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1.0 INTRODUCTION

This Groundwater Monitoring Plan (GMP) was prepared for the Chesapeake Energy Center (CEC)
industrial landfill (the Landfill) in Chesapeake, Virginia. Due to their proximity, the groundwater wells used
for monitoring the Landfill will also be used to monitor the bottom ash pond (the Pond) and the underlying
historical ash disposal area. For purposes of this GMP, the Landfill, Pond and historical ash disposal area

will be collectively referred to as the Facility. This GMP was designed to meet:

B the requirements of the Virginia Solid Waste Management Regulations (VSWMR)
promulgated by the Virginia Waste Management Board, last amended on
January 27, 2016 (Amendment 10);

B applicable provisions of the U.S. Environmental Protection Agency’s (USEPA'’s) Disposal
of Coal Combustion Residuals (CCR) from Electric Utilities (CCR final rule; Federal
Register Vol. 80, No. 74, 21302-21501) as published on April 17, 2015 (40 CFR 257 et
seq.), and adopted in the VSWMR on January 27, 2016 (Title 9 Virginia Administrative
Code Agency 20, Chapter 81, Section 800 et seq.; 9VAC20-81-800); and

B Department of Environmental Quality (DEQ) guidance (Submission Instruction No. 12,
dated May 21, 2003).
The GMP outlines the procedures for collecting, analyzing, and managing groundwater samples and data
from the uppermost aquifer underlying the Facility. In the event that future amendments to the VSWMR
conflict with any provisions of this GMP, the VSWMR will supersede this GMP, with the exception of DEQ-

approved variances and Alternate Source Demonstrations (ASDs), and permit-specific conditions.
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2.0 SITE LOCATION INFORMATION

The CEC is located at 2701 Vepco Street, in Chesapeake, Virginia, approximately 8 miles west of Virginia
Beach and 7 miles south of the City of Norfolk. The facility is located on an inverted L-shaped peninsula
measuring approximately 6,000 feet (ft) from north to south and 1,200 to 4,000 ft from west to east (see
Figure 1la). The Facility is located north of and inside the Interstate 64/664 beltway, which
encircles/connects Chesapeake, Norfolk, Portsmouth, and Hampton, Virginia. The Facility is bounded to
the north by the Norfolk and Western rail line and Military Highway (Route 13/460), to the east by the
Southern Branch of the Elizabeth River (SBER), and to the west by a non-contact cooling water discharge
channel. The peninsula on which the Facility is situated is surrounded by the SBER, Deep Creek, and a
cooling water discharge canal on its eastern, southern, and western flanks, respectively. The CEC general
layout is presented as Figure 1b (prepared by Dominion) to illustrate the relationship of the Facility to the
power station. Dominion announced plans to cease coal-fired generation at CEC in 2014 and initiate
closure of the Landfill and Pond in 2015. The Landfill encompasses approximately 53.5 acres. The Pond
encompasses approximately 4.6 acres. The ground surface is relatively flat and ranges from approximately

elevation 5 to 12 ft above mean sea level (msl) (with the exception of the Landfill).
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3.0 SITE GEOLOGY AND HYDROGEOLOGY

CEC is located within the Atlantic Coastal Plain physiographic province, approximately 75 miles east of the
Fall Line, which separates the Coastal Plain from the Piedmont physiographic province. Altitudes in the
vicinity of the Facility range from 0 to 25 ft above msl. Extensive drilling has been conducted on site for
purposes of geotechnical study and monitoring well installation. A geotechnical study was undertaken by
Dominion Generation in 1999 for purposes of evaluating the suitability of the site for vertical expansion.
The study employed test borings and laboratory analysis to characterize site geology. Applicable sections

of the geotechnical study report dated October 28, 1999, are included in Appendix A.

Locally, based on published geologic literature and boring logs, the geologic stratigraphy from the ground
surface down consists of existing fill, recent alluvial deposits, the Norfolk Formation, and the Yorktown
Formation. The clayey sands of fill were used to construct the inner and outer perimeter dikes surrounding
the former ash pond/landfill. Alluvial deposits consist of Holocene alluvium, sand, and marsh sediment
representing an estuarine-beach, tidal marsh depositional environment, and are described as fluvial silt,
sand, and clay with organic material (peat). The Pliocene Norfolk Formation represents a fluvial estuarine
and brackish marine depositional environment, and is described as silty sand. The Pliocene Yorktown
Formation is a bluish-gray, greenish- and dark greenish-gray, very fine to coarse sand, in part glauconitic

and phosphoric, commonly very shelly and interbedded with sandy and silty clay (Powars, 2000).

The hydrogeologic framework of the shallow aquifer system in the vicinity of the Facility is composed of the
Columbia Aquifer, the Yorktown Confining Unit, and the Yorktown-Eastover Aquifer. The Columbia Group
water table aquifer is the uppermost aquifer present beneath the Landfill. The Columbia Group Aquifer is
unconfined; however, clayey fine sand, silt, clay, and peat deposits within the aquifer cause local confined
to semi-confined conditions in some areas (Smith and Harlow, 2001). The depth to groundwater in wells
surrounding the Landfill typically varies between 4 and 13 feet, depending on well location. Under the site,
the thickness of the Columbia Group aquifer intercepted by the monitoring wells ranges between
approximately 20 and 35 feet (note: the monitoring wells used in the program do not extend to the base of

the Columbia Group aquifer).

The Yorktown Confining Unit is defined as a series of coalescing clay layers at or near the top of the
Yorktown Formation. The principal water-bearing zones within the Yorktown Formation occur within 50 to
100 feet of its surface. The Yorktown-Eastover Aquifer is defined as the predominantly sandy deposits of
the Yorktown Formation and the upper part of the Eastover Formation above the confining clays of the St.

Mary’s Formation (Meng and Harsh, 1988).

The Landfill is constructed on a peninsula, and groundwater flow tends to be radial from the Landfill to the

west, south, and east. To the north, the groundwater gradient appears relatively flat. Accordingly, the wells
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used as “upgradient” wells are located several hundred feet to the northwest of the Landfill and do not relate
to the groundwater gradient at the Facility. Although groundwater movement through the unconfined and
confined aquifers is generally lateral through sediments, some groundwater movement may also occur

vertically into deeper confined aquifers; however, this condition has not been verified at the Facility.

Hydraulic conductivity values of the uppermost aquifer have been determined using slug tests to be
6.48 x 10-4 ft/min. The hydraulic gradient in the vicinity of well PO-10 has been measured at approximately
0.02 ft/ft. The calculated groundwater flow rate under the landfill is typically between 15 and 20 ft/yr.

Figure 2 (prepared by AECOM) provides an interpreted Groundwater Contour Map. The USDA Soil Survey
classifies the soils in the immediate vicinity of the Chesapeake Energy Center Landfill as primarily
Udorthents-Urban land complex surrounded by small areas of Muden fine sandy loam, Tomotley-Nimmo
complex, and Dragson fine sandy loam. A copy of the USDA Natural Resource Soil Survey Map is provided
as Figure 3 (Web Soil Survey 2, National Cooperative Soil Survey). Topography within the local area
consists of undulating terrain deeply dissected by dendritic drainages. Both intermittent and perennial
streams characterize surface flow in the vicinity. Broad ridges and hilltops serve as topographical highs
and extend to maximum elevations of roughly 450 ft above msl in the area. The James River receives

stream discharges where grades of about 200 to 230 ft above msl exist within the floodplain.

3.1  Water Supply Wells
There are no known drinking water wells downgradient from the Facility (i.e., between the Facility and the
SBER, cooling channel, or Deep Creek). No water supply wells are known to be located on the CEC

property.
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4.0 DESIGN OF THE GROUNDWATER MONITORING SYSTEM

The regional and site hydrogeological characteristics were evaluated to determine the number, spacing,
and depth of the proposed monitoring system. The following sections discuss the uppermost aquifer,
including thickness, groundwater flow rate, groundwater flow direction, and seasonal and temporal
fluctuations in groundwater flow. Also evaluated are the saturated and unsaturated geologic units and fill
materials overlying the uppermost aquifer, materials comprising the uppermost aquifer, and materials
comprising the confining unit defining the lower boundary of the uppermost aquifer, including, but not limited

to: thicknesses, stratigraphy, lithology, hydraulic conductivities, porosities, and effective porosities.

The monitoring wells proposed for the compliance monitoring network are, or will be, located and
constructed with a sufficient number of wells to yield groundwater samples representative of the conditions

in the uppermost unconfined aquifer beneath the Facility that:

1. Accurately represent the quality of background groundwater that has not been affected by leakage

from a CCR unit, and meets the requirements of 40 Code of Federal Regulations §257.91(a).

2. Accurately represent the quality of groundwater passing the CCR boundary of the Facility. The
downgradient monitoring system installed at the CCR boundary will ensure detection of
groundwater contamination in the uppermost aquifer. When physical obstacles preclude installing
downgradient monitoring wells at the CCR boundary, the downgradient monitoring wells may be
installed at the closest practicable distance hydraulically downgradient from the boundary in

locations that ensure detection of groundwater contamination in the uppermost aquifer, if any.

Well placement, construction, development, and decommissioning procedures are discussed in the
following sections. Recommended monitoring well construction, development, and decommissioning

procedures are presented in Appendix B.

4.1 Special Conditions

The following special conditions apply to this facility:

a) The Landfill and Pond are located above the former ash sluice facility for the power station. This
is a significant factor with respect to the groundwater monitoring program, because the materials remaining
in the Landfill and Pond are similar in characteristics to materials on which they have been constructed.
Accordingly, potential contaminants identified in groundwater wells may have a source other than the
Landfill and Pond.

b) The Landfill and Pond are located on a geographic peninsula with no true upgradient conditions.

For this reason, background wells MW-4 and MW-5 are located in the same aquifer, but do not relate to the
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groundwater gradient of the Landfill and Pond. The use of off-site wells for the identification of background

water quality is an adequate approach under these conditions.

C) The Facility is located in an area where nearby surface water can influence groundwater levels
(i.e., tidal fluctuations in the SBER are likely to influence groundwater fluctuations). This is a factor with
respect to the groundwater monitoring program because potential contaminants identified in groundwater

wells may have a source other than the Facility.

4.2  Monitoring Well Placement

The monitoring network described herein is designed to meet the performance standards specified in the
VSWMR and the CCR final rule, and will be protective of human health and the environment. Accordingly,
the monitoring network is designed so that adequate monitoring coverage is provided to represent the
quality of groundwater upgradient and downgradient of the Facility. A summary of survey information for
components of the existing Facility wells is provided in Table 1. Figure 2 displays the relationship of the

Facility’s topography, well locations, and the groundwater topography.

4.2.1 Compliance Monitoring Network

The following well network exists at the Landfill, and has been deemed by DEQ as acceptable during the
Annual Groundwater Report technical review. Due to the network’s proximity relative to the Pond and
historical ash disposal area, the existing network will also monitor for impacts from these areas. A sufficient
number of background and downgradient wells are screened at appropriate depths to account for spatial
variability in the uppermost aquifer. The downgradient wells are spaced appropriately to intersect
lateral/horizontal groundwater flow. Each well is inspected every sampling event for damages or unusual

conditions, and noted on the Monitoring Well Field sheet so that appropriate action can be taken.

Background Wells MW-4R, MW-5
CECW-1, CECW-2, CECW-4, CECW-5, CECW-6l, CECW-10R,
PO-8, PO-9, PO-10, PO-11

Downgradient Wells

In addition to the wells listed above, wells CECW-3 and CECW-3D will remain in place as corrective action

performance wells.

4.2.2 Horizontal Placement

The downgradient wells are placed as close to the Facility as is practical and, based on the groundwater
contours, at a point where a release would be detected. The background wells are placed several hundred
feet to the northwest of the Landfill and do not relate to the groundwater gradient at the Facility. This

approach is necessary because there is no on-site location truly upgradient of the Facility.
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4.2.3 Vertical Placement
All monitoring wells have been drilled and completed to monitor the surficial or water table (Columbia

Group) aquifer.

4.2.4 Screen Interval Placement

Monitoring well screens typically range from 5 to 20 feet in length, and are placed to intercept the top of the
Columbia Group aquifer. The rationale for this screen placement is to intercept, with minimal dilution,
contaminants that may be entering groundwater from the Facility. Also, at least 5 feet of screen is

considered necessary to minimize velocities through the screen.

4.3  Monitoring Well Construction

Boring and well construction logs for the compliance monitoring network wells are presented in Appendix C.
Monitoring well MW-5 was installed in December of 1982. Monitoring wells PO-8, PO-9, and PO-10 were
installed in December of 1983. Wells CECW-1, CECW-2, and CECW-3 were installed in August of 1998.
Replacement wells CECW-5 and CECW-61 were installed in February and May of 2000, respectively.
Finally, replacement monitoring well MW-4R was installed in December of 2006, and replacement well
CECW-10R was installed in March 2011. Monitoring wells were drilled using hollow-stem auger equipment.
It is anticipated that future wells will also be constructed using the hollow-stem auger method or a similar

industry-accepted method.

4.3.1 Dirilling Methods

Drilling new monitoring wells and/or observation wells, if necessary, will be performed in general
accordance with the specifications presented in Appendix B, and are expected to use hollow-stem auger
methods or a similar industry-accepted method. A qualified groundwater scientist will prepare a boring and
well construction log for each new well. Dominion will transmit the boring logs, well construction logs, and
appropriate maps for any wells to be included in the permitted network to the DEQ within 14 days of
certification (no more than 44 days from the completion of well construction activities, to include a survey
by a licensed surveyor) by the qualified groundwater scientist in accordance with the VSWMR. Available
boring logs and well construction diagrams for the existing on-site monitoring wells are provided in

Appendix C.

4.3.2 Well Development

Newly constructed wells will be developed to remove particulates that are present in the well casing, filter
pack, and adjacent aquifer matrix due to construction activities. Development of new monitoring wells will
be performed at least 24 hours after well construction. Wells may be developed with disposable polyvinyl
chloride (PVC) bailers, a well development pump, or other approved method. Well development procedures

are presented in Appendix B.
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Samples withdrawn from the Facility’s monitoring wells should be clay- and silt-free; therefore, wells may
require redevelopment from time to time based upon observed turbidity levels during sampling activities,
and/or measurements of total depth over time that indicate sediment accumulation. If redevelopment of a
monitoring well is required, it will be performed and documented in a manner similar to that used for a new

well.

4.3.3 Wellhead Completions

Wells will be completed with a locking protective standpipe and a concrete apron for surface protection.
Construction of new monitoring wells will be performed in general accordance with the specifications
presented in Appendix B. Protective bollards for monitoring wells will be installed as needed for wells
located adjacent to high traffic areas at the time of well construction, or at a later date if it is determined that
protective bollards are warranted. Bollards will be painted with high-visibility paint to assist with wellhead

protection.

4.3.4 Pump Installations

Wells designated for use in the compliance monitoring network and correction action performance wells
have dedicated bladder pumps, or similar pumps, installed to facilitate micropurge sampling activities. The
pumps and associated tubing are constructed of environment-inert materials suitable for use in compliance
and corrective action monitoring programs. Each pump should be placed within the middle portion of the

well screen, and no closer than 2 feet from the bottom of the well.

4.3.5 Documentation

Documentation of future well construction activities will be in accordance with the VSWMR. As part of the
well construction process, new wells will be surveyed by a licensed surveyor to within +0.05 foot on the
horizontal plane and +0.01 foot vertically in reference to mean sea level. A boring log, well construction
log, groundwater monitoring network map, and installation certification will be submitted to the DEQ within
14 days of certification by the qualified groundwater scientist in accordance with the VSWMR. The

certification shall occur within 30 days of completing the well construction process.

4.3.6 Monitoring Well Replacement
Any monitoring well that fails to perform as designed shall be replaced prior to the next regularly scheduled
groundwater sampling event, or as warranted. Non-performance of permitted groundwater monitoring wells

should be reported to DEQ within 30 days of recognition.

In February of 2000, monitoring well CECW-5 was replaced after being reported dry during several semi-
annual sampling events. Monitoring well CECW-4 was decommissioned and replaced in June of 2002 as
the result of significant damage. In 2006, monitoring well MW-4 was damaged and was subsequently

replaced with MW-4R in September of that year. Monitoring well CECW-6 was reported dry for four
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consecutive semi-annual sampling events, and was decommissioned in April of 2008. At that time, well
CECWS6-I was approved by the DEQ as an appropriate substitute for CECW-6. Finally, monitoring well

CECW-10R was added to the compliance monitoring network to ensure adequate coverage.

4.4  Monitoring Well Decommissioning Procedures

If a monitoring well becomes unusable during the life of the monitoring program, the Facility operator will
make reasonable attempts to decommission the monitoring well in accordance with the procedures
presented in Appendix B.

4.4.1 Documentation

DEQ approval will be obtained prior to decommissioning any monitoring wells that are in the Facility’s
compliance monitoring and corrective action networks. A report describing the decommissioning
procedures will be transmitted to DEQ following completion of the decommissioning activities. The report

will be prepared in accordance with the provisions in Appendix B.

45 Well Operations and Maintenance
In accordance with 9VAC20-81-250.A and §257.91(e)(2), the compliance monitoring wells will be operated

and maintained so they perform to their design specifications throughout the life of the monitoring program.
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5.0 GROUNDWATER MONITORING PROGRAM

This GMP is intended to provide a framework for consistent sampling and analysis procedures (as provided
in Section 6.0) designed to ensure monitoring results from the groundwater monitoring program provide an
accurate representation of groundwater quality at the background and downgradient wells at the Facility.
Detalls for the Detection / First Determination Monitoring Program and Assessment / Phase Il Monitoring

Program are presented in the following sections.

The following sections summarize the key elements of groundwater monitoring program requirements in
the CCR final rule (40 CFR 257) and as adopted into the VSWMR (9VAC20-81-800 et seq.). This GMP
incorporates parameters from 40 CFR 257 Appendices Ill and IV and historical First Determination and
Phase Il Groundwater Monitoring Programs described in 9VAC20-81-250 of the VSWMR. Facility-specific
Groundwater Protection Standards (GPS) will be based on established Maximum Contaminant Levels
(MCLs) as defined in 40 CFR 141, or established site-specific background levels. For non-CCR rule
analytical parameters and non-VSWMR metals only, GPS may be based on DEQ-issued Alternate

Concentration Limits (ACLS), as discussed in Section 5.2.

5.1 Detection / First Determination Monitoring Program

The Detection / First Determination Monitoring Program is designed to identify the presence and
concentration of CCR rule Appendix lll and VSWMR Table 3.1 Column A constituents in the uppermost
aquifer beneath the Facility, as listed in Table 2. Components of the Detection / First Determination
Monitoring Program, including analytical requirements, sampling frequency, and data evaluation are

discussed in the following sections.

5.1.1 Monitoring Frequency

A minimum of eight independent samples will be collected from each compliance well for analysis of those
constituents in Table 2 for which a baseline has not previously been established. The baseline sampling
events will be performed approximately quarterly on a temporal schedule that accounts for both seasonal
and spatial variability in groundwater quality, where possible, to meet the compliance schedule. During the
background-establishing period for these target constituents, semi-annual sampling and analysis will occur

for the full suite of Detection / First Determination Monitoring Program (see Table 2).

After establishing Facility baseline concentrations for the target constituents, the Detection / First
Determination Monitoring Program sampling schedule will be based on a semi-annual schedule in
accordance with the CCR final rule, as adopted and defined in the VSWMR (once every 180 days plus or

minus 30 days).
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5.1.2 Constituents
The Detection / First Determination Monitoring Program for the Facility will involve purging and sampling
the compliance monitoring wells for analysis of CCR rule Appendix Ill and VSWMR Table 3.1 Column A

constituents in the uppermost aquifer beneath the Facility, as listed in Table 2.

5.1.3 Reporting
The following types of reports are required during the Detection / First Determination Monitoring Program.
The minimum required information for each report and submittal timeframes are discussed in the following

sections.

5.1.3.1 Background Calculations

Background Calculations are required to provide the data and statistical evaluations thereof to establish
Facility background concentrations for those constituents that did not already have background
concentrations established. The calculations will be completed within the 2-year background-establishing

period.

5.1.3.2 First Determination Report

A First Determination Report will be prepared and signed by a professional engineer, and submitted to the
DEQ within 30 days of completing the Background Calculations. The report will include a summary of the
background data, and the statistical calculations for each constituent detected during the background

sampling events.

5.1.3.3 Semi-Annual Report

A Semi-annual Report will be prepared and submitted to the DEQ no later than June 30t of each year.

Each Semi-annual Report will include the following:

Signature page;

Solid waste management unit name and permit number;

Pond name and permit number;

Statement whether all permitted monitoring points were sampled;
Groundwater flow rate and direction;

Statistical evaluations and supporting calculations;

A summary table of historically detected constituents and concentrations; and

Laboratory certificates of analysis.

5.1.34 Annual Report

An Annual Report will be prepared and submitted to the DEQ on or before December 315t of each year.

The Annual Report will include the following:
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Solid waste management name, type, location (on a USGS topographic map), and permit
number;

Pond name, location and permit number;

Current owner or operator;

Summary of site history;

Physical setting description;

Adjoining landowners using groundwater as drinking water;

Description of the aquifer being monitored and the well network;

History of the groundwater monitoring program;

Discussion on DEQ-approved variances and other demonstrations;

Statement on the adequacy of the monitoring well network;

Description of the groundwater sampling events conducted in the reporting year;
An evaluation of the groundwater elevation data, flow rate, direction, and analytical data;
A summary table of historically detected constituents and concentrations;
Laboratory certificates of analysis for the second semi-annual event; and

Statistical calculations for the second semi-annual event.

In addition, a signature page and completed Form ARSC-01 will accompany each Annual Report.

5.1.4 First Determination Program Data Evaluation and Response

Statistical analyses for the Facility will include inter-well comparisons in accordance with the VSWMR and

CCR rule (see Section 7.0). Data generated from the background wells will be used to evaluate the data

from the downgradient wells. The background database will be updated with the data from the current

sampling event. Inter-well comparisons will be performed for each parameter at each downgradient

monitoring well.

1.

If the statistical analyses indicate no statistically significant increases (SSIs) of Detection / First

Determination Monitoring Program constituents over Facility background, Dominion may continue

in a Detection / First Determination Monitoring Program.

If the statistical analyses indicate that there is a SSI over Facility background, Dominion must

provide written notice to the DEQ within 14 days of such determination. Within 90 days, Dominion

will establish an Assessment / Phase Il Monitoring Program at the Facility, unless a successful
ASD has been made.

The SSI determination must be made within 30 days of completing the sampling and laboratory analyses
for each event, in accordance with 9VAC20-81-250.A.4.h(2).
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5.1.5 Alternate Source Demonstration

In accordance with the VSWMR and CCR rule, the operator may demonstrate that a source other than the
Facility caused the detection of a constituent or parameter at a concentration above Facility background,
or that a statistically significant detection resulted from an error in sampling procedures, analysis, statistical
procedures, or natural variation in groundwater quality. The ASD must be submitted to and approved by
the DEQ within 90 days of confirming the statistical exceedance to avoid advancing into the Assessment /
Phase Il Monitoring Program (see following section), unless an extension for good cause is granted by the
DEQ.

If the ASD is approved by the DEQ, Dominion may continue with the Detection / First Determination
Monitoring Program. If the ASD is not approved by the DEQ, Dominion will initiate the Assessment /

Phase Il Monitoring Program.

5.2 Assessment/ Phase Il Monitoring Program

An Assessment / Phase Il Monitoring Program will be implemented whenever a confirmed SSI (verified with
confirmation sampling) over background has been detected for one or more of the Detection / First
Determination Monitoring Program constituents, provided a successful ASD is not completed. In
accordance with the CCR final rule, a notification must be prepared and placed within the Facility operating
record and on the publicly available website stating that an Assessment / Phase Il Monitoring Program has
been established. The DEQ must be notified when the notice has been placed on Dominion’s publicly
available website. Components of an Assessment / Phase Il Monitoring Program, including analytical
requirements, sampling frequency, data evaluation, and reporting requirements, are discussed in the

following sections.

5.2.1 Constituents

The Assessment / Phase Il Monitoring Program for this Facility will involve semi-annual purging and
sampling of the compliance monitoring wells for analysis of CCR final rule Appendices Il and IV
constituents, the inorganic constituents on VSWMR Table 3.1 Columns A and B, and previously detected
VSWMR organic constituents, as summarized on Table 3. In addition, the Assessment / Phase Il
Monitoring Program has been modified by a variance issued by the DEQ in 2002 (copy provided in
Appendix D), which requires biennial (every 2 years) monitoring for the VSWMR Table 3.1 Column B

constituents.

5.2.2 Background Sampling
In accordance with Section 257.94(b) of the CCR final rule, a minimum of eight independent samples from
each background and downgradient well will be collected and analyzed for the constituents listed in

Appendices lll and IV of the CCR final rule. To ensure that each background sampling event is independent
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and to meet the current regulatory deadline, background sampling events will be conducted approximately
quarterly, unless a more frequent schedule is necessary to meet regulatory requirements, consistent with
the VSWMR [9VAC20-81-250.B.3.¢(2)].

5.2.3 Assessment / Phase Il Background Sampling Report
Dominion will submit an Assessment / Phase Il Background Report to the DEQ within 30 days of completing
the statistical evaluations to determine background concentrations for the Assessment/ Phase |l Monitoring

Program constituents.

5.2.4 Sampling Schedule

The initial Assessment / Phase Il monitoring event will occur within 90 days of the statistical exceedance(s)
over background in the Detection / First Determination Monitoring Program. Subsequent Assessment /
Phase Il sampling will occur semi-annually in accordance with the CCR rule, as incorporated into and

defined by the VSWMR (i.e., once every 180 days plus or minus 30 days).

5.2.5 Groundwater Protection Standards
The current GPS proposed for the Facility are presented on Table 4. The proposed GPS are developed

based on the following:

B For constituents for which a USEPA MCL has been established, the MCL for that
constituent;

B For constituents for which MCLs have not been established, the background concentration
established from the background wells; or for non-CCR rule constituents and non-VSWMR
metals only, a DEQ-approved risk-based ACL; or

B For constituents for which the background level is higher than the MCL (or ACL for non-

CCR rule constituents and non-VSWMR metals), the background concentration

established from the background wells.
Within 30 days of submitting the Assessment/ Phase Il Background Report, Dominion shall propose a GPS
for each detected Assessment / Phase Il Monitoring Program constituent for which a GPS has not already
been established (mainly CCR rule constituents). As discussed in Section 5.2.2, background sampling
events for the constituents in Appendices Ill and 1V of the CCR final rule must be completed no later than
the schedule published in the CCR rule, with the Assessment / Phase Il Background Report submitted
within 30 days thereof.

The established GPS will be included in the annual monitoring reports required by the VSWMR and the
corrective action report (if required). The MCL-based GPS will be updated upon USEPA’s promulgation of
new or revised MCLs. The background-based GPS will be updated every 2 years such that the eight most
recent background well sampling results shall replace the oldest eight background well sampling results.

The GPS based on MCLs will become effective immediately upon promulgation. The GPS based on Facility
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background concentrations and ACLs (for non-CCR rule constituents and non-VSWMR metals only) will

become effective upon written DEQ approval and DEQ issuance of updated ACLs, respectively.

Dominion shall submit an updated GMP if needed within 60 days of DEQ approval of the GPS, in
accordance with the VSWMR. The updated GMP will include details of the site monitoring well network
and sampling and analysis procedures. The DEQ may waive this requirement if the current GMP in the

Facility permit adequately reflects current site conditions.

5.2.6 Reporting
Two types of routine reports are required during the routine Assessment / Phase Il Monitoring Program,
those being a Semi-annual Report and an Annual Report. The minimum required information for each

report and submittal timeframes for the reports are discussed in the following sections.

5.2.6.1 Semi-Annual Report

A Semi-annual Report will be prepared and submitted to the DEQ no later than June 30™ of each year.

Each Semi-annual Report will include the following:

Signature page;

Solid waste management unit name and permit number;

Pond name and permit number;

Statement whether all permitted monitoring points were sampled;
Groundwater flow rate and direction;

Statistical evaluations and supporting calculations

A summary table of historically detected constituents and concentrations;
A list of GPS; and

Laboratory certificates of analysis.

5.2.6.2 Annual Report

An Annual Report will be prepared and submitted to the DEQ on or before December 31t of each year.

The Annual Report will include the following:
B Solid waste management unit name, type, location (on a USGS topographic map), and
permit number;
Pond name, type, location (on a USGS topographic map), and permit number;
Current owner or operator;
Summary of site history;
Physical setting description;

Adjoining landowners using groundwater as drinking water;

Description of the aquifer being monitored and the well network;
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W History of the groundwater monitoring program;
B Discussion on DEQ-approved variances and other demonstrations;
B Statement on the adequacy of the monitoring well network;
B Description of the groundwater sampling events conducted in the reporting year;
B An evaluation of the groundwater elevation data, flow rate, direction, and analytical data;
H A summary table of historically detected constituents and concentrations;
B Alist of GPS;
B Laboratory certificates of analysis for the second semi-annual event; and
B Statistical calculations for the second semi-annual event.

In addition, a signature page and completed Form ARSC-01 will accompany each Annual Report.

5.2.7 Assessment/ Phase Il Program Evaluation and Response

After each monitoring event, the concentrations of the Assessment / Phase Il Monitoring Program

constituents detected in the downgradient compliance wells will be evaluated as follows:

To determine if a release has occurred, the Assessment / Phase Il Monitoring Program groundwater

monitoring results will be compared to Facility background levels and GPS.

If no statistical exceedances over background are identified in any downgradient well,
monitoring will continue under the Assessment / Phase Il Monitoring Program. If no
Assessment / Phase |l Monitoring Program constituents are present in the groundwater at
statistically significant concentrations using DEQ-approved statistical procedures for four
consecutive semi-annual sampling events (2 years), Dominion will notify the DEQ of this
finding in accordance with the VSWMR and may revert the monitoring program to the

Detection / First Determination Monitoring Program.

If there is a SSI over the Facility-specific background concentrations in any downgradient
well and the concentration is less than the Facility-specific GPS for that constituent,
Dominion will notify the DEQ of this finding in accordance with the VSWMR and will

continue with the Assessment / Phase Il Monitoring Program.

If one of more of the Assessment/ Phase Il Monitoring Program constituents is determined
to exceed its GPS using DEQ-approved statistical procedures, Dominion will notify the
DEQ within 14 days of identifying the GPS exceedance. Unless an ASD is pursued (see
Section 5.2.8), within 90 days of the GPS exceedance, or longer as approved by the DEQ),
Dominion will characterize the nature and extent of the release of CCR constituents.
Dominion will install at least one additional monitoring well at the Facility boundary
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hydraulically downgradient of the detected release. Dominion will notify all persons who
own land or reside on land that directly overlies impacted groundwater, and initiate the

corrective action measures as outlined in the VSWMR and CCR rule.

The SSI determinations (i.e., over background and over GPS) must be made within 30 days of completing

the sampling and laboratory analyses for each event, in accordance with 9VAC20-81-250.A.4.h(2).

5.2.8 Alternate Source Demonstration

In accordance with the VSWMR and CCR rule, Dominion may demonstrate that a source other than the
Facility caused the contamination, or that a statistically significant detection or GPS exceedance resulted
from an error in sampling procedures, analysis, statistical procedures, or natural variation in groundwater
quality. The ASD must be submitted to and approved by the DEQ within 90 days of confirming the GPS

exceedance (or longer as approved by DEQ) to avoid advancing into the Corrective Action Program.

If the ASD is approved by the DEQ, Dominion may continue with the Assessment / Phase Il Monitoring
Program. If the ASD is not approved by the DEQ, Dominion will continue to implement the Assessment /
Phase Il Monitoring Program and will initiate the Corrective Action Program if a GPS has been exceeded.
The 90-day timeframe for submittal and approval of the ASD may be extended by the DEQ at the request
of Dominion.
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6.0 SAMPLE AND ANALYSIS PROGRAM
Proper sampling procedures are an important and fundamental aspect in an effective monitoring program.
The following sections, which are consistent with USEPA guidance and the requirements of the CCR final

rule, outline the proposed sample collection procedures.

6.1 Sampling Order
The existing compliance wells are equipped with dedicated purging and sampling equipment; therefore, the
likelihood of cross-contamination at this Facility is minimized. Accordingly, the anticipated sampling order

will follow a sequence based on consideration of field conditions at the time of sampling.

6.2 Water Level Gauging
Prior to purging each monitoring well, the static water level will be gauged using an electronic water level
indicator accurate at 0.01 foot. The measurement will be obtained from the surveyed measuring point

(typically a notch in the top of the PVC casing) on each well.

Prior to initial use and between wells, the portion of the water level indicator that comes in contact with the
groundwater in the well will be decontaminated to avoid cross-contamination between monitoring wells. In
addition to decontaminating the downhole equipment, sampling personnel will don new gloves between

wells, and more frequently as needed, to avoid cross-contamination between monitoring wells.

The depth-to-water and depth-to-bottom measurements will be used to calculate the volume of water in the

monitoring well using the following equation in the case that micropurge techniques are not used.

Well Volume (gallons) = (DTB — DTW) * Ve

Where: DTB = Depth to bottom to the nearest 0.1 foot
DTW = Depth to the water table surface to the nearest 0.01 foot
VE = Volume Factor as follows:

0.17 = 2-inch diameter well

6.3 Purging Procedure

The monitoring wells in the monitoring network will be purged and sampled using a micropurge technique.
Micropurge sampling can greatly reduce the volume of water that must be purged from a well before
representative samples can be collected, and typically provides for the collection of more representative
samples than do other purge methods, as well as consistency in analytical results between sampling
events. Micropurging is accomplished through the use of dedicated low-flow sampling devices. Bailers
and portable pumps are not recommended because they cause mixing of the standing water column within
the well (Robin and Gilham, 1987). This mixing action requires the removal of the traditional large purge

volumes before sampling. Introducing any device into the well prior to sampling causes a surging effect
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that may increase turbidity and interfere with the normal flow of water through the well screen. This

disturbance may remain in effect for as long as 24 to 48 hours (Kearl et al., 1992).

For monitoring wells with dedicated bladder pumps equipped with check values that hold stagnant water in
the discharge tubing between sampling events, the discharge tubing shall be purged prior to commencing
micropurge activities to ensure that fresh formation water is sampled following the completion of

micropurging. The discharge tube purge volume will be determined using the following equation:

Discharge Tube Volume (milliliters) = DTP * VE
Where: DTP = Depth to the top of the pump to the nearest 0.1 foot
Ve = Volume Factor as follows:

10 = 1/4-inch diameter tubing

22 = 3/8-inch diameter tubing

39 = 1/2-inch diameter tubing
If discharge tube purging is required, the purge should be conducted at a rate equal to the well yield to
avoid drawing stagnant well column water into the pump (i.e., between 100 and 500 milliliters per minute).
During the discharge tubing purge, the flow rate and the depth to groundwater should be monitored on
regular intervals (every 3 to 5 minutes) to verify that the purge activities are not removing stagnant water

from the water column in the monitoring well.

After completing the discharge tubing purge, if required, water quality parameters (pH, temperature,
conductivity, and/or dissolved oxygen) along with the depth to water will be monitored during the micropurge
consistent with USEPA guidance on micropurging. The stabilization of these parameters (generally 10%
for three consecutive readings) indicates when the discharge water is representative of formation water and
samples can be collected for analysis. Measurements of turbidity may also be collected for the purpose of
evaluating the purging technique. Water quality measurements will be collected on approximate 3- to

5-minute intervals and will be recorded on a Field Log or in the Field Book to document purge stabilization.

In addition to the water quality parameters, the flow rate may be monitored at regular intervals during the
micropurge to verify that the micropurge activities are not removing stagnant water from the water column
in the monitoring wells. In general, purge rates when using micropurge sampling procedures should not
exceed 500 milliliters per minute, and the purge rate should be adjusted downward as needed to prevent
the groundwater elevations from dropping more than 1 foot. Any measurements taken should be recorded
on a Field Log or in the Field Book to document steady-state flow conditions during the purge. Sampling
personnel will containerize and dispose of purge water generated during sampling activities in accordance

with regulatory requirements.

On rare occasions, the yield of a monitoring well will be insufficient to keep up with the micropurge. In

cases where the yield of the monitoring well is less than 50 milliliters per minute as documented by the
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recorded flow rate and continually decreasing head level as the well is purged, the required samples may
be collected prior to stabilization of the water column provided the water quality parameters have stabilized

within the required 10% range.

In the event that dedicated pumping equipment malfunctions during a sampling event, non-dedicated
equipment may be used to micropurge the affected well(s) provided the pump can be decontaminated prior
to use in each well. The pump and associated discharge hoses must be decontaminated using a non-
phosphate-based detergent and water mixture followed by a deionized water rinse to avoid cross-

contamination between monitoring wells.

6.4 Sample Collection

Once the water quality data indicate that the well has been stabilized, required samples should be collected
directly from the discharge tubing on the pump into laboratory-provided, pre-preserved sample containers
selected for the required parameters or compatible parameters. Sample collection should be performed at

the same rate that was used during the micropurge. The samples will not be field-filtered.

Anticipated sample container, minimum volume, chemical preservative, and holding times for each analysis
type are provided in Table 5, and may change depending on laboratory requirements. Sample preservation
methods will be used to retard biological action, retard hydrolysis, and reduce sorption effects. These

methods include chemical addition, refrigeration, and protection from light.

The samples will be collected in the following order by analytical parameter, consistent with the EPA RCRA
Groundwater Monitoring Technical Enforcement Guidance Document, September 1986, and the EPA

RCRA Ground-water Monitoring: Draft Technical Guidance, November 1992:

. volatile organic constituents

. dissolved gases and total organic carbon
. semi-volatile organic constituents

. pesticides

. herbicides

. polychlorinated biphenyls

. sulfides

. cyanides

. metals

6.5 Sample Documentation

Chain-of-custody control is critical for documenting the integrity of the samples following collection, during
transport to the laboratory, and at the laboratory. Consequently, the label for each sample container shall
be completed to document the sample collection activities. After labeling the sample containers, the
samples should be documented on the chain-of-custody form prior to mobilizing to the next sample point.

In addition, the chain-of-custody form should be signed by the sampling personnel and the receiving agent,
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with the date and time of transfer noted. The completed chain-of-custody form should be maintained with

the samples. An example chain-of-custody form is provided in Appendix E.

6.6 Sample Seals
Itis recommended that the shipping container be sealed to ensure that the samples have not been disturbed

during transport to the laboratory.

6.7 Sample Event Documentation
The sampling event field notes should document the field activities such that they, along with the chain-of-
custody form(s), are sufficient to allow for reconstructing the sampling event by a third party. An example

groundwater monitoring Field Log is provided in Appendix F.

6.8 Field Quality Assurance/Quality Control Procedures
Trip blanks, equipment blanks, and field blanks provide quality assurance / quality control (QA/QC)

measures for the monitoring program. The QA/QC measures are discussed in the following sections.

6.8.1 Trip Blanks

Trip blanks are a required part of the field sampling QA/QC program whenever analytical parameters
include volatile organic compounds (VOCs). Trip blanks are used to detect contamination that may be
introduced in the field (either atmospheric or from sampling equipment), in transit (to or from the sampling

site), or in the bottle preparation, sample log-in, or sample storage stages at the laboratory.

Trip blanks are samples of organic-free water (e.g., deionized) prepared by the laboratory. The blanks
remain with the sample bottles while in transit to the site, during sampling, and during the return trip to the
laboratory. Trip blank sample bottles must not be opened at any time during this process. Upon return to
the laboratory, trip blanks will be analyzed for VOCs using the same procedures and methods that are used

for the collected field samples.

Trip blank results will be reported in the laboratory results as separate samples. One trip blank should be

analyzed for each sample group requiring shipment with VOC samples.

6.8.2 Field Blanks

Field blanks may be collected as part of the field sampling QA/QC program. The purpose of the field blank
is to detect any contamination that might be introduced into the groundwater samples through the air or
through sampling activities. For this groundwater sampling program, at least one field blank is
recommended to be collected and analyzed for the same parameters as those for which groundwater

samples are analyzed.
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Field blanks must be prepared in the field (at the sampling site) using laboratory-supplied bottles and
deionized or laboratory reagent-quality water. Each field blank is prepared by pouring the deionized water
into the sample bottles at the location of one of the wells in the sampling program. Preservatives are added
to specific sample bottles as required. The well at which the field blank is prepared must be identified on
the Field Log along with any observations that may help explain anomalous results (e.g., prevailing wind
direction, upwind potential sources of contamination). Once a field blank is collected, it is handled and

shipped in the same manner as the rest of the samples.

Field blank results will be reported in the laboratory results as separate samples, using the designation
FB-(Well #) as their sample point designation.

6.8.3 Equipment Blanks

Equipment will be decontaminated by rinsing the equipment once with deionized or laboratory reagent-
quality water, brushing the equipment using laboratory-quality soap, and triple rinsing the equipment with
deionized or laboratory reagent-quality water. One equipment blank may be collected during each sampling
event and analyzed for the same parameters as those for which groundwater samples are analyzed.
Equipment blanks are collected by pouring deionized or laboratory reagent-quality water into or over the

sampling device (e.g., the water level indicator), and then filling a set of sample bottles.

If the analytes for the equipment blank would normally be filtered, this water should be placed into a
pre-filtration bottle and subsequently filtered. Whether or not it is filtered, this water is placed into the

equipment blank bottles, and the proper preservative added (as required).

Equipment blank results will be reported in the laboratory results as separate samples, using the

designation EB-(Well #) as their sample point designation.

6.9 Laboratory Quality Control Procedures

The quality assurance program for the Virginia Environmental Laboratory Accreditation Program (VELAP)-
accredited analytical laboratory will be documented in their Quality Assurance Program Plan (QAPP). This
document describes mechanisms employed by the VELAP-accredited laboratory to ensure that reported
data meet or exceed applicable USEPA and state requirements. It describes the laboratory’s experience,
its organizational structure, and procedures in place to ensure quality of the analytical data. The QAPP
outlines the sampling, analysis, and reporting procedures used by the laboratory. The laboratory is
responsible for the implementation of and adherence to the QA/QC requirements outlined in the QAPP. A

copy of the laboratory’s QAPP will be available to the DEQ or Facility personnel upon request.

Data Quality Reviews (DQRS), or equivalent, are requests submitted to the laboratory to formally review

results that differ from historical results, or that exceed certain permit requirements or quality control criteria.
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The laboratory prepares a formal written response to DQRs explaining discrepancies. The DQR is the first

line of investigation following any anomalous result.

6.9.1 Laboratory Documentation

Upon receipt of the samples at the laboratory, the following activities are recommended:

1. The date, time of sample collection, and analysis to be performed will be provided to the VELAP-

accredited laboratory.

2. The samples will be examined upon receipt to ensure collection in USEPA-approved containers for
the requested analysis. The sample collection data and time will also be reviewed to ensure the
USEPA-required sample holding time has not expired or will not expire before the analysis can be

performed.
3. Samples will be shipped in accordance with 40 CFR 136.

4. The pH of each sample will be recorded if required by the analytical method. Also, preservative
adjustments, filtration, and sample splitting must also occur as required prior to distribution. Sample

adjustments will be fully documented.

During analysis of the samples, it is recommended that the laboratory agent maintain the integrity of the

samples as follows:
1. During the sample analysis period, the samples will be stored in accordance with 40 CFR 136.

2. If, at any point during the analysis process, the results are considered technically inaccurate, the

analysis must be performed again if holding times have not been exceeded.

Documentation activities should be completed with permanent ink in a legible manner with mistakes

crossed out.

6.9.2 Laboratory Analyses

Analytical procedures will be performed in accordance with USEPA’s Test Methods for Evaluating Solid
Waste - Physical/Chemical Methods, SW-846, as updated, and other USEPA-approved methods. The
Monitoring Program constituents are listed in Tables 2 and 3 of this GMP. The analytical methods to be
used are USEPA-approved SW-846 methods or Standard Methods as approved by the USEPA. The
analyses will be performed by a laboratory that holds the appropriate Virginia Environmental Laboratory
Accreditation Program (VELAP) method accreditation. The analytical results for metals will be reported as

total metals (vs. dissolved).
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Alternate methods may be used if they have a similar or lower Practical Quantitation Limits (PQLS).
Methods with higher PQLs will be considered if the concentration of the parameter is such that an alternate

test method with a higher PQL will provide the same result.

6.9.3 Limits of Quantitation (LOQs)
Laboratory-specific LOQs will be used as the reporting limits for quantified detections of required monitoring

constituents. Laboratory LOQs will be reported with the sample results.

6.9.4 Limits of Detection (LODs)

Laboratory-specific LODs will be used as the reporting limits for estimated detections of required monitoring
constituents. Constituents detected at concentrations above the LOD but below the LOQ will be reported
as estimated with a qualifying “J” flag on the laboratory certificates of analysis. Laboratory LODs will be

reported with the sample results

6.9.5 Method Blanks
Laboratory method blanks are used during the analytical process to detect any laboratory-introduced
contamination that may occur during analysis. A minimum of one method blank should be analyzed by the

laboratory per sample batch.

6.9.6 Matrix Spike and Matrix Spike Duplicate Samples
A matrix spike/matrix spike duplicate sample will be run with every sample batch. The relative percent
difference between the spike and the spike duplicate sample should be less than 20%. Higher values may

indicate matrix interference.
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7.0 DATA EVALUATION
Statistical analysis of the data will be completed as discussed in the following subsections. These criteria
represent a conservative approach to groundwater analysis and incorporate appropriate statistical and

other evaluation methodologies.

7.1  Groundwater Data Evaluation
This section outlines the inter-well statistical evaluation methodologies that may be used to detect a release

from the Facility by comparing downgradient well results to background.

During background sample collection, it will be necessary to examine the data for outliers, anomalies, and
trends that might be an indication of a sampling or analytical error. Outliers and anomalies are
inconsistently large or small values that can occur due to sampling, laboratory, transportation, or
transcription errors, or even by chance alone. Significant trends indicate a source of systematic error, or
an actual contamination occurrence, that must be evaluated and corrected before valid inter-well statistical
evaluations can be implemented. The inclusion of such values in the historical database used for temporal
water quality evaluations or in the Facility’s background database for inter-well statistical evaluations could
cause misinterpretation of the data set, and result in high false positive (i.e., an indication of a release when
none exists) and/or false negative (i.e., falsely concluding there is no release in the presence of an actual

release) conclusions.

To prevent the inclusion of anomalous data in the inter-well database, background monitoring results will
be evaluated during background development for any new wells constructed, once those well(s) have at
least four measurements for a given constituent using time vs. concentration graphs. Parameter
concentrations that appear anomalous (i.e., that are 5 times or greater than the previous results) may be
verified during the next sample collection event or after a reasonable period of time to ensure sample
independence (e.g., 3 months). If the anomalous result is not verified, the outlier will be removed from the
database to maintain the accuracy of the evaluation method. Any detected systematic trends or verified

outliers in the background database will be evaluated and reported to the DEQ in a timely manner.

7.1.1 Correcting for Linear Trends

If a data series exhibits a linear trend, the sample will exhibit temporal dependence when tested via the
sample autocorrelation function (see Section 14.2.3 of the Unified Guidance; USEPA, 2009), the rank von
Neumann ratio (see Section 14.2.4 of the Unified Guidance; USEPA, 2009), or similar procedure. These
data can be de-trended by computing a linear regression on the data (see Section 17.3.1 of the Unified
Guidance; USEPA, 2009) and then using the regression residuals instead of the original measurements in

subsequent statistical analysis.
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7.2  Statistical Methodology

The statistical test used to evaluate the groundwater monitoring data will be the prediction interval method
as allowed by the VSWMR and the CCR rule, unless this test is inappropriate with the background data. If
one or more alternative statistical tests are used, the Facility operator will ensure that an adequate number
of independent samples for the statistical method are collected within the compliance period such that the
level of significance for individual well comparisons will be no less than 0.01 and no less than 0.05 for

multiple comparisons for any statistical test. Possible alternate statistical test methods are:

1. Aparametric analysis of variance (ANOVA) followed by multiple comparisons procedures to identify
statistically significant evidence of contamination. The method will include estimating and testing
the contrasts between each compliance well's mean and the background mean levels for each

constituent;

2. An ANOVA based on ranks followed by multiple comparisons procedures to identify significant
evidence of contamination. The method will include estimating and testing the contrasts between

each compliance well's median and the background median levels for each constituent;

3. Atolerance or prediction interval procedure in which an interval for each constituent is established
from the distribution of the background data, and the level of each constituent in each compliance

well is compared to the upper tolerance or prediction limit;
4. A control chart approach that gives control limits for each constituent; or

5. Another statistical test method that meets the performance standards specified by the DEQ and
CCR rule. A justification for the alternate test method will be submitted for approval by the DEQ.

The statistical analysis chosen to evaluate the groundwater data will meet the following performance
standards and will be consistent with the DEQ’s Data Analysis for Solid Waste Facilities (March 2008):

1. The statistical method used to evaluate groundwater monitoring data shall be appropriate for the
distribution of monitoring parameters or constituents. If the distribution is shown by the owner or
operator to be inappropriate for a normal theory test, then the data should be transformed or a
distribution-free theory test should be used. If the distributions for the constituents differ, more than

one statistical method may be needed.

2. If an individual well comparison procedure is used to compare an individual compliance well
constituent concentration with background constituent concentrations or a GPS, the test shall be
done at a Type | error level no less than 0.01 for each testing period. If a multiple comparisons

procedure is used, the Type | experiment-wise error rate for each testing period shall be no less
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7.2.1

than 0.05; however, the Type | error of no less than 0.01 for individual well comparisons must be
maintained. This performance standard does not apply to tolerance intervals, prediction intervals,

or control charts.

If a control chart approach is used to evaluate groundwater monitoring data, the specific type of
control chart and its associated parameter values shall be protective of human health and the
environment. The parameters shall be determined after considering the number of samples in the
background database, the data distribution, and the range of the concentration for each constituent

of concern.

If a tolerance interval or a prediction interval is used to evaluate groundwater monitoring data, the
levels of confidence and, for tolerance intervals, the percentage of the population that the interval
must contain, shall be protective of human health and the environment. These parameters shall
be determined after considering the number of samples in the background database, the data

distribution, and the range of the concentrations for each constituent of concern.

The statistical method shall account for data below the LOD with one or more statistical procedures
that shall be at least as effective as any other approach in this section for evaluating groundwater
data. Any PQL that is used in the statistical method shall be the lowest concentration level that
can be reliably achieved within specified limits of precision and accuracy during routine laboratory

operating conditions that are available to the Facility.

If necessary, the statistical method shall include procedures to control or correct for seasonal and

spatial variability as well as temporal correlation in the data

Reporting of Low and Zero Values

Chemical constituents that are not present above the detection limit of the analytical procedure are reported
as NOT DETECTED (ND), or less than the laboratory limit of detection (LOD), rather than as zero or not

present, and the laboratory’s LOD is provided on the analytical report. There is a variety of ways to deal

with data that include values below detection. General guidelines that will be used to handle the data when

less than 100% of the data are detected are summarized in Table 6.

However, procedures referenced above may be modified as discussed in Chapter 2 of Statistical Analysis

of Groundwater Monitoring Data at RCRA Facilities, Unified Guidance, March 2009, and as agreed on with

the DEQ on a case-by-case basis.
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7.2.2 Normality Testing

The original data must be tested for normality using the Shapiro-Wilk Test of Normality (either single group
or multiple group version) for sample size up to 50, and the Shapiro-Francia Test of Normality for sample
size more than 50, or other acceptable test methods. If an alternative test method is proposed for evaluating
the normality of data, the Facility operator will provide adequate supporting information demonstrating that
the alternative method has a similar level of power to detect deviations from the normal distribution as the
Shapiro-Wilk and Shapiro-Francia Test methods, as appropriate. The following guidelines are used for

decisions in normality testing:

1. If the original data show that the data are not normally distributed, then the data must be natural

log-transformed and tested for normality using the above methods.

2. Ifthe original or the natural log-transformed data confirm that the data are normally distributed, then

a normal distribution test must be applied.

3. If neither the original nor the natural log-transformed data fit a normal distribution, then a

distribution-free test must be applied.

7.2.3 Missing Data Values

Missing data values may result in an incomplete measure of environmental variability and an increased
likelihood of falsely detecting contamination. If data are missing, there is also a danger that the full extent
of contamination may not be characterized. Therefore, resampling will occur within 30 days to replace the

missing data unless an alternative schedule is otherwise approved by DEQ.

7.2.4 Outliers
An outlier is a value that is much different from most other values in a data set for a given groundwater

chemical constituent. The reasons for outliers may include:

Sampling errors or field contamination;
Analytical errors or laboratory contamination;
Recording or transcription errors;

Faulty sample preparation or preservation, or shelf-life exceedance; or

Extreme, but accurately detected environmental conditions (e.g., spills, migration from the
Facility).

Formal testing for outliers should be done only if an observation seems particularly high (by orders of
magnitude) compared to the rest of the data set. If a sample value is suspect, one should run the outlier
test described below, from USEPA’s Statistical Analysis of Groundwater Monitoring Data at RCRA

Facilities, Interim Final Guidance. It should be cautioned, however, that this outlier test assumes that the
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rest of the data values, except for the suspect observation, are normally distributed. Since log-normally
distributed measurements often contain one or more values that appear high relative to the rest, it is
recommended that the outlier test be run on the logarithms of the data instead of the original observations.
That way, one can avoid classifying a high log-normal measurement as an outlier just because the test

assumptions were violated.

The procedure for evaluating data for the presence of outliers is as follows. Let the sample of data be
denoted by Xi...Xn. For specificity, assume that the data have been ordered and that the largest
observation, denoted by X, is suspected of being an outlier. Generally, inspection of the data suggests
values that do not appear to belong to the data set. For example, if the largest observation is an order of

magnitude larger than the other observations, it would be suspect.

Step 1. Calculate the mean, 0, and the standard deviation, S, of the data including all observations.
Step 2. Form the statistic, Thn:
Tn=(Xn-0)/S

Note that Tn is the difference between the largest observation and the sample
mean, divided by the sample standard deviation.

Step 3. Compare the statistic Tn to the critical value given the sample size, n, in Table 8,
Appendix B of USEPA's statistical analysis document referenced above. If the T
statistic exceeds the critical value from the table, this is evidence that the suspect
observation, X, is a statistical outlier.

If the test designates an observation as a statistical outlier, the source of the abnormal measurement should

be investigated. Valid reasons for the outlier value may include contaminated sampling equipment,

laboratory contamination of the sample, errors in transcription of the data values, or the value may be a

true, but extreme data point. Once a specific reason for the outlier is documented, the data point should

be excluded from any further statistical analysis. If a plausible reason cannot be found, the sample should

be treated as a true but extreme value and should be excluded from the current data evaluation round (i.e.,

should not be used to calculate background concentrations). The value should be maintained in the

Facility’s database, however, with the database re-evaluated during the next data evaluation round.

7.3  Verification Procedure

Once groundwater analysis results have been collected, checked for QA/QC consistency, and determined
to be above the appropriate statistical level, the results must be verified in accordance with the objectives
and timeframes specified in the VSWMR for groundwater monitoring. Verification re-sampling is an integral
part of the statistical methodology described by USEPA’s Addendum to Interim Final Guidance Document
- Statistical Analysis of Ground-Water Monitoring Data at RCRA Facilities (July, 1992). Without verification

re-sampling, much larger statistical limits would be required to achieve site-wide false positive rates of 5%
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or less. Furthermore, the resulting false negative rate would be greatly increased. The following procedure
will generally be performed for each compound determined to be initially above its statistical limit. Only

constituents that initially exceed their statistical limit will be analyzed for verification purposes.

7.3.1 Comparison to Groundwater Protection Standards
Following the establishment of GPS under the Assessment / Phase Il Monitoring Program, detected
constituents and parameters will be statistically compared to the approved GPS using one of the methods

discussed below.

If the GPS for a constituent or parameter is derived from the Facility background concentration, then the
groundwater monitoring data must be compared directly to the GPS using a value-to-value comparison. If
the established GPS is derived from a MCL, then the groundwater monitoring data may be compared to

the GPS statistically and/or using a value-to-value procedure.

Based on the above criteria, groundwater monitoring data will initially be compared to the established GPS
via a value-to-value comparison. If a GPS is exceeded during the value-to-value comparison for any
parameter, a verification sample may be collected within the 30-day SSI determination period in accordance
with 9VAC20-81-250.A.4.i. The results from the verification sample will be compared to the GPS via a
value-to-value comparison. If the comparison indicates a GPS exceedance, the source of the GPS will be
determined. If the GPS is derived from a MCL or ACL (for applicable non-CCR rule constituents and non-
VSWMR metals only), two additional groundwater samples for analysis of the suspect constituent(s) may
be collected to facilitate a statistical comparison to the GPS. It is noted that verification sampling and/or
additional sampling required to perform a statistical evaluation must occur within the same compliance
monitoring period that the original samples were collected. The compliance monitoring period begins on
the day of sampling and expires 6 months later, or the date of the next compliance sampling event,

whichever occurs first.

To perform a statistical comparison, a minimum of four samples must be collected within the compliance
monitoring period. Once data have been received for the four samples, then the lower confidence interval
can be calculated and compared to the GPS. The lower limit should be calculated initially by using a 95%
confidence level. If the lower limit exceeds the GPS, the DEQ may be contacted regarding the use of a

confidence level greater than 95%.
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8.0 HYDROGEOLOGIC ASSESSMENT

The groundwater surface elevations measured during each sampling event will be evaluated to determine
whether the requirements for locating the monitoring wells continue to be satisfied, and the rate and
direction of groundwater flow will be determined. Prior to purging the monitoring wells, the groundwater
level in each well will be measured using the procedures discussed in Section 6.2. Groundwater elevations
in monitoring wells must be measured within a period of time short enough to avoid temporal variations in
groundwater flow (typically within 24 hours), as well as tidally influenced variations in groundwater flow,
which could preclude accurate determination of groundwater flow rate and direction. Therefore,

groundwater levels will be measured within a 4-hour period prior to each event.

The rate and direction of groundwater flow will be determined each time groundwater is sampled by
comparing the groundwater surface elevations among the monitoring wells, and at least annually, preparing
a groundwater surface contour map. The groundwater flow rate shall be determined using the following

equation:

Vow =K i (Yn,)

Where: Vow = Groundwater velocity
K= Hydraulic conductivity
i= Hydraulic gradient
Ne = Effective porosity

If the evaluation shows that the groundwater monitoring system does not satisfy the requirements of the
VSWMR, the monitoring system will be modified to comply with those regulations after obtaining approval
from the DEQ. The operator will request the appropriate permit amendment action related to any revisions
of the monitoring well network deemed necessary due to a change in groundwater flow pattern or
functionality of any monitoring well. Proposed revisions will be submitted to the DEQ within 30 days of
determining that the system does not satisfy the requirements of the VSWMR; the modifications may

include a change in the number, location, or depth of the monitoring wells.
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9.0 RECORD KEEPING
Pursuant to 9VAC20-81-250.E.1, Dominion will retain groundwater monitoring records at the CEC
throughout the active life and post-closure care period for the Facility. Records pertaining to the

groundwater monitoring activities will include the following:

e Historical groundwater surface elevation data

e Historical laboratory analytical results for the compliance monitoring events
¢ Documentation of well installation, repair, and decommissioning actions

e DEQ correspondence

o DEQ-approved variances, well subsets, or other types of approvals
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TABLE 1. SURVEY INFORMATION FOR EXISTING WELLS

WELLS:

MW-4R

CECW-1

CECW-2

CECW-4

CECW-5

CECW-6l

CECW-10R

PO-8

PO-9

PO-10

PO-11

Top of
Casing
(TOC)
Elevation

(msl)

14.12

14.43

22.94

23.35

23.40

21.87

22.12

5.52

14.68

9.99

7.49

20.70

Depth of
Borehole —
(feet)

145

145

27.4

25

215

26

34

12

16

10

10

21

Length of
Screened
Interval -

(feet)

10

10

10

15

10

20

10

Notes:

e Elevations measured in feet above Mean Sea Level (msl)

e 2014 PO-11 TOC elevation was lowered following shoreline stabilization activity




TABLE 2
Constituents for Detection / First Determination Monitoring Program
Chesapeake Energy Center

TYPICAL LOQ/PQL

PARAMETER CLASS CAS RN TYPICAL METHOD

(ug/L)
CCR Appendix Il to Part 257
Boron metal 7440-42-8 6010C 50
Calcium metal 7440-70-2 6010C 5,000
Chloride anion 16887-00-6 300.0 5,000
Fluoride anion 16984-48-8 300.0 200
pH field parameter NA SM4500-H NA
Sulfate anion 18785-72-3 300.0 5,000
Total Dissolved Solids (TDS) dissolved cations and anions Total SM2540C 50,000
Virginia Solid Waste Management Regulation Table 3.1 Column A Inorganics

Antimony metal Total 6010C 20
Arsenic metal Total 6020A 7
Barium metal Total 6020A 1
Beryllium metal Total 6010C 5
Cadmium metal Total 6010C 1
Chromium metal Total 6020A 2
Cobalt metal Total 6020A 5
Copper metal Total 6010C 5
Lead metal Total 6010C 10
Nickel metal Total 6010C 10
Selenium metal Total 6010C 10
Silver metal Total 6010C 3
Thallium metal Total 6010C 20
Vanadium metal Total 6010C 5
Zinc metal Total 6010C 2
Acetone volatile 67-64-1 8260B 5
Acrylonitrile volatile 107-13-1 8260B 20
Benzene volatile 71-43-2 8260B 1
Bromochloromethane volatile 74-97-5 8260B 1
Bromodichloromethane volatile 75-27-4 8260B 1
Bromoform volatile 75-25-2 8260B 1
Carbon disulfide volatile 75-15-0 8260B 1
Carbon tetrachloride volatile 56-23-5 8260B 1
Chlorobenzene volatile 108-90-7 8260B 1
Chloroethane volatile 75-00-3 8260B 1
Chloroform volatile 67-66-3 8260B 1
Dibromochloromethane volatile 124-48-1 8260B 1
1,2-Dibromo-3-chloropropane (DBCP) volatile 96-12-8 8011 0.02
1,2-Dibromoethane (EDB) volatile 106-93-4 8011 0.02
o-Dichlorobenzene / 1,2-Dichlorobenzene volatile 95-50-1 8260B 1
p-Dichlorobenzene / 1,4-Dichlorobenzene volatile 106-46-7 8260B 1
trans-1,4-Dichloro-2-butene volatile 110-57-6 8260B 1
1,1-Dichloroethane volatile 75-34-3 8260B 1
1,2-Dichloroethane volatile 107-06-2 8260B 1
1,1-Dichloroethylene volatile 75-35-4 8260B 1
cis-1,2-Dichloroethylene volatile 156-59-2 8260B 1
trans-1,2-Dichloroethylene volatile 156-60-5 8260B 1
1,2-Dichloropropane volatile 78-87-5 8260B 1
cis-1,3-Dichloropropene volatile 10061-01-5 8260B 1
trans-1,3-Dichloropropene volatile 10061-02-6 8260B 1
Ethylbenzene volatile 100-41-4 8260B 1
2-Hexanone / Methyl butyl ketone (MBK) volatile 591-78-6 8260B 5
Methyl bromide / Bromomethane volatile 74-83-9 8260B 1
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TABLE 2
Constituents for Detection / First Determination Monitoring Program
Chesapeake Energy Center

TYPICAL LOQ/PQL

PARAMETER CLASS CAS RN TYPICAL METHOD

(ug/L)

Virginia Solid Waste Management Regulation Table 3.1 Column A Volatile Organics (cont.)
Methyl chloride / Chloromethane volatile 74-87-3 8260B 1
Methyl ethyl ketone / 2-Butanone (MEK) volatile 78-93-3 8260B 5
Methyl iodide volatile 74-88-4 8260B 1
4-Methyl-2-pentanone / Methyl isobutyl ketone volatile 108-10-1 8260B 5
Methylene bromide / Dibromomethane volatile 74-95-3 8260B 1
Methylene chloride / Dichloromethane volatile 75-09-2 8260B 1
Styrene volatile 100-42-5 8260B 1
1,1,1,2-Tetrachloroethane volatile 630-20-6 8260B 1
1,1,2,2-Tetrachloroethane volatile 79-34-5 8260B 1
Tetrachloroethylene (PCE) volatile 127-18-4 8260B 1
Toluene volatile 108-88-3 8260B 1
1,1,1-Trichloroethane volatile 71-55-6 8260B 1
1,1,2-Trichloroethane volatile 79-00-5 8260B 1
Trichloroethylene volatile 79-01-6 8260B 1
Trichlorofluoromethane (CFC-11) volatile 75-69-4 8260B 1
1,2,3-Trichloropropane volatile 96-18-4 8260B 1
Vinyl acetate volatile 108-05-4 8260B 5
Vinyl chloride volatile 75-01-4 8260B 1
Xylenes (total) volatile see note 8260B 3
Notes:

e Class: General type of compound

e CAS RN: Chemical Abstracts Service Registry Number. Where 'Total' is entered, all species that contain the element are included.

e Method: Analytical Method from EPA SW-846 Methods for Evaluating Solid Waste. Samples will be analyzed using the version
of each method that is current at the time of sampling. The versions listed in this table (e.g., 8260B, 8270C) are the current
versions as of May 23, 2001.

e LOQ: Limit of Quantitation; PQL is the laboratory practical quantitation limit and is similar to the estimated quantitation limit.

e ug/L: micrograms per liter

e Acceptable alternatives to the analytical methods listed above include current SW-846 Methods with PQLs similar to the one
specified and other laboratory methods as approved by the Virginia Department of Environmental Quality.
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Module XI + Variance VSWMR and CCR Rule Compliance Monitoring

Semi-Annual Constituents: Inorganics +

Inorganics + Previous Detects

TABLE 3

Summary Table: Assessment /Phase Il Groundwater Monitoring Program

Chesapeake Energy Center

Current GPS Exceedances: Arsenic, Beryllium, Cobalt, and Sulfide

Biennial (once every 2 years) Constituents: Table 3.1 Column B

Antimony
Arsenic
Barium
Beryllium
Cadmium
Chromium*
Cobalt
Copper
Cyanide

Lead

Mercury (inorganic)
Nickel
Selenium
Silver

Sulfide
Thallium

Tin

Vanadium
Zinc

Carbon disulfide
Acenaphthene
Anthracene
Dibenzofuran
Fluorene

Appendix Ill - Detection Constituents

Boron

Calcium

Chloride

Fluoride

pH

Sulfate

Total Dissolved Solids (TDS)

Appendix IV - Assessment Constituents

Lithium
Molybdenum
Radium 226 and 228 combined

Acenaphthene

Acenaphthylene

Acetone

Acetonitrile

Acetophenone

2-Acetylaminofluorene / 2-AAF
Acrolein

Acrylonitrile

Aldrin

Allyl chloride

4-Aminobiphenyl

Anthracene

Antimony

Arsenic

Barium

Benzene

Benzo[a]anthracene
Benzo[b]fluoranthene
Benzo[k]fluoranthene
Benzo[ghi]perylene

Benzo[a]pyrene

Benzyl alcohol

Beryllium

BHC-alpha

BHC-beta

BHC-delta

BHC-gamma(Lindane)
Bis(2-chloroethoxy)methane
Bis(2-chloroethyl)ether / Dichloroethyl ether
Bis(2-chloro-1-methylethyl)ether / 2,2-
Bis(2-ethylhexyl)phthalate
Bromochloromethane / Chlorobromomethane
Bromodichloromethane
***(trihalomethane group)

Bromoform / Tribromomethane
4-Bromophenyl phenyl ether

Butyl benzyl phthalate / Benzyl butyl phthalate
Cadmium

Carbon disulfide

Carbon tetrachloride

Chlordane

p-Chloroaniline / 4-Chloroaniline
Chlorobenzene

Chlorobenzilate

p-Chloro-m-cresol / 4-Chloro-3-methylphenol
Chloroethane / Ethyl chloride

Chloroform / Trichloromethane
2-Chloronaphthalene

2-Chlorophenol

4-Chlorophenyl phenyl ether

Chloroprene

Chromium

Chrysene

Cobalt

Copper

m-Cresol / 3-Methylphenol

0-Cresol / 2-Methylphenol

p-Cresol / 4-Methylphenol

Cyanide

2,4-D / 2,4-Dichlorophenoxyacetic acid
4,4-DDD

4,4-DDE

4,4-DDT

Diallate

Dibenz[a,h]anthracene

Dibenzofuran

Dibromochloromethane / Chlorodibromomethane
1,2-Dibromo-3-chloropropane / DBCP
1,2-Dibromoethane / Ethylene dibromide
Di-n-butyl phthalate

Di-n-octyl phthalate

0-Dichlorobenzene / 1,2-Dichlorobenzene
m-Dichlorobenzene / 1,3-Dichlorobenzene
p-Dichlorobenzene / 1,4-Dichlorobenzene
3,3-Dichlorobenzidine
Trans-1,4-Dichloro-2-butene
Dichlorodifluoromethane / CFC-12
1,1-Dichloroethane / Ethylidene chloride
1,2-Dichloroethane / Ethylene dichloride
1,1-Dichloroethylene / 1,1-Dichloroethene
Cis-1,2-Dichloroethylene / Cis-1,2-Dichloroethene
Trans-1,2-Dichloroethylene/Trans-1,2-Dichloroethene
2,4-Dichlorophenol

2,6-Dichlorophenol

1,2-Dichloropropane / Propylene dichloride
1,3-Dichloropropane / Trimethylene dichloride
2,2-Dichloropropane / Isopropylidene chloride
1,1-Dichloropropene
Cis-1,3-Dichloropropene
Trans-1,3-Dichloropropene

Dieldrin

Diethyl phthalate

0,0-Diethyl 0-2-pyrazinyl phosphorothioate /
Dimethoate
p-(Dimethylamino)azobenzene / Azobenzene
7,12-Dimethylbenz [a] anthracene
3,3-Dimethylbenzidine
2,4-Dimethylphenol / m-Xyenol
Dimethyl phthalate
m-Dinitrobenzene
4,6-Dinitro-o-cresol / 4,6-Dinitro-2-methylphenol
2,4-Dinitrophenol
2,4-Dinitrotoluene
2,6-Dinitrotoluene
2-sec-Butyl-4,6-dinitrophenol / Dinoseb
Diphenylamine

Disulfoton

Endosulfan |

Endosulfan Il

Endosulfan sulfate

Endrin

Endrin aldehyde

Ethylbenzene

Ethyl methacrylate

Ethyl methanesulfonate

Famphur

Fluoranthene

Fluorene

Heptachlor

Heptachlor epoxide
Hexachlorobenzene
Hexachlorobutadiene
Hexachlorocyclopentadiene
Hexachloroethane
Hexachloropropene

2-Hexanone / Methyl butyl ketone
Indeno [1,2,3-cd] pyrene

Isobutyl alcohol / Isobutanol
Isodrin

Isophorone

Isosafrole

Kepone

Lead

Mercury (inorganic)
Methacrylonitrile

Methapyrilene

Methoxychlor

Methyl Bromide / Bromomethane

Methyl Chloride / Chloromethane
3-Methylcholanthrene

Methylene bromide

Methylene chloride

Methyl Ethyl Ketone / MEK / 2-Butanone
Methyl iodide / lodomethane
Methyl methacrylate

Methyl methanesulfonate
2-Methylnaphthalene

Methyl parathion / Parathion methyl
4-Methyl-2-pentanone / Methyl isobutyl ketone
Naphthalene
1,4-Naphthoquinone
1-Naphthylamine
2-Naphthylamine

Nickel

o-Nitroaniline / 2-Nitroaniline
m-Nitroaniline / 3-Nitroaniline
p-Nitroaniline / 4-Nitroaniline
Nitrobenzene

o-Nitrophenol / 2-Nitrophenol
p-Nitrophenol / 4-Nitrophenol
N-Nitrosodi-n-butylamine
N-Nitrosodiethylamine
N-Nitrosodimethylamine
N-Nitrosodiphenylamine
N-Nitrosodipropylamine / Di-n-propylnitrosamine
N-Nitrosomethylethylamine
N-Nitrosopiperidine
N-Nitrosopyrrolidine
5-Nitro-o-toluidine

Parathion

Polychlorinated biphenyls / PCB'’s
Pentachlorobenzene
Pentachloronitrobenzene
Pentachlorophenol

Phenacetin

Phenanthrene

Phenol

p-Phenylenediamine

Phorate

Pronamide

Propionitrile / Ethyl cyanide
Pyrene

Safrole

Selenium

Silver

Silvex / 2,4,5-TP

Styrene

Sulfide
1,2,4,5-Tetrachlorobenzene
1,1,1,2-Tetrachloroethane
1,1,2,2-Tetrachloroethane
Tetrachloroethylene / PCE
2,3,4,6-Tetrachlorophenol
Thallium

Tin

Toluene

o-Toluidine / 2-Methylaniline
Toxaphene
1,2,4-Trichlorobenzene
1,1,1-Trichloroethane / Methylchloroform
1,1,2-Trichloroethane
Trichloroethylene / Trichloroethene
Trichlorofluoromethane / CFC-11
2,4,5-Trichlorophenol
2,4,6-Trichlorophenol
2,4,5-Trichloro-phenoxyacetic acid
1,2,3-Trichloropropane
0,0,0-Triethyl phosphorothioate
1,3,5-Trinitrobenzene

Vanadium

Vinyl acetate

Vinyl chloride / Chloroethene
Xylene (total)

Zinc

Appendix Ill - Detection Constituents

Boron

Calcium

Chloride

Fluoride

pH

Sulfate

Total Dissolved Solids (TDS)

Appendix IV - Assessment Constituents

Lithium
Molybdenum
Radium 226 and 228 combined

*Chromium results must be reported as total, and also include speciation of Hexavalent Chromium
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TABLE 4
Groundwater Protection Standards
Chesapeake Energy Center

Constituent Concentration  Units Source
1,1,1,2-Tetrachloroethane 630-20-6 0.57 pa/L ACL
1,1,1-Trichloroethane 71-55-6 200 pg/L MCL
1,1,2,2-Tetrachloroethane 79-34-5 0.076 Mg/l ACL
1,1,2-Trichloroethane 79-00-5 5.0 pa/L MCL
1,1-Dichloroethane 75-34-3 2.8 pg/L ACL
1,1-Dichloroethylene / 1,2-Dichloroethene 75-35-4 7 pa/L MCL
1,1-Dichloropropene 563-58-6 (0)* pg/L ACL
1,2,3-Trichloropropane 96-18-4 0.00075 pa/L ACL
1,2,4,5-Tetrachlorobenzene 95-94-3 1.7 Mg/l ACL
1,2,4-Trichlorobenzene 120-82-1 70 pa/L MCL
1,2-Dibromomethane / Ethylene dibromide 106-93-4 0.05 Mg/l MCL
1,2-Dichloroethane 107-06-2 5 pa/L MCL
1,2-Dichloropropane 78-87-5 5 Mg/l MCL
1,3,5-Trinitrobenzene 99-35-4 590 po/L ACL
1,3-Dichloropropane 142-28-9 370 Mg/l ACL
1,4-Naphthoquinone 130-15-4 (0)* pa/L ACL
1-2-Dibromo-3-chloropropane / DBCP 96-12-8 0.2 pg/L MCL
1-Naphthylamine 134-32-7 (0)* pa/L ACL
2,2-Dichloropropane 594-20-7 (0)* Mg/l ACL
2,3,4,6-Tetrachlorophenol 58-90-2 240 po/L ACL
2,4,5-Trichlorophenol 95-95-4 1,200 Mg/l ACL
2,4,5-Trichloro-phenoxyacetic acid / 2,4,5-T 83-76-5 160 pa/L ACL
2,4,6-Trichlorophenol 88-06-2 4.1 pg/L ACL
2,4-Dichlorophenol 120-83-2 46 pa/L ACL
2,4-Dimethylphenol 105-67-9 360 Mg/l ACL
2,4-Dinitrophenol 51-28-5 39 pa/L ACL
2,4-Dinitrotoluene 121-14-2 0.24 pg/L ACL
2,6-Dichlorophenol 87-65-0 (0)* pa/L ACL
2,6-Dinitrotoluene 606-20-2 0.049 pa/L ACL
2-4-D | 2-4-Dichlorophenoxyacetic acid 94-75-7 70 pa/L MCL
2-Acetylaminofluorene / 2-AAF 53-96-3 0.016 Mg/l ACL
2-Chloronaphthalene 91-58-7 750 pa/L ACL
2-Chlorophenol 95-57-8 91 pa/L ACL
2-Hexanone / Methyl butyl ketone 591-78-6 38 pa/L ACL
2-Methylnaphthalene 91-57-6 36 pa/L ACL
2-Naphthylamine 91-59-8 0.039 pa/L ACL
2-sec-Butyl-4,6-dinitrophenol / Dinoseb 88-85-7 7.0 pa/L MCL
3,3-Dichlorobenzidine 91-94-1 0.13 pa/L ACL
3,3-Dimethylbenzidine 119-93-7 0.0065 pa/L ACL
3-Methylcholanthrene 56-49-5 0.0011 pa/L ACL
4,4-DDD 72-54-8 0.032 pa/L ACL
4,6-Dinitro-o-cresol / 4,6-Dinitro-2-methylphenol 534-52-1 15 pa/L ACL
4-4-DDE 72-55-9 0.05 pg/L ACL
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TABLE 4

Groundwater Protection Standards
Chesapeake Energy Center

Constituent CAS RN Concentration  Units Source
4-4-DDT 50-29-3 0.23 pg/L ACL
4-Aminodiphenyl 92-67-1 0.003 pa/L ACL
4-Bromophenyl phenyl ether 101-55-3 (0)* pa/L ACL
4-Chlorophenyl phenyl ether 7005-72-3 (0)* pa/L ACL
4-Methyl-2pentanone (MIBK) 108-10-1 6,300 Mg/l ACL
5-Nitro-o-toluidine 99-55-8 8.2 pa/L ACL
7,12-Dimethylbenzidine(a)anthracene 57-97-6 0.0001 pg/L ACL
Acenaphthene 83-32-9 530 pa/L ACL
Acenaphthylene 208-96-8 (0)* Mg/l ACL
Acetone 67-64-1 14,000 pa/L ACL
Acetonitrile 75-05-8 130 pa/L ACL
Acetophenone 98-83-2 1,900 pa/L ACL
Acrolein 107-02-8 0.042 Mg/l ACL
Acrylonitrile 107-13-1 0.052 pa/L ACL
Aldrin 309-00-2 0.00092 pg/L ACL
Allyl chloride 107-05-1 0.73 pa/L ACL
Anthracene 120-12-7 1,800 Mg/l ACL
Antimony 7440-36-0 6.0 pa/L MCL
Arsenic 7440-38-2 10 pg/L MCL
Barium 7440-39-3 2,000 pg/L MCL
Benzene 71-43-2 5 pg/L MCL
Benzo[a]anthracene 56-55-3 0.012 pa/L ACL
Benzo[a]pyrene 50-32-8 0.2 Mg/l MCL
Benzo[b]fluoranthene 205-99-2 0.034 pa/L ACL
Benzo[ghi]perylene 191-24-2 (0)* pg/L ACL
Benzo[k]fluoranthene 207-08-9 0.34 pa/L ACL
Benzyl alcohol 100-51-6 2,000 pg/L ACL
Beryllium 7440-41-7 4.0 pa/L MCL
BHC-alpha 319-84-6 0.0072 pg/L ACL
BHC-beta 319-85-7 0.025 pg/L ACL
BHC-delta 319-86-8 (0)*| pg/lL ACL
BHC-gamma (Lindane) 58-89-9 0.2 pa/L MCL
Bis(2-chloro-1-methylethyl)ether / 2,2-Dichlorodiisopropyl 108-60-1 710 pg/L ACL
Bis(2-chloroethoxy)methane 111-91-1 59 pa/L ACL
Bis(2-chloroethyl)ether 111-44-4 0.014 Mg/l ACL
Bis(2-Chloroisopropyl)ether 39638-32-9 (0)* pa/L ACL
Bis(2-ethylhexyl)phthalate 117-81-7 6 pg/L MCL
Bromochloromethane 74-97-5 83 pa/L ACL
Bromodichloromethane (THM) 75-27-4 80 pg/L MCL
Bromoform (THM) 75-25-2 80 pa/L MCL
Butyl benzyl phthalate 85-68-7 16 Mg/l ACL
Cadmium 7440-43-9 5 pa/L MCL
Carbon disulfide 75-15-0 810 pa/L ACL
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TABLE 4

Groundwater Protection Standards
Chesapeake Energy Center

Constituent CAS RN Concentration  Units Source
Carbon tetrachloride 56-23-5 5 pa/L MCL
Chlordane 12789-03-6 2 pa/L MCL
Chlorobenzene 108-90-7 100 pa/L MCL
Chlorobenzilate 510-15-6 0.31 pa/L ACL
Chloroethane 75-00-3 21,000 pg/L ACL
Chloroform (THM) 67-66-3 80 pa/L MCL
Chloroprene 126-99-8 0.019 pa/L ACL
Chromium 7440-47-3 100 pa/L MCL
Chrysene 218-01-9 3.4| g/l ACL
cis-1,2-Dichloroethylene / cis-1,2-Dichloroethene 159-59-2 70 pa/L MCL
cis-1,3-Dichloropropene 10061-01-5 0)*] pg/lL ACL
Cobalt 7440-48-4 - BKG
Copper 7440-50-8 1,300 pg/L MCL
Cyanide 57-12-5 200 pa/L MCL
Diallate 2303-16-4 0.54 Mg/l ACL
Dibenz(a,h)anthracene 53-70-3 0.0034 pa/L ACL
Dibenzofuran 132-64-9 7.9 Mg/l ACL
Dibromochloromethane (THM) 124-48-1 80 pa/L MCL
Dichlorodifluoromethane / CFC-12 75-71-8 200 pg/L ACL
Dieldrin 60-57-1 0.0018| pg/L ACL
Diethyl phthalate 84-66-2 15,000 pg/L ACL
Dimethoate 60-51-5 4.0 pa/L ACL
Dimethyl phthalate 131-11-3 (0)* pg/L ACL
Di-n-butyl phthalate 84-74-2 900 pa/L ACL
Di-n-octyl phthalate 117-84-0 200 pg/L ACL
Diphenylamine 122-39-4 310 pa/L ACL
Disulfoton 298-04-4 0.5 pg/L ACL
Endosulfan | 959-98-8 (0)* pa/L ACL
Endosulfan I 33213-65-9 (0)*| pg/L ACL
Endosulfan sulfate 1031-07-8 (0)* pa/L ACL
Endrin 72-20-8 2.0 g/l MCL
Endrin aldehyde 7421-93-4 (0)* pa/L ACL
Ethyl methacrylate 97-63-2 630 pg/L ACL
Ethyl methanesulfonate 62-50-0 (0)* pa/L ACL
Ethylbenzene 100-41-4 700 Mg/l MCL
Famphur 52-85-7 (0)* pa/L ACL
Fluoranthene 206-44-0 800 pg/L ACL
Fluorene 86-73-7 290 pa/L ACL
Heptachlor 76-44-8 0.4| g/l MCL
Heptachlor epoxide 1024-57-3 0.2 pa/L MCL
Hexachlorobenzene 118-74-1 1 pg/L MCL
Hexachlorobutadiene 87-68-3 0.14 pa/L ACL
Hexachlorocyclopentadiene 77-47-4 50 pa/L MCL
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TABLE 4
Groundwater Protection Standards
Chesapeake Energy Center

Constituent CAS RN Concentration  Units Source
Hexachloroethane 67-72-1 0.33 pg/L ACL
Hexachloropropene 1888-71-7 (0)* pg/L ACL
Indeno(1,2,3-cd)pyrene 193-39-5 0.034 Mg/l ACL
Isobutyl alcohol / Isobutanol 78-83-1 5,900 pa/L ACL
Isodrin 465-73-6 (0)*] pg/lL ACL
Isophorone 78-59-1 78 pg/L ACL
Isosafrole 120-58-1 (0)* pg/L ACL
Kepone 143-50-0 0.0035 pa/L ACL
Lead 7439-92-1 15 pg/L MCL?
m-Cresol / 3-Methylphenol 108-39-4 930 pa/L ACL
m-Dichlorobenzene / 1,3-Dichlorobenzene 541-73-1 (0)* pa/L ACL
m-Dinitrobenzene / 1,3-Dinitrobenzene 99-65-0 2 pa/L ACL
Mercury 7439-97-6 2.0 g/l MCL
Methacrylonitrile 126-98-7 1.9 pa/L ACL
Methapyrilene 91-80-5 (0)* Mg/l ACL
Methoxychlor 72-43-5 40 pa/L MCL
Methyl bromide / Bromomethane 74-83-9 7.5 Mg/l ACL
Methyl chloride / Chloromethane 74-87-3 190 pa/L ACL
Methyl ethyl ketone / MEK / 2-Butanone 78-93-3 5,600 pg/L ACL
Methyl iodide / lodomethane 74-88-4 (0)* pa/L ACL
Methyl methacrylate 80-62-6 1,400 pg/L ACL
Methyl methanesulfonate 66-27-3 0.79 pa/L ACL
Methyl parathion 298-00-0 45 pg/L ACL
Methylene bromide / Dibromomethane 74-95-3 8.3 pa/L ACL
Methylene chloride / Dichloromethane 75-09-2 5.0 pa/L MCL
m-Nitroaniline / 3-Nitroaniline (0)* pa/L ACL
Naphthalene 91-20-3 0.17 pg/L ACL
Nickel 7440-02-0 - - BKG
Nitrobenzene 98-95-3 0.14 Mg/l ACL
N-Nitrosodiethylamine 55-18-5 0.00017 pa/L ACL
N-Nitrosodimethylamine 62-75-9 0.00011 Mg/l ACL
N-Nitrosodi-n-butylamine 924-16-3 0.0027 pa/L ACL
N-Nitrosodi-n-propylamine 621-64-7 0.011 pg/L ACL
N-Nitrosodiphenylamine 86-30-6 12 pa/L ACL
N-Nitrosomethylethylamine 10595-95-6 0.00071 pg/L ACL
N-Nitrosopiperidine 100-75-4 0.0082 pa/L ACL
N-Nitrosopyrrolidine 930-55-2 0.037 pa/L ACL
0,0,0-Triethyl phosphorothioate 126-68-1 (0)* pa/L ACL
0,0-Diethyl 0-2-pyrazinyl phosphorothioate / Thionazin 297-97-2 (0)* pa/L ACL
0-Cresol / 2-Methylphenol 95-48-7 930 pa/L ACL
o-Dichlorobenzene / 1,2-Dichlorobenzene 95-50-1 600 Mg/l MCL
o-Nitroaniline / 2-Nitroaniline 88-74-4 190 pa/L ACL
o-Nitrophenol / 2-Nitrophenol 88-75-5 (0)* pa/L ACL
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TABLE 4

Groundwater Protection Standards
Chesapeake Energy Center

Constituent CAS RN Concentration  Units Source
o-Toluidine 95-53-4 (0)* pa/L ACL
p-(Dimethylamino)azobenzene 60-11-7 0.005 pa/L ACL
Parathion 56-38-2 86 Mg/l ACL
p-Chloroaniline; 4-Chloroaniline 106-47-8 0.37 pa/L ACL
p-Chloro-m-cresol / 4-Chloro-3-methylphenol 59-50-7 1,400 pg/L ACL
p-Cresol / 4-Methylphenol 106-44-5 1,900 pg/L ACL
p-Dichlorobenzene / 1,4-Dichlorobenzene 106-46-7 75 pg/L MCL
Pentachlorobenzene 608-93-5 3.2 pa/L ACL
Pentachloronitrobenzene 82-68-8 0.12 pa/L ACL
Pentachlorophenol 87-86-5 1 pa/L MCL
Phenacetin 62-44-2 34 pa/L ACL
Phenanthrene 85-01-8 (0)* pa/L ACL
Phenol 108-95-2 5,800 pg/L ACL
Phorate 298-02-2 3.0 pa/L ACL
p-Nitroaniline / 4-Nitroaniline 100-01-6 3.8 Mg/l ACL
p-Nitrophenol / 4-Nitrophenol 100-02-7 (0)* pa/L ACL
Polychlorinated biphenyls / PCBs 1336-36-3 0.5 Mg/l MCL
p-Phenylenediamine 106-50-3 3,800 pa/L ACL
Pronamide 23950-58-5 1,200 pa/L ACL
Propionitrile 107-12-0 (0)* pa/L ACL
Pyrene 129-00-0 120 pg/L ACL
Safrole 94-59-7 0.096 pa/L ACL
Selenium 7782-49-2 50 pg/L MCL
Silver 7440-22-4 - - BKG
Silvex/2,4,5-TP 83-72-1 50 pg/L MCL
Styrene 100-42-5 100 pa/L MCL
Sulfide 18496-25-8 - - BKG
Tetrachloroethylene / PCE 127-18-4 5.0 pa/L MCL
Thallium 7440-28-0 2.0 pg/L MCL
Tin 7440-31-5 - - BKG
Toluene 108-88-3 1,000 pg/L MCL
Toxaphene 8001-35-2 3.0 pa/L MCL
trans-1,2-Dichloroethylene / trans-1,2-Dichloroethene 156-60-5 100 pg/L MCL
trans-1,3-Dichloropropene 10061-02-6 (0)* pa/L ACL
trans-1,4-Dichloro-2-butene 110-57-6 0.0013 Mg/l ACL
Trichloroethylene / Trichloroethene 79-01-6 5.0 pa/L MCL
Trichlorofluoromethane / CFC-11 75-69-4 5,200 Mg/l ACL
Vanadium 7440-62-2 2,612 pg/L BKG
Vinyl acetate 108-05-4 410 pg/L ACL
Vinyl chloride 75-01-4 2.0 po/L MCL
Xylene (total) 1330-20-7 10,000 pg/L MCL
Zinc 7440-66-6 - - BKG
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TABLE 4
Groundwater Protection Standards
Chesapeake Energy Center

O e AS R O e atio O
Additional Appendix IV - Assessment Constituents
Fluoride 16984-48-8 4,000 pg/L MCL
Lithium 7439-93-2 - - BKG
Molybdenum 7439-98-7 - - BKG
Radium 226 and 228 combined 7440-14-4 5| pCi/lL MCL

Abbreviations:

MCL? - Action Level

Hg/L - microgram per liter

pCi/L - picoCurie per liter

MCL - Maximum Contaminant Level

BKG - Background

ACL - Alternate Concentration Limit

(0)* - GPS is based on Laboratory Quantification Limit

- = No current GPS
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TABLE 5 : SUMMARY OF SAMPLE CONTAINER INFORMTION AND HOLD TIMES
CHESAPEAKE ENERGY CENTER

Parameter Container & Volume Preservative Maximum Holding Time
Alkalinity Plastic, 250 mL None 14 Days
Hardness Plastic, 500 mL HNOj; to pH<2 6 months

. 250-500 mL H,SO, to pH<2
Total Organic Carbon 250 mL HCL to pH<2 28 days
. 15 minutes
pH Flow-through cell or plastic, 500 mL None (field analysis)
Specific Conductance| Flow-through cell or plastic, 500 mL None .15 mlnutes_
(field analysis)
Temperature Flow-through cell or plastic, 500 mL None 15 minutes

(field analysis)

receipt at laboratory

Mercury (total) Plastic; 250 mL HNO; to pH<2 28 days
Metals (total) except Plastic, 250 mL HNOj to pH<2 6 months
mercury
Total Dissolved .
Solids (TDS) Plastic, 200 mL None 7 days
Fluoride, Chloride, Plastic, 250 mL None 28 days
Sulfate
Radium 226/228 Plastic, 1/2 gallon (2 L) Preserved upon 6 months

Notes:

mL= milliliter

L= Liter

HNO; = Nitric Acid




TABLE 6 : SUMMARY OF STATISTICAL METHODS FOR DATABASES WITH CENSORED DATA
CHESAPEAKE ENERGY CENTER

Percentage of Non-Detects in the

Database Statistical Analysis Method

Replace NDs with LOD or LOQ then proceed with parametric

0,
Less than 25% procedures: Tolerance Limits, Prediction Limits, or Control Charts

Use Cohen’s or Aitchison’s adjustment, then proceed with: Tolerance

0,
2510 50% Limits, Prediction Limits, Confidence Intervals, or Control Charts

Proceed with Nonparametric Methods: Tolerance Limits, Prediction

0,
More than 50% Limits, Wilcoxin-Rank Sum Test, or Test of Proportions

Notes:

ND = Not detected above laboratory detection limit
LOD = Limit of Detection

LOQ = Limit of Quantitation
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Site Plan and Groundwater Monitoring Network

Figure 1B

APPROXIMATE

ED

5
.' a
3,
Y
AW
N
R
p

by

OF FINAL COVER
N



Southern Branch - Elizabeth River

!iQ} (9.25) CECW-10R
|

£ .05%}} |

CECW-5
"\\'?\\(1 .19)

LN

Chesapeake Energy Center - Industrial Landfill Figure 2b
. | Property Boundary -@ Monitoring Well m=p Groundwater Flow Direction Solid Waste Permit No. 440 Potentiometric Surface Map
——— Waste Management Boundary =~ ——— Paved Roads and Parking |:| Surface Water Date: Job Number: September 9, 2015
February 1, 2016 11658524
== 1 11 Facility Boundary — Unpaved Roads and Parking Topographic Contour Prepared By: Reviewed By:

. o — S s
(4.77) Groundwater Elevation (feet, msl) |:| Structures Potentiometric Contours po— — - Glen Allen, Virginia 23060

1 inch = 250 feet CEC/2015/2nd 804.515.8300




Figure 3. Soil Map—Chesapeake City, Virginia
(Chesapeake Energy Center Facility)
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Soil Map—Chesapeake City, Virginia
(Chesapeake Energy Center Facility)

MAP LEGEND MAP INFORMATION

Area of Interest (AOI)
Area of Interest (AOI)
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Soil Map—Chesapeake City, Virginia

Chesapeake Energy Center Facility

Map Unit Legend

Chesapeake City, Virginia (VA550)
Map Unit Symbol Map Unit Name Acres in AOI Percent of AOI
19 Dragston fine sandy loam, 0 to 1.6 1.7%
2 percent slopes
25 Munden fine sandy loam, 0 to 2 1.8 1.9%
percent slopes
33 Pocaty mucky peat, 0 to 1 21 2.2%
percent slope, very frequently
flooded
45 Tomotley-Nimmo complex, 0 to 2.0 21%
1 percent slopes
49 Udorthents-Urban land 58.3 61.5%
complex, 0 to 45 percent
slopes
50 Urban land, 0 to 5 percent 14.7 15.5%
slopes
w Water 14.3 15.1%
Totals for Area of Interest (AOI) 94.7 100.0%
USDA  Natural Resources Web Soil Survey 2.0 3/12/2008
Conservation Service National Cooperative Soil Survey Page 3 of 3
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EXECUTIVE SUMMARY

An existing ash fill is located in the southern part of Virginia Power’s Chesapeake
Energy Center facility in Chesapeake, Virginia. This ash fill area covers the ori ginal ash
disposal pond where ash was sluiced from the power plant for disposal. The pond was
.converted to a dry ash fill and a geosynthetic liner was installed inside the new dike and
on the dike slopes. The dry ash fill was initially permitted by the DEQ for 6H:1V ash
slopes and a top grade at E1 51. In 1991 a top grade of about El 89 with the same slopes
was permitted. Virginia Power wants fo steepen the fill slopes to raise the height of the
fill above its current permitted height.

The geologic stratigraphy from the ground surface down, typically consists of Existing
Fill, Recent Alluvial Deposits, the Norfolk Formation, and the Yorktown Formation. The
existing fill soils were placed to construct the berms and roads surrounding the ash pond,
and also consist of the ash fill already placed at the facility.

" Laboratory tests were performed on selected soil samples and direct shear interface
testing was performed on selected materials proposed for the cap systems. Based on
boring data, laboratory test results, and our previous experience, we selected design '
parameters for use in our analyses.

o

Our geotechnical engineering analyses indicate that the proposed landfill design with
3H:1V final slopes and 2 ft high berms is suitable for the proposed maximum height of
the landfill to E1 160. Our stability analyses indicate adequate factors of safety. Our
settlement calculations do not indicate settlement-induced stresses that will jeopardize the
integrity of the existing liner or proposed cap syster. Qur engineering evaluations
considered foundation settlements and calculated strain on the existing liner, static slope
stability and seismic (pseudo-static) slope stability. '

Please read the report in its entirety to obtain our detailed recommendations.
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2.2

DATA COLLECTION AND ANALYSIS

Geology

The geologic stratigraphy from the ground surface down, typically consists of Existing
Fill, Recent Alluvial Deposits, the Norfolk Formation, and the Yorktown Formation.
These existing fill soils were placed to construct the berms and roads surrounding the ash
pond, and alse consist of the ash fill already placed at the facitity,

The existing fill soils are underlain by Recent Alluvial deposits of the Elizabeth River
and Pleistocene age deposits of the Norfolk Formation. These deposits typically consist
of soft clays and loose sands. ' The clay soils are generally highly compressible.

The Norfolk Formation is underlain by the late-Miocene to early Pliocene age Yorktown
Formation. The Yorktown Formation is moderately preconsolidated and exlubLts high
strength.

Data Collection Techxjiques )

Fishburne Drilling of Chesapeake, Virginia drilled sixteen test borings at this site under
our observation. In addition to these borings we drilled eight borings in 1980. §pemfic
observations, remarks, and logs for the borings, classification criteria and sampling
protocols are included in Appendix A. Approximate test boring locations are shown in
Figure Al in Appendix A. Soil samples will be retained up to 45 days beyond the
issuance of this report, unless other disp-csition is requested.

Our geotechnical laboratory conducted tests on selected samples obta.mcd In the test
borings. This testing aided in the classification of soils encountered in the subsurface
exploration and provided data for use in the development of foundation and earthwork
recommendations. The natural moisture content values of selected soil samples are
shown in the logs in Appendix A. The resuits of the remaining laboratory tests are
presented in Appendix B.

2.3 Generalized Subsurface Stratigraphy

We have characterized the following generalized subsurface soil stratigraphy based on the
test boring data presented in Appendix A. Profiles of the stratigraphy are shown on
Figures 2 through 8.
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IDENTIFICATION OF SOILS

L DEFINITION OF SOIL GROUP NAMES (ASTM D-2457-83) SYMBOL GROUP MaME
Coarse-Grained Soils Gravels - Clean Gravels GwW Well graded gravel
Mare than 50% retained More than 50% of coarse fraction Lass than 5% f{incs
on No. 200 sieve retained on No. 4 sicve G Poarly graded gravel
Coarse, ¥4" 10 3" Gravels with fines Givt Sitty gravel
Fine, No. 4 to %4” More than 12% fines Ge Clayey gravel
Sands — 50% or more of course Clean Sands SwW Well-graded sand
Fractci::::;gf:s;so I*Loo 4[1-051:::.54 Lzss than 5% fines T Foorly graded sand
Medium, No. 40 to No. 10 Sands with fincs SM Silty sand
. ° Fine, No. 200 to No. 40 More than 12% fines <o Claycy sand
Fine-Grained Soils Silts and Clays - Inorganic CL Lean elay
50% or more passes Liquid Limit less than 50 ML Silt
the Ne. 200 sieve Low to medium plasticity Organie OL Oreanie elay
) Organic silt
Silts and Clays ~ Inorganic CH Fatclay
Liquid Limit 50 or more, . MH Elastic silt
Medium to high plasticity Organic OH Organic elay
. Qrganic silt
Highly Organic Soils Primarily organic matter, dark in color and organic odor PT Peat
1. DEFINITION_OF MINOR SOIL COMPONENT PROPORTIONS
Examples
Adjective Form Gravelly : .
Sandy 30% or mors coarse grained Gravelly lean clay
“With" With gravel
With sand 13% or more coarse grained Fat clay with gravel
With silt .
With clay 5% to 12% fine gmined Poorly graded sand with silt
“Trace” . | Trace gravel
Trace sand 1% o 15% coarse grained . Siley sand, traee gravel =
Trace clay oo
Trace silt 1% to 5% finc grained Poorly praded sand, trace clay

L GLOSSARY OF MISCELLANEOUS TERMS

S5YMBOLS

BEOQULDERS & COBBLES............
DISINTEGRATED ROCK...

ROCK FRAGIMENTS cvrrsieeseens

QUARTZ
IRONITE
CENMENTED SAND....cvvcimrvermmmrans

MICA
ORGANIC MATERIALS............
(Excluding Peat)

FILL
PROBABLE FILL icvcvercererrntenrens
LENSES crierieninns

LAYERS
POCKET
COLOR SHADES.......cimrervernnins
MOISTURE CONDITIONS .........

Unified Soil Classification Symbols are shown above as group symbols. Dual symbols are used for

borderling classifications.
Boulders are considered rounded pisces of rock larger than 12 inches, while cobbles range from 3 ta 12

inch size,

.. Residual rock materials with 2 standard penctration resistance (SPT) between 60 blows per foet and

refusal, Refisal is defined as a SPT of 100 blaws for 2 or less penctrution.

Angular pieces of rock, distinguished from transparted gravel, which have separated from original vein

strata and arc present in 2 soil matrix. -

A hard silica mineral often found in residual seils,

Iron oxide deposited within a soil layer forming cemented deposits. )

Usually localized rock-like deposits within a soil stratum composed of sand grains cemented by ealeiur

carbonate or other materials.

A soft plats of silica mincral found in many rocks, and in residual or transported soil derived therefrom.

TOPSOH] sermuarrssnerenneneeee SUTFaCE 50115 that support plant Hfe and which contain considarable amounts of
arganic matter; -,

Organic Matter ..........50il containing organic colloids throughout its structure;

LISRIE svorsrueesressenssmens Hard, brittle decomposed organie matter with low fixed carbon content {alow grc
of coal),

Man-made deposit containing soil, reck and often (oreign matter. o

Soils which coatain no visually detected foreign matter but which are suspect with regard te origin.

0 to ¥ inch seam of minor soil cofmponenk.

¥ ta 12 inch seam of minor sail component.

Discontinuous body of minar soil component.

Light ta dark to indicate substantial difference in color.

Wet, moist or dry to indicate visual appearance of specimen.

Selfarmsdentificasiva



SCHNABEL ENGINEERING ASSOCIATES, INC,

GENERAL NOTES FOR SUBSURFACE EXPLORATION LOGS

‘Numbers in sampling data column next to Standard Penetration Test (SPT) symbols indicate * .-
blows required to drive a 2 inch 0., 1-3/8 inch 1.D. sampling spoon 6 inches using a 140 pound
hammer falling 30 inches. The Standard Penetration Test (SPT) N value is the number of blows.
required to drive the sampler 12 inches, after a 6 inch scating interval. The Standard Penetration
Test is performed in accordance with ASTM-1586. o

Visual classification of soil is in accordance with terminology set forth in “Idantification of Soil.”
The ASTM D-2487 group symbols (c.g. CL) shown in the classification colunw are based on
visual cbservations.

Estimated ground water levels indicated by ¥; these levels are only estimates from available data
and may vary with precipitation, porasity of the soil, site topography, ete.

Refusal at the surface of rock, boulder, or obstruction is defined as an SPT resistance of 100
blows for 2 inches or less of penetration. ' '

The logs and related information depict subsurface conditions only at the specific locations and at
the particular time when drilled or excavated. Soil conditions, at other locations may differ frorm:
conditions occurting at these locations. Also, the passage of time may result ina change in the
subsurface soil and ground water conditions at the test boring, test pit and/or hand auger locations.

The stratification lines represent the approximaie boundary between soil and rock types as
obtained from the subsurface exploration. Some variation may also be expacted vertically
between samples taken, The soil profile, water level observations and penetration resistances
presented on these logs have been made with reasonable care and accuracy and mustbe
considered only an approximate representation of subsurface conditions to be encountered at the
partcular location,

”

Key to symbols and abbreviations:

E5+10+15 Standard Penctmtion- Test .
i 37T 2" or 3" Undisturbed Tube Sample
24/18 Length Pushed/Recovery (in inches)

Rock Core Saniple
Core Diamater Size/Recovery %/RQD%

w ‘Water Content

Do _ Dino

WOow Water Obséwation Vel

FP ' Pocket Penetrometar Reading (TSF)

FID Flams Ionization Detector Reading (PPM)

PID Phoroionization Detector Reading (FPM)

GP Geostick Penetration Reading (inches)



Stratum Al (DIKE FILL): This stratum consists of soft to stiff consistency sandy lean
clay FILL and sandy fat clay FILL. This soil stratum is observed in Borings B-1 through
B-3, B-5 and B-6. The fill soils encountered in this siratum ceontain organic matter and
trace gravel. Stratum Al was encountered below Strafum A2 and A3 to depths of about 2
to 12 fi. ’

Stratum A2 (DIKE FILL): This stratum consists of very lcose fo compact density silty
sand FILL, clayey sand FILL and poorly graded sand FILL. The fill soils encountered in
.this stratum contain organic matier, crushed stone and shell fragments, Stratum A2 was
_encountered from the ground surface to about 20 ft below and interbedded with Stratum
Al and A3,

Stratum A3 (ASH FILL): This stratum consists of very loose to firm density FLY ASH
FILL, classifying generally as silty sand with some layers classifying as clayey sand,
poorly graded sand, and very soft to very stiff consistency sandy silt. The fill soils of this
stratum contain shell fragments and trace gravel. Stratum A3 was encountered from the
ground surface to depths of about 30 ft below and interbedded with Stratum Al and AZ.

Two consolidation tests were performed on samples representing Stratum A3. Test
results indicate this material is preconsolidated to about 2 to 4 tsf, or about 1-2 tsf above
the existing overburden pressure. Compression and Recompression ratios of 0.035 to
0.061 and 0.004 to 0.006 were also obtained from this fest.

We performed a series of consolidated-undrained triaxial shear tests on samples
representing Stratum A3. These tests indicated total and effective angles of internal
friction of 23 and 33 degrees, respectively. These tests also indicated total and effective

cohesion values of about 1,000 psf and 0 psf, respectively.

Stratum B1 (RECENT ALLUVIUM): This stratum consists of very soft to stiff
consistency LEAN CLAY (CL) AND FAT CLAY (CH) soils. The soils of this stratum
contain trace amounts of organic matter: Stratum B1 can be found below Strata Al, A2

and A3 to depths of about 6 to 27 fi.

Stratum B2 (RECENT ALLUVIUM): This straturn consists of very loase to firm
density SILTY SAND (SM) and CLAYEY SAND (SC) soils. The soils of this stratum
contain trace amounts of organic matter, Stratum B2 can be found below the ground

surface, and Strata A1, A2, A3 and B1 to depths of about 32 ft.

—

Project 993318 October 28,1959 2-2 Schnabel Engineering Associates




SUBSURFACE EXPLORATION PROCEDURES
Test Boring Procedures

The borings were advanced using mud rotary drilling methods. At the designated depth
drillers performed the Standard Penetration Test, as defined below.

Standard Penetration Test Resulis

The numbers in the Sampling Data column of the boring logs represent Standard
Penetration Test (SPT) results. Each number represents the blows needed to drive a 2-
inch 0.D., 1-3/8 inch LD. split-spoon sampler 6 inches, using a 140-pound hammer
falling 30 inches. The sampler is typically driven a total of 18 inches. The first § inches
are considered a seating interval. The total of the number of blows for the second and
third 6-inch intervals is the SPT “N value”, The Standard Penetration Test is conducted
according to ASTM D-1586.

Soil Classification Criteria

The group symbols on the boring logs represent the Unified Soil Classification System
Group Symbals (ASTM D-2487) based on visual observation and limited laboratory
testing of the samples. Criteria for visual identification of soil samples are included in
this appendix. Some variation. may be expected between samples visually classified and
samples classified in the laboratory. '

Pocket Penetrometer Results

The values following “PP=""in the sampling data column of the logs represent pocket
penetrometer readings. Pocket penetrometer readings provide an estimate of the
unconfined compressive strength of fine-grained soils,

Test Boring Locations and Elevations

Qur personnel located test borings taping from existing site features. Approxunate test
boring locations are shown in Figure Al. Ground surface elevations at the test boring
locations were scaled from the site plan by Resource International dated August 2, 1999.
These locations and elevations should be considered no more accurate than the methods

and plans used to obtain them.

* .Project'993318 October 28,1999 . : Schnabe! Engineering Associates
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The ground water levels on the logs show our estimate of the hydrostatic water table at
the time the borings were drilled. Fluctuations in the hydrostatic water table should be
anticipated depending on variations in prec1p1tat1on surface runoff, pumpmg, tidal action,
evaporation, leaking utilities, stream levels and similar factors.

Design Parameters

Soil Properties

Based on boring data, laboratory test results, and our previous:i experience, we selected
design parameters for use in our analyses as shown in Table 1. These properties were
used in our engineering analyses which are included in Appendix C.

The properties we selected, where correlations were used, are considered conservative,
For example, the consolidated undrained triaxial strength test results indicated an
undrained cohesion for the fine-grained Norfolk Formation of 1150 psf. In our analyses,
we used an undrained cohesion of 250 psf since the clay is'soft Q¥ values 2 to 5) with
pocket penetrometer readings less than or equal to 0.5 tsf. Another example to illustrate
conservative values are indicated by the internal angle of friction values we used for the
coarse-grained alluvium. Again, as these soils are loose (N values I to 2) and gwen that
it is impractical to obtain an undisturbed sample of this material, we used a value of 27
degrees for the internal angle of friction which correlates with the low N values for the
very loose sands in this stratum. '
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SCHNABEL ENGINEERING ASSOCIATES
CONSULTING GEOTECHNICAL ENGINEERS
TEST BORING LOG

Broject Ash Fill Expansion
Chesapeake Energy Center

Chesapeake, Virginia

Contract Mumber. 683318
Borlng Number: B8-101
Shael: | of 2

Barlng Contractor:  Fishburne Drlling Services, Inc,

Bround Water Obaervatlons

Chesapaake, Yirginia pate | Time | Depth | Caslhg | Caved
Borlng Foremarn: E. Hester . Encountered | 7/3 | i2:20 | 7.0 - -—
Driling Methed 2 18/16" 0.0, Rofler Bit Mud Rotary
2 - -- -~
Oriliing Equlpmeny CME-45C Compistion 7413 43 -
SEA Representatives J. Hollowell ) Casing Pulled 7/ | 1247 8.0 - 39.8
Dates Staried 7/13/88  Finlshed 7/13/99
Lacation: See Location Plan, Figure Al
Ground Surface Elevatlor: 18.51
BEPTH CLASS, |ELEV.STRA SAMPLING |, REMARKS
FT) STRATA DESCRIPTION ' (T3 TUM | DERTH]  DATA (%)
Fine to coarse sitty sand FLY ASH FILL A3 10+10-+11+10
L0 -~ FILL, maist = black Y, 8.5
- ; - FiLL A2
20 - Fine to medium poorly graded sand 7.5
"\ FILL, trace silt, molst — tan /1 FILL ;{*5;"2"%58}:
7| Fine to coarse sandy lean clay FILL, - P
A c?gtains organic matter, moist ~ dark s 434848 Started mud
gray FPm175 TSF drilling at 4
= L do, centalns shell fragments and silty 5
8.0 --_32ndlenses, dark gray and brown 3.5 - .
Eine to coarse sandy fat clay FILL, FILL g;&:?’% -
- trace gravel, meist — gray Al .
- do, contains organic matter and ~ :
| clayey sand tenses i A DIKE FILL
— —10
12, 7.5
2.0 Fimat to madivm silty sand FILL, 4 FILL
= cantains clayay sand lenses an -
prganic matter, moist ~ dark gray and 243+4+4
1  dark brown ) A2 B
— — {5
17.0 2.5
Fine {o medlum sandy lean clay, CcL
<4  containg organlc matter, wet ~ dark [~ WOH/18+1
1 brown . m FP<0.5 TSF
— —20 ALLUVIUM
Bl
220 -2.5 -
Fat clay with sand, wet — dark gray CH
-] B 15+l
24.0 —4.5 PR<0.5 TSF .
Fine ta medium poorly graded sand SP-5M
= with silt, wet - tan —25
" ¢ r MNORFOLK
FORMATION
4 do, fine to coarse, dark tan - m 8+4+2+43
- 30 1
continued on next page
Comments:

Boring backiilled upon completion.



SCHNABEL ENGINEERING ASSOCIATES Project: Ash Fitt Expansion Contract Mumber: 993318
CONSULTING GEQTECHNICAL ENBINEERS Chasapeake Enerqy Center Borlng Number: B-101 .
TEST BORING LOG Chesapeake, Virginia Sheat: 2 of 2
DERTH CLASS, EL-EV.'STRA-— SAMPLING . M. 1. REMARKS
(FT) STRATA DESCRIPTION (FT.){ TUM | DEPTH|  DATA (%)
Fine {0 coarse poorly graded sand SP-SM
- with silt, wel ~ dark tan " - -
32.0 -12. -
Fine to medium clayey sand, wet — tan sc 2.5
= and brown B I $+HOH/ 12+
- C - -
o — 35— NORFOLK
h r | FORMATION
38.0 -8, i
Lean clay with sand, wet = tan and CL 8,8 21+
-  brown . o F
40.0 =205 40

Boring terminateq al 40 4

v

Commants: .
Borlng backfiled upon comptetion,



SCHNABEL ENGINEERING ASSOCIATES | Project: Ash Filt Expansian Contract Number: 993318
COMSULTING GEOTECHNICAL ENGINEERS Chesapeake Energy Cenler Bering Number; B8-102
TEST BORING LOG Chesapezke, Yirginia Shest: 1 of 2
Boring Contractor:  Fishburne Driling Services, Inc. Ground Naler Cbseryations
Chesapeake, Yirginia Data | Time | Depth | Caslng Caved
Borlng Foremarn: E, Hester N Encounterad 703 | W53 | 22.0 —-— -
Drlling Methed 2 15/18* 0.0. Reller Bit Mud Rotary
778 b - —_— -
Oriling Equipment: CME~45C Complatlen 71 109
SEA Representative: J. Holloweil Lasing Pulled 7/13 $515 10.0 - 39.0
Dates Sterted 7/13/9%  Flnlshed 7/13/69
Lecation: See Location Plan, Figure Al
Ground Surface Elevationr 18.52
BERTH ELASS. |ELEY.STRAq  SAHPLING ) REMARKS
1) STRATA DESCRIFTICN (FTJ[ TUM | DEPTH | DATA |
Fine to coarse silty sand FLY ASH FIL% A3 8+8+10+8
L0 - FILL, molst ~ dark gray . 18.5
e - FILL A2
2.0 . Fire to medium siity sand FILL, molst - 17.5 .
'\ tan and brawn FILL g;szﬂ";l{r .
7l Fine t{c medium sanfy lean clay, trace 3 ~4.25 15
4 gravel, molst ~ dark gray " Started mud
. 3+5+5+8 . 1
_ | g PP=2.0 TSF driliing at 4
7 i B+T+12+1
] Al b PF>4.5 TSF
N - 4%\5;4 DIKE FILL
] — {0
2.0 - 7.5
Fine to medium pooriy graded sand FILL
4 with siit FILL, moist — dark gray - mr 3+3+848
- \ "
— A — 15
R 28"
v Fine to medhm silty sand, conlains SH
-4 arganlc matter, molst — dark brown . ~ m 1414142
- B2} 20 ALLUVIUM
22, ~2.5
o Fine o medium paorly graded sand SP-5SM
4 with siit, wet - dark tan . ™ m GHU+1E+1
— 25 -
N c
= = MORFOLK
FORMATION
A do, dark tan and brown B m B+T+8+8
— g
continwed on naxt page
Comments:

Boring backfiled upea completion.




SCHNABEL ENGINEERING ASSOCIATES | Pro lect: Ash Fill Expansion . Contract Number: €93318
CONSULTING GEOTECHNICAL ENGINEERS Chesapeake Energy Center Boring Number: 8-102
TEST BORING LOG Chesapeske, Virginia Sheet 2 of 2
OEPTH CLASS, JELEY,S5TRA- SAMPLING i REMARKS
{FT.) STRATA DESCRIPTICN (FTJ[ TUM | DEPTH | DATA | (%)
Fine to medium poorty graded sand SP=8M
4 with silt, wet ~ dark fan and brown -
32.0 - ~12.5 -
Fine clayey sand, wet ~ tan ang sC
| brown ¥ m 3+243+3
— t 35 NORFOLK
] i FORMATION
i B m 242+3+3
40.0 ' -20, 40
Boring terminated at 40 £t 205
r
Comments:

Boering chkfilled upon completion,



SCHNABREL ENGINEERING ASSOCIATES | Project: Ash Fill Expanaslon Centract Number: 883318
CONSULTING GEQTECHNICAL ENGINEERS Chesapeake Energy Center Borlng Mumber: B-~132A
TEST BORING LOG Chesapeake, Virginia Shest: { of 2 .
Borlng Contractor. Flshburne Criling Services, Inc. Ground Water Observatlons
Chesapeake, Virginia Date | Time ! Depth | Casing Cavad
Borfng Fareman: E. Healer § Encountered — - - - —
Drliling Mathod 2 15/16* 0.0, Rolier Bit Mud Rotary e T - __ —
Drliling Equipment: CME-456 Completion
SEA Repraseniative: J. Hallowell ‘ Casing Pullad /20 | 8:00 — - -
Oates Started 7/20/8%  Finished 7/20/89 & hr Readng 7720 | 158 (3.0 — 1.5
-fLocation: See Location Plan, Figura Al
Ground Surface Elevatlon: 18.5:
REPTH CLASS. ELEV.‘STHA- SAHi’LINB ¥ REMARKS
{FT. STRATA DESCRIFTION {FTJ| TUM | DEFTH|  DATA %)
Mud Rotary Probe to 43 fi see Boring
- B-102 for straia description. - -
] .
\ - 10—
. B y 14
- L 15—
] 20—
- —25—
—] 30—
centinued on nex! page

Comments:
f} Boring backlilled upon § hour ground water measyrement.
2} Offset Boring B-102A 10' south of Boring B-102.



SCHNABEL ENGINEERING ASSOCIATES | Project: Azh Fit Expansion Cantract Number: 893388
CONSULTING SEQTECHNICAL ENGINEERS Chesapeske Energy Cenler Betlng Mumber: B-1G24 .
TEST BORING LOG Chesapeake, Virginia Sheet: 2 of 2
DEPTH CLASS, [ELEV.BTRAA SAMPLING ¥ REWARKS
(FT.) STRATA DESCRIPTION (FTJ| TUM | DEPTH|  DATA (2)
Mud Rotary Probe to 43 ft se2 Boring
<  B-102 for strata description. ) B
— — 35—
— L A{]
42.0 - . ~22. -
20, Finetto medium silty sand, wet ~ brown Si 228 Rod 4
-1 andtan - -] od drappa
i _M F+4+443 from 83'-80".
-] 45— See Boring
1 i B-{g28
] ' € : NOHFOLk
' _m HH " FORMATION
-] 50— -4
53.0 ~33.5 ~
Haoring .terminated at 5311
Comments:

I} Berlng backflled upon S hour ground waler measurement,
2) Uffse! Boring B-1024 10" soulth of Hering B-102,



CONSULTING GEQOTECHNICAL ENGINEERS
TEST BCAING LOG

SCHNABEL ENGINESRING ASSCCIATES | Froject: Ash Fill Expansion

Chesapeake Enargy Center
Chesapeake, Yirginia

Contract Number; 893313
Bering Nember, B-f028
Sheet: 1 of 3

conlinued on naxt page

Boring Contractor  Fishburne Driling Services, Inc. Ground Water Cbservatlons
Chesapeake, Virginia Date | Time | Bepth | Caslng Cavad
Boring Foremarn: E. Hester ) Encountered | 7/20 | -- -_— - —
Oriling Mathod: 2 15/18" 0.0, Roller Bit Mud Rotary
20 | 2:05 { - - -—
Orlling Ecuipment CME-45C Completion | 7/20
STA Represeniative; J, Hollowell Caalng Pulied T/e0 | 2:34 13.5 - 38.4
flates Started 7/20/96  Flnished 7/20/99 )
Location: See Locatlon Plan, Figure Al
Graund Surface Elevailon: 18.5:2
BEPTH CLASS, |ELEY.BTRAA SAMPLING W REMARKS
(FTJ STRATA DESCRIFTION 75 TUM | DEPTHT  DATA )
Mud Rotary probe to 53 fi; see Boring
- B-1024 for strata description, B =
— . T, -
— — 15 —1
o 20—
- e 25—
30

Comments:
1) Boring backfilled ypen complelion,

2) Oifset Boring B~1028 10 ' narth of Barlng B-102.




SCHHABEL ENGINEERING ASSQCIATES
CONSULTING GEOTECHNICAL ENGINEERS

Projact Ash Fill Expanasion
Chesapeake Energy Center

Contract Number. 883313
Borlng Number: B8-103

TEST BORING LOG Chesapeaks, Virginla Sheet: 1 of 2
Borlng Cantractor: Flshburne Drliing Services, Inc. Eround Hater Obaervations
‘ Chesapeake, Virginia - . Date | Time | Depth | Caslng| Caved
Baring Foremarn: E, Hester . Encountered T/ a:7 230 - -
Drillng Method 2 §5/16" 0.0. Roller Bit Mud Rotary ]
Drlling Equipment; CHE-45C Completion | 7/8 | 83!
SEA Repreaentatlye: J. Hollowell Casing Pullad 713 9:38 10.0 -~ 13.9
Dates Started 7/13/98  Finlshed 7/13/69 i
Locatlon: See Location Plan, Figure Al
Ground Surface Elevatlens 20.0¢
OEPTH CLASS. |ELEV.STRAA SAMPLING W REMARKS
1) STRATA DESCRIPTION (ETJ| TUM | DEPTH|  DATA (%)
Fine ta coarse poeorly graded sand FILL A3 E+7+7+7
L0 - with silt FLY ASH FILL; trace gravel, 18.0
2.0 -_1 molst - dark gray / . 8.0 A2 OIKE FIL.L
) Fine to medium poorly graded sand FILL ) , 3+3+4+8 »
-1 1 with sl FILL, moist = tan L PP=3,0 TSF
4 Flne to medium sandy fat clay FILL, A Slarted mud
molst - dark gra 1+2+445 § ;
R gray |5 PP=2.0 TSF drillng at 4
8.0 Fine to medium clayey sand FILL, FIEL 1.0 B+8+8+8
=~  moist - dark gray A r
8.0 - _ 2.0 . :
Fine to medium siity sand, moist — dark SM T+10+23+23
- brown and gray L :
— 10
- do, containg clayey sand lenses, dark B
| brown and dark gray | m 3+B+8+0 ALLUVIUM
— B2 |—16
41 do, contalns organlc matter -
7 i m D+7+5+9
— —~20)
. =2.0
22.0 Fine sitty sand, wet - dark brown gray SM
1 i mi THI+(3+18
— 25 NORFOLK
FORMAT JON
. C -
7 i m 0+0 #1413
! 3¢
continued on Kext page
Comments;

Boring backfilled upen completlon,




SCHNABEL ENGINEERING ASSOCIATES
CONSULTING BEOTECHNICAL ENGINEZRS

Projact Ash Fil Expansion

Chesapeake Energy Cenler

Contract Number: 853318
Boring Numbar: B--103

TEST BORING LOG Chesapeake, Yirginia Sheet, 2 of 2
DEPTH CLASS. |[ELEV.STBRAA SAMPLING ¥ REHARKS
FT) STRATA DESCRIPTION (FTJETUM | DEPTH | DATA {%)
Fine to medium siiiy sand, contains 3K
= giayey sang le;wes. moist '~ dark -
rovn and dark gray
32.0 =12. B -
Fine to medium clayey 3and, wet - sC 12.0
< tan, brown and gray : - ‘Fm [3]4+2+1
— ¢ 35— MNORFOLK
] FORMATION
4 do, brown and tan i H242+2
40. -20.0 40—
0 Baring terminated at 40 {t 2
-5".
Comments:

Boring backtilled upan completion.




SCHNABEL ENGINEERING ASSOCIATES
CONSULTING GEQTECHNICAL ENGINEERS |-
TEST BORING LOG

Prolect: Ash Fill Expansion
Chesapeake Energy Center

Chesapeake, Virginia

Contract Number: 84338

Borlng Number; B-104

Sheet: 1 of 2

Barlng Cantractor:  Fishburne Drlling Services, Inc. Ground Nater Observations
i Chesapeake, Virginia Date ; Time | Depth | Casing Caved
Horing Foremar: E. Hester . Encounlered T3 | 2:43 17.0 - —_——
Drilling Mathod 2 15/18" 0.0. Roller Bit Mud Rotary )
- 3 | 307 | - - -
Orlting Equipment CHE-45C. Completion /
SEA Repreaentallve: J. Hollowell Caslng Pulled T3 | 38 8.0 - 38.5
Dates Stariad 71/13/89 Finished 7/13/89 8 i/2 Day 7/20 10:49 8.8 —— 7.7
Lozatlon: See Localien Plan, Figure Al
Ground Surface Elevatlon: 21.02
DERTH CLASS. [ELEV.5TRA- SAMPLING W REMARKS
(FT.) , STRATA DESCRIPTION 1FTJ[ TUM | DEPTH | DATA %)
Fine to coarse poorly graded sand FILL Al 5+10+8+1
L0 - with st FLY ASH FILL, molst ~ dark 20.0
2.0 - LF2Y /1 Fut 6.0 DIKE FILL
’ Fine to medium sitty sand FiLL, molst - FILL ' f0+12+15+18
= | dark brown and tan A2 -
- Fine {c medium poorly graded sand ted mud
"L with siit FILL, meist - {an TH10+7+7 ﬁfxﬁfné at 4
] gc. kccsn tains ghell fragmenits, tan and — 5 .
8.0 --. Garx gray 15.0 .
. Fine to coarse sandy fean clay, moist cL ;;:4+g+‘r55F
Y = dark gray, dark tan and brown 8 F A -
.Q - 1.0
8 Fine to medium clayey sand, contains SC 1+3+4+48
-1 erganic matter, moist ~ dark gray B -
_ L 19
- - - '5"
N .0 - -
2.0 Fine o medium siity sand, mols! = dark SH ®
9 brown, dark gray and tan B T m TET+84+8
- B2 15—
) " ALLUVIUM
N i 'm 5+8+10+0
™ 20—
2.0 =10 -
2 Fine {o medium poorly graded sand SP--5M
- with sill, wet - tan "’ "m B+10+13+Y
— — 25—
] T ] - NOREU%'?UN
. -8.0 o = FORMA
27.0 Flne to coarse poorly graded sand SP-5M -
- with silt, contains clayey s2nd " W 5+5+8+7
| pochkets, wel - tan and brawn " _m
- 3g-
contimted on naxt page
Comments:

Borlng backfilled upon 8 1/2 day ground waler measurement.




SCHNASEL ENGINEERING ASSOCIATES | Prelect Ash Fill Expansion Caniract Number: §93318
CONSULTING GEOTECHNICAL ENGINEERS Chesapeake Energy Center Borlng Number: B-104 '
TEST BOGRING LOG Chesapeake, Yirginia Sheet 2 of 2
DEPTH : CLASS. |ELEV,STRA SAMPLING H REMARKS
(FT.) - STRATA DESCRIPTICN (FT4) TUK | DEPTH | DATA | (%)
Fine to coarse poorly graded sand Sp~5M
- with silt, contains clavey sand ' - -
| pockets, wet - tan and brown L
] T —m 7+8+9+9
- - ¢ 35 ’ NORFOLK -
] L FORMATION
37, -18.0 R o
74 Fine to medium clayey sand, wet - tan sc 8
- and brown _ a *m 141+24
40.0 - ~19,G A O

Borlng terminated at 40 {1

*

Comments:
Borlng backfilied upon 8 /2 day ground water measurement.



SCHNABEL ENGINEERING ASSOCIATES
CONSULTING GEOTECHNICAL ENGINEERS
TEST BORING LOG

Project: Ash Fill Expansion
Chesapeake Energy Center
Chesapeake, Yirginia

Contract Number: 993318
Berlng Number: B-i0S
Sheet 1 of 2

Boring backfilled upen 8 1/2 day ground water measurement.

Borlng Confractor Fishburne Oriiing Services, Inc. Ground Water Observations
Chesapaake, Virginia Oata | Time { Denth | Casing Caved
Borlng Foremar: E. Haster N Encountered TH3 | 440 13.6 - -
Orliiing Method 2 15/18" 0.0, Roller Bit Hud Rotary ]
Orfling Equipment; CME-45C Completion | 7/13 | 428 _ ]
SEA Representatlve: 4, Haflowsl Caalng Pulled T/3 | 4:4Q 10.5 . 38.4
Dates Started 7/13/99  Fhlshed 7/13/99 8 1/2 Day 7720 | 1028 | ey . 1.0
Locatfon: See Location Flan, Figure A}
Ground Surfaee Elevatlon: 1952 ., . - e
DEPT CLASS. |[ELEV.STRA- SAMPLING W REMARKS
(FT.) STRATA DESCRIFTION (FTJ[TUM | DEPTH| DATA | ()
Fine to coarse poerly graded sand FILL A3 S+7+i0+8
L0 -1~ with silt FLY ASH FILL, trace gravel, 18.5
20 —\ moist —~ dark gray /1 FIL 75 A2 DIKE FILL
’ Flne to medivin sity sand FILL, maist ~ FiLL ' A+4+445
- | {an and dark brown . Al - PP=4.25 TSF _
-, Flae to medium sandy lean clay FILL, - )
40 contains crganic matter, moist ~ dark Fiz | %5 1+244+4 grtiﬁir:g%ltmjlq
— brown A2 —5 -
L. Fine to medlum clayey sand FILL, L
6.0 _\ molst — brown and dark gray FILL 13.5 . 5+8+1047
7 Fine lo medium sandy l2an clay FILL, | A
8.0 - Molst — dark gray, dark tan and brown 05
Flne lo madivm sitty sand FILL, FILL SHO+13+13
"1 containa clayey sand pockets, molst ~ ™
brown ' .10
| . I EE3Ts)
4. y |
0 Fine to coarse clayay sand FILL, wet FILL 53| A2
-4 =~ dark gray — 15
y i 3434343
20.0 -5 26
Fine to coarse poorly graded sand SP-SM
<4 with silf, wet ~ dark brown B
i B2 | 3+6+10+13 ALLUVIUM
- —25
27.0 ~7.5
Fine to medium clayey sand, wet - tan SC
| 2@ndbrosn ' e I 14171241 NORFOLK
- - FORMATION
—] AQ
conlinied on next paga
Comments:



SCHNABEL ENGINEERING ASSOCIATES { Project: Ash Fill Expansion Contract Number: 993318
CONSULTING GEOTECHNICAL ENGINEERS Chesapeake Energy Center Boring Numbar: 8-105
TEST BORING LOG Ehesapeake, Yirginia Shael: 2 of 2
DEPTH : ' : CLASS. |[ELEY,BTRA SAMPLING . ¥ REMARKS
(FT) STRATA DESCRIPTION (FTi TUM | DEPTH| DATA - | (%)
Fine to medium clayay sand, wel - tan sC
T and brown : B -
| da, brown and tan i "n 2414442
— C 35— NORFOLK
i ] FORMATION
- do, contains ality sand lenses, dark =
1 ray i _im 1434344
40, . =20, 40—
0.0 Boring terminated at 40 it 20.8
Comments:

Barlng backfiled upan 8 1/2 day ground water measuramant,




SCHNABEL ENGINEERING ASSOCIATES
CONSULTING GEOTECHNICAL ENGINEERS
TEST BORING LOG

Prolect: Ash Fill Expanslon
Chesapeake Energy Center
Chesapeaka, Virginla

Shaet: | of 2

Contract Number: 993318
Borlng Number: B-108

Boring backfilled upen 8 day ground waler measurement.

Borlng Contractor  Fishburne Driling Services, Inc. Eround Mater Ob“f_""-_‘_th"’ _ .
Chesapeake, Virginia Date ) Time | Depth | Caslng| caved
Bering Fereman: E. Hester . Encounterad 7714 | 9:40 2.0 —_— —_
Rriling Method 2 15/18" 0.0. Reller Bit Mud Rotary -
Orifing Equipment CHE-45C Compietion | 7/i4 | 10:05 _
SEA Representiative: . Helloweli Casing Fullad 7/14 10:14 a5 -= 28.0
Dates Started 7/14/99  Fhishad 7/14/99 & Day 7/20 | 10:33 0.8 - no
Lecailon: See Location Plan, Figure A
Ground Surface Eevatfon: 20.5:
DEPTH CLASS, |ELEV.STRA SAMPLING H REMARKS
(FT.) STRATA DESCRIPTION (FTJ[ TUM | DEFTH| DATA | (%
_ Fine to coarse poorly graded sand FILL A3 §+4+5+4
1.0 -—1 FLY ASH FILL, trace silt and gravel, 19.5
20 tontains shelt fragments, malst - dark / FILL wsl- L DIKE E1LL
Y Tilgray : FILL 1 a2 3+4+3+3 L
-1{ F inet tlo medludm silty .-.z;nd ;—'ILL. st g
canltalns 1andy lean clay lenzes, mals
40 -+ - dark brown and dark gray 18.5 1 17124343 Started mud
_ » g FILL driling at 4
~— | .Fine to medlum poorly graded sand — 5
| |_with silt FILL, moist ~ tan ] .
Fine to medium sandy Jean clay, ) Al 7+68+8+8
-{ contains organic matter, moist ~ dark L. N PP=4.8 TSF
8.0 gray and brown 12.5
- Fine to madium silty sand FILL, moist — FILL ) 11+Hi8+18410
< brown . R .
— — 10—
e = - ;"
4 12 a
- do, wet S (ETSINEY
— — 15—
7.0 as -
Fina to medium clayey sand, wet ~ tan SC
. " TR T O
19, L5 B
? Fine to medium silty sand, wel - tan S 20
T B2 T ALLUVIUM
- do, gray, dark gray and brown B m I+545+7 .
-— —25
27.0 ~8.5
Fine clayey sand, wet - tan and SC
< brown c I +2+1+2 NORFOLK
R N FORMATION
. 30
continved on pext page
Comments:




SCHNABEL ENGINEERING ASSOCIATES | Project Ash Fill Expansion Contract Number S$83318
COMSULTING GECTECHNICAL ENGINEERS Chesapeake Energy Center Borlng Number: B-107
TEST BORING LOG Chesapaake, Yirginia Sheat: 1 of 3
Soring Cantractor  Fishburne Oriling Services, Ine, Ground Water Obsarvationa
. Chesapeaake, Virginiz Pate | Time | Depth | Casing Caved
Boring Foreman: E. Hester . Encountered | 7/15 | 945 | 20 | - ~—
Drilling Mathod: 2 15/18" 0.0. Roller 8it Mud Rotary
THS | &9 -— — -
Oriing Equloment CME-45C Completion / §
SEA Representatlve: J. Hollowell Casing Pullad T/is .56 5.5 - 30.5
Dates Started i“!lS_er Finished 7/15/89 4 /2 Day 7700 | 10:47 | 200 — 20.3
Locatlon: See Locatlon Plan, Figure Al
Ground Surface Elevation: 26.0¢
DEPTH CLASS. (ELEV.ETRAA - BAMPLING W REMARKS
FT) STRATA DESCRIFTION (F7.{ TUM | DEPTH| - DATA ] -
o _\ TOQSOH /_W P at4+7+8
L0 7" Fine to medium clayey sand FILL, e 240 ~
'} contalns organic matter and sheli R
tragments, moist ~ dark brown 10+{5+15+5
T 'F§?§ ttl': T:?d{ftm pacirly lgraded sband ©
J with silt FILL, moist - tan and brown - Started mud
| ] 3+B+20+18 driling at 4°
8.0 12.0 o
Fine to medium silty sand FILL, moisi - FILL A2 20+{6+15+13
- dark tan = .
-1 da, contains shell fragments, lean clay - 243+ d+d DIKE FILL
N pockets and fly ash - -
— — 10
: 13.0 :
12.0 Silt with sand FLY ASH FILEL, wet - - FIiLL
- dark gray m 11+
- — 15
1 AJ SLUICED ASH
FiLl
b i m R
- 20
22, - o
20 Fine {o medium silly sand, centains SM
4 orgenic matter, wat - dark gray m 3+2+2+3
— —25
] B2 ALLUVIUM
. m 243+343
- 0
cantinuad on next page
Comments:

Baring backfiled tpen 4 1/2 day ground water measurem_enl.




SCHNABEL ENGINEERING ASSOCIATES | Project: Ash Fil Expanaion Contract Number: 593318
CONSULTING GEOTECHNICAL ENGINEERS Chesapeake Energy Cenler Boring Number; B-1G7 . .
TEST BORING LOG Chesapeake, Virginia Sheat: 2 of 3
DEPTH ' CLASS. |ELEV.5TRA- SAMPLING W REMARKS
FT) STRATA DESCRIPTION (FTJ[ TUM | DEPTH|  DATA | (%)
Fing t¢ medlum silty 2and, contains SM
“|  organic matter, wet - dark gray B2 ALLUYIUNM
32.0 : -
Fina to coarse sity sand, trace SM 7.0
- gravel, wet - fight gray - m 2444345
— —35
s C -
] 3 m WOH/18+1
40.0 -15. 4
Siit with sand, wet - dark gray ML r.0
- - NORFOLK
H2+242
. 04 m PP0.5 TSF FORMATION
- 45—
47.0 ~22. -
Fine to medium clayay sand, contains 5C _22 ¢
1 fatclay lenses and shell fragments, = T 1104
i wet - dark gray [ _m
— — 50— e
63.0 =-28.0 L
Fine to medium clayey sand, cenlaing 5C Si+B+H
- silty sand lenses and shell fragments, - ~
| wet - dark gray - - 55— YORKTOWN
] FORMATION
1 g [ :’ 10+13+18+17
58.0 -34.0 o .
Fine to medium poorly graded sand SP-5M 3 P
—  with silt, contalns shell fragments, wetl . —B80—
B -~ dark gray and gray . .
<{  do, contains clayey sand lenses, gray " 'n G+5+5+8
- | e |
. B Jm 8+0+044
— 70
nnndrnnud annayl mans
Comments;

Borlng backfiled upon 4 1/2 day ground water measurement,




CONSULTING GEQTECHNICAL ENGINEERS
TEST BORING LOG

SCHNABEL ENGINGERING ASSOCIATES | Project: Ash Fill Expansion
Chesapeake Energy Center

Chesapeaks, Virginia

Contract Number: 893318
Boring Number: B-107A

Sheet: | of 2

Berlng Contractor. Fishburne Criting Services, Inc.

Ground Water Cbaervallons

Chesapeake, Virginiz Date | Time | Depth [ Casing -Caved
Barlng Fereman: E. Hester Encountered — - - _— -
Drlfng Methad 3 7/8" 0.0, Roller Bit Mud Rotary =t — — ~ -
Orlling Equipment: CME-45C Completion
SEA Representallver J. Hollowell Casing Pulled T/20 t 4:42 107 -= 42.5
Dates Started 7/20/99  Flnished 7/20/88
Location: See Location Plan, Figure Al
Ground Surface Elevallon 25.0¢
DEPTH CLASS. \ELEV.STRAH _ SAMPLING W REMARKS
F1d | STRATA DESCRIPTION (FTJITUM | DEPTH|  DATA %)
Mud Ratary probe to 12 f4; see Boring
- B-107 for strata description. - -
— 5 —
— 10—
2, 3.9 -
° SHt with sand FLY ASH FILL, wet - FILL ar
- gray A3 | 24115 glftJECED ASH
14.0 1.0
Mud Rotary probe to 42 {t; see Baring !
—  B-i07 for strata description. — 15—
— — 20—
— b 2 5]
—] 30—
eontinued gn naxt page
Cominenis:

Baring backfiled upen campletion.




SCHNABEL ENGINEERING ASSOCIATES | Project: Ash Filt Expansion

Contract Number; 893318

CONSULTING GEQTECHNICAL ENGINEERS Chesapeake Energy Center Baring Number: B-107A
TEST BORING 1.OG Chesapesaks, Yirginia Sheat: 2 of 2
DEFTH CLABS, |ELEV.STHAA SAMPLING W HEMARKS
(FT.) STRATA DESCRIPTION (FTJ{ TUM| CEPTH| DATA | (%)
Mud Rotary probe to 42 ft see Bonng
= B~107 for sirata descriptfon = -
] — 35—
] 40—
42.0 -7.0
Fine to medium sandy fat clay, wet - CH ar
4 gray had Y. e . 24/24
- o r aT NORFOLK
48.0 =210
. Boring terminated at 48 ft 2
Comments:

Boring backfilled upon complation,




SCHNABEL ENGINEERING ASSOCIATES
CONSULTING GEQTECHNICAL ENGINEERS

Prolect: Ash Fill Expansien
Chesapeake Energy Cenler

Contract Number: 883218
Beoring Mumber: B-108

TEST BORING LOG Chesapeake, Yirginia Sheet: § of 2
Boring Contracter  Fishburne Drlling Services, Inc. Ground Water Cbsarvatlons
Chesapeake, Yirginia Date | Time | Depth | Caslng LCaved
Baring Foreman: £, Hester Encotntered | 7/t | 137 | 220 - -
Orliing Methed 2 15/18" 0.0. Raller Bit ‘Mud Rctary : ] -
Orfling Equlpment: CME-45C Complellon | 7/14 | 152
SEA Representative: J, Hollowell Casing Fulled 144 | 12:02 10.2 -— 38.7
Dales Slarted 7/14/98  Flnlshed 7/14/898
Locatlon: See Lacation Plan, Figure Al
Ground Surface Elevatlon: 25.51
DEPTH CLASS. ELEV.ETHA— SAMPLING W REMARKS
(FT.) STRATA DESCRIPTION (FT)| TUM | DEPTH | DATA (%) -
Fine to coarse sifty sand FiLl, FILL 8+i2+13+id BIKE FILL
- coatains organic matter, crushed = N .
stone and shell fragments, moist ~ :
'"\'_ dark gray - i 8484845
E go. cantains lean clay pockets, dark = N
£ omWn
" A2 Started mud
. N HOH#1+2%2 driliing at 4°
4 o, dark brown and dark gray - " 5434444
. ird
80 Fine to coarse poerly graded sand FILL 2434443
4 FLY ASH FILL, trace silt and gravel, o ‘
] welt - dark gray L 10
iz, 13.5 - -
2.0 Fine to medum clayey sand FLY ASH FILL .
5 FIL, contains fat clay layers, wel - - 345+7+8
] dark gray B m
- — 15
| A3 |
i 3+3+3+44 SLUICED ASH
- e FiLL
. —20
22,0 : a5 -
Fine to medium sandy st FLY ASH FILL
-4  FILL, contains mica, wet — dark gray 3 m 1£12+1/12
— --25
27.0 ~L5
Eine to medium siity sand, contains SM VIUM
N organic matter, wel - gray B2 - E 1241241749 ALLU
] 30
continiad on naxt page
Comments:

Boring bagkfille’d upon completian,




SCHNABEL ENGINEERING ASSOCIATES | Project: Ash Fill Expansion Contract Number: 893318
CONSULTING GEGTECHNICAL ENGINEERS Chesapeake Energy Center Boring Number: 8-t08
TEST BORING LOG Chesapsaake, Yirginia Sheet; 2 of 2 :
NEPTH CLASS. IELEY.STRA- SAMPLING M REMARKS
{FT.) STRATA DESCRIPTION (FT.JI TUM | DEPTH |  DATA (%
Fine to medium silty sand, centains | sM .
= organlc matter, wet ~ gray i B2 - ALLUVIUM
32 : . -8 J
0 Fine to medium slity sand, wet = brown SM 8.5
- andian . = -;m 24211/12
- L35
- . C r = NORFOLK
a - . : 115 | FORMAT ION
Fine to medium poorly graded sand, SP-5M
4  wel - dark brown and tan i "m B+H+T45
40.0 =14, 40—
Boring terminated at 40 ft . 14.8
Comments:

Boring backfillad ypon completion,



SCHNABEL ENGINEERING ASSOCIATES | Prolech Ash Fill Expansion ) Coniract Number; 93318
CONSULTING GEOTECHNICAL ENGINEERS Chesapeake Energy Center Boring Number; B-108
TEST BORING L.OG Chesapeake, Yirginia Shast 1 of 2
acf[ng Contractor: Fishburne Qrilng Services, Inc. Ground Water Observallons
. Chesapeake, Virginia Date | Time | Depth | Casing | Caved
Boring Foreman E. Hester Encountered T/e | B58 0.0 - -
Oriling Method: 2 15/16" 0.0, Rolier slt ‘Hud Ratary comoletl 118 . - -
Orifing Equipment: CTME-4SC ompleten
SEA Represeniative: J, Hellowgll Casling Pullad 7/18 g:20 Dry - 12.3
Dates Staried 7/16/89  Finished 7/18/98 '
Lacatlors Sea Location Plan, Figure Al
Ground Surfaca Elevatlon: 2153
DEPTH CLASS. |ELEV.STRAA SAMPLING ) W REMARKS
FT) STRATA DESCRIFTION (FT{ TM | DERTH | DATA (%)
" —\ Topsoil /_“'_F‘TCE—’ ci.7 S5+4+4+5
Fine to coarse poorly graded sand . B
9.0 - Wwithsit FILL, trace gravel, maist - 8.5 A
"\ dark gray /T FiL §+34342
“]  Fine to medium silty sand FILL, molst - ) i
B tan and dark tan L. 24245416
do, fine to coarse, trace gravel, -
—{  contains shell fragnenta, brown A2 -5 DIKE FILL
8.0 B - -
Fine to medium poorly graded sand FILL B 17+25+21+18
- with silt FILL, molat - {an . B
< do, wet . B 4+3+242
0.0 - .5 10
1 Fine sandy sit FLY ASH FILL, wet - FILL
~  dark gray ' - w
g ' - m i
-t : — 15 SLUICED ASH
. FILL
— A3 o -
1 ¥ 'm WOH/24
- 20—
.0 -5 .
22 Fine to medium sandy lean clay, cL
4 contains organic matter, wet — dark Sl | FERERES
gray n _n PP<02.5 TSF ALLUVIUM
{
- B 25—
27.0 -5.5 -
Fine to medism sty sand, wet - gray SH
n - NORFOLK
C Jm 4424448 FORMATION
continued on naxt page

Comments:
Boring backfilled upon completion,




SCHNABEL ENGINEERING ASSOCIATES | Project: Ash Fill Sxpansion Contract Numbar: 993318
CONSULTING GEQTECHNICAL ENGINEERS Chesapeake Energy Cenler Bering Number: 8-169
TEST BORING LOG Chesapeake, Yirginia Sheet 2 of 2
CEPTH CLASS, ELEV.ETHA- SAMFLING W RAEMARKS
(FT.) . STRATA DESCRIPTION (FT) TUM | DEPTH |  DATA )
Fine to medivm siity sand, wet - gray SM
- * . C L. -
32.0 ~10. -
Fat elay, trace sand, wet ~ gray CH 6.5
< brown B I 51142
o = | [}| PP<0.5 TSF
— 0 L35
37.0 =55 .
7 . Fine to madium siity sand, wat- light SM B
- gray and brown " W 3424343
’ e | "m
- 40— NORFOLK
| | FORMATION
42.0 : -20,5 -
Fat clay, trace sand, contains siity CH 20
1 %and lenses, wet - dark gray " el 3+34243
i L. m PP=0.5 TSF
— 0 —45
47.0 =255
Fine to medium clayey sand, wet -~ sSC 2
= * gray and brown B m 1+HOH+1+2
.. . 5
g2, -305
0 Fine to medium silty sand, contains SM
4  shell fragments, wet ~ tan B m 2434448
—_ 55
’ Er YORKTOWN
- B = FORMATION
7 3 'm 9+10+8+8
aaq. ~-38.5 80—
0 Bering terminatad st 6@ ft
Commants:

Borlng backfilled upen completion,




CONSULTING BECTECHNICAL ENGINEERS

SCHMABEL ENMGINESRING ASSOCIATES | Project: Ash Fill Expansion
Chesapeake Energy Center

Dentract Number; 993318
Boring Number: B-108A

TEST BORING LCG Chasapeake, Yirginia Sheet: 1 of 3
Barlng Contractor: Fishburne Oriling Services, Inc. Ground Water Observations
Chesapeake, Virginla Date | Time | Depth } Casing} Caved
Borlng Foreman: E. Hester . Encountered 7/19 - — -— —_
Oriling Method: 2 15/18" 0.0. Rolier Bit Mud Rotary —— P
Orliing Eculpment; CME-458 Completien : ; -
SEA Reprasentative: J. Hollowell Casing Puiled THS | 230 125 - 70.5
Dates Started 7/19/89  Finishe¢ 7/13/93
Location: See Lecatlen Plan, Figure Al
Ground Surface Elevatlon: 21.5:
BEPT CLASS, [ELEY.STRA- SAMPLING ] REMARKS
(FT.) STRATA DESCRIFTION (FTJ| TUN | DEPTH | DATA | (2
Auger Probe to 33 fi; s=e Bering
<4 B-108 far strala description.. - -

— oy

—] 10—

—] e {5 —

— 20—

- 25

— 30

cantinued on hext page

Comments:
Boring backfiled upon completion.




SCHNABEL ENGINEERING ASSOCIATES | Preject: Ash Fill Expansion Coniract Number: 53318
CONSULTING GEQTECHNICAL EHGINEEAS . Chesdpeake Energy Center Bering Number: B-i08a |
TEST BORING LOB Chesapaake, Yirginia Shast 2 of 3 .
DEPTH CLASS, |ELEY.STRAA SAMPLING W REMARKS
(FT. STRATA DESCRIFTION (FT.})] TUM{ DEPTH BATA | (%)
Auger Probe fo 33 #i; see Borlag
- B-109 for strata description. -
330 -1.5 .
Fat clay, trace sand, molst - gra CH 37
i Y gray i 24/20
_— D 35 3T NORFOLK
1 i 24/18 FORMATION
370 ~15.5
Auger Prebe {o 83 f1; see Boring :
<4  B~i09 for strata description. g -
— T, -
—] 45—
— D 50— "
— 55—
-] — 00—
63.0 -41.5 o
Fine to coarse silty sand, contains SM 8+8+7+7
-]  shell fragments, wet - tan -
_ 85— . YORKTOWN
FORMATION
E
"] ™ E‘ B+4+847
— 70
papbisnes an navl Fo¥-Tal]

Comments:
Borlng backfiled ypon completion,



SCHNABEL ENGINEERING ASSCCIATES | Prolect Ash Fiil Expansicn Contract Number: 9383318
CONSULTING GEOTECHNICAL ENGINEERS Chesapeake Energy Center Boring Number: B-109A
TEST BORING LOG . Chesapeake, Virginla Shest 3 of 3
OEPTH CLASS. |[ELEY.STRA~ SAMPLING W REMARKS
(F1) STRATA DESCRIPTION TFTI[TUM | DEPTH| DATA | (¥
Fine lo coarse silty sand, contalns - SM '
- shell fragments, wet - tan . -
7 i m 10+8+10+10
— , 75
- e 1
] - m7+?+7+7
-— —80
- do, gray i m 5+8+1048
- E |85 ’
YORKTOWN
~ - FORMATION
7 - m THEHA+T
- g0 7
N i m {2413+14+18
— X —p5
Ny i m 18+10+18+19
) ~785 100+
fon.0 gorlng terminated at 100G ft
Comments:

Boring back{ited upon comptetion.




SCHNABEL ENGINEERING ASSOGIATES | Project: Ash £iil Expansion Contract Number: 993318
CONSULTING GEOTECHNICAL ENGINEERS Chesapeake Energy Center Borlng Nember: B-I10 '
TEST BORING LOG Chasapeake, Yirginia Sheet: | of 2
Boring Contractor:  Fishburne Orifing Services, Inc, Eraund Hater Observations
Chesapeaka, Virginia Baie [ Time [ Dapth j Casing Caved
Hering Foreman: E. Hester . Encountered 774 | 145 10,0 - —_—
Orillng Methodt 2 [S/18" 0.0, Roller Bit Mud Rotary _
SEA Representalive: J. Hollowell Caslng Pullad /14 | 24 10.8 - 27.3
Dates Startad 7/14/69  Finlshed 7/14/08
Locatlon: See Location Plan; Figure Al
Ground Surface Elevation: 25.0t
DEPTH | CLASS. |[ELEV.STRA . SAWPLING W REMARKS
(FT) | . STRATADESCRIPTION (FTJ[ TUM | DEPTR|  DATA | (%)
Fine to medium $lity sand FILL, FILL BH{IFI5+E DIKE FILL
- coniains shel fragments, maolist - dark o
"5 0 Brown and brown 21.0 -
) Flne to mediem poorly gradad sand FILL ) T+12+18+18
-1 with it FILL, molst -~ tan -
= do, containg shel! fragments A2 Started nud
N J __ Itiria+s drifing at 4"
¥ - 2412+ {1+8
8.0 7.0
Fine to medium poorly graded sand Fil | ! 111+
= FLY ASH FILL, trace gravel, maist - B
_| darkgray 10
- - [
12.0 13.0 -
giltkwith sand FLY.ASH FILL, wet ~ FILL A3 SLICED ASH
- ark gra B
] gray I m 1112 ETLL
— — 15
7, 8.0
0 Fine_ to medium silty sand, wet ~ dark SM
1 gray - : [~ m‘ 1/12+4+4
— B2 —20 ALLUVIUM
22.0 3.0
Fine silty sand, wel - dark gray SH
- " m 8+8+6+8
-] 25
- c -
27.0 ~2.0 - NORFOLK
Fine to medium paorly graded sand SP-SM FORMATION
| with sit, wet ~ dark gray and gray - m B+E++13 :
. 30
ceontinuad on next paga
Comments;

Boring backfiled upon completion.




SCHMABEL ENGINEERING ASSOCIATES | Prolect Ash Fill Expansion Contract Number: 933318
CONSULTING GEOTECHNICAL ENGINEERS Chesapeake Energy Center Berlng Numbar: B-10 :
TEST BORING LOG Chesapeake, Yirginia Sheat: 2 of 2
DEPTH CLASS, |ELEY.STAAA SAMPLING W REMARKS
FT) | - STRATA DESCRIFTION (FTJ| TUM | DEPTH|  DATA ()
Fine to medium poorly graded sand SP-SM
- wilh silt, wet ~ dark gray and gray . - .
32.0 -7, P
2 Fing to medium poorly gradad sand, 5P 70
- trace silt, wet — dark gray and gray - -n 3+445+5
—_ C 35— NORFOLK
. 4. o FORMATION
ar =12, L
7. Fine to medium poorly graded sand SP-SM 2.0
i . with silt, moist ~ tan and red brown - —m 245+4+4
40.0 ~15.0 40~

Borilng termipated at 40 i

'h't.

Comments:
Borlng backfliled upon complation.



SCHNABEL ENGINEERING ASSOCIATES Project: Ash Fill Expansicn Conlract Number: $93318 .
CONSULTING GFOTECHNICAL ENGINEERS Chesapeake Energy Canter Borlng Number; B[4 oo
TEST BORING LOG Chesapeake, Yirginia Sheat: | of 3
Bering Contracter  Fishburne Drlling Services, Inc. Ground Water Observationa
Chesap=ake, Virginia Date | Time | Depth | Casing | Caved
Eoring Feremar: T. Denahue " Encountered | 7715 | -- | 220 - | ==
Drlfing Method 2 15/16 0.0. Roiler Bit Mud Ralary et 715 . - —
Driling Equipment: CME~45C Completian
SEA Representative: J. Trimyer Caslng Pulled 78 35 ~— - -
Dales Slarted 7/15/99  Flished 715798 4 Y2 Day 7/20 | 1050 4.5 — 14.5
Locatlon: See Location Plan, Figure Al
Ground Surface Elevallon: 28.0:
OEPTH o CLASS. |ELEV,STRAA SAMPLING 1 REMARKS
(FT.) STRATA DESCRIPTION _ (FTJ{ TUM | DEPTH |  DATA (%
Fine sandy sit FLY ASH FILL, moist - FILE 4+8+7+7
1 black -
4 3L
A 445+ 445
3 Fine to medium pooriy grae;!ed sand FiL ] 2
© 1 trace sit FILL, molst - tan ' 5 A¥BHEHT DIKE FILL
y - S+4+d+d
*{  do, contains shell fragments and A2
| sandy siit pockets [ 234343
— —10
- |- ':_"
1 4.0
20 Fine sandy sfit FLY ASH FILL, maist — FILL
7 Dblack 3 m H+NOH+1+]
— — 15 SLICED ASH
FiLL
4 - m| WOH/24 No recovery
— —20
A3
22, 4.0 -
20 Silt with sand FLY ASH FILL, contains FILL
~  organic mailer, wet - dark gray B WOH+/18+1
— 25
y i 8+847+8
23.0 ~3.0
Fine to coarse poorly graded sand SP~SM C NORFOLK
—  with silt r(et - gray hrown 3o FORMATION
cantimited dn phat page
Comments:

Boring backfilled upen 4 1/2 day ground watar measurement,



SCHNAEEL ENGINEERING ASSOGIATES | Prolect Ash Fill Expansion Cantract Number; 993318 .
CONSULTING GEOTECHMICAL ENGINEERS Chesapeake Energy Centar Borlng Number: 8-ill
TEST BORING LOG Cheaapeake, Virginia Shest 2 of 3
DEPTH CLASS. [ELEV.BTRA SAMPLING W REMARKS
(FT. STRATA DESCRIFTION (FTJ[TuM | DERTH | -~ DATA (% '
Fine to coarse ponrly graded sand SP-GH
- With siit, wal - gray brown o
N i m 3+6+5+4
. 35
38.0 1.0 B
Fine to medium clayey sand, moist ~ sC 2 2424242
- tan and brown . -
- 4
- o | 1104241 No recovery
’ c | H
— —-dq 5]
T " TINM 3+7+ 21
- ) B
— 50— ":'F
3, —f-27.0 L
530 Fine to medlum skity sand, wet — gray SM I+5+7+8
-— —55.— 8
-5 h . 108 i “m 12+18+20
8.8 ~32. » -
7 Fine to medium siity sand, contains SM ) ’
- shell fragments, molst —~ gray brown 50—
. =37.0 -
830 Fine to medlum clayey sand, cantains SC iy BFitFe+9 |
- she_il tragmants, moist — light gray £ YORKTOWN
- 85— FORMATION
-1 dd. gray and green gray B N m B+Q+12+15
] 10—
Falatal Hﬁmrf Fale pnv: nass
Comments:

Boring backfiiled upen 4 1/2 day ground water measurement.




SCHNABEL ENGINEERING ASSOCIATES | Project: Ash Fill Expansion Confract Number: 993318

CONSULTING GEDTECHNICAL ENSINEERS Chesapeake Energy Center Borlng Number: B-iif
TEST BORING LOG Chasapeake, Virginla Sheet: 3 of 3
DEPTH 1. CLASS. |ELEY.STRA- SAMPLING K REMARKS
(FT.) STRATA DESCRIFTION FTI[ TUM | DEFTH]  DATA | (%)
Fine to medium claysy sand, coniains sC
4  shel fragments, moist - gray and - -
| green gray L
4 do, fine to coarse o m B+747+10
— —T75
71.0 -5t R
Fine to coarse siity sand, contains SM sLo
- shell fragments, wet — gray B m 4+8+9+10
— -8

7 3 m A+B+I+4
~ E {85 ' :
: YORKTOWN

7 N FORMATION

] ! i m‘ B+I5+I0+13
- -00

\\‘

5+8+8+13

7 i m‘&am-ﬂc . -
loo.o ~74.0 100

Boring terminated at j0 £t

Commenis:
Boring backflii!ed upen 4 1/2 day ground water measurement.



SCHNABEL ENGIMEERING ASSOCIATES

Project: Ash Fill Expanasion

Contract Number: 893318

Boring backfiled upen 8 day ground water measurement.

CONSULTING GEQTECHNICAL ENGINEZRS Chesapeake Enargy Center Boelng Number: B-112
TEST 80RING LOG Chesapeake, VYirginia Sheet | o 2
Borlng Gontractar Fishburne Driling Services, Inc. Ground Nater Observations
Chesapeake, Virginia Date | Tlme | Depth | Casing Cayed
Baring Foreman: E. Hester Encounterad | 7/14 | 25 | 120 - -
Driling Method 2 15/168" 0.0, Roller B:t Hud fRetary )
Oriling Equipment CME-45C Completion | 7/4 | 348 _ -
SEA Representatlve: J. Hollowell Casing Pulled 7714 | 327 4.5 —— 387
Dates Staried 7”4!99 Flnlahed 71’14}'99 q Day 7120 £52 DI’Y —— 1.0
Lecatlon: See Location Plan, Figure At
Ground Surface Elevationn 25.5t
DEPTH CLASS, [ELEY.STRAA SAMPLING ) REMARKS
(FT.) STRATA DESCRIPTION FTI[ TUM | DEPTH] DATA | (]
Fine to medium siity sand FLY ASH FiLL 2+2+8+5 DIKE FILL
< FILL, contalns organic matter, molst - - .
R dark gray .
|- do, flne Ad 1 A+443+4
4.0 5
Fln;tto medium silty sand FILL, brown Fi | 2 g WOH+1+2+2 ﬁf;ﬁ{ggda[“‘iq
N i 234548
B. g =
a Fine to medium poarly graded sand FILL i Az 4+4+5+4
- FILL, trace silt, moist ~ gray and tan -
- 10
. N n .9
0 Fine zifty sand FLY ASH FILL, wat = FILL B _
1 aray 3 m WOH+I/12+
— b— 15
. - m Y12+1/12 SLUTCED ASH
— —20
22.0 : : 35 -
Silt wlth sand FLY ASH FILL, wet - FiLL
- dark gray B mi HOH/E+
- T
27.0 15 .
Fine silly sand, wet — dark gray SH
. B (R NORF OLK
: c n FORMATION
- 30—
conlinued on n2xt page
Comments:




SCHNABEL ENGINEERING ASSOCIATES
CONSULTING GEQTECHNICAL ENGINEERS

Project Ash Fill Expansion

Chesapeake Energy Canler

Contract Number: 993313
Boring Number: B-fi2 -

TEST BORING LOG Chesapelake, Yirginia Sheat: 2 of 2
DEPTH CLASS, |ELEY.ETRA SAMPLING H. AEMARKS
{FT. STRATA DESCRIPTION FTI TUM | DERTH OATA (%)
Fine siity sand, wet ~ dari gray SH
320 - -8.5 I
Fine tu_medium poorty graded sand, sp
o tf-ace silt, wet - gray = -m 4474748
- £ 35— NORFOLK
| ] FORMATION
3.0 . : =Ty [ o
. f-‘[ne te medium poorly graded sand SP-5M "3
- with siit, wet = tan - N 13413413414
40 -14.5 40~
¢ Boring terminated at 4q a
Comments;

Barlng backfiled upon @ day ground water measurement.




SCHNABEL ENGINEERING ASSOCIATES | Project Ash Filt Expansion Contract Number: 893318
CONSULTING GECTECHNICAL ENGINEERS Chesapeake Energy Center Boring Number: B-13
TEST BORING LOG Chesapeake, Virginia Shaet 1 of 1
Horing Contractor: Fishburne Driing Services, Inc. Breund Nater Observationa
Chesapeake, Virginia Date | Time | Depth | Casing | Caved
Borlng Foremar: E, Hester Encouniered 775 —— 28.0 - -
Criilng ¥ethod 4 1/4" Helly Stem Auger
I 8 - -
Drlfing Equipment: CME-45C Compiatlon 7/15 | 43 Dry
SEA Repraszantatlye: J. Heflowell Caslng Pulled 7T/8 | 448 - - 233
Dates Started 7/15/9¢  Finished 7/5/99 0 he Reading | 778 | 853 | 188 _— 19.0
Logatlony See Location Plan, Figure Al
@round Surface Elavation: 5201
BEPTH : CLASS, [ELEV.STRAS SAMPLING W REMARKS
FT) | STRATA DESCRIPTION T TUM | DEPTH | . DATA (%)
Silt with sand FLY ASH FILL, ary - FILL 2+2+4+4
- dark gray B
T i 8+10+8+9
4 do, moist 3 A+4+3+3
] - 5
- B 2-+1+3+'4
- " 2+5+3+4
7 — 10—l 57 407
R : 24/24 s
- do, fine sangy ~ 242+43+3
— A3 15
3T 339 DRY ASH
o - ﬁ 24/24 F?LL
T [~ 4+3+4+4
— —20 aT
. L 24/0
N i ar
_ n 24/24
N i 1047+13+15
- 25
- do, wel B m 3+3+3+4
— - R4 30 |
co Boring terminated at 30 {t 22
Comment!s:

Soring backfiled upon 18 hour ground water measurement. -




SCHNABEL ENGINEERING ASSOCIATES
CONSULTING GEQTECHNICAL ENGINEERS
TEST BORING L0G

Prolect: Ash Fill Expanslon
Chesapeake Energy Cenler
Chesapeake, Yirginia

Contract Number: ©93248
Bering Number; B-114
Sheet; | of 2

Boring Contractor:  Fishburne Uriting Services, Inc. Ground Water Obaervations
Chesapeake, Virginfa Date | Time | Depth | Casing Caved
Borlng Foraman: E, Hester , Encountered 772 | o2a 2.0 - -
Drlling Methodt 2 15/18" Q.D. Roller Bit Mud Rotary
2| e | -- - -
Orlling Equipment: CHE- 480 Compietion [ 7/12 | |
SEA Representatlvec J. Hallowell Caslng Pulled 7712 § 10:20 20 - 7.2
Dates Starfed 7/12/89  Finished 7/12/89
Locatlon: See Location Plan, Figure Al
Ground Surface Elevatlor 3.5¢
DEPTH ' cuass. [ELeEv.STRA]  SAMPLING i REMARKS
(FT.) STRATA DESCRIPTION (FTJ{ TUM| DEPTH| DATA | (%)
2 [\ Topson /T v |27 EEEy)
Fine to mecglum slity sang, c’?niains 4 3
. organic matter, moist - dark gray an " -
2.0 i aray , gray sc—] 5 TRy ALLUVIUM
T Fine l‘o mectﬁum clayey sar:‘d. contalns -
-+ Ofganic matier, wet - dark gray 82 | Started mud
L do, contains siity sand lenses 5 HOR/12+WOH+1 driting at 4°
a. -25 - . y
0 Fine to medium siily sand, contains SH 2 2+2+3+4
<  organic matier, wet - dark brown -
- 8.0 -4.5
8 Fine to medium poorly graded sand SP-SM 4 2424243
- wlth silt, wet ~ tan -
—_ 10
12, — ~B.5 o
2.0 Fine te medium clayvey sand, wat — sC C
4  light gray i Ki H
— — 15
- - NORFOLK
FORMATION
7.0 -13.5 :
Flne te medium sandy lean clay, wet - ct
- Hght {an B 141+
o L PP<0.8 TSF
— D —20
K -18.5
224 Fine to medlum clayey sand, wet = tan sC
- and brown = m 9425942
o 285
o c k
" K m M2
- 30
conlinved an next page
Commants:

Boring backfited upon completion.




SCHNABEL ENGINEERING ASSOCIATES
EONSULTING GEQTECHNICAL ENGINEERS

Project Ash Fill Expansion
Chesapeake Energy Center

Contract Number; ©83318,
Boring Number: B-ii4 ;

Borlng backfiled upon completlon.

© TEST BORING LGB Chesapeake, Yirginia Shaet: 2 of 2
DEPTH : CLASS. |ELEV.STRAA SAMPLING N REMARKS
(FT.} STRATA DESCRIPTION {FT.}] TUM TH DATA {%)
Fine to medium clayey sand, wet ~ tan 8C
E and brown
X c -
-4 de, dark gray q T bF1+]
35.0 . ~315 - NORFOLK
Fal clay wlth sand, conlains mica, wel CH FORHAEEION
4 -~ dark gray .
1 D
T "I 2424344
. PPals TSF
40.0 ~38.5
Boring terminated at 40 ft
Comments:




Borlng backfiled upon ccmplellpn.

SCHNABEL ENGINEERING ASSOCIATES | Project Ash Fill Expansion Contragt Number: £833i8
CONSULTING BEOTECHNICAL ENGINEERS Chesapeake Energy Center Bering Number: B-l5
TEST BORING LOG Chesapeaka, Virginia Sheet 1 of 2
Baring Centracter: Fishburne Oriling Services, Inc. Ground Water Observations
Chesapeake, Virginfa Date | Time | Depth j Casing | Caved
Baring Forzman: E, Hester " Encountered | 7/12 | toe | 80| -- .
DOriling Mathed 2 165/18" .0, Roller Bit Mud Rotary -
" Orlling Equipment: CME-45C Completion T2 41 _
SEA Representativer J. Hollowel Casing Pulled 712 148 73 - -
Dates Started 7/12/88  Finlshed 7/i12/99
Locatlon: See Location Plan, Figure Al .
Ground Surface Elevation: '8.0:
DEPTH CLASS. {ELEV.STRA- SAMPLING W REMARKS
{(FT.) STRATA DESCRIFTION {FTJ[ TUM | DEPTH| DATA | ()
" P\ _Topsdil Va5 WOR+243+3
1 Fine to medium poorly graded sand B
- with silt FILl:, moist = brown A2 L PRI FIL
4,0 .
Fine to medium clayey sand, contains 5C 50 243+ 445
-t nrgatn!c gzatkter and si(ljty sand lenses, —~ &
mois{ ~ dark gray and gray
8.0 - s 3 UM
Fine to medium sfity sand, contains SH 30 ¢ B2 2434245 ALLUY
-  organlc matter, moist -~ dark gray and =
8.0 gray 10
) Fine to madlum clayey aand, wet ~ tan sC ' /1241 Started mud
§ h n drilling at &'
- — 10
7 3 m 242+3+4
d - 1S
7  do, contains mica, tan and gray ! | PYYI
- c - NORFOLK
FORMATION
— 20—
E i ' ENEASY
— —25
. i m 434242
— 30
conlinued an next page
Commenls;




SCHNABEL ENGINEERING ASSOCIATES | Project: Ash Fill Expansfon Contract Number, £333i8
CONSULTING BECTECHNICAL ENGINEZAS Chesageake Energy Center Boring Number: B-15
TEST BORING LOG Chesapeake, Virginia Sheet: 2 aof 2
DEPTH ] LCLASS. |ELEY.STRA- SAMPLING W BEMARKS
(FT.) STRATA DESCRIPTION . _§ {FTJ{ TUM | DEPTH DATA {% .
Fina to medium clayey sand, contains sC
4 mica, wel - tan and gray’ , B .y
- do, trace gravel, brown and dark gray B -m1 WOH+1+5+4
— € 38— NORFOLK
1 L FORMATION
N “ ' i "m $H+1#1
“40.0 : : . -3, 4
Borlng terminated at 40 ft 30 -
Comments:

Baring backfifed upon completion.



SCHNABEL ENGINEERING ASSOCIATES Prelact Ash FIl Expansion Contract Number: 993313
CONSULTING GEQTECHNICAL ENGINEEAS Chesapeake Enerqgy Cenler Bering Number: 8-16
TEST BORING LOG Chesapeake, Yirginia Sheet: t of 2
Boring Contractor  Fishburne Crliing Services, Inc, Ground Water Obaervations
Chesapeake, Yirginia Date | Tlwe | Dapth | Caalng Cavag
Hetlng Foraman E. Haster N Encountared 2 | s 4.0 - —
Driting Methed: 2 1S/i6* 0.D. Roller Bit Mud Ratary I -
Drlling Equipment; CHE~45C Completion | 7/12 | %44 -
SEA Representallve:’ J. Hollowall Casing Pulled 7/12 | 3:48 7.0 - 3a.0
Qates Started 7/12/89  Flalzhed 7/12/69
Lecatlen: See Location Plan, Figure Al
Ground Surface Elevatlon: 10.04
DERTH CLASS, [ELEY.STRA SAMPLING W REMARKS
(FT.) STRATA BESCRIPTION | (FTJTUM | DEPYH| DATA | (%)
© I\_Topsol P2 s G HOH+1+3+3
1 Fine to medium peorly graded sand - FILL
- with silt FILL, moist — tan
do, containg shell {ragments Az b 6+849+9,
4.0 - . t
Fine to medium sity sand FILL, wal = S 1424748 oraned mud
—1 brown and dark gray — 5
.0 .a :
€ Fine to medium clayey sand, contains 5C 4 3+4+7+5
-1 organic mittar and silty sand lenses, -
wel - dark gray
. - WOH+341 ALLUVIUM
P 82 p—
—] —~ 10
2.0 Fine to medium silty sand, wet - tan &M 20 o
. i m 3+5+448
- — 15
y 3 m 8+2+3+4
] 20 'NORFOLK
¢ FCAMATION
22.¢ -12.0 ~
2 Fine clayey sand, containg silty sand SC
- lenses, wet - tan : ™ m 2114
- —25
- do, trace grave), brown and tan ™ m 142443
= 30
conlinuad on next page
Comments:

Boring backfillzd upon completion.




SCHNABEL ENGINEERING ASSOCIATES | Preject: Ash Fill Expansion Cantract Numbar: 893318
CONSULTING GEOTECHNICAL ENGINEERS Chesapeake Energy Center Boring Numbar: B~{18 .
TEST BORING LOG Chesapeake, Vlrginia Shaet 2 of 2
DEPTH ; CLASS. |[ELEY.STRA SAMPLING W REMARKS
(FT.) STRATADESCRIFTION | ™™™ @il UM | pepTd | DATA | (3
Fine clayey sand, trace gravel, . sC
~  contains silty sand lenses; wet -~ ; -

brown and tan

4 do, fine to medium " '1m Q44+ 4
- C 35— NORFOLK,
i ] FORMATION
ar.o =27.0 -
Fine to medium silty sand, wet ~ dark SM &
o gray and brown . o ~1m 142+2+4
40.0 ~30.0 40—

Baring terminated at 40

e

Comments;
Boring backfiled upen completion,



SCHMABEL ENGIMEERING ASSOCIATES e
T CONSULTING: ENGINEERS TEST BORING LOG EORING NO. s-1
PREJECT + ASH BOND, VERD, PORTSMOINHE STATTONM SHEET HO, 10l -
CLIENT: | VEROO. . ._____. JOB Mo.: V80072
ANEING CONTRAGIOR : AVERS £ AVERS, TNC, DRILL: (ME-53 ELEVATION: 18.5Z
WATER LEVEL DATA DRIVE SAMPLER 1.CASTHG SIZE: 34"
_ . |{DATE| TIME | DEPTYH | CAVED | TYPE 5.8, DATE START: 3/27/80
" CENCOUNTERED " (3727 ) 3:00 | 24.07 | = DIk, 2" 0,D. § DATE FINISHED: 3/27/80Q R
AFTER CASING PULLED!3/27 | 3:15 { ORY 2.5' Twr. 1404 DRILLER: €, oRAMErSCN PR T
b [AY READING 4/2 [10:30 ] DRy 5.07 | FALL 30" INSPECTOR: g, pmmpmiGroN] . - o @
e : -
z » |9 W=l o ' ' D ’ -
E Erl @ [2228. 13 IDENTIFICATION REMARKS
E }'5' 18 “ét S' E‘:&E A 1 St
24141 S | FINE TO MEDIUM SAMD, FILY, SCME SLLT, Coel
2.0 _MOIST — BROWN (SM) D
L‘\fll 4+8+5 S| PINE TO MEDIUM SITTY CLAYEY SAND, FILL,
' L . —] MDIST — BROWN {SC)
7.0 : Tube pressed 24"
: 10 '} FINE TO MEDIUM SAND, FILL, TRACE JRecovery = 147
: SILT, MIIST — BROWN {SM-SF)
T+i2e3 | 8 FINE TO COARSE SILTY CIAYEY SAND, | . .
: FILL, TRACE GRAVEL ~ BROWN (5C) ‘ o
0 N VA o
- e s FINE TO MEDIUM SAND, MOIST - BROWN (SPY
=y _ .
o FILL,
44443 5
22.0
Tube pressed 24"
B ry = 14"
, 2243 s Z] FRE SO0, TRACE STLT, WITH =@ .
A WOOD 28D SAND LENSES, AND ROTS ~ ATLUVERL o
N 27.0 MDIST - GRAY (SP-SM) oo
~10 FINE TO MEDIUM SANDY SILTY CLAY, WITH Tg‘%gé%sgﬂrm:
) ﬂ (IENSES OF SILTY SAND, MOIST ~ cRay (Cn) * FoRFOLE
30,60 13244 5 FORMETIOM . . .

EQRING TERMDATED AT 30.0 FT




SCHHABEL ENGINEERING ASSOCIATES 2L )
CONSULTING ENGINEERS TEST BORING LOG BORING NO. 3-2
PRCIECT : ASH POND, VEERCD, FORTSVMOUTH STATICN SHEET ¥0. 1 OF 1 o
CLIENT; VERCD ... .. .. . _ JoB.NG.: VRNO7Z
LTy ANTR M VDS hia DHRITL. CE~22 FLEVATION: 1. 9T
WATER LEVEL DATA DRIVE SAMPLER § CASING SIZE: 2L
DATE | TIME | DEPTH | CAVED [ T¢PZ 5.5. | DATE START: /23780
ENCOUNTERED 37280 9:18l23 0 1 - DIA. | 2" 0.D, | DATE FINISHZD: 2/239/80
AFTER CASING PULLEDJ3/28 [i0.00112.0° | 18 0'{WT. 1404 DRILLER:
_5_ DAY READING 472 [ 10:3d 13.5' | 14.5'§ FALL 307 INSPECIOR 3, HARRINGION
el
N Weeta b - .
| & |E-£50 g1 .- IDENTIFIGATION REMARKS
24242 5 | FINE TO MEDIM SAND, FILL, TRACE SILT, .
MOIST — BROIWN (SP)
0 .
A (L— ‘
3+10+10_{ S | FINE TO MEDIUM SITXY CTAYEY SAWD, FIIL,
1 . MYIST - Gy (sC) FILL,
_ 11.8
10
5F13+17 | 5 | FINE 70 MEDIUM SAMD, FILL, TRACE SILT, |
; MOIST - BROWN (SP) '
A(z} »
B+l4+id [ 8
T50l..0 : . e
B 54530 S | FOE TO MEDIUM SAND z?om STIT, WITH FECENT,
By ROOTS, MOTST - BECWH (8M) _ ALIOVIAL t
_ THi%d S | FINE TO MEDIUM SAND, SOME STLT, WET - NOREOTX
c GRAY (5¥) FORMATION
~10 .
30.0 FIIFIL | 8 | o, FOE

BORTNG TERMINATED AT 30.0 FT




SCHWABEL ENGINEEAING ASSOCIATES [ TEST BomiNG ne
CONSULTING ENGIXEERS TEST BORING LOG BORING NO. B-3
PRCIZCT : ASH POND, VEPCOD, PORTSMOUTH STATICN SHEET N0, 1 OF 3
| CLIENT: VERCQ . .., JOB Nn.: VBOO7?
NE1N6 CORTRACTOR ; BYRFG &~ ATLES, TS DRILL CHE=35 FLEVATION: 18.3%F
WATER LEVEL DATA DRIVZ SAMPLER | CASING S1ZE: 2"
DATE | TIME | DEPTH | CAVED § TYPE S.5. | DATE START: 4/1/80
ENCONTERED 4/1 | 8:15) 24,9 - DIA. 2" D.D, | DATE FIMISHED: 4/1/30
AFIER CASING PULLED| 4/1 |10:15] 8.0' ] 10.0°4wr. 1407 { DRILLER: C. JAMERSGH
44 HR. READING 4/2 llo:sc 6.5 8.5 FALL 30" INSPECIOR:B. HARRINGION
" _
= > v wayid
2 R EEM I IDENTIFICATION REMARKS
é 8 me 39328 [ 2 :
18,47 |® wwa |
3+3+4 S | SILTY CrAY, FIIL, SOME FINE SaND,
MOIST ~ GRAY (cT} '
£+9+9 s
hayt v
10. FILL
44545 S { do, saNDY
Hpva
h(2) S| FDRE TO MEDIOM SAND, FILL, SCME
ST, MOIST -~ GRAY (SM)
17.0 i :
0 "
. . RECENT
: CIAYEY SILY, TRACE FLNE SAND, WITH
3 26242 1S | OREINIC MATIER, MDIST - GRAY () ‘ ALLUVIAL
22.0
2r i 3 FINE TO MEDIR SAND, TRACE SILT, W&T ~
GRAY (SE)
=1¢
104312434 8§
. NORFOLK
o] FedHd 5 | -do, SQE SILT — LIGHT BROWM FORPTION
=20
FrI42 s
2e142 3
1
="
30.0 YY) s
BORING TEPMDIATED AT 59.0 FT

Ly



- | SCHMABEL EXGINEERING ASSOCIATES eyt ped
“ 7 CONSULTIHG EMGINEERS TEST BORING LOG BORING KO.
PRCJECT : ASH PQND, VEFQO, FORTSMOUTH STATICN SHEET NG, 1 07 1
p CLIENT; VERCD .. . . .. _ JOB K0, VHO072
BQEING CONTRACIOR: AYFRS & AVERS, INC. DRITL: Q=35 ELEVATION: L8.5%
WATER LEVEL DATA DRIVE SAMPLER | CASINC STIZE: 2"

- DATE [ TIME | DEPTH [ CAVED { TYPE S.5. | DATE START: 3/28/80
ENCOUNTERED 325t g.18 14,00 [ o DIA, 2" 0.D, | DATE FINISHED: 3/28/80
AFTER CASING PULLED[3/28 | @.%qipey | 1.&5¢ Lwr, T404__§ DRILLER: C. UANERSON
S. DAY READING . [4/2 | 10:30] 6.5' | 6.5' | FALL 3o INSPECTOR: B. HARRINGICN
T

x . Y n "'z'm 8 . . .
E EE) o 2288, [ & IDENTIFICATION REMARKS
oW - ] = R . .
a_{18.5-18 w9a| o
T{2+2+3 S | FLE 70 MEDIUM SILTY CIAYEY BAND, FILL,,
MOIST - GRAY (SQ) :
Al 204 | s : FILL
ST o 2
10 , :
2+2+4 S | FINE TO MEDIDM SAMD, FOIL, "
TRACE FLY ASH WET - GRAY (5P} :
A2 . : '
. ' 24342 =
is.g—2 . : '
- L[#345 IS | FRE TO MEDIM SAND, ' SQME SILT, WITH WS
LA By -I~ORGWIC MTTER, WET - BROW (B9 . A LOVE
C . .
T £ FDE TO MEDY(M SaND, TRACE SILT, VEI- . NOREOEK
o GRAY (SP) T . IORYATION
T 27.0 . -
D 10. GLAY, SCUE FINE SAND MDIST — GRAY- .
30.0 C {2+4+4 g GREEN {CH) e
BORING TERMINATED AP 30.0 ET

-

-




CONSULTI

SCHMABEL ENG/MEERIHG ASSOCIATES

HG EHGIMEERS

" HAND ‘ALGER 105G

BORING NOQ. B-5

PROJECT: ASH POND, VEPCS, PORTSMOUTH STATICM

CLIENT: _ VEEO. . ..

SHEET Mo, 1OF ) ' |
JOB N0.: V90072

EOETNG CONTEACIOR: QRILL WA, ELEVATION: 12.50
WATER LEVEL DATA ~ I DRIVE SAMPLER | CASIKC S1ZE: H.A.
- N . DALE | T1ME | DEPTH | CAVED | TYPE 5.5. | DATE START: 4/1/80
CENCOUNTEREDR 4/L |12:001SUSEACH  ~  § DIA. 2" 0,0, | DATE FINISHED: 4/1/80
AFIER CASING PULLED] 4/1 | 12:Q0ISURFACE]  ~ WE. 1508 DRILLER: B. BARNINGIUN
o
=z o> 12 Yzl & . .
2 5| ‘4 |3338=]5| - IDENTIFIGATION REMARKS
Rlo hapSt|a Gh&}s
: P - ”
10 yl Tube Pressed 24"
A(3‘ FLYASH, FIOI, WET — BLACK Recovery lanl
il " pmno
) . J

HAND AUCER TERMDMATED AT 5.5 FT

\1&‘



SCHHADEL. ENGINEERING ASSQCIATES
CONSULTING ENGINEERS

THAND AUGER LOG

BORING NO. 5-6

SHEFET HO, 1 OF 1

PRCJECT: ASH FOND, VEPCO, PORTSMOUTH STATTION

JOB NO.: VAGOT2

[ CLIENT; _VESCD.. ... ..
TN BACTOD ¢

QRILL: A,

ELEVATION: 12 .nf

WATER LEVEL DATA

DRIVE SAMPLER

CASING STIZE: ¥.3,

HAND AUGER TERMDATED AT 5.5 FT

DATE | TIME | DEPTH | CAVED | TYpZ | S.8. | DATE STARE:4/1/80
ENCQUNTERED A/% 110200 SURFACE] " = " Tpya 137 0.D, | DATE FINISHED: 4/1/80
AFIER CASING PULLED| 3/L (X000 SGERCE =i Tiod | DRILLER: B FAFEINGIC
_=HR. READING BACKEILLED UECN CCHMELETION FALL | 30" . | INSPECIOR: B. HARRINGION
=
= - nowe, 5 -
2 Eel @ (3338=151 IDENTIFICATION REMARKS
. b ur g = -‘&“‘ - .
12.0-t% whd |
2ll
10 FIYASH, FILL, WET - BLACK Tube DPressed 24"
Lz\{3] L7 . Recgvery 13"
FIIL
—re 7Y . R

Lhd

e



[ SCHYABEL EXG/NEERING ASSOCIATES
‘ CONSULTING ENGINEERS

,i‘és'i BORING LOG

BORING NQ. B-7

PR{JECT: ASH POND, VERCD, PORTSMOUTH STATICH

SHERT NO, 1 oF.l

CLIERT; _VERCO _—_ JOB Np,; VEUG7d
ReE T 7 : AYERS & AYERS, i, RRILL: TAEID ELEVATION: J14.0%
- WATER LEVEL DATA DRIVE SAMPLER | CASING SIZE: 2K©
DATE | TIME | DEPTH ] CAVED [ TYPE 5.S5. DATE START: 3/31/80
ol ENCOUNTERED 3/41 | 1:00 [SURFACE - DIA. 2" 0.D. | DAT? FINISHED: 3/31/80
AFTER CASING PULLED|3/31 | 3:30 |SURFA - WT. 1404 DRILLER: C.
- HR. READING URCH COMPLETION T FALL 30" INSPECTOR: 5, pasnINGION
- -
=" > o wWelad ) : -
£ el ggggﬁ < IDENTIFICATION, REMARKS
S _hp.of|a Gudid
24142 [ .
19 £ _ Y| Tube Pressed 24"
Recovery 24"
A3 KESIES) 8 FLYASH, FIIL, WET - BLACK FILL
I . ’
I+242 g Tuhe Pressed 24"
* Mo Recovery
2"
lgl32u 4 5
]
13.0 '
c mE s FINE TO MEDIUM SAND, TRACE SILT,
WET ~ GRAY {SP
{9) FOREULK .
FORMATTON
*{30.0 8+d | s —

l

———

.EORING TERMIMATED AT 20.0 ¥T

Yy



SCRNABEL EMBGINEERING ASSUCIATES _ BUL -3
© " CONSULTING ENGIHEERS TEST BORING LOG BORING NO.. =
pRG-IECT : ASH PCND, VERCO, PORTSMOUTH STATION SHEET No. 1 o7 1
CLIENT: VERQOD _ _ ... . 3 JOB NG.: V80072
ING CONTRACLOR : - AVERS MND AVERS, INC. DRILL: GE~55 ELEVAIION: 17.6% SR
WATER LEVEL DATA DRIVE . SAMELER | CASING STZE: 273" Ve U
DATE [ TIME | DEPTH | CAYED | TYPE 5.5. DATE START: __4/1/80 v
ENCCOUSTERED ’ 471 1 11:04 24,07 - IDIa, 7' 0.D. § DATE FINISHED: 4/1/80 T
AFLER CASING PULLED[A/% | 1L:0GIL.5 1 10T Iwr. Ta0d TRILLER: G. UAMSTEN e
24 HR. READING 4/2 1l:0q-8.5'. © 9.0" I FALL 30" INSBECTOA: - E.'m&ﬂ] Lot
é X n Wz's ] 2
Ju = - - Y
2 E5| Y4 zgégm g IDENTIFICATION REMARKS
Bl1e [afets Gud)|d| ‘
48+ | o [BALLY (LAY, FULL, SCHE KFlbm Sand, FOLSD -, ] ' oo LT
GRAY (CT.) '
5r+id | g
- Ry
: 10
FIiL
¥ |- .
5.5 249+ | g |-
FINE 1O MEDIUM SAND, FIIL, SQME SILT,
MOLST ~ GRAY (SM)
IF5F5
5 (20 8
¢
3.0 : e . )
= 3¥3+8 T o |FDE O MEDIUN SAND, TRACE ST WItTH RECENT
Ly RGANIC MATTER, WET ~ BROWN (5B} 1 ALTUVIAL
22.0
BHE+T | o | FINS TO MEDYIR{ SAND, TRACE SILT, WET - MORFOLK
Gy (s7) FORMATION -
-10
e 30 . 6+5H 5
- BCRING TERMDATED AT 30.0 FT
X
]

-




SCHMABEL EHGINEERING ASSOCIATES .  yam
. CORSULTING ENGINEERS T_EST BORING LOG BQRIHG_NO.. B-9
PRCIECT : ASH PCMD, VERCN, PORTSMOITH STATION SHERT Wd. ) _OF L
CLIENT: VEECD ..o oo . - JO3 HO.: VBOQ72
ANETNG CONTRACTOR: AVERS & AYERS, IMC. DRILL! (ME—33 ELEVATION: 17.5~
WATER LEVEL DATA DRIYE  SAMZLER | CASING SIZB: 24"
DATE { TIME | DEPTH | CAVED | TYPE 5.5, DATE START: 4/2/80
SNCOUNTERED . 4/2 {8130} 14.0' - DIA. 2" 0.D. t DATE FINISHED: 4/2/80
AFTER CASING PULLED{4/2 1 9:00] 9,57 | IG.07 fwr. 1404 DRILLER: C. JAMERECHN
2 HR. READING 4/2 111:00}| 8.5 8.5 [ FaLL 3y THSPEGLOR: B. EARRINGIOH
Lol
= ™ M s, oA ’
E ol B 2258, |2 IDENTIFICATION - REMARKS
wr S gtw i - .
©_[17.5%8 wee P
H10H10) g | SILTY CLAY, FIIL, SOME FDIE SAND, MOIST
- - GRAY (cT) -
448410 | ¢
;YR
10 FIIL
IyT5 575 5 :
FINE TO MEDIIM SITOY SAMD, FIIL, MDIST -
GRAY (SM}
F.2) T 17| do, o cravey smr
Py M-
344 5 .
FINE TO MEOTUM SAND, TRACE STLT, WET -
ST S WIITE {SP-8M)
1-10
C : FORFOLK
IORLIT | g FOPMATION
4+6+6 g
~20
39.0
SHH | g | SLLAY (LAY, TRACE FANE -SAND, PDIST - GRAY .
o] {cL) . - -
FIE TO-JIDIRI SAMD, TRACE SILT WITH
c WOHEL4L | 5 | MICA, VET - GAAY (5P-Si)
1
=30
¢ 30,0 FL] —_ e
EORTNG TERMINATED AT 5.0 FT

A



1 SCHMABEL ENG!NEERING ASSOCIATES P © i -
" CONSULTING ENGIHEERS TEST BORING LOG BORING NO. z-10 xS
PROJECT :  ASH TGN, VERCO, FORTSMOUTH STATION SHERT NO. 1 OF 1 . PRI
[ CLIENT: | VERCQQ. .. ... : . JOB N0.: V0072 o
EINF CONTRACTOR @ AVERS AND AYERS, 1IN, DRILLLME=55 TLEVATION: 17, 8% %
WATER LEVEL DATA DILVE SAMPLER | CASING SIZE: 24" TR A
DATE | TIMZ | DEPTH | GAVED | TYPE 5.5, | DATE START: 3/28/80° 1+  5hit -’
ENCOUNTERED . 13/28 | 10:45(19.0' | = DIA. [ 2" 0.D. | DATE-FINISHED: 3/28/80 R
AFTER CASING PULLED{3/28 {11:30f DRY | 30.0° fWwr. 1404 { DRILLER: C. JAMERSCYN B s
__HR. READING = [PACKFILLED UEON GOMFLETION [ FALYL 30" INSFECTOR: B,HARRINGION R
Bl S E XN I ' B
b - w, ) PP " P .
EEg @ 1Zzr8 te| . IDENTIFICATION REMARKS SRR
g g 1'}"15&3 ﬁ%k{.‘ h . e A
9+0+11 ¢ | SILTY (IAY, FIIL, 'TRACE FINE SAMD, GPAY - et
AND BLACK - MDIST {CL) RE : .
AL 3+o+/ 3
] - .
L— 1o
9.5 355 I :
FINE SAND, FILL, SCME SILY, MOIST - © FOL
CRAY {SM)
A(2) ) R
F+B+5 5 T,
0 ‘ .
19.0 ' 3o, WET - . : .
24443 | s | FOE TO MEDIUM SAND, TRACE SILT, - WEI- |
: LIGHT GRAY (SP)
c : . NORFOLR
3r343 | 5 | o, BECW (SH-5P) FORMRTIC :
~10 ¥
30.0 14142 | § | do, WITH CLAY LAYERS

EORING TERMDMATED AT 30.0 FT




™

‘SCHYABEL ENGINEERING ASSOCIATES
! COHSULTING ENGINEERS

TEST BORING LOG

BORING MO B-11

PFROJECT : ASH PCHO, VEPQOD, PORTSVOUTH STATICN

SHEET ¥g. 1 ol

 CLIENT: VEPQD ...

JOB N0.: VE0072

| RO ING COMTRACTOR ¢ AVETSG ANTY RVEDR T ‘—UEILL: C'FE:'-D: ELEVATION: 18.4T
WATER LEVEL DATA DEIVE SAMPLER | CASING STZE: 2k"
DATE | TIME{ DEPTH | CAVED {TYPE | ~ S.8. DATE_START: 4/1/80
ENCOUNTERED 41 1 2.500 14 .nt — I DiaA. 27 0.D. ! DATE FINISHED: 4/1/80
AFIER_CASING PULLEDBI4/71 | 2:5n 1 mmv o .t W, 1404 DRILLER: C. JAMERSCH
20 R, READING 4/2 10:50_] §.0'§ FALL ag" INSPECICOR: B. 'HAR-WN
E w Wzl | #
x = w 1
E Erl @ 35%83, g IDENTIFICATION REMARKS
Lol 4 -t B a
e 18.4Z(@ wwa
6+6+8 | g | SIUTY (TAY, FIIL SOME FINE SAND, MOIST - .
GRAY (CT.)
A{1]
6+8710] g
L .
ida
1o FDIET 0 MEDILM SAND, FILL, TRACE SILT,
. MIIST -~ BROWH (SP)
441449 | g . . FHL
Al2]
E+9+10 | 5 | do, VET ~ GRAY
502 '
3+3+3 § ( FINE TO MEDIUM SAND, TRACE SILT, WET -
GRAY (SP)
o]
41448 5 MORFOLK
FORMMITON
. =10, da, SOME SIIT — BROWN (SM) .
0.0 7T 8

EORING TERMINATED AT 30.0 FT

. M



. [ SCHABEL ENGINEERING ASSOCIATES MO Bt
D[F cOASULTING ENGINEERS TEST BORING LOG BORING NO.
PRCJECT « ASH POND. VERCD, EIRTSMAUTH. STRTICN SHEET WO, 1 OF 1
f CLIENT: VEROD. .o — oo .. s - JOB NO.: V80072
ROCTNG CONTRACTOR (AYERS AND AYLIERS, IhC. DRILL: CFE—39 ELEVATION:18 0%
WATZR LEVEL DATA DRIVE  SAMPLER | CASING SLZE: 34"

- DATE | TIME | DEPTH | CAVED f TYPE 8.5, DATE STARL: _£/1730
ENCOLNTERED 4/1 - - - DIA. 2" 6.D. | DATE FINISHED: 4/1/80
AFIER CASING PULLEDI4/] | 4:30) cr § 7.0' {Wwr, 1404 | DATLLER: C. JRMERSON
18_HR. READING §/2 110:30| DRY | 8.5' JFALL 30" THSPECTOR: B. HARRINGIGN
N -

> - |9 Wxld ) ) . :
% Eri o [3285:|% ; IDENTIFICATION - REMARKS
15 jislgria Sei | : :
146+5 o =~ .« ;
FINE SANDY SIITY CLAY, FILL, MOIST - GRAY | Tuke pressed 24"
37 tem)” ] Recovery = 24"
M6 1 8 .
-NeAT .
10 : .
346+ 1 s .
1.0 . FILL
55, | ¢ |FINE TO MEDIUM SAND, FILL, TRACE SILT,
MOIST - GIRAY (SB)
A (2) T _ ,
34645 = Tube pressed 24"
0 - ¥o Recovery
19.0 . ’
* /lrmt w0 MEDTUM SAND, YRAMCE SILT, WET - Tuhe pressed 24"
: LIGET GRAY (59) Mo Recovery
ThiT3 s
. 34d+d | g [do, SOE SIUT - BROW (20
~10
FH0HS] g NOREOLK
. FORMRITON
HHE g
37.0
=20
D FINE TO MEDIYM STLIY CLAVEY SAND, MOIST -
(AL S | GaaY {sC) . ' . .
5.0 IFIF s
' : ' FINE TO MEDIUM S3AND, SOME SINT, MOIST -
c -390 BROAW {57)
30.0 BTz S f o, WET (S2)
BOAMNG TEEMINATED AT 50.0 FT

W




daAN. -31" OLNED) 11:20 V4 POWER EP&C TEL:8042753410 | F.002

[ B Y
~—¥
el
()

———

LOG OF BORING MW—4 Page | of |

YIARCHMEM T AL FERV O AnQ TR G T SOM-ORA TTOM

PRGJECT! VA Power 0DCP DRILL METHGO: Hollow Stem Auger Gta: - "
CLIENT! VA Fower DAILLED BY: Connally Assoc LIE, & MO-452
LOCATION: Chesapseaks Energy Cenier . . SAMPLE METHQD: Split Spoon WELL DEPTH: 4.5 1,
JOB NUMBER: 824-00144 ELEVATION/COGRDINATES: WELL DTA: 4
DATE STARTED: [2/7/82 SURFACE FINISH: Stick-up, 3 rL TOTAL BEFTH; 14,8 ¢
DATE COMPLETED: {2/7/82 LOGRED BY: AML OERTH TG BW: 27
. >~
_|Eglgl_ ™ lglg :
= | 1=}
R T 2 g GEOLOAIC DESCAIPTION S WELL DIAGRAM
ST 52| §| 3| eroFns 5| E o
& @™ | s | @ g
- .'.l"- SH Crushad stane/aand on tarfeca {emall ] '\1 - .
: e palchas of crase and Neads) T N & e
b SR a% Hrown skty madum to fine SAND with e By &
] o Ea? ¥ oray ity fine SAND i fiti - s
I, 2 Derk gray sity AND W < M .
5 4 le'f" L5 L |_\ clay’ molst to very mols} r (435~ =1 ] -
e Eray tn gark gray alty fing SAND Mith M4l = | J=) )
Dt truce clay: wet {no oder) water on rod sl R oy
. B it. § I'4z=p{ B
] s g ISR o
1 E @ J: . -
0— 2 o lo P Tan to brows fing SAND with Jilde ta soma ¥ F1=k &
| o afit; wat [na recovaryl = A= :%"
i [ 3 4= )
- = j - z ... -
I ook -
5 3 [ NSNS e -
i Well 1at &14.5 1L
KH = Walght of Hammer
i NS = No Sampls Recoverad
20 -
25 _
10+ _
35 -
40—




}‘:-.,-‘ 1 b Ia it t.'a'-i ;:'-I e Bl P retaiad

ol B

| ' Y . .

Skl SRAW

1

JAN. -3V OLUNWED) 11:21 VA POWER EPXC TEL: 3042733410 P. 003
ERNSAT LOG OF BORING MW-5 Page I of
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BORING LOG/WELL CONSTRUCTION DIAGRAM

Identifiealion: FPCG-11 | Loeation: Chesspeake Energy Center | Project Mo.: 25058.35
Drilling Coatmctor Fishbume | Mame ol Logger: M Hamis | Date: February 14, 2000
Type: HSA | Talal Depth:’ ~21 R § SereenCasing Type: 0.010 8lot 2" PVC | Screened Inerval: 't 11"
Sample Description Well Coustruction Detail
Sample [D. Blow Recovery Deseription of vlatenial Dupth
Depth, feet Counts kY]
T o]
0-2 A
NAA MA Black sandy CLAY.
24 SR o
NIA NfA Greenish-gray fine SAND,
4-5 NIA N/A Dark gray CLAY, 2
: A
5'*?;‘5' 70% Dark gray CLAY. ; 7
6-3 ) T
231-[8-
132013 0% Dack gray CLAY.
B-10 o
10-12 18
Cuttings damp from ~12'
12-14
t4-16 Dark gray CLAY with some sand
3-2-6-% 0% proy '
Waler at 14",
i6-18
13-20
Fededd %0% Light gray sandy CLAY,
20-22 21
22-24
24-26
Nates: WELL LEGEND
1. PVC Well Riscr set in focked PYC Riser Ay RESO l JR CE
metal cover in 2x2' fonned concrete :__
-
pad. PYC Sureem ~— [INTERNATIONAL LTD.

Cument Grout

Bentonie

Nuo. 2 Marie Sand

ENGINEERS o SCIENTISTS o SURVEYDRS o PLANNERS
9560 KINCT CHARTER DHIVE u P BOX #[df) n ASHLAND ¥A 23005
(304} $50-9008 o FAX (004} S30-92259




BORING LOG

[dentification: CECW-1 || Location: Chesapenke Encrgy Center [ Project MNa.: . 9505817
Drilling Contractor: Fishbume Name of Logger: M. Leeper || Date: 23 August 93
Type: HSA || Total Depth: ~274" )| Screen/Casing Type: 0010 Slot 2° PVC |f Sereened Interval: 2744174
Dept Sample Descn'ption Well Construction Details
h '
(feet)
Sample Blow Counts Recuvery Desentption of Matedal Depth [ o
) No. {inches) i
{Dopth 0
- 0-2 4-8-11-11 18" Sandy loam to fine/ medium SAND, to gray, tan sandy loosely
— compacted medium sand
5 = 3|
- 4-6 4-7-14-11 20" Dark gray silty CLAY, to gray sandy clay &
14 -
- 8-l 6-6-4-4 2" Sandy dark gray CLAY, moisture increasing
15 -
- 1416 1-2-2 spoon 13" Light to dark gray sandy CLAY, 70 % orgonics, interseeted 17.4'
i felt 6* water table
20 -
4 19-21 1-1 spoun P2 Dark gray sandy to silty CLAY, organics decreasing, suturated
~— fell 12"
25
- 24-26 N/A, N/A Not recovered 274
30 - Not to seale
35
40 -
50
55 4
60 -
NOTES: WELL LEGEND

I, Well riser set in 2 X 7' X 4" concrete pad,
2. Water level s~ 17.5.

PVC Riser

PVC Sercen

-r——
~——

Bentanite

Cuement Grout

Nu. 2 Muorte Sund

£ RESOURCE
INTERNATIONAL, LTD.

ENGINEERS « SCIENTISTS o SURVEYORS o PLANNLES
9560 KINUS CHARTER DNIVE n P, BOX I6f o ASHLAND, VA TI0US
{012) S50-9204 @ FAX (404} 3505259




BORING LOG

[deatification: CECW-2 § Location: Chesppeake Enermy Center || Projeet Nou: Y3058.17
Drilling Contractor Fishburng Nane of Logger M. Leeper || Date: 25 August 93
Type: HSA i Total Depth: <25 Sereen/Cusing Type: 0.010" Slot 2" PVC f§ Screened Interval; 2514
Dept Sample Description Well Canstruction Details
ft
{fwet)
Sampic Blow Counts Recovery Description of Material
0 MNe. {inches)
(ﬂg::-th ﬁ)
= 0-2 J-4-5 12" Tun medium SAND to tan, brown, crange silty clay
5
- 4-6 4-7-11-14 247 Gray, brown silty CLAY, to orange, tan sandy clay
10 -
-1 51 5-7-3-8 20" Tan medium SAND to sandy clay to gray medium sand,
-1 ) moisture increasing
15 A
- 14-16 34— 29" Tan SAND to brown silty clay with 30 % organics, to light
- gray silty elay, intersected water table
20 -
4 1921 I-spoon fell 6" Brown sandy CLAY to gray medium sand, saturated
25 - : 25
8 Not to scale
30+
5 4
40 A
50
55 -
6 A
NOTES: WELL LEGEND
1. Well riser set in 20 X 2' X 4" ¢onerete pad. - _
2. Water level is ~ 17,85, PVC Riser -_...,.._.." RESO UR CE
' PVCS —
Crecn - pr r
we  INTERNATIONAL, LTD.
Bentonite ENGINEERS o SCIENTIS1S « SURVEYORS o PLANNERS
958t KINCS CIATER DRIYE o P.O. UOX {0l o ASTHLANG, V4 20005
1 Cement Grout {804} 5509200 o AL (G+) 530-975D
No. 2 Murie Sund




BORING LOG

(dentification: CECW-3 || Location: Chuesapeake Energy Center [ Project No.: 95038.17
Drilling Contractor: Fishbume Mane of Logger: M. Leeper | Date: 25 August 98
Type: HSA Tutal Depth: ~24 Screen/Casing Type:  0.010" Slot 2" PYC | Screened Iaterval: 24ty
Dept Sample Description Well Construction Details
h
{fcet)
Sanple Blow Counts | Revovery Dcm:riptiur.s of Material Depth
0 No. {inches} 13
f‘n'm"ﬂl\ l}}
- 0-2 2-2-3-2 6" Tan, white medium to fine SAND 3
5 | g
- 4-G 3-3-3-1 1o Tan, white medium to fine SANMD with lenses of orange o
- medium sand
mn -
- 9-11 -1 spoon 24" Tan medium to finc SAND to dark gray silty clay, possible ash
- fell | luyer, moisture incrensing
15 -
- 14-16 i- spoon feil 24" Dark gray silty CLAY, possible ash layer, intersected water
— table
20 - .
A4 152l 1-spoon fell 24" Daric gray silty CLAY, pussible ash layer, saturated
AT 24
- Not to scale
3 -
335 -
40 -
50
55 -
G0 -
NOTES: WELL LEGEND

L. Well rserset in 2' X 2' X 4" conerete pad.
2. Water leval is ~ 18,40

R

Cement Grout

Mo, 2 Morie Sand

PVC Riser =---‘- RESO] JRCI i:
g r——H 3
PVC Sureen - [N ERNATIONAL, LTD.
Bentonite ENGINEERS » SCIENTISTS » SURVEYORS © PLANNERS

BAFY KINGS CHANTER DRIVE o L. UOX G} o AFHLAND ¥a DOU05
{004) 55¢-9200 v PaK (BU)] 350-4059




BORING LOG

Identification: CECW-t |} Location: Chesapeake Energy Center || Project No.: Y5058.17
- —]
Driiling Contractor: Fishbumne Name of Logger M. Leeper (i Dare: 24 August V4
Type: HSA || Total Depth:  ~21.5" || Screen/Casing Type:  B.010" Siot 2" PVC || Sercencd Interval: 21.5-11.58
Dept Sample Description Well Canstruction Details
h
ffeat)
Sample Blow Caunts | Rewovery Deseription of Material Depth
0 No. {inches) o
[nr':slh 28]
- 0-2 | 6-6-5-6 10" Ash fill to interbedded tan, orange and light gray medium r
- SAND
5 = 4I
- 4-6 5-6-9-12 20" Gray silty CLAY with interbedded tan, brown sand,
= moisture increasing
g - 115
- 9.11 3-1-2-1 15" Gray medium to fine SAND to sandy dark gray clay,
5 1 . intersected water table
l -
- 16 -1, spoon 6" Dark gray sandy CLAY, saturatcd
i fell
0 - 218
] Not to scale
25 -
-
35 -
40
50
35 -
66
NOTES: WELL LEGEND
1. Well riser set in 2' X 2' X 4" conerete pad. - _
2. Water level is ~ 15.4', PVC Riser = RESO] IR CE
-
- A F m L
PYC Screen w— [NTERNATIONAL, LTD.

Cement Grout

MNa. 2 Moric Sund

Bentonite ENCGINEERS » SCIENTISTS o SURVEYORS o PLANNERS
Y500 KINGS CHARTER DRIVE o F.u. 00K 6150 o ASTILAND. va 23005
(A<} 550-9200 o FAK (U4} 350- 9055




BORING LOG/WELL CONSTRUCTION DIAGRAM

ldentification: CECW-5 replacement | Location; Chesapeake Energy Center | Projeet No.: 950G58.35 -
Drilling Contractor: Fishbumne | Mame of Logger: M Harris | Date: February 15, 2000
Type: H3A | Total Depth: ~26 B | Screen/Casing Type: " 0.010 Slot 2 PVC | Screened Interval: 26t &'
Sample Description Well Construction Detail
Sarnple ID. Blow Recovery Description of Materjal Depth
Depth, feut Counts {%)
0-2 N/A N/A Black fine SAND. I
N/A N/A Light gray SAND.
24 NiA N/A Dark gray CLAY with patches of coarse yellow 3
Light gray CLAY with Fne sand.
4-6 NA N/A Cuttings damp at ~4",
are §
6-5-12-13 70% Dark gray CLAY.
Spoon was wet at 5%
6-8
17-16-16- 0% Palc gray silty CLAY.
13 : Waler present at ~7',
8-10
10-12
12-14
t4-16 14-12-15- 0% No recavery.
10 ‘ Cuttings were wet sandy CLAY.
16-18
18-20
[6-6-3-4 0% Mo recovery,
20-22 Cuttings were wet sandy CLAY.
22-24
23 10-9-6-6 g% | Noreaovery.
Cuttings were wet sandy CLAY, 26"
Notes: WELL LEGEND
E. BVC Well Riser set in locked PV Riser -—-—--‘ RES O ] JR CE
metal cover in 2x2' formed concrete -__,._,,__,— .
pad. PVC Screen w—— INTERNATIONAL, LTD.

Cement Grout

Bentonite

No. 2 Morie Sand

ENCINEERS o SCIENTISTS « SURVEYORS < PLANNERS
8567 KINGS CHARTER DRIVE o P.0. BOX 8180 o ASHLAND. ¥A 23005
{804) S50-9200 & FaX {804) 3309213




BORING LOG

hlentitication: CECW-6 Location: Chesnpeake Energy Center |f Prajeet Mi Y5038.22
Drilling Contractor: Fishburne Name of Logger; lzor Shapira || Date: 61599
Typu: FHSA Total Depth: 2125 ScreenvCasing Typer 0010 Slot 2" PVC | Screened interval: 13.75'- 21,28
Dept Sample Description Well Canstruction Details
B
(Feot}
Sample Biow Counts | Recovery Deseription of Muleriai Depth =~
0 Mo, (inches) o'
fnr‘:ﬂh My
. 0-2 3-3-4~4 4% Light gray SAND. Fly ash {0-6"), dry.
- 2~ 4-3-4-4 45% Medium stiff, dark gray silty SAND, with roots and fly
1 ash. Dry. '
5 4 48 2-2-2-4 25% Soft, dark gray silty SAND mixed with fly ash, moist.
' 3.5-6' - yellowish-orange fine SAND.
4 68 3-2-1-2 68% | Soft. 6'-7, fly ash with silty SAND. Dark gray to black.
- 7'-7.7" yellowish-orange SAND.
] 7.7 -8 CLAY, moist.
4 810 -2-4-3 100% | Mediun stiff, dark gray sandy CLAY. Some silt, moist.
0 - 925
- 10-12 3.3.3.2 75% Medium stiff, dark gray silty SAND, some clay, little
] gravel, moist.
. 1.5
4 12-14 2-2-1-3 0% Soft, dark gray silty SAND, some clay and fly ash, moist
- 13.75'
15 4 416 1-6-7-10 90% Stff, olive gray silty SAND. Some clay, moist.
Groundwater at 15",
- 16-18 10-8-8-6 75% Very stiff, olive gray fine SAND, some silt, moist.
- 18-20 1-2-1-8 85% Soft, dark gray SAND {18-19"). Brown SAND {19-207.
20 I Some clay and a piece of wood. Moist.
4 2022 [-3-10-16 Not SUET. light to dark gray SAND. Some clay. Wet. 2125
— recorded
N Nuot to scale
NOTES: WELL LEGEND

L Well rser set in 2 ft concrete pad. —
vewe & — RESOURCE
-

Cuenwent Grout

Nu. 2 Morie Sand

- e ' '
PVC Sereen we—  [NTERNATIONAL, LTD.
Bentoaite ENGINEERS « SCIENTISTS o SURVEYONS o PLANNLRS

PIHT KINGT CIMRTER ORIVE o Po0 INX 2080 o ASHLAND ¥y 2oods
i) S50 7200 o FAX (D04} 550-T5
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VERTICAL SCALE (FEET)

Stratym A1: Soft to stiff consistency sandy lean clay FjL f . int I
(Borm) gravel. Stratum A1 represenis mxmmﬁ_.n%mmzwm_uﬁ_ﬁ sandy 1at clay FILL containing organic matter and trace

Stratym A2: Very loosa to compact density slity sand FILL, clayey sand FiLL g i
' and poorly graded sand FILL containin
(Berm) organic matter, crushed stone and shel; m“.mmam:aw” Wﬁaea A2 ﬂmvﬂmmmzﬂmwmwmmzzm Berm Fill. d

Stratym A3: Very loose to firm density silty sand FLY ASH FILL, cla .
) , clayey sand FLY ASH FILL, poorly graded sand FLY ASH
(Ash} FILL and also very soft to very stiff consistericy sandy sit F i :
gravel. Stratum A3 represents existing Fly Nmz_.g y siit FLY ASH FILL containing shell fragments and trace

Stratum B: Very loose ta firm density SILTY SAND (SM), CLAYEY-SAND (8C) and also very soft to stiff consistency LEAN

Mmmﬂah \ CLAY .AOC AND mﬁ.. CLAY (CH) sails contalning organic matter. Stratum B represents the Recent Alluvial solls.
Stratum C: Very loose to compact density CLAYEY SAND (SC), SILTY SAND (SM) and POORLY GRADED SAND
{Norfol)  WITH SILT (SP-SM) solls. Stratum C represents the oom_.mm.m_.mmnmﬁm uow.mo: of the Norfolk Formation.

Stratum D: Very soft to medium stiff consistency LEAN CLAY (CL) and FAT CLAY (CH) soils with various amounts of
(Nerol) ~ sand. Stratum D represents the fine-grained poriion of the Norfolk Formation. ’

Stratum E: Very loose td compact density SILTY SAND (SM), CLAYEY SAND (SC) and POORLY GRADED SAND WITH
(Yorktown) SILT (SP-SM) solls. Stratur E represents the coarse-grained portion of the Yorktown Formation.
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APPENDIX B
GROUNDWATER MONITORING WELL CONSTRUCTION SPECIFICATIONS

WELL DEVELOPMENT GUIDANCE
WELL DECOMMISSIONING GUIDANCE
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GROUNDWATER MONITORING WELL CONSTRUCTION SPECIFICATIONS

1.0 DRILLING

1.1  Nominal Boring Diameter

In all cases where the diameter of the well pipe will be 2 inches, the minimum nominal borehole diameter
of borings advanced through soil materials will be 6 inches in order to help ensure that the minimum width
of the annulus around the well pipe will be 2 inches.

1.2  Dirilling Methods

All borings will initially be advanced by hollow-stem auger drilling methods.

1.3  Cuttings

Drilling will be performed in a manner that minimizes the spreading of soil cuttings. Disposition of cuttings
upon project completion will be the responsibility of Owner/Operator or the Owner/Operator’s designated
representative. Cuttings will be disposed of in accordance with the DEQ’s Investigative Derived Waste
Disposal Policy.

2.0 SOIL SAMPLING

2.1  Cuttings

During air-rotary drilling, the driller will attempt to sample soil by providing cuttings at intervals specified by
the Owner/Operator or the Owner/Operator’s representative. The driller will keep cuttings clear of the
borehole.

2.2 Discrete Soil Samples

When using hollow stem auger or other drilling methods designed to facilitate the collection of discrete
samples, the driller should attempt to collect samples on a minimum 5-foot interval for logging, unless
otherwise instructed by the Owner/Operator or the Owner/Operator’s representative.

2.3  Sample Disposition

Disposition of sample material upon completion of the project will be the responsibility of the
Owner/Operator or the Owner/Operator’s designated representative.

3.0 WELL CONSTRUCTION

3.1  Well Pipe and Screen

Each monitoring well will be constructed of pre-cleaned Schedule 40 PVC pipe having an inner diameter of
2 inches.

The base of each well will terminate with a screen 10 feet in length. Screens will be factory-slotted. Slots
will be 0.01 inch in width.

The driller will wear clean surgical-type gloves whenever handling PVC well pipe, and the pipe will be
maintained in a clean manner.

In order to provide a clean cut, a PVC pipe cutter will be used whenever it is necessary to shorten sections
of the PVC well pipe; a hacksaw will not be used.

Well Construction Procedures Golder Associates Inc.
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GROUNDWATER MONITORING WELL CONSTRUCTION SPECIFICATIONS

3.2 Sand Pack

Filter sand will be a clean sand of proper size in relation to the screen slots to prevent its passage into the
well, with no fraction coarser than 0.25-inch nominal diameter.

Filter sand will be placed in the annulus around the well riser and to a point approximately two feet above
the top of the screen. A tremie pipe will be used as feasible.

3.3 Bentonite Seal

The annulus around the well pipe will be sealed with a layer of bentonite pellets, to be placed directly above
the sand filter pack. The minimum thickness of the bentonite layer will be approximately two feet. The
bentonite pellets will be allowed a minimum time of 24 hours for hydration prior to continuing with well
construction. A tremie pipe will be used as feasible

3.4 Grout

Following hydration of the bentonite seal, each boring will be sealed with a Portland Type | bentonite/cement
slurry, using the tremie pipe method.

Bentonite content in the slurry will be 2 to 5 percent by weight to help reduce shrinkage.

3.5 Surface Completion

The driller will be prepared for either manhole or stickup surface completions.

In the case of manhole installations, suitable surface completion will consist of capped PVC riser and steel
manhole.

The PVC riser will be provided with a lockable, watertight, expansion cap. The driller will provide a lock for
each cap. All locks will be keyed identically and all keys relinquished to the owner.

The manhole will be placed in a manner that permits surface water to runoff and drain away from the
manhole cover.

In the case of stickup installations, suitable surface completion will consist of a concrete apron, capped
PVC well riser, and outer protective casing. The apron will be constructed in such a manner that surface
water will not return to it.

The concrete apron will have the following minimum dimensions: 4 feet x 4 feet x 3.5 inches, and will be
centered with respects to the riser. A form will be used in constructing the apron. The form will be centered
with respect to the PVC riser. The upper surface of the apron will be graded to provide drainage away from
the PVC riser. A spike will be set into the pad for surveying purposes.

The inner PVC riser (well pipe) will extend to an approximate height of 1.75 feet above the top of the
concrete pad. A vent hole having a diameter of 0.25 inches will be drilled through the PVC riser at a point
2 inches below its top. Shavings generated by drilling the PVC riser will be prevented from falling into the
well. The PVC riser will be provided with a slip on PVC cap.

The outer protective casing will be constructed of steel pipe having a diameter, or diagonal, of not less than
8 inches. The top of the outer protective casing, when uncovered, will be placed at a point between 0.5-
inch above the top of the PVC well pipe and 0.5-inch below the top of the PVC pipe. A drain hole having a
diameter of 0.5-inch will be drilled through the outer protective casing near the top of the concrete apron.
Shavings generated by drilling the steel casing will be prevented from falling into the well. The casing will
be marked for surveying purposes.

Well Construction Procedures Golder Associates Inc.
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GROUNDWATER MONITORING WELL CONSTRUCTION SPECIFICATIONS

The outer protective casing will be lockable. The driller will provide a lock for each protective casing cap.
All locks will be keyed identically.
4.0 SURVEYING

A licensed surveyor will survey well elevation. Survey point(s) will include:

concrete pad (marked with a spike);

outer protective steel casing, when open (engraved mark);
inner PVC well pipe (engraved mark);

ground surface (not marked);

well location to within + 0.5 foot in horizontal plane;

ground surface elevation to within + 0.01 foot;

surveyor’s pin elevation on concrete apron within + 0.01 foot;

top of monitoring well casing elevation to within + 0.01 foot; and,

top of protective steel casing elevation to within + 0.01 foot.

5.0 WELL DEVELOPMENT AND INSPECTION

The driller will develop each well until sediment free water with stabilized field constituents (i.e.,
temperature, pH and specific conductance) is obtained.

Development will be conducted using a surge block followed by pumping or bailing. The surge block may
be used as a means of assessing the integrity of the well screen and riser.

In the event a pump is employed, the design of the pump will be such that any groundwater that has come
into contact with air is not allowed to drain back into the well. Air surging will not be used.

All well development equipment (bailers, pumps, surge blocks) and any additional equipment that contacts
subsurface formations will be decontaminated prior to on site use, between consecutive on site uses, and/or
between consecutive well installations, as directed by Owner/Operator or Owner/Operator’s designated
representative.

6.0 ANCILLARY REQUIREMENTS

6.1 Extraneous Material

The driller will take all reasonable care to ensure that each boring is free from all materials other than those
required for well construction. Materials required for well construction is here defined to include polyvinyl
chloride (PVC), sand, bentonite, Portland cement and natural soil materials. All other materials accidentally
or purposely placed in the hole will be removed by driller prior to well completion.

6.2 Decontamination

All drilling equipment (drill steel, bits, casing materials) and any additional equipment, that contacts
subsurface formations will be decontaminated prior to on site use, between consecutive on site uses, and/or
between consecutive well installations, as directed by Owner/Operator or Owner/Operator’s designated
representative.

Appropriate decontamination procedure will consist of steam cleaning with potable water and
biodegradable detergent (e.g., Liquinox) approved by Owner/Operator or Owner/Operator’s designated
representative. Steam cleaning will be conducted in a manner that minimizes over-spray and runoff.

Well Construction Procedures Golder Associates Inc.
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GROUNDWATER MONITORING WELL CONSTRUCTION SPECIFICATIONS

6.3 Disposition of Waste Water

If drilling fluids are used or monitoring wells constructed in an area of suspected contamination, well
development wastewater will be placed in 55-gallon drums at the well site and disposed of in accordance
with applicable regulatory requirements.

6.4  Site Safety Plan

The driller is responsible for maintaining the personal safety of his employees while on site. The driller will
keep a fire extinguisher (in good working condition) and first aid kit at the site at all times during which his
employees occupy the site.

The driller will be responsible for providing any personal protective equipment that might be required by
state and federal occupational safety and health agencies, including, but not necessarily limited to, hard
hats, hearing protection and steel-toed boots, for all personnel employed by the driller.

6.5 Cleanup

The driller will be responsible for removing all refuse from each well site. Such refuse typically includes,
but is not limited to, PVC pipe wrappers, sand bags, bentonite bags, cement bags, beverage containers,
food wrappers and other forms of litter. Smoking on site will not be permitted.

The driller will be responsible for providing the following information to the Owner/Operator’s designated
representative after well installation has been performed:

date and time of construction;

drilling method and fluid used (if applicable);

boring diameter;

well pipe (inner casing) specifications;

well depth (+/-0.01 ft.);

drilling/lithologic logs;

specifications for other casing materials (if applicable);
screen specifications;

well pipe/screen joint type;

filter pack specifications (material, size);

filter pack volume and calculations;

filter pack placement methods;

bentonite seal specifications;

bentonite seal volume;

bentonite seal placement method;

grout specifications;

grout volume;

grout placement method;

surface completion specifications;

well development procedure;

type of protective well cap; and

Well Construction Procedures Golder Associates Inc.
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GROUNDWATER MONITORING WELL CONSTRUCTION SPECIFICATIONS

B as-built well diagram including dimensions.

7.0 WELL CONSTRUCTION AND SOIL BORING LOGS

In accordance with 9VAC-20-81-250.A of the Virginia Solid Waste Management Regulations, copies of well
construction and soil boring logs will be forwarded to the DEQ following completion of well construction
activities.
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WELL DECOMMISSIONING PROCEDURES

1.0 STANDARD OVERVIEW

This Standard represents recommended procedures for decommissioning monitoring wells at solid waste
facilities. All wells (monitor wells, water supply wells, etc.) and piezometers not actively being used for their
intended purpose and with no future plan for utilization should be decommissioned. Wells and piezometers
represent potential conduits for cross-contamination through annulus transfer, improper construction,
corrosion, accidents and vandalism. Proper decommissioning eliminates the potential for cross-
contamination. In addition to the threat of cross-contamination, improperly decommissioned wells can pose
a threat to the integrity of future baseliners. In expansion areas over unconsolidated material, unless the
well casing is removed and replaced with a flexible grout, the casing can damage the baseliner in the event
of differential settlement or subsidence. The weight of the overlying waste mass often causes a limited
amount of subsidence, especially in fine-grained deposits. Since future expansions can occur in areas not
currently foreseen, all unused wells within the vicinity of a solid waste disposal facility should be abandoned
in accordance with this Standard.

The following well decommissioning procedures are designed to ensure that well materials (including
cement grout) will not cause damage to liner materials in the event of subsidence and to minimize the
potential for contaminant migration through annular materials. Where regulatory requirements conflict with
the procedures described herein, approval should be sought to adhere to this Standard. The procedures
described in this Standard generally meet or exceed most regulatory requirements. Possible reasons for
variation to this Standard include, but are not limited to, unusual site hydrogeologic conditions, deep wells
(>100 feet), multiple cased monitor wells or larger diameter wells (>4”), driven casing wells and State-
specific well decommissioning requirements that differ from this Standard.

The goal of well decommissioning is to remove all borehole components including the existing grout and
gravel pack and replace the borehole contents with a suitable grout mixture. Removal of all borehole
components is best accomplished by overdrilling the well using an auger of a diameter 1.25 times that of
the original borehole coupled with a centering device.

This standard was developed in consideration of the following reference materials:

B ASTM D 5299-99, 2005. Standard Guide for Decommissioning of Ground Water Wells,
Vadose Zone Monitoring Devices, Boreholes, and Other Devices for Environmental
Activities. ASTM 1993 Annual Book of Standards, vol. 04.08, pp. 1318-1333.

B AWWA/ANSI A100-06, 2006. AWWA Standard for Water Wells, American Water Works
Association, Denver Colorado. Appendix G.

B Lutenegger, A.J. and DeGroot, D.J. 1993, Hydrologic properties of contaminant transport
barriers as borehole sealants. Hydraulic conductivity and Waste Contaminant Transport in
Soils, ASTM STP 1142, D.E. Daniel and S.J. Trautwein, eds., ASTM Philadelphia,
Pennsylvania.

B NWWA, 1975 (National Water Well Association Committee on Water Well Standards,
1975) Manual of Water Well Construction Practices, EPA —-570/9-75-001. Office of Water
Supply, Washington D.C.

B Smith, S.A,, 1994, Well & Borehole Sealing, S.A. Smith Consulting Services, Ada, Ohio
with Wisconsin Water Well Association for Groundwater publishing Co., Dublin, Ohio, 69p.

2.0 SURVEY CONTROL

Unless detailed survey information exists, each well shall be surveyed for both horizontal and vertical
control, prior to decommissioning. The location of the well shall be surveyed to the nearest 0.5 feet. The
ground surface elevation and top of well casing shall also be surveyed to the nearest 0.1 feet and 0.1 feet,
respectively, relative to mean sea level. A State-licensed surveyor shall perform surveying.
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WELL DECOMMISSIONING PROCEDURES

3.0 GROUT SPECIFICATIONS

The following are specifications for three grout mixtures commonly used in well decommissioning and
referenced throughout this Standard:
1. Neat cement grout - a mixture in the proportion of 94 pounds of Portland cement and not
more than six gallons of water. Used to decommission wells completed in competent
bedrock formations.

2. Neat Bentonite grout - a mixture in the proportion of 94 pounds of Portland cement and not
more than six gallons of water, with bentonite up to five percent by weight of cement
(between 3 and 4.7 pounds of bentonite per 94 pounds of Portland cement). Used to
decommission wells completed in competent bedrock formations.

3. High solids bentonite grout - a mixture of water and a minimum of 30 percent by weight of
bentonite (see discussion below), with no additives (minimum of 2.5 pounds of bentonite
per gallon of water). Used to decommission wells completed in unconsolidated materials
and competent rock, where appropriate.

Typically, a high solids grout can be prepared using granular bentonite and pumped at a relatively low-
viscosity state if done quickly (within 15 minutes). This is due to the slower hydration of the granular
bentonite as compared to powdered bentonite. However, if these timeframes cannot be achieved or if it is
desirable to have a slower “set,” an alternative is to use what has been termed the “Ohio mix”. The “Ohio
mix” involves preparing a low-solids bentonite grout slurry (30 to 50Ibs/100 gallons of water) using API 200-
mesh bentonite (e.g., Natural Gel, Gold Seal), into which 125 Ib. of granular bentonite (8 to 20-mesh) is
added and mixed (stirred). The hydrated bentonite in the slurry delays hydration of the granular bentonite
without the addition of polymers or other agents. The result is a high solids bentonite grout at a viscosity
that is feasible to pump with reasonable working time (Eidil et al. 1992 from Smith, 1994).

3.1 Cement

The cement shall be Portland Cement® Type 1 in accordance with ASTM C150, Type 1 or API-10A, Class
A.

3.2 Water

Water shall be obtained from an approved source. Water used for down-hole purposes shall have a Total
Dissolved Solids (TDS) concentration of less than 500 mg/L (Smith, 1994) and be certified free from
contaminants, or sampled for volatile organic compounds by EPA method 8260.

3.3 Bentonite

Bentonite shall be an additive free granular sodium bentonite (Benseal, Enviroplug, PDS Granular, Volclay
Crumbles or equivalent) generally 8 to 20 mesh particle size. Use of granular bentonite in lieu of powdered
bentonite allows the placement of a high-solids grout with relatively low viscosity, if mixing and pumping
are done quickly. If following the “Ohio mix” discussed above, additive free APl 200-mesh bentonite is used
for the initial slurry (e.g., Natural Gel, Gold Seal) into which granular bentonite (8 to 20 mesh) is added and
mixed.

3.4  Grouting Equipment

Grout mixers shall be paddle or blade type capable of thoroughly mixing grout. All grouting lines (i.e.,
hoses, pipes, drill rods, etc.) shall have an inside diameter of at least 0.50 inches to prevent clogging. Grout
pumps shall be of a positive displacement or progressive cavity type (Moyno) capable of delivering a
minimum pressure of 20 psi. Venturi mixing and centrifugal pumps are less desirable alternatives due to
clay particle shearing and clogging problems, respectively.

Well Decommissioning Procedures Golder Associates Inc.
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4.0 DECOMMISSIONING PROCEDURES

Decommissioning procedures must be tailored to each well type and geologic environment. The broad
range of suitable decommissioning methods for different situations is covered in detail in ASTM D5299-99
and the above referenced standards and literature. The purpose of this standard is to establish minimum
requirements for the most common well construction types at our facilities. For landfill facilities, the most
common type of well installation consists of single cased wells installed in unconsolidated material at
relatively shallow depths (i.e., < 100 feet). The procedures described herein can be used to decommission
two-inch or four-inch diameter single cased PVC or steel wells installed at depths generally less than 100
feet. Other less common well types requiring specialized procedures and materials include large diameter
wells, multiple cased wells and driven casing wells.

The goal of decommissioning is to completely remove all well materials either through overdrilling or pulling
of the well or casing. Once all well materials have been removed, the resulting borehole can be properly
sealed with a suitable grout mixture.

In general, a high solids bentonite grout mixture (30% by weight) is preferred for most well decommissioning
projects. State regulations often stipulate that for wells installed in bedrock, non-flexible grout mixtures
must be used, such as neat cement grout or neat bentonite grout. Non-flexible grout mixtures more closely
match the physical characteristics of competent bedrock. For all wells or portions of wells completed in
unconsolidated material a high solids bentonite grout as defined above is the requisite grouting material.
For wells of portions of wells completed in competent bedrock grouting materials can be either of the three
grout types specified above with preference given to high solids bentonite grout.

The following are specific decommissioning procedures. These steps shall generally be completed in the
order listed below.

1. Ensure that adequate survey control exists for each well and obtain a copy of the original
well construction log.

2. Well decommissioning drilling equipment, augers, water level marker, and other tools must
be decontaminated before being brought to the site.

3. The depth of the well shall be measured and compared to the anticipated well depth to
determine if any obstructions are in the well. If the well is obstructed, the obstruction will
be removed prior to sealing the well, if possible.

4. Expected grout volume calculations shall be completed using the depth information derived
from Steps 1 and 3. The expected volume shall be recorded for reconciliation with the final
grout volumes used.

5. Remove the protective casing. Position the drill rig directly over the well and attach a chain
to the outer protective casing. Pull directly upward on the protective casing. Often for
shallow wells this procedure will also pull up the inner-casing and annular materials. If this
occurs, continue to pull all well materials out, as practicable.

6. Remove the well casing and associated annular materials. Typically, removal is
accomplished through overdrilling using a Hollow Stem Auger (HSA) drill rig equipped with
an auger bit that exceeds the diameter of the original bit (1.25 times the original auger
diameter) used to construct the well. The key to successful overdrilling is insuring the
auger bit remains centered on the well for the duration of overdrilling. For wells constructed
of PVC, either employ a pilot bit to insure centering is maintained or place A-rod (steel rod)
throughout the length of the well to act as a guide during overdrilling. A pilot bit consists of
an elongate pointed pin with a maximum diameter slightly less than that of the inner well
casing. For wells constructed of steel materials, the steel casing itself can be used to
maintain centering during overdrilling. Essentially, an auger is selected with an inner
diameter slightly larger than the diameter of the steel casing. During overdrilling the auger

Well Decommissioning Procedures Golder Associates Inc.
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follows the steel casing to the target depth. Centering must be assured through use of one
of the above-described centering methods. The overdrilling shall progress slowly to insure
that the drilling operation remains centered over the well/boring. Once the base of the well
is reached the auger or drilling equipment shall be left in place, to prevent cave in of
materials, while proceeding to Step 6.

For_unconsolidated wells installed using driven casing or equivalent methods (i.e., no
annular materials), it may be possible to pull the outer casing or well in lieu of overdrilling.
If this procedure is used, grouting must be completed concurrently with the pulling of casing
with grout level maintained within 5 feet of ground surface while the casing is pulled. The
grout shall be introduced into the well from the base using a tremie line through the
innermost casing (with the base of the well removed). The grout mixtures and procedures
shall be as described in Step 6.

Driven casing wells completed entirely in competent bedrock may be decommissioned
without removing the casing by tremie grouting according to the procedures described in
Step 6.

7. Upon removal of the casing, well screen and annular materials, the resulting boring shall
be tremie grouted. The grout shall be a high solids bentonite grout as defined above.
Essentially, the grout mixture shall contain as high a bentonite content as can be
reasonably pumped (30% bentonite by weight). For wells installed in competent bedrock
state regulations often mandate use of a neat cement grout mixture. It is preferable in
cases where the borehole intersects both competent bedrock and unconsolidated
materials that the unconsolidated interval shall be abandoned using a high solids bentonite
grout. Grout shall be mixed to a uniform consistency. The grout shall be pumped into the
boring through a tremie pipe placed at the bottom of the boring. The auger flights shall be
left in place until the tremie line is situated at the bottom of the boring. Grouting shall
proceed in a continuous and expeditious manner by concurrently pulling the auger flights
and pumping grout until the grout level is within two feet of the ground surface. Both the
bottom of the tremie pipe and the base of the auger flights must remain submerged in grout
while the well is grouted.

After the grout has settled for 24 hours, the borehole must be checked for grout settlement,
and if necessary, topped off with the appropriate grout mixture. The final level of the grout
shall be within two feet of the ground surface. The top two feet of the borehole shall be
abandoned by adding and compacting native soils.

8. Equipment used for well decommissioning shall be cleaned and decontaminated between
decommissioning locations.

9. Upon completion of decommissioning activities, well decommissioning materials and
equipment will be removed from the site and the site will be restored. Over-drilled well
materials and cuttings shall be properly disposed.

10. After the well has been decommissioned, a record must be prepared. The record must
contain the following information, at a minimum:

® Name and address of property owner;

® Name, license or registration number of the contractor doing the work, name of the
driller performing the work, and the signature of the representative;

® Date work was completed,;

® Survey information including the county, township, range, section, and three quartiles,
and the street address or fire number of the well or boring (for unincorporated areas);

Well Decommissioning Procedures Golder Associates Inc.
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A description of the geological material penetrated by the well (i.e., copy of the original
boring log);

The original well or boring depth, and current well or boring depth;
The approximate date of construction;

The grout or sealing materials, type, quantities, and intervals;
The casing type, diameter, and depth, if present;

The screen or open hole depth interval, if present;

A description of any obstruction, if present;

A description of any deviations from the above procedures, or other unusual conditions
encountered or actions taken; and

A statement as to whether or not all well materials were removed and if not a detailed
explanation of the type of materials left in place and their approximate elevation, type,
condition, etc.

11. Copies of the decommissioning record are to be forwarded to the site and the State agency
if required.
4.1  Failure to remove all well materials

If for any reason the above decommissioning procedures fail to remove all well casing and screen materials,
the well shall be permanently marked with a steel post and attached name plate containing the well
identification. The name plate and/or site records shall contain, at a minimum, the following:

Well Identification;

Date of installation;

Date of decommissioning;

Survey coordinates; and

Approximate elevation interval of in place well materials.

Well Decommissioning Procedures Golder Associates Inc.
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B Record the static water level in the well.

B Ifapumpis presentin the well, remove the pump from the well and measure the total depth
of the well.

B Calculate saturated volume of the well and filter pack.

B Using a disposable bailer, collect a water sample from the top of the water column and
record field measurements of water quality parameters (Water Quality Parameters (WQP):
turbidity, pH, temperature, and specific conductance).

B Surge the well with the teflon surge block or large diameter weighted bailer for three to five
minutes.

B Remove the surging device and purge the well with a pneumatic well development pump
at a rate that is greater than the natural recharge rate of the well.

B Containerize all purge water for disposal at the location designated by the site.

B Record measurements of WQP on development logs following the removal of each
consecutive well and filter pack volume.

B Continue purging until the turbidity level stabilizes or is reduced to less than 5 NTU, then
repeat surging with surge block. Surging and purging are to be continued for a minimum
of 4 hours, or until turbidity levels following a surging event are less than 10 NTU.

m If the well purges dry, record the rate of recharge and continue purging and surging
activities after the well has recovered. Reduce the purge rate to slightly less than the
natural recharge rate of the well.

B All non-disposable equipment that will be placed inside of the well during the development
process will be decontaminated prior to each day’s use using a phosphate-free detergent
followed by a deionized water rinse.

B Purge water should be disposed of in a manner that is consistent with the Virginia
Department of Environmental Quality’s Investigative Derived Waste Disposal Policy.

Well Development Procedures Golder Associates Inc.
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AL )04 Soil Boring Log

PROJECT INFORMATION

Borehole Number: MW-4R

DRILLING INFORMATION

PROJECT:

SITE LOCATION:
JOB NAME:
LOGGED BY:

PROJECT MANAGER:

DATES DRILLED:
BOREHOLE NO.:

Dominion - Chesapeake Energy Center

Chesapeake, Virginia

Chesapeake Energy Center Well Installatio

Kevin Goerger
Montgomery Bennett
9/14/2006

MW-4R

DRILLING CO.:
DRILLER:
RIG TYPE:

METHOD OF DRILLING
SAMPLING METHODS:

HAMMER:
TOTAL DEPTH:

Parratt Wolff, Inc.

Kevin White, George Martincic
Diedrich Drill Rig

Hollow-stem Auger

Soil cuttings; 5 foot intervals

None

14

NOTES:

Overcast & 70 degrees F

¥  Water level

in completed well

NM = Not measured
Page 1 of 1

DEPTH

SOIL/ROCK
SYMBOLS

SOIL DESCRIPTION

PID

WELL

CONSTRUCTION

NOTES

-10

[REEAEERE rorso.

Brown fine grained SAND, loose, dry

Brown fine grained SAND, loose, dry

Gray fine grained SAND with trace SILT,
sticky, wet

Gray fine grained SAND with trace SILT,
sticky, wet

0.0

0.0

0.0

GES hand cleared to 4 feet below ground
surface

Well construction: 10 feet of 4" 10-slot
schedule 40 PVC and 4' of 4" schedule
40 riser. 3'stick-up protective riser with
2' by 2' concrete well pad.
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BORING LOG/WELL CONSTRUCTION DIAGRAM

ldentification: PO-11 | Location: Chesapeake Energy Center | Project No.: 95058.35
Dnlling Contractor: Fishbume | Name of Logger: M Harris | Date: February I;L 2000
Type: HSA | Total Depth: ~21 ft Screen/Casing Type: 0.010 Slot 2" PVC | Screencd Interval: 2'to 1"
Sample Description Well Construction Detail
Sample ID. Blow Recovery Description of Material Depth
Depth, fcet Counls %)
N/A N/A Black sandy CLAY. g
24
NA N/A Greenish-gray fine SAND. £
4-6 N/A N/A Dark gray CLAY. i
5-10-16- o
17 70% Dark gray CLAY.
6-3 7 %
-21-18-
13 ;L 13 50% Dark gray CLAY.
3-10 o
10-12 i
Cuttings damp from ~12"
12-14
14-16 .
Dark gray CLAY with some sand.
3-2-6+4 70% )
Waterat 14,
16-18
18-20
S4-4-4 90% Light gray sandy CLAY.
20-22 21
22-24
24-26
Notes: WELL LEGEND )
L. PVC Well Riser set in locked PYC Riser -——" RESOl ;R CE
mctal cover in 2x2' formed concrete -,;
-
pad. PVC Sereen w— INTERNATIONAL, LTD.

Cement Grout

Bentonite

Nu. 2 Moric Sand

ENGINEERS o SCIENTISTS « SURVEYORS o PLANNERS
9560 KINGS CHARTER DRIVE o P.0. BOX 816U o ASIILAND, YA 23005
(804) 550-9200 o FAX (804) 550-9259




BORING LOG

1. Well riser set in 2' X 2' X 4" concrete pad.
1 2. Water level is ~ 17.5".

[dentification: CECW-1 Location: Chesapeake Energy Center || Project No.: ., 95058.17
Drilling Contractor: Fishburnc Name of Logger: M. Lecper || Date: 25 August 93
Type: HSA | Total Depth:  ~27.4' Screen/Casing Type: 0.010" Slot 2" PVC || Screened Interval: 27.4-17.4
Dept Sample Description Well Construction Details
h
(feet)
Sample Blow Counts Recovery Description of Materal Depth
0 No. (inches) o
(Depth 0
- 0-2 4-8-11-11 18" Sandy loam to fine/ medium SAND, to gray, tan sandy loosely
— compacted mediun sand
5 = 3|
- 4-6 4-7-14-11 20" Dark gray silty CLAY, to gray sandy clay (3
10 -
- 9-11 6-6-4-4 22" Sandy dark gray CLAY, moisture increasing
15 -
4 14-16 1-2-2 spoon 18" Light to dark gray sandy CLAY, 70 % organics, intcrsected 17.4
— fell 6" watcr table
20 -
4 19-21 I-1 spoon 12" Dark gray sandy to silty CLAY, organics decreasing, saturated
— fell 12"
25 :
4 24-26 N/A N/A Not recovered 274
30 - Not to scale
35 A
40 -
50
55
60 -
NOTES: WELL LEGEND

v | &= RESOURCE
-r— .
PVC Scrcen w— [NTERNATIONAL, LTD.
- Bentonite ENGINEERS o SCIENTISTS o SURVEYORS o PLANNERS
9560 KINGS CIHARTER DRIVE o P.0. HOX 6160 o ASHLAND, V4 22005
Cement Grout (004) 550-9200 a FAX (004) 350-9259
No. 2 Morie Sand




BORING LOG

Identification: CECW-2 | Location: Chesapeake Eneray Center Project No.: 95058.17
Drilling Contractor: _ Fishbume Name of Logger: M. Leeper || Date: .~ 25 August 93
Type: HSA | Total Depth: ~25' Screen/Casing Type: 0.010" Slot 2" PVC 1 Screened Interval: 2510
Dept Sample Description Well Construction Details
h
(feet)
Sampie Blow Counts Recovery Description of Mlulcn'al Depth
0 No. (inches) o
{‘n/-:ﬂh i)
- 0-2 3-44-5 12" Tun medium SAND to tan, brown, orange silty clay 3
5 4
- 4-6 4-7-11-14 24" Gray, brown silty CLAY, to orange, tan sandy clay 8
10 - 10"
- 9-11 5-7-8-8 20" Tan medium SAND to sandy clay to gray medium sand,
- moisture increasing
15 -
- 14-16 3444 24" Tan SAND to brown silty clay with 30 % ofganics, to light
— gray silty clay, intersected water table
20 -+
- 19-2] I-spoon fell 6" Brown sandy CLAY to gray medium sand, saturated
25 - . 25
. Not to scale
30 A
35 A
40 -~
50
55 -
60 -
NOTES: . WELL LEGEND
L. Well riser set in 2' X 2' X 4" concrete pad. - _
2. Water level is ~ 17.85", PVC Riser il RE S O UR CE
PVCS -
VC Screen r ; r
w— [NTERNATIONAL, LTD.
Bentonite ENGINEERS o SCIENTISTS o SURVEYORS o PLANNERS
9500 KINCS CHAKTER URIVE o P.0. HOX 8160 o ASILAND, VA 23005
Cement Grout (804) 550-9200 o FAX (B04) 550-9259
No. 2 Morie Sand




BORING LOG

- ——
tdentification: CECW-4 || Location: Chesapeake Energy Center Project No.: 95058.17
Drilling Contractor: Fishburne Name of Logger: M. Leeper || Date: . 24 August 93
Type: HSA || Total Depth:  ~21.5" Screen/Casing Type: 0.010" Slot 2" PVC || Screened Interval: 21.5'-11.5
Dept Sample Description Well Construction Details
h :
(feet)
Sample Blow Counts | Recovery Description of Material Depth
0 No. (inches) 0
(nnlr\r!\ ) .
- 0-2 6-6-5-6 10" Ash fill to interbedded tan, orange and light gray medium 2'
7 SAND
5 = 41
- 4.6 5-6-9-12 20" Gray silty CLAY with interbedded tan, brown sand,
] moisture increasing
10 - 1.5
- 9-11 3-1-2-1 15" Gray medium to fine SAND to sandy dark gray clay,
] intersected water table
5 A
4 14-16 I-1, spoon 6" Dark gray sandy CLAY, saturated
— fell
20 4 21.5
- Not to scale
25 A
30 o
35 -
40 -
50
355 -
60 - *
NOTES: WELL LEGEND

I. Well riser sct in 2' X 2' X 4" concrete pad.
2. Water level is ~ 15.4",

| £ RESOURCE
——

PVC Sereen we— [NTERNATIONAL LTD..

Bentonite ENGINEERS © SCIENTISTS o SURVEYORS « PLANNERS

Cement Grout

No. 2 Moric Sand

9560 KINGS CHARTER DRIVE o P.0. BOX 8160 o ASHLAND, VA 23005
(804) 550-9200 o FAX (804) 550-9259




BORING LOG/WELL CONSTRUCTION DIAGRAM

Identification: CECW-5 replacement | Location: Chesapeake Energy Center | Project No.: 95058.35 -
Drilling Contractor: Fishbume | Name of Logger: M Harris | Date: February 15, 2000-
Type: HSA | Total Depth: ~26 ft | Screen/Casing Type: 0.010 Stot 2" PVC | Screened Interval: 26'to 6
Sample Description Well Construction Detail
Sample ID. Blow Recovery Descripticn of Material Depth
Depth, feet Counts (%)
0-2 NA N/A Black fine SAND. 1
N/A N/A Light gray SAND.
24 N/A N/A Dark gray CLAY with patches of coarse yellow 3
Light gray CLAY with fine sand.
4-6 NA N/A Cuttings damp at ~4'.
Dark gray CLAY. ¢
6-5-12-13 70% C e
6-8 Spoon was wet at 5"
17-16-16- Pale gray silty CLAY.
13 0% Wat tat~T
8-10 ater present at ~7',
10-12
12-14
14-16 14-12-15- 0% No recovery.
10 ? Cuttings were wet sandy CLAY.
16-18
18-20
16-6-34 0% | Norecovery.
Cuttings were wet sandy CLAY.
20-22
22-24
2 10-9-6-6 0% | Norecovery. - —
| Cuttings were wet sandy CLAY., 26"
Notes: WELL LEGEND
1. PVC Well Riser set in locked PVC Riser il RES O l ;R CE
metal cover in 2x2' formed concrete =___
pad. PVC Screen w—— |[NTERNATIONAL, LTD.

Cement Grout

Bentonite

No. 2 Morie Sand

(804) 550-9200 o FAX (804) 550-9259

ENGINEERS o SCIENTISTS o SURVEYORS o PLANNERS
9580 KINGS CHARTER DRIVE o P.0. BOX 8160 o ASHLAND, VA 23005




BORING LOG/WELL CONSTRUCTION DIAGRAM

Wentification: " CECW-6I | Location: " Chesapeaks Energy Center | Project No.: 9505841
Drilling Costractor: Fishiurme | Name of Logizor: ' Martin Hamis | Date: May 18, 2000
Type: HSA | Total Depih: ~318 | Screen/Casing Type: 0010 Slt 2* PV | Screened Interval: 026
' : Sample Description. Well Construction Detail
Sumple ID. ' Blow Recovery . Description of Material

Depth, feet Counts (inches)

Notes: o WELLLEGEND |~ _ . o .
1 PVC Well Riser act in locked PVC Riser _-‘:"‘..._ RES O URCE
i o e oo | == INTERNATIONAL, LTD.

Cement Grout ENGINEERS o SCIENTISTS o SURVEYORS ¢ PLANNERS
5560 KINGS CHARTER DRIVE o P.0. BOX 8160 o ASHLAND, VA 23005
g (804) 550-9200 © FAX {804} 850—5250

Bentonile

27 No. 2 Moric Sand




BORING LOG/WELL CONSTRUCTION DIAGRAM (Page 1 of 2)
Identification: CEC\:V-}S-D Lozation: Chesapeake Energy Center Project No: 25058.41
Drifling Contractor: . Fishbarne | Nams of Logger: Martin Harris | Date: - May 8, 2000
Type: HSA | TotaiDepth: ~42R | Screen/Casing Type: 0.010 810t 2" PVC | Screened Interval: 42't037
' Sample Deseription ' Well Construction Detail
SampleD. | Blow | Recovery Description of Material Depth
Depth, fert | Counts (inches)
02 4
2-3-4-4 10 Dark gray SAND and SILT.
24 5544 ¢ | 4" darkgray CLAY, then 8" light gray
SAND, then 4* dark gray CLAY.
46 " PURT
3344 2% ;ﬂ dark gray CLAY, then 4" light gray
P . I _ -
2-1-1-2 12 1" light gray SAND, then 11" yellow
210
2334 |- 20 Dark gray CLAY.
10-12 : . ' »
: 5.5.5.3 12 tsl dark gray CLAY, then 4" dark gray
214§ 11 s 20" Dakgray SAND, then 2" dark gray
1 CLAY. Waterat~11'. - -
14-16 " "
134 |- 18 g dark gray CLAY, then 10" dark gray |
16-18 714 - :
15-12 24 Da:rk gray coarse SAND, |
18-20 -
2-1-1-1 12 8" dark gray CLAY, then 4" dark gray »
2022 ’ Iy  ioht o
- 435881 20 g dark gray CLAY, then 18" light gray
2224 :
3456 |. 12 Light gray SAND,
24-26 ' .
3-4-5-3 16 Light gray SAND.
2628 - ’ :
7 4-2-2.2 24 Light gray coarse SAND. . -
| Notes: T WELL LEGEND _ '
I . -
1 PV_Cgl’glfI_{isersesiniocked metal PVCRiser F RESOURCE
o el emanpad —— =— INTERNATIONAL, LTD.
=t ° ° RS o PLANNERS
Cemext Gront Eﬁfmmﬁfﬁliﬁ. gg 'E:Eroﬁﬂum VA 23005
- - (804) 650-8200 o FAX {80€) 5605258
Bentonits
B2 No. 2 Morie Send




V_12W_CLEVELAND+/-USCS; File: 11658012 DOMINION CEC.GPJ; 4/19/2011 CECW-10R

Project: CEC Industrial Landfill Log of Borehole CECW-10R
Project Location: Chesapeake, Virginia
Project Number: 11658012 Sheet 1 of 1
Date(s) Drilled 372372011 Geologist  Kelly Hicks Reviewer James O. Spencer
Drilling K Drilling : i Total Depth
Method 4 1/4-inch Hollow Stem Auger Contractor Fishburne Drilling of Borehole 12.0 feet
Sampling K : Hammer Top of Casing
Method 24-inch split spoon Data 140 Ibs. Elevation 5.52 ft msl
Size and Type o ; Screen T Approximate
of Well Casing 2-inch I. D. Schedule 40 PVC Perforation 0.010-inch Surface Elevation 2.61 ft msl
ggglLfoilq Bentonite Pellets Comments Replacement well for destroyed well CECW-10
SAMPLES
— IS o
5 < g8 8
9 . =1 4 [3) —
g £ 5 . | 8| & 2|30 MATERIAL DESCRIPTION T |FIELD NOTES AND
8% $B|e 2 2 |3l e| 5|80 2 | WELL DETAILS
m E 2 3 S| e
ol Z D0 ||la|o|IS2
T 2.5YR2.5/1 reddish black silty SAND (disturbed topsoil) with
i L organics, moist. o ) 3/8-inch Hydrated
5YR3/3 dark reddish brown fine silty SAND, loose, very moist, Bentonite Pellets
— L no odor.
1 1 6-6-8-7 22| 0
2_ —
~—Gravel pack
—0 1 | Grades to 7.5YR6/2 pinkish gray silty SAND with organics,
3 | loose, wet, no odor.
2 7-2-5-5 18| 0
4 — )
Sulfur-like odor at 4 ft bgs.
SN 3 | 44esa 16| 0 B
6 B Grades to 7.5YR5/1 gray medium SAND with silt, loose, wet,
i | sulfur odor.
TN 4| 2333 |24] o0 B
-5 7 B |
87 | Grades to 10YRS5/3 brown medium SAND with silt with trace 1 “*Egﬁgpy: gigtlthCh
| | organics, wet, no odor. Fe Sch 40, 2-inch |
11 PVvC
S\ 2213 | 24| 0 B :‘_1
10 - :_
12 Boring terminated at 12.0 ft bgs. —
—-10 7 i
13 —
14— —
15

Report: EN
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COMMONWEALTH of VIRGINIA
DEPARTMENT OF ENVIRONMENTAL QUALITY

February 4, 2002

Mr. Martin L. Bowling, Jr.

Vice President Operations

Dominion Energy & Dominion Generation
5000 Dominion Boulevard

* Glen Allen, Virginia 23060

Subject: Virginia Electric and Power Company
Chesapeake Energy Center Industrial Landfill, Permit No. 440
Final Variance Approval

Dear Mr. Bowling:

The Department has reviewed your comment, submitted on January 3, 2002, in response
to the advertisement of the tentative variance to eliminate semi-annual sampling of organic
constituents at the above facility. The tentative variance, advertised in The Virginian Pilot on
December 12, 2001, specified semi-annual sampling for Appendix 5.5 inorganic constituents, any
additional detected Appendix 5.1 inorganics, and carbon disulfide. Sampling for the full list of
Appendix 5.1 constituents (organic and inorganic) would be required every two years.

In your comment, you requested that carbon disulfide be eliminated from future semi-
annual events. With this letter, your request is approved. Consequently, the final variance
requires semi-annual sampling for Appendix 5.5 inorganics and any additionally detected
Appendix 5.1 inorganics, and sampling every two years for the complete list of Appendix 5.1
constituents, per 9 VAC 20-80-10 et. seq., Appendix 5.6, Section D.5. Any additional Appendix
51 constituents (organic and inorganic) detected (not quantified) shall also be included in the

semi-annual sampling. A copy of the final variance 1S attached.

As provided by Rule 2A:2 of the Supreme Court of Virginia, you have 30 days from the
date of the service of this decision to initiate an appeal of this decision, by filing notice with:

Director

Virginia Department of Environmental Quality
ATTN: Waste Division

P.0. Box 10009

Richmond, VA 23240-0009



Mr. Martin Bowling
# 440
Page 2 of 2

In the event that this decision is served to you by mail, three days are added to that
period. Please refer to Part Two of the rules of the Supreme Court of Virginia, which describes
the required content of the Notice of Appeal, including specification of the Circuit Court to which
the appeal is taken, and additional requirements governing appeals from decisions of
administrative agencies.

Should you have any questions regarding this matter, please contact Rosemarie Ballance
of my staff at (804) 698-4223 or rballance(@deq.state.va.us.

Sincerely, _
-ﬁ’/ Director
Attachment
c: Rosemarie Ballance, CO
Hoyward Freeland, CO
an Moyers, Dominion

Harold Winer, TRO

Track #02-015



Variance to the Virginia Solid Waste Management Regulations
Elimination of Organic Constituents from Semi-Annual Sampling

Virginia Power and Electric Company
Chesapeake Energy Center Industrial Landfill, Permit No. 440

In response to a Petition for Variance, submitted by Virginia Power and Electric Company (VEPCO), the
Department hereby approves a variance from the Virginia Solid Waste Management Regulations
(VSWMR), 9 VAC 20-80, Appendix 5.6 for the VEPCO Chesapeake Energy Center Industrial Landfill,
Permit No. 440. The variance is for the elimination of organic Appendix 5.5 constituents from the semi-
annual sampling program. The variance specifies the following requirements, as long as the facility is in
Phase I monitoring:

o The facility shall sample semi-annually for Appendix 5.5 inorganic constituents, as well as any
additionally detected Appendix 5.1 inorganic constituents.

* The facility shall sample for the entire list of Appendix 5.1 constituents (organic and inorganic)
every two years. Any additional Appendix 5.1 constituents (organic and inorganic) detected (not
quantified) shall be added to the semi-annual monitoring list.

If any of the conditions outlined above are violated in any form or manner, the variance will be -
withdrawn.

APPROVED: M&’ M DATE: +/3//o 2

Director
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CHEMICAL ANALYSIS ORDER - SYSTEM LABORATORY - EXAMPLE

SAMPLE TEMP:

Location:

Chesapeake Energy Center

Requested by:

Priority:

Required Date:

Phone:

Date Anal. Comp.:

Comment: Sampled by(Print Full Name) Date Appvd. Release:
X - PLACE AND "X" IN THE BOX FOR SAMPLES TO BE SUBMITTED NOTE:
System Lab Sample Sample | Sample Project
Number X ID Date Time Comp. Grab | # Bottles Code |Analyses/Remarks
X |CECw-1 X 1 CCGH20 |Taple 3.1 Column A Metals
X |cECw-2 X 1 CCGH20
X |CECw-4 X 1 CCGH20
X |CECW-5 X 1 CCGH20
X _|CECw-6l X 1 CCGH20
X |CECW-10R X 1 CCGH20
X [MW-4R X 1 CCGH20
X |MW-5 X 1 CCGH20
PO-8 X 1 CCGH20
X |PO-9 X 1 CCGH20
X |Po-10 X 1 CCGH20
X_|PO-11 X 1 CCGH20
X DUP X 1 CCGH20
X_|FIELD BLANK X 1 CCGH20
Relinquished by: Date Time [Received by: Date Time
(Signature) (Signature)
Relinquished by: Date Time [Received by: Date Time
(Signature) (Signature)

chain of custody blank/xls/sjh

2/27/2015
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CEC GROUNDWATER MONITORING

INFORMATION
Well #

Date

Sampled by

MEASUREMENT
a) well depth

PVC b) depth to water

standing water

benchmark elevation

b) depth to water
g'water elevation

(subtract a from b to get standing water)

FIELD READINGS PH=/-.1  Cond +/- 3% DO/ORP +/- 10% turb<10 if possible
. . Conductivity Turbidity
Time Drawdown (ft.) i Temperature (°C) (uS/cm) pH (NTU) D.O. (mg/L) i ORP (mV)
*Continue on reverse if necessary
BOTTLES
Bottle Volume type Lab preservative holding time
Filtered D. Metals 500mL NALGENE DES HNO3
D. Sulfide 250mL NALGENE Contractlab NaOH + ZnAc
T. Metals 1L NALGENE DES HNO3
T. Sulfide 250mL NALGENE Contractlab NaOH + ZnAc
. SvOoC 1L AMBER Contract lab none
Unfiltered 10 3VIALS  CLEARVIALS Contract lab HC
Cyanide 250mL NALGENE Contract lab NaOH
Arsenic 125mL NALGENE Contract lab EDTA
CLOSURE

Equipment decon

WELL LOCKED

MISC NOTES-----
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