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Dominion Resources Services, Inc.

3000 Dominion Boulevard, Glen Allen, VA 23060 Domlnlon

CERTIFIED MAIL
RETURN RECIEPT REQUESTED

anuary 14, 2015
Ms. Rachel Patton
Virginia Department of Environmental Quality (VDEQ)
Tidewater Regional Office
5636 Southern Boulevard
Virginia Beach, VA 23462

Re: Dominion — Chesapeake Energy Center, Industrial Landfill, Permit No. 440
Groundwater Monitoring Plan and Corrective Action Monitoring Plan Revisions

and Permit Amendment Request

Dear Ms, Patton:

The Groundwater Monitoring Plan (GMP) and the Corrective Action Monitoring Plan (CAMP)
for the Chesapeake Energy Industrial Landfill have been updated to reflect the abandonment of
wells CECW-3 and CECW-3D. These abandonments will take place in support of planned
landfill closure activities as suggested in VDEQ’s Completeness Review letter dated September
12, 2014. The GMP has also been updated to reflect an adjustment to the top of casing elevation
for monitoring well PO-11 as communicated to VDEQ via email dated July 1, 2014. In addition,
the GMP was also updated to incorporate the requirements of the current Virginia Solid Waste
Management Regulations (VSWMR) and editorial changes.

This request for minor permit amendment is being submitted in accordance with 9 VAC 20-81-
600.F.2. A Notice of Intent for a minor permit amendment request is included as Attachment A.
A complete copy of the revised GMP, including figures and appendices, and a complete copy of
the text of the revised CAMP for the Chesapeake Energy Center Industrial Landfill, are included
as Attachments B and C.

If you have any questions or comments regarding this information, please contact Amelia
Boschen of Dominion Electric Environmental Services at (804) 273-3485.

Sincerely,

cg LJZ‘W

Cathy C. Taylor
Director, Electric Env1r0nmental Services
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Attachment

Milt Johnston
Virginia Department of Environmental Quality
Milton.Johnston@deq.virginia.gov

Geoff Christe

Virginia Department of Environmental Quality — Waste
629 East Main Street

P.O. Box 1105

Richmond, Virginia 23218
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File Documentum
File Name: 2015 CEC GMP and CAMP Permit Amendment Submittal
Facility Name: Chesapeake Energy Center
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Ed Baine
P.F. Faggert
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A. Boschen
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K. Lazzaro

S. Morelen
Bo Taylor

Kelly Hicks - Kelly Hicks@URSCorp.com
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Notice of Intent for Minor Permit Amendment Request



NOTICE OF INTENT FOR MINOR PERMIT AMENDMENT REQUEST
CHESAPEAKE ENERGY CENTER INDUSTRIAL LANDFILL PERMIT NO. 440
VIRGINIA SOLID WASTE MANAGEMENT REGULATIONS

PERMITTEE:
Virginia Electric and Power Company

5000 Dominion Boulevard
Glen Allen, Virginia 23060

PERMITTEE’S INTEREST IN THE PROPOSED ACTION:

The applicant is the owner and operator of the Chesapeake Energy Center permit No. 440
Industrial Landfill located at the Chesapeake Energy Center, 2701 Vepco Street,
Chesapeake, Virginia 23323.

DESCRIPTION OF DESIRED ACTION AND CITATION OF REGUEATION:

The appiicant desires to revise the Solid Waste Industrial Landfill Permit No. 440
Module X Groundwater Monitoring Plan (GMP) and Module XIV Corrective Action
Monitoring Plan {(CAMP).

The GMP and the CAMP have been updated to reflect the planned abandonment of
compliance momtoring well CECW3 and corrective action monitoring well CECW3D.
The GMP has also been updated to include an adjusted top of casing elevation for
compliance monitoring well PO-11 and to incorporate current regulatory citations and
editorial changes.

These changes are being sought as a minor modification in accordance with 9 VAC 20-
81-600.F.2.

NEED AND JUSTIFICATION FOR THE PROPOSED ACTION:

Dominion has announced plans to cease coal-fired power generation at CEC and close
the landfill in accordance with the Solid Waste Management Regulations. Wells CECW-
3 and CECW-3D will be abandoned to accommodate the landfill closure plans per the
recommendation of the Virginia Department of Environmental Quality (VDEQ) in the
Major Permit Modification Completeness Review dated September 12, 2014.

The elevation of monitoring well PO-11 was lowered due to regrading at the well
location that was conducted in association with shoreline stabilization activities. This
activity was communicated to VDEQ in emails dated July 1, 2014 and August 7, 2014.

In addition, the GMP was updated to incorporate the requirements of the current Virginia
Solid Waste Management Regulations (VSWMR) and editorial changes.



POTENTIAL IMPACT ON PUBLIC HEATLTH OR THE ENVIRONMENT:

The purpose of the requested amerndment is to provide for groundwater monitoring
controls and remedial activities which are protective of public health and the
enviropment.

OTHER PERTINENT INFORMATION:

Copies of the revised Groundwater Monitoring Plan and the revised Corrective Action
Monitoring Plan are included as Attachment B and C.



Attachment B

Chesapeake Energy Center Industrial Landfill Revised Groundwater Monitoring Plan (GMP)



Attachment C

Chesapeake Energy Center Industrial Landfill Revised Corrective Action Monitoring Plan
(CAMP) — Text Only
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Corrective Action Monitoring Plan — Revision 2
Chesapeake Energy Center Ash Landfill
Chesapeake, Virginia

Submitted to:
Dominion Generation
Innsbrook Technical Center

5000 Dominion Way
Glen Allen, VA 23060

Submitted by:

AMEC Environment & Infrastructure, Inc.
Socorro, NM 87801

May 2011 (Revised January 2015)

Project Number: 1051700002



Corrective Action Monitoring Plan — Revision 2

Dominion Generation, Chesapeake Energy Center Ash Landfill

Chesapeake, Virginia
May 31, 2011
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Corrective Action Monitoring Plan — Revision 2
Dominion Generation
Chesapeake Energy Center Ash Landfill
Chesapeake, VA,

Solid Waste Permit No. 440

June 26, 2011

Prepared for:

Contact:

Dominion Generation
Innsbrook Technical Center
500 Dominion Boulevard
Glen Allen VA 23060

Mr. Don Hintz

(804) 273-3552

AMEC Environment & Infrastructure certifies that this Corrective Action Monitoring Plan —
Revision 2, has been prepared in general accordance with and designed to meet the
requirements of 9 VAC 20-80-300.A.2 and 310.C.1.a. To the best of our knowledge, all
information contained within this document is accurate and meets the requirements of the

project Scope of Work.

AMEC Environment & Infrastructure, Inc.
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Corrective Action Monitoring Plan — Revision 2
Dominion Generation, Chesapeake Energy Center Ash Landfill
Chesapeake, Virginia

May 31, 2011
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Corrective Action Monitoring Plan — Revision 2
Dominion Generation, Chesapeake Energy Center Ash Landfill
Chesapeake, Virginia

May 31, 2011
ACRONYMS

AWBU Anthropogenic Water Bearing Unit

CAMP Corrective Action Monitoring Plan

CASE Corrective Action Site Evaluation

CEC Chesapeake Energy Center

cocC Constituent of Concern

EPA U.S. Environmental Protection Agency

GMP Groundwater Monitoring Plan

GPS Global Positioning System

LOD Limit of Detection

LOQ Limit of Qualification

mg/L milligrams per liter

SBER Southern Branch of the Elizabeth River

MNA Monitoring Natural Attenuation

VAC Virginia Administrative Code

VDEQ Virginia Department of Environmental Quality

VSWMR Virginia Solid Waste Management Regulations

amec”
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Corrective Action Monitoring Plan — Revision 2

Dominion Generation, Chesapeake Energy Center Ash Landfill
Chesapeake, Virginia ame

May 31, 2011

1.0 INTRODUCTION

This Corrective Action Monitoring Plan (CAMP) - Revision 2 has been prepared in general
accordance with and designed to meet the requirements of 9 VAC 20-80-300.A.2 and
310.C.1.a. This monitored natural attenuation (MNA)-based Groundwater Monitoring Plan
(GMP) is being submitted for inclusion with the facility’s Permit as a CAMP. The CAMP was
developed based on the guidance provided in the Virginia Department of Environmental
Quality’s (VDEQ) Submission Instructions No. 21 (v.04/14/04). Where appropriate, this CAMP
report format follows the outlined provided in Table C of the Submission Instructions. Sampling
of the compliance wells shall continue under the respective monitoring program during the
Corrective Action process.

Revision 1 of this CAMP was prepared by Groundwater and Environmental Services, Inc. of

Richmond, Virginia. Much of the Revision 1 information has been incorporated or used directly
in this version.
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Corrective Action Monitoring Plan — Revision 2

Dominion Generation, Chesapeake Energy Center Ash Landfill
Chesapeake, Virginia ame

May 31, 2011

2.0 MONITORING PLAN
2.1 Site Location Description

The Chesapeake Energy Center (CEC) occupies approximately 145 acres of property,
approximately 8 miles west of Virginia Beach and 7 miles south of the city of Norfolk. A site
location map is included as Figure 2-1. The existing coal ash landfill is located on a peninsula in
the southern portion of the CEC property (Figure 2-2). The landfill is bordered by the Southern
Branch of the Elizabeth River (SBER) to the East, Deep Creek to the South, and a non-contact
cooling water channel to the West.

2.2 Description of Aquifer

The hydrologic framework of the shallow aquifer system is composed of the Colombia Aquifer
which resided mostly in the Norfolk Formation and is semi-contained from below by the
Yorktown Confining Unit. The Norfolk Formation is composed of sands and silts with an average
hydrologic conductivity of 287 to 323 feet/ year with velocities decreasing with depth (MACTEC,
2003).

Above the Norfolk Formation resides various fill materials, which may contain ash from the ash
sluicing activities that predate the current landfill. Average hydraulic conductivity in the fill
material is 1.5 to 5 feet/year (URS, 2003). Due to the mounding in this area, it is believed that
there is an Anthropogenic Water Bearing Unit (AWBU) within this fill material (URS, 2003). The
mounding in the area may also be responsible for the downward gradient observed between the
shallow and deep wells across the site. Impacted groundwater is thought to flow radially
outward and downward from the landfill area into the AWBU, then locally to the shallow
Colombia Aquifer, draining into the cooling water channel, Deep Creek and the SBER.
Potentiometric maps (November 2005) for both the deep wells and the shallow wells are
included as Figures 2-3 and 2-4. Figure 2-5 depicts the groundwater contours for shallow
wells in February 2010.

2.3 Monitoring System (well type definitions)

The existing monitoring well locations are depicted on Figure 2-2. As shown on Figure 2-2,
significant geographic constraints exist with respect to siting compliance, performance and
sentinel wells that are typically associated with MNA-based CAPs. The proposed MNA-based
GMP incorporates both groundwater monitoring wells and surface water samples. The existing
well network includes a background well and a series of wells that are situated as close to the
edge of the peninsula as possible. The wells around the landfill are considered to be
“performance wells” as they will be used to track trends in metals of interest in groundwater
emanating from the landfill. Each proposed well location consists of a shallow and deep well
couplet designed to provide data on both the horizontal and vertical groundwater impacts.

Given the geographic constraints at the Dominion site, surface water samples will also be

collected at various points around the peninsula. The surface water points will serve as
“sentinel” points to confirm the reliability of the remedy at the receptor. Section 3.0 details the
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Corrective Action Monitoring Plan — Revision 2

Dominion Generation, Chesapeake Energy Center Ash Landfill
Chesapeake, Virginia ame

May 31, 2011

proposed groundwater and surface water sampling procedures. Sampling of near bottom
surface water will provide a direct measure of metals or inorganic constituent (arsenic cobalt,
beryllium, and sulfide) flux from the landfill, thus a direct measurement of the MNA processes
taking place. Based upon the site conceptual model, samples of surface water are well suited to
monitoring the natural attenuation of metals of interest at the CEC Landfill. A total of four (4)
surface water sampling locations (SW-1, SW-2, SW-3 and SW-4) are proposed (see
Figure 2-2), and were previously sampled at the locations depicted in Figure 2-6.

The CEC landfill is ringed by a series of shallow and deep nested wells which provide data on
both horizontal and vertical extent of plume migration. MW-4R, MW-5, and MW-5D are located
far enough away from the landfill to function as background wells. To measure the effectiveness
of monitored natural attenuation, the following well network will be monitored on a quarterly
basis for the first two years:

e MW-5, MW-5D, PO-8, PO-8D, CECW-6I, CECW-6D, CECW-10R, CECW-15, CECW-8,
CECW-8D, PO-10, PO-10D, CECW-3, CECW-3D, CECW-2, CECW-2D, CECW-1, and
CECW-1D

Note - Sampling of the compliance wells (MW-4R, MW-5, CECW-1, CECW-2, CECW-3,
CECW-4, CECW-5, CECW-6, CECW-6I, PO8, P09, PO10, and PO11) shall continue under the
respective monitoring program during the Corrective Action process.

Monitoring Well Summary

Upgradient GPS Exceeding Associated Associated Surface Water
Well(s) Compliance Performance Sentinel Well ~ Sampling
Wells Well(s) Point
MW-4R CECW-1 MW-5 CECW-10R SW-1
MW-5 CECW-2 MW-5D CECW-15 SW-2
CECW-3 CECW-1 CECW-6D SW-3
(see note #4)
CECW-4 CECW-1D CECW-8 D SW-4
CECW-5 CECW-2 CECW-8
CECW-6I CECW-2D
PO-8 CECW-3 (see note #4)
PO-9 CECW-3D (see note #4)
PO-10 CECW-6I
PO-11 PO-8
PO-8D
PO-10
PO-10D

Notes: 1) MW-4 was replaced by MW-4R, 2) CECW-10 was replaced by CECW-10R, 3) CECW-15 was repaired,
and 4) CECW-3 and CECW-3D are scheduled for abandonment in 2015 with landfill closure.
As shown on Figure 2-2, these wells are intended to serve as “points of compliance” with
regard to the uppermost aquifer underlying the facility. Based on accepted metals transportation
theory, the facility wells will be able to measure the performance of the natural attenuation
remedy both directly and indirectly. They will directly measure the metal concentrations to
ensure that arsenic levels are not increasing, implying that no more contaminants are being
added to the aquifer system. By measuring iron levels as well as groundwater chemistry, these
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performance wells will be integral in creating inorganic transport models, if needed, as an
indirect measurement of the success of monitored natural attenuation.

2.4 Well Installation Procedures

No new well installations are planned. Boring Logs/as-built diagrams for the wells to be
sampled as part of the MNA-based GMP are included as Appendix A.
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Corrective Action Monitoring Plan — Revision 2

Dominion Generation, Chesapeake Energy Center Ash Landfill
Chesapeake, Virginia ame

May 31, 2011

3.0 SAMPLING PROGRAM

3.1 Constituent(s) Listing (well specific)

3.1.1 Groundwater

All groundwater monitoring wells listed in Section 2.3 will be monitored for the constituents listed
in Section 3.2. The MNA performance list included in Submission Instructions No. 21 are not all
applicable to document the viability of the metals adsorption process. The following
constituents (LOD is Limit of Detection, LOQ is Limit of Quantification) will be monitored in order
to monitor site geochemical conditions and concentrations over time:

Total and dissolved arsenic by U.S. Environmental Protection Agency (EPA) method
200.8 modified (ICP-DRC-MS), or equivalent. LOD — 0.004 milligrams per liter (mg/L),
LOQ - 0.010 mgl/L.

Arsenic Speciation (As+3 and As+5) samples using anion resin column followed by
analysis by EPA method 200.8 modified (ICP-DRC-MS), or equivalent. LOD — 0.004
mg/L, LOQ — 0.010 mg/L.

Total and dissolved iron by EPA method 200.8 modified (ICP-DRC-MS), or equivalent.
LOD - 0.007 mg/L; LOQ — 0.010 mg/L.

Total and dissolved sulfide by EPA method 200.8 modified Method 9034, or equivalent.
LOD - 0.48 mg/L, LOQ — 2.4 mg/L.

Total and dissolved cobalt by EPA method 200.8 modified (ICP-DRC-MS), or equivalent.
LOD - 0.0006 mg/L, LOQ - 0.003 mg/L.

Total and dissolved beryllium by EPA method 200.8 modified (ICP-DRC-MS), or
equivalent. LOD — 0.0002 mg/L, LOQ - 0.002 mg/L

General water quality parameters (dissolved oxygen, oxidation-reduction potential, pH,
temperature, turbidity and specific conductance)

The analytical methods will meet or exceed the LOD and LOQ listed in SW-846 as updated.

3.1.2 Surface Water

The surface water samples (4 total) will be analyzed for following constituents:

Total arsenic by EPA method 200.8 modified (ICP-DRC-MS), or equivalent;
Arsenic Speciation (As+3 and As+5) or filtered samples using anion resin column
followed by analysis by EPA method 200.8 modified (ICP-DRC-MS), or equivalent;
Total iron by EPA method 200.8 modified (ICP-DRC-MS), or equivalent;

Total (unfiltered) suspended solids by EPA Method 160.2; or equivalent; and

Total sulfide by EPA method 200.8 modified Method 9034, or equivalent;

Total cobalt by EPA method 200.8 modified (ICP-DRC-MS), or equivalent

Total beryllium by EPA method 200.8 modified (ICP-DRC-MS), or equivalent.
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o General water quality parameters (dissolved oxygen, oxidation-reduction potential, pH,
temperature, turbidity, and specific conductance) will be measured in a flow cell using a
YSI Sonde 6820, or equivalent.

The analytical methods will meet or exceed the LOD and LOQ listed in SW-846 as updated.

3.2 Sample Collection Frequency

Samples (groundwater and surface water) will be collected on a quarterly basis for the first two
years. The first two years of monitoring data will be evaluated and compared to the latest
statistical evaluation of the monitoring data collected under the requirements of the Virginia
Solid Waste Management Regulations (VSWMR). Given the magnitude of the historical data
collected under the VSWMR monitoring program, it is anticipated that the sampling frequency
can be reduced to semi-annual following two years of quarterly sampling. Recommendations
for future monitoring will be presented in the initial Corrective Action Site Evaluation (CASE)
report, which will be prepared within 60 days following the conduct of the 4th quarterly sampling
event.

In order to gather analytical data which can be used to judge long-term remedy performance
and ability to achieve site-specific global positioning system (GPS), Dominion will monitor
applicable wells utilized during the Corrective Action Program for the groundwater constituents
and frequencies as defined below:

MOMIICIR MONITORING CONSTITUENT RSl
WELL FREQUENCY LIST SOYFARIED
TYPE 10
Compliance & As required under | As required under Background
Background Wells | Permit Module XI | Permit Module XI & GPS
Quarterly for the
1% two years, GPS COCs and Backaround
Performance Wells | then same as Performance 9
; & GPS
Compliance MWs | Parameters
thereafter.
Qstjarterly for the GPS COCs and
1> two years,
: Performance Background
Sentinel Wells then same as
. Parameters & GPS
compliance MWs
thereafter.

GPS Constituents of Concern (COC) are defined as any constituent on the Table 5.1 sampling
list which has been identified at concentrations which exceed its respective GPS.
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Performance Parameters for this facility are listed below:

Dissolved Arsenic

Arsenic (lll) and (V) speciation
Total Iron (Il and 11I)

Dissolved Iron

Dissolved Sulfide

Dissolved Cobalt

Dissolved Beryllium

Other geochemical parameters listed below may be added to the groundwater sampling plan
voluntarily, as needed to provide site specific aquifer geochemistry information which may be
used to substantiate the rate of success of the adsorption process:

Specific Conductance
Oxidation-Reduction Potential (ORP)
Dissolved Oxygen

pH

Temperature

Manganese

Sulfate

Turbidity (NTUs)

3.3 Sample Preservation / Handling
3.3.1 Groundwater

Sampling at each well begins by gauging and recording the water level and total depth of each
well. Prior to gauging, the interface probe will be decontaminated with an Alconox solution and
rinsing using distilled water. A Grundfos pump (or equivalent) with dedicated tubing will then be
used to purge the well. Prior to placing the pump into the well, the pump will be decontaminated
by pumping an Alconox solution followed by a distilled water rinse through the pump.

The pump will be placed at the midpoint of the screened interval. Grundfos pump flow will be
adjusted to minimize drawdown (0.2 ft or less) and adjusted to a rate appropriate for low-flow
sampling (100 to 200 ml/min). All purge water will be directed to ground adjacent to each well.
Using a YSI Sonde 6820 (or equivalent) and flow cell, field parameters (dissolved oxygen,
turbidity, oxidation-reduction potential, pH, specific conductance, and temperature) will be
logged every three minutes until all parameters stabilize. Stabilization is achieved when all
parameters have met the following criteria for three successive readings:

e pH agreement within 0.1+/- S.U.s:

e conductivity agreement within 3%-+/-; and
e oxidation-reduction potential and dissolved oxygen within 10%-+/-
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Using a Lamotte turbidity meter (or equivalent), turbidity will be measured periodically during the
purging process. Turbidity is considered to be the primary bias factor regarding metals
analyses, so wells were purged until the turbidity is under ten (10) NTUs.

Upon parameter stabilization, the flow-through cell will be removed and ground water samples
will be directed into laboratory supplied containers under proper chain of custody and placed
into a cooler containing ice. Samples will be shipped to the appropriate laboratory at a
temperature between two and negative two degrees Celsius.

3.3.2 Surface Water

Sampling will be accomplished using weighted tubing and a peristaltic pump. Tubing will be of a
type approved for the analytical parameter list. New tubing will be used for each sampling event
at each sampling site. Tubing weights will be non-reactive and decontaminated between uses.
At each sampling site a sampling elevation in the water column (measured from the sediment-
water interface) will have been predetermined using the rational previously described. The
sample will be representative of a larger area of groundwater outflow if a relatively large sample
aliquot (4 L) is collected. This large sample is then agitated and subsampled for unfiltered

(total) water quality, followed by subsampling and filtering (0.45 micron) for dissolved water
quality parameters.

3.4 Chain of Custody Procedure

A chain of custody form will be completed by sampling personal and placed in each cooler to be
shipped. A copy will be kept by field personnel. After receiving the shipment, the laboratory
project manager signs the Chain of Custody that arrived in the coolers, and returns the copy to
personnel along with the sampling results. An example Chain of Custody is included as
Appendix B.

3.5 Field Book Records

Detailed field notes of the sampling efforts will be kept during sampling events. Following the
sampling event, field notes will be copied and filed with the laboratory analytical results.

3.6 Laboratory Procedures

The laboratory will ensure that the samples were received at the appropriate temperature and
under a signed chain of custody form. All groundwater and surface water samples will be

analyzed for total/dissolved metals by EPA method 200.8 modified (ICP-DRC-MS). Surface
water will also be analyzed for total (unfiltered) suspended solids by EPA Method 160.2.
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3.7 QA/QC Program

To ensure the integrity of the data, the following quality control samples will be collected during
each sampling event:

e an equipment blank will be taken by sampling de-ionized water that has been poured
over sampling equipment; and
¢ one field duplicate for groundwater and surface water

Equipment used shall be calibrated routinely as recommended by the manufacturer.
3.8 Statistical Trend Evaluations

Using data from the pre-corrective action sampling performed under the facility’s compliance
monitoring program and the data obtained as part of the corrective action program, the
Permittee will perform a statistical evaluation to document the overall reduction of the mass flux
from the source material to groundwater around the landfill. The proposed groundwater and
surface water constituents are designed to demonstrate the viability and long-term reliability of
the adsorption process.

3.9 Interpretation of GW Elevation Data

Dominion will determine the elevation of the groundwater surface for both the shallow and
deeper potions of the upper aquifer each time the groundwater is sampled to the nearest 0.01
foot. Potentiometric surface maps will be prepared for the shallow and deeper portion of the
aquifer for each sampling event. The rate and direction of groundwater flow will also be
determined. The groundwater flow maps will be submitted as part of the Corrective Action Site
Evaluation reports submitted periodically.

3.10 Record Keeping

The Permittee shall retain all field sampling, monitoring, testing, and analytical data obtained
throughout the corrective action monitoring period.
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4.0 REPORTING SCHEDULE
4.1 GPS Exceedance Notifications

GPS exceedances have been documented for several metals at various locations at the site.
However, a recent statistical evaluation (Gibbons, 2001) indicates that the arsenic
concentrations appear to be decreasing with time. The proposed corrective action (MNA) will
use surface water samples in the adjacent estuaries to document the long term effectiveness of
the adsorption process. In the event that any of the downgradient surface water samples
exceed the GPS for arsenic or other metals of interest, the Permittee will notify the VDEQ of this
finding within 14 days.

Within 90 days, the Permittee will submit the following:

e an evaluation of the concentrations measured in the groundwater and surface water at
each monitoring point;

e any proposed changes to the monitoring program necessary to meet the requirements of
the corrective action program; and

e any proposed changes to the monitoring frequency or sampling procedures

Should the need arise for implementation of a replacement remedy, the Permittee will submit a
report to the Director justifying the plan at least 14 days prior to implementation.

4.2 CASE Reports

Dominion will prepare and submit Corrective Action Site Evaluation (CASE) reports on a
periodic basis to address the evaluation and criteria topics outlined in 9 VAC 20-80-310.B. The
CASE reports shall be signed by a qualified groundwater professional. As currently envisioned,
the initial CASE report will be submitted within 60 days following the 4th quarterly sampling
event of the first year of monitoring. Given the volume of historical groundwater data for the
CEC landfill, there are enough data to perform a CASE study after the first year of corrective
action monitoring. However, the CASE report submission timeframe will be set in the Permit
(typically on a 3-year timeframe).

As currently envisioned, each CASE report shall include the following information, at a
minimum:

e Summary of most recent groundwater and surface water quality data, including a
discussion of concentrations of metals of interest along flow paths and a demonstration
that the adsorption process is capable of reducing the arsenic concentrations to below
the GPS before discharging to the adjacent estuary;

e Summary of most recent groundwater elevation data;

Plume maps and potentiometric surface maps; and
¢ Summary of investigation-derived waste and disposition of those residuals.
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5.0 WELL O&M PROGRAM
Monitoring wells will be inspected during each sampling event. If it is found that a well is no

longer capable of providing representative samples, it will be redeveloped or abandoned and
replaced before the next sampling event.
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1.0 TRANSMITTAL LETTER

This Groundwater Monitoring Plan was developed and reviewed by a Professional Groundwater
Scientist and will be managed to comply with current VA Solid Waste Regulations 9VAC 20-81-

250.

CERTIFICATION STATEMENT

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

Signature: ( )m i/&‘/ %#:———‘—Y

Printed Name: Donald Hintz

Title: Environmental Geologist

2.0  GROUNDWATER MONITORING PROGRAM

2.1 Site Location Information

The CEC Industrial Landfill is located at 2701 Vepco Streect, in Chesapeake, Virginia,
approximately eight miles west of Virginia Beach and seven 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 (Figure 1a). 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 Power Station general layout is presented as Figure 1b
to illustrate the relationship of the landfill to the power station. Dominion has announced
plans to cease coal-fired generation at CEC in 2014 and initiate closure of the landfill in 2015.
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The landfill encompasses approximately 53.5 acres. The ground surface is relatively flat and
ranges from approximately elevation 5 to 12 ft mean sea level (msl) (with the exception of the
landfill).

2.2 Description of the Uppermost Aquifer

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).
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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 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 with
discharge into surrounding water bodies including the SBER and Deep Creek, some
groundwater movement also occurs vertically from confining units into deeper confined
aquifers.

Hydraulic conductivity values of the uppermost aquifer have been determined using slug tests
to be 6.48 x 10 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 15-20 ft/yr.

Figure 2 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.

2.3 Groundwater Monitoring Plan Sheet

Figure 2 displays the relationship of the landfill’s topography, well locations, and the
groundwater topography. The table below provides the surveyed elevations.

WELLS MW- | MW-5 | CECW | CECW | CECW | CECW | CECW | PO-8 | PO-9 | PO-10 | PO-
4R -1 -2 -4 -5 -6l 11
Top of 14.12 | 1443 | 22.94 23.35 23.40 21.87 22.12 14.68 | 9.99 | 7.49 20.70
Casing
(TOC)
Elevation
(msl)
Depth of 145 | 14.5 27.4 25 21.5 26 34 16 10 10 21
Borehole —
(feet)
Length of 10 10 10 15 10 20 5 5 5 5 10
Screened
Interval (
feet)
Note:
¢ Elevations measured in feet above Mean Sea Level (msl)
e 2014 PO-11 TOC elevation was lowered following shoreline stabilization activity
Chesapeake Energy Center Page 3
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2.4 Design of the Groundwater Monitoring System

General:

The following well network exists at the facility and has been deemed by DEQ as acceptable.
There are a sufficient number of background and downgradient wells that are screened at
appropriate depths to account for spatial variability in the aquifer. The downgradient wells are
spaced appropriately for intersection of lateral/horizontal groundwater flow. Each well is
inspected every sampling for damages or unusual conditions and noted on the Monitoring Well
Field sheet.

Upgradient MW-4R, MW-5
(Background) Wells
Downgradient Wells | CECW-1, CECW-2, CECW-3, CECW-+4,
CECW-5, CECW-61, PO-8, PO-9, PO-10, PO-
11

Horizontal Placement:

The downgradient wells are placed as close to the landfill 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 is necessary because there is no location truly
upgradient of the landfill.

Vertical
All monitoring wells have been drilled and completed to monitor the surficial or water table
(Columbia Group) aquifer.

Screen Interval Placement:

Monitoring well screens typically range from five to twenty 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 which may be entering groundwater from the
facility. Also, at least five feet of screen is considered necessary to minimize velocities
through the screen.

Special Conditions:
The following special conditions apply to this facility:

a) The waste disposal site is 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 placed inside the landfill are similar in characteristics to materials
on which the landfill has been constructed. Accordingly, potential contaminants
identified in groundwater wells may have a source other than the landfill.
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b) The waste disposal site is 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 groundwater gradient of the landfill. The use of off-site
wells for the identification of background water quality is an adequate approach under
these conditions.

c) The waste disposal site is located in an area where nearby surface water can influence
groundwater levels (i.e., tidal fluctuations in the Southern Branch of the Elizabeth River
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 landfill.

Non-Upgradient Background Wells:

The waste disposal site is 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 groundwater gradient of the landfill. The use of off-site wells
for the identification of background water quality is an adequate approach under these
conditions.

Monitoring Well Replacement:

Any monitoring well which 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 abandoned 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. Finally,
monitoring well CECW-6 was reported dry for four consecutive semi annual sampling events
and was abandoned in April of 2008. At that time, well CECW6-1 was approved by the DEQ
as an appropriate substitute for the abandoned CECW-6.

Monitoring Well Abandonment

Dominion has announced plans to cease coal-fired generation at CEC and close the landfill in
accordance with the Solid Waste Management Regulations. The landfill cap and associated
fill will extend over the location of downgradient monitoring well CECW-3. CECW-3 is
located in the interior of the CEC peninsula. Dominion maintains nine downgradient
monitoring wells around the perimeter of the landfill and the peninsula. CECW-3D will also
be abandoned during closure activities; however, this well is not monitored within the
compliance program.

Well CECW-3 will be abandoned to accommodate the landfill closure plans. Extension of
CECW-3 through the proposed landfill cap is impractical and unnecessary. Installation of a
replacement well outside the extent of the planned landfill cap is not necessary as CECW-3 is
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an interior well and the remaining downgradient wells adequately characterize groundwater at
the site including the southern portion of the peninsula. Well abandonment will be conducted
in accordance with Section 2.8 of the Groundwater Monitoring Plan.

2.5 Geotechnical Investigation Techniques

Drilling Methods:

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 CECW6-1 were installed in
February and May of 2000 respectively. Finally, replacement monitoring well MW-4R was
installed in December of 2006.

All monitoring wells were drilled using hollow stem auger equipment.. It is anticipated that
future wells will also be constructed using the hollow stem augurmethod. For details of the
boring logs, please refer to Appendix B.

Equipment Decontamination
a) Heavy Equipment

Drilling equipment, including auger flights, drill rod, water swivels, casing materials,
wrenches, drill rigs, and other heavy equipment is to be cleaned prior to drilling at each
location by use of steam cleaning apparatus. In the event that tar or other material is so
persistent that steam cleaning is ineffective, then sand blasting or kerosene will be used to
remove the material and steam cleaning will follow. Decontamination fluids, soils, and
materials shall be collected and disposed of in accordance with applicable regulations.

b) Sampling Equipment

Sampling equipment (split spoons, shelby tubes etc.) used to collect soil samples during
drilling shall be decontaminated between each sample as follows:

1. Scrub sampling device with a nonphosphate low sudsing detergent
(e.g.,Liquinox).

Rinse thoroughly with tap water
Rinse a minimum of three times with distilled water
Air dry

Dispose of decontamination fluids in accordance with applicable regulations.

A

2.6 Monitoring Well Construction
Construction Materials (Existing and Future Wells)
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a) Well Casing & Screens

The wells are constructed of PVC. Given the nature of the waste, no organic compounds are
expected that would be incompatible with PVC. These materials are normally used in this
type of construction and no degradation due to intense well development is expected. It is
understood that any non-functioning well will be replaced and/or abandoned.

b) Well Filter Pack and Sealant

The filters are of a clean washed sand of size compatible with the 0.01 slots in the PVC screen.
This will provide for even distribution of flow across the screen. It is not anticipated that the
inert sand would be affected by any leachate constituent. The filter pack shall fill the annular
space to a minimum of two feet above the top of the well screen. A bentonite sealant at least
two feet in thickness shall be placed above the filter pack prior to the placement of grout in the
remaining annular space. Pre-slotted screens shall be used and the screen and casing sections
are to be flush threaded. Surface completion shall include locking metal riser cover set in
formed concrete pad.

c) Well Intake Design:

Placement size and type of screen for each well are identified in the individual boring logs
(Appendix B). The well screens extend at least 5 feet into the saturated zone to allow for
samples to be taken over a wide band of groundwater and to minimize velocities through the
screen.

The introduction of formational material into the sample area is minimized due to the filtering
action of the sand pack.

Surveying:
Wells, including potential future wells, are to be surveyed by a licensed or otherwise certified
land surveyor to within & 0.5 feet on the horizontal plane and + 0.01 feet vertically.

The permittee shall install and maintain a groundwater monitoring system as specified below:

° The permittee shall maintain groundwater monitoring wells at the locations
depicted on Figure 1b.

° The downgradient monitoring system has been installed at the waste management
unit boundary, or as close as practical, to ensure detection of groundwater
contamination in the uppermost aquifer.

° The background monitoring system has been installed in order to provide
representative samples of background water in the uppermost aquifer near the
facility but not affected by the facility. The landfill is constructed on a peninsula
and groundwater flow tends to be radial from the landfill to the west, south, and

Chesapeake Energy Center Page 7



Groundwater Monitoring Plan
Chesapeake Energy Center
January 2015

east. To the north, the groundwater gradient appears relatively flat. Because of
this, there is no location which can be considered “upgradient” of the landfill.
Accordingly, the wells 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.

° As necessary, the permittee shall construct additional wells and maintain all the
monitoring wells in accordance with the methods outlined below.

2.7 Well Development

The process of drilling disturbs the subsurface materials through which the well bores are
advanced, which can result in the clogging of the screens from suspended materials dislodged
during drilling. To counter such drilling effects and allow for the subsequent collection of
representative groundwater samples, wells are developed in order to flush drilling residues
from the well bore. The goals of development are to (i) remove fines from the filter pack and
natural formation in the vicinity of the well screen; and (ii) to enhance the settlement and
stabilization of filter pack material adjacent to the well screen.

The well development process is comprised of (i) the application of sufficient energy in a
monitoring well to create groundwater flow reversals (surging) in and out of the well and filter
pack to release and draw fines into the well; and (ii) removing these materials from the well.

Following installation, each well is developed until clear water is obtained.

It may become necessary to redevelop a well if suspended material in the well builds up to the
point that it interferes with the collection of a representative groundwater sample. In the event
that redevelopment becomes necessary, it will be performed and documented in a manner
similar to that used for a new well.

2.8 Well Abandonment

Should site conditions or circumstances arise such that a monitoring well must be relocated or
permanently removed, the monitoring well will be abandoned in a manner that prevents the
well from serving as a conduit to the water table. All PVC and steel casing extending above
the ground surface shall be removed from the location and either 1) the well location will be
overdrilled to the well installation depth with mechanized equipment and subsequently
grouted in tremie-fashion with a bentonite cement grout from the bottom up, or 2) the entire
length of the well riser pipe will be filled with bentonite pellets. Finally, the well location will
be finished at the ground surface with a one foot thick concrete plug.

The permittee will obtain VDEQ approval prior to the removal of any well(s) from the active
monitoring program and will submit documentation to VDEQ following well abandonment in
accordance with the facility’s solid waste permit.

2.9 Documentation

Boring Logs and well construction diagrams are included in Appendix B.
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Within 30 days of installation, monitoring wells will be certified by a qualified groundwater
professional. This certification along with boring and construction logs for newly installed
permitted wells shall be submitted to VDEQ within 14 days of certification. The submission
should include the following information:

a) Date/time of construction;

b) Drilling method and drilling fluid used;

C) Borehole diameter and well casing diameter;
d) Casing materials;

e) Screen size/length;

f) Filter pack material, size, and grain analysis;
k) Filter pack volume calculations;

1) Filter pack placement method;

m) Sealant materials (% bentonite);

n) Sealant volume (pounds per gallon of cement);
0) Sealant placement method;

P) Surface seal design and construction;

q) Well development procedure;

r) Type of protective well cap;
s) “As built” well diagram including dimensions
t) Well location, specified to within 0.5 foot in horizontal plane;

u) Well depth, specified to within 0.01 foot;

V) Ground surface elevation to within + 0.01 foot;

W) Surveyor’s pin elevation on concrete pad, specified to within & 0.01 foot;
X) Top of monitoring well casing, specified to within + 0.01 foot;

y) Top of protective steel casing elevation, specified to within & 0.001 foot

Z) Drilling and lithologic logs.

3.0 GROUNDWATER SAMPLING AND ANALYSIS PLAN
3.1 Sample Collection

Procedures for collecting the samples shall be in accordance with EPA methods described in
SW-846 (most recent version) and are as follows:
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Static Water Level Elevations

The depth to water in each well shall be gauged from a designated mark at the top of the well
casing using a water level indicator and shall be measured to an accuracy of 0.01 foot each
time the well is sampled. The water level indicator shall be decontaminated as appropriate and
rinsed with deionized water prior to each gauging event.

Well Evacuation

Wells have been outfitted with dedicated pumps for Low Flow sampling. Wells with dedicated
pumps should be purged and sampled in general accordance with the procedure described in
USEPA’s 1996 Low Flow (Minimal Drawdown) Ground Water Sampling Procedures
Document (EPA/540/S-95/504). As described by this method, the purging should ideally not
cause the water level to decrease by more than one foot and the purge and sampling pump rate
should be less than 0.13 gal/min. Purging is to continue until indicator parameters stabilize.
The water level indicator meter will be used to monitor drawdown during pumping operations.

Number of Samples

For every groundwater sampling event, measurements for the following parameters will be
collected and recorded to indicate well stabilization: Time, Temperature, pH, Conductivity,.
The sampling frequency is currently semi-annual but is subject to change in accordance with
the VSWMR and/or DEQ.

Monitoring Program

This facility is currently operating under the requirements of the Phase II monitoring program.
Facility specific background data has been accumulated and Groundwater Protection Standards
(GPS) have been developed for this site. The flowing information outlines the key events of
and Phase II groundwater monitoring regulation in 9VAC20-81-250 and the
parameters/frequency that are sampled.

Phase Il Monitoring
1. Phase II Monitoring Parameters

A Phase II monitoring program shall include the monitoring parameters identified
in Table 3.1A of the VSWMR. The facility has been granted a variance which
allows it to forego sampling for Table 3.1 organic constituents while in Phase II
monitoring . The variance requires that the facility sample for the inorganic
constituents found on Table 3.1 Column A as well as any previously detected 3.1
Column B constituents (organic or inorganic). In addition, the variance also
specifies sampling every two years for the entire Table 3.1 Column B list.  Any
Table 3.1 Column B parameters detected during this sampling event will be added
to the facility’s routine sampling list unless the facility shows that the detections
are not valid via verification sampling or an alternate source demonstration.

Chesapeake Energy Center Page 10



Groundwater Monitoring Plan
Chesapeake Energy Center
January 2015

2. Phase II Evaluation and Reponse

After each subsequent Phase II sampling event, the permittee shall evaluate the concentration of
Table 3.1 A inorganic constituents (and previously detected parameters as applicable) found in
the groundwater at each permitted groundwater monitoring well against the groundwater
protection standards. The evaluation will be presented to the VDEQ in a Phase Il semiannual
report. The evaluation will be as follows:

a) If all constituents are shown to be at or below background values using the
statistical procedures described in this Plan for two consecutive sampling events,
the permittee shall notify VDEQ and may reinstate First Determination
monitoring.

b) Any constituents are shown to be above background values but below the
applicable GPS, the permittee shall continue Phase II monitoring and present the
findings in the semi-annual report.

c) Any constituents indicate exceedance above the established GPS in any permitted
monitoring well, the permittee may demonstrate that a source other than the
landfill (Alternate Source Demonstration (ASD)) caused the increase or an error
in sampling, analysis, or evaluation was committed. In making such a
demonstration, the permittee shall:

a. Notify the VDEQ in writing within 14 days of the permittee’s intention to
make the demonstration.

b. Within 90 days, submit the ASD that proves a source other than the
landfill unit caused the increase, or that the increase resulted from error in
sampling, analysis, or evaluation.

c. Continue Phase II monitoring on semi-annual basis.

3. Actions in the Event of Statistical Exceedance of GPS.

If the above alternate source demonstration (ASD) is not made or is inapplicable, the
permittee shall:

a) Collect and submit all data necessary to justify any variance sought for GPS, or

b) Characterize the nature and extent of the release and notify all property owners of
the land that overlies the plume of contamination, and

C). Initiate within 90 days the Corrective Action Program 9VAC20-81-260.

Chesapeake Energy Center Page 11



Groundwater Monitoring Plan
Chesapeake Energy Center
January 2015

Sampling Equipment
All wells have been outfitted with dedicated pumps. Instruction manuals for other commonly
used sampling equipment are included in Appendix E.

Sampling Order
All wells onsite have dedicated sampling equipment. A specific well sampling order is not
necessary to ensure valid samples.

Sampling Measurements

Wells should be purged and sampled in general accordance with the procedure described in
USEPA’s 1996 Low Flow (Minimal Drawdown) Ground Water Sampling Procedure Document
(EPA/540/S-95/504). As described by this method, the purging should ideally not cause the
water level to decrease by more than one foot and the purge and sampling pump rate should be
less than 0.13 gal/min. The water level indicator meter will be used to monitor drawdown
during pumping operations. Evacuated water will be collected and discharged to the facility’s
VPDES system.

At 5 minute intervals, collect and record the following parameters data: Time, Temperature,
pH, Conductivity,

Field parameters must have stabilized within the following units over at least three consecutive
measurements prior to sampling, unless the well’s recharge capability is limited.

° pH + 0.2 pH units
° Conductivity + 3% of reading

Remove by pump a volume sufficient to analyze for the applicable parameters and divide into
proportions with proper preservative.

Decontamination & Calibration Procedures

Rinse water level meter and flush water quality meter’s flow-through cells with deionized
water prior to each sampling event. The sampling equipment will be calibrated per
manufacture recommendations (Appendix E). The records of calibration will be maintained in
the Biology Environmental Lab’s file.

3.2 Sample Preservation and Handling

Sample analytical requests are conducted by phone, written paper request form, and electronic
means. The field technicians will check the Chain of Custody upon sample bottle pick-up to
ensure the appropriate number and type of containers are provided for the sampling event.

Sample Containers
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The appropriate parameter specific sample bottle type (approved plastic or glass) and quantity
shall be pre-preserved in general accordance with the techniques outlines in EPA SW-846. In
order to ensure that sample containers are free of contaminants, clean sample containers will
be obtained directly from the laboratory for all wells, field blank, and field duplicate.

Sample Preservation

The appropriate sample containers will be placed on ice as necessary and transported to the
laboratory in sealed coolers and/or crates by the technicians in a manner which prevents
breakage or cross-contamination.

3.3 Chain of Custody

A protocol for collecting samples including using proper and adequate labeling and
maintaining a correct and complete chain of custody will be followed. A chain of custody
form shall be prepared to document the chain of custody from the person taking the samples to
the laboratory doing the analyses. A Chain-of-Custody form shall be completed and provided
to the laboratory for each set of samples. An example Chain-of-Custody form is included in
Appendix C.

The order of sampling, chain-of-custody, sample preservation, and decontamination
procedures remain consistent during each monitoring event conducted at the site.

Sample Labels

Each bottle shall be labeled in such a manner to provide information about: sample
identification number, sample collection date, sample collector (initials), time and place and
parameters to be analyzed for as space permits. Labels shall be attached to bottles securely so
that they will not become detached during transport to the laboratory

Sample Seal
When samples remain in Dominion’s custody, ensure the bottles are appropriately sealed and
the Chain of Custody is transferred to the lab.

When samples leave the operator and/or technicians immediate control, such as shipment to a
laboratory by a common carrier, the operator/technician shall require the shipping container
and/or individual bottles be sealed.

Chain - of — Custody Record
Technicians taking samples and delivering to the lab for subsequent analysis shall keep a chain
of custody record. An example Chain of Custody form is included in Appendix B. Field

Log Book
An example field sheet is provided in Appendix D.

Chesapeake Energy Center Page 13
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3.4 Laboratory Analytical Procedures

Field and laboratory quality control procedures shall be employed at all stages. The guidelines
contained in Test Methods/Evaluation Solid Waste, Physical/Chemical Methods (SW-846) by
the EPA shall be followed. Methods of analyzing for each parameter shall also be in
accordance with the most recent EPA SW-846 methods.

Equipment used shall be calibrated routinely as recommended by the manufacturer.

Records of all analysis as well as copies of log book field data and chain-of-custody records
shall be retained throughout the life of the facility and post-closure period and shall be
available upon request.

3.5 Quality Assurance and Quality Control

Any commercial laboratories hired must exercise a QA/QC program that meets or exceeds that
noted in the most current version of Test Methods for Evaluating Solid Waste —
Physical/Chemical Methods, SW-846 — USEPA.

Field QA/QC Program

A field blank, and duplicate will be included during every sampling event. A trip blank
will be included as appropriate. Please reference Section 3.1 for detailed field equipment
QA/QC procedures and documentation.

Laboratory QA/QC Program

The lab will use a method blank on at least 5% of the samples, prior to analysis. Analysis
of prepared standards of known concentration shall be used to confirm the validity of the
analysis.

3.6 Establishing Background Data

Background groundwater quality will be established at the Facility using current and historical
groundwater monitoring data collected from background wells MW-4R and MW-5 for each
constituent on the monitoring list.

3.7 Techniques for the Evaluation of Groundwater Quality Data

Statistical Tests
The following summarizes the methodology used for statistical analyses:

e Historical concentrations for background wells (inter-well) are compiled and screened for
outliers using methods by Dixon (1953) for data sets less than 25 and for data sets larger
than 25, Rosner’s Outlier Test (which follows the procedure described by Gilbert (1987))
is used. If statistical outliers are detected, they are removed from the baseline dataset prior
to statistical analysis.
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- Please note, analytical concentration between the limit of detection (LOD) and the LOQ
are noted in reports by “J” flagging. The result is therefore and estimated value without the
required level of accuracy or precision to be considered quantifiable.

e Determination of the appropriate method for upper prediction limit (UPL) analyses is
determined based on the percent non-detects (%ND) for the data set and its distribution:

- Datasets with 25% or less NDs — NDs of a data set are replaced with one-half the LOD
or LOQ and the data set is tested for normality or lognormality. The parametric UPL
approach is used for normal or lognormal data sets. A non-parametric approach is used for
non-normal or non-lognormal data sets.

- Datasets with % ND between 25% and 50% - the mean standard deviation of a data set is
adjusted using Aitchison’s or Cohen’s adjustments, and then the data set is analyzed for
normality or lognormality. The parametric UPL approach is used for adjusted normal or
lognormal data sets. A non-parametric UPL approach is used for non-normal or non-
lognormal data sets.

- Data sets with %ND greater than 50% - these data sets are considered non parametric
and therefore the non-parametric UPL approach is used.

- 95% Prediction Interval Analysis is preformed.

e GPS were initially implemented at the Facility on May 23, 2001. In, 2002, the VDEQ
approved a variance for establishing alternate concentration limits (ACLs) as GPS.
Because the Facility is currently sampling on a semi-annual frequency, the statistical
method of GPS analysis is a point comparison method. The point comparison method
consists of a direct comparison of the semi-annual compliance data for a given constituent
and well to the GPS. With this method, a statistically significant increase (SSI) above the
GPS is indicated by at least one of the two samples having a concentration above the GPS.

Verification Sampling

In the event that statistical analysis of the test data identifies potential statistically significant
increases or exceedances of groundwater protection standards for one or more parameters, the
well or wells of concern may be resampled within 30 days of the completion of statistical
analysis. Verification sampling must be performed within the same compliance period as the
event being verified. Verification sampling shall be performed in accordance with 9 VAC 20-
81-250.A.4(1). Verification samples will be analyzed for the parameter or parameters of
concern. If the verification sample remains statistically significant, then statistical
significance will be considered verified and must be reported to the VDEQ in accordance with
the requirements of 9 VAC 20-81-250.C. If the verification sample does not confirm the
statistically significant increase or exceedance of the groundwater protection standard, then no
exceedance will be recorded for the monitoring event.
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Records and Reports

The field equipment calibration records and field sampling sheets will be maintained
electronically in Dominion Environmental Biology Lab’s files and in Documentum. The chain
of custody will be maintained in the analyzing Lab’s files. The analytical data will be stored in
Dominion’s Laboratory Information System (LIMS) database. A copy of the reports and
correspondences will be sent to the facility and maintained in Dominion Environmental
Services’ (DES) corporate files.

3.8 Statistical Analysis of Subsequent Well Data

The statistical tests used to evaluate the comparisons, including treatment of outliers, missing
data, data below detection limits or quantification limits, and treatment of non-normally
distributed data, shall be performed in accordance with EPA’s March 2009 Statistical Analysis
of Groundwater Monitoring Data at RCRA Facilities — Unified Guidance.

At least annually, the permittee shall evaluate the data on static groundwater surface elevations
to determine whether the requirements for locating the monitoring wells continue to be
satisfied. If the evaluation shows that the requirements of the groundwater monitoring system
are no longer satisfied, the permittee shall notify VDEQ for approval to immediately modify
the number, location, or depth of the monitoring wells to bring the groundwater monitoring
system into compliance with that requirement.

Comparison with Subsequent Well Data

See section 3.8

Required Response Actions
In accordance with 9VAC20-81-350.C.3(e), the following actions are required for evaluating
groundwater on a semi-annual basis:

e Ifbackground statistical analysis indicates no SSIs and data are shown to be at or below
background values the owner or operator shall notify the director of this finding in the
semi-annual report and may return to first determination monitoring;

e [fany monitored constituents are found to be above background values, but below GPS,
the concentrations will be reported in the facility’s semi-annual and annual report
submission and the facility will remain in Phase II monitoring;

e  [f statistical analysis reveals the concentration of any monitored constituent is above
GPS, the Facility will notify the Department within 14 days of noting the exceedance.
The notification will include a statement that within 90 days the Facility will:

0 Undertake characterization and assessment actions required under 9 VAC 20-87-
260.C.1; or

O Submit an alternate source determination.
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3.9 Groundwater Evaluation Data Interpretation

The permittee shall determine the elevation of the groundwater surface at each well each time
groundwater is sampled to the nearest 0.01 foot. Groundwater level measurements are to be
made within a 24 hour period. Because the aquifer may be tidally influenced, the facility shall
endeavor to make all groundwater elevation measurements within a four hour window. A
potentiometric map based on these monitoring events shall be submitted to the VDEQ. The
rate and direction of groundwater flow shall be determined at and submitted with the
Groundwater Monitoring Reports.

3.10 Record Keeping and Reporting

The permittee shall retain all monitoring, testing, and analytical data obtained throughout the
active life of the facility and the post-closure care period.

An annual groundwater monitoring report shall be submitted to the department no later than
120 days from the completion of sampling and analysis for the second semi-annual monitoring
event during year calendar year and shall be accompanied by:

e A signature page; and
e A completed QA/QC DEC Form ARSC-01

The technical content of the annual report shall at a minimum contain the following topical
content:

e The landfill’s name, type, permit number, current owner or operator, and location
keyed to a USGS topographic map;

e Summary of the design type, operational history, and size of the landfill including key
dates such as beginning and termination of waste disposal actions and dates different
groundwater monitoring phases were entered,

e Description of the surrounding land use noting whether any adjoining land owners
utilize private wells as a potable water source;

e A discussion of the topographic, geologic, and hydrologic setting of the landfill
including a discussion on the nature of the uppermost aquifer and proximity to
surface waters;

e A discussion of the monitoring wells network noting any modifications that were
made to the network during the year or any nonperformance issues and a statement
noting that the monitoring well network meets the requirements of 9VAC20-81-
250.A.3;

e A listing of the groundwater sampling events undertaken during the previous calendar
year;

e A historical table listing the detected constituents, and their concentrations identified
in each well during the sampling period; and

e Evaluations of and appropriate responses to the groundwater elevation data;
groundwater flow rate as calculated using the prior year’s elevation data; groundwater
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flow direction; and sampling and analytical data obtained during the past calendar
year.

After each sampling event has been completed for the 1% semi-annual, a semi-annual monitoring
report shall be submitted to the department no later than 120 days from the completion of
sampling and analysis. The report shall at a minimum contain the following items:

e Signature page signed by a professional geologist or qualified groundwater scientist;

e Landfill name and permit number;

e Statement noting whether or not all monitoring points within the permitted network
were sampled as required under 9 VAC 20-81-250.C.3 during the event;

e Calculated rate of groundwater flow during the sampling period;

e The groundwater flow direction as determined during the sampling period;

e Statement noting whether there were statistically significant increases over
background or groundwater protection standards during the sampling period, the
supporting statistical calculations, and reference to any notifications made to the
director;

e Copy of the full Laboratory Analytical Report including dated signature page in order
to demonstrate compliance with reporting timeframes.
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4.0 REFERENCES

Dominion Electric Environmental Services, 2009. Groundwater Monitoring Plan for
Chesapeake Energy Center Permit No. 440 Landfill.

Submission Instructions No. 11: Groundwater Monitoring and Sampling & Analysis Plans for
Existing Regulated CDD & Industrial Landfills, VDEQ May 2003.

Virginia Solid Waste Management Regulations (VSWMR), 9VAC20-81-250 and 9VAC20-81-
260

United States Environmental Protection Agency (USEPA) protocol described in RCRA
Groundwater Monitoring Technical Enforcement Guidance Document.
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Figure 1b

Site Map with Well Locations
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Figure 3. Soil Map—Chesapeake City, Virginia
(Chesapeake Energy Center Landfill)
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Soil Map—Chesapeake City, Virginia

Chesapeake Energy Center Landfill

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
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Appendix A

Excerpts from 1999 Geotechnical Evaluation Report
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SCHNAEEL ENGINEERING ASSQCIATES | Project: Ash Fill Expansion Contract Number: 993318
CONSULTING GEOTECHNICAL ENGINEERS Chesapeake Energy Center Boring Number: B-101
TEST BORING LOG Chesapeake, Yirginia Sheet: | of 2
Boring Contractar:  Fishburne Driling Servicas, Inc. Ground Water Observatlons
Chesapeake, Virginia Data | Time | Depth | Casing Caved
Borlng Foreman: E. Hester y Encountered 7713 | 12:20 17.0 - -
Drlling Method: 2 15/16" 0.D. Roller Bit Mud Rotary
; 713 | 12:43 - - -
Orlling Equipment: CME-45C Completion | 7/
SEA Representative: J. Hollowell ) Casing Pulled TN3 | 12:47 8.0 - 39.8
Dates Started 7/13/99  Finished 7/13/99
Locatlon: See Location Plan, Figure Al
Ground Surface Elevation: 19.5¢
DEPTH CLASS. |ELEY.STRA~ SAMPLING H REMARKS
(FT) STRATA DESCRIPTION ' (FT)[ TUM | DEPTH|  DATA (%)
Fine to coarse silty sand FLY ASH FILL A3 10+10+{1+10
1.0 - FILL, moist - black Y 18.5
- FILL A2
2.0 4, Fine to medium poorly graded sand 17.5
'\ FILL, trace silt, molst ~ tan /I FILL ;;51«‘5345(5 _
7 Flne to coarse sandy lean clay FILL, B 5 TSF
- contalns organic matter, moist - dark Started mud
_\_ gray A AL I driling at 4’
= do, contalns shell fragments and silty — S
6.0 - sand lenses, dark gray and brown 13.5 L .
Fine to coarse sandy fat clay FILL, FILL g;EZ.’Sﬂ{SF
4 trace gravel, moist ~ gray Al | .
- do, contains organic matter and o .
| clayey sand lenses 8 g;:;g+'l§SF DIKE FILL
— 10
12.0 75
Fine to medium silty sand FILL, FILL )
- contains clayey sand lenses and r 2+3+4+4
organic matter, moist — dark gray and |
7 dark brown | A2
- —15
7.0 2.5
Fine to medium sandy lean clay, CL
4 contains organic matter, wet - dark - WOH/18+1
| Dbrown - PP<0.5 TSF
-] ‘ —20 ALLUVIUM
Bt ‘
-22.0 - -25 L
Fat clay with sand, wet - dark gray CH .
7 ' I 1+5+11+11 -
24.0 -45 PP<OS T
, Fine to medium poorly graded sand SP-SM
 with silt, wet ~ tan —25
- c + NORFOLK
. FORMATION
-1  do, fine to coarse, dark tan o m 8+4+2+3
— 30
continued on next page
Comments:

Baring backfilled upon completion,




SCHNABEL ENGINEERING ASSOCIATES Project: Ash Fil Expansion Contract Number: 693318

CONSULTING GEGTECHNICAL ENGINEERS Chesapeake Energy Center Boring Number: B-101
TEST BORING LOG Chesapeake, Virginia Sheet: 2 of 2
DEPTH CLASS, |ELEV.STRA- SAMFLING W REMARKS
(FT.) STRATA DESCRIPTION (FTJT TUM | DERPTH DATA %)
Fine to coarse poorly graded sand SP-SM
4  with silt, wet - dark tan  * : - -
32,0 -2, I
Fine to medium clayey sand, wet — tan sC 12.5
- and brown - W 1+nOH/ 1241
- C b -
— 35— NORFOLK
) 4 , o FORMATION
38. -18. -
80 Lean clay with sand, wet ~ tan and cL 8.5 2+
- brown . D F -
40.0 -20.5 40—

Boring terminated at 40 ft

"Comments: .
Boring backfilled upon completion.



SCHNABEL ENGINEERING ASSOCIATES
CONSULTING GEQTECHNICAL ENGINEERS

Project: Ash Fill Expansion
Chesapeake Energy Center

Contract Number: 993318
Borlng Number: 8-102

TEST BORING LOG Chesapeake, Virginia Sheet: | of 2
Borlng Contractor: Fishburne Driling Services, Inc. Ground Water Observations
Chesapeake, Virginia Date | Time | Depth | Casing Caved
Boring Foreman: E. Hester Encountered | 7/13 | 10:53 | 22,0 - -
Driling Method 2 15/18" C.D. Roller Bit Mud Rotary el 78 09
Drlling Equipment: CME-45C Completion : -
SEA Representatlve: J. Hollowell Casing Pulled 7/13 15 10.0 - 38.0
Dates Started 7/13/88  Finished 7/13/99
Locatlon: See Location Plan, Figure Al
Ground Surface Elevation: 19.5¢
DEPTH CLASS. |ELEV.STRA+ SAMPLING ¥ VREMARKS
(FT.) STRATA DESCRIPTION (FT)[ TOM| DEPTH | DATA | (% |
Fine to coarse silty sand FLY ASH FILL A3 8+9+10+8
1.0 - FILL, moist — dark gray Ve 8.5 -
— - - - FILL A2
2.0 4. Fine to medium silty sand FILL, moist - 17.5 .
_\ tan and brown FILL 4+5+8+11
1 Fine to medium sandy lean clay, trace [~ T PP=4.25 TSF
A gravel, moist - dark gray » - Started mud
. 3+5+548 driling at 4'
— — 5 —{i[|{ PP=2.0 TSF
] I B+7+12+11
- M F 11| PP>4.5 TSF
- i (PP DIKE FILL
—] — 10 —
12.0 75 -1
Fine to medium poorly graded sand FILL
- with silt FILL, moist = dark gray o W 2+3+8+8
] a2 | -m
; T — 15 —
i7.0- 25 -
Fine to medium silty sand, contains SM
4 organic matter, molst = dark brown B -m 114142
’ g2 | ] -
—1 —20— ALLUVIUM
220 -2.5 -
Fine to medium poorly graded sand SP-SM
<  with silt, wet - dark tan ) - - 'm 8+11+18+18
-] | o5 i| )
- c - -
N - - " NORFOLK.
- FORMATION
do, dark tan and brown [~ "m 8+7+8+8
- 30
continued on next page
Comments:

Boring backfilled upon completion.




SCHNABEL ENGINEERING ASSOCIATES | Pro lect: Ash Fill Expanslon : Contract Number: 993318

CONSULTING GEQTECHNICAL ENGINEERS Chesapeake Energy Center Boring Number: 8-102
TEST BORING LOG Chesapeake, Virginia Sheet: 2 of 2
BEPTH CLASS. |ELEV. ETRA- SAMPLING W REﬂARKS
(FT.) STRATA DESCRIPTION (FTJ[ TUM | DEPTH| DATA | (X)
Fine to medium poorly graded sand SP-SM
. with silt, wet - dark tan and brown - -
320 . -125 L -
Fine clayey sand, wet - tan and sSC ,
- brown o -m 342+3+3
— . : C 35— ) NORFOLK
] L FORMATION
] ' i "ﬂ 242+3+3
40.0 : -20.5 40—

Boring terminated at 40 ft

N

Comments;
Boring ba_ckfilled upon completion.



SCHNABEL ENGINEERING ASSQCIATES | Prolect: Ash Fill Expansion Contract Number: 993318
CONSULTING GEOTECHNICAL ENGINEERS ~ Chesapeake Energy Center Boring Number: B-102A
TEST BORING LOG Chesapeake, Virginia Sheat: | of 2 .
Boring Contractor. Flishburne Oriling Services, Inc. Ground Water Observations
Chesapeake, Virginia Date | Time | Depth | Casing Caved
Boring Foraman: E. Hester § Encountered - - - - -
Crilling Method 2 15/168" 0.0, Roller Bit Mud Rotary compietl — ;
Driling Equipment: CME-45C ompletion
SEA Regpresentative: J. Hollowel! ‘ Casing Pulled 7/20 | .00 - -- -
Dates Started 7/20/99. Finlshed 7/20/89 § hr Reading 7720 | 158 13.0 o (3.5
-{Locatlon: See Location Plan, Figure Al
Ground Surface Elevation: 18.52
DEPTH CLASS. |ELEV.STRAA SAMi’LING W REMARKS
(FT.) STRATA DESCRIPTION (FTJ| TUM | DEPTH DATA %)
Mud Rotary Probe to 43 ft; see Boring
~ B-102 for strata description. - -
— b § —
. L
- 10 —
- - 4
- — 15 —
- —20—
— }—25 -
—_ 30—
continued on next page
Comments:

1) Boring backtilled upon S hour ground water measurement.
2) Offset Boring B-102A 10" south of Boring B-102.



SCHNABEL ENGINEERING ASSOCIATES | Project: Ash Fill Expansion Centract Number: 893318
CONSULTING GEOTECHNICAL ENGINEERS Chesapeake Energy Center Borlng Number: B-102A
TEST BORING LOG Chesapeake, Virginia Sheet: 2 of 2
DEPTH CLASS. |ELEV.STRAA SAMPLING W REMARKS
(FT.) STRATA DESCRIPTION (T TUM | DEPTH DATA (%)
Mud Rotary Probe to 43 ft; see Boring
- B-102 for strata description. 3 . -
— 35—
— 40—
42.0 - - -22.§ -
2 . Finetto medium silty sand, wet ~ brown SM 22 Rod d
- and tan - - od dropped
i _n Jra+a3 from 53'-80".
_ 45— See Boring
i | i B-1028
] ' e [ ] NORFOLk
I _n Pt i+ ' FORMATION
] —50— 7
53.0 -33.5 -
Boring terminated at 53 ft ‘
Comments:

1) Borlng backfilled upan 5§ hour ground water measurement.
2) Offset Boring B-I02A 10' south of Boring B-102.



SCHNABEL ENGINEERING ASSOCIATES | Project: Ash Fill Expansion Contract Number: ©93318
CONSULTING GEOTECHNICAL ENGINEERS Chesapeake Energy Center Boring Number: B-102B.
TEST BORING LOG Chesapeake, Virginia Sheet: 1 of 3
Borlng Contractor:  Fishburne Driling Services, Inc. Ground Water Observations
Chesapeake, Virginla Date | Time | Depth | Casing Caved
Borlng Foremar E. Hester _ Encountered | 7/20 - - - —
Drillng Method 2 15/16" 0.0. Roller Bit Mud Rotary -
Orliing Equipment. CME-45C Completion | 7/20 | 208
SEA Representative: J. Hollowell Casing Pulled 7/20 | 2:34 13.5 - 38.4
Dates Started 7/20/99 Finished 7/20/89 :
Locatlen: See Locatlon Plan, Figure Al
Ground Surface Elevation: 19.5:2
DEPTH CLASS. |ELEV.STRAA SAMPLING W REMARKS
(FT.) STRATA DESCRIPTION (FTJ[ TUM | DEPTH|  DATA (%)
Mud Rotary probe to 53 ft; see Boring
- B-102A for strata description. I -

] 10 —

o] — 15 —

— —20—

- — 25— .

. 30—

continued on next page
Comments:

1) Boring backfilled upon completion.

2) Oftset Boring B~1028 10 ' north of Boring B-102




SCHNABEL ENGINEERING ASSOCIATES

Project: Ash Fill Expansion

Contract Number: 893318

CONSULTING GEOGTECHNICAL ENGINEERS Chesapeake Energy Center Boring Number: B-103
TEST BORING LOG Chesapeake, Virginla Sheet 1 of 2
Borlng Contractor:  Fishburne Oriling Services, Inc. Ground Water Observations
’ Chesapeake, Virginia . | Date | Time | Depth | Casing Caved
Borlng Foreman: E. Hester y Encounterad M3 | our 23.0 - -—
Drllling Method 2 15/16" 0.0. Roller Bit Mud Rotary g
713 9:3t - - -
Drlling Equipment: CME-45C Completion /
SEA Representatlye: J. Hollowell Casing Pulled N3 | 9:38 10.0 -— 13.9
Dates Started 7/13/98  Finished 7/13/99 :
Locatlon: See Location Plan, Figure Al
Ground Surface Elevation: 20.0t
DEPTH - CLASS. |ELEV.STRA SAMPLING W REMARKS
(FT.) STRATA DESCRIPTION (FTJ] TUN | DEPTH | DATA (%)
. Fine to coarse poorly graded sand FILL 0.0 A3 8+T+7+T
LQ - with silt FLY ASH FILL, trace gravel, . :
2.0 |\ moit - dar gray VANTH DIKE FILL
’ Flne to medium poorly graded sand FILL : . 3+3+448 .
E with silt FILL, moist - tan - PP=3.0 TSF
4 Fine to medium sandy fat clay FILL, Ak Started mud
moist — dark gra . 142+4+5 p v
B gray |5 PPo2.0 TSF driling at 4
6.0 4.0 :
Fine to medium clayey sand FILL, FILL ! 8+8+8+3
<  moaist - dark gray A2 F
8.0 , - 12.0 ' :
Fine to medium silty sand, moist — dark SM T+10+23+23
-  brown and gray F '
— 10
4 do, contains clayey sand lenses, dark - 3+8+8+40
| brown and dark gray R m ALLUVIUM
— B2 15
-4 do, contalns organlc matter B
T i m 10+7+5+9
=] —20
220 -2.0
Fine silty sand, wet — dark brown gray SH
7 - i m THI+13+18
-] 25 NORFOLK
FORMATION
- C -
7 i m 10+10+14+13
—_ 30
cantinued an next page
Comments:

Boring backfilled upon completion.




CONSULTING GEOTECHNICAL ENGINEERS

SCHNABEL ENGINEERING ASSOCIATES | Project: Ash Fill Expansion

Chesapeake Energy Center

Contract Number: 9683318
Boring Number: B-103

TEST BORING LCG Chesapeake, Virginia Sheet: 2 of 2
DEPTH . CLASS. {ELEY.STRA SAMPLING | REMARKS
(FT.) STRATA DESCRIPTION ET) TUM | CEPTH | DATA (%)
Fine to medium silty sand, contains SM
4 clayey sand lenses, moist = dark - -
brown and dark gray
32.0 -12. -
2 Fine to medium clayey sand, wet ~ SC 12.0 :
- tan, brown and gray - -m 1H1+2+1
- C 35— NORFOLK
i 5 i FORMATION
i do, brown and tan ~ ‘m 1424242
40.0 - - -20.0 40—
Boring terminated at 40 ft :
';f'
Comments:

Boring backfilled upon campletion.




SCHNABEL ENGINEERING ASSOCIATES
CONSULTING GEQOTECHNICAL ENGINEERS |-

Project: Ash Fill Expanslon
Chesapeake Energy Ceriter

Centract Number: 993318
Boring Number: B-104

TEST BORING LOG Chesapeake, Virginia Sheet: 1 of 2
Boring Contractor: Fishburne Driling Services, Inc. Ground Water Obaervations
- Chesapeake, Virginia Date | Time | Depth | Casing| Caved
Borlng Foreman: E. Hester . Encountered 7/13 | 2:43 17.0 - -
Driling Methed 2 15/18" 0.D. Roller Bit Mud Rotary i
: N3 3:07 - - -
Orlling Equipment: CME-45C. Completion /
SEA Representatlve: J. Hollowell Casing Pulled 7/13 315 0.0 - 38.5
Oates Started 7/13/99  Finished 7/13/99 8 1/2 Day 1720 | 10010 8.8 - 7.7
Locatlon: See Location Plan, Figure Al
Ground Surface Elevatlon: 21,0
DEPTH CLASS. |ELEV,STRA- SAMPLING W REMARKS
(FT.) STRATA DESCRIPTION {FTJ| TUM | DEPTH| DATA | (%)
Fine to coarse poorly graded sand FILL A3 5+10+9+11
10 4 with silt FLY ASH FILL, moist ~ dark 20.0 -
2o Llgray AN g DIKE FILL
’ Fine to medium silty sand FILL, moist - FILL ) 10+12+15+18
-1 | dark brown and tan A2 .
-+ Fine to medium poorly graded sand
_L with silt FILL, moist ~ {an T+0+7+7 grtlﬁlrntgda{n 31?
7 do, contains shell fragments, tan and — 5 — :
8.0 -~dark gray 15.0 -
i Fine to coarse sandy lean clay, moist CL g;:;g*’.?SF
71 -~ dark gray, dark tan and brown B . .
8. - 13.0 ~
0 Fine to medlum clayey sand, contains SC 1+3+4+8
- organic matter, molst ~ dark gray -
— —10—
- - ':"
12.0 0.0 -
Fine to medium siity sand, moist - dark SM
- brown, dark gray and tan : 'm 7+7T+8+8
— B2 p—15—
] i ALLUVIUM
7 'm 5+8+10+9
— —20— )
22.0 -10 -
Fine to medium poorly graded sand SP-SM
4 with silt, wet - tan : ' 'm 8+10+13+11
- |25 -
] 8.0 i ] - - FORMATION
27.0 - -8. . FORMA
Flne to coarse poorly graded sand SP-SM - - :
<1  with silt, contains clayey sand W 5+5+8+7
i pockets, wet - tan and brown _m
i 30
continued on next page
Comments:

Boring backfilled upon 8 1/2 day ground water measurement,




SCHNABEL ENGINEERING ASSOCIATES | Project: Ash Fill Expansion Contract Number: 993318
CONSULTING GEQTECHNICAL ENGINEERS Chesapeake Energy Center Boring Number: B-104 '
TEST BORING LOG Chesapeake, Virginia | Sheet: 2 of 2 -
DEPTH CLASS. |ELEV.STRA- SAMPLING W REMARKS
(FT.) STRATA DESCRIPTION (FT.)| TUM | DEPTH|  DATA ()
Fine to coarse poorly graded sand SP-SM

<  wlth silt, contains clayey sand - -
pockets, wet - tan and brown

7 T 'm 7+8+9+9
— ' C 35~ ’ NORFOLK -

FORMATIGN

37.0 - - -18.0 - -
Fine to medium clayey sand, wet — tan SsC

- and brown - -m 14142+

40.0 . - -18.0 40—
: Boring terminated at 40 ft

My

Comments:
Boring backfilled upon 8 1/2 day ground water measurement.



v

SCHNABEL ENGINEERING ASSOCIATES | Project: Ash Fill Expansion Contract Number: 993318
CONSULTING GEOTECHNICAL ENGINEERS Chesapeake Energy Center Boring Number: B-105
TEST BORING LOG Chesapeake, Virginia Sheet: | of 2
Borlng Contractor: Fishburne Drlling Services, Inc. Ground Water Observations
Chesapeake, Virginia Date | Time | Depth | Casing Caved
Boring Foreman: E. Hester Encounterad /13 | 410 | 130 - --
Drilling Mathod 2 15/16" 0.D. Roller Bit Mud Rotary
TH3 | 428 | -- - --
Drlling Equipment: CHE-45C . Completion | 7/
SEA Representatlve: J. Hollowell Casing Pulled M3 4:40 10.5 - 38.4
Dates Started 7/13/99  Finlshed 7/13/99 8 1/2 Day 7720 | 1028 | ory __ 1.0
Locatlon: Se= Location P!an, Figure At
‘ Ground Surface Elevation: 19.5: . . . - .-
DEPTH CLASS. [ELEV.STRA SAMPLING W REMARKS
(FT.) STRATA DESCRIPTION (FTJ| TUM | DEPTH |  DATA (%)
Fine to coarse poorly graded sand FILL A3 5+7+10+8
0 with silt FLY ASH FILL, trace gravel, 18.5 -
20 _holst - dark gray /| FLL 75 LA2 i DIKE FILL
) Fine to medium silty sand FILL, molst - FILL ’ 4+4+4+5
-1 | tan and dark brown . Al =ll||PP=4.25 TSF _
4. Fine to medium sandy lean clay FILL, 4 - i '
4.0 contalns organic matter, molst - dark Fi ] 59 1+2+4+4 ' gﬁﬂal{ggda{“zq
— | brown A2 5 :
L Fine to medium clayey sand FILL, i .
8.0 "\ moist - brown and dark gray /I FILL 3.5 _ 5+8+1047
-1 Fine to medium sandy lean clay FILL, S AP
8.0 4 moist - dark gray, dark tan and brown s N
Fine to medlum silty sand FILL, FILL S+0+13+18
I contains clayey sand pockets, moist - B 1
_| brown : L 10—
¥ ' : ' _ N (RTSIEr
14.0 55 - -
Fine to coarse clayey sand FILL, wet FILL A2 )
—} - dark gray : L 15—
y _ - T K 3+3+343
20.0 : -5 20— '
Fine to coarse poorly graded sand SP-SM :
= With silt, wet - dark brown . F -
I B : _ B2 | | m 3+8+10+3 ALLUVIUM
— —25—
270 ~7.5 -
Fine to medium clayey sand, wet - tan sC )
1 @ndbrown ' : c | |Wrven NORFOLK
- B 1 FORMATION
- 30
continued on next page

Comments:
Boring backfilled upon 8 1/2 day ground water measurement.



SCHNABEL ENGINEERING ASSOCIATES | Project: Ash Fill Expansion

Contract Number: 993318

gray
40.0 ~-20.5

Boring terminated at 40 ft

- m 143+3+4

CONSULTING GEOTECHNICAL ENGINEERS Chesapeake Energy Center Boring Number: B-105
TEST BORING LOG Chesapeake, Virginia Sheet: 2 of 2
DEPTH - : CLASS. [ELEV.STRA- SAMPLING ¥ REMARKS
(FT.) STRATA DESCRIPTION (FT.)[ TUM | DEPTH |  DATA (%)
Fine to medium clayey sand, wet - tan SC
o and brown ) = -
N daq, brown and tan o "m 241+H1+2
—_ C 35— . NORF QLK
i B FORMATION
.
R L .
-1 do, contains slity sand lenses, dark - n

AL

Comments:
Boring backfilled upon 8 1/2 day ground water measurement.




SCHNABEL ENGINEERING ASSOCIATES
CONSULTING GEOTECHNICAL ENGINEERS

Prolect: Ash Fill Expanslon
Chesapeake Energy Center -

Contract Number: 893318
Borlng Number: B8-108

Bering backfilled upon 8 day ground water measurement. _

TEST BORING LOG Chesapeake, Virginia Sheet: | of 2
Borlng Contractor  Fishburne Driling Services, Inc. Ground Water Observations
Chesapeake, Virginia Date | Time | Depth | Caslng Caved
Boring Foreman: E. Hester Lo Encountered 714 | 6:40 12.0 -- -
Orliing Method 2 15/16" 0.0. Roller Bit Mud Rotary
7/14 10:05 - - --
Oriling Equipment: CME-45C Completion | 7/ '
SEA Representative: J. Hollowell Casing Pulled 7/14 10:11 8.5 - 268.0
Dates Started 7/14/99  Flnished 7/14/9¢ 8 Day 7/20 | 10:33 10.8 e o
Locatlon: See Location Plan, Figure Al
Ground Surface Elevation: 20.5:
DEPTH CLASS, |ELEV.STRA- SAMPLING W REMARKS
(FT.) STRATA DESCRIPTION (FTJ| TUM | DEPTH | DATA | (%)
Fine to coarse poorly graded sand FILL A3 5+4+5+4
.0~ FLY ASH FILL, trace silt and gravel, 18.5
2.0 _—‘ contains shell fragments, molst - dark / FILL 185 |- DIKE FILL
O sy FILL | 0| a2 3+4+3+3
’ - Fine.'t to medium silty sa:nd II'-'ILL.. |
contains sandy lean clay lenses, molst
40 1| - dark brown and dark gray 18.5 1124343 Started mud
FILL driling at 4
— | Fine to medium poorly graded sand
with silt FILL, moist ~ tan Al .
| Fine to medium sandy lean clay, ] 7+8+8+8
- contains organic matter, moist ~ dark PP=4.5 TSF
8.0 gray and brown 1.5
) Fine to medium siity sand FILL, moist - FILL ’ 11+18+18+10
- brown .
- -
1 A2
< do, wet 1+ 14
17.0 — - 35
Fine to medium clayey sand, wet — tan SC
7 1+1+7+10
19.0 , 1.5
Fine to medium silty sand, wet - tan SM
] B2 ALLUVIUM
. do, gray, dark gray and brown 3+5+5+7 -
27.0 -8.5
Fine clayey sand, wet - tan and SC .
1 brown c 24142 NORFOLK
- FORMATION
- continued on next page
Comments:




SCHNABEL ENGINEERING ASSQCIATES ro]ect. Ash Fill Expansion Contract Number: 993318
CONSULTING GEOTECHNICAL ENGINEERS Chesapeake Energy Center Boring Number: B-107
TEST BORING LOG Chesapeake, Virginia Sheet: | of 3
Boring Contractorn Fishburne Driling Services, Inc. Ground Nater Observatlons
. Chesapeake, Virginia Date | Time ) Depth | Casing Caved
Borlng Foreman: E. Hester : : Encountered | 7/15 | 945 | 12.0 - -
Drilling Method 2 15/16" C.0. Roller th ‘Mud Rotary -
Drlling Equipment: CME-45C Completion | 7/18 | *19 -
_{SEA Representatlve: J. Hollowell Casing Pulled 7185 1:58 15.5 - 30.5
Dates Started T/|5/99 Finished 7/15/99 4 V2 Day 7/20 10:47 20.0 —_— 20.3
Lacation: See Locatlon Plan, Figure Al
Ground Surface Elevation: 25.0:
BEPTH CLASS. {ELEV.STRAA - SAMPLING W REMARKS
(FT.) STRATA DESCRIPTION (FTJ[TUM| DEPTH| - DATA | (%) | -
" T\__Topsoil /T Fic 157 3+4+7+8
10 -1 " Fine to medium clayey sand FILL, FILL 24,0 -
' | contains organic matter and shell L
fragments, moist — dark brown 10+15+15+15
7 .Fineto 'r?-_eIdiLum poorly graded séand B
4 with silt FILL, moist — tan and brown L Started mud
_ | . 3+0+20+18 drilling at 4"
8.0 18.0 -
Fine to medium silty sand FILL, moist - FILL A2 20+19+15+13
= dark tan I
- do, contains shell fragments, lean clay - DIKE FILL
R pockets and fly ash B 2434444
o - 10
12.0 13.0 '
Silt with sand FLY ASH FILL, wet - . FILL .
4 dark gray 3 m 1114
— - 15
4 ' A3 F , SLUICED ASH
FILL :
T B m 1+ 1+
— : —20
22.0 . 3.0
Fine to medium silty sand, contains SM
4  organic matter, wet - dark gray T m 3424243
- ) —25
i , , B2 T ALLUVIUM
. ' , i m 2+3+3+3
— 30
continued on pext page
Comments:

Boring backfilled upon 4 1/2 day ground water measurement.



SCHNABEL ENGINEERING ASSOCIATES Project: Ash Fill Expansion Contract Number: 993318
CONSULTING GEOTECHNICAL ENGINEERS Chesapeake Energy Center Boring Number: B-107 . .
TEST BORING LOG Chesapeake, Virginia Sheet: 2 of 3
DEPTH ' CLASS. |ELEV.STRA- SAMPLING W REMARKS
(FT.) STRATA DESCRIPTION (FTJ[ TUM | DEPTH|  DATA (%)
Fine to medium silty sand, contains SM
- organic matter, wet -~ dark gray B2 -1 ALLUVIUM
32.0 : -7, -
Fine to coarse slity sand, trace SM 7.0
-1 gravel, wet - light gray - 'ﬂ 2444345
] 35—
] i 'm WOH/18+1
40.0 - -185. 40—
Silt with sand, wet - dark gray ML 50
- - T S NORFOLK
i _ﬂ HCAAC I FORMATION
— —45—
47.0 -22.0 -
Fine to medium clayey sand, contains SC .
- fat clay lenses and shell fragments, o | 1/18+4
i wel - dark gray L _m
— — 50—
§3.0 -28.0 -~
Fine to medium clayey sand, contains sC S+5+8+I
- slity sand lenses and shell fragments, u -1
| wet-dark gray . 55— YORKTOWN
FORMATION
. " I 10+13+18+17
§8.0 -34.0 - - .
Fine to medium paorly graded sand SP-SM -
—  with silt, contains shell fragments, wet 80—
i - dark gray and gray R ]
- do, contains clayey sand lenses, gray - . n 5+5+5+8
_ — 85—
] ™ ‘m 9+9+8+9
70
conlinnad nn poayst nasa
Comments:

Boring backfilled upon 4 1/2 day ground water measurement.




SCHNABEL ENGINEERING ASSOCIATES | Project: Ash Fill Expansion Contract Number: 993318
CONSULTING GEOTECHNICAL ENGINEERS Chesapeake Energy Center Boring Number: B-107A
TEST BORING LOG Chesapeake, Virginia Sheet: | of 2
Boring Centractor:  Fishburne Oriling Services, Inc. Ground Water Observatlons
Chesapeake, Virglnia Date | Time | Depth | Casing | -Caved
Boring Fereman: E. Hester _ Encounterad - - - - -
Orilling Method 3 7/8" 0.0. Roller Bit Mud Rotary B _ — —
Driling Equipment: CME-45C Compietion
SEA Represantative: J. Hollawell Casing Pulled 7/20 | 4:42 10.7 - 425
Dates Started 7/20/98  Finished 7/20/%9
Locatlon: See Location Plan, Figure Al
Ground Surface Elevation: 25.0¢
DEPTH CLASS. |{ELEV.STRA- SAMPLING W REMARKS
FT) | STRATA DESCRIPTION (FTJ[ TUM | DEPTH | DATA | (%)
Mud Rotary probe to 12 ft; see Boring
-1 B-I07 for strata description. -
— L 5 ]
— — 10—
12.0 13.0 =
Silt with sand FLY ASH FILL, wet - FILL 3T
4 gray A3 | 24/15 SLUICED ASH
Mud Rotary probe to 42 ft; see Boring
=  B-107 for strata description. — 15—
- —20—
_ } — 25—
— 30
continued on naext page
Comments:

Boring backfiled upon completion.




SCHNABEL ENGINEERING ASSOCIATES | Project: Ash Fill Expansion Contract Number: 983318
CONSULTING GEOTECHNICAL ENGINEERS Chesapeake Energy Center Boring Number: B-107A
TEST BORING LOG Chesapeake, Virginia Sheet: 2 of 2
DEPTH CLASS. |ELEV.STRA SAMPLING W REMARKS
(FT.) STRATA DESCRIPTION (FTI[TUM | DEPTH | DATA | (%)

Mud Rotary probe to 42 ft; see Boring :
- B8-107 for strata description. : ) - -

— —~35—

— 40—
42.0 -17.0 -

Fine to medium sandy fat clay, wet -~ CH 3T

4 gray _ - dlf]i24/24

. _ ' 0 F  iilar NORFOLK

_ - 45154724 FORMATION
48.0 7 : 210 -

Boring terminated at 48 ft

~t

Comments:
Boring backfilled upon compietion.



SCHNABEL ENGINEERING ASSOCIATES

Prolect: Ash Fill Expansion

Contract Number: 993318

CONSULTING GEOTECHNICAL ENGINEERS Chesapeake Energy Center Boring Number: B-108
TEST BORING LOG Chesapeake, VYirginia Sheet. { of 2
Boring Contractor:  Fishburne Driling Services, Inc. Ground Water Observations
Chesapeake, Virginia Date | Time | Depth | Casing Caved
Boring Foreman: E. Hester Encountered | 7/14 | 137 | 220 -- -
Drilling Methog 2 15/18" 0.D. Roller Bnt *Mud Rotary -
4 152 - -- -
Drlling Equipment: CME-45C Completion mn 1
SEA Representatlve: J. Hollowell Casing Pulled 7/14 | 12:02 10.2 - 38.7
Dates Started 7/14/99  Finished 7/14/99
Locatlon: See Location Plan, Figure Al
Ground Surface Elevatlon: 25.51¢
DEPTH CLASS. |ELEV.STRA- SAMPLING W REMARKS
(FT.) STRATA DESCRIPTION (FT)| TUM | DEPTH|  DATA (%) -
Fine to coarse siity sand FILL, FILL 8+12+13+14 DIKE FILL
- contains organic matter, crushed o -
stane and shell fragments, moist -
“\‘_ dark gray i 8+8+8+5
- do, contains Iean clay pockets. dark- -
brawn A2 Started mud
e WOH+1+2+2 driling at 4°
4  do, dark brown and dark gray - 2+3+444
8.0 i7.5
Fine to coarse poorly graded sand FILL 2+3+4+3
- FLY ASH FILL, trace silt and gravel, B
wet - dark gray
— 10
2.0 13.5 =
Fine to medium clayey sand FLY ASH FILL . .
- FILL, contains fat clay layers, wet - -
| darkgray ] m 3+5+7+6
— — 15
] A3 | -
7 3+3+3+4 SLUICED ASH
S B FILL
] —20 .
220 - 35 -
Fine to medium sandy silt FLY ASH FILL
- FILL, contains mica, wet —~ dark gray - m 1124112
— —25
21.0 - -15
Fine to medium silty sand, contains SM
4 organic matter, wet - gray g2 | K 12+12+1749 ALLUVIUM
- 30
continued on next page
Comments:

Boring bas_:l_(ﬁlle'd upon completion.




SCHNABEL ENGINEERING ASSOCIATES | Project: Ash Fill Expansion Contract Number: 993318
CONSULTING GEOTECHNICAL ENGINEERS Chesapeake Energy Center Boring-Number: 8-108 .
TEST BORING LOG Chesapeake, Virginia Sheet: 2 of 2
DEPTH CLASS, |ELEV.STRA- SAMPLING W REMARKS
(FT.) STRATA DESCRIPTION (FT.)| TUM | DEPTH|  DATA ()
Fine to medium silty sand, contains SM
4 organic matter, wet — gray ] B2 F - ALLUVIUM
32.0 - - -8.5 ~
Fine to medium silty sand, wet ~ brown SM
-~ andtan - -m 242+1/12
— 35—
. cC r ~ NORFOLK
370 - _ e 8 i FORMATION
Fine to medium poorly graded sand, SP-SM
< wel - dark brown and tan - -n R24114T+5
40.0 -14. 40—
Boring terminated at 40 ft s
Comments:

Boring backfilled upon completion.




SCHNASEL ENGINEERING ASSOCIATES | Project: Ash Fill Expansion i Ccntract‘ Number: 983318
CONSULTING GEQGTECHNICAL ENGINEERS Chesapeake Energy Center Boring Number: B-109
TEST BORING LOG Chesapeake, Virginia Sheet 1 of 2
Borlnq Contractor. Fishburne Orilling Services, Inc. Ground Hater Observations
Chesapeake, Virginia Bate | Time | Depth | Casing Caved
Boring Foreman: E. Hester Encounterad 7/18 9:58 0.0 -— -
Criling Method 2 15/18" 0.D. Roller Blt Mud Rotary :
T/8 | - -- -- --
|oriiing Equipment: cye-45C Completion /
SEA Representatlve: J. Hollowell Casing Pulled 7/18 8:20 Dry - 12.3
Dates Started 7/168/8S  Finlshed 7/18/99
Locatlon: See Location Plan, Figure Al
Ground Surface Elevatlon: 21.5%
DEPTH CLASS. |ELEV.STRA- SAMPLING W REMARKS
(FT.) STRATA DESCRIFTICN (FTJ| TUM | DEPTH | DATA | (0
ol —\ Topso" /—W 4 Pl 5+4+4+5
1 Fine to coarse poorly graded sand . B
20 - withsilt FILL, trace gravel, molst - 19.5 L
* dark gray FILL S+3+3+42
Fine to medium silty sand FILL, molst - 3
_ tan and dark tan L 24245418
do, fine to coarse, trace gravel,
—  contains shell fragments, brown A2 =5 DIKE FILL
8.0 15.5 -
Fine to medium poorly graded sand FILL 17+25+21+18
4 with silt FILL, moist - tan -
7 do.wet i 4+3+2+2
10.0 1.5 10
Fine sandy silt FLY ASH FILL, wet - FILL
4  dark gray - e
7 B N M+
— — 15 SLUICED ASH
FILL
- A3 -
. - m WOH/24
] —20
220 -5
Fine to medium sandy lean clay, CL
<4 contains orgaric matter, wet — dark B 1+1+14+2
gray _ L. m PP<Q.5 TSF ALLUVIUM
: | s
- B —25
21.0 — - -5.5
Fine to medium silty sand, wet - gray SM
4 : - NORF OLK
c m 4+2+4+8 FORMATION
- _ 30
continued on next page -
Comments:

.Boring backfilled upon completion.




SCHNABEL ENGINEERING ASSOCIATES Project: Ash Fill Expansion Contract Number: £93318
CONSULTING GEOTECHNICAL ENGINEERS Chesapeake Energy Center Boring Number: B-109
TEST BORING LOG Chesapeake, Virginia Sheet: 2 of 2
DEPTH CLASS. |ELEY.STRA- SAMPLING , REMARKS
(FT.) . STRATA DESCRIPTION (FTJ[ TUM| DEPTH |  DATA (%)
Fine to medium silty sand, wet ~ gray. SM
- * . C - -
32.0 -10. -
Fat clay, trace sand, wet - gray CH 0.5
< brown o W 5414142
- - |1l PP<Q.5 TSF
D
— —35—
37.0 -i5.5 -
. Fine to medium silty sand, wet- light SM 5
q gray and brown - TIW 3424343
. I
c w
— —4 0— NORFOLK
i L . FORMATION
42.0 : ~-20.5 -
2 Fat clay, trace sand, contains silty CH 2
-] sand lenses, wet - dark gray Wl 3+3+2+3
i L. -m PP=0.5 TSF
- o 45—
47.0 -25.5 -
Fine to medium clayey sand, wet - SC
~ * gray and brown » 'W 1+WOH+1+2
52.0 -30.5 -
Fine to medium silty sand, contains SM
-1 shell fragments, wet - tan - "m 2+3+4+8
] — 55—
- E - -t
YORKTOWN
- - FORMATION
N i 'm 9+10+8+8
80.0 -38.5 80—
Boring terminated at 80 ft .
Comments:

Boring backfilled upon completion.




SCHNABEL ENGINEERING ASSOCIATES | Project: Ash Fill Expansion Contract Number: 993318
CONSULTING GEQOTECHNICAL ENGINEERS Chesapeake Energy Center Boring Number: B-109A
TEST BORING LOG Chesapeake, Virginia Sheet: 1 of 3
Boring Contractor: Fishburne Driling Services, Inc. Ground Water Observations
Chesapeake, Virginia Date | Time | Depth | Casing Caved
Borlng Foreman: E. Hester . Encounterad 7/18 - - - _—
Oriling Mathod 2 15/16" 0.0. Raller Bit Mud Rotary —
709 | 1 - -- --
Driiling Equipment: CME-45C Completion / 129
SEA Representatlve: J. Hollowell Casing Pulled 719 2:30 12.5 - 785
Dates Started 7/19/99  Finished 7/19/99
Locatlon: See Location Plan, Figure Al
Ground Surface Elevatlon: 2151
DEPTH CLASS, |ELEV.STRAA SAMPLING W REMARKS
(FT.) STRATA DESCRIPTION (FTJ[ TUM | DEPTH| DATA | (%)
Auger Probe to 33 ft; see Boring
- B-109 for strata description. - -
— L 5 —
-] 10 —
- he 15—
— —20—
-] — 25—
. A
) 30
continued on next page
Comments:

Boring backfilled upon completion.




SCHNABEL ENGINEERING ASSOCIATES | Project: Ash Fill Expansion Conlract Number. 693318
CONSULTING GEOTECHNICAL ENGINEERS . Chesapeake Energy Center Boring Number: B-109A
TEST BORING LOG Chesapeake, Virginia Sheet 2 of 3
DEPTH CLASS. |ELEY.STRA- SAMPLING W REMARKS
(FT. STRATA DESCRIPTION (FTJ[ TUM | DEPTH| DATA | (X
Auger Probe to 33 ft; see Boring
- B-109 for strata description. - -
33.0 =115 =
Fat clay, trace sand, moist - gra CH 3T
- 4 gray - Jli{ll 24/20
— D 35— 3T NORFOLK
. i 34718 FORMATION
37.0 -18. -
Auger Probe to 83 ft; see Boring 1.5
<4  B-109 for strata description. = -
— L 40—
— —45—
— —55—
. B 7 .
- 80—
83.0 - ~415 4
: Fine to coarse silty sand, contains SM , 8+8+7+7
-]  shell fragments, wet - tan -]
- ’ —05—] - YORKTOWN
FORMATION
1 E
7 B 'm B+4+68+7
— v 70—
ooptinyad an noyj Aags
Comments:

Boring backfillad upon completion.




SCHNABEL ENGINEERING ASSQCIATES | Project: Ash Fill Expansion Contract Numbar: 993318
CONSULTING GEQTECHNICAL ENGINEERS Chesapeake Energy Center Boring Number: 8-108A
TEST BORING LOG . Chesapeake, Virginia Sheat 3 of 3
DEPTH CLASS. |ELEV.STRAA SAMPLING W REMARKS
(FT.) STRATA DESCRIPTION TFTITTUM | oepTH DATA (%)
Fine to coarse silty sand, contains SM L
- shell fragments, wet - tan s -
] i 'K 10+8+10+10
— _ 75—
] i ‘m T+T+T+7
— 80—
1 do gray I 'n 8+8+10+0
— E 85—
YORKTOWN
- - FORMATION
7 3 ‘n T+5+4+7
— 90—
7 3 'n 12+13+14+18
-] 85—
7 i ’m 18+18+18+19
foa. -78.5 100
co.0 Boring terminated at 100 ft
Comments:

Boring backfilled upon completion,




SCHNABEL ENGINEERING ASSOCIATES | Praject: Ash Fill Expansion Contract Number: 993318
CONSULTING GEQTECHNICAL ENGINEERS Chesapeake Energy Center Boring Number: B~110 '
TEST BORING LOG Chesapeake, VYirginia Sheet: | of 2
Borlng Contractor:  Fishburne Oriling Services, Inc. Ground Water Observations
Chesapeake, Virginia Date | Time | Depth | Casing Caved
Boring Foreman: E. Hester y Encounterad 7/14 1:45 10.0 - -
Orlling Method 2 15/18" 0.D. Roller Bit Mud Rotary -
Driling Equipment: CME-45C Completion | 7/14 | 206 -
SEA Representatlve: J. Hollowell Casing Pullad 7/14 2:14 10.8 - 27.3
Dates Started 7/14/99  Finlshed 7/14/9%
Locatlon: See Location Plan, Figure Al
Ground Surface Elevation: 25.0¢
DEPTH CLASS. |ELEV.STRA . SAMPLING W REMARKS
(FT.) STRATA DESCRIPTION (FTJ[ T | DEPTH| DATA | (%)
Fine to medium silty sand FILL, FILL 8+11+iS+ig DIKE FILL
=1 contains shell fragments, moist - dark -
2.0 brown and brown 23.0 i .
) Fine to medium poorly graded sand FILL ’ ’ I7+12+18+18
-1 with slit FILL, moist - tan -
-1 do, contains shell fragments A2 | Started mud
] g _|[f)3iies driling at 4°
y - 241241148
8.0 7.0
Fine to medium poorly graded sand FILL 1+1+1+1
<  FLY ASH FILL, trace gravel, moist - -
dark gray
— — 10
12.0 : 13.0 -
Siltkwlth sand FLY.ASH FILL, wet - FILL A3 SUICED ASH
- dark gray -
1 X i m {+1+1/12 FILL
] —15
17.0 8.0
Fine to medium silty sand, wet ~ dark SM L
Toeey 112¥4+4
- o L
— —20 : ALLUVIUM
22.0 3.0
Fine silty sand, wet = dark gray SM _
. S m 8+6+0+8
- 25
pu C -
27.0 -2.0 o NORFOLK
Fine to medium poorly graded sand SP-SM FORMATION
- with silt, wet - dark gray and gray - m 8+8+11+13 :
I 30
continued on next page
Comments:

Boring backtilled upon completion,




SCHNABEL ENGINEERING ASSQOCIATES | Project: Ash Fill Expansion Contract Number: 993318
CONSULTING GEOTECHNICAL ENGINEERS Chesapeake Energy Center Borlng Number: B-110 '
TEST BORING LOG Chesapeake, Virginia Sheet: 2 of 2
DEPTH CLASS. |ELEV.STRAS SAMPLING N REMARKS
(FT.) STRATA DESCRIFTION (FTJ[ TUM | DEPTH| DATA | (%
Fine to medium poorly graded sand SP-SM
- with silt, wet - dark gray and gray . = -
32.0 -7.0 L
v Fine to.medium poorly graded sand, sp 7
- trace silt, wet ~ dark gray and gray t -m 3444545
—] C 35— NORFOLK
R L i FORMATION
37.0 -12. o -
Fine to medium poorly graded sand SP-SM 2.0
- with silt, moist — tan and red brown - —m 245+4+4
40.0 -15. 40—
Boring terminated at 40 ft 5.0
Comments:

Boring backfilled upon completion.




Boring backfilled upon 4 1/2 day ground water measurement.

SCHNABEL ENGINEERING ASSOCIATES | Project: Ash Fill Expansion Contract Number: 993318 -
CONSULTING GEOTECHNICAL ENGINEZRS Chesapeake Energy Center Boring Number: B-il '
TEST BORING LOG Chesapeake, Virginia Sheet: 1 of 3
Borlng Contracter: Fishburne Oriling Services, Inc. Ground Water Obaervatlgns
Chesapeake, Virginia Date | Time | Depth | Casing Caved
Boring Feremar: T. Donahue Encountered 7/15 - 22.0 - -
Drlling Method 2 15/18" 0.D. Roller Bit Mud Rotary et 178 __ _
Drlling Equipment: CME-45C Completion '
SEA Representative: J. Trimyer Casing Pulled 7/18 315 - - -
Dates Started 7/15/9¢  Finished 7/15/89 4 1/2 Day 7720 | 10:50 14.5 __ 145
Locatlon: See Location Plan, Figure Al
Ground Surface Elevation: 26.0¢
DEPTH CLASS. [ELEV.STRAA SAMPLING W REMARKS
(FT) STRATA DESCRIPTION _ (FT.| TUN | DEPTH | DATA (%)
Fine sandy sit FLY ASH FILL, mcist - FILL 4+8+7+7
- black -
- A3 L
4+5+4+5
37 : 22.3
. 1  Fine to medium poorly graded sand, FILL "
| trace siit FILL, moist - tan | aka DIKE FILL
] i S+4+4+4
- do, contains shell fragments and A2 L
B sandy slit pockets B 2+3+3+3
— — 10
12.0 : 4.0
Fine sandy silt FLY ASH FILL, moist - FILL I
1 black - m [HHOH+1+1
— —15 SLICED ASH
i FILL
e = ' m NOH/24_ No recovery
] —20
A3
22.0 4.0 o
Silt with sand FLY ASH FILL, contains FILL
- organic matter, wet ~ dark gray - WOH+/18+1
— —25 m
] B 8+8+7+6
29. : -3.0
%0 Fine to coarse poorly graded sand SP-SM C NORFOLK
-1 with silt, et = dray Brown 30 FORMATION
continued On nex page
‘Comments:




SCHNABEL ENGINEEHING ASSCCIATES | ProJect: Ash Fill Expansion Contract Number: 293318
CONSULTING GEOTECHNICAL ENGINEERS Chesapeake Energy Center Boring Number: 8-111
TEST BORING LOG Chesapeake, Virginia Sheet 2 of 3 -
DEPTH CLASS, [ELEV.STRA- SAMPLING W REMARKS
(FT.) STRATA DESCRIPTION : (FTJ[ TUM | DEPTH | DATA | (%)
Fine to coarse poorly graded sand SP-SM
- with slit, wet = gray brown’ . o -
7 i 'm 3+5+5+4
— - |- 35—
38.0 -12.0 L
Fine to medium clayey sand, moist - SC 2 2+2+2+2
- tan and brown : - 1
— —40—
] ' I 2+ No recovery
- _ c 1
_— _45_ . . -
7 " I 37T
i N S - NORFOLK
) | | =0 _:FORMATION
53.0 ' 1210 L
Fine to medium siity sand, wet - gray SM K 3+5+7+8
-] — 55—
: 7 - : " TV 12+18+20
588 - -32.8 L .
Fine to medium slity sand, contains SM
—|  shell fragments, moist - gray brown 60—
83.0 : -37.0 __—
Fine to medium clayey sand, contains sC B+140+9 |
-~ shgll fragments, moist - light gray E YORKTOWN
- — 85— FORMATION
1 do, gray and green gray i 'ﬂ B+Q+I2+15
70—
Londousd rn navt nass
Comments:

Boring backfilled upon 4 1/2 day ground water measurement.



"~

SCHNABEL ENGINEERING ASSOCIATES | Project: Ash Fill Expansion Contract Number: 993318
CONSULTING GEQTECHNICAL ENGINEERS Chesapeake Energy Center Boring Number: B-til '
TEST BORING LOG Chesapeake, Virginia Sheet: 3 of 3
DEPTH ) CLASS. [ELEV.STRA- SAMPLING W REMARKS
(FT.) STRATA DESCRIPTION (ETJ[ TUM | DEPTH|  DATA %)
Fine to medium clayey sand, contains SC
- shell fragments, molst — gray and - 5
| greengray L .
- do, fine to coarse o W 8+7+7+10
N B 1
— 75—
77.0 -5l - 5
Fine to coarse silty sand, contains SM 51.0
-1 shell fragments, wet — gray B ‘K 4+8+0+10
- —80~—
7 -] m J+6+13+14
_ E (a5l
' YORKTOWN
1 B N FORMATION
7 -] m{ B+I5+10+13
. 50— 2"
7 3 'm 5+0+0+13
- —95—]
N i 'm 5+8+11+10
100.0 - -74.0¢ 100
: Boring terminated at 100 ft
Comments:

Boring backfilled upon 4 1/2 day ground water measurement.




SCHNABEL ENGINEERING ASSOCIATES Prolect: Ash Fill Expansion Contract Number: 993318
CONSULTING GEQTECHNICAL ENGINEERS Chesapeake Energy Center Boring Number: B-112
TEST BORING LOG Chesapeake, Virginia Sheet: 1 of 2
Boring Contractor:  Fishburne [riling Services, Inc. Ground Water Observations
Chesapeake, Virginia Date | Time | Depth | Casing Caved
Boring Foreman: E. Hester 5 Encountered 7/14 2:51 12.0 - -
Orliing Method: 2 15/168" 0.0. Roller Bit Mud Ratary -
Driling Equipment: CME-45C Compietlon /i 318 -. — -
SEA Representative: J. Hollowell Casing Pulled M4 | 327 4.5 - 38.7
Dates Started 7/14/99  Finished 7/14/99 8 Day 7/20 | 152 Dry . 10
Loca_tlon: See Loc_:ation Plan, Figure Al
Ground Surface Elevaﬂon_: 25.5¢
DEPTH CLASS. |ELEV.STRAA SAMPLING W REMARKS
(FT.) STRATA DESCRIPTION (FT.J| TUM | DEFTH | DATA (%)
Fine to medium silty sand FLY ASH FILL 2+2+8+5 DIKE FILL
= FILL, contalns organic matter, molst - o .
i dark gray L
[\ do, fine A3 4+4+3+4
4.0 .,
Fine to medium silty sand FILL, brown Fic | 2 HOH+1+2+2 amned mud
— andtan : — & ‘
7] B 2+3+5+9
8.0 .5 -
Fine to madium poorly graded sand FILL 7 A2 4+4+5+4
- FILL, trace silt, moist = gray and tan o
! — 10
- 12.0 - 13.5
Fine silty sand FLY ASH FILL, wet - FILL
1 gray i HOH+1/12+
- 15
. - m Ve SLUICED ASH
- 20
22,0 , a5 -
Silt with sand FLY ASH FILL, wet - FILL
- <4 dark gray i m WOH/18+1
- — 25 .
27.0. -1.5
Fine silty sand, wet - dark gray SM -
- - 0+2+11+12 NORF OLK
c m FORMATION
-] - 30
contlnued on next page
Comments:

Boring backfilled upon 8 day ground water measurement,




SCHNABEL ENGINEERING ASSOCIATES | Project Ash Fill Expansion Contract Number: 993318
CONSULTING GEOTECHNICAL ENGINEERS Chesapeake Energy Center Boring Number: B-112 -
‘ TEST BORING LOG Chesapeake, Virginia Sheet: 2 of 2
BEPTH CLASS. [ELEV.STRA4 SAMPLING W. ﬁEHARKS
(FT.) STRATA DESCRIPTION (FTJ{ TM| DEPTH| DATA | (%)
Fine siity sand, wet = dark gray .SM
32.0 - -8.5 T
Fine to medium poorly gradad sand, SP
. tn"ace silt, wet - gray B ‘m 4+T+T+9
-] C |35 NORF OLK
| ] FORMATION
37.0 : -1, ]
A . ane to medium poorly graded_ sand SP-SM 18
= with silt, wet = tan - -m 13+13+13+14
40.0 - -14.5 0
Boring terminated at 40 ft
Comments:

Bering backfilled upon 8 day ground watar measurement.




SCHNABEL ENGINEERING ASSOCIATES | Project Ash Fill Expansion Contract Number: 993318
CONSULTING GEQTECHNICAL ENGINEERS Chesapeake Energy Centar Bering Number: 8-~113 :
TEST BORING LOG ’ Chesapeake, Virginia Sheet: | of 1
Boring Contractor:  Fishburne Driling Services, Inc. Ground Hater Observatlons
Chesapeake, Virginia | Date | Time | Depth | Casing| Caved
Baring Foreman: E. Hester . Encountered 7/15 - 28.0 - -
Drliiing Method 4 1/4" Holly Stem Auger i
15 3 - —_
Drlling Equipment: CME-45C Completion | 7/1S | 438 oy
SEA Representatlve: J. Hollowell Casing Pulled 7/15 | 4:48 -- - 23.3
Dates Started 7/15/99  Flnlshed 7/15/99 18 hr Reading 718 | as3 185 __ 19.0
Locatlon: See Location Plan, Figure At
Ground Surface Elevatlon: 52.0t
DEPTH - ELEV.STRA- SAMPLING W REMARKS
FT) | STRATA DESCRIPTION (FT.)| TUM | DEPTH | = DATA (%)
Silt with sand FLY ASH FILL, dry - 2+2+4+4
-4  dark gray . L -
] T )N 8+io+9+9
4 do, moist T W) 3+4+3+3
- L5
- T Il 2+1+3+44
. T W 2+ 14344
- — 10—l a7 40.7
-1 |l -t 24/24 :"
4 do, fine sandy T W 2#2+3+3
— 3 |15
A aT 33.8 DRY ASH
R - 24/24 FILL
. T W 4434444
- 20— ar
. L it 24/0
y C o I sT
- I -| 24/24
7 T W 10+7+13+15
- 25—
< do, wet B 'm 3+3+3+4
- — - .0 30—~
30.0 Boring terminated at 30 ft 22
Comments:

Boring backfilled upon 18 hour ground water measurement. '




SCHNABEL ENGINEERING ASSOCIATES
CONSULTING GEOTECHNICAL ENGINEERS
TEST BORING LOG

Project: Ash Fill Expansicn

Chesapeake Energy Center
Chesapeake, Virginia

Contract Number: 9893318
Boring Number: B-114
Sheet: | of 2

Borlng Contractor: Fishburne Driling Services, Inc.

Ground Water Observatlons

Chesapeake, Virglnla Date | Time | Depth | Casing Caved
Boring Foreman: E. Hester ) Encountered | 7/12 | 820 | 20 -- -
Driling Methed 2 15/18" 0.D. Roller Bit Mud Rotary Comoletl e 1016
Driling Equipment: CME-45C ompleton i -
SEA Representatlye: J. Hollowell Casing Pulled 7/12 | 10:20 20° - 7.2
Dates Started 7/12/88  Flnished 7/12/09
Location: See Location Plan, Figure Al
Ground Surfaca Elevation: 3.5¢
DEPTH . CLASS. |ELEV.STRA SAMPLING W REMARKS
(FT.) STRATA DESCRIPTION (FTJ] TUM | DEPTH| ™ DATA (%)
““ M\ Topsoil Vam RS 241712
Fine to mectﬂum siity sang. contains B
0 - organic matter, molst - dark gray and L .
2.0 _Lgray SC 1.5 /12 ALLUVIUM
7 Fineto meciﬁtum clayey sax:(d. contains B
N organic matter, wet ~ dark gray B2 k Started mud
_ do, contains silty sand lenses | 5 HOR/12+HOH+} drilling at 4'
8.0 ~2. - - y
Fine to medium silty sand, contains SM 28 242+3+4
- organic matter, wet - dark brown o
- 8.0 -4,
Fine to medium poorly graded sand SP-SM 45 2+2+2+3
4 with silt, wet - tan -
— —10
12.0 ' - t.as5] ¢
Fine to medium clayey sand, wet - SC c
4 light gray i m 1+1+1+1
- —15
- - NORFOLK
7.0 -13.5 FORMATION
Flne to medium sandy lean clay, wet - CcL :
- light tan B TI+14+]
N L N PP<0.5 TSF
0
- .20
22.0 -18.5
Fine to medium clayey sand, wet - tan sC :
= and brown . B m 2424242
— —25 ,
- c be
. i m 1+1+1+2
- - 3a
con tlnue_d on next page

Comments:
Boring backfillad upon completion.




SCHNABEL ENGINEERING ASSOCIATES Project: Ash Fill Expansion . Contract Number: 993318
CONSULTING GEOTECHNICAL ENGINEERS Chesapeake Energy Canter Boring Number: 8~114 '
" TEST BORING LOG Chesapeake. Virginia Sheet: 2 of 2 .
DEPTH : CLASS. |ELEV.STRAA SAMPLING W REMARKS
(FT.) STRATA DESCRIPTION (FT.J| TUM | DEPTH |  DATA (%)
Fine to medium clayey sand, wet - tan SC
- and brown : - -
I c
-1 do, dark gray - -m 1141+
35. . " -315 35 ' NORFOLK
0 Fat clay with sand, contains mica, wet CH 3 . FggMglflfoN
! . -~ dark gray » i
i D
- - |l 2+2+3+4
- . i1l PP=15 TSF
40.0 -38.5 40—

Boring terminated at 40 ft

Comments:
Boring backfiled upan completion.



CONSULTING GEOTECHNICAL ENGINEERS
TEST BORING LOG

Chesapeake
Chesapeake

SCHNABEL ENGINEERING ASSOCIATES | Project: Ash Fill Expansion

Energy Canter
, Virginia

Contract Number: 983318
Boring Number: B-1i5
Sheet: 1 of 2

Borlng Contractor: Fishburne Oriling Services, Inc.

Ground Water Observations

Chesapeake, Virginia Date | Time | Depth | Casing Caved
Borlng Foremar: E. Hester . Encountered 7/2 | 108 | 80 | -- --
|Orllling Method 2 15/18" 0.0. Roller Bit Mud Rotary completl 71 41
Drlling Equipment: CME-45C ompletion :
SEA Representatlve: J. Hollowell Casing Pulled 712 .45 73 - -
Dates Started 7/12/99  Finished 7/12/98
Locatlon: See Location Plan, Figure Al
Ground Surface Elevatlon: 9.0t
DEPTH CLASS. |ELEV.STRA- SAMPLING W REMARKS
(FT) STRATA DESCRIPTION (FTJ[ TUM | DEPTH|  DATA (%
[\ Topsoi Ve e WOH+2+3+3
T F ;?r? to n;eldlum poorly lg;raded sand -
4 with silt FILL, moist — brown L
A2 4+5+4+4 FILL
4.0 .0
Fine to medium clayey sand, contains sC s 2+3+4+45
—{ organic matter and siljty sand lenses, — 5
moist - dark gray and gray )
8.0 3. o 3 UVIU
Fine to medium silty sand, contains SM 01 B2 2+3+2+5 ALLUVIUM
- organic matter, moist - dark gray and B
8.0 gray 10
) Fine to medlum clayey sand, wet ~ tan sC /1241 Started mud
- : - drilling at 8'
- —10
. i 2+2+3+4
— — 15
1 do contains mica, tan and gray - 24 {+1+1
- C r NORF O'i'}§ON
_ 20 FORMA
T B +1+141
] 25
y N m 3+3+242
— 30
continued an next page

Comments:
Boring backfilled upon completl_on.




SCHNABEL ENGINEERING ASSOGIATES Project: Ash Fill Expansion Contract Number. 993318

CONSULTING GEQTECHNICAL ENGINEERS Chesapeake Energy Center Boring Number: B-115
TEST BORING LOG Chesapeake, Virginia Sheet: 2 of 2
DEPTH | CLASS. |ELEV.STRA- SAMPLING W REMARKS
(FT) STRATA DESCRIPTION | FTI[TUM | DEPTH | DATA (%) .
Fine to medium clayey sand, contains sC
- mica, wet - tan and gray , o -
- do, trace gravel, brown and dark gray i - -m WOH+1+2+4
- C 354 NORFOLK
R ] FORMATION
7 ' ' 3 'm 1H1+1+1
140.0 ' ' -310 40—

Boring terminated at 40 ft

Comments;
Borlng backfiled upon completion.



CONSULTING GEOTECHNICAL ENGINEERS
TEST BORING LOG

SCHNABEL ENGINEERING ASSOCIATES | Project: Ash Fill Expanslon

Chesapeake Energy Center
Chesapeake, Virginia

Contract Number: 993318
Bering Number: B-118
Sheet: | of

2

Borlng Contractor Fishburne Driling Services, Inc.

Ground Nater Obsarvations

Chesapeake, Virginia Date | Time | Depth | Casing Caved
Boring Foreman E. Hester Encountered 7/12 | 318 4.0 -- -
Drliing Methad: 2 15/18" 0.D. Roller Bit Mud Rotary — -
Drlling Equipment: CME-45C Completion | 7/12 | 344 -
SEA Representatlye:” J. Hollowell Casing Pulled 7/12 | 3:49 7.0 -- 38.0
Dates Started 7/12/98  Finished 7/12/99
Locatlon: See Locatlon Plan, Figure Al
Ground Surface Elevatlon: 10.01¢
DEPTH CLASS. |ELEV.STRA SAMPLING W REMARKS
(FT.) STRATA DESCRIPTION . (FTJ| TUM | DEPTH | DATA | (%)
" [\Topsoll ST FmL | o HOH+1+3+3
71 ~ Fine to medium poorly graded sand 3 FILL
4 with silt FILL, moist — tan
_—\- do, contains shell fragments a2k 8+8+0+9.
4.0 - 8.0 Started mud
Fine to medium silty sand FILL, wet - FILL 1+2+7+8 drimng a{nz'
—  brown and dark gray — S
8.0 4.0 .
Fine to medium clayey sand, contains sC 3+4+T+5
- organi% matter and silty sand lenses, -
vet - dark gray
o - WOH+3+1 ALLUVIUM
- B2
— —10
12.0 -2.0
Fine to medium silty sand, wet - tan SM o
7 ' i m 3+5+4+8
- — 15
T [~ m e+2+3§-4
- 20 'NORFOLK
FORMATION
- C F .
22.0 -12.0 -
Fine clayey sand, contains silty sand SC
4 Ienses, wet - tan ) " m 2+1+1+1
—_ 25
-1 <o, trace gravel, brown and tan - B K 1424143
- 30
continued on next page
Comments:

Boring backfiled upon completion.




SCHNABEL ENGINEERING ASSOCIATES Project: Ash Fill Expansion Contract Number: 993318
CONSULTING GEQTECHNICAL ENGINEERS Chesapeake Energy Center Boring Number: B-116
TEST BORING LGG Chesapeake, Virginia Sheat: 2 of 2
DEPTH ' CLASS. |ELEV.STRA SAMPLING W REMARKS
(FT. STRATA DESCRIPTION (FTI[TUM | DEPTH | DATA | (%
Fine clayey sand, trace gravel, SC
-4 contains silty sand lenses; wet ~ s ~
_ brown and tan N i
- do, fine to medium - -m 2414144
— C 35— NORFOLK,
_ L FORMATION
37.0 -27.0 L4
Fine to medium silty sand, wet — dark SM
9 gray and brown I~ 'm 14+2+2+4
40.0 : -30.0 40—}
Boring terminated at 40 ft
Comments:

Boring backfilled upon completlion.




. | SCHHABEL ENG!NEERING ASSQCIATES e
CONSULTING- ENGINEERS TEST BORING LOG BORING NO. »-1
PRCJECT: ASH POND, VERCO, PORTSMOUTH STATICN SHEET NO. 1 OF1
 CLIENT: _ VEROO. ;0 eeeee. _ JOB NQ.: V80072
BOEING CONTRAGIOR: AVFRS & AVERS —INC. DRILL, GE-55 | ELEVATION: 18.5%
WATER LEVEL DATA DRIVE SAMPLER |.CASING SIZE: 3%"
o ___[DATE | TIME | DEPTH | CAVED | TYPE S.S. | DATE START: 3/27/80
i FENCOUNIERED j 3727 | 3:00 | 24.0°7 = DIA, 2" 0.D. | DATE FINISHED: 3/27/80
AFTER CASING PULLED|3/27 | 3:15 | DRY 2.5' {wr. 1407 | DRILLER: C. JAMERSON
B rAY READING 4/2 [10:30 | DRY | 5.0" |FALL 30" INSPECTOR! p_ mpeTNGTON
<7 .
z > |9 Yzul g . ' -
E Byl 4 13258=[§| © - IDENTIFICATION REMARKS
BlS let|a Gwd| & ' -
- 2+1+1 S | FINE TO MEDIUM SAMD, FILL, SOME SILT, e
2. _MOIST — BROWN (SM) CAR
b(l) 44819 | S | FINE TO MEDIUM SILTY CLAVEY SAND, FILL,
‘ L . —] MOIST - BROWN (SC)
7.0 : Tube pressed 24"
- 10 . FINE TO MEDIUM SAND, FILL, TRACE Recovery = 14"
: 3 SILT, MOIST - BROWN (SM-SP)
T+12+13 | S FINE TO QUARSE SILTY CIAYEY SAND,
: FILL, TRACE GRAVEL ~ BROWN (SC) .
I N Y4
. of B s FINE TO MEDIUM SAND, MOIST - BROWN (SP)
0 . FIOL
4+4+3 S
22,0
Tube pressed 24"
. vy = 14"
B 2243 | 5 |3Y] FRE SBD, TRACE SILT, WITH ReoRiess -
WOOD AND SAND LENSES, AND RCOTS - ALLGVIAL  ° ¢
27.0 : MOIST - GRAY (SP-SM) “ o
~10 . FINE TO MEDIUM SANDY SILTY CLAY, WITE | Tube pressed 24’
D ‘ 7' /LENSES OF SILTY SAND, MOIST - GRAY (CL) .%&H-g%irﬂ --
30.0 1+1+4 S ‘ FORMATION:.__ . )

EORING TEFMINATED AT 30.0 FT




SCHMABEL ENG!INEERIHG ASSOCIATES
CONSULTING ENGINEERS

TEST BORING LOG

BORING NO. p-3

PRCJECT: ASH POND, VFPQD, PORTSMOUTH STATICN

| CLIENT: VERCO.. .. .. .

SHEET NO. 1 oF 1

OFEING CONTRACTOR: aAvEDQ £ AVEDRS TN\

JOB.NO.: VBNA72

~ DRILL: CE-55

ELEVATION: 18.7%

WATER LEVEL DATA DRIVE SAMPLER | CASING SIZE: 2k
DATE | TIME | DEPTH | CAVED | TYPE S.S. | DATE START: 3/28/80
ENCOUNTERED 3728 | 9:15123.0' ~ DIA. 2" 0.D. | DATE FINISHED: 3/28/80
AFTER CASING PULLED|3/28 110:00{12.0' | 18,0 I wr. 1404 DRILLER: C, JAMERSON
5 DAY READING 4/2 |10:39 13.5' | 14.57 | FALL 30" INSPECTORB. HARRINGION
ol
x > n W, 3 . .
§ Eri b |3z58:|5 . IDENTIFICATION REMARKS
2+2+2 § | FINE TO MEDIUM SAND, FILL, TRACE SILT,
MOIST - BROWN (SP)
O 3
A(L}— : .
3+10+10 | S | FINE TO MEDIUM SILTY CIAYEY SAND, FILL, _
L L MOIST - GRAY (SC) FILL
. 7.0 -
10
5+13+17 §S | FINE TO MEDIUM SAND, FILL, TRACE SILT,
) MDIST - BROWN (S@)
R (2) v
8+14+14 | S
19,0 O : : _—
B 5+5+9 S | FDE TO MEDIUM SAND §om SIIT, WITH FECENT
B ROOTS, MOIST - BROT (SM) —RLLUVIAL - _
. 1+4+4 S | FINE TO MEDIIR SAND, SOME SILT, WET - NORFOZI
c GRAY (SP) FORMATION
=10 .
30.0 S+13FL | S | do, FINE

DAL

BORING TERMDMATED AT 30.0 FT




SCHMABEL ENG!NEERING ASSQUIATES | . BAS Chey
CONSULTING ENGINEERS TEST QORING LOG BORING NO.. p-3
PRCJECT : ASH PQND, VEPCO, PORTSMOUTH STATION S SHEET NO. 1 OF 1
 CLIENT: _VEPQO. . . _ JOB NO.: VB0Q72
QEING CONTRACTOR; AYETS ~& = FIERS, "IN DRILLY CFE=55 | ELEVATION: 18,4F
WATER LEVEL DATA DRIVZ SAMPLER | CASING SIZE: 2k"
DATE | TIME | DEPTH | CAVED | TYPE S.S. | DATE START: 4/1/8Q
ENCOUNTERED j 4/1 | 8:15{ 24.0' - DIA. 2" 0.D. | DATE FINISHED: 4/1/80
AFTER CASING PULLED| 4/1 [10:15] 8.0'] 10.0'fwr. 1404 | DRILLER: C. JAMERSON
24 HR. READING 4/2 |10:30] 6.5'| 9.5'f FALL 30" INSPECTOR:B. HARRINGION
- .
x [ Uz'm 8 - .
E Ee| @ |Z283018 IDENTIFICATION . REMARKS
E W' W J°%ag |
S |18.4Z|® w¥9aln :
3+3+4 § | SILTY Crav, FIIL, SOME FINE SAND,
MDIST ~ GRAY (CT.) )
6+9+9 s
ht— w
10. FILL
4+5+5 s | ¢o, saoy
"[1270
'L\(Z) S5 [ 5| FDE TO MEDIUM SAND, FILL, SO
' SILT, MOIST - GRAY (SM)
2.0 ~
0 .
5 T |5 | CIAYEY SIIT, TRACE FINE SAND, WITH Rty
ORGANIC MATTER, MDIST - GRAY (M)
22.0
24T 3 FINE TO MEDIUM SAND, TRACE SILT, WET ~
GRAY (SP)
-10
10+124140 s
: : -
c 3+4+4 | S | -do, SOME SILT — LIGHT BROWN FORYATI
=20 _
3:2+42 S
24142 | 8
i
] 30
f 30,0 2+1+2 S
EORING TEPMDR@TED AT 50.0 FT
L

e



*. | SCHMABEL ENGINEERING ASSOCIATES e B
Ft CONSULTING ENGINEERS TEST BORING LOG BORING NO.
PRCJECT : ASH PQND, VEBCQO, PORTSMOUTH STATICN SHEET No, 1 oF 1
 CLIENT; VEPCO ... .____. _ JOB NO.,: V80072
BOEING CONTRACIOR: AYFRS & AYERS, INC. DRILL: QE-55 ELEVATION: 18.57
WATER LEVEL DATA DRIVEZ SAMPLER | CASING SIZE: 2%"

- DATE | TIME | DEPTH | CAVED [ TYPE S.S., DATE START: 3/28/80
ENCOUNTERED 3/25) R-15114.n° = DIA. 2" 0.D. | DATE FINISHED: 3/28/80
AFTER CASING PULLED{3/28 | 8:30| DRV T = {wr. 1507 DRILLER: C. JAMERSON
S DAY READING 4/2 }10:30] 6.5' | 6.5° | FALL 30" INSPECTOR: B. HARRINGION
<

x > v wWal, 8 ‘ X .
z Erf @ |Z2z28 |= IDENTIFICATION REMARKS
w - g + _Joqllu > . . .
E O 118.5%|® wAs | @
~{2+243 § | FINE TO MEDIUM SILTY CLAYEY SAND, FILL,,
MOIST - GRAY (SC) -
AL 2414 | s : FIIL
. L‘
I I o 4
10 .
2+2+4 § | FINE TO MEDIUM SAND, FIIL,  “u=
TRACE FLY ASH WET ~ GRAY (SP)
A2 o
2+1+2 S
19.4—20 - i
. [143+45 [ FINE TO MEDIUM SAND, ° SQME SILT, WITH RECENT
= | ~ORANIC MATTER, WET - BROWN (8 __  ,{ —ALLUVIAL. _
c _ .
6+6+7 S| FIXE TO MEDIUM SAND, TRACE SILT, VET- . NOREGTK
GRAY (S2) . . FORMATION
27.0 .
D -10. CIAY, SOME FINE SAND MDIST - GRAV- -
30.0 " {2+4+4 S | GREEN (CH) —

BORING TERMIDMATED AT 30.0 FT

N



[ SCHNABEL ENG!MEERING ASSOCIATES [ .. e P
' CONSULTING ENGINEERS HAND 'AUGER LOG BORING NO. B-5

PROJECT: ASH FCND, VEPCO, PORTSMOUTH STATION SHEET NO. 1 OF 1 ° |
| CLIENT: _ VERCQ. .. .___ JOB NO.: V80072
BOEING COUTRACIOR = DRILL: H.A. ELEVATION: 12.5%
WATER LEVEL DATA - IDRIVZ SAMPLER | CASING SIZE: H.A.
- - DATE | TIME | DEPTH | CAVED | TYPE S.5. DATE START: 4/L/80
"_ENCOUNTERED : 4/1 112:00|SURFACE] = | DIA. 2" 0.D. [ DATE FINISHED: 4/1/80
AFTER CASING PULLED{ 4/1 | 12:00{SURFA - WT. 1404 DRILLER: B. Ve
___HR. READING HCKFTTIED UPCH CQMPLETION | FALL 30" INSPECTOR: B. HARRINGTON |
=
' .> ¥ YzxWl d . ) .
é A éggsz. = IDENTIFICATION REMARKS
E;“ Q lz.ué'i' ; V,%l: t)/; ’
: n
o / : , " | Tube Pressed 24"
A FLYASH, FIIL, WET - BLACK _ Recovery 18"
iy " FOL !
= L]

HAND AUGER TERMDMATED AT 5.5 FT

\K'



CONSULTIHG ENGINEERS

SCHHABEL ENG!MEERING ASSQCIATES

"HAND AUGER 1ICG

EORIN G NO. B¢

PROJECT: ASH PCND, VEFQO, PORTSMCUTH STATION

SHEET NO. 1 OF 1

| CLIENT; _ VERCQO.. _ .
BOEING CONTRACLOR:

JOB_NO.: V80072

HAND AUGER TERMINATED AT 5.5 FT

2 ‘DRILL: H.A. ELEVATION: 12.0F
WATER ;zgr. '??Ecg DRIVE SAMPLER | CASING SIZE: H.A,
_ A DEPTH | CAVED [ TYPE 5.5. DATE START :4/1/80
ENCOUNTERED 4/1 110:00 SURFACE] = DIA, 2" 0.D. | DATE FINISHED: 4/1/80
AFTER CASING PULLED{ 4/l |I0:00[SURFACE] = WT. 1404 DRILLER: B, FARRINGTCN
__—HR. READING IBACKFIILED UPCN CCMPLETION FALL 30" INSPECTOR: B, HARRINGION
- .
ElE.| 2 |$,458%]8 -
alr | 3 |c250x]|% IDENTIFICATION REMARKS
Bl Ytla SnE |5
12.0- l “
10 FLYASH, FIII, WEP -~ BIACK | mube Pressed 24v
A (3) N : Recovery 13"
- - FILL
= p(* i B e

Ay




SCHYABEL ENGINEERING ASSOCIATES [ 7 as memrinn @ < ' NO. B-
- CONSULTING ENGIHEERS TEST BORING LOG BORING NO.. B-7
PRCIECT : ASH PCND, VEPCO, PORTSMCUTH S'I‘ATICN ’ SHEET NO. 1 OF.l
| CLIENT; VEPQD JOB NO.: v30072
(ROEING rONTRACTOR: AYERS R AYERS . INC. DRILL: TRIFCD ELEVATION: 12.0%
WATER LEVEL DATA DRIVZ SAMPLER | CASING SIZE: 24"
DATE ] TIME | DEPTH | CAVED { TYPE S.S. DATE START: 3/31/80
"1 ENCOUNTERED j 3/31 | 1:00 [SURFA - DIA. 2" 0.D. | DATE FINISHED: 3/31/80
© _AFTER CASING PULLED{3/31 | 3:30 SURFACE] WT. 1409 DRILLER: C. JAMERSCN
___HR. READING FCKEILLED UPON CCMPLEI‘ION FALL 30" INSPECTOR: g, HARRINGION
=
=’ > 19 Way, | 4 i . .
E Pl B 35 §8¢ e IDENTIFICATION. REMARKS
é w Wy I gw >
© 12,0 |@ wva & :
241+ S . :
10 2 é} . ] Tube Pressed 24"
Recovery 24"
A3 3+1+] S FLYASH, FILL, WET - BLACK FILL ' R
l i ‘ .. '. '...'
3+2+2 S Tube Pressed 24"
* No Recovery
" *
+1/19n {4 8
0
13.0
c 4 S FINE TO MEDIUM SAND, TRACE SIIT,
WET - GRAY (SP
(se) NORFULX .
FORMATION
' [26.0 [Tors+s | s |_ - —.
. EORING TERMINATED AT 20.0 FT

Ay




SCEHABEL ENGINEERING ASSOCIATES “NOS B-3
© " CONSULTING ENGINEERS TEST BORING LOG BORING KO. =
PRCJIECT: ASH PCND, VEPCO, PORI’SMEUIH STATION SHEET NO. 1 oF 1 -
 CLIENT; _VEECO _ _ . JOB NQ,: V80072
ROE TG CONTRACTOR : AYERS AND AYERS, INC. DRILL: QME-55 ELEVATION: 17.6%
WATER LEVEL DATA DRIVE _SAMPLER | CASING SIZE: 2%".

L DATE | TIME | DEPTH | CAVED | TYPE S.S. | DATE START: 4/./80 C
ENCOUNTERED _14/L | 11:09 24.0° - |bIA. 2" 0.D. | DATE FINLSHED: 4/1/80 e
AFTER CASING PULLED{4/1 [IL:00 11057 T IZ.0 {wr. - 1404 DRILLER: GC. JAMERSCN S
24 HR. READING 4/2 11:09 8.5' | 9.0'[FALL 30" INSPECTOR: B. HARRINGIUN ot
< o "

x > |2 Yz i 3 ) : R
§ Er| @ 13zE8q |2 IDENTIFICATION REMARKS S
Glc |1fi6ta awd |5 _ - "
4+8+17 T'g |SILIY LAY, FILL, SOME FINE SAND, FOLST - ] - RS A
GRAY (CL)
5+7+11 | ¢
- P .
. 10 2
. FIIL,
Y : .
| 19.5 3. 249+11 | g
FINE TO MEDIUM SAND, FIIL, SCME smr,
MOIST - GRAY (SM)
3+o5+d s
A (2
0 .
19.0 . -
J+3+8 s [ERE T0 MEDIUM SAND, TRACE SILT Wrth RECENT
B oE ORGANIC MATTER, WET — BROWN (SB) ! ALLUVIAL
22,0
8+3+7 g | FOE TO MEDIWM SAND, TRACE smr, VET - MORFOLK
GAY (sp) FORMATION o
-10
0. g+5rd | S .

EORING TERMINATED AT 30.0 FT




SCHMABEL ENG!NEERING ASSOCIATES A
) CONSULTIHG ENGINEERS T.EST BORING LOG B.ORING‘NO.. B-9
PRCJECT : ASH BCQAND, VERM., PARTSMOUITH STATTON $_HEF.T 'N'O. 1 OF 1
| CLIENT; _VEPD .. oo . i _ , JOB NQ.: VBQQ7?
ROEING CONTRACTOR: AVERS A AYERS, INC. DRILL:  CME=55 ELEVATION: 17.5%
WATER LEVEL DATA DRIVE SAMPLER | CASING SIZE: 24"
DATE | TIME | DEPTH | CAVED [ TYPE 5.S. DATE START: 4/2/80
TNCOUNTERED 4/2 [8:30114.07 - DIA. 2" 0.D. | DATE FINISHED: 4/2/80
AFTER CASING PULLED[4/2 | 9:00f 9,57 | 10.0' fwr. 1407 DRILLER: C. JAMERSCN
Z_HR. READING 472 |11:00] 8.57 9. 5T  FALL 30" INSPECIOR: B. HARRINGIONW
<
=t > [¥ Yz | 3 '
z E;—_ u §g§§5 z IDENTIFICATION- REMARKS
8" | fsHa 35E | 5 L -
7+10+10f g | SILTY CLAY, FILL, SOME FINE SAND, MOIST
- GRAY (CL) S
_ 4+8+10 | ¢
h (1)L
10 FIIL
5757 7575 | 5
FINE TO MEDIUM SILTY SAND, FILL, MDIST -
GRAY (SM)
F2) TAH_| o | do, SOMT CTAYEY SIIT °
1802
3+3+4 S
FINE TO MEDIUM SAND, TRACE SILT, VET -
ey S WHITE (Sp-5M)
v -10
¢ : FOREOLK
IOFLFIT| g FORMATICN
44646 | ¢
-20
39.0
5H+d | o | SIITY CIAY, TRELE FINE.SAND, 'MDIST - GRAY
D (cL) - -
FOME TO DRI SAMD, TRACE SILT WITH
e WOHTL+L | 5 | MICA, VET - GRAY. (SP-SM) .
i
-30
[ 30- FIFT | S -
BORING TERMINATED AT 50.0 FT




.| SCRNABEL ENGINEERING ASSGCIATES - S
O CONSULTING ENGINEERS TEST BORING LOG BORING NO. p-10 j
PRCJECT :  ASH PCND, VEPCO. PORTSMOUTH SI'ATION SHEET NO. 1 OF
CLIE?\T - _VEEQ JOB NO.: V80072
LOR AYERS AND_AYERS, InC, " DRILLCHESSS ELEVATION: 17,5%
NATER LEVEL DA’I‘A DRIVE SAMPLER CASINGC SIZE: 2k"
- DATE | TIME | DEPTH | CAVED | TYPE S.S. DATE START: 3/28/80.
[ ENCOUNTERED . 3/28 110:45{19.0' ~ I DIA. 2" 0.D. | DATE -FINLSHED: 3/28/80
AFTER CASING PULLED{3/28 } 11:30 DRY 10.0' § wWT. 140# DRILLER: C. JAMERSON et
____HR. READING BACKEILLED UPON COMPLETION § FALL 30" INSPECTQR: B.WN . | :
T . . e
' > |v wWxyL ]| ‘ oL .
é Eel @ |Zz28.¢2 . IDENTIFICATION REMARKS
w w SV g W >
a 17.5t @ wwal v . . R
9+9+11 [ g | SILTY CLAY, FILL, 'TRACE FINE SAMD, GRAY | : e

AND BLACK - MOIST (CL)

AL 55 | s

L .
10
9.5 34545 | g : .
FINE SAND, FIIL, SOME SILT, MOIST - . FILL
GRAY (SM)
A(2)
71849 | s
o -
19.0 "do, WET

2+4+5 | s | FINE TO MEDIUM SAND, TRACE SILT, - VET-
: LIGHT GRAY (SP)

C . . NOREFOLR

3+3+3 | s | Eo, EFOWN (Si+-5P) FORMATICH
-10 :
30.0 1+1+2 | S | d&o, WITE CIAY IAYERS

EORDYG TERMINATED AT 30.0 FT




" ."|'SCKYABEL ENG!NEERING ASSOCIATES RING NO: Bo1l
L N e NEERS TEST BORING LOG BORIN
PRCJECT : ASH PCND,VEPCO. PORTSMOUTH. STATTON SHEET NO. 1 OP 1
[ CLIENT; VEPQO .. _ " JOB _N0O.: VB0072
BO‘_L\Q CON'TRACIQ&L DWDq_l\T{AW‘JL Y e DRILL: CSE=-55 ELEVATION: 18.4T
WATER LEVEL DATA DRIVE SAMPLER CASING SIZE: 24"
DATE | TIME | DEPTH | CAVED | TYPE | 5.S. | DATE START: 4/1/80
ENCOUNTERED 471 12:501 14,01~ [DIA. 2" 0.D. | DATE FINISHED: 4/1/80
AFTER CASING PULLED{4/1 2:50 1 DrY g N'{WT. 1404 DRILLER: C. J?\MZRSON
20 HR. READING 4/2 lO:SOl DRY g.0'] FALL ag" INSPECTOR: B. _I'IARRH\GICN
ol 7} le' 8
x > © _ .
ElE:| 2 |$:85°|8 IDENTIFICATION REMARKS
E w' o +_:°30.u > .
Q 18.47|® wwa ] n -
6+6+8 | g | SILTY CLAY, FILL,SOME FRE SAND, MOIST -
GRAY (CT.)
AL
EH8+10] ¢
L
7.0]
10 FINE TO MEDIUM SAND, FILL, TRACE SILT,
- MOIST ~ BROWN (SP)
4+14+9 | g | ' _ . FOL
A(2]
6+9+101 s | o, VET - cray
19.0 12 :
3+3+3 | g | FINE TO MEDIUM SAND, TRACE SILT, VET -
GRAY (SP)
c
4+4+6_ | g NORFOLK
: FORMATION
=10, - do, SOME SILT - BROWN (SM) .
30.0 ¥ 5
EORING TERMINATED AT 30.0 FT

"y,




PRI

N SCKC'ABEL EMGINEERING ASSOCIATES
A CONSULTING EMGINEERS

TEST BORING LOG

BORING NO.. B-12

PRCJECT : ASH POND., VEPCD, PORTSMOUTH. STATION

CLIENT;

OFING CONTR LrTAR :AYERS AND AYI:RS INC.

SHEET NO. 1 OF 1

JOB NO.: V80072

~ DRITL: CFE=33

ELEVATION:18,0%

WATER LEVEL DATA DRIVE SAMPLER | CASING SIZE: 3k"
DATE | TIME | DEPTH | CAVED { TYPE 5.S. DATE START: 4/1/380
ENCOUNTERED 4/1 - = - DIA. 2'" 0.D. | DATE FINISHED: 4/1/80
( AFTER CASING PULLED[4/1 | 4:30] DrY { 7.0' bwr. 1407 DRILLER: C. JAMERSON
18_HR. READING 4/2 |10:30| DRY | 8.5' | FALL 30" INSPECTOR: B. HARRINGION
v
x . > 0 ‘”Z‘w 8 . .
é sl u §g§8¢ g IDENTIFICATION - REMARKS
B e 18:"('31' a %%gf & )
1+6:+6 S .
FINE SAMDY SILTY cr.Ay, FILL, MOIST - GRAY Tuke pressed 24"
3w/ () Recovery = 24"
3+6+9 S ’
R
10 . .
346+ | s
11.0 FILL
3+5+5 | g |FINE TO MEDIUM SAND, FIIL, TRACE SILT,
MDIST - GRAY (SP)
A(2) N 7% _
36+ g Tube pressed 24"
0 Yo Recovery
19.0 .
*/|FoE o MEDIIM SAND, TRACE SILT, WET - Tube pressed 24"
. LIGHT GRAY (SP) No Recovery
TFIT3 S
i 3+4+4 | g 1do, SOME SILT — BROWN (M)
-10
8+10+15) g NORFOLK
: FORMATION
3+5+5 S
37.0
-20
D - FINE TO MEDI'M STILTY CLAVEY' x-\zn, MOIST -
) 4+3H9 s GRAY (SC) :
25.0 3+3+5 S
' FINE TO MEDIUM SAND, SOvE SILT, MDIST -
c =30 BROWN (S3)
3. IRCR/IZY S |éo, WET (S2)
EORING TESMIMATED AT 50.0 FT

LA



Groundwater Monitoring Plan
Chesapeake Energy Center

Appendix B

Well Schematic and Boring Logs

Chesapeake Energy Center Appendix B



r.:m:’
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.




JAN =31 OL(WED) [1:21 VA POWER EP&XC

TEL:8042733410 P. 003
ENSAT LOG OF BORING MW-5 Page I of |
Y RONENTAL RAVIEX AN TEC-ewiany OORPORA TIOM
PROJECT: V4 Power 0DCP ORILL METHOD: Hollow Stem Auger DIA: o
CLIENT: VA Power DAILLED BY: Connelly A1soc LIC, #; MO-482
LACATION: Chesapsake Energy Canter SAMPLE METHGD: Spat Spoon WELL DEPTH: 14,5 1t
JO8 NUMBER: 824-~00144 ELEVATION/COORDINATES: WELL DIA.: 4
DATE STARTED: /2/8/82 SURFACE FINISH: Stlek=up, 3 rt. TOTAL DEPTH: 14.5 ¢
OATE COMPLETED: /2/8/82 LOBGED BY: AML DERPTH TO GH: &,/
z . FID @ -
= |Bg |2 S| @ g
gl & E ala g|d 6E0LOGIC DESCAIPTION E KELL DIAGRAM
a~| 853 5|3| pacrie %|d o
A === L | Graus awrfaca coverage, gray to derk gray .§ <.
[ = fine nandy CLAY with trace to Jtta a0t T & & 3
. =] nolat B e I A
c :‘;’ , =] G| Tento cray fine to mecun senay CLAY hd= F—r - i
= ! =3 -} SC | with trace do Otls alt; molat to Nat G- 1=l 1 -
KH I—— Botttem 4" of apooft gray clayey SAND § S1=71.13% -
. ! =3 ] Nith trace sit; wat : 5 =1 v -
=1 — 5 =1 &
] =8 S E
10— NH ) o] M Gray and lan very fine to tine well sorlad v [i=I 8
2 ; SAND With trace clay and alt; ¥at {clay L S et o B
I percent ncraasad at battom of apoon) £ Li=t] -
- ! alo, zome nadlum SAND traughout antira ~ 1= ] -
R spoon S {-l=l- l -
« 1 =1- t
NS ¥ [1=)] -
5= 2 -J -
-l
Nell xet BI4.5 1L §
] NH = Nalght of Hammer |
B NS = No Sampie Recovarsd =
p= . -l
20— -
28— —
4 7
35— -
40- 1




P0O-8

FROJEZT  VEDC A PAaRTRHOUTH ASYH DISPASAL. Ponld PROJECT M
CLEVATICN Gwl 0 HRS 9.9 FEZYW EG~==G NO
24 RS 9.8 FERT WLl )
DATE n./g [R3 FIELD ENGINESR_DUARNE. R. LENWARNT PAGE NO. | "oF |
EC DESCRIPTICN |9 3
=2 |l w 2
O | cxd|lw l 3 jg
Z>- | >3 > = ! n e
- - cC|.C > > wn : 1'%
o > Qi d - Q Ll 3 A e
xX > sy ulajw|—= pa z REMARKS:
— | =8 e Slwi@ad B - 3
5108 | 93%|2|E85E | 8 MATERIAL
L |l OUl=|lola=~ac o CLASSIFICATION --
ul ww o |wv (a4 ] <
. w S el < a3 =Z 4 (]
SE1E %158 8 '
e E < ¥2) (a4 - 29
Q v
=5 Ny
1 2 5 luls] 6 7 | 8 I J 10
L VEE = |3l |emz 3 mEdH S W suEL FRAG. R FEuw RosTS
.0 | oS, - 2 |
| P reese %, | siety-cad -(GRST) | Vet MareT
k D 3
1.0 ‘ 2 l
| 2.2 X | ' —/) |
3.0 | 7 l Hi%"'a‘,ﬂsa l.t | INE S8A0 \A/ SOME. ST l/// ' Marte v
| | [ T ( RANTAGE- /A ] soue MsTTuRG
Lo [ .8 B E S — '// M
Loose  PESS Fine saan W sowe s I’// %Jl SIS A
.0 /
J sl | | 7
Lo | | - l Vut{.sosa. D(?B.A.\[' SicrY-SAN W/ cagamcS o s g' Sa‘:«?_s;ms Aad
l l w lb-‘_’;[ ' _des| 3| weoot maTL
7.0 l | l L‘ clzigse_ GRAY | S - saD ;°, 3‘
| | i I lo>] 3]
g.o | R | (CravwEs) BRIl
| 8.4 | —le;| 2|
q.0 | Iz a {: eSE | B, | ofaame SICT 1°:] @
| <S-| .:'g LooSE | Ban | spaady - suz 2 | vEAY morsT A WE
10.01 il pu j ' 2| |smosg sescs —
| lgs-2 | |- 3| Loosz a4 I ST - SAND ced| | om0t
d.o | | | | | S wer
1 e — o]
[2.0 l ‘ l "_:: w&ck i wl FINE SAND ub/sou:. SILT Aud l°..‘ 4 |
l | R | | SUZLL FRAGHENTS o9 Y|
] R ] R
| ¢ ] N
| s . EREY
I I P | o 2]
.6 | | R | | o5 &
REMARKS S g T8 \pCATED ~ 12 FEET Aaoue-_ AwWER, LEYEL . UolE BZHAWNEN aPed T (2.0 FEET .
d ineH CASWE SET AN CLEANTD WO lb.0 FEET. 2 INCH PYC A
DISTALLS A (LMY crgoy AS, St . o e sed Ba PUC SEcrion) AGPQOJE CT NO. 22-202
W SCRELY CAP INETAMED Fol SOAFALE PARITELTION, Qester NO . 2.

weLL




PO-9

PROJECT  VEPCo rFoiSmouTH Ask DI PoSAL. Pend P..QOJEC
cLZVATICN GWL 0 HRS_o. & FEET LG
: HRS LIS L)
DATZ !l_cl /83 FIELD ENGINEZR DUALT_ R LINnAANT PAGE NO 1 OF |
T DESCRIPTICN | 2
SE Yol , ‘? =
%;: >-% > = 1 W :.J
SEF2818| |k B 243
= x > ~ewle|wi—2= Z 230 REMARKS:
o e Eake! O Sy g —— 2
E:zd mtﬁ %%:&% L—_—Lﬁzd% g. MATERIAL 3
oL e B 8la 2 e—-ozx 51 CLASSIFICATICN e
Q. ul S| <laldaZ py4 [\
wS 1§ <Y (83 8
=0 é & & 34’
— \} ’
23 1.5
i 2 35 s ls] s | 7 | 8 R J 10
i Leosz | Ban | sirv-2and o some Fone GraveEL 4|
1.6 5 | l e SV
[ " - >
. - RAY -Su ) \CS a =
| Sl seet e SANN - SWT WY/ =omE. alGAN | we~
e K L =T ) :
2.0 l l N A i l/‘ ?'
| ' ¢ g :ﬂﬁoc_c &fgﬁﬂ oRGANIE ST “E’{Z?&E‘ !,I/A :d' | oa.\cs.sxét&c_uun.h
3.0 2.8 X ! ! ﬁj// 3l
s-1 | j&\ BT 128/ | clAREY-SUT W/ SenE 02GANICE  [S4] 2 | SOME Sar MeTiLEs
4-.0 % |B l >: a l
-
| N | 12,% 3]
=0 |- RN D e ORGANIC CATY ST 1o b oA
| | | B2y | o | JRests:
6.0 | | ls.8 ‘,,_ ' ! K k1 -
l | I S§| Loose 1”0 ] simy-saan i [ S—g Femmpess!
7.0 | | | I | l .51 al
|7'1' S Looss  1Klao ] Siumy - SAMAD 1° Q E I
» =z | % | ey Tes o]
9.0 l |2-e v lveey | FINE. AN W SeMe, sicT °s ;l AMD LIQUIRIED
| || eesm ] . 2o] 2| BS BRE0p o
.. . - BNV L
0.0 l ‘ %32 ! | - ]oJ¢:_4q3'
| | J'o-2 | ] ]
I | l I | l
| | | | | | |
l | I | | | |
l l I | I |-
| | | | | | |
| | | | | ! |
| | | | | | |
l | ' I l ! |
| | l | | | |

REMARK S

SO LACATED ~ 2 a3 Fasv

ARoJE. RINER. .

UoLE, RTMANED eREN wo cASING Te

Q.0 FecT.

diled cASiNG SET ARD CLEAAED
Z.o vl Puc ARG ISTALLEDN (A Seg=5) ASs SHow

To 1o0.2 Fecv,

~ROJECT NO.

o s w8 e S3smen wiy SO CAP (INSTALLED

f‘o'Q &)‘L—-Ar—- DOATR — A

~on

=== MNO.

8

3-202_

)




PO-10

I CSNSULTANTS, &

FROJECT VEPCO PodisHolTh ASY DISPosAL Poudy FR0JECT NO. 83 262,
CLEVATICN GWL 0 ERS 0.2 =&t g====C NO. ol
24 HRS  o.4 FEX WS L. -
DATEL [2.['7{83 FIELD ENGINEER DUANE 2. LeNHAPRIET paGE NO. ! oF |
05| < = DESCRIPTICN B
- ! [ad
O~ o |wn Q 39
=z > >3 2> = 1 v 3 E
“E | =313 5w %13
- = > szglalul=2. Z Sae REMARKSH
S =0 s &2 S|lwnid — S45
Lo | o> al=lZ = < MATERIAL -
1wl 8 Z8¥|IZI58L8: | 2 CLASSIFICATION 3
- W wwWolwunie v @) — - ——
o gzl Z 4 Q iy
[« 4 [a 1 Q —_ QO Q
v Q E <9 QO Q
=0 w [<4 ——
cu -~ v 3'41
=Re] er 2.5
Y
1 | 21 3 Juls] 6 7 8 cwzoce | L@l )
_ YRl e [Ty [oosanic uavEn W soms s RO Y A e wss
.0 ¢Sl _seET BN | SANDY = Susr ¢GaodT) Y
Ld .S. PE————— A WwET
2.6 . 'SSg SoFt | =223 /1 surf-gand 4 SANNY - ST }/Z ;
‘-_\"Hc;mun . = =
l 2.4 L \ ST::; wb.ll SAND- CLAY Ll 5_"’J'/// 53 Sams. Soil. Mo
2ol Tt | N8 PRl conei-oan [ 2| svonts so smasc
N | I % i
Jdo | 36 <. MEDIHL c=  [Shon | sust - sAD loal ol wet
‘ S-2 -S |°° gl
., sl Vi
sS.0 o l ° l -
| ."-. l ‘°°I__I'>q2-
t.0 | | P! | 2.0 A |
| l 'b.i ? " l .‘o 3 ‘
® e 0w Q R 1”1
'7-0 ‘ ‘ '_:\.‘ LooSe &.Ll\ﬂﬂ_[ F‘Qa Wb (»5/ SOME. SIST 930 Ql SANS L\N\—\Eh
| o - Gdre! 2, | A MouED> el
8_0 l .'-.,: ‘o: §| 'I AT e = Cp A
. »
| :s..‘. | (GanyEL) N 3 |
9.0 I :' ... > il‘bl ;i
39 oo 5l
10.0 et 1
— tore
I | e | | l |
l | | | l | |
| l | | l l |
| | | | l | I
l | | l B I
| I | 1 | !
| | | I I 2 |
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| | ! I l | |
| [ l l | I |
DEMARK SN G TE. LoeATED ~ 3 To 4 FRET ARouE. RWER , WATER twiTu REDMISH Colol, PauDED oW

Su2Tacs ARoodD BORING . HOLE. REMAVEL OPEN wo C¢ASING TTO
d.T esET, d el ARG SET AND LI Tn 102 SCAT.

2 micd NG cASOIG W/ SAREEN STT ARG ANNULAR SPACE BALKSLLED

P Y
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353G NO. o
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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

ldentification:

CECW-3

Location:

Chesapeake Energy Center

Project No.: 95058.17

Drilling Contractor: Fishbume Name of Logger: M. Lecper || Date: 25 August 98
Type: HSA Total Depth: ~24' Screen/Casing Type:  0.010" Slot 2" PVC {| Screened Interval: 249
Dept Sample Description Well Construction Details
h
(feet)
Sample Blow Counts Recovery Description of Material Depth
0 No. (inches) 0
{npp!h 1)
- 0-2 2-2-3-2 16" Tan, white medium to finc SAND Kk
5 -
- 4-6 3-3-3-1 10" Tan, white medium to tine SAND with lenses of orange 9
-— medium sand
10 -
- 9-11 1-1 spoon 24" Tan medium to fine SAND to dark gray silty clay, possible ash
] fell layer, moisture increasing
15 - :
- 14-16 1- spoon fell 24" Dark gray silty CLAY, possible ash layer, intersected water
— table
200 4
- 19-21 1- spoon fell 24" Dark gray silty CLAY, possible ash laycr, saturated
25 = 24v
- Not to scale
30 -
35 -
40 -
50
55 -
60 -
NOTES: WELL LEGEND
1. Well riser st in 2' X2' X 4" concrete pad. -
2. Water level is ~ 18.40", PVC Riser

PVC Screen

Bentonite

Cement Grout

No. 2 Morie Sand

Z= RESOURCE
w— [NTERNATIONAL, LTD.

ENGINEERS o SCIENTISTS » SURVEYORS o PLANNERS
9560 KINGS CHARTER DRIVE o P.0. UOX G180 o ASHLAND, vA 23005
(004) 550-9200 o FAX (004) 550-9259




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




Groundwater Monitoring Plan
Chesapeake Energy Center

Appendix C

Example Chain of Custody Form

Chesapeake Energy Center Appendix C
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Example Form

CHEMICAL ANALYSIS ORDER - SYSTEM LABORATORY

Location : Requested by: Priority:
hma&v& Date: Phone: | Date Anal. Comp.:
Comment: | Sampled by: Date Appvd. Release:
X - PLACE AN "X" IN THE BOX FOR SAMPLES TO BE SUBMITTED NOTE:
L L
System Lab | Sample Sample Sample | #Boitles Project
Number X|ID | Date Time Comp. Grab Code Analyses / Remarks
Relinquished by: UE..« Time Received by: Date Time
(Signature) (Signature)
Relinguished by: Date Time Received by: " Date Time
(Signature) | (Signature)



rick017
Example Form


Groundwater Monitoring Plan
Chesapeake Energy Center

Appendix D

Example Field Sheet

Chesapeake Energy Center Appendix D



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-----




Groundwater Monitoring Plan
Chesapeake Energy Center

Appendix E

Field Equipment Manufacture Calibration Guidance

Chesapeake Energy Center Appendix E



HYDROLAB
Multiparameter Water Quality
Monitoring Instruments

— Operating Manual —

| —
B HYDROLAB



PART THREE
MAINTENANCE and CALIBRATION

3.1 Parameter Selection

*“* Not all Transmitters have the full complement of sensors, so select from
the information of Part Three that which pertains to your SVR3 system. The
Transmitter label shows your options. Use FIGURE 3.1 to identify the sen-
sors. : -

Remember that the calibration points for a SVR3 system are stored in
the Transmitter (which may be a Hydrolab H20 or a Hydrolab DataSonde 3).
This allows one Display/Logger to calibrate several Transmitters if those
Transmitters are to be used later without a Display/Logger (for instance, if
you are using the SVR3 Display/Logger to calibrate DS3s before their deploy-
ment). It also means that any Transmitter can be used with any Display/
Logger, without recalibration. In other words, the Transmitters are inter-
changeable.

Fundamentally, the Transmitter is calibrated by pouring a calibration
standard into the Calibration Cup (or immersing the entire Transmitter in a
bucket of standard) and watching the readings (for the parameter to be
calibrated) in Screen 1 or 2. '

When the readings stabilize {(meaning that step-response and /or
temperature transients have disappeared), the Basic Menu is accessed by
hitting the Display/Logger’s Space key. Typing a C will then produce the
Calibrate menu, from which the particular.parameter value can be set. (Sec-
tion 2.5 has more menu-specific information for calibration.) '

Alternatively, you can use the Calibrate macro keys (see section 2.1.4)
~ for calibrating time, pH, specific conductance, salinity, dissolved oxygen, and
depth.

You might notice that the Transmitter has built-in checks for calibration
* acceptance. If a sensor’s response is nowhere near what it should be for the
calibration value you type in, the calibration value will not be accepted. For
example, if you type in 7.02 for a pH calibration, but have accidently im-
mersed the sensorsin a buffer of value 9.18, you are notified that the calibra-
tion is not acceptable and are returned to the Screen 1 or 2. If for any reason
you cannot complete calibration for any parameter, the Transmitter will
continue to use the calibration from the last time that particular parameter was
calibrated. However, you should try to determine why the proposed new
calibration is not acceptable (faulty sensor, bad standard, low batteries (see
section 3.11), mis-typed standard value, etc.).
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If any parameter values are accompanied by an asterisk (*), those value
are based on default calibration settings. This means that the Transmitter has
no calibration information for that particular sensor, and has replaced it with
{i.e, defaulted to) a nominal calibration setting. So, the sensor must be
calibrated. Note that some calibrations affect other parameters. For ex-

- ample, lack of calibration information for specific conductance will cause an

asterisk annotation for specific conductance, salinity, dissolved oxygen
{ppm), and depth readings, since each is calculated from, or influenced by,
the specific conductance reading.

3.2 Sage Remarks Concerning Sensor
Preparation

Sensor preparation is probably the most important action you can take
to maintain or improve the quality of your field measurements. A contami-
nated, worn-out, or damaged sensor simply will not produce a reliable
reading. It is well worth your time to set up a routine in which all sensors
are serviced frequently and then allowed to rest in tap water oVernjght
before calibration.

3.3 Temperature

Because of the unvarying nature of the temperature sensor and its
conditioning circuitry, the temperature calibration is factory-set and requires
no recalibration. The sensor itself requires no maintenance.

3.4 Specific Conductance and Salinity

* Specific Conductance ranges are divided to maximize measurement
resolution. The Fresh Water cell block (see FIGURE 3.1) provides the ranges

"0t00.15,0.15 to 1.5, and 1.5 to 10 milliSiemens/cm. The Salt Water cell block

(see FIGURE 3.1) provides the ranges 0 to 1.5, 1.5 to 15, and 15 to 100 milli-
Siemens/cm. The Salt Water cell block should be used only if specific
conductances greater than 10 mS/cm are anticipated.




To maintain the sensor, remove the white cell block covering the six pin-
shaped nickel electrodes of the specific conductance sensor. Remove the six
small o-rings that are slipped over the electrodes and polish all of the exposed
surface of the electrodes with the emery cloth supplied in the Maintenance Kit,
or with #400 wet/dry sandpaper. Be sure to polish the ends of the electrodes,
but be careful not to touch the nearby pH glass electrode with the abrasive.
Clean the electrodes and the cell block with an alcohol-soaked swab.

Re-install the six o-rings (replace the o-rings if they have been flattened-
out by long service). Re-install the white cell block, tightening the screws just
enough to make sure the cell block is seated flat against the specific conduc-
tance sensor body. Once the sensor has been rinsed well with deionized
water, it can be calibrated. It is good practice, however, to let the sensor soak
in tap water overnight to allow freshly-polished electrode surfaces to re-
equilibrate with an aqueous environment.

When calibrating specific conductance, use a standard whose specific
conductance is near that of your field samples; for instance, don’t use 1M KCl
to calibrate for fresh-water work. Unless you are practiced in quantitative
preparations, or know someone who is, you are better off purchasing pre-
pared specific conductance standards. The following table shows several
potassium chloride solutions and their speciﬁc-conductance values:

KC1 Molar Concentration Specific Conductance in mS/cm
05 - , 58.64
0.2 24.82
0.1 12.90 -
0.05 6.668
0.02 2.767
0.01 1.413
0.005 0.718
0.002 0.292
0.001 0.147
0.0005 0.074
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For calibration, first make sure that the Transmitter knows which cell
block is employed (see section 2.6.2). Next, make sure the sensor is clean and
serviced. Then:

1) Thoroughly rinse the sensors several times by half-filling the
calibration cup with deionized water and shaking the Transmit-
ter to make sure each sensor is free from contaminants that
might alter your specific conductance standard.

2) In a similar manner, rinse the sensors twice with a small portion
of the specific conductance standard to be used for calibration,
each time discarding the rinse.

3) With the Calibration Cup screwed onto the Transmitter, sensors
pointed toward the ceiling, pour in standard to within a centime-
ter of the top of the cup, making sure there are no bubbles in the
bores of the cell block.

4) Watch the specific conductance readings until they have stabi-
lized; the sensor is now ready for calibration.

5) Select specific conductance from the Calibrate menu, type in the
calibration standard value, and press Enter to set the calibration
and return to Screen 1 or 2.

_ Because the salinity parameter is algorithm-generated (see section 5.5)
from the specific conductance reading, once you have calibrated specific
conductance, you have also calibrated salinity. However, if your field work
requires salinity rather than specific conductance readings, you should
calibrate salinity instead of specific conductance. Simply access salinity
instead of specific conductance from the calibrate menu and type in the value
(in parts per thousand at 25°C) of your salinity (i.e, sea water) standard.
Note that calibrating salinity simultaneously calibrates specific conductance.
You can calibrate only one of salinity, TDS, resistivity, and specific conduc-
tance.

3.5 pH

The pH glass electrode requires maintenance only when obviously
coated with oil, sediment, or biological growth. Clean the glass with a very

clean, soft, non-scratching cloth wet with rubbing alcohol {a cotton ball will

do).

Servicing the reference electrode mainly involves replacing the electro-
lyte by gently pulling the entire covering sleeve away from the Transmitter



body. Empty the remaining electrolyte from the reference sléeve, and refill the
. sleeve to the top with standard electrolyte: three- or four-molar KCl saturated
with silver chloride.

With the Transmitter sensors pointed toward the floor, push the full
reference sleeve back onto its mount until the sleeve has just covered the o- .
ring located on the mount (just behind the silver electrode). Now turn the
Transmitter so that the sensors point toward the ceiling and push the sleeve
the rest of the way onto its mount. Notice that while you are seating the
sleeve, you are purging any air trapped in the electrolyte chamber, and are
using the air and excess electrolyte to flush and clean the porous junction on
the tip of the sleeve. This junction is the most important part of the pH
system; make sure it is clean and passes electrolyte readily. If not, replace it
with the spare in the maintenance kit.

The pH system can now be calibrated. However, it is a good idea to let
the electrodes re-equilibrate overnight in tap water after being cleaned,
especially if you have used alcohol.

.pH calibration is accomplished by filling the Calibration Cup first with
the “zero” buffer (value between 6.8 and 7.2) and then with a “slope” buffer
-whose pH is near that of the anticipated samples to be measured (but not
between 6.8 and 7.2). For each buffer, once the reading has stabilized, follow
the calibration procedure detailed in section 2.5.1. Always rinse the sensors
thoroughly with deionized water between buffers.

The general-purpose Hydrolab reference electrode is designed for
normal field application: measurement of middle-range ionic strength waters
to about 200 meters depth. For use in very low ionic-strength waters (gener-
ally, those under 0.2 m5/cm specific conductance), measurement reliability
can often be enhanced by the LISRE (an optional one-piece, white, bullet-
shaped “low ionic-strength reference elecirode” that does not require electro-
lyte replacement). The LISRE requires a maintenance procedure different
from that prescribed for the rebuildable Hydrolab reference.

First, and most importantly, the tip of the LISRE should be soaked in 4-
molar potassium chloride whenever the system is not in use; for instance,
overnight when the instrument is in daily use. Fill with KCl the black cap
provided with the LISRE (or a similar cap} and install it on the LISRE for this
storage procedure, since the other sensors, such as the pH glass itself, should
be stored in plain tap water. This step facilitates a reference junction that is
homogeneously saturated with strong electrolyte, a condition necessary for
stable and accurate readings in dilute samples. Be sure to remove the black
cap for calibration or field use.
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As a rule of thumb, make sure the LISRE reference electrode is soaked
in KCl as long, per week, as it is exposed to sample waters.

Second, always keep the LISRE clean by rinsing with soapy water to
remove visible contamination, and by wiping the sensor occasionally with a
cloth soaked in rubbing alcohol to remove oils and grease that might have
accumulated. The sensor should be soaked in KCl at least 24 hours after
cleaning, then recalibrated before field use.

Third, check the sensor’s span frequently by calibrating with standard
buffers and then checking performance with a standard whose ionic strength
approximates that of the anticipated field samples. Calibration with stan-
dard buffers alone is no guarantee of measurement quality in low ionic-
strength samples. {See section 5.9)

Slow response or non-reproducible measurements are signs that the
electrodes have become coated or clogged.

The pH glass electrode is susceptible to coating by many substances.
The speed of response, normally 95% of the reading in less than 90 seconds,
is dramatically changed. Usually a rinse with methyl alcohol will remove
any films on the glass and restore the speed of response.

If the methanol rinse does not restore the response, soak the electrode
in 0.1 Molar HCl for five minutes. Remove and rinse the electrode with water
and rinse the electrode in pH buffer for 10 minutes. This should improve the
response.

See section 3.11 for information on pH “warm-up”.

3.6 Redox

Generally the Redox sensor requires the same infrequent cleaning
procedure as the glass'pH electrode. Should the platinum band at the tip of
the Redox sensor get really dirty and discolored, it can be polished with a

_clean cloth and a very mild abrasive, such as toothpaste. After polishing, the
~ sensor should be allowed to soak overnight in tap water so that the platinum

surface can restabilize.

As long as the platinum band of the Redox sensor and the reference
electrode are kept properly serviced, you may not need to frequently check



the Redox system calibration. However, you can verify your Redox system
performance by dissolving a few grams of quinhydrone in 500 ml of 4- and 7-
pH buffers. For the temperatures of 20°, 25°, and 30°C, respectively, the
Redox values for the pH 4 solution are 470, 462, and 454; for the pH 7 solution
295, 285, and 275. These Redox values are in millivolts (European sign con-
vention) and are based on the standard hydrogen reference electrode. Note
that Hydrolab uses a silver-silver chloride reference electrode instead of the
hydrogen reference electrode. This means that, without calibration, each of
your readings will differ by about +200 millivolts from the traditional values
that are based on the hydrogen electrode. Calibration, however, removes this
- offset.

Alternatively, you can calibrate with any solution (with a stable Redox)
by reading the Redox on a trusted laboratory meter, and using this solution
for your standard. Remember that the laboratory meter is likely to use a
silver-silver chloride reference electrode; add 200 millivolts to its readings if
you want your Hydrolab readings to be based on the hydrogen standard.
Select a standard value near that of your field samples. See section 2.5.5 for
more information on Redox calibration.

See section 3.11 for information on Redox “warm-up”.

Standardizing Redox Readings: The Redox values of quinhydrone
solutions vary with pH. So, two quinhydrone solutions of suitably different
pH’s can be used to “calibrate” Redox readings. Suppose, after plenty of time
for sensor equilibration, a trusted laboratory instrument gave readings of 275
and -150 milliVolts for two quinhydrone solutions. At the same temperature,
a properly-maintained Hydrolab gave readings of 350 and -30 mV, respec-
tively. The figure below shows the plotted results.

400
actus} response
Hydroist rendings from Hydrolab
300
200
’
: k Heal response
y intercept doposl
—\ ¥ inlercept = 0
/
Y T T T T ;
-200 -100 100 200 200 400

lab readlngs

2200+
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The line created by the two Hydrolab readings showed a y-intercept of
about 104 and a slope of about 0.89. These numbers are calculated as fol-
lows:

slope = (350 + 30)/(275 + 150) = 0.894 (from m = rise/run)
y intercept = -30 - 0.894(-150) =104  (fromy =mx + b)

Thus, the Hydrolab readings must first be decreased by 104 mV, and
then divided by 0.894 to get the correct reading (that is, the reading that
matches the laboratory instrument’s reading). For instance, suppose the 7
Hydrolab gave an equilibrated reading of 350 mV for some field sample. The
“corrected” reading would be:

350 - 104 = 246, and then 246/(0.894) = 275 mV
We know that this is the right answer, because 350 and 275 are two of
the comparison points from the original quinhydrone solutions.

However, assuming that the laboratory instrument is using a silver-
silver chloride reference electrode, the corrected Hydrolab reading must be

increased by about 200 mV to match it to the standard hydrogen reference

electrode (the basis upon which most published half-reaction potentials are
based):

275 + 200 = 475 mV.

Thus, the real Redox potential of the solution is not 350, but 475 mV.

3.7 Dissolved Oxygen

DO sensor maintenance is usually required only when calibration
becomes impossible or when the membrane covering the cell becomes
wrinkled, bubbled, torn, dirty, or otherwise damaged. It is, however, good
practice to replace the membrane on a regular schedule, before trouble
becomes visible. Frequent electrolyte changes will maximize the life of the

' Sensor.

Please read APPENDIX 1 for information on the two methods avail-
able in the Transmitter for measurement of DO.



To change membranes, remove the white DO sensor guard and the o-
ring securing the membrane. Shake out the old electrolyte, rinse with deion-
ized water, and refill with fresh electrolyte (provided in the Maintenance Kit,
or use 2M potassium chloride) until there is a perceptible meniscus of electro-
Iyte rising above the entire electrode surface of the sensor. Make sure that
there are no bubbles in the electrolyte. Hold one end of a new membrane
(either Standard or LoFlow) against the body of the DO sensor with your
thumb and with a smooth, firm motion, stretch the other end of the membrane
over the sensor surface and hold it in place with your index finger. Secure the
membrane with the o-ring. There should be no wrinkles in the membrane or
bubbles in the electrolyte. Trim away the excess membrane extending below
the o-ring,.

Be careful not to over-stretch the membrane; this will cause readings
 that are too high to calibrate. Stretch the membrane just enough so that it
conforms to the shape of the top of the DO cell.
The DO sensor is now ready for calibration, but you should let it soak
‘overnight to give the membrane time to relax to its final shape (i.e, calibration
condition).

To calibrate DO:

1) With the Transmitter oriented so that the sensors are pointed
toward the ceiling, fill the Calibration Cup with tap water (specific
conductance less than 0.5 mS/cm}) until the water is just level with
the o-ring used to secure the membrane.

2) Carefully remove any water droplets from the membrane with the
corner of a tissue.

3) Turn the white Calibration Cup lid upside down (concave upward)
and lay it over the top of the Calibration Cup.

4) The sensor is ready for calibration once the readings have stabi-
lized. Just follow the instructions printed by the Transmitter; refer
to section 2.5.4 for calibration menu details.-

You can also calibrate the DO system in a well-stirred bucket of tem-
perature-stable, air—_saturated water. This situation more closely resembles the
actual field measurement conditions.

Remember that the two batteries in the Transmitter can power the
oxygen sensor (and the pH and Redox circuits) continuously, so that a stable
reading is always available quickly. (Generally, the polarizing batteries are
used only with the LoFlow Membrane.) If you know that the Transmitter is
not going to be in use for an extended period, say a week or more, you can
extend the life of the two cells and of the oxygen sensor by removing the
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sensor’s membrane, removing all of the sensor’s electrolyte, and installing a
membrane over the dry sensor. For best results, replace the electrolyte and
membrane the day before calibration for the next deployment.

_ When using the polarizing batteries, you can greatly prolong the life
of the sensor by changing the electrolyte frequenily (twice or more a
month), and/or by removing the electrolyte when the sensor is not to be
used for a week or more.

3.8 Depth

Generally, the depth (or level) sensor needs no maintenance. QOcca-
sionally, you may wish to squirt a very weak acid (such as acetic) into the
depth sensor port (the hole in the face of the Bottom Cap just below the
conductivity cell block) with a hypodermic syringe if you notice deposits
(calcium, biological growth, etc.) forming in the port. Calibration access
information is found in section 2.5.7 in PART TWO.

Normally, calibration is done by simply entering zero for the standard
at the water's surface. However, if you have another method, such as a
carefully-marked cable, you can type in any number you wish when calibrat-

ing.

Because the density of water varies with its specific conductance, the
depth readings must be corrected for specific conductance. This correction is
applied linearly from zero specific conductance (no correction) to 100 mS/
cm. At 52 mS/cm (seawater’s specific conductance), the correction reduces
the actual reading by 3 percent.

Note that there are two depth sensors: 0 to 100 meters (330 feet) and 0
to 10 meters (33 feet). The former is usually used to determine the depth at
which readings of the other parameters are being made. The latter is often
used to detect stage changes, such as those accompanying tidal flows or
rainfalls. The level sensor should be protected from depths over 20 meters
(66 feet) by installing the sealing screw (found in the Maintenance Kit) in

_the face of the bottom cap.
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3.3 Circulator. :

The Transmitters are optionally equipped with a circulator to assist with reliable dissolved oxygén
measurements. The circulator also continuously supplies fresh sample to all sensors, and tends to

keep the sensors clean by sweeping debris away. The circulator also speeds sensor response by
ensuring rapid temperature equilibration.

From Sereen 1 or Screen 2 on the Display, press Ese o to toggle the circulator state. Altemately,
select Setup, Circ, and On or Off to set the circulator state. From an SDI-12 datalogger, issue the
*aXS80!" command to turn the circulator off and the ‘aXSS1!” command to turn the circulator on.

Remember to turn the circulator on during field deployment. Generally, the circulator should be
on except during calibration. :

Noftes:

«  The circulator’s impeller (part #005306), impeller screw (part #005307), and impeller
bearing (part #003594) are non-warranty consumables, which require regular replacement.
In SDI-12 operation, both the sensors and the circulator must be turned on for the circulator
to operate. The sensors are automatically turned on with standard SDI-12 measurement

commands. The ‘aX1?" and ‘aX0’ commands are available to force the sensors on and off
through the transparent mode. & '

= If equipped with the turbidity option, the Transmitter will occupy two SDI-12 addresses.
All parameters except turbidity are on one SDI-12 address and turbidity is on another SDI-
12 address. ’

s The Transmitter’s factory default SDI-12 address is ‘0’ for all parameters except turbidity
and ‘1’ for turbidity, In this manual, ‘a’ refers to the SDI-12 address for all parameters
except turbidity and ‘b’ refers to the SDI-12 address for turbidity.

3.4 Calibration : _
Fundamentally, the Transmitter is calibrated by pouring a calibration standard into the calibration
cup or by immersing the entire Transmitter in a bucket of standard. Then, watching the readings
for the parameter to be calibrated. When the readings stabilize, send the calibration information to
the Transmitter via the Display or SDI-12 datalogger. Then confirm the data calibration.

Note: You may notice that the Transmitter has built-in checks for calibration acceptance. If for
any reason you cannot complete calibration for any parameter, the Transmitter will continue o use
the calibration from the Iast time that particular parameter was calibrated successfully. However,
you should try to determine why the Transmitter did not accept the new calibration (faulty sensor,
bad standard, low battery, mistyped standard value, incorrect units, etc.).

3.4.1 Calibration with the Display

If the circulator is on, press the Esc co key to toggle the circulator off, so that it doesn’t splash your
calibration standard. Place the sensors in the appropriate calibration standard for the parameter
being calibrated. Monitor the parameter’s stability on Screen 1 and/or Screen 2, select Calib,
then the item to calibrate. Enter the one or two values as required to complete calibration. If the
Transmitter rejects the calibration, the Display LCD shows ‘FATL’ before returning to the Calib
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screen. Return to Sereen 1 and/or Screen 2 to confirm calibration. See Section 2.2.3 for details
on using the Display to perform calibrations.

The following table details what can be calibrated with the Display.

Calibration First Value Second Value
Salinity PSS -
Specific Conductance mS/em -
TDS Scale Factor -
(0.64 defaulty

DO/BP mg/L mmHg

DO%/BP 100% (fixed) ' mmHg
ORP mv - -
pH unjts -
- Barometric Pressure (BP) mmHg -
Depth mor ft -
Turbidity NTU -

3.4.2 Calibration with an SDI-12 Datalogger

If using an SDI-12 datalogger for calibration, you must enter transparent mode. Please see your
datalogger manual for instructions on how to use tfransparent mode.

Within the datalogger’s transparent mode, issue the ‘eX1!" command to turn the Transmitter’s non-
turbidity sensors on and, if turbidity installed, issue the ‘4X1V command to turn the turbidity
sensor on. If the circulator is on, issue the ‘2XSS0!” command to turn the circulator off, so that it
doesn’t splash your calibration standard.

Repeatedly issue the ‘gRO!” and ‘aR1!" commands and, if turbidity installed, the ‘bRO!” command
to monitor the stability of the parameter being calibrated. Once stable, issue the ‘cXCd+value!”
command with ‘¢’ being the SDI-12 address, ‘@’ the code letter of item to calibrate and “value®
being the numeric value of the calibration standard. Again, issve the ‘aRO!” and ‘aR1!’
and, if turbidity installed, the ‘4R0!” command to confirm calibration,

Finally, issue the_‘aXO!’ command and, if turbidity installed, the ‘AX0’
Transmitter’s sensors off and, if needed, issue the ‘XSS
on.

commands

cominand to turn the
command to turn the circulator back

The following table details the SDI-12 calibration commands available.

Calibration ' SDI-12 Command  Units for value
Salinity ‘aXCS+value? PSS
Specific Conductance ‘aXCCvalue? mS/cm
TDS ‘aXCt+value? Scale Factor
(0.64 default)
Do ‘aXCO+value! mgfL

(must calibrate BP first!)
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Noftes:

34.3
The fo

Calibration SpI-12 Comélnd Units for value

DO % ‘aXC%+value\’ mmHg
ORP ‘aXCRAvalue!’ mV
pH ‘aXCP+valuel’ unifs
Barometric Pressure (BF) ‘aXCB+value!” mmHg
Depth - ‘aXCD+value!’ " morft
(per depth setup)
Turbidity ‘bXCT+value! NTU

Both the sensors and the circulator must be turned on for the circulator to operate.

If equipped with the turbidity option, the Transmitter will occupy two SDI-12 addresses.
All parameters except turbidity are on one SDI-12 address and turbidity is on another SDI-
12 address.

The Transmitter’s factory default SDI-12 address is ‘0" for all parameters except turbidity
and *1” for turbidity. In this manual, ‘@’ refers to the SDI-12 address for all parameters
except turbidity and ‘b’ refers to the SDI-12 address for turbidity.

Calibration Preparation
llowing is a general outline of the steps required to calibrate all the sensors:
Select a calibration standard whose value is near that of your field samples.

Remove the Storage Cup from the Transmitter.

Clean and prepare the sensers as detailed in Sections 3.4.4 through 3.4.9.

Attach the Calibration Cup.

Using the Calibration Cap, thoroughly rinse the sensors several times by half-filling the
calibration cup with deionized water and shaking the Transmitter to make sure each sensor
is free from contaminants that might alter your calibration standard

19




* In a similar manner, rinse the sensors twice.

standard, each time discarding the rinse. ' ‘

= With the Transmitter sensors pointing up (toward the ceiling), fill the Calibration Cup
with the calibration standard. Sece Sections 3.4.4 through 3.4.8 for sensor specific details.

= Complete the calibration as per Sections 3.4.1 and/or 3.4.2. _
* Finally, discard used calibration standards appropriately. Do mnot attempt to reuse
calibration standards.

Warning: Sensor preparation is_probably the most important action vou can take to
maintain or improve the quality of your field measurements. A contaminated, worn-out, or
damaged sensor simply will not produce a reliable reading. It is well worth your time to set up a

routine in which all sensors are serviced frequently and then allowed to rest in tap water overnight
before calibration.

20
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Generally, you should calibrate ali Quanta parameters as often as your aceuracy requirements
dictate. If you want exceptionally accurate data, you must calibrate frequently. Calibration
requirements also vary with deployment conditions — in very turbid or biologically-active waters,
for instance, generally require more frequent calibrations than do cleaner waters

Notes:

*  The optional turbidity sensor has a rotating sealed shaft to make maintenance of other
sensors easier. With the storage cup, calibration cup, and guard removed, the turbidity
sensor rotates ~135° in each direction before engaging the internal stop. This feature makes
maintenance of the other sensors easier. After maintenance of these other sensors, insure
the turbidity sensor is rotated back to the nominal position before reinstalling the storage
cup, calibration cup, or guard. Do not use excessive force or sensor will break!

3.44 Temperature.
Cleaning and Preparation

*  Soap or rubbing alcohol may be used to remove grease, oil, or biological material,
*  Rinse with water.

Calibration Standard
*  Factory-set and no recalibration required.

3.4.5 Specific Conductance, Salinity, and TDS
Cleaning and Preparation

* Clean the oval measurement cell on the specific conductance sensor with a small, non-
abrasive brush or cotton swab.

*  Soap or rubbing alcohol may be used to remove grease, oil, or biological material.

= Rinse with water.

Calibration Standard
*  Pour the specific- conductance or salinity standard to within a centimeter of the top of the
cup.
*  Make sure there are no bubbles in the measurement cell of the specific conductance sensor.
Notes: :

* TDS measurements are based on specific conductance and a user defined scale factor. For
TDS calibrations, first calibrate specific conductance, then calibrate the Transmitter with a

site-specific scale factor. The factory default scale factor is 0.64 /L / mS/em.
3.4.6 Dissolved Oxygen %Saturation and mg/L

Cleaning and Preparation

* Remove the o-ring securing the DO membrane.

*  Shake out the old electrolyte and rinse with fresh DO elecirolyte.

®  Refill with fresh DO electrolyte until there is a perceptible meniscus of electrolyte rising
above the entire electrode surface of the sensor.

®  Make sure there are no bubbles in the electrolyte.
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Hold one end of a new membrane against the body of the DO sensor with your thumb and
with a smooth, firm motion, stretch the other end of the membrane over the sensor surface
and hold it in place with your index finger.

®  Secure the membrane with the o-ring.

®*  Make sure there are no wrinkles in the membrane or bubbles in the electrolyte.

«  Trim away the excess membrane extending below the o-ring,

*  Ideally, let the sensor soak overnight to allow the membrane to relax to its final shape.

DO %Saturation Calibration Standard (Saturated-Air Method)

* Fill the Calibration Cup with deionized or tap water (specific conductance less than 0.5
mS/cm) until the water is just level with the o-ting used to secure the membrane.

*  Carefully remove any water droplets from the membrane with the corner of a tissue,

®*  Turn the black calibration cup cover upside down (concave upward) and lay it over the top
of the Calibration Cup.

* Determine the barometric pressure for entry as the calibration standard. See Section 5.1.3
for computation details on barometric pressure, :

Notes:
=  Calibration of DO %Saturation also calibrates DO mg/L.
* DO can also be calibrated in a well-stirred bucket of temperature-stable, air-satorated water,
This situation more closely resembles the actual field measurement conditions, but is more

difficult to accomplish reliably. Be sure the circulator is turned on when calibrating in a
water bath.
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DO mg/L Calibration Standard {(Known Concentration Method)

Immerse the sensor in a water bath for which the DO concentration in mg/L is known (for

instance by Winkler titration). This calibration method is more difficult to perform than the

saturated-air method.

"  Make sure the circulator is turned on.

* Determine the barometric pressure for entry as the calibration standard. See Section 5.1.3
for computation details on barometric pressure.

= Calibration of DO mg/L also calibrates DO% Saturation.

®* If there is a change in barometric pressure after calibration (for instance, if barometric
pressure drops as you move the calibrated Transmitter to a higher elevation for
deployment), the readings for DO %Saturation will not be correct. You must enter a new
barometric pressure. However, the readings for DO mg/L will be correct regardless of
changes in barometric pressure.

34.7 pH and ORP (Redox)
. Cleaning and Preparation of pH

= If the pH sensor is obviously coated with oil, sediment, or b1010g1ca1 growth, clean the glass
with a very clean, soft, non-scratching cloth wet with rubbmg alcohol (a cotton bail will do).
®  Rinse with tap water,

Cleaning and Preparation of ORP
=  If the platinum band at the tip of the ORP sensor gets dirty and/or discolored, polish it with

a clean cloth and a very mild abrasive, such as toothpaste; or use a fine polishing strip.
®  Rinse with water.

*  Soak the sensor overnight in tap water to allow the platinum surface to restabilize.

Cleaning and Preparation of Standard Reference

*  Gently pull the entire reference sieeve away from the Transmitter. - The reference sleeve is
the clear blue tube with a porous Teflon® Reference Junction attached.

2 Discard the old electrolyte from the reference sleeve.

= Drop two KCI salt pellets (#005376) or two KCl salt rings (#005309) mto the reference
sleeve.

*  Refill the sleeve to the top with reference electrolyte.

*  With the Transmitter sensors pointed toward the floor, push the full reference sleeve back

onto its mount until the sleeve has just covered the first o-ring located on the mount (just
behind the silver electrode).

*  Turn the Transmitter so that the sensors point toward the ceiling and push the sleeve the rest
of the way onto its mount.

»  Rinse with tap water.
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Notes:

The porous Teflon® Reference unction js the most important part of the pH and ORP

performance. Make sure it is clean and passes electrolyte readily. If not, replace it with
the spare provided with the pH option. Replacement Reference Junctions are part #003883.
When seating the reference sleeve, trapped air and excess electrolyte is purged. This
purging flushes and cleans the porous Teflon® Reference Junction.

The Standard Reference is designed for waters with specific conductances > 0.2 mS/em.
For measurements in waters with specific conductances < 0.2 mS/cm, Hydrolab offers the

LISRef as a factory installed option to improve measurements in very low-ionic strength
waters,

Cleaning and Preparation of Low-Tonic Strength Reference (LISRef)

* Remove the plastic LISRef soaking cap. Save the cap!
* Inspect the LISRef sensor tip. -

* If necessary, rinse with soapy water to remove visible contamination and rinse with tap
water.

* If necessary, wipe with a cloth soaked in rubbing alcohol to remove oils and grease and
rinse with tap water.

* Following cleaning, fill the plastic LISRef soaking cap with reference electrolyte, reinstall
over the LISRef tip, and soak overnight, '

*  Remove the plastic LISRef soaking cap before calibration or field use. Save the cap!

Notes:

*  The LISRef Reference is the most important part of the pH and ORP performance.

* Whenever the Quanta Transmitter is not in use, fill the plastic LISRef soakins ca
with reference electrolvte and reinstall over the LISRef tip.

The LISRef Reference is designed for low-ionic strength waters. During normal use, the
LISRef Reference is consumed and cannot be rebuilt. Replacement LISRef tips are part
#003333.

For measurements in waters with specific conductances = 0.2 mS/cm, the Standard

Reference is preferred due to lower purchase and maintenance costs. Hydrolab offers the
Standard Reference as a factory installed option,
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Calibration Standard :
= Pour the pH or ORP standard to within a centimeter of the top of the cup.

Notes:
= pH is a two-point calibration. A pH standard between 6.8 and 7.2 is treated as the “zero”
and all other values are treated as the “slope”. Tirst calibrate “zero”, then calibrate *slope”.

3.4.8 Depth

Cleaning and Preparation
=  Soap or rubbing alcohol may be used to remove grease, 0il, or biological material.

= Rinse with water.

Calibration Standard
=  Enter zero for the standard at the water's surface.

Notes: ‘

»  If the depth is known by another method, such as a carefully-marked cable, type the actual
depth value as the standard when calibrating. '

=  The density of water varies with its specific conductance. Depth readings are corrected for
specific conductance. See Section 5.3 for details. ‘

»  Recheck the 10m vented depth option for sensor drift with a precision pressure gauge at
least once a month. A ‘zero” drift is quickly corrected through calibration, but a ‘slope’
drift requires factory recalibration. Factory calibration includes characterization over
temperature and pressure,  Contact Hydrolab’s Customer Service for the current
recalibration price and scheduling of a factory recalibration.

3.4.9 Turbidity

Cleaning and Preparation _
=  Soap or rubbing alcohol may be used to remove grease, oil, or biological material.

»  Use a non-abrasive, lint-free cloth to clean the quartz glass tube. Scratched glass reduces

the sensor’s accuracy.
= Rinse with water.
Calibration Standards

»  (alibrate turbidity with primary standards (‘turbid-free’ water, Formazin, and/or
polystyrene beads) and check with a secondary standard (Quick-Cal Cube ).

= Use “turbid-free’ water to calibrate the “zero”.

= Use Formazin and/or polysiyrene beads to calibrate the “slope”. ]

»  Primary standards must completely fill the optical area of the turbidity sensor plus %" (6
mm) of standard on both sides of the PVC body by filling the calibration cup to the top.
Alternately, pour ~1-%4” (32 mm} of standard into the storage cup and place the inverted
sensors into the standard with bayonets disengaged. '

»  After calibration with primary standards, the value of the optional Quick-Cal Cube
-secondary standard, if used, must be determined and recorded for each individual
instrument, The Quick-Cal Cube value is determined by removing the storage/calibration
cups, wiping the optical areas, both sensor and cube, clean and dry with a non-abrasive, lint-
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Wi free cloth, and placing the ceramic glass cube into the turbidity sensor’s optical area. Align

. A the Quick-Cal Cube ’s pin with the turbidity sensor’s recessed hole and, for optimum

: repeatability, rotate the Quick-Cal Cube clockwise to Temove mechanical play in the
pin‘hole. '

*  To test for drift between primary calibrations, reinstall the Quick-Cal Cube .

Notes:

*  ‘“Turbid-free’ water is available for purchase from chemical supply houses. However, it is
far less expensive to make by passing reagent-grade water through a 0.1 um or smaller
filter.

*  Formazin and polystyrene beads are primary standards as defined by the EPA. Quick-Cal
Cubes are secondary standards, which must be rechecked, and value recorded, after each
primary standard calibration with each instrument. However, Quick-Cal Cubes save
resources, both time and money, by allowing inexpensive and frequent calibration checks
between permit andfor standard operating procedure required primary calibrations.

*  Formazin requires daily preparation. )

* Polystyrene beads are instrumentation specific and beads formmulated for one instrument

design often read differently on a different instrument design. Hydrolab has polystyrene

beads formulated for the Quanta Turbidity sensor. Please contact Customer Service or
www.hydrolab.com for ordering information.

When using liquid standards, insure no bubbles in the optical area. The optical properties

; of bubbles affect the turbidity calibration. Gentle agitation easily dislodges bubbles.

i When using Quick-Cal Cube  standards, insure no water droplets in the optical area. The

optical properties of water droplets affect the calibration check. Remove droplets with a

non-abrasive, lint-free cloth.

Turbidity is a two-point calibration. A turbidity standard of 0.0 is treated as the “zero” and

all other values are treated as the “slope”. First calibrate “zero”, then calibrate “slope”.

3.5 Care of the Transmitter
In addition to normal! sensor maintenance, clean the Transmitter with soap and water. During

TP
n

tai ;
fon storage or transportation, always use the calibration cup/cap or the storage cup filled with a
hi- ‘ Y4 of tap water to protect the sensors from damage and drying out. Never deploy the
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Instruction Manual TN-100/ T-100

2 TURBIDITY CALIBRATION

The TN-100/ T-100 turbidimeter was calibrated and tested prior to leaving
the factory. Therefore, it is possible fo use the instrument directly out of
the box. However, re-calibration of the instrument is recommended fo help

‘you become familiar with the. operation of the instrument and the

calibration procedures. In addition, re-callbration is recommended at least
once every month for optimum accuracy.

It is recommended that you perform a full calibration using all 4 standards
provided to ensure full-range accuracy. However, the TN-100/ T-100
turbidimeter provides flexibility for you to calibrate at selected ranges
suitable for your application.

In addition, the instrument comes with a light shield cap to shield off stray
light during calibration and measurements.

2.1 Calibration Standards

We recommend that you use the following materials during calibration to
achieve the accuracy stated in this manual:

= CAL 1: 800 NTU Calibration Standard
= CAL 2: 100 NTU Calibration Standard
= CAL 3: 20.0 NTU Calibration Standard
= CAL 4: 0.02 NTU Calibration Standard

It is well known that dilufed Formazin is unstable. If you choose to use
Formazin fo calibrate the instrument, ensure that you are using a fresh
stock suspension of Formazin to achieve the accuracy quoted for the
instrument. Calibration standards offered are more stable than Formazin
and have a limited shelf life of 12 months. If you use the supplied
calibration standards to calibrate the instrument, review the expiration date
{indicated on cap label) to ensure that the standards have not expired.

it is important that the calibration standards are not violently shaken or agitated
because air entrapment int the fiuid infroduces an error faclor during cafibrafion
which subseguently will lead fo an inaccurate measurement. Also, do not store in
freezing femperatures which causes frreversible shrinkage of the standards’
particles thus resulting 1o inaccurate calibration qnd measurement,

2.2 Indexing

Due to the high quality of the glass vials provided, indexing is not required.
You only need to align the mark on the vial with the mark on the meter.
However, in order ¢ achieve a better accuracy of the measurement, you
can proceed with indexing of the vials. See Section 8.5 - Indexing a Vial
on page 20 for mors information.
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2.3 Calibration Procedure

1.
2.

~N oo

Place TN-100/ T-100 turbidimeter on a flat and level surface.

Select the calibration function of the instrument by pressing the CAL
button once. The [CAL} annunciator will biink momentarily and the
rmeter will prompt for the first calibration standard CAL 1 standard (800
NTU).

- Insert the CAL 1 standard (800 NTU) into the sample well, aligning the

mark on the vial with the mark on the meter. See Figure-10 on page
12.

- Press down until the vial snaps fully into the instrument.

. Cover the vial using the light shield cap.

. Press READ/ENTER key.

- The [CAL 1 .800 NTU] annunciator will blink for about 12 seconds.

When the instrument has completed calibration for this point, it prompis
you to insert the next calibration standard into the sample well [CAL 2
(100 NTU).

8. Repeat the calibration sequence for each calibration standard.

9,

After you successfully calibrate the CAL 4 standard (0.02 NTU), the
display will show [STbY]. .

10.The meter is now ready to perform next measurement.

Figure 4 shows the complete calibration sequence.

NOTES:

1. If you wish to exit the calibration mode you may do so
at the end of any step by pressing the CAL key. The
meter will accept only the values calibrated prict to
exifing.

2. You can skip a calibration point by pressing A or ¥
Keys and move on to the next calibration point.

3. After a successful calibration of one point, it will auto
select the next calibration point. it will automatically
exit calibration mode after the fourth calibration point.

4. If an error occurs during calibration, the display will
present an error message. The meter will abort
calibration and refurn to the measurement modsa
without saving the last calibration value.

5. For a list of error messages, refer to Section 4:
Troubleshooting Guide on page 15.
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