2021/2022 Annual
Groundwater Monitoring
Report

Columbia Fuel Fabrication Facility
Hopkins, Richland County, South Carolina

Westinghouse Electric Company, LLC

Project Number: 60641050

September 2022



2021/2022 Annual Groundwater Monitoring
Report

Quality information

Prepared by Checked by

Jeremy Grant Chuck Suddeth, PG
Remediation Services Lead Senior Hydrogeologist
jeremy.grant@aecom.com charles.suddeth@aecom.com
803.422.2910 803.530.2931

Prepared for:

Westinghouse Electric Company, LLC
5801 Bluff Road
Hopkins, SC 29061

Prepared by:

Jeremy Grant

Remediation Services Lead
T: 1-803-740-1604

M: 1-803-422-2910

E: jeremy.grant@aecom.com

AECOM

101 Research Drive
Columbia, SC 29203
aecom.com

AECOM



2021/2022 Annual Groundwater Monitoring

Report

Table of Contents

1. [[g1igolo (8ot i o] o FOR T TP TP PO T PP PP P PO PPTRTPPPPPPN 1
1.1 Site Location and PhYSICAl SEHING ....cooeeeeieieieeee e e e a e e e e e e e e e e e e e e e e e e e e aaans 2

1.2 Site Operational BACKGIOUNG ........ccoiiiiiiiiieieiee e e s s e e e s s s e e e e s e e e e e e e e e e e e e e e e e e e e aaaaaaaens 3

ORC T = o] 113V @] o 1= = U [0 = £ 3

R/ A € T=To] (oo ) VA= VaTo I 1Y/ [0 o =T o] o Y/ 3

2. (€110l aTo 10T 1 (=1 1Y, o] T (o] [ PR 5
3. RESUILS ...ttt e 4ottt e o4 oo a bttt e o4 oA E bttt e e e e e h bbb ettt e e e e e n bbb et e e e e e e et bnr et eeeeas 6
3.1 GrOUNGWALET FIOW ....iiiiiiiiieit ettt ettt e e e e e ekttt e e e e e as bbb e et e e e e e asb bbb et e e e e e e ansnnnees 6

3.1 SUMfICIAI AQUITET ... 6

3.1.2 BIACK Cre€K AQUITET ... 6

3.2 Groundwater QUANILY.........eee e 6

3.2.1 Chlorinated Volatile Organic COMPOUNGS .........cceiiiiiiieeeee e 6
TetraChlorOBtNYIENE ... 7
TrChIOTOBINYIENE ... 8
CiS=1,2-DICHIOIOBINENE ... e e et e et e e et e et e et e e e e et e e eeanaas 8

Y1017 O 110 o = P 8

3.2.2 Semi-Volatile Organic COMPOUNGS. ........cceiiiiieeee et e e e e e e e e e e e e e e e e e e e e aaaaaes 8

K B 1 = (= T T TP PP PP TP PP PP PPPPPTTTOPON 8

K (0 To T4 To [T T TP P PP PP PPPPPPPTTTOPON 9

K I U - o 11 ] DT T TP TP P PP PP PPPPPUPTRPOPO 9

3.2.6  TECHNELIUM=-99 ...ttt e e e ettt e e e e e bbbttt e e e e e e st bbbttt e e e e e aansbbn et e e e e e s aannnnnees 10

3.2.7 Other Monitoring REQUIFEMENTS ........cciiiiiiiee e e e e e e eae s 10

4. L 0 Lo AN g T ) 11
4.1  Plume Analytics MethOdolOgy ..........covviiiiiiiiiiii 11

4.2 PlumMe ANAIYHCS RESUILS .....cooiiiiiiiiiiiicc 11

5. Conclusions and RECOMMENTALIONS ..........uuuuriiieee ittt e e ettt e e e e et e e e e s et br et e e e e e e aanbbbeeraeeeeaaannnnnees 13
B.L CONCIUSIONS ...ttt ettt ettt e a4 44kttt et e 2444 a bbbttt e a2 a4 e sk bbbttt e e e e e e nn b e et e e e e e e e nnnnnnees 13

5.2 RECOMMENUALIONS ....oiiuitiiiiiiiee ettt e e e ettt e e e e ettt et e e e e e bbbttt e e e e e e s b bbe et e e e e e e aansbbn et eeeeesaannnnnees 13

6. RETEIEINCES ...ttt e oottt e e e o4 e h bbbttt e e e e e e bbb et e e e e e e e e bbbt t e e e e e e b e aae s 14

AECOM



2021/2022 Annual Groundwater Monitoring

Report

Figures

Figure 1 Site Location Map

Figure 2 Property Map

Figure 3 Site Map

Figure 4 Operational Units Map

Figure 5 Surficial Aquifer - Upper Zone Potentiometric Map October 2021
Figure 6 Surficial Aquifer - Upper Zone Potentiometric Map April 2022
Figure 7 Surficial Aquifer - Lower Zone Potentiometric Map October 2021
Figure 8 Surficial Aquifer - Lower Zone Potentiometric Map April 2022
Figure 9 Black Creek Aquifer Potentiometric Map October 2021
Figure 10 Black Creek Aquifer Potentiometric Map April 2022

Figure 11 Extent of PCE — Surficial Aquifer — Upper Zone October 2021
Figure 12 Extent of PCE - Surficial Aquifer — Upper Zone April 2022
Figure 13 Extent of PCE — Surficial Aquifer — Lower Zone October 2021
Figure 14 Extent of PCE — Surficial Aquifer — Lower Zone April 2022
Figure 15 Extent of TCE — Surficial Aquifer — Upper Zone October 2021
Figure 16 Extent of TCE — Surficial Aquifer — Upper Zone April 2022
Figure 17 Extent of TCE — Surficial Aquifer — Lower Zone October 2021
Figure 18 Extent of TCE — Surficial Aquifer — Lower Zone April 2022
Figure 19 Extent of VC — Surficial Aquifer — Lower Zone October 2021
Figure 20 Extent of VC — Surficial Aquifer — Lower Zone April 2022
Figure 21 Extent of Nitrate in Groundwater October 2021

Figure 22 Extent of Nitrate in Groundwater April 2022

Figure 23 Extent of Fluoride in Groundwater October 2021

Figure 24 Extent of Fluoride in Groundwater April 2022

Figure 25 Extent of Uranium in Groundwater October 2021

Figure 26 Extent of Uranium in Groundwater April 2022

Figure 27 Extent of Technetium-99 in Groundwater October 2021
Figure 28 Extent of Technetium-99 in Groundwater April 2022
Tables

Table 1 Monitoring Well Construction Details

Table 2 Groundwater Levels and Elevations

Table 3 Summary of Groundwater Field Stability Parameters

Table 4 Summary of Groundwater Analytical Results
Appendices

Appendix A Groundwater Sample Collection Records

Appendix B Laboratory Analytical Reports

Appendix C Historical Groundwater Analytical Results

Appendix D Plume Analytics Technical Memo

AECOM
iii



2021/2022 Annual Groundwater Monitoring

Report

Acronyms

AECOM
AOC
CA
CFFF
cis-1,2 DCE
COPC
CcvocC
DHEC
EPA
Ho/L
MCL
mg/L
MK
MSL
NPDES
ORP
ou
PCE
pCi/L

RI
SCRDI
Tc-99
TCE

0]

VC
Westinghouse
WLII
WWTP

AECOM Technical Services, Inc.

Area of Concern

Consent Agreement

Columbia Fuel Fabrication Facility
cis-1,2-dichloroethene

constituent(s) of potential concern

chlorinated volatile organic compound

South Carolina Department of Health and Environmental Control
United States Environmental Protection Agency
micrograms per liter

maximum contaminant level

milligram per liter

Mann-Kendalll

mean sea level

National Pollution Discharge Elimination System
oxidation reduction potential

Operational Unit

tetrachloroethylene

picocuries per liter

remedial investigation

SCRDI Bluff Road

Technetium-99

trichloroethylene

uranium

vinyl chloride

Westinghouse Electric Company, LLC

West Lagoon Il

wastewater treatment plant

AECOM



2021/2022 Annual Groundwater Monitoring Report

1. Introduction

Westinghouse Electric Company, LLC (Westinghouse) Columbia Fuel Fabrication Facility (CFFF) is located at 5801
Bluff Road (site or property) in Hopkins, approximately 15 miles southeast of Columbia, South Carolina (Figure 1).
The site includes approximately 1,151 acres, with the developed area encompassing approximately 75 acres
centrally located on the site, thereby creating substantial buffers from adjoining properties. The property is
surrounded by rural forested and agricultural property. CFFF was opened in 1969 and manufactures fuel assemblies
and components for the commercial nuclear power industry. Site features are shown on Figure 2 and monitoring well
locations are displayed on Figure 3.

On February 26, 2019, the South Carolina Department of Health and Environmental Control (DHEC) and CFFF
entered into Consent Agreement 19-02-HW to comprehensively assess potential environmental impacts from current
and historical operations, including additional assessment of known impacts. The CA requires further assessment
and potential remediation of known constituents of potential concern (COPC) and assessment of additional areas
where releases may have occurred.

Remedial investigation (RI) work was conducted from June 2019 through October 2021 to assess the source, nature,
and extent of impacts from CFFF operations. This work resulted in the installation of 57 additional surficial aquifer
monitoring wells (W-69 through W-126), one replacement monitoring well W-4R, and one piezometer (PZ-1). The
source, nature and extent of these impacts were well defined by the RI, remain well within the facility property
boundary and are anticipated to remain within the property boundary for the foreseeable future. No additional or
ongoing releases were identified during the RI. The draft Remedial Investigation report was submitted to DHEC on
August 22, 2022 (AECOM, 2022) for comments.

In addition to the comprehensive Rl assessment completed since 2019, Westinghouse would like to highlight the
numerous environmental risk reduction and improvement activities it has undertaken over the past several years. For
example, Westinghouse has:

. Eliminated a nickel plating operation;
. Eliminated use of tetrachloroethylene (PCE) and replaced it with a non-hazardous material;

. Completed a Technetium-99 (Tc-99) source investigation study (Leidos, 2020) which determined current site
operations do not have the potential to introduce quantities of Tc-99 above its maximum contaminant level
(MCL) into the environment;

. Re-designed the HF Spiking Stations;
. Installed a sentinel groundwater monitoring well network in the Chemical Area Operational Unit (OU);

. Removed the intermodal storage containers with radiological materials from the Southern Storage Area and
remediated soils impacted above residential screening levels beneath the containers;

. Eliminated sources of potential storm water contamination by removing out of service equipment on the
manufacturing building roof;

. Removed the East Lagoon from service, excavated and properly disposed of lagoon materials, and restored the
former lagoon footprint to a vegetated surface;

. Established a Community Engagement Board comprised of community stakeholders and leaders;

. Completed a cultural resource survey, approved by the South Carolina Historic Preservation Office, which
determined there are no significant historic or cultural resources at the site; and

. Completed Sanitary Lagoon sludge characterization activities as preparation for future lagoon closure.

DHEC also conducted an assessment of potential CFFF impacts to fish in the Congaree River. DHEC’s Uranium and
Fluoride in Fish from the Congaree River Technical Report No. 007-2020 dated May 2020 concluded:
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“Overall, within the context of the point in time of sample collection, target species and
analytical methods, no signal for uranium from the Westinghouse Nuclear Fuels (WNF)
facility was discerned. A slight, apparent signal for fluoride was observed from the WNF
facility but it was not overall statistically significant from the other locations. The target
species, as indicated by the noted limitations, were indicated to be healthy from an
ecological viewpoint and safe for human consumption from a public health protection
viewpoint.”

CFFF also performs routine environmental monitoring of gaseous and liquid effluents, surface water, groundwater,
sediment, soil, vegetation and Congaree River fish tissue in addition to the activities being performed under the CA.

The focus of this report is groundwater sampling completed during October 2021 and April 2022 to meet the ongoing
groundwater monitoring requirements of the National Pollution Discharge Elimination System (NPDES) Permit
SC0001848 and the CA between DHEC and CFFF. Details regarding the groundwater sample collection and QA\QC
procedures are contained within the AECOM Final Remedial Investigation Work Plan dated June 2019 (AECOM,
2019a).

This report provides an overview of the site (Section 1), describes the sampling activities (Section 2), and presents
the groundwater analytical results (Section 3). Analysis of groundwater plume trends and statistics are discussed in
Section 4. Conclusions and recommendations based on the results are discussed in Section 5. Cited references are
provided in Section 6.

1.1 Site Location and Physical Setting

Figures 1 through 3 illustrate the site features discussed below. The primary plant building is located approximately
2,700 feet southwest of Bluff Road on the northern portion of the property. The wastewater treatment plant (WWTP) is
located near the southwest corner of the plant building. Treated wastewater is piped to the Congaree River where it is
discharged under NPDES permit SC0001848 from a diffuser located along the bottom of the river at a location
approximately 3 miles south of the developed portion of the property.

The SCRDI Bluff Road site (formerly known as South Carolina Recycling and Disposal, Inc.) is located across Bluff
Road from the northern property boundary. According to information on the internet (Justia US Law — law.justia.com,
2017), hazardous waste storage began on this property in late-1973 or early-1974, and operations ceased in 1982.
This property was placed on the United States Environmental Protection Agency’s (EPA) Superfund program’s
National Priority List in 1983. Releases at SCRDI are not known to have impacted CFFF.

The developed area of the property is approximately 130-140 feet above mean sea level (MSL). Elevations drop to
approximately 110 feet above MSL immediately south of the plant/WWTP area, on the Congaree River floodplain and
Mill Creek, a tributary of the Congaree River. The change in elevation occurs abruptly along a bluff that defines the
southern edge of the developed portion of the property.

The Gator Pond is a manmade pond constructed prior to CFFF’s development of the site. It is located approximately
500 feet southwest of the WWTP within a step-down area of the bluff (Figures 2 and 3). The pond does not have a
constructed spillway and is fed by a combination of groundwater and precipitation. Water discharges from the pond
through groundwater seepage or overland flow during periods of high precipitation.

Upper and Lower Sunset Lakes are located west and south of the pond and approximately 900 feet southwest of the
WWTP (Figures 2 and 3). The Sunset Lakes are located within a natural oxbow of Mill Creek. A manmade dam
approximately 1,700 feet south of the WWTP backs up water in Mill Creek, creating Lower Sunset Lake. A second
manmade dam cuts across Mill Creek approximately 1,000 feet southwest of the WWTP, creating Upper Sunset
Lake. The majority of the Mill Creek flow is diverted away from Sunset Lakes via the man-made canal (Figure 2)
along the southern property boundary. A silty clay lines the bottom of Mill Creek, including Sunset Lakes, which
inhibits the interaction of groundwater and surface water.

The southern portion of the property, including the Gator Pond, Mill Creek, and the Sunset Lakes are located within
the floodplain of the Congaree River. Surface drainage at the site flows into several stormwater ditches across the
property and surrounding areas. These ditches flow into Upper Sunset Lake.
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1.2 Site Operational Background

The main manufacturing activity is the fabrication of low-enriched uranium (U) fuel assemblies and components for
the commercial nuclear power industry. The manufacturing process generates multiple wastewater streams which are
treated by various physical/chemical/biological processes including WWTP lagoons prior to discharge to the
Congaree River under a NPDES permit issued by DHEC.

Releases of COPCs have occurred from the wastewater treatment system and manufacturing operations. CFFF has:
assessed known releases, installed an extensive groundwater monitoring network (beginning in the early 1980s) and
initiated various remediation efforts in response to the historic events. Additional comprehensive site assessment of
groundwater, surface water, sediment and soils has also been completed from 2019 — 2021 under the CA. These
assessment activities have concluded that environmental impacts from historical operations are largely confined to
the immediate plant area and there are no offsite impacts.

1.3 Facility Operational Units

The facility has been divided into eight OUs illustrated on Figure 4 in recognition of the different types of site activities
and potential sources of impact. The OUs are identified as the Northern Storage Area, Mechanical Area of the plant
building, Chemical Area of the plant building, West Lagoons Area, Wastewater Treatment Area, Sanitary Lagoon
Area, Southern Storage Area and Western Storage Area. One area of concern (AOC), the “Western Groundwater
AOC,” was previously identified; however, work conducted during the RI concluded the groundwater impact in this
area is part of the main chlorinated volatile organic compound (CVOC) plume. These OUs and the AOC were
described in detail in the Final Remedial Investigation Work Plan dated June 2019 (AECOM, 2019a).

1.4 Geology and Hydrogeology

The CFFF is located in the Upper Coastal Plain physiographic province of South Carolina and is underlain by three
hydrogeologic units: the surficial aquifer, Black Creek Aquifer, and Middendorf Aquifer.

Groundwater in the surficial aquifer occurs under unconfined (water table) conditions and generally flows from areas
of higher topography in the vicinity of the plant building towards areas of lower topography in the floodplain of the
Congaree River along Mill Creek. Although the river terrace sediment above and below the bluff were deposited
during different time periods according to the Geologic Map of the Fort Jackson South Quadrangle (South Carolina
Department of Natural Resources, 2011), the deposits are of similar lithology and are hydraulically connected based
on data collected during the RI.

Surficial aquifer sediments generally occur to a depth of 30 to 40 feet below land surface, both above and below the
bluff, and consist of clay, silt or silty sand at the surface coarsening downward to coarse sand and gravel on top of the
Black Creek confining clay. Silt and clay lenses and lower permeability silty or clayey sands occur at varying depths
with the coarsening downward sands of the surficial aquifer. One notable surficial aquifer total thickness anomaly was
discovered during Phase | of the RI near the location of paired monitoring wells W-95 and W-111 (Figure 3) where
there is over 80 feet of sediment above the Black Creek confining clay. Further assessment of this anomaly was
performed during Phase Il of the RI and indicated that the incisement into the Black Creek confining clay is localized
to this area.

The elevation of the top of the Black Creek confining clay is undulating but is generally highest west of the plant
building in the developed portion of the property and decreases radially in all directions with the lowest elevations
being within the floodplain.

Groundwater monitoring wells were installed at differing depths to assess COPC migration within the surficial aquifer.
Monitoring wells installed near the top or in the central portion of the surficial aquifer are designated as surficial
aquifer - upper zone monitoring wells, whereas wells installed on top of or within 5 feet of the Black Creek confining
clay are designated as surficial aquifer lower zone monitoring wells. One exception to the criteria above is monitoring
well W-95. This well is designated as a lower zone of the surficial aquifer monitoring well because CVOCs migrating
within the lower zone of the surficial aquifer are detected in groundwater from it and the Black Creek Formation is
anomalously deep at this location.
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There is a dynamic relationship between surface water in the ditches that transect the site above the bluff and
groundwater in the upper zone of the surficial aquifer. The ditches continually or intermittently receive discharge of
groundwater from the upper zone of the surficial aquifer depending on the elevation of the water table. The northern
portions of the ditches are above the elevation of the seasonal high water table and thus the ditches at these
locations are often dry. Runoff from precipitation that enters the dry portions of the ditches may infiltrate the water
table, temporarily recharging the surficial aquifer. Wetlands along the northern side of Bluff Road are also a source of
surface water in the northern portion of the Eastern Ditch during high precipitation months. The southern portions of
the ditches where the ditches are deeply incised are below the water table and groundwater discharges to these
portions of the ditches throughout the year. Middle portions of the ditches may recharge the shallow aquifer during
low water table conditions and may receive groundwater discharge during high water table conditions. Discharge of
groundwater to the deeply incised portions of the ditches appears to influence groundwater flow and COPC migration
within the upper zone of the surficial aquifer.

The predominant direction of groundwater flow in the surficial aquifer is to the southwest with components of flow to
the south, southeast, west, and, to a lesser extent, the north. Based upon data collected during the RI, the lower zone
of the surficial aquifer near West Lagoon Il (WL 1) acts as a hydraulic barrier due to low permeability, the Black Creek
confining clay has a north-south trending ridge, and groundwater has a westerly component of flow. These factors
combined result in groundwater flow and COPC migration in the surficial aquifer in this area to be both northerly and
southerly.

The Gator Pond also influences COPC migration as evidenced by COPC impacts in surficial aquifer groundwater
migrating in a more easterly or westerly direction in the vicinity of the Gator Pond. This surface water body has a
nearly constant elevation which creates a “groundwater mound” that deflects COPC migration to the east and west.
Groundwater only discharges to the northeastern portion of the Gator Pond. Lower Sunset Lake also deflects
groundwater but to a lesser extent than the Gator Pond because the low permeability clayey silt lining its bottom limits
the amount of surface water seeping into the water table thereby creating a smaller “groundwater mound”.

The surficial aquifer is underlain by a confining unit composed of dry silt/clay and brittle shale of the upper Black
Creek Formation. Previous well installations (W-3A, W-49 and W-50) and installation of monitoring well W-71 during
Phase | of the RI (2019) indicate that the Black Creek confining clay ranges in thickness from 39 to 83 feet. Beneath
the clay confining unit is a sand aquifer within the lower Black Creek Formation known as the Black Creek Aquifer.
Groundwater flow in the Black Creek Aquifer is inferred to the southwest based upon groundwater elevations from the
four monitoring wells that are screened within this aquifer.

The Middendorf Formation occurs below the Black Creek Formation. Sediments of the Middendorf Formation
generally consist of multi-colored clay interbedded with fine to coarse grained sand. Subsurface investigations at
CFFF have not extended into the Middendorf aquifer since there is no potential that it has been impacted. The
Middendorf aquifer is unconformably underlain by bedrock.

Hydraulic characterization by AECOM Technical Services, Inc. (AECOM) estimated the average linear flow velocity in
the surficial aquifer to be 0.41 feet per day or 150 feet per year (AECOM, 2022). Low moisture content and vertical
hydraulic conductivities of less than 1077 centimeters per second (S&ME, 1982) within the 39 to 83 foot thickness of
the Black Creek confining clay preclude migration of groundwater between the surficial aquifer and the Black Creek
Aquifer which in turn precludes potential migration to the Middendorf Aquifer.

AECOM
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2. Groundwater Monitoring

The current monitoring well network consists of 118 wells which are displayed on Figure 3. Construction details of the
wells are summarized on Table 1. Fall 2021 semi-annual sampling activities were completed during October 2021
and Spring 2022 semi-annual sampling activities were completed in April 2022 by AECOM and CFFF personnel.
Monitoring activities were conducted in accordance with the requirements of the site’s NPDES permit and by the
procedures described in the Final Remedial Investigation Work Plan (AECOM, 2019a).

The depth to water in the monitoring wells was measured using electronic water level meters on October 4, 2021 and
April 1, 2022. The water levels were converted to elevations and used to create potentiometric maps (Figures 5-10)
of the aquifer zones discussed in Section 3.1 below.

The monitoring wells were purged by low flow methodology using a peristaltic pump and water levels were monitored
during purging. Groundwater quality indicator parameters of pH, specific conductance, dissolved oxygen, oxidation-
reduction potential, turbidity, and temperature were monitored during the groundwater purging process and recorded
on the Groundwater Sampling Logs, which are included in Appendix A. For the last several groundwater sampling
campaigns, AECOM and CFFF personnel have been using tablets and In-Situ’s Aqua Troll 600s equipped with
Bluetooth technology to electronically collect water quality parameters. During this time, hard copy groundwater
sample collection records were used as the official record. After minor issues were worked out during the initial
deployment of this technology followed by multiple successful campaigns were conducted, CFFF personnel
conducted a validation effort of the electronic data versus the hard copy and found that both records were identical.
As a result, CFFF discontinued the use of hard copy forms during the April 2022 groundwater sampling campaign.
Samples were collected once the parameters had stabilized in accordance with the low-flow sampling procedure in
the Final Remedial Investigation Work Plan (AECOM, 2019a).

Upon collection, groundwater samples were labeled, preserved on ice, and kept under chain-of-custody protocol until
received at the analytical laboratory. The groundwater samples were analyzed by one of the following DHEC certified
laboratories: 1) Pace Analytical Services, LLC (formerly known as Shealy Environmental Services, Inc.), 2) GEL
Laboratories, LLC, and the 3) Westinghouse Chemical Laboratory as appropriate for the following analyses:

. Volatile organic compounds by EPA Method 8260D;

. Nitrate by EPA Method 353.2;

. Ammonia by EPA Method 350.1;

. Fluoride by EPA Method 9056A,;

. Gross Alpha by EPA Method 900.0;

. Gross Beta by EPA Method 900.0;

. Tritium by EPA 906.0 (Modified);

. Isotopic U by DOE EML HASL-300 (U-02-RC Modified);
. Isotopic U by EPA Method 200.8/200.2; and

. Tc-99 via DOE EML HASL-300 (Tc-02-RC Modified).

Laboratory analytical reports and chain-of-custody forms are included in Appendix B.

CFFF is transitioning from monitoring groundwater for gross alpha and gross beta to monitoring for isotopic U and Tc-
99. Gross alpha and gross beta are typically used as screening parameters because they can represent various
radionuclide components. In the past, action levels were established for gross alpha and gross beta whereby
additional contingent analyses were initiated for isotopic U and Tc-99 if the action levels were exceeded. Results
below the action levels would not have been further speciated, thus calling to question whether the low detection of
gross alpha or gross beta was a result of site activities or other circumstances such as natural radionuclide presence.
CFFF has continued to monitor for gross alpha and gross beta to comply with its existing NPDES permit and former
special nuclear material license. However, the site reviews speciated results for isotopic U and Tc-99 to evaluate
radionuclide impact in groundwater from site operations.
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3. Results

The following sections summarize the results of the groundwater monitoring performed in October 2021 and April
2022.

3.1 Groundwater Flow

The water level measurements on October 4, 2021 and April 1, 2022 were converted to water level elevations using
existing monitoring well top-of-casing elevation data and are summarized in Table 2. The water level elevations from
monitoring wells screened in the upper zone of the surficial aquifer, in the lower zone of the surficial aquifer, and in
the Black Creek Aquifer were used to prepare the potentiometric maps for the surficial aquifer and Black Creek
Aquifer for the October 2021 and April 2022 monitoring periods (Figures 5 through 10).

3.1.1  Surficial Aquifer

Based on the surficial aquifer potentiometric maps for October 4, 2021 and April 1, 2022, groundwater flow in the
unconfined upper zone of the surficial aquifer (Figures 5 and 6, respectively) and lower zone of the surficial aquifer
(Figures 7 and 8, respectively) is generally to the southwest with components of flow to the west and south. These
surficial aquifer potentiometric contours and flow directions are similar to previous results.

3.1.2 Black Creek Aquifer

Based on the Black Creek Aquifer potentiometric maps for October 4, 2021 and April 1, 2022 (Figures 9 and 10,
respectively), groundwater flow in the Black Creek Aquifer is to the southwest. The Black Creek Aquifer
potentiometric contours and flow directions are similar to previous results.

3.2 Groundwater Quality

Groundwater sampling indicator parameters measured in the field during the well purging and sampling are
presented in Table 3. The groundwater sampling logs are included in Appendix A. Laboratory analytical reports are
included in Appendix B and the analytical results for the monitoring wells are summarized in Table 4. Historic
analytical results are summarized in Table C-1 which is in Appendix C.

In last year’s annual report, plume analytics replaced COPC-specific graphs depicting concentrations over time in
select wells. CFFF desires to fully understand trends across the entire groundwater plumes and instructed AECOM
to analyze each plume holistically. Plume analytics is a tool to evaluate the entire plume’s dynamics versus evaluation
at a discrete monitoring location. Plume analytics are discussed in Section 4 and in Appendix D.

Based on the results of the comprehensive Rl (AECOM, 2022), COPCs in groundwater are CVOC:s, nitrate, fluoride,
U, and Tc-99. Currently, there is no evidence that there are ongoing releases of COPCs.

3.2.1 Chlorinated Volatile Organic Compounds

Four CVOCs (PCE, tricholoroethylene [TCE], cis-1,2-dicholoroethene [cis-1,2-DCE], and vinyl chloride [VC]) were
detected in the upper and lower zones of the surficial aquifer. Chlorinated ethenes such as PCE can undergo biotic
(biological) and abiotic (physical) transformations under both aerobic and anaerobic conditions. Natural, biotic
degradation of PCE to produce daughter products at CFFF follows the reductive dechlorination pathway. This
pathway is as follows:
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CVOCs were not detected in the groundwater samples collected from the Black Creek aquifer monitoring wells.

Tetrachloroethylene

PCE was detected in groundwater at concentrations at or above its MCL of 5.0 micrograms per liter (ug/L) in
groundwater from 27 of the 114 surficial aquifer monitoring wells in both October 2021 and April 2022 (Table 4).
There are two PCE plumes at CFFF contained within the property in the surficial aquifer. These CVOC plumes are
generally referred to as the main plume and the southern plume. These plumes are depicted on Figures 11 through
14. PCE was not detected in groundwater samples from the four Black Creek monitoring wells.

Upper Zone of the Surficial Aquifer

Figures 11 and 12 illustrate the PCE concentrations in the upper zone of the surficial aquifer during the October
2021 and April 2022 sampling periods, respectively. The highest PCE concentrations in upper zone of the surficial
aquifer wells were from wells W-39, W-41R, and W-66 in the main PCE plume at concentrations ranging from 160
pg/L to 780 pg/L.

The main PCE plume in the upper zone of the surficial aquifer appears to emanate from an area between West
Lagoon Il (WLII) and the plant building. Work conducted during Phase Il of the RI concluded that there is no longer a
vadose zone source for this groundwater impact. PCE is no longer used at CFFF; therefore, additional CVOC
impacts to groundwater are not possible. As discussed in Section 1.4, groundwater and COPCs migrate both to the
north and south in the surficial aquifer in the vicinity of WL Il before migrating in the predominant southwesterly flow
direction. This results in a horseshoe shaped main PCE plume in the surficial aquifer — upper zone.

The southern PCE plume in the surficial aquifer — upper zone is located from the southern extent of the developed
area at the bluff and extends to the southeast below the bluff barely into the floodplain near monitoring well W-97.
PCE was not formerly used in the vicinity of these wells. It is believed that the PCE in the southern plume in the
surficial aquifer - upper zone near the bluff may be part of the PCE plume in the surficial aquifer — lower zone, rather
than the result of a source in the southern area of the plant near the bluff.

Lower Zone of the Surficial Aquifer

Figures 13 and 14 illustrate the PCE concentrations in the lower zone of the surficial aquifer during the October 2021
and April 2022 sampling periods, respectively. The main PCE plume is the only plume present in the lower zone of
the surficial aquifer and was observed directly west of the facility in the same area as the main PCE plume observed
in the upper zone of the surficial aquifer, however with a greater aerial extent. The highest PCE concentrations in the
lower zone of the surficial aquifer was from wells W-33, W-48, W-65, and W-RW?2 in the main PCE plume at
concentrations ranging from 150 pg/L to 340 pg/L.

The highest PCE concentrations in the main plume in the lower zone of the surficial aquifer appears to emanate from
an area between WLII and the plant building and migrates to the north, west, southwest and south resulting in a
horseshoe shape similar to the upper zone of the surficial aquifer. Additionally, a third lobe of the main plume in the
lower zone of the surficial aquifer containing lower PCE concentrations appears to emanate from the southern end of
the plant building. Work conducted during the RI concluded that the Solvent Extraction Area located in the
southwestern portion of the plant is the likely source for this PCE impact to groundwater.
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Trichloroethylene

TCE was detected in groundwater at concentrations at or above its MCL of 5.0 pg/L from 11 and 13 of the 114
surficial aquifer monitoring wells in October 2021 and April 2022 (Table 4), respectively. There are three TCE plumes
at CFFF in the surficial aquifer. These CVOC plumes are generally referred to as the main plume, the northern plume
near the southwest corner of the plant building, and the southern plume. These plumes are depicted on Figures 15
through 18. TCE was not detected in groundwater samples from the four Black Creek monitoring wells.

Upper Zone of the Surficial Aquifer

The upper zone of the surficial aquifer main and southern TCE plumes are in the same general locations as the
corresponding PCE plumes but with a smaller aerial extent during the October 2021 and April 2022 sampling periods
(Figures 15 and 16, respectively). TCE exceeded the MCL in groundwater samples from monitoring well W-66 in the
main TCE plume during the April 2022 sampling campaign only and in monitoring well W-41R in both October 2021
and April 2022. The northern TCE plume exists as a TCE only plume near the southwestern corner of the plant
building where the TCE MCL was exceeded in monitoring wells W-38 (April 2022 only) and W-76. In the southern
plume, TCE's MCL was exceeded in groundwater from monitoring well W-67 only. TCE concentrations in these plume
areas ranged from 7.4 pg/L to 26 pg/L.

Lower Zone of the Surficial Aquifer

In the lower zone of the surficial aquifer, the main TCE plume was observed directly west of the facility extending in a
southwestern direction in the same general location as the main PCE plume (Figures 17 and 18, respectively).
Groundwater from monitoring wells W-33, W-65, W-87, W-102, and W-RW?2 in the main TCE plume contained
concentrations of TCE above the MCL. TCE exceeded the MCL in the northern TCE plume in groundwater from
monitoring well W-102. The southern plume in the lower zone of the surficial aquifer is represented by TCE MCL
exceedances in groundwater from monitoring wells W-103 and W-123. The TCE MCL was exceeded in groundwater
at concentrations ranging from 5.2 pg/L to 41 pg/L.

Cis-1,2-Dichloroethene

Concentrations of cis-1,2-dichloroethene (cis-1,2 DCE) did not exceed the MCL of 70 pg/L in groundwater within the
monitoring well network in October 2021 and April 2022 (Table 4). Cis-1,2-DCE was detected at concentrations
ranging from 1.0 pg/L to 48 pg/L in groundwater from 20 and 16 of the 114 surficial aquifer monitoring wells during the
October 2021 and April 2022 sampling periods, respectively.

Vinyl Chloride

Concentrations of VC exceeded its MCL of 2 pg/L in groundwater from monitoring wells W-95 and W-107
concentrations ranging from of 3.6 to 4.2 pg/L during the October 2021 and April 2022 sampling periods (Figures 19
and 20, respectively). Both well locations are on the southern side of Upper and Lower Sunset Lakes. The presence
of VC in groundwater from these two wells indicates that reductive dechlorination, as described in Section 3.2.1, from
PCE on the northern side of Sunset Lakes to VC on the southern side is occurring within the floodplain.
Concentrations of VC were not detected in groundwater above the bluff.

3.2.2 Semi-Volatile Organic Compounds

Semivolatile organic compounds were not detected in groundwater above MCLs in the monitoring well network
(Table C1 in Appendix C).

3.2.3 Nitrate

Nitrate was detected in groundwater at concentrations at or above its MCL of 10 milligrams per liter (mg/L) from 23 of
and 27 of the 114 surficial aquifer monitoring wells in October 2021 and April 2022 (Table 4), respectively. Figures 21
and 22 illustrate the nitrate concentrations for the October 2021 and April 2022 sampling periods, respectively. The
highest nitrate concentrations were observed in the groundwater collected from surficial aquifer — lower zone
monitoring well W-18R near the southwest corner of the South Lagoon at concentrations of 550 mg/L and 340 mg/L
during the October 2021 and April 2022 sampling periods, respectively.
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The aerial extent of the nitrate plume is primarily in the area of the facility WWTP and extends to areas to the west,
southwest, and south. Nitrate was detected in groundwater from one Black Creek Aquifer monitoring well (W-50)
below its MCL at a concentration of 0.081 mg/L in April 2022. Nitrate is a naturally occurring compound and the
detected concentration in monitoring well W-50 is orders of magnitude below the MCL indicating that this detection is
not the result of facility operations.

3.24 Fluoride

Fluoride was detected at concentrations at or above its MCL of 4 mg/L in groundwater from 13 of the 114 surficial
aquifer monitoring wells in both October 2021 and April 2022 (Table 4). Fluoride is a naturally occurring element and
many of the detected concentrations in groundwater were orders of magnitude below the MCL indicating that these
detections are not likely resulting from facility operations. Figures 23 and 24 illustrate the fluoride concentrations for
the October 2021 and April 2022 sampling events, respectively.

The greatest fluoride concentrations were observed in the groundwater from upper zone of the surficial aquifer well
W-77 at concentrations of 14.8 mg/L and 15 mg/L during the October 2021 and the April 2022 sampling period,
respectively. The fluoride plume exceeding the MCL in the surficial aquifer is primarily south of the plant building and
in the vicinity of the WWTP. This plume extends to the south and southwest towards the Upper and Lower Sunset
Lakes.

Fluoride was detected in groundwater from the four Black Creek Aquifer monitoring wells during the October 2021
sampling period below its MCL at concentrations ranging from 0.01 mg/L to 0.086 mg/L (J flagged estimated
concentrations) which are orders of magnitude below its MCL. The natural occurrence of fluoride and these
detections being orders of magnitude below the MCL indicate that these concentrations are not the result of facility
operations.

3.25 Uranium

Total U was detected in groundwater at concentrations at or above its MCL of 30 pg/L from 3 of the 114 surficial
aquifer monitoring wells in both October 2021 and April 2022 (Table 4). The exceedance of the groundwater MCL for
U is localized to two areas adjacent to the plant building, one area on the west side of the building near the southwest
corner (monitoring wells W-55 and W-56) and another area on the south side of the building (monitoring well W-77).
The plume associated with monitoring wells W-55 and W-56 is referred to as the northern plume and the plume
associated with monitoring well W-77 is referred to as the southern plume. Figures 25 and 26 illustrate the total U
concentrations detected during the October 2021 and the April 2022 sampling periods, respectively.

The highest total U concentrations of 143 pg/L and 178 pg/L were detected in groundwater from monitoring well W-56
during the October 2021 and April 2022 sampling events, respectively. The next closest downgradient well,
monitoring well W-73, is approximately 50 feet away from monitoring well W-56 and contains total U at concentrations
slightly above 0.1 pg/L. Similarly, monitoring well W-28 is approximately 50 feet downgradient of monitoring well W-77
and contains U concentrations of 2.08 pg/L and 0.697 pg/L during the October 2021 and April 2022 sampling events,
respectively.

U-238 was detected in groundwater from the four Black Creek aquifer monitoring wells at concentrations below its
MCL and below the laboratory minimum detectible concentration (J flagged estimated concentrations) ranging from
0.0700 pg/L to 0.184 pg/L. U occurs naturally in groundwater in South Carolina and U-238 was the only U isotope in
the Black Creek wells during the October 2021 and April 2022 groundwater sampling campaigns. A study performed
in the Aiken, SC and Augusta, GA area reported an average background groundwater U concentration from private
water supply wells of 0.35 pg/L (Westinghouse Savannah River Company, 1992). Another study of state-wide
groundwater analytical results from private water supply wells using statistical analysis predicted an average
background groundwater U concentration of 1.26 pug/L (Wagner, S.E., et al). Private water supply wells are typically
installed in the aquifer below the surficial aquifer (e.g. the Black Creek Aquifer at CFFF). The total U detected in
groundwater from the Black Creek wells is typical of regional background concentrations and not likely the result of
facility operations.
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3.2.6 Technetium-99

Tc-99 was detected above its MCL of 900 picocuries per liter (pCi/L) in the groundwater samples collected from two
surficial aquifer monitoring wells (W-6 and W-11) in both October 2021 and April 2022. Figures 27 and 28 illustrate
the Tc-99 concentrations detected during the October 2021 and the April 2022 sampling periods, respectively. Tc-99
concentrations detected in groundwater from monitoring wells W-6 and W-11 ranged from 948 pCi/L to 2,500 pCi/L
from October 2021 to April 2022. The aerial extent of the Tc-99 exceeding the MCL is within the WWTP area and the
Southern Storage Area. The aerial extent of the Tc-99 plume at concentrations below the MCL extends from the
WWTP area toward the west, southwest, and southeast. Tc-99 was not detected in groundwater samples from the
four Black Creek monitoring wells.

3.2.7  Other Monitoring Requirements

Tritium is not a COPC for the CFFF site. CFFF is a fuel fabrication facility that manufactures nuclear fuel and
components which do not contain tritium. Tritium is a byproduct of a nuclear criticality that is produced after the
nuclear fuel is irradiated in a nuclear reactor at the CFFF's customer site.

As required by the NPDES permit, CFFF includes analysis for tritium in groundwater samples from 20 monitoring
wells. Based on the laboratory results, tritium was not detected above the laboratory minimum detectible
concentration during any of the 2015-2022 monitoring periods (Table 4 and Appendix C). The laboratory results
further demonstrate that tritium is not present in groundwater at CFFF as the result of fuel manufacturing activities.
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4. Plume Analytics

The objective of the plume analytics program is to evaluate the behavior over time of COPCs in groundwater that
supports evaluation of plume stability and groundwater monitoring and management strategies. Plume analytics
assumes a plume is defined and bounded and requires at least four unique time snapshots of a plume as determined
by concentration data from a groundwater monitoring well network. Ideally, plume analytics are performed after the
investigation phase is complete and groundwater monitoring is ongoing. Once a monitoring well network is
established, the network should be evaluated periodically over time to understand plume behavior and generate
statistically defensible conclusions about the stability of the plume.

Evaluation of plume behavior is accomplished by defining three plume characteristics, the plume area, the
contaminant dissolved mass in the plume, and the average contaminant concentration in the plume over time.
Trends in these plume metrics are evaluated over time using the Mann-Kendall statistic test to estimate plume
stability. These results are used to assess if a plume is increasing, decreasing, or stable for a specified range of time.
When used for long term monitoring, plume analytics can be used to optimize the well network in conjunction with
well analytics (evaluating trends in a single well). The results of plume analytics have been integrated into the CFFF
conceptual site model for additional support in monitoring network optimization and remediation effectiveness.
Additionally, site procedures RA-434, Environmental Data Management and RA-433, Environmental Remediation are
followed to ensure any other necessary actions are implemented. Groundwater and other media with environmental
impact from historical site operations will be evaluated as part of the Feasibility Study under the CA.

4.1 Plume Analytics Methodology

An analysis of plume behavior was performed similar to the procedures introduced in the previous annual report
(AECOM, 2021). For this report, concentration data from five groundwater sampling campaigns were evaluated as
part of the plume behavior analysis (April 2020, October 2020, April 2021, October 2021, and April 2022). As
required to evaluate trends in plume metrics, a consistent set of groundwater monitoring wells was used to estimate
the plume metrics for each sampling event within the evaluation period (2020 to 2022). Use of a consistent well
network allows for comparison of plume metrics and evaluation of trends. If sampling locations are not consistent
over the evaluation period, the plume metrics could be skewed and result in a less accurate interpretation of the
overall plume behavior trends. Thus, groundwater monitoring wells added to the monitoring network during Phase I
of the RI (after 2020) were excluded from this analysis. However, once four consecutive sampling events are
completed with the new monitoring wells, the results from the new groundwater monitoring well locations will be
included and incorporated into the plume behavioral analysis.

Temporal trends in concentrations of COPCs in each groundwater monitoring well were not evaluated during this
analysis since behavior at individual wells may not be representative of overall plume behavior. For the plume
analytics, Surfer® was used to estimate isoconcentration contours for each sampling event and COPC. The contours
are used to calculate plume metrics that include the area, dissolved mass, and average concentration within the
plume defined by a user-assigned threshold concentration. The MCL for each COPC was used as the threshold
concentration. Statistically significant (95% confidence) trends in the plume metrics are estimated using the Mann-
Kendall (MK) statistic test. The trends in the plume metrics are used to estimate overall plume behavior during the
evaluation period. A description of the procedures and methods used to calculate the plume metrics for each COPC
and evaluate trends is provided in Appendix D.

4.2 Plume Analytics Results
The results of the plume analytics for each COPC are summarized here.
PCE

Two plumes (lower and upper zones of the surficial aquifer as described in Section 3.2.1.1) were evaluated for PCE
at its MCL of 5 ug/L. Trends in the plume metrics show that the PCE plumes are primarily stable with a decreasing
trend in the dissolved mass in the upper zone. Although the average concentration of PCE is slightly greater in the
upper zone, the dissolved mass and plume area are approximately 2.3 and 2.6 times greater, respectively, in the
lower zone during the evaluation period (2020 to 2022).
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TCE

Two plumes (lower zone and upper zone as described in Section 3.2.1.2) were evaluated for TCE at its MCL of 5
ug/L. Inthe upper zone, the trends in TCE plume metrics have Mann-Kendall statistics values slightly greater than
zero indicating a potential trend of increasing values but the confidence is less than 95% so no trend is determined. In
the lower zone, dissolved mass and average concentration are decreasing and the plume area is stable indicating the
plume is stable and likely decreasing. All three plume metrics are much greater in the lower zone than in the upper
zone during the evaluation period.

Nitrate

The nitrate plume was defined by its MCL of 10 mg/L. Even though the area of the nitrate plume did not have a
statistically significant trend (no trend), the average concentration decreased and the dissolved mass was stable
indicating the plume is stable and likely decreasing.

Fluoride

The fluoride plume was defined by its MCL of 4 mg/L. No trends were observed in the fluoride plume metrics. Note
that the average fluoride concentrations within the plume were slightly greater than the MCL (4 mg/L) and ranged
from 5.8 to 7.3 mg/L during the evaluation period.

Uranium

Two uranium plumes (northern and southern plumes as described in Section 3.2.5) are delineated in groundwater at
the MCL of 30 ug/L based on two likely separate and distinct source areas. Even though the total area of the two
uranium plumes did not have a statistically significant trend (no trend), the average concentration and the dissolved
mass in the plumes were stable indicating the plumes are stable.

Tc-99

The Tc-99 plume was defined by its MCL of 900 pCi/L. All three plume metrics for Tc-99 have a decreasing trend
over the evaluation period (2020 to 2022) indicating the Tc-99 plume is decreasing in area, dissolved mass, and
average activity.
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5.

5.1

Conclusions and Recommendations

Conclusions

The following conclusions are based upon review of the groundwater monitoring data collected during October 2021
and April 2022 sampling periods:

5.2

Groundwater flow in the unconfined surficial aquifer is generally to the southwest with components of flow to the
west and south. These surficial aquifer potentiometric contours and flow directions are similar to previous
results. As documented in the RI Report (AECOM, 2022) and Section 1.4, the surface water bodies also
influence groundwater flow on a localized basis. Groundwater flow in the Black Creek Aquifer is generally to the
southwest. The Black Creek Aquifer potentiometric contours and flow directions are similar to previous results.

CVOCs detected during October 2021 and April 2022 exceeding MCLs were primarily PCE and, to a lesser
extent, TCE. Two additional breakdown products of PCE reductive dechlorination, cis-1,2 DCE and VC, were
detected in groundwater at the CFFF site at concentrations below the MCL for cis-1,2 DCE and above the MCL
for VC. Trans-1,2-Dichloroethene was not detected in groundwater from the monitoring wells.

The groundwater analytical results indicate that there are PCE and TCE groundwater plumes in the upper and
lower zones of the surficial aquifer west and south of the plant building and in the surficial aquifer - upper zone
south of the plant building. The CVOC plumes have been referred to as the main plume, southern plume, and
northern plume.

The main CVOC plume appears to emanate from a source(s) between the plant building and WL2. Elevated
PCE concentrations in the main CVOC plume extend from the surficial aquifer — upper zone to the surficial
aquifer - lower zone. What was previously referred to as the Western Groundwater AOC is part of the main
plume as documented in the Rl Report (AECOM, 2022). Concentrations of TCE above its MCL occur primarily in
the surficial aquifer — lower zone but are documented in the surficial aquifer — upper zone to a lesser extent.

Nitrate concentrations during October 2021 and April 2022 exceeding MCLs were in areas west, southwest, and
south of the WWTP. The highest nitrate concentrations were observed in the groundwater samples collected
from surficial monitoring wells south of the South and Sanitary Lagoons of the WWTP.

Fluoride concentrations during October 2021 and April 2022 exceeding MCLs were in areas south of the plant
building and south and southwest of the WWTP. The highest fluoride concentrations were observed in the
groundwater samples collected from monitoring well W-77 located south of the plaint building.

U concentrations exceeded the MCL during the October 2021 and April 2022 in three surficial monitoring wells
located near the southwest side of the facility building (W-55 and W-56) and one monitoring well (W-77) located
near the south end of the building. The exceedance of the U MCL in groundwater is localized near the plant
building and is delineated by the existing monitoring well network.

Tc-99 concentrations exceeded the MCL during October 2020 and April 2021 in two surficial aquifer — lower
zone monitoring wells (W-6 and W-11) at decreasing concentrations.

Based upon historical and current groundwater analytical results and assessment work completed during the RI
from June 2019 through October 2021, the source, nature and extent of impacts from historical operations have
been well defined. No off-site impacts of COPCs are known to have occurred, the groundwater impacts are fully
defined within the central portion of the facility and are anticipated to remain within the property boundary.

Recommendations

Based upon the above conclusions, continued semiannual monitoring in accordance with the NPDES Permit and
systematic completion of the CA is recommended. As additional groundwater quality data is collected from the same
monitoring well network, the certainty of the statistical plume analytics trend analyses is expected to improve.
Therefore, it is recommended that plume analytics be performed on an annual basis to assess the trends in the
plume area, concentration, mass and center of mass. The next groundwater sampling periods are Fall 2022 and
Spring 2023.
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