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Web Address: www.dom.com

April 18, 2011

Mr. James Golden

Deputy Director for Program Development
Virginia Department of Environmental Quality
P.O. Box 1105

Richmond, VA 23218

Re:  Battlefield Golf Club, Chesapeake, Virginia
2010 Annual Review of Groundwater Monitoring Data

Dear Mr. Golden:

This report is being forwarded to the Virginia Department of Environmental Quality (DEQ)
pursuant to the Memorandum of Agreement between DEQ and Dominion effective August 16,
2010 to monitor groundwater quality at the Battlefield Golf Club located in Chesapeake,
Virginia. The report summarizes groundwater monitoring data collected at the golf course
during 2010.

Groundwater was sampled from the Dominion monitoring well network on a quarterly basis
during 2010. The network consists of nineteen monitoring wells located at or near the perimeter
of the property.

Should you have any questions or comments regarding the enclosed information, please contact
me at (804) 273-2929 or Donald Hintz of Dominion Electric Environmental Services at (804)
273-3552.

Sincerely,

Cathy C. Taylor

Director, Environmental Services
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2010 ANNUAL GROUNDWATER MONITORING REPORT

Battlefield Golf Club
Chesapeake, Virginia

Executive Summary

Dominion voluntarily monitors groundwater quality along the perimeter of the golf course
associated with the Battlefield Golf Club. This groundwater monitoring program was initiated in
2008 to assess the effects of the golf course, which was designed and permitted as a coal
combustion byproduct (ash) beneficial reuse project. The course was completed in 2007 using
approximately 1.5 million tons of amended fly ash. Dominion was not the developer and is not
the owner of the Battlefield Golf Club. Dominion voluntarily entered into a Memorandum of
Agreement (MOA) with the Virginia Department of Environmental Quality (DEQ) in 2010 to
continue the groundwater monitoring program and to provide an annual review of quarterly
analytical results to DEQ and EPA.

Groundwater monitoring results for the Battlefield Golf Club indicate no negative impact to
groundwater quality at the perimeter of the site attributable to the amended fly ash used to
construct the golf course. Specifically, trends indicative of a dissolved metal contribution from
ash to groundwater have not been observed in the analytical data. The presence of dissolved
metals above EPA MCLs in groundwater from specific wells located in the southwest portion of
the golf course is likely influenced by the occurrence of “acid sulfate soil” and not associated
with amended fly ash.

The first quarter groundwater monitoring event for 2011 was completed in March. The next
planned activities for the site are groundwater monitoring events in June, September and
December 2011.

Section 1 — Purpose of the Annual Report

This Annual Monitoring Report was prepared by Dominion to comply with the Memorandum of
Agreement (MOA) entered voluntarily with the Virginia Department of Environmental Quality
(DEQ) effective on August 16, 2010 to monitor groundwater quality at the Battlefield Golf Club.
The tasks described in the report were completed pursuant to the Groundwater Monitoring Plan
included with the MOA during the time period of January 1, 2010 through December 31, 2010.
Section 4 of this report summarized the results of the work performed at the site during the
subject reporting period.

Section 2 - Introduction and Background

The Battlefield Golf Club (the “Site”) is an 18-hole golf course located approximately one mile
west of the U.S. Naval Reservation - Fentress Landing Field, Chesapeake, Virginia. The ‘Site’ is
located southeast of the intersection of Whittamore Road and Centerville Turnpike South (Figure
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1). Dominion was not the developer and is not the owner of the Battlefield Golf Club. The golf
course is currently owned and operated by MIM.

Combustion Products Management (CPM) developed the concept of a golf course as an ash
beneficial reuse project in 1999 and approached Dominion with a proposal to supply ash for the
project. A site plan for an 18-hole golf course was developed by CPM and the City of
Chesapeake granted CPM a Conditional Use Permit for the golf course project in 2001.
Following a period of environmental due diligence (data on file with DEQ) Dominion agreed to
supply the golf course project with 1.5 million tons of amended ash over a five year period. The
ash was stabilized with a calcium amending reagent. The Virginia DEQ issued a letter
confirming complete administrative review of the project in 2002.

CPM purchased the site, designed the course, obtained all state and City permits for the course
and constructed the golf course. The design plans for the golf course incorporated a two foot
separation between amended ash and groundwater and eighteen inches of soil as a final cover
over the amended ash, both DEQ regulatory requirements.

The last truckload of amended ash was delivered to the project site in March 2007. CPM,
through a Licensed Professional Engineer, certified the project was completed according to
appropriate regulations and design plans. MIM (current owner) completed construction of the
golf course in 2007 (install irrigation equipment, plant golf course grasses, install tee boxes,
greens, sand traps, hole markers, etc.). The golf course opened for public play in October 2007.

Section 3 — Monitoring Program
Site Hydrogeology

The golf course is located in the Coastal Plain Physiographic Province of eastern Virginia. The
shallow subsurface consists of unconsolidated clays, silts, sands and gravels of sedimentary
origin. Groundwater is present within the unconsolidated sediments, often in a subdued reflection
of the surface topography. Groundwater flow patterns for the unconfined, uppermost-saturated
layer (water table aquifer) typically follow surface-water drainage. Groundwater is encountered
at depths ranging from just over 2 feet to 10 feet below ground surface at the site. Locally, the
upper aquifer is 20 to 50 feet thick and is unconfined throughout the area. Groundwater flow
direction is generally toward the southeast (Figures 2 and 3).

Monitoring Network

The primary goal of the groundwater monitoring network is to assess groundwater quality along
the perimeter of the golf course with respect to parameters reasonably expected to be associated
with coal ash. Dominion has a perpetual easement granted by the owner that runs along the
boundary line that makes up the perimeter of the property. The easement was acquired before
the golf course was constructed for the purpose of installing, monitoring, and maintaining
groundwater monitoring wells. Monitoring wells were installed in 2008 and 2009 and
groundwater quality data is collected on a quarterly basis.
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Nineteen 2-inch groundwater monitoring wells are installed along or in close proximity to the
perimeter of the Site. Each well was advanced using hollow-stem auger drilling techniques.
Standard penetration tests and sampling was performed using the procedures described in ASTM
D1586 continuously for the first 10 feet below grade and at 5-foot intervals thereafter. The field
program was monitored by a Virginia Registered Professional Geologist which included
oversight of each boring and well installation.

Eleven ‘shallow-depth’ wells were advanced to penetrate at least ten feet into the uppermost
water-bearing zone. The shallow well depths ranged from approximately 15 to 20 feet below
grade. Eight ‘intermediate-depth’ wells were advanced to the apparent base of the uppermost
water-bearing zone to assess deeper portions of the aquifer. The intermediate well depths ranged
from approximately 35 to 44 feet below grade. Each well was constructed with pre-filter packed
well screen, consisting of; a 10-foot section of 4-inch 1.D. polyvinyl chloride (PVC) machine-
slotted outer screen and a 10-foot section of 2-inch I.D. PVC machine-slotted inner screen with
clean sand between the inner and outer screen sections. The remaining annular space of the well
was filled with sand, which was extended approximately two feet above the top of the slotted
screen. A bentonite seal approximately two feet thick was placed above the sand pack and
Portland cement-bentonite grout slurry was placed above the bentonite to seal the well at the
ground surface and mitigate the potential for cross-contamination of the underlying aquifer.

Shallow- and intermediate-depth wells were installed in pairs at eight locations around the
perimeter of the Site within the existing Dominion easement. Three additional shallow-depth
wells were installed in the southwest corner of the site (Figure 1). Three of the well-pairs; MW-
BGC-5, -6 and -7 were installed in areas inferred to be up-gradient of the amended ash fill and
five well-pairs; MW-BGC-8, -9, -10, -11 and -12 (including non-paired wells 13, 14, 15) were
installed in areas inferred to be cross-gradient to down-gradient from the amended ash fill. Each
monitoring well is located outside of the amended ash fill.

Sampling Program

Well purging and sampling is performed using a peristaltic pump and a flow-through cell. Water
quality parameters (temperature, pH, turbidity, oxidation-reduction potential, conductivity and
dissolved oxygen) are monitored via the flow-through cell (Horiba U22 water quality analyzer)
prior to sample collection. Once water quality parameters stabilize, the flow through cell is
removed and groundwater samples are collected from the polyethylene tubing connected to the
peristaltic pump. Groundwater sampling is performed in general accordance with EPA Low-
Flow (Minimal Drawdown) Ground-Water Sampling Procedures. Groundwater samples are
appropriately containerized (with preservative, when applicable), placed on ice and shipped
under Chain-of-Custody for delivery to a contract laboratory for analysis. The groundwater
monitoring program is summarized in Table 1.
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TABLE 1
Battlefield Golf Club
Groundwater Monitoring Program Summary
Analyte Laboratory Method Snmpling reqvenry
ay y (19 wells)
Metals: Ag, As, Ba, Cd, Cr, Hg, Pb &
s o T T e SW-846 Method 6010B/7470A
e plus Al, B, Be, Ca, Co, Cuy, Fe, K, k
d Total (untiltered) Quacterly
Mn, Mg, Mo, Na, Ni, Sb, TI, V & Zn
Alkalinity & Bicarbonate Alkalinity SM2320B Quarterly
Anions: Bromide, Chloride, Fluoride, A0
Sulfate, Nitrate as N, Sulfide ' Quarterly
Total Phosphorus E365.3 Quarterly
Total Dissolved Solids (TDS) SM2540C Quarterly
Total Organic Carbon (TOC) SWI060A Quarterly
Quality Control

The QA/QC program for the site is intended to assess and enhance the reliability and validity of
groundwater data. Field sampling QA/QC procedures include the collection of quality control
samples, such as; equipment rinse blank, field duplicate and matrix spike/matrix spike duplicate
samples (MS/MSD). The equipment rinse blank is used to indicate whether effective
decontamination of equipment or potential cross-contamination has occurred. A field duplicate
sample is collected randomly side by side at designated sample locations, and analyzed by the
analytical laboratory. The results of the field duplicate sample indicate sampling and analytical
precision. The MS/MSD samples are collected and analyzed to indicate if the matrix of the
samples is causing interference. The analytical data is reviewed for quality with respect to

precision, accuracy, representativeness, completeness, and usability in accordance with standard
procedures.

Section 4 — Work Performed During This Reporting Period
Monitoring Overview

Groundwater samples were collected from the Dominion well network in March, June,
September and December of 2010. The analysis includes general chemistry parameters and
twenty five metals. Of those twenty five metals, eleven have EPA determined primary drinking
water standards (concentrations) known as maximum contaminant levels (MCLs). While
groundwater is not used for drinking water at the golf course, MCLs are used to indicate general
water quality.
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Surface water pH was measured in 2010 from the outermost pond located in the southwest
corner of the golf course. The referenced pond is being monitored for acidification resulting
from the natural acidity of the surrounding soil in this area of the site.

Groundwater Monitoring Data Discussion

Groundwater analytical results with respect to detections above the EPA MCLs arc summarized
for 2010 in Table 2. Of the eleven shallow wells sampled, detections of dissolved metals above
an MCL were not reported for nine of those wells during 2010. Of the two remaining wells
MW-13 contained beryllium above the MCL four out of four times the well was sampled in 2010
and MW-15 contained arsenic above the MCL three out of four times the well was sampled in
2010. Both wells are located near the southwest corner of the golf course property (Figures 4 and
5). There were no detections of metals above an MCL from the eight deeper wells sampled in
2010.

Table 2
Detections above EPA MCLs During 2010
For the Shallow Monitoring Well Network

Well Identification MW- | MW- | MW- [ MW- | MW- | MW- | MW- | MW- | MW- MW- | MW-
5A 6a 7A 8A 9A 10A 11A 12A 13 14 15
EPA | Number of groundwater samples collected in 2010
Parameter | MCL 3 [ 4 [ a ] a a4 4] 4] 4] a | 4
(mg/1) Number of detections above the EPA MCL in 2010
Antimony 0.006 0 0 0 0 0 0 0 0 0 0 0
Arsenic 0.01 0 0 0 0 0 0 0 0 0 0 3
Barium 2 0 0 0 0 0 0 0 0 0 0 0
Beryllium 0.004 0 0 0 0 0 0 0 0 4 0 0
Cadmium 0.005 0 0 0 0 0 0 0 0 0 0 0
Chromium 0.1 0 0 0 0 0 0 0 0 0 0 0
Copper 1.3 0 0 0 0 0 0 0 0 0 0 0
Lead 0.015 0 0 0 0 0 0 0 0 0 0 0
Selenium 0.05 0 0 0 0 0 0 0 0 0 0 0
Thallium 0.002 0 0 0 0 0 0 0 0 0 0 0
Mercury 0.002 0 0 0 0 0 0 0 0 0 0 0

Note: MW-5A was not sampled in 9/2010 due to well casing damage (MW-5A was subsequently replaced).

Dissolved metals such as; barium, boron, calcium, iron, magnesium, manganese, nickel,
potassium, sodium, vanadium and zine are routinely detected by the groundwater monitoring
network, however, the concentrations are generally consistent with background levels for the
site.

The following graphs illustrate the concentration of three metals detected in groundwater since
monitoring began at the golf course in 2008. Beryllium and arsenic (actually a metalloid) are
highlighted because detections above the respective MCL were noted in 2010. The third metal,
lead, is included since there were initial concerns from stake holders that lead detected in local
residential water wells may be associated with the golf course. Lead concentrations have not
been detected over the EPA action level in the Dominion groundwater monitoring network (EPA

5
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concluded from similar results that lead levels in local residential water wells is not associated

with amended ash under the golf course).

Arsenic Concentration
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Dissolved arsenic concentrations in groundwater do not show an overall increasing or decreasing
trend. Upgradient and downgradient concentrations are generally below the MCL of 0.010 mg/1
and within a similar range for the site. The one exception is MW-15, which contained
concentrations of arsenic above the MCL prior to the December 2010 sampling event. The
relevance of the readings is discussed below.

| 0.02

! Lead Concentration |
‘ Shallow Wells —MW-SA
‘ 0.015 e A6 A
| — MW-7A
—_—W-BA
I Eﬁ et — WA
e 104 |
—W-11A |
0.005 ——
MW-13
s -1 4 .
o W15 |

e actionlevel |

Dissolved lead concentrations in groundwater do not show an obvious overall increasing or
decreasing trend. When detected, upgradient and downgradient concentrations are generally
within a similar range for the site and are well below the EPA action level 0.015 mg/l (EPA uses
the terminology “action level” rather than “MCL” for lead).
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Beryllium Concentration
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Dissolved beryllium concentrations in groundwater do not show an overall increasing or
decreasing trend. Upgradient and downgradient concentrations are generally within a similar
range for the site with the exception of MW-8A and MW-13, which have/had detections above
the MCL of 0.004 mg/I. The relevance of dissolved metals detected in MW-8A, MW-13 and
MW-15 are discussed below.

Surface water measurements from the southwest corner pond are an acidic pH <4. Acidification
of the pond has likely occurred due to the release of stored acidity from sulfidic materials in
surrounding soil and sediments, which is further discussed in the following paragraphs.

Sediment Chemistry and Mineralogy

Metals are inorganic constituents that occur naturally in soil and groundwater and will therefore
be detected in any soil or groundwater sample analyzed for metals. Concentrations of metals in
soil and groundwater can vary considerable from one geographic area to another.

It is well documented that specific areas of Chesapeake, including portions of the golf course
site, contain sediment and soil that retain high amounts of sulfides (primarily pyrite). These
materials are known as “acid sulfate soil” and are commonly associated with the Tabb
Formation. When the sulfide bearing materials are exposed to the atmosphere (i.c., by
excavation), the sulfides oxidize and produce an acid. This reaction will produce acidic (low pH)
surface water and groundwater until sufficient neutralization occurs.

The presence of acid sulfate soil and sediment in the southwest portion of the golf course appears
to play a role in two observations: 1) low pH surface water in the southwest pond, and 2)

dissolved trace metals in groundwater above background, including EPA MCLs. Many elements
generally considered insoluble under neutral pH conditions will dissolve under acidic conditions,
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resulting in an increase (or release) of dissolved trace metals to the water system. Monitoring
results for this area of the site suggest that this complex geochemical process does influence
groundwater, most notably in the concentration of dissolved metals detected in wells MW-8A,
MW-13 and MW-15.

Conclusion

Groundwater monitoring results for the Battlefield Golf Club in 2010 indicate no negative
impact to groundwater quality at the perimeter of the site attributable to the amended fly ash used
to construct the golf course, specifically:

1. To date, trends indicative of a dissolved metal contribution from ash to groundwater have
not been observed in the analytical data from the Dominion monitoring well network
along the perimeter of the golf course.

2. The presence of dissolved metals in groundwater from specific wells located in the
southwest portion of the golf course (MW-8A, MW-13 and MW-15) appear to be
influenced by the presence of “acid sulfate soil” and not associated with amended fly ash.

Section 5 — Projected Work for Next Reporting Period

The first quarter groundwater monitoring event was completed in March, 2011. The next
planned activities for the site are groundwater monitoring events in June, September and
December 2011. Dominion will provide DEQ and EPA with the analytical results from each
groundwater monitoring event as they become available. An annual groundwater monitoring
report will prepared and submitted to DEQ and EPA in 2012 following review and analysis of
the four-2011 groundwater monitoring events.

Attachments:
Figure 1 Site Plan and Monitoring Locations
Figure 2 Groundwater Contour Map (shallow wells)
Figure 3 Groundwater Contour Map (intermediate wells)
Figure 4 September 2010 Results
Figure 5 December 2010 Results
Appendix: Results of Groundwater Sampling
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Appendix
Results of Groundwater Sampling
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