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Transmitted Via Federal Express
August 12, 1999

Michael Nalipinski

Office of Site Remediation and Restoration
U.S. Environmental Protection Agency
One Congress Street

Boston, MA 02203-2211

Re: Pittsfield/Housatonic River Site,
On-Plant Consolidation Areas -
Addendum to June 1999 Detailed Work Plan

Dear Mr. Nalipinski:

This letter addresses several comments identified by the United States Environmental Protection Agency
(EPA) stemming from its review of a document entitled Detailed Work Plan for On-Plant Consolidation
Areas (Detailed Work Plan). That document, prepared by the General Electric Company (GE), expanded
upon prior submittals related to the design, construction, operation, closure, and post-closure monitoring of
two, and possibly three, consolidation areas located within GE’s Pittsfield, Massachusetts facility. The
consolidation areas will be utilized for the permanent consolidation of materials (e.g., soil, sediment, debris,
etc.) generated during the performance of response actions associated with the Pittsfield/Housatonic River
Site. In the Detailed Work Plan, submitted to the EPA in June 1999, GE provided technical details related
to two on-plant consolidation areas proposed for use beginning in 1999 -- the Hill 78 and Building 71
Consolidation Areas -- and also provided conceptual design information related to a possible third future
consolidation area -- the New York Avenue/Merrill Road Consolidation Area. In a letter dated July 6, 1999,
the EPA provided conditional approval of the Detailed Work Plan, but required that GE submit additional
information to further describe or modify certain aspects of the proposed work. This letter addresses the
specific EPA comments contained in their July 6, 1999 letter and, in doing so, serves as an addendum to the
Detailed Work Plan (the Addendum).

The contents of this letter are organized to generally correlate to the format of the EPA’s July 6, 1999 letter,
in that a GE response is provided for each EPA comment. In addition, several attachments to this letter
provide additional information to supplement GE’s responses provided in this letter. Certain of the responses
contained herein were discussed with the EPA and the Massachusetts Department of Environmental
Protection (together, the Agencies) during a conference call held on July 8, 1999, as well as subsequent
meetings held in Pittsfield on July 27 and August 4, 1999. Finally, discussions with the Agencies regarding
Applicable or Relevant and Appropriate Regulations (ARARs) concerning the on-plant consolidation areas
are currently ongoing; we expect to provide updated ARAR tables (reflecting the outcome of these
discussions) in the next few days.
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I.__Responses tg EPA “Significant Issues”

EPA Comment 1:

[GE shall perform] A geophysical evaluation around the current “perimeter” of Hill 78 prior to determining
the “final” footprint of the consolidation area in order to define the exact extent of the existing landfill

GE Response:

Since receipt of EPA’s July 6, 1999 conditional approval letter, GE and the EPA have jointly developed
and agreed to a scope of work for a geophysical survey related to the Hill 78 Consolidation Area. The
scope of this survey is summarized below:

1.

A geophysical survey (Geonics EM-31) will be conducted along the perimeter of the final
configuration of the Hill 78 Consolidation Area. Along this perimeter, the geophysical survey
will include a 50-foot-wide strip (approximate) located so that approximately 25 feet of the
survey area is located within the areas subject to future consolidation. A figure depicting the
general areas subject to the geophysical survey is provided in Attachment A. The areas shown
on that figure are subject to field modification based on accessibility or site conditions (e.g., large
trees and/or heavy vegetative growth). To the extent possible, GE will avoid clearing large
amounts of vegetation in order to perform the geophysical survey. Note that, in addition to a 50-
foot wide area around the perimeter of the future area, GE will conduct the geophysical survey
for the area in the vicinity of existing monitoring well H78B-8R. As shown on the figure
included in Attachment A, an approximate 25-foot by 25-foot area (centered around H78B-8R)
will be subject to geophysical survey.

The results of the geophysical survey will be evaluated to identify potential anomalies. If such
anomalies are identified and depending on their location, GE will consider and implement one
of the two options discussed below:

a. GE may install a soil boring downgradient of the anomaly. The boring will be advanced
until the water table is encountered, with representative soil samples collected at two-foot
intervals for visual classification and screening for organic vapors using a photoionization
detector (PID). In the event that a possible source of contamination is identified (e.g.
foreign materials, visual evidence of non-aqueous phase liquids or elevated PID readings)
GE will review existing hydrogeologic information that is available for the area in
question to assess downgradient migration potential. If the existing information is not
sufficient to support such an assessment, GE will install a monitoring well downgradient
of the area and/or extend the cover system over the area containing the anomaly.

b. In lieu of subsurface investigations in response to a detected anomaly, GE may elect to
extent the final cover system into the area of question.

Based on discussion with EPA, GE will not be required to conduct excavation activities in such
an area, unless soil removal actions would otherwise be required to meed the Performance
Standards to be set forth in the parties’ Consent Decree or accompanying Statement of Work or
unless the “reopener” conditions to be set forth in the Consent Decree are satisfied.
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With EPA concurrence regarding the above scope of activities, GE will conduct the geophysical survey
and present the results (including any assessment activities that may be needed in response to detected
anomalies) in a separate submittal to the EPA. The timing of the survey will be such that it will be
conducted prior to placement of materials in the area of interest.

EPA Comment 2:

The Work Plan Addendum needs to include a contingency to address the NAPL that was detected in well
H78B-8R on the south side of Hill 78.

GE Response;

Monitoring and assessment activities conducted by GE since NAPL was detected in Well H78B-8R
were summarized in an Immediate Response Action Completion Report transmitted to the Agencies on
July 19, 1999. Specifically, that report described the activities conducted by GE as of that date,
including NAPL recovery/monitoring activities; analytical testing of the NAPL,; investigations related
to the source and extent of NAPL; and groundwater elevations and flow direction. In addition, GE has
performed several additional assessment activities based on comments contained in the EPA’s July 6,
1999 letter conditionally approving the Detailed Work Plan. These include the continuation of NAPL
monitoring; sampling and analysis for physical properties of the NAPL; and an assessment of NAPL
recovery into well H78-8R (following bailing). The resulits of the physical property testing and NAPL
recovery are included in Attachment B. An additional request from the EPA was a map of the
underlying till contours. That map is provided in Attachment C. Responses to other EPA comments
related to the NAPL detected at well H78B-8R are presented elsewhere in this Addendum.

EPA Comment 3:

Revise to include a section in the Detailed Work Plan text and figures which discusses how surface runoff will
be managed. Discuss the interim and final drainage patterns/retention basins as appropriate.

GE Response:

Several sections of the Detailed Work Plan provide information concerning the management of
stormwater during construction and active operation of the consolidation areas (i.e., Sections 5.9, 6.11,
6.13, and 6.14 of the work plan). In general, stormwater management during the construction and
operation phases of the on-plant consolidation areas will utilize erosion control measures (e.g., hay
bales, silt control fences, drainage swales, etc.), operational measures (e.g., daily and interim surface
covers, work stoppage during heavy rainfall events, etc.) and routine monitoring. The collective goal
of these activities is to minimize the potential for rainfall to contact the materials that have been placed
within the consolidation areas, and, if such contact does occur, to minimize the potential for subsequent
migration of these materials via rainfall runoff. In addition, efforts will be implemented to minimize
the potential for rainfall run-on to occur during these active phases of the project.

Similar to the design and construction of the consolidation areas, final stormwater management
measures will be addressed in a phased manner to correlate with future expansions to the consolidation
areas. For instance, to support the near-term use of the Building 71 Consolidation Area, certain
stormwater management components have been designed and will be constructed. With respect to the
anticipated final configuration of the Building 71 and Hill 78 Consolidation Areas, preliminary
evaluations have been conducted to understand the type, magnitude, and location of the stormwater
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management components that may be needed in the future. A summary of these preliminary evaluations
is provided below,

In general, rainfall runoff from the surface of the final consolidation areas will be collected by mid-slope
drainage swales and/or perimeter ditches, routed into one or more stormwater retention basins, and
ultimately discharged to a location along the southern edge of the Hill 78 Area. The stormwater
retention basins will allow for the retention of rainfall runoff to attenuate/control the peak runoff flow
rate and attain, to the extent possible, conditions that are compatible with the existing stormwater
management system associated with the larger watershed area containing the consolidation areas. It is
anticipated that the design of the stormwater retention basins will, to the extent practicable,
accommodate the rainfall runoff associated with the 25-year, 24-hour storm event. However, the rainfall
runoff resulting from this storm event will likely exceed the capacity of the existing stormwater
management facilities that currently serve the Hill 78 Area and adjacent areas. Specifically, a report
entitled Revised Drainage Analysis Altresco Cogeneration (HMM Associates, Inc.; April 1990)
provides information concerning the characteristics of the approximately 130-acre watershed area within
which the consolidation areas are located. This report includes information that has been considered
as part of the conceptual stormwater design for the consolidation areas. In that report, it is determined
that the discharge point of the watershed area is located along Merrill Road south of the Hill 78 Area,
and that the hydraulic capacity at that location is approximately 45 cubic feet per second (cfs) (as
compared to a flow of approximately 177 cfs corresponding to the 10-year, 24-hour storm event for the
watershed area). Based on this information, although the future stormwater retention basins will be
designed to accommodate (to the extent practicable) the 25-year, 24-hour storm event, some
modifications may be necessary in consideration of the overall hydrology of the watershed area. A
further description of the conceptual stormwater management facilities expected to be included as part
of the future consolidation areas is presented below.

As presented in the Detailed Work Plan, one stormwater basin has been identified and will be located
at the southern end of the Building 71 Consolidation Area (as shown on Technical Drawing A-4 of the
Detailed Work Plan). Discharge from this basin will be routed into an existing storm sewer pipe located
along the Pittsfield Generating Company, LLP property (as shown on Technical Drawing A-6 of the
Detailed Work Plan). A second basin will likely be located in a low-lying area along the northern
perimeter of the Hill 78 Consolidation Area. Discharge from this basin will probably be routed into an
existing storm sewer pipe located on the western edge of the Hill 78 Consolidation Area via a new inlet
structure. Finally, a third basin may be located in a low-lying area along the southern perimeter of the
Hill 78 Consolidation Area. Discharge from this basin will most likely be routed into the existing
drainage ditch located north of Merrill Road.

EPA Comment 4:
The Detailed Work Plan shall include a section which discusses options to temporarily close the Consolidation
Areas if the area will be closed for an extended period of time (e.g., greater than | month). This would
provide protection if the Consolidation Areas close during the winter.
E nse:
Section 6.14 of the Detailed Work Plan describes the actions that will be performed when temporarily

closing the consolidation areas. This information was reviewed with the Agencies in the July 8, 1999
conference call and is summarized as follows. In general, three types of surface covers are envisioned
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in conjunction with the consolidation areas - daily, interim, and final surface covers. Daily and interim
covers are described below.

In areas subject to ongoing and day-to-day use, daily covers (consisting of polyethylene sheeting or
similar materials) will be installed over the active portions of the consolidation areas at the end of each
working day, while an interim surface cover is anticipated to be installed under three scenarios. First,
an interim cover will be installed once a portion of the consolidation area reaches the final design
height, but is not large enough to warrant installation of a final cover. Second, an interim cover will be
installed when the consolidation activities are completed for a given year and final design heights have
not been achieved. Finally, an interim cover will be installed when portions of the consolidation areas
will be inactive for an extended period of time (e.g., 3 to 4 months).

The interim cover will consist of a three- to six-inch thick layer of clean soil capable of supporting
vegetative growth. Depending on the season that the interim cover is installed, the cover may be seeded
with a quickly germinating rye grass to establish an erosion resistant vegetative cover. If the growing
season has passed (i.e., October 15), polyethylene sheeting or similar materials will be installed over
the closed/inactive portions of the consolidation areas.

II. __Responses to EPA “Specific Comments”
EPA Comment I:

Page 1-3, I"' full para., Line 11: Revise to *....appropriate composite/averaging...”’

GE Response:

Agreed. As discussed with the EPA, pertinent evaluations and decisions regarding the disposition of
materials generated at a given Removal Action Area (RAA) will be addressed in the technical submittals
(e.g., RD/RA Work Plan) specific to that RAA.

EPA Comment 2:

Page 1-5, last paragraph: “New” consolidation areas include only New York/Merrill Road area. Also, we
should stipulate the size constraints of the consolidation area.

Respon

Agreed. Size constraints related to the consolidation areas (i.e., approximate horizontal extent and
maximum elevation) are provided Section 2.2 of the Detailed Work Plan.

EPA Comment 3:
Page 2-5, Section 2.4.1, Item 3. Define the permeability of the GDC that GE is proposing to use.

GE Response:

The specified permeability of the GDC is 2 x 10 m?/sec.
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EPA Comment 4:

Page 3-1, Pre-Design Activities: The Work Plan Addendum shall include further evaluation of the NAPL
discovered at well location H78B-8R. At a minimum. the evaluation of the NAPL should include the
Jollowing: 1) NAPL bailing/recovery test at well H78B-8R, 2) Appendix IX+3 analysis and physical property
analysis (i.e., specific gravity, viscosity. etc.) of NAPL, 3) Extent of NAPL through installation of additional
wells to till surface.

GE Response:

As previously indicated, the results of assessment activities related to the NAPL detected at well H78B-
8R are contained in the IRA Completion Report recently submitted by GE. Additional information
specific to this EPA comment (e.g., physical properties of the NAPL and recovery testing) are provided
in Attachment B. An updated top of till contour map is provided in Attachment C to this Addendum.

EPA Comment 5:

Page 3-2, Section 3.4.1: The purpose of the pre-design soil data is unclear. The data are presented, yet no
evaluation of the data is presented. The Work Plan should combine the historical data and new data and
provide an evaluation of these data. The objective of the pre-design soil data collection shall include the
acquisition of geotechnical parameters which will be required for designing the landfill cap stability, etc. The
permeability of the in-situ material at Hill 78 and underneath Building 71 shall be evaluated by using ASTM
D-5084 with an appropriately specified confining stress.

GE Response:

The pre-design field investigations described in Section 3.4 of the Detailed Work Plan were
implemented pursuant to a proposal contained in the March 1999 Conceptual Work Plan, which was
approved by the EPA. The primary focus of the pre-design investigations was to obtain supplemental
information concerning the presence of PCBs and other hazardous constituents that are present in the
soils associated with the on-plant consolidation areas. The results of these investigations were provided
in the Detailed Work Plan. With respect to the portion of the above EPA comment concerning
geotechnical parameters (e.g., landfill cap stability, permeability of in-situ material, etc.), no specific
pre-design activities were proposed by GE, required by EPA, or conducted. However, information
concerning the general geologic and hydrogeologic conditions within the area are available from prior
investigations and were supplemented by the recent pre-design activities related to groundwater
conditions (i.e., monitoring well installation). This information will be considered as appropriate during
future design activities associated with the consolidation areas.

EPA Comment 6:

Page 3-3: Provide a discussion regarding the current groundwater flow direction.

GE Response:

Attachment B to this Addendum, Proposal for Future Groundwater Monitoring - Hill 78 and Building
71 Consolidation Areas (Future Groundwater Monitoring Proposal), provides a discussion regarding
the current groundwater flow direction in the vicinity of the consolidation areas, including maps
depicting generalized groundwater flow direction.
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EPA Comment 7:

Page 4-2, Section 4.3: GE shall perform pre-characterization sampling for the new storm sewer utility

corridor in accordance with GE's Protocols for the Management of Excavation Activities, updated November
1996.

GE Response:

GE has completed the above-referenced pre-characterization sampling for the new storm sewer. The
results of the sampling activities are included in Attachment D to this Addendum.

EPA Comment 8:

Page 4-3, Section 4.4: GE shall discuss with the Agencies Project Managers the well abandonment
procedures prior to abandoning the Hill 78 wells. Eventually, the Sampling Analysis Plan (May 1994)
Appendix I will have to be updated by GE to revise the well abandonment procedures.

GE Response:

Per the July 8, 1999 discussions with the EPA, GE will use the Massachusetts Department of
Environmental Protection Standard References, Section 4.6 - Decommissioning of Monitoring Wells,
when abandoning the Hill 78 wells. These procedures are included in Attachment E to this Addendum.

EPA Comment 9:

Page 5-1, Section 5.2.1: The appropriate mail code for Michae! Nalipinski is (HBT). Please revise.

GE Response:

Agreed.
EPA Comment 10:

Page 5-11, Section 5.12: Reevaluate the diameter of deleterious material allowable in the consolidation area.
Typically, the geotextile vendor has size requirements that should also be adhered to. The puncture
requirements shall be evaluated using GRI test methods.

GE Response;

With respect to the preparation of the subgrade surface beneath the base liner system for the Building
71 Consolidation Area, all objects protruding from the prepared subgrade (e.g., stones, sticks, roots,
etc.) will be removed. The overlying geotextile will not be installed until a compacted, smooth, uniform
surface free from protruding objects that could damage the overlying geosynthetics is achieved.

EPA ment 11:

Page 5-13, Section 5.15: Provide an estimated volume for the leachate storage facility at the Building 71 area.
The collected leachate shall be periodically sampled and those results need to be compared to the
groundwater analysis.
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GE Response:

As discussed in the July 8, 1999 conference call with the EPA and subsequent meetings, the Detailed
Work Plan focuses on those activities that are necessary to support the anticipated construction and use
of the consolidation areas beginning in 1999, while future activities related to design and/or operation
of the consolidation areas will be addressed in subsequent submittals to the EPA. This type of approach
is evident in GE’s proposed method for handling leachate that may be generated from the Building 71
consolidation area. In 1999, as part of the construction of portions of the Building 71 consolidation
area, GE will install certain components of the future leachate management system, including collection
laterals and a below-grade collection sump. From an operational standpoint, these components will be
used, in combination with temporary collection pumps/piping and appropriate tanks, to collect and
transfer any accumulated liquids to GE’s existing 64-G groundwater treatment facility. As part of this
operation, GE will document the rates/volumes of liquid that are transferred, as well as the
characteristics of these liquids. Based on the information collected during this initial operational period,
GE will assess the need for, scope, and timing for the installation of additional leachate management
facilities.

EPA Comment 12:

Page 6-2, Section 6.3: The “elevated levels of Appendix IX+ 3 constituents” is too vague. GE should make
this consistent with the Appendix IX+3 data review for Allendale School which specifies a screening
evaluation for TCLP (i.e., 20x rule).

GE Response:

As discussed in Section 6.3 of the Detailed Work Plan, materials generated as a result of the response
action activities will be characterized prior to transport to the consolidation areas. Accordingly, waste
characterization activities will be consistent with the work plans developed for each RAA (e.g.,
Allendale School Property, Upper 2-Mile Reach, etc.).

EPA Comment 13:

Page 6-2, Section 6.3: The Work Plan should identify the procedures to be used to ensure consolidation of
materials at the proper area (i.e., Hill 78 vs Bldg. 71).

GE Response:

Similar to a prior response, the characterization of materials for subsequent disposition will be
conducted as part of the technical evaluations associated with each RAA. As discussed with the
Agencies during the July 8, 1999 conference call, this approach allows pre-project evaluation and
coordination and optimizes (to the extent possible) the activities to be conducted within the on-plant
consolidation areas. At each RAA, protocols will be developed (e.g., colored cards, truck placarding,
etc.) to ensure that TSCA materials are delivered to the Building 71 Consolidation Area, and non-TSCA
materials are delivered to the Hill 78 Consolidation Area.
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EPA Comment 14:

Page 6-3, Section 6.3: Question: Is the standard paint filter test based on a specific moisture content or should
a standard be identified for moisture content for soils prior to placement? What will the disposition of the
materials that exceed the moisture test?

GE Response:

The procedures for the Paint Filter Liquids Test (Method 9095A) are provided as Attachment F to this
Addendum. Materials generated as a result of the response actions that contain visible free liquid or fail
the Paint Filter Liquids Test will require dewatering (or other activities to lower the moisture content
of the materials) prior to their transport to the consolidation areas. Again, this approach is anticipated
to streamline operations to be conducted at the on-plant consolidation areas.

EPA Comment 15:

Page 6-4, Section 6.7: Wind direction shall be monitored and air monitors shall be placed such that a
minimum of one monitor is downwind at all times. The air monitoring program shall also be designed
considering the air intakes at the U.S. Generating Facility.

GE Response:

As discussed during the July 8, 1999 conference call and consistent with the Detailed Work Plan, GE
will conduct ambient air particulate monitoring at several locations around the consolidation areas.
These locations were intended to provide downwind coverage in the event that wind direction shifts
from its predominant easterly direction. As discussed during the conference call, in consideration of
concerns related to the air intakes associated with Pittsfield Generating Company, LLP’s facility, one
ambient air monitoring location will be added at a location representative of the air subject to intake into
the facility, while the remaining locations may be adjusted as necessary based on prevailing wind
conditions in the area. A figure identifying the current air monitoring locations (in consideration of
ongoing response activities at the Allendale School Property) is provided in Attachment G to this
Addendum.

EPA Comment 16

Section 6-8: The proposal to allow materials greater than 6-inches in the first lift seems excessive. Puncture
calculations shall be provided that substantiate the appropriate particulate size which will not cause damage
to the geosynthetic material. Use the GRI method to evaluate.

GE Response:

Design calculations supporting the installation of material with a maximum particle size of six inches
in the first lift are provided in Attachment H of this Addendum. It should be noted that operational
measures will be taken to prevent puncture of the underlying geosynthetics, including:

. Using only soil materials (i.e., no vegetative materials or building debris) during placement of
the first lift;
. Using low-ground pressure equipment (e.g., bull dozers) to place the soil materials; and
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. Maintaining a minimum two-foot lift thickness to ensure that large stones are supported by soil
and point-loading conditions on the underlying geosynthetics are avoided.

EPA Comment 17:

Page 6-6, Section 6.10: Add a paragraph which discusses how dust generated from truck traffic will be
addressed.

GE Response;

As shown on revised Figure 9 included as Attachment [ to this Addendum, many of the site roads to be
used during consolidation activities will be paved to control dust. Additionally, temporary access roads
will be surfaced with a geotextile and 6 inches of gravel to aid in minimizing dust generation. However,
as with any earthwork activity, dust may be generated that will require active mitigative measures.
These measures may include:

. Spraying water on excavation faces, dozer blades during grading, and soil when unloading
transport vehicles;

. Spraying water on backfill stockpiles and on backfill materials that have been placed in fill areas;

. Spraying water on access roads;

. Hauling soil materials in tarped vehicles;

. Sweeping roadways when visible amounts of soil begin collecting on the roadways;

. Restricting vehicle speeds to 5 miles per hour; and

. Covering soil piles with a layer of polyethylene after work activities cease for the day.

It should be noted that only the minimum amount of water necessary to control dust will be used in
order to prevent potential erosion of the site soils.

EPA Comment 18:

Page 6-6, Section 6.11: Add a paragraph and modify the drawings as appropriate to address the flow of the
surface water runoff and location of the retention basins.

GE Response:
See GE’s response to EPA Comment 3.

EPA Comment 19:

Page 6-7, Section 6.14: The interim cover will not prevent the infiltration of precipitation. The interim cover
should also include a design feature (i.e., 20 mil polyethylene sheeting) to prevent infiltration of precipitation
to the degree practicable. See Significant Comment #4.

GE Response:

As discussed in an earlier response, depending on the time of year that an interim cover is installed, the
cover will be seeded with a quickly germinating rye grass and covered with hay/straw to provide an
erosion resistant vegetative cover that will promote runoff. If construction extends beyond October 15,
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polyethylene sheeting or similar materials will be installed over the closed portions of the consolidation
areas to minimize infiltration of precipitation.

EPA Comment 20:

Page 7-1, Section 7.2: The Restoration Activities Section shall be revised to include tasks which address NRD
enhancements.

GE Response;

As a supplement to the forthcoming Consent Decree (CD) for the Pittsfield/Housatonic River Site, a
Statement of Work for Removal Actions Qutside the River (SOW) is also being prepared. The CD and
SOW establish requirements related to NRD enhancement activities for the Hill 78 Consolidation Area.
These requirements will be incorporated into future design activities related to that consolidation area
(i.e., future submittals related to the final capping and restoration of the consolidation area).

Comment 21:

Page 8-1, Section 8.1: A submittal date for the “baseline” groundwater investigation and groundwater
monitoring program proposal shall be specified.

GE Response 21:

The results of the “baseline” groundwater monitoring activities and a proposal for future monitoring are
included as Attachment B to this Addendum (Future Groundwater Monitoring Proposal).

EPA Comment 22:

Page 8-1, Section 8.1: 1* para. 2™ sentence: the purpose of the program includes, “to assess what the base
line groundwater conditions are at the areas”. Also, same sentence add at the end, “....now and in the future,
if necessary”.

GE Response:

Agreed. These comments have been incorporated into the Future Groundwater Monitoring Proposal
presented in Attachment B to this Addendum.

EPA Comment 23:

Page 8-1, 4" para.: Consistent with SOW Attachment H, GW-3 shall be used as a benchmark for consolidation
area wells. The groundwater monitoring program proposal shall identify the statistical methods to be used
to analyze groundwater data and shall propose when response actions are required to address “statistically
significamt” increases in groundwater concentrations.

GE Response:

Discussions regarding the future groundwater monitoring program are provided in Attachment B to this
Addendum.
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EPA Comment 24:

Page 8-2, Section 8.2: Any GE proposed response action shall be implemented subject to Agency approval.
Include a response to Significant Issue #2 in this Section.

GE Response:

Information pertaining to the NAPL detected in Well H78B-8R was provided in the Immediate
Response Action Completion Report transmitted to the Agencies on July 19, 1999. Additional
information is also presented in Attachment B to this Addendum.

EPA Comment 25:

Table 1. The EPA will be providing comments relating to the ARARs Tables shortly in a future
correspondence.

GE Response:

No response at this time.

EPA Comment 26:

Include a figure (or two) that depicts the overburden and bedrock water table maps. Also, include a figure
identifying the till elevation contours beneath the Consolidation Areas.

GE Response:

A till elevation contour map is presented in Attachment C to this Addendum. Overburden groundwater
elevation contour maps are presented in Attachment B to this Addendum (Future Groundwater
Monitoring Proposal). There is insufficient bedrock well spacing and data to produce reliable bedrock
water table maps.

EPA Comment 27:

Figure 1: The Site Location Map does not identify the facility per the definition of the CD.

GE Response:
A revised Figure 1 is included as Attachment J to this Addendum.

EPA Comment 28:

Figure 3. Define the thickness of the flexible membrane liner and sub base material. The EPA has
recommended a 60 mil. flexible membrane.

GE Response:
Sixty-mil-thick HDPE FML will be used as shown in Attachment K to this Addendum.



Mr. Nalipinski
August 12, 1999
U . Page 13 of 15

EPA Comment 29:

Figure 7. Identify in the figure and text the inclusion of the Altresco well in the groundwater monitoring
program.

GE Response:

The Altresco (currently Pittsfield Generating Company, LLP) well (i.e., ASWW-5) to be included in
future groundwater monitoring has been identified in the proposed groundwater monitoring program
provided in Attachment B to this Addendum. Note that as previously discussed with the Agencies,
GE’s proposal for groundwater monitoring in this area of the GE Plant Site calls for including the
results of monitoring conducted by the Pittsfield Generating Company, LLP (in accordance with their
operations/permit) and not GE’s separate sampling and analysis of that well.

EPA Comment 30:

Figure 9: Define the proposed truck route for depositing material in the consolidation areas.

GE Response:

A revised Figure 9 depicting the proposed truck routes at the consolidation areas is included as
Attachment L.

EPA Comment 31:

Attachment A, Technical Drawings, A-5: A low permeability soil plug is shown on the northwest side of the
Consolidation Area but none is shown for a similar condition at the south end near the Storm Basin shall be
included.

GE Response:

The low permeability soil plug at the northwest side of the Building 71 Consolidation Area is necessary
to prevent stormwater from entering the consolidation area where the FML dips to accommodate the
leachate collection piping network. The low permeability soil is used to form a continuous containment
berm along the northwestern side of the consolidation area. A low permeability soil plug is not
necessary at the southemn corner since this is a permanent sidewall penetration for the leachate collection
header pipe. A watertight HDPE boot will be fabricated for this penetration as shown on Technical
Drawing 8.

EPA Comment 32:

Attachment A, Technical Drawings, A-5.: Leachate pipes are shown which are 6-inch diameter with minimum
slopes of 0.5%. No calculations are provided to substantiate pipe sizing or transmissivity of the drainage
geocomposite for predicted leachate flows. In addition, pipe strength calculations should be provided for
Consolidation Area loading either at a final grade or due to vehicular and equipment loads during
construction or operations.
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August 12, 1999
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GE Response:

The above-referenced technical calculations are provided as Attachment L to this Addendum.

EPA Comment 33:

Provide calculations to demonstrate that adequate veneer stability exists between the respective interface
layers of the components of the final cover systems on the 33% slope. The calculated requirements should
be verified using proposed materials by testing in accordance with ASTM D-5321. The tests to evaluate the
interface friction requirements may include Koerner, Hwu, Giroud, Bachus and Bonabarte methods.

GE Response:
The above-referenced technical calculations are provided as Attachment M to this Addendum.

EPA Comment 34:

At this time, there is a minimal potential that gas will be generated from the Consolidation Areas but this issue
should be evaluated and discussed in the Detailed Work Plan.

GE Response:

As discussed with the EPA during our July 8, 1999 conference call, there is minimal potential for gas
generation at the consolidation areas due to the limited amount of high-organic material that will be
consolidated during the response action activities. Organic materials placed within the consolidation
areas will generally be limited to materials cleared during the response actions (e.g., trees, roots, etc.)
and wood debris generated during building demolition. To further minimize the potential for gas build-
up, organic materials placed within the consolidation areas will be placed in such a manner as to avoid
large pockets of organic matter. For example, the material will be placed in thin lifts (i.e., less than 3-
inches thick) and spread out over the entire active area, and the size (diameter and/or length) of tree
trunks and stumps will be minimized to the extent practicable.

EPA Comment
Groundwater east of Building 71 (along the General Dynamics parking lot) needs to be monitored. GE'’s

groundwater flow maps show an easterly component to groundwater flow. Also, the bedrock monitoring well
shall be a component of evaluating the Consolidation Areas impact on groundwater.

GE Response:

Groundwater monitoring activities are discussed in the Attachment B to this Addendum. Updated
groundwater flow maps incorporating data collected from new wells in the Building 71 area indicate
that groundwater flow is predominantly from northeast to southwest.

EPA Comment 36

As previously commented, there are not calculations provided to substantiate that the proposed thickness (e.g.,
min. 2 feet) of the final cover system will provide adequate protection from frost damage of the underlying
geosynthetics. The preferred method to evaluate the frost protection issue is the Modified Berggren Equation.



Mr. Nalipinski
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GE Response:

The components and thickness of the final cap for the on-plant consolidation areas has been the subject
of several discussions between GE and the Agencies over the last several months. From these
discussions, a two-foot thick cap was agreed to and this information was presented in the March 1999
Conceptual Work Plan. The geosynthetic materials included within the final cover system consist of
GDC, 60-mil-thick HDPE FML, and a GCL. These materials have demonstrated a resistance to frost
penetration and freeze/thaw cycles, and therefore do not require the cover thicknesses typically
associated with a compacted clay liner system. In support of the proposed two-foot-thick cover system,
several relevant articles from the material manufacturers, as well governmental agencies, are included
as Attachment N to this Addendum (note that pertinent information is underlined). In light of this

information, GE will maintain a 2-foot thick cap thickness.

We trust that the contents of this letter will be sufficient to address the EPA’s comments and allow GE to
proceed with full-scale implementation of those on-plant consolidation activities necessary to support 1999
response actions. However, should additional information be necessary, please contact me with such a request.

Sincerely,

%% T patessfo

ohn F. Novotny, P.E.
Remediation Project Engineer

U\PLH99\85691543 WPD

cc:

Richard Cavagnero, EPA

Tim Conway, Esq., EPA

John Kilborn, Esq., EPA

Bryan Olson, EPA

Chet Janowski, EPA

J. Lyn Cutler, DEP

Robert Bell, DEP
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John Ziegler, DEP

Cynthia Huber, Esq., DOJ

Addie Fiske, Esq., DOJ

Matthew Brock, Esq., MAAG
Betsy Harper, Esq., MAAG
Steve Botts, EPA

Amy Legare, EPA
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1. Introduction

1.1 General

This Proposal for Future Groundwater Monitoring - Hill 78 and Building 71 Consolidation Areas (Future
Groundwater Monitoring Proposal) describes the future groundwater monitoring activities proposed by the General
Electric Company (GE) for two consolidation areas located within GE’s Pittsfield, Massachusetts facility. Beginning
in July 1999, GE initiated construction and use of these areas for the permanent consolidation of materials (soil,
sediment, debris, etc.) generated during the performance of response actions within and around Pittsfield (henceforth
referred to as the Pittsfield/Housatonic River Site, or the Site.) Prior to the initial construction/use of these
consolidation areas, GE conducted a “baseline” groundwater monitoring program to supplement information available
for the area of interest and further characterize current hydrogeologic conditions. That program was conducted in
accordance with the protocols presented in a document entitled Conceptual Work Plan for Future On-Plant
Consolidation Areas (Pre-Design Work Plan), which was submitted to and conditionally approved by the United
States Environmental Protection Agency (EPA) and Massachusetts Department of Environmental Protection
(together, the Agencies).

The “baseline” groundwater sampling program, conducted between June 14 and 17, 1999, involved a total of twelve
monitoring wells selected to provide spatial representation of groundwater conditions on all sides of the consolidation
areas (i.e., upgradient, downgradient, and cross-gradient) prior to construction of the consolidation areas. The
locations of the wells are shown on Figure 1. Included in this program were four existing wells (78-1, 78-6, H78B-
15, and NY-4) and eight new wells (OPCA-MW-1 to OPCA-MW-8) installed specifically for this monitoring
program.

Based on the results of the “baseline” groundwater monitoring program (summarized in this document), GE has
developed this Future Groundwater Monitoring Proposal for EPA review, comment, and approval. The primary
objective of the future groundwater monitoring program is to periodically assess groundwater conditions at the site,
compare these conditions with those observed during past monitoring activities, and identify potential changes in
groundwater conditions which may be related to consolidation activities. This Future Groundwater Monitoring
Proposal describes the scope and results of the “baseline” groundwater monitoring activities, and presents and
discusses the proposed groundwater monitoring program to be conducted in conjunction with ongoing and future
consolidation activities.

In addition to presenting the results of the “baseline” groundwater sampling program and the proposed future
groundwater monitoring program, this Attachment also provides information pertaining to other ancillary
groundwater-related issues in this area. This information, prepared at the request of the EPA, consists of a summary
of supplemental investigations related to the occurrence of LNAPL in well H78B-8R (located within the horizontal
extent of the future Hill 78 Consolidation Area).

BLASLAND, BOUCK & LEE, INC.
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2. Summary of “Baseline” Monitoring Program

2.1 General

The activities conducted as part of the “baseline” groundwater monitoring program involved well installation and
development, the measurement of groundwater elevations, and the collection of groundwater samples from select
monitoring wells. Figure 1 presents the well locations included in the baseline monitoring activities described in this
report, as well as other monitoring locations in the area. This section discusses the field procedures used to install
new wells, measure site groundwater elevations and collect groundwater samples, and also presents the results of
these investigations.

In addition, the results of supplemental investigations regarding the detection of LNAPL at well H78B-8R are
presented in Section 2.6. These investigations, consisting of analysis of physical characteristics of the LNAPL and
a field test of LNAPL recovery rates, were proposed as a follow-up to an Inmediate Response Action conducted at
this location. Although these activities were conducted separately from the “baseline” groundwater monitoring
program, the results are summarized in this document in response to a request by EPA.

2.2 Monitoring Well Installation and Development

Eight new monitoring wells (OPCA-MW-1 through OPCA-MW-8) were installed between May 26 and June 8, 1999.
Each well was constructed with 2-inch diameter Schedule 40 PVC casing and 10-feet of well screen placed to
intercept the water table. The water table was encountered at depths of between 10 and 18 feet during well
installation. Soil samples were collected continuously during the drilling of each well boring. Each soil sample was
screened with a photoionization detector (PID), and the lithological characteristics of each sample was described in
the field by a geologist. Well construction information for each of the new and existing monitoring wells included
in the groundwater sampling program is presented in Table 1, and well installation logs for the new wells are included
in Appendix A.

Following installation, the eight new wells were developed to clear fine-grained materials from the well screens and
surrounding sand packs. Well development activities were conducted between June 4 and 10, 1999. A surface
inertial pump, dedicated polyethylene tubing, and surge blocks were utilized. Each well was surged in 2-foot intervals
over the entire saturated portion of the well screen to force water in and out of the well screen and surrounding sand
pack. Groundwater was then removed from the wells until the discharge was relatively free of sediment. Following
development, the wells were allowed to stabilize for several days prior to sample collection.

2.3 Groundwater Elevations

Groundwater elevations were recently measured in this area on two occasions: on May 25, 1999 from several wells
across the Hill 78 Area and the adjacent (to the north) Allendale School Property; and on June 17, 1999 from the
twelve “baseline” groundwater monitoring wells surrounding the future on-plant consolidation areas. The
groundwater elevation contours derived from the earlier round of measurements are presented on Figure 2. Table
1 summarizes the June 17, 1999 “baseline” investigation groundwater level data and the associated groundwater
elevations. These data were used to generate the groundwater elevation contours which are presented on Figure 3.

Groundwater elevations ranged from an approximate elevation of 1,015 feet (above mean sea level) north of the site
to approximately 994 feet south of the site. The groundwater flow patterns appear to generally correlate with the site
surface and top of till topography, with the general flow direction being from northeast to southwest. The
groundwater elevation contours collected during the “baseline” monitoring program activities (June 17, 1999) also
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correlate with data obtained on May 25, 1999 from several wells at the Hill 78 Area and the Allendale School
Property.

2.4 Groundwater Sample Collection

Prior to groundwater sample collection, each well was screened for organic vapors with a PID. The resulting PID
readings ranged from 0 to 0.3 PID units, which were consistent with background readings measured in the vicinity
prior to the well screening.

Following PID screening, each monitoring well was purged utilizing low-flow purging techniques. Each well was
purged until the measured field parameters (including temperature, pH, specific conductivity, oxidation-reduction
potential, dissolved oxygen, and turbidity) stabilized, or the well was pumped dry. Table 2 presents a summary of
the field measurement results.

Following well purging, groundwater samples were collected from each well using low-flow sampling techniques.
Each of the samples was packed on ice and submitted for laboratory analysis of those constituents listed in Appendix
IX of 40 CFR 264, plus 2-chloroethyl vinyl ether, benzidene, and 1,2-diphenylhydrazine (Appendix IX+3), excluding
herbicides and pesticides. The results of these analyses are summarized in Section 2.5. Field sampling records are
presented in Appendix B. Field sampling procedures were conducted in accordance with GE’s Sampling and
Analysis Plan/Data Collection and Analysis Quality Assurance Plan (SAP/DCAQAP) (draft dated October 1998,
pending revisions requested by the USEPA).

2.5 Groundwater Analytical Results

Table 3 provides a summary of the results of the groundwater sample analyses for each sampling location. This
information is summarized below:

* PCBs were detected (Aroclor 1254 only) in 6 of the 12 monitoring wells at total concentrations ranging from
0.000035 parts per million (ppm) to 0.00089 ppm,;

« No volatile or semi-volatile organic compounds were detected in any of the groundwater samples;

¢ One sample (OPCA-MW-1) exhibited estimated concentrations or total tetrachlorodibenzofuran and
heptachlorodibenzofuran of 0.000009 parts per billion (ppb) and 0.0000078 ppb, respectively. One other sample
(OPCA-MW-2) exhibited an estimated concentration of heptachlorodibenzofuran of 0.0000013 ppb, but the
duplicate of this sample did not exhibit a presence of this constituent. No other polychlorinated dibenzofurans
were detected in any of the groundwater samples;

« Barium was detected in all 12 samples at concentrations ranging from 0.0095 ppm to 0.086 ppm;

« Zinc was detected in 4 of the 12 samples at concentrations between 0.029 ppm and 0.088 ppm; and

» Arsenic was detected in one sample (78-6) at a 0.032 ppm.
PCBs were detected in excess of the MCP GW-3 Standard of 0.0003 ppm at only one location, OPCA-MW-4. It
should be noted that the groundwater collected from this well was not filtered prior to analysis and that particulate

matter surrounding the well screen may have contributed to the concentration of the PCBs detected in the sample.
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All inorganics which were detected in the groundwater samples were observed at concentrations less than the
respective MCP GW-3 Standards.

2.6 LNAPL Monitoring and Assessment

On May 27, 1999, GE obtained knowledge of, and provided oral notification to the Massachusetts Department of
Environmental Protection (MDEP), that approximately 0.5 feet of LNAPL was present in monitoring well H78B-8R,
(in response, the MDEP assigned Release Tracking Number 1-12954 to this specific release notification). As a
follow-up to the oral notification, GE has conducted several activities as part of an Inmediate Response Action (IRA),
pursuant to Part 40.0410 of the Massachusetts Contingency Plan (MCP). LNAPL samples were submitted for
laboratory analysis and monitoring and recovery of LNAPL from this well has been performed manually on a weekly
basis since it’s initial detection. During each monitoring event, groundwater level and LNAPL thickness
measurements were recorded, and any accumulations of LNAPL were removed. The recovered LNAPL was
transported to GE’s Building 78 RCRA/TSCA permitted storage facility for subsequent off-site disposal.  The
details of these activities were summarized in an IRA Completion Report, submitted to the Agencies on July 19,
1999.

In addition to summarizing the results of the monitoring/assessment activities conducted by GE up until the date that
the IRA Completion Report was submitted, GE identified several future activities that would be performed:

» Continue weekly monitoring and LNAPL removal at well H78B-8R;

« Further define potential LNAPL recovery rates and volumes by performing a multiple-day LNAPL recovery test;

+ Implement a monthly monitoring program at wells H78B-8, OPCA-MW-2, and OPCA-MW-3; and

 Collect additional LNAPL samples to be analyzed for physical characteristics, including specific gravity and
viscosity.

The results of the LNAPL physical property analysis and the LNAPL recovery test assessment are contained in this
report and discussed below, while the results of future weekly and monthly monitoring will be presented to the
Agencies in the monthly progress reports for the Hill 78 Site.

Based on the results of analyses conducted during the IRA activities, the LNAPL observed at this site contains PCBs
and PAHs (with lesser amounts of other constituents), and is present at a limited volume, confined to the immediate
vicinity of well H78B-8R. The presence of LNAPL has not been observed at the nearest monitoring locations
downgradient of this well, and downgradient groundwater analytical results do not show any indications of an impact
to the dissolved phase water quality.

To supplement the existing chemical data collected from the H78B-8R LNAPL, GE has collected additional LNAPL
samples for physical properties testing. These samples were collected on July 19, 1999 and allowed to sit undisturbed
for several days prior to analysis, to permit the LNAPL to completely separate from the aqueous phase portion of the
sample. The specific gravity of the LNAPL sample, measured with an Anton Parr Density Meter (Model DMA 35)
at 23.5 degrees Centigrade, was 0.934. Viscosity was measured with a Cannon-Fenske viscometer mounted in a
constant temperature bath at 100 degrees Fahrenheit. The results of the initial test, as well as from a duplicate test,
showed a dynamic viscosity of 11.1 centistokes for the LNAPL sample.

An LNAPL recovery test assessment was conducted at well H78B-8R from July 19 to 21, 1999 in order to evaluate
the feasibility of installing an automated LNAPL recovery system at this location. The test involved manual removal
of LNAPL from well H78B-8R and observations of the rate at which LNAPL returned to the well. LNAPL
monitoring and removal was initially conducted on an hourly basis. Adjustments to the LNAPL removal schedule
were made following the first several monitoring intervals, based on the limited LNAPL recovery observed. For the
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final two days of the test, monitoring was generally conducted at two-hour intervals for a seven-hour period each day.
The data from this LNAPL recovery test is summarized in Table 4, and discussed below.

At the start of the recovery test, an LNAPL thickness of 0.06 feet was present in the well. A volume of 0.04 liters
of LNAPL was removed to clear the well and initiate monitoring of the recovery. After a period of one hour, an
LNAPL thickness of 0.02 feet was measured in the well, and 0.02 liters were removed from the well. The next one-
hour interval showed an LNAPL recovery of 0.01 feet (and corresponding removal of 0.01 liters). Following this
removal, no LNAPL accumulations were detected in the well for between 29 and 46 hours, as no LNAPL was present
at the end of the second day of testing (29 hours later), but a thickness of 0.01 feet was observed during the first
observation period on the third day (46 hours since the previous removal interval). This thin layer of LNAPL was
allowed to remain in the well to allow observations of recovery rates. The LNAPL thickness remained constant for
a period of 5 to 6 hours, at which time a thickness of 0.02 feet was observed. After this accumulated LNAPL was
removed (0.02 liters), no LNAPL returned to the well for the duration of the test.

Overall, approximately 0.09 liters of LNAPL were removed from the well over a 55-hour period during the recovery
test. However, approximately half of this LNAPL had already accumulated in the well before the test began.
Utilizing only LNAPL which accumulated in the well during the recovery test, the average LNAPL recovery rate over
the length of the test was calculated at approximately 0.00576 gallons per day.

Based on the limited quantities of LNAPL that was recovered during this test, the installation of an automated
LNAPL removal system would not be a practical approach to address this LNAPL occurrence. Rather, GE proposes
to continue the ongoing weekly monitoring program in place at this location, and to remove any accumulations of
LNAPL.
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UAPLHIAS0291 543 WPD -- 8/12/9 engineers & scientists 2.5




3. Proposed Groundwater Monitoring Program

3.1 General

This section describes the groundwater monitoring program proposed by GE during the active use of the
consolidation areas. The overall purpose of this program is to assess potential changes in groundwater conditions
due to consolidation activities at these areas. In addition, the resuits of the monitoring program will provide a
groundwater data set that can support evaluations concerning the need for further response actions or modifications
to future monitoring activities, now and in the future, if necessary. This proposal identifies the particular monitoring
wells to be sampled, the frequency of groundwater monitoring for these wells, and the list of constituents for which
the groundwater samples will be analyzed. All monitoring wells that were utilized during the “baseline” monitoring
investigation will initially be included in this monitoring program.

The following sections present a summary of the proposed groundwater monitoring program, including the proposed
procedures and criteria for evaluating the sampling data from each monitoring event, as well as the response actions
that GE will consider and propose to the EPA, as appropriate, in the event that a potentially significant increase in
dissolved-phase constituents is detected in the sampling results from a given event, relative to prior data. This
program shall be enacted during the period of active use of the consolidation areas. Upon closure of the consolidation
areas, the results of this monitoring program will be utilized to develop a post-closure groundwater monitoring
program.

3.2 Groundwater Monitoring During Active Consolidation Activities

Initially, each of the twelve wells monitored during the “baseline” program will be sampled during active
consolidation operations. Groundwater samples will be collected utilizing low-flow sampling techniques on a semi-
annual basis, beginning in October 1999. This sampling will be conducted in the spring and fall of each year,
generally during the months of April and October. All samples will be analyzed for PCBs and the volatile organic
compounds, semivolatile organic compounds, and metals listed in Appendix IX of 40 CFR 264, plus 2-chloroethyl
vinyl ether, benzidene, and 1,2-diphenylhydrazine (Appendix [X+3). Both filtered and unfiltered samples will be
analyzed for PCBs and metals. Additionally, groundwater samples from wells OPCA-MW-1 and OPCA-MW-2 will
be analyzed for PCDDs/PCDFs. In future monitoring rounds, other parameters and locations may be proposed to be
added or deleted from the program by GE, based on the results of subsequent sampling events and potential
modifications to the usage of the on-plant consolidation areas. Any such changes to the groundwater monitoring
program would be proposed in the reporting associated with each monitoring event, but would not be implemented
until approved by the EPA.

To provide information on overall groundwater flow patterns near the consolidation areas, depth to water data will
be taken at each of the 12 wells proposed for the monitoring program at a minimum, regardless of any potential
reductions to the list of wells which are proposed for sampling and analysis in any particular round.

3.3 NAPL Monitoring

LNAPL has been observed in one monitoring well (H78B-8R) located within the limits of the on-plant consolidation
areas. The groundwater elevation and LNAPL thickness is currently measured in this well on a weekly basis, and
any observed quantities of LNAPL are removed. In addition, in the July 19, 1999 IRA Completion Report, GE
proposed to monitor three other wells (H78B-8, OPCA-MW-2, and OPCA-MW-3) for the presence of LNAPL on
a monthly basis. These programs will continue for the time being, and the results will be reported in the monthly
progress reports for overall work at the Hill 78 Area.
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In the event that any new occurrences of NAPL are detected during the course of the on-plant consolidation area
groundwater monitoring program, GE shall add any such well to the proposed plant-wide groundwater and NAPL
monitoring program which is outlined in Attachment H to the SOW. All subsequent notification and response
activities will be conducted under the procedures approved for that program.

3.4 Groundwater Performance Standards

The proposed groundwater quality Performance Standards to be utilized in this program are based on the
groundwater classification categories designated in the MCP (310 CMR 40.0932) that are relevant to the
consolidation areas. These categories are as follows:

« GW-2: Groundwater that is a potential source of hazardous vapors to indoor air; groundwater shall be classified
as GW-2 if located within 30 feet of an existing occupied building or structure and the average annual depth to
groundwater is 15 feet or less. These locations shall be GW-2 compliance points. Although none of the wells
included in this groundwater monitoring program fit this criteria, data from three wells (OPCA-MW-4, OPCA-
MW-5, and H78B-15) which are positioned slightly over 30 feet upgradient of buildings shall be used as a
benchmark against the GW-2 standards.

» GW-3: All groundwater at the consolidation areas shall be classified as GW-3 because it is a potential source
of discharge to surface water. The GW-3 standard shall be used as a benchmark to evaluate the groundwater
data at locations within the interior of the GE facility. A separate groundwater monitoring program (Technical
Attachment H to Statement of Work for Removal Actions Qutside the River) is proposed to monitor for
compliance with the GW-3 standards at the perimeter of the GE site.

The MCP specifies certain default “Method 17’ groundwater standards for both GW-2 and GW-3 groundwater. It also
allows for the establishment of alternative, site-specific GW-2 and GW-3 groundwater standards, based on a site-
specific risk assessment. GE shall initially utilize the Method 1 standards set out in the MCP to evaluate groundwater
quality in this program. Specifically, GE shall initially utilize the Method 1 GW-2 standards to evaluate GW-2
groundwater and the Method 1 GW-3 standards to evaluate GW-3 groundwater.

No volatile organic compounds were detected in groundwater during the “baseline” sampling event. However, if in
future monitoring, volatile organic compounds are detected in GW-2 groundwater at the consolidation areas for which
Method 1 GW-2 standards do not exist, or alternative standards have not been approved by EPA, GE shall propose
to develop a Method 2 GW-2 groundwater standard for such compounds using the general procedures set forth in
310 CMR 40.0983, an alternative procedure approved by EPA, or provide a rationale of why a Method 2 GW-2
standard should not be developed.

For compounds detected in GW-3 groundwater for which Method 1 GW-3 standards do not exist or alternative
standards have not been approved by EPA, GE shall not develop a Method 2 GW-3 standard unless the presence of
the compound is shown to be attributable to consolidation activities at the consolidation areas following evaluation
of the groundwater results (as discussed in Section 3.5). However, if necessary, GE shall propose to develop a
Method 2 GW-3 groundwater standard for such compounds using the general procedures set forth in 310 CMR
40.0983, or an alternative procedure approved by EPA. It should be noted that no such compounds were detected
in groundwater during the “baseline” sampling event.

In the event that the Method 1 (or 2) groundwater standards are exceeded for any constituent(s) during the course of
this program, or other groundwater monitoring programs in effect at the site (i.e., programs proposed under the SOW)
GE may develop and propose to EPA for approval risk-based alternative GW-2 and/or GW-3 standards, based on a
site-specific (e.g., Method 3) risk evaluation, taking into account relevant factors including but not limited to, for GW-
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2 standards, an evaluation of the risks due to potential volatilization of constituents in groundwater into the indoor
air of nearby buildings and, for GW-3 standards, impacts to adjacent surface waters, sediments, and biota. Upon EPA
approval, such alternative risk-based GW-2 and/or GW-3 standards shall be utilized in lieu of the Method 1 GW-2
standards or Method 1 (or 2) GW-3 standards.

The Performance Standards for groundwater quality for the consolidation areas shall consist of the following:

1. For groundwater located within 15 feet or less from the ground surface and within 30 feet of an existing
occupied building, achievement of the Method 1(or 2) GW-2 standards or, upon Agency approval, alternative
risk-based GW-2 standards or a demonstration that constituents in the groundwater do not pose an unacceptable
risk to occupants of such building via volatilization and transport to the indoor air of such building. These
Performance Standards shall apply to wells OPCA-MW-4, OPCA-MW-5, and H78B-15, which although located
slightly more than 30 feet from occupied buildings, are positioned in the closest practical locations upgradient
of these buildings and will be utilized as GW-2 sentinel wells.

2. For all groundwater at consolidation areas, achievement of the Method 1 (or 2) GW-3 standards or, upon Agency
approval, alternative risk-based GW-3 standards at the perimeter of the property boundary (i.e. wells 78-1, 78-6,
and NY -4, as specified in Technical Attachment H to Statement of Work for Removal Actions Outside the River).
The results of groundwater monitoring conducted under this program at wells not located along the property
shall be evaluated against the applicable GW-3 standards as a benchmark.

3.5 Evaluation of Groundwater Results

Upon receipt of sampling data from each monitoring event, GE shall evaluate whether or not the applicable GW-2
Performance Standards/benchmarks have been exceeded at the sentinel monitoring wells. Further, in its report on the
monitoring event, GE shall propose appropriate interim response actions to address any exceedance of the GW-2
Performance Standards. Such interim response actions may include resampling of the groundwater, increase in
sampling frequency, additional well installation near potentially-impacted buildings (including sampling and
analysis), and/or soil gas sampling. Upon Agency approval, GE shall implement the approved interim response
actions.

Upon obtaining knowledge of sampling data from a well containing Category GW-2 groundwater within 30 feet of
a school or occupied residential structure (should such wells be installed in response to data obtained from a GW-2
sentinel well) and having a total VOC concentration of equal to or greater than 5 parts per million, GE shall notify
the Agencies within seventy-two hours unless such exceedance was previously observed and reported to EPA. GE
will provide the data from each such event in the next monthly progress report for overall work at the Site.
Subsequent exceedances for a given well will also be indicated in the next monthly progress report for the site.
Further, in its report on the monitoring event, GE shall propose appropriate interim response actions to address any
exceedance of the GW-2 Performance Standards. Such interim response actions may include resampling of the
groundwater, increase in sampling frequency, additional well installation near potentially-impacted buildings
(including sampling and analysis), soil gas sampling, desk-top modeling of potential volatilization of chemicals from
the groundwater to the indoor air of nearby occupied buildings, sampling of the indoor air of such buildings, an
evaluation of the potential risks related to volatilization to such indoor air, and/or the development and proposal of
a risk-based alternative GW-2 standard (if not already established). Upon Agency approval, GE shall implement the
approved interim response actions.

Upon receipt of sampling data from each monitoring event, GE shall also evaluate whether or not the applicable GW-
3 Performance Standards/benchmarks have been exceeded at the monitoring wells. GE shall provide notification of
any previously unobserved exceedance of the applicable GW-3 Performance Standard/benchmark from each such
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event in the next monthly progress report for overall work at the Site. An evaluation of potential response actions
relating to any exceedances of the GW-3 Performance Standards/benchmarks shall be made in the summary report
for the monitoring event.

If an exceedance of a UCL is indicated in a groundwater sample from a given well, and such exceedance was not
previously observed, GE shall notify the Agencies within fourteen days. GE will also provide the data from each such
event in the next monthly progress report for overall work at the Site. Subsequent exceedances of a UCL for a given
well shall be identified in the next monthly report. The monthly progress report for overall work at the site shall also
identify any wells and provide the sampling results for all constituents which exceeded the applicable GW-2 or GW-3
standards.

Finally, upon receipt of data from each monitoring event, GE shall, on a location-by-location basis, compare the data
from the current monitoring event with the prior monitoring data and evaluate using an appropriate statistical
approach. Specifically, during the first year of the monitoring program, GE shall compare the results from each event
with the “baseline” monitoring data. Thereafter, as the groundwater database is updated, GE shall compare the results
from each monitoring event to the entire prior database, focusing on long-term temporal or spatial trends. These
comparisons shall be performed, using appropriate statistical techniques (based on the data distribution), to identify
instances in which the current data indicate an anomalous increase in the concentrations of dissolved-phase
constituents relative to prior monitoring results. In making these comparisons, GE shall focus in particular on
whether the data indicate that the increase is likely attributable to activities at the consolidation areas.

The statistical analysis shall focus on intra-well comparisons for selected critical parameters (i.e., parameters of
concern). As sufficient data becomes available, statistical evaluations shall be made regarding the presence or
absence of seasonality and trends. In wells exhibiting no trends, data means and variances shall be computed for
parameters of concern for which there are greater than 50 percent detections for a particular constituent. Once trends
occur, plotting of the data and regression analysis shall be performed. A moving average presentation of regularly
spaced data may be utilized as an alternate to directly correlating data for seasonality.

If a statistically significant increase in dissolved-phase constituents is detected at any well in the most recent sampling
results relative to prior data and the applicable groundwater quality Performance Standards/benchmarks are exceeded
at the location in question, GE shall conduct the following activities:

e An evaluation of overall groundwater conditions within the consolidation areas to ascertain if the elevated sampling
data were detected elsewhere and uniformly or if the elevated data are isolated to a specific monitoring location;

» A review of the recent sampling results with respect to the sampling data available from comparable sampling -
periods (i.e., results from sampling conducted during a similar time of year); and

 An evaluation of the potential presence of an upgradient “source” that could explain the increase in groundwater
concentrations.

In its report on the monitoring event, GE shall provide a possible explanation(s) for any such observed increase in
concentrations in the sampling data. If the Agencies determine that the elevated sampling data are likely attributable
to consolidation activities and not due to inherent variations in the field or laboratory procedures or to historical
variations in the monitoring results, GE shall propose to the Agencies for approval one of more of the following
actions, and shall implement the Agency-approved actions:

» Resampling of the location and constituent(s) of interest;
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» Soil sampling of recent fill deposited at the consolidation areas in locations upgradient of the affected wells;
* Increasing the frequency of monitoring at the location(s) in question;

+ Additional evaluation activities in the area of interest, including but not limited to, the installation and sampling
of new permanent or temporary monitoring wells;

« Evaluation of whether the groundwater in which the increase has been found is affecting any adjacent groundwater,
surface waters, sediments and/or biota, including, if appropriate, sampling of such waters, sediments, sediment pore
water (using seepage meters), and biota, including toxicity testing;

« Evaluation of active response actions to contain and/or recover the affected groundwater or to address potential
sources if identified; and/or

+ Work stoppage at the consolidation areas.
3.6 U.S. Generating Company Well Monitoring Program

Non-contact cooling water for the U.S. Generating Company’s Pittsfield co-generation plant is supplied by four wells
located near the proposed on-plant consolidation areas. Well ASW-S is the primary source of this cooling water.
Groundwater from well ASW-5, as well as three cooling water discharge samples, are sampled by U.S. Generating
Company on a semi-annual basis in accordance with an existing permitted program. The ASW-5 sample is collected
as a grab sample, while the cooling water discharge samples consist of three 24-hour composite samples. Each of
these samples are analyzed for PCBs by USEPA Method 608 (Organochlorine Pesticides and PCBs) and for volatile
organic compounds using USEPA Method 624 (Purgable Organics).

3.7 Reporting

Upon receipt from the laboratory, the groundwater monitoring data collected by GE shall be presented in the next
monthly progress report for overall work at the site, as previously stated. In addition, following each monitoring event,
GE will prepare and submit to The Agencies a summary report describing the field activities, presenting the sampling
results, and presenting the results of the required evaluations of the monitoring data.

GE shall provide an evaluation of any exceedances of Performance Standards/benchmarks, if detected, and discuss
the potential that the exceedance may be attributable to activities at the consolidation areas. If necessary, GE may
also propose response actions if the data indicate an exceedance which is likely attributable to activities at the
consolidation areas. In such reports, GE may also propose modifications to the groundwater monitoring program,
including, but not limited to, changes in the wells to be monitored or constituents to be analyzed for.

In addition, GE shall provide the analytical results from deep water supply well ASW-5, which is monitored by the
U.S. Generating Company on a semi-annual basis, as discussed in the previous section. These results will be
presented in the next monthly progress report for overall work at the site following the receipt of the analytical data
by GE, and will also be included in the next semi-annual on-plant consolidation area groundwater monitoring report.

3.8 Groundwater Monitoring During Post-Closure Period
Following the completion of consolidation activities and closure of the consolidation areas, GE will submit a proposal
to The Agencies for a post-closure groundwater monitoring program for the consolidation areas. That proposal will

include a statistical assessment of all prior monitoring data, and will present an evaluation of, and proposed plan for,

BLASLAND, BOUCK & LEE, INC.
UAPLHOAGAZI 1 543 WFD - /12579 engineers & scientists 3.5




post-closure future groundwater monitoring. It will also identify, for the post-closure monitoring program, the
specific monitoring well locations, the frequency of future monitoring and reporting, the constituents slated for
analysis, the procedures for evaluation of the groundwater data, and the criteria for further response actions.
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TABLE 3

GENERAL ELECTRIC COMPANY - PITTSFIELD, MASSACHUSETTS
ADDENDUM TO DETAILED WORK PLAN FOR ON-PLANT CONSOLIDATION AREAS

SUMMARY OF APPENDIX IX+3 CONSTITUENTS DETECTED IN GROUNDWATER SAMPLES - JUNE 1999
(Results are presented in dry-weight parts per million, ppm)

Sample ID| MCP GW-3 78-1 78-6 H78B-15 NY-4
Date Collected Standard 06/14/99 06/16/99 06/16/99 06/14/99
Volatile Organics
[None Detected -- T -- -- -- --
Semivolatile Organics
INone Detected -- -- -- -- --
PCBs
Aroclor-1254 - ND(0.00010) ND(0.000050) 0.000035 J 0.00012
Total PCBs 0.0003 ND(0.00010) ND(0.000050) 0.000035 0.00012
Furans
2,3,7,8-TCDF - ND(0.00000000060) ND(0.0000000032) ND(0.0000000015) ND(0.0000000020)
TCDFs (total) -- ND(0.00000000060) ND(0.0000000032) ND(0.0000000015) ND(0.0000000020)
1,2,3,7,8-PeCDF -- ND(0.0000000021) ND(0.0000000079) ND(0.0000000036) ND(0.0000000074)
2,3,4,7.8-PeCDF -- ND{(0.0000000020) ND(0.0000000083) ND{(0.0000000034) ND(0.0000000069)
PeCDFs (total) -- ND{0.0000000021) ND(0.0000000083) ND(0.0000000036) ND(0.0000000074)
ND(0.0000000060) ND(0.0000000042) ND(0.0000000017) ND(0.000000021)
1,2,3,6,7,8-HxCDF - ND(0.0000000062) ND(0.0000000043) ND{(0.0000000017) ND(0.000000022)
1,2,3,7,8,9-HxCDF - ND(0.0000000059) ND(0.0000000051) ND(0.0000000023) ND(0.000000021)
2,3,4,6,7,8-HxCDF -- ND(0.0000000064) ND(0.0000000044) ND(0.0000000018) ND(0.000000023)
HxCDFs (total) - ND(0.0000000064) ND(0.0000000051) ND(0.0000000023) ND(0.000000023)
1,2,3.4,6,7,8-HpCDF - ND(0.000000011) ND(0.000000029) ND(0.000000032) ND(0.000000054)
1,2,3.,4,7.8,9-HpCDF - ND(0.000000011) ND(0.000000029) ND(0.000000015) ND{(0.000000054)
- |HpCDFs (total) -- ND(0.000000011) ND(0.000000029) ND(0.000000032) ND(0.000000054)
OCDF -- ND(0.000000011) ND(0.000000017) ND{0.0000000076) ND(0.000000067)
otal Furans -- ND(0.000000011) ND{(0.000000029) ND{0.000000032) ND(0.000000067)
Dioxins
2,3,7,8-TCDD -- ND{(0.00000000090) ND(0.0000000035) ND{0.0000000035) ND(0.0000000030)
[TCDDs (total) -- ND(0.00000000090) ND(0.0000000035) ND(0.0000000035) ND(0.0000000030)
1,2,3,7.8-PeCDD -- ND(0.0000000071) ND(0.000000034) ND(0.0000000071) ND(0.000000031)
PeCDDs (total) -- ND{0.0000000071) ND(0.000000034) ND(0.0000000071) ND(0.00000003 1)
1,2,3,4,7.8-HxCDD - ND(0.0000000069) ND(0.000000014) ND(0.0000000056) ND(0.000000032)
1,2,3,6,7,8-HxCDD - ND(0.0000000086) ND(0.000000017) ND(0.0000000070) ND(0.000000040)
1,2,3,7,8,9-HxCDD - ND{(0.0000000077) ND(0.000000015) ND(0.0000000062) ND(0.000000036)
HxCDD:s (total) - ND(0.0000000086) ND(0.000000017) ND(0.0000000070) ND(0.000000040)
1,2,3,4,6,7,8-HpCDD - ND(0.000000013) ND(0.000000029) ND(0.000000011) ND(0.000000082)
HpCDDs (total) - ND(0.000000013) ND(0.000000029) ND(0.000000011) ND(0.000000082)
(OCDD - ND(0.000000017) ND(0.000000020) ND(0.0000000090) ND(0.000000084)
[Total Dioxins -- ND(0.000000017) ND(0.000000034) ND(0.000000011) ND(0.000000084)
Total TEQs (MDEP TEFs) 0.0001 ND(0.000000017) ND{(0.000000034) ND(0.000000032) ND{(0.000000084)
[Total TEQs (EPA TEFs) 3E-8 (MCL) NIX0.000000017) ND(0.000000034) ND(0.000000032) ND(0.000000084)
Inorganics
Arsenic 0.4 ND(0.00600) 0.0320 ND(0.00600) ND{(0.00600)
Barium 30 0.0250 0.0830 0.0570 0.0200
inc 0.9 0.0290 0.0330 0.0830 ND{(0.0260)
(See Notes on Page 5)
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ADDENDUM TO DETAILED WORK PLAN FOR ON-PLANT CONSOLIDATION AREAS

SUMMARY OF APPENDIX IX+3 CONSTITUENTS DETECTED IN GROUNDWATER SAMPLES

TABLE 3

GENERAL ELECTRIC COMPANY - PITTSFIELD, MASSACHUSETTS

(Resnlts are presented in dry-weight parts per million, ppm)

Sample ID| MCP GW-3 OPCA-MW-1 OPCA-MW.-2 OPCA-MW.3
Date Collected Standard 06/16/99 06/15/99 06/16/99
Volatile Organics
[None Detected ] -- -- -- --
Semivolatile Organics
one Detected l -- - -- --
PCBs
Aroclor-1254 - 0.000054 ND(0.000050) [ND(0.000050)] 0.000040 J
Total PCBs 0.0003 0.000054 ND(0.000050) [ND(0.000050)] 0.000040
Furans
2,3,7,8-TCDF - ND(0.0000000011) ND{(0.00000000080) [ND(0.000000000603] ND(0.0000000035)
TCDFs (total) ~- 0.0000000090 J** ND(0.00000000080) [ND(0.00000000060)] ND(0.0000000035)
1,2,3,7,8-PeCDF = ND{0.0000000025) ND{0.0000000038) [ND(0.0000000021)] ND(0.0000000041)
2,3,4,7,8-PeCDF -- ND(0.0000000024) ND(0.0000000040) [ND(0.0000000023)] ND(0.0000000039)
PeCDFs (total) ~- ND{(0.0000000025) ND(0.0000000040) [ND(0.0000000023)] ND(0.0000000041)
1,2,3.4,7,8-HXCDF - ND{(0.0000000011) ND(0.000000011) [ND(0.0000000051)] ND(0.0000000013)
1,2,3,6,7,8-HxCDF -- ND(0.0000000011) ND(0.000000011) [ND(0.0000000052)] ND(0.0000000013)
1,2,3,7,8,9-HxCDF - ND(0.0000000016) ND(0.000000017) [ND(0.0000000049)] ND(0.0000000018)
2,3,4,6,7,8-HxCDF ~- ND(0.0000000012) ND(0.000000011) [ND(0.0000000054)] ND(0.0000000013)
HxCDFs (total) - ND(0.0000000016) ND(0.000000017) [IND(0.0000000054)] ND(0.0000000018)
1,2,3,4.6,7,8-HpCDF - ND(0.0000000073) ND(0.000000048) [ND(0.000000011)] ND{(0.0000000080)
1,2,3,4,7,8,9-HpCDF - ND(0.0000000090) ND(0.000000031) [ND(0.000000013)] ND(0.0000000099)
|HpCDFs (total) - 0.0000000078 J** ND(0.000000048) [0.000000013 J**] ND(0.0000000099)
OCDF - ND(0.0000000037) ND(0.000000022) [ND(0.000000010)] ND(0.0000000041)
Total Furans - 0.000000017 ND(0.000000048) {0.000000013] ND(0.0000000099)
Dioxins
2,3,7,8-TCDD -- ND(0.00060000012) ND{(0.000000001 5) [ND(0.000000001 1)] ND(0.0000000020)
[TCDD:s (total) -- ND(0.0000000012) ND(0.0000000015) [ND(0.000000001 1)} ND(0.0000000020)
1,2,3,7,8-PeCDD -- ND{0.0000000046) ND(0.000000015) [ND(0.0000000076)] ND(0.0000000089)
PeCDD:s (total) -- ND{(0.0000000046) ND(0.000000015) [ND(0.0000000076)] ND(0.0000000089)
1,2,3.4,7,8-HxCDD -- ND{(0.0000000034) ND(0.000000014) [ND(0.0000000068)] ND(0.0000000058)
1,2,3,6,7,8-HxCDD -- ND(0.0000000042) ND{0.000000017) [ND(0.0000000085)] ND(0.0000000072
1,2,3,7,8,9-HxCDD -- ND(0.0000000038) ND{0.000000015) [ND(0.0000000076)] ND(0.0000000064)
HxCDDs (total) - ND(0.0000000042) ND{(0.000000017) [ND(0.0000000085)} ND(0.0000000072)
1,2,3,4,6,7,8-HpCDD -~ ND(0.0000000070) ND{0.000000036) [ND(0.000000013)] ND(0.0000000077)
HpCDD:s (total) - ND(0.0000000070) ND(0.000000036) {ND(0.000000013)] ND(0.0000000077)
lOCDD - ND(0.0000000044) ND(0.000000033) [ND(0.00000001 5)} ND(0.0000000048)
Total Dioxins -- ND(0.0000000070) ND(0.000000036) [ND(0.000000015)] ND{(0.0000000089)
Total TEQs (MDEP TEFs) 0.0001 0.00000000017 ND(0.000000048) [0.00000000013} ND(0.0000000099)
[Total TEQs (EPA TEFs) 3E-8 (MCL) ND{0.000000017) ND(0.000000048) [ND(0.000000015)] ND(0.0000000099)
Inorganics
lArsenic 0.4 ND(0.00600) ND(0.00600) [ND{0.00600)] ND{(0.00600)
|Barium 30 0.0620 0.0320 [0.0340] 0.00950
Ilec 0.9 ND(0.0260) ND(0.0260) [ND(0.0260)} 0.0880
(See Notes on Page 5)
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TABLE 3

GENERAL ELECTRIC COMPANY - PITTSFIELD, MASSACHUSETTS
ADDENDUM TO DETAILED WORK PLAN FOR ON-PLANT CONSOLIDATION AREAS

SUMMARY OF APPENDIX IX+3 CONSTITUENTS DETECTED IN GROUNDWATER SAMPLES

(Results are presented in dry-weight parts per million, ppm)

Sample ID] MCP GW-3 OPCA-MW-4 OPCA-MW-5 OPCA-MW-6 OPCA-MW-7
Date Collected Standard 06/15/99 06/15/99 06/15/99 06/15/99
Volatile Organics
one Detected L - L -- -- - --
Semivolatile Organics
INone Detected l -- L -- - r - --
PCBs
Aroclor-1254 - 0.00089 ND(0.000051) 0.00012 ND(0.000051)
[Total PCBs 0.0003 0.00089 ND(0.000051) 0.00012 ND(0.000051)
Furans
2,3,7,8-TCDF -- ND(0.00000000070) ND(0.00000000080) ND(0.00000000090) ND(0.00000000080)
(TCDFs (total) -- ND(0.00000000070) ND(0.00000000080) | ND(0.00000000090) ND{(0.00000000080)
1,2,3,7,8-PeCDF -- ND{0.0000000043) ND(0.0000000028) ND{(0.0000000033) ND{0.0000000030)
2,3,4,7,8-PeCDF - ND(0.0000000040) ND(0.0000000027) ND(0.0000000031) ND(0.0000000028)
PeCDFs (total) - ND(0.0000000043) 'ND(0.0000000028) ND(0.0000000033) ND{(0.0000000030)
1,2,3,4,7,8-HxCDF - ND(0.0000000090) ND(0.0000000050) ND(0.0000000089) ND(0.0000000069)
1,2,3,6,7,8-HxCDF - ND(0.0000000092) ND(0.0000000051) ND(0.0000000092) ND(0.0000000070)
1,2,3,7,8 9-HxCDF - ND(0.0000000087) ND(0.0000000049) ND(0.0000000087) ND(0.0000000067)
2,3,4,6,7,8-HxCDF -~ ND(0.0000000095) ND{0.0000000053) ND(0.0000000096) ND(0.0000000073)
HxCDFs (total) - ND(0.0000000095) ND(0.0600000053) | ND(0.0000000095) ND(0.0000000073)
{11,2,3.4,6.7.8-HpCDF - ND(0.000000020) ND{0.0000000088) ND(0.000000020) ND(0.000000013)
lﬁ2,3,4,7,8,9-H‘pC;DF - NIX0.000000020) ND(0.0000000088) ND(0.000000020) ND(0.000000013)
_1pCDFs (total) - ND(0.000000020) ND(0.0000000088) ND(0.000000020) ND(0.000000013)
OCDF - ND(0.000000020) ND(0.0000000078) ND(0.000000020) ND(0.000000012)
Total Furans - ND(0.000000020) ND(0.0000000088) ND(0.000000020) ND(0.000000013)
Dioxins
2,3,7,8-TCDD - ND(0.0000000013) ND(0.0000000012) ND(0.0000000012) ND(0.0000000013)
[TCDD:s (total) -- ND(0.0000000013) ND{(0.0000000012) ND(0.0000000012) ND(0.0000000013)
1,2,3,7.8-PeCDD -- ND(0.000000018) ND(0.000000014) ND(0.000000012) ND(0.000000010)
PeCDDs (total) - ND(0.000000018) ND(0.000000014) ND(0.000000012) ND(0.000000010)
1,2,3.4,7,8-HxCDD -- ND(0.000000013) ‘ND(0.0000000062) ND(0.000000012) ND(0.0000000097)
1,2,3,6,7,8-HxCDD - ND(0.000000016) ND(0.0000000077) ND(0.000000015) ND(0.000000012)
1,2,3,7,8,9-HxCDD - ND{0.000000014) ND(0.0000000068) ND(0.000000013) ND(0.000000011)
HxCDDs (total) - ND(0.000000016) ND(0.0000000077) ND(0.000000015) ND(0.000000012)
1,2,3,4,6,7,8-HpCDD - ND(0.000000027) ND(0.000000012) ND(0.000000026) ND(0.000000017)
IHpCDD:s (total) - ND(0.000000027) ND(0.000000012) ND(0.000000026) ND(0.000000017)
DD -- ND(0.000000030) ND(0.000000012) ND(0.000000029) ND(0.000000018)
Total Dioxins -- ND(0.000000030) ND(0.000000014) ND(0.000000029) ND(0.000000018)
Total TEQs (MDEP TEFs) 0.0001 ND{0.000000030) ND(0.000000014) ND(0.000000029) ND(0.000000018)
Total TEQs (EPA TEFs) 3E-8 (MCL) ND{(0.000000030) ND(0.000000014) ND(0.000000029) ND(0.000000018)
Inorganics
lArsenic 04 ND(0.00600) ND(0.00600) ND(0.00600) ND(0.00600)
Barium 30 0.0370 0.0290 0.0300 0.0270
(zinc 0.9 ND(0.0260) ND(0.0260) ND(0.0260) ND(0.0260)
(See Notes on Page 5)
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TABLE 3

GENERAL ELECTRIC COMPANY - PITTSFIELD, MASSACHUSETTS

ADDENDUM TO DETAILED WORK PLAN FOR ON-PLANT CONSOLIDATION AREAS

SUMMARY OF APPENDIX IX+3 CONSTITUENTS DETECTED IN GROUNDWATER SAMPLES

(Results are presented in dry-weight parts per million, ppm)

Sample ID| MCP GW-3 OPCA-MW-8
Date Collected Standard 06/14/99
Volatile Organics
None Detected _] -- --
Semivolatile Organics
[None Detected - --
PCBs
Aroclor-1254 -- ND(0.00010)
Total PCBs 0.0003 ND(0.00010)
Furans
2,3,7,8-TCDF - ND(0.00000000070)
TCDFs (total) - ND(0.00000000070)
1,2,3,7,8-PeCDF - ND(0.0000000029)
2.3,4,7,8-PeCDF - ND(0.0000000027)
PeCDFs (total) -- ND(0.0000000029)
1,2,3,4,7,8-HxCDF -- ND(0.0000000097)
1,2,3,6,7,8-HXCDF -- ND(0.0000000099)
1,2,3,7,8,9-HxCDF -- ND(0.0000000094)
2,3,4,6,7,8-HxCDF -- ND(0.000000010)
HxCDFs (total) - ND(0.000000010)
1,2,3,4,6,7,8-HpCDF - ND(0.000000022)
1,2,3,4,7,8,9-HpCDF -- ND(0.000000022)
HpCDFs (total) - ND{0.000000022)
OCDF - ND(0.000000025)
otal Furans - ND(0.000000025)
Dioxins
2,3,7,8-TCDD -- ND(0.0000000011)
TCDDs (total) - ND(0.0000000011)
1,2,3,7,8-PeCDD -- ND(0.000000011)
PeCDD:s (total) - ND(0.000000011)
1,2,3,4,7,8-HxCDD - ND(0.000000013)
1,2,3,6,7,8-HxCDD - ND(0.000000016)
1,2,3,7,8,9-HxCDD - ND(0.000000014)
HxCDD:s (total) -- ND(0.000000016)
1,2,3,4,6,7,8-HpCDD - ND(0.000000030)
HpCDDs (total) - ND(0.000000030)
locpp — ND(0.000000037)
[Total Dioxins - ND{(0.000000037)
Total TEQs (MDEP TEFs) 0.0001 ND(0.000000037)
Total TEQs (EPA TEFs) 3E-8 (MCL) ND(0.000000037)
Inorganics
senic 0.4 ND(0.00600)
Barium 30 0.0860
|lzinc 0.9 ND(0.0260)

(See Notes on Page 5)
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TABLE 3 PRELIMINARY ANALYTICAL RESULTS
SUBJECT TO VERIFICATION

GENERAL ELECTRIC COMPANY - PITTSFIELD, MASSACHUSETTS
ADDENDUM TO DETAILED WORK PLAN FOR ON-PLANT CONSOLIDATION AREAS

SUMMARY OF APPENDIX IX+3 CONSTITUENTS DETECTED IN GROUNDWATER SAMPLES - JUNE 1999

Notes:

1) Samples were collected by Blasland, Bouck & Lee, Inc., and were submitted to CT&E Environmental
Services, Inc. for analysis of Appendix IX+3 constituents (excluding herbicides and pesticides).

2) Only constituents detected in one or more samples are shown.

3) ND - Analyte was not detected. The number in parentheses is the associated detection limit.

4) J - Indicates an estimated value less than the CLP-required quantitation [imit.

5) J** - Indicates an estimated value between the lower calibration limit and the target detection limit.

6) Total dioxins/furans determined as the sum of the total homolog concentrations; non-detect values
considered as zero.

7) Total 2,3,7,8-TCDD toxicity equivalents (TEQs) were calculated using both MDEP's and EPA's
Toxicity Equivalency Factors (TEFs) for all PCDD/PCDF congeners, although GE does not accept
the validity of these TEFs.

8) Duplicate results are presented in brackets.

(See Notes on Page 5)
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BLASLAND, BOUCK & LEE, INC.
engineers & scientists
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Appendix A

BLASLAND, BOUCK & LEE, INC.
englilneers & sclentists

Monitoring Well Boring Logs and Installation
Records




Date Start/Finish: 5-28-99 / 5-28-99 Northing: 535457.84790 Well No. OPCA-MW-1
Drliling Company: Parratt Wolff, Inc. Easting: 135580.12538
Drilier's Name: J. Lansing Welt Casing Elev.: ft. Client:
Driling Method: Hollow Stem Auger Corehole Depth:  ft. General Electric Company
Bit Size: 4.25" Auger Size : 4.25" Borehole Depth: 30.1 ft.
Rig Type: CME-55 Ground Surface Elev.: ft. Site:
Spoon Size: 2-in. : Hill 78/ Building 71 Consolidation Area
. Pittsfield, Massachusetts
Geologist: Leanne Sanders
o wl
S ~ =l g
= = a2 :
3 g | 2] < T = § 218 Stratigraphic well
= = IS N | 83 |£€|e Description Construction
I < QL > L Y1 a2 81O
a s € ¢ €| Z ol oo lolS
w ) 0 > [14] ot Q — T ]
a Nl ne |y ojz|lacla o} ®
[ *Locking stick up
§ steel protective
casing installed to
% 2.8' above ground
8= surface.
GROUND SURFACE g
4 ENO Dark brown fine SAND and SILT, 1Y Concrete pad. 0.0'
N i 5 -c,;-.o‘ trace organics, moist. (Topsoil) M to 05 bgs.
(0-2 4 |8 (M4 OO Lo Brown fine to coarse SAND, and fine "
4 Q-‘é" to medium GRAVEL, moist. ’ﬂ
B A A J
5 "] Brown fine SAND and SILT, wet. ]
—. )
[ Sy °
— 2-4' 6 | 1.3 0.0 - 4
2= 10 "~ Brown fine SAND and SILT, little to 5 i
12 b some fine to medium Gravel, moist. 1 V1
— - ® ] V3 5% Bentonite 7
32 f:. ; ? cement grout: 0.5'
5 (4-6') s |2002] 02 o 1 [q to BN bgs. -
) o 7h¢
| o L |
1 .| Otive-brown fine to coarse SAND 1V
" "= 7]  and SILT, loose, wet. ; ;
- (6-8") 20{0.8] 0. - - - .
9 71 Olive-brown SILT, trace fine to 1 V1
11 3 coarse Sand and fine Gravel, dense, 1 V]
— ] moist. 1 V] 1
8 i ] g
. 9 ey ¢
— (8-10") o | 1®B]13] o il 4 j T
g Y
0 o ¥ U 2-in Gameter Sch. |
2 o] 1 1] 40 PvCriser:
— (10-12") o | B8] 00 =] Same as above with trace Clay, ﬁ j igsags o200 4
2 -l moist. Zav )
— o 9R% .
) 28%
14 E 1 V]
= (12-14") s |28(17| 00 = 1 .
Ll W )
7 0%
B . 5 . Olive-brown SILT, trace Clay and v !
5 (14-16") [+ 21110( 0.0 ~ fine Gravel, dense, moist. Jud |
—— :
Remarks: — ?later Levgls
NA = Not Available. bgs = Below Ground ate / Time (Flevation| Depth !
Surface. ‘ags = Above Ground Surface. -|8-4-88 / 12:00 8.45 ¥
BLASLAND, BOUCK & LEE, INC. 8-17-99 1027 §°
engineers & scientists v
Project: 201.85 Script: BBL-well Page. 1 0f :

Date: 07/10/08



Site:

Hill 78/ Building 71 Consolidation Area

Well No. OPCA—Mn~1

Pittsfield, Massachusetts Total Depth = 30 ft.
Client:
General Electric Company
) @l
g - s £
S El o |(Bl3 Stratigraphi Well
z 5 S| e =1 _813|8 ra |graph|c .
= 0 S >l ER |El G Description Construction
T < 25 |38(|g ¢l eg {8l 2
E | ez leg|¢g gl =% |8le
] Y o 5 | o 8| 22 (8] 8
) w 1 Nd nilojz|c| a (GRNCH
. © T
(14-%") 3 {210 00 Olive-brown SILT, trace Clay and entonite seat:
— fine Gravel, dense, trace fine Sand 6.1 to 18.1' bgs. |
1 in stringers, wet.
. 18
(16~18") o | 48|13 00 1
28
s $Grade #00N Sand
— (18-20") 3 |27{16] 00 | Pack: 181" to 30.f A
% bgs.
20 -
2
oo i ]
F— (20-22') o | 40|18 00
33
B o Olive-brown fine SAND and SILT, ]
] % - trace medium to coarse Sand and
— (22-247) oy | 381201 00 \ fine Gravel, loose, saturated. f .
21 ’ Olive-brown SILT, trace fine to
— coarse Sand apd fine Gravgl. dense, —in diameter Sch. 1
) moist. Trace fine Sand stringers, 40 PVC 0.00" slot
, 2 wet. o0 1
—25 24-26 L7 A screen: 20.1'to |
{ ) 3 |52 0 30.1 bgs.
30
B 7 " Olive—brown SAND and SILT, trace i
3 = medium to coarse Sand and fine to
— (26-28") a | 72|18 02 - #—~_medium Gravel, loose, saturated. r g
®—w
39 —of Olive-brown SILT, some fine Sand,
— Py trace medium to coarse Sand and 4
10 e fine to medium Gravel, dense, wet. r
. 8 e—-{ Olive-brown SILT, trace fine to
— 28-30 37|18 00 ’ 1
( ) 19 <% coarse Sand, Clay, and fine Gravel,
20 ® . dense, moist.
30 . J
Boring terminated at 30.1' bgs.
}
35
Remarks: Water Levels
Date / Time |Elevation| Depth
; 6-4-04 / 12.00 045 3
BLASLAND, BOUCK & LEE, INC. 6-17-80 027 ¥
engineers & scientists v
)
Project: 20185 Script: BBL-well Page: 2 of 2

Date: 07/10/98



Date Start/Finish: 5-28-89 / 6~1-99
Driing Company: Parratt Wolff, Inc.
Orlier’s Name: J. Lansing

Driing Method: Hollow Stem Auger

Bit Stze: 4.25" Auger Size : 4.25"

Northing: 535180.56712
Easting: 135917.71542
Wefl Casing Elev:  ft.
Corehole Depth: ft.
Borehole Depth:

Clent:

235 i

Well No. OPCA-MW-2

General Electric Company

Date: 07/10/99

Rig Type: CME-55 Ground Surface Elev. ft. Site:
Spoon Size: 2-in. » Hal 78/ Building 71 Consolidation Area
: Pittstield, Massachusetts
Geologist: Leanne Sanders
m ‘ ‘.;; “Z.:b
S ) - i:g
z g : E 2 ®E Stratigraphic Welt
o + c — L ) SF .
2 2| = >~ EQ |ElY Description Construction
T < oS g% i ag |8lo
e > az a | 9 21 % 128le
| b 58S | 5| 8 al 22 |8]8
o w nea nlnlzlel & olio
4 * Locking stick up
§ W steel protective
casing installed to
i 2.7" above ground
g surface.
GROUND SURFACE v
3 ‘771  Dark brown fine SAND and SILT, 1 M$Toncrete pact
) 3 o \ trace organics, moist. (Topsoil) [ 45 ] 00'to 05 bgs.
~ (0-2) 5 | 87| 00 | Dark Brown fine to medium SAND, / )
7 some Silt, trace coarse Sand, moist. [/
= , P d i
6 Olive-brown fine SAND and SILT, gl
— (2-4) © 35)20! 00 trace medium to coarse Sand and A [ q
7 fine to medium Gravel, dense, moist. ZRY%
[ ; f'—sx Bentonite T
g A cement grout: 0.5'
L5 4-6' 3|15 04 to 9.0 bgs. |
(4-6) 5 Olive-brown fine Sand, some medium 5 ;
4 Sand, loose, moist. A [/
- % 2-in diameter Sch.
3 j [ 40 PVC riser: 2.4'
. _g /| ags to 13" bgs. §
(6-8") 3 5 107 0.1 A
3 A
— Olive~-brown fine SAND, some Silt, j ; N
3 trace medium to coarse Sand and
- (8-10) 3 ale] oo fine Gravel, loose moist. i
3
— 10 . oy
2 Brown fine SAND and SILT, wet. t:?:g“égsseal' 8.0
. 2 '
— 10-12 4 120§ 00 -
( ) 2 Brown fine SAND little to some Silt,
1 loose, saturated.
4
- (12-14") 3 18|te]| 03 Gray fine SAND and SILT, trace -
J ; black organic staining, r_
7 71\ medium-dense, wet. i
R e | Rusty brown fine to coarse SAND,
5 (14-) ] 28115] 02 s \some Silt, trace fine Gravel, wet. 1=k
Remarks: .Hater Levgls
NA = Not Available. bgs = Below Ground Date / Time | Elevation| Depth
: * Surface, .ags = Above Ground Surface. 8-7-89 / 6:35 742 Y
BLASLAND, BOUCK § LEE, INC. S B8-17-69 758 ¥
engineers & scientists v,
Project: 20185 Script; BBL-wel Foge Tor 2



Site:

Hilt 78/ Building 71 Consolidation Area

Well No, OPCA-MH-2

Date: 07/10/89

Pittsfield, Massachusetts Total Depth = 235 ft.
Cient:
General Electric Company
v wl
| aaad :-_' -6 < . .
g b S| e ~ 840 8 Stratigraphic Well
= 2 | 5= >l o |Gl Description Construction
© o aa L
o of < o 5 Q| S 2l a2 {llo
= > aZ c| © P9 Bt =08 B £3-1
& L}l §s |53 g8l o2 (813
o 7Y} NE wiolzlea T o]0
. 14 B =
(14-16°) 19 28115 02 Rusty brown fine to coarse SAND,
— some Silt and fine to medium Gravei, g
6 loose, moist. l—
, 5 - - - :
= (18-18") 14|81 00 Olive-brown fine SAND, some Silt, 4
8 trace medium to coarse Sand and ¥ Grade #00N Sand
L fine to medium Gravel, Pack: 110 to 23.5
— medium-dense, saturated. bgs. -
— {18-20") 50/ |NA|0.3| 00 R
—20 —2-in diameter Sch. ]
g 1 40PVC, 0.010" siot
| 20-22" 0|1 X screen: 13.0°' to R
( ) 0 oo 23.0' bgs.
3] Olive-brown fine SAND and SILT,
— trace medium to coarse Sand and -
NA : fine Gravel, dense, wet.
o o NA g i
(22-24") NA | NAINAL NA o
| NA Boring terminated at 23.5' bgs. i
o5 -
i
_i
|
35
Remarks: Water Levels _
ST QOate / Time |Elevation{ Depth
6-7-09 / 8:35 7.42 'Y
BLASLAND, BOUCK & LEE, INC. 8-17-60 758 §
engineers & scientists v



Oate Start/Finish: 6-2-99 / 6-2-99 Northing: 535300.34271 Well No. OPCA—-MW-3
Driling Company: Parratt Wolff, Inc. Easting: 136189.15795
Driler’s Name: J. Lansing Well Casing Elev: 101487 ft. Client:
Drifing Method: Hollow Stem Auger Corehole Depth: ft. General Electric Company
Bit Size: 4.25" Auger Size : 4.25" Boreho_lg Depth: 28.0 ft,
Rig Type: CME-55 Ground Surface Eleve 10153 ft, Site:
Spoon Size: 2—-in. Hil 78/ Building 71 Consolidation Area
Pittsfield, Massachusetts
Geologist: Leanne Sanders
.:'; .
& & 1% £ o
Zz e > : - @ {818 Stratigraphic Well
o Q [= S —_ 0 =10 A .
= o S > ER |&l o Description Construction
T < w5 o | X 21 a5 |gl©
E | 8T |g|¢ 81 o8 |sls
Ty} w %S o | o ol 22 lala
o o N w|lojzje| &aT jolo
§
,§ & 8" X 12" Flush
mount steel curb
8 g box y
GROUND SURFACE
05 NA Asphalt Pavement 4’—
| o 1 Olive-brown SAND, some Siit and |
- (0-2) ] 20105| 00 fine to medium gravel, loose, moist. A A
® ° ¥—Concrete pad: 0.0
| B to 20 bgs. .
38 ] [ Sand drain: 2.0' to
(2-4) 3 1esli7| oo = 3.0 bgs 4
T 20 7
- 2B% .
— 8 Olive-brown fine SAND, some Silt, LA /’—SX Birt‘tomi_ 30
8 trace medium to coarse Sand, fine A V] ::er:ges_ grou i
—5 o _ (4-6% 7 | BlU| 00 to medium Gravel, and slag, loose, 1 L O PP Pes
8 moist. Ll W
. 1 V1 i
— Cobble Zone at 6.2-8.0" b ] 1)
75/ e Zo .2-8.0" bgs A A
L _g" 0.2 1 V1 .
| (6-8) NA NA|O2§ 00 (A 1/
NA ; C
- - - - - ¢ -in diameter Sch. 7
- Olive-brown fine SAND, little Silt, (11 < h dameter SCi
g trace medium to coarse Sand and %% ?o;vg tiser: 0.3
— (8-10) 4 7i118( 00 fine to medium Gravel, loose, moist. ;‘ 2 gs. -1
. “ X -
005
] : 10
. 3 i
— | (10-12) 4 7115 0.0 ; %
3 1
- 2B 4
— 4 Light olive—brown fine SAND, trace 1V
4 Silt, medium to coarse Sand, and fine 1V i
— (12-14") 4 | 8|17] 00 Gravel, moist. ; -
4
- entonite seal: -
1 a1 3 ol oo B8 to 159'bgs.
5
Remarks: Water Levels
NA = Not Availabie. bgs = Below Ground Date / Time |Elevation| Depth
Surface. ags = Above Ground Surface. 8-7-09 / 1t40 2037 ¥
BLASLAND, BOUCK & LEE, INC. : 6-17-99 2007 §
engineers & scientists v
Project: 20185 Script: BBL-wel Fage 1o 2

Date: 07/10/99



Site:
Hill 78/ Building 71 Consolidation Area

Well No. OPCA-MW-3

Date: 07/10/88

Pittsfield, Massachusetts Total Depth = 28.0 ft.
Client:
General Electric Company
o @
> ~ g
z R B = w |83 Stratigraphic well
< [= PREP SRS B
= 2 15| = > E8 l€l% Description Construction
I < QL @ |~ Sl ag |8l
= > az a ¢ sl =B 2128
G w4l 5s |5|5|_|g|aglgls
o o neE w{iodlzjcl & oo
1000 _| . 5 s
(14-18") g | 9 |13| 00 7.1 Olive-brown fine SAND and SILT,
- trace medium to coarse Sand, fine .
] 3 s to medium Gravel, and Clay, moist.
(18-18") 2|8 15| oo "— 1 Dark brown SILT, some fine Sand, _
] 8 trace organics, interbedded with
s fine Sand (layers approximately 2
- 7 P2 |\ 0-02" thick), moist. i Grade #00N Sand |
, 0 (2] | Olive -rusty brown fine SAND, trace Pack: 15.8" to 28’
{18-20" g | 7 |20] o0 =1 \ Silt and medium to coarse Sand, bgs. 1
- 7 o medium-dense, moist.
—20 e et Olive-brown fine to coarse SAND, 4
1 5 trace Silt, trace iron staining, wet. {-
(20-22" 4 [ 71200 a0 Olive-brown and rusty brown i
— 3 interbedded fine SAND and SILT,
6 laminated, wet.
- ; Olive-brown fine to medium SAND, ’
9 trace Silt, saturated.
(22-24) 3 22120( 00 .
1 Olive-brown interbedded fine SAND
and SILT, laminated, saturated. -
— 5
. 5
—25 g | 24-26) g | M|15] Na 2-in diameter Sch. ]
5 40 PVC, 0.010" slot
screen: 18.0' to i
I 8 28.0° bgs.
(26-28) 8 l®|tw0] oo :
9 s
- Boring terminated at 28.0° bgs. i
|30 o5 ]
35
Remarks: Water Levels
Date / Time |Elevation| Depth
. 8-7-88 / 1t40 2037 %
BLASLAND, BOUCK & “LEE, INC. 8-17-90 2007 ¥
engineers & scientists v
Project: 20185 Script. BBL-well Page. 2 07 2



Date Start/Finish: 6-1-99 / 6-1-99 Northing: 535570.22488 Well No. OPCA-MW-4
Defitng Company: Parratt Wolff, Inc. Easting: 136222.54800
Driler’s Name: J. Lansing Well Casing Blev:  1018.71 ft. Cient:
Driing Method: Hollow Stem Auger Corehole Depth: ft. General Electric Company
Bit Size: 4.25" Auger Skze : 4.25" Borehole Depth: 220 ft.
Rig Type: CME-55 Ground Surface Elev:  1019.2 ft. Stte:
Spoon Size: 2-in. : ' Hil 78/ Building 71 Consolidation Area
. Jst: Leanne Sander Pittsfield, Massachusetts
Geologist: Leanne Sanders
o 1%
8 5 8l g
z 5 =1 e =1 _8 1218 Stratigraphic Well
g ¥ S| = >| EQ Ll o Description Construction
T < a5 | 9| ® ¢ a8 (§|>
E | 8¢ |8 £ 8l a8 |88
i} o ®S & | o ol 22 ol o
o o & n|l@djlz|le| & OlLo
§
g u " diameter
3 Stainless steel
8Q flush mount box.
GROUND SURFACE g
= s Olive-brown fine SAND and SILT, TH
5 trace medium to coarse Sand and } Loncn_ete pad 0.0°
— - (0-2) g | |05 00 fine to medium Gravel, ik to 0.8° bgs. a
8 medium-dense, moist. &
~ _ 7 [ASand drain 08" to T
g (1 {1 2.0 bgs.
[— (-4 3|18 0.1 0% 4
B ! 1 |
8 %
— o5 _| | V5% Bentonite |
4 ; ] cement grout: 2.0'
— 5 | - 213 |12| oo ¢ j o 80 bs.
2 8%
- % ]
— 5 1 V1
> ; ; 2-in diameter Sch. |
- —Q" . . » 4
— (6-8) 4 6105 01 Color change to dark gray-black L1 1A :é)t;vggr;ser 00" A
8 from 7.1' to 7.2° bgs. A A ’ )
B 7 9 Olive-brown fine Sand, trace Silt, )
8 medium to coarse Sand, and fine to
— oo _]| (8-10) 4 |05 00 medium Gravel, loose, moist. entonite seal: 8.0~
4 to 10.0' bgs. '
— 10 - . P 1
. 3 Olive-brown fine SAND, some Silt,
3 trace medium to coarse Sand and 1141 ‘
— | to-t2j 20 |23[to o0 fine to medium Gravel, wet, 1 "4 TGrade #00N Sand
8 Y 3|l Pack 100 to 220
— _ " Saturated at 12' bgs. v LEE bgs. -
, 6 Olive-brown fine SAND, little Silt, )
— - (- 7 B3l 00 trace medium to coarse Sand, wet.
7
— 005
1 4-8) 317 (2| oo EEs
5 =3
Remarks: ' Water Levels
" NA = Not Available. bgs = Below Ground Date / Time _|Elevation) Oepth
— - Byrface. ags = Above Ground Surface, 6-8-09 / 8:45 1ss ¥
BLASLAND, BOUCK & LEE INC. ’ : 6-17-99 v42 ¥
engineers & scientists v
Project: 20185 Script; BBL-well Fage o7

Date: 07/10/89



Site:

Hilt 78/ Building 71 Consolidation Area
Pittsfield, Massachusetts

Well No. OPCA-MW-4
Total Depth = 22.0 ft.

Client:
General Electric Company
g s| U IElE
z 5 S| e = .3 Q 8 Stratigraphic Well
2 s | &= > E8 |5l g Description Construction
T <! 25 |a8]|¢ gl ag |g|o
= > oz o ¢ a2l TR 181 ¢e
& Wi Ec | E|3 gl o8 |88
o Y| na n | o o | a (CARGY
7 : 4 e
(14-16) 3 2] 00 . Dark olive-brown fine SAND and ‘$TGrade #00N Sand
— i = ®  SILT, trace medium to coarse Sand, ‘1 Pack: 10.0' to 22.0° -+
2 o= fine Gravel, and Clay, pliable, wet. bgs.
= o
- _| te-w) 3 ] 00 | | .
10 g
p— .-A' -t
—] 4 "1  Dark olive-brown to gray fine SAND )
2 ;ieq  and SILT, trace medium to coarse 2-in dameter Sch.
— ooo_| (18-20) 8 18| 80 - Sand, loose, saturated. 40 PVC 0.010", slot -
8 $nd screen: 2.0 to
| 20 o 22.0° bgs. ]
n 8 P
— _| (20~-22") ; 3| 100 -
8 =
— Boring terminated at 22.0° bgs. i
- 905 _| 7
25 »l
] )
- o -
30 ] -
— 885 ]
35
Remarks: Water Levels
o Date / Time |Elevation| Depth
- 6-8-99 / 8:45 1ss ¥
BLASLAND, BOUCK & LEE, INC. 8-17-99 042§
engineers & scientists v
Project: 20185 Script: BBL-well Page 2 of .

Date: 07/10/89



Date Start/Finish: 6-3-99 / 6-3-89 Northing: 535630.67759 Well No. OPCA-MW-5
Driing Company: Parratt Wolff, Inc. Easting: 136477.97783
Driler’s Name: J. Lansing Well Casing Elev:  1017.07 ft. Client:
Driiing Method: Hollow Stem Auger Corehole Depthx ft. General Electric Company
Blt Size: 4.25" Auger Sze : 4.25" Borehole Depth: 200 ft.
Rig Type: CME-55 Ground Sirface Elev:  1017.6 1t Slte:
Spoon Size: 2-in. Hil 78/ Building 71 Consolidation Area
: Pittsfield, Massachusetts
Geologist: Leanne Sanders
v p
S = | E
£ E o |8 % Stratigraphic Well
3 g < | & —~0. (Ll grap .
= < ; ! E2 |&Elo Description Construction
T < a5 QS 2l &8 |81 ©
E &| 8T | 8| g ] g |5|8
w | oS5 | @) & o B2 lole
o w nE w|Db|lzjc| & olo
§
§ & X 10X 12"
N Stainless steal
&< flush mount curb
GROUND SURFACE box.
3 Olive-brown fine SAND, some medium i—T"
] 7 to coarse, Sandg, little fine to medium  [{] Concrete pac:
— (0-2") 24 42 | 12 NA Gravel, moist. 0.0'to 10’ bgs. g
— 40 1 V)
= 1% ]
05 26 V Dark gray fine to coarse SAND, NV
i 24 some fine to medium gravel, trace 1 U
— (2-4) o5 | 49(08] 00 asphalt, brick and slag, moist (Fill). %% .
— 20 § f*—sx Bentonite
— — - - (1 [ cement grout: 100
5 N Olive-brown fine SAND and SILT, (A [4 to60 bgs.
m 2 trace medium to coarse Sand and A [/
— 5 {4-8) w | 3(07] 00 ’ tine to medium Gravel, dense, moist. %RY% ~
- 2] 5 | *PT2-in diameter Sch.
— 40 PVCriser: 0.3' -
] 9 - to 9.8 bgs.
. 1l - Olive-brown to dark brown fine
B (6-8) g [26]20] 00 | Ed  SAND and SILT, trace medium to L
0o 13 - coarse Sand, mottled, dense, moist. entonite seal: 6.0° |
— u M ] to 80 bgs. -
- (8-10) Tlujul oo g -
- : i
| o 8 7] Olive-brown fine SAND, moist. ] :
c =] Dark brown fine SAND and SILT. ] orode 00N Sand 1
m . 8 iy \ trace medium to coarse Sand and bgs e -
— (10-12) g | 2120 00 “:++1 \ Organics, moist. . y
— 7 2221 Olive-tusty brown fine to medium |
— - —\ SAND, coarsening downward, moist, ’- -
005 8 o]\ et at 1tSbgs. 2-in diameter Sch
= (12-14') 9 20118 0.0 TRe Olive brown fine to medium SAND, 40 PVC, 0.010" slot -
) trace Silt and medium Gravel, screen: 9.8' to 19.8'
— B ~—w "\ saturated. 1 bgs.
B ] 5 *—=1 olive-brown SILT, little fine to
5 - (14-8) 8 13 [02] NA r.".’ medium Gravel, BED
Rema'rks': : t -Hater Levgls
“/“NA.= Not Available. bgs = Below Ground Date / Time _|Elevation Depth
Surface. ags = Above Ground Surface. |8-8-89/10:40 08 ¥
BLASLAND, BOUCK & LEE, INC. i ‘fe-17-00 1320 §
engineers & scientists v

Date: 07/10/99



Site:

Hilt 78/ Building 71 Consolidation Area
Pittsfield, Massachusetts

Client:
General Electric Company

Well No. OPCA-MW-5
Total Depth = 20.0 ft.

o 7S 1.
S = 1=] E
g El o338 Stratigraphi Wel
z| 5 |3|e _2 (313 atigraphic |
= 2 2|3 | ER Bl o Description Construction
r S| w5 |3|¢ 8| 85.18|% '
&= >1 aZ |a| ¢ 3| =8 18lel
B o9l Es |5|8|_ |8 28|88
o o ne (w|o|lz|lc| @ |0l
. 7 R i =
1 (4a-8" 7 13102 NA . :-:tce fine to coarse Sand, dense, 4—TGrade #00N Sand
— —~ . -— ‘1 Pack: 8.0" to 20.0°
6 g Olive-brown fine SAND and SILT, bgs.
] . 8 f~1  trace medium to coarse Sand and
B (18-18) g | 2|8 00 =} fine to medium Gravel, 7
D00_] 1 7] medium-dense, saturated.
3 =] Olive-brown fine to medium SAND ia":,gg"gé%sggt i
] 1 F2=1  and SILT, little Clay, soft, P .
- (18-20") y 13 ]o1| oo =] saturated. e 98 to 108"
— 2 2% = '
20 ] = |
Boring terminated at 20.0' bgs.
995 _]
|25 .
990 _|
885 |
3 -
A emarkS: Water Levels
| Oate/ Time |Elevation| Depth
, . §8-8-00/10:40 08 ¥
BLASLAND, BOUK & LEE, INC. {8-17-98 1320 §
engineers & scientists v
iect: Script; BBL-well Page: 2 of 2
Project: 20185 Date: 07/0/0 a0e



Date Start/Finish: 6-8-99 / 6-8-99 Northing: 535449.43636 Well No. OPCA-MnW-6
Drlling Company: Parratt Woitf, Inc. Easting: 136901.92354
Driter’s Name: J. Lansing Well Casing Elev:  1022.10 ft. Clent:
Driing Method: Hollow Stem Auger Corehole Depth ft. General Electric Company
Bit Size: 4.25" Auger Size : 4.25" Borehole Depth:  25.0 ft. »
Rig Type: CME-55 Ground Surface Elev.  1022.7 ft. Site:
Spoon Stze: 2-in. ' Hill 78/ Building 71 Consolidation Area
: Pittsfield, Massachusetts
Geologist: Leanne Sanders ’
@ : En:
— & B2 : :
Z . o3 = 813 g Stratigraphic Well
= é Sl > EQ &l Description Construction
T < | 25 (g8|% 2l 28 |18 ®
e > aZ al g 31 % |&lse
5 9| s |5|lZ| |s]la8igls
o w na o{imnmlizlic] & LY NG
§
§ E 8" dameter steel
y fiushmount curb
8Q box
GROUND SURFACE
8 Orange brown fine SAND and SILT, ?Toncrete pad: 0.0'
ﬂ 7 some medium to coarse Sand, trace 1 W to 0.5 bgs.
— (0-2") g | B8] 00 tine to medium Gravel, loose, moist. balig
B 8 Brown fine SAND, little medium to ] ;
- g coarse Sand, loose, moist. g 4
0 : g g ]
- 04" Al
(2-4)) s |©0|t0] O A [
— 4 Orange-brown fine SAND, loose, 1 1
[~ —\_moist. g j—sx Bentonite 1
] 5 Light orange-brown medium SAND, ; [ cement grout: 0.5
5 (4-6") 4 18 113] o0 iittle fine and coarse Sand, loose, | to10.0° bgs. 4
4 ) moist. [
. 7 : 1 ]
Brown medium SAND, some fine Sand, 1V
7 : . 1 [/
— | 5 little coarse Sand, trace fine to gRY
— (6-8) 4 | 8| 00 medium Gravel, loose, moist. j / 1
os | 5 7T 2-in diameter Sch
- ; ; 40 PVCriser: 0.5
2 to 5.0' bgs.
- . 3 1 V]
— (8-10) 3 |8(t7) 00 A [ ]
] 4
') 4
— g ; entonite seal:
— -’ . X 10.0'to 13.0' bgs.
-2 3 | 803} 00 '7={  Olive-brown fine SAND, some Silt, ° b9
] 3 (2] moist to wet.
oD 35/ P‘O Olive-brown fine SAND and fine to
| ] 14" 50 medium GRAVEL, some cobbies, -
(12-14) or |[NAJIS] 00 1 Bl poist,
— NA ;O
B , 1 T Olive-brown SILT, some fine Sand, i
5 | (14-%) 1 3| 00 :.{ "\ trace Gravel, wet.
Remarks: ' Water Levels
NA = Not Avallable. bgs = Below Ground Date / Tme |Flevation| Depth
Surface. ags = Above Ground Surface. 6-10-60 / 8:28 898 ¥
BLASLAND, BOUCK § LEE, INC. 6-17-98 762 ¥
engineers & scientists v
Project: 20185 Script. BBL-well Fage Tor 2

Date: 07/10/99



Site:

Hill 78/ Building 71 Consolkdation Area

Well No. OPCA-~MW~6

Pittsfield, Massachusetts Total Depth = 25.0 ft
Client:
General Eiectric Company
Q »
5 s | &
z R AN R v |85 Stratigraphic wWell
+ [= — 0 {1 " .
g 4 | 5]|=5 > E8 |¢ Z Description Construction
T < @5 8| g 21 22 |8 2
- > [a N4 a v o = o =2
& YWl &5s | &3 gl 22 (88
o Ty NE wilinlzic| &t |oto
| ta-%) ? 317! 00 2 Brown fine to medium SAND, wet.
| Olive-brown fine SAND and SILT, A
3 trace to little medium to coarse ;
— 1 Sand, Silt, and fine to medium Gravel, :1=f:3Grade #00N Sand
- (16-18") w | 25|13 00 pliable, wet. A % Pack: 13.0' to 25.0' -
005_] B ¥ bgs.
B 3 Qlive-brown fine SAND, trace medium ’
— . 0 to coarse Sand, Silt, and fine to
— (18-20") y | 2318} 00 medium Gravel saturated. I T 2-in diameter Sch. ]
- 0 Olive-brown fine SAND and SILT, 40 PVC, 0.010" slot
20 trace medium to coarse Sand and screen: K.0'to |
4 fine to medium Gravel, pliable, 25.0° bgs.
- L saturated.
— (20-22') 6 lw|ts| oo 1\ _ ] .
3 Light brown fine SAND, trace to little
— 14 ' medium to coarse Sand, Silt, and fine
— = .';_ Gravel, saturated. m .
1000_ 2 =] Light brown fine SAND, trace medium
— (22-24") 26 451151 00 = Sand, saturated, layered with g
b .:77]  olive-brown fine SAND and SILT,
— (" saturated, layers approximately 0.4’
B " 7 thick. -
" (24-25) NA NA | NA NA __ ) z
Boring terminated at 25’ bgs.
895 _|
L 30 I 4
890 _|
35 —
Remarks: Water Levels
Date / Time - |Elevation| Depth
6-10-99 / 928 Bes ¥
BLASLAND, BOUCK & LEE, INC. 8-17-99 762 ¥
engineers & scientists l.
Project; 20185 Script: BBL-well Page: 2 of 2

Date: 07/10/89



Orliing Company: Parratt Wolff, Inc.
Drller's Name: J. Lansing

Driing Method: Hollow Stem Auger
Bit Size: 4.25" Auger Size : 4.25"

Date Start/Finish: 5-26-99 / 5-26-99

Northing: 535673.73391
Easting: 136835.85600
wWell Casing Elev:  1026.40 ft. Cient:
Corehole Depthx .

Borehole Depth: 240 ft.

Well No. OPCA-Mn-T7

General Electric Company

Date: 07/10/99

Rig Type: CME-55 Ground Surface Elev-= 10269 ft. Shte:
Spoon Size: 2-in. S Hil 78/ Building 71 Consolidation Area
: Pittsfield, Massachusetts
Geologist: Leanne Sanders
& 2 ~|
Z 5 | = ¢ =1 -8 18|18 Stratigraphic Well
= g | &= > E8 |5l Description Construction
x <« w5 g | L v a0 |ol S
& >| aZ || ¢ 21 =B |8l e
u W &s & | 2 gl 22 |38
o w na w| | ojzlc]| a (LY
§
g e " X 2 Flush
§ mount steel curb
§<Q box
GROUND SURFACE g
2 O N Asphalt Pavement M =
| . o ) =1 Brown fine SAND, trace Silt, loose, i
(0-2) 8 £1|12] 00 moist. 3
| 025 __| s “Same as above with trace fine to YA X i’:gca?‘t)z:m 00 |
5 \ medium Gravel. IR %0% :
] , 7 Light to medium brown fine SAND, ; ;
B (2-4) g |®[te| 00 trace medium to coarse Sand and 74 [5% Bentonite 1
5 fine Gravel, loose, moist. (A [ cement grout: 2.0°
L — A / to 0.0 bgs. B
: 00
— . 5
— 5 (4-6) 2|9 oo A [ i
5 ; 9
— 1 - . . [1*[A2-in dameter Sch. |
5 l’;:gil;tt'to medium brown fine SAND, A ] 40pveriser: 03
i B CE:)) S sl oo ] ] to ™ bas. 1
1
_ B %%
[~ - - 1 V] .
7 Otive-brown fine SAND and SILT, A |/
, 7 trace medium to coarse Sand and 1 A
— -1 (8-10) 2 38|19 OO tine to medium Gravel, moist. ZR% T
27 “N%
0 — 3
10 . .
| ) 5 en'tomte §eal.
— (10-12) 32118 0. 10.0' to 18 bgs. A
7
3
— A L4 ]
(12-14) co/ | 67 [08] 00 g A—Grade #00N Sand
03 fid { Pack: 18" to 24.0° |
— p =1 wet at 13.9' bgs. bgs. N
(14-18") 8 vit7| 00 -
5 B - — % by
|Remarks: Water Levels
'NA = Not Available. bgs = Below Ground Oate /:Time | Elevation| Depth
Surface. ags = Above Ground Surface. |6-7-68/ 1350 us2 ¥
BLASLAND, BOUCK § LEE, INC. g {e-17-08 542 ¥i
engineers & sclentists v,
Project: 20185 Script: BEL-wel Poge ToT?



Site:

Hill 78/ Building 71 Consolidation Area

Well No. OPCA-MW-7

Pittsfield, Massachusetts Total Depth = 24.0 ft.
Client:
General Electric Company
) wl
s = -l g
z . > = L R Bt Stratigraphic Well
) ] =] o — 0 | L1LO L .
= 9 | == > ERIE| G Description Construction
T <] 285 38} ¢€ o] 82 |¢lo
e > oz a | ¢ 31 =% &8s
ul y @5 Bl 2 8l 8 £ 23| 8
o 1y} nE nwibjz|lgl & olo
(14-16") " 7| oo ) Light olive-brown fine SAND and ' ~': Face #00N Sand
20 .—~1 SILT, wet. G )
— = — Pack: 118’ to 24.0'
13 S bgs.
oo . 0 e
6-18 411201 00 ras 1
ﬁ ( ) 31 ‘7771  Light olive~brown fine SAND and
30 ] SILT, trace medium to coarse Sand
— ] +:] and fine to medium Gravel, dense, 2~in diameter Sch. ]
26 7] wet to moist. 40 PVC, 0.010" slot
- — a_on’ 24 L screen: 14.0' to
(18-20") 23 |47|18] 00 fisg 240 bgs,
29 =]
20 o ]
| i 32 St i
(20-22) 3 ||| oo =
N 005 59 |
88/
| I 05 |
(22-24") NA NA 03] 00
NA =
B Boring terminated at 24.0° bgs. 1
’——25 J .
b m— -
30 — 4
| 995 _| .
35 —
Remarks: .Nater Levels
Date / Time - |Elevation| Oepth
6-7-69 / 13:50 us2 ¥
BLASLAND, BOUCK & LEE, INC. 8-17-99 542 §
engineers & scientists v,
Project: 20185 Script: BBL-well Page.' Dof 2

Date: 07/10/98



Date Start/Finishc 5-27-99 / 5-27-99 Northing: 535989.21494 Well No. OPCA-MNW-8
Driing Company: Parratt Wolff, Inc. Easting: 136679.67704
Driler’s Name: J. Lansing .|Well Casing Elev:  1027.57 ft. Client:
Driing Method: Hollow Stem Auger | Corehole Depth: ft. General Electric Company
Bit Size: 4.25" Auger Size : 4.25" Borehole Depth:  23.7 ft.
Rig Type: CME-55 Ground Strface Elev: 10279 fi. Site:
Spoon Size: 2-in. Hil 78/ Building 71 Consolidation Area
Pittsfield, Massachusetts
Geologist: Leanne Sanders
o w
= = B
=z s | S| e = 213 3 Stratigraphic Well
E 2 S| = > 'EQ ® sy Description Construction
e <| 25 | g% g 2 gD
& &| eZ | e8|t 8l a8 |33
W ] @S 5| o |l 22 laia
(=] [rr} 0 wlojzjel a G NG]
§ .
§ s " X 12" Flush
o mount steel curb
8 Q box
GROUND SURFACE g
8 =1\ Asphalt Pavement M —
- . 7 2]  Olive-brown fine SAND and SILT, |
(0-2) 9 Btz 00 trace medium to coarse Sand and RN
g fine to medium Gravel, dense, moist. 9 '] Concrete pad: 0.0
B - Pl 1 to 0.7 bgs. .
59 1 W
025 9 Ll Send Drain: 0.7 to
— - (2-4) 5 | 51|13 oo ; jL:O' bgs. -
22 1 | 5X Bentonite a
— = L / cement grout: 2.0' -
™ 2 Olive-brown SILT, little fine Sand, A 11 to 95 bgs. j
29 : trace medium to coarse Sand, 1 | |
— 5 T (4-6) 54 |83(12| 00 —=<\ dense, moist. (1 A -
40 _— \.ittle fine to medium Gravel, 5.0' to ; /]
— 7] | 5.4'bgs. [ *[ A 2-in diameter Sch. ~
gg %ol 1 1A 40PVCriser: 0.3
B o8 na [103[07[ 00 | Cobble Zone at 7.0-8.0' bgs N7 B3.5bgs. -
NA
R 10 -
" Olive—-brown fine SAND and SILT, ZE
32 trace-little fine to medium Gravel, LA 1A
— - (8-10) 3 |68|10] 00 trace medium to coarse Sand, A -
44 dense, moist. A 1A
— 10 - Bk -
B i:' . . J
32 entonite seal: 8.5
— - (10-2) 58 90|18 00 to 11.5' bgs. -
49 4
—~ 7 Wet at 12.0° bgs. el -
54 ..' N
o os | . NA R I -
NA Pack: 1t5' to 23.7°
— = I=+] bgs
(14-18") eo|L7| 00
5 J 33 E -
' " Wa
R & Date / Ti terEltevte"s Depth
~-NA = Not Available. bgs = Below Ground L =er e vation) Uept
. - Surface. ags = Above Ground Surface. 6-7-68 / 1520 nr ¥
BLASLAND, BOUCK & LEE, INC. e 8-17-00 vor ¥
.engineers & scientists v
Project: 20185 Script. BBL-well Page 107

Date: 07/10/89



Site:

Hill 78/ Building 71 Consclidation Area

Well No. OPCA-MW-8

Pittsfield, Massachusetts Total Depth = 23.7 ft.
Client:
General Electric Company
) w
g 2 ~| &
z - | S & = o |B3F Stratigraphic Well
o o = c -0 |2l O ) .
= o Sz >l EQ |5l g Description Construction
T < o5 |9l € ol 23 |gl®
E &l gz |g|¢ 81 ok |8ls
w W © S | 2 0| 22 oo
o Ty B E n|loljz|lcl & GINE)
e 38 "]  Olive-brown fine SAND and SILT, =
_ (14— 41 171 00 i trace-little fine to medium Gravel, { Grade #00N Sand
— =71  trace medium to coarse Sand, Pack: 115" to 23.7" 4
55/ [ dense, moist. bgs.
B i 0.3 e
(16-18") NA NA [0.3 NA -. E
oo w = | _
"~  Olive-brown SILT, some fine Sand, Z-in diameter Sch
_ , égg ,'-..' trace medium to coarse Sand and 40 PVCS(SJIC: slot
- (18-20") 56 |18 | 00 =" fine to medium Gravel, pliable, wet to screen Boto
27 — 23.5' bgs.
33 L_"._ saturated.
—20 7] ~>.1  Olive-brown SILT, some fine Sand, ]
B L—{ trace medium to coarse Sand,
- — (20-22" g: ssl17| oo = o pliable, saturated. B
29 )
— . — , -
34 T Olive-brown fine SAND and SILT,
00S 29 trace medium to coarse Sand,
— - (22-24) 42 Nnj|109] 00 dense, wet. 7
50
— . Boring terminated at 23.7' bgs. = .
| o5 — i
| oo ]
|30 — i
B |
— w - -
35 o
. . Remarks: v Water Levgb ’
: B Date / Time |Elevation| Depth
DR f8-7-09 /1520 A
BLASLAND, BOUCK §& LEE, INC. 8-17-00 o7 ¥
engineers & scientists v
Project: 20185 Script: BBL-wefl Page: 2 of ¢

Date: 07/10/99
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# MILLER, INC.
“vironmental Services SAMPLE/CORE LOG
78-1 . AY05502 1 1
Nell Project/Na. Page of
Hill 78 Area, Pittsfield, MA Oriling  1-2-90 Driting ~ 1-2-90
Started Completed
. 23 i 6.65 . Type of Sample/  split-spoen
-th Drnlled _— _ feet Hole Diameter inches  Coring Device
a”%gg’:e‘e' (2 x 2% 2
g Sampling Interval feet
t .
4ace Elev.__1027.4 feet L} SUWEyEd O Estimated Datum UsGs 1929
R None - Hollow-stem Auger
“luid Used Driling Method
Clean Berkshires, Inc. . George
for Oriller, Helper_Ron :
A. LaBarge Hammer 4404 Hammer3o
Weight Drop inches
Sre Depth Time/Hydraulic
and surtace)  Core Pressure or
Recovery  Blows per §
. B {feet) inches SANPLE 1D Sample/Core Deszription
| 2 1.0 11-10-12-12| PHO1B0O002 SAND (75X) brown, medium to coarse; Gravel (15X); fine to
[. medium, poorly sorted.
| .
4 0.2 8-8-5-4 PRO18B0204 SAND (50X) brown, medium; Gravel (50%) fine, well-sorted.
|
,L 6 1.2 2-9-5-4 PHO1B040S SAND (85X%) Light-brown, fine, moist; Gravel (10X)
l fine, well-sorted; Abrupt change to black organic peat material
?Y" » -
L with roots at base of spoon, ~ 5.8'.
|
} 8 0.7 2-1-2-5 PHO 180608 SAND (95%) Light-brown, fine, moist;Gravel (5X) very fine.
l 10 1.6 5-5-4-5 PHO180810 SAND (95X) brown-grey, fine, moist; Gravel (5X) fine.
JL 12 1.8 8-10-7-12 PHO1B1012 SAND (95%) light-brown to red-brown, moist, fine, includes
I -
I roots and reeds; Gravel (5X) fine,
L 1% 1.9 6-7-10-11 PHO1B1214 SAND (90%) light-brown to grey, fine, moist; Gravel
|
(10X) fine to medium, rounded to subangular.
| 16 1.8 7-6-10-8 PHO1B1416 Same as above, wet.
T 18 1.9 15-20-13-15 PHO1B1618  Same as above, wet.
20 2.0 18-41-35-4D) PHO1B1820  Same as above, wet.
-
_!_22 0.8 25-31-100/R PHO1B2022 SAND (BSX) red-brown, medium to coarse; Rock fragments (15X);
retusal at = 22 feet
T 3 No recovery, pushing boulder; Augured to 23 feet
i-\_ ™ = 23 feet.
" DTV = 9.5 feet.



http:Dpvir.fi

A GERAGH 1

AV MIELERIANC. .
Enviranmenial Services SAMPLE/CORE LOG-
Boring/Well_78-6 ____ Project/No. __Av03502 Page__} d__
Site . Drilling Drilling
] on __Hill 78 Area, Pittsfield, MA Starteg_1-3-91 Completed 1-3-91
Type of Sample/

Total Depth Driled _18 ____feet Hole Diameter__6.65 ___inches Coring Device Split-sooon
Length and Diameter
of Coring Device (2 x 2% Sampiing Interval _2 feet

Land-Surlace Elev._4p43,4—feet ¥ Surveyed O Estimated Datum___ysce—1920—

Drilling Fluid Used __Mnoe Driling Method__notlow-stem Augee

Drilling

Contractor _clean 8ackshirse 1ne Driller__ed Helper g;:rnp

Prepared Hammer Hammer

By A lLaSarge Weight .J!-.QE__DTOD 30 inches
Sample/Core Depth Time/Hydraulic

{feet below land surtace)  Core Pressure of
Recovery  Blows per .
From To (feel) inches SAMPLE 1D Sample/Core Description

0 2 0.5 fe-6-5-5 PHO6B002 SAND (80X) brown, fine, dry: Grass, roots (15X) top humus

layer: Gravel (5X) very fine, rounded.

2 4 0.2 h-3-2-7 PHO&B0204 SAND (90%) light brown to brown, fine to medium, dry;

Gravel (10X) fine, subangular.
[ 0.8 7-8-Sf6 PHO6B0O40S Same as above.

é 8 1.3 $5-10-6-7 PHO4B0408 SAND (95X) light brown to reddish brown, fine, moist;
Gravel (5X) fine. subrounded. Trace of plastic material.

8 10 1.5 R-1-3-5 PH0O680310 SAND (95%) brown to light grey, fine, wet: Gravel (5%) fine

| to medium, subrounded.

10 ' 12 1.9 11-11-6;-5 PHOSB1012 SAND (95X) light-grey, fine, wet: Gravel (5X) fine
rounded.

12 HER [ 1.8 B-7-13-16 PHOSB 1214 SAND (50%) light-grey, fine, wet: Abrunt chanoe to black
peat (30X), natyral organic materjal at 13 fee?, with roots: _ |
SAND (20%) gqrey, fine, dry at base, tight

e : 16 1.6 5-6-10-14 PHOSBIS1S SAND (95%) light-qrey to brown, fine, moist: Yrazs silt grey. |

16 ! 18 2.0 21-20-23-20 IPHO6B1418  SAND (89X) light-grey, fine at top, coarsening and yeliow-hrown

Anttom of haring IN = 1R feet !

nIY = 7.8 e
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woll: NY-4

{s,:.v:«'f_z/mas LOG
New York Ave.

General El ec‘u:lc

I.OC.»-IION Pittsfield,

PROJECT NO: NY360NYOl PAGE: 1l of 1
IRILLING CRILLING
STARTED: 5/2/88 CCMPLETED: 5/2/88

TOTAL DEPTH
RILIED: 33 ft

IE2GTH & DIAMETER
OF CORING DEVICE:

HOLE a
DIAMETER: 8 1in.

TYPE OF SAMPLE/ .
CORING DEVICE: Split Spoon

SAMPLING .
INTERVAL: contirmuous

LAND-SURFACE
ELEVATION:

2 ft x 2 in.

{ | ST raqu:

IRILLING FIUID USED: None

CRILIING METHOD: Hollow Stem Auger

DRY

LLING
CONTRACTOR: Soil & Mat’l. Testing DRILLER: Tam

HELPER: Bcb

PREPARED BY: J. Dumimuco HAMMER WEIGHT: 140 lb HAMMER DROP: 30 in.

SAMPLE SAMPLE QORE | BLOW
NO DEPTH RECVRY | CCUNTS SAMPLE/CORE DESCRIPTION

FRCM TO

0 2 1.0 1-2- |Sard, fine to medium, trace gravel, silt, vegetation,
2-2 brown. |

2 4 1.1 3-3-?San;1, fine to coarse, same gravel, trace silt,
3-4 brown—gray.

4 6 1.2 6-9- |Interlayered: samd, fine to coarse, same gravel,
6-7 trace silt; sand, fine, silty: silt, sardy; brown.

6 8 1.4 9-18- |Sand, fine to medium, silty and gravel, brown (darp).
16-18

8 10 1.4 [15-15-|Silt, sandy, trace gravel, brown: (wet).
15-14

10 12 0.0 20-25-|No recovery - pushing ccbbles - augered to 14.0 ft.
40-120

14 16 1.0 [11-9- | (Interlayered) Sand, fine, silty and silt, sandy,
12-17 brown; (damp).

16 18 0.9 16~20-}Silt, same fine sand, trace gravel, brown.
22-27

18 20 0.8 |29-50~|Sard, fine, same silt, trace gravel, brown; (damp).
45-45

20 22 1.8 70-75-|Do
50-70

22 24 1.1 11-16-|{Sard, fine, trace silt, brown; (darp).
32-37




Appendix B

BLASLAND, BOUCK & LEE, INC,
engineers & sclentists

Field Sampling Data



GROUNDWATER SAMPLING FIELD LOG

Well No. o[ ~Miv -1

Key No™ - Fx-27

PID Background (ppm) .~ ¢

Well Headspace (ppm)  ~ 2

WELL INFORMATION

Sampling Personnel

TIC BGL
Reference Point Marked on Casing A
Height of Ref. Pt Relative to Grade
Well Diameter 2"
Well Depth 3290
Screen Interval Depth 2o - 50 {
Water Table Deoth 0. 7‘8
intake Depth of Pumo/Tubing 25"

Redevelop? Y @

WELL WATER INFORMATION

Length of Water Column 2182
Voiume of Water in Well 2 S7 nalleoy
Minutes of Pumoing S A~

EVACUATION INFORMATION
Volume of water removed from well

Site Name On-Site Consolidation Area

o
Date o/’ Time In/ Out ~730
Weather ks, GOV

Pump Start Tme _ (835
Pump Stop Time _ =882 0 2/
Sample Time ¢ O 3O
Sample ID HpcA-py) - L
Sampled for:
APPENDIX iX+3 EXCLUDING PESTICIDES and HE!
(&) VOCs/HCL, 240mi VOAs
(1) SVOCs /1L Amber
(<) Dioxin/ 1L Amber
( *) Metals (Total) / HNO3, 500ml Plasuc
( =) Cyanide / NaOH. 500mi Plasuc
( ~) Sutfide / NaOH,ZnAc; 500mi glass - no headspac

{ *) PCBs (Totah / 1L Amber

Evacuation Method: Bader () Pump { &}

Didwellgocry? Y N Pump Type (SRIAWFE S
Water Quality Meter Typets) / Serial Numbers:  YSi and HACH Turbidimeter
| Pump Total Water Depth : i o |
Time . Rate Gallons Level to Temp. pH Cond. Turbidity DO i ORP
| {Umin.) | Removed (TIC) Water | (Celcius) {mSicm) (NTU) (mah | (mV)
522 Kz aa ! /g 2 62 |2.93c |94 | 9661 /273
£ECT 1 4tc | /3.5 s 2 |20y lmngee | 505 | 9c2 [/276
Aor2 oo R i /a :g | 7.53 |o.v2t | R9.G | 268 (/274
~As/S L so | I C 7T | mw7 ey (<2 | Sl /223
T | 7.2 Lyl v oy ERER 2
L s | e — ] R Ten  lcez7 lvmz G EST 40T
~ie [ - i v | 22 L7y, b gz, 278 L .82 L ye &
o7 LHL 13,27 2.7l =552 leepe, .0 0 R 8 T
| : | [ !
: ; | |
; z l ' _
Final [ e B s I P | 2
MISCELLANEOUS OBSERVATIONS/PROBLEMS N e
T’// [T T T
SAMPLE DESTINATION )
Laboratory: CT+E Environmental /r’ /,/
Delivered Via' Fed Ex e U
Aurpill # Field Sampling Coordinator: il - -
{ 4 ’
'0_*lo_sheel xis BLASLAND BOUCK LEE. INC 511199



GROUNDWATER SAMPLING FIELD LOG

WellNo. _PCR - Pho -2

Sampling Personnel

Key No.’ Fa =37
PID Background (ppm) OO0
Woell Headspace (ppm) o. 2

WELL INFORMATION

Site Name On-Site Consolidation Area

See, SBE

Date a/ﬁf? Time In/Out /2 3~

Weather /%# Gé‘_"!j" o

Redevelop? Y @

WELL WATER INFORMATION

Length of Water Coiumn T1.98
Volume of Water in Well .22 coaflgus
Minutes of Pumoing (2 nya s,

EVACUATION INFORMATION
Volume of water removed from well
Dcweligodry? Y N

@ Cbaé;-w)

TiC BGL Pump Stant Time /%>
Reference Point Marked on Casing & Pump Stop Time __/§ 7S~
Height of Ref. Pt Relative to Grade Sample Time  /S/AS
Well Diameter = Sampie ID (ADcpP - o - 2.
Well Depth 25,10 Sampled for
Screen Interval Depth 3 ~25 APPENDIX IX+3 EXCLUDING PESTICIDES and HE
Water Table Depth /22 (&) VOCs ! HCL, 2-40mi VOAs
Intake Deoth of Pumo/Tubing 2.0’ ui ) SVOCs /1 L Amber

(A ) Dioxin / 1L Amber

{ X) Metals (Tatal) / HNO3, 500mi Plasuc

( &) Cyanide / NaCH. 500mi Plastic

() Sulfide / NaOH.ZnAc: 300mi glass - no headspa.

lX) PC8s (Total) / 1L Amber

Evacuauon Method: Baiier { ) Pume ; X}

Pump Type: pllim .S
Water Quality Meter Type(s) / Senal Numbers: YSI and HACH Turbidimeter

Pump Total Water | Depth ! i |

Time Rate Gallons Level l to l Temp. pH l Cond. Turbidityl DO ORP
{Umin.) Removed (TIC) | Water | (Celcius) (mS/cm) INTUY | (mall) (mV)

/943 &.Y00 8220 | | @.77 7.09 1 5.4/ | 267.% ' 5. 3% kA
Vakd” 6.9c0 (8 .67 1 Vo 158 1p.523 | (ST7 0 day | /337
YYG SR ((B.87¢'! | 765 | 6.7 10.99 | 302.8 | 3.32 |/(32 7.
/452 A4 L 2.8 l 1SG 1 G7R 18.925 | 228.4 ! 3.00 |13/
YSS aygo ! /803 LT .U 16528 129/ 1 2.0¥ 122/
(58 | .o SN 069 7Y ‘oS0 163/ ' 2.7 (298
45T | 0.4¢0 | 1959 07 o7y 938 1595 1o 4 | /30y
|Seq o.yeo | 1 /8.949 l2.02 G615 p692 536 | =36 | 272
Yo¥i | 0.4¢en 11963 | sy 14,73 '&5Sy 1SR 1 23C 1 /306G
LSie | O Yo | (2.72 | l(2.90 G 6956 [5¢.7 221 | /290
(13 lo.veo | /5. 8% lext V4. 75 10960 | HT (2.9 27,/

Finat Moo | [ 1¢.88 lr2sS/ 1615 w90 (0.7 t2gy/ 27/

MISCELLANEQUS OBSERVATIONS/PROBLEMS

A Dug ~| TALEV HERE,

SAMPLE DESTINATION
Laboratory: CT+E Environmental

Dehvered Via: Fed Ex

Airtlt

Field Sampling Coordinator:

D_,'XD_ sheel xis

BLASLAND BOUCK LEE INC

S

4 4

611199



GROUNDWATER SAMPLING FIELD LOG

Well No. Om/.} Mo -3
Key Noi™

PID Background (ppm) ©.O

Well Headspace (ppm) . 2-

WELL INFORMATION

Site Name
Sampling Personnel

Date £ 22 95 Timeln/CQut oo

Weather

On-Site Consolidation Area

St S8

ety 28 o~

TIC BGL Pump Start Time o/ 7
Reference Point Marked on Casing i Pump Stop Time __ /70
Height of Ref. Pt Relative to Grade b Sample Time __ /QS©
Wefl Diameter = Sample I0 pRA 7%~ 3
Well Deoth ZG.—K' Sampled for.
Screen Interval Depth ,8'-20,15 APPENDIX iX+3 EXCLUDING PESTICIDES and HE!
Water Table Deoth 20.711 " ( 47} VOCs / HCL, 2-40mi VOAs
Intake Deoth of Pumo/Tubing 24’ ( ) SVOCs /1 L Ambper
( .) Dioxin /1L Amber
Redeveiop? Y @ ( —\) Metals (Total) / HNO3, 500mt Plastic
( «) Cyanide/ NaOH. 500mi Plastic
WELL WATER INFORMATION () Suffide / NaOH.ZnAc; 500mi glass - no headspac
Length of Water Column /2, 0Y
Volume of Water in Weil 9L o s ( <) PCBs (Total)/ 1L Amber
Minutes of Pumoing <’
EVACUATION INFORMATION
Volume of water removed from well 7:»—:/— 5 Evacuation Method: Baiier | Pump v
Didweilgodry? Y N Pump Type. /5 /Zh~F >
Water Quality Meter Type(s): Senal Numbers: YS! and HACH Turpidimeter
| Pump Total Water Depth | ! | |
Time | Rate Galions Level to Temp. | pH | Ccond. | Turbidity ‘ DO ORP
I (Umin.) Removed (TIC) Water {Celcius) i l {mS/cm) l (INTUY | (mg) {mV)
o/ | . ovo | 2.z | HEC LTS8 s | EHL | 280 | 52.C
izl i yeo | 2r2Y’ 2.2 | £ S5 loyz e T 3 /8.
ozy 1 s, l2r e LT e2 16T 847, | E42 2 /4,3 | 9%/S
/27 1 we L 27 5 | ,z2.52 | z.7¢c 1 rze. 1 328 1278 1 9,30
/530 1 oy L 20 75 | o7 Ll Vee ' Zoco 1T i BT73
222 e lz/ 78! P 2z b7 Lo T i 27cy 1 e L e
DI CHIRE (28 L 2.7/ V722701065 Vops! 1237 Lo FES
PE Y 20 | /20 1005 ‘oo isFl oore | 90.0
AL T 2 .77 s oG 1725 1722 |coz 190.3
i Y 35S | | 2077 (3.0 |tz 113 svs e 1900
292 , 350 | | 2(.7% /325 fotol, 12728 136.C. | Cet | Z/5
Final L 2Qe | | 20,75 /329 | wel o 785 ot . \ow/ 1/5
MISCELLANEOUS OBSERVATIONS/PROBLEMS ;1/“///-/‘/7{‘/ DO ,;,/,,/,
SAMPLE DESTINATION
Laporatory: CT+E Environmental v/
Delivered Via: Fed Ex ///7
Airtill #- Field Sampling Coordinator: ,
5111199

10_"a_sheet xs

BLASLAND BOUCK LEZ INC




ey

GROUNDWATER SAMPLING FIELD LOG

WellNo. e i=rre—-¥ Site Name On-Site Consalidation Area
Key Nol™ ™ e Sampling Personnel Sz <3¢
PID Background (ppm} o, O Date g éﬁz Time In/Qut /32—
Well Headspace (ppm) o z_ Weather -M—ﬂé;" gl 7"
WELL INFORMATION _
TIC BGL Pump Start Time  / 53¢
Reference Point Marked on Casing x Pump Stop Time S
Height of Ref. Pt_Relative to Grade Feul Sample Time __ /440
Well Diameter 27 Sample ID 08 ~ P80~
Well Degth 2L2J"! Sampled for.
Screen Interval Depth 2 - 21257 APPENDIX 1X+3 EXCLUDING PESTICIDES and HE}
Water Table Depth 2.0\ { &) VOCs/ HCL, 2-40m! VOAs
Intake Depth of Pump/Tubing /7’ {a) SVOCs /1 L Amber
(‘s) Dioxn / 1L Amber
Redevelop? Y (B ( @) Metals (Total) / HNO3, 500mi Plastic
{ &) Cyanide / NaOH. 500mi Plastic
WELL WATER INFORMATION (X'} Sulfide / NaOH,ZnAc: 500mi glass - no headspac
Length of Water Column 9 24
Volume of Water in Well 1.5 Gellows { 4) PCBs (Total) / 1L Amber
Minutes of Pumping 35 pyw.
EVACUATION INFORMATION
Volume of water removed from well VQ/AJ Evacuanon Method: Saler | } Pump <)
Didwellgodry? Y N Pump Tyoe. o Al 4/ s
Water Quality Meter Typeis) / Serial Numbers: YS! and HACH Turtidimeter
Pump 1+ Total Water Depth | ! | i
Time Rate ) Gallons Level to Temp. | pH . Cond. Turbidity | DO ORP
(Umin.) Removed (TIC) Water (Celcius) | {mS/cm) (NTU) ! (maq/l} (mV)
- (337 1.4 | (2.8 | pay 1737 ‘e V772 | .09 | 1328
1340 g | (3ot med | b2 least | B p | 382 | /30.3
43 | Moo | | (3.c3 LTl 1681 o8 | S78 | 228 17292
(3906 1 .ves | 13.44! 277 lGee 1egg) | 87¢ | 241 | /26.0
s 3¢9 L, 850 i 3,23 L3 | GE7 i c. &R ?171-0 Il 290 | j20. ¢
EERE W - . VI ' (3.37 11363 1481 cs7 /BT 23y 2
3%y | .3xo ! | (3.5] | B2 1l o#d  Ge1c 1,59 1 229 L3¢
1338 | L350 : 13.67 i&gcc L cer £.8e9 | s/ - 223 e/ 7
| ! . ! | !
| !
| |
Final o 1=2 /3.9 /380 L ¢F7 e 143y ez \p7
MISCELLANEOQOUS OBSERVATIONS/IPROBLEMS
SAMPLE DESTINATION
Latoratory: CT+E Envircnmental
Delivered Via- Fed Ex
Airoill # Fieid Sampling Coordinator:

to_flo_sheet xis BLASLAND BOUCK LEE NC 5/11/99



GROUNDWATER SAMPLING FIELD LOG

WellNo. _ ORC4- MO <5~ Site Name On-Site Consolidation Area

Key No™™ — Sampling Personnel <.c S22
PID Background (ppm) .0 Date Time in/ Out o5
Well Headspace (ppm) o, Weather _c// ccicly — =

WELL INFORMATION

TIC BGL Pump Stat Time  //40
Reference Point Marked on Casing A Pump Stop Time _ |22
Height of Ref. Pt_Relative to Grade ety Sample Time _j2 (¢y
&

Well Diameter =z Sample ID OYC A — e -
Well Depth g /37 Sampied for:
Screen Interval Depth 9.& Ved APPENDIX IX+3 EXCLUDING PESTICIDES and HEI
Water Table Decth B0 ( K) VOCs/HCL, 2-40m! VOAs
Intake Depth of Pump/Tubing <« {& ) SVOCs /1 L Amber
(& ) Dioxin/ 1L Amber
Redevelop? Y @ L) Metals (Total) / HNO3. 500mi Plastic
(& )} Cyanide / NaOH. 500mi Plastic
WELL WATER INFORMATION ( &) Suffide / NaOH.ZnAc: 500mi glass - no headspac
Length of Water Colurmn =,33
Volume of Water in Well [ .2 romllonss { /) PCBs (Tatal) / 1L Amber
Minutes of Pumoing EOVM [,

EVACUATION INFORMATION

Volume cf water removed frem well :P‘ ;ﬁﬂ'j Evacuaticn Method: Bailer { ) Pump o)
Ddwellcoory? Y N Pump Tyce (G L4 A»FO) .
Water Quality Meter Type(s) / Senal Numbers. YS! anc HACH Turoicimeter
{ Pump | Total Water | Depth } | ! _
Time i Rate | Gallons Level to i Temp. ! pH Cond. ‘Turbadity DO ORP

‘ {LUmin.) ‘ Removed (TIC) Water . (Celcius) | (mSicm) | (NTU) (mall} (mVv)
223 \o.goe | | prse” | .95 | 2.5 leeosy «4Be \2/5 =738
Hote oo | ME | /8 | 7./ \c.e&fs 1280. 71 £ 37 1280.0
1Ch le.veo | L2 207" | 704 1e.63s o198 ) sxs 1-70.0
112 L.4c8 | (.38’ ti2.ss | .99 e a9 ' 2200 | 4 | 7662
(S NN /-0 DA vad 1225 1 .97 I povy7 /786 | Lc | -TT6
118 [ MEO Lot | T [3.62 1 6.9C 1 O.0N /a4 | [20 1 -77.
L2y T NN /37y 1 65y L C.exG | IRTS | Ly W&
ey (LD (2.7 542 | 690 ‘epdo | 23281 £.50 | & 3./
L2l Indeo | (2.(7 o] e RF e/ |25 1 2.21 (7520
1. 30 6,90 | 12.56 b 97 1 Ges Ia6rT (2427 | 292 (~¥2 7
(133 3eey (289 3.3y lc.ec. Ise3e 1€l | 2,49 | -39S
Mot |13, e 200 | 12,92 13731 6.8, 16,633 | 266 | 2.2 | ~33.8

MISCELLANEOUS OBSERVATIONSIPROBLEMS 3 . Aamir) D M5 m bl A -

SAMPLE DESTINATION

Laboratory: CT+E Environmental
Delivered Via' Fed Ex
Airpili # Field Sampling Coordinator:
T TT

'0_'10_sneet ais BLASIANG 3CUCK LEE NC 5/11/99


http:ll).^2-Q.15

GROUNDWATER SAMPLING FIELD LOG

Well No. _ APCA-MNMw -5 Site Name On-Site Consolidation Area
Key No.’ _ Sampling Personnel Sy,  «FX&
PID Background (ppm) <fiis. ©.O Date Time In/Qut__ IO
Well Headspace (ppm) 6. ! Weather Seareiy, ™ 0%
WELL INFORMATION —
TIC BGL Pump Start Time  //o0
Reference Point Marked on Casing e Pump Stop Time 7220
Height of Ref. Pt Relative to Grade Hewsh Sample Time __ {21 O
Well Diameter 2! Sample ID P - (=5
Well Depth /273’ Sampled for:
Screen Interval Depth 9,3—/6" APPENDIX IX+3 EXCLUDING PESTICIDES and HE!
Water Table Depth /0 .80 #_ ) VOCs/HCL, 2-40mi VOAs
Intake Depth of Pumo/Tubing /s {4) SVOCs /1 L Amber
{ =) Dioxin / 1L Amber
Redevelop? Y N ( “*) Metals (Total) / HNO3, 500mi Plastic
{ 7)) Cyanide / NaOH. 500mi Plastic
WELL WATER INFORMATION ( ) Sulfide / NaOH.ZnAc; 500mi glass - no headspac
Length of Water Column 9 .33
Volume of Water in Well /. 20 caboms ;¥ PC8s (Totah / 1L Amber
Minutes of Pumoing ViadVad
EVACUATION INFORMATION
Volume of water removed from well g@n//a-é Evacuation Method: Baver ( ) Pumo ()
Didwellgcdry? Y N Pump Type: o Llzer7QS

Water Quality Meter Type(s) / Senal Numpers:  YSi and HACH Turbidimeter

! Pump Total Water Depth i | |
Time Rate Gallons Levet to Temp. | pH ! Cond. i Turbidity Do ORP
' {Umin.) Removed (TIC) Water {Celcius) i {mSicm) l (NTU) (ma/l) (mV)
11.39 l0.25¢ | (3,68 (3.90 | LBlo (.33 | 783L | 207 |~36é
(142 o oz5d 113,43 /972 1.7 O.e3e 1 2587 | 2o =241
Lys lo 250 {310 1 14.57 .87 £.0281 2222 1 2060 |-297
HYp I (ko t13 47" 1S3 o as lpe3ai(98.5 | 2.8 | -254”
U3 NI S N NA 4o (.88 0,3z lifd2 1239 1-230
(15Y oo | 28 T4S3 GBS L33 (el 2.6 /9.2
1137 It | IEWE (68 | GGo a3 ticey | 2.97 ~/0
(Ton LG fen 1208 CeTe i GSo G636 (B2 3 ze G
(263 Oubo [ (3,./8 415 L 6.5 leGle @o | 3YT -4/
(20¢ ot | 3,185 e % 6. YMC | 3.5 | 7G:T
(2.c9 l } | ‘ E
Final s [13.:0% R RN RRE /17 2.6Y 6. 7
MISCELLANEOUS OBSERVATIONS/PROBLEMS
SAMPLE DESTINATION
Laboratory: CT+E Environmental
Delivered Via, Fed Ex % //
Airoill #: Field Sampling Coordinator: 7L —
BLASLAND B0UCK LEZ 'NC 5111799

'0_‘lo_sheel xs



WellNo. APCA -huw -(p

GROUNDWATER SAMPLING FIELD LOG

Key No.”

pu——g

P{D Background (ppm) . >

Weil Headspace (ppm) ¢ g

WELL INFORMATION

Site Name

Sampling Personnel

Date
Weather

On-Site Consoiidation Area

St SAT
Time In/ Out £SO

JS‘MI}. ~ &8

Tic BGL Pump Start Time (9 925
Reference Point Marked on Casing A Pump Stop Time __ /66
Height of Ref. Pt Relative to Grade Flush Sample Time _ 6955
Well Diameter > 7 Sampie ID _~PC# -274)- o
Well Depth =23.80' Sampled for:
Screen Interval Depth A 2359 APPENDIX IX+3 EXCLUDING PESTICIDES and HE!
Water Table Depth /7Y (& ) VOCs / HCL, 2-40mi VOAS
Intake Depth of Pumo/Tubing d {4) SVOCs /1 L Amber
{ &) Dioxin/ 1L Amber
Redevelop? Y @ ( ) Metals (Teotal) / HNO3, 500m! Plastic
(e ) Cyanide / NaOH. 5COml Plastic
WELL WATER INFORMATION (&) Sulfide / NaOH.ZnAc: 500mi glass - no headspac
Length of Water Column (o.lols !
Volume of Water in Well {.00 rallesss (X ) PCBs (Total)/ 1L Amper
Minutes of Pumping G iy pz S
EVACUATION INFORMATION
Volume of water removed from well j@&{/{;y_} Evacuaton Method Baier ( j Pump (KL

D wellgodry? Y

Pump Tyoe (&Zy » 03

Water Quality Meter Typets) / Senal Numbers: YS! and HACH Turcidimeter

i Pump Total Water ! Depth | i ; N ‘
Time i Rate | Gallons Level ! to Temp. | pH . Cond. Turbidity DO ORP
| {LU'min.) Removed (TIC) i Water (Celcius) | i (mSicm) INTU) {mg/l) (mV)
Yori XA 72 %) 7 397 | | vl | 76/ 1C.583 14762 | /403 (0.
0%2%9 ! O+ /7B ] [ 0.70 | 1.37 6.0 | 2.3 6,3 12/
$3z2. lp. 500 | 1G] .9, 1733 i 1 22.¢ | 5.99 | /5.7
C935 oo /g.c2 | LYY 1132 P 5.58371 /et 1985 | 68
0938 ' pday | /e ol | (G2 | 232 '3/ 1,67 127Y | pl2
=9/ LN ljR.cY 230 1132 o3 L Te.c t G0 |00,
999 L p.eC | 1¢.co | 1763 1 1.32 o 53 112131 960 |97
0897 A.300 | [ 8.0 | L2y | 732 o.s3Y i T 1958 | 9Y.T
NAGTERIRICHE NS | 127 | 132 ic.S2e | s 1 9.57 1.0
€253  '¢.3cc | 18cC 33y | 7.32 ! c.5221 28.6 | S.5C | %52
| i |
Finai ! | | | i

MISCELLANEQUS OBSERVATIONS/PROBLEMS

\Ve) e f /l.c!/(.

DO SFEeS 1o BE. Toe vt wdll chrek Do GtYpAl-LAF?zL

SAMPLE DESTINATION

Laboratory: CT+E Environmentai

Deiivered Via: Fed Ex

Arrodl #:

0_'lo_shest xis

SLASLAND 80UCK LEZ INC

i

V4

Field Sampling Coordinator: /%A
7

6/11/99


http:0.707.3V

GROUNDWATER SAMPLING FIELD LOG

WellNo. . oK - fon'-"7 Site Name On-Site Consolidation Area
Key No.'»' _— Sampling Personnel |
PID Background (ppm) A0 Date Zﬁﬁ Time In/Out s 520
Weather 56'7:
Well Headspace (ppm)  ~, =2 %"’;
WELL INFORMATION
[ TIC BGL Pump Start Tme & &0
Reference Point Marked on Casing R Pump Stop Time ___ O BSD
Height of Ref. Pt. Relative to Grade Yash Sample Tme 08 &S
Well Diameter 2 Sampie ID <X ~Fw =T
Well Depth 2243 Sampied for:
Screen intervai Depth - 23" APPENDIX IX+3 EXCLUDING PESTICIDES and HE:
Water Table Depth /502" £ ) VOCs I HCL, 240mi VOAs
intake Deoth of Pump/Tubing /%’ A) SVOCs /1 L Amber

v (8

WELL WATER INFORMATION

Redevelop?

&) Dioxin / 1L Amber

o) Metals (Total) / HNO3. 500ml Plastc

{# ) Cyanide / NaOH, 500mi Plastic

( A) Sulfide / NaOH.ZnAc: 500mi glass - no headspac

(
{
{
(

{ Xx) PCBs (Tetal)/ 1L Amber

Length of Water Column 8 yi'
Volume of Water in Well L. 37 ¢ allons
Minutes of Pumping 5_0 et

EVACUATION INFORMATION

Volume of water removed from weil 5 lé,/éys Evacuation Method: Bailer { ) Pumo X |
Ddwellgodry? Y Pump Type. (R4 m /LS.
Water Quaiity Meter Type(s) / Senal Numbers: YSI and HACH Turtidimeter
i Pump | Totai Wwater | Depth ' | 1 o \ :
Time : Rat‘e i Gallons Level to Tem.p. ! pH | Cond. } Turbidity 00 ' ORP

| {Umin.) | Removed (TIC) Water (Ceicius) | | (mSicm) (NTU) l (mall) i (mV)
(622 I oduw | [ rs25’ (308 | 757 1 /363 | 28¢C | €.20 /087
£426 oM ! i s4.0T (3 12/ 3 202 1492 | AR
NE29 1pyNp | W7X77% | {230 | 2,01 @ (. 3¢T 1247 | 4.63 | /6%/
832 Ao | NAREY (3.28 | (.97 1 (27 (Ll [ L3 ¥
0OB3E L Ce.dty | W 2 42z V6.9 ! L300l /3 ) 6, 3l (USEZ
(838  C.90 | (7.2 ey L 6,93 4333 1 G2 |V G/E | STk
CEY/ D | T Ly | .9 -~ (3¢ | 1.5 Eaé; DorAS

' | | | | | | |

i | | i ! i | i

i i i 3 3 ;

i l i | | | | |
Final .o | (7.9 | /ey Ve s 3y 7. 55 1 £.33 /5

MISCELLANEQUS OBSERVATIONS/PROBLEMS

SAMPLE DESTINATION
Laboratory CT+E Environmental

Delivered Via' Fed Ex

Auiroill #

Field Sampling Coordinator:

io_"lo_sheet xis

77

BLASLAND BOUCK LZE NC 511199



&

&
R

GROUNDWATER SAMPLING FIELD LOG

WellNo. _MRCA-MLW-8 Site Name On-Site Consolidation Area
Key No—* —_—— Sampling Personnel _ Cc ¢ B
PID Background (ppm) . O Date Time In/Out_ 30 CZQ 20
Well Headspace {(ppm) (0 2~ Weather % LT

WELL INFORMATION

TIC BGL Pump Stat Tme  /$YD
Reference Point Marked on Casing X Pump Stop Time __/(p20 TS
Height of Ref. Pt. Reiative to Grade ik Sample Time /8
Well Diameter 27 Sample D _OPCA ~newo—8
Well Depth 2 3.0 Sampied for.
Screen Intervai Depth 325 -23° APPENDIX IX+3 EXCLUDING PESTICIDES and HE:
Water Table Depth 12/l e ( }) VOCs / HCL, 2-40ml VOAs
Intake Depth of Pumo/Tubing 20’ (X) SVOCs /1 L Amber
(K ) Dioxin / 1L Amber
Redevelop? Y N (X ) Metals (Total) / HNO3, 500mi Plastic
{ &) Cyanide / NaOH. 500mi Piastic
WELL WATER INFORMATION { &) Sulfide / NaOH.ZnAc; 500ml glass - no headspac
Length of Water Column 6.5
Volume of Water in Well [ 1D conllons { X) PCBs (Total) / 1L Amper  *
Minutes of Pumping 20 ey
EVACUATION INFORMATION
Volume of water removed from well Véﬁéff Evacuaton Method: Baier ( ) Pump i !
Ddwellgodry? Y N Pumo Type _(GPlimEn)
Water Quality Meter Type(s) / Senal Numbers: YS| and HACH Turbidimeter
Pump Total Water Depth
Time Rate Gallons Level to Temp. pH Cond. Turbidity DO ORP
{Lmin.) Removed (TIC) Water {Celcius) {mSicm) (NTU) {mall} {(mV})
VAYZ C.Y50 W | 3.8/ | 7.3, | L9531 /852 | 80 |/36./0
/55 lo.40 112,86 | (297 | eal /998 | /833 | & 3% | /26.8
/S 10 Yoo | (4. /7" | /977 1 T2z 153y 2286 | 7.9 122 2
JSY9 N | /9s2! s | 723923 | yAS 00 78 L [FES
/352 | ades | 1479 st 1 22! r9/¢ | y350.2 1 769 | 0.0
/553 |V pypo | /Y55 /57 | T2z 14999 | /369 1152 oSG
/508 o ] /5y | /475 | 722 14993 1 26,7 | 189 144D
y/9953) ode a2 L /973 7.zzi 203 222 ! 747 1 R 9
| | i | !
1 i 1
| I |
Final (s | ey L 5% 17.22 loecx 122.2 |77 158 5

MISCELLANEQUS OBSERVATIONS/PROBLEMS

SAMPLE DESTINATION
Laboratory CT+E Envircnmental

Delivered Via. Fed Ex

Airbill #

Field Sampling Coordinator: /%/

lo_"lo_sheet xis

4

8LASLAND. BOUCK LEE INC 5111199



GROUNDWATER SAMPLING FIELD LOG

WellNo. _ 78 —Z_ Site Name On-Site Consolidation Area
Key No™™ Sampling Personnel
PID Background (ppm) o©.o Date %ﬁ' Time In/ Out A/ 3~
Woell Headspace (ppm) o. 7 Weather > 2N=
WELL INFORMATION
TIC BGL Pump Start Time /540

Reference Point Marked on Casing s Pump Stop Time (S /19
Height of Ref. Pt. Relative to Grade ATk Sample Tme /S
Well Diameter i SampleiD 78 -/
Weil Depth z2z2.9/" Sampled for:
Screen Interval Depth K'-227
Water Table Depth /0 35" X ) VOCs I HCL, 2-40m! VOAs
Intake Depth of Pumo/Tubing 5 (o) SVOCs /1 L Amber

Redevelop? Y N

WELL WATER INFORMATION

APPENDIX IX+3 EXCLUDING PESTICIDES and HE:

Length of Water Coiumn /52
Volume of Water in Well FA RNV
Minutes of Pumping LA~

EVACUATION INFORMATION
Volume of water removed from well

Odwellgodry? Y N

Sl

(A} Dioxin / 1L Amber

(A4 )} Metals (Total) / HNO3, 500mi Plastic
(« ) Cyanide / NaQH, 500mi Plastc

(¢x ) Suffide / NaOH.ZnAc:

500mi glass - no headspac

(o ) PCBs (Total) / 1L Amber

Pumo Type. (L RLUMFES
Water Quality Meter Type(s) / Senal Numbers: YS! and HACH Turtidimeter

Evacuatcn Method: Bailer ( ) Pump/i¢”)

| Pump | Total Water Depth !
Time | Rate | Gallons Level to Temp. | pH Cond. Turbidity DO ORP
l (Lmin.) Removed (TIC) Water (Celcius) | {mS/cm) (NTU) {mg/l) {mV)
¢S | 3 Ll f2co | £.57 | Srgo | 264 | .28 1 [32.7
JY8 Ié._IS-C; [ )P 2,78 3@.'7'/ e8| 412 .28 /377
s el /085 | (2770 6T et (270 | 3./3 1/3%6
/9859 L~ 3D | 223 | 1378 1 .70 lowge | 2B.r | 305 | /32.¢
YSCT i 3K (z.22 | 20y (Ges 166781 g2 | 3oy | £132.2
(ST 8.3 | 2% 1,265 'c.o7 ice70 | 28%Y 3,606 | /33,6
/Sc3 g g5z | | 2.7 | RYT 668 LG .S 247 :/3%8
% i i i ' i |
l | | ! | | i
: | : i i
F | .
Final £, 30 22.C7 | /37 e o7 i f 12575 | /345

MISCELLANEOUS OBSERVATIONS/PROBLEMS

SAMPLE DESTINATION

Laboratory: CT+E Environmental

Delivered Via. Fad Ex

Airoill #

‘o_"to_sheet us

SLASLAND BQUCK LEE NC

Field Sampling Coordinator: %@
v //

§/11/99



GRdU-NDWATER SAMPLING FIELD LOG

WellNo. _ 78-( Site Name On-Site Consolidation Area
Plgey No"  —— Sampling Personne! jg .Smr S
Background (ppm Date M ime
Well Heagspace :szm: ooj ? Weather Sty 7 <
WELL INFORMATION
TIC_ BGL Pump Stat Tme /4445~ | A57S

Reference Point Marked on Casing ¥ Pump Stop Time _ /(S5 |
Height of Ref. Pt_Relative to Grade Sample Time ___/S/
Well Diameter < SampelD /8-
Welil Depth 94 Sampiled for:
Screen Interval Depth 3'-45° APPENDIX IX+3 EXCLUDING PESTICIDES and HEI
Water Table Depth 968 ) VOCs /HCL, 2-40mt VOAs
Intake Depth of Pumo/Tubing . 55" SVOCs /1 L Amber

(
(1)
( 1) Dioxin/ 1L Amber
Redevelop? Y N ( |) Metais (Total) / HNO3. 500mi Plastic
{ | ) Cyanide / NaOH. 500ml Plasuc

( 1) Suffide / NaOH.ZnAc: 500mi glass - no headspac

WELL WATER INFORMATION

Length of Water Column Ol

Volume of Water in Well ;SO (,4/é~.$, ! ( ) PCBs (Total) / 1L Amber
Minutes of Pumping S

EVACUATION INFORMATION

Volume of water rerpoved from well é@éw Evacuation Method. Baller { ) Pumo (A"
D well godry? X2 N Pumo Type _ JER-(TAIf ¢

Water Quality Meter Type(s) / Senal Numbers: YSI ang HACH Turpidimeter

Pump Total Water Depth , ! i
Time Rate Gallons Level to Temp. pH Cond. | Turbidity i DO ORP
(Umin) | Removed (TIC) Water | (Celcius) ! (mSlecm) (NTUY | (magall} (mV)
Zh | z3co | — 7.30" /S9C 1 6.80 12,200 | [BY | L/T |\=/2l 7
/Y4 B — 1 g.9R7 07 Vo oS L2/ 1 463 1 098 7/i5g
/GSY 1 Lso | EoRvA L 75 170 V2 267 /é/% | 2.73 | ~op. 0
TS 2N | | 5 | | %
i ol | : ' ! ! 1 : i
i ! ! I i i ! I
| ! ' 5 | i l : |
| f { | | | |
| ' i ! i | ' i
; t : | | !
1 ! l 1 |
Final i | | | | }

MISCELLANEOUS OBSERVATIONS/PROBLEMS  of1ogl] (sERT mz_” b i S‘Q zw///g'* EFCEXy AL

=i, gepfe

SAMPLE DESTINATION
Laboratory: CT+E Environmental

Delivered Via. Fed Ex
Asroill # Field Sampling Coordinator:

0 _'10_shest xis BLASLAND 80QUCK LEZ. NC 511199



GROUNDWATER SAMPLING FIELD LOG

Well No. AT ~L5 Site Name On-Site Consolidation Area
Key No £y —37 Sampling Personnel _S¢
PID Background (ppm) o.0 Date 5.4/@5'6 Time In/ Out /239
Well Headspace (ppm) 0.2 Waeather _Mn;z ~ THOF
WELL INFORMATION
TIC BGL Pump Stat Time /S0 /.7 330

Reference Point Marked on Casing X Pump Stop Time /322 //%’J
Height of Ref. Pt _Relative to Grade Sample Time _ﬁ I35
Well Diameter S Sample D~/ 72 /2-A3
Well Deoth {7.98° Sampled for
Screen Interval Depth - APPENDIX IX+3 EXCLUDING PESTICIDES and HE|
Water Table Deoth LS. (| ) VOCs/HCL, 2-40mi VOAs
intake Depth of Pumo/Tubing. /7’ } SVOCs /1 L Amber

Redeveiop? Y @

WELL WATER INFORMATION

Length of Water Column ? 87 ’
Volume of Water in Well
Minutes of Pumoing l S o

EVACUATION INFORMATION

(
(: ) Dioxan /1L Amber

( | ) Metais (Total) / HNO3, 500mi Plastic

( | ) Cyanide / NaOH. 500mi Plastc

( ‘ ) Sulfide / NaOH.ZnAc: 500mi glass - no headspac

(1 ) PCBs(Totah/ 1L Amber

A\

V MoV /S~ Evacuation Methoa: Sailer { ) Pump 7
Dzu::[of watejr rz*;g)ed from well ﬁégﬁ Is e 2, 77/'- s
go dry Y/ N p Type. 7%= y
Water Quality Meter Typeis) / Senal Numbers:  YSi and HACH Turnidimeter
i Pump Total Water | Depth i i o |
Time i Rate Galions Level to Temp. | pH Cond. | Turbidity | DO ORP
I (Umin.) Removed (TIC) Water {Celcius) | {mS/cm) (NTU) | (maf (mV)
(3BT | sov | — — 1 ¥ | @.6Y (2593 |3/8.7 |42 | /8/./
/3/6 | bopes — — T ol 1072 125751263, 21477 | /23
/32/ | .3%0 — T — s leS/ zav3 I Me3 (€8 |sfo
£32% | 286 L] [ : f '
/033 i Lo | Ly 77 l/, 3 | Z24r c/grz.c; L7 | /820
1336 | e | T — | — 137c 1£4.3% 2.7 |58 & T¥T | 522
123397 1 3o | [ — | — /372 .37 12 497 216 5237 | 203,
1342 250 ' /2.8 | L.39 1 24¢3 /70 u (7 _Zes. 12
&% ! | ! f | | |
* i ! ! | i i
| | r l
Final | | | !

MISCELLANEQUS OBSERVATIONS/PROBLEMS
S TG A eha,

DR
4

L 2 s '///57_ /,{ca/;e-?/ P,
/

SAMPLE DESTINATION
Laboratory: CT+E Environmental

Delivered Via Fed Ex

Airtull #

1o _fo_sneet 115

BLASLAND 30QUCK LEE NC

Field Sampiing Coordinator: M
V7 VA

5111199



GROUNDWATER SAMPLING FIELD LOG

WellNo. = /g,(/"‘/

Key No. -

PID Background (ppm .0

Well Headspace (ppm) 0.0

WELL INFORMATION

Sampling Personnel

TIC BGL
Reference Point Marked on Casing . X
Height of Ref. Pt _Relative to Grade Al
Well Diameter 27
Well Depth z/.27
Screen Interval Depth 17'-31"
Water Table Depth 79/
Intake Depth of Pump/Tubing_ 235"
Redevelop? Y N
WELL WATER INFORMATION
Length of Water Column pPR7#
Volume of Water in Well 2.,.<C
Minutes of Pumping 25 ay,
EVACUATION INFORMATION
Volume of water removed from well < 5«/4«5

Didweligodry? Y (N

Site Name On-Site Consolidation Area

SeL, SA7E

Date Time In/ Out 240 /7R 00
Weather %ﬁ%‘/« b S0
Pump Stat Time /2 oS
Pump Stop Time /£ ¥C
Sample Tme {22
sampe D AV -7
Sampled for:

APPENDIX IX+3 EXCLUDING PESTICIDES and HEI
(X VOCs / HCL, 2-40ml VOAs
(i) SVOCs /1 L Amber
() Dioxin / 1L Amber

(X ) Metals (Total) / HNO3, 500mi Piastic
(¥) Cyanide / NaOH, 500mi Plastic
()<) Suffide / NaOH,ZnAc; 500ml glass - no headspac

(o) PCBs (Total) / 1L Amber

Evacuation Method: Bailer ( ) Pump ()
Pump Type: (SR UMFEDS

Water Quality Meter Type(s) / Serial Numbers: YS! and HACH Turbidimeter

Pump ~ Total Water Depth
Time Rate Gallons Level to Temp. pH Cond. Turbidity DO ORP
{L/min.) | Removed (TIC) Water (Celcius) {mSicm (NTU) (magl) {mV)
/20 oo | .25 | 50 in.27 | 775 .20 | 2732 | w3 | sidS
/272 =Y s 5 oo | 7.5/ o380 1816 | Z2.98 JA2 G
e . Y00# 2 23 . S| Tr | red | a5 | 2.9 | O
ST D) /Y3 v 1.¢% | =220 ) <12 z2.22 | 8. ¢
iy o ! ) BRI R/ 72 ;ORET e < 2.2y 757, O
It | S sto P .82 | LSl 1A RRT | w7 2.1 L5530
27 |\ pso L. Y7 2Pl 1957 oS | ve | L9 | /593
/2 % e 777 Ao | 772 | oz2er| 325 | 20/ | 2.
Final Y40 17,53 175,07 |esdpz| 2.325c| 8.6 | 2o | /59 2

MISCELLANEOUS OBSERVATIONS/PROBLEMS

SAMPLE DESTINATION
Laboratory: CT+E Environmental

Delivered Via: Fed Ex

Airbill #:

lo_MNo_sheet xs

Field Sampling Coordinator: 44 /Z——/’
17 ////’“'

BLASLAND, BOUCK LEE, INC.

6/11/99
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Hill 78 Area - Top of Till Contours
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Attachment D

BLASLAND, BOUCK & LEE, INC.
engineers & scientists

Storm Sewer Soil Sampling Results



PRELIMINARY ANALYTICAL DATA
SUBJECT TO VERIFICATION

GENERAL ELECTRIC COMPANY - PITTSFIELD, MASSACHUSETTS

HILL78/USEPA AREA 2
ON PLANT CONSOLIDATION AREA STORM SEWER RELOCATION SAMPLING
SOIL BORING DATA
Results in parts per million(ppm), dry-weight
Date
Sample ID Depth (feet) Collected Aroclor-1254 Aroclor-1260 Total PCBs
SSR-1 0-2 6/3/99 ND(0.036) 0.34 0.34
2-4 6/3/99 ND(0.042)[ND(0.038] 0.037 J [ND(0.038] 0.037 J [ND(0.038]
4-6 6/3/99 ND(0.037) ND(0.037) ND(0.037)
6-8 6/3/99 ND(0.037) ND(0.037) ND(0.037)
§-10 6/3/99 ND(0.037) ND(0.037) ND(0.037)
10-12 6/3/99 ND(0.037) ND(0.037) ND(0.037)
SSR-2 0-2 6/3/99 0.10 ND(0.036) 0.10
2-4 6/3/99 ND(0.039) ND(0.039) ND(0.039)
4-6 6/3/99 ND(0.036) 0.039 0.039
6-8 6/3/99 ND(0.046) 0.029 ) 0.0291
8-10 6/3/99 ND(0.036) 0.014 ] 0.014 ]
10-12 6/3/99 ND(0.036) 0.013J 0.013}
12- 14 6/3/99 ND(0.037) ND(0.037) ND(0.037)
SSR-3 0-2 6/3/99 ND(0.036) 0.040 0.040
2-4 6/3/99 ND(0.036) ND(0.036) ND(0.036)
4-6 6/3/99 ND(0.036) ND(0.036) ND(0.036)
6-8 6/3/99 ND(0.036) ND(0.036) ND(0.036)
8-10 6/3/99 ND(0.037) ND(0.037) ND(0.037)
10-12 6/3/99 ND(0.037) 0.020J 0.020J
12-14 6/3/99 ND(0.037) ND(0.037) ND(0.037)
SSR-4 0-2 6/3/99 0.074 ND(0.034) 0.074
2-4 6/3/99 ND(0.036) [ND(0.036] | ND(0.036) [0.018 J] ND(0.036) [0.018 J]
4-6 6/3/99 ND(0.035) ND(0.035) ND(0.035)
6-8 6/3/99 ND(0.036) ND(0.036) ND(0.036)
8-10 6/3/99 ND(0.037) ND(0.037) ND(0.037)
10-12 6/3/99 ND(0.039) ND(0.039) ND(0.039)
12-14 6/3/99 ND(0.037) 0.019J 0.019]
SSR-5 0-2 6/3/99 ND(0.036) ND(0.036) ND(0.036)
2-4 6/3/99 ND(0.034) ND(0.034) ND(0.034)
4-6 6/3/99 ND(0.037) 0.054 0.054
6-8 6/3/99 ND(0.039) ND(0.039) ND(0.039)
8-10 6/3/99 ND(0.038) 0.024) 0.024 )
10-12 6/3/99 ND(0.037) ND(0.037) ND(0.037)
SSR-6 0-2 6/3/99 ND(0.035) ND(0.035) ND(0.035)
2-4 6/3/99 ND(0.036) ND(0.036) ND(0.036)
4-6 6/3/99 ND(0.036) 0.0151J 0.0157J
6-8 6/3/99 ND(0.037) ND(0.037) ND(0.037)
§-10 6/3/99 ND(0.038) 0.051 0.051
10-12 6/3/99 ND(0.038) ND(0.038) ND(0.038)
SSR-7 0-2 6/3/99 ND(0.037) ND(0.037) ND(0.037)
2-4 6/3/99 ND(0.036) [ND(0.037] | ND(0.036) [ND(0.037] | ND(0.036) [ND(0.037]
4-6 6/3/99 ND(0.035) ND(0.035) ND(0.035)
6-8 6/3/99 ND(0.034) ND(0.034) ND(0.034)
§-10 6/3/99 ND(0.034) ND(0.034) ND(0.034)
10-12 6/3/99 ND(0.036) ND(0.036) ND(0.036)

x:*common:mbl:60090842

Page 1 of 2

8/3/99




PRELIMINARY ANALYTICAL DATA
SUBJECT TO VERIFICATION

GENERAL ELECTRIC COMPANY - PITTSFIELD, MASSACHUSETTS
HILL78/USEPA AREA 2

ON PLANT CONSOLIDATION AREA STORM SEWER RELOCATION SAMPLING

SOIL BORING DATA
Results in parts per million(ppm), dry-weight

Date
Sample ID Depth (feet) Collected Aroclor-1254 Aroclor-1260 Total PCBs
SSR-8 0-2 6/4/99 ND(0.037) ND(0.037) ND(0.037)
2-4 6/4/99 ND(0.038) 0.040 0.040
4-6 6/4/99 ND(0.035) ND(0.035) ND(0.035)
6-8 6/4/99 ND(0.037) ND(0.037) ND(0.037)
g8-10 6/4/99 ND(0.035) ND(0.035) ND(0.035)
10-12 6/4/99 ND(0.037) ND(0.037) ND(0.037)
SSR-9 0-2 6/4/99 ND(0.036) 0.19 0.19
2-4 6/4/99 ND(0.034) ND(0.034) ND(0.034)
4-6 6/4/99 ND(0.034) ND(0.034) ND(0.034)
6-8 6/4/99 ND(0.035) ND(0.035) ND(0.035)
8-10 6/4/99 ND(0.036) ND(0.036) ND(0.036)
10-12 6/4/99 ND(0.037) ND(0.037) ND(0.037)
SSR-10 0-2 6/4/99 ND(0.035) 0.26 0.26
2-4 6/4/99 ND(0.037) ND(0.037) ND(0.037)
4-6 6/4/99 ND(0.036) ND(0.036) ND(0.036)
6-8 6/4/99 ND(0.035) ND(0.035) ND(0.035)
8-10 6/4/99 ND(0.035) ND(0.035) ND(0.035)
SSR-11 0-2 6/4/99 ND(0.036) 0.053 0.053
2-4 6/4/99 ND(0.034) ND(0.034) ND(0.034)
4-6 6/4/99 ND(0.035) ND(0.035) ND(0.035)
6-8 6/4/99 ND(0.035) ND(0.035) ND(0.035)
8-10 6/4/99 ND(0.034) ND(0.034) ND(0.034)
SSR-12 0-2 6/4/99 0.28 ND(0.035) 0.28
2-4 6/4/99 ND(0.034) ND(0.034) ND(0.034)
4-6 6/4/99 ND(0.035) ND(0.035) ND(0.035)
6-8 6/4/99 ND(0.034) [ND(0.034)] [ ND(0.034) [ND(0.034)] | ND(0.034) [ND(0.034)]
8§-10 6/4/99 ND(0.034) ND(0.034) ND(0.034)
SSR-13 0-2 6/4/99 8.6 ND(0.70) 8.6
2-4 6/4/99 ND(0.035) ND(0.035) ND(0.035)
4-6 6/4/99 ND(0.035) ND(0.035) ND(0.035)
6-8 6/4/99 ND(0.034) ND(0.034) ND(0.034)
8-10 6/4/99 ND(0.036) ND(0.036) ND(0.036)
SSR-14 0-2 6/4/99 ND(1.8) [ND(0.70)] 43 [6.6] 43 [6.6]
2-4 6/4/99 49 ND(0.34) 49
4-6 6/4/99 0.94 ND(0.037) 0.94
6-8 6/4/99 ND(0.035) ND(0.035) ND(0.035)
§-10 6/4/99 0.41 ND(0.036) 0.41
Notes:
1. Samples were collected by Blasland, Bouck & Lee, Inc., and were submitted to CT&E Environmental
Services, Inc. for analysis of PCBs.
2. ND - Analyte was not detected. The value in parentheses is the associated detection limit.
3. Duplicate results are presented in brackets.
4. J - Indicates an estimated value less than the CLP-required quantitation limit.
x:*common'mbl.60090842 Page 2 of 2 8/3/99
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Attachment E

BLASLAND, BOUCK & LEE, INC.
engineers & scientists

MDEP Protocols for Well Decommissioning
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SECTION 4.6 DECOMMISSIONING OF MONITORING WELLS
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4.6 COMMISSIONING OF MONITORING WELLS

4.6-1 PURPOSE

Any abandoned monitoring well that is no longer in use or that is unfit
for its intended purposes should be decommissioned. Plugging the well
and surface restoration are the central features of the decommissioning
process. Plugging consists of constructing a low permeability cylinder
or plug within that portion of the subsurface occupied by the well and
its annulus, including the uncased portion of bedrock wells as well as
the cased portion. Surface restoration consists of the removal of the
upper three to four feet of the well and backfilling the area with an
effective seal. An abandoned monitoring well has been defined for the
purpose of these Standard References (SRs) as "a well whose use has been
permanently discontinued; as used in these References it includes a
monitoring well, piezometer, or observation well that is no longer
suitable for use either for water-level measurements or water quality

sampling.”

Proper plugging of such wells will:

o Eliminate physical hazards.

-] Prevent ground water contamination

o Conserve the yield and hydrostatic head of confined aquifers
° Prevent the intermingling of potable and non-potable ground

water, and

° Prevent the migration of contamination th:ough a confining
layer separating aquifers. :

It should be noted that the cbjective in Magsachusetts differs markedly’
from the goals established by the American Water Works Association and
the statutes, regulations, or guidelines of most other states. Many
documents contain the following language: “The basic concept of proper
sealing of abandoned wells is restoration, as far as feasible, of the
controlling hydrogeclogical conditions that existed before the well was
drilled and constructed. If this restoration can be accomplished, all
the objectives of plugging wells will be adequately fulfilled." To
accomplish this goal some states have suggested the placement of sand
and gravel opposite the more permeable subsurface zones and clay
opposite less permeable zones. While that goal is an admirable ocne, it
is alsoc one which, in DEP's opinion, is unattainable in practice. 1In
order to meet the objectives of proper plugging as stated above, DEP has
tried to develop a simple, workable approach that will solve the
existing and potential problems from unsafe abandoned wells.
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Some examples of the types of unsafe wells that may cause problems
include:

o Buried uncapped wells: contaminants may enter the well
through the buried top of the casing, travel down the well
casing, and enter the aguifer through the well screen and
wall of the annulus;

o Wells with cracked or corroded casing: surface water may
enter the well;

° Improperly constructed wells: an unsealed or improperly
sealed annular space around the ocutside of a well casing or
between an inner and ocuter casing may serve as a channel for
surface water to migrate into an aquifer and/or ground water
may be transferred from one aquifer to another; -

-] Open hole wells in bedrock: may serve to interconnect
aquifers in different formations;

-] Unplugged abandoned flowing artesian wells: this can
result in a loss of water, reduction of regional artesian
head and localized surface flooding; and

-] Uncovered and unplugged abandoned wells with large inside
diameter: these may represent a physical hazard to human
beings and animals, as well as a disposal receptacle for
contaminants, waste, and debris.

One should be a registered well driller in Massachusetts or a person
knowledgeable with the installation of wells in order to decommission
them. There is no nationally recognized or state-approved examination
or certification process for well decommissioning and plugging.

However, it is obvicua that a well contractor or person who is familiar
with well construction and the geologic conditions of the region is
preferable to a person who does not routinely perform such work. If the
existing well must be "over drilled® then a registered Maasachusetts
well driller must perform the work. It is expectad that an experienced
well contractor will be familiar with the correct procedures to follow.
That experience should provide substantial savings to the property owner
in the long run. '

The property owner should ask the well contractor about his qualifica-

* tions. Some drillers or contractors specialize in rock wells; others in
overburden wells. Some have worked extensively with multi-level wells
at sites with contaminated ground water; others have only worked with
single-level, cased water wells.
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4.6-2.2 location and Inspection

Locating the abandoned well is the first step in decommissioning. While
some wells are easily located, others may be buried or otherwise
concealed. It may be possible to find the location of abandoned wells
through contact with past land owners, occupants, retired workers,
neighbors, or well contractors. Regulatory officials and hydrogeologic
reports may have useful information. The well records maintained by the
United States Geological Survey (USGS), Water Supply Division,
Massachusetts Section, with headquarters in Marlborough, Massachusetts,
all have been assigned coordinates of latitude and longitude. For well
locations, historic documents may be used, such as aerial photo and
assessing maps, insurance company maps or photographs. Metal detectors
may be of value in locating buried metal casings.

Obtaining accurate information on the well's original construction and
present condition is the next step in decommissioning. This information
is best obtained from monitoring well drilling records. Recent well
records may be obtained from local Boards of Health, the Water Resources
Division of the Department of Environmental Management (DEM), USGS Water
Resources Division, or DEP. )

Next a site inspection is necessary to ascertain the condition of the
well and to note if the well is accessible, located in a pit or buried,
if a dedicated pump is in place, or if the well is currently operating.
The inspection should also note if the well has been damaged or
obstructed. A downhole TV camera survey can scmetimes provide valuable
information as it can verify the current well depth, condition,
construction, and the presence or absence of well casing in rock wells.

e’ 403 ea e We

Decommissioning a well starts with removal of any obstructions, such as
drop pipes, check valves and pumps, and clearing any obstacles or debris
that may have entered the well.

tWhen the well is obstructed by pumps or other equipment have been
dropped down the well, the debris must be removed or "fished” out before
the well can be sealed. A variety of fishing tools are used to remove
obstructions. Threaded taps on the end of & drill rod may be run into
the hole in an attempt to screw into the top of a pump or drop pipe.

An other type of equipment used {s an "over shot" (a casing with inner
teeth that is run over the obstacle to be removed). Corkscrews and
spears also have been used to hook the obstacle for removal.

In some instances the driller may chop or grind up the obstacles in an
attempt to clear the well. Debris or other materials such as rock,
sand, clay, stones, and wood is usually drilled out or washed out of the
hole. This technique appears to be suitable for destroying multi-level
wells installed within a single borehole. '
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4.6-2.4 Casing Removal or Destructijon

Assuming the original well did not have an adequate seal in the annular
space ocutside the well casing, in most cases the original well casing
should be destroyed in place or pulled out of the ground.

However, 1f the As-Built Notes and Reccrds indicate that the annular
space contains an adequate seal, this information should enable the well
contractor to design a simpler and less costly decocammissioning
procedure. The procedure should not require destruction or removal of
the entire well casing, but would require adequate perforation of any
well screen to allow the grout to penetrate the filter pack. Insert
neat cement grout (or its equivalent) into the uncased portion of a
bedrock well or into the filter pack around the well screen and fill the
riser pipe with the same grout material. Figures 4.6-1 through 4.6-3
show the zones to be plugged through the well riser for three types of
well installation where the annular space contains an adequate seal.
Terminate the well casing at a minimum of 3 to 4 feet below the land
surface or at the water table, which ever is encountered first. Finally,
finish off the well at the land surface in a manner as described in
Section 4.6-4. PFigures 4.6-1 through 4.6-3 also show the zones to be
prepared for a new surface finish. This procedure is appropriate for
monitoring wells installed under all types of hydrogeologic conditions.

In instances where a well has penetrated a confining layer separating
aquifers and there is no evidence that the annular space around the
casing was adequately sealed during installation, the most conservative
approach is to destroy or remove the casing by over drilling. Simply
pulling the casing in this situation may result in the collapse of the
formation before an adequate seal can be placed across the confining
layer. The easiest way to over drill and keep the cutting bit in line
with the hole (rather than straying off the hole) would be to spin
casing over and around the existing observation well. The observation
well will help hold the casing in line with the borehole as opposed to
roller-bitting cperations whers an in-place casing will tend to deflect
the cutting bit. ' Augers would probably also work in lieu of spinning
casing, but spinning casing would probably be better as it is less
likely to damage the cobservation well and, thc:efore, continue down the
hole rather than veering off.

If, however, vertical contaminant migration across agquifers is not a
concern, such as a shallow (15-30 feet) water table well in glacial
sands and gravels, a choice may be made to either over drill the well,
pull the well casing out of the ground or to plug the well in place. 1In
this case, the presence or absence of annular seal is not a factor. If
attempts are made to pull the casing out of the ground and the hole
collapses, care must be taken to compact the materials in the hole to
avoid future subsidence at the surface. Regardless of which method is
chosen, the most important consideration is to sesl the well from
possible surface infiltration. This is accomplished by plugging the
wall/boring (Section 4.6-3) and terminating the well 3 to 4 feet below
grade then backfilling with concrete or other appropriate seal (Saction
4.6~4).
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If asbestos well casing is encountered or suspected, plugging the well
is the only choice. No attempt should be made to destroy or remove this
material from the ground as the risk of creating a friable asbestos
problem outweighs the potential negative impact from the well.

- G WE

Neat cemaent (or its equivalent) should be inserted into the open portion
of the well bore, whether the opening is in bedrock or overburden. As
noted above, special care must be exercised if the well penetrates a
confined aquifer. The low permeability layer that creates the confined
aquifer must be sealed sc that there is no chance of leakage between
aquifers., If the hydrostatic head-is large, this may present an extreme
challenge to the well contractors.

- aterlia

There are a large number of grouts available that can be used to plug
abandoned wells. Each grout has certain special characteristics and
distinctive properties. Therefore, one grout may be especially suited
for doing a particular job. The selection of the most appropriate
material or combination of materials is dependant - ocn the construction of
the well, the nature of the formation penetrated, the material and
equipment avallable, the location of the well with respect to sources of
contamination, and the cost of doing the work.

At the present time, a neat cement grout possesses most of the
advantages that DEP looks for in a plug for abandoned wells where the
grout will be inserted through the well riser. It may be used as grout
for abandoned wells installed in all geoclogic formations. Neat cement
is superior for sealing small openings, for penetrating any annular
space outside of casings, and for £filling voids in the surrounding
formation. When applied under pressure, it is strongly favored for
sealing wells under artesian pressure or those encountering more than
one aquifer. Neat cement is also superior to other grouts as it avoids
the danger of separation. .

The use of bentonite pellets to plug the saturated portions of a well
with a neat cement plug above is an acceptable but, less satisfactory
method. .The use of bentonite pellets is recommended solely for plugging
shallow (15-30 feet) water table wells in highly permeable aquifers
where there is no threat of vertical migration of contamination and
where bridging is less likely. Care must be taken to compact the
bentonite to avoid bridging of the pellets in the..casing. See Section
4.2 Specifications for Wells, Screen, Filters, and Seals, for a more
thorough treatment of this subject.

If the original well was not properly sealed or if there is not suffi-
cient information available to determine whether a well was properly
sealed, the most appropriate grout for such purposes appears to be a
bentonite/cement grout, such as is recommended in Section 3.9 Plugging

Boreholes. .
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After clearing of the well bore, the well is ready for sealing. Grout
slurries must be placed from the bottom to the top and pot from the top
to the bottom. 1In other words, slurries cannot be poured from the land
surface into the borehole, annular space, or well to be sealed. When
grout is placed at the bottom of the space to be grouted and finally
appears at the surface or top, the integrity of the plug is assured.
Methods involving pouring grout from the surface intoc the annular space
are not reliable because bridging may occur and the depth of grout
descent cannot be easily verified. However, pouring grout through a
tremie tube is sometimes a satisfactory alternative to pumping through a
tremie tube. An improperly sealed well may be as much a threat to
ground water quality as an unsealed well.

The well contractor should calculate the volume of slurry that will be
needed as described below in Section 4.6-3.3. He should have enough
mixed slurry ready for placement soc that it will not be necessary to
stop the grouting process in order to prepare more slurry. Due to
borehole irregularities, it is advisable to have on hand 25 to 50% more
slurry than the calculated volume.

Grouting methods are discussed in detall in Secticn 4.3, Installation of
Monitoring Wells. The grout pipe (or tremie pipe) method, either with
or without a grout pump, appears to be a method of grout placement that
will achieve all the objectives of the well plugging program.

A vigorous preventative maintenance program for mixing and pumping
equipment, compressors, hoses and fittings, is easential. This includes
adequate clean-up of equipment after each grout job. Failure of equip-
ment in the field can result in: waste of grouting material, lost labor
and equipment costs, property damage, contamination of the grout, and/or
an unsuccessful or incomplete grout job. '

4.6-3.3 cCalcylations and Measurements

To assure that a well is properly plugged and that there has been no
bridging of the material, verification calculations and measurements are
made by the well contractor to determine whether the volume of material
placed in the well equals or exceeds the volume of the casing or the
hole that has been plugged and/or filled. Some useful formulas for
calculating well volumes are shown below:

) Gallons per 100 feet = 4.08 x (Inside Hole or Casing
Diamete:)z
o Cubic feet of grout per 100 feet = 0.55 x (Inside Hole or

Casing Diamate:)z
° 7.48 gallons = 1 cubic foot

-] 202.0 gallons = 1 cubic yard



Section 4.6
Page 7
January 1991

4.6-4 FINAL SURFACE FINISH

The contractor should return to the well nc sooner than 24 hours after
sealing to allow time for settlement. A proper surface seal is the final
step in decommissioning a well. Where a concrete surface seal is
appropriate, the remaining 3 to 4 feet at the top of the well should be
filled with concrete. Form the top to create a concrete slab at least
six inches thick above grade, and with a diameter at least two feet
greater than the borehcle wall. This procedure is more fully described
in Section 4.3 Installation of Wells.

Where a concrete surface seal is not compatible with the existing land-
ugses (i.e., agriculture, shopping malls, residential areas, etc.) the
borehole or well riser should be terminated with a minimum 1 foot thick
concrete plug. The remaining 3 to 4 foot portion of the borehole should
be filled to grade with materials compatible with the abutting land
surface and properly compacted to minimize subsidence. "

26— CORD_OF DECO S NING

Complete, accurate records of the entire decommissioning procedure
should be maintained by the property owner and well contractor. The
following items are especially noteworthy: )

) Depth sealed The depth of all plugging materials should be
recorded.
° Quantity of sealing material used The quantity of sealing

material used should be recorded. Measurements of static
levels and depths should be recorded.

-] Changes recorded Any changes in the well made during the
plugging, such as perforating casing, should be recorded in
detalil.

Examples of Abandoned Well Reports required by the states of Minnescta
and Iowa are included as Figures 4.6-4 and 4.6-5.

4.6-6 PROHIBITIONS

The use of explosives in well-plugging cperations is strictly
prohibited.
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Source: MADEP Figure 4.6-1

Diagram of an Abandoned Overburden Well.
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Figure 4.6-2
Diagram of an Abandoned Bedrock Well with Screen.
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| INSTRUCTIONS Page 1 ofzi

|Submit one completed copy of this form for each abandoned well that i3 plugged to the|
[Department of Natursal Resources, Wallace Building, 900 E. Grand Ave., Des Moines, lowa|
[$0319-0034 within thirty (30) days of completion of plugging operstions. l
| |
|Provide all of the information requested for Items 1 through 6 so far as it is known or|
|can be obtained. If the date of construction or date of abandonment in ltem 6 cannot be]
|determined, provide the best estimate possible, such as "more than 20 years ago®™ or]
|®"prior to 1950.°" ) }
| |
|Certification of plugging by the owner of the abandoned well in Item 7 4is required for|
|the plugging of all abandoned water wells. )
| : |
[{Certification of plugging by a registered well driller in Item 8 is required for allj
{vells except large diameter (18" diameter or morse) wells 100' or less in depth which are]
{plugged by the well owner. If a registered well driller plugs this type of well, cer-|
[tification by the well driller is required.
- )

-

1. Property Owner Name

= ———
=

. Property Owner Address | S D B Ty e |
Number and Street or RR -+ttt

City | S e e e e e |

State . Zip Code s R

— —— —— . —— — ) D CE amte S G GEEY Gwey

LOCATE ABANDONED WELL|
3. Address of property on which abandoned well {3 located (if ON THIS SECTION PLAT-|
different froam above) . 640 ACRES

Number and Street or RR

City Zip Code

A, Legal description of property on which abandoned well is located:

Location tr4 1764 174, Sec. T. N., R. E.W.; _____ __County

S. Type of Well (check one)

] Large diameter (18" or more) well 100 feet or less in depth
{1 Well less than 18" diameter or greater than 100 feet in depth
t] Sandpoint well

(] Bedrock well in s single confined agquifer

) Bedrock well in a single unconfined aquifer

{) Bedrock well in multiple aquifers

{1 Well of unknown type

Y D G @ GHE GESD S G D CLED P W GEND GUS WL G G GIN GG ST ) G RS G G G G Gt e S G

.

Figure 4.6-
Examples of lowa Abandoned Water Well Plugging Recorc
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';. Detalled Information: Page.2 of 2
Diameter at Top of Casing inches Date Constructed
Depth to Static Water Level feet Date Abandoned
Total Depth feet Date Plugged

7.

!
|
|
I
|
1
|
|
|
!
{
|
|
l
|
|
l
|
|
|
l
|
|
|
|
|
{
{
{
|
l
(
(
i
i
{
is.
!
|
|
|
I
l
|
i
|
|
{
{
|
|
|
|
(
{
|
{
{
l

Distance frow nearest active well supplying potable water [check one):
{] More than 200 feet (] Less than 200 feet

Distance from nesrest point source of potential contamination {check one).
{] More than 660 feet {] Less than 660 feet

If distance is less than 660 feet, indicate type of nearest point source of potential
contamination {check ome): (] industrial waste site

{] uncontrelled hazardous waste site

{) petroleun storage arsea

{1 hazardous waste treatment., storage or disposal ares

£) agricultural chemical storage area -

{) animal feedlot

{] wastewater treatment facility .

{] other potential contamination source (describde)

Certification by owner. I hereby certify that the abandaned well described has been|
plugged in accordance with the requirements of Chapter 39 of the rules implementing]|
1987 Iowa Code Supplement section 4558.190:

Signature of Owner Date

Certification by a registered well driller. This 1s required for all wells except]
large diameter (18" diameter or more) wealls 100 feet or less in depth in Quaternary}
sedinents. . - e

Coapany Naae

Address

City ’ State : Z4ip Code

b ¢ h;roby certify that the abandoned well described was plugged under my supervision in]
sccordance with the requirements of Chapter 39 of the rules implementing 1987 Iowa|

Code Supplement section 455B.190: :
: {

Name of Registered Well Driller Registration No.}
|

Signature Date 4‘}
Figure 4.6-5

(continued)

Examples of lowa Abandoned Water Well Plugging Record.
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METHOD 9095A

INT FILTER LIQUIDS TEST

1.0 SCOPE AND APPLICATION

1.1 This method is used to determine the presence of free liquids in a representative
sample of waste.

1.2 The method is used to determine compliance with 40 CFR 264.314 and 265.314.
2.0 SUMMARY OF METHOD

2.1 A predetermined amount of material is placed in a paint filter. If any portion of the
material passes through and drops from the filter within the 5-min test period, the material is deemed
to contain free liquids.

3.0 INTERFERENCES

3.1 Filter media were observed to separate from the filter cone on exposure to alkaline
materials. This development causes no problem if the sample is not disturbed.

3.2 Temperature can affect the test results if the test is performed below the freezing
point of any liquid in the sample. Tests must be performed above the freezing point and can, but
are not required to, exceed room temperature of 25° C.

4.0 APPARATUS AND MATERIALS

4.1 Conical paint filter: Mesh number 60 +/- 5% (fine meshed size). Available at local
paint stores such as Sherwin-Williams and Glidden.

4.2 Glass funnel: If the paint filter, with the waste, cannot sustain its weight on the ring
stand, then a fluted glass funnel or glass funnel with a mouth large enough to allow at least 1 in. of
the filter mesh to protrude should be used to support the filter. The funnel should be fluted or have

a large open mouth in order to support the paint filter yet not interfere with the movement, to the
graduated cylinder, of the liquid that passes through the filter mesh.

4.3 in n i r
4.4 Graduated cylinder or beaker: 100-mL.
5.0 REAGENTS
5.1 None.
6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING

6.1 All samples must be collected according to the directions in Chapter Nine of this
manual.

CD-ROM 9095A - 1 Revision 1
December 1996



6.2 A 100-mL or 100-g representative sample is required for the test. If it is not possible
to obtain a sample of 100 mL or 100 g that is sufficiently representative of the waste, the analyst may
use larger size samples in multiples of 100 mL or 100 g, i.e., 200, 300, 400 mL or g. However, when
larger samples are used, analysts shall divide the sample into 100-mL or 100-g portions and test
each portion separately. If any portion contains free liquids, the entire sample is considered to have
free liquids. If the sample is measured volumetrically, then it should lack major air spaces or voids.

7.0 PROCEDURE
71 Assemble test apparatus as shown in Figure 1.

7.2 Place sample in the filter. A funnel may be used to provide support for the paint filter.
if the sample is of such light bulk density that it overflow the filter, then the sides of the filter can be
extended upward by taping filter paper to the inside of the filter and above the mesh. Settling the
sample into the paint filter may be facilitated by lightly tapping the side of the filter as it is being filled.

7.3 In order to assure uniformity and standardization of the test, material such as sorbent
pads or pillows which do not conform to the shape of the paint filter, should be cut into small pieces
and poured into the filter. Sample size reduction may be accomplished by cutting the sorbent
material with scissors, shears, knife, or other such device so as to preserve as much of the original
integrity of the sorbent fabric as possible. Sorbents enclosed in a fabric should be mixed with the
resultant fabric pieces. The particles to be tested should be reduced smaller than 1 c¢m (i.e., should
be capable of passing through a 9.5 mm (0.375 inch) standard sieve). Grinding sorbent materials
should be avoided as this may destroy the integrity of the sorbent and produce many "fine particles"”
which would normally not be present.

7.4 For brittle materials larger than 1 cm that do not conform to the filter, light crushing
to reduce oversize particles is acceptable if it is not practical to cut the material. Materials such as
clay, silica gel, and some polymers may fall into this category.

7.5 Allow sample to drain for 5 min into the graduated cylinder.

7.6 if any portion of the test material collects in the graduated cylinder in the 5-min period,
then the material is deemed to contain free liquids for purposes of 40 CFR 264.314 and 265.314.

8.0 QUALITY CONTROL

8.1 Duplicate samples should be analyzed on a routine basis.
9.0 METHOD PERFORMANCE

9.1 No data provided.
10.0 REFERENCES

10.1  None provided.
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Figure 1. Paint filter test apparatus.
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On-Plant Consolidation Area

Puncture of Geotextile in Base Liner System
Project # 201.85.003

7/29/99

Largest diameter (¢ ) stone for puncture of upper geotextile of Geosynthetic Drainage Composite
(GDO).

Faiow/ FS =F 0a = P'd,’S;S,S; where: p'= 7psi (low ground pressure
dozer) Note: Conservative since 2' of
20# = (14#/in%)(d,)*(1)(0.31/d,)(0.3) fill between tracks and GDC. Use
20# = (1.3#/in°)(d,) FS=2= 14psi
15" =d, S, =1 Conservative
S,=0.31/d,

S; =1-0.7(ROB gravel)=0.3
Flow= 80#/2.0 = 40#
FS=2.0 - F 4 q=20#

Check: 6"¢

Freq'd = p|daZSISZSS
= 14(6")%(1)(0.31/6")(0.3)
Freq-d =78

FS=(40#/2)/7.8
=26 -.0OK.
Notes:
- Must use LGP equipment during placement
- No vehicles allowed on lift until at least 2 of soil is placed
-Must use soil only in first lift (i.e., no vegetation, debris, etc.)
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Solution: (a) Using a maximum strain of 33%, the value of f(e) = 0.52. Thus the
required grab tensile strength is as follows:

Toeqa = p'(d.)%(0.52)

= p'(0.33 d,)%(0.52)
‘3 = 0.057 p'd?
0.057(100)(2.0)?
22.6 Ib.

(b) The global factor of safety on a 125-ib. ultimate grab tensile geotextile
with partial factors of safety of 2.5 is as follows:

Tallow
Treqd

12512.5 |
22.6 S

2.2, which is acceptable.

FS =

ar
R (-

rticle
ized,
lized 2.5.4 Puncture Resistance

Although not only related to the separation function, the geotextile during its
placement must survive the installation process. Indeed, fabric survivability is crit-
ical in all types of applications; without it, the best of designs are futile (recall
Section 2.2.5.1). In this regard, sharp stones, tree stumps, roots, miscellaneous
debris, and other things on the ground beneath the geotextile could puncture
through the geotextile after stone base and traffic loads are imposed above it. The
design method suggested for this situation is shown schematically in Figure 2.29. +
For these conditions, the vertical force exerted on the geotextile (which is gradually

tightening around the protruding object) is as follows:

2.29) },

Frch = P'dESISZSIi . (230) -

where F..,« = the required vertical force to be resisted,

-5 p’' = the pressure exerted on the geotextile (approximately 100% of tire

o inflation pressure at the ground surface for small stone thicknesses),

¥ d, = the average diameter of the puncturing aggregate or sharp object,

. -5 S, = protrusion factor = h,/d,,

-ting h, = protrusion height < d,,

ired - S, = scale factor to adjust ASTM D4833 test value using 5/16-in.-diameter

Akt puncture probe to actual puncturing object = 0.31/d,,

S; = shape factor to adjust flat puncture probe of ASTM D4833 to actual

shape of puncturing object = 1 — A,/A, (values of A,/A. to be used

nple
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Figure 2.29 Visualization of a stone puncturing a geotextile as pressure is applied from

above.
range from 0.8 for Ottawa sand, 0.7 for run-of-bank gravel, 0.4 for : :
crushed rock, and 0.3 for shot rock),
A, = projected area of particle, and "y
A. = area of smallest circumscribed circle. g
#
Example: -

What is the factor of safety against puncture of a geotextile from a 2.0-in. stone

f by a loaded truck with tire inflation pressure of 80 Ib./in.? traveling on the surface
of the stone base? The geotextile has an ultimate puncture strength of 45 lb. A
according to ASTM D4833.

' Solution: Using the full stress on the geotextile of 80 1b./in.? and factors of 0.33,

; 0.155, and 0.6 for §,, S, and S, respectively, .

Frch = p,nglSZSJ :‘

: = 80 x (2.0)%(0.33)(0.155)(0.6)

: = 9.82Ib. 3

f Assuming that the cumulative partial factor of safety is 2.0, the global factor of «.j

safety is as follows:

F allow
F reqd

45/2.0

9.82

FS =

-

2.3, which is acceptable.




Designing for Separation

167

Using some assumptions (which can be modified as desired), a design guide
can be developed as shown in Figure 2.30. It was developed on the basis that the
geotextile had an angular subgrade above it such that §, = 0.33, §, = 0.31/d,, and
Sy = 0.5. The cumulative partial factor of safety is 2.0 and the giobal factor of

safety is 2.0.
Freqa = p'd3(0.33)(0.31/d,)(0.5)
= 0.0512p’d,
ps — FulFS,
Freqd
F.w/2.0
2.0 = ————
0.0512p'd,
Fa. = 0.204 p'd,
200 = Stone size
=) a
-: 6.0 in. {150 mm)
o180 b
2 A
s
2 160}
" [ 5.0 in. (1256 mm)
£ -
z
g T .
s 120} 4.0 in. (100 mm)
-
0
< -
o
£ 100} -
2 _ O 3.0 in. (75 mm)
s
b 80 . _
e :
8
§ 60 0 3 2.0 in. (50 mm)
® L =
é 0
S 40
a 5 O 1.0in. {25 mm)
'g (]
5 20 - .
o Y ___.D______@_————'E\ 0.5in. (12 mm)
E - o
o [ L 1 ! ] |
25 50 75 100 125 150 175 200

Figure 2.30 Puncture resistance design guide based on FS, = 2.0 FS; = 2.0 and conditions
stated in text.

Pressure at geotextile-stone interface {Ib.fin.2)




MP-02219-2

201.85
MATERIALS AND PERFORMANCE - SECTION 02219
GEOSYNTHETIC DRAINAGE COMPOSITE
PART 2 - PRODUCTS

) 2.01 ACCEPTABLE MANUFACTURERS ’

A.  National Seal Company;

B. GSE Lining Technology, Inc.; or
A C.  Equal
- 2.02 MATERIALS
- A. The geosynthetic drainage composite shall be comprised of a high density polyethylene (HDPE)

drainage net composited with two (2), 6 0z/yd” non-woven geotextiles. The geotextiles shall be
heat bonded to both sides of the drainage net.

1. The drainage net to be utilized in the composite shall be a profiled mesh made by
- extruding two sets of high density strands together to form a diamond shaped, three-
dimensional net to provide planar fluid flow. The drainage net shall be made of HDPE
containing carbon black, anti-oxidants and heat stabilizers which shall be manufactured
from resin provided from one resin supplier.

. 2. The geotextile shall be a non-woven, needle punched polymeric material.
- B.  The geosynthetic drainage composite shall meet the following specifications:
- 1. Drainage Net
- =
e Property + Test Method Test Value
— Specific Gravity (g/cm®) ASTM D1505 0.94 minimum
o | Melt Flow Index (g/10 min) | ASTM D1238 - Condition E 0.3 maximum
_ Percent Carbon Black (%) ASTM D1603 2.0 minimum
e Transmissivity (m*/sec) ASTM D4716 2 x 10” minimum
. Thickness (mil) ASTM D374 at Strand Intersection | 200 - 265 minimum
oo 2. Geotextile
. Property L Test Method Test Value |
_.! Fabric Weight (0z/yd?) ASTM D-3776 5.7 T
s Thickness (mils) ASTM D-1777 75
» Grab Strength (Ibs.) ASTM D-4632 150
L Grab Elongation (%) ASTM D-4632 50
- Mullen Burst (psi) ASTM D-3786 275
A s

“J:\PLHm&‘lQ‘ls‘S.WPD

-
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MP-02219-3
201.85

MATERIALS AND PERFORMANCE - SECTION 02219

GEOSYNTHETIC DRAINAGE COMPOSITE

Property I Test Method I Test Value Z
Puncture (Ibs.) ASTM D-4833 80
A.0.S. (U.S. Sieve) ASTM D-4751 70
Trapezoidal Tear (lbs.) ASTM D-4533 65
Permittivity (gal/min/ft’/sec’') ASTM D-4491 90/1.7
Permeability (cm/sec) ASTM D-4491 2

2.03 DELIVERY, STORAGE AND HANDLING

2.04

NAPLHIZEB 191543 WPD

A.

The geosynthetic drainage composite shall be packaged and shipped by appropriate means so
as to prevent damage. Materials shall be delivered only after the required submittals have been
received and reviewed by GE or GE’s Representative.

The geosynthetic drainage composite shall be furnished in rolls, marked or tagged with the
following information:

Manufacturer's Name
Product Identification
Lot/Batch Number
Roll Number

Roll Dimensions

VAN

The geosynthetic drain;ge composite shall be stored in an area approved by GE or GE’s
Representative which prevents damage to the product or packaging.

The geosynthetic drainage composite shall be kept clean and free from dirt, dust, mud and any
other debris.

Any geosynthetic drainage composite found to be damaged shall be replaced with new material
at the Contractor's expense.

QUALITY ASSURANCE

A

Field delivered material shall meet the specifications values according to the manufacturer’s
specification sheet. The Contractor shall submit written certification that the delivered material
meets the manufacturer's specifications. The Contractor shall submit to GE or GE’s
Representative certified quality control test results conducted by the manufacturer during the
manufacturing of the geosynthetic drainage composite delivered to the project site. The results
must identify the sections of field delivered geosynthetic drainage composite they represent.

The manufacturer shall have developed and shall adhere to their own quality assurance program
in the manufacture of the geosynthetic drainage composite.

The instalier shall verify in writing prior to installation that the geosynthetic drainage composite
has not been damaged due to improper handling or storage.
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Revised Work Plan Figure 9



MO'S0BSBI0Z/ LH0d3H/£005810Z

6

3uNOtd

sis)yusIds % stasuibus
"ONL 371 ® X0N0A ‘ONVISYIE

“JHH

SNOILVIOOT avod ANV
‘SS3IOOV 'ONION34 3lIS

SYAYV NOILVYAIMOSNOD LNV1d—NO

404 NV1d MdOM Q3liviid
SLLISNHOVSSYN ‘01314SLUd
ANVANOD OR¥1D313 TY¥3N39

“urpos 10705 sepnour EEwﬁOA_

JT¥OS JiHgvyd

.00z .00t [] .00t

'NMOHS S3¥NLY34 TWIISAHd TV ION ¢
3IVAIXOYddY 3¥V S3HVANNOE LIS T

t661 'C ¥38W303Q

NO T13INNOSYH3d 188 A8 LISIA 3115 ¥ ONRING

SNOILYAYISBO NO ONV 'SNv1d NOLJNYLSNOD (188)

ONI “331 % XON08 ‘ANVISYI8 ONY ANVANOD O1¥LJ313

IVY3NID A8 Q3AN0Hd  VIVQ 0661 WAV NI NMOTI—

"ONI ‘ONIddVIt QOOMMI0T A8 ONIddYN JIM13INNYEO0L0Hd
ONY SHJVHO0LOHd VIM3Y NO O35V S| ONiddVN °

SION

MOTS XONAL S0 NOWD3IWO Allu 107 oMY
SUNYNAD Tva3nzD

———

3ON34 ALINDIS ONLSIXZ —X——X—

SIUALDY NOLYOIOSNOD Q.\\ )
6661 40 VIUV IUYNIXO¥ddY L £ _ 4L _A

Qv0od SS3D0V ININVAN3d O3AVd
Q350d0¥d 0 NOWVIOT LYAIXONddY

|

QYO SS30JV AHVHOJN3L
03S0d0dd 40 NOUYDIOT ALVAIXQHDIY

Qv0y 31i1S Q3Avd INILSIX3 *

TON3TIT

v3ayv

SHO N3 SNO-¥G-HAS 66/01/9
ddd 10/ ddd-QIS d

IONIJ-Y3d ‘eJRe=440 'e=NO 1
OMO'IOXSRIOT X

~3 7
o
.... ,_A
R S S :
O V_A
o uv_n .
Lt
\\\\//// _ AVn
\\ //ll/ v_n X
A ebesiened . . == S
R o Y N
\ ;- : R e, ~ = S
A A B — gy
NS VA ) S I
ﬁi\\ ‘ _.. ¢78L ~ #%
I . S
|\ ! O x
| N ] O !
\ / X / L©] 3
LN NOILVD01 SS300V T
——— 3NN3AV MNHOA M3N x
S > || L
X~ X—— X ——X xllx\ X——X—X—— = XX XX X X e Y X — Y —— X — X ——X——X—2

TUIONYT 8L TUH HINHOI \
30 1N31XI ILVYNIXOHddY

X X
N
/ NOILVDO1 SS300V

Vv3IHV NOLLVYAITOSNOD 8L TlIH 6661 NOISNILX3 13341S HITAL

NOILVAITOSNOOD 12 DNIGTING 6661




Attachment J

BLASLAND, BOUCK & LEE, INC.
engineers & scientists

Revised Work Plan Figure 1



Lo e BN & Sandpt, ]
2 an 336 !
M 4 e
] ‘ 4 - ‘
K o [ ] B 3 \‘./ *
B ag - U ) . — | RO
/(' [} -' ,“ B ’ . . /
LI DO . T : ) 2
.e - .::BM st } . i
=T
ar W . wit Course
EY : .7
h e - R XAMRES Ao -
,.I X3 e AVE : :
AV TRANE N
- -Qallpt‘l
Avg, HA
7\[ . Berksrire Hills 2f:
Countfy Clat
5 _m,' Water o B {\: '
Tank
R e
d ~ N z
7/@. , SPRINGS DE 2
s ! - 4~ -
—/ ,\_f‘g » PAalK y
v 26 S/ e $ch LG
/ Ry —_ Re-senorr 2 N
/ § Ao
W
. ¥ U e b
NS Toumy E . ¢
. s Tn O & ’1. o ta
; . M b
: { /[Former Hill 78 o
" . i3Consolidation Areaz —\ _ C ,
n » X\ 4 Tlendae T e - Adams - B
A 2, Bulldmg 7.
. Consolldatlon Area
Substa /7 \
..... o = ....-1' o
A S N\ T
B - Sanapt ; ‘ |
3 R ~ r
£ s, p ’.9 . i
o <‘,3 b \:1 K N
s v New York Aven ueIMerrlll
e e Y .-Road Consolidation Area
Y 3 - A\ \ R N s .
It AN (‘r.w‘" Goadi b S
4 J.‘l ar u.(al )-,,’/ “Y- ': L E ¢ P
B
¥ N
& > g, BAATTLE BROOX PAGY . N
X £3 5 N ) <
CCJ:Q r > Gravel
Liae ' §o * . Jpa-‘:
$ ) R LA
f gre - - ‘@ Substation -« . -
18 N
L s ' -
I | ;‘59 [TT /\V & ‘( .
REFERENCE: PITTSFIELD EAST, MASS. USGS QUADS., 7.5 MIN. SERIES, 1988
2000' 0 2000" GENERAL ELECTRIC COMPANY
| | PITTSFIELD, MASSACHUSETTS
" ‘ DETAILED WORK PLAN
APPROXIMATE SCALE: 1" = 2000 FOR ON-PLANT CONSOLIDATION AREAS
FIGURE
BLASLAND, BOUCK & LEE, INC.
07/99 SYR-D54-DJH engineers & sclentists 1
20185003/20185n03.CDR




Attachment K

BLASLAND, BOUCK & LEE, INC,
engineers & scientists

Revised Work Plan Figures 3 and 4



— 4%

L R P APFOTIAR Freiel

<+— Topsoil With Vegetative Cover

74— Geosynthetic Drainage Composite
“" 60 mil HDPE Flexible
Membrane Liner
Geocomposite Clay Liner
Suitable Consolidated Materials

FINAL COVER SYSTEM

NOT-TO-SCALE

GENERAL ELECTRIC COMPANY
PITTSFIELD/HOUSATONIC RIVER SITE

DETAILED WORK PLAN FOR
ON-PLANT CONSOLIDATION AREAS

FINAL COVER SYSTEM

FIGURE
BLASLAND, BOUCK & LEE, INC.
05/99 SYR-DS4-DJH ycc englineers & sclentists 3
20185003/20185n09.cdr




R B L L EE T G:osynthfggc Drainage Composite
60 mil HDPE Flexible

Membrane Liner

Subbase Material

Existing Surface

(Graded as needed)

BASE LINER SYSTEM

NOT-TO-SCALE

GENERAL ELECTRIC COMPANY
PITTSFIELD, MASSACHUSETTS

DETAILED WORK PLAN FOR
ON-PLANT CONSOLIDATION AREAS

BASE LINER SYSTEM
FOR BUILDING 71
CONSOLIDATION AREA

FIGURE
BLASLAND, BOUCK & LEE, INC.
07/99 SYR-DS4-DJH YCC engineers & sclentists 4
20185003/20185g08.cdr




Attachment L

BLASLAND, BOUCK & LEE, INC.
engineers & scientists

Leachate Collection System Design Calculations



CALCULATION SHEET Page _1 of _3

ShLANTRRLE Project No.: 20185
CLIENT: Genenal Eilectric Company Prepared By: KFP Date: 07-28-99
PROJECT: Pittsfield RD/RA Work Plan -1899 Checked By}iB Datern ~30-19

Qn-Plant Consolidation Areas

SUBJECT: Leachate Collection Pipe Size Calculations

TASK:

1. Determine the required size for the leachate collection pipe to adequately convey the leachate generated during the peak
leachate production period. Estimated peak leachate flow generated during the peak production period must be equal to
or less than the maximum flow capacity of the collection pipe.

REFERENCES:

1. "Detailed Work Plan for On-Plant Consolidation Areas” drawings, prepared by Blasland, Bouck, & Lee, Inc., dated July
1999.

2. Hydraulic evaluation of Landfill Perfformance (HELP) Model Version 3.05a. (RUNINF2.0UT and RUNINF50.0UT)
ASSUMPTIONS:

1. Collection pipe siope is 0.5% minimum (actual slope may be equal to or greater than 0.5%).
2. Inflow to the collection pipe is based on the estimated GDC flow capacity.
3. The collection pipe is perforated, SDR 17, 8-inch diameter, smooth-walled HDPE.

METHODOLOGY:

1. Calculate the peak inflow to the collection pipe from the GDC within the leachate management system assuming a worst
case scenario of a combination of the following two conditions:

Condition A)) Approximately 80-pescent of the consolidation area has been filled to capacity with waste (maximum waste
depth of 27-feet) and graded according to the top of waste grading plan. However, no components of the
final cover system have been installed.

Condition B.) The remaining 20-percent of the consolidation area has been constructed, and the first lift of consolidtion
material (2-foot thick) has been placed within this portion of the area. Utilize the HELP Model '
(RUNINF50.0UT) to determine the infiitration rate due to a peak dally rain event (as estimated by the HELP
Model). All the leachate generated by this event will be collected by the GDC and conveyed to the
leachate collection pipe.

2. Cailculate the minimum pipe size required basad on the estimated peak inflow.

JUL-39-1999 16:27 96% P.82



- CALCULATION SHEET Page _2 of_3
prechortiy iy Project No.: 20185

ENT: General Electric Company Prepared By: _KFP Date: 07-28-99
PROJECT: Pm:ﬁeld RDIRA Work Plap -1999 Checked By: Date:

SUBJECT: MMMMMM

DEFINITIONS:
A p =4.)-acre Approximate total area for
Condition A
Apg =10acre Approximate total area for Condition B
qp = 0.076453-3‘:‘; Peak Infittration Rate for Condition A - From HELP Model
=4.89. 10
B Gy Peak Infiltration Rate for Condition B - From HELP Model
n:=0.011] Manning's friction coefficient for the collection pipe
S pipe = 05-% Minimum Pipe Slope
CALCULATIONS:
1. Determine the peak inflow (Q.) into the coligction pipe from the GDC Lavyer.
For Condition "A":
ﬁ3
QA =AAqA Q A =0013:—
SeC
For Condition "B"™:
P
QB:ABqB QB=0205‘—-
seC

Total Worst Case Peak Inflow into the Leachate Collection Pipe:
3

Quow “QB+QA Qo =021
seC
2. Calculate the mipimum required collection pi ia r size to conv e expecte ak flow.
3
2.159-Q o0 ]
mf:—___—l__
2
S pipe
D pin =0.376 D pminr “Dpmin'12i0 D . =4.5¢in

pipetest MC

JuL-38-1993 16:27 7% P.83
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CALCULATION SHEET Page _3 of _3
rachoitiold iy Project No.: 20185

JENT: Genera! Electric Company Prepared By: _KFP Date: 07-28-99
PROJECT: Pitisfield RD/RA Work Plan -1999 Checked By: Date:
On-Plapt Consojidation Areas
SUBJECT: Leachate Collection Pipe Size Calculations

CONCLUSIONS:

The selected pipe diameter of 6-inches is greater than the calculated minimum required pipe diameter of 4.5-inches, therefore
the selected 8-inch diameter pipe is adequate.

—_ pipetest. MC

JUL-38-1993 16:27 974 P.g4
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b HYDRCLOGIC EVALUATION OF LANDFILL PERFORMANCE b
b HELP MCDEL VERSICN 3.05a (S5 JUNE 199%6: hid
. DEVELOPED BY ENVIRONMENTAL LABORATORY A
. USAE WATERWAYS EXPZIRIMENT STATION .
. FOR USEPA RISK REDUCTION ENGINZERING LABORATORY b

D R R R R R R R R AR R R R AR

D R R R R R R R R R R e R R L A LR

PRECIPITATION DATA FILE: C:\HELP3\ge2\weather\PREC1.D4
TEMPERATURE DATA FILE: c:\help3\ge2\weather\TEMP1.D7
SOLAR RADIATION DATA FILE: C:\HELP3\ge2\weather\SOLAR1.D13
EVAPOTRANSPIRATION DATA: C:\HELP3\ge2\weather\EVAP1.D11
SOIL AND DESIGN DATA FILE: c¢:\help3\ge2\soil\INFIL2.D10

C

OUTPUT DATA FILE: :\HELP3\ge2\output\runinf2.0UT

TIME: 15:23 DATE: 7/15/1999

B R R R R R R R R R T R L P R

TITLE: GE Pittsfield - Building 71 Consolidation Area -~
Infiltration model for GDC transmissivity and Pipe Size Calculations

R R R R R R R T R Y

NOTE: 1INITIAL MOISTURE CONTENT OF THE LAYERS AND SNOW WATER WERE
COMPUTED AS NEARLY STEADY-STATE VALUES BY THE PROGRAM.

TYPE 1 - VERTICAL PERCOLATION LAYER
MATERIAL TEXTURE NUMBER 8

THICKNESS - 324.00 INCHES

POROSITY - 0.4630 VvOoL/VOL
FIELD CAPACITY - 0.2320 vOL/VOL
WILTING POINT = 0.1160 VOL/VOL
INITIAL SCIL WATER CONTENT = 0.2758 VOL/VOL

EFFECTIVE SAT. HYD. COND. = 0.369999994000E-03 CM/SEC

GENERAL DESIGN AND EVAPORATIVE ZONE DATA

NOTE: SCS RUNOFF CURVE NUMBER WAS COMPUTED FROM DEFAULT
SOIL DATA BASE USING SOIL TEXTURE # 8 WITH BARE
GROUND CONDITIONS, A SURFACE SLOPE OF 18.% AND
A SLOPE LENGTH OF 140. FEET.

SCS RUNOFF CURVE NUMBER

FRACTION OF AREA ALLOWING RUNOFF
AREA PROJECTED ON HORIZONTAL PLANE
EVAPORATIVE ZONE DEPTH

INITIAL WATER IN EVAPORATIVE ZONE
UPPER LIMIT OF EVAPORATIVE STORAGE
LOWER LIMIT OF EVAPORATIVE STORAGE 0.928 INCHES
INITIAL SNOW WATER 0.000 INCHES
INITIAL WATER IN LAYER MATERIALS = 89.351 INCHES
TOTAL INITIAL WATER 89.351 INCHES
TOTAL SUBSURFACE INFLOW = 0.00 INCHES/YEAR

91.30

100.0 PERCENT
1.000 ACRES
8.0 INCHES
2.961 INCHES
3.704 INCHES

.C—D‘téﬂlk‘toQ \{'}‘
HELP RESULT S


http:FILE-c.\help3\ge2\weather\TEMPl.D7
http:C:\HELP3\ge2\weather\PRECl.D4

PLAINFIELD MASSA

STATION LATITUDE = 42.CC CEZGREES
MAXIMUM LEAF AREA INDEX = ¢.CcC
START OF GROWING SEASON (JULIAN DATE) = 182
END OF GROWING SEASON [JULIAN DATE) - 277
EVAPORATIVE ZONE DEPTH - 8.0 INCHES
AVERAGE ANNUAL WIND SPEED = 10.60 MPH
AVERAGE 1ST QUARTER RELATIVE HUMIDITY = 64.00 8§
AVERAGE 2ND QUARTER RELATIVE HUMIDITY = 65.00 %
AVERAGE 3RD QUARTER RELATIVE HUMIDITY = 72.00 %
AVERAGEZ 4TH QUARTER RELATIVE HUMIDITY = 70.00 %

NOTE: PRECIPITATICN DATA FOR FLAINFIELD MASSACHUSETTS

WAS ENTERED FROM THE DEFAULT DATA FILE.

NOTE: TEMPERATURE DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR PLAINFIELD MASSACHUSETTS

NORMAL MEAN MONTHLY TEMPERATURE (DEGREES FAHRENHEIT)

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC
26.50 24.20 32.20 51.40 63.20 60.10
73.40 75.20 65.30 45.00 30.70 28.40

NOTE: SOLAR RADIATION DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR PLAINFIELD MASSACHUSETTS
ANDC STATION LATITUDE = 42.00 DEGREES

P R R R R R R R R R R S e L LA AT

MONTHLY TOTALS (IN INCHEZS) FOR YEAR 1977

PRECIPITATION 2.21 3.10 7.33 4.56 3.93 2.56
4.75 7.39 6.32 5.40 4.16

RUNOFF 1.445 0.538 7.391 0.785 1.419 0.017
0.261 0.589 1.191 1.229 0.493 1.920

EVAPOTRANSPIRATION 0.554 0.763 0.557 2.988 2.342 2.078
3.042 3.626 3.173 2.539 1.516 0.445

PERCOLATION/LEAKAGE THROUGH 0.5555 (€.8272 0.4207 0.5021 0.3205 0.9975
LAYER 1 1.0722 0.8107 0.5059 0.319% 0.6884 1.4032

R R R R L A Rk R e

B R R R R R R e

BNNUAL TOTALS FOR YEAR 1977

INCHES CU. FEET PERCENT

PRECIPITATION 55.23 200484.891 100.00

RUNOFF 17.276 62713.504 31.28



EVAEOTRANSPIRATION 23.622 85733.672 42,77

PERC. /LEAKAGE THROUGH LAYEIR 1 8.423823 3057&.47% 15.23%
CHANGE IN WATER STORAGE 5.907 21443.223C 15.70
SOIL WATER AT START OF YEAR £89.351 324343.032

CIL WATER AT END OF TEZAR 95.25¢ 345786.2537

SNOW WATER AT START Of YEAR 0.000 0.0C0 0.00
SNOW WATER AT END OF YEAR 0.000 ¢.000 0.00
ANNUAL WATER BUDGET BALANCE 0.0000 0.010 G.00
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MONTHLY TOTALS (IN INCHES) FOR YEAR 1978

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC

PRECIPITATION 12.84 0.67 2.717 1.55 3.97 5.70
2.34 6.34 1.14 3.1 2.43 4.94
RUNOFF 0.042 0.000 13.991 0.432 0.223 0.391
0.010 2.622 0.052 0.116 0.094 0.000
EVAPOTRANSPIRATION 0.604 0.765 0.415 2.004 3.388 3.916
2.999 2.317 1.534 2.195 1.152 0.808
PERCOLATION/LEAKAGE THROUGH 2.1326 1.6116 1.4494 0.7035 0.9898 0.6641
LAYER 1 0.888% 0.6552 0.7350 0.870% 0.7287 0.4148
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ANNUAL TOTALS FOR YEAR 1978

INCHES CU. FEET PERCENT
PRECIPITATION Tars0 173514.000  100.00
RUNOFF 17.973 65241.180 37.60
EVAPOTRANSPIRATION 22.187 80431.023 46.35
PERC./LEAKAGE THROUGH LAYER 1 11.844440 42995.320 24.78
CHANGE IN WATER STORAGE -4.175 -15153.548 -8.73
SOIL WATER AT START OF YEAR 95.258 345786.250
SOIL WATER AT END OF YEAR 87.113 316220.187
SNOW WATER AT START OF YEAR 0.000 0.002 0.00
SNOW WATER AT END OF YEAR 3.970 14412.515 8.31
ANNUAL WATER BUDGET BALANCE 0.0000 0.024 0.00
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MONTHLY TCTALS (IN INCHES) FCR YEAR 1979

PRECIPITATICN 12,22 z.9¢ 4.07 4.33 €.73 1.£8
5.37 €.65 4.29 4.€% .74 Z.30
RUNOFF 2.313 2.420 4.861 13.347 L8293 3.066
1.124 1.188 0.905 0.87% L3893 1.389
EVAPOTRANSPIRATION 0.730 0.838 0.930 2.280 3.89¢ 1.399
4.003 3.614 3.272 2.376 1.202 0.463
PERCOLATION/LEAKAGE THROUGH 0.5347 0.6840 0.7294 0.6132 0.1919 0.1877
LAYER 1 0.7548 0.4280 0.1809 0.4156 0.4929 0.6877
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ANNUAL TOTALS FOR YEAR 1979

INCHES CU. FEET PERCENT
PRECIPITATION Csv.e2 216420625  100.00
RUNOFF 29.229 106100.398 49.03
EVAPOTRANSPIRATION 25.007 90774.883 41.94
PERC./LEAKAGE THROUGH LAYER 1 5.900738 21419.678 9.90
CHANGE IN WATER STORAGE -0.516 -1874.347 -0.87
SOIL WATER AT START OF YEAR B7.113 316220.187
SOIL WATER AT END OF YEAR 90.567 328758.344
SNOW WATER AT START OF YEAR 3.970 14412.51% 6.66
SNOW WATER AT END OF YEARR 0.000 0.000 0.00
ANNUAL WATER BUDGET BALANCE 0.0000 0.010 0.00
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MONTHLY TOTALS (IN INCHES) FOR YEAR 1980

PRECIPITATION 0.96 1.58 B.14 5.09 1.95 3.63
3.43 1.54 3.08 3.88 3.40 1.56
RUNOFF 0.312 0.899 5.189 5.422 0.096 0.556
0.106 0.000 0.087 0.861 0.000 0.492
EVAPOTRANSPIRATION 0.494 0.478 0.818 1.569 2.692 1.626
3.524 1.969 2.978 1.761 1.229 0.737
PERCOLATION/LERKAGE THROUGH 1.1624 1.0497 0.9603 0.6732 0.4502 0.7388
LAYER 1 0.5720 0.5581 0.6328 0.6285%5 0.2183 0.298B2
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ANNUAL TOTALS FOR YEAR 1990

PRECIPITATICON 33.:z8 138847.4234

RUNOFF 14.013 £C988.277 ZELES
SVAPCTRANSPIRATICN 13.87¢ 721458.87% S1.%8
PERC./LEAKAGE THROUGH LAYER 1 7.942742 28832.152 20.77
CHANGE IN WATER STORAGE -3.587 -13021.84C -9.38
SOIL WATER AT START OF YEAR 90.567 328758 .344

SOIL WATER AT END OF YEAR 85.147 309083.031

SNOW WATER AT START OF YEAR 0.000 0.C00 .00
SNOW WATER AT END OF YEAR 1.833 6653.474 4.79
ANNUAL WATER BUDGET BALANCE . 0.0000 0.021 0.00
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MONTHLY TOTALS (IN INCHES) FOR YEAR 1981

PRECIPITATION 0.59 11.08 0.81 2.91 4.34 2.59
3.91 1.96 3.74 4.84 1.62 4.24
RUNOFF 1.319 4.531 5.752 0.033 0.7717 0.051
0.171 0.020 0.327 0.922 0.005 0.139
EVAPOTRANSPIRATION 0.712 0.483 1.079 2.921 2.506 3.071
3.107 2.632 2.089 2.106 1.571 1.022
PERCOLATION/LEAKAGE THROUGH 0.5604 0.4975% 0.5514 0.1585 0.3213 0.1200
LAYER 1 0.389%0 0.3824 0.5115 0.4391 0.1082 0.2471
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ANNUAL TOTALS FOR YEAR 1981

INCHES CU. FEET PERCENT
PRECIPITATION Caes 154746522 100.00
RUNOFF 14.048 50995.859 32.95
EVAPOTRANSPIRATION 23.300 84577.500 54.66
PERC./LEAKAGE THROUGH LAYER 1 4.286201 15558.909 10.05
CHANGE IN WATER STORAGE 0.996 3614.619 2.34
SOIL WATER AT START OF YEAR 85.147 309083.031
SOIL WATER AT END OF YEAR 86.549 314172.937
SNOW WATER AT START OF YEAR 1.833 6653.474 4.30
SNOW WATER AT END OF YEAR 1.427 5178.195 3.35
ANNUAL WATER BUDGET BALANCE 0.0000 0.029 0.00
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AVERAGE MONTHLY VALUES IN INCHES FCR YEARS 1377 THROUGH 19£1

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC

PRECIPITATION
TOTALS 5.78 3.88 4.62 3.81 4.1¢% 3.21
3.71 4.25 3.93 4.56 3.32 3.44
STD. DEVIATIONS 6.23 4.15 3.08 1.53 1.72 1.57
1.09 40 2.27 1.20 1.43 1.44
RUNOFF
TOTALS 1.08¢ 1.278 7.437 4.103 0.875 0.216
0.334 0.884 0.512 0.801 0.196 0.788
STD. DEVIATIONS 0.919 1.847 3.791 5.866 0.759 0.243
0.451 1.087 0.510 0.411 0.229 0.832
EVAPOTRANSPIRATION
TOTALS 0.619 0.666 0.760 2.353 2.965 2.418
3.33% 2.843 2.609 2.185 1.334 0.695
STD. DEVIATIONS 0.101 0.171 0.272 0.606 0.656 1.055
0.428 0.747 0.761 0.295 0.194 0.244
PERCOLATION/LEAKAGE THROUGH LAYER 1
TOTALS 0.9891 0.9340 0.8222 0.5301 .4547 0.5416

oo

0.7354 0.5669 0.5132 0.5349 L4473 0.6102

STD. DEVIATIONS 0.6921 0.4292
0.2665 0.1737

.4049 0.2215
.2086 0.2187

L3127 0.3758
.2769 0.4749

oo
[aNe]
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AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS 1977 THROUGH 1981

INCHES CU. FEET PERCENT
PRECIPITATION 4811 ( 8.786)  176802.8  100.00
RUNOFF 18.509 { 6.2606) 67187.84 38.002
EVAPOTRANSPIRATION 22.792 ( 1.9210) 82736.39 46.796
PERCOLATION/LERKAGE THROUGH 7.67959 ( 2.85694) 27876.908 15.76723
LAYER 1
CHANGE IN WATER STORAGE -0.275 { 4.0642) -998.38 -0.565
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PEAK DAILY VALUES FCR YEARS 1377 THROUGH 1981

q$ = | erecrprtaTion §.64 | 16843.19%

RUNQFF 4.117 143944.2520
q \ _* :[ PERCOLATION/LEAKAGE THROUGH LAYER 1 0.076453J 277.52417

SNOW WATER 15.05 54646.8750

MAXIMUM VEG. SOIL WATER (VOL/VOL) 0.4332

MINIMUM VEG. SOIL WATER (VOL/VOL) 0.1160
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FINAL WATER STORAGE AT END OF YEAR 1981

LAYER (INCHES) {VOL/VOL)
1 86.5490 0.2671
SNOW WATER 1.427
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b e L
ol HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE >
* HELP MODEL VERSION 3.0%a (5 JUNE 1996) i
* DEVELOPED BY ENVIRONMENTAL LABORATORY *r
> USAE WATERWAYS EXPERIMENT STATION *x
ol FOR USEPA RISK REDUCTION ENGINEERING LABORATORY *x
* & * ke
J % * %
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PRECIPITATION DATA FILE: C:\HELP3\ge2\weather\PREC1.D4
TEMPERATURE DATA FILE: c:\help3\ge2\weather\TEMP1.D7
SOLAR RADIATION DATA FILE: C:\HELP3\ge2\weather\SOLAR1.D13
EVAPOTRANSPIRATION DATA: C:\HELP3\ge2\weather\EVAP1.D11
SOIL AND DESIGN DATA FILE: c:\help3\ge2\soil\INFIL50.D10
OUTPUT DATA FILE: C:\HELP3\ge2\output\runinf50.00T
TIME: 9:13 DATE: 7/30/199%

Fhkhhhkk bk hhkhkkhkhdhkhhdkhdhkhdhdkhdddkhddhkdddd khod ok ddhddhd ok kdkdhddk ko sk ko kdkddkdkkkohk ok dekdkoddhdoh

TITLE: GE Pittsfield ~ Building 71 Consolidation Area
Infiltration Calculation for 2’ thick first lift

ook ok gk ok gk e gk db ok b ok A ok sk A ok sk b b sk s sk sk sk gk ak sk e gk bk b o b Sk g ok ok b bk ok gk b sk 9k gk ok b ok b ok gk gk sk b ok ab b ok ok ok ok b Sk ab ok o ok ok ok ok

NOTE: INITIAL MOISTURE CONTENT OF THE LAYERS AND SNOW WATER WERE
COMPUTED AS NEARLY STEADY-STATE VALUES BY THE PROGRAM.

TYPE 1 - VERTICAL PERCOLATION LAYER
MATERIAL TEXTURE NUMBER 8

THICKNESS = 24.00 INCHES

POROSITY = 0.4630 VOL/VOL
FIELD CAPACITY = 0.2320 VOL/VOL
WILTING POINT = 0.1160 VOL/VOL

0.3392 VOL/VOL
0.369999994000E-03 CM/SEC

INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.



GENERAL DESIGN AND EVAPORATIVE ZONE DATA

NOTE: SCS RUNOFF CURVE NUMBER WAS COMPUTED FROM DEFAULT
SOIL DATA BASE USING SOIL TEXTURE # 8 WITH BARE
GROUND CONDITIONS, A SURFACE SLOPE OF

A SLOPE LENGTH OF 150. FEET.

SCS RUNOFF CURVE NUMBER = 90.80
FRACTION OF AREA ALLOWING RUNOFF = 0.0

AREA PROJECTED ON HORIZONTAL PLANE 1.000
EVAPORATIVE ZONE DEPTH = 8.0

INITIAL WATER IN EVAPORATIVE ZONE = 3.704
UPPER LIMIT OF EVAPORATIVE STORAGE 3.704
LOWER LIMIT OF EVAPORATIVE STORAGE = 0.928
INITIAL SNOW WATER = 0.000
INITIAL WATER IN LAYER MATERIALS = 8.140
TOTAL INITIAL WATER = 8.140
TOTAL SUBSURFACE INFLOW = 0.00

NOTE: EVAPOTRANSPIRATION DATA WAS OBTAINED FROM

PLAINFIELD MASSACHUSETTS
STATION LATITUDE = 42
MAXIMUM LEAF AREA INDEX = 0
START OF GROWING SEASON (JULIAN DATE) =
END OF GROWING SEASON (JULIAN DATE) =
EVAPORATIVE ZONE DEPTH =
AVERAGE ANNUAL WIND SPEED = 10.
AVERAGE 1ST QUARTER RELATIVE HUMIDITY = 64
AVERAGE 2ND QUARTER RELATIVE HUMIDITY = 65.
AVERAGE 3RD QUARTER RELATIVE HUMIDITY = 72.
AVERAGE 4TH QUARTER RELATIVE HUMIDITY = 70

NOTE: PREC

EVAPOTRANSPIRATION AND WEATHER DATA

IPITATION DATA FOR PLAINFIELD

WAS ENTERED FROM THE DEFAULT DATA FILE.

NOTE: TEMP

NORMAL

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY /NOV

8.

2.%

AND

PERCENT
ACRES
INCHES
INCHES
INCHES
INCHES
INCHES
INCHES
INCHES
INCHES/YEAR

.00
.00
109
277
0

60
.00
00
00
.00

DEGREES

INCHES
MPH
3

%
%
%

MASSACHUSETTS

ERATURE DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR PLAINFIELD

MASSACHUSETTS

MEAN MONTHLY TEMPERATURE (DEGREES FAHRENHEIT)

JUN/DEC



26.50 24.20
73.40 75.20
NOTE:

AND STATICON LATITUDE

PLAINFIELD
= 42.00 DEGREES

SOLAR RADIATION DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR

MASSACHUSETTS
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MONTHLY TOTALS

(IN INCHES)

FOR YEAR 1977

PRECIPITATION

RUNOFF

EVAPOTRANSPIRATION

PERCOLATION/LEARKAGE THROUGH
LAYER 1

.21
.52

.000
.000

.554
.028

.5219
.3526

3.10 7.
4.75 7.
0.000 0
0.000 0.
0.763 0.
3.642 3.
2.4718 6
1.2289 2

33
39

.000

000

557
175

.3127
.8538

4.56 3.
6.32 5.
0.000 0.
0.000 0.
2.991 2.
2.541 1.
4.0525 2
4.5558 2

93
40

000
000

460
514

.479
.139

2.56
4.16

o

.000
0.000

[\

.080
0.445

3
0

o

.3194
.1925

w
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ANNUAL TOTALS FOR YEAR 1977

PRECIPITATION

RUNOFF

EVAPOTRANSPIRATION

PERC./LEAKAGE THROUGH LAYER 1

CHANGE IN WATER STORAGE

SOIL WATER AT START OF YEAR

23.750

31.480085

0.000

8.140

200484.891

0.000

86212.211

114272.711

0.000

29547.492

43.00

57.00



SOIL WATER AT END OF YEAR

SNOW WATER AT START OF YEAR

SNOW WATER AT END OF YEAR

ANNUAL WATER BUDGET BALANCE

8.140

0.000

0.000

0.0000

29547,

0.

0.

-0.

492

000

000

021

0.00

0.00

0.00
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MONTHLY TOTALS (IN INCHES)

FOR YEAR 1978

PRECIPITATION

RUNOFF

EVAPOTRANSPIRATION

PERCOLATION/LEAKAGE THROUGH
LAYER 1

.000
.000

.604
.062

.5434
.2625

0.67 2
6.34 1.
0.000 0.
0.000 0.
0.765 0.
2.384 1.
0.1792 13.
3.3939 0.

.17

14

000
000

415
534

4203
2514

1.55
3.11

O

.000
0.000

N

.004
2.262

%)

.7847
.2420

o

o o

.97
.43

.000
.000

.457
.154

.598
.179

5.70
4.94

0.000
0.000

[1-9

.088
0.808

6
9

(@]

.6096
.8510

o
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ANNUAL TOTALS FOR YEAR 1978

PRECIPITATION

RUNOFF

EVAPOTRANSPIRATION

PERC./LEAKAGE THROUGH LAYER

CHANGE IN WATER STORAGE

SOIL WATER AT START OF YEAR

1

22.538

23.316563

1.945

8.140

173514.

0.

81814.

84639.

7060.

29547,

000

000

219

125

649

492

47.15

48.78



SOIL WATER AT END OF YEAR

SNOW WATER AT START OF YEAR

SNOW WATER AT END OF YEAR

ANNUAL WATER BUDGET BALANCE

6.114

0.000

3.970

0.0000

22195,

14412.

0.

627

. 000

515

007

0.00

8.31

0.00
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MONTHLY TOTALS (IN INCHES)

FOR YEAR 1979

PRECIPITATION 12
5

RUNOFF 0
0

EVAPOTRANSPIRATION 0
4

PERCOLATION/LEAKAGE THROUGH 0
LAYER 1 0

.29
.37

.000
.000

.730
.246

.8978
.8238

2.96 4,
6.65 4
0.000 0.
0.000 0.
0.838 0
3.607 3.
1.1005 4
2.0010 2

07

.29

000
000

.930

227

.5534
.5805

4.93
4.66

0.000
0.000

2.236
2.434

16.1521
2.3077

=W

.78
.74

.000
.000

.939
.204

.270
.159

1.58
2.30

0.000
0.000

1.380
0.463

1
2

(@]

.8105
.8514

o
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ANNUAL TOTALS FOR YEAR 1979

PRECIPITATION

RUNOFF

EVAPOTRANSPIRATION

PERC./LEAKAGE THROUGH LAYER 1

CHANGE IN WATER STORAGE

SOIL WATER AT START OF YEAR

25.234

36.508083

-2.122

6.114

216420.

0.

91599.

132524.

~7703.

22195.

656

344

367

627

42.32

61.23

-3.56



SOIL WATER AT END OF YEAR
SNOW WATER AT START OF YEAR
SNOW WATER AT END OF YEAR

ANNUAL WATER BUDGET BALANCE

7.963

3.970

0.000

0.0000

28904.

14412.

0.

-0.

773

515

000

014

6.66

0.00

0.00
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MONTHLY TOTALS (IN INCHES)

FOR YEAR 1980

PRECIPITATION 0.96
3.43
RUNOFF 0.000
0.000
EVAPOTRANSPIRATION 0.494
3.550
PERCOLATION/LEAKAGE THROUGH 0.4244
LAYER 1 0.6536

1.58 8.
1.54 3
0.000 0.
0.000 0.
0.478 0
2.201 2.
0.9014 4
0.2107 O

14

.09

000
000

.818

956

.6877
.0640

w

.09
.88

w

o

.000
0.000

=

.565
1.759

(9]

. 0494
.5565

(@]

&

o O

.95
.40

.000
.000

.862
.228

.365
.825

3.63
1.56

0.000
0.000

1.801
0.737

1
8

(@]

.1648
.2165

o
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ANNUAL TOTALS FOR YEAR 1980

PRECIPITATION

RUNOFF

EVAPOTRANSPIRATION

PERC./LEAKAGE THROUGH LAYER 1

CHANGE IN WATER STORAGE

SOIL WATER AT START OF YEAR

0.000

20.448

17.119667

0.682

7.963

138847.

0.

74227.

62144.

2475.

28904.

484

000

969

391

142

773

53.46

44.76



SOIL WATER AT END OF YEAR 6.812 24726.441

SNCW WATER AT START OF YEAR 0.000 0.000 0.00
SNOW WATER AT END OF YEAR 1.833 6653.474 4.79
ANNUAL WATER BUDGET BALANCE 0.0000 -0.021 0.00
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MONTHLY TOTALS (IN INCHES) FOR YEAR 1981

PRECIPITATION 0.59 11.08 0.81 2.91 4.34 2.59
3.91 1.96 3.74 4.84 l1.62 4.24

RUNOFF 0.000 0.000 0.000 .000 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0.000

o

EVAPOTRANSPIRATION 0.712 .483 1.079 .951 2.485 3.212
3.005 2.699 2.519 2.107 1.572 1.022

o
N

PERCOLATION/LEAKAGE THROUGH 0.3066
LAYER 1 0.2957

=y

.5409
L2377

~

.8260
L2172

(@]

.5928
.5383

[

.2784
.9852

o

.3602
L1711

o
o
=
(@)
=
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ANNUAL TOTALS FOR YEAR 1981

INCHES CU. FEET PERCENT
PRECIPITATION a2.63 154746.922  100.00
RUNOFF ' 0.000 0.000 0.00
EVAPOTRANSPIRATION 23.847 86563.156 55.94
PERC./LEAKAGE THROUGH LAYER 1 19.350096 70240.844 45.39
CHANGE IN WATER STORAGE -0.567 -2057.105 -1.33

SOIL WATER AT START OF YEAR 6.812 24726.441



SOIL WATER AT END OF YEAR 6.651 24144.615

SNOW WATER AT START OF YEAR 1.833 6653.474 4.30
SNOW WATER AT END OF YEAR 1.427 5178.195 3.35
ANNUAL WATER BUDGET BALANCE 0.0000 0.021 0.00
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AVERAGE MONTHLY VALUES IN INCHES FOR YEARS 1977 THROUGH 1981

PRECIPITATION
TOTALS 5.78 3.88 4.62 3.81 4.19 3.21
3.71 4.25 3.93 4.56 3.32 3.44
STD. DEVIATIONS 6.23 4.15 3.08 1.53 1.72 1.57
1.09 2.40 2.27 1.20 1.43 1.44
RUNOFF
TOTALS 0.000 0.000 0.000 0.000 0.000 0.000

0.000 0.000 0.000 0.000 0.000 0.000

STD. DEVIATIONS

o

.000 0.000 .000 0.000 .000 0.000
0.000 0.000 0.000 0.000 0.000 0.000

(o]
o

EVAPOTRANSPIRATION
TOTALS 0.619 0.666 0.760 2.350 3.040 2.512
3.378 2.907 2.682 2.221 1.334 0.695
STD. DEVIATIONS 0.101 0.171 0.271 0.616 0.644 1.112
0.535 0.679 0.700 0.306 0.194 0.244
PERCOLATION/LEAKAGE THROUGH LAYER 1
TOTALS 0.7388 1.8387 7.3600 6.3263 1.5983 0.4529

0.477¢6 1.4145 1.1934 1.8401 1.0578 1.2565

STD. DEVIATIONS 0.4905 1.7234 3.6421 6.1258 1.2444 0.2559
0.2479 1.3351 1.3962 1.7238 0.7087 1.1364

IR R R R LSRR EREREESREEEE AR R RA SRR R R R R R Rl Rl sl iR R R RS R SRS lEREREE R EEERS
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AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS 1977 THROUGH 1981

INCHES CU. FEET PERCENT
PRECIPITATION 48.71  ( 8.786)  176802.8  100.00
RUNOFF 0.000 ( 0.0000) 0.00 0.000
EVAPOTRANSPIRATION 23.163 ( 1.7930) 84083.45 47.558
PERCOLATION/LEAKAGE THROUGH 25.55490 ( 8.21193) 92764.281 52.46766
LAYER 1
CHANGE IN WATER STORAGE -0.012 ( 1.5060) -44.94 -0.025

hhkdkhkhhkh bk kb bk hkhk bk ok kb bk ko k bk ko kA kA dAd kA kb Ak ko hk ok kA khkhkhk kb hkhhkhrhkhdkhhkhkhdhkdhdk
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PEAK DAILY VALUES FOR YEARS 1977 THROUGH 1981

(INCHES) (CU. FT.)
PRECIPITATION Caee 16843.199
RUNOFF 0.000 0.0000
PERCOLATION/LEAKAGE THROUGH LAYER 1 17766.31640
SﬁOW WATER 15.05 54646.8750
MAXIMUM VEG. SOIL WATER (VOL/VOL) 0.4630
MINIMUM VEG. SOIL WATER (VOL/VOL) 0.1160

dhhkkh kb khkhhk kbbb ko bk bk bk bk bbbk bbbk hbh bk hkrdb bbbk dkhddhkkdddkhokkdhobdbrddkdkdkohdddkok

Khkhkhdhhkhkhdbhkhhbhkhbdbhkhkrbrhbhdhkrhbhbhbrhhhbkdhkbhbbbr kbbb kb bbbk bk khd kb hdkhdhdkdhdhdhdddhhhkhd

FINAL WATER STORAGE AT END OF YEAR 1981

LAYER (INCHES) (VOL/VOL)
1 6.6514 0.2771
SNOW WATER 1.427

Khhkrkhrdkhkhhkhhhk kbbb kddrhhhhrrddhhbbhdkdkd bk hhk ok hdddhkddkhdkodkddhdkdkdddhddddkdoddodk ko
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CALCULATION SHEET Page _1__of_4
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CLIENT: General Electric Company Prepared By: KFP Date: 07-28-99

PROJECT: Pittsfield RD/RA Work Pisn -1999 Checked By’ P2 Date3-30-9%
On-Plant Consolidation Aregs

SUBJECT: Geosynthetic Drainage Composite Minimum Required Transmissivity

TASK:

1. Determine the minimum required flow capacity (fransmissivity) of the geosynthetic drainage composite (GDC) within
the base liner system.

2. Determine the maximum normat stress (o)) and hydraulic gradient (I) to be utilized during laboratory conformance testing
of the GDC for transmissivity (ASTM D-47186).

REFERENCES:

1. "Design of Waste Containment Liner and Final Closure Systems”, ASCE Seminar Manual, 1998.
2. Hydraulic evalustion of Landfill Performance (HELP) Model Version 3.05a. - (File = RUNINF50.0UT)

3. "Detailed Work Plan for On-Plant Consolidation Areas" drawings, prepared by Blasland, Bouck, & Lee, Inc., dated July
1999.

ASSUMPTIONS:
1. Base Liner GDC must be able to handle stormwater infiltration for the following conditions:

Condttion A: The first lift of consolidation material (uniform 24-inch Iift) has been placed within the Building 71
Consolidation Area. Use the HELP Mode! to determine the infiltration rate.

The worst case slope conditions for the baseliner GDC are 150-fest at 2%.

Use the soll and climatological parameters from the HELP Model.

Maximum head allowabie above the FML in the beseliner system is 12-inches, and the location of this head (H) occurs at
the midpoint between the top of the baseliner perimeter berm and the leachate collection pipe. Therefore, the distance
from the leachate collection pipe to the location of the maximum heed (B) is equal to 1/2 the drainage length (L).

S. When calculating the required normal stress to be utilized during laboratory testing, assume the consolidation material

is at the design full depth thickness of 27-feet.

8. The unit weight of the consolidation material above the GDC is 157 Ibm®.

had ol

METHODOLOGY:

1. Estimate the stormwater infiltration rate (q) into the GDC Layer utilizing the HELP Modet (See attached HELP Mode!
output) for the conditions stated above:

A)) For Condition "A", determine the infiltration rate by running the HELP Mode! with only one layer (2'

thick first liY). The infiltration rate into the GDC will be equal to the peak daily percolation through "Layer
1* in the HELP Model.

2. Determine the minimum aliowable transmissivity for the conditions stated above.

3. Determine the maximum normal stress (cy) and hydraulic gradient (1) to be utilized during laboratory conformance testing
of the GDC for transmissivity.

JUL-38-1999 16:28 96% P.BS
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CLIENT: Geperal Electric Company Prepared By: _KFP Date: 07-28-99
PROJECT: Pittsfield RD/RA Work Plan -1999 Checked By: Date:
On-Plant Consolidation Areas
SUBJECT: Geosynthetic Drainage Composite Minimum Required Transmissivity
DEFINITIONS:
S¢c =2% (Waste Slope Grade)
Lo =150 (Waste Slope Length)
Sp =2% (Base Liner Slope)
0 ::mn(sb) 0 =1.1+deg - (Base Liner Slope Angle)
Ly =150-ft (Base Liner Drainage Length)
B = %-Lb B =75 (Distance from Leachate Collector Pipe to Location of Maximum Head)
hnax =18 (Maximum Allowable Head)
y= 157-'-"i (Assumed Unit Weight of Waste above GDC)
fi
t waste =271t (Depth of waste above GDC)

From the attached HELP model, the expected maximum infiltration rate for Condition "A” is:

. i ft
qa =48%43 2 =0408°—
A ] qA lay

JUL-36-1999 16:28 96% P.@6
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CLIENT: General Electric Company Prepared By: KFP Date: 07-28-99

PROJECT: Pittsfield RD/RA Work Plan -1999 Checked By: Date:
_On-Plant Consolidation Aress

SUBJECT: Geosynthetic Drainage Composite Minimum Required Transmissivity

2.

The minimum required transmissivity for Condition "A" is:

Bz~qA
b ey + B-sin(eb) -

Ty =

T 5 =917.791 £
day

2
—oo.1n 4 W
TA=9910" -

secC
Apply a factor of saftey (FS) to ensure GDC performance:

FS pin =20

TminA =T AFS min

In order to ensure the GDC will handle peak flow under worst case conditions, calculate the Maximum normal stress
for the waste at full design depth (27-feet).

The Maximum Normal Stress and Hydraulic Gradient for Condition "A” is;

Maximum Normat Stress (o,,,):

GNA :Ttwme 0NA=4239'$
Hydraulic Gradient (1,):
h + B-sin(6
. max b
lA' B ( ) IA=0.033

JUL-38-1999 16:29 96% P.B7
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_ CALCULATION SHEET Page _4 of _4

CUENT: General Electric Company Prepared By: _KFP Date: 07-28-99

PROJECT: Pittafieid RD/RA Work Plan -1989 Checked By: ___ Date:
On-Plant Consolidation Areas

SUBJECT: Geosynthetic Drasinage Composite Minimum Required Transmissivity

CONCLUSIONS:

Laboratory test results of the selected GDC must meet the minimum transmissivity for the conditions listed above when tested
according to ASTM D-47168. A list of the test requirements to be utilized for the selection of the GDC is presented below:

TEST REQUIREMENTS FOR CONDITION "A”

1.

2.

The substrate material (undertying the GDC) will be 80-mil textured HDPE geomembrane

The superstrate material (overlying the GDC) will be 8-inches (minimum) of representative consolidation
material gathered from Pittsfiekl, Massachusetls

The applied normal compressive stress will be: g )4 =4239 %

The seating period will be 2-hours minimum

The hydraulic gradient will be: 1, =0.033

The water utilized during the test will be maintained at 70°F (+/- 4° F)

The minimum required transmissivity for the selected GOC tested under requirements 1 through 6 will be:
! .
—3 M
T minp =2°10° —
Scc

JUL-32-1999 16:23 Se% p.es
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* K * %
* * J
v HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE o
*w HELP MODEL VERSION 3.05a (5 JUNE 1996) *
*r DEVELOPED BY ENVIRONMENTAL LABORATORY o
** USAE WATERWAYS EXPERIMENT STATION *
* FOR USEPA RISK REDUCTION ENGINEERING LABORATORY "
* & * %
J* % * %
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PRECIPITATION DATA FILE: C:\HELP3\ge2\weather\PREC1.D4
TEMPERATURE DATA FILE: c:\help3\ge2\weather\TEMP1.D7
SOLAR RADIATION DATA FILE: C:\HELP3\ge2\weather\SOLAR1.D13
EVAPOTRANSPIRATION DATA: C:\HELP3\ge2\weather\EVAP1.D11
SOIL AND DESIGN DATA FILE: c:\help3\ge2\soil\INFIL50.D10
OUTPUT DATA FILE: C:\HELP3\ge2\output\runinf50.0UT
TIME: 9:13 DATE: 7/30/1999

Fhhkhkdkhkhkhhdhhkhbdrrbhbhrbdhbhbhkdkkdhhbhhbdhhbhhbhbhkbhkrhrbhkhbhrhbkrbhkrbdhbhhbhdbdhkhhrhkhkdkhkhrdkhokhdhddkhkdkhrdhk

TITLE: GE Pittsfield - Building 71 Consolidation Area
Infiltration Calculation for 2’ thick first lift

bk hkhkhkdkk bk hbhkhrkhkdh kb bk hkd kb rdk bbb hhdrhbddddddhhhddkddkdhkoddkdhdhdddhkddkhkdkdddhddkdhdkhk

NOTE: INITIAL MOISTURE CONTENT OF THE LAYERS AND SNOW WATER WERE
COMPUTED AS NEARLY STEADY-STATE VALUES BY THE PROGRAM.

TYPE 1 - VERTICAL PERCOLATION LAYER
MATERIAL TEXTURE NUMBER 8

THICKNESS = 24.00 INCHES

POROSITY = 0.4630 VOL/VOL
FIELD CAPACITY = 0.2320 VOL/VOL
WILTING POINT = 0.1160 VOL/VOL

INITIAL SOIL WATER CONTENT 0.3392 VOL/VOL
EFFECTIVE SAT. HYD. COND. = 0.369999994000E-03 CM/SEC



GENERAL DESIGN AND EVAPORATIVE ZONE DATA

NOTE: SCS RUNOFF CURVE NUMBER WAS COMPUTED FROM DEFAULT
SOIL DATA BASE USING SOIL TEXTURE # 8 WITH BARE
GROUND CONDITIONS, A SURFACE SLOPE OF 2.% AND
A SLOPE LENGTH OF 150. FEET.
SCS RUNQOFF CURVE NUMBER = 90.80
FRACTION OF AREA ALLOWING RUNOFF = 0.0 PERCENT
AREA PROJECTED ON HORIZONTAL PLANE 1.000 ACRES
EVAPORATIVE ZONE DEPTH = 8.0 INCHES
INITIAL WATER IN EVAPORATIVE ZONE = 3.704 INCHES
UPPER LIMIT OF EVAPORATIVE STORAGE 3.704 INCHES
LOWER LIMIT OF EVAPORATIVE STORAGE = 0.928 1INCHES
INITIAL SNOW WATER = 0.000 1INCHES
INITIAL WATER IN LAYER MATERIALS = 8.140 INCHES
TOTAL INITIAL WATER = 8.140 INCHES
TOTAL SUBSURFACE INFLOW = 0.00 INCHES/YEAR

NOTE:

EVAPOTRANSPIRATION AND WEATHER DA

PLAINFIELD MASSACHUSETTS

STATION LATITUDE

MAXIMUM LEAF AREA INDEX

START OF GROWING SEASON (JULIAN DATE)
END OF GROWING SEASON (JULIAN DATE)
EVAPORATIVE ZONE DEPTH

AVERAGE ANNUAL WIND SPEED

AVERAGE 1ST QUARTER RELATIVE HUMIDITY
AVERAGE 2ND QUARTER RELATIVE HUMIDITY
AVERAGE 3RD QUARTER RELATIVE HUMIDITY
AVERAGE 4TH QUARTER RELATIVE HUMIDITY =

NOTE: PRECIPITATION DATA FOR PLAINFIELD

NOTE:

JAN/JUL

WAS ENTERED FROM THE DEFAULT DATA F

COEFFICIENTS FOR PLAINFIELD

TA

EVAPOTRANSPIRATION DATA WAS OBTAINED FROM

42
0

.8

10.
64.
65.

72

70.

ILE.

.00
.00
108
277
.0

60
60
00
.00
00

DEGREES

INCHES
MPH

%

%
%
3

MASSACHUSETTS

TEMPERATURE DATA WAS SYNTHETICALLY GENERATED USING

MASSACHUSETTS

NORMAL MEAN MONTHLY TEMPERATURE (DEGREES FAHRENHEIT)

FEB/AUG MAR/SEP APR/OCT

MAY/NOV

JUN/DEC



26.50 24.20 32.20
73.40 75.20 65.30
NOTE:

AND STATION LATITUDE

PLAINFIELD

SOLAR RADIATION DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR

MASSACHUSETTS

= 42.00 DEGREES

Fhdkhkkhkhhkhkhkhkhkdhhkhkhkdhrhhkhrdrrdbrhrhkhbrhkrddhdhhrhrhkhhkhbh bk kb kb hk b bddhkd ok drhdkrhdkkd ok ke

MONTHLY TOTALS (IN INCHES)

FOR YEAR 1977

PRECIPITATION 2
3

RUNOFF 0
0

EVAPOTRANSPIRATION 0
3

PERCOLATION/LEAKAGE THROUGH 1
LAYER 1 0

.21
.52

.000
.000

.554
.028

.5219
.3526

3.10 7.
4.75 7.
0.000 0.
0.000 0.
0.763 0.
3.642 3.
2.4718 6
1.228% 2

33
39

000
000

557
175

.3127
.8538

4.56 3.
6.32 5.
0.000 0
0.000 0.
2.991 2.
2.541 1.
4.0525 2
4.5558 2

93
40

.000

000

460
514

.479
.139

2.56
4.16

o

.000
0.000

.080
. 445

oN

3
0

o

.3194
.1925

[#8]
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ANNUAL TOTALS FOR YEAR 1977

PRECIPITATION

RUNOFF

EVAPOTRANSPIRATION

PERC./LEAKAGE THROUGH LAYER 1

CHANGE IN WATER STORAGE

SOIL WATER AT START OF YEAR

.750

.480085

0.000

8.140

200484.
0.000
86212.211
114272.711
0.000

29547.492

43.00

57.00



SOIL WATER AT END OF YEAR

SNOW WATER AT START OF YEAR

SNOW WATER AT END OF YEAR

ANNUAL WATER BUDGET BALANCE

8.140

0.000

0.000

0.0000

29547.

0.

0.

-0.

492

000

000

021

0.00

G.00

0.00
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MONTHLY TOTALS (IN INCHES)

FOR YEAR 1978

PRECIPITATION 12
2

RUNOFF 0
0

EVAPOTRANSPIRATION 0
3

PERCOLATION/LEAKAGE THROUGH 0.
LAYER 1 0

.84
.34

.000
.000

.604
.062

5434

.2625

0.67 2
6.34 1.
0.000 0.
0.000 0.
0.765 0
2.384 1.
0.17%2 13.
3.3939 0.

.77

14

000
000

.415

534

4203
2514

1.55
3.11

0.000
0.000

2.004
2.262

[3N]

. 7847
.2420

(@]

[oNe]

.97
.43

.000
.000

.457
.154

.598
.179

5.70
4.94

0.000
0.000

4.088
0.808

(o]

6
9

.6096
.8510

o
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ANNUAL TOTALS FOR YEAR 1978

PRECIPITATION

RUNOFF

EVAPOTRANSPIRATION
PERC./LEAKAGE THROUGH LAYER 1
CHANGE IN WATER STORAGE

SOIL WATER AT START OF YEAR

22.538

23.316563

1.945

8.140

173514.

0.

81814.

84639.

7060.

29547.

000

000

219

125

649

492

47.15

48.78



SOIL WATER AT END OF YEAR
SNOW WATER AT START OF YEAR
SNOW WATER AT END OF YEAR

ANNUAL WATER BUDGET BALANCE

.114

.000

.970

0.0000

22195.627

0.000

14412.515

0.007

0.

8.

0.

00

31

00
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MONTHLY TOTALS (IN INCHES)

FOR YEAR 1978

PRECIPITATION 12.29
5.37
RUNOFF 0.000
0.000
EVAPOTRANSPIRATION 0.730
4.246
PERCOLATION/LEAKAGE THROUGH 0.8978
LAYER 1 0.8238

2.96 4
6.65 4.
0.000 0
0.000 0
0.838 0
3.607 3
1.1005 ¢4
2.0010 2

.07

29

.000
.000

.930
.227

.5534
.5805

4.93 6
4.66 3
0.000 0
0.000 0
2.236 3
2.434 1
16.1521 3
2.3077 1

.78
.74

.000
.000

.939
.204

.270
.159

1
2

—

oo

.58
.30

.000
.000

.380
.463

.8105
.8514
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ANNUAL TOTALS FOR YEAR 1979

PRECIPITATION

RUNOFF

EVAPOTRANSPIRATION
PERC./LEAKAGE THROUGH LAYER 1
CHANGE IN WATER STORAGE

SOIL WATER AT START OF YEAR

36.508083

-2.122

6.114

216420.625
0.000
91599.656
132524.344
-7703.367

22195.627

.32

.23

.56



SOIL WATER AT END OF YEAR 7.963 28904.773

SNOW WATER AT START OF YEAR 3.970 14412.515 6.66
SNOW WATER AT END OF YEAR 0.000 0.000 0.00
ANNUAL WATER BUDGET BALANCE 0.0000 -0.014 0.00

A AR S A EEEE RS AR R RS RS AR R R R AR R R E R R R R R R R R RS S A AR R R R RS R
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MONTHLY TOTALS {IN INCHES) FOR YEAR 1980

PRECIPITATION 0.96 1.58 8.14 5.09 1.95 3.63
3.43 1.54 3.09 3.88 3.40 1.56

RUNOFF 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0.000

EVAPOTRANSPIRATION 0.494 0.478 0.818 1.565 2.862 1.801
3.550 2.201 2.956 1.759 1.228 0.737

PERCOLATION/LEAKAGE THROUGH 0.4244
LAYER 1 0.6536

o

.9014
.2107

>

.6877
.0640

o

.0494
.5565

o

.3651
.8258

o

.1648
.2165

(@]
o
(]
(]
o
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ANNUAL TOTALS FOR YEAR 1980

INCHES CU. FEET PERCENT
PRECIPITATION 3825 138847.484  100.00
RUNOFF 0.000 0.000 0.00
EVAPOTRANSPIRATION 20.448 74227.969 53.46
PERC./LERKAGE THROUGH LAYER 1 17.119667 62144.391 44.76
CHANGE IN WATER STORAGE 0.682 2475.142 1.78

SOIL WATER AT START OF YEAR 7.963 28904.773



SOIL WATER AT END OF YEAR
SNOW WATER AT START OF YEAR
SNOW WATER AT END OF YEAR

ANNUAL WATER BUDGET BALANCE

6.812

0.000

1.833

0.0000

24726.

0.

6653.

~-0.

441

000

474

021

0.00

4.79

0.00
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MONTHLY TOTALS (IN INCHES)

FOR YEAR 1881

PRECIPITATION 0.59
3.91
RUNOFF 0.000
0.000
EVAPOTRANSPIRATION 0.712
3.005
PERCOLATION/LEAKAGE THROUGH 0.3066
LAYER 1 0.2957

11.08 0
1.96 3
0.000 0
0.000 0.
0.483 1
2.699 2
4.5409 7
0.2377 0

.81
.74

.000

000

.079
.519

.8260
.2172

2.91
4.84

0.000
0.000

2.951
2.107
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.5928
.5383
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.34
.62

.000
.000

.485
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.985

2.59
~4.24

0.000
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1.022
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ANNUAL TOTALS FOR YEAR 1981

PRECIPITATION

RUNOFF

EVAPOTRANSPIRATION

PERC./LEAKAGE THROUGH LAYER 1

CHANGE IN WATER STORAGE

SOIL WATER AT START OF YEAR

0.000

23.847

13.350096

-0.567

6.812

154746.

0.

86563.

70240.

-2057.

24726.

922

000

156

844

105

441

55.94

45.39

-1.33



SOIL WATER AT END OF YEAR 6.651 24144.615

SNOW WATER AT START OF YEAR 1.833 6653.474 4.30
SNOW WATER AT END OF YEAR 1.427 5178.195 3.35
ANNUAL WATER BUDGET BALANCE 0.0000 0.021 0.00
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AVERAGE MONTHLY VALUES IN INCHES FOR YEARS 1977 THROUGH 1981

PRECIPITATION
TOTALS 5.78 3.88 4.62 3.81 4.19 3.21
3.71 4.25 3.93 4.56 3.32 3.44
STD. DEVIATIONS 6.23 4.15 3.08 1.53 1.72 1.57
1.09 2.40 2.27 1.20 1.43 1.44
RUNOFF
TOTALS 0.000 0.000 0.000 0.000 0.000 0.000

0.000 0.000 0.000 0.000 0.000 0.000

STD. DEVIATIONS

o
o
o

.000 .000 .000 .000 0.000 .000
0.000 0.000 0.000 0.000 0.000 0.000

o
o

EVAPOTRANSPIRATION
TOTALS 0.619 0.666 0.760 2.350 3.040 2.512
3.378 2.907 2.682 2.221 1.334 0.695
STD. DEVIATIONS 0.101 0.171 0.271 0.616 0.644 1.112

0.535 0.679 0.700 0.306 0.194 0.244

PERCOLATION/LEAKAGE THROUGH LAYER 1

TOTALS 0.7388 1.8387 7.3600 6.3263 1.5983 0.4529
0.4776 1.4145 1.1934 1.8401 1.0578 1.2565

STD. DEVIATIONS 0.4905 1.7234 3.6421 6.1258 1.2444 0.2559
0.2479% 1.3351 1.3962 1.7238 0.7087 1.1364
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AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS 1977 THROUGH 1981

INCHES CU. FEET PERCENT
PRECIPITATION 4871 ( 8.786)  176802.8  100.00
RUNOFF 0.000 ( 0.0000) 0.00 0.000
EVAPOTRANSPIRATION 23.163 ( 1.7930) 84083.45 47.558
PERCOLATION/LEAKAGE THROUGH 25.55490 ( 8.21193) 92764.281 52.46766
LAYER 1
CHANGE IN WATER STORAGE -0.012 ( 1.5060) -44.94 -0.025
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PEAK DAILY VALUES FOR YEARS 1977 THROUGH 1981

(INCHES) (CU. FT.)
PRECIPITATION 464 16843.199
RUNOFF 0.000 0.0000
PERCOLATION/LEAKAGE THROUGH LAYER 1 4.894302 17766.31640
SNOW WATER 15.05 54646.8750
MAXIMUM VEG. SOIL WATER (VOL/VOL) 0.4630

MINIMUM VEG. SOIL WATER (VOL/VOL) © 0.1160
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FINAL WATER STORAGE AT END OF YEAR 1981

LAYER (INCHES) (VOL/VOL)
1 6.6514 0.2771
SNOW WATER 1.427
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_ CALCULATION SHEET Page _1_of _3

SomaAT R Project No.: 20185
ENT: General Electric Company Prepared By: _KFP Date: 07-28-99
+ «OJECT: Pittsfield RD o lap -1999 Checked By:%_ Date: (3 -2.8-99

On-Plant Consolidation Areas
SUBJECT: Required Leachate Collection Pipe Wall Thickness Calculations

TASK:

1. Determine the required wall thickness for the 6-inch diameter HDPE ieachate collection pipe to withstand the maximum
compressive loading due to overburden pressure from the consolidation material and final cover.

REFERENCES:

1. "Detalled Work Plan for On-Site Consolidation Areas” drawings prepared by Blasland, Bouck, & Lee, Inc., dated July
1999,

2. Driscopipe Systems Design Guide.
3. "An Introduction to Geotechnical Engineering”, page 105, Holtz, R.D. (1981).

ASSUMPTIONS:

1. Coliection pipe is SDR 17, 6-inch diameter smocth walled perforated HDPE.

2. The consolidation material is a saturated silty sand and grave! having a wet density of 157 Ib/f° (Reference 3, pg 105).
3. The final cover system soil is a saturated silty sand and gravel having a wet density of 157 Ib/ft3 (Reference 3, pg 105).
4,

The total height of the soil mass above the pipe is 28 feet (Includes 27 feet of consolidation material and 2 feet of cap soil).
The pipe is surrounded by a loose crushed gravel.

~mcTHODOLOGY:

1. Determine the factor of safety (FS) of the selected SDR with respect to "wall crushing”.

2. Determine the acceptability of the selected SDR with respect to the manufacturer's recommended allowable “ring
deflection”.

3. Determine the factor of safety (FS) of the selected SOR with respect to "wall buckling".

DEFINITIONS:
SDR =17 Assumed SDR
Twe = 157-l—t; Wet density of consolidation material
ft
te =27f Thickness of consolidation material
-y57. b .
TwE =1 57-E Wet density of final cover soil

ty:=2.ft Thickness of final cover soil



CALCULATION SHEET Page _2_of _3

brorierthalibr bty Project No.: 20185
IENT: Genera] Electric Company Prepared By: _KFP Date: 07-20-99
. ROJECT: Pittsfield RD/RA Work Plan -1999 Checked By: Date:
On-Plant Consolidation Areas
SUBJECT: Re ate Collection Pi ic Calcul
CALCULATIONS:

1. Determine the FS for Wall Crushing
Calculate the total vertica! soil pressure at the top of the pipe (P,):

Ib
P‘:’wctc'l'watf Pt’3l.6‘—2
n

Calculate the actual maximum compressive stress in the pipe (S,):

_SDR- 1
S, = .

- B
P, Sp=2529—
n

According to Reference 2, pg. 37, the actual compressive yield strength of Driscopipe is:

Sact = 1500-?12 (Reference 2, pg. 37)
in
Caiculate the factor of safety (FS):
S act
~ FS e = — FS ye =593 <==0K
SA
2. | the a of the pl ith res i eflectio

Due to the "bridging" effect of the crushed stone used to backfill the collection pipe, the vertical elastic strain (i.e. - ring
deflection) experienced by the pipe will be equal to the vertical elastic strain experienced the granular fill due to the
overburden pressure of the consolidation material.

Calculate the granular fill vertical elastic strain (¢):
Py Ib
ei=— Where: E':= 1000-—2 (Reference 2, pg 38; assuming Soil Type |: crushed stone,
in loosely placed)
£€=3.2%

Allowable ring deflection (g,) for SDR 17 pipe is:
Eg "42% (Reference 2, Chart 27, pg. 38)
Therefore:

‘qrd
3.2%<4.2% <= OK


http:FSWC=5.93
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IR Pfﬁl.ct No.: 20185
CLIENT: General Electric Company Prepared By: _KFP_ Date: 07-28-99
PROJECT: Pittsfield RD/RA Work Plan -1999 Checked By: Date:

On-Pla idation Areas

SUBJECT: Required Leachate Collection Pipe Wall Thickness Caiculations

2. Determins the FS for Wall Buckling
Determine the pipe's modulus of elasticity (E) according to Chart 25 of Reference 2, page 37
E = 26500‘—"2 (With S 5 =252.9 lb—z ; and a Design Life = 50 years)
in in

Calculate the pipe's hydrostatic, critical-collapse differential pressure (P,):

= 222E P =125-2
3 ")
SDR in

Caiculate the critical buckling soil pressure at the top of the pipe (P.,):

P

1
- 2 b
Pep =08 (E'P) Pop=895—
in

Calculate the factor of safety with respect to wall buckling:
wh F—— FS,p =28

The recommended FS for wall buckling is:

FS whree =20 (Reference 2, pg. 38)
Therefore:
F§ wb>FS whrec
28>240 <== 0K
CONCLUSIONS:

The selected SDR 17, 8-inch diameter

pipe meets the manufacturer recommended design requirements, therefore, the selected
SDR is acceptable.
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Slope Stability Calculations



On-Plant Consolidation Area
Infinite Slope Analysis
Project # 201.85.003

7/29/99
Infinite Slope Analysis:
3H:1V p=184° where: ¢' = cohesion(psf)
v = unit weight (pcf)
FS = (c'/yd)secPcosecf + (tand/tanf) ¢ = angle of internal friction
B = slope angle
d = overburden thickness
Bentomat (GCL):
Interface between woven slit-film geotextile/textured HDPE geomembrane:
¢ =23° From Daniel, D.E., R.M. Koemer, R. Bonaparte, R.E. Landreth,
c¢'=0 D.A. Carson, and H.B. Scranton. “Slope stability of Geosynthetic

Clay Liner Test Plots.” Journal of Geotechnical and
Geoenvironmental Engineering, Vol. 124, No.7. pp 628-637.

FS =tan23°/ tan2.3

FS=10.6

[ex-net Ultra TN 3002/1620 (GDC):

Interface between needlepunched geotextile (polyester) / textured HDPE geomembrane:
$=21° From Geosynthetics ‘93 - Vancouver, Canada. “Use of Increased
c' =50 psf Frictional Resistance in Landfill Liner System Design and
d=2 Construction” E.D. Chiado and S.D. Walker (pp. 1215-1228).

FS = (50/(125*2))sec18.4cosec18.4 + (tan21°/tan18.4°)
FS=0.67+1.15
FS=1.82


http:0.67+1.15
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Available Literature on Geosynthetic Materials
Resistance to Frost Damage



Chamberlain, E.J., Erickson, A.E., and C.H. Benson, “Frost Resistance of Cover and Liner
Materials for Landfills and Hazardous Waste Sites,” US Army Corps of Engineers, CRREL,
December 1997.
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Abstract: The common method of preventing the con-
tamination of groundwater by landfilis and hazardous
wasle is o encapsulate the waste material in a com-
pacted clay liner and cover system. The frost resis-
tance of compacted clay in landfills has been the sub-
Ject of controversy for many years. Laboralory studies
have frequently shown that freezing and thawing sig-
nificantly increase the hydraulic conductivity of com-
pacted clay soils. However, there has not been any
comoboraling field evidence. This study more closely

on the hydraulic conduclivity of two compacted natu-
ral clay soils, one compacied sand-bentonite mixture.
“and three geosynthetic clay liners (GCLs) were exam-
ined. Both field and laboratory tests were performed
on these materials. The field test site consisted of five
test pads (four of clay and one of sand-bentonite),
and nine test pans containing three different GCLs.
Results showed that freeze~thaw caused large in-
creases (greater than 1000 x) in hydraulic conductiv-
ity in compacted natural clay, but Tittle measurable

examines this problem, and identifies cover and liner

change in hydraulic conductivity of The GCLs or The

materials that would be fros! resistant to increase con-
struction productivity and save costs under a CPAR
(Construction Productivity Advancement Research)
cooperative agreement between CRREL and five pri-
“ vate companies. The effects of freezing and thawing

sand-bentonite mixture. GCLs and sand-bentonile
mixtures are suitable frost resistant substitutes for
compacted clay soils. Considerable cost savings can
result if compacted clay soils are replaced with GCLs
or sand-bentonite mixtures.
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EXECUTIVE SUMMARY

The common method of preventing the con-
tamination of groundwater by landfill and haz-
ardous waste is to encapsulate the waste material
in a compacted clay liner and cover system. The
Environmental Protection Agency has proposed
guidelines for the design of disposal sites under
their jurisdiction. These guidelines generally call
for a system of components, including com-
pacted clay layers and geosynthetic membranes,
encapsulating the waste material. The EPA
usually requires that the hydraulic conductivity
of the compacted clay be less than 1 x 10 - cm/s
and that the clay be protected from freezing.

The frost resistance of compacted clay covers
and liners for landfills and hazardous waste sites
has been the subject of controversy for many
years. Laboratory studies have frequently shown
that freezing and thawing significantly increase
the hydraulic conductivity of compacted clay
soils. However, there has not been any corrobo-
rating field evidence. Moreover, when “undis-
turbed” samples from clay liners, which have fro-
zen and thawed in the field, have been examined
in the laboratory. little or no change in hydraulic

conductivity has been observed. Nonetheless, the
persistent laboratory evidence has led the EPA
and many other regulatory agencies to set guide-
lines requiring frost protection for compacted
clay covers and liners. The cost and questionable
necessity for the frost protection have resulted in
considerable controversy among regulators, de-
signers, and owners of landfills.

This study more closely examines this prob-
lem. Since the overwhelming evidence in the lit-
erature convinced us that careful study in the lab-
oratory and in the field would confirm that frost
action was a problem for compacted clay soils,
we decided to also look at alternatives to the stan-
dard clay cover and liner materials. The ultimate
purpose of this study was to identify cover and
liner materials that would be frost resistant, or
find a way to make frost-susceptible materials
frost resistant, and at the same time Increase cop-
struction productivity and save costs.

We developed a field and laboratory program
under a CPAR (Construction Productivity Ad-
vancement Research) cooperative agreement be-
tween CRREL and five private companies

involved in the waste management field. The lead
in the private sector was taken by CH2M Hill, Inc.,
a leading consulting engineering firm in the envi-
ronmental geotechniques field. The other partners
included WMX, Inc.. one of the largest owners
and operators of landfills in the U.S., and James
Clem Corporation, Colloid Environmental Tech-
nologies Company, and Gundle Lining Systems,
Inc., three companies that produce GCL (geosyn-
thetic clay liner) systems and promote their use as
alternatives to compacted clay soils.

We examined the effects of freezing and thaw-
ing on the hydraulic conductivity of two compacted
natural clay soils, one compacted sand-bentonite
mixture, and three GCLs. These materials were
tested both in the field and laboratory. A field test
site was constructed at a WMX, Inc., landfill near
Milwaukee, Wisconsin. The field test site consisted
of five test pads (four of clay and one of sand-
bentonite), and nine test pans containing three dif-
ferent GCLs.

Results of the investigation showed that
freeze-thaw caused large increases (greater than
1000x) in the hydraulic conductivity of compacted
natural clay, but little measurable change in the
hydraulic conductivity of the GCLs or the sand-
bentonite mixture. This study also showed that

past soil sampling and laboratory testing practices
were probably errant in their findings that freez-
ing and thawing did not damage compacted clay
soils. Test samples of clay taken with the standard
thin-walled tube samplers showed little or no
change in hydraulic conductivity after freezing
and thawing, while carefully carved block sam-
ples and samples taken while the clay was frozen
with a special coring auger showed the large in-
creases in hydraulic conductivity after freezing
and thawing.

The findings show that GCLs and sand-
bentonite mixtures are suitable frost-resistant

substitutes for compacted clay soils. The cost of a

GCL liner in place is approximately the same as 2
ft (0.6 m) of compacted clay, and a sand-bentonite
liner may cost a little more, so there are little cost
savings associated just with the material purchase
and placement. However, considerable cost sav-
ings can result if compacted clay soils are replaced
with GCLs or sand-bentonite mixtures. These



result from the elimination of the cost of the con-
struction of the frost protection layer and the
added value of the increased storage space result-
ing from the elimination of the frost protection
and compacted clay layers. In much of the highly
populated areas of the U.S., these cumulative cost
savings can exceed $200,000 per acre or
$4,000,000 for a typical 20-acre disposal site
($494,000/ha or $4,000,000 for an 8-ha site) and
represent 3 to 16% of the fixed costs.

vi

This report chronicles the work accomplished
and the findings. Appropriate laboratory freezing
test methods are discussed, as are the field sam-
pling methods. Contour maps are provided to
show the thickness of frost protection required
for compacted clay covers. The potential cost sav-
ings obtainable using GCLs and sand-bentonite
in place of clay are also given.



course, is the increase caused by the chlorine
bleach. The consequences of those results are im-
portant reminders of the care required in conduct-
ing tests on GCLs and in using them in landfills.

GCL field test pond test results

The three ponds constructed in 1992 did not
have working seepage collection systems because
of unrepairable leaks in the leachate collection sys-
tems. Nonetheless, some useful observations were
made of how they held water. When constructed,
each pond had a seam and a slice that was located
over the seepage collection system. The slice was
placed to investigate the effectiveness of self-
healing of the bentonite in the GCL after freezing
and thawing.

The slice in the Gundseal product allowed a
high rate of seepage immediately upon filling of
the pond. Initial attempts to fill the Gundseal GCL
pond showed that it would not hold water. The
sliced area was uncovered, and the slice was found
to have widened from a slit to roughly 1.5 ecm
across. It appears that after the warm HDPE was
buried and water was added, it cooled and subse-
quently contracted, causing the slice area to open,
allowing water to seep out. A 10-cm-wide Gund-
seal GCL patch strip was placed over the slice, and
the gravel cover was replaced. After the patch was
placed. the pond retained water.

The pond lined with Bentomat GCL did not
hold water soon after construction. We found that
some seams were constructed without sufficient
bentonite in the overlap. An attempt to excavate
and repair the seams was made, but it was ineffec-
tive, and the pond continued to leak.

The Claymax GCL pond held water for the sum-
mer of 1993 (the summer after the first winter), but
did not hold water after the second winter. A rea-
son for this change could not be found.

The three GCL pond studies reveal some of the
problems of conducting field studies with GCL
barrier systems. Because the hydraulic conductiv-
ity of the hydrated GCL is so low, no leaks in the
leachate collection system can be tolerated. Fur-
thermore, these studies show the limitations of
using the GCL systems under field conditions. Any
imperfections in the seams or stress on cuts or
defects can lead to significant leaks.

COST SAVINGS USING GCLs

Cost savings rationale
We have shown that the hydraulic conductivi-
ties of both GCLs and sand-bentonite mixtures,

16

under ideal conditions in the laboratory and in the
field, are not adversely affected by freezing and
thawing. This is in sharp contrast to the behavior of
compacted clay soils. Thus, there appears to be an
advantage of using a GCL or a sand-bentonite mix-
ture in place of a compacted clay in that much of
the frost protection layer can be eliminated. How-
ever, the advantages of using sand-bentonite mix-
tures are not so great as using the GCL systems.
With sand-bentonite mixtures, costs will be saved
by eliminating the frost protection layer, but costs
will also increase because bentonite clay and the
bentonite with sand will have to be purchased. The
sand-bentonite mixtures require 10 to 20 times as
much bentonite as there is in a GCL system, and the
mixture must be very uniform, as any regions of
low bentonite content can be a path of low resis-
tance for water flow. Thus, special equipment is
needed to thoroughly mix the sand, bentonite, and
water prior to its being compacted in place.

Thus, the advantage of using a GCL in place of a
compacted clay soil is not just in the frost resis-
tance, but it is also in the cost savings resulting
from the elimination of much of the frost protection
layer and from the increased storage capacity for
waste material achieved. Geosynthetic clay liner
systems can cost in place about the same as com-
pacted clay liners, depending on the local price of
compacted clay. Therefore, there may not be any
savings in the hydraulic barrier itself. It is the expe-
rience of the second author (AEE) that a GCL liner
may cost more or less in place than a compacted
clay layer, generally a little more. So, for this dis-
cussion, we assume that the costs are the same.

With a GCL, all but about 1 ft (0.3 m) of the soil
normally required for the frost protection layer can
be eliminated. Some soil is still needed above the
cover barrier as a medium to grow grass and to
protect the GCL from mechanical and ultraviolet
damage. This layer is still protective, but its pri-
mary enemy is not frost. The GCLs are also much
thinner than the compacted clay layer for which
they can be substituted: the hydrated GCL is about
0.5 in. (13 mm) thick and the normal compacted
clay layer is 2 ft (0.6 m) thick. Figure 15 schemati-
cally illustrates the increased storage capacity
gained by the elimination of the compacted clay
and most of the frost protection layer.

Frost protection layer thickness required
for a compacted clay barrier

We first determined how much frost protection
is required over the U.S. We used a freezing index
map from TM 5-818-2, Pavement Design for Seasonal
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Figure 15. Increased storage space resulting from the
use of a GCL and the elimination of the frost protection
layer.

Frost Conditions (U.S. Army 1985), which shows
contours of freezing index for the coldest year in
10 years of record or the 90t percentile (Fig. 3-1
and 3-2 in TM 5-818-2). Examination of longer
records of freezing index data showed that using
a 95'h or greater percentile did not result in a sig-
nificantly greater freezing index.

The thickness of frost protection required to
prevent frost from penetrating into the hydraulic
barrier was determined using the freezing index
data in a frost depth model developed at CRREL
(Aitken and Berg 1968). We assumed that a silt
soil would be used as a frost protection layer, that
the density of this layer would be about 110 lb/ft?
(758 kPa), that the water content would be 17%,
and that the surface would have a grass cover.
The resulting map showing contours of equal
frost protection layer thickness is given in Figure
16. It can be seen that the range of frost protection
required is 1-6 ft (0.3-1.8 m) in the U.S., with any-
where between 1 and 3 ft (0.3 and 1 m) of frost
protection being required over the highly popu-
lated northern regions of the U.S.

Calculation of potential cost savings
using a GCL liner system

Cost of frost protection
We have calculated these potential cost savings
for different regions of the U.S. Our calculations
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assume that only 1 ft (0.3 m) of cover soil is
needed as the medium in which to grow grass
and any remaining space gained by eliminating
the frost protection layer can be used to store
waste material. This means that only 1 ft of pro-
tective soil cover is required everywhere. This 1 ft
of soil thickness could only be used if a shallow-
rooted grass was the turf cover, and if there was
assurance that burrowing animals would notbe a
problem. Our calculations also assume that all of
the space gained by eliminating a compacted clay
layer and using a GCL layer can be used to store
waste material, the thickness of the GCL being
insignificant. We assume that the cost of obtain-
ing, excavating, hauling, placing, and compact-
ing fill for a frost protection layer would cost $10/
yd? (§13/m?). That figure is an average for several
projects at CH2M Hill.

Value of storage space

The value of the storage space gained by using
a GCL in place of a compacted clay layer was esti-
mated from data published by the National Solid
Wastes Management Association (Repa 1990).
Table 4 summarizes data taken from this report
for five studies of landfills with clay or clay-
composite cover systems. Only the early devel-
opment, construction, closure, after-closure and
other costs, such as interest on borrowed money
and profit, are included in this cost estimate. The
operating costs, which do not add value to the
storage space, are not included. The lower right
corner of Table 4 shows that the average value of
the storage space for the five studies is about $21/
ton ($19/tonne) of waste.

Calculation of cost savings

To calculate the cost savings achieved by using
a GCL in place of a compacted clay liner, we
assumed the cost of the frost protection layer to be
$10/yd® ($13/m3) and the value of the storage
space to be $21/ton ($19/tonne) of waste. The
density of the waste is assumed to be 40 lb/f¢
(276 kPa). On an acre-foot basis, the cost of the
frost protection then is about $16,000/acre-ft
($13/m?) and the value of the waste fill space is
about $17,500/acre-ft ($14/m3).

The estimated resulting cost savings are given
in Table 5 for the range of 1-6 ft (0.3-1.8 m) of frost
protection. Under the fourth column heading, we
can see that the cost savings attributable to the
reduction in thickness of the protective cover rang-
es from $0 across middle latitudes of America to
$80,000/acre ($200,000/ha) in the north-central



Figure 16. Thickness of protective soil layer required for compacted clay covers.

Table 4. Analysis of the value of waste storage space.

Cost of storage space ($1000)

Glebs* Glebs* SCS* SCs* Dell*  Average for
Category 1988a 1988b 1989 1980 1989 five studies
Before development 2,785 §92 7,260 6,681 891 3,642
Construction 8,728 5,690 25,565 77,810 4,171 24,413
Closure 2,475 147 2.452 9,777 1315 3233
After closure 9,120 1,835 5,526 5,526 7.500 5,901
Other! 7.150 407 69,949 119,369 0 39,375
Total fixed costs™* 30,258 8,671 110,752 219,263 13,877 76,564
Capacity (million tons} 2.86 1.42 6 54 2.6 37
Capacity (10% kg) 2.59 1.29 54 49 24 34
Size (acres) 74 50 80 80 14.7 59.7
Size (ha) 30 20 32 32 59 24.2
Fixed costs ($/ton) 10.58 6.11 18.46 40.60 5.34 20.94
Fixed costs ($/tonne) 9.60 5.54 16.74 38.62 484 18.99
Fixed costs ($1000/acre) 409 173 1,384 2,741 944 1,282
Fixed costs ($1000/ha) 1,010 428 3.421 6,775 2,333 3,169

* From Repa (1990).
t Includes interest on debt, profit, etc.
** Excludes operating costs

Canadian border region. Under the fifth column
heading is shown a cost savings of about $35,000/
acre ($87,000/ha), attributable to the increased
storage space caused by the reduction in thick-
ness of the hydraulic barrier, even when there is
no decrease in the thickness of the protective layer.
Also under the fifth column heading in Table 5, we
can see that, for the most northern part of the U.S.,
the cost savings attributable the increased storage
space exceeds $70,000/acre ($173,000/ha) of
landfill. The cost savings range from $35,000/ acre
($87,000/ha) to $123,000/acre ($304,000/ha) for
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the region of the U.S. normally requiring 1-6 ft
(0.3-1.8 m) of frost protection. Under the sixth
column heading, we see that the total cost saving
is greater than $100,000 in the populated regions
of the northern States and that it can exceed
$200,000/acre ($504,000/ha). Finally, under the
last column heading it is shown that the cost sav-
ings for a 20-acre (8-ha) landfill can be $2,000,000
in a region just by eliminating 2 ft (0.6 m) of frost
protection and using a GCL hydraulic barrier sys-
temn in place of a compacted clay barrier.

The cost savings in terms of the total fixed costs



This study has also shown that the hydraulic
conductivity of sand-bentonite mixtures can be
resistant to freeze-thaw if the sand is uniformly
mixed with an adequate amount of bentonite. Thé

hydraulic conductivity in the sand-bentonite test—

pad appeared to remain unchanged after two win-
_ters of freezing. The sand-bentonite test pad also
showed no visible cracks. However, the perfor-
mance of the sand-bentonite is very sensitive to
incomplete mixing of its ingredients. Further
study of the effect of freeze-thaw, with sufficient
control to ensure uniform mixing of the sand and
bentonite, should be undertaken. In addition, con-
ditions that limit the problem of piping of bento-
nite should also be explored.
The test results show that the hydraulic conduc-
tivity of the GTL materials is also Irost resistant,
with hydraulic conductivities remaining below 1 x

0% cm/s atter freezing and thawing. However,
there is some uncertainty about the performance
of seams. the sealing of construction damage
(cuts), and the effects of the water quality on the
hydration of the bentonite in the GCL materials.
Additional large-scale field tests are needed to fur-
ther examine these problems and toc develop spe-
cific construction guidelines and methods for the
use of GCLs.

The cost benefits of using GCL hydraulic barri-
ers in place of compacted clay barriers are signifi-
cant. These benefits result from the elimination of
the soil required for frost protection above the
hydraulic barrier and from the decrease of the
thickness of the hydraulic barrier. The value
added to a waste disposal site by substituting a
GCL for a compacted clay layer can exceed
$200,000/acre ($494,000/ha) or nearly 16% of the
fixed costs of the disposal site.

Finally, this study has shown that the sampling
and test methods are important for forensic analy-
sis of frost damage to the hydraulic conductivity
of compacted clay liners. The conventional thin-
walled tube sampler is not acceptable for frost-
damaged soils, as it compresses the soil and masks
the damage. Furthermore, the hydraulic conduc-
tivity test cannot be done at high stress levels. The
stress level must be commensurate with the in-situ
stress. For a cover system, the maximum effective
stress in the hydraulic conductivity test should not
exceed 2 1b/in.? (13.8 kPa).
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HYDRAULIC CONDUCTIVITY OF GEOSYNTHETIC CLAY LINERS
AFTER FREEZE-THAW

By Robert D. Hewitt' and David E. Daniel’

ABSTRACT:

Hydraulic conductivity tests were performed in large tanks on intact (single panel) and overlapped

samples of three geosynthetic clay liners (GCLs) that had been subjected to freeze-thaw cycles. The compressive
stress applied to the GCLs (7.6-12.4 kPa) was selected to simulate final cover systems for landfills. Laboratory
flexible-wall permeameter tests were also performed. With the exception of one overlapped GCL, all three GCLs
withstood three freeze-thaw cycles without a significant change in hydraulic conductivity. An overlapped, geo-
textile-encased, stitch-bonded GCL did undergo a 1,000-fold increase in hydraulic conductivity after one freeze-
thaw cycle, but the overlapped area contained stitches, which are left off the edges of the full-sized material
that is deployed in the field. In general, the tests showed that GCLs can withstand at least three freeze-thaw

cycles without significant changes in hydraulic conductivity.

INTRODUCTION

Geosynthetic clay liners (GCLs) are thin hydraulic barriers
containing 5 kg/m® (1 Ib/ft*) of sodium bentonite, sandwiched
between two geotextiles or attached with an adhesive to a geo-
membrane (Daniel and Estornell 1991; Daniel 1991, 1993;
Daniel and Boardman 1993; Koerner 1994). GCLs are man-
ufactured in panels and are installed by unrolling and overlap-
ping the panels. Overlaps self-seal when the bentonite hydrates
(Estornell and Daniel 1992). Geosynthetic clay liners are re-
ceiving increased use in bottom liners for landfills and im-
poundments (Schubert 1987; Daniel and Koerner 1991,
Trauger 1991, 1992; Clem 1992), in final covers for landfills
and remediation projects (Koerner and Daniel 1992; Daniel
and Richardson 1995; Woodward and Well 1995), and as a
liner for secondary containment around liquid storage tanks
(Brunton 1991).

An important issue on some projects is whether freeze-thaw
affects GCLs, either during or after construction. Freeze-thaw
causes moisture migration, cracking, and increased hydraulic
conductivity in natural clays and siits (Chamberlain and
Gow 1979; Konard 1989). As discussed by Othman et al.
(1994), compacted clay liners are vulnerable to damage from
freeze-thaw (Chamberlain et al. 1990; Zimmie and LaPlante
1990; Zimmie 1992; Chamberlain 1992; Othman and Benson
1992, 1993; Kim and Daniel 1992; Benson and Othman 1993;
Bowders and McClelland 1994).

—Bentonite appears to be less vulnerable to freeze-thaw dam-

_age_than other types of soil. Wong and Haug (1991) found
that the hydraulic conductivity of compacted sand-bentonite
mixtures did not increase after five freeze-thaw cycles. Pub-
lished information on the effects of freeze-thaw on GCLs are
summarized in Table 1. All tests summarized in Table 1 were
performed on small (~100 mm diameter) test specimens with-
out overlaps. The hydraulic conductivity after freeze-thaw has
been found to be approximately the same as before freeze-
_thaw (Table 1). The ability of GCLs to withstand freezc-thaw
is apparently the result of the swelling and self-sealing char-
acteristics of bentonite.

Only one published case involving field performance of
GCLs could be found in the literature. At a location near Mil-
waukee, Wisconsin, Erickson et al. (1994) placed three GCLs
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2prof. of Civ. Engrg., Univ. of Illinois, Urbana, IL 61801.
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No. 4, April, 1997. ©®ASCE, ISSN 1090-0241/97/0004-0305 -0313/$4.00
+ $.50 per page. Paper No. 12291.

(with and without overlaps) over an underdrain system and
covered them with 250 mm of gravel. The GCLs went through
one winter of freeze-thaw. In general, the hydraulic conduc-
tivity of the GCLs underwent little or no change. Of the nine
tests, the one that produced the greatest seepage was beneath
an overlap of a geotextile-encased, stitch-bonded GCL; bcfore
freeze-thaw, the average hydraulic conductivity was 3 X 107"
mJ/s, and after freeze-thaw, the hydraulic conductivity was 4
X 107 ms.

The purpose of this study was to perform carefully con- .
trolled tests to evaluate the effect of several freeze-thaw cycles
on the hydraulic conductivity of GCLs. Tests were performed
on small-scale samples of the parent GCL materials in the
laboratory, and large-scale tests were performed on the parent
materials and on overlapped panels of GCLs. Conclusions are
drawn concerning the hydraulic integrity of GCLs subjected
to freeze-thaw cycles.

EFFECTS OF FREEZE-THAW ON SOILS
Mechanisms

As the temperature drops below 0°C, soil begins to freeze
and ice crystals nucleate in the center of the largest pores of
the soil. Water outside the larger pore spaces freezes at lower
temperatures; capillary forces acting on the surface of the soil
particles and electrolytes in the pore water depress the freezing
point of the pore water. Konrad (1989) found that free water
in the pore space froze at —0.4°C to —0.7°C; this zone where
freezing is actively occurring consists of soil particles, ice, and
water. As water changes to ice, it increases in volume by about
9% due to the expansion of the hexagonal ice crystals. Ice
crystals exert pressure on each other and the surrounding soil
(Andersland and Anderson 1978), inducing structural changes
within the soil.

If the temperature remains below 0°C, the freezing front
advances into the soil. Water is drawn to the freezing zone
from the unfrozen soil (Tsytovich 1975). As water moves to
the freezing front, it crystallizes onto existing ice, forming ice
lenses oriented parallel to the freezing front. The size and
spacing of ice lenses depend on the relative magnitude of the
availability of water and the freezing rate (Andersland and
Anderson 1978).

The term open system refers to the presence of an external
water supply available to the soil during freezing. Likewise,
when soil is isolated from external sources of water, freezing
is said to occur in a closed system. Experiments with closed-
systemn freezing verify that water contents increase in the fro-
zen zone and decrease in the unfrozen zone (Benson and Oth-
man 1993), indicating that moisture migration occurs within
the soil. Whether the system is open or closed appears to have
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of barrier material, better withstand the effects of freeze-thaw
than ordinary compacted clay liners. With few exceptions, all
of the data at laboratory, bench, and field scales indicate that
most GCLs can withstand freeze-thaw cycling without under-
going a significant increase in hydraulic conductivity.

GCLs may be exposed to freeze-thaw during construction
or, if they are located near the ground surface (e.g., in a landfill
cover system), during service. Construction-related freeze-
thaw should not be of much concern; the data consistently
show that most GCLs can withstand several freeze-thaw cycles
without damage.

An important issue is whether it is appropriate to design a
final cover system that locates a GCL in the freeze-thaw zone.
Although there is a high probability that a GCL subjected to
repeated freeze-thaw cycles over a long period of time would
continue to function effectively, too few data are available to
demonstrate long-term hydraulic integrity conclusively. It ap-
pears that the most appropriate design approach is to assume
that the GCL will probably remain undamaged by freeze-thaw
but to recognize that there is a risk of long-term damage. In
many situations, the GCL is placed beneath a geomembrane,
and the effect of increased hydraulic conductivity of the ben-
tonite in a GCL on the overall performance of the system (if
any) would not be very large. Also, in many situations, the
final cover has a specific design life during which time leach-
ate is collected from the underlying waste; again, the effects
of an unexpected, increased hydraulic conductivity would not
be large. In some situations, the consequences of increased
hydraulic conductivity in the bentonite component of a GCL
as a result of possible freeze-thaw damage might be severe, in
which case the designer would be encouraged to locate the
GCL below the freeze-thaw zone.

One special case warrants discussion. Some GCLs are de-
signed with the bentonite sandwiched between two geomem-
branes with the intent of keeping the bentonite essentially dry,
except at locations of leaks in the geomembrane or its seams.
Dry GCLs are not damaged by freeze-thaw because of the
tremendous swelling and self-healing ability of bentonite when
it hydrates. For instance, Shan and Daniel (1991) showed that
large punctures made in dry GCLs self seal when the bentonite
hydrates. If a GCL is used in a situation where the bentonite
can reasonably be expected to remain dry, there should be no
concern about the effects of freeze-thaw upon the hydraulic
integrity of the dry bentonite.

CONCLUSIONS

The objective of this study was to assess the impact of
freeze-thaw cycling on the hydraulic conductivity of GCLs.
Hydraulic conductivity tests were perfonmed on_intact and
overlapped GCLs that_were subjected to up to three freeze-
thaw cycles. Three commercial GCLs were tested.

The geotextile-encased, needle-punched GCL that was
tested maintained a low hydraulic conductivity (<1 X 107° m/
s, which is a common regulatory maximum) even after three
freeze-thaw cycles. Neither the parent GCL material nor over-
cycles

Results of tests on a geotextile-encased, stitch-bonded GCL
were different for the parent material and overlapped panels
of the material. The parent material was essentially unaffected
by three freeze-thaw cycles and maintained a low hydraulic
conductivity (well below 1 X 107° m/s) even after freeze-thaw.
Overlapped panels of this type of GCL were affected by
freeze-thaw and underwent approximately a 1,000-fold in-
crease in hydraulic conductivity (final value after freeze thaw
~ ] X 1077 m/s). However, the test panels contained stitching
in the overlapped area. The manufacturer leaves the edges of
full-sized panels unstitched so that overlapped zones will not

contain stitching. It is possible that the stitching may somehow
have influenced the results of these tests, although Erickson et
al. (1994) found similar results in field-scale tests on larger
panels. Larger-scale tests are recommended to evaluate the is-
sue of stitches in the overlap.

No outflow occurred from overlapped panels of the geo-
membrane-supported GCL. Due to the presence of the geo-
membrane, flow could only occur through the overlapped area
or the edge seal. The bentonite in the overlap was hydrated
about 50 mm into the 225-mm-wide overlapped seam.
Freeze-thaw cycling did not alter the hydraulic integrity of the
overlap. A sample of the bentonite component of this GCL
tested in a flexible-wall permeameter did not undergo any in-

crease in hydraulic conductivity after freeze-thaw cycling.

" tis concluded that under the conditions of these tests, most

GCLs (intact and overlapped panéls) can withstand at least
three freeze-thaw cycles without undcrgomg a sngmﬁcam in-
crease in hydraulic conductivity.

"The reader is cautioned not to inappropriately extrapolate
the results of these tests. The tests were performed under care-
fully controlled conditions in laboratory devices at a compres-
sive stress of about 8 kPa. The GCLs were subjected to only
three freeze-thaw cycles, and the conditions of freeze-thaw
were not superimposed with other environmental stresses (e.g.,
differential settlement and desiccation). The data in this paper
will hopefully provide useful information, but ultimately, field
data are needed to understand how GCLs perform in the field.
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RESILIENCY OF DIFFERENT CLAY MINERAL-BASED HYDRAULIC-BARRIER
MATERIALS TO CLIMATIC AND OTHER ENVIRONMENTAL STRESSES

by John H. Hull, P.E., D.E.E., Joseph M. Jersak, Ph.D., CPSS

ABSTRACT: The processes of wetting-drying and/or freeze-thaw have the potential for
substantially reducing the efficacy of clay mineral-based hydraulic landfill barriers. These
climatically induced stresses can result in an increase in hydraulic conductivity due to
alteration of soil-structural fabric and the development of secondary porosity, largely
through crack formation. The inherent ability of a clay mineral-based barrier material to
“heal" from physical alterations over the short term (one climatic stress cycle) and long term
(many cycles), that is, its resiliency, will depend primarily on the type and amount of clay
minerals present, as well as factors related to material construction. Through considering a
variety of laboratory and field-derived data, the relative resiliencies of different types of clay
mineral-based hydraulic-barrier materials to climatic and other environmental stresses were
examined and qualitatively compared within the context of their usage within landfill liner
and cover systems. Clay mineral-based barrier materials considered in this study include
geosynthetic clay liners, compacted clayey soils, and a composite aggregate particie
system. The overall short- and long-term efficacy and practicality of the clay mineral-based
barrier materials was also considered in terms of relative resistance to erosion and
destruction by burrowing animals, inherent ability to attenuate dissolved contaminants,
adaptability to chemical/mineralogical modification for particular waste-attenuating needs,

ease of deployment, level of quality assurance needed to insure adequate deployment, and
cost.

INTRODUCTION

Clay mineral-based hydraulic barriers can be key components of engineered landfill liner or
cover systems. The principal functions of hydraulic landfill barriers are to:

o minimize the rate and extent of leachate movement from the landfill and to facilitate
removal of leachate via a leachate collection system, or

« minimize the rate and extent of infiltration of precipitation and other surface waters
into the landfill, thereby minimizing leachate generation

RCRA Subtitle D regulations have established performance standards for the permeability
of barrier components of liner and cover systems in landfills at hydraulic conductivities
values of equal to or less than 1 x 10-7 cm/sec (USEPA 1991). In addition to minimizing
flow, other (non-regulated) characteristics inherent to hydraulic-barrier materials, such as
their ability to attenuate mobile contaminants or their long-term resiliency to physically and
climatically induced stresses, will also dictate the success of a given barrier material in
performing its stated function.

Hydraulic barriers can be comprised of a variety of naturally occurring and/or synthetic
materials, separately, or in combination. Primarily because of their inherently low hydraulic
conductivities, availability, and constructability, clay mineral-based earthen materials, either
in the form of compacted clayey soils (CCLs) or as a component in manufactured
composite liners (e.g., geosynthetic clay membranes, or GCLs), are commonly used in
landfills as part of liner or cover systems. Clay mineral-based barrier material has also been
used as a principal component of subaqueous liner systems in surface-water
impoundments and lagoons.

The overall effectiveness of clay mineral-based barriers in maintaining acceptably low
hydraulic conductivities depends on the material's ability to retain its physical integrity and
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The expected effectiveness of a given clay mineral-based barrier material was evaluated
within the context of its use as a component of either a landfill liner or cover system. This
was done through qualitatively reconciling a material's inherent resiliency and construction
with its expected response to various environmental stresses uniquely related to each
landfill usage scenario. In particular, the following hypothetical question was posed for each
type of clay mineral-based barrier as it would exist within either a liner or cover system: "in
response to a given environmental stress (e.g., wetting-drying), what is the potential for the
effectiveness of the barrier material to be reduced because of its inherent level of resiliency,
the nature of its construction, or both?" A reply of "low", "medium®”, "high", or "not
applicable" is then applied, which indicates the potential for reduced barrier effectiveness
relative to that likely displayed by other barrier materials under the same stress.

The environmental stresses that a barrier material may be exposed to will depend on the
usage scenario being considered as well as the phase of barrier-system construction (i.e.,
during and after). Seasonal exposure of clay mineral-based barrier materials to freeze-
thaw and wetting-drying processes were of primary interest in this study. However, other
environmental stresses are also considered herein and include:

burrowing animals
overburden pressure
differential settiement
water erosion

In addition to considering the effectiveness of different barrier materials in either liner or
cover systems under various environmental stresses, an evaluation was also completed
(both qualitative and relative) of the additional effects that versatility and deployment-
related factors may have on the efficacy and overall usability a given barrier material within
liner or cover systems. These additional factors include:

ability to attenuate contaminants

adaptability to site-specific, contaminant-attenuation needs

level of quality assurance required for adequate deployment

availability of barrier material

seasonal restrictions on barrier deployment

volume of barrier material upon deployment

potential for loss of facility operations during barrier deployment and maintenance
relative cost

RESULTS AND DISCUSSION

Inherent Resiliencies of Barrier Materials to Climatical Stresses

As stated previously, numerous laboratory studies have been conducted to evaluate freeze-
thaw effects on a variety of clay mineral-based barrier materials. Results of representative
studies using GCLs and CCLs are summarized in Table 2. In contrast, few such studies,
with the exception of those involving GCLs (Shan and Daniel 1991, USEPA 1996,
Boardman 1993), appear to have been conducted to date on clay barrier response to
wetting-drying effects. Instead, wetting-drying affects on barrier materials appear to have
been evaluated primarily within field situations, and mostly through visual inspection.
Finally, research is currently being conducted into the inherent resiliency to freeze-thaw and
wetting-drying of the composite aggregate particle system (CAPS). Laboratory information
available to date for this particular barrier material is presented.

Resiliency to Freeze-Thaw Stress
Short- and long-term cyclic effects of freeze-thaw stress on the hydraulic conductivity and
physical structure of clay mineral-based hydraulic-barrier materials, as determined under
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controlled laboratory conditions, are summarized in Table 2. A review of available published
information in this regard indicates that:

» GCLs typically display relatively high resiliency to freeze-thaw stress, based on the
lack of significant effects on physical structure or hydraulic conductivity after ‘
numerous freeze-thaw cycles. T o

» the CAPS also appears to display relatively high resiliency to freeze-thaw stress,
based on the material's ability to heal following sample thawing. Laboratory studies
are currently underway to determine the potential effect, if any, of freeze-thaw stress
on the conductive characteristics of this material.

« CCLs typically display relatively low resiliencies to freeze-thaw, as manifested by the
formation of cracks (originating at soil surfaces) as well as significantly increased
hydraulic conductivities, when cracks completely penetrate a sample.

Generally speaking, the relatively high resilience (i.e., healing ability) of GCLs and the
CAPS, which enables maintenance of low hydraulic conductivities, is largely attributable to
the significant bentonite component within both barrier-material types (Table 1).
Furthermore, it is also worth noting in regards to resiliency of the CAPS that the cracks that
did form did not penetrate the entire thickness of the hydrated sample; thus, the
effectiveness of this material may not be compromised in field application, even with some
degree of cracking, and before the material has completely healed.

Conversely, the relatively low resiliency typically displayed by CCLs is likely attributable to a
relative lack of smectite clay minerals, despite the high total clay content present in some of
the soils (Table 1). This relative lack of expansive clay minerals does not allow for soil
healing upon sample thawing, thus resulting in significant reductions in hydraulic
conductivity. Furthermore, the impact of freeze-thaw stress on hydraulic conductivities of

CCLs is particularly apparent when a higher quantity of water is present in the sample upon
freezing (Kim and Daniel 1992).

Resiliency to Wetting-Drying Stress
A review of available data related to wettin%drying testing of GCLs (Shan and Daniel 1991,
USEPA 1996, Boardman 1993) indicates that GCLs are as resilient to wetting- drying
effects as they are to freeze-thaw effects. In particular, although significant cracking was
observed following sample desiccation by drying, complete healing was observed upon
subsequent rehydration. As a result, hydraulic conductivity values following wetting-drying
were comparabie to pre-treatment values - not only after a single wetting-drying treatment,
but after several such cycles (Shan and Daniel 1991, Boardman 1993). The behavior of a
typical compacted clayey soil to wetting-drying stress under laboratory conditions has not
been established. Nevertheless, in a technical equivalency assessment of GCLs versus
CCLs and in regards to wetting-drying effects, Koerner and Daniel (1995) state that "GCLs

appear to be superior to CCLs in terms of ability to self-heal if the material is wetted, dried,
and rewetted."

Laboratory studies are currently underway to determine the potential effect, if any, of
wetting-drying stress on the structural and conductive characteristics of the CAPS. It is
anticipated that, given the high bentonite content of this aggregate material (Table 1), its
resiliency will be comparable to that of GCLs.

In regards to material resiliency to wetting-drying stress, it appears that the most critical
issues for smectite-poor soil materials as well as for manufactured, bentonite-rich materials
are: (1) the amount of water available to bring about complete clay re-hydration, and (2) the
rate at which healing will occur upon rewetting. First, the issue of water availability should
not be critical for the response of a clay mineral-based material to freeze-thaw stresses in
that an adequate amount of water should already be present to affect complete re-
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Similar parameters should be considered when comparing a CAPS to a GCL application.
For landfill applications, material costs, duration of project, installation conditions and the
level of CQA are probably the most significant cost parameters to consider when making
this comparison. A typical GCL installation rate is on the order of an acre or two per day,
including subgrade preparation, GCL placement, and FML placement. Installed costs for
the components individually are on the order of $0.65/sf and $0.45/sf, respectively.
Commercial products are available which combine a FML with granular bentonite and
typical installations use 30- to 60-mil High Density or Low Density Polyethylene, depending
on the application. Similar materials could also be used for lagoons, although Polyvinyl
Chloride or Polypropylene are more commonly used; these products could range in price
from $0.45 to $0.75/sf. When difficult GCL installation conditions are expected (due to
undulating or variable terrain, numerous slope breaks, submerged conditions, etc.),
implementation of a CAPS might provide a cost savings, owing to reduced installation time
and, ultimately, improved overall performance of the liner system.

SUMMARY AND CONCLUSIONS
This study consisted of a qualitative review and comparison of the relative effectiveness of
different clay mineral-based materials - GCLs, CCLs, and CAPS - as components of typical
landfill liner or cover systems. The relative effectiveness of a given clay mineral- based
barrier material in acting as a hydraulic, physical, and/or chemical barrier in either capacity
is a function of two primary factors: (1) properties inherent to the barrier material itself,
which include its resiliency to physical change as well as the nature of its construction; and
(2) a myriad of environmental stresses related to either landfill application, and barrier
response to each of these stresses. Such environmental stresses could range from the
actual degree of barrier exposure to freeze-thaw or wetting-drying to differential settlement
occurring within a landfill's cover system. Finally, additional factors related to the logistical
implementation and adaptability of a given clay mineral- based barrier material were also
considered; these factors ranged from the adaptability of a barrier material to site-specific
contaminant-attenuation needs to seasonal restrictions on barrier deployment.

In_general, results of this comparative study indicate that landfill cover and liner systems
incorporating either GCL _or CAPS materials would likely maintain much or most of their
functional effectiveness as hydraulic and physical barriers under exposure to climatic,
biotic, and physical stresses by virtue of their high bentonite content and gravelly or
geosynthetic makeup. However, the potential Tag time in complete GCL healing upon
rehydration (following wetting-drying stress) may represent some drawbacks to the use of
this barrier material in some situations; pending additional research, it is uncertain as to
whether a thicker CAPS layer will experience the same potential drawback. When
compared to GCLs and CAPS, barrier systems incorporating CCL material would likely
show decreased barrier effectiveness under the same environmental stresses due to a

relative lack of resilient clay minerals, gravel, and geosynthetics.

Finally, in regards to overall implementability of these clay mineral-based barrier materials
within landfill liner or cover systems: GCLs and CAPS have clear advantages over CCLs in
terms of availability, chemical attenuating capacity, adaptability to modification for particular
attenuating needs, and the limited mass of material heeded to affect these functions.
Furthermore, CAPS-based barrier systems have additional advantages over those
incorporating GCLs in terms of the relatively low level of QA needed for CAPS
implementation and the lack of seasonal restrictions on CAP implementation.

ADDITIONAL RESEARCH ACTIVITIES
The physical characteristics of GCL and CCL barriers and how they react to external
climatological and artificially induced stresses are generally well understood and accepted
amongst the regulatory and engineering community. On the other hand, the CAPS barrier
system is new technology that will require additional extensive laboratory and field studies
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ABSTRACT

Geomembranes are widely used as liquid barrier materials in rehabilitation of dams,
canals, and waste containment facilities. In many locations such geomembranes are subjected
to freeze-thaw cycling. However, the impact of the cyclic temperature effect on the long-term
behavior of geomembranes is largely unknown. This study, sponsored by the Bureau of
Reclamation and the Environmental Protection Agency evaluates the effects of cold

temperature and freeze-thaw cycling on nineteen geomembrane sheets and 31 combinations of
seams.

_ Regarding the effect of freeze-thaw cycling between +30°C and -20°C, after 200
cycles under unconstrained conditions, results showed no statistically significant changes in
either geomembrane sheets or seams at tensile test temperatures of +20°C and -20°C. While

“under constrained conditions, test specimens were subjected to thermal induced cyclic stress as

well as freeze-thaw action, the tensile behavior of geomembrane sheets and seams still
_remained unchanged even after 500 freeze-thaw cycles.

The cold temperature induced stress during the cold cycle of freeze-thaw cycles varied
with polymer types. The magnitude of the stress is a factor of modulus and coefficient of
thermal expansion of the material. Furthermore, the induced stress was the same for each
freezing cycle and it remained unchanged until the temperature was increased. Regarding the
initial stress caused by straining, it relaxed rapidly. The nonreinforced geomembranes
exhibited a higher relaxation rate than the reinforced geomembranes.

For the effect of cold temperature on the tensile behavior of geomembrane sheets and
seams, tensile strength increased and elongation decreased at the lower testing temperature. In
addition, for each geomembrane, the shear strength responded differently than the peel
strength. The majority of the hot wedge seams showed a lower increase in the peel strength
than the corresponding shear strength.

Geosynthetics *97 - 201




—

INTRODUCTION - : -

The effects of freeze-thaw cycling and cold temperature on mechanical behavior of any
type of engineered barrier material should be a concern at locations where ground freezing
conditions exist. Othman and Benson (1993) observed an approximately 9% increase in
volume when the pore water within the compacted clay liner (CCL) froze. The expansion
caused the formation of ice lenses which became channels for water to flow. Zimmieand La
Plante (1990) found that CCL’s become friable and experience an increase in their
permeability after 10 to 15 freeze-thaw cycles. For this reason, CCLs are recommended to be
placed beneath the depth of maximum frost penetration in areas where freezing conditions
exist. Contrary, Hewitt and Daniel (1996) found that the hydraulic conductivity remained
almost the same after three freeze-thaw cycles for three different geosynthetic clay liners
(GCL) Regardmg_the overlapped seams, although one of the GCL seams showed a significant
increase in the conductivity value after only one freeze-thaw_cycle, the other two_seams
exhibited no changes.

Comparatively, for alternate barrier materials such as geomembranes, limited information
is available regarding performance under freeze-thaw cycling. LaFleur et al. (1985) performed
a freeze-thaw study on four different types of geomembrane seams which included solvent
seamed ethylene propylene diene monomer (EPDM) rubber, solvent seamed isobutylene
rubber, solvent seamed chlorosulfonated polyethylene (CSPE), and hot air seamed polyvinyl
chloride (PVC). The seamed samples were strained to 10% strain and subjected to 150 freeze-
thaw cycles There was no change in the strength of any of the seamed geomembranes For

study on three geornembranes with thicknesses of 1 .0,1.5and 2.0 mm. The test coupons_were
restrained in both the uniaxial direction and biaxial directions while subjected to freeze-thaw
cycles between temperatures of 65°C and -20°C. After incubation, dumbbell shaped
specimens were taken from coupons for the tensile test evaluation. No significant change in
the tensile load-elongation characteristics were determined after 150 freeze-thaw cycles.

_Another concern for geomembranes installed in areas where freezing conditions exist is
the effect of cold temperature on their tensile behaviors, Many researchers (Rollin et al., 1984,
‘LaFleur et al., 1985, Richards et al., 1985, Peggs et al., 1990, Giroud et al, 1993 and Budiman,
1994) found that as the temperature decreases the strength (either the y1e1d strength or the
 break strength) of geomembranes increases and break elongation decreases. This behavior

_ was observed in geomembranes made from various types of polymers, including PVC, CSPE,
_and HDPE.

Although the above references studied the changes in tensile behavior of selected types
of geomembrane sheets under freeze-thaw and cold temperature conditions, the behavior of
many current geomembrane seam types were not included in these studies. Additionally, new
types of geomembranes were not evaluated. Thus, the Bureau of Reclamation and the.
EnvuonmenmlfmmcnonAgmm;qnmﬂy_mmatedan.chenﬁyu;semh_s_mdLn a variety of
geomembrane sheets and seams in September, 1993. The early results of this freeze-thaw study
__was presented intwo papers, Hsuan et al., 1993 and Comer et al., 1995. A detailed final report

of the study was published by the Bureau of Reclamation as R~96 3 (Reclamation, 1996).

This paper presents a summary of all results of the study
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FREEZE-THAW CYCLING AND HYDRAULIC CONDUCTIVITY OF
BENTONITIC BARRIERS

By Jason F. Kraus,' Craig H. Benson,” Allan E. Erickson,’ and
Edwin J. Chamberlain,* Members, ASCE

ABSTRACT: Hydraulic conductivity tests were conducted in the laboratory and field on geosynthetic clay liners
(GCLs) and a sand-bentonite mixture to determine if their hydraulic conductivity is affected by freezing and
thawing. In the laboratory, specimens of three GCLs were frozen and thawed 20 times, and no increase in
hydraulic conductivity was measured. The hydraulic conductivity of the compacted sand-bentonite also did not
‘increase after freezing and thawing. In the field, two types of GCLs and a sand-bentonite test pad (constructed
with the same mixture used in the laboratory) were exposed to one or two winters of freeze-thaw cycling. No
largé increase in hydraulic conductivity was measured for the field test conducted with the sand-bentonite

mixture. An increase in Iiyalau 1C conaucuvy

served 1n on 3 e J1e €Sls Wi S. Exami-

We 3 g That s

commonly found in thawed compacted clays.

INTRODUCTION

Designers of hydraulic barriers are considering materials
that are more cost-effective and resilient than compacted clay.
One characteristic of alternative materials that is of particular
importance in cold regions is resistance to increases in hy-
draulic conductivity caused by freeze-thaw cycling. Numerous
studies have shown that compacted clays undergo large in-
creases in hydraulic conductivity when exposed to freeze-thaw
cycling {e.g., Zimmie and La Plante (1990); Chamberlain
et al. (1990); Benson and Othman (1993); Othman et al.
(1994); Chamberlain et al. 1995)]. However, the results of re-
cent laboratory studies indicate that the hydraulic conductivity
of geosynthetic clay liners (GCLs) and sand-bentonite
mixtures are not alfected by Irecze-thaw cycling (e.g., Wong
and Haug (1991}, Shan and Daniel (1991}].

The objective of the present study is to conduct laboratory
tests that confirm the findings of others and to assess whether
the laboratory results are representative of field conditions. To
meet this objective, three types of GCLs and one sand-ben-
tonite mixture were exposed to freeze-thaw cycling using lab-
oratory procedures, and were then tested for hydraulic con-
ductivity. Field tests were conducted by exposing two types
of GCLs and a test pad constructed of the sand-bentonite mix-
ture to freeze-thaw cycling. Field and laboratory hydraulic
conductivity tests were then conducted on GCLs and the sand-
bentonite mixture.

BACKGROUND

In several laboratory and field studies, freezing and thawing
has been shown to have a detrimental impact on the hydraulic
conductivity of compacted clays. For compacted clays having
an initial hydraulic conductivity less than 1 X 107° m/s, freez-
ing and thawing generally increases the hydraulic conductivity
one to three orders of magnitude [e.g., Zimmie and La Plante
(1990); Kim and Daniel (1992); Othman et al. (1994); Cham-
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berlain et al. (1995); Benson et al. (1995)]. Cracks induced by
desiccation incurred as water migrates to the freezing front,
and the formation of ice lenses are the primary causes of these
increases in hydraulic conductivity (Chamberlain et al. 1995;
Othman and Benson 1993a). After thawing, these cracks be-
come preferential conduits for flow that result in increases in
hydraulic conductivity (Othman and Benson 1993b; Benson
and Othman 1993).

Not all barrier soils become cracked and more conductive
when frozen and thawed. Wong and Haug (1991) show that
compacted mixtures of Ottawa sand and sodium-bentonite do
not incur increases in hydraulic conductivity when frozen and
thawed. In fact, a decrease in hydraulic conductivity occurred
for all specimens. Wong and Haug (1991) hypothesize that the
hydraulic conductivity decreases because freeze-thaw cycling
promotes additional hydration, and during thaw consolidation,
the bentonite particles compress into gaps existing between the
sand grains.

Several testing programs have shown that GCLs are resis-
tant to damage caused by freeze-thaw cycling. GCLs are geo-

composites consisting of a thin layer of dry bentonite sand-
wiched between two geotextiles or glued to a geomembrane.
When exposed to water, the bentonite in the GCL hydrates
and swells to form a thin layer having low hydraulic conduc-
tivity. GCLs are manufactured in large sheets that are delivered
to the site on rolls. The GCLs are unrolled on-site, and seams
are made by overlapping adjacent GCLs. In some cases, dry
powdered bentonite is added in the seam between adjacent
GCLs. A detailed description of GCLs can be found in Estor-
nell and Daniel (1992).

Geoservices (1989) evaluated how freeze-thaw cycling af-
fects the hydraulic conductivity of the GCL Claymax. They
conducted laboratory tests on 76 mm diameter specimens us-
ing flexible-wall ?ermgamelers. An initial hydraulic conduc-
tivity of 4 X 107" m/s was measured at an effective confining
pressure of 196 kPa and a hydraulic gradient of 1,000. The
saturated specimen was then repeatedly frozen and thawed
three-dimensionally. After 10 freeze-thaw cycles, the hydraulic
conductivity was 1.5 X 107" cm/s. Similar findings for Clay-
max have been reported by Shan and Daniel (1991) and Chen-
Northern (1988). A detailed summary of these studies can be
found in Kraus (1994).

GeoSyntec (1991) studied how freeze-thaw cycling affects
the hydraulic conductivity of the GCL Bentomat. Specimens
of GCL 71 mm in diameter were permeated in flexible-wall
permeameters under an effective confining pressure of 35 kPa
and a hydraulic gradient of 30. The specimens were subjected
to four freeze-thaw cycles, with the hydraulic conductivity of
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each specimen measured after each cycle. The hydraulic con-
ductivity of the Bentomat specimens ranged between 1 X
107" and 6 X 107" m/s after each cycle, with no increasing
or decreasing trends.

Tests to evaluate the effect of freeze-thaw cycling on Ben-
tomat have also been performed by Robert L. Nelson and As-
sociates (1993). Two sets of tests were conducted. In the first
set, six specimens were permeated after undergoing up to six
freeze-thaw cycles with no initial hydration (i.e., no initial sat-
uration or permeation). In the second set, only one specimen
was tested. It was exposed to 10 freeze-thaw cycles, with its
hydraulic conductivity being measured after each thaw. No
significant increase or decrease in hydraulic conductivity was
observed in either set of tests. The hydraulic conductivity
ranged between 1.1 X 107" and 4.0 X 107" m/s for the spec-
imens in the first set of tests, and 1.9 X 107" and 3.3 X 107"
m/s for the second set. '

The findings of these studies suggest that bentonitic barriers
are resistant to damage caused by freeze-thaw cycling. The
study described herein, which includes Taboratory and field
testing, shows similar results. e

MATERIALS USED IN THIS STUDY
Sand-Bentonite Mixture

One sand-bentonite mixture was used. The sand-bentonite
mixture was prepared in the field using a pugmill prior to
construction of the test pad used for field testing. The sand
component is a poorly graded, clean, medium to fine sand that
is classified as SP in the Unified Soil Classification System.
More than 90% of the sand passed the No. 30 sieve, and less
than 5% passed the No. 200 sieve. The bentonite component
is CG-50, a granular sodium bentonite with no polymer ad-
ditives that was supplied by American Colloid Corporation.
Methylene blue titration tests performed on grab samples of
the mixture showed the average bentonite content was 12%
by weight (Kraus 1994). Compaction curves corresponding to
standard and modified Proctor compaction (ASTM 1993) are
shown in Fig. 1(a). Other characteristics of the mixture are
described in Kraus (1994).
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FiG. 1. Curves for Sand-Bentonite: (a) Compaction Curves;
(b) Hydraullc Conductivity Curves

Geosynthetic Clay Liners

Three GCLs were used in the laboratory portion of this
study: Claymax 200R, Bentomat CS, and Bentofix. Schematics
of these GCLs are shown in Fig. 2. The field tests were con-
ducted using Claymax 500SP (a stitched version of 200R),
Bentomat CS, and Gundseal. Results of the tests on Gundseal
are not described in the present paper, but are discussed in
detail by Erickson et al. (1994). For the laboratory tests, two
rolls of each GCL (2 m wide and 4 m long) were shipped to
the University of Wisconsin-Madison, Madison, Wisc., by the
manufacturers. The rolls were wrapped in plastic to minimize
uptake of water.

METHODS: SAND-BENTONITE MIXTURE
Hydraulic Conductivity Water-Content Relationship

Some of the specimens of sand-bentonite compacted to de-
termine compaction curves [Fig. 1(a)] were also used to de-
termine the hydraulic conductivity water-content relationships.
The specimens were tested in flexible-wall permeameters us-
ing an effective stress of 21 kPa, backpressure of 345 kPa,
and hydraulic gradient of 30. Tap water from Madison was
used as the permeant. Results of the hydraulic conductivity
tests are shown in Fib. 1(b). The hydraulic conductivity is
nearly insensitive to molding water content, and is moderately
sensitive to compactive effort. Similar results have been re-
ported by Haug and Wong (1992).

Needle-Punched Fibers

» Wovan Polypropylene Geotextile

Non-Woven Polypropylene Geotextile

(a)

Needie-Punched Fibers /Woven Polypropylene Geotextile

NNNNS

Non-Woven Polypropylene Geotextile

(b)
Woven Polypropylene Geotextile

/

Polyester, Open Weave Geotextile

(c)

FIG. 2. Geosynthetic Clay Liners: (a} Bentotix; (b) Bentomat;
(c) Claymax

230/ JOURNAL OF GEOTECHNICAL AND GEOENVIRONMENTAL ENGINEERING / MARCH 1997



" After Intist
Mydratton
{No Fresze-Thaw)

Bentomats After 20 .
Freaze-Theaw

Cycrion

(b)

FIG. 10. Hydrated and Thawed Geosynthetic Clay Liners: (a)
Cross Section of Frozen Geosynthetic Clay Liner; (b) Bentonite
Component

Geosynthetic Clay Liners

The GCLs frozen and thawed in the laboratory were also
examined to determine why their hydraulic conductivity did
not increase. Vertical and horizontal sections of frozen speci-
mens of GCLs were prepared using the same procedure used
to prepare the frozen specimens of sand-bentonite.

Small randomly oriented lenses of segregated ice existed on
the horizontal and vertical [Fig. 10(a)) sections. These lenses
undoubtedly caused cracking of the clay matrix when they
formed. However, examination of thawed specimens revealed
that they are devoid of cracks like those commonly encoun-
tered in thawed compacted clays and appear identical to spec-
imens hydrated but never frozen (Fig. 10(b)]. The specimens
removed from the lagoons also were devoid of cracks. Ap-
parently, because the hydrated bentonite is very soft after
thawing, the cracks created when the segregated ice melts
close on thawing. This is in direct contrast to compacted clays,
which are relatively stiff when thawed and thus retain the
cracks formed during freezing.

SUMMARY AND CONCLUSIONS

The results of the laboratory and field tests show that the

sand-bentonite_mixture and GCLs that were tested are not ad-
versely affected_by freezing and_thawing in a closed system
Nearly identical hydraulic conductivities were measured in the
field and laboratory for the sand-bentonite mixture after freez-
_ing_and thawing. For the GCLs lower hydraulic conductivities
were measured in the laboratory. However, in the laboratory

and field, freezing and _thawing did not cause an increase in
hydraulic conductivity. The only exception is one GCL field

_test, which contained a seamed section of Claymax GCL. The
hydraulic conductlvny of this GCL increased by a factor of
25. However, a replicate of ths test showed no mcrcase in

hydraulic conductivity.

Examination of the sand-bentonite mixture and GCLs, while
frozen, and after thawing revealed why these materials do not
incur the increases in hydraulic conductivity typical of com-
pacted clays. For the sand-bentonite mixture, ice segregation
does not occur during freezing, and thus no cracks form. Con-
sequently, the macrostructure after thawing appears identical
to the macrostructure observed before thawing, and no large
increase in hydraulic conductivity occurs. In contrast, ice seg-
regation does occur in GCLs, but the cracks formed during ice
segregation close when the bentonite thaws because the
thawed bentonite is very soft and comprcssible Consequently,
GCLs also do not undergo increases in hydraulic conductxvnty

~Although the findings of this study are encouraging, the
writers recommend that designers carefully consider the use
of sand-bentonite mixtures and GCLs in situations where
freezing will occur. This is particularly important in applica-
tions where the GCL or sand-bentonite mixture is the sole
hydraulic barrier. Only long-term field tests, where GCLs and
sand-bentonite mixtures are monitored for a extended number
of years, will provide the definitive information regarding the
long-term performance of GCLs and sand-bentonite mixtures
subjected to freezing conditions.
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USEPA Draft Document Section 2.2.2.2.2 and 2.4.2.5. received from Carmo Environmental
Systems, Inc.



 CARMO
ENVIRONMENTAL SYSTIMS, INC,

1866 MAURICE AVENUE PHONE (516) 794-7904
EAST MEADOW, N.Y. 11554 FAX (516) 794-5122

FAX

TO : Corie Leonard

CO : BBL

FROM : Joe Carmo

DATE : 7-14-59

RE : GCLs in the frost zone
PAGES LI

The documentation demonstration that geosynthetic clay liners are not adversely effected
when subjected to freeze thaw cycles is quite extensive. Research by CETCO, Dr. David
Daniel, Ammy Corp of Engineers Cold Region Lab and others have provided confirmation

that GCL can be placed within the frost zone without the usual concerns of natural clay
liners. In fact the US EPA is presently putting together a draft document confirming that
“Neither geosynthetic clay liners nor geomembranes appear to be vulnerable to freeze-
thaw damage” as stated in section 2.2.2.2.2 of the attachcd EPA draft document pages.

Please advise if you require further documentation demonstrating the ability of GCL to
remain unaffected when subjected to freeze/thaw cycles.

Joe Carmo

JUL-14-1983 15:22 S16 794 5122
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penetration into underlying matetials.
» Nced to protect underlying layers [rom desiccation.

* "Need to provide other types of protection unique to a particular waste (e.g., attenuate
radon emissions if the underlying waste emits radon). '
« Need [ora capillary barrier. if this is a design strategy.

2.222.1 Adequate Thickness to Snﬁpoﬁ Growth of Vegetation
‘The total depth of soil required to.support the growth of vegeration depends on numerous
site-specific factors. Normally, final covers are seeded with a mixture of grasses that are well

‘suited 10 the area. The plants should have relatively shallow roots so that the roots do not

penetrale W00 deep inio the cover because deep penetration threatens the integrity of underlying
components. However. roots should be deep enough 10 enable the plants to extract moisture
from a sufficient depth to be effective in transpiring water to the atrnosphere. Most grasses are
thoughl 10 have eﬁ'ecuvc rooting depths of about 150 to 450 mm. Thus. the minimum total
thickness of the protection layer (assuming that the surface layer is 150 mm thick) is often 150 10
450 mum to accommodate the roots of grasses. Over time, deeper-rooted plants may become
esiablished and displace the grasses that were initially planted. The thickness of the protection
layer may need 10 be increased to accommodate plant species that will eventually beconie’
established. The combined thickness of the topsoil plus protecuon layer is gypically 450 to 600
mm 10 accommodate plant roots. '

22.2.2.2 Adequate Thickness to Provide Frost Penetration

The protection layer is generally designed With the intent of preventing underlymg layers
from freezing in northem climates. The most vulnerable material to frecze-thaw damage is
compacted clay, as discussed in Section 2.4.5. To avoid damage, the compacted clay liner should
be placed below the maximun depth of frost penetration. Neither geosynthetic clay liners
(Hewitt and Daniel, 1997) nor geomembranes (Comer et a)., 1995) appn;-{e—be vulncmble to
‘nfia-mw damage.

{t is advisable 1o prevent the dramage layer (if-one is present) from freezing, s well,
particularly on rclatively steep side slopes. If the drainage layer freezes, its function is ‘destroyed
‘for part of the year. During the thaw period, it is particularly important that the drainage layer
function propetly, i.e., drain from the toc, and that the protection layer be sufficiently thxck to
provide the protection that is required. )

There are several techniques available for esnmanng depth of frost penen-auon One

technique is 10 use {rost penetration maps, such as the one in Figure 2.7. Local experience is
sometimes used, a5 are computer simulations, to cstimate thc rnaxlmum depth of frost

peneuunon

JUL-14-1999 15:23 S16 794 5122 P.@2



|
© 3 13’99 B7I3SAM I S 6 P.22
i .

ull
'

\_nay ot be “impermeable” to gas at the long-term moisture content of the clay. In any eveny the
need to contain gases should be considered because this need may impact the selection of
mawerials for the hydraulic bamier layer.

24.2.4 Cyclrc Wetting and Drying. a
Cyclic wetting and drying can have a wajor impact on clay $oils, and particularly compacted
clay liners, which are severely damaged within a few years if the CCL is buried beneath 150 mm
0 450 mm of soil. but without a covering geomembrane (Montgomery and:Parsons, 1989:
Melchior et al., 1994; Maine Bureau of Remediation and Waste Management, 1997; and

Melchior, 1997). Geosynthetic clay hiners a uch less vulnerable to permanent
damape from desiccation. probably because of thé swelling and self-healing capability of
T E :

benlonite (Boardman and Daniel, 1996).

. ‘The potential for wet-dry cycles to affect the integrity of CCLs and, 1o a- fesser extent, GClLs,
. should be considered. Water balance analyses, such as those described in Chapter 4, can be
helpful, but judgment should play an important role in the evaluation process. If there is judged
10 be a risk of darpage to CCLs or GCLs, the normeal solution is to use a composite :
seomembrane/CCL or geomembrane/GCl. hydraulic barrier layer. The geomembrane appears to
- protéct the clay from desiccation damage (Corser et al., 1992; Melchior eval., 1994; and
Melchlor, 1997). :

. " 2.4.2.5 Freeaze-Thaw .

“The potcatial for freeze-thaw to damage a CCL or GCL should bé considered. Avmlable
information indicates that CCLs will not maintain & hydraulic conductivity of 1 x 107 em/s ot -
b less il subjectetl to freexe-thaw at the level of overburden steess normally encountered in landfill
b final cover sysiemis (Othinan et al., 1994). Soil-bentonite CCLs (Wong and Haug, 1991) snd -
GCLs (Hewitt and Daniel, 1997) appear to.be unaffected by freeze-thaw.

The potential for freeze-thaw should be considered, as discussed in Section 2.2.2.2.2. If the
hydraulic barrier is below the maximum depth of frost penetration, then the layer is usually
assumed to be adequately protected from long-term frost damage. If the hydraulic barner layer is
. within the zone of frost penetration, then the impacts of {rost upon those materials 'should be
; ‘considered. ‘Erost is generally assumed to have no effect on geomembranes and little or no effect

i on GCLs. It is principally CCLs for which concern over frost action is focused.

2.4.2:6 Accidental or Intentional Intrusion

Ci Depending an the thickness of the wopsoil and protection soil, the possibility of-an accidental”
’ : of intentional breach of the barriet Jayer might be considered. In this regard the thinness of both
‘ geomembranes and GCLs is a disadvantage in contrast to the significantly thicker CCLs. In
favor of GCLs, however, is the excellent sealing poténtial of bentonite. This 1s not the case for
the geomembrane, thus & composite GM/GCL should be considered if intrusion is a possibility.

TOTAL P.B3
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Specific References--Consists of published articles, case studies, and technical papers. Where
possible, includes items compiled within the general references.
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Geosynthetic Clay Liners," Journal of Geotechnical Engineering, Vol. 122, No. 3, pp. 204-
209.

The effects of wetting and drying on the permeability of three different GCLs were studied. Both
intact panels and overlap panels were used, and it was found that there is essentially no changed
in permeability after one to three such wet-dry cycles.

Daniel, D.E., and G.N. Richardson (1995), ""The Role of Geomembranes and Geosynthetic
Clay Liners in Landfill Covers," Geotechnical Fabrics Report, Vol. 13, No. 1, pp. 44-49.

The authors discuss the rules for municipal solid waste landfills set forth in US EPA in "Subtitle
D" and suggest that geomembranes or GCLs be considered for landfill closures due to their
ability to minimize infiltration of water through the cover system and thereby resulting in less
potential for groundwater contamination. It is also shown that geomembranes/GCLs are more
cost effective than CCLs (compacted clay liners), more effective at controlling the release of
landfill gases than CCLs, and more resistant to differential settlement, freeze-thaw, and
desiccation than CCLs.

Erickson, A.E., Chamberlain, E.J., and C.H. Benson (1994), "Effects of Frost Action on
Covers and Liners Constructed in Cold Environments," Proceedings of the Seventeenth
International Madison Waste Conference, University of Wisconsin at Madison, pp. 198-220.

The effects of freezing and thawing on the hydraulic conductivity of two compacted natural clay
soils, one compacted sand-bentonite mixture, and three GCLs were studied through both field
and laboratory tests. The testing showed that freezing and thawing increased the hydraulic
conductivity of the compacted clay soils due to the cracks caused by shrinkage. The results also
showed that the sand-bentonite mixture was freeze-thaw resistant with an adequate bentonite
content and adequate mixing. The GCLs were found to be frost-resistant.

Erickson, R.B., and J.D. Anderson (1994), "The Manufacturing and Application of a
Geomembrane Supported Geosynthetic Clay Liner," Proceedings of the 8th Annual GRI
Seminar, Geosynthetic Resins, Formulations, and Manufacturing, Geosynthetic Research
Institute, Drexel University, Philadelphia, PA, (supplemental paper).

Application and installation of a geomembrane-supported GCL is discussed. The GCL may be
installed with the geomembrane side facing down (usually the case for bottom liner applications),
or with the geomembrane side facing up (usually the case for cap applications). The attributes of
the lining system in both of these orientations is discussed, with emphasis on "intimate contact,"
slope stability, and the possibility for bentonite hydration.



Estornell, P., and D.E. Daniel (1992), ""Hydraulic Conductivity of Three Geosynthetic Clay
Liners," Journal of Geotechnical Engineering, Vol. 118, No. 10, pp. 1592-1606.

Hydraulic conductivity tests were performed on three different GCLs. The tests were performed
in large tanks 1.2 m wide and 2.5 m long in order to minimize the potential for scale effects.
Testing was performed to determine whether the overlapped seams of a GCL are indeed self-
sealing and to determine whether the bentonite provides intimate contact when placed beneath a
punctured geomembrane. It was found that the GCLs had low hydraulic conductivity and that
intimate contact under these conditions was best with the geomembrane-supported GCL.

Hewitt, R.D., and D.E. Daniel (1997), '"Hydraulic Conductivity of Geosynthetic Clay Liners
after Freeze-Thaw, Journal of Geotechnical and Geoenvironmental Engineering, Vol. 123,
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cycles without significant changes in hydraulic conductivity.
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Cycling and Hydraulic Conductivity of Bentonitic Barriers," Journal of Geotechnical
Engineering, Vol 123, No. 3, March 1997, American Society of Civil Engineers, New York.

A wide variety of laboratory and field tests were performed to determine if repeated freeze/thaw
cycles affected the permeability of GCLs and a soil/bentonite barrier. No increase in GCL
permeability was measured after 20 laboratory freeze/thaw cycles. The soil/bentonite barrier was
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marginal increase in permeability of one of the products (possibly due to sample preparation
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Letter RE: Supplemental Addendum to June 1999
Detailed Work Plan (containing
updated ARARs tables), September 8, 1999



GE Corporate Environmental Programs
General Electric Company
100 Woodiawn Avenue. Prttsheld, MA 01201

September 8, 1999

Transmitted Via Federal Express

Mr. Richard Cavagnero

Chief, Emergency Planning & Response Branch
Office of Site Remediation and Restoration
U.S. Environmental Protection Agency

One Congress Street, Suite 1100 - HBR
Boston, Massachusetts 02203-2211

Re: Pittsfield/Housatonic River Site
On-Plant Consolidation Areas -

Supplemental Addendum to June 1999 Detailed Work Plan

Dear Mr. Cavagnero:

Enclosed is a revised Supplemental Addendum to the General Electric Company’s Detailed
Work Plan for On-Plant Consolidation Areas. This Supplemental Addendum replaces the
Supplemental Addendum that was sent to you on August 25, 1999. It contains updated ARARs
tables for the On-Plant Consolidation Areas, which incorporate EPA’s comments on prior versions.
We would appreciate receiving EPA’s formal approval of this Supplemental Addendum.

Sincerely,

Cuse T Sl

Andrew T. Silfer, P.E.
Senior Technical Manager

Enclosure

cc: John Kilborn, Esq., EPA Andrew Thomas, Jr., Esq., GE
Tim Conway, Esq., EPA John Novotny, P.E., GE
Bryan Olson, EPA James Nuss, P.E., L.S.P.,
Michael Nalipinski, EPA Blasland, Bouck & Lee, Inc.
Robert Bell, Esq. DEP Jeffrey Bernstein, Esq.,
Alan Weinberg, DEP Bernstein, Cushner & Kimmel
Betsy Harper, Esq., MAAG James Bieke, Shea & Gardner

Cynthia Huber, Esq., DOJ
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EPA’s Approval Letter Dated September 17, 1999
for GE’sSupplemental Addendum to June 1999
Detailed Work Plan (containing updated ARARs
tables), September 8, 1999
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UNITED STATES ENVIRONMENTAL PROTECTION AGENCY

: o REGION 1
] M ¢ JOHN F. KENNEDY FEDERAL BUILDING
%, S BOSTON, MASSACHUSETTS 02203-0001

¢ prove”

September 17, 1999

Mr. Andrew T. Silfer, P.E.
Senior Technical Manager
GE Corporate Environmental Programs

General Electric Company
100 Woodlawn Ave. Via Facsimile and U.S. Mail

Pittsfield, MA 01201

———

Re:  Approval of September 8§, 1999 ARAR’s
Pittsfield/Housatonic River Site
On-Plant Consolidation Areas

Dear Mr. Silfer:

The Environmental Protection Agency (EPA) has reviewed and hereby approves the
Supplemental Addendum to June 1999 Detailed Work Plan ARARs tables that was submitted by
General Electric on September 8, 1999. The September 8" revision incorporates the Agency’s
comments from prior versions and concludes discussion for On-Plant Consolidation Areas
ARARs.

GE Team Leader .
Office of Site Remediation and Restoration
U.S. Environmental Protection Agency

cc: John Kilborn, Esq., EPA Andrew Thomas, Jr., Esq., GE
Tim Conway, Esq., EPA John Novotny, P.E., GE
Bryan Olson, EPA ~James Nuss, P.E..LSP,BB& L
Michael Nalipinski, EPA Jeffrey Bernstein, Esq.,
Robert Bell, Esq., DEP Bernstein, Cushner & Kimmel
Alan Weinberg, DEP James Bieke, Shea & Gardner

Betsy Harper, Esq., MAAG
Cynthia Huber, Esq., DOJ

Intemet Address (URL) ¢ http://www.epa.gov
Recycled/Recyclable « Pnnted with Vegetable Oil Based Inks on Recycled Paper (Mimmum 25% Postconsumer)
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