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2. Field Investigation Summary 

This section summarizes recent field activities conducted between February 2020 and September 2024 
to characterize the nature and extent of impacts from constituents listed in Section 1.5 that exceeded 
the federal GWPS and/or SWP GPS in the Ponds ABC groundwater monitoring 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 of one downgradient NES well (ABC-1616) in 2020 by Haley & Aldrich to delineate 
the extent of GWPS/GPS exceedances and confirm groundwater flow direction. 

 Installation of one downgradient delineation well (ABC-1617) as close as feasible to the property 
boundary, one upgradient observation well (ABC-1618), and two temporary piezometers within 
the footprint of Ponds ABC (T-1 and T-2) in 2024 by Haley & Aldrich to delineate the extent of 
GWPS/GPS exceedances and confirm groundwater flow direction. 

 Sampling of the two newly installed NES wells (ABC-1617 and ABC-1618), two temporary 
piezometers (T-1 and T-2), and two existing NES wells (ABC-1616 and MW-4S). 

 Slug-testing of the newly installed NES wells (ABC-1617 and ABC-1618) to refine estimates of 
hydraulic conductivity in the NES study area surrounding the wells. 

 Collection of soils samples from ABC-1618, T-1, and T-2 to assist in the characterization of 
aquifer conditions and demonstration of attenuation processes. 

 Collection of a comprehensive round of groundwater elevation measurements from the four 
compliance monitoring wells, six NES observation wells, and two temporary piezometers 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 Ponds 
ABC. 
 
In February 2020, one NES observation well was installed as part of the 2020 NES to characterize the 
nature and extent of constituent concentrations downgradient of Ponds ABC.  Haley & Aldrich 
subcontracted Cascade Drilling, LP, of New Ellington, South Carolina, to advance the ABC-1616 well 
location using sonic drilling techniques.  Continuous soil samples were collected to the terminal depth of 
the 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 boring log and well installation log 
for the 2020 NES activities are presented in the 2020 ACM Report and provided in Appendix B.  Well 
construction details and locations for the 2020 NES wells are also provided in Table 1 and Figure 3.   
 
ABC-1616 was installed downgradient of compliance well ABC-1614 to provide horizontal delineation of 
arsenic and boron.  The well was screened in saturated sand just above the uppermost confining layer. 
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NES well ABC-1616 was developed using a submersible pump to remove any fine sediment from the well 
and to connect the well screen to the formation.  Development was continued until the water flowing 
from the well was sediment free and non-turbid.  Following installation and development of ABC-1616, 
the well location was surveyed by D&M Surveyors, PC, a Virginia-licensed surveyor based in 
Tappahannock, Virginia. Survey information is included in Table 1. 
 
In August 2024, two NES observation wells and two temporary piezometers were installed as part of the 
2024 NES to further refine the nature and extent of constituent concentrations at Ponds ABC.  Haley & 
Aldrich subcontracted M&W Drilling, LLC of Denver, North Carolina (M&W Drilling) to install the wells 
and piezometers using sonic drilling techniques.  Continuous soil samples were collected to the terminal 
depth at each 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.  Boring logs and well 
installation logs for the two newly installed NES wells and two temporary piezometers are presented in 
Appendix B.  Well construction details and locations are provided in Table 1 and Figure 3 and are 
summarized below: 

 ABC-1617 was installed downgradient of compliance monitoring well ABC-1608 to provide 
horizontal delineation for cobalt and nickel and confirm groundwater flow direction.  ABC-1617 
is screened in saturated sand just above the uppermost confining layer and located as close as 
feasible to the Site boundary given the limited space available between ABC-1608 and Quantico 
Creek. 

 ABC-1618 was installed upgradient of Ponds ABC.  ABC-1618 was screened in saturated sand just 
above the uppermost confining layer.  

 Two temporary piezometers, T-1 and T-2 were installed within the footprint of Ponds ABC and 
screened in the shallow saturated zone to characterize the nature and distribution of COCs 
within the footprint of Ponds ABC.  

 
Based on access limitations associated with the adjacent wetlands, the limited saturated thickness of the 
uppermost aquifer downgradient of Ponds ABC, and considering that the upper Potomac Aquifer is 
underlain by the Potomac Confining Unit, additional well(s) downgradient of Ponds ABC to further 
constrain vertical delineation were not installed.  Note that the uppermost aquifer beneath Ponds ABC is 
physically and hydrologically separated from the lower Potomac Aquifer. 
 
All newly installed NES wells and piezometers were developed using submersible pumps to remove any 
fine sediment from the wells and to connect the well screen to the formation.  NES wells and 
piezometers were developed until the water extracted from the well was sediment-free and non-turbid.  
Following installation and development of the above wells, the 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 

From 9 April through 14 April 2020, the Ponds ABC compliance monitoring wells were sampled as part of 
the 2020 NES in accordance with 40 CFR § 257.95(g)(1)(iv) and the VSWMR.  In addition, the newly 
installed groundwater monitoring well ABC-1616 was sampled to characterize the nature and extent of 
GWPS/GPS exceedances identified in the Ponds ABC compliance monitoring wells. 
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To reflect current Site conditions, the new NES wells and piezometers discussed above, and the existing 
site NES monitoring wells were sampled from 23 August through 29 August 2024 for arsenic, cobalt, and 
nickel and supplemental geochemical characterization parameters.  Note that sampling for arsenic, 
cobalt, and nickel at the existing compliance wells and surface water locations occurs semiannually and 
was performed by WSP on 8 August 2024 and EnviroScience on 5-6 August 2024, respectively.  NES 
groundwater and compliance surface water sampling results for arsenic, cobalt, and nickel are 
presented in Tables 2 and 3, respectively.  Supplemental geochemical characterization parameters 
collected as part of the 2024 NES are also presented in Table 2 and included the following: 

 Arsenic Speciation 

 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 
 
Groundwater samples were collected using low-flow sampling methods and in accordance with the 
Site’s GWP.  Observation well MW-4S was purged and sampled using a dedicated bladder pump. The 
remaining NES wells and newly installed monitoring wells were sampled using a non-dedicated bladder 
pump. Proper decontamination procedures were implemented between each well, including when a 
non-dedicated bladder pump was used.  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 4 September 2024, slug testing was performed 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 ABC-1617 and ABC-1618.  Due to the rapid 
response time observed at ABC-1617, only the rising head tests were used for analysis at that location.  
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 and the Springer-Gelhar Unconfined curve matching solutions were used to obtain 
hydraulic conductivity outputs.  The geometric mean of hydraulic conductivities was calculated for 
ABC-1617 and ABC-1618 to be approximately 1.3E-01 and 4.5E-05 centimeters per second (cm/sec), 
respectively.  Results of slug testing are presented in Table 4 and the AQTESOLV outputs are included in 
Appendix E. 
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The results are consistent with the subsurface materials recorded through the screen interval depths 
during well installation activities, with coarse-grained sand and gravel observed at ABC-1617 and clayey 
sands observed at ABC-1618.  The differences in lithology, particularly the presence of course-grained 
material at locations throughout Ponds ABC (i.e. ABC-1617), 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 
throughout Ponds ABC. 
 
2.4 GROUNDWATER LEVEL MONITORING 

A synoptic round of water levels was collected from the compliance and NES wells and piezometers 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 24 August and 6 
September 2024 is presented as Figure 3.  Groundwater generally flows in a southwesterly direction 
from Ponds ABC toward Quantico Creek along the southern property boundary.  
 
Using the groundwater contours presented on Figure 3, the hydraulic gradient for Ponds ABC’s 
compliance network formation in the study area was calculated using the algorithm below.  The flow 
direction in the upper Potomac Aquifer from ABC-1602 to ABC-1617 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 Ponds ABC.  
 

Area 
Starting Head 
(Elevation feet 

AMSL) 

Ending Head 
(Elevation feet 

AMSL) 

Distance  
(feet) 

Calculated 
Gradient 
(unitless) 

NES, September 2024 
Ponds ABC - Upper Potomac 17.12 (ABC-1602) 1.64 (ABC-1617) 1025 0.0151 

 

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 Ponds ABC.  An estimated average effective porosity value of 20 percent is representative for 
the sediments comprising the Potomac Formation (USEPA, 2000).  The calculated gradient is 
incorporated 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 ABC and the installation of well screen intervals within the 
Quaternary deposits.  However, the hydraulic conductivity measured at ABC-1617 stands out as an 
outlier, biased high.  This is likely due to its location near the shoreline, where coarse-grained gravel 
deposits are more prevalent and possibly influenced by tidal bank storage. 
 
To account for these site-specific variations, separate hydraulic conductivity values were calculated for 
nearshore and upland areas.  The nearshore value includes data from ABC-1617 to reflect conditions 
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influenced by shoreline processes, while the upland value excludes ABC-1617 to represent conditions 
further inland.  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 

Ponds ABC - Upper Potomac 
(nearshore) 

0.0151 0.20 
1.76E-03 138 

Ponds ABC - Upper Potomac 
(upland) 4.16E-04 32.5 

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 rates in the upper Potomac Aquifer beneath 
Ponds ABC range from approximately 138 feet per year near the shoreline to 32.5 feet per year further 
inland.  The flow rates calculated for the NES sampling event conducted in 2024 incorporate additional 
NES data alongside hydraulic data specific to the Quaternary deposits.  These estimates are considered 
the most representative of the current hydrostatic conditions at Ponds ABC.  However, they can be 
further refined as additional data becomes available during the ongoing process of evaluating and 
selecting corrective measures. 
 
2.5 AQUIFER SOLIDS 

Three sediment samples were collected from locations upgradient and within the footprint of Ponds 
ABC to assist in the characterization of aquifer conditions and demonstration of attenuation processes 
(ABC-1618, T-1, and T-2).  Boring locations are shown on Figure 3. Sediment samples were collected at 
depths corresponding to the shallow well screen intervals of each location (43-48, 22-27, and 25-30 
respectively).   
 
Sediment samples were analyzed via the following methods: 

 Sequential Extraction Procedure (SEP) – evaluate the environmental availability of COCs 
 
Samples were collected in laboratory provided bottle ware and shipped under chain of custody protocol 
to ACZ Laboratories, Inc. of Steamboat Springs, Colorado (ACZ) and Pace Analytical of Sheridan, 
Wyoming (Pace).  Sequential extraction results are provided in Table 6 and discuss below in Section 3. 
Laboratory reports are provided in Appendix D.  
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2.6 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 Quality Assurance/Quality Control (QA/QC) samples for the 2024 NES activities performed by Haley 
& Aldrich included two field duplicates (collected from ABC-1616 and ABC-1617), one field blank, and 
one matrix spike/matrix spike duplicate (MS/MSD).  The QA/QC samples were analyzed for the same 
constituents as the groundwater samples and validated.  The analytical results for the field duplicates, 
and field blank are provided in Table 2, along with the field sample results. 
 
2.7 DATA EVALUATION 

The compliance well and NES groundwater analytical results are presented in Table 2.  The following 
GWPS/GPS exceedances were identified: 
 

Summary of Ponds ABC August 2024 Groundwater Sampling Events 
Constituents Exceeding GWPS/GPS 

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

(µg/L) 

Arsenic 10  ABC-1614 61.9 

Cobalt 17.3  

ABC-1608 29.5 

ABC-1614 22.1 

ABC-1616 21.7 

ABC-1617 29.7 

T-1 26.1 

Nickel 8.86 (SWP GPS only) 

ABC-1607 9.6 

ABC-1608 24.5 

ABC-1614 18.7 

ABC-1616 14.0 

ABC-1617 13.6 

ABC-1618 12.9 

T-1 15.5 
Notes: 
µg/L = micrograms per liter 
 
No GWPS/GPS exceedances were identified in the upgradient compliance well ABC-1602, upgradient 
NES well MW-4S, and temporary piezometer T-2.  
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3. Nature and Extent Study 

As discussed in Section 2, arsenic, cobalt, and nickel were detected in select Ponds ABC wells above their 
GWPS/GPS.  The purpose of this section is to delineate the extent of CCR-impacted groundwater and 
define the geochemical processes that impact the fate and transport of arsenic, cobalt, and nickel in the 
uppermost aquifer beneath Ponds ABC.  Plan view iso-concentration maps for each constituent that 
depict the spatial distribution of concentrations are provided as Figures 4, 5, and 6 respectively.  Figures 
7 and 8 depict 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, the installation of 
deeper NES wells was not necessary (see Section 2.1). 
 
Current Site conditions can be explained by the following processes: 

 CCR-impacted groundwater is delineated by reducing groundwater conditions (low dissolved 
oxygen and high iron concentrations).  The magnitude and extent of arsenic, cobalt, and nickel 
concentrations above GPWS/GPS is primarily controlled by reductive dissolution of iron 
hydroxides within and downgradient of the Ponds ABC footprint.  

 The downgradient migration of arsenic, cobalt, and nickel is likely limited by reprecipitation of 
iron hydroxides in more oxidizing portions of the aquifer.  The benefits of CCR removal are 
already noticeable in norther portions of the Site, where un-impacted background groundwater 
has begun to flow into the footprint of Ponds ABC (e.g., T-2).  Arsenic, cobalt, and nickel 
concentrations are expected to continue to decrease with time across the footprint and 
downgradient of Ponds ABC. 

 
3.1 ARSENIC 

3.1.1 Nature of Arsenic 

Arsenic is a naturally occurring trace element with both anthropogenic (e.g., CCR, mining, wood 
processing, agriculture) and natural (sulfide oxidation, iron oxide reduction) sources.  Arsenic typically 
exists in groundwater as an oxyanion in both organic and inorganic forms and in multiple redox states. 
Arsenite (As(III)) is of greater environmental concern, as it is both more mobile (greater solubility, lower 
sorption potential) in groundwater and more toxic than arsenate (As(V)) (Jung et al., 2012).  
 
Arsenic mobility in groundwater is dependent on a variety of factors, including prevailing pH and redox 
conditions, reactive mineralogy and coordinating ligand availability (e.g. iron hydroxides and organic 
carbon), and the concentration of competing ions in solution (e.g. phosphate, sulfate).  Arsenic 
mobilization in groundwater can occur in both reducing (dissolution of metal hydroxides) and oxidizing 
(sulfide mineral oxidation) environments (Smedley and Kinniburgh, 2002; Stollenwerk, 2003).  Sorption 
onto and coprecipitation with iron, aluminum, and manganese hydroxides and clay minerals are the 
most important processes controlling arsenic fate and transport (Kanel et al., 2023).  Arsenic sorption 
onto metal hydroxides is greatly influenced by pH and redox conditions, with the degree of sorption 
decreasing with increasing pH and decreasing ORP (EPA, 2004).  
 
Site-specific data indicate that arsenic concentrations above the GWPS/GPS are largely controlled by 
reductive dissolution of iron hydroxide minerals upgradient and downgradient of Ponds ABC (Figure 9).  
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Groundwater data plot along the equilibrium between ferrous iron (Fe2+) and iron hydroxide (Fe(OH)3), 
consistent with saturation index calculations that show iron hydroxides near equilibrium and aquifer 
solids characterization data that provide indirect and direct evidence for an association between arsenic 
and iron hydroxide minerals forming as discrete grains and mineral coatings (Appendix F; Figure 11 and 
Table 5).  Arsenic concentrations in background groundwater are historically below the laboratory 
detection limit. 
 
Arsenic concentrations greater than the GWPS/GPS are restricted to one well, ABC-1614, where iron-
reducing conditions (low DO, high iron concentrations) in groundwater likely promote reductive 
dissolution of iron hydroxides (Figure 10).  The iron-reducing conditions at ABC-1614 are likely promoted 
by organic deposits, as ABC-1614 historically has elevated organic carbon concentrations compared to 
other wells in the Ponds ABC monitoring network. 
 
Field measured pH and ORP also indicate that sulfate-reducing conditions may exist beneath the 
footprint (T-1 and T-2) and in some locations downgradient of Ponds ABC (ABC-1617, Figure 9).  Arsenic 
under these conditions could precipitate as arsenic-bearing sulfide phases; arsenic concentrations at 
these locations are all below the GWPS/GPS. 
 
3.1.2 Extent of Arsenic 

Reported groundwater arsenic concentrations from the 2024 nature and extent field investigation 
sampling event and the second semiannual 2024 compliance sampling event are shown in Figure 4.  
Cross-sections depicting arsenic concentrations are shown in Figures 7 and 8. 
 
Arsenic was detected during the 2nd semi-annual 2024 sampling event at concentrations exceeding the 
GWPS/GPS in the following compliance well: 

 ABC-1614 
 
While arsenic concentrations at ABC-1614 remain above the GWPS/GPS and are slightly increasing, pH 
has steadily decreased and ORP has steadily increased at ABC-1614 since completion of CCR removal in 
2019.  These changes may be related to CCR removal (completed in 2019) and a gradual shift back to 
background conditions at this location.  Lithium concentrations at ABC-1614 have decreased since 2019, 
consistent with a decreasing contribution from CCR impacted groundwater.  If pH and redox conditions 
continue these trends, arsenic concentrations would be expected to begin to decrease as oxygenated 
groundwater flushes through the aquifer and arsenic increasingly sorbs onto iron hydroxides.  The 
extent to which arsenic concentrations decrease and remain below the GWPS/GPS is therefore 
dependent on sufficient aquifer attenuation capacity and achieving and maintaining favorable pH and 
redox conditions for sorption onto iron hydroxides. 
 
A summary of historic arsenic detections at Ponds ABC is provided in Appendix G, which indicates that 
arsenic concentrations are below the GWPS/GPS and decreasing at compliance wells ABC-1607 and ABC-
1608.  Arsenic was also not detected at concentrations exceeding the GWPS/GPS in any additional 
observation wells sampled during the 2024 NES.  This includes two temporary observations wells 
installed within the footprint of Ponds ABC.  Arsenic concentrations at ABC-1616 (not detected), 
downgradient of ABC-1614, remain below the GWPS/GPS and indicate that arsenic is attenuating as 
groundwater flows toward Quantico Creek and arsenic likely sorbs onto iron hydroxides.  As shown in 
Table 3, surface water arsenic concentrations are all below the laboratory reporting limit.   
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Based on the groundwater results presented herein, coupled with the lack of detected arsenic 
concentrations in downgradient surface water samples, the extent of arsenic in the uppermost aquifer 
beneath the Unit has been adequately delineated.  Arsenic concentrations above the GWPS/GPS remain 
restricted to the area proximal to ABC-1614 and are delineated by downgradient well ABC-1616.  The 
data do not indicate any off-Site arsenic impacts associated with the on-Site arsenic groundwater 
concentrations. 
 
3.2 COBALT 

3.2.1 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 11.  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 oxide and 
clay minerals.  The extent of adsorption is greatly influenced by pH, with the degree of adsorption 
increasing with increasing pH.  At low pH, cobalt sorption onto metal hydroxides is limited even under 
oxidizing conditions.  The adsorption behavior of cobalt is also influenced by the environmental 
availability of complexing ligands.  Cobalt is moderately to highly adsorbed onto minerals in the absence 
of organic ligands, whereas at near neutral and basic pH environments and in the absence of organic 
ligands, cobalt exhibits high sorption affinity for oxidized minerals (e.g., iron hydroxides).  
 
Site data indicate that cobalt concentrations above the GWPS/GPS in the Ponds ABC monitoring 
network, like arsenic, are primarily controlled by redox conditions.  Elevated cobalt concentrations 
correlate with low DO, low ORP, and high iron concentrations, consistent with reductive dissolution of 
iron hydroxides as the primary driver for elevated cobalt concentrations (Figure 12).  
 
SEP results from temporary piezometers screened within the footprint of former Ponds ABC indicate 
that there is little cobalt beneath Ponds ABC available for desorption as background groundwater 
flushes through the footprint of Ponds ABC. 
  
3.2.2 Extent of Cobalt 

Reported groundwater cobalt concentrations from the 2024 NES and the second semiannual 2024 
compliance sampling event are shown in Figure 5.  Cross-sections depicting cobalt concentrations are 
shown in Figures 7 and 8. 
 
Cobalt was detected during the 2nd semi-annual 2024 sampling event at concentrations exceeding the 
background-based GWPS/GPS in the following compliance wells: 

 ABC-1608 

 ABC-1614 
 
Cobalt was also detected at concentrations above the GWPS/GPS in the following observation wells and 
temporary piezometers sampled during the 2024 NES: 
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 ABC-1617 

 ABC-1616 

 ABC-T-1 
 

Cobalt concentrations in downgradient surface water samples are all below the laboratory reporting 
limit.  These data do not indicate any off-Site cobalt impacts associated with the on-Site cobalt 
groundwater concentrations. 
 
The magnitude and distribution of cobalt concentrations across Ponds ABC is consistent with a 
decreasing plume mass following CCR source removal in 2019. Locations with cobalt concentrations 
currently above the GWPS/GPS are restricted to areas immediately west of the Ponds ABC, in the 
direction of groundwater flow.  Temporary piezometer T-2, located in the northern portion of the 
footprint of Ponds ABC, has low cobalt concentrations despite relatively low pH (5.37 SU) and redox 
(ORP = -287.7 millivolts [mV], DO = 0.78 milligrams per liter [mg/L]) conditions, and indicates that 
conditions are already returning to background in this portion of the Site. 
 
A summary of historic cobalt detections at Ponds ABC is provided in Appendix G which indicates that 
cobalt concentrations in compliance wells ABC-1608 and ABC-1614 have remained steady and are 
currently above the GWPS.  As background groundwater continues to displace CCR-impacted 
groundwater, cobalt concentrations are expected to begin to decrease in these locations as low-cobalt 
groundwater flushes through the aquifer and any remaining cobalt increasingly sorbs onto metal 
hydroxides. 
 
3.3 NICKEL 

3.3.1 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 13.  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 indicate that nickel concentrations above the SWP GPS in the Ponds ABC 
monitoring network are primarily controlled by reductive dissolution of iron hydroxides where CCR-
impacted groundwater is present.  Nickel concentrations correlate with cobalt concentrations and are 
associated with low DO and high iron concentrations (Figure 14). 
 
SEP results from temporary piezometers screened within the footprint of former Ponds ABC are 
analogous to cobalt results and indicate that there is minimal nickel in the sediments underneath the 
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Ponds ABC.  These data also imply that there is little nickel beneath former Ponds ABC available for 
desorption as background groundwater increasingly flows through the footprint of the Ponds ABC.  
 
3.3.2 Extent of Nickel 

Reported groundwater nickel concentrations from the 2024 nature and extent field investigation 
sampling event and the second semiannual 2024 compliance sampling event are shown in Figure 6.  
Cross-sections depicting nickel concentrations are shown in Figures 7 and 8. 
 
Nickel was detected during the 2nd semi-annual 2024 sampling event at concentrations exceeding the 
SWP GPS in the following compliance wells: 

 ABC-1607 

 ABC-1608 

 ABC-1614 
 
Nickel was also detected at concentrations above the SWP GPS in the following observation wells 
sampled during the 2024 nature and extent field investigation: 

 ABC-1618 

 ABC-1617 

 ABC-1616 

 T-1 
 
Nickel concentrations in downgradient surface water samples are all below the laboratory reporting 
limit.  These data do not indicate any off-Site nickel impacts associated with the on-Site nickel 
groundwater concentrations. 
 
The magnitude and distribution of nickel concentrations across Ponds ABC is largely consistent with a 
decreasing plume mass following CCR source removal in 2019 and is comparable to the extent of cobalt 
concentrations (see section 4.2).  Locations with nickel concentrations currently above the SWP GPS are 
primarily restricted to areas immediately west of the Ponds ABC.  Temporary piezometer T-2, located in 
the northern portion of the footprint of Ponds ABC, has low nickel concentrations (3.7 J µg/L) despite 
relatively low pH (5.37) and redox (ORP = -287.7 mV, DO = 0.78 mg/L) conditions.  These data indicate 
that conditions are already returning to background in portions of the Site following source removal. 
 
Nickel concentrations at T-1 (15.5 µg/L), while consistent with a CCR-related source, may also be related 
to elevated background nickel concentrations.  ABC-1618, installed upgradient of Ponds ABC during the 
2024 NES, has a nickel concentration of 12.8 µg/L coupled with a low boron concentration of 15.7 J µg/L.  
These data indicate that nickel concentrations at ABC-1618 may necessitate a revision to the 
background-based SWP GPS, should well ABC-1618 be added to the compliance network as an 
additional upgradient well. 
 
A summary of historic nickel detections at Ponds ABC is provided in Appendix G, which indicates that 
nickel concentrations in compliance wells ABC-1608 and ABC-1614 have remained steady and above the 
SWP GPS during the monitoring period.  As background groundwater continues to displace CCR-
impacted groundwater, nickel concentrations are expected to follow the behavior of cobalt and begin to 
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decrease in these locations as background groundwater flushes through the aquifer and any remaining 
nickel increasingly sorbs onto metal hydroxides. 
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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 Ponds ABC. 
 
4.1 CONSTITUENTS OF CONCERN 

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

Detected Groundwater 
Constituent 

GWPS/SWP GPS  
(µg/L) 

2024 NES Field Investigation and 2nd Semi-Annual 
2024 Compliance Event Concentration Range  

(µg/L) 
Minimum Maximum 

Arsenic, Total 10 2.5 U 61.9 
Cobalt, Total 17.3 0.14 U 31.0 
Nickel, Total 8.86^ 0.88 U 24.5 

Notes:  
^ = SWP GPS only; GWPS not applicable. 
U = The analyte was not detected above the level of the sample reporting limit.  

 
Discussion of the detected dissolved surface water concentrations from samples collected in accordance 
with SWP No. 617 is provided in Section 3.  No total surface water concentration data were 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 3rd quarter 2024 surface water monitoring compliance event: 
 

Detected Surface Water Constituent 
2024 3rd Quarter Compliance Event Concentration Range  

(µg/L) 
Minimum Maximum 

Arsenic, Dissolved 1.2 J 1.4 J 
Cobalt, Dissolved 0.20 U 0.22 J 
Nickel, Dissolved 0.98 J 1.5 J 

Notes:  
 J = Quantitation is approximate due to limitations identified during data validation. 
 U = The 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 GWPS/SWP GPS exceedances observed at 
the Site in 2024.  VURAM is VDEQ’s preferred tool for quantifying risks to human health. 
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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. 
  
The Site is currently an industrial property and access to the Station is restricted to the public.  As 
discussed in Section 1.2, one industrial water supply well is located at the Station approximately 1,200 
feet south-southeast of Ponds ABC.  The well is reportedly inactive.  The Site and its immediate 
surrounding area are serviced by a municipal water supply.  There are known private water supply wells 
on some residences west of the Site.  The closest residential well is located approximately 0.94 miles 
west of Ponds ABC 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 1.36 miles north in the Cherry Hill neighborhood, which is considered upgradient 
from Ponds ABC.  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, 
located downgradient of Ponds ABC.  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) 

measured at select NES and compliance wells (see Table 5).  It should be noted that 
some of the compliance wells and other NES wells have a depth to water greater than 
15 ft bgs; however, the direct contact screening level has been used as a conservative 
approach. 

 
The VURAM screening report is provided in Appendix H.  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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Constituent 
Direct Contact Construction 
Worker Groundwater Tier III  

(µg/L) 

2024 Maximum Detected  
Groundwater Concentration 

(µg/L) 
Arsenic, Total 336 61.9 
Cobalt, Total 3,360 31.0 
Nickel, Total 22,400 24.5 

 
As indicated in the table, the maximum COC concentrations detected at the Site do not exceed any of 
the applicable VRP screening levels.  Based on these results, arsenic, cobalt, and nickel concentrations in 
groundwater do not pose a risk to human health.   
 
4.3.2 Surface Water 

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

 VRP Surface Water (Marine) Tier II screening level   
– Given the proximity to the transition zone and brackish conditions of Quantico Creek, 

the saltwater screening levels were used as they are more stringent than the freshwater 
screening levels.  

 
The VURAM screening report is provided in Appendix H.  The following table provides a comparison of 
the maximum detected surface water concentrations (based on the 3rd quarter 2024 compliance 
sampling event results) to the applicable screening levels.  
 

Constituent Surface Water Marine Tier II  
(µg/L) 

2024 Maximum Detected  
Surface Water Concentration 

(µg/L) 
Arsenic, Dissolved 36 1.4 J 
Cobalt, Dissolved NA 0.22 J 
Nickel, Dissolved 8.2 1.5 J 

Note: 
 NA = not available 

 
As indicated in the table, the maximum arsenic and nickel concentrations detected at the Site do not 
exceed the applicable VRP screening levels (which are protective of human health and aquatic 
receptors).  Based on these results, arsenic and nickel concentrations in surface water do not pose a risk 
to human health and/or the environment.  
 
Cobalt does not have a VRP surface water screening level; therefore, it was retained for further 
evaluation in VURAM.  The maximum detected cobalt concentration (0.22 J µg/L) was conservatively 
used as the exposure point concentration (EPC) to quantify risks.  The VURAM software uses user-
defined EPCs with VDEQ default exposure factors for defined exposure scenarios to derive intakes and 
exposures.  The VURAM calculation report for a recreator scenario is provided in Appendix H. 
 
In accordance with VRP guidance, cumulative cancer risk estimates for a receptor are compared to an 
excess lifetime cancer risk (ELCR) range of 1 x 10-6 to 1 x 10-4.  The threshold cumulative cancer risk is 1 x 
10-4 (one in ten thousand) and the point of departure for individual constituent risk is 1 x 10-6.  Risks at 
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or below 1 x 10-4 do not warrant a response action.  Non-cancer risks are compared to a target hazard 
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 = 1.08 x 10-3 

 Non-cancer child HI = 6.27 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 arsenic, cobalt, and zinc 
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 closure by removal of Ponds ABC, 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. 
 
Source material has already been removed from the Unit, along with over excavation of a minimum of 6 
inches, and removal actions were acknowledged by VDEQ in a letter on 30 August 2019 verifying source 
removal in accordance with the Unit’s closure plan. This removal action functions as both the closure 
mechanism and the primary groundwater remedy. 
 
As it is already completed, the performance and reliability of CCR removal does not need be evaluated 
as part of the ACM.  However, CCR removal is expected to induce hydrological and geochemical changes 
to the Site that may impact the fate and transport of COCs during, and possibly after, completion.  
Therefore, a brief discussion on the 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. 
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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.  
 
5.2 GROUNDWATER REMEDIAL ALTERNATIVES 

This section discusses several groundwater remedial alternatives that may be used alone or in 
combination with another to directly address CCR impacted Site groundwater.  These alternatives will 
continue to be evaluated as additional Site-specific data are collected and then monitored and adjusted 
following initial implementation using an adaptive site management approach to meet remedial 
objectives and respond to changing Site conditions at Ponds ABC. 
 
The following Appendix IV parameters are currently identified as Site COCs/detected at statistically 
significant levels (SSLs) above the GWPS/GPS in one or more CCR compliance monitoring wells: 

 Arsenic 

 Cobalt 

 Nickel 
 
5.2.1 Alternative 1: Natural Recovery with Long Term Performance Monitoring 

Natural recovery 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 2020 ACM Report and was considered a highly reliable 
and low risk groundwater remedial alternative to address COCs. While the 2020 ACM Report primarily 
emphasized physical mechanisms (diffusion and dispersion), more recent site-specific studies have 
identified several viable chemical mechanisms, including sorption onto and coprecipitation with iron 
oxides and clay minerals, that are actively attenuating COCs in portions of the Site (Appendix F).  
Supplemental site-specific data collected during the 2024 NES support the conclusion that these 
chemical attenuation mechanisms previously identified remain viable chemical attenuation 
mechanisms, and that the area of CCR-impacted groundwater is currently stable and/or decreasing 
across the Site.  
 
CCR removal from Ponds ABC is expected to continue to promote a rapid decrease in the concentration 
of chemically conservative constituents (i.e., boron, lithium), while the long-term success of natural 
recovery for arsenic, cobalt, and nickel is dependent on 1) maintaining favorable geochemical conditions 
for the identified natural attenuation mechanisms and 2) sufficient attenuation capacity within the 
aquifer.  
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Adsorption onto amorphous and poorly crystalline metal (Al, Fe, Mn) hydroxides is a proven and 
efficient mechanism for arsenic, cobalt, and nickel remediation, with the potential to relatively quickly 
reduce concentrations below the GWPS/GPS.  Arsenic adsorption is generally greatest at lower pH 
values compared to cobalt and nickel.  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, the long-term stability of sorbing minerals, and the aquifer attenuation capacity 
(Appendix F).  As discussed above in Section 3, Site data indicate that background groundwater (ABC-
1602 and ABC-1618) is more oxidizing but generally more acidic than downgradient wells.  More 
oxidizing conditions would favor the formation of iron hydroxides and sorption of arsenic at ABC-1614, 
although more acidic conditions would not be favorable for cobalt and nickel sorption. 
 
Performance monitoring of natural recovery should be designed accordingly to monitor the progress of 
the previously identified attenuation mechanisms for arsenic, cobalt, and nickel.  Key parameters to 
monitor the progress and effectiveness of natural recovery include both pH and redox indicators (e.g., 
DO, ORP, iron).  If performance monitoring indicates that favorable geochemical conditions are not 
maintained or that the anticipated timeframe to achieve GWPS/GPS is prolonged, more active remedial 
approaches (see Alternatives 2, 3, and 4 below) can be incorporated into the groundwater remedial 
approach using an adaptive management framework. 
 
5.2.2 Alternative 2: In-Situ 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 most effective in treating reactive constituents 
including metals such as arsenic (Kacem et al., 2024).  Given the current understanding of Site conditions 
and the geochemical behavior of arsenic, cobalt and nickel, pH and/or redox adjustments would be 
targeted to optimize the sorption and/or precipitation of the COCs.  
 
This groundwater remedial alternative could be used to address each COC.  A series of Site-specific 
laboratory and pilot studies are recommended to select appropriate reagents (e.g., sodium bicarbonate, 
sodium hydroxide, calcium carbonate) and an implementation plan to effectively and permanently 
immobilize arsenic, cobalt, and nickel via sorption and mineral precipitation reactions without 
inadvertently mobilizing other (naturally occurring or CCR-derived) constituents.  
 
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).  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.  
 
This groundwater remedial alternative could be used to address each COC.  A PRB could be installed 
downgradient of Ponds ABC to intercept CCR-impacted groundwater as it flows away from the pond, 
although the exact location and size of a PRB would be designed following site-specific testing and 
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design studies.  Similar to in-situ chemical injections, the chemical reagent selected for the PRB should 
be selected following site-specific testing to ensure that it can effectively and permanently immobilize 
arsenic, cobalt, and nickel through sorption and/or precipitation reactions under prevailing geochemical 
conditions.  
 
5.2.4 Alternative 4: Hydraulic Containment with Ex-Situ Treatment 

Hydraulic containment involves extracting groundwater through series of extraction wells and/or 
trenches to induce a hydraulic gradient and manipulate groundwater flow and/or capture impacted 
groundwater (Mackay and Cherry, 1989).  Hydraulic containment can be an effective remedy to control 
the migration of both reactive (i.e., arsenic, cobalt, and nickel) and chemically conservative phases (e.g., 
boron, lithium), although the time required can often be long relative to other alternatives (e.g., in-situ 
injections, PRB).  
 
Following extraction, the impacted groundwater can be treated and either discharged through a 
permitted feature or reinjected into the ground.  Treatment systems are complex with ongoing 
operation and maintenance and would generate a secondary waste stream – including regeneration/ 
replacement of ion exchange media or concentration of reject water from a reverse osmosis system.  
Approvals and permitting would be required for discharge of treated groundwater. Implementation of 
an effective hydraulic control system would require a detailed design effort with pilot testing, such as 
pumping tests and additional groundwater modeling, to verify the hydraulic capture zone.  Bench scale 
testing may also be required to design the water treatment system. 
 
Once implemented, depletion of Site-related constituents in groundwater would allow the 
concentration of constituents to attenuate and pumping would cease over time, once constituent levels 
are less than GWPS/GPS.  Following the installation of hydraulic controls and water treatment, 
operation and maintenance of the system as well as groundwater sampling to monitor system 
performance would be expected.   
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6. Assessment of Corrective Measures 

In accordance with 40 CFR Part 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 Part 257.97, 
as outlined in the following sections.  The threshold criteria listed below (except for that listed in Section 
6.1.4) 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 7. 
 
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 the 
arsenic, 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 measure 
alternative meets the threshold criterion of being protective to human health and the environment. 
 
6.1.2 GWPS/GPS Attainment - 40 CFR § 257.97(b)(2) 

CCR removal has effectively eliminated additional CCR-related constituents from entering the 
subsurface. Given estimated groundwater velocities (ranging from approximately 32 to 137 feet per year 
[ft/year]), preliminary transport modeling suggests that cobalt concentrations are expected to decrease 
below the GWPS/GPS and nickel concentrations are expected to return to background concentrations 
within approximately 35 years under Alternative 1 (Appendix I).  Alternatives 2, 3, and 4 are expected to 
achieve the GWPS/GPS in timeframes comparable and/or less than Alternative 1, although the timing 
may be partly offset by the additional time required to implement Alternatives 2, 3, and 4.  
 
Additional forward modeling and Site-specific testing will further constrain the timing of GWPS/GPS 
attainment under each groundwater remedial alternative.  This will 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 (Alternatives 1 and 4) and account for specific 
chemical reagents introduced into the aquifer (Alternatives 2 and 3).  For example, the timing and 
extent to which geochemical conditions (pH and redox conditions) evolve will influence the degree to 
which arsenic, cobalt, and nickel concentrations decease below the GWPS/GPS and the efficacy of 
Alternative 1 (cobalt and nickel) and will also influence the design and implementation of chemical 
reagents as part of Alternatives 2 and 3 (arsenic, cobalt, and nickel).  
 
6.1.3 Source Control - 40 CFR § 257.97(b)(3) 

Complete removal of CCR material, along with over-excavation of a minimum of 6 inches, located from 
within the boundaries Ponds ABC, is the ultimate source control measure and has already been 
completed.  Each corrective measure presented here is expected to further reduce CCR-related 
constituent concentrations remaining in groundwater and is not expected to interfere with source 
control via closure.  Therefore, Alternatives 1, 2, 3, and 4 all meet this threshold requirement. 
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6.1.4 Contaminated Material Removal - 40 CFR § 257.97(b)(4) 

With the removal of the CCR material completed, the primary source material has been effectively 
removed, and no additional material will be excavated. None of the corrective measure 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 CRITERION–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 the 
arsenic, 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 has been removed.  As documented in 
Section 4, the results of the risk evaluation conducted using VURAM indicate that the arsenic, 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 of 
the remedial alternatives, limited to performance monitoring to verify natural recovery of the CCR-
related arsenic, 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. 
 
6.2.4 Short-Term Risks - 40 CFR § 257.97(c)(1)(iv) 

No short-term risks are anticipated based on the current arsenic, cobalt, and nickel groundwater 
concentrations.  There are no other additional environmental or community risks related to 
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implementing Alternative 1, which is considered highly favorable.  Alternative 2 would involve modest 
increased traffic and construction during remedy implementation and is considered favorable.  
Alternative 3 would require additional traffic associated with possible off-Site disposal of soils removed 
during construction of the PRB and is considered less favorable.  Alternative 4 would likely require the 
greatest amount of traffic involved with construction of a treatment system and associated conveyance 
piping and is considered least favorable. 
 
6.2.5 Time to Full Protection - 40 CFR § 257.97(c)(1)(v) 

An initial evaluation of the estimated to achieve GWPS/GPS for cobalt and nickel based on 1-D transport 
modeling suggests that Alternative 1 would require up to approximately 35 years.  This time estimate is 
dependent on a variety of factors, including groundwater velocity and prevailing geochemical conditions 
during and after closure, and the current background-based GWPS/GPS as it varies over time.  This 
timeframe is considered favorable and reasonable compared to Alternatives 2, 3, and 4.  Timeframes 
estimated from transport modeling should be updated as needed as additional data are collected during 
and after closure and during performance monitoring. 
 
Alternatives 2 and 3 may achieve the GWPS/GPS in a shorter period compared to Alternative 1, and 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).  As discussed in section 6.1.2, the 
decreased time for Alternatives 2 and 3 may be partly offset by the additional time required to 
implement each remedy, which includes the time required to select appropriate reagents, design the 
remedy, and field implementation.  Alternatives 2 and 3 are also considered favorable. 
 
The time required to achieve full protection for Alternative 4 will be dependent on design and 
implementation of the groundwater extraction network.  Alternative 4 is also considered favorable. 

 
6.2.6 Potential for Exposure - 40 CFR § 257.97(c)(1)(vi) 

Given the completed 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 groundwater monitoring activities.  Alternative 3 would involve some 
additional exposure potential during construction of the PRB and is considered favorable.  Alternative 4 
would also 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, and through continued groundwater monitoring.  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 
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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.  An adaptive site management approach is recommended, following initial implementation, to 
meet remedial objectives and respond to potential changes in Site conditions. 
 
Alternative 1 is considered highly favorable and is least likely to require replacement, as natural 
attenuation processes are currently on-going and are expected to continue and further reduce cobalt 
and nickel concentrations following CCR removal.  Alternatives 2 and 3 are both considered favorable for 
arsenic, nickel, and cobalt, 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 CRITERION–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 will 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. 
 
6.4 BALANCING CRITERION–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 is 
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. 
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6.4.2 Technology Reliability - 40 CFR § 257.97(c)(3)(ii) 

Alternative 1 is considered highly reliable.  Natural recovery mechanisms for arsenic, 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 F).  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 and will depend on the success of the chosen reagents to effectively 
and permanently immobilize and remove arsenic, cobalt, and nickel from groundwater, including the 
possibility of installing additional injection wells and replenishing reagents into the aquifer.  Alternative 
3 is also considered reliable, as it will rely on both the effectiveness of the chosen reagent, and the 
potential for replenishment and maintenance of the PRB following installation. 
 
Alternative 4 is considered less favorable as it 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) 

No permits are anticipated for natural recovery other than a modified SWP to incorporate the corrective 
action remedy, which would be required for all alternatives.  Post removal groundwater and surface 
water monitoring would 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 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)(iv) 

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 and no additional storage and disposal 
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requirements are anticipated.  Alternative 3 is considered less favorable because of the anticipated 
volume of waste material created during PRB construction.  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 spend 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 $750,000 (using Net Present Value).  This cost assumes up to 7 sample locations, 
semi-annual performance monitoring, and associated data summaries.  

 Alternative 2, In-situ Chemical Injections:  Over a 10-year time frame this cost would be 
approximately $5,000,000 (using Net Present Value).  This cost assumes installation of up to 10 
recirculation wells and 2 monitoring wells (approximately $1,500,000 in up front capital costs), 
yearly operations and maintenance and semi-annual performance monitoring (approximately 
$350,000 per year over 10 years), and associated data summaries. 

 Alternative 2, Permeable Reactive Barrier:  Over a 10-year time frame this cost would be 
approximately $9,000,000 (using Net Present Value).  This cost assumes installation of a 400-
foot long and 30-foot deep PRB (approximately $8,000,000 in up front capital costs), yearly 
operations and maintenance and semi-annual performance monitoring (approximately $75,000 
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 $12,000,000 (using Net Present Value).  This cost assumes installation of a 400 feet long 
trench that would be 2 feet wide by 30 feet deep, a system to convey groundwater to a 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. 
 
  



 

32 
 

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 potential 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 arsenic, 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 SWP 617, CCR material and a minimum of 6 inches of subsurface soils in Ponds ABC 
has already been removed.  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 
been removed, Alternative 1 (natural recovery with performance monitoring), Alternative 2 (in-situ 
injections), or a combination of both alternatives in whole or for select COCs would likely address any 
remaining impacts with a high likelihood of reliability and low risk.  Future studies prior to formal 
remedy selection will be necessary to validate all alternative mechanisms and time frames.  Alternatives 
3 and 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 also have 
additional short-term risks and lower long-term reliability when compared to Alternative 1.  
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APPENDIX A 
Conceptual Site Model Update 















































 

 

APPENDIX B 
Boring Logs and Well Construction Details 

 







































 

 

APPENDIX C 
Field Sampling Logs 













































 

 

APPENDIX D 
Analytical Laboratory Reports and Data Usability 
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APPENDIX E 
Summary of Hydraulic Conductivity Data and AQTESOLV 
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APPENDIX F 
Anchor QEA Monitored Natural Attenuation Evaluation 













 

Monitored Natural Attenuation Evaluation iv March 2022 

Figure 16 SEM Results and Imagery 
Figure 17 Post-Column SSE Results for Aquifer Solids 
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Figure 20 Dissolved Arsenic Breakthrough Curves 
Figure 21 Arsenic Mass Uptake Versus Arsenic Mass Loading: Columns 1, 3, and 5 
Figure 22 Dissolved Lithium Breakthrough Curves 
Figure 23 Lithium Mass Uptake Versus Lithium Mass Loading: Columns 1, 3, and 5 
Figure 24 Dissolved Cobalt Breakthrough Curves 
Figure 25 Cobalt Mass Uptake Versus Cobalt Mass Loading: Columns 2, 4, and 6 
Figure 26 Dissolved Boron Breakthrough Curves 
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ASTM American Society for Testing and Materials

A2LA American Association for Laboratory Accreditation

CARB California Air Resources Board

CAS Number Chemical Abstract Service registry Number

CFC Chlorofluorocarbon

CFU Colony-Forming Unit

DEC Department of Environmental Conservation

DEQ Department of Environmental Quality

DHS Department of Health Services

DOE Department of Ecology

DOH Department of Health

EPA U. S. Environmental Protection Agency

ELAP Environmental Laboratory Accreditation Program

GC Gas Chromatography

GC/MS Gas Chromatography/Mass Spectrometry

LOD Limit of Detection

LOQ Limit of Quantitation

LUFT Leaking Underground Fuel Tank

M Modified
MCL Maximum Contaminant Level is the highest permissible concentration of a substance 

allowed in drinking water as established by the USEPA.

MDL Method Detection Limit

MPN Most Probable Number

MRL Method Reporting Limit

NA Not Applicable

NC Not Calculated

NCASI National Council of the Paper Industry for Air and Stream Improvement

ND Not Detected

NIOSH National Institute for Occupational Safety and Health

PQL Practical Quantitation Limit

RCRA Resource Conservation and Recovery Act

SIM Selected Ion Monitoring

TPH Total Petroleum Hydrocarbons
tr Trace level is the concentration of an analyte that is less than the PQL but greater than or 

equal to the MDL.

Acronyms
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Inorganic Data Qualifiers

* The result is an outlier.  See case narrative.

# The control limit criteria is not applicable.  See case narrative.

B The analyte was found in the associated method blank at a level that is significant relative to the sample result as defined by the 
DOD or NELAC standards.

E The result is an estimate amount because the value exceeded the instrument calibration range.

J The result is an estimated value.

U The analyte was analyzed for, but was not detected ("Non-detect") at or above the MRL/MDL.
DOD-QSM 4.2 definition : Analyte was not detected and is reported as less than the LOD or as defined by the project. The 
detection limit is adjusted for  dilution.

i The MRL/MDL or LOQ/LOD is elevated due to a matrix interference.

X See case narrative.

Q See case narrative.  One or more quality control criteria was outside the limits.

H The holding time for this test is immediately following sample collection. The samples were analyzed as soon as possible after
receipt by the laboratory. 

Metals Data Qualifiers

# The control limit criteria is not applicable.  See case narrative.

J The result is an estimated value.

E The percent difference for the serial dilution was greater than 10%, indicating a possible matrix interference in the sample.

M The duplicate injection precision was not met.  

N The Matrix Spike sample recovery is not within control limits.  See case narrative.

S The reported value was determined by the Method of Standard Additions (MSA).

U The analyte was analyzed for, but was not detected ("Non-detect") at or above the MRL/MDL.
DOD-QSM 4.2 definition : Analyte was not detected and is reported as less than the LOD or as defined by the project. The 
detection limit is adjusted for  dilution.

W The post-digestion spike for furnace AA analysis is out of control limits, while sample absorbance is less than 50% of spike 
absorbance.

i The MRL/MDL or LOQ/LOD is elevated due to a matrix interference.

X See case narrative.
+ The correlation coefficient for the MSA is less than 0.995.

Q See case narrative.  One or more quality control criteria was outside the limits.

Organic Data Qualifiers

* The result is an outlier.  See case narrative.

# The control limit criteria is not applicable.  See case narrative.

A A tentatively identified compound, a suspected aldol-condensation product.

B The analyte was found in the associated method blank at a level that is significant relative to the sample result as defined by the 
DOD or NELAC standards.

C The analyte was qualitatively confirmed using GC/MS techniques, pattern recognition, or by comparing to historical data.

D The reported result is from a dilution.

E The result is an estimated value.

J The result is an estimated value.

N The result is presumptive.  The analyte was tentatively identified, but  a confirmation analysis was not performed.

P The GC or HPLC confirmation criteria was exceeded.  The relative percent difference is greater than 40% between the two 
analytical results.

U The analyte was analyzed for, but was not detected ("Non-detect") at or above the MRL/MDL.
DOD-QSM 4.2 definition : Analyte was not detected and is reported as less than the LOD or as defined by the project. The 
detection limit is adjusted for  dilution.

i The MRL/MDL or LOQ/LOD is elevated due to a chromatographic interference.

X See case narrative.
Q See case narrative.  One or more quality control criteria was outside the limits.

Additional Petroleum Hydrocarbon Specific Qualifiers

F The chromatographic fingerprint of the sample matches the elution pattern of the calibration standard.

L The chromatographic fingerprint of the sample resembles a petroleum product, but the elution pattern indicates the presence of a 
greater amount of lighter molecular weight constituents than the calibration standard.

H The chromatographic fingerprint of the sample resembles a petroleum product, but the elution pattern indicates the presence of a 
greater amount of heavier molecular weight constituents than the calibration standard.

O The chromatographic fingerprint of the sample resembles an oil, but does not match the calibration standard.
Y The chromatographic fingerprint of the sample resembles a petroleum product eluting in approximately the correct carbon range, 

but the elution pattern does not match the calibration standard.

Z The chromatographic fingerprint does not resemble a petroleum product.
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Agency Web Site Number

  Alaska DEH http://dec.alaska.gov/eh/lab/cs/csapproval.htm UST-040

  Arizona DHS http://www.azdhs.gov/lab/license/env.htm AZ0339

  Arkansas - DEQ http://www.adeq.state.ar.us/techsvs/labcert.htm 88-0637

  California DHS (ELAP) http://www.cdph.ca.gov/certlic/labs/Pages/ELAP.aspx 2795

  DOD ELAP http://www.denix.osd.mil/edqw/Accreditation/AccreditedLabs.cfm L16-58-R4

  Florida DOH http://www.doh.state.fl.us/lab/EnvLabCert/WaterCert.htm E87412

  Hawaii DOH http://health.hawaii.gov/ -
  ISO 17025 http://www.pjlabs.com/ L16-57

  Louisiana DEQ http://www.deq.louisiana.gov/page/la-lab-accreditation 03016

  Maine DHS http://www.maine.gov/dhhs/ WA01276

  Minnesota DOH http://www.health.state.mn.us/accreditation 053-999-457

  Nevada DEP http://ndep.nv.gov/bsdw/labservice.htm WA01276

  New Jersey DEP http://www.nj.gov/dep/enforcement/oqa.html WA005

  New York - DOH https://www.wadsworth.org/regulatory/elap 12060

  North Carolina DEQ

https://deq.nc.gov/about/divisions/water-resources/water-resources-
data/water-sciences-home-page/laboratory-certification-branch/non-field-lab-
certification 605

  Oklahoma DEQ http://www.deq.state.ok.us/CSDnew/labcert.htm 9801

  Oregon – DEQ (NELAP)
http://public.health.oregon.gov/LaboratoryServices/EnvironmentalLaborator
yAccreditation/Pages/index.aspx WA100010

  South Carolina DHEC http://www.scdhec.gov/environment/EnvironmentalLabCertification/ 61002

  Texas CEQ http://www.tceq.texas.gov/field/qa/env_lab_accreditation.html T104704427

  Washington DOE http://www.ecy.wa.gov/programs/eap/labs/lab-accreditation.html C544

  Wyoming (EPA Region 8) https://www.epa.gov/region8-waterops/epa-region-8-certified-drinking-water- -

  Kelso Laboratory Website www.alsglobal.com NA

ALS Group USA Corp. dba ALS Environmental (ALS) - Kelso
State Certifications, Accreditations, and Licenses

Analyses were performed according to our laboratory’s NELAP-approved quality assurance program.   A complete listing of 
specific NELAP-certified analytes, can be found in the certification section at www.ALSGlobal.com or at the accreditation bodies 
web site.
Please refer to the certification and/or accreditation body's web site if samples are submitted for compliance purposes.  The states 
highlighted above, require the analysis be listed on the state certification if used for compliance purposes and if the method/anlayte 
is offered by that state.
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APPENDIX G 
Historical COC Trends 

 





 

 

APPENDIX H 
VURAM Outputs 



























 

 

APPENDIX I 
Transport Modeling Results 

 







 

 

APPENDIX J 
Public Participation Documentation 

 

 

 

























PUBLIC MEETING DISPLAYS

The public meeting was held at Potomac High School in Dumfries, VA on Wednesday 
November 2, 2022. The meeting was a “science fair” style presentation. Dominion 
representatives from Possum Point Power Station and Dominion Environmental/Groundwater 
were on hand to discuss the purpose, the presented posters, and address questions. An 
independent court reporter was also present to record any public comments (none were 
received in person at the event).  

The following are the informational posters used during the public meeting.  



Possum Point Station

Brief Facts

Dumfries, VA
Possum Point Power Station began power generation at Unit 1 in 1948. 
Since that time 5 additional units have been placed into service including the 
most recent in 2003, along with 6 combustion turbines. Power from the station 
serves more than 161,000 homes. The energy produced at Possum Point 
is a vital part of meeting Virginia�s electricity needs.

� Net power generation of 645 MW
� The station generates power using Natural Gas and #2 fuel oil
� Has not burned coal since 2003
� Possum Point is named for the shape of the land that resembles 

the head and nose of an opossum 

Dominion Energy In the Community
� Over $275,000 in donations to Prince William County over the past 5 years

� Recent recipients include PWC Community Foundation, The Manassas 
Ballet Theatre, Literacy Volunteers of Prince William, PWC Library 
Foundation, Project Mend-a-House and Youth for Tomorrow

� Support Prince William County Public Schools SPARK Program
� Support and volunteer with the Potomac Welding and Vocational Program
� Volunteer work with Pink Space Theory
� We support the banding of peregrine falcon chicks nesting at the station
� Annual Thanksgiving food drives, Adopt-a-Highway and 

countless volunteer hours



CCR Units

Coal combustion residuals (CCR) were managed 
in five units at Possum Point Power Station

Former Ponds ABC
� Constructed 1955
� Ceased CCR placement 1967
� CCR removal completed 2019

Pond D
� Constructed 1960s; modified 1988
� Ceased CCR placement 2003
� Consolidation of CCR from Ponds ABC and 

Pond E into Pond D was completed in 2019
Former Pond E

� Constructed 1967
� Ceased CCR placement 2003
� CCR removal completed 2019



Groundwater Solid Waste 
Regulatory Process

1. Install groundwater monitoring wells upgradient and 
downgradient from the unit.

2. Establish background groundwater quality and establish 
groundwater protection standards for each constituent.

3. Monitor groundwater semi-annually.

4. If groundwater results indicate a concentration 
above a groundwater protection standard:

a. Define extent of impact by adding additional wells.
b. Compare corrective action alternatives to identify one 

that is most appropriate for the unit.
c. Hold a public meeting to discuss results of these actions and 

gather public comment on the corrective action assessment.
WE ARE HERE

d. Submit results of groundwater study and corrective action 
alternatives to Virginia Department of Environmental Quality (DEQ).

e. Propose corrective action plan to DEQ.
f. DEQ holds public hearing to gather comments on 

proposed corrective action plan.
g. DEQ amends the facility�s solid waste permit to incorporate 

the corrective action plan.
h. Implement corrective action plan.

5. Must show compliance with groundwater protection standards 
for five consecutive years to complete corrective action.



Regulatory Citations 
for CCR

Federal CCR Rule
The federal Coal Combustion Residuals (CCR) Rule 
regulates the disposal of coal ash in landfills and 
surface impoundments. It requires groundwater 

monitoring and corrective action if certain 
constituents are detected above defined standards. 

§

Virginia Solid Waste Management Regulations
Virginia regulations incorporate certain aspects 

of the Federal CCR Rule along with state-specific 
requirements for groundwater monitoring 

at CCR locations, corrective action, 
and public participation.

Additional Closure Requirements in Virginia
A 2019 Virginia law requires removal of the 

CCR within the Possum Point Pond D 
surface impoundment by 2034.

Protect the environment by 
meeting state and federal standards.

Ensure safety in our communities �
we live here, too. 

Communicate with our neighbors 
every step of the way.

Our Commitment to Getting it Right



Introduction to Groundwater Monitoring



Monitoring results meet groundwater 
protection standards 

Monitoring results exceed Federal 
groundwater protection standard (GWPS)

Monitoring results exceed Solid Waste Permit 
groundwater protection standard (GPS)

NickelBoron

Arsenic

Former Ponds ABC

Background Well

Constituent
Federal GWPS

( g/L)
Permit GPS

( g/L)
ABC-1602 ABC-1607 ABC-1608 ABC-1614

Antimony 6 6 � � � �
Arsenic 10 10 � � � �
Barium 2000 2000 � � � �
Beryllium 4 4 � � � �
Boron -- 94.5 � � � �
Cadmium 5 5 � � � �
Chromium 100 100 � � � �
Cobalt 30.4 24.9 � � � �
Copper -- 1300 � � � �
Fluoride 4000 4000 � � � �
Lead 15 5 � � � �
Lithium 40 25 � � � �
Mercury 2 2 � � � �
Molybdenum 100 5 � � � �
Nickel -- 11.3 � � � �
Radium 226+228 (in pCi/L) 5 5 � � � �
Selenium 50 50 � � � �
Silver -- 5 � � � �
Thallium 2 2 � � � �
Tin -- 11.4 � � � �
Vanadium -- 5 � � � �
Zinc -- 50 � � � �

Downgradient Wells



Monitoring results 
meet groundwater 
protection standards 

Monitoring results 
exceed Federal 
groundwater 
protection standard 
(GWPS)

Monitoring results 
exceed Solid Waste 
Permit groundwater 
protection standard 
(GPS)

Pond D

CobaltBoron

NickelLithium

Constituent
Federal GWPS

( g/L)
Permit GPS

( g/L)
ED-24R ED-1612 ED-1D ED-9R2 ED-1605 ED-1606 SD-1603 SD-1604

Antimony 6 6 � � � � � � � �
Arsenic 10 10 � � � � � � � �
Barium 2000 2000 � � � � � � � �
Beryllium 4 4 � � � � � � � �
Boron -- 252.2 � � � � � � � �
Cadmium 5 5 � � � � � � � �
Chromium 100 100 � � � � � � � �
Cobalt 6 1 � � � � � � � �
Copper -- 1300 � � � � � � � �
Fluoride 4000 4000 � � � � � � � �
Lead 15 1 � � � � � � � �
Lithium 40 25 � � � � � � � �
Mercury 2 2 � � � � � � � �
Molybdenum 100 5.8 � � � � � � � �
Nickel -- 5 � � � � � � � �
Radium 226+228 (in pCi/L) 5 5 � � � � � � � �
Selenium 50 50 � � � � � � � �
Silver -- 5 � � � � � � � �
Thallium 2 2 � � � � � � � �
Tin -- 11 � � � � � � � �
Vanadium -- 5 � � � � � � � �
Zinc -- 50 � � � � � � � �

Background Wells Downgradient Wells



Former Pond E

Constituent
Federal GWPS

( g/L)
Permit GPS

( g/L)
ED-24R ED-26 ES-3D ES-1609 ES-1613 T-1615S T-1615D

Antimony 6 6 � � � � � � �
Arsenic 10 10 � � � � � � �
Barium 2000 2000 � � � � � � �
Beryllium 4 4 � � � � � � �
Boron -- 250 � � � � � � �
Cadmium 5 5 � � � � � � �
Chromium 100 100 � � � � � � �
Cobalt 6 5 � � � � � � �
Copper -- 1300 � � � � � � �
Fluoride 4000 4000 � � � � � � �
Lead 15 5 � � � � � � �
Lithium 40 25 � � � � � � �
Mercury 2 2 � � � � � � �
Molybdenum 100 10 � � � � � � �
Nickel -- 5 � � � � � � �
Radium 226+228 (in pCi/L) 5 5 � � � � � � �
Selenium 50 50 � � � � � � �
Silver -- 5 � � � � � � �
Thallium 2 2 � � � � � � �
Tin -- 10.1 � � � � � � �
Vanadium -- 5 � � � � � � �
Zinc -- 50 � � � � � � �

Background Wells Downgradient Wells

Boron Cobalt

Nickel Zinc

Monitoring results 
meet groundwater 
protection standards 

Monitoring results 
exceed Federal 
groundwater 
protection standard 
(GWPS)

Monitoring results 
exceed Solid Waste 
Permit groundwater 
protection standard 
(GPS)



Evaluated Remediation 
Technologies

Assessment of Corrective Measures �
Evaluation Criteria

Remedy Threshold Criteria
Human Health and 
Environment Protection
GWPS/GPS Attainment
Source Control
Removal of contaminated 
material
Waste management

Evaluation Factors
Effectiveness and 
Protectiveness
Effectiveness of source control
Ease of implementation
Community concerns

Based on site characteristics, 
these remedial options were evaluated.

� Ash Source Removal �
Excavation of Pond D and 
disposal in an engineered 
multi-layered modern lined landfill

� Monitored Natural Attenuation 
(Natural Recovery)

� In-Situ Groundwater Treatment
� Hydraulic Control with Ex-Situ Treatment



Closures By Removal: 
Before & After

Former Ponds ABC

Former Pond E

APPROXIMATE APPROXIMATE 
LIMITS OF CLOSURE LIMITS OF CLOS
BY REMOVAL

AA
LLL
BB

APPROXIMATE APPROXIMATE
LIMITS OF CLOSURE LIMITS OF CLOS
BY REMOVAL

� Constructed: 1955
� 1 upgradient monitoring well
� 3 downgradient monitoring wells

� Removal of CCR verified by DEQ � 2019
� No new or old CCR exists
� Groundwater monitoring continues

� Constructed: 1967
� 2 upgradient monitoring wells
� 8 downgradient monitoring wells

� Removal of CCR verified by DEQ � 2019 
� No new or old CCR exists
� Groundwater monitoring continues



PUBLIC COMMENTS VIA MAIL OR EMAIL



From: Dean Naujoks
To: ACM Comments
Cc: Doucette, Richard (DEQ); Dennis A Slade (Services - 6); Faha, Thomas (DEQ); Ann Wheeler; Bailey, Andrea;

Smith, Thomas J.; Yolanda; Giovia, Jacob; Senator Scott Surovell
Subject: [EXTERNAL] Possum Point Power Station Public Comments
Date: Thursday, November 10, 2022 1:37:13 PM
Attachments: Possum Point AEMS Pond E Report (2).pdf

CAUTION! This message was NOT SENT from DOMINION ENERGY 
Are you expecting this message to your DE email? Suspicious? Use PhishAlarm to report the message. Open a
browser and type in the name of the trusted website instead of clicking on links. DO NOT click links or open

attachments until you verify with the sender using a known-good phone number. Never provide your DE
password.

TO: Dominion Energy and The Virginia Department of Environmental Quality
FROM: Dean Naujoks, Potomac Riverkeeper Network
Re: Groundwater Contamination at Dominion’s Possum Point Power Plant
DATE: 11/10/2022

To whom it may concern,  

The Potomac Riverkeeper Network is deeply concerned regarding groundwater contamination from
closed coal ash waste ponds at the Possum Point power plant (“Possum Point”) in Dumfries,
Virginia.  As you know, Possum Point has accumulated over 4 million tons of toxic coal ash waste,
which it has placed in five unlined waste ponds, labeled A-E, located on or very near the Potomac
River. The majority of that waste was dumped into the two largest ponds, D and E. Over the past
seven years, Dominion has worked to permanently close Ponds A-E, and consolidate the remaining
ash in Pond D.

Pursuant to state and federal law and regulations, Dominion is conducting post-closure monitoring
of the groundwater on the site, to track levels of coal ash related metals that have leached out of the
ponds into the environment. Dominion’s monitoring shows that metals from coal ash such as
arsenic, boron, cobalt and radium 226 have all been detected at levels that exceed groundwater
quality standards set by the Commonwealth of Virginia. Dominion has reported exceedances of state
and federal groundwater protection standards at all five of the pond sites in 2022, and many
exceedances in the past three years. Given the proximity of the groundwater to Quantico Creek and
the Potomac River, there is little doubt that this contamination is reaching both waterways.
Dominion also acknowledged at the recent public information session that they are still providing
bottled water to nearby residents due to drinking well contamination linked to coal ash. Despite this
trend, Dominion has so far failed to develop a corrective action plan to address the contamination,
beyond relying on “natural recovery,” a euphemism for merely waiting to see if the levels of
pollution diminish naturally over time.  Based on Dominion’s own reporting, contamination at this
site is increasing, not decreasing, despite Dominion having “closed” all the ponds except D.

The remediation and disposal of coal ash waste at Possum Point is also governed by legislation
passed in Virginia in 2019, which requires Dominion to safely dispose of, or recycle, approximately
28 million tons of coal ash at four of its power plants in the Chesapeake Bay watershed in Virginia,
including Possum Point. The legislation gives Dominion the flexibility to recycle the ash at two



locations, dispose of it offsite or dispose of it onsite in a lined landfill. In January 2022 Dominion
announced that it would apply for permits to construct a new lined landfill at Possum Point to hold
the toxic ash that is currently in Pond D.  However, this new landfill would be built at least partially
on the same footprint as the defunct Pond E, where coal ash has contaminated the groundwater
under the site. Dominion appears intent on moving forward with its plan to build a new coal ash
landfill on the site, while failing to address legacy contamination from its unlined ponds which
continues to pollute the site and the Potomac River. Unfortunately, Dominion’s track record of
complying with environmental safeguards at Possum Point is far from stellar.  In March 2020,
Dominion agreed to pay a $1.4 million fine for multiple violations of federal and state law, stemming
from its illegal draining and dumping of 27.5 million gallons of polluted coal ash wastewater into
Quantico Creek and the Potomac River.

As support for our concerns, I am attaching a brief analysis of Dominion’s groundwater monitoring
reports prepared by AEMS Consulting and Potomac Riverkeeper Network.  As the analysis shows,
Dominion’s most recent reports completely fail to assess the impact that construction of a new
landfill will have on the contamination onsite, or any future efforts to clean up the groundwater
pollution. Dominion has also failed to develop any clear timeline for proposing corrective actions, as
required by law, that must be implemented to address the groundwater standard exceedances.

The Potomac Riverkeeper Network is deeply concerned about Dominion’s complete lack of urgency
and failure to address its ongoing pollution of the Possum Point site and the Potomac River with high
levels of coal ash metals. The 2019 legislation passed by the Virginia General Assembly and state and
federal regulations governing coal ash disposal clearly require Dominion to safely manage and
dispose of coal ash in a timely manner.  In addition, a separate legal settlement agreement entered
into by Dominion Energy and Prince William County required Dominion to install a water treatment
system to treat wastewater pumped from Pond D during the planned dewatering of the pond.  This
requirement was also reflected in a 2016 VPDES permit modification for the facility.  At a minimum,
Dominion should be required to assess whether it can use this treatment system to also treat
contaminated groundwater from the site, either before or after it begins draining the water from
Pond D.
 
The Potomac Riverkeeper Network values and cherishes the Potomac River as a beautiful natural
resource that must be protected for current and future generations.  We expect Dominion Energy to
follow the law and share this vision of a clean, safe environment. Please see attached.  
 
Respectfully,
 
Dean Naujoks, Potomac Riverkeeper
Potomac Riverkeeper Network Inc.

3070 M Street, NW
Washington, DC 20007
336-809-6041
PRKN Main Phone: 202-888-2037  



dean@potomacriverkeeper.org 
Facebook – Twitter – Donate
Selected for the 2014/15 Catalogue for Philanthropy: Greater Washington 







Dominion Energy Services, Inc.
120 Tredegar Street, Richmond, VA 23219 
DominionEnergy.com 

Memorandum
To:  Richard Doucette,  

Virginia Department of Environmental Quality 
Land Protection and Revitalization Manager, Northern Regional Office
 

From: Dennis A. Slade
 
Date: December 16, 2022 
 
RE:  Response to Public Comments on the Dominion Energy Possum Point Ponds ABC, 

D, and E (SWP #617) Assessment of Corrective Measures Report 

Dominion Energy is in receipt of comments made by the Potomac Riverkeeper Network 
(PRK) (see attached) regarding the Assessments of Corrective Measures (ACM) 
performed pursuant to the federal CCR Rule (40 CFR 257.96 - .97), the Virginia Solid 
Waste Management Regulations (9 VAC 20-81-260), and Solid Waste Permit (SWP) 
#617 for the Possum Point Power Station CCR Surface Impoundments.  The PRK 
comments are  the only set of comments received on the ACM Reports. 

The initial submittal of the ACM Reports identified options for addressing the existing 
groundwater impacts on the Station property.  Further evaluations have been performed 
after the ACM Report submittals, and more will be performed to support a remedial 
selection that will then be provided to the Virginia Department of Environmental Quality 
(VDEQ) in a Corrective Action Plan. 

Dominion Energy is following the process for corrective action as stated above while 
balancing the requirements of Virginia Code §10.1-1402.03 that requires the closure by 
removal of coal combustion residual material in Pond D at the Possum Point Power 
Station.  In the interim, our monitoring program, which includes surface water monitoring, 
indicates the groundwater impacts are limited to our property and there are no identified 
risks to offsite receptors.   



2 

PRK’s comments relative to the ACM reports inaccurately portray the facts, analysis,
and regulatory process applicable to groundwater corrective action evaluations for the 
Possum Point former and existing CCR surface impoundments. Given the few results 
above applicable standards, established stable and decreasing trends in constituent 
concentrations, and significance of source removal, corrective measures under 
consideration appropriately include a natural recovery or monitored natural attention 
approach.   
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