2,4-Trichlorobenzene <1 <10 <10 <1 <10 <1.0
1,1,1-Trichloroethane <1 40 38 10.8 39 11
1,1,2-Trichloroethane <1 14 13 5 <10 1.0
Trichloroethene 64 950 930 588 240 11 ;
Trichlorofluoromethane <1 <10 <10 <t <10 <1.0
1,2,3-Trichloropropane ’ <1 <10 . <10 . <1 <10 <1.0 -
1,2,4-Trimethylbenzene <1 . 33 15 1.3 <10 <1.0.:
1,3,5-Trimethylbenzene <1 - <¥0 - <10 <1 <10 3.3 .
Viny! chloride 34 420 400 143 360 21
o-Xylene : <1 87 44 13.2 <10 4.0
M/P-xylenes : <2 : 32 24 . 9.2 <20 3.4
Total VOCs : 206 . 1912.6 2773
Footnotes:
- Not analyzed.
ug/t Micrograms per liter.
mg/L Milligrams per liter.
ngfL Nanograms per liter.
mv Millivolts.
umhos/cm Microohms per centimeter
NTU Nephlometric turbidity units.
* Duplicate sample.

Baseline sampling event on 12/7/98.
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Table 3. Summary of VOCs Detected in Groundwater, Enhanced Reductive Dechlorination Pilot Test,
Colesville Landfill, Broome County, New York.

CONSTITUENT: WELL: FB-1 FB8-1 T8-1 781
DATE: 4/6/99 7/14/99 4/6/99 7/114/99
rqlatile O ic G is i 1
Benzene <1 <1.0 <1 <1.0
Bromobenzene <1 <1.0 <1 <1.0
Chlorobromomethane . <1 <1.0 <1 <1.0
Bromodichloromethane <1 <1.0 <1 <1.0
Bromoform <1 <1.0 <1 <1.0
Bromomethane <1 <1.0 <t <1.0
n-Butylbenzene <1 <1.0 <1 <1.0
sec-Butylbenzene <1 <1.0 <1 . <1.0
tert-Butylbenzene <1 <1.0 <1 <1.0
Carbon tetrachloride. <1 <1.0 Y 4 | <1.0
Chiorobenzene . : <t <1.0 < <1.0
Dibromochloromethane ‘ <1 <1.0 <1 <1.0
Chloroethane : <1 <1.0 <1 <1.0
Chiloroform <1 <1.0 <1 <1.0 .
Chloromethane . <1 <1.0- <1 <1.0
2-Chlorototuene <1 <10 <1 <1.0
4-Chiarotoluene : <1 <1.0- <1 <1.0
1,2-Dibromo-3-chloropropane <1 <1.0 <1 . <10
1,2-Dibromoethane <1 <1.0 <1 <1.0
Dibromomethane <1 <1.0 <1 <1.0
1,2-Dichiorobenzene <1 <1.0 <1 <1.0
1,3-Dichlorobenzene <1 <1.0 <1 <1.0
1.4-Dichlorobenzene <1 <1.0 <1 <1.0
Dichlorodifluoromethane <1 <1.0 <1 <1.0
1,1 -Dichloroethane <1 <1.0 <1 <1.0
1,2-Dichloroethane <1 <1.0 <1 <1.0
1,1 -Dichloroethene <1 <1.0 <1 <1.0
cis-1,2-Dichloroethene <1 <1.0 <1 <1.0
trans-1,2-Dichloroethene <1 <1.0 <1 <1.0
1,2-Dichloropropane <1 <1.0 <1 <1.0
1,3-Dichloropropane <1 <1.0 <1 <1.0
2,2-Dichloropropane <1 <1.0 <1 <1.0
1,1-Dichloropropene <1 <1.0 <1 <10
cis-1,3-Dichloropropene <1 <1.0 <1 <1.0
trans-1,3-Dichloropropene <1 <1.0 <1 <1.0
Ethylbenzene <1 <1.0 <1 <1.0
Hexachlorobutadiene <1 <1.0 <1 <1.0
Isopropylbenzene <1 <10 <1 <1.0
p-isopropylitoluene <1 3.2 <1 <1.0
Methylene chloride <1 <1.0 <1 <1.0
Naphthalene <1 <1.0 <1 <1.0
n-Propylbenzene <1 <1.0 < <1.0
Styrene <1 <1.0 <1 <1.0
1,1,1,2-Tetrachloroethane <t <1.0 <1 <1.0
1,1,2,2-Tetrachloroethane <1 <1.0 <1 <1.0

Tetrachloroethene <1 <1.0 <1 <1.0
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Table 3. Summary of VOCs Detected in Groundwater, Enhanced Reductive Dechlorination Pilot Test,
Colesville Landfill, Broome County, New York.

Footnotes next page

Baseline sampling event on 12/7/98.

CONSTITUENT: SITE: FB-1 FB-1 T8-1 TB8-1
DATE: 4/6/99 7/14/99 4/6/99 7/14/99
continued
Toluene <1 <1.0 <1 <1.0
1,2, 3-Trichlorobenzene <1 <1.0 <1 <1.0
1,2,4-Trichlorobenzene <1 <1.0 <1 <1.0
1.1, 1-Trichlorosthane <1 <1.0 <1 <1.0
1.1,2-Trichloroethane <1 <1.0 <1 <1.0
Trichloroethene <1 <1.0 <3 <1.0
Trichlorofltuoromethane <1 <1.0 <1 <1.0
1,2,3-Trichloropropane <1 <1.0 <1 <1.0 .
1.2,4-Trimethylbenzene <1 i <1.0 <1 <1.0
1,3,5-Trimethylbenzene <1 . <1.0 <t <1.0
Vinyl chioride <1 <1.0 <1 <10
o-Xylene <1 <1.0 <1 <1.0
M/P-xylenes <2 <2.0 <2 <2.0
- Total VOCs 0 0
Footnotes:
- Not analyzed.
ug/L Micrograms per liter.
mg/L Milligrams per liter.
ng/t Nanograms per liter.
’ mv Millivolts.
umhos/cm Microohms per centimeter
NTU Nephlometric turbidity units.
* Duplicate sample.
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ARCADIS GERAGHTY&MILLER

Appendix C

Memorandum - Groundwater
Remedial Design, Colesville Landfill,
Broome County, New York



«
1

ARCADIS GERAGHTY&MILLER

ARCADIS Geraghty & Miller, Inc.
88 Duryea Road
Melville
MEMO New York 11747
Tel 631 249 7600
Fax 631249 7610

To: Copies:
George Jacob, USEPA - Region Il Brian Davidson, NYSDEC
Ray Standish, Broome County
Nelson Johnson, GAF Corp. ENVIRONMENTAL

From: dmz@ Date:
Steven Fel 17 December 1999

Tom Lobasso

Subject: ARCADIS Geraghty & Miller Project No.:
Groundwater Remedial Design, Colesville NY000949.0013
Landfill : ’ :

ARCADIS Geraghty & Miller has been moving forward with the groundwater remedial design based on
the conceptual layout shown on Figure 4 of the October 29, 1999 report entitled, “Results of the Enhanced
Reductive Dechlorination Pilot Study, Colesville Landfill, Broome County, New York. We have made
two revisions to the conceptual layout shown on Figure 4 based on groundwater quality data received

during November.

Based on these data, VOCs were not detected in Well PW-2, nor were they detected in this well during the
1992 sampling event. Therefore, Well PW-2 would not be used as an extraction well. Historic
groundwater quality data are provided in the attached Table 1. The second modification is the termination
of the line of enhanced reductive dechlorination (ERD) injection wells as shown on the attached Figure 1.

The rationale for terminating the line of injection wells in this area is that natural attenuation (as evidenced
by groundwater quality in PW-2, PW-1, W-16S, W-17S and MW-208) will effectively reduce
concentrations of VOCs to below MCLs. The spacing between injection wells will be 30 ft based on data

collected during the pilot test.

As discussed during our conversation on December 15, 1999, we have tentatively scheduled a conference
call for Wednesday, December 22 to discuss the status of the design, provide an opportunity to get EPA
and NYSDEC input during the design process, and discuss the overall project schedule.

Page:

g\aprojectibraome\ny0249.01 v orres\epa-design memo.doc l /2



ARCADIS GERAGHTY & MILLER

A prbposed schedule is provided below.

Milestone Completion Date
?:l)tmiét,al#oi 955‘.’./‘1'» Sz‘s:g; January 21, 2000
EPA and DEC review February 18, 2000
Submittal of Final Design March 10, 2000
EPA and DEC Design Approval March 31, 2000
EPA Issuance of ESD April 20, 2000
Pre-Construction Meeting | May 4, 2000
Remedial Construction May 22, 2000
ComplFam. / Grsruchim

Page:
g:\aprvien\bruome\ny0949.0I]\Lonef\epa—design memo.dot 2/2



ARCADIS GERAGHTY&MILLER

Table §. Historic Groundwater Quality Data, Colesville Landfill, Broome County, New York Page 1 of 25
Site ID: COL-PWI1 COL-PW2 PW-2 COL-PW3 PW-3
Date: 02/05/92 02/05/92 9/23/99 02/05/92 92499
Constituent
(ug/L)
Benzene < 1 < 1 < 1.0 4.0 < 10
Bromobenzene - - < 1.0 - < 1.0
Bromochloromethane - - < 1.0 - < 1.0
Bromodichloromethane < ! < 1 < 1.0 < ] < 10
Bromoform < 1 < 1 < 1.0 < 1 < 1.0
Bromomethane < 1 < 1 < 1.0 < 1 < 1.0
n-Butylbenzene - - < 1.0 - < 10
sec-Butylbenzene - - < 1.0 - < 1.0
tent-Butylbenzene - - < 1.0 - < 1.0
Carbon tetrachloride < 1 < 1 < 1.0 < 1 < 1.0
Chlorobenzene < 1 < 1 < 1.0 < 1 < 1.0
Dibromochloromethane < 1 < 1 < 1.0 < 1 < 1.0
Chloroethane < 1 < I < 1.0 4.0 < 1.0
Chloroform < 1 < 1 < 1.0 1.0 2.2
Chloromethane < 1 < 1 < 1.0 < 1 < 1.0
2-Chlorotoluene - - < 1.0 - < 1.0
4-Chlorotoluene - - < 1.0 - < 1.0
1,2-Dit 3-chloroprop - - < 1.0 - < 1.0
1,2-Dibromoethane - - < 1.0 - < 1.0
Dibromomethane - - < 1.0 - < 1.0
1,2-Dichlorobenzene < 1 < ! < 1.0 < 1 < 1.0
1,3-Dichlorobenzene < 1 < 1 < 1.0 < 1 < 1.0
1,4-Dichlorobenzene < \ < 1 < 1.0 < .1 < 10
Dichlorodifluoromethane < 1 < 1 < 1.0 42.0 < 1.0
1.)-Dichloroethane < 1 < } < 1.0 70.0 18
1,2-Dichloroethane < 1 < } < 1.0 1.0 < 1.0
1,1-Dichlorocthene < 1 < i < 1.0 < 1 < 1.0
cis-1,2-Dichlosoethene - - < 1.0 - 4.1
trans-1,2-Dichloroethene < 1 < 1 < 1.0 < -1 < 1.0
1,2-Dichloropropane < ! < 1 < 1.0 < 1 < 10
1,3-Dichlgropropane - - < 1.0 - < 1.0
2,2-Dichloropropane - - < 1.0 - < 1.0
1,1-Dichloropropene - - < 1.0 - < 1.0
cis-1,3-Dichloropropene < 1 < 1 < 1.0 < 1 < 1.0
trans-1,3-Dichloropropene < \ < 1 < 1.0 < 1 < 1.0
Ethylbenzene < 1 < 1 < 10 < I < o
Hexachlorsbutadiene - - < 1.0 - < 1.0
Isopropylbenzene - - < 1.0 - < Lo
p-Isopropyiteluenc — - < 1o - < 1.0
Methylene chloride 4.0 4.0 < 10 10.0 < 10
Naphthalege - - < 1.0 - < 1.0
o-Propylbenzene - - < 1.0 - < 1.0
Styrene - - < 1.0 - < 1.0
1.1,1,2-Tetrachloroethane - - < 1.0 - < 1.0
1,1,2,2-Tetachloroethane < 1 < 1 < 1.0 < ] < 1.0
Tetrachloroethene < } < ! < 1.0 2.0 37
Toluene < 1 < 1 < 1.0 < ] < 1.0
1,2,3-Trichlorobenzene - - < 1.0 - < 1.0
1,2,4-Trichlorobenzene - - < 1.0 - < 1.0
1,1,}-Trichloroethane < 1 < 1 < 1.0 21.0 27
1,1,2-Trichloroethane < ] < i < 1.0 < 1 < 1.0
Trichloroethene < 1 < | < 1.0 49.0 17 .
Trchlorofluoromethanc < } < i < 1.0 9.0 < 1.0
1,2,3-Tricbloropropane - - < 1.0 - < 1.0
1,2 4-Trimethylbenzene - - < 1.0 - < 1.0
1,3,5-Trimethylbenzene - - < 1.0 - < 1.0
Vinyl chloride < i < } < 1.0 10.0 < 1.0
o-Xylene < 1 < i < 1.0 < \ < 1.0
< } < | < 2.0 < 1 < 2.0

m/p-xylenes




ARCADIS GERAGHTY&MILLER

Table 1. Historic Groundwater Quality Data, Colesville Landfill, Broome County, New York. Page 2 of 25

COL-PW04 PW-4 PW-04 PW4 PW-4
09/13/95 121295 03/12/96 06/26/96

Site ID:
Date: 02/05/92

Constituent
(uglL)

Beazene
Bromobeozene
Bromochloromethane
Bromodichloromethane
Bromoform
Bromomzthane
o-Butylbenzene
sec-Butylhenzene
tert-Butylbenzene
Carbon tachloride
Chlorobenzene
Dibromochlioromethanc
Chlorocthane
Chloroform
Chloromefiane
2-Chloroiolucne
4-Chlorotoluene
1,2-Dib 3-chl

1,2-Dibremoethanc
Dibromomethane
1,2-Dichlorobenzene
1,3-Dichhorobenzene
1.4-Dichlorobenzene
bichlorodiffuoromethane
1;1-Dichloethane
1,2-Dichlrocthane
1,1-Dichloethene
cis-1,2-Dichloroethene
trans-1,2-Dichlorocthene
1,2-Dichloopropane
1,3-Dichloropropane
2,2-Dichloropropane
1,1-Dichloropropene
cis-1,3-Dichloropropene
trans- 1,3-Dichloropropene
EthyTbenzene
Hexachlarsbutadiene
Isopropylbenzene
p-lsopropyliolucne
Methylence chloride
Naphthalene
o-Propylbenzene
Styrenc
1,1,1,2-Tetachloroethane
1.1,2,2-Tetrachloroethane
Tetrachloroethene
Toluene
1,2,3-Trichlorobenzene
1.2,4-Trichlorobenzene
1,1,1-Trichloroethane
1,1,2-Trichlorcethane
Trnchlorocthene
Trichlorofluorome thane
1,2,3-Trichloropropane
1,2,4-Trimethylbenzene
1,3,5-Trimethylbenzene
Viny| chloride
o-Xylene
m/p-xylenes
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ARCADIS GERAGHTY&MILLER

Table I. Historic Groundwater Quality Data, Colesville Landfill, Broome County, New York. Page 3 of 25
Site ID: PW-4 PW-4 PW-4 COL-PWO5 PW-5
Date: 03/19/97 071797 9/24/99 02/05/92 09/13/95
Constituent
(ug/l)
Benzene < ] < ) . L6 < 1 < 1
Bromobenzene < 1 < 1 < 1.0 - < 1
Bromochloromethane < ] < 1 < 1.0 - < 1
Bromodichloromethane < 1 < 1 < 1.0 < 1 < 1
Bromoform < 1 < 1 < 1.0 < 1 < 1
Bromomethane < 1 < 1 < 1.0 < 1 < 1
n-Butylbcazene < i < ] < 1.0 - < 1
sec-Butylbenzene < 1 < 1 < 1.0 - < 1
tert-Butylbenzene < 1 < 1 < 1.0 - < 1
Carbon tetrachloride < 1 < 1 < 1.0 < 1 < 1
Chlorobenzene < |} < ! < 1.0 < 1 < 1
Dihromochloromethane < [} < 1 < 1.0 < ] < |}
Chlorocthane 4.7 < 1 8.5 < 1 < 1
Chloroforn 3.1 s.1 . 42 < 1 < 1
Chloromethane < ) < 1 < 10 < 1 < i
2-Chlorotoluene < 1 < ] < 1.0 - < 1
4-Chlomtoluene < t < [ < 1.0 - < 1
1,2-Dibromo-3-chloropropane < 1 < ] < 10 . - < 1
1,2-Dibromoethane < 1 < 1 < 10 . - < 1
Dibromomethane < 1 < 1 < 1.0 - < t
1,2-Dichlorobenzene - < } < ] < 1.0 . < 1 < 1
1,3-Dichlorobenzene < 1 < 1. < 1.0 < 1 < 1
1,4-Dichlorobenzene < 1 < AN < 1.0 < t < ]
Dichlorodifiuoromethane < 1 < | B < 10 < 1 < 1
1,1-Dichloroethane 204 s YAN 56 < ) 9.8
1,2-Dichlorocthane < 1 < 1 < 1.0 < ] < 1
1,1-Dichloroethene 0.7 < 1 < 1.0 < 1 < 1
cis-1,2-Dichloroethene 8.2 14.1 22 - 172
trans-1,2-Dichloroethene < 1 < ] < 1.0 < 1 < 1
1,2-Dichloropropanc < 1 < 1 < 1.0 < 1 < 1
\,3-Dichloropropase < 1 < 1 < 1.0 - < 1
2,2-Dichloropropane < ] < 1 < 1.0 - < ]
l,l-Dichlonipmpcne < 1 < 1 < 1.0 - < 1
cis-1,3-Dichloropropene < 1 < 1 < 1.0 < 1 < 1
trans-1,3-Dichloropropene < 1 < 1 < 1.0 < ] < 1
Ethylbenzene < 1 < 1 < 1.0 < 1 < 1
Hexachlorobutadiene < ] < ) < 1.0 - < 1
Isopropylbenzene < 1 < | < 1.0 - < 1
p-isopropyltoluene < ] < 1 < 1.0 - < 1
Methylene chloride 1.4 < \ 50 4.0 < 1
Naphthalene < i < 1 < 1.0 - < |}
n-Propylbenzenc < 1 < 1 < t.o - < 1
Styrene < 1 < 1 < 10 - < |
1,1,1,2-Tetrachloroethane < 1 < 1 < 1.0 - < ]
).1,2,2-Tetrachloroethane < 1 < 1 < 1.0 < ] < ]
Tetrachloroethene < ) < ) < 1.0 < 1 < 1
Toluene < } < 1 < 1.0 < 1 0.2
1,2,3-Trichlorobenzene < i < 1 < 1.0 - < i
1,2,4-Trichlorobenzene < L} < 1 < 1.0 - < 1
1,1,1-Trichloroethane 25.2 319 110 < 1 6.5
1,1,2-Trichloroethane < t < 1 < 1.0 < 1 < |
Trichloroethene 35 35 39 < ] 14.4
Trichlorofluoromethane 11 < t < 1.0 < 1 < 1
1,2,3-Trichloropropane < 1 < 1 < 1.0 - < i
1,2,4-Trimethylbenzene < | < 1 < 1.0 - < )
1,3,5-Trimethylbenzene < 1 < 1 < 1.0 - < 1
Vinyl chloride < ) < ) < 1.0 < t < 1
o-Xyleoe < ) < i < 1.0 < 1 < !
mw/p-xylenes ; < 1 < ! < 20 < i < }




ARCADIS GERAGHTY&MILLER

Table 1. Historic Groundwater Quality Data, Colesville Landfill, Broome County, New York. Page 4 of 25
Site 1D: PW-S PW-§ PW-5 PW-5 COL-PWO6
Date: 12/12/95 03/12/96 03/19/97 9/24/99 02/05/92
Constitueat
(ug/ll)
Benzene < ] < 1 < 1 < 1.0 < ]
Bromobeazene < 1 < i < 1 < 1.0 -
Bromochioromethane < 1 < } < 1 < 1.0 -
Bromodichloromethane < ] < 1 < ] < 1.0 < 1
Bromoform < 1 < 1 < 1 < 1.0 < 1
Bromomethane < 1 < 1 < 1 < 1.0 < 1
u-Butylbemzene < ) < ] < ] < 1.0 -
sec-Butybenzene < ] < 1 < H < 1.0 -
tert-Butybenzene < ] < 1 < 1 < 1.0 -
Carbon ttrachioride < 1 < ] < 1 < 1.0 < 1
Chlorobexzene < 1 < 1 < 1 < 1.0 24.0
Dibromochloromethane < 1 < 1 < 1 < 1.0 < 1
Chloroetune < 1 < 1 < ] < 1.0 61.0
Chlorofom < 1 < 1 < 1 < 10 70
Chloromethane < ] < 1 < 1 < 1.0 < 1
2-Chlorotoluene < 1 < 1 < 1 < 1.0 -
4-Chlorotsluene < )} < ] < 1 < 1.0 -
1,2-Dibromo-3-chloropropane < 1 < 3 < 1 < 1.0 -
1,2-Dibromoethane - < t < 1 < ] < 1.0 -
Dibromomethane < 1 < ] < 1 < 1.0 -
1,2-Dichlrobenzenc <. 1 < 1 < 1 < 10 < 1
1,3-Dichlorobenzene < 1 < 1 < 1 < 1.0 < 1
1,4-Dichlurobenzene < 1 < 1 < 1 < 1.0 < 1
Dichlorodiflcoromethane < 1 < 1 < 1 < 1.0- R
},}-Dichlgrocthane ’ < 1 < 1 < 1. 24 R
1,2-Dichlorocthane < 1 < 1 < 1 < 1.0 8.0
1,1-Dichloroethene < 1 < 1 < ] < 1.0 4.0
¢is-1,2-Dichloroethene < 1 < 1 < 1 88 -
trans-1,2-Dichloroethene < 1 < 1 < 1 < 1.0 < 5
1,2-Dichloropropane < 1 < ] < 1 < 1.0 < 3
1,3-Dichkropropane < i < 1 < t < 1.0 -
2,2-Dichloropropane < 1 < ] < 1 < 1.0 -
1,1-Dichloropropene < 1 < i < 1 < 1.0 -
cis-1,3-Dichloropropeac < 1 < 1 < 1 < 1.0 < 1
trans-1,3-Dichloropropene < ] < ] < ] < 1.0 < 1
Ethylbenzene < ] < 1 < 1 < 1.0 < 1
Hexachlopbutadicoe < 1 < i < 1 < 1.0 -
Isopropylbenzene < 1 < 1 < 1 < 1.0 -
p-lsopropyltoluene < 1 < 1 < 1 < 1.0 -
Methylene chloride < ] < ] < 1 < 1.0 14.0
Naphthalese < 1 < i < i < 1.0 -
n-Propylbenzene < |} < 1 < 1 < 1.0 -
Styrenc < ] < 1 < 1 < 1.0 -
1,1,1,2-Tetrachloroethane < 1 < 1 < ] < 1.0 -
1,1,2,2-Terachlorocthane < ] < 1 < 1 < 1.0 < 1
Tetrachlowethene < 1 < 1 < 4 < 1.0 30
Tolueae < 1 < 1 < 1 < 1.0 < 1
1,2,3-Trichlorobenzene < 1 < ) < 1 < 1.0 -
1,2,4-Trichlorobenzene < 1 < \ < 1 < 1.0 -
1,1,1-Trichioroethane < i < ] < 1 4.3 R
1,1,2-Tricktoroethane < 1 < { < 1 < 1.0 9.0
Trichlorocthene < 1 < 1 < 1 66 96.0
Trichlorofluoromethane < i < | < i < 1.0 6.0
1,2,3-Trichloropropane < ] < 1 < 1 < 1.0 -
1,2,4-Trimcthylbenzene < 1 < 1 < 1 < 1.0 -
1,3,5-Trimethylbenzene < 1 < 1 < i < 1.0 --
Viny) chloride < ! < ] < 1 < 1.0 R
o-Xylene < 1 < ] < | < 1.0 1
n/p-xylenes < 1 < I < 1 < 2.0 1




ARCADIS GERAGHTY&MILLER

Table 1. Historic Groundwater Quality Data, Colesville Landfill, Broome County, New York.

Page 5 of 25

Constituent
(ug/L)

Site ID:
Date:

PW-6DL
02/05/92

PW-6
09/13/95

12/12/95

PW-6
03/11/96

PW-6
03/19/97

Benzene
Bromohenzene
Bromochloromethane
Bromodichloromethane
Bromoform
Bromamecthane
p-Butylbenzene
sec-Butylbenzene
tert-Butylbenzene
Carbon tetrachloride
Chlorobeuzene
Dibromochloromethane
Chloroethane
Chloroform
Chloromethane
2-Chlorotoluene
4-Chlorotoluene

1,2-Dibromo-3-chloropropane

1,2-Dibrommoethane
Dibromomethane
1,2-Dichlorobenzene
*1,3-Dichlorobenzene
1 ,4-Dichlorobenzene
Dichlorodifluoromethane
1,1-Dichloroethane
1,2-Dichloroethane
1,1-Dichloroethene
cis- 1 ,2-Dichlorocthene
trans-1,2-Dichloroethene
1,2-Dichloropropane
1,3-Dichtoropropane
2,2-Dichlosopropane
1,1-Dichloropropene
cis-1,3-Dichloropropene
trans-1,3-Dichloropropene
Ethylbenzene
Hexachlorobutadiene
Isopropylbenzene
p-Isopropyltoluene
Methylene chloride
Naphthalene
o-Propylbenzene
Styrene
1,1,1,2-Tetrachloroethane
1,1,2,2-Tetrachloroethane
Tetrachloroethene
Toluene
1,2,3-Trnichlorobenzene
1,2,4-Trichlorobenzene
1,1, -Trichloroethane
1,1,2-Trichlorocthane
Trichloroethene
Trichlorofluoromethane
1,2,3-Trichloropropane
1,2,4-Trimethylbenzene
1,3,5-Trimethytbenzene
Vinyl chloride
o-Xylene
m/p-xylenes
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m/p-xylenes < 20 210 3520 64.6

Table I. Historic Groundwater Quality Data, Colesville Landfill, Broome County, New York. Page 6 of 25
Site ID- PW-6 COL-PWO7 PW-7 : PW-7 PW-7
Date: 9/22/99 02/05/92 09/13/95 12/12/95 03/11/96
Constituent
(ug/L)
Benzene 14 7.0 15.4 55 3.2
Bromobenzene < 1.0 - < 1 < 1 < 1
Bromochioromethane < 1.0 - < H < 1 < ]
Bromodichloromethane < 1.0 < 1 4.4 < 1 < 1
Bromoform < 1.0 < 1 < ] < 1 < 1
Bromomethane < 1.0 1 < 1 < 1 < ]
n-Butylbenzene < 1.0 - 21.9 03 < 1
sec-Butylbenzene < 1.0 - 3.7 < 1 < 1
tert-Butylbenzene < 1.0 - < 1 < 1 < 1
Carbon tztrachloride < 1.0 < t < 1 < 1 < 1
Chlorobénzene < 1.0 < 260 523 16.7 5.6
Dibromochioromethane < 1.0 < 1 < 1 < 1 < 1
Chioroctbane 7 24.0 25.7 14.5 4.0
Chloroform 9.0 < | I < 1 < 1 < 1
Chloromethane ’ < 1.0 <. b < 1 < 1 < 1
2-Chlorotoluene < 1.0 - < 1 < ] < 1
4.Chlorotniuene < 10 ;- < 1 < 1 <
1.2-Dib 3-chloropropa < L0 S < i ) < | < |
1,2-Dibromoethane < 1.0 — < 1 < 1 < t
Dibromomethane < 1.0 - <: 1 < L] < [}
1,2-Dichiorobenzene < 1.0 <. 1 09 J < 1 < 1
1,3-Dichlorobenzene < 1.0 < 1 < 1 < 1 < 1
1,4-Dichlorobenzene : < 10 < 05 J < 1 < .1
 Dichlorodifluoromethane < 10 . 360 - . 30 14.2 < .1
1,1-Dichloroethane ' 540 . 680 - 1923 24.0 309
1,2-Dichloroethane ’ 4.0 10 < i < 1 < 1
1,1-Dichloroethene 21 < ] < ) < 1 < 1
cis-1,2-Dichloroethene 290 . - 217 1.2 0.3 J
trans-1,2-Dichloroethene < 1.0 < 1 < I < 1 < 1
1,2-Dichloropropane < 1.0 < -1 < 1 < 1 < 1
1,3-Dichloropropane < 1.0 - < 1 < 1 < i
2,2-Dichloropropane < 1.0 - < 1 < 1 < 1
1,1-Dichloropropene < 1.0 - < 1 < 1 < i
cis-1,3-Dichloropropene < 1.0 < ] < 1 < 1 < 1
trans-1,3-Dichloropropene < 1.0 < A < 1 < t < 1
Ethylibenzene < 1.0 100.0 918 168 24
Hexachlorobutadiene < 10 - < 1 < ] < 1
Isopropylbenzene < 1.0 - 29.1 0.5 < 1
p-Isopropyltoluene < 1.0 - 2.6 0.2 < [}
Methylene chloride 33 5.0 B 1.1 0.8 < 1
Naphithalenc < 1.0 - 241 6.4 < 1
n-Propylbenzene < 1.0 - 20.6 03 < L}
Styrene < \0 - < 1 < 1 < ]
1,1,1,2-Tetrachloroethane < 1.0 - < 1 < 1 < 1
1,1,2,2-Tetrachloroethane < 1.0 < ] < 1 < ] < i
Tetrachloroethene < 1.0 < 4 0.2 J < 1 < 1
Toluene 32 6.0 25.7 0.6 < 1
1,2,3-Trichlorobenzene < 1.0 - < 1 < ] < )
1,2,4-Trichlorobenzene < 1.0 - < ] < 1 < [}
1,1,1-Trichloroethane 38 < 1 < 1 0.6 < 1
1,1,2-Trichloroethane < 1.0 < 1 1.5 1.0 < 1
Trichloroethene 410 6.0 6.0 36 1.9
Trichlorofluoromethane < 1o 2.0 < ! 2.6 < ]
1,2,3-Trichloropropane < 1.0 - < 1 < 1 < ]
1,2,4-Trimethylbenzene < 1.0 - 38.7 0.6 < 1
1.3,5-Trimethylbenzene < 1o . - 13.6 04 < |
Vinyl chloride 120 13.0 2.4 2.9 < 1
o-Xylene 3.0 210 2830 41.3 1.0
5.9




ARCADIS GERAGHTY&MILLER

m/p-xylenes

Table 1. Historic Groundwater Quality Data, Colesville Landfill, Broome County, New York. Page 7 of 25
Site ID: PW-7 PW-7 COL-PWO0B COL-PW09 COL-PWI0
Date: 03/19/97 9/23/99 02/05/92 02/05/92 02/05/92
Constituent
(ug/L)
Benzene 4.1 < 1.0 < 1 < 1 20.0
Bromobeazene < 1 < 1.0 - - -
Bromochloromethane < 1 < 1.0 - - -
Bromodichloromethane < 1 < 1.0 < 1 < 1 < 1
Bromoform < 1 < 1.0 < ] < 1 < 1
Bromomethane < 1 < 1.0 1 < 1 < 1
n-Butyibenzene 29.4 < 1.0 - - -
sec-Butylbenzene 14 < 1.0 — — -
tert-Butylbenzene < 1 < 1.0 - - -
Carbon tetrachloride < 1 < 1.0 < 1 < 1 < 1
Chlorobenzene 144 26 < 1 2.0 96.0
Dibromochloromethane < ] < 1.0 < 1 < 1 < 1
Chlorocthane 46.4 4.0 < 1 < 1 < ]
Chloroform 0.7 < 1.0 < ] < | < 1
Chloromethane < 1 < 1.0 < [ < ) < 1
2-Chlorotoluene < 1 < 1.0 - - -
4-Chlorotoluene < 1 < (K] - - -
1,2-Dibromo-3-chloropropane . < 1 < 1.0 - - -
'1,2-Dibramocthane < 1 < 1.0 - - -
. Dibromomethane < 1 < 10 - - -
'1,2-Dichlobenzene < 1 < 10 < 1 < 1 < 1
1,3-Dichlorobenzene < 1 < 1.0, . < 1 < 1 < 1
1,4-Dichlorobenzene < < 190, < 1 < 1 < 1
Dichlorodifluoromethanc < ] < 1.0 - . < 1 <. t < 1
1,1-Dichlorocthane ’ 158 89, < 3.0 14.0
1,2-Dichloroethane < t < 1.0 < 1 < 1 < 1
1,)-Dichlorocthene < 1 < 1.0 < 1 < 1 < 1
cis-1,2-Dichloroethene 18.8 9.8 - - -
trans-1,2-Dichiorocthene 0.7 < 10 .< 1 < 1 < 1
1,2-Dichloropropane < L} < 1.0 < 1 < ] < [}
1,3-Dichloropropane < 1 < 10 - - -
2,2-Dichloropropane < 1 < 1.0 - - -
1,1-Dichloropropene < 1 < 10 - -~ -
cis-1,3-Dichloropropene < 1 < 1.0 < 1 < 1 < 1
trans-1,3-Dichloropropeue < 1 < 1.0 < 1 < 1 < \
Ethylbenzene 26.7 33 < 1 < ] < 1
Hexachlorobutadiene < 1 < 1.0 - - -
Isopropylbenzene 2.7 < 1.0 - - -
p-Isopropyltolucne 0.9 < 1.0 - - -
Methylene chloride 0.9 < 1.0 3.0 3.0 30
Naphthalene 100 < 1.0 - - -
n-Propyibenzene 1.2 < 1.0 - - -
Styrene < 1 < 10 - - -
1,1,1,2-Tetrachloroethane < ] < 1.0 - - -
1,1,2,2-Tetrachoroethane < [} < 1.0 < ] < 1 < H
Tetrachlorocthene 1.1 < 1.0 < 1 < 1 < 1
Toluene 0.7 < 1.0 < 1 < 1 < |
1,2,3-Trichlorobenzene < t < 1.0 - -
1,2,4-Trichlorobenzene 31 < 1.0 - - -
1,1,1-Tricbloroethane 15.6 56 < } < t i
1,1,2-Trichloroethane 1.8 < 1.0 < i < t < i
Trichloroethene 127 8.0 3.0 340 2.0
Trichlorofluoromethane < | < 1.0 < ] < { < 1
1,2,3-Trichloropropaae 1 < 1.0 - - -
1,2,4-Trimethylbenzene 4.2 < 1.0 - - -
1,3,5-Trimethylbenzene 1.7 < 1.0 - - -
Viny! chloride 22.8 < 1.0 1 < 1 7.0
o-Xylene 1.1 < 1.0 1 < i < 1
40.2 < 2.0 1 ] < 3
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Table 1. Historic Groundwater Quality Data, Colesville Landfill, Broome County, New York. Page B of 25

COLPWI3 PW-13
02/05/92 015/97

COL-PWI12
02/05/92

PW-11DL
02/05/92

Site ID: COL-PWIL
Date: 02/05/92

Constituent
(vg/L)

Benzene
Bromobezene
Bromochloromethane
Bromodicbloromethane
Bromofom
Bromomethane
n-Butylbenzene
sec-Butylbenzene
test-Butylbenzene
Carbon t:trachloride
Chlorubenzene
Dibromochloromethanc
Chlorocthane
Chloroform
Chloromethane
2-Chlorciolucne
4-Chlorotoluene

1,2-Dibromo-3-chloropropane

1,2-Dibromoethane
Dibromamethane
1,2-Dichlorobenzene
1,3-Dichlorobenzene
1,4-Dichlorobenzene
Dichlorodifluoronacthane
1,1-Dichlorocthane
1,2-Dichloroethane
1,1-Dichiorocthene
cis-1,2-Dichloroethene
trans-1,2-Dicbloroethene
1,2-Dichloropropane
\,3-Dichloropropane
2,2-Dichioropropase
1,1-Dichloropropene
cis-1,3-Dichloropropene
tans-1,3-Dichloropropene
Ethylbenzene
Hexachlorobutadiene
Isopropylbenzene
p-{sopropyltoluzae
Methylene chloride
Naphthalene
o-Propylbenzene
Styrene
1,1,1,2-Tetrachloroethane
1,1,2,2-Tetrachlorocthane
Tetrachleroethene
Toluene
1,2,3-Trichlorobenzene
1,2,4-Trichlorobenzene
1,1,1-Trichloroethane
1,1,2-Trichloroethane
Trichlorocthene
Trichlorofluoromethane
1,2,3-Tricbloropropane
1,2,4-Trimethylbenzene
1,3,5-Trimethylbenzene
Vinyl chloride
o-Xylene
m/p-xylenes
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Table 1. Historic Groundwater Quality Data, Colesville Landfill, Broome County, New Yoric

Page 9 of 25

Constituent
(ug/L)

Site ID:
Date:

RILEY-WELL
06/13/95

RILEY WELL
09/13/95

w-03
06/13/95

w-3
09/13/95

w-3
12/12/95

Benzene
Bromobenzene
Bromochioromethane
Bromodichloromethane
Bromoform
Bromomethane
n-Butylbenzene
sec-Butybenzene
tert-Butylbenzene
Carbon tetrachloride
Chlorobemzenc
Dibrosuschloromethane
Chloyocthane
Chloroforn
Chloromethane
2-Chloratoluene
4-Chloroioluene

1,2-Dibromo-3-chloropropane

1,2-Dibromocthane
Dibromomethane
1,2-Dichlorobenzene -
1,3-Dichlorobenzene
1.4-Dichlorobenzene
Dichlorodifluoromethane

: 1,1-Dichloroethane

1,2-Dichlorocthase -
1,1-Dichloroethene )
cis-1,2-Dichlorocthene
trans~1,2-Dichloroethene
1,2-Dichloropropane
1,3-Dichloropropane
2,2-Dichloropropane
1,1-Dichloropropene
cis-1,3-Dichloropropene
trans-1,3-Dichloropropene
Ethylbenzene
Hexachlorobutadiene
[sopropybenzene
p-lsopropyitoluene
Methylene chloride
Naphthalene
n-Propylbenzene
Styrene
t.1,1,2-Tetrachloroethane
1,1,2,2-Tetrachlorocthane
Tetrachloroethene
Tolueae '
1,2,3 -Trichlorobenzene
1,2,4-Trichlorobenzene
11,1 -Trichioroethane
1,1,2-Trichloroethane
Trichloroethene
Trichlorofluoromethane
1,2,3 -Trichloropropane
1,2,4-Trimethylbenzene
1,3,5 -Trimcthylbenzene
Vioy| chloride
0-Xylene
m/p-xylenes
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ARCADIS GERAGHTY&MILLER

Table 1. Historic Groundwater Quality Data, Colesville Landfill, Broome County, New York.

Page 10 of 25

w-3 w-3 Ww-3 w-04 w-05
03/11/96 03/19/97 9/24/99 06/13/95 06/13/95
Constituent
(ug/l)
Benzene < 1 < ] < 1.0 0.8 144
Bromobenzene < 1 < ] < 1.0 < t < 1
Bromochloromethane < 1 < 1 < 1.0 < 1 < 1
Bromodichloromethane < 1 < 1 < 1.0 < 1 < ]
Bromoform < 1 < 1 < 1.0 < 1 < 1
Bromomethane < 1 < 1 < 1.0 < 1 < 1
n-Butybeazene < 1 < 1 < 1.0 < ] < 1
sec-Butylbenzene < 1 < i < 1.0 < i 0.8 J
tert-Butyibenzene < ] < 1 < 1.0 < 1 < 1
Carbon tetrachloride < ] < 1 < 1.0 < 1 < 1
Chlorobenzene < 1 < 1 < 1.0 93 243
Dibromochloromethane < ] < 1 < 1.0 < 1 < 1
Chloroetbane < 1 < 1 < 1.0 0.6 53.6
Chloroform < 1 < t < 1.0 04 04 } 4
Chioromethane < 1 < ] < 1.0 < 1 < ]
2:Chlorotoluene < 1 < 1 < 1.0 < 1 < 1
4-Chlomtolucne - < 1 < 1 < 1.0 < ] < i
1,2-Dibromo-3-chloroprop: < 1 < ] <. 10 < 1 < -1
1,2-Dibromoethane < 1 < 1 < 1.0 < ] < ]
Dibromemethane < 1 < 1 < 1.0 < 1 < 1
1,2-Dichlorobenzene < 1 < 1 < 10 < 1 < 1
13-Dichlorobenzene < 1 < 1 < 10 < 1 < N
1,4-Dichlorobenzens < 1 <- 1 < 10 < 1 < [
Dichlorodiflucromethane - < 1 < < 10 < 1 15.0
1,1-Dichlorocthane < t 10 " 43 36 87.1
1,2-Dichloroethane 3.5 < 1 < 10 < 1 < 1
1,1-Dichloroethene < 1 < ! < 1.0 < ) < 1
cis-1,2-Dichloroethene < H < 1 < 1.0 5.1 10.0
trans-1,2-Dichloroethene < ] < 1 < 1.0 < 1 0.7 h )
1,2-Dichloropropane < 1 < 1 < 1.0 < 1 < 1
1,3-Dichloropropane < 1 < 1 < 1.0 < 1 < ]
22-Dichloropropane < 1 < |} < 1.0 < 1 < 1
1,1-Dichloropropene < 1 < 1 < 1.0 < I < 1
cis-1,3-Dichloropropene < 1 < 1 < 1.0 < ] < 1
trans-1,3-Dichloropropene < 1 < 1 < 1.0 < ] < 1
Ethylbenzene < 1 < 1 < 1.0 < 1 0.5 J
Hexachlorobutadiene < 1 < 1 < 1.0 < ] < 1
Isopropylbenzene < 1 < 1 < 1.0 < 1 02 ]
p-Isopropyltoluene < 1 < 1 < Lo < 1 < 1
Methylene chloride 0.6 < ] < 1.0 0.1 24
Naphthalene < ! < § < 1.0 < 1 < 1
n-Propylbenzene 0.7 < 1 < 1.0 < 1 < '
Styrene < 1 < 1 < 1.0 < 1 < ]
1,1,1,2-Tetrachloroethane < ] < 1 < 1.0 < i < |
1,1,2,2-Tetrachléroethane < 1 < 1 < 10 < 1 <
Tetrachloroethene < 1 < 1 < 1.0 0.3 02 J
Toluene < 1 < 1 < Lo < 1 161
1,2,3-Trichlorobenzene < 1 < ] < 1.0 < 1 < 1
1,2,4-Trichlorobenzene < 1 < 1 < 1.0 < ) }
),1,1-Trichloroethane < 1 2.0 5.6 34 4.3
1,1,2-Trichloroethane < 1 < 1 < 1.0 < ] < 1
Trichloroethene < 1 < 1 < 1.0 16.8 1.5
Trichloroflucromethane < 1 < 1 < 1.0 < | < 1
1,2,3-Trichloropropane < 1 < t < 1.0 < 1 < 1
1,2,4-Trimethylbenzene < t < 1 < 1.0 < \ 1
1,3,5-Trimethylbenzene < 1 < 1 < 1.0 < 1 0.2 ]
Vinyl chloride < ] < 1 < 1.0 14 44
o-Xylene < \ < 1 < 1.0 < 1 28
< I < 1 < 2.0 < 1 1.2

m/p-xyleaes
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Table 1. Historic Groundwater Quality Data, Colesville Landfill, Broome County, New York. Page 11 of 25
Site ID: W-5 w-5 W-§ W-5 w-s
Date: 09/13/95 12/12/95 03/11/96 06/25/96 03/19/97
Constituent
(ug/l)
Benzenc 14.0 12.6 16.1 99 15
Bromobenzene < 1 < 1 < t < 1 < 1
Bromochioromethane < 1 < 1 < 1 < 1 < 1
Bromodichloromethanc < 3 < 1 < 1 < 1 < 1
Bromoform < 1 < 1 < 1 < t < 1
Bromomethane < 1 < ] < ] < 1 < 1
o-Butylbenzene < 1 < 1 < i < 1 < 1
sec-Butylbenzene 14 02 < 1 < 1 < 1 -
tert-Butylbenzene 1 < ] < 1 < 1 < 1
Carboo trtrachloride 1 < ] < 1 < 1 < ]
Chlorobenzeoe 29 11.8 22.6 8.8 7.9
Dibromochioromethane < ] < 1 < 1 < 1 < ]
Chloroethane < ] 724 1 64.1 70.8
Chloroform < i 0.5 < i < ] < i
Chloromethane < 1 6.8 < 1 < 1 < 1
2-Chlorotoluenc < 1 < 1 < 1 < 1 < 1
4-Chlorotolucne < 1 < 1 < 1 < -1 < }
1,2-Dibromo-3-chloropropane < 1 < 1 < 1 < 1 < ]
1,2-Dibromoethane < 1 < 1 < ] < 1 < 1
Dibromotethane < 1 < 1 < 1 < 1 < 1
1,2-Dichiorobenzene < 1 < 1 < 1 < 1 < 1
1,3-Dichlorobenzene < 1 < 1 < 1 < .1 < 1
1,4-Dichlorabenzese < 1 < 1 < .1 < 1 < 1
Dichlorodifluoromethane < 1 339 50 < | < 1
1,)-Dichlorocthane 53.6 320 235 28.1 403
1,2-Dichloroethane < 1 1.2 < t < .1 < 1
1,1-Dichlorocthene < 1 1.2 < ] < 1 0.8
cis-1,2-Dichloroethene 10.5 10.6 8.4 4.7 1.5
trans-1,2-Dichloroethene < 1 05 < 1 < ] 0.6
1,2-Dichloropropane < 1 < 1 < 1 < 1 < ]
1,3-Dichloropropane < 1 < 1 < ] < ] < ]
2,2-Dichloropropane < i < 1 < 1 < 1 < i
1,1-Dichloropropene < 1 < ] < i < 1 < [
cis-1,3-Dichloropropene < ] < 1 < 1 < 1 < 1
trans-1,3-Dichloropropene < 1 < 1 < 1 < 1 < 1
Ethylbenzene 1.1 12 0.6 < 1 1.a
Hexachlorobutadiene < 1 < 1 < 1 < 1 < 1
Isopropylbenzene < 1 0.6 0.1 < 1 < 1
p-Isopropyltoluene < 1 0.} < 1 < ] < ]
Methylene chloride 4.4 45 < 1 28 )1
Naphthalene < 1 < 02 < 1 < 1 < ]
n-Propylbenzene < 1 < 1 < 1 < 1 < 1
Styrene < i < 1 < 1 < 1 < 1
1,1,1,2-Tetrachlorocthane < 1 128 < 1 < 1 < 1
1,1,2,2-Tetrachloroethane < 1 < 1 < 1 < 1 < ]
Tetrachloroethene < 1 0.1 < 1 < 1 < 1
Toluene 101 63.7 68.2 60.8 309
1,2,3-Trichlorobenzene < ] < ] < 1 < 1 < 1
1,2,4-Trichlorobenzene < i < 1 < 1 < 1 < 1
1,1,1-Trichloroethane 24 5.6 1.0 2 9.4
1,1,2-Trichloroethane < ] < 1 < 1 < 1 < 1
Trichlorocthene 1.9 9.6 3.6 < 1 15.2
Trichloroflucromethane < 1 ] <. ] < 1 < 1
1,2,3-Trichloropropane < 1 I < i < 1 < i
1,2,4-Trimethylbenzene < 1 0.1 < ] < 1 < ]
1,3,5-Trimethyibenzene < ) 0.1 0.1 < 1 < i
Vinyl chloride < ] 7.1 3.1 25 9.0
o-Xylene 4.6 4.4 23 21 29
29 2.6 22 24 2.6

m/p-xylenes
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Table 1. Historic Groundwater Quality Data, Colesville Landfill, Broome County, New York Page 12 of 25

m/p-xylenes

Site ID: W-§ w-5 W-06 w-6 Ww-6
Date: 0716/97 9/22/99 06/13/95 09/13/95 12/12/95
Constituent
(ug/L)
Benzene 52.1 20 306 24.1 22.1
Bromobenzene < 1 < 1.0 < 1 < 1 < 1
Bromochlosomethane < 1 < 1.0 < 1 < 1 < 1
Bromodichloromethane < 3 < 1.0 < 1 < 1 < 1}
Bromeform < 1 < 1.0 < 1 < 1 < 1
Bromomethane < ) < 1.0 < 1 < 1 < 1
n-Butylbenzene < 1 < 1.0 < 1 < 1 < 1
sec-Butylbenzene ‘< ] < 1.0 05 I 0.3 J 02 J
test-Butylbenzene < 1 < 10 < 1 < 1 02 1
Carbon tetrachloride < 1 < 1.0 < ] < } < 1
Chlorabenzene < 1 48 46.2 37.5 50.2
Dibromochloromethane < 1 < 1.0 < 1 < 1 < ]
Chloroethane 152 260 93 1.7 18.1
Chioroform < 1 < 1.0 03 I < 1 < H
Chioromethane < I 1 232 3.7 214
2-Chlorotolucne < ] < 1.0 < ] < ] < 1
4-Chlorotoluenc < i < 10, < 1 < 1 < 1
1,2-Dib 3-chloroprop < 1 < 10 .. < 1 < 1 < 1
1,2-Dibromoethane < 1 < 1.0 - < 1 < ] < 1
Dibromomethane < 1 < 1.0. . < 1 < 1 < 1
1,2-Dichlorcbenzene < ] < 10.. - < 1 < 1 < ]
1,3-Dichlorobenzene < 1 < 1.0, .- : < ] < 1 < ]
1,4-Dichiorobenzene < ] < 1.0: < 1 < 1 < 1
- Dichlorodifl h < [} <. .1.0... 14 53 55.0
- 1,}-Dichloroethane < 1 58 ... 250 10.4 6.9
1,2-Dichlorocthane < 1 < 10 . 1.1 < .1 13
1,1-Dichlorocthcne < t < Lo < 1 < 1 < 1
cis-1,2-Dichlorocthene < ] < 1.0 35 1.8 22
trans-1,2-Dichloroethene < | < 1.0 < 1 < 1 < ]
1,2-Dichloropropane < 1 < 1.0 11 < 1 < 1
1,3-Dichloropropane < 1 < 1.0 < \ < 1 < ]
2,2-Dichloropropanc < 1 < 1.0 < 1 < 1 < ]
1,1-Dichlotopropene < ] < 1.0 < ] < 1 < 1
cis-1,3-Dichloropropene < 1 < 1.0 < i < 1 < 1
trans- §,3-Dichloropropene < 1 < 1.0 < 1 < 1 < 1
Ethylbenzene < ] 5.7 232 272 40.2
Hexachlorobutadiene < ! < 1.0 < 1 < ] < 1
tsopropyibenzene < 1 < 10 0.6 0.6 09 J
p-Isopropyltoluene < I < 1.0 0.1 0.1 0.4 J
Methylene chloride < t 8.3 08 < ) 09 J
Naphthalene < 1 < 1.0 < 1 0.2 0.4 J
o-Propylbenzene < t < 1.0 < ] 0.2 03 J
Styrene < 1 < 1.0 < 1 < ] < 1
1,1,1,2-Tetrachloroethane < ] < 1.0 < ) < 1 < 1
1,1,2,2-Tetrachloroethane < 1 < 1.0 < 1 < 1 < 1
Tetrachloroethene < 1 < 1.0 < 1 0.2 0.1 )
Toluene 76.3 30 154 282 273
1,2,3-Trichlorobenzene < ] < 1.0 < 1 < 1 < 1
1,2,4-Trichlorobenzene 99 < 1.0 < t < 1 < 1
1,1,)-Trichloroethane < 1 1.7 0.4 < 1 < 1
1,1,2-Trichloroethane < 1 76 < 1 < i < }
Trichloroethene < | L9 4.6 1.4 1.6
Trichiorofluoromethane < ] < 1.0 \ < t < 1
1,2,3-Trichloropropane < 1 < 1.0 < 1 < 1 < i
1,2,4-Trimethylbenzene < 1 < 1.0 1.5 0.9 2.3
1,1,5-Trimethylbenzene < 1 < 1.0 0.6 0.7 1.5
Vinyl chloride < \ 3.1 25 0.7 4.0
o-Xylene < ] 4.2 26.2 30.9 38.6
< ) 7.4 70.0 82.7 132
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m/p-xylenes

Table 1. Historic Groundwater Quality Data, Colesville Landfill, Broome County, New York Page 13 of 25
Site ID: w-6 W-6 W6 w07 Ww-7
Date: 03/11/96 03/19/97 9/23/99 06/13/95 09/13/95
Constituent
(vg/l)
Benzene 19.9 2.7 21 10.0 n3
Bmmoi::nzcne < ] < 1 < 1.0 < 1 < 1
Bromochloromethaoe < 1 < 1 < 1.0 < 1 < 1
Bromodichlorometbate < 1 < 1 < 1.0 < 1 < 1
Bromoform < 1 < ] < Lo < ] < 1
Bromomethane < 1 < 1 < 1.0 < 1 < 1
n-Butylbenzene 02 J < 1 < 1.0 < 1 < 1
sec-Butylbenzene 09 J < t < 1.0 < 1 < 1
tert-Butylbenzene 02 ) < 1 < 1.0 < 1 < 1
+ Carbon tetrachloride < 1 < 1 < 1.0 < 1 < 1
Chlorobenzene 38.7 12.7 < 1.0 10.0 3.8
Dibromochloromethane < 1 < 1 < 1.0 < ] < 1
Chlorocthane 4.4 19.0 < 1.0 144 11
Chloroforma < 1 < 1 < 1.0 < 1 < 1
Chloromethane 12.4 < 1. < 10 < 1 13
2-Chlorotoluene < 1 < -1 < 1.0 < 1 < 1
4-Chlorotoluene < ) < 1. < 1.0 < 1 < 1
1,2-Dibromo-3-chloropropane < ] < 1 < 1.0 < 1 < 1
1.2-Dibromoethane < 1 < 1 < 1.0 < ] < 1
Dibromormethane < i < 1 < 1.0, < ] < ]
1,2-Dichlorobenzene < 1 < 1 < 1.0 < 1 < [}
1,3)-Dichlorobenzene - < 1 < A < 1.0 < ] < 1
1.4-Dichlorobenzene . < 1 < ] < 1.0 < ] < 1
Dichlorodifluoromethane 17.9 < -} . < 1.0 < 1 43
1,1-Dichlorocthane 19.7 33.2. 70 7.8 6.4
1,2-Dichloroethane < 1 < 1 < 1.0 < 1 < 1
1,1-Dichloroethcne < 1 < 1 < 1.0 < 1 < ]
cis-1,2-Dichloroethene 1.3 14 < 1.0 1.5 09 J
trans-1,2-Dichlorocthene < 1 < .}, < 1.0 < 1 < 1
1,2-Dichloropropane < 1 < t < 1.0 02 < 1
t,3-Dichloropropanc < 1 < ) < 1.0 < ] < |
2,2-Dichloropropane < 1 < 1 < 1.0 < } < 1
1,t-Dichloropropene < 1 < 1 < 1.0 < 1 < 1
cis-1,3-Dichloropropene < 1 < 1 < 1.0 < 1 < 1
trans-1,3-Dichloropropene < 1 < ) < 1.0 < ] < 1
Ethylbenzene as8 1.9 9.9 < 1 < 1
Hexachlorobutadiene < L} < 1 < 1.0 < 1 < 1
Isopropylbenzene 07 ) < 1 < 1.0 < 1 < ]
p-Isopropyltoluene 02 J < 1 < 1.0 < ] < 1
Methylene chloride 04 J < 1 < 1.0 0.7 03 J
Naphthalene 0.3 J < 1 < 1.0 < 1 < 1
n-Propylbenzene < 1 < 1 < 1.0 < ] < 1
Styrene < 1 < ) < 1.0 < I < 1
1,1,1,2-Tetrachlorocthane < I < [} < 1.0 < ] < 1
1,1,2,2-Tetrachloroethane < 1 < t < 1.0 < ] < 1
Tetrachloroethene < 1 < ] < 1.0 < 1 . < t
Toluene 82.7 0.8 < 1.0 0.s < 1
1,2,3-Trichlorobenzene < i < 1 < 1.0 < 1 < ]
1,2,4-Trichlorobenzene < 1 < 1 < 1.0 < 1 < 1
1,1,1-Trichloroethane < 1 < 1 < 1.0 03 < ]
1,1,2-Trichloroethane < 1 < 1 < 1.0 < ] < i
Trichloroethene 1.4 39 6.4 33 25
Trichlorofftuoromethane < 1 < ] < 1.0 < } < 1
1,2,3-Trichloropropane < 1 < 1 < 1.0 < 1 < 1
1,2,4-Trimethylbenzene 3.2 < 1 < 1.0 < 1 < 1
1,},5-Trimethylbenzene 1.0 < 1 < 1.0 < 1 < )
Vinyl chloride 0.3 J 6.2 < 1.0 < ) 0.4 J
o-Xylene 24.8 LS < 1.0 < ! < 1
117 4.1 18 03 < 1
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Table ). Historic Groundwates Quality Data, Colesville Landfill, Broome County, New York. Page 14 of 25
Site ID: w-7 w-7 w-7 w-7 w-7
Date: 12/12/95 03/11/96 06/26/96 03/19/97 07/16/97
Coastitueat
(ug/l)
Benzent | 8.8 4.6 < | ] 3.6 35
Bromnobenzne < ' < 1 < 1 < ] < 1
Bromachioomethaoe < [ < 1 < 1 < 1 < 1
Bromodichioromethane < ] < 1 < 1 < 1 < ]
Bromoform < 1 < 1 < 1] < ] < 1
Bromometune < 1 < 1 < 1] < 1 < ]
o-Butylbemzene < 1 < 1 < 1 < 1 ] < ]
sec-Butylbazene < ] < 1 < ) < 1 < 1
tert-Butylbazene < 1 < 1 < 1 < 1 < ]
Carbon tetnchloride < 1 < i < t < 1 < 1
Chlorobenzae 10.6 7.0 8.7 29.1 . 26.9
Didromochioromethnac < 1 < 1 6.2 < 1 < 1
Chlorocthane 13.5 : 3.2 < 1 15.6 6
Chloroforn < 1 < 1 < 1 < 1 < 1
Chlosometiane 3.1 < 1 < 1 < 1 9.6
2-Chlomtoliene < f < ) < 1 < 1 < 1
4-Chlorotoliene < 1 <. ] < 1 < 1 < ]
1,2-Dibiom-3-chloropropane < 1 < [} < |} < 1 < 1
1,2-Dibromoethane < 1 < 1 < ] < 1 < 1
Dibromosmethanc < 1 < 1 < ! < .3 < 1
1,2-Dicblopbenzene < ] < 1 < 1 < 1 < 1
1,3-Dichlopbenzene ‘< 1 < 1 < 1 < -1 < 1
1,4-Dichlonnbeazene < 1 < 1 < 1 < .1 < R
Dichlorodifucromethane ’ - 26.1 <. |} < 1 < 1 9.7
1,1-Dichionethane 4.8 3.6 83 8.9 9.3
1.2-Dichianethane < 1 < } < 1 < 1 < 1
1,1-Dichlormethene < 1 < [ < 1 < 1 < 1
cis-1,2-Dichloroethene 1.t < ] < 1 2.7 3.1
trans-1,2-Dichloroethene < 1 < 1 < 1 < [ < 1
1,2-Dichlonpropane < ] < ] < ] < t < 1
1,3-Dichlompropane < ] < 1 < ] < 1 < H
2.2-Dichlampropane < 1] < 1 < ] < ) < 1]
1,1-Dichlonpropene < 1 < ] < 1 < 1 < )
cis-1,3-Dicloropropene < 3 < < < 1 < 1
trans-1,3-Dichloroprupene < 1 < 1 < ] < 4 < 1
Ethylbenzese 03 ) < 1 < ] < ] < ]
Hexachiorchutadiene < 1 < ] < 1 < ] < ]
Isopropylbmzene o J < t < 1 < 1} < 1
p-Isopropylioluene < ] < 1 < ] < ] < 1
Methyleae chloride 0.4 ¥ < i < 1 < 1 < H
Naphtbalege 0z < ] < 1 < 1 < 1
n-Propylbenzenc < 1 < 1 < 1 < ] < 1
Styrene < 3 < 1 < 1 < [} < }
1,1,1,2-Tetnchloroethane < 1 < ] < ] < } < \
1,1,2,2-Tetnchlorocthane < ] < 1 < 1 < 1 < ]
Tetrachlosethene 0.1 ) < ! < 1 < 1 < )
Toluene 09 I < 1 < 1 < ] < L}
1,2,3-Trichlorobenzene < ] < 1 < 1 < 1 < 1
1,2,4-Tricklorobenzene < ] < 1 < ] < 1 < ]
1,1,1-Trichloroethane 04 ) < t < 1 < 1 < i
1,1,2-Trichoroethane < 1 < ) < 3 < ] < ]
Tnchloroetiene ’ 33 1.6 < 1 21 2
Trichloroflioromethane 14 < 1 < \ 09 I 30
1,2,3-Trichloropropane < ] < ] < \ < 1 < 1
1,2,4-Trimethylbenzeac < 1 < 1 < 1 1 < )
1.3,5-Tnmethylbenzene < ] < ] < 1 1 < 1
Vinyl chloide 2.9 < i < 1 4.6 35
o-Xylene 0.3 J < ) < ] 1 < 1
nm/p-xylenes 0.7 1 < 1 < i 1 < t
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Table 1. Historic Groundwatey Quality Data, Colesville Landfill, Broome County, New York. Page 1S of 25
Site ID: w-7 w-10 W-10 w-10 w-13
R Date: 9/23/39 06/13/95 06/25/96 oIN 697 06/13/35
Constituent
(ug/L)

Benzene 2.5 < 1 < 1 < 1 < |
Bromobemzene < 1.0 < 1 < [ < t < 1
Bromochloromethane < 1.0 < ] < 1 < 1 < 1
Bromodichloromethane < 1.0 < 1 < 1 < '} < 1
Bmmoﬁxin < 1.0 < )] < ) < 1 < 1
Bromomethane < 1.0 < 1 < ] < 3 < 1
o-Butylbezene < 1.0 < 1 < 1 < 1] < 3
sec-Butylbenzene < 1.0 < 1 < H < ] < )
test-Butylbenzene < 1.0 < 1 < ] < 1 < 1
Carben tetrachtoride < 1.0 < ] < 1 < ] < 1
Chlorobzzene 26 < ] < 1 < 1 < 1
Dibromochloromethane < 1.0 < 1 < ] < 1 < 1

' Chloroethane < 1.0 1.0 < 1 < 1 < 1
Chloroform < 1.0 02 J < ] < 1 < 1
Chloromzthane < 1.0 113 < | § 76 - < 1
*2-Chlorvicluene < 1.0 < ] < 1 < 1 < )
'A-Chlontnhlenz < 1.0 <, 1 < ] < H < 1
- ' 1,2-Dibramo-3-chloyopropane < 1.0 < [ < 1 <. [ < 1
 1,2-Dibrmoethane < 1.0 < ] < 1 < 1 < ]
- 'Dibromomethane < 1.0 < .} < 1 < 1 < i
'1,2-Dichlurobenzene < 1.0 < 1 < 1 < 1 < 1
- 1,3-Dichiorobenzene < 1.0 < 1 < ] < 1 < 1
“1,4-Dichlorobenzens < 1.0 < 1 < ] < 1 < ]
Dichlomudifiucromethane < 1.0 -25.9 < ] 9.1 < 1
1,1-Dichiorocthane 8.7 2 12.8 9.8 < 1
),2-Dichloroethane < 1.0 < 1 < 1 < ] < 1
1,1-Dichioroethiene < 1.0 1.5 J < 1 < 1 < 1
cis-1,2-Dichlorocthene < 1.0 < 1 < 1 < Y < ]
trans- 1 ,2-Dicblurocthene < 1.0 < 1 < 1 < [} < ]
1,2-Dichloropropane < 1.0 < ] < 1 < 1 < 1
1,3-Dichloropropane < 1.0 < 1 < 1 < ] < 1
2,2-Dichloropropane < 1.0 <. 1 < 1 < 1 < 1
1,1-Dichloropropene < 1.0 < H < 1 < 1 < 1
¢cis-1,3-Dichloropropene < 1.0 < 1 < 1 < 1 < 1
trans-1,3-Dichloropropeae < 10 < 1 < 1 < % < 1
Ethylbenzene 3.0 < 1 < [} < 1 < t
Hexachlorobutadieae < 1.0 < ] < 1 < 1 < ]
Isopropylbenzcune < 1.0 < 1 < 1 < 1 < ]
pisopropyltoluene < 1.0 < 1 < \ < 1 < 1
Methylear chloride < 1.0 39 < 1 < ] < )
Naphthaleae < 1.0 < ] < 1 < 1 < 1
e-Propyfbenzens < 1.0 < 1 < t < 1 < ]
Styrene < 1.0 < 1 < 1 < |} < 1
1,1,1,2-Tetrachloroethane < 1.0 < t < [ < ] < t
1,1,2,2-Tetrachlorocthane < 1.0 < 1 < ] < 1 < 1
Tetrachloroethene < 1.0 < 1 < 1 < 1 < 1
Toluene < 1.0 < 1 < 1 3.2 < ]
1,2,3-Trichlorobenzene < 1.0 < ] < 1 < 1 < 1
1,2,4-Trichlorobenzene < 1.0 < t < ] < 1 < ]
1,1,1-Trichlorocthane < 1.0 61.4 30.9 17 < 1
1,1,2-Trichtoroethane < 1.0 < 1 < 1 < 1 < 1
Tricblosoethene < 1.0 < [} < \ < 1 < 1
Trichlorofluoromethane < 1.0 1.7 < 1 < 1 < 1
1,2,3-Trichloropropase < 1.0 < \ < 1 < 1 < |
1,2,4-Trimethylbenzene < 1.0 < i < } < ) < i
1,3,5-Trimethylbenzene < 1.0 < 1 < § < ) < X
Vinyl chloride < 1.0 2.2 < t 3.7 < )
o-Xylene < 1.0 ] < ] < 1 < 1
m/p-xylenes < 2.0 1 < t < 3 < 4




ARCADIS GERAGHTY&MILLER

Table 1. Historic Groundwater Quality Data, Colesvilte Landfill, Broome County, New York.

Page 16 of 25

Constitarnt

Site ID:
Date:

w-13
06/25/96

Ww-148
06/27/96

W-148
omneT

W-165
06/13/95

W-168
09/13/95

2-Chlgroohuene
4-Chlorotolucac

1,2-Dibromo-3-chloropropane

1,2-Dibromoethane
Ditvomomethane
12-Dichlaobenzene -
1,3-Dichlorobenzene’
1,4-Dichlombenzene

" Dichlorodifluoromethane

1,1-Dichloroethans
1,2-Dichloroethane
1,1-Dichicoethene
cis-3,2-Dichlosoethene
traus-1,2-Dichloroethene
1,2-Dichioropropane
13-Dichloopropane
2.2-Dichloropropane
1,1-Dichloropropene
¢is-1,3-Dichlorapropenc
trans-1,3-Dichlozopropenc
Ethylbeazene
Hexachlorsbutadicne
Isopropylbenzene
pisopropyitoluene
Methyleaz chloride
Naphtbaleoe
p-Propybmzene
Styrene
1,1,1,2-Terachlovoethane
1,1,2,2-Tetrachloroethane
Tetrachiorocthens
Toluene
1,2,3-Trichiorobenzene
1,2,4-Trichlorobenzene
1,3, -Trichloroethane
1,1,2-Trichloroethane
Trichloroethene
Trichlorofluoromethane
1.2,3-Trichloropropane
1,2,4-Trimethylbenzene
1,3,5-Trimethylbenzene
Vinyl chlodide
o-Xylene
m/p-xylents
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Table 1. Historic Groundwater Quality Data, Colcsville Lsndfill, Broome Couaty, New York.
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Constituent
(ug/L)

Site [D:
Date:

Ww-168
\212/95

W-168
03/12/96

W-165

W-165
0Y/19/97

W-168
07/16/97

Benzene
Bromobenzene
Bromochloromethane
Bromodichloromethanc
Bromoform
Bromomethane
n-Butyibenzene
seo-Butylbenzene
tert-Butylbenzene
Carboa trtrachloride
Chlornbenzene
Dibromachioromethane
Chloroethans
Chloroform
Chloromethane
2-Chlosutoluene
4-Chlorotohrene

1,2-Dibromo-3-chloropropane

1,2-Dibromoethane
Dibromomcthane
1,2-Dichlorobenzene
I,J—Dichlﬁzubenm
1,4-Dichlorobenzene
Dichlarodiflucromethane
1,1-Dichloriethane
1,2-Dichlorocthane
1,1-Dichlorocthene
cis-1,2-Dichlorocthene
trans-1,2-Dichloroctheae
1,2-Dichloropropance
1,3-Dichloropropane
2,2-Dichloropropane
1,1-Dichlosopropene
cis-1,3-Dicbloropropeae
trans-1,3-Dichloropropene
Ethylbenzene
Hexachlorobutadiene
Isepropylbenzene
psopropyltcluene
Methylene chloride
Naphthalene
n-Propylbenzene
Styrene
1,4,1,2-Tetrachloroethane
1,1,2,2-Tetrachloroethane
Tetrachloroethene
Toluene
1,2,3-Trichlorobenzene
1,2,4-Trichlorobenzene
1,1,1-Trichloroethane
1,1,2-Trichloroethane
Trichloroethene
Trichlorofluoromethane
1,2,3-Trichloropropane
1,2,4-Trimethylbenzene
1,3,5-Trimethylbenzene
Vinyl chloride
o-Xylene
m/p-xylenes
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Table 1. Historic Groundwater Quality Data, Colesville Landfill, Broome County, New York. Page 1B of 25
Site ID: W-168 W-17 W-i71 W-171 W-171
Date: 9/23/99 06/13/95 09/13/95 12/82/95 03/12/96
Constituent
(og/L)
Benzene 18 < 1 < ] < 3 < ]
Bromobtazene < 1.0 < 1 < 1 < 1 < 1
Bromochkromethaoe < 1.0 < 1 < 1 < 1 < 1
Bromodchloromethane < 10 < ] < ] < [ < 1
Bromeform < 1.0 < 1 < 1 < ] < ]
Bromomethane < 1.0 < 1 < 1 < t < H
n-Butylbenzene < 1.0 < 1 < 1 < v < t
sec-Butylbemzene < 1.0 < 1 < 1 < 1 < ]
teet-Butylbenzene < 10 < i < 1 < 1 9.0
Carbon tetrachloride < 1.0 < 1 < ] < 1 < 1
Chioroberzene < 1.0 < 1 < ] < ) < ]
Dibromochloromethane < 1.0 < 1 < ) < 1 < 1
Chlorocthune 33 < 1 < 1 < 1 < ]
Chioroform < 1.0 0.4 < 1 < 1 < 1
Chloromethane < 1.0 <, 1 < t < i < t
2-Chlorotolucne < 1.0 < ] < 1 < ] < 1
4-Chlorotolusae < 1.0 < ] <. } < 1 < 1
1.2-Dibromo-3-chloropropanc < 1.0 < 1 < 1 < 1 < ]
1,2-Ditromacthane < 10 < |} < 1 < x < 1
Ditromomethane < 10 < 1 < ! < 1 < ]
1,2-Dichlorobenzene < 1.0 < 3 < 1 < [} < 1
1,3-Dichlocbenzene < 1.0 < 1 < 1 < 1 < ]
1,4-Dichloobenzene < 1.0 < ] < 1 < ] < 1
Dichlorodiflucromethane < 1.0 < 1 < ) < 1 < %
1,1-Dichlorocthane 32 36 28 < 1 < i
1.2-Dichloroethane < 1.0 < t < ] < 1 < []
1,1-Dicblcrocthene < 1.0 < t < 1 < 1 < 1
cis-1,2-Dichloroethene < 1.0 1.4 1.0 < 1 < 1
trans-1,2-Dichlorocthens < 1.0 < 1 < 1 < ] < 1
1,2-Dichlvroprupane < 1.0 < ] < 1 < 1 < 1
1,3-Dichlcropropane < (K1) < 1 < 1 < 1 < 1
2.2-Dichloropsopane < 1.0 < 1 < H < 1 < ]
1,1-Dichloropropesac < 1.0 < 1 < i < 1 < i
cis-1,3-Dichloropropene < 10 < 1 < 1 < 1 < ]
mns—),:—bidﬂompmpcn: < 1.0 < 1 < 1 < ] < 1
Ethylbenzene < 1.0 < 1 < ] < 1 < 1
Hexachlowbutadiene < (K < 1 < \ < t < H
Isopropyibenzeoe < 1.0 < 1 < 1 < 1 < 1
p-isopropyltoluene < 1.0 < 1 < 1 < 1 < i
Methylene chloride < 1.0 < 1 < 1 < 1 < ]
Naphthaleae < 1.0 < 1 < t < 1 < )
n-Propylbenzene < 1.0 < 1 < 1 < 1 < t
Styrenc < 10 < t < 1 < 1 09 I
1.1,1,2-Terachloroethane < L0 < ] < 1 < 1 < ]
1,1,2,2-Tetrachloroethane < 1.0 < 1 < ] < ] < 1
Tetrachioroethene < 1.0 < ] < 1 < ] <. 1
Tolueue- < 1.0 < ] < ) < 1 < 1
1,2,3-Trichlorobenzene < 1.0 < t < [} < 1 < ]
1,2.4-Trichlorobenzene < 1.0 < 1 < 1 < ] 4.0
t,1,1-Trichloroethane < 1.0 24 1.4 < 1 < 1
1,1,2-Trichloroethane < 1.0 < 1 < t < 1 < 1
Trichlorocthene < 1.0 23 1.7 < 1 < 1
Trichlorofluoromethane < 1.0 < 1 < 1 < 1 < 1
1,2,3-Tricbloropropane < 1.0 < 1 < ] < 3 < ]
1,2,4-Trimethylbenzene < 1.0 < \ < 1 < 1 < i
1,),5-Trimethylbenzene < 1.0 < 1 < ] < 3 < 1
Viayl chloride < 1.0 < 1 < 1 < ] < 1
o-Xyleoe < 1.0 < } < \ < L 0.7 !
w/p-xylencs < 2.0 < ] < ) < 1 < 1
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Table §. Historic Groundwater Quality Data, Colesville Landfil), Broome County, New York.
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Table 1. Historic Groundwater Quality Data, Colesville LandSll, Broome County, New York Page 20 of 25
Site ID: W-178 W-178 w-18 Ww-18 Ww-18
Date: 03/19/97 9/23/99 06/13/95 09/13/95 121295
Constituest
(ug/L)
Benzene < ] < 1.0 < 1 < 1 < I
Bromobenzene < 1 < 1.0 < [} < 1 < ]
Bromochleromethane < 3 < 1.0 < 1 < 1 < ]
Bromodichlosomethane < ] < 10 < 1 < 1 < ]
Bromofonn < 1 < 1.0 < 1 < 1 < 1
Bromomethane < 1 < 1.0 < ) < 1 < i
o-Butyfbeszeue < 1 < 10 < ] < 1 < ]
sec-Butyltenzene < |} < 1.0 < ] < 1§ < i
test-Butylbenzene < 1 < 1.0 < t < 1 < 1
Carbon tetrachloride < 1 < 1.0 < 1 < ] < 1
Chlorobenzeae < 1 < 1.0 < 1 < ] < t
Dibromochloromcthane < 1 < 1.0 < ] < ] < ]
Chloroethane < ] < 1.0 < 1 < 1 < 1
Chloroform < 1 < 10 29 T 24 19
Chloromethane < i < Lo < 1 < 1 < i
2-Chiorutoluene < i < 1.0 < 1 < ) < ]
4-Chlorotoluene < 1 < 1.0 - < ] < 1 < t
1,2-Dibromo-3-chloropropane < ] < 1.0 < 1 < 1 < 1
1 2-Ditwomoethane < ] < 1.0 < 1 < i < H
Dibromomethane < 1 < 1.0 < i < [} < 1
1 2-Dichlorobenzene < 1 < 10: . < ] < 1 < 1
* 1,3-Dichlorobenzene < 1 ‘< 10: < 1 < 1 < ]
$,4-Dichlorobenzene < ] <. 1.0 < ] < 1 < 1
DichlorodiBuosomethane < 1 < 10 .- < 1 2.6 < 1
1.)-Dichlorethane 1.0 : 11 41.0 534 45.8
" 1,2-Dichlorocthane < 1 < 10 < 1 < ] < 1
1,1-Dichioroethene < ] < 10 0.3 < i < t
cis-1,2-Dichloroethene < 1 < 1.0 26.1 258 294
trans-1,2-Dichloroethene < 1 < 10 - < ] < ] < |}
1,2-Dichloopropane <. 1 < 1.0 < 1 < 1 < 1
1,3-Dichlowpropane < 1 < 1.0 < 1 < ] < 1
2.2-Dichloropropane < 1 < 1.0 < 1] < 1 < i
1,1-Dichlompropene < ] < 1.0 < } < 11 < t
cis-1,3-Dichloropropeae < ] < 1.0 < 1 < 1 < 1
trans- 1,3-Dichloropropene < 5 < 10 < 1 < 1 < )
Ethylbenzene < ] < 1.0 < | < ] < 3
Hexachlombutadiene < 1 < 10 < 1 < t < 1
Isopropylbenzene < 1 < 10 < t < 1 < !
p-sopropyliolucoe < 1 < 1.0 < t < 1 < i
Methylene chloride < ] < 10 < 1 02 < |}
Naphthalese < 1 < 1.0 < ] < 1 < 1
o-Propytbenzene < i < 10 < t < ] < 1
Styrene < 1 < 10 < 1 < ) < 1
1.1,1,2-Tetachlorocthane < 1 < 1.0 < ] < 1 < 1
1,1,2,2-Tetrachlorocthane < 1 < 1.0 < ] < 1 < )
Tetrachlorocthene < ] < 1.0 < ] < 1 < 1
Toluene < 1 < 1.0 < ] < 1 [ . ]
1,2,3-Trichlorobenzene < i < 1.0 < 1 < 1 < {
1,2,4-Trichlorobenzene < ] < 1.0 < ] < } < 1
1,t,1-Trichloroethane < 1 < 34 17.3 255 193
1,1,2-Trichloroethane < 1 < 1.0 < 1 < 1 < \
Trichloroethene < 1 < 1.0 329 438 293
Trichl orofluoromethane < 1 < 1.0 < 1 0.2 < 1
1,2,3-Trichloropropane < 1 < 1.0 < 1 < 1 < 1
1,2,4- Trimethylbenzene < 1 < 1.0 < ] < 3 < i
1,),5-Trimethylbeazene < 1 < 1.0 < 1 < 1 < 1
Vinyl chloside < \ < 1.0 < 3 < i < ]
o-Xylene < | < 1.0 < ) < 1 < |
m/p-xylenes < ) < 20 < i < ! < i
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ARCADIS GERAGHTY&MILLER

Table 1. Historic Groundwater Quality Data, Colesville Landfill, Broome County, New York. Page 22 of 25
Site ID: Ww-18 W-208 W-208 W-208 wW-208
Date: 9/24/99 06195 09/13/95 122195 03/12/96
Coastituetd
(sg/L)
Benzene < 1.0 < 3 < 1 < [} < 1
Bromobexzene < 1.0 < 1 < 1 < 3 < 1
Bromochiromethane < 10 < ] < 1 < 3 < 1
Bromodiciloromethane < 1.0 < 1 < 3 < 1 < 1
Bromofom < 1.0 < 1 < 1 < 1 < 1
Bromgomethane < 1.0 < 1 < ] < 1 < 1
o-Butytbezene < 1.0 < 1 < ] < 1 < 1
sec-Butybenzene < 1.0 < [} < 1 < 3 < 1
test-Butybenzene < 1.0 < 1 < 1 < 1 32
Carbon tetrachloride < 1.0 < t < 1 < 1 < t
Chiorobemzene < 1.0 < .1 < 1 < 1 < 1
Dibromodiloromethane < 1.0 < 1 < 1 < 1 < 1
Chloroethine < 1.0 < 1 < [] < 1 < 1
Chlorofom 3 < R < 1 < 1 < ]
Chlororatthane < 1.0 < ] < i < 1 < 1
2-Chiorokluene < 1.0 < -1 < 1 < 1 < )
4-Chlorotluene < 1.0 < 1 < 1 < ] < 1
1,2-Dibromo-3-chlcropropane < 1.0 < -} < 1 < ] < 1
1,2-Dibramoethane .< 1.0 < 1 < 1 < 1 < 1
Dibromomethane < 1.0 < | < 3 < 1 < 1
1,2-Dichluobenzene < 1.0 < 1 < 1 < 1 < 1
1,3-Dichkrobenzene < 1.0 < 1 < 1] < t < 1
1,4-Dichlorobenzene < 10 < -1 < 1 < 1 < [l
Dichlorodiflucromethane < 10 < 1 <1 < 1 < }
1,1-Dichloroethane 32 < 1 < 1 < 1 < )
1,2-Dichbirocthane < L0 < 1 < 1 < ] < ]
1,)-Dichlorocthene < 1.0 < ] < 1 < 1 < ]
cis-1,2-Dichlorocthene 19 < ] < 1} < i < 1
trans-~1,2-Dichloroethene < 1.0 < 1 < 1 < 1 < ]
1,2-Dichkropropane < 1.0 < } < 1 < [ < 1
t,3-Dichluopropanc < 1.0 < ] < 1 < 1 < 1
2,2-Dichluropropane < 1.0 < ] < 1 < 1 < 1
1,1-Dictloropropene < 1.0 < ] < 1 < ] < i
cis-t,3-Dithioropropene < 1.0 < 1 < 1 < 1 < )
trans-1,3-Dichloropropens < 1.0 < 1 < 1 < 1 < )
Ethylbenznc < 1.0 < 1 < 1 < ] < H
Hexachlombutediene < 1.0 < 1 < ] < 1 < i
Isopropylbenzene < 1.0 < 1 < 1 < ] < 1
p-Isopropyitolucae < 1.0 < 1 < 1 < 1 < 1
Methylent chloride < 1.0 < 1 < 1 < 1 < 1
Naphthalene < 1.0 < 1 < 1 < % < 1
n-Propylbenzene < 1.0 < 1 < 1 < ] < 3
Styrenc < 10 < 1 < 1 < 1 0.6 5
1,1,1,2-Terachloroethane < 1.0 < 1 < 1 < 1 < 1
1,),2,2-Teachloroethane < 1.0 < R < ] < ) < [
Tetrachlonpethene < 1.0 < 1 < 1 < 1 < ]
Toluene < 1.0 < ] < ] < 1 < t
1,2,3-Trictlarobenzene < 1.0 < ] < 1 < 1 < )
1,2,4-Tricklorobenzene < L0 < 1 < 1 < 1 < )
1,1,1-Tricbloruethane 12 < ] < 1 < 1 < }
1,1,2-Trichlorocthane < 1.0 < 1 < \ < ] < ]
Trichlorocthene 29 < 1 < 1 < ] < 1
Trichlorofusromethane < 1.0 < 1 < } < ] < ]
1,2,3-Trichloropropane < 1.0 < 1 < 1 < \ < |
1,2,4-Trimethylbenzene < 1.0 < H < 1 < 1 < i
1,3,5-Trinethylbenzene < 1.0 < ] < ] < 1 < i
Vinyl chleride < 1.0 < ' < [} < | < 1
o-Xylene < 1.0 < 1 < ] < ] < i
m/p-xylenes < 2.0 < i < 1 < 1 < i
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Table ). Historic Groundwater Quality Data, Colesville Landfill, Broome County, New York. Page 23 of 25
Site ID: w-20S W-20S W-20S w-208 W-225
Date: 06/27/96 03/19/97 011197 9122/99 06/13/95
Constituent
(ogll)
Benzene < |} < ] < ] < 1.0 < 1
Brumobenzene < v < t < 1 < 10 < 1
Bromochioomethane < ] < 1 < ) < 1.0 < 1
Bromodiclioromethane < 1 < ] < 5 < 10 < ]
Bromofm < 1 < 1 < 1 < 1.0 < 1
Bromomecthane < ] < ] < 1 < 1.0 < ]
n-Butylhemzenc < 1 < .1 < 1 < 1.0 < ]
sec-Butylbxzene < H < ] < 1 < 1.0 < i
tert-Butylbenzene < 1 < 1 < ] < 1.0 < ]
Carbon tetuchioride < 1} < 1 < ] < 1.0 < t
Chlarobenzene < 1 < ] < 1 < 1.0 < i
Dibromochiorometbane < 1 < ] < 1 < 1.0 < 1
Chiorocthase < 1 < ] < t < 1.0 < 1
Chloroform < 1 < 1 < ] < 1.0 < 1
Chloromethane < 1 < ] < 1 < 1.0 < 1]
2-Chlordtolucne < 1 < ] < 1 < 1.0 < 1
4-Chlorotalzene < } < 1 < 1 < [ X < 1
1,2-Dibromo-3-chloropropane < 1] < ] < 1 < 1.0 < 1
1,2-Dibromoethane < 1 < 1 < 1 < 10 < 1
Dibromonthane T < 1 < 3 < [} <. 10 < 1
1,2-Dichlonbenzene < 1 < ] < 1 < L0 < ]
1,3-Dichlonbenzene < ] < t < ] < 1.0 < ]
1,4-Dichlonbenzene < 1 < ] < 1 < 1.0 < )
Dichlorodifuoromethane < 1 < 1 < 1 < 10 < i
1,1-Dichlopethane < 1 < 1 < 1 < 1.0 < ]
1,2-Dichlonethanc < 1 < 1 < ) < L0 < 1
1,)-Dichlomethene < 1 < [} < 1 < 1.0 < i
cis-1,2-Diciloroethene < ] < ] < ] < 1.0 < ]
trans- 1,2-Dichlorocthene < [ < 1 < 1 < 1.0 < 1
1,2-Dichlorpropane < 1 < i < 1 < | K\ < 1
1,3-Dichlompropane < ] < ] < ] < 1.0 < 1
2,2-Dichlompropane < 1 < ] < 1 < 1.0 < 1
1,1-Dichlompropenc < 1 < ] < 1 < 1.0 < 1
cis-1,3-Dickloropropece < ] < ] < ] < 1.0 < ]
trans- 1,3-Dichloropsopene < 1 < 1 < 1 < 1.0 < )
Ethyfbenzense < 1 < 1 < 1 < 1.0 < i
Hexachlorobutadiene < 1 < 1 < 1 < 1.0 < 1
Iscpropylbrazene < 1 < i < 1 < 1.0 < )
p-Isvpropylioluene < ) < 1 < 1 < 1.0 < 1
Metbyfene chloride < 1 < ] < 1 < 1.0 < }
Napbthalenz < ] < i < 1 < 10 < |
n-Propylbenzene < i < [} < 1 < 1.0 < 1
Styrene < 1 < i < 1 < 10 < 1
1,1,1,2-Tetachloroethane < 1 < ] < ) < 1.0 < t
}.1,2,2-Tevachloroethane < ] < ] < 1 < 1.0 < 1
Tetrachloroetheae < i < 1 < 1 < 1.0 < 1
Tolueme < 1 < i < 1 < 1.0 < ]
1,2, Tricblorobenzeae < 1 < 1 < 1 < 1.0 < 1
1,2,4 Trichlorobenzene < 1 < 1 < ) < 1.0 < 1
1,1,1-Trichloroethane < T < | < 1 < 10 < i
1,1,2- Trichioroethane < ) < ] < 1 < 1.0 < ]
Trichloroethene < 1 < 4 < ) < 1.0 < 1
Trichloroflusromethane < 1 < 3 < 1 < 1.0 < ]
1,2,)- Trichloropropane < 1 < 1 < ) < 1.0 < }
1,2,4 Trimethylbenzene < 1 < 1 < 1 < 1.0 < i
1,},5-Trimethylbenzene < | < \ < |} < 1.0 < 1
Viny! chloride < t < ' < ) < 1.0 < ]
o-Xylene < } < ) < i < 1.0 < 1
m/p-xylenes < ] < 1 < 1 < 20 < 1
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Table 1. Historic Groundwater Quality Data, Colesville Landfill, Broome County, New York.
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ARCADIS GERAGHTY&MILLER

Table 1. Historic Groundwater Qnaiity Dab. Colesville Landfill, Broome County, New York.

Page 25 of 25

Not detected at the reporting limit

Analyte detected below quantitation limits
Analyte detected in the associated method blank
Value exceeds maximum contaminant leved
Spike recovery outside accepted recovery limits
RPD outside accepted recovery limits

Value exceeds quantitation range.
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ARCADIS GERAGHTY&MILLER

Appendix D

NYSDEC Air Facility Registration
Form
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Air Facility Registr'atioﬁ

DECID

HEAENEBERNE

(

Owner/Firm " TaxpayeriD

Name Broome County Division of Solid Waste Management

Slreet Address P.0O. Box 1766

City / Town/ Village Stat Provi i i
Y Blngh?amton ¢ O&Ymvmce COUII}QA Z'”ﬁ%‘f"e
Owner/Firm Contact
Name . P
Ray L. Standish . (ghg;'e)ﬂ;,78—2482
Facility

Name colesyille Landfill =

Location Address E. Windsor Road

O City/ & Town /7 O Vilage Colesville R — Zip 13787

N Facilitylnformationj

Total Number of Eniission Points: .- | O CapbyRule ..

Descnptton —

unit with one" (1) émission source. Alr stripper off—gas is below.all AEE and sSCC—
limits as defined in the NYSDEC . A1r Guide 1 (1994): Proposed tac111tm

registration pursuant to 6 NYCRR Part 201.3.3 (L) (29)

n— -
—

Proposed groundwater treatment facility consists of one (1) Tow proflle air - strlpplng

— —

Standard Industrial Classification Codes

| | |

.HAP CAS Numbers )

127 -18 -4 79- 01- 6 67. 66-3 75 . 09. 2 71 .55 . 6 R -

Applicable Federal and New York State Requirements (Part No.s)

I 201-3.3 (C) $F9)

Certification
| certify that this facility will be operated in conformance with all provisions of exisling regulations.
Responsible Official Glenn Netuschil Tille Project Engineer
Signature Oate / /
rr29m0)
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Appendix E

SPDES Industrial Application Form



Form NY-2C (12/98) - Section | Farms Page 1
State Pollutant Discharge Elimination System (SPDES)
INDUSTRIAL APPLICATION FORM NY-2C
For New Permits and Permit Modifications to Discharge Industrial Wastewater and Storm Water
~ Section | - Permittee and Facllity Information
Pieass type or print the requested information.
1. Current Permit Information (eave blank if for new discharge)
SPDES Number: DEC Number:
2. Permit Action Requested: (Check applicable bax)
[_X] ANew proposed dischargo An EBPS IFORMATION REQUEST responss || ARENEWAL ofan
existing SPDES permit

[ ] AMoDIFicATION of the existingpermt [____] An EXISTING discharge currenty without permit

Douumqmﬁhm:nhmhﬂnqmﬂydwaludhdmuodhmywbdiylohewﬁuuﬂmsmw

:J YES - Describe the increase:
[, ] no-Goto tem 3. below.

3. Pemmitteo Name and -Addms

Name ‘
Broome County ‘Division of Solid. Waste

.‘Mbnl!nn

Managgment Ray L. Sta I_ld ish_

Stroet AdOE0. Box 1766 "

State ) Gode
ay gxnghamton NY = 13902 ‘
C 4, Faslmy Name, Addnsa -ndl-naﬂon BN e i, B e i
T Colesv111e Laﬂdfill ' * Coe
smum X T T PO Bex. ..
E_mn.d.a.nL.R.Qasl " PR I
cldeﬁyn ' ) o RN T ZP Code )
: . o Wy ] 13787
Towm Colesviile . . Broome
Telephone N/A FAX N/A NYTM-E NYTM-N
Tax Map Info (New York City, Nassau and Suffok Coumly only)
Section ) Block Subblock Lot
5. Facllity Contact Person
Glenn Netuschil Project Engineer
Stea!Mdlull .0.
88 Duryea Road P-0. Bax
ot\ﬂage State ZIP Code
o Melville NY 11747
Telephone AX E-Mall or Intermnet
. (631) 249-7600 (631) 249-7610 gnetusch@gmgw. com

6. Dlschargo Monitoring Report (DMR) Mailing Address

Miiing Name
Glenn Netuschll

Slme! Addrass 88 Duryea Road P.0. Bax
City or Vilage Melville State NY P Coge 11747
elephone FAX E-Mai or Intemet
(631) 249-7600 (631) 249-7610 gnetusch@gmgw. com
Name and Title of person responsible for signing DMRs Signature
Clenn Netuschil Project Engineer

«

..’



mailto:gnetusch@gmgw.com
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Formn NY-2C (12/38) - Section | Forms

Page 2

INDUSTRIAL APPLICATION FORM NY-2C
Section | - Permittee and Facility Information

Facility Name: SPDES Number:
Colesville Groundwater Treatment Facility
7. Summarize the outfalls present at the facility:
Outfall Number Recelving Water Type of discharge
1 North Stream Effluent from Groundwater Remediation Sysfem.

8. Map.of Facllity and Bischarge Locatlons:

Pruvide a detafled map showing the Iomlio:r of the facility, all buildinps or.ﬂmdutes prpsem wastewatar dtscha!ge systems outfall Iomons into mmng _—
B waters,: neamy surface water bodies, watey. supply wells, and groundwates. momtorlny wells, and aftach it o this application. -Also subma proof, either| by

induzbon on the map or other ducumentaﬁon. that a nght of way for the. dlschatges eadsts fmm the fadility pmpelty toa puhllo Tight of way

9. Water Flow Dlagram.

See attached Figure 3.
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Form NY-2C (12/98) - Section | Forms

INDUSTRIAL APPLICATION FORM NY-2C
Section | - Permittee and Facility Information

Page 3

Facility Name:

Colesville Groundwater Treatment Facility

SPOES Number:

10. Nature of business:

(Describa the activities at the faciity and the date(s) that operation(s) at the facility commenced)

Proposed treatment facility will consist of groundwater treatment. system
comprised of one (1) low profile air stripper.
is planned to begin in September, 2000.

Treatment system operation

11. List the 4-dlgit SIC codes whlch describe your facili

y in order of priority:

Priority 1 Desalpﬁon.

Priority 3 Description: . . .

Priority 2 Description: -

Priority 4 Description: .

12. Is your 1ac,illty a prlmary Industry as llsted in Table 1 of the lnstructlons?

YES Complete the hlowlng tabb

- NO Gotoltem13 be

C e

Industnal Calegory

"R CFR

Industrial Category

"40CFR
Part Subpart

Part Subpart

13. Does this facility manufacture, handle, or discharge recombinant-DNA, pathogens, orother potentially infectious
or dangerous organisms?
YES - Attach a detailed explanation to this application.

@ NO - Go to item 14 below.

14. Is storm runoff or leachate from a material storage area discharged by your facility ?

YES -Compléte the following table, and show the location of the stockpile(s) and discharge point(s) on the diagram in item 9.
E NO - Go to item 15 on the following page.

Size of area

Type(s) of material stored

Quantity of material stored

Runoff control devices
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Form NY-2C (12/98) - Section | Forms Page 4

INDUSTRIAL APPLICATION FORM NY-2C
Section | - Permittee and Facility Information

Facility Name: SPDES Number:
Colesville Groundwater Treatment Facility

15. Facliity Ownership: (Piace an “X" in the appropriate box)

CorporateD Sole Pmpmlorsmpl—_—l Partnership:I Munldpa'[)gj State:] Fedetal[:] OlherD

Are any of the discharges applied for in this application on Indlan lands? Yes(: No D
16. List information on any other environmental permits for this facility:
Issuing Agency Pemit Type Permit Number Permit Status
Active Applied for Inactive
NYSDEC Air X

17. Laboratory Certlﬁcation. . : -
- Were any ofthe analyses reported.in Sectlon Il of this appllcahon performed by a Qontract laboratozy ota consulﬁng ﬁrm?

YES - Complete the folcwing Iable

:] NO - Go to ftem 18 below.

Name of laboratory or consuiting frm Ac_!dress Telephone Poltutants analyzed
(area code and number)

18. Certification

| certify under penalty of law that this document and all attachmenrs were prepared under my direction or supervision in accardance with a system designed to
assure that qualified personnel properly gather and evaluate the information submitted. Based on my inquiry of the person or persons who manage the system
or those persons directly responsible for gathering the information, the information submitted is, to the best ofmy knowledge and belief, true, accurate, and complete.
1 am aware that there ars significant penalties for submitting false information, including the possibility of fine and imprisonment for knowing violations.

. Name and official title (type or print ) Date signed
(type or print) Glenn Netuschil ale sine
Signature Telephone number FAX number
631-249-7600 631-249-7610
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Farm NY-2C (12/98) - Section | Forms Page 5
INDUSTRIAL APPLICATION FORM NY-2C
Section | - Permittee and Facility Information

Fadility Name: . SPDES Number:
Colesville Groundwater Treatment Facility

19. Industrial Chemical Survey (ICS)

‘Complete al information for those substances your facility has used, produced, stored, distributed, or otherwise disposed of in the past five (5) years at or above the
threshold vahies listed in the instructions. Include substances manufactured atyour facility, as well as any substances that you have reason to know or befieve present
in materials used or manufactured at your facility. Do notinclude chemicals used only in analytical laboratory wark, ar smafll quantities of routine household cleaning
chemicals. Enter the name and CAS number for each of the chemicals listed in Tables 6-10 of the instructions, and the table number which fists the chemical. You
may Use ranges (e.g. 10-100 ibs., 100-1000 tbs., 1000-10000 ibs., etc.) to describe the quantities used on an annuat basis as well as for the amount presently on
hand. Forthose chemicals listed in Tables 8, 7, or 8 which are indicated as being potentially present in Wischarge from one or more outfalls at the facility, indicate
which outfalls may be affected in the appropriate cofumn below, and include sampling results in Section lll of this applcation for each of the potentially affected autfalis.
Make addiional copies of this sheet if nacessary.

Average | Amount Units Purpose of Use J Present in
Name of Substance Table CAS Number Annual | NowOn | (gallons, {see codes in Table 2 of Discharge?

Usage Hand Ibs, etc) Instructions) {Outfall{s)?)

Not Applicable : New [Facility

This completes Section | of the SPDES Industrial Application Form NY-2C. Section ll, which requires specific
information for each of the outfalls at your facility, and Section lll, which requires sampling information for each
. of the outfalls at your facility, must also be completed and submitted with this application.



. Form NY-2C (12/98) - Section fl Forms Page 1
State Pollutant Discharge Elimination System (SPDES)
' INDUSTRIAL APPLICATION FORM NY-2C
For New Permits and Permit Modifications to Discharge Industrial Wastewater and Storm Water
_ Section Hl - Outfall Information
l Please type or print the requested information.
Fadlity Name: SPDES Number:
, Colesville Groundwater Treatment Facility
l 1. Outfall Number and Location
A Outfafl No.: 001
titude Longitud Receiving Wate:
. La ° ‘ % ongriude ° ¢ 5 eoaving ' North Stream
) 2. Type of Discharge and Discharge Rate (List ail information applicable to this outfafl)
l Units Units
. ) Other . Other
. Vnmw MGD | GPM | (specify) Volume/Flow | mcn | cPM (specify)
' a. Process Wastewater f. Noncontact Coofing Water
-' .. | b. Process Wastewater g. Remediation System Discharge X
' ¢. Process Waslewater h. Boller Blowdown
d. Process Wastewater ). Storm Water -
l e. Contact Cooling Whter I: Sanilalyz.\l\h_stewater ’
" . . |k Other discharge (specify):
I" I Other disd‘arge (specify):
n 3. Llst process lnformatlon for the Pmcess Wastewater stmams identiﬁed ln 2 a-d above. -
l a. Name of the process contributing to the discharge . Process SIC code:
' 1
. Describe the contribuling process Category Quantity per day | Units of measure
l Subcategory
. b. Name of the process contributing to the discharge Process SIC code:
’ L
: l Desaibe the contibuting process Category Quantity perday | Units of measure
: Subcategory
. c. Name of the process contributing to the discharge Pracess SIC code:
. ) | 1
{ Describe the contributing process Category Quantity per day | Units of measure
l Subcategory
: d. Name of the process contributing to the discharge Process SIC code:
1
l Describe the contributing process Category Quantity perday | Units of measure
l Subcategory
4. Expected or Proposed Discharge Flow Rates for this outfall:
' a. Total Annual Discharge b. Daily Mlmmum Flow c. Daily Average Flow d. Daily Maximum Flow e. Maximum Design flow rate
526 MG |4-75%10"% MGD |1.44x10"3 MGD |5 39x10-3 MGD ) 30x10-3 MGD




Forrn NIY-2C (12/98) - Section Il Forms Page 2

INDUSTRIAL APPLICATION FORM NY-2C
Section Il - Outfall Information

"Ouffall No.:
001
Facilty Name: SPDES Number:
Colesville Groundwater Treatment Facility
S. Is this a seasonal discharge?
YES - Complete the folowing table.
NO - Go to ltem 6 below. )
] Discharge frequency Flow
Operations contributing flow (tst) Batches | Duration Flow rate per day Total volume per Units Duration
per year | perbatch LTA Dafly Max discharge (Days)
hl
6. Water supply SDurce (indicate all that apply) _ : s SR o : :

v - . Name nrovmetofwatar supply. soum - Volume orfowrate | - - - Units (chack:one)
'.Munidpa'l'siibbly R AEETUUEEL IR T o MGD GPD| ~ oPm:|
p,ivsges“,fagé Water Source Broome ‘County' Division of I : MGD GPD - GPM

Solid Waste Management 1 X
Private Supply Well MGD GPD GPM
Other (specify) - MGD GPD GPM
7. Outfall configuration: (Surface water discharges only)
A. Where is the discharge point located with respect to the receiving water?
Ifi the streambanik: [
In the stream: B
Within a lake or ponded water: [___—'
Within an estuary: [] Attach upptement C, MIXING ZONE REQUIREMENTS FOR DISCHARGES TO ESTUARIES.
Discharge is equipped with diffuser. [ | Attach description, including configuration and ptan drawing of diffuser, f used.
Other: X Discharge to Swale which intersects North Stream

B. If located in a stream, approximately what percentage(of stream width from shore is the discharge point located?

JOV-C] 25%[:] 50%':] Other:L X JDischarge point is approx.

feet from North Stream.
C. if located in a stream, describe the stream geometry in the general vicinity of the discharge point, under low fiow conditions:

Stream width Stream depth Stream velocity . Are the results of a mixing/diffusion study attachedE YES

Foot Fest Feet/Sec NO

200



Fom NY-2C (12/98) - Section Hl Forms

Page 3

INDUSTRIAL APPLICATION FORM NY-2C
Section Il - Outfall Information

(Outfall No.: (g}

Fadiity Name:

Colesville Groundwater Treatment Facility

SPDES Number:

8. Thermal Discharge Criteria
is your facifty one of the applicable types of facilities listed in the instructions, and does the temperature of this discharge exceed the receiving water temperature

by greater than three (3) degrees Fahrenheit?

[ ves - complete the fotowing tale.

[[x ] no-Gototems. betow.

[: Information on the intake and discharge configuration of this outfall is attached.

Disi e Temperature, deg. F Duration of maximum| Dates of maximum
Average Maximum discharge discharge Maximum | Discharge configuration (e.g. subsurface, surface,
changein change in temperature . lemperature flow rate effluent diffuser, diffusion wel, etc.)
temperature | temperature | Maximum [ hours per | days per '
(delta T) (deta ) temperature day year | From To MGD

this outfall?

| 9. Are any water tmament chemlcals or additives that are used by your facllnty subsequently discharged through

YES - Complete the fonuwlng table and complete pages 10f3 and 2 of 3 of Form WTCFX for eiach water Ueatmenl chemical tistad.

[X7] wo-Goto ttem 10. vetow: -

Manufacturer.. .-

Manufacturer - WTC trade name WTC trade name
10. Has any biological test for acute or chronic toxicity been performed on this outfall or on the recsiving
water in relation to this outfall In the past three (3) years?
YES - Complete the following table:-
E NO - Go to tem 11. on the following page.
Water tested Purpose of test Type of test Chronic Subject species Testing date(s) | Submitted?

or Acute?

Stat_|] Finish (Date)




Form NY-2C (12/38) - Section |l Forms

INDUSTRIAL APPLICATION FORM NY-2C
Section If - Qutfall Information

Page 4

Outfall No.:

001

Facility Name:
Colesville Groundwater Treatment Facility

SPDES Number:

11.1s the discharge from this outfall treated to remove process wastes, water treatment ad ditives, or otherpollutants?
YES - Complete the following table. Treatment codes are listed in Table 4.

[] no-Goto item 12 betow.

(7) bag filters

Treatment Design Flow Rate
Treatment process Code(s) Treatment used for the removal of: (indlude units)
Recovered Groundwater is treated by one 1-Y Chlorinated Solvernt
(1) low profile air stripper and seven Total Iron 1 GPM

12. Does this facility have either a compliance agreement with a regulating agency, or have planned changes In
production, which will materially alter the quantity and/or quality of the discharge from this outfall?
X | YES -Complete the foflowing table.

[_:__] NO - Go to Section Il on the following page.

Description of project Subject to Condition or Agreement in Change due to Completion Date(s)
existing penmil or consent order? (List) production increase? [ Required | Projected
NYSDEC Consent Order #T010687 9/00

This completes Section Il of the SPDES Industrial Application Form NY-2C. Section |, which requires general
mformatlon regarding your facility, and Section Mll, which requires sampling information for each of the outfalls at
your facility, must also be completed and submitted with this application.
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Form NY-2C (12/38) - Section Iil Forms

INDUSTRIAL APPLICATION FORM NY-2C
Section Ill - Sampling Information

[ Faclity Name:

Colesville Groundwater Treatment Fam.lity

1. Sampling Information - Conventional Parameters

Provide the analytical results of at least one analysls for every pollutant in this table. [f this outfall 5.8ubj
provide the msuns for those

arametsrs which are

quired for thls

E"mﬁﬁo.: 001

jed toa waivar as listad in Table & of the Inatructions for one or more of the parameters lsted below,

N/A N/A

N/A N/A N/a | w/a N/A

N/A N/A Na- | wa | n/a N/A |

N/A_ N/A N/A N/A N/A N/A

N/A N/A N/A N/a. .| n/a | N/A

N/A N/A N/A | N/A | N/A N/A

N/A N/A N/A N/A | N/a N/A

N/A N/A N/A | N/A . :'N/A N/A
Vel [V Vil

7.17x10° 2. 151 MG, N/A
Valus Vdul . us

N/& N/A N/A N/A
Value ‘ T s g

N/A N/A CU WA N/A

Wadmam | WA Waximum ' G Waxlmom
N/A: N/A N/A /A

2. Sampling Information - Priority Pollutants, Toxic Poliutants, and Hazardous SGbstances
a. Primary Industries: 1. Does the discharge from this outfall contain process wastewater? .

b. All applicants:

Yos - Go to item Ii, below.
¥ - | No - Go to ltem b.below.

Ul Indicate which GC/MS fractions have beentested for.  Volaties: [ |  Acig:[___ | Basemewrat[ ] Pesticise:[ ]

1. Do you know or have reason to befieve that any of the poliutants Ilsted .. X .} Yes - Cancentration and mass data attached.

in Tables 6, 7, or 8 of the Instructlons are present in the discharge from .

this outfali?

II. Do you know or have reason to belleve that any of the pollutants isted. ln :
Table 8 or Table 10 of the instructions, or any other toxic, harmful, or .’

injurious chemical substances not listed in Tables 6-10, are pregent
discharge from this outfall?

No - Go to tem Ul. below.

Yes - Source or reason for presence in discharge attached
Yes - Ouanuatlve or qualitative data attached
X . |No

in m




Form NY-2C (12/98) - Section lll Forms

A Page 2
INDUSTRIAL APPLICATION FORM NY-2C
Section Ill - Sampling Information
Fadiity Name: ' : :
t‘(’J'alesville Groundwater Treatment Facility S No: l Outfall No.: 001

3. Projected Effluent Quality - Priority Pollutants, Toxic Poliutants, and Hazardous Substances

Provide analytical results of at least one analysis for each pollutant that you know or have reason to believe is present in this discharge, as well as for any GC/MS fractions and metals required to be sampled from Section
Il Forms, item 2.2 on the preceding page. . .

Tetrachloroethylene - AT S
CAS Number: 00127-18-4 <1l N/A | K1 N/A | <1 | N/A ug/1
Trichloroethylene
CAS Number. 00079-01-6 <1 N/a | <1 N/A | <1 | NA |- ug/1
Methyl Chloroform - . '
CAS Number, _00071-55-6 <1 NA | <1 N/A | KL N/A | o) us/l
1,1 - Dichloroethane RN A
CAS Numper, _ 00075-34-3 <1 N/A | <1 N/A <1- | N/A ug/1
Chloroform : .
00067-66-3 <1 N/A| <1 N/A <1 | N/A ug/1
CAS Number: IR T ST B
Methylene Chloride NI PSS
00075-09-2 <1 N/A| <1 N/A <1 N/A ug/1
CAS Number: :
CES 1, 2 - Dichlorodethylene N/a | <1 N-/A T - N/A- u
’ -cQ. 1" g/l
cAS Numper: _ 00156-59-2 <1 .
CAS Number:
CAS Number: ' |-
CAS Number:
CAS Number:
CAS Number: ‘ ’
CAS Number:




Form NY-2C (12/98) - Section Il Foms

INDUSTRIAL APPLICATION FORM NY-2C -

A Sectlon Iif - Sampling Information
Faciity Name: A-

Colesville Groundwater Treatment Facility

SPDES No.:

4. Existing Effluent Quality - Priority Poliutants, Toxic Pollutants
Provide analytical results for the last three (3) years for each poliutant that
be sampled from Section lil Forms, item 2.a for this discharge.

, and Hazardous Substances
you know or havg reason to believe present in this discharge from this outfall, as well as for any GC/MS fractions and metals required to

Page 3

| Outfall No.: 001

! "I Paramster name: Parameter name: Parametername: |Parameter name; Pammetar namu Peramatsr nams: Paramatar name;
13 .
o
Page Of CAS Number. CAS Numbar. CAS anmbur: o CAS Numbar: cAs Number. CAS Number. CAS Number.
Rttt AF O :
e Units: Units: Units: Units: ‘|Units: - units: Units: Units:

None avhilanie - uek Fa

cilitv‘
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ARCADIS GERAGHTY&MILLER

"Appendix F

Final Design and Construction
Schedule



Final Design and Construction Schedule for the Groundwater Remediation System, Colesville Landfill, Broome County, New York.

2nd Quarter 3rd Quarter 4th Quarter
ID__|Task Name Duration Start Finish Apr [ May [ Jun | Jul . | Aug | Sep | Oct | Nov | Dec
1 Revise Engineering Drawings and Design Report 35d Fri 7/28/00| Thu 9/14/00 H :
2 Professional Engineer Stamped Design Submitted to NYSDEC 1d Fri 7/28/00 Fri 7/28/00 %%7128
3 Apply for SPDES and Air Permits 5d| Mon 7/31/00 Fri 8/4/00
4 USEPA tssuance for ESD 25d Fri 8/11/00 Thu 9/14/00 Ii
5 NYSDEC Approval of Design 1d Fri 8/18/00 Fri 8/18/00 . 818
6 Contractor Selection 45d| WMon 7/31/00 Fri 9/29/00 ﬁ‘
7 Public Notice Period for Solicitation of Bidders 10d Mon 8/7/00 Fri 8/18/00 ‘
8 Contractor List Selected 5d| Mon 8/21/00 Fri 8/25/00
9 Contractor Bid Pz:lckage Prepared 20d| Mon 7/31/00 Fri 8/25/00 _l
10 Bid Packages Submitted to Contractors 1d| Mon 8/28/00| Mon 8/28/00 8128 ‘
1" Site walk with Contractors 1d Fri 9/1/00 Fri 9/1/00 91 ‘
12 Bid preparation by Contractors 10d Mon 9/4/00 Fri 9/15/00
13 Bid Submitted by Contractors 1d| Mon 9/18/00| Mon 9/18/00
14 Bid review and Contractor selection 4d Tue 9/19/00 Fri 9/22/00
15 Sign contract 5d| Mon 9/25/00 Fri 9/29/00
16 | System Construction 92d| Mon 8/21/00 | Tue 12/26/00
17 Start Well Drilling 20d| Mon 8/21/00 Fri 9/15/00
18 General Contractor Shop Drawing Submittal 5d{ Mon 10/2/00 Fri 10/6/00
19 Review and Approval of Shop Drawings 5d| Mon 10/9/00 Fri 10/13/00
20 Procurement of Equipment 1d| Mon 10/16/00{ Mon 10/16/00
21 General Contractor Mobilization 5d{ Mon 10/16/00 Fri 10/20/00

Project: Colesville Landfill
Date: Thu 7/27/00

Task
Progress

Milestone .

Summary

Rolled Up Task

ﬁ

Rolled Up Milestone <>

Rolled Up Progress INNGGGEEEENNN

Page 1




Final Design and Construction Schedule for the Groundwater Remediation System, Colesville Landfill, Broome County, New York.

2nd Quarter 3rd Quarter 4th Quarter

ID_ |Task Name Duration Start Finish Apr | May | Jun | Jul | Aug | Sep | Oct | Nov [ Dec
22 Site Work 45d | Mon 10/23/00 Fri 12/22/00 s p
: : KR IR AT TR

23 Contractor Demobilization 2d| Mon 12/25/00( Tue 12/26/00 1

&

Task Summary ~ Rolled Up Progress (NN
Project: Colesville Landfill :
Date: Thu 7/27/00 Progress IR Rolled Up Task P

Milestone ¢ Rolled Up Milestone

Page 2
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