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EXECUTIVE SUMMARY
On behalf of Dominion Energy Virginia (Dominion Energy), Golder Associates USA Inc. (Golder) has prepared this

Nature and Extent Study (NES) to support the Assessment of Corrective Measures (ACM) Addendum for the North
Pond at the Bremo Power Station (Station) in Bremo Bluff, Virginia. The purpose of the NES is to delineate the
vertical and horizontal extent of constituent of concern (COC) concentrations in groundwater that exceed the
Federal Groundwater Protection Standards (GWPS) and Virginia Solid Waste Permit No. 618 (SWP) Groundwater
Protection Standards (GPS) in the vicinity of the North Pond.

On September 6, 2018, GWPS exceedances for lithium were documented for the Facility at the North Pond in
samples collected from monitoring wells MW-27D and MW-35. These exceedances triggered the need for an ACM

for lithium.

On April 30, 2020, a new federal CCR GWPS exceedance was documented at the North Pond in the sample
collected from monitoring well MW-24 (cobalt). This new GWPS exceedance triggered the need for an Assessment
of Corrective Measures (ACM) for cobalt under the CCR Rule. GWPS exceedances for lithium were previously
addressed in an ACM Report placed in the North Pond’s CCR operating record on May 4, 2019. Subsequently, on
May 14, 2020, SWP GPS exceedances were documented in the North Pond samples collected from monitoring
wells MW-24 (cobalt), MW-27D (boron, lithium, molybdenum, silver), MW-33, (nickel), MW-34 (boron), and MW-35
(boron). In accordance with Virginia Solid Waste Management Regulations (VSWMR) 9 VAC 20-81-260 et seq.,

these exceedances triggered the need for an ACM for boron, cobalt, lithium, molybdenum, nickel, and silver.

To fulfill the requirements of the ACM and to delineate the vertical and horizontal extent of the GPS and GWPS

exceedances in the vicinity of the North Pond, the following field program was completed:

= Installation, hydraulic testing, and groundwater sampling of two new boundary wells downgradient of MW-27D;

u Installation and sampling of four new hyporheic zone sampling ports to assess groundwater quality in shallow
mixing zones adjacent to drainage features downgradient of MW-27D and MW-35;

= Sampling and evaluation of five additional groundwater observation wells in the vicinity of the North Pond,
including two boundary wells downgradient of MW-27D and three wells between the point of compliance and
the downgradient property line;

= Sampling of five surface water monitoring points downgradient of MW-27D and MW-35;
=  Sampling of water from one bedrock outcrop located downgradient of MW-35;

m  Evaluation of data collected during the 2019 ACM field investigation from three dewatering wells installed in
the ash material in the North Pond;

m  Isotopic analysis of groundwater samples collected from select wells;

s Geophysical analysis of three deep bedrock boreholes to assess the potential impact of local geology on
groundwater flow paths;
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m  Soil sampling to assess for background sources of lithium; and

s Evaluation of routine groundwater monitoring data collected during the January 2019 and August 2020
Modified Assessment Monitoring Program event.

The ACM field investigation delineated the vertical and horizontal extents of lithium in groundwater to the Federal
and SWP GWPS (40 and 25 micrograms per liter [ug/L], respectively). Geological and hydrogeological information
collected during the investigation was generally consistent with previous site investigations and confirmed the
existing site conceptual model. Geophysical investigations conducted in the vicinity of the North Pond identified
fracture sets in bedrock oriented both parallel (northeast-southwest) and approximately perpendicular
(approximately east-west) to the local geological strike. Although most of the identified fractures had small aperture
openings or secondary mineralization such that the discontinuities are unlikely to transmit significant groundwater
flow, at least one open water-bearing fracture was identified in each of the three boreholes that were evaluated
geophysically during this investigation. The dominant discontinuity orientation is northeast-southwest with a lessor
conjugate discontinuity set observed with a west-northwest to east-southeast orientation. The dominate set of
discontinuities, which was generally observed to be moderately to steep dipping (>35 degrees) to the west, appears

to align with geomorphic feature orientations in the project area (i.e., valleys and ridges).

Analytical data generated as part of the study support a limited extent scenario for lithium impacts (GWPS
exceedances) in groundwater. The lithium impacts are generally localized around the two CCR compliance
monitoring wells MW-27D and MW-35, which were the only groundwater monitoring locations with exceedances of
the lithium GWPS. Lithium concentrations at the remaining monitoring wells ranged from 0.62 J ug/L to 6.8 pg/L,
where detected; lithium was not detected above the method detection limit at upgradient monitoring well MW-11.
Lithium results at surface water, hyporheic zone, and bedrock outcrop monitoring points were similar, where lithium
was either not detected, or detected at concentrations well below the GWPS (i.e., less than 5 ug/l). Furthermore,
the data do not indicate any off-site impacts with respect to lithium. Using the information evaluated during this

investigation, the NES delineates the inferred vertical and horizontal extents of:

m  Boron concentrations in groundwater which exceed the SWP background-based GPS (250 pg/L);

m  Cobalt concentrations in groundwater which exceed the background-based SWP GPS and background-
based federal CCR GWPS (7.83 pg/L);

m  Lithium concentrations in groundwater which exceed the background-based SWP GPS (25 ug/L) and federal
CCR GWPS (40 ug/L);

m  Molybdenum concentrations in groundwater which exceed the SWP background-based GPS (16.4 ug/L);
s Nickel concentrations which exceed the SWP background-based GPS (7.9 ug/L); and

m  Silver concentrations which exceed the SWP background-based GPS (5.0 ug/L).
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Analytical data generated as part of the study support a limited extent scenario for boron, cobalt, lithium, and

molybdenum impacts (GPS exceedances) in groundwater.

The boron impacts are generally localized around southwestern berm of the North Pond. Boron results at surface
water monitoring points along the James River were not reported above a method detection limit of 63.0 pg/L.
Based on modeling results and confirmation surface water sampling results, the boron impacted groundwater is not

adversely impacting surface water.

The cobalt impacts are generally localized around compliance monitoring well MW-24, which was the only
compliance monitoring location with an exceedance of the cobalt GPS. Similarly, the lithium and molybdenum
impacts are generally localized around compliance monitoring well MW-27D, which was the only compliance

monitoring location with exceedance of the lithium GWPS/GPS and molybdenum GPS.

The nickel and silver impacts observed at compliance monitoring wells MW-33 and MW-27D, respectively, were
not observed during the August 2020 compliance and NES sampling events and are believed to have been

false-positive laboratory results.

Based on the results of this NES, and in consideration of the continued Station activities at the North Pond, including
ongoing dewatering activities, Golder has prepared an ACM Addendum Report under separate cover in which
potential corrective actions are evaluated for the remediation of the observed impacts to groundwater as described

herein.
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1.0 INTRODUCTION AND BACKGROUND

Golder Associates USA Inc. (Golder) prepared this Nature and Extent Study Report (Report) on behalf of Virginia
Electric and Power Company d/b/a Dominion Energy Virginia (Dominion Energy) for the North Pond at the Bremo
Power Station (Station) in Bremo Bluff, Virginia. The North Pond is considered an active coal combustion residuals
(CCR) surface impoundment under 40 Code of Federal Regulations (CFR) Part 257.50 et seq. (Disposal of Coal
Combustion Residuals from Electric Utilities) as well as under the Commonwealth of Virginia adoption of 40 CFR
Part 257 Subpart D by reference (Title 9 Virginia Administrative Code [VAC] Agency 20, Chapter 81-800 et seq.
[9VAC20-81-800]). As an active CCR surface impoundment in the Commonwealth of Virginia, the North Pond is
also subject to regulation under the Virginia Solid Waste Management Regulations (VSWMR). Consistent with
these regulations, the Unit is operated by Dominion Energy under Solid Waste Permit (SWP) No. 618 issued by the
Virginia Department of Environment Quality (DEQ) on June 5, 2019.

This Report was prepared in response to the following federal and SWP Groundwater Protection Standard
(GWPS/GPS) exceedances (federal CCR Rule GWPS and Virginia SWP GPS, respectively).

e September 16, 2018, federal CCR Rule GWPS exceedances were documented at the North Pond in
samples collected from monitoring wells MW-27D and MW-35 for lithium.

e April 30, 2020, a federal CCR Rule GWPS exceedance was documented in the North Pond sample
collected from monitoring well MW-24 for cobalt.

e May 14, 2020, SWP GPS exceedances were documented in the North Pond samples collected from
monitoring wells MW-24 (cobalt), MW-27D (boron, lithium, molybdenum, silver), MW-33, (nickel), MW-34
(boron), and MW-35 (boron).

The Nature and Extent Study (NES) was completed to support the Assessment of Corrective Measures (ACM)
required under Title 40 CFR Section 257.96 (40 CFR Part 257.96) of the Federal Disposal of Coal Combustion
Residuals from Electric Utilities Rule (CCR Rule) following the documentation of federal GWPS exceedances.
Specifically, once a federal CCR Rule GWPS exceedance has been documented for an Appendix IV constituent,
the CCR Rule requires the initiation of an ACM within 90 days of documenting the federal CCR Rule GWPS
exceedance unless a successful Alternative Source Demonstration (ASD) is completed. Consistent with the CCR
Rule, the ACM must be completed within an additional 90 days unless a demonstration for additional time based
on a site-specific condition or circumstances is completed. Pursuant to section 257.96(a) of the CCR Rule, a
demonstration of need for a 60-day extension was certified by a professional engineer and placed in the Station’s
operating record on March 4, 2019, and October 15, 2020. Copies of the extension requests were included in the
North Pond’s applicable annual groundwater monitoring and corrective action reports consistent with the provisions
of the CCR Rule.

Similarly, when a SWP GPS is exceeded, the VSWMR require initiation of the ACM, to include a NES, within 90 days

of documenting the SWP GPS exceedance unless a successful ASD is completed. Similar to the CCR Rule, the
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facility operator has an additional 90 days to complete the ACM under the VSWMR unless a demonstration for

additional time based on a site-specific condition or circumstances is approved by the DEQ.

Consistent with these requirements, this NES investigation was performed to develop an understanding of the

nature and extent of constituent concentrations above the federal CCR Rule GWPS and/or SWP GPS as follows:

s Boron GPS in wells MW-27D, MW-34, MW-35;

s Cobalt GWPS/GPS in wells MW-24;

m  Lithium GWPS/GPS in wells MW-27D and GPS in well MW-35;
u Molybdenum GPS in wells MW-27D;

= Nickel GPS in well MW-33; and

n Silver GPS in well MW-27D.

The NES site assessment activities were completed between November 2018 and January 2019 (lithium) and

March and August 2020 (boron, cobalt, lithium, molybdenum, nickel, and silver).

The initial NES/ACM addressing the September 2018 GWPS exceedances was placed in the Facility’s operating
record on May 4, 2019 and after to a publicly available website. The NES/ACM Addendum addressing the April
and May 2020 GWPS/GPS exceedances was placed in the Facility’s operating record and submitted to DEQ on
November 10, 2020, and revised on October 29, 2021. On July 5, 2022, DEQ requested an updated NES that
includes all constituents that exceed GWPS/GPS. Therefore, this updated Report summarizes the complete NES

activities and findings.

1.1 Site Setting and Background

As shown on Figure 1, a portion of the United States Geological Survey (USGS) 772 minute topographic map of
Arvonia, Virginia, the site vicinity has moderately steep topography in the upland areas bordering the Station. The
local topography is dissected by drainage swales that have developed a mix of dendritic and trellis drainage patterns
reflecting an underlying structure control. Both intermittent and perennial streams characterize surface flow in the
vicinity of the Station, with broad ridges and hilltops serving as topographical highs (maximum elevations of roughly
450 feet above mean sea level [AMSL] to the north of the Station). A portion of the Station, including the former
generation station and the East and West Ponds, is located within the James River floodplain where topographic
elevations range from 230 to 200 feet AMSL. The North Pond is located in the northern portion of the Station in an

upland area outside of the floodplain.

As presented on the aerial photograph inlay on Figure 2, the Station property consists of wooded, open, and
developed land just north of the James River. The Station’s northern, eastern, and western boundaries are bordered
primarily by undeveloped parcels. The Station property is bordered to the south by a CSX rail line and the James

River. Land use surrounding the Station is classified as “A-1 Agricultural” and consists of undeveloped wooded and
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agricultural properties within a rural residential setting. Other than a process water supply well that is located on
the Station, there are no known water supply wells on the Station or within the immediate vicinity of the Station

boundary.

Power generation activities at the Station were initiated in the late 1930s. Ash from the power generation activities
has historically been stored in the three on-site CCR surface impoundments (North Pond, West Pond, and East
Pond). In 2014, the Station converted from a coal-fired power plant to a natural gas-fired power plant. No newly
generated CCR has been placed in these impoundments since the conversion to a gas-fired plant. The Station
ceased power generation activities in 2018. Storage of existing CCR materials at the Station has been consolidated
to the North Pond, with removal of CCR materials formerly stored in the West Pond to the North Pond having been

completed in 2020, and removal of CCR material from the East Pond to the North Pond completed in early 2019.

Historically, groundwater at the Station was monitored under Virginia Pollutant Discharge Elimination System
(VPDES) Permit (Permit No. VA0004138). Background sampling activities for the CCR Rule for the North Pond
were initiated in October 2016 following installation of additional monitoring wells for these units. The background
sampling activities for the North Pond under the CCR Rule were completed in July 2017. The initial CCR Rule
Detection Monitoring Program event for the North Pond was completed on September 6, 2017. Based on the results
from the initial CCR Rule Detection Monitoring Program sampling event, a CCR Rule Assessment Monitoring
Program was initiated (initial CCR Rule Appendix Il and IV sampling event) for the North Pond on January 29, 2018,
following placement of the statistically significant increase notification in the operating record on
December 13, 2017, consistent with the CCR Rule. The initial semi-annual assessment monitoring program
sampling event for the North Pond was completed on April 30, 2018. On September 6, 2018, federal GWPS
exceedances for lithium were documented at the North Pond in samples collected from monitoring wells MW-27D
and MW-35. These exceedances triggered the need for an ACM for lithium. Dominion Energy completed the
required investigation and initially presented the results in an ACM Field Investigation Report dated May 3, 2019

(Golder 2019), which has been incorporated into this Report.

On June 5, 2019, SWP No. 618 was issued by DEQ with groundwater monitoring provisions for all three of the
Ponds at the Station. The Station currently monitors groundwater in accordance with the Modified Assessment
Monitoring Program (AMP) as established in the SWP.

On April 30, 2020, a new federal CCR GWPS exceedance was documented at the North Pond in the sample
collected from monitoring well MW-24 (cobalt). This new GWPS exceedance triggered the need for an ACM for
cobalt under the CCR Rule. GWPS exceedances for lithium were previously addressed in an ACM Report placed
in the North Pond’'s CCR operating record on May 4, 2019. Subsequently, on May 14, 2020, SWP GPS
exceedances were documented in the North Pond samples collected from monitoring wells MW-24 (cobalt), MW-
27D (boron, lithium, molybdenum, silver), MW-33, (nickel), MW-34 (boron), and MW-35 (boron). Dominion Energy

completed the required investigation and initially presented the results in a Nature and Extent Study Addendum

WS|) GOLDER 3



Bremo Power Station — North Pond Nature and Extent Study Report
May 3, 2019; revised October 3, 2022 Project No. GL2013982322

dated November 10, 2020, and revised October 21, 2021 (Golder 2021), which has been incorporated into this
Report.

The footprint of the CCR materials stored in the North Pond is currently covered by a Wind Defender® rain cover.

This rain cover significantly reduces precipitation from infiltrating through the unit.

1.2 Project Objective and Report Structure

The purpose of the investigation is to delineate the nature and extent of boron, cobalt, lithium, molybdenum, nickel,
and silver concentrations that exceed the GPS and/or GWPS in groundwater. Based on the extent of the
investigation, the ACM Report, being prepared under separate cover, presents an evaluation of potential remedial

options for the documented groundwater impacts.

Section 2.0 of this Report summarizes field activities completed as part of the NES. Section 3.0 summarizes the
results of the field investigation. Section 4.0 presents the nature and extent of constituents of concern at the North
Pond based on the results of the field investigation. Section 5.0 presents the risk evaluation and the results of the

risk assessment. Conclusions are presented in Section 6.0.
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2.0 FIELD INVESTIGATION SUMMARY

Field investigations were completed between November 2018 and January 2019, and between March and August

2020. Details for the completed activities are presented in the following sections.

2.1 Well Installation

Two groundwater observation wells (MW-36S and MW-36D) were installed west of MW-27D between
November 6 and 13, 2018, to evaluate the horizontal and vertical extent of lithium concentrations in groundwater
downgradient of MW-27D. Additional wells to evaluate the extent of lithium downgradient (south) of MW-35 could
not be installed between MW-35 and the northern boundary of the East Pond due to the inaccessible terrain in this
area. Similarly, new observation wells were not installed at the southern property boundary downgradient of
MW-27D and MW-35 due to the presence of the East Pond and (at the time) the on-going constructions activities
associated with CCR material removal from the East Pond. It is noted as discussed further in Section 2.7 and 4.3,
groundwater flow from a bedrock outcrop downgradient of MW-35 was sampled to evaluate the extent of lithium
downgradient of MW-35, and historical (October 2018) data from East Pond CCR compliance wells MW-21, MW-22,
and MW-23 (located approximately 600 to 800 ft downgradient of MW-35) do not indicate GWPS exceedances of

lithium.

The borehole drilling and well construction activities were performed by Cascade Drilling, LP (Cascade), of Marietta,
Ohio. A Golder geologist provided oversight for the borehole drilling and well construction activities. Drilling activities
were performed with a 10-SPDRS rotary sonic drill rig and a 4.75-inch outer diameter (OD) core barrel, which was
over-cased by a 6-inch OD sonic casing to the top of bedrock. The boreholes were completed with a minimum
nominal borehole diameter of 6 inches in overburden and weathered rock, and a diameter of 4.75 inches in
competent bedrock. During advancement of the boreholes, soil samples were collected continuously to
characterize subsurface materials encountered. Recovered samples were logged in the field for lithological
properties. Soil boring and well construction logs for the wells installed for the ACM Investigation are presented in
Appendix A. The completion depths of the boreholes and monitoring wells are summarized in Table 1. A site map

showing the location of the newly installed monitoring wells is provided as Figure 3.

WS|) GOLDER 5



Bremo Power Station — North Pond Nature and Extent Study Report
May 3, 2019; revised October 3, 2022 Project No. GL2013982322

Table 1: Well Construction Details

Well Completion  Well Protective Depth to Top of Ground
Identification Date Construction Casing Bottom Casing Surface
Material and Construction (ft bgs) Elevation Elevation
Diameter Material and
Dimensions
MW-36S 11/13/2018 2” diameter 4” diameter 30 249.32 246.67
PVC Riser; steel
10-foot
2” diameter
0.010” slotted
PVC screen
MW-36D 11/13/2018 2” diameter 4” diameter 69 249.03 246.34
PVC Riser; steel
10-foot
2” diameter
0.010” slotted
PVC screen
ft = feet

bgs = below ground surface

After logging soil samples and termination of the boreholes, a monitoring well was constructed at each boring using
10 feet of factory-supplied 2-inch inside diameter (ID) flush-threaded polyvinyl chloride (PVC) screen (0.010-inch
factory-slotted) and 2-inch ID flush-threaded PVC well casing riser. The well screens were placed at the bottom
depths recorded in Table 1 such that the screened intervals were fully saturated, and the remainder of each well
was constructed from 10-foot sections of well casing riser to approximately 30 inches above grade. The bottom of
each well was fitted with a flush-threaded PVC well cap. Following placement of the well screen and casing in the
monitoring well, the annular space in the borehole adjacent to the well screen was filled with filter pack sand to
approximately 2 to 3 feet above the top of the well screen, as indicated in individual well logs. Following placement
of the filter pack sand in each well, a filter pack seal composed of 3/8-inch bentonite chips was placed on top of the

filter pack.

Following hydration of the bentonite filter pack seal, the annular space in each borehole was tremie-grouted to
approximately 1 foot below grade with a high-solids bentonite grout mix. For each well, the remaining annular space
was filled with concrete, into which a protective casing comprised of a 4-inch diameter locking steel cover was set,

and a nominal 3-foot square concrete pad was installed at the base of the protective casing to protect each wellhead.

New groundwater monitoring wells were developed on January 7, 2019, utilizing an air lift pump system until field
parameters (pH, temperature, specific conductance, and turbidity) stabilized and relatively sediment-free water was
obtained. The wells were developed for approximately 4 hours each. Recovered purge water was placed in a frac
tank staged on site pending disposal. A summary of observed field parameter results and total volumes of water

purged at each well is provided in the attached well development forms (Appendix B).
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2.2 Borehole Geophysics

Prior to well construction at the deep bedrock location MW-36D, Golder conducted borehole geophysical logging in
the un-cased portion of the borehole to assess fractured zones identified during drilling and assist with screen
interval placement. In addition, Golder performed downhole geophysical logging at two bedrock boreholes
(Boring 22D and Boring 23D) downgradient of the East Pond to generate supplemental geological data to the south
of the North Pond (and approximately downgradient of MW-35). Borings 22D and 23D are approximately 105 and
140 feet deep, respectively, and consistent with nearby monitoring wells, are recorded as being drilled into gneissic
bedrock.

Boreholes were each logged using an acoustic borehole imager between November 12 and December 4, 2018, by
a Golder scientist. Observations made during geophysical logging at individual boring locations are summarized

below:

= MW-36D could not be logged below approximately 63 ft below ground surface (bgs) (drilled depth of 69 feet)
due to the presence of drill cuttings in the borehole. However, several “broken zone” or partially open joints /
fractures were identified within the logged screen interval (i.e., from approximately 59 to 63 ft bgs), consistent

with the observations made during drilling.

Five major open fractures were identified at MW-36D at depths ranging from 23 to 61 ft bgs. These major

open fractures each strike to the northeast and are shallowly dipping.

In general, the planar features identified at MW-36D form orthogonal sets parallel and perpendicular to local

geological strike (northeast and northwest, respectively).

m  Eight major open fractures were identified at Boring 22D at depths ranging from 27 to 93 ft bgs. These major
open fractures strike to either the northeast or northwest and are predominantly moderately to steeply dipping.
Boring 22D could not be logged below approximately 98 ft bgs (drilled depth of 105 feet) due to the presence

of drill cuttings in the borehole.

In general, the planar features identified at Boring 22D form orthogonal sets parallel and perpendicular to local

geological strike (northeast and northwest, respectively).

= Only one major open fracture was identified at Boring 23D at a depth of 40 ft bgs. This fracture strikes to the
northwest and is shallowly dipping. Boring 23D could not be logged below 135 ft bgs (drilled depth of 140 feet)

due to the presence of drill cuttings in the borehole.

The planar features identified at Boring 23D strike predominantly to the northeast, parallel to local geological

strike.

A total of 172 discontinuities were identified from the acoustic televiewer images of the three boreholes and were

classified as minor to major, partially closed to open joints/fractures or bedding/banding/foliation based on aperture
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width, openness, and orientation. Major open fractures are also identified by borehole deviations and enlargements

observed in the acoustic caliper log.

Six main bedrock discontinuity sets were identified when reviewing the collective data for Borings 22D and 23D and
MW-36D. Three sets are oriented northeast, approximately parallel to the local geological strike. The other three
dominant fracture sets are oriented west-northwest, approximately perpendicular to geologic strike. In addition to
the six main discontinuity sets, several horizontal or near-horizontal fracture voids were identified during geophysical
logging. Exhibit 1 below presents a summary of the strikes of the observed bedrock discontinuities identified in
each boring. As shown in Exhibit 1, the majority of the discontinuities identified strike to the northeast, parallel to

the local geological strike.

Exhibit 1: Rosette diagram for all bedrock discontinuities identified in Boring 22D, Boring 23D, and MW-36D. Planar
structures form orthogonal sets parallel and perpendicular to local geologic strike.

Plot Mode | Rosette
Plot Data | Apparent Strike

Face Normal Trend | 0.0

Face Normal Plunge | 90.0

Bin Size | 10°

Outer Cirde | 20 planes per arc
Planes Plotted | 94
Minimum Angle To Plot | 45.0°
Maximum Angle To Plot | 90.0°

Most of the identified fractures have very small, tight aperture openings and/or secondary mineralization. The
relatively consistent orientation of the discontinuities collectively indicates a preferential direction of weakness
(secondary porosity in this case) within the bedrock aquifer system that likely correlates with a preferential
groundwater flow direction. While the majority of the discontinuities were mineralized or had small aperture
openings where observed, open water-bearing fractures were observed in all three borings (as summarized above),
with fracture apertures widths of up to 6.7 inches. Most of the identified discontinuities are moderately to steeply

dipping; the remainder are shallow to sub-horizontal. The steeply dipping conjugate sets of discontinuities are

WS|) GOLDER 8



Bremo Power Station — North Pond Nature and Extent Study Report
May 3, 2019; revised October 3, 2022 Project No. GL2013982322

expected to create some preferential groundwater flow that is parallel to and perpendicular to geologic strike. The
sub-horizontal fractures with large fracture openings are expected to collect groundwater from smaller vertical
fractures and allow less restricted radial flow to occur. A detailed geophysical logging report describing methodology
and analytical results, including geophysical logs and rose diagrams of bedrock discontinuities from each of the

borings, is provided as Appendix C.

2.3 Hydraulic Conductivity Evaluation Activities

On January 10, 2019, Golder personnel performed rising head and falling head slug tests at MW-36S and MW-36D
to obtain data for estimating the hydraulic parameters for the aquifer within the screened interval of the newly

installed monitoring wells.

During the slug tests, a pressure transducer was used to record the falling/rising head data. The hydraulic
conductivity estimates for the newly installed monitoring wells are based on analysis of slug test data using
Agtesolv™ and the KGS slug test evaluation methodology developed by Hyder et al. (1994). The slug test raw data
graphical analysis and results are presented in Appendix D. The results of falling and rising head tests for each

well are summarized in Table 2.

Table 2: Hydraulic Conductivity Summary

Well ID Falling Head Test Rising Head Test Average
(ft/day) (ft/day) (ft/day)

MW-36S 3.36 3.57 3.46

MW-36D 36.9 29.0 32.9

ft/day = feet per day

As discussed further in Section 3.0, the results at MW-36S are consistent with previous hydraulic data generated
for North Pond area monitoring wells. Hydraulic conductivities at MW-36D are higher than previously reported for
Facility wells but are consistent with the observations made during drilling and geophysical assessment (e.g., the
screened zone was observed to be extremely fractured and drilling return water was lost to the formation while
advancing through this zone). Hydraulic conductivity information for the aquifer beneath the Facility is discussed

further in Section 3.1.

24 Hyporheic Sample Port Installation

To further delineate the extent of lithium in groundwater in the vicinity of MW-27D and MW-35, Golder installed four
hyporheic zone (HZ) sample ports to monitor the mixing zone between shallow groundwater and surface water.
The HZ sample ports were installed by Golder on January 10 and 11, 2019, at locations adjacent to drainage
features downgradient of MW-27D and MW-35, to the west and south respectively. The drainage features being
monitored by the HZ sample locations are classified as perennial streams which receive groundwater discharge in

addition to storm- and melt-water runoff. The eastern drainage feature discharge to the former East Pond basin;
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water entering the East Pond is pumped to the Station’s water treatment facility afterwards which it is discharged to
the James River. The western drainage feature is diverted around the East Pond where it is ultimately discharged
to the James River. Each HZ monitoring location was paired with a surface water sampling location (SW-1 through
SW-4) such that water flowing in the drainage features was monitored concurrently with the adjacent shallow mixing

zone groundwater.

The HZ sample ports were constructed from 2-inch ID schedule 40 PVC casing and a 1-foot long, 2-inch diameter,
0.010-inch factory slotted pre-packed PVC screen with flush-bottom end cap. The sample ports were installed
using a 4-inch diameter hand-auger and/or post-hole diggers advanced to a depth of 1 to 2 feet bgs at water’s edge
adjacent to surface water sampling locations. Sample port casing was extended to approximately 30 inches above
ground surface. After constructing the sample ports, an 18-inch diameter (nominal), 6-inch (nominal) deep concrete
pad and a protective 4-inch ID PVC casing was installed around each 2-inch sampling port. A summary of hyporheic
sampling port construction details is provided in Table 3. Locations of hyporheic sample ports are depicted on

Figure 3.

Table 3: Hyporheic Sample Port Construction Details

Sample Completion Well Construction Protective Depth to Top of Ground
PortID Date Material and Casing Bottom Casing Surface

Diameter Construction (ft bgs)  Elevation | Elevation
Material and (ft) (ft)
Dimensions

HZ-1 1/10/2019 2” diameter PVC 4-inch PVC 4.02 240.08 238.47
Riser; 1-foot, 2”
diameter 0.010”
slotted pre-packed
PVC screen

Hz-2 1/10/2019 2” diameter PVC 4-inch PVC 3.60 254.00 252.42
Riser; 1-foot, 2”
diameter 0.010”
slotted pre-packed
PVC screen

HZ-3 1/10/2019 2” diameter PVC 4-inch PVC 6.05 266.99 264.57
Riser; 1-foot, 2”
diameter 0.010”
slotted pre-packed
PVC screen

HZ-4 1/10/2019 2” diameter PVC 4-inch PVC 4.02 236.17 234.41
Riser; 1-foot, 2”
diameter 0.010”
slotted pre-packed
PVC screen
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The following table presents the approximate HZ sampling elevation as compared to adjacent groundwater

elevations (January 2019). As demonstrated below, HZ samples were collected from the top of the shallow

groundwater table at the mixing zone with surface water.

Sample Port ID Ground Surface Adjacent Groundwater  Approximate HZ Sampling
Elevation (ft) Elevation (ft) Elevation (ft)

HZ-1 238.47 237.41 234-235

HZ-2 252.42 254.39 249-250

HZ-3 264.57 262.65 258.5-259.5

HZ-4 234.41 233.82 230-231

2.5 Monitoring Well and Hyporheic Sample Port Survey Activities

H&B Surveying and Mapping, LLC of Richmond, Virginia collected survey data for newly installed monitoring wells
on December 7, 2018, and hyporheic sampling ports on January 15, 2019. A site map showing the location of the

newly installed monitoring points is presented in Figure 3.

2.6 Compliance Groundwater Sampling

Under Permit Module XI, Dominion Energy is required to monitor groundwater in the uppermost aquifer beneath
the North Pond under a Modified Assessment Monitoring Program (AMP). The provisions of the Modified AMP are
consistent with the groundwater monitoring requirements of the VSWMR and the CCR Rule. The groundwater
monitoring activities are conducted pursuant to the provisions outlined in the Groundwater Monitoring Plan prepared
for the Bremo Power Station. The approximate locations of the compliance monitoring wells in the compliance
network for the North Pond are shown on Figure 3. The North Pond monitoring network is presented in Table 4,

following.

WS|) GOLDER 11



Bremo Power Station — North Pond
May 3, 2019; revised October 3, 2022

Nature and Extent Study Report
Project No. GL2013982322

Table 4: North Pond Monitoring Network

MW-11

MW-24

Upgradient Compliance Monitoring Wells

MW-29S

Downgradient Compliance Monitoring Wells

MW-27D

MW-29D

MW-34

MW-258

MW-35

MW-25D

Sentinel Monitoring Wells*

MW-26S

MW-26D

MW-27S

MW-28

*Note that the sentinel wells were considered observation wells during the January 2019 sampling event

To conduct the NES investigation delineation activities, the analytical results from following events were used in

this evaluation:

e January 7-18, 2019
e August 24-26, 2020

The analytical results for the 2019 and 2020 compliance events are summarized in Tables 5 and 6, respectively.
The laboratory certificates of analysis and chain-of-custody forms are presented in Appendix E.1 and E.2, and the

field logs for the compliance events are presented in Appendix F.1 and F.2.

2.7 NES Sampling
271 Soil

During the advancement of soil borings at MW-36S and MW-36D, discrete soil samples were collected at multiple
depths in the vadose zone to assess soil quality and the potential for a background source of lithium. Samples
were submitted to Pace Analytical Services, Inc. (Pace) of Huntersville, North Carolina, a Virginia Environmental
Laboratory Accreditation Program (VELAP)-certified laboratory, for analysis of boron, iron, lithium, molybdenum,
and pH. Select samples were also submitted for analysis of total organic carbon (TOC). Soil sampling locations /
depths and analyses performed are summarized in Table 7. Laboratory analytical reports are provided in

Appendix E.1.

2.7.2 Groundwater Sample Collection

To supplement the data from the routine semi-annual groundwater monitoring event conducted at the Station in
January 2019 and August 2020, additional groundwater samples were collected as part of the NES field program

on January 17, 2019, and August 27-28, 2020. The samples were collected from observation wells MW-36S and
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MW-36D (both events) and MW-22S, MW-22D, and MW-VPDES (August 2020 event only). The locations of these
supplementary groundwater observation locations are depicted in Figure 3.

The groundwater samples were collected in accordance with the procedures in the Station’s Groundwater
Monitoring Plan using low-flow micropurge sampling techniques. Wells were sampled using a decontaminated
non-dedicated bladder pump with disposable bladders. During the purge at each well location, periodic samples
were collected for field analysis of dissolved oxygen (DO), oxidation-reduction potential (ORP), pH, specific
conductance, turbidity, and temperature. Water quality parameters were collected using a field-calibrated water
quality meter equipped with a flow-through cell during well purge, and after sample collection. Groundwater field

measurements are summarized on Field Data Sheets provided in Appendices F.1 and F.2.

Groundwater samples were collected directly from the discharge tube on the pump into pre-labeled, laboratory
supplied, pre-preserved sample containers. Following collection, the samples were placed in a cooler on ice under
chain-of-custody control and couriered to Pace Analytical Services, Inc. (Pace) of Huntersville, North Carolina.
Pace is a VELAP-certified laboratory for the require analyses. The groundwater samples were submitted for

analysis of the following constituents:

= CCR Rule Appendix Il Metals (boron and calcium) by SW-846 6010D;
= CCR Rule Appendix Il Anions (chloride and sulfate) by SW-846 9056A
s CCR Rule Appendix IV Metals (cobalt, lithium, and molybdenum) by SW-846 Methods 6010D and 6020B;
= VSWMR Table 3.1 Metals (nickel and silver) by SW-846 Methods 6010D and 6020B;
= Metals (magnesium, potassium, sodium) by SW-846 Methods 6010D and 6020B; and
= Alkalinity by Standard Method 2320B.
In addition, NES groundwater samples from the January 2019 event were also submitted for analysis of the following
constituents:
® CCR Rule Appendix IV Detect Metals (arsenic, barium, and lead) by SW-846 Methods 6010D and 6020B;
® CCR Rule Appendix IV Detect Metals (Mercury) by SW-846 Method 7470A;
®  CCR Rule Appendix Il Total Dissolved Solids by SM 2540C;
® CCR Rule Appendix Il Anion (fluoride) by EPA Method 300.0;
® CCR Rule Appendix IV Detect Radium 226 & 228 by EPA Methods 903.1 and 904.0; and
= Metals (strontium) by SW-846 Methods 6010D; and

= Voluntary Isotopes for boron 11/10 (3''B), lithium 7/6 (87Li), and strontium 87/86 (87Sr/%¢Sr) at monitoring
locations MW-24, MW-27D, MW-29S, MW-29D, and MW-35 only
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Groundwater sampling locations, dates, and analyses performed are summarized in Tables 5 and 6. Laboratory

analytical reports are provided in Appendices E.1 and E.2.

2.7.3 NES Surface Water/Hyporheic Zone Sample Ports

The ACM investigation surface water sampling and analysis program was conducted between January 17
and 21, 2019, and included the collection of four paired surface water and HZ samples, one additional unpaired
surface water sample, and a natural bedrock discharge location identified at a bedrock outcrop southeast of the
North Pond (see Figure 3). Surface water samples were collected in general accordance with United States
Environmental Protection Agency (USEPA) surface water sampling procedures in pre-labeled, laboratory supplied,
pre-preserved sample containers. The HZ samples were collected using a peristaltic pump and disposable tubing
into pre-labeled, laboratory supplied, pre-preserved sample containers. The outcrop sample was collected using a
cut piece of polyethylene tubing to direct water discharging from the face of the bedrock outcrop into the sample
containers. After sample collection, water quality parameters were collected and analyzed in the field for DO, ORP,
specific conductance, pH, and temperature for the surface water and outcrop samples. Hyporheic sample ports
were observed to have poor recharge and except for HZ-3, did not produce enough water to collect field parameters
after sample collection. Field water quality measurements are summarized on Field Data Sheets provided in

Appendix F.1.

Additional ACM investigation surface water sampling activities were conducted on August 28, 2020, and included
the collection of two surface water and four HZ samples (see Figure 3). Surface water samples were collected in
general accordance with USEPA surface water sampling procedures in pre-labeled, laboratory supplied, pre-
preserved sample containers. The HZ samples were collected using disposable bailer into pre-labeled, laboratory
supplied, pre-preserved sample containers. After sample collection, water quality parameters were collected and
analyzed in the field for DO, ORP, specific conductance, pH, and temperature for the surface water and HZ samples.

Field water quality measurements are summarized on Field Data Sheets provided in Appendix F.2.

For both events, the samples were placed in a cooler on ice under chain-of-custody control and shipped to Pace

for analysis of the following constituents:

s CCR Rule Appendix Ill Metals (boron and calcium) by SW-846 6010D;
m  CCR Rule Appendix Il Anions (chloride and sulfate) by SW-846 9056A

= CCR Rule Appendix IV Metals [cobalt, lithium, and molybdenum (and strontium, 2019 event only)] by SW-846
Methods 6010D and 6020B;

= VSWMR Table 3.1 Metals (nickel and silver) by SW-846 Methods 6010D and 6020B;
s Metals (magnesium, potassium, sodium) by SW-846 Methods 6010D and 6020B; and

s Alkalinity by Standard Method 2320B.
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The results from the surface water and HZ sample analyses are summarized in Table 8. Laboratory analytical

reports are provided in Appendices E.1 and E.2.

274 2019 North Pond Interstitial Water

Consistent with the CCR Rule requirements to characterize the nature and quantity of material released
(257.95(g)(1)(ii), samples of interstitial water from within the North Pond were collected from three de-watering wells
installed through the CCR material in the pond. The interstitial water sampling and analysis program was conducted
on January 16, 2019, and consisted of the collection of three pore water samples from deep dewatering wells
SDW-4, SDW-7, and SDW-10 in the North Pond. Based on well reports provided by Moretrench, these wells are
constructed with 40 to 60 feet of screen and are screened to maximum depths of between 56 and 83 feet bgs in
ash. Samples were collected from a dedicated pump hose installed at each well head using the existing well pumps.
Prior to sampling, wells were purged until water was visibly clear of sediment or fouling. Samples were collected
into pre-labeled, laboratory supplied, pre-preserved sample containers. After sample collection, water quality
parameters were collected and analyzed in the field for DO, ORP, specific conductance, pH, and temperature. The
samples were placed in a cooler on ice under chain-of-custody control and shipped to ALS (isotopes only) and Pace
(VELAP accredited) for analysis of the following constituents, which includes the full CCR Rule Appendix Il and IV

suite plus additional voluntary parameters and isotopes:

= Metals (antimony, arsenic, barium, beryllium, boron, cadmium, calcium, chromium, cobalt, lead, lithium,
magnesium, molybdenum, potassium, selenium, sodium, strontium, and thallium) by SW-846 Methods
6010D and 6020B;

= Mercury by SW-846 Method 7470A;

= Alkalinity by SM 2320B;

=  Total Dissolved Solids by SM 2540C;

= Anions (chloride, fluoride, and sulfate) by EPA Method 300.0;
= Radium 226 & 228 by EPA Methods 903.1 and 904.0; and

= Isotopes (boron 11/10, lithium 7/6, and strontium 87/86) at sampling locations SDW-4 and SDW-10 only.
Interstitial water sampling locations and analyses performed are summarized in Table 9. Laboratory analytical
reports are provided in Appendix E.1. Field measurements are summarized on Field Data Sheets provided in

Appendix F.1.

2.8 Comprehensive Groundwater Elevation Assessment

A comprehensive round of groundwater elevation measurements was collected on January 16, 2019, and August
24, 2020, from monitoring and observation wells in the vicinity of the North Pond to support the evaluation of

groundwater flow direction and horizontal and vertical groundwater gradients. A summary of groundwater
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elevations with available historical data is presented in Table 10. Discussion of groundwater flow and gradients is

presented in Section 3.1.

29 Data Validation

Laboratory analytical data were validated in accordance with the following USEPA and Department of Energy
(DOE) documents:

= National Functional Guidelines for Inorganic Superfund Methods Data Review, January 2017;

m  Laboratory Data Validation Functional Guidelines for Evaluating Inorganic Analyses, July 1988;

s US Department of Energy Evaluation of Radiochemical Data Usability, April 1997; and

= Sampling and Analysis Plan for US Department of Energy Office of Legacy Management Sites.

The quality assurance and quality control (QA/QC) laboratory data review documents are included in
Appendices G.1 and G.2. Based on the data validation process, the supplemental groundwater, surface water, and

HZ sample data associated with the NES investigation was accepted for use.

210 Investigation-Derived Waste

Solid investigation-derived waste (IDW) generated as a result of drilling and well construction activities were
collected and contained within a lined roll-off container. Recovered liquid IDW generated during well installation
and development was contained in an approximately 2,500-gallon tank staged within secondary containment onsite.
The solid and liquid IDW materials were characterized as needed and disposed of at off-site facilities permitted to

accept these materials. Copies of disposal records are provided in Appendix H.
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3.0 INVESTIGATION RESULTS

The following sections present an updated evaluation of hydrogeology in the vicinity of the North Pond and present
the analytical results for the soil and groundwater samples collected during the field investigation conducted

between November 2018 and January 2019 and in August 2020.

3.1 Hydrogeology

The geology underlying the site in the vicinity of the North Pond has been widely characterized during previous
investigations conducted at the Station, and the geological observations made during the 2019 and 2020 ACM field
investigations were consistent with the results of these previous investigations. In general, the Site Conceptual
Model developed for the North Pond area is comprised of an upland recharge area and a hydrogeologic boundary
associated with the James River to the southwest. The uppermost aquifer potentiometric surface transcends
geologic boundaries, with the aquifer matrix ranging from saprolite, fractured or weathered bedrock (various), to
alluvium associated with the James River downgradient of the North Pond. These different geological units are
expected to impart variability to the uppermost aquifer hydraulic properties as well as geochemical conditions.
Table 11 provides a brief overview of the lithology in which various wells in the vicinity of the North Pond are

screened. The Site Conceptual Model in the Groundwater Monitoring Plan also provide an overview of the site

geology.

The water table surface in the vicinity of the North Pond generally mimics the topography with groundwater
elevations ranging approximately from 350 ft AMSL in the upland recharge area north of the North Pond to 200 ft
AMSL along the boundary with the James River. Historical static water level data for the site is summarized in
Table 10. The depth-to-water measurements collected on January 16, 2019, and August 24, 2020, were used to
prepare groundwater elevation contours which are depicted in Figures 4 and 5, respectively. As presented, the
morphology of the water table surface and the apparent groundwater flow direction are consistent with previous
monitoring events, with groundwater flow primarily toward the James River to the southwest and localized

components of flow toward drainage features immediately west and south of the North Pond.

The North Pond is located within the James River floodplain and near-surface geology is primarily mapped as
alluvium materials. Previous investigations in the North Pond area have identified gneiss or biotite schist bedrock
underlying the alluvium materials, consistent with bedrock mapped in upland areas in the site vicinity. Geophysical
analysis of deep bedrock boreholes in the vicinity of the North Pond conducted in 2018 (Golder, 2019) found that
fractures are predominantly oriented to the northeast, parallel to geological strike. Another set of fractures was
identified oriented to the west-northwest (approximately perpendicular to geological strike). Fractures identified
during geophysical analysis were typically moderately to steeply dipping, with a few horizontal or near-horizontal
fractures. The steeply dipping fractures create some preferential flow parallel and perpendicular to geologic strike
(i.e., northeast-southwest and approximately east-west). The results of the lineament analysis performed as part

of this NES are generally consistent with the previous geophysical analysis. As summarized in Exhibit 2 below, two
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sets of lineament orientations were identified: one predominantly to the north-northeast, and one to the

north-northwest.

Exhibit 2: Lineament Analysis Rose Diagram

W E

Using the conceptual groundwater flow lines shown in Figures 4 and 5, which run northeast-southwest and
approximately east-west, average groundwater flow rates for the uppermost aquifer near the North Pond were
calculated. The rate of transport for the constituents of concern is conservatively estimated to be the velocity of
groundwater for the purposes of the conceptual site model. Groundwater flow velocities were calculated as

illustrated in the following sections.

3.1.1 Hydraulic Conductivity

Analysis of slug testing data obtained from the observation and monitoring wells evaluated in 2012, 2016, 2017,
2019, and 2020 indicates that the average hydraulic conductivity of the uppermost unconfined aquifer is variable
depending on the aquifer matrix. The following table summarizes the estimated hydraulic conductivities for the
various aquifer matrices present at the Station based on analysis of the slug testing data using the Agtesolv™

software and appropriate data evaluation procedures.

Aquifer Matrix Maximum Hydraulic Minimum Hydraulic Estimated Average Hydraulic
q Conductivity (ft/s) Conductivity (ft/s) Conductivity(ft/s)
Saprolite 5.98E-06 1.76E-06 3.24E-06
Slate/Phyllite Bedrock 2.66E-05 1.46E-06 6.35E-06
Gneiss Bedrock 5.09E-04 1.56E-08 1.53E-05

Note: ft/s = feet per second
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Using these updated hydraulic conductivity values, as presented in the March 2020 Groundwater Monitoring Plan
(Golder, 2020), the geometric average hydraulic conductivity value for the slate/phyllite bedrock matrix in the vicinity
of the North Pond is calculated to be approximately 6.35E-06 ft/s or 0.54 feet per day and the geometric average
hydraulic conductivity value for the gneiss bedrock matrix in the vicinity of the North Pond is calculated to be
approximately 1.53E-05 ft/s or 1.32 feet per day. These results are consistent with previous results developed

based on the current site conceptual model.

3.1.2 Horizontal Component of Flow

In the vicinity of the North Pond, the uppermost aquifer occurs within a matrix comprised of partially weathered rock
(saprolite) and competent fractured bedrock. The effective porosity of the saprolite is estimated at approximately
20% based on expected primary and secondary porosity (chemical and physical weathering). The porosity of the
bedrock is expected to range from a whole-rock porosity based primarily on secondary porosity (discontinuities) of
approximately 1% to 5% or less on a megascopic to macroscopic scale to greater than 50% on a microscopic scale
along discrete preferential flow pathways within the fractioned rock (i.e., open fractures). On average the effective
porosity of the saprolite and bedrock is estimated at 2.5% (Fetter, 1988). The horizontal component of flow was
evaluated for flow paths in the vicinity of MW-27D, MW-33 and MW-34, and MW-35 and MW-24, as described
below.

Using the water levels obtained on January 16, 2019, and August 24, 2020, a potentiometric surface was prepared
for the study area and is presented as an overlay on Figures 4 and 5. As presented, the average hydraulic gradient
for the uppermost aquifer spanning from the upland area north of the North Pond to points downgradient was

calculated as follows:

igw = (hL/L)

Where: lgw = gradient
h; = head loss (elevation dif ference)
L = length (horizontal dif ference)

Starting Head Ending Head Distance Calculated Gradient
(ft AMSL) (ft AMSL) (ft) (unitless)
January 2019
Outcrop 1 350 225 3,284 3.81E-02
MW-36S & MW-36D 350 225 2,954 4.23E-02
August 2020
Outcrop 1 350 225 3,214 3.89E-02
MW-33 & MW-34 350 225 2,801 4.46E-02
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MW-36S & MW-36D 350 225 2,854 4.38E-02

Using the average hydraulic conductivity and horizontal hydraulic gradient calculated above, the average rate of

groundwater flow (Vgw) in the uppermost aquifer beneath the units was calculated using the following equation:

Vow = K igW(l/ne)

Where: Vyw = groundwater velocity
K = hydraulic conductivity
lgw = gradient
n, = ef fective porosity

Hydraulic

Geologic Gradient Effective Conductivit Flow Rate
Matrix (unitless) Porosity (%) (ftls) y (ft/yr)
Saprolite 3.85E-02 0.20 3.24E-06 20
Slate/Phyllite

Outcrop 1 ey 3.85E-02 0.025 6.35E-06 308

Gneiss Bedrock 3.85E-02 0.025 1.53E-05 743

Saprolite 4.46E-02 0.20 3.24E-06 23

MW-33 & MW-34 Slate/Phylite 4.46E-02 0.025 6.35E-06 357
Bedrock

Gneiss Bedrock 4.46E-02 0.025 1.53E-05 861

Saprolite 431E-02 0.20 3.24E-06 22

MW-36S & MW-36D State/Phyllite 431E-02 0.025 6.35E-06 345
Bedrock

Gneiss Bedrock 431E-02 0.025 1.53E-05 832

The average calculated groundwater velocities presented above of similar magnitude to velocities previously
calculated in the vicinity of the East Pond (Golder, 2019, 2021).

3.1.3 Vertical Gradient Evaluation

Using groundwater elevation data from January 2019 and August 2020, the vertical gradients within the aquifer
were evaluated using various well pairs as presented below. The vertical gradients for these well pairs were

calculated as shown below.

igw = (/1)

Where:
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lgw = gradient

h; = head loss (elevation dif ference)

L = length (vertical dif ference — midpoint of well screens)
Table 12: Vertical Gradient Summary

Well Pair Shallow Deep Groundwater Distance Gradient
Groundwater Elevation (ft) (unitless)
Elevation (ft AMSL)
(ft AMSL)
January 2019
MW-25S / OW-25D 321.06 320.55 60 0.0085
MW-26S / OW-26D 341.62 341.39 30 0.077
MW-27S / MW-27D 295.70 295.32 110.5 0.0034
MW-29S / MW-29D 346.70 339.36 84.5 0.087
MW-36S / MW-36D 234.18 239.37 39 -0.13
August 2020
MW-25S / MW-25D 316.54 316.51 60 0.0005
MW-26S / MW-26D 341.02 340.87 30 0.005
MW-27S / MW-27D 289.65 289.36 110.5 0.0026
MW-29S / MW-29D 346.50 347.43 84.5 -0.011
MW-36S / MW-36D 232.51 238.18 39 -0.145

Notes: ft = feet AMSL = above mean sea level

Negative gradients indicate an upward gradient. As summarized in Table 12, gradients calculated for well pairs in
the vicinity of the North Pond are primarily downward, consistent with the site conceptual model as the first four well
pairs are located in upland recharge areas. An upward gradient was calculated at well pair MW-36S / MW-36D,
which may reflect groundwater discharge to the surface water drainage feature immediately to the east consistent
with the site conceptual model. A slight upward gradient was also calculated at well pair MW-29S/MW-29 in August
2020, though downward gradients have been calculated at this well pair in the past as this well pair is located near
an upland recharge area. The upward gradient calculated from the August 2020 groundwater elevation data is

likely related to seasonal fluctuations in groundwater elevation.

3.2 Soil Analytical Results

Soil analytical results for compounds detected above laboratory reporting limits in samples collected during the

ACM field investigation are presented in Table 13. Key observations include:
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m  Lithium was detected in each soil sample collected at MW-36S and MW-36D, at concentrations ranging from
0.99 to 5.6 milligrams per kilogram (mg/kg). These concentrations are less than the risk-based soil screening
level for lithium for protection of groundwater of 12 mg/kg (USEPA, 2018), and are consistent with observed
soil concentrations for the eastern United States (Shacklette et al., 1973; Shacklette et al., 1984; and Anderson

et al., 1988) with concentrations in Virginia soils averaging 25.38 mg/kg (Shacklette et al., 1984).

Using standard soil-water partitioning calculations, the observed soil concentrations were modeled analytically to
estimate expected groundwater concentrations from naturally occurring lithium. Specifically, the potentially
expected groundwater concentrations for lithium were estimated using a soil-water partitioning coefficient (Ka) of

300 liter (L) per kilogram (kg; Baes, 1984) and the relationship between soil and water concentrations:

_ [Concentration in Soil (mg/kg)]/
Ka(L/kg) = [Concentration in Water (mg/L)]

As presented in Table 13, the predicted lithium concentrations in groundwater based on the limited data collected
range from 3 micrograms per liter (ug/L) to 19 ug/L, indicating that the lithium being detected in the impacted wells

may in part be associated with a natural geologic source.

3.3 Groundwater Analytical Results

Groundwater analytical results for samples collected during the NES investigation are presented in Tables 5 and 6.
Historical monitoring data for boron, cobalt, lithium, molybdenum, nickel, and silver at North Pond area wells are

presented in Table 14. Key observations include:

m  Boron was detected at concentrations exceeding the SWP GPS of 250 pg/L at North Pond CCR compliance
wells MW-27D, MW-34, and MW-35 during the first semi-annual monitoring event conducted in March 2020
and the second semi-annual monitoring event conducted in August 2020. Additionally, boron was detected at
a concentration exceeding the SWP GPS at MW-22D, MW-36D, and MW-VPDES during the supplementary
groundwater sampling event in August 2020. Concentrations of boron detected in groundwater in the vicinity
of the North Pond during these events ranged from an estimated concentration of 44.0 J ug/L (MW-29D) to
1,300 pg/L (MW-27D). These results are consistent with historical detections. Boron results from the August

2020 compliance and NES sampling are presented in Figures 6, 13, and 14.

s Cobalt was detected at concentrations exceeding the background-based federal CCR GWPS and SWP GPS
of 7.83 ug/L at North Pond compliance well MW-24 during the first semi-annual monitoring event conducted
in March 2020 and the second semi-annual monitoring event conducted in August 2020. Concentrations of
cobalt detected in groundwater in the vicinity of the North Pond during the March, April (verification event),
and August 2020 events ranged from 0.18 pg/L (MW-33) to 61.9 ug/L (MW-24). The concentration of cobalt
at MW-24 has been increasing since June of 2017. Cobalt results from the August 2020 compliance and NES

sampling events are presented in Figures 7 and 15.
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Lithium was detected at concentrations exceeding the federal CCR GWPS of 40 ug/L and the
background-based SWP GPS of 25 ug/L at North Pond compliance well MW-27D (2019 and 2020 events) and
MW-35 (2019 event only). Concentrations of lithium detected in groundwater in the vicinity of the North Pond
during the 2019 and 2020 events ranged from an estimated value of 0.56 J pg/L (MW-29S) to 46.4 pg/L (MW-
27D). As presented in Table 10, the lithium concentrations at MW-27D have been declining since June 2017.
Lithium results from the 2019 compliance and NES sampling events are presented in Figures 8 and 16.
Lithium results from the August 2020 compliance and NES sampling events are presented in Figures 9 and
17.

Molybdenum was detected at concentrations exceeding the background-based SWP GPS of 16.4 ug/L at
North Pond compliance well MW-27D during the March and August 2020 compliance events. Concentrations
of molybdenum detected in groundwater in the vicinity of the North Pond during the March and August 2020
events ranged from an estimated concentration of 1.0 J pg/L (MW-34) to 19.8 ug/L (MW-27D). Molybdenum

results from the August 2020 compliance and NES sampling events are presented in Figures 10 and 18.

Nickel was detected at concentrations exceeding the background-based SWP GPS of 7.9 ug/L at North Pond
compliance well MW-33 during the March 2020 event. Concentrations of nickel detected in groundwater in
the vicinity of the North Pond during the March and August 2020 events ranged from an estimated
concentration of 1.2 J pg/L (MW-35) to 9.9 ug/L (MW-33). Nickel was not detected in groundwater above the
SWP GPS during the August 2020 compliance and NES sampling events. Nickel results from the August 2020

compliance and NES sampling events are presented in Figures 11 and 19.

Silver was detected at concentrations exceeding the background-based SWP GPS of 5.0 ug/L at North Pond
compliance well MW-27D. The silver detection reported at well MW-27D (5.7 ug/L) was the only reported
detection of silver during the March and August 2020 sampling events. Silver results from the August 2020
compliance and NES sampling events are presented in Figure 12. Due to the lack of GPS/GWPS exceedances

during the NES work, no cross-section was prepared for silver.

3.4 Surface Water, Hyporheic Sample Port, and Outcrop Analytical

Results

Surface water, HZ, and outcrop analytical results for compounds detected above laboratory reporting limits in

samples collected during the ACM field investigation are presented in Table 8. Key observations from 2019 and

2020 investigations are below.

3.41 2019

In surface water, lithium was detected at an estimated concentration of 0.45 ug/L at SW-2 in January 2019,
located downgradient of the MW-27S / MW-27D well pair west of the North Pond. Lithium was not detected

above the method detection limit (0.42 pg/L) in the remaining surface water samples.
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m  Lithium was detected at concentrations ranging from an estimated concentration of 0.97 ug/L to 4.4 ug/L at
hyporheic sampling port locations. Concentrations of lithium in downgradient sampling port locations (i.e.,
HZ-1 to the west and HZ-4 to the southeast) were greater than those detected at upgradient locations (as

depicted on Figure 5).

m  Lithium was detected at a concentration of 3.9 ug/L at groundwater Outcrop-1, located downgradient of
MW-24.

Lithium results for surface water, HZ, and outcrop locations are presented in Figure 8.

3.4.2 2020

e Boron was detected in surface water samples at concentrations ranging from 46.3 ug/L at SW-1 to 804
pg/L at SW-2. Boron was detected in HZ samples at concentrations ranging from 113 ug/L at HZ-3 to
414 ug/L at HZ-1.

o Cobalt was detected in surface water samples at concentrations ranging from 0.48 pg/L at SW-2 to 2.8
pg/L at SW-1. Cobalt was detected in HZ samples at concentrations ranging from 11.3 ug/L at HZ-2 to
99.4 ug/L at HZ-1.

e Lithium was not detected in surface water samples. Lithium was detected in HZ samples at
concentrations ranging from 1.0 pug/L at HZ-1 to 46.6 pg/L at HZ-4.

e Molybdenum was not detected in surface water samples. Molybdenum was detected at HZ-4 at an
estimated concentration of 4.6 pg/L. Molybdenum was not detected in the remaining HZ samples.

¢ Nickel was not detected in surface water samples. Nickel was detected in HZ samples at concentrations
ranging from 6.4 ug/L at HZ-2 to 25.7 yg/L at HZ-4.

e Silver was not detected in surface water or HZ samples.

Results for surface water and HZ samples are presented in Figures 6, 7, and 9 through 12.

3.5 Interstitial Water Analytical Results

Interstitial water analytical results for compounds detected above the laboratory reporting limits in samples collected

during the ACM field investigation are presented in Table 9. Key observations include:

m  Lithium concentrations detected in pore water from the North Pond ranged from 31.4 ug/L to 65.2 ug/L. The

lowest lithium concentration was detected at the most upgradient sampling location (SDW-10)

Lithium results for North Pond pore water are presented in Figure 8.

3.6 Isotope Analysis

Isotope analyses for three metals (lithium, boron, and strontium) were completed on select groundwater samples
in the North Pond area. In general, isotopes are useful tracers of contamination in groundwater because of their

sensitivity to the mixing of even relatively small volumes of contaminated fluids into unimpacted groundwater and
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can also be used to distinguish between different source waters in an aquifer. Boron and strontium isotopes have
been used to delineate coal-related impacts to the environment. Recent studies have also shown that lithium
isotopes, when assessed with strontium and boron isotopes, can be used to delineate impacts from coal ash
(Harkness, 2015).

The results of the isotopic analysis in per mil (%0) are summarized in Table 15 and presented in Charts 1 and 2
following. Chart 1 presents the results of 8Sr/%8Sr isotope results versus d''B isotope results. Colored bands in
Chart 1 represent the published ranges of 8Sr/®Sr isotope values (approximately 0.7095 to 0.7150 %o; blue) and
3"'B (approximately -20 to 8 %o; yellow) associated with CCR materials (Harkness, 2017). The size of the dot
represents the relative concentration of lithium detected in groundwater or interstitial water at each sampling location
(0.62 J to 65.2 pg/L, as summarized in Tables 5 and 9). As depicted in Chart 1, only the interstitial water sample
collected at dewatering well SDW-4, located within the lower portion of the North Pond, plots within the published
ranges for both 87Sr/%Sr and &''B associated with CCR. Sample SDW-10, located within an upgradient portion of
the North Pond, has a slightly higher 8''B. The &''B results greater than 10 %o are more typical of “natural waters”
and may indicate this sample represents pore water in the ash pond mixing with unimpacted groundwater from
upgradient locations (i.e., with an isotopic signature consistent with the results reported at upgradient wells MW-
29S and MW-29D). This finding is consistent with the site conceptual model which shows a natural groundwater
influx on the northern side of the North Pond. Such that higher concentrations of constituents of concern should be

expected for interstitial water that has a longer residence time.
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Chart 1: 8Sr/26Sr vs. 611B

0.716
0.715
0.714
2
X 0713
& MW-35
oo
e
@ 0.712 SDW-4 | * MW-295
@ . wvwo
0.711 -t
—— MW-29D
@ — SDW-10
0.71 .
MW-27D
0.709
-40 -30 -20 -10 0 10 20 30 40 50 60
511 B (%o)
Coal Combustion Residuals Interstitial Water @ Groundwater

Chart 2 presents the results of &’Li isotope results versus 3''B isotope results. Colored bands in Chart 2 represent
the published ranges of d’Li isotope values (approximately -7 to 13 %o; blue) and 3''B (approximately -20 to 8 %o;
yellow) associated with CCR materials (Harkness, 2017; Harkness 2015). Similar to Chart 1, only SDW-4 plots
within the published ranges for both &7Li and &''B associated with CCR. CCR compliance wells MW-24 and

MW-27D plot within the range of lithium values potentially associated with CCR materials.
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Chart 2: 67 Li vs 611 B
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In general, results of the isotopic analysis suggest that groundwater collected from MW-27D has similar isotopic
characteristics to groundwater being extracted from the saturated portion of the North Pond. The results of
monitoring at MW-35 suggest the isotopic signature has some similarities to groundwater collected from upgradient
monitoring wells MW-29S and MW-29D and may indicate that the source of groundwater at MW-35 is a mixture of

impacted and non-impacted groundwater flowing southwesterly.

3.7 Groundwater Geochemistry

Supplemental groundwater geochemistry parameters were collected during the routine monitoring events
conducted at the North Pond in January 2019 and August 2020. This included the collection of common cations
(sodium, potassium, calcium, and magnesium) and anions (alkalinity as calcium carbonate, chloride, and sulfate).
These supplementary sampling results for select North Pond wells are summarized in Table 16. Additionally,
concurrent geochemistry monitoring results for select North Pond pumping wells (installed in CCR materials) are

also included in Table 16 for comparison.
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To assist with the evaluation of geochemistry at the North Pond, a series of Stiff, Schoeller, scatter, and Piper
diagrams were prepared using the common cations and anions summarized above. Stiff diagrams are graphical
representations of chemical analyses that are used to display the major ion composition of individual water samples.
Stiff diagrams appear as polygons, with cations plotting on the left, and anions plotting on the right. Stiff diagrams
can be used to make rapid visual comparisons between different water samples, where samples that plot with
similar polygonal shapes have similar geochemistry and may originate from the same source. Similarly, visual
comparison of Stiff diagrams can identify samples with mixed sources based on the characteristic shapes of plots
from distinct sources. Schoeller plots are line plots where cations and anions are plotted on the x-axis and
concentrations are plotted on the y-axis and are useful for illustrating relative constituent ratios between samples
that can be useful in identifying source waters. Scatter plots graphically illustrate the relationship between different
cations and anions and can be useful for identifying mixing of source waters. Piper diagrams are graphical
representations of water chemistry where ratios of cations (calcium, magnesium, and sodium plus potassium) and
anions (chloride, sulfate, and carbonate plus bicarbonate) are plotted on separate ternary plots, which are then
projected onto a diamond. Piper diagrams are useful for comparing the ionic composition of a large set of water

samples.

A Piper Diagram presenting the samples that were analyzed for cations and anions during this project is presented
in Chart 3. As presented, the three interstitial water samples from the ash plot close together as expected and the
five impacted wells, MW-24, MW-27D, MW-33, MW-34, and MW-35, plot away from the interstitial water, with
MW-33, MW-34, and MW-35 plotting with a group of several wells closer to where upgradient well MW-11 plots.
MW-27D plots in close proximity to upgradient well MW-29D, suggesting a similar source water. Review of the Stiff
diagrams presented in Chart 4 shows that the interstitial water from the ash exhibits a strong calcium-bicarbonate
signature, whereas the upgradient groundwater is highly variable, presumably due to the variable mineralogy of the
local geology and/or variable local land use, and ranges from a magnesium-carbonate facies for MW-11 to a
sodium-chloride facies for MW-29S, and a sodium-bicarbonate facies for MW-29D. Charts 5 and 6 present the
remaining wells that were evaluated during this investigation. As presented, with the exception of MW-27D and
MW-36S, the maijority of the wells exhibit a calcium-bicarbonate dominated water facies, suggesting potential
influence from the North Pond. Monitoring well MW-27D has a sodium-bicarbonate-sulfate facies that closely
resembles the results at upgradient well MW-29D. Observation wells MW-36S has a magnesium-bicarbonate facies

which is similar to the upgradient well MW-11 facies.

Chart 7 illustrates the geochemical facies for the surface water and HZ sample locations. As presented, the surface
water and hyporheic zone monitoring locations SW-1/HZ-1, SW-2/HZ-2, which were collected in the drainage near
MW-36S and MW-36D, reflects a calcium-sulfate facies in the hyporheic samples, and the surface water sample
taken at SW-2 exhibits a common calcium-sulfate facies. The surface water sample collected at SW-1 exhibits a
calcium-magnesium-bicarbonate facies. Hyporheic zone monitoring locations HZ-3 and HZ-4 were collected in the
drainage below MW-24. The hyporheic sample HZ-3 exhibits a calcium-sodium-potassium-magnesium-sulfate

facies and HZ-4 exhibits magnesium-bicarbonate facies.
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In summary, the upgradient groundwater geochemistry at the Station is highly variable ranging from
magnesium-bicarbonate to sodium-potassium-chloride to sodium-potassium-bicarbonate. The variability in the
geochemistry is likely associated with variable land use and geology. The interstitial pore water from the ash has
a strong calcium-bicarbonate geochemical signature that is significantly different from that observed in the
upgradient groundwater. The downgradient and sidegradient wells near the North Pond, with exception of MW-27D
and MW-36S, generally have a calcium-sodium-bicarbonate geochemical water facies. The similarity of the
downgradient geochemical facies with the pore water geochemical facies suggest a similar source water or potential

mixing of interstitial pore water with upgradient water.

Downgradient monitoring well MW-27D has a sodium-bicarbonate-sulfate geochemical facies and observation well
MW-36S has strong magnesium-calcium-bicarbonate facies. These wells’ chemistries resemble that observed in

background wells MW-29D and MW-11, respectively.

The surface water samples generally have a calcium-magnesium-bicarbonate or calcium-sulfate water facies. The
HZ sample ports generally have a calcium-sodium-potassium-magnesium-sulfate facies. The groundwater facies
for the surface water and HZ points are distinctly different from those observed in the interstitial pore water and the
downgradient groundwater, suggesting that interstitial pore water is not mixing with shallow groundwater in

measurable quantity.

To further evaluate this relationship, common cations and anions detected in the North Pond source area pumping
wells, North Pond wells, and upgradient wells were plotted on a Schoeller plot. As illustrated in Chart 8, the results
for MW-24, MW-27D, MW-33, MW-34, and MW-35 (highlighted as red crosses) closely mirror the results for the
North Pond pumping wells (orange circles), with the exception of the sodium and sulfate results in MW-27D. This
suggests that these wells are potentially impacted by water from the North Pond source area. This is supported by
the results of scatter plots presented in Charts 9 and 10, where the impacted wells typically plot closest to the North
Pond pumping wells, both when evaluating common cations and anions, and common cations and anions versus
boron. Additionally, scatter plots in Charts 9 and 10 typically show that other North Pond wells (blue crosses) plot
closer to upgradient wells (pink circles), which may suggest that SWP GPS or federal CCR GWPS exceedances
(for boron and cobalt) at these locations are potentially related to natural sources rather than the North Pond source

area.
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4.0 NATURE AND EXTENT OF CONSTITUENT OF CONCERN
4.1 Boron

411 Nature of Boron

Boron is included as an Appendix Il constituent in 40 CFR Part 257 because historically it has been detected at
CCR disposal sites and has been identified as an inorganic parameter known to be a leading indicator of releases
of contaminants associated with CCR (USEPA, 2015). Boron is a naturally occurring, non-metallic element found
in rocks, soil, and water. Boron has an oxidation state of +3 and does not exist as a pure element in nature. Rather,
it is combined with oxygen as borate minerals and various boron compounds such as boric acid, borax, and boron
oxide. Under ambient conditions the boron compounds are found in crystalline form or as granules or amorphous
powders. Borate minerals and other boron compounds are ubiquitous, and are found in high concentrations in
marine deposits, sedimentary rocks, coal, shale, geothermal fluids, and naturally boron-rich mineral deposits and
the soils derived from those mineral deposits (USEPA, 2008). Boron is widely distributed in nature at concentrations
approaching 30 parts per million (ppm) in some geologic formations (Moore et al., 1997). Boron concentrations in
rocks range from 5 ppm in basalts to 100 ppm in shales, and the average concentration in the earth’s crust is 10
ppm (Woods, 1994). Boron concentrations in freshwater normally range from <10 to 1,500 pg/L (Woods, 1994).
Based on the observed groundwater concentrations and groundwater geochemistry at the Station, an average soil
source concentration of 0.46 mg/kg would provide a sufficient natural source to generate the observed groundwater

concentrations.

Boron may be released into the environment as a result of natural weathering of geologic formations, burning of
coal in power plants, and by activities associated with chemical plants and manufacturing facilities. Fertilizers,
herbicides, and industrial wastes are also among the sources of boron soil contamination (USEPA, 2008).
Contamination of water can come directly from industrial wastewater and municipal sewage, as well as indirectly
from air deposition and soil runoff (USEPA, 2008). Borates in detergents, soaps, and personal care products can
also contribute to the presence of boron in the environment. Elemental boron is insoluble in water and boric acid
and borax are only slightly soluble in water. Boron can be present in drinking water from both naturally occurring

and man-made sources.
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Boron speciation is controlled by acidity, with the noncharged
species, boric acid, predominant at lower pH relative to the charged
borate ion (Harkness, 2016). The borate ion is more likely to
coprecipitate into secondary phases, and therefore, dissolved boron
concentrations are lower at high pH (Harkness, 2016). As illustrated
in the inset Eh-pH diagram (Brookins, 1988) under natural
groundwater and surface water conditions (pH of 4 to 9 Standard
Units and Eh of -0.1 to 0.4 volts) found in central Virginia, boron is

found almost exclusively as boric acid in the natural environment.

A historical background study of naturally occurring boron in Virginia
soils found concentrations in the Piedmont physiographic region
ranging from below detection (i.e., less than 20 mg/kg) up to
30 mg/kg (Shacklette et al., 1984). Additionally, a limited set of site-
specific soil samples were collected in the vicinity of the North Pond
in 2018 (Table 13), and found boron was detected in two of twelve
soil samples, at concentrations ranging from 3.2 to 5.7 mg/kg. Using
standard soil-water partitioning calculations and concentrations of
boron detected in site specific samples, expected groundwater
concentrations of boron were estimated using the following

relationship between soil and water concentrations:
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_ [Concentration in Soil (mg/kg)]/
Ka(L/kg) = [Concentration in Water (mg/L)]

Where Kq is the soil-water partitioning coefficient for boron (0.19 L/kg; Whelan et al., 1996). Using the site-specific

soil concentrations reported above (i.e., 3.2 J to 5.2 J mg/kg), the predicted concentrations of boron in groundwater

range from approximately 17,000 pg/L to 27,000 pg/L. Based on these estimated values, it is probable that the

boron detected in groundwater at the Station may in part be associated with a natural geologic source.

41.2 Estimated Boron Migration Rate

To assist with understanding the fate and transport characteristics of constituents of concern (COCs), Golder

evaluated the expected groundwater retardation coefficients for boron in the alluvial and saprolitic aquifer matrix

materials using publicly available data and the following formula.

pKd _ (Velocity of Groundwater)

R=1 =
+ ne (Velocity of Contaminant)
Where: = Retardation Coefficient
p= media bulk density (kilograms per liter [kg/L])

Ka=  Soil-Water partitioning coefficient (liters per kilogram [L/kg])
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ne =  effective porosity (unitless)

The results of the evaluation are summarized in the following table.

Effective Retardation Fraction of
Constituent of Ka (L/kg) with Bulk Density '_V . : :
Concern Data Source (kg/L) Porosity Coefficient Groundwater
9 (unitless) (unitless) Velocity
Boron (oxyanion) 0.19 M 2.6 0.2 35 28.8%
Note: Soil-water partitioning coefficients (Kq) estimated based on groundwater pH of 6 to 7.5 standard units and redox potential of 0 to 100
millivolts.

Data Sources:

1. Whelan, G., J.P. McDonald, and C. Sato. 1996. Multimedia Environmental Pollutant Assessment System (MEPAS):
Groundwater Pathway Formulations. United States Department of Energy, Contract No. DE-AC06-76RLO 1830. Pacific
Northwest National Laboratory, Operated by Battelle for the United States Department of Energy. June.

As presented, boron is expected to migrate as an oxyanion in groundwater at approximately 29% of the groundwater
flow velocity. These results indicate that natural sorption processes are expected to significantly retard the boron

migration rate relative to the advective groundwater flow rate.

41.3 Extent of Boron

A summary of the recent detections of boron in groundwater samples from the vicinity of the North Pond is included
in Table 14. Boron was detected at concentrations in exceedance of the background-based SWP GPS (250 ug/L)
in groundwater in samples collected from North Pond CCR compliance wells MW-27D, MW-34, and MW-35 in
March 2020, and in compliance wells MW-27D, MW-33, MW-34, and MW-35, and observation wells MW-22D, and
MW-36D in August 2020. These wells generally span the length of the downgradient berm of the North Pond, from
northwest to southeast. The most elevated groundwater results for boron are observed at MW-27D and MW-34,

with concentrations decreasing to the northwest and southeast.

As presented in Figure 6, boron is horizontally delineated to the GPS with the existing North Pond CCR compliance
wells and observation wells, and surface water monitoring results. These results, along with the historical North
Pond source area boron results and the geochemical signature evaluation described in Section 3.7, suggest a likely

source water impact related to North Pond CCR materials.

Figures 13 and 14 present cross-sections A-A’, B-B’, C-C’, and D-D’, showing subsurface hydrogeologic conditions
approximately parallel to groundwater flow direction (southwest) in the vicinity of the North Pond Wells. Additionally,
on Figure 14, cross-section E-E’ shows hydrogeologic conditions approximately perpendicular to groundwater flow
along the North Pond berm. The inferred vertical extent of boron (delineated to the SWP GPS) was interpolated
with data from North Pond compliance wells and observation wells, surface water monitoring results, and vertical
gradient estimates, which suggest an upward flow component in the vicinity of East Pond. This interpretation is

consistent with the Site Conceptual Model which indicates that the James River is a receiving stream system such
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that the vertical flow of groundwater within the aquifer beneath the river is upward, thus limiting the potential for

additional lateral (trans river) migration or vertical (downward) migration of the boron oxyanion.

Based on interpolated and extrapolated contouring developed from the sampling data, horizontal and vertical
hydraulic gradients, and the estimated migration rate of boron in groundwater, the inferred extent of the boron
concentrations exceeding the SWP GPS in groundwater was delineated horizontally and vertically. Boron impacts
are believed to be localized to the immediate vicinity of the North Pond, centered MW-27D and MW-35 as shown
on Figures 6, 13, and 14. As presented in Section 5.0, the potential offsite migration of boron is unlikely to pose an

unacceptable risk to potential receptors, as the exposure pathway is incomplete.

Of interest, boron concentrations at impacted wells downgradient from the North Pond have generally been
observed to remain stable since maximum concentrations were reported during 2018 monitoring events, as
summarized in Table 14, and depicted in Chart 11 (following).

Chart 11: Boron Concentration Timeseries at North Pond Downgradient Monitoring Wells
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4.2 Cobalt

421 Nature of Cobalt
Cobalt is a naturally occurring metal found in soil and rock and is commonly associated with minerals and ores that

contain copper and nickel. In addition to industrial uses, the Agency for Toxic Substances and Disease Registry
(ATSDR) notes in the public health statement for cobalt that cobalt is an essential vitamin for plant and animal
nutrient uptake. For most humans, food is the largest source of cobalt intake. Cobalt is a part of essential vitamin
B12 (found in meat and dairy products) which is needed to maintain human health. The average person consumes

approximately 11 micrograms of cobalt a day in their diet (ATSDR, April 2004).

The transport of metals, like cobalt, in groundwater is influenced by the interaction of several factors including
complexation reactions in water, redox-related processes, pH, adsorption, and precipitation. Mineral surfaces
generally strongly adsorb metal ions, although this adsorption is highly dependent upon the mineral assemblage of

the soil and the composition of the groundwater. The transport of metals in groundwater can increase when metals

are complexed with binding ligands, either naturally

present or introduced as  contamination C“'HEE’: ??3'15 K &nhﬁ-
(Herbert et al., 1993). .,._m.,._.,.._\.....m..........m...:..t:..........w..,...,...,...,,.“.,w,

8 ]
As illustrated in the inset Eh-pH diagram to the right :* k. - i)
from FactSage™ for cobalt, under natural il b,
groundwater and surface water conditions found in 4 N 5
Virginia (i.e., pH of 4 to 9 Standard Units and Eh of it Caf2+] L

Hivolis)

-0.1 to 0.4 volts), cobalt is typically found almost

exclusively in its divalent free ionic form in the a3 |

natural environment. However, cobalt (and other

divalent metals) is known to strongly absorb to iron a8 F Cols)

oxyhydroxide minerals that are naturally present in i

sedimentary aquifers, such as the alluvium and

saprolite aquifers observed in the vicinity of the
North Pond.

As illustrated in the inset Eh-pH diagram below from FactSage™ for iron, groundwater in central Virginia typically
falls near the Ferrous and Ferric iron transition boundary. As such, even de minimis changes in groundwater quality

(pH and Eh) associated with land-use changes or other activities can result in the dissolution (and corresponding
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release of absorbed cations) or precipitation (and corresponding absorption of divalent cations) of iron oxyhydroxide

minerals.

Fe-H20, 298.15 K thtSage“

m=1e-6

A historical background study of naturally

occurring cobalt in Virginia soils found
16 F

14 concentrations in the Piedmont physiographic
12 Eei] E . . . .
] . Fe,0,(s) | region ranging from below detection (i.e., less
08 E 5 1 than 3 mg/kg) up to 30 mg/kg (Shacklette et

06 F
04 F

ik 7 concentration in soils in Virginia of 9.9 mg/kg with

al., 1984). More recently, an average cobalt

E{volts)

Fe[2+]

02 f a standard deviation of 11.6 mg/kg (Smith et
-04

il al., 2013) was established. Using standard soil-

water partitioning calculations and published

-1.0
12 L . s : . \ s \ concentrations of cobalt in soil for Virginia,

pH expected groundwater concentrations of cobalt

were estimated using the following relationship

between soil and water concentrations:

_ [Concentration in Soil (mg/kg)]/
Ka(L/kg) = [Concentration in Water (mg/L)]

Where Ky is the soil-water partitioning coefficient for cobalt (37.15 L/kg; Buchter et al., 1989). Using the using the
upper and lower confidence limit concentrations of the Virginia soil data presented above (i.e., 8.6 to 11.2 mg/kg),
the predicted concentrations of cobalt in groundwater range from approximately 231 ug/L to 301 pg/L. These
results suggest that even a relatively low concentration of cobalt in native soil at the North Pond, given the observed
groundwater geochemistry, could produce the observed cobalt groundwater concentrations. Therefore, it is

probable that the cobalt detected in groundwater at the North Pond is associated with a natural geologic source.

4.2.2 Estimated Cobalt Migration Rate
To assist with understanding the fate and transport characteristics of the COCs, Golder evaluated the expected

groundwater retardation coefficients for cobalt in the alluvial and saprolitic aquifer matrix materials using publicly

available data and the following formula:

pKd _ (Velocity of Groundwater)

R=1 =
* ne (Velocity of Contaminant)
Where: R= Retardation Coefficient
p= media bulk density (kilograms per liter [kg/L])
Ka=  Soil-Water partitioning coefficient (liters per kilogram [L/kg])
ne =  effective porosity (unitless)

The results of the evaluation are summarized in the following table.
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Effective Retardation Fraction of
Constituent of Ka (L/kg) with Bulk Density . o
Porosity Coefficient Groundwater
Concern Data Source (kg/L) . . .
(unitless) (unitless) Velocity
Cobalt (divalent
. ( 37.15M 2.6 0.2 484.0 <1%
cation)
Note: Soil-water partitioning coefficients (Kq) estimated based on groundwater pH of 6 to 7.5 standard units and redox potential of 0 to 100
millivolts.

Data Sources:

1. Buchter, B., B. Davidoff, M.C. Amacher, C. Hinz, |.K. Iskandar, and H.M. Selim. 1989. Correlation of Freundlich Kd and n,
Retention Parameters with Soils and Elements. Soil Science. Vol. 148, No. 5. November.

As presented, cobalt is expected to migrate as a divalent cation at a rate of less than 1% of the groundwater flow
velocity. These results indicate that natural sorption processes are expected to significantly retard the constituent

of concern migration rates relative to the advective groundwater flow rate.

423 Extent of Cobalt
A summary of the recent detections of cobalt in groundwater samples from the vicinity of the North Pond is included

Table 14. As presented, cobalt was detected at a concentration in exceedance of the background-based federal
CCR GWPS and background-based SWP GPS of 7.83 ug/L for groundwater in samples collected from compliance
well MW-24 in March 2020. This concentration was not consistent with historical results but was confirmed with a
verification sample taken in April 2020 and subsequently in August 2020. This well is located in the southernmost
area of the downgradient berm of the North Pond. An evaluation of regional soil data as described above suggests
that some of the cobalt detected in groundwater in the vicinity of the North Pond may be attributed to a geological

source.

As presented in Figure 7, the inferred horizontal extent of cobalt (delineated to the federal CCR GWPS and SWP
GPS) was interpolated based on data from North Pond compliance and observation wells and surface water
monitoring results. Hydrogeologic cross-section E-E’, showing subsurface hydrogeologic conditions approximately
perpendicular to groundwater flow direction (southwest) in the vicinity of the North Pond, along with cobalt
monitoring data, is presented in Figure 15. Cobalt concentrations in groundwater downgradient of the East Pond
are discussed in the September 2022 Revised Nature and Extent Study — East Pond (Golder, 2022), under separate

cover.

Additionally, cobalt concentrations at the impacted well (MW-24) in the North Pond area have previously been
observed to be at estimated concentrations below the laboratory reporting limit (RL) or at quantified concentrations
below the federal CCR GWPS/SWP GPS. Timeseries of cobalt data at North Pond area wells with current or
historical GWPS/GPS exceedances are depicted in Chart 12 following. The observed trends likely reflect the
variable geochemical conditions in the aquifer resulting from a combination of Station actions and on-going remedial

actions associated with the North Pond, including installation of a rain cover and active CCR material dewatering.
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These variable conditions likely resulted in the dissolution of iron oxyhydroxide minerals and the release of the
relatively immobile divalent cobalt ion to the groundwater. Based on the recent conversion of the East Pond to a
stormwater management basin, it is expected that geochemical conditions favorable for formation of iron
oxyhydroxide minerals will re-establish resulting in the removal of dissolved cobalt ions from the groundwater via

mineral sorption processes.

Chart 12: Cobalt Concentration Timeseries at North Pond Downgradient Monitoring Wells
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4.3 Lithium

4.3.1 Nature of Lithium

Lithium is an alkali metal found naturally in the Earth’s crust. Lithium in nature occurs predominantly in silicate
minerals, and is a common accessory element in feldspar, biotite mica, amphibole, and clay minerals (Reeder,
2006). The abundance of lithium in soil can vary considerably; lithium content of a soil is influenced more by the
conditions under which the soil was formed than by the content of the original parent rock (Yalamanchali, 2012).
Lithium is used in batteries, glass and ceramic production, in lubricants used in high-temperature environments,

and in pharmaceuticals (Yalamanchali, 2012).
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As illustrated in the inset Eh-pH diagram from FactSage™ under natural groundwater and surface water conditions
(pH of 4 to 9 Standard Units and Eh of -0.1 t0 0.4
volts) found in central Virginia, lithium is found LiH20. 298.15 K &dSage'

almost exclusively in its univalent free ionic form in =i

the natural environment. When not dissolved in 16 | N LLOs
14 | N

the water column, it is considered relatively ; N

immobile because its fluoride, carbonate, and
phosphate compounds (i.e., minerals) generally

LiOH(aq

have low solubilities. Chemical and physical

E(volts)

weathering of these minerals from igneous rocks o ] Ut
and from secondary clay minerals, especially at 0.4

low pH levels (Lyons and Welch, 1997) will release

the lithium ion into solution. As a result, lithium is ool

found naturally occurring in groundwater
(VDH, 2011).

pH

Lithium is included as an Appendix IV constituent in 40 CFR Part 257 because it has historically been detected at
CCR disposal sites at concentrations exceeding the USEPA’s Regional Screening Levels (RSL) for soil to

groundwater, and because lithium has the potential to be toxic if consumed with certain drug types (USEPA, 2015).

A historical background study of naturally occurring lithium in Virginia soils found concentrations ranging from 6 to
100 mg/kg, with concentrations in the Piedmont physiographic region ranging from 6 up to 20 mg/kg
(Shacklette et al., 1984). More recently (Smith et al., 2013) a Virginia background concentration of 23.9 mg/kg with
a standard deviation of 18 mg/kg was established. This is higher than the range of concentrations (0.99 to
5.6 mg/kg) reported in a limited set of site-specific soil samples collected in the vicinity of the North Pond in 2018
(Golder, 2019). Using standard soil-water partitioning calculations and concentrations of lithium in site soil,
expected groundwater concentrations of lithium were estimated using the following relationship between soil and

water concentrations:

_ [Concentration in Soil (mg/kg)]/
Ka(L/kg) = [Concentration in Water (mg/L)]

Where Ky is the soil-water partitioning coefficient for lithium (1.25 L/kg; Yalamanchali, 2012). Using the site-specific
soil data presented above (i.e., detected concentrations ranging from 0.99 to 5.6 mg/kg), the predicted
concentrations of lithium in groundwater range from approximately 792 ug/L to 4,480 pg/L. An average soll
concentration of 0.41 mg/kg would provide a sufficient natural source for the observed groundwater concentrations
at the site. Based on these results, the lithium detected in the impacted wells may in part be associated with a

natural geologic source.
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4.3.2 Estimated Lithium Migration Rate
To assist with understanding the fate and transport characteristics of the COCs, Golder evaluated the expected

groundwater retardation coefficients for lithium in the alluvial and saprolitic aquifer matrix materials using publicly

available data and the following formula.

pKd  (Velocity of Groundwater)

R=1+ ne  (Velocity of Contaminant)
Where: R= Retardation Coefficient
p= media bulk density (kilograms per liter [kg/L])
Ka=  Soil-Water partitioning coefficient (liters per kilogram [L/kg])
ne =  effective porosity (unitless)

The results of the evaluation are summarized in the following table.

Effective Retardation Fraction of
Constituent of Ka (L/kg) with Bulk Density . o
Porosity Coefficient Groundwater
Concern Data Source (kg/L) . . .
(unitless) (unitless) Velocity
Lithi
tm 1.25 () 26 0.2 17.3 5.8%
(univalent cation)
Note: Soil-water partitioning coefficients (Kq4) estimated based on groundwater pH of 6 to 7.5 standard units and redox potential of 0 to 100

millivolts.

Data Sources:

1. Yalamanchali, R.C.. 2012. Lithium, an emerging environmental contaminant, is mobile in the soil-plant system. Masters
Thesis. Lincoln University.

As presented, lithium is expected to migrate as a univalent cation at approximately 6% of the groundwater flow
velocity. These results indicate that natural sorption processes are expected to significantly retard the lithium

migration rate relative to the advective groundwater flow rate.

4.3.3 Extent of Lithium
A summary of the recent detections of lithium in groundwater samples from the vicinity of the North Pond is included

in Table 14. As presented in the 2019 ACM (revised 2022), lithium was detected at concentrations in exceedance
of the federal CCR GWPS and the current Virginia CCR GWPS (was not in effect at the time of the initial
exceedance) for groundwater in ACM investigation samples collected from North Pond CCR compliance wells
MW-27D and MW-35 in January 2019, consistent with assessment monitoring results from 2018. An evaluation of
limited soil sampling results at downgradient boundary wells MW-36S and MW-36D suggested that some of the
lithium detected in groundwater in the vicinity of the North Pond may be attributed to a geological source. However,
lithium was detected at either low-level, estimated concentrations, or not detected above the laboratory method
detection limit (MDL), in upgradient monitoring wells MW-11, MW-29S, and MW-29D.
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Lithium was detected at concentrations in exceedance of the federal CCR GWPS (40 pg/L) and SWP GPS (25 pg/L)
in groundwater samples collected from compliance well MW-27D (46.4 ug/L) in March 2020. As presented in
Table 14, the lithium concentrations at MW-27D have been declining since the summer of 2017. Aside from an
October 2018 sample collected from MW-35, which was addressed in the 2019 ACM, the lithium concentrations in

the North Pond compliance wells are currently below the GWPS and GPS.

Well MW-27D is located to the west of the North Pond. A plan view isoconcentration map for lithium groundwater
concentrations in North Pond area monitoring wells is presented in Figure 8 (2019 investigation) and Figure 9 (2020
investigation). As presented, lithium is horizontally delineated to the GPS/GWPS within the existing CCR
compliance wells, downgradient boundary wells (i.e., MW-36S and MW-36D), and sentinel wells. In addition to
groundwater concentrations, Figures 8 and 9 present the results for lithium monitoring in the surface water and
hyporheic zone samples collected during the 2019-2020 NES investigations and the interstitial pore water samples
collected in 2019 for reference. As presented, no lithium GPS/GWPS exceedances were reported for boundary
wells MW-36S and MW-36D downgradient of MW-27D or in surface water downgradient from MW-27D.

Hydrogeologic cross-sections A-A’ and D-D’, showing subsurface hydrogeologic conditions approximately parallel
to groundwater flow direction (southwest) in the vicinity of the North Pond are presented in Figures 16 and 17.
Hydrogeologic cross-section B-B’, showing subsurface hydrogeologic conditions approximately parallel to
groundwater flow direction (southwest) in the vicinity of MW-27D is presented in both Figure 16 (2019 investigation)
and Figure 17 (2020 investigation). The vertical extent of lithium in the vicinity of MW-27D is delineated by paired
shallow monitoring well MW-27S and downgradient boundary wells MW-36S and MW-36D and closure
demonstration well MW-40. As depicted in cross-section, in the vicinity of MW-27D, lithium is not detected above
the GPS/GWPS in nearby shallow wells or in downgradient deep bedrock well MW-36D.

Hydrogeologic cross-section A-A’, showing subsurface hydrogeologic conditions approximately parallel to
groundwater flow direction (south) in the vicinity of MW-35, is presented in Figure 16. Vertical delineation of
above-GWPS concentrations in the vicinity of MW-35 is illustrated based on the sampling results at Outcrop-1. As
with MW-27D, concentrations of lithium exceeding the groundwater GWPS appear to be localized around MW-35
on the south side of the North Pond, and do not extent significantly vertically or horizontally from this monitoring

point. Therefore, these data do not suggest that impacts from lithium have migrated further downgradient of MW-35.

As presented in Section 3.1.3, and illustrated in Figures 16 and 17, a slight downward vertical gradient was
measured in August 2020 between the shallow/partially weathered bedrock (MW-27S) and fractured bedrock
(MW-27D) west of the North Pond. Similarly, a slight upward gradient is shown near MW-36S/MW-36D. As
illustrated in Figures 16-17, the vertical gradient is expected to invert and trend upward near MW-36S/MW-36D
such that these wells are ideally positions to detect lithium migration in this direction. As illustrated in Figures 8-9
and 16-17, lithium is not detected at concentrations exceeding the GPS/GWPS at deep downgradient boundary

well MW-36D, where vertical gradients are more strongly upward, reflective of groundwater discharge to surface
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water in the vicinity. Elevated concentrations of lithium observed at MW-27D may be the result of preferential
groundwater flow from the North Pond area along a steeply dipping, east-west oriented fracture intersecting the

well screen zone at MW-27D.

Based on the January 2019 and August 2020 sampling results in the vicinity of MW-27D and MW-35, the
exceedance of the lithium GPS/GWPS in groundwater is localized around MW-27D and MW-35 and does not
extend significantly vertically or horizontally from these monitoring points. Based on these data, there is no
indication that lithium impacts above GWPS have migrated further downgradient of MW-27D or MW-35.

4.4 Molybdenum

441 Nature of Molybdenum

Molybdenum is included as an Appendix IV constituent in 40 CFR Part 257 as historically it has been detected at
CCR disposal sites and is relevant to risk assessment and damage cases (USEPA, 2015). Molybdenum is a
naturally occurring metal found in the Earth’s crust. It is found in minerals, rocks, and soils as well as in aqueous
form; however, it does not occur naturally as a free metal. Estimates of crustal abundance have been put at around
0.6 - 1.5 mg/kg (Hu, et al., 2008; Taylor, 1964). Within Virginia, the USGS reported an average molybdenum
concentration in Virginia soils (based on 16 samples) of less than 3 mg/kg (Shacklette, 1984). More recent studies
(Smith et al., 2013) identified a mean concentration of 1.03 mg/kg for soils in Virginia based on analysis of
132 samples. Overall, this is consistent with the limited evaluation of site soils adjacent to North Pond at the Station

where concentrations of molybdenum ranged from below the MDL (<0.12 mg/kg) to 0.76 mg/kg (Golder, 2019).

Molybdenum is released into soil and water as a result of industrial activity and natural environmental conditions
due to anthropogenic and geologic sources. Contamination of water through geologic sources includes degradation
of organic matter and natural weathering processes. Anthropogenic sources of molybdenum include impacts from
metal sulfide mining, the combustion of fossil fuels, and discharges from industrial operations
(Smedley, et al., 2017)
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As illustrated in the inset Eh-pH
diagram from FactSage™ (Bale et al., Mo-H20, 298.15 K GactSage’"

2016) under natural groundwater and i

surface water conditions (pH of 4 to 9
Standard Units and Eh of -0.1 to 0.4

volts) found in central Virginia,

03 1

molybdenum is found almost

exclusively as the stable molybdate

ion in the natural environment. Mo0,[2-]

E(volts)

Molybdenum is a redox-sensitive 0L
element that forms highly insoluble
minerals under certain reducing NoDie)

conditions. Under most oxidizing

conditions (typical pH greater than 6), 01

the molybdate ion is expected to be pH
the dominant solution species

(Smedley, et al., 2017). Molybdate transport in groundwater is retarded by sorption, depending on the pH,
adsorbent contents (including clay, iron, aluminum oxides, iron sulfide, manganese oxides, and organic matter) of

soils, and the influence of the competitive adsorption of other anions (Xu, et al., 2013).

Using standard soil-water partitioning calculations and detected concentrations of molybdenum in site soil, expected
groundwater concentrations of molybdenum were estimated using the following relationship between soil and water

concentrations:

_ [Concentration in Soil (mg/kg)]/
Ka(L/kg) = [Concentration in Water (mg/L)]

Where Ky is the soil-water partitioning coefficient for molybdenum (64.42 L/kg; Buchter, et al., 1989). Using the
site-specific soil data presented above (i.e., detected concentrations ranging from 0.16 J to 0.76 mg/kg), the
predicted concentrations of molybdenum in groundwater range from approximately 2.5 ug/L to 12 ug/L. These
results suggest that some of the molybdenum detected in the impacted wells may in part be associated with a
natural geologic source. However, molybdenum has either not been detected or detected at concentrations below
the SWP GPS and federal CCR GWPS at upgradient wells (MW-11, MW-29S, and MW-29D) during recent
monitoring events. Furthermore, concentrations of molybdenum observed at MW-27D are elevated compared to
other North Pond wells, with the exception of historical concentrations at MW-24, and, as presented in Table 7, are
lower than molybdenum concentrations reported for interstitial pore water samples (SDW-4, SDW-7) installed within
CCR material at the North Pond (Golder, 2019). Molybdenum concentrations at these North Pond pumping wells
ranged from 103 ug/L to 140 ug/L for SDW-4 and SDW-7, respectively and 9.6 ug/L for SDW-10 in January 2019,
compared to current concentrations of boron at MW-27D (19.8 ug/L in March 2020 and 16.8 pg/L in August 2020).
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Comparison to North Pond source area pumping wells suggests that groundwater at MW-27D is likely impacted by

molybdenum that has been leached from CCR materials.

4.4.2 Estimated Molybdenum Migration Rate
To assist with understanding the fate and transport characteristics of the COCs, Golder evaluated the expected
groundwater retardation coefficients for molybdenum in the alluvial and saprolitic aquifer matrix materials using

publicly available data and the following formula.

pKd  (Velocity of Groundwater)

R=1+ ne  (Velocity of Contaminant)
Where: R= Retardation Coefficient
p= media bulk density (kilograms per liter [kg/L])
Ke=  Soil-Water partitioning coefficient (liters per kilogram [L/kg])
ne =  effective porosity (unitless)

The results of the evaluation are summarized in the following table.

Effecti R i F i f
Constituent of  Ka (L/kg) with  Bulk Density ective etardation faction o
Concern Data Source (kg/L) Porosity Coefficient Groundwater
g (unitless) (unitless) Velocity
Molybd
ewbdenum 64.42 () 2.6 0.2 838.4 <1%
(oxyanion)
Note: Soil-water partitioning coefficients (K4) estimated based on groundwater pH of 6 to 7.5 standard units and redox potential of 0 to 100
millivolts.

Data Sources:

1. Buchter, B., B. Davidoff, M.C. Amacher, C. Hinz, |.K. Iskandar, and H.M. Selim. 1989. Correlation of Freundlich Kd and n,
Retention Parameters with Soils and Elements. Soil Science. Vol. 148, No. 5. November.

As presented, molybdenum is expected to migrate as an oxyanion at a rate of less than 1% of the groundwater flow
velocity. These results indicate that natural sorption processes are expected to significantly retard the molybdenum

migration rates relative to the advective groundwater flow rate.

443 Extent of Molybdenum
A summary of the recent detections of molybdenum in groundwater samples from the vicinity of the North Pond is

included in Table 14. Molybdenum was detected at concentrations in exceedance of the background-based SWP
GPS (16.4 pg/L) in groundwater in the sample collected from compliance well MW-27D (19.8 ug/L) in March 2020,
consistent with recent historical monitoring results. Molybdenum is typically not detected or detected at
concentrations well below the GPS and GWPS at the remaining North Pond wells, with the exception of historical
detections at MW-24.

As presented in Figure 10, the inferred horizontal extent of molybdenum (delineated to the SWP GPS) is based on

interpolation and extrapolation of data from North Pond compliance and observation wells and downgradient surface
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water monitoring results. As presented, the extent of the groundwater impacts associated with molybdenum are
limited to the area near MW-27D.

The historical North Pond source area molybdenum results and the geochemical signature evaluation described in
Section 3.7, suggest a likely source water impact at MW-27D related to North Pond CCR material. As previously
described, the locally elevated results at MW-27D compared to other downgradient North Pond wells may indicate
that, consistent with the 2019 linear feature analysis presented in Section 3.1, northeast-southwest trending
fractures intersected by these wells are providing a preferential pathway for groundwater flow from the North Pond
area. While not expected based on geochemical modeling, lateral migration of molybdenum within the aquifer
matrix could be expected in a fractured medium if geochemical conditions conducive for dissolution of iron

oxyhydroxide minerals are present.

Hydrogeologic cross-sections B-B’ and D-D’, showing subsurface hydrogeologic conditions approximately parallel
to groundwater flow direction (southwest) in the vicinity of the North Pond are presented in Figure 18. The inferred
vertical extent of molybdenum (delineated to the SWP GPS) is based on interpolation and extrapolation of data
from North Pond compliance wells and observation wells, surface water monitoring results, and geochemical

modeling results that indicate the molybdenum would be attenuated over a relatively short distance.

Based on interpolated contouring developed surface water and groundwater concentrations, horizontal and vertical
hydraulic gradients, and the low (<1% of groundwater flow velocity under non-turbulent flow conditions) estimated
molybdenum migration rate in groundwater, the approximately extent of the SWP GPS exceeding concentrations
for molybdenum in groundwater is delineated horizontally and vertically. Molybdenum impacts are believed to be
localized to the immediate vicinity of MW-27D as shown on Figures 10 and 18. The source of the molybdenum
impacts at MW-27D is believed to be local to these wells and is unlikely to be associated with the pore water from
the North Pond. This interpretation is consistent with the Site Conceptual Model which indicates that the James
River is a receiving stream system such that the vertical flow of groundwater within the aquifer beneath the river is
upward, thus limiting the potential for additional lateral (trans river) migration or vertical (downward) migration of the

molybdenum cation.

Overall, molybdenum concentrations at MW-27D have been declining since a maximum concentration of 161 ug/L
was reported in October 2016. Chart 13 (following) depicts concentrations of molybdenum at MW-27D since
sampling for CCR Appendix IV constituents was initiated in 2016. These trends likely reflect a combination of
Station actions, including on-going remedial actions associated with the North Pond and installation of a rain cover

and active CCR material dewatering.
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Chart 13: Molybdenum Concentration Timeseries at North Pond Downgradient Monitoring Wells
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4.5 Nickel

451 Nature of Nickel

Nickel is included in the Station’s SWP as a required sampling constituent pursuant to X.I.F.3. Nickel is a trace
element found at minor concentrations in coal ash (USGS, 2015). Nickel is a relatively minor constituent of the
earth’s crust, ranking 24" in terms of abundance (USEPA, 2007). Nickel is a naturally occurring, metallic element
found in soils, rocks, and as nickel ore. Nickel is heterogeneously distributed among crustal rocks ranging from
0.0001% in sandstone and granite to 4% in ore deposits (Duke, 1980). In soils, nickel ranges from 5 — 500 mg kg™,
with serpentine clay-rich soils having the greatest abundance of geogenic nickel (Lindsay, 1979; Chaney et al.,
1995).
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Nickel is released into the soil and water as a result of industrial activity and natural environmental conditions due
to anthropogenic and geogenic sources.  Contamination of water through geogenic sources includes natural

weathering processes, soil runoff, and precipitation. Anthropogenic sources of nickel include the burning of coal

and other fossil fuels and discharges from

industries such as electroplating and smelting Ni-H20, 298.15 K G’adSage
m=1e-6

(USEPA, 1986). As presented in Table 9, the ;

16 F

North Pond CCR material is not expected to be

14 .
a major source of nickel. 12 °
10 F

NiO,(H.0)(s)

Nickel is one of the most mobile of the heavy -
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metals in the aquatic environment. The mobility % 04 F N2
. . . Z o02¢f
of nickel in groundwater is controlled by | = NIO(s)
partitioning reactions to aquifer sediments. 02 F HNIO.
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Possible reactions include direct adsorption to e
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metal oxides, complexation with natural organic 42 . i i i i i i \
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particles, ion exchange with charged surfaces, pH

and direct precipitation as a hydroxide,
carbonate or sulfide (Snodgrass, 1980). As illustrated in the inset Eh-pH diagram for nickel (Bale et al., 2016) under
natural groundwater and surface water conditions (pH of 4 to 9 Standard Units and Eh of -0.1 to 0.4 volts) found in

central Virginia, nickel is found almost exclusively as a cationic species (Ni2+) in the natural environment.
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0.4 volts) found in central Virginia, iron is found primarily as an iron oxide (Fe202) in the natural environment.
Sorption to iron oxides and clay minerals has shown to be of importance in controlling nickel mobility in subsurface
systems (USEPA, 2007).

A historical background study of naturally occurring nickel in Virginia soils found concentrations in the Piedmont
physiographic region ranging from below detection (i.e., less than 5 mg/kg) up to 70 mg/kg (Shacklette et al., 1984).
More recently, an average nickel concentration in soils in Virginia of 16.8 mg/kg with a standard deviation of
17.7 mg/kg (Smith et al., 2013) was established based on 132 samples. Using standard soil-water partitioning
calculations and published concentrations of nickel in soil for Virginia, expected groundwater concentrations of

nickel were estimated using the following relationship between soil and water concentrations:

_ [Concentration in Soil (mg/kg)]/
Ka(L/kg) = [Concentration in Water (mg/L)]

Where Ky is the soil-water partitioning coefficient for nickel (36.31 L/kg; Buchter et al., 1989). Using the using the
upper and lower confidence limit concentrations of the Virginia soil data presented above (i.e., 14.8 to 18.8 mg/kg),
the predicted concentrations of cobalt in groundwater range from approximately 408.3 ug/L to 517.1 ug/L. These
results suggest that even a relatively low concentration of nickel in native soil at the North Pond, given the observed
groundwater geochemistry and recent land-disturbing activities, could produce the observed nickel groundwater
concentrations. Therefore, it is probable that the nickel detected in groundwater at the North Pond is associated

with a natural geologic source.

4.5.2 Estimated Nickel Migration Rate

To assist with understanding the fate and transport characteristics of the COCs, Golder evaluated the expected
groundwater retardation coefficients for nickel in the alluvial and saprolitic aquifer matrix materials using publicly

available data and the following formula.

pKd  (Velocity of Groundwater)

R=1+ ne  (Velocity of Contaminant)
Where: R= Retardation Coefficient
p= media bulk density (kilograms per liter [kg/L])
Ke=  Soil-Water partitioning coefficient (liters per kilogram [L/kg])
ne =  effective porosity (unitless)

The results of the evaluation are summarized in the following table.
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Effective Retardation Fraction of
Porosity Coefficient Groundwater
(unitless) (unitless) Velocity

Constituent of Ka (L/kg) with Bulk Density

Concern Data Source (kg/L)

Nickel (divalent

. 36.31 M 2.6 0.2 473.0 <1%
cation)

Note: Soil-water partitioning coefficients (K4) estimated based on groundwater pH of 6 to 7.5 standard units and redox potential of 0 to 100

millivolts

Data Sources:

1. Buchter, B., B. Davidoff, M.C. Amacher, C. Hinz, |.K. Iskandar, and H.M. Selim. 1989. Correlation of Freundlich Kd and n, Retention

Parameters with Soils and Elements. Soil Science. Vol. 148, No. 5. November.

As presented, nickel is expected to migrate as a divalent cation at a rate of less than 1% of the groundwater flow
velocity. These results indicate that natural sorption processes are expected to significantly retard the nickel

migration rates relative to the advective groundwater flow rate.

4.6 Extent of Nickel

A summary of the recent detections of nickel in groundwater samples from the vicinity of the North Pond is included
in Table 14. Nickel was detected at a concentration in exceedance of the background-based SWP GPS of 7.9 ug/L
for groundwater in the sample collected from compliance well MW-33 in March 2020 (9.9 ug/L). The reported
concentration was relatively elevated compared to historical results at MW-33 and was not confirmed by the August
2020 results suggesting the March 2020 exceedance was a false-positive laboratory result. This well is located
along the southwestern portion of the downgradient berm of the North Pond. An evaluation of regional soil data as
described above suggests that some of the nickel detected in groundwater in the vicinity of the North Pond may be

attributed to a geological source.

As presented in Figure 11, the inferred horizontal extent of nickel (delineated to the SWP GPS) was interpolated
based on data from North Pond compliance and observation wells and surface water monitoring results. As
previously described, nickel was not detected at quantified concentrations in surface water downgradient of the
North Pond. As discussed in Section 5.0, this potential offsite migration is unlikely to pose an unacceptable risk to

potential receptors, as the exposure pathway is incomplete.

Hydrogeologic cross-section D-D’, showing subsurface hydrogeologic conditions approximately parallel to
groundwater flow direction (southwest) in the vicinity of the North Pond, along with nickel monitoring data, is
presented in Figure 19. Additionally, cross section E-E’ in Figure 19 shows hydrogeologic conditions approximately
perpendicular to groundwater flow along the North Pond berm. The inferred vertical extent of nickel in the vicinity
of the North Pond is delineated by MW-40, and the absence of nickel in downgradient surface water monitoring

results downgradient of impacted wells.
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Based on interpolated contouring developed from surface water and groundwater data, vertical gradients, and the
low (<1% of groundwater flow velocity) estimated nickel migration rate in groundwater, the nickel concentrations
exceeding the SWP GPS in groundwater are believed to be localized to the immediate vicinity of the North Pond
berm and are unlikely to extend significantly beyond the boundary of the ash pond. This interpretation is consistent
with the Site Conceptual Model which indicates that the James River is a receiving stream system such that the
vertical flow of groundwater within the aquifer beneath the river is upward, thus limiting the potential for additional

lateral (trans river) migration or vertical (downward) migration of the nickel ion.

Additionally, nickel concentrations at the impacted well in the North Pond area have previously been observed to
be at estimated concentrations below the laboratory RL or at quantified concentrations below the SWP GPS.
Timeseries of nickel data at MW-27D with current or historical SWP GPS exceedances are depicted in Chart 14
following. The observed trends likely reflect the variable geochemical conditions in the aquifer resulting from a
combination of Station actions and on-going remedial actions associated with the North Pond, including installation
of a rain cover and active CCR material dewatering. These variable conditions likely resulted in the dissolution of
iron oxyhydroxide minerals and the release of the relatively immobile divalent nickel ion to the groundwater. Based
on the recent conversion of the East Pond to a stormwater management basin, it is expected that geochemical
conditions favorable for formation of iron oxyhydroxide minerals will re-establish resulting in the removal of dissolved

nickel ions from the groundwater via mineral sorption processes.

Chart 14: Nickel Concentration Timeseries at North Pond Downgradient Monitoring Wells

12

10

g Nickel GPS

Nickel Concentration (ug/l)
[e2]

/.—

0
6/1/2016 11/28/2016 5/27/2017 11/23/2017 5/22/2018 11/18/2018 5/17/2019 11/13/2019 5/11/2020 11/7/2020

——MW-24 —e—MW-27D —e—MW-33 MW-34 MW-35

W£S]) GOLDER 49



Bremo Power Station — North Pond Nature and Extent Study Report
May 3, 2019, Revised October 3, 2022 Project No. 2013982322

4.7 Silver

4.71 Nature of Silver

Silver is a naturally occurring metal found in soil and rock, mainly occurring in the minerals argenite and stephanite.
Silver in its metallic form is primarily used in jewelry, silverware, and alloys. Silver compounds are used extensively
in the production of photographic film and electronic components. In sails, it is mainly present in sulfide minerals.
Water soluble silver compounds include silver chloride, silver nitrate, silver oxide, and silver fluorides. Silver can
be found at solid waste sites in the form of these compounds mixed with soil and/or water (ATSDR, 1990). Silver
concentrations in rocks range from 0.04 ppm in granites to 0.1 ppm in basalts with the average concentration in the
Earth’s crustis 0.1 ppm (Taylor, 1964).

Silver is released into the environment largely through human industry. Sources of silver release to water sources
include sewage treatment, textile plant wastewater effluent, petroleum refinery effluent, and fly ash scrubber water
effluent from municipal incinerators (ATSDR, 1990). As presented in Table 9, the North Pond CCR material is not

expected to be a source of silver.

The transport of metals, like silver, in groundwater is influenced by the interaction of several factors including
complexation reactions in water, redox-related processes, pH, adsorption, and precipitation. Mineral surfaces
generally strongly adsorb metal ions, although this adsorption is highly dependent upon the mineral assemblage of
the soil and the composition of the groundwater. The transport of metals in groundwater can increase when metals

are complexed with binding ligands, either naturally present or introduced as contamination (Herbert et al., 1993).
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As illustrated in the inset eh-pH diagram from FactSage™ (Bale et al., 2016), under natural groundwater and surface

water conditions found in Virginia (i.e., pH

of 4 to 9 Standard Units and Eh of -0.1 to Ag-H20, 208.15 K Gadsagem
0.4 volts), silver is found in its free m=1e-6

metallic form in the natural environment.
16 F

The free metallic form and silver sulfides 44

predominates the silver compounds 12 F

; 10 |
found in surface water and souls under

08 F
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laboratory result or colloidal/turbidity
transport. Additionally, pH conditions, which determine the reactivity of iron and manganese complexes, and the
presence of organic matter can affect the mobility of silver in groundwater (Boyle, 1968). As such, even de minimis
changes in groundwater quality (pH and Eh) associated with land-use changes, other activities, or even natural

season variations in groundwater quality can affect the mobility of silver in groundwater.

A historical background study of naturally occurring silver in Virginia soils found that silver was not commonly
detected in soils and therefore reliable mean concentrations were unable to be calculated. In this historical study,
only one sample in Virginia, located in the southwestern highlands, had a reported silver concentration of 3.0 mg/kg
(Shacklette et al., 1984). More recently, based on 132 samples, silver concentration in soils in Virginia were
reported at less than 1.0 mg/kg (Smith et al., 2013).

Using standard soil-water partitioning calculations and published concentrations of silver in soil for Virginia,
expected groundwater concentrations of nickel were estimated using the following relationship between soil and

water concentrations:

_ [Concentration in Soil (mg/kg)]/
Ka(L/kg) = [Concentration in Water (mg/L)]

Where Kau is the soil-water partitioning coefficient for silver (2.6 L/kg; Allison et. al, 2005). Assuming the upper and
lower confidence limit concentrations of the Virginia soil data presented above (i.e., 1.0 to 1.04 mg/kg), the predicted

concentrations of silver in groundwater, based on the assumed concentrations, range from approximately 2.5 ug/L
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to 2.6 pg/L. These results suggest silver is present in relatively low concentrations in Virginia soils. As presented
in Table 14, this is consistent with historical results for silver, where detected, at the North Pond and the most recent

sampling results for silver at the North Pond results in no detections above the laboratory MDL.

4.7.2 Estimated Migration of Silver

To assist with understanding the fate and transport characteristics of the COCs, Golder evaluated the expected
groundwater retardation coefficients for silver in the alluvial and saprolitic aquifer matrix materials using publicly

available data and the following formula.

R=1+ pKd  (Velocity of Groundwater)
ne  (Velocity of Contaminant)

Where: R= Retardation Coefficient
p= media bulk density (kilograms per liter [kg/L])
Ka=  Soil-Water partitioning coefficient (liters per kilogram [L/kg])
ne =  effective porosity (unitless)

The results of the evaluation for silver are summarized in the following table.

Effective Retardation Fraction of
Constituent of Ka (L/kg) with Bulk Density . ..
Porosity Coefficient Groundwater
Concern Data Source (kg/L) . . .
(unitless) (unitless) Velocity
Sil
e 2.60 26 0.2 5,176.4 <1%
(elemental)
Note: Soil-water partitioning coefficients (Kq4) estimated based on groundwater pH of 6 to 7.5 standard units and redox potential of 0 to 100

millivolts.

Data Sources:

1. Allison, J. D. and T.L. Allison. 2005. Partition Coefficients for Metals in Surface Water, Soil, and Waste. U.S Environmental
Protection Agency. July.

As presented, silver is expected to migrate in its elemental form at a rate of less than 1% of the groundwater flow
velocity. These results indicate that natural sorption processes are expected to significantly retard the silver

migration rates relative to the advective groundwater flow rate.

4.7.3 Extent of Silver

A summary of the recent detections of silver in groundwater samples from the vicinity of the North Pond is included
in Table 14. Silver was detected at concentrations in exceedance of the background-based SWP GPS of 5.0 ug/L
for groundwater in the sample collected from compliance well MW-27D in March 2020. The March 2020
concentration as reported was higher than recent historical silver results from this well and was not confirmed during

the August 2020 sampling event. This well is located along the western portion of the downgradient berm of the

WS|) GOLDER 52



Bremo Power Station — North Pond Nature and Extent Study Report
May 3, 2019, Revised October 3, 2022 Project No. 2013982322

North Pond. An evaluation of regional soil data as described above suggests that the silver detected in groundwater
in the vicinity of the North Pond may be attributed to a geological source; however, the historical sampling results
coupled with eth August 2020 sampling results suggest that the March 2020 result was a false-positive result

associated with laboratory or sampling error.

As presented in Figure 12, silver was not detected above the laboratory MDL in the samples used for preparation
of this NES. Based on the results presented herein, the March 2020 GPS exceedance is attributed to either

laboratory or field error and the suspect GPS exceedance is not considered to be confirmed at this time.

Based on horizontal and vertical gradients, the low (<1% of groundwater flow velocity) estimated silver migration
rate in groundwater, and historical data, any future silver concentrations exceeding the SWP GPS in groundwater
are expected to remain localized to the North Pond and are unlikely to migrate significantly beyond the boundary of
the ash pond. This interpretation is consistent with the Site Conceptual Model which indicates that the James River
is a receiving stream system such that the vertical flow of groundwater within the aquifer beneath the river is upward,

thus limiting the potential for additional lateral (trans river) migration or vertical (downward) migration of silver.

A timeseries chart with silver data for the compliance wells is depicted in Chart 15 following. The observed trends
likely reflect the variable geochemical conditions in the aquifer resulting from a combination of Station actions and
on-going remedial actions associated with the North Pond, including installation of a rain cover and active CCR
material dewatering, and/or may be associated with false positive results due to laboratory or sampling error as

discussed previously.
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Chart 15: Silver Concentration Timeseries at North Pond Downgradient Monitoring Wells
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5.0 RISK ASSESSMENT

The following sections discuss the Risk Assessment prepared in support of the ACM conducted for the North Pond

at the Station in Bremo Bluff, Virginia.

5.1 Purpose

This risk assessment provides an evaluation of potential risk associated with the Station’s North Pond. The
objective of the risk assessment is to provide an estimate of the magnitude of risk reduction that will be achieved
by implementing the selected corrective measure. To meet this objective a baseline quantitative risk assessment
for existing on-site potential human exposure to the COCs was completed based on the three components of risk
using Virginia Unified Risk Assessment Model (VURAM) equivalent to a Tier Il Risk Assessment under the DEQ
Voluntary Remediation Program (VRP). The reduction in risk achieved by the remedy was then evaluated by
assuming an end point concentration equal to the GWPS/GPS. The difference in risk between the two scenarios

defines the approximate magnitude in the risk reduction.

5.2 Scope

The risk assessment is specific to the North Pond and has been prepared for selected potential exposure pathways
and receptors using the data developed under the groundwater compliance monitoring program(s) and the
assessment activities conducted during the preparation of the ACM. The assessment addresses human health
risks. For risk to exist, three components are required: the COC, a receptor, and an exposure pathway for the

receptor. If one or more of these listed components of risk are absent, risk does not exist.

5.21 Constituents of Concern

The COCs for this Station are constituents from which non-carcinogenic or carcinogenic risk may develop for a
receptor following exposure. For this evaluation, the COCs are the constituents that have exceeded a GWPS/GPS,

which include boron, cobalt, lithium, molybdenum, nickel, and silver.
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Table 17: Summary of Maximum COC Concentrations in Groundwater

Constituent in GPS/GWPS Assessment Monitoring Concentration (ug/L)
Groundwater Concentration (pg/L) Well and Date Hg
Boron 250 MW-27D (August 2020) 1,300
Cobalt 7.83 MW-24 (August 2020) 61.9
Lithium 25/40 MW-27D (September 2019) 50.3
Molybdenum 16.4/100 MW-27D (August 2020) 16.8
Nickel 7.9* MW-33 (March 2020) 9.9
Silver 5 MW-27D (March 2020) 5.7

Note: pg/L = Microgram per liter
QL = Quantitation Limit

* GPS at time of NES field investigation

5.2.2 Receptors

Receptors are usually biological and for this evaluation are limited to human receptors. Potential receptors at this
Station include:

s Residential (Adult and Child)

s Commercial / Industrial (Adult)

= Site Construction Worker (Adult)
s Recreational (Adult and Child)

m  Trespasser (Adult and Child)
5.2.3 Pathways

Pathways are routes by which exposure occurs (e.g., ingestion or dermal exposure to an impacted medium, such
as soil or groundwater). Potential pathways include:

= Soil

= Groundwater

= Air (occupied zone)
m  Surface water

= Sediment

n Food
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5.3 Risk Evaluation

Based on the results of the updated NES field investigation, the horizontal and vertical extent of the lithium,
molybdenum, and silver associated with the North Pond are localized around monitoring well MW-27D. Horizontal
and vertical extents of cobalt and nickel are also localized around one monitoring well each, MW-24, and MW-33,
respectively. The horizontal and vertical extent of exceeding boron concentrations extends along the southern berm
of the North Pond and appear to extend southward and may overlap with impacts associated with the East Pond
(Golder, 2020). Access to the Station and downgradient (railroad) property is restricted to the public and
groundwater at the Station is not used as a potable water source. In addition, surface water samples collected
during September 2020 from along the north shore of the James River (located 1400 to 1600 feet downgradient of
the North Pond and thought to be the exchange point for groundwater flowing southwest across the Station) reported
no detections of boron, cobalt, lithium, and silver and only estimated detections of molybdenum and nickel below
the federal CCR GWPS and/or SWP GPS. These results indicate that impacted groundwater is not reaching surface
water at concentrations that could pose a risk to human health or the environment. Based on this, it is believed that
the exposure pathways associated with groundwater are not complete at the North Pond. Therefore, no exposure
pathway for the general public (e.g., recreational or trespasser accessing surface water, or a residential child or
adult ingesting groundwater) is identified. Consequently, the current groundwater impacts associated with the

COCs do not pose a risk to the general public.

A potential exposure pathway was identified for site workers, including construction contractors. Details for the

potential exposure including media and potential routes of exposure are summarized in Table 18 following.

Table 18: Identified Potential Receptor(s) and Exposure Route(s)

General Location
Relative to the East Potential Receptor Potential Route

Pond

n Dermal contact

Site/Construction worker | ®  Incidental ingestion

On-site Groundwater (Adult)

= Inhalation of vapors in a trench
(applicable to mercury only)

For quantitative risk assessments, representative concentrations of COCs are typically either the maximum
detected media concentration or the 95% upper confidence limit (UCL) of the mean. For simplicity and to provide

a conservative approach in this Report, the maximum measured concentrations detected in recent compliance
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monitoring groundwater data (2020) and during the ACM field investigation activities, independent of sample

location within the study area, were selected as the representative concentrations of COCs.

5.3.1 Human Health Risk

The evaluation of risk was conducted with the VURAM and default exposure assumptions with the actual COC
concentrations as described herein. The output reports for the baseline risk evaluation for potential human exposure

are provided in Appendix I. A summary of the results is provided in the following table:

Table 19: Baseline Quantitative Human Health Risk Assessment Results

Cumulative
Scenario Cumulative Hazard Individual Non- Carcinogenic Risk
Index (Threshold =1.0) Carcinogenic COC Risk (Referenced Threshold
= 1.00E-04)
On-site construction = 4.84E-03 (Ingestion)
worker receptor exposed
to groundwater via dermal 4.84E-03 = 0.00E-00 (Dermal) 0.00E-00
contact, incidental
ingestion, and inhalation = 0.00E-00 (Inhalation)
of vapors in a trench

As presented in Table 19, the calculated cumulative hazard index for the evaluated receptors and exposure
pathways using the actual COC concentrations does not exceed the threshold (1.0) for acceptable cumulative risk.
Additionally, as the COCs are not considered a human carcinogen, the calculated cumulative carcinogenic risk
using the actual COC concentrations also does not exceed the acceptable threshold (1.00E-04) for cumulative

carcinogenic risk.

5.3.2 Human Health Risk Reduction Evaluation

To evaluate the magnitude of potential risk reduction achieved by the selected corrective measure, the baseline
assessment was re-evaluated using exposure concentrations equal to the SWP GPS. Specifically, the groundwater
concentrations of the COCs were reduced from above-GPS concentrations to the GPS. A summary of the GPS

concentrations used in the Risk Assessment (RA) are provided in the following table.

Table 20: Corrective-Action-Endpoint Quantitative Human Health Risk Assessment GPS Values

GPS Exceedance Result

Constituent GPS (pg/L)

(uglL)

Boron 1,300 250
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GPS Exceedance Result

Constituent (Hg/L) GPS (pg/L)
Cobalt 61.9 7.83
Lithium 50.3 25

Molybdenum 16.8 16.4
Nickel 9.9 7.9

Silver 5.7 5

Notes: pg/L = Microgram per liter

Output reports for the corrective-action-endpoint VURAM evaluation for potential human exposure are provided in

Appendix J. A summary of the results is provided in the following table:

Table 21: Corrective-Action-Endpoint Quantitative Human Health Risk Assessment Results

Cumulative Magnitude of
Individual Non- Carcinogenic Risk Hazard Index Risk

Hazard Index

Scenario _ Carcinogenic COC (Referenced Reduction
(Threshold =1.0) Risk Threshold =
1.0E-04)
On-site construction = 161803
worker receptor (Ingestion)
exposed to 0.00E-00
groundwater via ) " e ) )
dermal contact, 1.61E-03 (Dermal) 0.00E-00 3.23E-03
incidental ingestion,
and inhalation of = 0.00E-00
vapors in a trench (Inhalation)

As presented in the table above, the calculated hazard index for the corrective action remedial endpoint is 1.61E-
03, representing a 3.04E-03-point reduction of the baseline hazard index, or an overall 67% reduction in the level

of risk.

54 Risk Assessment Results

The results of the quantitative human health risk evaluation using the VURAM model for identified potential current
receptors indicates an acceptable level of risk using representative concentrations of the COCs as measured in

groundwater samples associated with the North Pond. A 3.23E-03-point reduction in the hazard index for
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non-carcinogenic risk (equivalent to a 67% reduction) is calculated upon the future attainment of groundwater

corrective action goals.

Although boron, molybdenum, nickel, and silver concentrations in the vicinity of the North Pond exceed the Virginia
SWP background-based GPS, neither current nor historical concentrations of boron, molybdenum, nickel, or silver
exceed the USEPA risk-based RSLs for boron (4,000 ug/L), molybdenum (100 pg/L), nickel (390 pg/L), or silver
(94 ug/L) in drinking water, which are based on the conservative USEPA default exposure scenario for drinking
water consumption and exposure. The SWP GPS for boron is not a risk-based concentration but is a background-
derived concentration based on a laboratory quantitation limit (QL) concentration that is not reflective of actual risk.
The SWP GPS for molybdenum, nickel, and silver are also not risk-based concentrations but are based on the

background concentrations in the upgradient wells and are also not reflective of actual risk.

Current and historical concentrations of cobalt and lithium exceed the USEPA’s risk-based RSLs for cobalt
(6.0 pg/L) and lithium (40 pg/L) in drinking water. However, as previously discussed, these exceedances were
localized around single wells MW-24 (cobalt) and MW-27D (lithium). As presented in this Report, potential offsite

migration is unlikely to pose an unacceptable risk to potential receptors, as the exposure pathway is incomplete
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6.0 CONCLUSIONS

The inferred vertical and horizontal extents of boron, cobalt, lithium, molybdenum, nickel and silver concentrations
in groundwater downgradient of the North Pond which exceed the federal CCR GWPS and/or the SWP GPS have

been delineated consistent with regulatory requirements and industry standard practices.

A natural geological soil source for lithium was identified based on limited soil sampling conducted at
MW-36S/MW-36D; however, the groundwater concentrations predicted based on these soil results are not sufficient
to explain the observed groundwater concentrations at MW-27D and MW-35 based on predicted fractionation
calculations. This finding suggests that an additional lithium flux source. The results of isotopic analyses performed
at select monitoring wells (including MW-27D and MW-35) and on interstitial water collected directly from the
saturated portion of the ash stored in the North Pond suggest that groundwater collected from impacted wells
MW-27D and MW-35 has characteristics similar to that of the North Pond interstitial water. A similar conclusion is
observed based on evaluation of common anion and cations, although simulated mixing of groundwater and CCR

material pore water also suggest an additional lithium flux source to the downgradient wells.

Based on the information evaluated during this study, the inferred extent of the federal CCR GWPS and background-
based SWP GPS exceeding lithium and background-based SWP GPS molybdenum concentrations in groundwater
at the North Pond are believed to be localized around one compliance monitoring well, MW-27D. While some of
the lithium and molybdenum detected in groundwater at MW-27D may be related to a natural source, geochemical
considerations indicate that there may be an additional source associated with the CCR material that is currently in
the North Pond.

Based on the delineation results, although boron concentrations in the vicinity of the North Pond exceed the GPS
of 250 ug/L, neither current nor historical concentrations of boron exceed the USEPA risk-based RSL for boron in
drinking water of 4,000 pyg/L. The SWP GPS for boron of 250 pg/L is not a risk-based concentration but is rather a

background value based on a laboratory quantitation limit (QL) concentration that is not reflective of actual risk.

Based on the information evaluated during this study, the inferred extent of the background-based federal CCR
GWPS and SWP GPS exceeding cobalt concentrations in groundwater at the North Pond is believed to be localized
around one compliance monitoring well, MW-24. A natural vadose zone geological source combined with transient
geochemical conditions resulting in the dissolution of iron oxyhydroxide minerals is likely contributing to cobalt

concentrations in the vicinity of MW-24 at the North Pond.

Reported results for nickel (MW-33) and silver (MW-27D) that exceeded the background-based SWP GPS in
March 2020 were relatively elevated compared to historical results at these wells. Additionally, the North Pond

CCR material is not expected be a source of either nickel or silver. These exceedances were not confirmed during
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the August 2020 compliance groundwater monitoring event, suggesting that the March 2020 exceedances were

false-positive laboratory results.

As presented in the risk assessment, the results of the quantitative human health risk evaluation using the VURAM
model for identified potential current receptors indicates an acceptable level of risk using representative
concentrations of the COCs as measured in groundwater samples associated with the North Pond. Based on a
survey of current receptors, which recognizes Station security and the absence of groundwater use, the current
COC concentrations do not pose an excessive risk to human health based on USPEA and DEQ acceptable risk
thresholds.
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8.0 SIGNATURE SECTION

This Report has been prepared by Golder Associates Inc. on behalf of Virginia Electric and Power Company d/b/a
Dominion Energy Virginia (Dominion Energy) for the North Pond at the Bremo Power Station, Permit No. 618. This
document was prepared by scientists and engineers who have received baccalaureate and/or post graduate
degrees in the natural sciences and/or engineering and who have sufficient training and experience in groundwater
hydrology, engineering, statistical evaluations, and related fields as demonstrated by state professional registrations
and completion of an accredited university program that enables sound professional judgments consistent with the
industry standard of care for groundwater monitoring, contaminant fate and transport, environmental corrective

actions, and cost estimate development.
Sincerely,

Golder Associates USA Inc.

o sk

)
Crystal Shadle 7‘5/’1\45 el G’ Williams, C.P.G
Lead Consultant, Geologist Practice Lead, Senior Hydrologist

Golder and the G logo are trademarks of Golder Associates Corporation.

https://golderassociates.sharepoint. com/sites/159045/project files/6 deliverables/2022-09-xx bremo np rev nes acm/2022-08-xx bremo np nes rev report.docx
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C\ncx\ﬁ'e,ecl; 09433 Q)b‘
Cond. o Turb. 2.9
(uS/cm) 2292 (NTU) W=
Dis. Oz N Temp. .
(mglL) i (°C) s
ORP N Flow Rate
(mvolts) 1¥S.2 (gpm) @
\ ‘\) V"\ /;,
/ : SAMPLE LOCATION ' ¢ond N
’ ¥ A N e /ﬁ\
’ (,,‘.,// T y\(_l\»)‘\‘k'
- @?’ kjmv;:mq.w \Y\j w l(
f;ﬁ £ - Arees

Comments( ample meth 6do ogy, weather\condltlons color, silt, etc.): __Sun, 80

\CC}'\’H’ 9ray C}mb samgle coliecked oo miiddlp 0F Sheam . some

Small orj;am/c IQL\I"ﬁC/r"J

General viéual observations of [_] Basin [_] Outfall [] Discharge Pipe [X:I Stream condition:_
O\cay condfim

Sample Time: 0930 Analyses: & Ca, C\, swdae, a)fatiniiy (hudal), Mg, No, i, Co
L, tgy Ag, N 4
Sampler Signature:  7- Jpyn Date: §-23%-2c22
N

QA/QC Signature: Coro (e o —~— Date:  {-14-10720




& DATE: 8%-28-zczo
S GOLDER
SURFACE WATER SAMPLING LOG
Project Name:_tremo P.s. Project No./Task No.: _ 20139823
Sample ID: SW-2Z Sampler(s): __ Tavior
Equipment: NST Pro Dss  (bDicY336
Field Calibration Completed: 084S $- 282020
] tolected: 1029 pH
Time | (S.U.) L.k
o\v\c\\\s'z,ed: 030
Cond. Turb. .
: \03.9
(uS/cm) ] (NTU)
Dis. O2 Temp.
%.52 A 2
(mglL) (°C) ik b
ORP Flow Rate
24.3
(mvolts) (gpm) %
N\V’A;GS N
;s - SAME,!T?_ LOCATION 1, 7‘ m;:w
x> O L’_\)’C\/\/\‘?"\ — ne _ .
& ; g fuz-z \Fo | - 9mwc(wmer
'\ = \\\\‘ Y W)om*ar/”j
&\b """ wellg
Comments (sample methodology, weather conditions, color, silt, etc.): __ Sun o

qrod  ovob  sample collectedl  from middle of strecny, Fow
~J J J v

General visual observations of [_] Basin [_] Outfall [_] Discharge Pipe{/] Stream condition:_

c\u\q\ Con ikion

Sample Time: (020 Analyses: _¢_ Ca U‘ suifate, Yoted (L\\Lc&’-m‘*‘\" e, Na, 1 Co
L‘/ ML)’ AS/ N, <

Sampler Signature: . j:\w}(,\ Date: $-28-2020

U
QA/QC Signature:  jJeZz+ W Date: ¢-78-1079



o, DATE: €-z3 ze2o
S GOLDER
SURFACE WATER SAMPLING LOG
Project Name: Bcemo ¢s. - Nes swjz  Project No./Task No.: __ 2ciz9%23
Sample ID: _sw-> Sampler(s): M Teyier
Equipment: sz Prv Dss  (0D\WOH336
Field Calibration Completed: O84S $-2%-2c020
. pH
Time \ \ \ ?\ (S.U.) o
Cond. , Turb. —
(uS/cm) (NTU)
Dis. O2 Temp. -
(mg/L) (°C)
ORP P Flow Rate du- no Elow
(mvolts) (gpm) 0y e

—Z

SAM>EE LOCATION  verth. /
FO:\

r\- Sw->

PL’ fime Tz

Comments (sample methodology, weather conditions, color, silt, etc.): Sun, 905,

Ay Sheamn, o Low | no  samgle colleckedl
J = v

General visual observations of [_] Basin [_| Outfall [_] Discharge Pipe ]ﬂ Stream condition:__
Ari Strtam - okay cendition
J 7 7

Sample Time: 10 Analyses:

Sampler Signature: . ﬁaa',ﬁm Date: #-28~2020

!

QA/QC Signature: é{/g/,/ /44%_/ Date:  $— L3-Lelo



N DATE: $ 25-202¢
S GOLDER

S\

SURFACE WATER SAMPLING LOG

Project Name:_ Brewo 7.5 -Ngs> s@/Hz  Project No./Task No.: 2039823

Sample ID: SwA Sampler(s): M Tomior
Equipment: NST P DSs 1o DI0Y3D6
Field Calibration Completed: O&YS §-2%-2zc2o
) pH
Time ) , Lj S——— (S.U.) —
Cond. Turb.
(uS/cm) (NTU) —
Dis. O2 N Temp.
(mglL) (°C) B
ORP . Flow Rate Ao Clow
(mvolts) (gpm) L

N
SAMPLE LOCATION T s drees
et s = Ob‘mw&:\aii\nj weld

V\/\,\ Streemm b ed

Comments (sample Vethodology, Weather condltlons “col r silt, etc.): _swn_ 905

O\YV\ Streamm  no  Sampie colleciedl
J 7 7

General visual observations of [_| Basin [_] Outfall [_] Discharge Pipe g] Stream condition:__

o\f\/) Stream, O\LCuJ Conglition
Sample Time: _lI45 Analyses: =

Sampler Signature: /YY), 71 . D Date:  g- 28 2620

Ve T 5
QA/QC Signature: &Vz g”"/“ Date: §=L9-2020




Y N

' 4

Project Name: bremo %5~ NES NP Seep

Y GOLDER

SURFACE WATER SAMPLING LOG

Project No./Task No.:

B-29-2020

201398232

Sample ID: Seep | Sampler(s): _M Tavio
Equipment: Pro pss D046
Field Calibration Completed: g-28-2020
. pH
Time |2 20 (S.U.)
Cond. - Turb.
(uS/cm) - (NTU)
Dis. O2 — Temp.
(mgl/L) (°C)
ORP — Flow Rate
(mvolts) (gpm)

SAMPLE LOCATION

Comments (sample methodology, weather conditions, color, silt, etc.): sun 905"

wnable fo \ocate Seep-1: o Sample coWecfed

Pl
1] [

General visual observations of [_| Basin [_| Outfall [_] Discharge Pipe [_] Stream condition:_

Sample Time: - Analyses: —
Sampler Signature: Wﬂa?ﬁ7 Date: §-29-202v
7

QA/QC Signature: Sl /71/4,/- Date:  9-0%)670
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APPENDIX G.1

Data Validation Summary
(2019)
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Project Name: Bremo Power Station - ACM

Project Reference Number: 1520347.230.004

Sampling Event Date: November 7, 2018

Review Date: 02/14/2019 Initials: ANG
Review Date: 3/20/19 Initials: HDE

Person(s) performing the review are to initial each item on this form as acknowledgement of data
acceptance, or as acknowledgement of a review issue. In the case of the latter, a brief
explanation should follow the applicable item.

Golder Associates Inc. has reviewed the laboratory certificates of analysis, chain-of-custody form, and
laboratory provided sample group quality assurance and quality control data for the above referenced
sample group to identify potential bias or inaccuracy, in general accordance with the following United
States Environmental Protection Agency (EPA) and Department of Energy (DOE) documents:

« National Functional Guidelines for Organic Superfund Methods Data Review, January 2017;

« National Functional Guidelines for Inorganic Superfund Methods Data Review, January 2017,

e Laboratory Data Validation Functional Guidelines for Evaluating Inorganic Analyses, July 1988;
« US Department of Energy Evaluation of Radiochemical Data Usability, April 1997; and

* Sampling and Analysis Plan for US Department of Energy Office of Legacy Management Sites.

COMMON ACRONYMS:

e MS = matrix spike e J=estimated

e MSD = matrix spike duplicate * ND and/or U= not detected

e LCS = laboratory control spike e COC = chain of custody

« RPD =relative percent difference *  QC = quality control

¢ MB = method blank e Mg/L = micrograms per liter

e DUP =duplicate e mg/L = milligrams per liter

* FB =field blank e EPA= United States Environmental
VSWMR = Virginia Solid Waste Management Protection Agency
Regulations e pCi/L = picocuries per liter

COMPLIANCE ANALYTE LIST
Historical VPDES Parameters

CCR Appendix Il to Part 257

CCR Appendix IV to Part 257

VSWMR Phase Il Parameters:
Other: Metals (Li, Mo, Fe, B), pH, TOC
Note: Pace No. 92406489

XOOOdO

Golder
2108 West Laburnum Ave, Suite 200 T: +1 804 358-7900 | F: +1 804 358-2900
Richmond, Virginia, USA 23227

Golder and the G logo are trademarks of Golder Associates Corporation go Ider.com




QUALITY ASSURANCE & QUALITY CONTROL Project No. 1520347.230.004
LABORATORY DATA REVIEW

1.0 CHAIN OF CUSTODY (COC) REVIEW

Yes COC was properly signed by all parties.

Yes Correct project name and number are on the form.

Yes Sample receipt condition at laboratory was acceptable.

Yes Each sample and blank submitted for analysis appears in the data report.

Note: COC lists extra samples for analysis that were cancelled.

2.0 SAMPLE HOLDING TIMES

No Holding times for extraction and/or analysis were met for each analytical method.
Method Analytes Holding Time
EPA 6000 series Metals, except mercury 6 months
EPA 9045D pH Soil
SW 9060A Total Organic Carbon

Notes: The samples were analyzed beyond the recognized method holding time for pH.

3.0 LABORATORY QUALITY CONTROL REVIEW

Yes Laboratory analyzed at least one internal blank for each method, where applicable.
Yes Laboratory blanks were interference free.
Notes: The following table presents method blank detections and their associated sample delivery

groups (batch). In accordance with EPA guidance, associated samples within the same SDG

may be qualified estimated high (J+), estimated low (J-), non-detect estimated (UJ), or unusable

(R) using professional judgement. As presented below, no data gualification is recommended.

For radiochemistry data, if the reported absolute value of the method blank is above the

minimum detectable concentration (MDC) and no other deficiencies are noted in the associated

dataset, detections above the MDC and less than 5 times the concentration reported in the

method blank may be blank qualified "J" in_accordance with qualification quidance. As

presented below, no data qualification was required.

Method Blank Validator

Parameter Batch Associated Qualified Sample(s)

Detection (pg/L) Qualifier

NA Surrogate recoveries are provided for each analytical method, where applicable.

o> GOLDER 2/4



QUALITY ASSURANCE & QUALITY CONTROL Project No. 1520347.230.004
LABORATORY DATA REVIEW

NA Surrogate recoveries for each method are within the acceptable limits.
Notes:
NA Tracer and carrier yields are provided for each analytical method, where applicable

(Radiochemical Data Only).

NA Tracer and carrier yields for each method are within the acceptable limits (Radiochemical Data
Only).

Notes:

Yes MS/MSD/LCS/RPD data results are provided for each analytical method.

See Note MS/MSD/LCS/RPD recoveries for each method are within the acceptable limits.

Notes: The following table presents recoveries and relative percent differences (RPDs) that were outside

of OC limits for the associated sample delivery group (analytical batch). In accordance with EPA

guidance for evaluation of spike recoveries, the associated samples may be gualified estimated high

(J+), estimated low (J-), non-detect estimated (UJ), or unusable (R) using professional judgement

to_evaluate the spike recovery. Post-digestion spike recovery will be evaluated for MS/MSD

qualification purposes where provided. As presented, no data gualification is recommended. No

MS/MSD results were provided for radium-226 or radium-228.

In accordance with EPA guidance for evaluation of RPDs, the associated samples may be qualified

estimated (J or UJ) using professional judgement to evaluate the RPD. As presented, no data

qualification is recommended.

Recovery Outside QC

Associated Qualified Validator

RIS Limits il Sample(s) Qualifier
Iron MSD 575362 -- --
TOC Max MS BBK0530 - -
NA Minimum Detectable Concentrations (MDCs) are provided for radiological samples.
NA Radiological samples reported below their respective MDC have been qualified with a “U.”

Notes:

Parameter Associated Samples Below MDC

4.0 ANALYTE LISTS/METHODS

Yes The proper number of constituents are present for each analyte list as identified above (including

o> GOLDER 3/4



QUALITY ASSURANCE & QUALITY CONTROL Project No. 1520347.230.004
LABORATORY DATA REVIEW

Yes

detects where applicable).
Proper EPA SW-846 analytical methods were used for analysis.

Notes:

5.0 DATA REPORTING

See Note Trip; field and/or equipment; and laboratory blank results have all been reported and the

Notes:

detected constituents in these blanks, if any, have been qualified using professional judgement
where detected in other samples.

The following table presents field, equipment, and/or trip blank detections and associated

samples that have been gualified. In accordance with EPA guidance, associated samples may

be gualified estimated high (J+), estimated low (J-), non-detect estimated (UJ), or unusable (R)

using_professional judgement to_evaluate the blank detection. As presented below, data

qualification is recommended.

el Validator

Qualifier

ID Parameter Detection Associated Qualified Sample(s)
(Hg/L)

Yes

Yes

Notes:

Itis clear from the laboratory report that samples have or have not been diluted during analysis,
and if the samples have been diluted, the result is reported as a multiple of the dilution (e.g., a
sample diluted 10x resulting in an analytical detection of 1.0 should be reported as 10).

The report provides the reporting limit for each constituent.

The proper reporting limits have been used (e.g. NC Solid Waste Section approved PQccLs, or

VA DEQ Permit approved detection limits, as appropriate).

g:\projects\dominion\bremo\152-0347 ash pond closure\10 acm investigation\laboratory data\soil\bremo acm data review 92406489.docx
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Project Name: Bremo Power Station - ACM

Project Reference Number: 1520347.230.004

Sampling Event Date: November 8, 2018

Review Date: 02/14/2019 Initials: ANG

Review Date: Initials:

Person(s) performing the review are to initial each item on this form as acknowledgement of data
acceptance, or as acknowledgement of a review issue. In the case of the latter, a brief
explanation should follow the applicable item.

Golder Associates Inc. has reviewed the laboratory certificates of analysis, chain-of-custody form, and
laboratory provided sample group quality assurance and quality control data for the above referenced
sample group to identify potential bias or inaccuracy, in general accordance with the following United
States Environmental Protection Agency (EPA) and Department of Energy (DOE) documents:

« National Functional Guidelines for Organic Superfund Methods Data Review, January 2017;

« National Functional Guidelines for Inorganic Superfund Methods Data Review, January 2017,

e Laboratory Data Validation Functional Guidelines for Evaluating Inorganic Analyses, July 1988;
« US Department of Energy Evaluation of Radiochemical Data Usability, April 1997; and

* Sampling and Analysis Plan for US Department of Energy Office of Legacy Management Sites.

COMMON ACRONYMS:

e MS = matrix spike e J=estimated

e MSD = matrix spike duplicate * ND and/or U= not detected

e LCS = laboratory control spike e COC = chain of custody

« RPD =relative percent difference * QC = quality control

¢ MB = method blank e Mg/L = micrograms per liter

* DUP =duplicate e mg/L = milligrams per liter

e FB =field blank e EPA= United States Environmental
VSWMR = Virginia Solid Waste Management Protection Agency
Regulations e pCi/L = picocuries per liter

COMPLIANCE ANALYTE LIST
Historical VPDES Parameters

CCR Appendix Il to Part 257

CCR Appendix IV to Part 257

VSWMR Phase Il Parameters:
Other: Metals (Li, Mo, Fe, B), pH, TOC
Note: Pace No. 92406675

XOOOdO

Golder
2108 West Laburnum Ave, Suite 200 T: +1 804 358-7900 | F: +1 804 358-2900
Richmond, Virginia, USA 23227

Golder and the G logo are trademarks of Golder Associates Corporation go Ider.com




QUALITY ASSURANCE & QUALITY CONTROL Project No. 1520347.230.004
LABORATORY DATA REVIEW

1.0 CHAIN OF CUSTODY (COC) REVIEW

Yes COC was properly signed by all parties.

Yes Correct project name and number are on the form.

Yes Sample receipt condition at laboratory was acceptable.

Yes Each sample and blank submitted for analysis appears in the data report.

Note:

2.0 SAMPLE HOLDING TIMES

No Holding times for extraction and/or analysis were met for each analytical method.

Method Analytes Holding Time
EPA 6000 series Metals, except mercury 6 months

EPA 9045D pH Soil
SW 9060A Total Organic Carbon

Notes: The samples were analyzed beyond the recognized method holding time for pH.

3.0 LABORATORY QUALITY CONTROL REVIEW

Yes Laboratory analyzed at least one internal blank for each method, where applicable.
Yes Laboratory blanks were interference free.
Notes: The following table presents method blank detections and their associated sample delivery

groups (batch). In accordance with EPA guidance, associated samples within the same SDG

may be qualified estimated high (J+), estimated low (J-), non-detect estimated (UJ), or unusable

(R) using professional judgement. As presented below, no data gualification is recommended.

For radiochemistry data, if the reported absolute value of the method blank is above the

minimum detectable concentration (MDC) and no other deficiencies are noted in the associated

dataset, detections above the MDC and less than 5 times the concentration reported in the

method blank _may be blank qualified "J" in_accordance with qualification quidance. As

presented below, no data qualification was required.

Method Blank Validator

Parameter Batch Associated Qualified Sample(s)

Detection (pg/L) Qualifier

NA Surrogate recoveries are provided for each analytical method, where applicable.
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QUALITY ASSURANCE & QUALITY CONTROL Project No. 1520347.230.004
LABORATORY DATA REVIEW

NA

Surrogate recoveries for each method are within the acceptable limits.

Tracer and carrier yields are provided for each analytical method, where applicable
(Radiochemical Data Only).

Tracer and carrier yields for each method are within the acceptable limits (Radiochemical Data
Only).

Notes:

Yes

MS/MSD/LCS/RPD data results are provided for each analytical method.

See Note MS/MSD/LCS/RPD recoveries for each method are within the acceptable limits.

Notes:

The following table presents recoveries and relative percent differences (RPDs) that were outside

of OC limits for the associated sample delivery group (analytical batch). In accordance with EPA

guidance for evaluation of spike recoveries, the associated samples may be gualified estimated high

(J+), estimated low (J-), non-detect estimated (UJ), or unusable (R) using professional judgement

to_evaluate the spike recovery. Post-digestion spike recovery will be evaluated for MS/MSD

qualification purposes where provided. As presented, no data gualification is recommended. No

MS/MSD results were provided for radium-226 or radium-228.

In accordance with EPA guidance for evaluation of RPDs, the associated samples may be qualified

estimated (J or UJ) using professional judgement to evaluate the RPD. As presented, no data

qualification is recommended.

Recovery Outside QC

Associated Qualified Validator

RIS Limits il Sample(s) Qualifier
Iron MSD 575362 -- --
TOC Max MS, MSD BBK0578 - --
TOC Min MS, MSD BBKO0578 - --
TOC Mean MS, MSD BBKO0578 - --
NA Minimum Detectable Concentrations (MDCs) are provided for radiological samples.
NA Radiological samples reported below their respective MDC have been qualified with a “U.”
Notes:

Parameter Associated Samples Below MDC

o> GOLDER 3/4



QUALITY ASSURANCE & QUALITY CONTROL Project No. 1520347.230.004
LABORATORY DATA REVIEW

4.0 ANALYTE LISTS/METHODS

Yes The proper number of constituents are present for each analyte list as identified above (including
detects where applicable).

Yes Proper EPA SW-846 analytical methods were used for analysis.

Notes:

5.0 DATA REPORTING

See Note Trip; field and/or equipment; and laboratory blank results have all been reported and the
detected constituents in these blanks, if any, have been qualified using professional judgement
where detected in other samples.

Notes: The following table presents field, equipment, and/or trip blank detections and associated

samples that have been qualified. In accordance with EPA guidance, associated samples may

be qualified estimated high (J+), estimated low (J-), non-detect estimated (UJ), or unusable (R)

using_professional judgement to evaluate the blank detection. As presented below, data

qualification is recommended.

Blank Validator

Qualifier

ID Parameter Detection Associated Qualified Sample(s)
(ug/L)

Yes It is clear from the laboratory report that samples have or have not been diluted during analysis,
and if the samples have been diluted, the result is reported as a multiple of the dilution (e.g., a
sample diluted 10x resulting in an analytical detection of 1.0 should be reported as 10).

Yes The report provides the reporting limit for each constituent.

Yes The proper reporting limits have been used (e.g. NC Solid Waste Section approved PQccLs, or
VA DEQ Permit approved detection limits, as appropriate).
Notes:

g:\projects\dominion\bremo\152-0347 ash pond closure\10 acm investigation\reports\acm field invest rpt\app f - data validation\soil\bremo acm data review 92406675.docx
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Bremo Power Station — North Pond Nature and Extent Study Report
May 3, 2019; revised October 3, 2022 Project No.:GL 2013982322

APPENDIX G.2

Data Validation Summary
(2020)
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QUALITY ASSURANCE & QUALITY CONTROL Project No. 20139823
LABORATORY DATA REVIEW

4.0 ANALYTE LISTS/METHODS

Yes The proper number of constituents are present for each analyte list as identified above (including
detects where applicable).

Yes Proper EPA SW-846 analytical methods were used for analysis.

Notes:

5.0 OUTLIER EVALUATION

NA Analytical results have been evaluated for variances +/- 25% compared to the average of the
most recent 8 data points.

NA Analytical results with variances >25% have been evaluated for trends.

NA If no trends were identified for analytical results with variances >25%, a data quality review
(DQR) was conducted for suspect analytical results identified as possible outliers. DQR results

summarized below.

6.0 DATA REPORTING

NA Trip; field and/or equipment; and laboratory blank results have all been reported and the
detected constituents in these blanks, if any, have been qualified using professional judgement

where detected in other samples.

Notes:

Yes It is clear from the laboratory report that samples have or have not been diluted during analysis,
and if the samples have been diluted, the result is reported as a multiple of the dilution (e.g., a
sample diluted 10x resulting in an analytical detection of 1.0 should be reported as 10).

Yes The report provides the reporting limit for each constituent.

Yes The proper reporting limits have been used (e.g. NC Solid Waste Section approved PQLs, or
VA DEQ Permit approved detection limits, as appropriate).

Notes:

7.0 FIELD DUPLICATE PRECISION

Yes Field duplicate sample results were within control limits of 20% relative percent difference for
sample results greater than 5 times the quantitation limit. When one or both results were less
than 5 times the quantitation limit, the difference between the two results was less than twice the
reporting limit.

Notes:

https://golderassociates.sharepoint.com/sites/123492/project files/6 deliverables/2020-11-10 nap nes-acm addendum/np acm field report addendum/appendix h - data reviews/2020-09-25 bremo np nes data
review - sw-hz.docx
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APPENDIXH

Investigation-Derived Waste Documentation
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Bremo Power Station — North Pond Nature and Extent Study Report
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APPENDIX |

Baseline Quantitative Human Health Risk Assessment VURAM
Output
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Bremo Power Station — North Pond Nature and Extent Study Report
May 3, 2019; revised October 3, 2022 Project No.:GL 2013982322

APPENDIX J

Corrective-Action-Endpoint Human Health Risk Assessment
VURAM Output

WS|) GOLDER



























\\\I) GOLDER

golder.com





