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Executive Summary 

Haley & Aldrich, Inc., (Haley & Aldrich) prepared this Revised Assessment of Corrective Measures Report 
(ACM Report) on behalf of Virginia Electric and Power Company d/b/a Dominion Energy Virginia 
(Dominion Energy) for Pond D (Unit) at the Possum Point Power Station located in Dumfries, Virginia 
(Site or Station).  Dominion Energy maintains a groundwater monitoring program for Pond D consistent 
with the requirements of U.S. Environmental Protection Agency’s (EPA) “Disposal of Coal Combustion 
Residuals from Electric Utilities” (CCR Rule; 40 CFR 257 et seq.) as well as the adoption of the CCR Rule 
by reference to Virginia Solid Waste Management Regulations (VSWMR) (Title 9 Virginia Administrative 
Code Agency 20, Chapter 81, Section 800 et seq.; 9VAC20-81-800).  The groundwater monitoring 
program is also conducted consistent with the requirements of Solid Waste Permit (SWP) No. 617 issued 
by the Virginia Department of Environmental Quality (VDEQ) on 13 June 2019 and subsequently 
modified on 23 February 2023.  
 
Groundwater constituent concentrations have been detected at levels exceeding the CCR Rule (federal) 
Groundwater Protection Standard (GWPS) and SWP Groundwater Protection Standard (GPS).  Dominion 
Energy initiated an Assessment of Corrective Measures (ACM) in January 2019, which included a nature 
and extent study (NES) field investigation, to evaluate the extent of groundwater concentrations for 
constituents that exceeded the GWPS.  The results of the NES investigation were summarized in the 
2019 ACM Report, which was placed in the operating record on 28 June 2019. An ACM Addendum 
Report was prepared in October 2020 to include additional constituents identified at concentrations 
greater than the SWP GPS. 
 
The following constituents have been detected at concentrations above the CCR Rule GWPS and/or SWP 
GPS during one or more semi-annual monitoring events since 2019: 

 Boron – wells ED-1D, ED-1605, ED-1606, SD-1603, SD-1604 (SWP GPS exceedances only) 

 Cobalt – wells ED-1D, ED-1606, SD-1603 (SWP GPS exceedances only) and ED-1605 

 Lithium – well ED-9R2 (SWP GPS exceedances only) 

 Nickel – wells ED-1D, ED-9R2, ED-1605, ED-1606, SD-1603 (SWP GPS exceedances only) 
 

An updated SWP GPS for boron (4,000 micrograms per liter (µg/L)) and lithium (40 µg/L) was approved 
by VDEQ on 22 February 2023, via permit modification.  Based on this SWP GPS change and the fact that 
boron and lithium concentrations have never exceeded 4,000 µg/L and 40 µg/L, respectively, boron and 
lithium are no longer considered constituents of concern (COC) for this Unit. In addition, with the SWP 
GPS change, the only cobalt GWPS/GPS exceedance is found in downgradient well ED-1605. 
 
An updated NES field investigation was completed for Pond D between August and September 2024 to 
further evaluate the extent of groundwater concentrations for constituents that exceed federal GWPS 
and SWP GPS.  The following field activities were conducted to fulfill the requirements of the ACM and 
delineate the extent of cobalt and nickel exceedances in the vicinity of Pond D and are included as part 
of this Revised ACM Report: 

 Two additional groundwater monitoring wells (MW-7S and MW-7D) were installed 
downgradient of Pond D to provide horizontal and vertical delineation and confirm groundwater 
flow direction.  The monitoring wells are located in proximity to the Site boundary; 
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 The new and existing NES wells were sampled in accordance with the “Groundwater Monitoring 
Plan” for Ponds ABC, D, and E (Golder Associates, Inc. [Golder], 2019a); and 

 A comprehensive round of groundwater elevation measurements was collected to produce 
potentiometric surface maps. 

 
The results of the updated NES confirm that cobalt impacts (exceedances of the GWPS/GPS background-
based GPS of 6 µg/L) continue to be detected at compliance well ED-1605 and NES wells MW-7S, MW-
7D, and ED-17.  Cobalt was not detected above the GWPS/SWP GPS in the remaining compliance wells, 
SWP sentinel wells, or NES wells. 
 
Nickel was detected at concentrations above the background-based SWP GPS (5 µg/L) at compliance 
wells ED-1D, ED-1605, ED-1606, ED-9R2, and SD-1603, and NES wells ED-17, MW-1S, MW-5S, MW-6S, 
MW-7S, and MW-7D.  Nickel was not detected above the SWP GPS in the remaining compliance wells, 
SWP sentinel wells, or NES wells.  
 
A review of historical groundwater trends for cobalt and nickel indicate that cobalt and nickel 
concentrations have generally remained stable and/or increased over the monitoring period (2016 – 
2024) and correlate with other CCR-related constituents (e.g., boron).  Elevated cobalt and nickel 
concentrations can largely be explained by naturally low-pH conditions that limit sorption of cobalt and 
nickel onto aquifer solids. 
 
Recent surface water data were collected in August 2024 by EnviroScience, Inc. (EnviroScience) in 
accordance with SWP No. 617.  Specifically, surface water analytical data collected from four sample 
locations downgradient of Pond D indicate no exceedances of applicable surface water quality criteria 
for cobalt and nickel.  The surface water analytical results for cobalt and nickel were also less than their 
SWP GPS.  These data indicate that no impact to surrounding surface water is occurring because of 
potential groundwater to surface water exchange.  
 
Groundwater represented by the compliance monitoring wells, SWP sentinel wells, and NES wells is not 
used for potable or non-potable purposes in the vicinity of Pond D.  Potable water is supplied to the 
Station and surrounding properties by a municipal water supply system. There are no residential or 
potable water supply wells located downgradient from Pond D. The closest residential well is located 
approximately 0.66 miles west of Pond D along Possum Point Road; however, it is side gradient of the 
Site and across a hydraulic divide (i.e., unnamed creek that flows to Quantico Creek). Additional 
residential wells are located approximately 0.59 miles north in the Cherry Hill neighborhood, which is 
considered upgradient from Pond D. Based on this information, none of the identified wells are 
expected to be affected by Pond D. As such, there are no complete exposure pathways to groundwater 
and there is no current human exposure risk to groundwater at the Station or in the surrounding area.   

The Site is currently an industrial property and access to the Station is restricted to the public. Potential 
human health receptors include Site workers who may be exposed to groundwater during construction 
activities and recreators who may access the surface water in Quantico Creek or the Potomac River 
downgradient of Pond D. Potential aquatic receptors may be exposed to surface water in the adjacent 
Quantico Creek and Potomac River.  Potential risks were evaluated using VDEQ’s Virginia Unified Risk 
Assessment Model (VURAM) software.  The results of the risk evaluation conducted using VURAM 
indicate that the cobalt and nickel concentrations detected in groundwater and surface water at the Site 
do not pose a risk to human health and/or the environment. 
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The results from the NES indicate that residual impacts in groundwater are limited horizontally and 
vertically to Dominion Energy property. In addition, no off-Site migration of cobalt and nickel has been 
detected (see Sections 3 and 4).  
 
Current legislation in Virginia (Virginia Code § 10.1-1402.03) requires the closure of CCR units by 
removing all CCR, which will function as both the closure mechanism and the primary groundwater 
remedy for Pond D. 
 
This ACM Report assesses how potential corrective measures to address residual impacts in 
groundwater downgradient of Pond D: 

 Alternative 1 – Natural recovery with long-term performance monitoring;  

 Alternative 2 – In-situ Chemical Injections; 

 Alternative 3 – Permeable Reactive Barrier; and 

 Alternative 4 – Hydraulic Control with Ex-situ Treatment. 
 
Naturally low-pH background conditions in the vicinity of Pond D indicate that natural recovery by itself 
may not be an effective primary remedial alternative.  However, natural recovery used in combination 
with in-situ chemical injections or installation of a permeable reactive barrier after closure, may be 
effective at addressing any remaining impacts. Hydraulic control with ex-situ treatment was also 
evaluated but not considered as favorable.  
 
In accordance with 40 CFR § 257.96(e) and VSWMR 9VA20-81-260.C.1.e, a public meeting must be held 
to discuss the results of the ACM prior to the final selection of a remedy.  This meeting was held at 
Potomac High School on 2 November 2022.  Documentation related to public participation was initially 
submitted to VDEQ as an ACM Addendum on 16 December 2022 and is included in this ACM revision. 
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1. Introduction 

Haley & Aldrich, Inc. (Haley & Aldrich) prepared this revised Assessment of Corrective Measures Report 
(ACM Report) on behalf of Virginia Electric and Power Company d/b/a Dominion Energy Virginia 
(Dominion Energy) for Pond D (Site or Unit) at the Possum Point Power Station (Station), located in 
Dumfries, Virginia. A Site location map is included as Figure 1.  Pond D (referred to as Unit in this report) 
is considered an existing Coal Combustion Residuals (CCR) surface impoundment and is therefore 
subject to the following regulations: 

 Applicable provisions of the U.S. Environmental Protection Agency’s (EPA) “Disposal of Coal 
Combustion Residuals from Electric Utilities” (CCR Rule; Federal Register Vol. 80, No. 74, 21302-
21501), as published on 17 April 2015 (40 CFR 257 et seq.) and subsequent revisions; 

 Applicable provisions of EPA’s CCR Rule amendment (Federal Register Vol. 81, No. 151, 51802-
51808), as published on 5 August 2016; 

 Applicable provisions of EPA’s CCR Rule amendment (Federal Register Vol. 83, No. 146, 36435-
36456), as published on 30 July 2018; and 

 Adoption of the CCR Rule by reference to Virginia Solid Waste Management Regulations 
(VSWMR) January 27, 2016 (Title 9 Virginia Administrative Code Agency 20, Chapter 81, 
Section 800 et seq.; 9VAC20-81-800).  

 
As an existing CCR surface impoundment in Virginia, the Unit is also subject to regulation under the 
VSWMR (9VAC20-81) for groundwater monitoring and is operated under Solid Waste Permit (SWP) No. 
617, which was issued by the Virginia Department of Environmental Quality (VDEQ) on 13 June 2019. 
 
Semi-annual groundwater monitoring has identified the following constituents at concentrations above 
the CCR Rule Groundwater Protection Standard (GWPS) and/or SWP Groundwater Protection Standard 
(SWP GPS) during one or more semi-annual monitoring events since 2019: 

 Boron – wells ED-1D, ED-1605, ED-1606, SD-1603, SD-1604 (SWP GPS exceedances only) 

 Cobalt – wells ED-1D, ED-1606, SD-1603 (SWP GPS exceedances only) and ED-1605 

 Lithium – well ED-9R2 (SWP GPS exceedances only) 

 Nickel – wells ED-1D, ED-9R2, ED-1605, ED-1606, SD-1603 (SWP GPS exceedances only) 
 

An initial ACM Field Investigation Report and ACM Report for the CCR Rule cobalt and lithium GWPS 
exceedances was prepared by Golder Associates, Inc. (Golder) in June 2019. Upon issuance of the 
Virginia SWP GPS, additional constituents (boron and nickel) were found at concentrations above the 
SWP GPS. As a result, an ACM Addendum Report was completed by Haley & Aldrich in October 2020 to 
include the additional constituents identified above SWP GPS.  
 
Updated SWP GPS for boron (4,000 micrograms per liter (μg/L)) and lithium (40 μg/L) were approved by 
VDEQ on 22 February 2023, via permit modification.  Based on this SWP GPS change and the fact that 
boron and lithium concentrations have never exceeded 4,000 μg/L and 40 μg/L respectively, boron and 
lithium are no longer constituents of concerns for this site.  In addition, with the SWP GPS change, the 
only cobalt GWPS/GPS exceedance is found in downgradient well ED-1605. 
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On 19 April 2024, the VDEQ issued a technical review letter for the Pond D ACM and requested a revised 
ACM that addressed VDEQ comments and included updated Site information.  This revised ACM Report 
updates the conceptual site model, summarizes the results of historical and recent field investigations, 
provides a risk evaluation for groundwater impacts, and evaluates potential remedial options for 
addressing those impacts.  
 
1.1 SITE DESCRIPTION AND SITE HISTORY 

The Site is owned and operated by Dominion Energy and is located at 19000 Possum Point Road in 
Prince William County, Dumfries, Virginia.  As shown on Figure 1, the Station is located immediately 
north of the confluence of Quantico Creek and the Potomac River.  The Unit is located on the Station 
property north of Possum Point Road and west of Cockpit Point Road. 
 
Throughout the Station’s operational timeline, it has operated up to six power generating units.  One 
unit is currently active: Unit 6 (combined cycle).  In 2003, two of the former coal powered generating 
units (Units 3 and 4) were converted from coal to natural gas but are now retired.  The remaining two 
former coal-powered generating units (Units 1 and 2) have been retired.  Unit 5 (heavy oil) was retired 
on December 20, 2020.  Historically, the Station stored CCR in one clay-lined impoundment (Pond D) and 
four unlined impoundments (Ponds A, B, C, and E).  
 
Pond D was constructed in 1988 for additional sluiced ash storage.  Pond D covers approximately 63.4 
acres and is reportedly clay lined down to the middle depth of the Unit.  The lower portion of Pond D is 
isolated with a slurry wall that is keyed into the confining layer that underlies the uppermost aquifer.  
Based on the available construction and hydrologic information, Pond D is essentially perched above the 
uppermost aquifer.  Placement of new CCR into Pond D from the Station ceased in 2003 when the coal-
powered generating units were converted and/or retired.  Beginning in 2016, CCR from the Ponds ABC 
and E closure was consolidated into Pond D.   
 
In March 2019, Governor Northam signed legislation (SB 1355) into law requiring the closure by removal 
of Pond D.  The law requires that the CCR be removed for disposal to a lined landfill or for beneficiation.    
Dominion Energy is in the process of obtaining necessary permits from the VDEQ and other agencies for 
the siting and construction of a new, lined landfill adjacent to Pond D that will receive CCR removed 
from Pond D, along with related permits for the closure of Pond D.  Once permitting and construction of 
the new landfill is complete, removal of CCR from Pond D will commence. 
 
1.2 LAND USE 

The Station property is used for industrial purposes.  The land use of the eastern portion of the Station 
property is zoned as “M-1 Heavy Industrial” and the western portion of the Station property is zoned as 
“A-1 Agricultural.”  The Pond D area is classified as “M-1 Heavy Industrial” and “A-1 Agricultural.” As 
shown on Figure 2, surrounding properties immediately north and west of the Site consist of land zoned 
as “PMR Planned Mixed Residential” and generally consist of undeveloped parcels or private residential 
developments.  More residential properties exist further west of the Site, along Possum Point Road. 
Land south of the Site, across Quantico Creek, is classified as “FED Federal” and falls under the 
jurisdiction of the federal government. 
 
Surrounding surface water bodies include the Potomac River to the east of the Site, Quantico Creek to 
the south, and an unnamed creek that flows to Quantico Creek west of the Site.  Stream channels in the 
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area flow in a general easterly direction towards the Potomac River.  The tidal range for Potomac River 
at the mouth of Quantico Creek adjacent to the Site is variable and averages approximately 1.5 feet with 
a typical river elevation range of 0.0 feet above mean sea level (AMSL) at low tide to 1.6 feet AMSL at 
high tide (NOAA, 2024).  Based on a review of the Virginia Department of Energy’s interactive geologic 
map1, one industrial water supply well is located at the Station.  The well was installed in 1946 and is 
located approximately 1,200 feet south-southeast of Ponds ABC.  Information provided for the well 
indicates that it was installed to a total depth of 601.5 feet with a recorded water level of 56 feet below 
grade.  According to Station personnel, this well is inactive (Golder, 2019a). 
 
The Site and its immediate surrounding area are serviced by a municipal water supply. There are no 
residential or potable water supply wells located downgradient from Pond D. The closest residential well 
is located approximately 0.66 miles west of Pond D along Possum Point Road; however, it is side 
gradient of the Site and across a hydraulic divide (i.e., unnamed creek that flows to Quantico Creek). 
Additional residential wells are located approximately 0.59 miles north in the Cherry Hill neighborhood, 
which is considered upgradient from Pond D. Based on this information, none of the identified wells are 
expected to be affected by Pond D. 
 
1.3 GEOLOGY 

The Station is situated in the northwestern portion of the Virginia Coastal Plain Physiographic Province.  
The Coastal Plain is an eastward thickening wedge of unconsolidated fluvial and marine sediments.  
Drilling activities performed at the Station have produced multiple soil boring logs that assist with the 
interpretation of sediment deposition at the Site.  An updated Conceptual Site Model (CSM) by Burns & 
McDonnell is included as Appendix A.  As described in the CSM, the lowest and oldest geologic group 
mapped at Site is the Cretaceous Potomac Group.  The bottom Potomac unit is the Potomac Confining 
Unit, described as a hard-desiccated clay with very low permeability.  The top of the Potomac Confining 
Unit has been observed in many of the boring locations and is understood to be present and continuous 
across the entire Site.  Above the Potomac Confining Unit is the upper Potomac group sediments 
consisting of water-bearing sands, silts, and clay.  At higher elevations Potomac sediments are 
unconformably overlain by the Eocene aged Aquia Formation.  The Aquia is a glauconitic marine sand 
and exists in limited extent at the Site.  At lower elevations, portions of the Potomac sediments have 
been reworked and redeposited as quaternary terrace deposits.  These terrace deposits often contain a 
notable gravel basal layer.  Pond D is located in the Aquia Formation (Appendix A).  

 
1.4 HYDROGEOLOGY 

The Site hydrogeology consists of one primary water-bearing unit which includes the upper Potomac 
aquifer, comprised of sands, silts, and clays generally reflecting a fluvial deltaic depositional 
environment, and incised Quaternary terrace deposits of similar materials.  These Quaternary and 
Cretaceous sediments make up the unconfined upper Potomac Aquifer that overlies the Potomac 
Confining Unit.  The Pond D compliance groundwater monitoring network currently monitors this 
granular soil within the upper Potomac Aquifer. 
  
Borings throughout the Site indicate that locally, the lower Quantico Creek Terrace deposits coarsen 
downward into coarser-grained sands and gravels that directly overlie clayey sands of the Potomac 
Group sediments.  Both the lower Quantico Creek Terrace and the upper Potomac Group sediments are 

 
1 https://energy.virginia.gov/webmaps/GeologyMineralResources/ 

https://energy.virginia.gov/webmaps/GeologyMineralResources/
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considered part of the uppermost aquifer and lie above the Potomac confining layer.  Gravel lenses have 
been observed within the lower Quantico Creek Terrace deposits at multiple boring locations south of 
Possum Point Road.  However, they are less frequent and more discontinuous throughout and to the 
north of Pond D.  Where gravel lenses are present in the lower Quantico Creek Terrace, they likely 
represent a preferential groundwater flow pathway.  
 
The groundwater in the uppermost aquifer beneath Pond D generally flows in a south-southwest 
direction towards Quantico Creek or in a southeast direction towards the Potomac River.  Groundwater 
measurements collected on 6 September 2024 from wells screened in the uppermost aquifer in the 
vicinity of Pond D indicate that the depth to groundwater is between 160 and 15 feet depending on 
topographic elevation.  The saturated thickness of the uppermost aquifer decreases as it flows 
downgradient along the southwestern flow path, ranging from approximately 40 to 30 feet.  However, 
the saturated thickness is observed to increase along the southeastern flow path, ranging from 
approximately 30 to 50 feet in this direction. 
 
1.5 GROUNDWATER MONITORING AND QUALITY 

Groundwater monitoring is performed in compliance with applicable sections of the CCR Rule (40 CFR 
Part 257) and VSWMR (9VAC20-81).  The following section provides an overview of the CCR and VSWMR 
groundwater monitoring program activities conducted to date for Pond D. 
 
CCR Rule groundwater monitoring for Pond D was initiated in November 2016.  Eight rounds of 
baseline/background samples were collected by August 2017 in accordance with 40 CFR Part 257.94(b).  
The initial Detection Monitoring Program compliance sampling event was conducted in September 
2017.  
 
A Groundwater Monitoring Plan (GMP) for CCR Rule groundwater monitoring at Ponds ABC, D, and E 
was prepared in October 2017.  The GMP presents the design of the groundwater monitoring system, 
groundwater sampling and analysis procedures, and groundwater statistical analysis methods.  The GMP 
was revised in 2019 to incorporate the requirements of the SWP (Golder, 2019c). 
 
The Pond D groundwater monitoring compliance network consists of two upgradient/background wells 
(ED-24R and ED-1612) and six downgradient monitoring wells (ED-1D, ED-9R2, ED-1605, ED-1606, 
SD-1603, and SD-1604) designed to monitor the uppermost aquifer beneath the Unit.  The Station also 
maintains one SWP well (SD-1611D) that is used as a sentinel well.  The monitoring well locations are 
shown on Figure 3. 
 
The results of the baseline sampling events were compared to background values using statistical 
methods to determine if downgradient concentrations were present at levels above background, called 
Statistically Significant Increases (SSIs).  The results of this analysis indicated SSIs over the CCR Unit’s 
background concentrations under the Detection Monitoring Program in February 2018.  The SSIs 
triggered the transition to the Assessment Monitoring Program under the CCR Rule.  
 
During the Assessment Monitoring phase, CCR groundwater monitoring well samples have been 
collected and subsequently analyzed for parameters listed in Appendix III and Appendix IV of the CCR 
Rule.  On 31 October 2018, GWPS for Pond D were established in accordance with 40 CFR Part 
257.95(h).  
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Because the Commonwealth of Virginia adopted by reference the 4 October 2016 version of 40 CFR Part 
257 into 9VAC20-81-800 of the VSWMR, amendments to 40 CFR Part 257 Subpart D after 4 October 
2016 have not been incorporated into 9VAC20-81-800, and health-based GWPS are not applicable to the 
Virginia CCR Rule under 9VAC20-81-800. 
 
Federal GWPS and/or Virginia CCR Rule GWPS exceedances were identified for cobalt and lithium on 31 
October 2018.  Accordingly, Dominion Energy initiated a Nature and Extent Study (NES) and ACM for 
cobalt and lithium under the CCR Rule.  An ACM extension demonstration certification was placed in the 
operating record in April 2019 and the ACM was completed in June 2019. 
 
SWP GPS were established on 2 April 2020 with VDEQ acceptance and Pond D SWP GPS SSIs for boron, 
cobalt, lithium, and nickel were first reported to VDEQ on 1 May 2020.  As a result, an ACM Addendum 
Report was prepared by Haley & Aldrich in October 2020 to include the additional constituents. 
 
On 19 April 2024, VDEQ issued an ACM 1st technical review letter for the October 2020 ACM.  In 
response to the technical review, Dominion Energy proposed locations for additional NES well locations 
in a letter to VDEQ on 18 June 2024.  VDEQ concurrence was received on 5 July 2024 with a request that 
the revised ACM be submitted to VDEQ by 16 October 2024. 
 
As documented in the 2024 First Semi-Annual Groundwater Monitoring Report (WSP USA, Inc. [WSP], 
2024), the following constituents were detected in Pond D groundwater monitoring program wells at 
concentrations exceeding the established GWPS/GPS during the 2024 first semi-annual sampling event: 
 

Pond D 2024 1st Semi-Annual Sampling Event 
Constituents Exceeding GWPS/GPS 

Well ID Cobalt Nickel 
 ED-1D  X* 

ED-9R2  X* 

ED-1605 X X* 

ED-1606  X* 

SD-1603  X* 
                                              Note: 

          * = Detected concentrations exceeded SWP GPS only; not federal CCR Rule monitored constituent 
 

The current constituents of concern (COC) for this revised ACM are cobalt and nickel.  



 

6 

2. Field Investigation Summary 

This section summarizes field activities conducted between January 2019 and September 2024 to 
characterize the nature and extent of impacts from constituents listed in Section 1 that exceeded 
federal GWPS and/or SWP GPS in the Pond D groundwater monitoring program network.  The NES was 
conducted in accordance with 40 CFR § 257.95(g)(1) and 9VAC20-81-260.C.1(a) and included the 
following: 

 Installation, slug testing, and groundwater sampling of eight downgradient delineation wells 
(MW-1S, MW-1D, MW-3S, MW-3D, MW-4SB, MW-4S, MW-5S, and MW-6S) and installation and 
sampling of two interstitial piezometers (PZ-1 and PZ-2) in 2019 by Golder. 

 Installation of two downgradient delineation wells (MW-7S and MW-7D) in 2024 by Haley & 
Aldrich as close as feasible to the property boundary to further delineate the horizontal and 
vertical extent of GWPS/GPS exceedances and confirm groundwater flow direction. 

 Sampling ten of the existing and newly installed NES wells (ED-17, MW-1S, MW-1D, MW-3S, 
MW-3D, MW-4S, MW-5S, MW-6S, MW-7S, and MW-7D), one SWP sentinel well (SD-1611D), and 
the eight compliance monitoring wells in August 2024 by Haley & Aldrich to assess current site 
conditions. 

 Slug-testing of the newly installed NES wells (MW-7S and MW-7D) by Haley & Aldrich in 
September 2024 to refine estimates of hydraulic conductivity in the NES study area surrounding 
the wells.  

 Collection of a comprehensive round of groundwater elevation measurements from the eight 
compliance monitoring wells, 10 NES observation wells, and one SWP sentinel well by Haley & 
Aldrich in September 2024 to produce a potentiometric surface map and estimate groundwater 
flow in the uppermost aquifer in the NES study area.  

 
The following sections summarize the investigation activities and results. 
 
2.1 WELL INSTALLATION 

Based on a review of historical characterization information, compliance monitoring data, and location 
accessibility, the following groundwater monitoring wells were installed as part of the NES for Pond D.  
The new well locations are shown on Figure 3.  

 Monitoring wells MW-1S, MW-1D, MW-3S, MW-3D, MW-4SB, MW-4S, MW-5S, and MW-6S 
were installed by Golder between January and February 2019 downgradient of existing Pond D 
compliance wells to delineate the horizontal and vertical extent of cobalt and lithium CCR GWPS 
exceedances and confirm groundwater flow direction (Golder, 2019a). 

 Interstitial piezometers PZ-1 and PZ-2 were installed by Golder in January and February 2019 to 
evaluate the horizontal and vertical extent of cobalt and lithium concentrations in groundwater 
and interstitial pore water in Pond D. 

 Monitoring wells MW-7S and MW-7D were installed by Haley & Aldrich in August 2024 
downgradient of compliance well MW-6S to provide horizontal delineation of cobalt and nickel.  
MW-7D was screened in saturated sand just above the uppermost confining layer and MW-7S 
was screened approximately 10 ft higher in saturated sand within the Potomac formation. 
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Golder subcontracted Geologic Exploration of Statesville, North Carolina to advance MW-1S, MW-1D, 
MW-3S, MW-3D, MW-4SB, MW-4S, MW-5S, MW-6S, PZ-1, and PZ-2 using sonic drilling techniques. 
Continuous soil samples were collected to the terminal depth at each well and piezometer location to 
characterize subsurface materials encountered during drilling and appropriately design the screened 
interval.  The soil boring logs and well installation logs are presented in the 2019 Pond D Assessment of 
Corrective Measures Field Report (Golder, 2019). Well construction details are summarized in Table 1. 
 
Haley & Aldrich subcontracted M&W Drilling, LLC of Knoxville, Tennessee (M&W Drilling), to advance 
MW-7S and MW-7D using sonic drilling techniques. Prior to advancement of MW-7S and MW-7D, a test 
boring was advanced to 90 feet below ground surface (ft bgs) to confirm the depth and lithology of the 
Potomac confining unit at this location and encountered clay from approximately 46 ft bgs to the 
terminal end of the boring (90 ft bgs). Continuous soil samples were collected to the terminal depth at 
each well location to ensure that any water-bearing zones could be identified, and screened intervals 
appropriately designed.  Soil samples were described using visual‐manual methods and classified in 
general accordance with the Unified Soils Classification System.  The soil boring logs and well installation 
logs are presented in Appendix B.  Well construction details are summarized in Table 1.  
 
All NES wells were developed using submersible pumps to remove any fine sediment from the wells and 
to connect the well screen to the formation.  NES wells were developed until the water extracted from 
the well was sediment-free and non-turbid.  Following installation and development of the above wells, 
the MW-1S, MW-1D, MW-3S, MW-3D, MW-4SB, MW-4S, MW-5S, MW-6S, PZ-1, and PZ-2 well locations 
were surveyed by H&B Surveying and Mapping, LLC of Richmond, Virginia. MW-7S and MW-7D well 
locations were surveyed by Civil Surveyors Inc., a Virginia-licensed surveyor based in Tappahannock, 
Virginia.  Survey information is included in Table 1. 
 
2.2 GROUNDWATER SAMPLING 

As part of the 2019 ACM Field Investigation, groundwater was sampled from compliance wells, newly 
installed NES wells, and several observation wells.  These wells were sampled again in September 2020 
as part of the 2020 ACM Addendum Report.  To reflect current site conditions, groundwater sampling 
was conducted from 20 August through 30 August 2024. Newly installed NES wells MW-7S and MW-7D 
and the existing Site NES monitoring wells were sampled for cobalt and nickel and supplemental 
geochemical parameters.  Note that sampling for cobalt and nickel at the existing compliance wells and 
surface water locations occurs semiannually and was performed by WSP on 5 August through 6 August 
2024 and EnviroScience on 5 August 2024, respectively.  NES groundwater and compliance surface 
water sampling results for cobalt and nickel are presented in Tables 2 and 3, respectively.  Supplemental 
geochemical characterization parameters collected as part of the 2024 NES are presented in Table 2 and 
included the following: 

 Anions (Br, F, SO4, Cl) 

 Cations (Al, Ca, Fe, K, Na, Mg, Mn, and Si) 

 Nitrate and nitrite 

 Phosphorous 

 Alkalinity 

 Total and Dissolved Organic Carbon 
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Groundwater samples were collected using low-flow sampling methods and in accordance with the 
Site’s GWP.  The NES wells were sampled using non-dedicated bladder pumps. Proper decontamination 
procedures were implemented between each well.  Prior to purging, the depth to water in each well was 
measured using an electronic water level meter.  Each sample collected was field analyzed for general 
water quality parameters (pH, specific conductivity, temperature, dissolved oxygen (DO), oxidation-
reduction potential (ORP), and turbidity) using calibrated multiparameter water quality meters.  The 
low-flow sampling logs for the sampling event are provided in Appendix C. 
 
Samples were packed on ice in coolers and submitted for analysis under standard chain of custody 
protocol to Pace Analytical Services (Pace) of Huntersville, North Carolina.  Pace is a Virginia 
Environmental Laboratory Accreditation Program (VELAP)-accredited laboratory for the analyses (VELAP 
ID Nos. 460132, 460221, and 460222).  The laboratory analytical reports are provided in Appendix D. The 
groundwater analytical results are presented in Table 2. 
 
2.3 AQUIFER TESTING 

On 18 February 2019 through 22 February 2019, slug testing was performed by Golder to estimate the 
hydraulic conductivity values in the hydrologic units associated with newly installed wells. Falling head 
permeability tests and rising head permeability tests (slug tests) were conducted at MW-1S, MW-1D, 
MW-3S, MW-3D, MW-4S, MW-5S, and MW-6S. The geometric mean of hydraulic conductivities for the 
newly installed wells was calculated to be approximately 2.02E-04 centimeters per second (cm/sec) 
(Golder, 2019a). 
 
On 4 September 2024, slug testing was performed by Haley & Aldrich to estimate hydraulic conductivity 
values in the hydrogeologic units associated with the newly installed wells.  Falling head permeability 
tests and rising head permeability tests (slug tests) were conducted at MW-7S and MW-7D.  
 
Water displacement and recovery measurements collected during testing and well construction details 
were interpreted and analyzed via AQTESOLV, an aquifer test analysis software program.  The Bouwer-
Rice Unconfined curve matching solutions was used to obtain hydraulic conductivity outputs.  The 
geometric mean of hydraulic conductivities was calculated for MW-7S and MW-7D to be approximately 
3.7E-05 and 6.6E-03 cm/sec, respectively.  Results of slug testing are presented in Table 4 and the 
AQTESOLV outputs are included in Appendix E. 
 
The results are consistent with the subsurface materials recorded through the screen interval depths 
during well installation activities, with medium-grained and poorly graded sand observed at MW-7D and 
clayey sands observed at MW-7S.  The differences in lithology, particularly the presence of course-
grained material at locations downgradient of Pond D, significantly influence hydraulic conductivity and 
groundwater velocity across the Site, potentially leading to variations in flow rates and contaminant 
transport.  The course-grained material likely represents the preferential groundwater flow pathway in 
the terrace deposit downgradient of Pond D. 
 
2.4 GROUNDWATER LEVEL MONITORING 

A synoptic round of water levels was collected from the compliance and NES wells to support 
groundwater flow estimates.  A summary of the groundwater elevation data is provided in Table 5.  A 
potentiometric surface map generated using water level data gathered on 6 September 2024 is 
presented in Figure 3.  Groundwater generally flows in a southwesterly direction from Pond D toward 



 

9 

Quantico Creek along the southern property boundary and in the eastern portion of the study area, 
groundwater flows to the east-southeast toward the Potomac River. 
 
Using the groundwater contours presented on Figure 3, the hydraulic gradient for Pond D was calculated 
using the algorithm below.  The flow direction in the upper Potomac Aquifer from ED-1612 to MW-7S 
was utilized to calculate a representative gradient.  The spatial distribution of groundwater elevations in 
the Potomac Formation is indicative of a generally low gradient across Pond D.  
 

Area 
Starting Head 

(Elevation feet 
AMSL) 

Ending Head 
(Elevation feet 

AMSL) 
Distance  

(feet) 
Calculated 

Gradient (unitless) 

NES, September 2024 
Pond D Upper Potomac 80.77 (ED-1612) 7.09 (MW-7S) 3930 0.0187 

 

𝑖𝑖𝑔𝑔𝑔𝑔 =  �ℎ𝐿𝐿 𝐿𝐿� � 
 

Where: 𝑖𝑖𝑔𝑔𝑔𝑔 = gradient 
      ℎ𝐿𝐿 = head loss (elevation difference) 
      𝐿𝐿 = length (horizontal distance) 

 
The algorithm below was used to calculate the average rate of groundwater flow (Vgw) in the formation 
beneath Pond D.  An estimated average effective porosity value of 20 percent is representative for the 
sediments comprising the Potomac Formation (USEPA, 2000).  The calculated gradient is shown in the 
table below. 
 
The estimated average hydraulic conductivity was derived from a combination of existing Site data 
(Golder, 2019a) and slug tests conducted on the newly installed NES wells.  The existing Site data was 
evaluated based on proximity to Pond D and the installation of well screen intervals within the 
Quaternary deposits.  A summary of hydraulic conductivity is provided in Appendix E. 
 

Area Average Gradient 
(unitless) 

Effective 
Porosity  

Hydraulic 
Conductivity 

(cm/s) 

Groundwater 
Velocity 
(feet/year) 

NES, September 2024 
Pond D Upper Potomac 0.0187 0.20 2.53E-04 24.6 

Notes:  
cm/s = centimeter per second 
feet/year = feet per year 
 

𝑉𝑉𝑔𝑔𝑔𝑔 = 𝐾𝐾 𝑖𝑖 �1 𝑛𝑛𝑒𝑒� � 
 

     Where: 𝑉𝑉𝑔𝑔𝑔𝑔 = Groundwater velocity 
      𝐾𝐾 = Hydraulic conductivity 
      𝑖𝑖 = Hydraulic gradient 
      𝑛𝑛𝑒𝑒 = Effective porosity 
 
As indicated, the estimated average groundwater flow rate in the upper Potomac Aquifer beneath Pond 
D is approximately 24.6 feet per year.  The calculated flow rates for the NES sampling event conducted 
in 2024 are consistent with previous calculations for the area. 
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Using the static water level data collected on 6 September 2024, the vertical gradient between the 
uppermost aquifer and the confining unit/confined aquifer beneath the uppermost aquifer was 
evaluated using one nested well pair as presented below. The vertical gradient for the well pair was 
calculated as shown below. 
 

𝑖𝑖𝑔𝑔𝑔𝑔 =  �ℎ𝐿𝐿 𝐿𝐿� � 
 

Where: 𝑖𝑖𝑔𝑔𝑔𝑔 = gradient 
      ℎ𝐿𝐿 = head loss (elevation difference) 
      𝐿𝐿 = length (vertical difference – midpoint of well screen) 
 

Nested Well Pairing 

Shallow 
Groundwater 

Elevation  
(feet AMSL) 

Deep 
Groundwater 

Elevation 
(feet AMSL) 

Distance 
Between Screen 

Midpoints  
(feet) 

Gradient (unitless) 

NES, September 2024 
MW-1S / MW-1D 36.94 29.50 37.50 0.198 

 
MW-1S and MW-1D are screened in two different aquifers, separated by a semi-confining layer.  A 
positive gradient value indicates a downward vertical gradient.  As presented above, the vertical 
gradient calculated at the MW-1S / MW-1D location represents a downward gradient between the two 
aquifers as expected.  This downward gradient is consistent with previously established site models with 
respect to groundwater recharge and discharge locations. 
 
2.5 DATA USABILITY AND QA/QC RESULTS 

Following receipt of the groundwater laboratory analytical data, the analytical results were validated by 
Environmental Standards, Inc. in accordance with EPA data validation guidelines.  The data usability 
summary reports are provided in Appendix D.  
 
The analytical laboratory results were found to comply with the data quality objectives for the project 
and the guidelines specified by analytical method.  Based on a review of the analytical report, the data 
are 100 percent useable.  Any qualifiers applied to analytical results based on validation are included in 
Table 2. 
 
Field QA/QC samples for the Haley & Aldrich August 2024 sampling event included one field duplicate 
(collected from ES-1D), one field blank, one equipment blank, and one MS/MSD.  The QA/QC samples 
were analyzed for the same constituents as the groundwater samples and validated.  The analytical 
results for the field duplicate, field blank, and equipment blank are included in Table 2, along with the 
field sample results. 
 
2.6 DATA EVALUATION 

The compliance well and NES groundwater analytical results are presented in Table 2.  The following 
GWPS/GPS exceedances were identified: 
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Summary of Pond D August 2024 Groundwater Sampling Events 
Constituents Exceeding GWPS/GPS 

Detected Constituent GWPS/GPS (µg/L) Monitoring Well ID Concentration 
(µg/L) 

Cobalt 6 

ED-17 6.4 
ED-1605 6.8 
MW-7S  9.5 
MW-7D  8.7 

Nickel 5 (QL) (SWP GPS only) 

ED-1D 9.6 
ED-9R2 16.1 
ED-17 6.1 

ED-1605 13.9 
ED-1606 10.1 
MW-1S  6.1  
MW-5S 5.3 
MW-6S 9.4 
MW-7S  6.5 
MW-7D  8.1  
SD-1603 6.4 

Notes: 
µg/L = micrograms per liter 
 

No GWPS/GPS exceedances were identified in the upgradient compliance wells ED-24R and ED-1612, 
downgradient NES wells MW-1D, MW-3S, MW-3D, MW-4S, downgradient compliance monitoring well 
SD-1604, or SWP sentinel well SD-1611D. 
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3. Nature and Extent Study 

As discussed in Section 1, cobalt and nickel are the COCs for this revised ACM.  The purpose of the NES is 
to delineate the extent of CCR-impacted groundwater and define the geochemical processes that impact 
the fate and transport of COCs in the uppermost aquifer beneath Pond D.  Plan view iso-concentration 
maps that depict the spatial distribution of concentrations are provided as Figures 4 and 5 respectively.  
Figure 6 depicts the vertical concentration of each constituent in cross-section view.  Given the 
proximity of Quantico Creek to the downgradient compliance and NES wells, coupled with the limited 
saturated thickness of the uppermost aquifer and the presence of an underlying confining layer 
(confirmed by MW-7 test hole), the installation of deeper NES wells was not necessary (see Sections 1.4 
and 2.1). 
 
Current Site conditions can be explained by the following processes: 

 CCR-impacted groundwater is delineated by elevated sulfate concentrations (> 100 mg/L) 
compared to background wells (ED-24R and ED-1612), which have comparatively low historic 
sulfate (< 30 mg/L) concentrations.  Despite similarly low pH conditions in background wells 
compared to downgradient wells (both approximately 6.5-4.5 SU), background conditions are 
characterized by low cobalt (< 1 µg/L) and nickel concentrations (≤ 2 µg/L) compared to 
downgradient wells (cobalt approximately 9 µg/L and nickel approximately 16 µg/L). 

 The magnitude and extent of cobalt and nickel concentrations above the GWPS/GPS is primarily 
controlled by prevailing low-pH conditions across the Site, which limit sorption of cobalt and 
nickel onto aquifer solids.  The downgradient migration of cobalt and nickel is likely limited by 
attenuation onto iron hydroxides in portions of the aquifer with a higher buffering capacity (i.e., 
higher alkalinity). 

 
3.1 COBALT 

3.1.1 Nature of Cobalt 

Cobalt is a naturally occurring trace metal that predominantly exists as a divalent cation in near surface 
environments.  The aqueous speciation of cobalt and potential formation of cobalt-related minerals as a 
function of pH and redox conditions is shown in Figure 7.  At pH and redox conditions typically 
encountered at the Site, cobalt is expected to predominantly exist as the Co2+ aqueous species.  
 
Cobalt mobility in groundwater is largely controlled by the presence of iron and manganese oxides, clay, 
and organic matter.  The extent of sorption is greatly influenced by pH, with the degree of sorption 
increasing with increasing pH above approximately 6.5. At low pH, cobalt sorption is limited even under 
oxidizing conditions.  The sorption behavior of cobalt is also influenced by the environmental availability 
of complexing ligands (Chon et al., 2012).  Cobalt is moderately to highly sorbed onto minerals in the 
presence of organic ligands at slightly acidic pH conditions.  At near neutral and basic pH environments, 
organic ligands can reduce cobalt sorption onto oxidized minerals (e.g., metal hydroxides).  
Site data indicate that cobalt concentrations above the GWPS/GPS in the Pond D monitoring network 
are primarily controlled by low pH conditions where CCR-impacted groundwater is present (Figure 8).  
Elevated cobalt concentrations downgradient of Pond D correspond to similarly low pH conditions 
(Figure 8).  These data imply that even in locations where metal hydroxides are stable, low pH conditions 
limit significant cobalt sorption and attenuation. 
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3.1.2 Extent of Cobalt 

Reported groundwater cobalt concentrations from the 2024 NES and the second semiannual 2024 
compliance sampling event are shown in Figure 4.  A Cross-section depicting cobalt concentrations is 
shown in Figure 6. 
 
Cobalt was detected during the 2nd semi-annual 2024 sampling event at concentrations exceeding the 
background-based GWPS/GPS in the following compliance wells: 

 ED-1605 
 
Cobalt was also detected at concentrations above the GWPS/GPS in the following observation wells 
sampled during the 2024 NES: 

 ED-17 

 MW-7S 

 MW-7D 
 
Cobalt concentrations in downgradient surface water samples are all below the laboratory reporting 
limit.  These data do not indicate off-Site cobalt impacts associated with the on-Site cobalt groundwater 
concentrations. 
 
A summary of historic cobalt detections at Pond D is provided in Appendix F, which indicates that cobalt 
concentrations in compliance well ED-1605 have remained relatively steady over the past 9 years of 
monitoring.  This trend is expected to continue under current Site conditions. Following closure by 
removal of Pond D and as background groundwater displaces CCR-impacted groundwater, the extent to 
which cobalt concentrations decrease will be influenced by the prevailing pH and redox conditions, with 
oxidizing and near neutral pH conditions favoring increasing sorption onto metal hydroxides and acidic 
(low-pH) conditions favoring dissolution of cobalt and limited attenuation. 
 
3.2 NICKEL 

3.2.1 Nature of Nickel 

Nickel is a natural occurring transition metal typically found in the environment combined with oxygen 
or sulfur as oxides or sulfides.  The aqueous speciation of nickel and potential formation of nickel-
related minerals as a function of pH and redox conditions is shown in Figure 9.  At pH and redox 
conditions typically encountered at the Site, nickel is expected to predominantly exist as the Ni2+ 
aqueous species.  
  
In most soils, nickel is bound to ion exchange sites or adsorbed on and/or coprecipitated with aluminum 
and iron oxyhydroxides (Nieminen et al., 2007).  Within these environments, nickel is generally 
immobile.  In the presence of organic-rich soils, where humic acids are formed by the decomposition of 
organic materials, nickel may be quite mobile because of the formation of nickel-ligand complexes in the 
aqueous phase (Nieminen et al., 2007).  
 
Nickel mobility is also influenced by pH and redox conditions and is expected to behave similarly to 
cobalt.  Accordingly, Site data indicates that nickel concentrations above the SWP GPS in the Pond D 
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monitoring network are primarily controlled by low pH (< 6.5 SU) conditions in areas of CCR-impacted 
groundwater and generally correlate with cobalt concentrations (Figure 8).  
 
3.2.2 Extent of Nickel 

Reported groundwater nickel concentrations from the 2024 NES and the second semi-annual 2024 
compliance sampling event are shown in Figure 5.  A cross-section depicting nickel concentrations is 
shown in Figure 6. 
 
Nickel was detected during the 2nd semi-annual 2024 sampling event at concentrations exceeding the 
SWP GPS in the following compliance wells: 

 ED-1D 

 ED-9R2 

 ED-1605 

 ED-1606 

 SD-1603 
 
Nickel was also detected at concentrations above the SWP GPS in the following observation wells 
sampled during the 2024 nature and extent field investigation: 

 MW-5S 

 MW-6S 

 MW-7S 

 MW-7D 

 ED-17 

 MW-1S 
 
Nickel concentrations in downgradient surface water samples are below the laboratory reporting limit.  
These data do not indicate off-Site nickel impacts associated with the on-Site nickel groundwater 
concentrations. 
 
A summary of historic nickel detections at Pond D is provided in Appendix F, which indicates that nickel 
concentrations across the Pond D compliance monitoring network have remained relatively steady over 
the past 9 years of monitoring.  This trend is expected to continue under current Site conditions.  
Following closure by removal of Pond D and as background groundwater displaces CCR-impacted 
groundwater, the extent to which nickel concentrations decrease will be influenced by the prevailing pH 
and redox conditions, with oxidizing and near neutral pH conditions favoring increasing sorption onto 
metal hydroxides and acidic (low-pH) conditions favoring dissolution of nickel and limited attenuation. 
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4. Risk Assessment 

The risk evaluation presented in this section provides an assessment of potential risks to human 
receptors from potential exposures to constituents detected in groundwater and surface water 
associated with Pond D. 
 
4.1 CONSTITUENTS OF CONCERN 

For purposes of this risk evaluation, the COCs are those constituents that have exceeded the CCR GWPS 
and/or SWP GPS.  As presented herein, the COCs for Pond D are cobalt and nickel.  The table below 
presents a summary of the detected COC concentrations in groundwater during the August 2024 NES 
field investigation and the 2nd semi-annual 2024 compliance sampling event. 
 

Detected 
Groundwater 
Constituent 

Federal 
GPWS/SWP 
GPS (µg/L) 

2024 NES Field Investigation 
and 2nd semi-annual 2024 

Compliance Event 
Concentration Range (µg/L) 
Minimum Maximum 

Cobalt, Total 6 0.14 U 9.5 
Nickel, Total 5 (QL)^ 0.88 U 16.4 

                Notes:  
               ^ = SWP GPS only; GWPS not applicable  
              U = Indicates a result is less than the method detection limit 
 
Discussion of the detected dissolved surface water concentrations from samples collected in accordance 
with SWP No. 617 was previously provided in Section 3.  No total surface water concentration data was 
available; therefore, for purposes of this risk evaluation, the dissolved surface water concentrations 
were used.  The table below presents a summary of the detected dissolved COC concentrations in 
surface water during the third quarter 2024 surface water monitoring compliance event: 
 

Detected Surface Water 
Constituent 

2024 3rd Quarter 2024 Compliance Event 
Concentration Range (µg/L) 

Minimum Maximum 
Cobalt, Dissolved 0.20 U 0.29 J 
Nickel, Dissolved 0.91 J  1.4 J 

      Notes:  
    J = Indicates quantitation is approximate due to limitations during data validation 
   U = Indicates analyte was not detected above the level of the sample reporting limit 

 
The COCs have been retained for further evaluation using VDEQ’s Virginia Unified Risk Assessment 
Model (VURAM) software to identify constituents that may pose a risk and quantify potential 
carcinogenic and non-carcinogenic risks associated with the CCR GWPS and/or SWP GPS exceedances 
observed at the Site in 2024.  VURAM is VDEQ’s preferred tool for quantifying risks to human health. 
 
4.2 POTENTIAL RECEPTORS AND EXPOSURE PATHWAYS 

Potential receptors are those human populations that may have contact with media containing COCs.  
Both current and potential future land uses are considered when identifying receptors.  
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The Site is currently an industrial property and access to the Station is restricted to the public.  
Groundwater represented by the compliance monitoring wells, SWP sentinel wells, and NES wells is not 
used for any potable or non-potable purposes in the vicinity of Pond D.  As discussed in Section 1.2, the 
closest residential well is located approximately 0.66 miles west of Pond D along Possum Point Road; 
however, it is side gradient of the Site and across a hydraulic divide (i.e., unnamed creek that flows to 
Quantico Creek). Additional residential wells are located approximately 0.59 miles north in the Cherry 
Hill neighborhood, which is considered upgradient from Pond D.  Potable water is supplied to the Station 
and surrounding properties by a municipal water supply system.  As such, there are no complete 
exposure pathways to groundwater and there is no current human exposure risk to groundwater at the 
Station or in the surrounding area. 
 
Potential groundwater receptors are industrial/commercial workers and construction workers.  Based 
on the current and future land uses at the Site, potentially complete exposure pathways to groundwater 
include: 

 Incidental exposure to groundwater during construction activities via dermal contact, ingestion, 
and/or inhalation of vapors in a trench. 

 
Potential surface water receptors are recreators who may access surface water of Quantico Creek and 
the Potomac River, located downgradient of Pond D.  Potentially complete exposure pathways to 
surface water include: 

 Incidental exposure to surface water during recreational activities via dermal contact and/or 
ingestion. 

 
4.3 RISK EVALUATION 

The following sections provide an evaluation of the COC analytical results as compared to the applicable 
VDEQ Voluntary Remediation Program (VRP) screening levels provided in VURAM (VDEQ, 2024). 
 
4.3.1 Groundwater 

Based on the potential groundwater exposure pathway presented in Section 4.2, the detected 
groundwater COC concentrations were compared to the following screening levels: 

 VRP Direct Contact Construction Worker Groundwater Tier III screening levels 
– This screening level was used based on the depth to water (less than 15 ft bgs). It should 

be noted that the compliance wells and NES wells at Pond D have a depth to water 
greater than 15 ft bgs (Table 5); however, the direct contact screening level has been 
used as a conservative approach. 

 
The VURAM screening report is provided in Appendix G.  The following table provides a comparison of 
the maximum detected groundwater concentrations (based on the 2024 NES investigation and the 2nd 
semi-annual 2024 compliance sampling event) to the applicable VRP screening levels.  
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index (HI) value of 1, which corresponds to levels of exposure that people (including sensitive 
individuals, such as children) could experience without expected adverse effects.  The VURAM calculated 
risks associated with cobalt in surface water at the Site are summarized below: 

 Recreator: 
– Cumulative non-cancer risks (HIs) are below the VDEQ target of 1: 

 Non-cancer adult HI = 1.42 x 10-3 
 Non-cancer child HI = 8.26 x 10-3 

– Cumulative cancer risks were not calculated, as cobalt is a non-carcinogen. 
 
A chronic freshwater surface water screening level for cobalt of 23 µg/L has been published by EPA 
Region 3 (EPA, 2006); no marine screening level is available.  The maximum detected concentration of 
cobalt is below the freshwater screening value, indicating that cobalt in surface water does not pose risk 
to aquatic receptors.  Based on these results, cobalt concentrations in surface water do not pose a risk 
to human health and/or the environment.  
 
The results of the risk evaluation presented herein indicate that the cobalt and nickel concentrations 
detected in groundwater and surface water at the Site do not pose a risk to human health and/or the 
environment.  
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5. Identification and Screening of Technologies 

This section summarizes the ACM objectives and presents an updated list of interim corrective measures 
designed to address residual groundwater impacts following the planned closure by removal of Pond D, 
based on supplemental information collected from the site after submittal of the 2020 ACM report.  This 
assessment meets the requirements promulgated in 40 CFR § 257.96 which require the assessment to 
evaluate the effectiveness of potential corrective measures in meeting the requirements and objectives 
of the remedy as described under 40 CFR § 257.97.  This updated ACM will form the basis for designing 
and performing additional site-specific studies and analysis to continue to assess the feasibility of each 
alternative prior to final remedy selection. 
 
Current Virginia legislation (Code of Virginia § 10.1-1402-03) requires closure-by-removal of CCR from 
Pond D, which would function as both the closure mechanism and the primary groundwater remedy. 
CCR removal is expected to induce hydrological and geochemical changes to the Site, which may impact 
the fate and transport of COCs during, and possibly after, completion. A brief discussion on the 
anticipated impacts of CCR removal on the corrective measures is presented along with each corrective 
measure alternative where applicable. 
 
5.1 CORRECTIVE ACTION OBJECTIVES 

In accordance with 40 CFR § 257.97(b) and 9VAC20-81-260.C.3.c, the corrective measures to be 
considered must meet, at a minimum, the following threshold criteria: 
 

1. Be protective of human health and the environment; 

2. Attain the GWPS/GPS;  

3. Control the source(s) of releases to reduce or eliminate, to the maximum extent feasible, further 
releases of constituents of concern to the environment; 

4. Remove as much of the contaminated material from the environment that was released from the 
CCR unit as is feasible, considering factors such as avoiding inappropriate disturbance of sensitive 
ecosystems; and, 

5. Comply with standards (regulations) for waste management. 

The corrective measures were also evaluated using the following balancing criteria: 

1. Long- and short-term effectiveness and protectiveness of the potential remedy(s), along with the 
degree of certainty that the remedy will prove successful; 

2. Effectiveness of the remedy in controlling the source to reduce further releases; 

3. Technical and logistical challenges required to implement the corrective measures, including 
practical considerations such as equipment availability and disposal facility capacity; and 

4. Balancing criteria 1 through 3 also take into consideration various sub-criteria which are outlined in 
Sections 6.2, 6.3, and 6.4, respectively.  

 



 

20 

5.2 GROUNDWATER REMEDIAL ALTERNATIVES 

The closure mechanism for Pond D is closure by removal, which will eliminate the possibility of future 
releases once completed.  In addition, there are no complete exposure pathways to groundwater at the 
Site, no groundwater receptors are identified downgradient of Pond D, and surface water monitoring 
results indicate that there continues to be negligible impacts to surrounding surface water based on 
potential groundwater to surface water exchange.   
 
While there are no impacts to surface water above relevant screening levels, groundwater 
concentration trends indicate that constituent concentrations are currently above their respective 
GWPS/GPS in several downgradient compliance wells, due in part to their geochemical nature and 
naturally occurring low-pH background conditions (see Section 3). 

Given the reasons outlined above, this revised ACM Report evaluates the following alternatives to 
address the residual groundwater impacts of Appendix IV constituents, and the constituents and 
parameters listed in the Unit’s solid waste permit above their established GWPS/ GPS: 

 Alternative 1 – Natural Recovery with Long-Term Performance Monitoring;  

 Alternative 2 – In-situ Chemical Injections;  

 Alternative 3 – Permeable Reactive Barrier; and 

 Alternative 4 – Hydraulic Control with Ex-situ Treatment.  
 

Each of these groundwater remedial alternatives can be used alone or in combination with another to 
directly address CCR impacted Site groundwater. The four remedial alternatives are described in the 
following sections.  
 
5.2.1 Alternative 1: Natural Recovery with Long-Term Performance Monitoring 

Natural recovery along with long-term performance (LTP) monitoring relies on a combination of natural 
physical, chemical, and biological processes to reduce constituent concentrations over time with little to 
no active human intervention.  The efficacy of natural recovery is often evaluated using a tiered 
approach, which includes a review of historical groundwater data trends, a series of site-specific studies 
aimed at indirectly and directly identifying specific attenuation processes operating at a site, estimation 
of attenuation rates, and an evaluation of the overall aquifer attenuation capacity and stability (USEPA, 
2015).  Attenuation mechanisms for inorganic constituents consist of physical and chemical processes 
such as sorption and/or mineral precipitation, biological processes including microbial oxidation or 
reduction reactions, and dispersion and dilution as a “polishing step.”  Natural recovery is at times 
paired with more active remediation strategies to decrease timeframes for completion.  The long-term 
success of natural recovery depends on a robust understanding of the prevailing geochemical and 
hydrogeologic conditions at a Site and an appropriate performance monitoring strategy. 
 
Natural recovery was evaluated as part of the 2019 ACM Report and the 2020 ACM Addendum Report 
and was considered a highly reliable and low risk groundwater remedial alternative to address both 
cobalt and nickel GWPS/GPS exceedances.  
 
The 2020 ACM Report primarily emphasized physical mechanisms (diffusion and dispersion); recent site-
specific studies have identified several chemical mechanisms, including sorption onto and 
coprecipitation with metal hydroxides and clay minerals, that are actively attenuating COCs in portions 
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of the Site (Appendix H).  Supplemental Site-specific data collected during the 2024 NES indicate that, 
while the chemical attenuation mechanisms previously identified remain viable in portions of the Site, 
and that the overall footprint of CCR-impacted groundwater (i.e., boron) is currently stable and is 
anticipated to decrease following closure by removal of Pond D, prevailing low-pH conditions are a 
limiting factor in most locations for these processes to decrease COC concentrations below their 
respective GWPS/GPS.  
 
While the planned CCR removal from Pond D is expected to promote a rapid decrease in the 
concentration of chemically conservative constituents (i.e., boron, lithium), the long-term success of 
natural recovery for cobalt and nickel is dependent on 1) achieving and maintaining favorable 
geochemical conditions for the identified natural attenuation mechanisms and 2) sufficient attenuation 
capacity within the aquifer.  
 
Adsorption onto metal (Al, Fe, Mn) hydroxides is a proven and efficient mechanism for nickel and cobalt 
remediation, with the potential to reduce concentrations below the GWPS/GPS relatively quickly, and 
Site-specific studies indicate that there is sufficient aquifer attenuation capacity present (Appendix H).  
However, sorption is generally greatest at conditions above pH 6.  The extent to which natural recovery 
is a viable long-term groundwater remedial strategy will depend on achieving and maintaining the 
optimal geochemical conditions for sorption and the long-term stability of sorbing minerals.  
 
As discussed in Section 3, Site data indicate that background groundwater (e.g., ED-24R) is naturally 
acidic (historical pH approximately 4.5-5.5) and is likely contributing to current conditions observed 
downgradient of Pond D.  These conditions indicate that a more active groundwater remedial strategy 
to buffer pH and promote increased sorption, will likely be more effective for attenuating cobalt and 
nickel compared to natural recovery mechanisms alone.  
 
Samples collected from two piezometers screened within Pond D (PZ-1 and PZ-2) in 2019 indicate that 
ash pond pore water and groundwater beneath Pond D is characterized circum-neutral pH (6.3-6.72) 
conditions, with low cobalt (<1 µg/L) concentrations (Golder, 2019a).  Buffering the pH within the 
footprint of Pond D following closure by removal will likely minimize re-mobilization of any cobalt and 
nickel current sorbed beneath the pond as low-pH background groundwater flushes through the Site. 
 
Long-term performance monitoring should be designed to monitor the progress of the previously 
identified attenuation mechanisms for cobalt and nickel.  Key parameters to monitor the progress and 
effectiveness include both pH and redox indicators (e.g., DO, ORP, iron, sulfate, alkalinity) and COC 
concentrations (cobalt and nickel).  If performance monitoring indicates that favorable geochemical 
conditions are not maintained or that the anticipated timeframe to achieve GWPS/GPS is prolonged, 
adjustments to the remedial approach should be adopted using an adaptive management framework. 
 
5.2.2 Alternative 2: In-Situ Chemical Injections 

In-situ chemical injections are a commonly used approach to remediate groundwater and involve 
employing a series of injection wells to introduce chemical reagents into an aquifer and improve 
groundwater quality.  Chemical injections are often used to accelerate naturally attenuating processes 
and thereby decrease timeframes to completion and are effective in treating reactive constituents 
including metals such as cobalt and nickel (e.g., Evanko and Dzombak, 1997).  Given the current 
understanding of site conditions and the geochemical behavior of cobalt and nickel, pH buffering is a 
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potential objective of in-situ chemical injections to optimize the sorption and/or precipitation of the 
COCs.  
 
A series of Site-specific laboratory-based bench-scale and field-based pilot studies would be 
recommended to select appropriate reagents and implement a plan to effectively and permanently 
immobilize cobalt and nickel via sorption and mineral precipitation reactions without inadvertently 
mobilizing other (naturally occurring or CCR-derived) constituents.  Additional investigations should 
evaluate the optimal number and location of injection wells to maximize the effectiveness of this 
approach. 
 
Following the installation of the injection well(s), periodic amendment injections as well as groundwater 
sampling to monitor system performance would be expected, over time, as necessary.  
 
Performance monitoring should be designed to monitor the progress of the previously identified 
attenuation mechanisms for cobalt and nickel.  Key parameters to monitor the progress and 
effectiveness include both pH and redox indicators (e.g., DO, ORP, iron, sulfate, alkalinity) and COC 
concentrations (i.e., cobalt and nickel). If performance monitoring indicates that favorable geochemical 
conditions are not maintained or that the anticipated timeframe to achieve GWPS/GPS is prolonged, 
adjustments to the remedial approach can and should be adopted using an adaptive management 
framework. 
 
5.2.3 Alternative 3: Permeable Reactive Barrier 

A permeable reactive barrier (PRB) is another commonly used method to induce chemical changes into 
the subsurface and immobilize inorganic constituents such as metals (Budania and Dangayach, 2023; 
Krok et al. 2022; Ludwig et al., 2002).  A PRB involves installation of a subsurface wall, often keyed into 
an underlying low-permeability unit, composed of a permeable and reactive media that is designed to 
immobilize constituents along a groundwater flow path.  Reactive media may include zero-valent iron, 
zeolites, clays, and/or biologically active phases.  
 
A PRB could be installed downgradient of Pond D and perpendicular to the direction of groundwater 
flow and keyed into the uppermost confining layer to intercept CCR-impacted groundwater as it flows 
away from the pond.  Bench scale and pilot testing would be required to estimate the actual length of 
time needed for active remediation and the optimal location of a PRB.  Similar to in-situ chemical 
injections, the chemical reagent(s) selected for the PRB should be selected following site-specific 
laboratory and field pilot testing to confirm an effective and appropriate reagent for use prior to 
implementation and evaluate the long-term effectiveness of the PRB to immobilize cobalt and nickel 
under current and anticipated future Site conditions. Following the installation of the PRB, periodic 
replenishment of the treatment reagents within the PRB, as well as groundwater sampling to monitor 
system performance, would be expected.  
 
Performance monitoring should be designed to monitor the progress of the previously identified 
attenuation mechanisms for cobalt and nickel.  Key parameters to monitor the progress and 
effectiveness include both pH and redox indicators (e.g., DO, ORP, iron, sulfate, alkalinity) and COC 
concentrations (cobalt, nickel).  If performance monitoring indicates that favorable geochemical 
conditions are not maintained or that the anticipated timeframe to achieve GWPS/GPS is prolonged, 
adjustments to the remedial approach can and should be adopted using an adaptive management 
framework. 
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6. Assessment of Corrective Measures 

In accordance with 40 CFR § 257.97, corrective measures must meet, at a minimum, the five threshold 
criteria listed in Section 6.1 and the balancing (evaluation) criteria listed in 40 CFR § 257.97, as outlined 
in the following sections.  The threshold criteria listed below (except for that listed in Section 7.1.4) are 
also required per the VSWMR for remedy selection in 9VAC20-81-260.C.3.c.  A summary of this 
evaluation is present in Table 6. 
 
6.1 THRESHOLD CRITERIA - 40 CFR § 257.97(b) 

6.1.1 Human Health and Environment Protection - 40 CFR § 257.97(b)(1) 

As documented in Section 4, the results of the risk evaluation conducted using VURAM indicate that 
cobalt and nickel concentrations detected in groundwater and surface water at the Site in 2024 do not 
pose a risk to human health and/or the environment.  Accordingly, each corrective measures alternative 
meets the threshold criterion of being protective of human health and the environment. 
 
6.1.2 GWPS/GPS Attainment - 40 CFR § 257.97(b)(2) 

CCR removal will eliminate additional CCR-related constituents from entering the subsurface.  Following 
completion of CCR removal from Pond D, the extent to which cobalt and nickel concentrations are 
expected to decrease below the GWPS/GPS will depend on the effectiveness of each groundwater 
remedial alternative in immobilizing and/or removing remaining COCs from groundwater. 
 
Existing conditions (pH < 5) in most locations downgradient of Pond D are currently a limiting factor for 
Alternative 1 by itself.  Low pH background conditions imply these conditions will remain following 
closure of Pond D. 
 
Alternatives 2 and 3 are considered favorable, as both are proven methods to decrease metal 
concentrations in groundwater.  As a proof of concept for these groundwater remedial options, a 
reaction model using site-specific groundwater (ED-1605) shows how increasing the pH from ambient 
conditions (approximately 4) to neutral (7) decreases cobalt and nickel concentrations to below their 
respective GWPS/GPS in response to increasing sorption onto metal hydroxides (Figure 10; Deutsch and 
Siegel, 2020). 
 
Additional forward modeling and site-specific testing will help to evaluate GWPS/GPS attainment under 
each groundwater remedial alternative.  Any modeling should incorporate any changing Site conditions 
(geochemical conditions and/or groundwater flow) that may impact the timing and/or ability of each 
remedial alternative to attain the GWPS/GPS and account for specific chemical reagents introduced into 
the aquifer.  
 
6.1.3 Source Control - 40 CFR § 257.97(b)(3) 

Complete removal of CCR material located within the boundaries Pond D will be the ultimate source 
control measure once completed.  Each corrective measure presented here is expected to further 
reduce CCR-related constituent concentrations remaining in groundwater and is not expected to 
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interfere with source control via closure.  Therefore, Alternatives 1, 2, 3, and 4 all meet this threshold 
requirement. 
 
6.1.4 Contaminated Material Removal - 40 CFR § 257.97(b)(4) 

With the mandated removal of the CCR material, additional contamination to the surrounding 
environment would not occur.  CCR material will be disposed within a lined landfill with appropriate 
barriers preventing entry to the surrounding environment.  None of the corrective measures 
alternatives are predicted to interfere with meeting this threshold requirement.   
 
6.1.5 Waste Management - 40 CFR § 257.97(b)(5) 

No further waste management is required for Alternative 1 beyond that involved with performance 
monitoring.  Any waste generated during the sampling procedures under Alternative 1 or additional 
waste generated under Alternatives 2, 3, or 4 would be managed in accordance with regulatory 
requirements and/or as outlined in the Unit’s GMP.  Alternative 4 will produce the greatest amount of 
waste though ex-situ treatment and is considered least favorable. 
 
6.2 BALANCING CRITERIA–1 - 40 CFR § 257.97(c)(1) 

This balancing criterion takes into consideration the following sub-criteria relative to the long-term and 
short-term effectiveness of the remedy, along with the anticipated success of the remedy. 

 
6.2.1 Risk Reduction - 40 CFR § 257.97 (c)(1)(i) 

As documented in Section 4, the results of the risk evaluation conducted using VURAM indicate that 
cobalt and nickel concentrations detected in groundwater and surface water at the Site in 2024 do not 
pose a risk to human health and/or the environment.  Periodic groundwater monitoring will address 
potential future risks and return the Site to maximum beneficial use. 

 
6.2.2 Residual Risks - 40 CFR § 257.97 (c)(1)(ii) 

No further releases would occur following Unit closure and implementing Alternatives 1, 2, 3, or 4 
because the CCR and a minimum of 6 inches of subsurface soils would be removed.  As documented in 
Section 4, the results of the risk evaluation conducted using VURAM indicate that cobalt and nickel 
concentrations detected in groundwater and surface water at the Site in 2024 do not pose a risk to 
human health and/or the environment.  

 
6.2.3 Long-Term Management - 40 CFR § 257.97 (c)(1)(iii) 

Alternative 1 is considered highly favorable and requires the least amount of long-term management 
amount the remedial alternatives, limited to performance monitoring to verify natural recovery of the 
CCR-related cobalt and nickel concentrations in groundwater.  Alternatives 2 and 3 are also considered 
favorable because each of these alternatives will require periodic maintenance in addition to 
groundwater monitoring.  Additional re-injections and modification to the PRB are possible and would 
increase the long-term management of Alternatives 2 and 3.  Alternative 4 is considered less favorable 
compared to Alternatives 1, 2, and 3 because it will likely require more routine operation and 
maintenance of the extraction wells and treatment system. 

 



 

26 

6.2.4 Short-Term Risks - 40 CFR § 257.97 (c)(1)(iv) 

Alternative 1 is considered highly favorable and requires the least amount of long-term management 
amount the remedial alternatives, limited to performance monitoring to verify natural recovery of the 
CCR-related cobalt and nickel concentrations in groundwater.  Alternatives 2 and 3 are also considered 
favorable because each of these alternatives will require periodic maintenance in addition to 
groundwater monitoring.  Additional re-injections and modification to the PRB are possible and would 
increase the long-term management of Alternatives 2 and 3.  Alternative 4 is considered less favorable 
compared to Alternatives 1, 2, and 3 because it will likely require more routine operation and 
maintenance of the extraction wells and treatment system. 
 
6.2.5 Time to Full Protection - 40 CFR § 257.97 (c)(1)(v) 

An evaluation of the estimated timeframe to achieve GWPS/GPS with Alternative 1 is currently not 
feasible given the pond has not completed closure by removal and current COC concentration trends 
and background low pH conditions at Pond D (see Section 3).  However, an initial evaluation of the 
estimated time to achieve GWPS/GPS under more favorable pH-conditions, based on 1-D transport 
modeling suggests that Alternative 1 would require approximately 35 years following closure of Pond D 
(Appendix I).  This time estimate is dependent on a variety of factors, including groundwater velocity 
and prevailing geochemical conditions during and after closure.  Timeframes estimated from transport 
modeling can be updated as needed as additional data are collected during and after closure and during 
long-term performance monitoring. 
 
Alternatives 2 and 3, once employed, will primarily rely on the hydraulic gradient to move CCR-impacted 
groundwater through the treatment zone.  Given current groundwater velocity estimates 
(approximately 25 ft/year, see Section 2.4), background groundwater is expected to flush through the 
Unit within approximately 30 years following closure of Pond D, although the time to achieve GWPS/GPS 
could be less due to such low concentrations.  These time estimates depend on a variety of factors, 
including groundwater velocity and geochemical conditions, and the current background-based SWP 
GPS as it varies over time.  A more robust time estimate can be derived following site-specific testing 
and design of the extent and location of injection wells (Alternative 2) or PRB (Alternative 3).  Additional 
time will be required for laboratory testing, design, and construction/ field implementation.  Timeframes 
estimates would be updated as needed as additional data are collected during performance monitoring. 
 
Alternative 4 would address cobalt and nickel concentrations in groundwater migrating downgradient 
from Pond D and ensure that groundwater migrating downgradient is captured prior to reaching the 
compliance sampling locations (surface water) but would continue to operate over time to maintain 
hydraulic control and additional protection.  The estimated time required to achieve full protection for 
Alternative 4 would be dependent on design and implementation of the groundwater extraction 
network and is likely on the order of 30 years. 
 
6.2.6 Potential for Exposure - 40 CFR § 257.97 (c)(1)(vi) 

Given the planned CCR removal and lack of downgradient receptors, no ongoing potential exposure to 
remaining wastes for humans and the environment is anticipated for Alternatives 1, 2, 3, or 4.  
Alternatives 1 and 2 are considered highly favorable, as there is minimal possibility of exposure to CCR-
impacted groundwater outside of monitoring activities.  Alternative 3 would involve some additional 
exposure potential during construction of the PRB and is considered favorable.  Alternative 4 would also 
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likely involve additional exposure potential during management of extracted groundwater and is 
considered less favorable. 

 
6.2.7 Long-Term Reliability - 40 CFR § 257.97(c)(1)(vii) 

Alternative 1 is considered highly favorable as natural recovery and performance monitoring requires no 
additional engineering controls to effectively operate.  Alternative 2 is considered favorable, although 
the long-term reliability would be evaluated during site-specific laboratory and pilot scale testing, prior 
to implementation.  Similarly, Alternative 3 is considered favorable but will rely on treatability testing to 
appropriately design a PRB.  Alternative 4 is considered favorable and will depend on field studies to 
design and implement the groundwater extraction system and groundwater treatment system.  
Additionally, Alternative 4 will rely on ongoing operation and maintenance activities to continue to 
effectively function.  Institutional controls, such as deed restrictions, may be required in the future to 
ensure the long-term protection of human health and the environment.  These controls could be 
implemented to limit certain activities, such as the use of groundwater for potable purposes, to prevent 
direct human exposure.  Such measures would serve to manage land use and water rights, ensuring that 
the property remains in compliance with environmental regulations. 
 
6.2.8 Remedy Replacement Potential - 40 CFR § 257.97(c)(1)(viii) 

Each groundwater remedial alternative will continue to be evaluated as additional site-specific data are 
collected prior to, during, and after the planned CCR removal.  An adaptive site management approach 
is recommended, following initial implementation, to meet remedial objectives and respond to changing 
site conditions during and after CCR removal from Pond D. 
 
Alternative 1 is considered less favorable given the prevailing low pH conditions.  Alternatives 2 and 3 
are both considered favorable for cobalt and nickel and would potentially rely upon the long-term 
effectiveness of the geochemical changes induced by the remedial alternatives.  Alternative 4 is also 
considered favorable and would be dependent on the effectiveness of the groundwater extraction 
system upon implementation. 

 
6.3 BALANCING CRITERIA–2 - 40 CFR § 257.97(c)(2) 

This balancing criterion takes into consideration the ability of the corrective measure to control a future 
release and the extensive treatment technologies that would be required. 
 
6.3.1 Release Reduction - 40 CFR § 257.97(c)(2)(i) 

No further releases would occur following the already-completed removal of the CCR material.  
Alternatives 1, 2, 3, and 4, are not expected to interfere with CCR closure and are considered favorable. 

 
6.3.2 Treatment Technologies - 40 CFR § 257.97(c)(2)(ii) 

With the completed removal of CCR, no additional treatment technologies will be necessary to control a 
future release of CCR.  Alternatives 1, 2, 3, and 4, are not expected to interfere with CCR closure in this 
respect and are considered favorable. 
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6.4 BALANCING CRITERIA–3 - 40 CFR § 257.97(c)(3) 

This balancing criterion takes into consideration the technical and logistical challenges required to 
implement the corrective measure, including practical considerations such as equipment availability and 
disposal facility capacity. 
 
6.4.1 Technology Difficulty - 40 CFR § 257.97(c)(3)(i) 

Alternative 1 is considered highly favorable as no additional institutional controls or infrastructure are 
required to implement performance monitoring.  Alternatives 2 and 3 are considered favorable and 
would require additional laboratory treatability and field pilot studies prior to implementation.  
Alternative 3 may involve more difficulty in the installation of the PRB into the subsurface compared to 
well installation.  Alternative 4 is considered less favorable and will involve designing and constructing 
an extraction well network and treatment system, along with field-based pilot studies. 
 
6.4.2 Technology Reliability - 40 CFR § 257.97(c)(3)(ii) 

Alternative 1 is considered highly reliable.  Natural recovery mechanisms for cobalt and nickel involve 
proven chemical mechanisms, including sorption and mineral precipitation, as well as physical 
mechanisms such as dilution and dispersion as a final “polishing step” that are already operating at the 
Site and are dependent only upon natural processes and the prevailing geochemical conditions at the 
Site (Appendix H).  Natural recovery has been used at multiple Superfund, Resource Conservation and 
Recovery Act Corrective Action, and Underground Storage Tank sites (EPA, 1999; EPA, 2005).  
Additionally, the minimization of continued contaminant mass loading to the aquifer (i.e., CCR removal) 
will ultimately improve the reliability of a natural recovery remedy. 
 
Alternative 2 is considered reliable but will depend on the success of the chosen reagents to immobilize 
and remove cobalt and nickel from groundwater effectively and permanently.  This option includes the 
potential of installing additional injection wells and replenishing/alternating reagents into the aquifer. 
Alternative 3 is also considered reliable, but it will also rely on both the effectiveness of the chosen 
reagent, and the potential for replenishment and maintenance of the PRB following installation. 
 
Alternative 4 is also considered a reliable, proven technology, with hydraulic control and treatment used 
at multiple sites, but will involve both operation and maintenance of the extraction well network and of 
the groundwater treatment system.   
 
6.4.3 Permitting - 40 CFR § 257.97(c)(3)(iii) 

As discussed in Section 1, Dominion Energy is in the process of obtaining necessary permits for the siting 
and construction of a new, lined landfill adjacent to Pond D that will receive CCR removed from Pond D, 
along with related permits for the closure of Pond D.  Once permitting and construction of the new 
landfill is complete, removal of CCR from Pond D will commence.  
 
No additional permits are anticipated for Alternative 1 other than a modified SWP to incorporate the 
corrective action remedy, which applies to the other alternatives as well.  Post removal groundwater 
and surface water monitoring will be conducted in accordance with the Station’s GMP (Golder, 2019b) 
and SWP No. 617.  Accordingly, Alternative 1 is considered highly favorable.  Alternatives 2 and 3 are 
considered favorable and would require additional permits for injection wells and field pilot testing.  
Alternative 3 would also require permitting for disposal of waste material generated during construction 
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of the PRB.  Alternative 4 is considered less favorable and would involve permitting for both extraction 
wells and discharge of treated groundwater. 
 
6.4.4 Equipment and Specialist Availability - 40 CFR § 257.97(c)(3)(iv) 

Alternative 1 is considered highly favorable and does not require any additional equipment or use of 
specialists to implement.  Alternative 2 is considered less favorable and would require specialists to 
perform the laboratory treatability testing and field-based pilot testing.  Alternative 2 would also require 
the use of specialty equipment to install the injection wells and introduce the reagents into the aquifer.  
Alternative 3 is also considered less favorable and would require specialty equipment to construct the 
PRB, in addition to laboratory and field-based treatability testing.  Alternative 3 may also involve the use 
of specialists in the long-term transportation of material to off-Site disposal facilities during PRB 
construction.  Alternative 4 is also considered less favorable and would require equipment and 
specialists for construction of both the extraction wells and the groundwater treatment system. 
 
6.4.5 Treatment, Storage, and Disposal Capacity - 40 CFR § 257.97(c)(3)(v) 

Alternative 1 is considered highly favorable as no additional treatment, storage, and disposal are 
required to implement the performance monitoring plan.  Alternative 2 is considered favorable as no 
additional treatment is required for the in-situ injections, no additional storage and disposal 
requirements are anticipated, and nominal space is required for installation of the injection wells.  
Alternative 3 is considered less favorable because of the anticipated volume of waste material created 
during PRB construction and possible space limitations on Site that may interfere with the installation of 
the PRB.  Alternative 4 is also considered less favorable and will involve the treatment and management 
of extracted groundwater.  The installation of a PRB or treatment system would require additional 
property space to accommodate the necessary infrastructure.  These options come with certain 
limitations, such as the potential need for larger equipment footprints, access for regular maintenance, 
and potential impacts on-Site operations.  Any proposed design must carefully evaluate these 
constraints and ensure that adequate space is available without interfering with other Site activities.  An 
evaluation will be required to determine the feasibility and optimize the layout to minimize disruption 
while maintaining system effectiveness. 
 
6.5 ORDER OF MAGNITUDE COST EVALUATION 

Costs are not considered part of the threshold and balancing criteria in accordance with sections 257.96-
97 of the CCR Rule.  However, an understanding of the potential costs associated with the proposed 
corrective measure is considered helpful for future forecasting.  Costs for each alternative are currently 
estimated to be as follows: 
 
 Alternative 1, Natural Recovery:  Assuming no additional monitoring locations are installed for 

LTP monitoring, it is estimated that costs associated over a 30-year time frame will be 
approximately $1,500,000 (using Net Present Value).  This cost assumes up to 20 sample 
locations, sampled two times per year, and associated data summaries.  

 Alternative 2, In-situ Chemical Injections:  Over a 10-year time frame this cost would be 
approximately $10,000,000 (using Net Present Value).  This cost assumes installation of up to 40 
recirculation wells and 5 monitoring wells (approximately $3,000,000 in up front capital costs), 
yearly operations and maintenance and semi-annual performance monitoring (approximately 
$700,000 per year over 10 years), and associated data summaries. 
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 Alternative 2, In-Situ Treatment:  Over a 10-year time frame this cost would be approximately 
$14,000,000 (using Net Present Value).  This cost assumes installation of a 900-foot long and 40-
foot deep PRB (approximately $13,000,000 in up front capital costs), yearly operations and 
maintenance and semi-annual performance monitoring (approximately $100,000 per year over 
10 years), and associated data summaries. 

 Alternative 4, Hydraulic Control with Ex-Situ Treatment:  Over a 30-year time frame this cost 
would be approximately $20,000,000 (using Net Present Value).  This cost assumes installation 
of a 2,200 feet long trench that would be 2 feet wide by 30 feet deep, a system to convey 
groundwater to treatment area, and a treatment system.  This assumes water may need to be 
disposed of off-Site but costs could be decreased if a permit to discharge to the local publicly 
owned treatment works (POTW) can be obtained.  This alternative would also include sampling 
two times per year, and associated data summaries. 

 
These costs are considered order of magnitude estimates and intended to be used for alternative 
comparison and planning purposes only. 
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7. Public Participation 

Consistent with VSWMR 9VAC20-81-260.C.1.e, a public meeting must be held to discuss the results of 
the ACM process prior to the final selection of the remedy.  Following a delay due to the coronavirus 
pandemic and the executive orders issued by then Governor Northam in 2020 regarding public 
gatherings, a public meeting was held at Potomac High School on 2 November 2022.  Appendix J 
provides the public notification, meeting sign-in sheets, presentation materials, public comments 
received, and Dominion Energy response to public comments. 
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8. Summary and Conclusions 

The purpose of the ACM is to evaluate potentially applicable corrective measures for impacted 
groundwater. This revised ACM Report describes the updated NES conducted to evaluate the nature and 
extent of GWPS/GPS exceedances and summarizes how the corrective measures alternatives presented 
herein address the threshold and balancing criteria.  The results of the risk evaluation conducted using 
VURAM indicate that the cobalt and nickel concentrations detected in groundwater and surface water at 
the Site in 2024 do not pose a risk to human health and/or the environment. 
 
In accordance with Virginia Code § 10.1-1402.03, Pond D is scheduled for closure by removal.  Following 
the removal of the source, any residual groundwater impacts above the GWPS/GPS could be addressed 
through the implementation of a combination of the alternatives described herein.  Future studies 
(remedial design investigations, treatability studies, and/or field pilot tests) prior to formal remedy 
selection may be necessary to validate all alternative mechanisms and timeframes. 

Based on the assessment of the alternatives with the available information and given the source has not 
yet been removed, Alternative 1 (natural recovery) does not appear to be an effective option by itself 
due to prevailing low pH conditions in groundwater at Pond D.  However, this alternative could be 
effective in combination with other alternatives were site conditions to become more conducive to 
natural recovery mechanisms over time.  Alternative 2 (in-situ chemical injections) or Alternative 3 (PRB) 
would likely address any remaining impacts with a high likelihood of reliability and low risk.  The 
effectiveness of these options is highly dependent upon the proper selection and distribution of 
reagents to address site conditions.  Future studies prior to formal remedy selection will be necessary to 
validate all alternative mechanisms and time frames.  Alternative 4 would likely address remaining 
impacts as well but require additional equipment, technology, permitting, waste management, and 
treatment/storage capacity.  Alternatives 2, 3, and 4 have additional short-term risks and lower long-
term reliability when compared to Alternative 1 but are anticipated to attain GWPS/GPS more 
effectively.  
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APPENDIX B 
Boring Logs and Well Construction Details 
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Field Sampling Logs 
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Historical COC Trends 
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Anchor QEA Monitored Natural Attenuation Evaluation 
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Figure 23 
Lithium Mass Uptake Versus Lithium Mass Loading: Columns 1, 3, and 5 

Monitored Natural Attenuation Evaluation 
Possum Point Power Station 

Filepath: Z:\Projects\Dominion_Energy\MNA Evaluation Reports\Possum Point\Figures\Figure 23 - Li Mass Uptake v Li Mass Loading.docx 

 

 

Note: 
mg/kg: milligrams per kilogram 



  

Figure 24 
Dissolved Cobalt Breakthrough Curves 

Monitored Natural Attenuation Evaluation 
Possum Point Power Station 

Filepath: Z:\Projects\Dominion_Energy\MNA Evaluation Reports\Possum Point\Figures\Figure 24 - Column Co Breakthrough.docx 

 

 
 
Notes: 
Blue dashed line indicates that effluent concentrations equal influent concentrations (i.e., capacity for attenuation has been consumed). 
C/C0: concentration ratio of effluent to influent 



  

Figure 25 
Cobalt Mass Uptake Versus Cobalt Mass Loading: Columns 2, 4, and 6 

Monitored Natural Attenuation Evaluation 
Possum Point Power Station 

Filepath: Z:\Projects\Dominion_Energy\MNA Evaluation Reports\Possum Point\Figures\Figure 25 - Co Mass Uptake v Co Mass Loading.docx 

 

 

Note: 
mg/kg: milligrams per kilogram 



  

Figure 26 
Dissolved Boron Breakthrough Curves 

Monitored Natural Attenuation Evaluation 
Possum Point Power Station 

Filepath: Z:\Projects\Dominion_Energy\MNA Evaluation Reports\Possum Point\Figures\Figure 26 - Column B Breakthrough.docx 

 

 
 
Notes: 
Blue dashed line indicates that effluent concentrations equal influent concentrations (i.e., capacity for attenuation has been consumed). 
C/C0: concentration ratio of effluent to influent 
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Groundwater Sampling Logs 



















































 

 

 

Appendix C  
Analytical Data 



Appendix C
Bulk Chemistry of Aquifer Solids Samples by XRF

 

Sample 
Type Sample ID Units Arsenic Barium Calcium Cobalt Iron Manganese Molybdenum Nickel Potassium Strontium Sulfur Zinc

PP-SB-02 0-5’ ppm 3.8 401 833 <LOD 21,667 168 3.2 41.9 18,819 45.4 <LOD 44.0

PP-SB-02 5-10’ ppm <LOD 416 1,161 <LOD 16,420 189 2.5 45.5 19,618 39.7 <LOD 26.8

PP-SB-02 10-15’ ppm <LOD 367 621 <LOD 19,175 152 9.0 33.3 18,307 42.2 <LOD 31.9

PP-SB-03 15-20’ ppm 65.6 666 2,482 116.8 29,883 429 <LOD 77.4 26,178 234.9 <LOD 421.3

PP-SB-03 20-25’ ppm <LOD 368 1,940 <LOD 25,345 328 <LOD 51.2 18,205 35.4 <LOD 30.3

ABC-1607 ppm 5.0 429 1,361 <LOD 13,387 214 35.0 30.6 16,310 38.0 <LOD 34.9

ES-3D ppm 5.0 673 2,021 <LOD 17,398 240 4.1 48.9 19,135 51.4 152 27.6

ABC-1614 ppm 8.0 513 2,669 58.4 12,747 301 14.2 48.4 16,291 53.1 571 27.5

ED-1D ppm <LOD 554 3,996 <LOD 18,133 202 <LOD 49.2 14,789 78.0 670 44.5

ABC-1608 ppm 3.3 530 988 <LOD 6,546 245 10.2 45.6 18,719 49.3 1,090 21.6

ED-24R ppm <LOD 712 12,021 79.9 22,289 244 <LOD 38.4 28,206 74.7 286 54.4

ED-26 ppm <LOD 826 1,461 <LOD 29,012 204 6.4 54.2 28,775 69.5 214 18.6

Notes:
Samples were analyzed on February 23, 2021.
<LOD: less than limit of detection
ppm: parts per million
XRF: X-ray fluorescence
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Pattern List 
 
Ref.Code     Score    Compound Name         Chem. Formula          
98-006-2405       71  Quartz low            O2 Si1                 
98-003-5335       53  Microcline (maximum)  Al1 K1 O8 Si3          
98-006-8698       38  Kaolinite 1A          H4 Al2 O9 Si2          
98-005-1636       23  Montmorillonite (C..  H8.2 Al4 Ca1.2 O27..   
98-009-8155       45  Biotite 1M            H1.47 Al1.92 F1.98..   
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Peak List 
 
Pos.[°2Th.]  d-spacing [Å]  Rel. Int. [%]  Matched by 
     5.6801       15.54648           1.52  98-005-1636        
     8.8492        9.98485           3.82  98-009-8155        
    12.3537        7.15908           2.67  98-006-8698        
    13.5682        6.52084           0.47  98-003-5335        
    17.7591        4.99035           0.71  98-006-8698;98..   
    19.7909        4.48237           2.06  98-006-8698;98..   
    20.8692        4.25314          14.87  98-006-2405;98..   
    23.2046        3.83010           2.82  98-003-5335;98..   
    23.9872        3.70689           2.51  98-003-5335;98..   
    24.8537        3.57957           3.36  98-003-5335;98..   
    25.5763        3.48006           4.26  98-003-5335        
    26.6842        3.33802         100.00  98-006-2405;98..   
    27.4853        3.24253          23.46  98-003-5335;98..   



    29.3847        3.03711           5.21  98-003-5335        
    30.2094        2.95605           2.47  98-003-5335;98..   
    30.8599        2.89520           1.88  98-003-5335;98..   
    32.2566        2.77296           0.86  98-003-5335;98..   
    34.1806        2.62114           2.04  98-003-5335;98..   
    34.9200        2.56732           3.87  98-003-5335;98..   
    36.5526        2.45631           8.56  98-006-2405;98..   
    37.0006        2.42760           3.19  98-003-5335;98..   
    38.4605        2.33874           1.50  98-003-5335;98..   
    39.4861        2.28032          10.08  98-006-2405;98..   
    40.3006        2.23609           3.70  98-006-2405;98..   
    41.8032        2.15913           2.36  98-003-5335;98..   
    42.4669        2.12690           5.43  98-006-2405;98..   
    45.7953        1.97976           4.54  98-006-2405;98..   
    47.1371        1.92649           1.87  98-003-5335;98..   
    50.1639        1.81711          11.22  98-006-2405;98..   
    50.5318        1.80474           3.61  98-006-2405;98..   
    54.9059        1.67086           4.60  98-006-2405;98..   
    55.3665        1.65804           2.29  98-006-2405;98..   
    60.0063        1.54045          11.89  98-006-2405;98..   
    61.2955        1.51111           1.04  98-006-8698;98..   
    64.1027        1.45153           3.30  98-006-2405;98..   
 
 
Quantitative Results 
           

 
Phase Quartz low:  Weight fraction/ %: 43 
Phase Microcline (maximum):  Weight fraction/ %: 32 
Phase Kaolinite 1A:  Weight fraction/ %: 10 
Phase Montmorillonite (Ca-exchanged):  Weight fraction/ %: 0.23 
Phase Biotite 1M:  Weight fraction/ %: 15 



 
 
Anchor Scan Parameters 
 
Dataset Name: pp_ed24r 
File name: C:\Documents and Settings\hugo\My 

Documents\PANalytical\AnchrQEA\AnchorQEA_May2021\pp_ed24r.rd 
Sample Identification: pp_ed-24r                       
Comment: Exported by X'Pert SW 
 Generated by hugo in project AnchorQEA_M 
Measurement Date / Time: 6/4/2021 12:36:00 PM 
Raw Data Origin: PHILIPS-binary (scan) (.RD) 
Scan Axis: Gonio 
Start Position [°2Th.]: 5.0200 
End Position [°2Th.]: 64.9400 
Step Size [°2Th.]: 0.0400 
Scan Step Time [s]: 4.5000 
Scan Type: Continuous 
Offset [°2Th.]: 0.0000 
Divergence Slit Type: Fixed 
Divergence Slit Size [°]: 1.0000 
Specimen Length [mm]: 10.00 
Receiving Slit Size [mm]: 0.1000 
Measurement Temperature [°C]: 0.00 
Anode Material: Cu 
K-Alpha1 [Å]: 1.54060 
Generator Settings: 30 mA, 40 kV 
Diffractometer Type: XPert MPD 
Diffractometer Number: 1 
Goniometer Radius [mm]: 200.00 
Dist. Focus-Diverg. Slit [mm]: 91.00 
Incident Beam Monochromator: No 
Spinning: No 
 
 



 
Pattern List 
 
Ref.Code     Score    Compound Name         Chem. Formula          
98-006-2405       72  Quartz low            O2 Si1                 
98-003-5335       42  Microcline (maximum)  Al1 K1 O8 Si3          
98-009-8155       32  Biotite 1M            H1.47 Al1.92 F1.98..   
98-003-1135       27  Kaolinite 1A          H4 Al2 O9 Si2          
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Pos.[°2Th.]  d-spacing [Å]  Rel. Int. [%]  Matched by 
     8.8531        9.98043           1.85  98-009-8155        
    12.2967        7.19211           0.62  98-003-1135        
    15.2668        5.79894           0.33  98-003-5335        
    19.8641        4.46602           0.95  98-003-1135        
    20.8938        4.24818          15.22  98-006-2405;98..   
    22.2880        3.98550           1.54  98-003-5335        
    23.1702        3.83571           0.83  98-003-5335;98..   
    25.5756        3.48014           2.47  98-003-5335        
    26.6880        3.33756         100.00  98-006-2405;98..   
    27.4905        3.24192          16.47  98-003-5335        
    27.9723        3.18717           1.90                     
    30.7896        2.90166           1.00  98-003-5335;98..   
    34.1770        2.62142           0.88  98-003-5335;98..   



    35.3233        2.53893           0.86  98-003-5335;98..   
    36.5642        2.45556           7.68  98-006-2405        
    39.4905        2.28008           8.93  98-006-2405;98..   
    40.3093        2.23563           3.52  98-006-2405;98..   
    41.7777        2.16039           1.41  98-003-5335;98..   
    42.4670        2.12690           6.29  98-006-2405;98..   
    45.5266        1.99082           1.70  98-006-2405;98..   
    45.8229        1.97864           5.75  98-006-2405;98..   
    50.1794        1.81659          13.48  98-006-2405;98..   
    54.9375        1.66997           6.78  98-006-2405;98..   
    55.3759        1.65778           2.32  98-006-2405;98..   
    60.0097        1.54037           9.95  98-006-2405;98..   
    64.0921        1.45175           2.82  98-006-2405;98..   
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Phase Quartz low:  Weight fraction/ %: 70 
Phase Microcline (maximum):  Weight fraction/ %: 27 
Phase Biotite 1M:  Weight fraction/ %: 1.4 
Phase Kaolinite 1A:  Weight fraction/ %: 1.3 
 
 
  



Anchor Scan Parameters 
 
Dataset Name: pp_es3d 
File name: C:\Documents and Settings\hugo\My 

Documents\PANalytical\AnchrQEA\AnchorQEA_May2021\pp_es3d.rd 
Sample Identification: pp_es-3d                         
Comment: Exported by X'Pert SW 
 Generated by hugo in project AnchorQEA_M 
Measurement Date / Time: 6/4/2021 10:27:00 AM 
Raw Data Origin: PHILIPS-binary (scan) (.RD) 
Scan Axis: Gonio 
Start Position [°2Th.]: 5.0200 
End Position [°2Th.]: 64.9400 
Step Size [°2Th.]: 0.0400 
Scan Step Time [s]: 4.5000 
Scan Type: Continuous 
Offset [°2Th.]: 0.0000 
Divergence Slit Type: Fixed 
Divergence Slit Size [°]: 1.0000 
Specimen Length [mm]: 10.00 
Receiving Slit Size [mm]: 0.1000 
Measurement Temperature [°C]: 0.00 
Anode Material: Cu 
K-Alpha1 [Å]: 1.54060 
Generator Settings: 30 mA, 40 kV 
Diffractometer Type: XPert MPD 
Diffractometer Number: 1 
Goniometer Radius [mm]: 200.00 
Dist. Focus-Diverg. Slit [mm]: 91.00 
Incident Beam Monochromator: No 
Spinning: No 
 
 



 
Pattern List 
 
Ref.Code     Score    Compound Name         Chem. Formula          
98-002-7826       78  Quartz low            O2 Si1                 
98-017-1524       19  Dolomite              C2 Ca1 Mg1 O6          
98-020-1602       31  Feldspar              Al1 K0.5 Na0.5 O8 ..   
98-015-9336       27  Biotite 2M1           H2.548 Al2.432 Fe2..   
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Pos.[°2Th.]  d-spacing [Å]  Rel. Int. [%]  Matched by 
     5.5078       16.03257           0.31                     
     8.8603        9.97236           1.13  98-015-9336        
    15.3305        5.77501           0.27  98-020-1602        
    20.8869        4.24957          13.33  98-002-7826;98..   
    24.0450        3.69810           0.89  98-017-1524;98..   
    26.6718        3.33956         100.00  98-002-7826;98..   
    27.4694        3.24437           7.72  98-020-1602;98..   
    29.8818        2.98771           2.24  98-020-1602        
    30.8221        2.89867           0.47  98-017-1524;98..   
    32.3444        2.76564           0.23  98-020-1602        
    36.5646        2.45553           6.15  98-002-7826;98..   
    39.5024        2.27942           6.44  98-002-7826;98..   
    40.3066        2.23578           2.88  98-002-7826;98..   



    41.8534        2.15665           0.70  98-020-1602;98..   
    42.4754        2.12650           5.46  98-002-7826;98..   
    45.8244        1.97857           2.75  98-002-7826;98..   
    50.1847        1.81641          11.07  98-002-7826;98..   
    50.5987        1.80251           0.72  98-002-7826;98..   
    54.9218        1.67041           7.20  98-002-7826;98..   
    55.3816        1.65763           1.83  98-002-7826;98..   
    60.0247        1.54002           8.65  98-002-7826;98..   
    64.0976        1.45164           1.92  98-002-7826;98..   
 
 
Quantitative Results 
 
           

 
 
Phase Quartz low:  Weight fraction/ %: 81 
Phase Dolomite:  Weight fraction/ %: 0.3 
Phase Feldspar:  Weight fraction/ %: 11 
Phase Biotite 2M1:  Weight fraction/ %: 7 
 
 
  



Anchor Scan Parameters 
 
Dataset Name: ppa-1607 
File name: C:\Documents and Settings\hugo\My 

Documents\PANalytical\AnchrQEA\AnchorQEA_May2021\ppa-1607.rd 
Sample Identification: PP ABC 1607                   
Comment: Exported by X'Pert SW 
 Generated by hugo in project AnchorQEA_M 
Measurement Date / Time: 6/8/2021 11:36:00 AM 
Raw Data Origin: PHILIPS-binary (scan) (.RD) 
Scan Axis: Gonio 
Start Position [°2Th.]: 5.0200 
End Position [°2Th.]: 64.9400 
Step Size [°2Th.]: 0.0400 
Scan Step Time [s]: 4.5000 
Scan Type: Continuous 
Offset [°2Th.]: 0.0000 
Divergence Slit Type: Fixed 
Divergence Slit Size [°]: 1.0000 
Specimen Length [mm]: 10.00 
Receiving Slit Size [mm]: 0.1000 
Measurement Temperature [°C]: 0.00 
Anode Material: Cu 
K-Alpha1 [Å]: 1.54060 
Generator Settings: 30 mA, 40 kV 
Diffractometer Type: XPert MPD 
Diffractometer Number: 1 
Goniometer Radius [mm]: 200.00 
Dist. Focus-Diverg. Slit [mm]: 91.00 
Incident Beam Monochromator: No 
Spinning: No 
 
 



 
Pattern List 
 
Ref.Code     Score    Compound Name         Chem. Formula          
98-006-2405       79  Quartz low            O2 Si1                 
98-003-5334       37  Microcline (maximum)  Al1 K1 O8 Si3          
98-009-8154       23  Biotite 1M            H1.47 Al1.92 F1.98..   
 
 
Graphics 
 
           

 
 
Peak List 
 
Pos.[°2Th.]  d-spacing [Å]  Rel. Int. [%]  Matched by 
     8.8309       10.00549           1.19  98-009-8154        
    19.9492        4.44715           0.66  98-009-8154        
    20.8962        4.24771          17.19  98-006-2405;98..   
    23.1840        3.83345           0.51  98-003-5334        
    23.9994        3.70503           0.57  98-003-5334        
    25.5587        3.48240           0.87  98-003-5334        
    26.6307        3.34461         100.00  98-006-2405;98..   
    27.0608        3.29242          13.99  98-003-5334        
    27.4683        3.24450           8.60  98-003-5334        
    30.2009        2.95686           0.46  98-003-5334        
    30.6000        2.91920           2.64  98-003-5334;98..   
    31.9658        2.79752           0.89  98-003-5334        
    34.1621        2.62252           0.54  98-003-5334;98..   
    36.5764        2.45477           6.92  98-006-2405        



    37.7706        2.37986           0.38  98-003-5334        
    39.4953        2.27981           7.42  98-006-2405;98..   
    40.3264        2.23472           3.07  98-006-2405;98..   
    41.8045        2.15906           0.76  98-003-5334;98..   
    42.4792        2.12632           6.80  98-006-2405;98..   
    45.8340        1.97818           4.00  98-006-2405;98..   
    50.1724        1.81682          13.32  98-006-2405;98..   
    50.5800        1.80313           1.07  98-006-2405;98..   
    54.9273        1.67026           5.42  98-006-2405;98..   
    55.3755        1.65779           2.06  98-006-2405;98..   
    60.0165        1.54021           9.34  98-006-2405;98..   
    64.1036        1.45152           2.02  98-006-2405        
 
 
Quantitative Results 
 
           

 
 
Phase Quartz low:  Weight fraction/ %: 82 
Phase Microcline (maximum):  Weight fraction/ %: 18 
Phase Biotite 1M:  Weight fraction/ %: 0.6 
 
 
  



Anchor Scan Parameters 
 
Dataset Name: ppa-1608 
File name: C:\Documents and Settings\hugo\My 

Documents\PANalytical\AnchrQEA\AnchorQEA_May2021\ppa-1608.rd 
Sample Identification: PP_ABC 1608                   
Comment: Exported by X'Pert SW 
 Generated by hugo in project AnchorQEA_M 
Measurement Date / Time: 6/8/2021 1:50:00 PM 
Raw Data Origin: PHILIPS-binary (scan) (.RD) 
Scan Axis: Gonio 
Start Position [°2Th.]: 5.0200 
End Position [°2Th.]: 64.9400 
Step Size [°2Th.]: 0.0400 
Scan Step Time [s]: 4.5000 
Scan Type: Continuous 
Offset [°2Th.]: 0.0000 
Divergence Slit Type: Fixed 
Divergence Slit Size [°]: 1.0000 
Specimen Length [mm]: 10.00 
Receiving Slit Size [mm]: 0.1000 
Measurement Temperature [°C]: 0.00 
Anode Material: Cu 
K-Alpha1 [Å]: 1.54060 
Generator Settings: 30 mA, 40 kV 
Diffractometer Type: XPert MPD 
Diffractometer Number: 1 
Goniometer Radius [mm]: 200.00 
Dist. Focus-Diverg. Slit [mm]: 91.00 
Incident Beam Monochromator: No 
Spinning: No 
 
 



 
Pattern List 
 
Ref.Code     Score    Compound Name         Chem. Formula          
98-002-7826       72  Quartz low            O2 Si1                 
98-003-5334       39  Microcline (maximum)  Al1 K1 O8 Si3          
98-015-9336       32  Biotite 2M1           H2.548 Al2.432 Fe2..   
 
 
Graphics 
 
           

 
 
Peak List 
 
Pos.[°2Th.]  d-spacing [Å]  Rel. Int. [%]  Matched by 
     5.5007       16.05321           0.34                     
     8.9203        9.90538           2.11  98-015-9336        
    15.0280        5.89056           0.35  98-003-5334        
    17.7702        4.98727           0.44  98-015-9336        
    19.8316        4.47326           0.46  98-015-9336        
    20.8681        4.25336          14.84  98-002-7826;98..   
    24.0(1)        3.71230           2.19  98-003-5334;98..   
  25.550(9)        3.48351           1.41  98-003-5334        
 26.6551(4)        3.34160         100.00  98-002-7826;98..   
 27.0380(9)        3.29515          13.78  98-003-5334;98..   
  27.475(2)        3.24366           6.83  98-003-5334;98..   
  28.024(6)        3.18141           1.83  98-015-9336        
   30.80(4)        2.90077           0.23  98-003-5334;98..   
    32.4222        2.75917           0.21  98-003-5334        



    34.0308        2.63234           2.03  98-003-5334;98..   
    34.9367        2.56613           0.61  98-003-5334;98..   
    36.5720        2.45506           6.77  98-002-7826;98..   
    38.5926        2.33103           0.39  98-003-5334;98..   
    39.4937        2.27990           9.49  98-002-7826;98..   
    40.3281        2.23463           4.27  98-002-7826;98..   
    41.8426        2.15719           0.97  98-003-5334;98..   
    42.4856        2.12601           4.54  98-002-7826;98..   
    45.5241        1.99092           0.98  98-002-7826;98..   
    45.8575        1.97722           3.91  98-002-7826;98..   
    47.1656        1.92539           0.60  98-003-5334;98..   
    50.1947        1.81607          12.45  98-002-7826;98..   
    50.5966        1.80258           1.12  98-002-7826;98..   
    54.9339        1.67007           4.95  98-002-7826;98..   
    55.4004        1.65711           1.20  98-002-7826;98..   
    60.0218        1.54009           8.99  98-002-7826;98..   
    64.1067        1.45145           2.34  98-002-7826;98..   
 
 
Quantitative Results 
 
           

 
 
Phase Quartz low:  Weight fraction/ %: 79 
Phase Microcline (maximum):  Weight fraction/ %: 19 
Phase Biotite 2M1:  Weight fraction/ %: 2.7 
 
 
  



Anchor Scan Parameters 
 
Dataset Name: ppa-1614 
File name: C:\Documents and Settings\hugo\My 

Documents\PANalytical\AnchrQEA\AnchorQEA_May2021\ppa-1614.rd 
Sample Identification: PP_ABC 1614                   
Comment: Exported by X'Pert SW 
 Generated by hugo in project AnchorQEA_M 
Measurement Date / Time: 6/8/2021 4:24:00 PM 
Raw Data Origin: PHILIPS-binary (scan) (.RD) 
Scan Axis: Gonio 
Start Position [°2Th.]: 5.0200 
End Position [°2Th.]: 64.9400 
Step Size [°2Th.]: 0.0400 
Scan Step Time [s]: 4.5000 
Scan Type: Continuous 
Offset [°2Th.]: 0.0000 
Divergence Slit Type: Fixed 
Divergence Slit Size [°]: 1.0000 
Specimen Length [mm]: 10.00 
Receiving Slit Size [mm]: 0.1000 
Measurement Temperature [°C]: 0.00 
Anode Material: Cu 
K-Alpha1 [Å]: 1.54060 
Generator Settings: 30 mA, 40 kV 
Diffractometer Type: XPert MPD 
Diffractometer Number: 1 
Goniometer Radius [mm]: 200.00 
Dist. Focus-Diverg. Slit [mm]: 91.00 
Incident Beam Monochromator: No 
Spinning: No 
 
 



 
Pattern List 
 
Ref.Code     Score    Compound Name         Chem. Formula          
98-002-7826       72  Quartz low            O2 Si1                 
98-016-1221       43  Muscovite 2M1         H1.77 Al2.9 Ba0.01..   
98-016-1171       17  Montmorillonite       H1 Al2 Ca0.5 O12 Si4   
98-003-5335       41  Microcline (maximum)  Al1 K1 O8 Si3          
98-008-0082       30  Kaolinite 1A          H4 Al2 O9 Si2          
 
 
Graphics 
 
           

 
 
Peak List 
 
Pos.[°2Th.]  d-spacing [Å]  Rel. Int. [%]  Matched by 
     6.0911       14.49844           3.25  98-016-1171        
     8.8537        9.97974           5.22  98-016-1221        
    12.3659        7.15204           1.83  98-008-0082        
    17.8056        4.97742           1.12  98-016-1221;98..   
    19.8047        4.47927           3.80  98-016-1221;98..   
    20.8257        4.26193          17.02  98-002-7826;98..   
    23.1554        3.83813           1.96  98-016-1221;98..   
    24.0024        3.70456           3.63  98-016-1221;98..   
    25.5759        3.48011           3.30  98-016-1221;98..   
    26.6800        3.33854         100.00  98-002-7826;98..   
    27.4262        3.24939          22.08  98-003-5335        
    27.8460        3.20134           5.35  98-016-1221        



    30.8163        2.89921           1.78  98-016-1171;98..   
    34.9265        2.56686           4.06  98-016-1221;98..   
    36.5496        2.45651           6.75  98-002-7826;98..   
    39.4886        2.28019           9.08  98-002-7826;98..   
    40.3121        2.23548           3.54  98-002-7826;98..   
    41.7912        2.15972           2.12  98-016-1221;98..   
    42.4745        2.12654           5.19  98-002-7826;98..   
    45.4977        1.99202           2.95  98-016-1221;98..   
    50.1891        1.81626          15.05  98-002-7826;98..   
    50.5849        1.80297           2.33  98-002-7826;98..   
    54.9439        1.66979           7.06  98-002-7826;98..   
    60.0091        1.54039           9.17  98-002-7826;98..   
    61.9506        1.49669           1.38  98-016-1221;98..   
    64.1160        1.45127           2.37  98-002-7826;98..   
 
 
Quantitative Results 
 
           

 
 
Phase Quartz low:  Weight fraction/ %: 39 
Phase Muscovite 2M1:  Weight fraction/ %: 28 
Phase Montmorillonite:  Weight fraction/ %: 0.31 
Phase Microcline (maximum):  Weight fraction/ %: 18 
Phase Kaolinite 1A:  Weight fraction/ %: 15 
 
 
  



Anchor Scan Parameters 
 
Dataset Name: pp-sb02 
File name: C:\Documents and Settings\hugo\My 

Documents\PANalytical\AnchrQEA\AnchorQEA_May2021\pp-sb02.rd 
Sample Identification: pp-sb-02 10-15'           
Comment: Exported by X'Pert SW 
 Generated by hugo in project AnchorQEA_M 
Measurement Date / Time: 6/1/2021 10:37:00 AM 
Raw Data Origin: PHILIPS-binary (scan) (.RD) 
Scan Axis: Gonio 
Start Position [°2Th.]: 5.0200 
End Position [°2Th.]: 64.9400 
Step Size [°2Th.]: 0.0400 
Scan Step Time [s]: 4.5000 
Scan Type: Continuous 
Offset [°2Th.]: 0.0000 
Divergence Slit Type: Fixed 
Divergence Slit Size [°]: 1.0000 
Specimen Length [mm]: 10.00 
Receiving Slit Size [mm]: 0.1000 
Measurement Temperature [°C]: 0.00 
Anode Material: Cu 
K-Alpha1 [Å]: 1.54060 
Generator Settings: 30 mA, 40 kV 
Diffractometer Type: XPert MPD 
Diffractometer Number: 1 
Goniometer Radius [mm]: 200.00 
Dist. Focus-Diverg. Slit [mm]: 91.00 
Incident Beam Monochromator: No 
Spinning: No 
 
 



 
Pattern List 
 
Ref.Code     Score    Compound Name         Chem. Formula          
98-006-2405       71  Quartz low            O2 Si1                 
98-001-6597       33  Microcline (maximum)  Al1 K1 O8 Si3          
96-900-9235       35  Kaolinite             Al2.00 Si2.00 O9.0..   
98-018-0081       38  Muscovite 2M1         H1.828 Al2.472 F0...   
 
 
Graphics 
 
           

 
 
Peak List 
 
Pos.[°2Th.]  d-spacing [Å]  Rel. Int. [%]  Matched by 
     5.9188       14.92014           0.77                     
     8.8635        9.96873           4.06  98-018-0081        
    12.3773        7.14546           1.47  96-900-9235        
    17.8447        4.96660           1.53  98-018-0081        
    19.8063        4.47892           3.22  96-900-9235;98..   
    20.9051        4.24592          19.19  98-006-2405;98..   
    24.3490        3.65262           2.27  98-001-6597        
    25.4494        3.49712           1.96  98-001-6597;98..   
    26.6664        3.34021         100.00  98-006-2405;98..   
    27.4148        3.25070           3.45  98-001-6597        
    28.0238        3.18143           5.74  96-900-9235;98..   
    30.0235        2.97393           0.94  98-001-6597;98..   
    34.9352        2.56624           3.32  98-001-6597;96..   



    36.5782        2.45466          10.22  98-006-2405;96..   
    37.9206        2.37078           2.64  98-001-6597;96..   
    39.4886        2.28018           5.38  98-006-2405;98..   
    40.3296        2.23455           4.64  98-006-2405;98..   
    42.4687        2.12682           9.80  98-006-2405;98..   
    45.5296        1.99070           2.97  98-006-2405;98..   
    45.8486        1.97759           3.98  98-006-2405;98..   
    50.1747        1.81675          13.51  98-006-2405;98..   
    54.8974        1.67110           5.07  98-006-2405;98..   
    55.3744        1.65783           2.40  98-006-2405;98..   
    60.0154        1.54024          10.35  98-006-2405;98..   
    61.6801        1.50260           1.33  96-900-9235;98..   
    64.1020        1.45155           5.37  98-006-2405;96..   
 
 
Quantitative Results 
 
           

 
 
Phase Quartz low:  Weight fraction/ %: 52 
Phase Microcline (maximum):  Weight fraction/ %: 14 
Phase Kaolinite:  Weight fraction/ %: 10 
Phase Muscovite 2M1:  Weight fraction/ %: 24 
 
 
  



Anchor Scan Parameters 
 
Dataset Name: pp-sb03a 
File name: C:\Documents and Settings\hugo\My 

Documents\PANalytical\AnchrQEA\AnchorQEA_May2021\pp-sb03a.rd 
Sample Identification: pp-sb-03 15-20'           
Comment: Exported by X'Pert SW 
 Generated by hugo in project AnchorQEA_M 
Measurement Date / Time: 6/1/2021 12:31:00 PM 
Raw Data Origin: PHILIPS-binary (scan) (.RD) 
Scan Axis: Gonio 
Start Position [°2Th.]: 5.0200 
End Position [°2Th.]: 64.9400 
Step Size [°2Th.]: 0.0400 
Scan Step Time [s]: 4.5000 
Scan Type: Continuous 
Offset [°2Th.]: 0.0000 
Divergence Slit Type: Fixed 
Divergence Slit Size [°]: 1.0000 
Specimen Length [mm]: 10.00 
Receiving Slit Size [mm]: 0.1000 
Measurement Temperature [°C]: 0.00 
Anode Material: Cu 
K-Alpha1 [Å]: 1.54060 
Generator Settings: 30 mA, 40 kV 
Diffractometer Type: XPert MPD 
Diffractometer Number: 1 
Goniometer Radius [mm]: 200.00 
Dist. Focus-Diverg. Slit [mm]: 91.00 
Incident Beam Monochromator: No 
Spinning: No 
 
 



 
Pattern List 
 
Ref.Code     Score    Compound Name         Chem. Formula          
98-002-7826       66  Quartz low            O2 Si1                 
98-018-0081       26  Muscovite 2M1         H1.828 Al2.472 F0...   
98-010-0819       30  Microcline (interm..  Al1 K0.96 Na0.04 O..   
98-002-7713  Unmatch  Kaolinite 1A          H4 Al2 O9 Si2          
 
 
Graphics 
 
           

 
 
Peak List 
 
Pos.[°2Th.]  d-spacing [Å]  Rel. Int. [%]  Matched by 
     5.5537       15.90016           1.87                     
     8.8092       10.03008           2.11  98-018-0081        
    12.4075        7.12814           0.05  98-002-7713        
    19.7791        4.48502           0.34  98-018-0081;98..   
    20.8877        4.24941          14.74  98-002-7826;98..   
    26.6634        3.34058         100.00  98-002-7826;98..   
    27.4937        3.24156           4.49  98-010-0819        
    28.0201        3.18185           2.89  98-018-0081        
    30.3247        2.94507           0.39  98-010-0819        
    34.8993        2.56879           1.23  98-018-0081;98..   
    36.5539        2.45623           6.62  98-002-7826;98..   
    39.4967        2.27973           7.81  98-002-7826;98..   
    40.3097        2.23561           2.90  98-002-7826;98..   



    41.8039        2.15909           0.84  98-018-0081;98..   
    42.4716        2.12668           5.49  98-002-7826;98..   
    45.8260        1.97851           3.25  98-002-7826;98..   
    50.1772        1.81666          14.69  98-002-7826;98..   
    54.9212        1.67043           3.92  98-002-7826;98..   
    55.3688        1.65798           1.75  98-002-7826;98..   
    60.0151        1.54025           8.12  98-002-7826;98..   
    64.1189        1.45121           2.62  98-002-7826;98..   
 
 
Quantitative Results 
 
           

 
 
Phase Quartz low:  Weight fraction/ %: 76 
Phase Muscovite 2M1:  Weight fraction/ %: 14 
Phase Microcline (intermediate):  Weight fraction/ %: 9 
Phase Kaolinite 1A:  Weight fraction/ %: 0.4 
 
 
 
  



Anchor Scan Parameters 
 
Dataset Name: pp-sb03b 
File name: C:\Documents and Settings\hugo\My 

Documents\PANalytical\AnchrQEA\AnchorQEA_May2021\pp-sb03b.rd 
Sample Identification: pp-sb-03 20-25'           
Comment: Exported by X'Pert SW 
 Generated by hugo in project AnchorQEA_M 
Measurement Date / Time: 6/1/2021 2:33:00 PM 
Raw Data Origin: PHILIPS-binary (scan) (.RD) 
Scan Axis: Gonio 
Start Position [°2Th.]: 5.0200 
End Position [°2Th.]: 64.9400 
Step Size [°2Th.]: 0.0400 
Scan Step Time [s]: 4.5000 
Scan Type: Continuous 
Offset [°2Th.]: 0.0000 
Divergence Slit Type: Fixed 
Divergence Slit Size [°]: 1.0000 
Specimen Length [mm]: 10.00 
Receiving Slit Size [mm]: 0.1000 
Measurement Temperature [°C]: 0.00 
Anode Material: Cu 
K-Alpha1 [Å]: 1.54060 
Generator Settings: 30 mA, 40 kV 
Diffractometer Type: XPert MPD 
Diffractometer Number: 1 
Goniometer Radius [mm]: 200.00 
Dist. Focus-Diverg. Slit [mm]: 91.00 
Incident Beam Monochromator: No 
Spinning: No 
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Transport Modeling Results 
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