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EXECUTIVE SUMMARY

This Corrective Action Report (CAR) has been prepared to support the regulatory reporting
requirements for 2022 for the F-Area Hazardous Waste Management Facility (HWMF), the
H-Area HWMF, and the Mixed Waste Management Facility (MWMF) at the Savannah River Site
(SRS). The reporting requirements are defined by the Office of Environmental Quality Control
Bureau of Land and Waste Management Hazardous and Mixed Waste Permit (SC1 890 008 989),
dated February 11, 2014, modified on November 30, 2021, hereafter referred to as the “Permit”
and by Section C of the Underground Injection Control (UIC) Permit Applications, as well as other
information by agreement with the South Carolina Department of Health and Environmental
Control (SCDHEC). In accordance with the Permit, an Annual CAR will be submitted on or before
August 31 of each year and will document the effectiveness of the Corrective Action Program for
the F-Area HWMF, the H-Area HWMF, and the MWMF for the period of January 1 through
December 31 for the previous year (First, Second, Third and Fourth Quarters).

F-Area HWMF and H-Area HWMF

The well network for the F-Area HWMF and the H-Area HWMF monitors the Upper Aquifer
Zone (UAZ) and the Lower Aquifer Zone (LAZ) of the Upper Three Runs Aquifer (UTRA), and
the Gordon Aquifer (GA) in the uppermost aquifer system beneath the facility. Groundwater
sampling and surface water sampling, analysis, and other monitoring requirements are conducted

as required by the Permit.

The scheduled sampling was completed successfully in 2022 for all wells. Overall, there were no
observed changes in regional groundwater flow direction or velocity from previous years.
Compliance monitoring data revealed that inorganic and radionuclide constituents exceeded the
Groundwater Protection Standard (GWPS), but overall continue to show downward trends as
compared to previous monitoring data. At F- and H-Area, surface water in the wetlands (corrective
action Phase 2b goal) exceeded the GWPS for cobalt, nitrate-nitrite, vanadium, gross alpha, iodine-
129, nonvolatile beta, radium-226, strontium-90, tritium, uranium-233/234, and uranium-238.

Surface water in Fourmile Branch (FMB) (corrective action goals Phase 2a and 2b F-Area HWMF;
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Phase 2a H-Area HWMF) exceeded the GWPS for iodine-129 (two locations at F Area) and tritium

(seven locations at F and H Areas). During 2022, no new constituents were added to the GWPS.

The corrective actions for the F-Area HWMF include an engineered groundwater funnel and gate
system, a base injection system for treatment of metals and metallic radionuclides within the gates
and in the wetlands, and placement of a silver chloride amendment within the central gate for in
situ treatment of iodine-129. In 2022, base injection was performed starting in February and
continued into July at the central gate. Approximately 53,000,0 liters (L) (14 million [M] gallons
[gal]) of base solution was injected in 2022. The latest deployment of silver chloride was
completed in May 2019 to augment previous injections along the eastern half of the central gate,
where the majority of the iodine-129 flux occurs. SRS will continue to evaluate the effectiveness
of the third deployment of silver chloride at the central gate by monitoring in accordance with the

UIC and Resource Conservation and Recovery Act (RCRA) Permit.

The corrective actions for the H-Area HWMF consist of two engineered groundwater barriers
(without gates) and a base injection system, which began initial operation in 2010. At H Area,
operation of the base injection system was not required during 2022. Adjustment of pH has been
achieved locally at H Area and SRS is observing the effects of the base injection prior to potentially

injecting additional base.

For the F- and H-Area HWMFs, one of the Phase 2a corrective action goals is to reduce the mass
flux of tritium discharging to FMB by 70% compared to baseline fluxes established in 2000. In
2022, SRS met these goals, in that the flux of tritium from the H-Area HWMF to FMB was reduced
by approximately (~) 92%. At the F-Area HWMF, the annual tritium flux to FMB was reduced
by 87% in 2022.

On February 11, 2014, the SCDHEC originally issued the 2014 RCRA Permit Renewal for the
SRS. The SCDHEC modified the 2014 RCRA Permit Renewal on November 30, 2021, which
became effective on December 15,2021. The modifications to the Permit revised the GWPS limits
for several constituents, revised the Phase 2 corrective action goals, and revised the date for

achieving the GWPS for iodine-129 in FMB and all Appendix IVB-A constituents in surface water
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at the seepline to January 14, 2032. In addition, a management strategy is included for the

Phase 2 goals to facilitate future goal revisions as necessary.

MWMF

The well network for the MWMF monitors the UAZ and LAZ of the UTRA and the GA in the
uppermost aquifer system beneath the facility. The MWMF is divided into the following four
plume areas: Southwest Plume (SWP), Northwest Plume (NWP), Northeast Plume (NEP), and
Southeast Plume (SEP). Groundwater and surface water sampling and other monitoring
requirements are conducted as required by the Permit. In 2017, the SCDHEC modified the 2014
RCRA Permit Renewal, which became effective on September 2, 2017. With the issuance of the

permit renewal, natural attenuation remedies were approved for the NWP, NEP, and SEP.

During 2022, there were no identified changes in groundwater flow direction from previous years
and groundwater velocities remained consistent with previous observations. In 2022, 15 separate
constituents exceeded the GWPS within the four plume areas, but overall continue to show
downward trends as compared to previous monitoring data. These exceedances included 13
constituents in the SWP, 10 constituents in the SEP, 10 constituents in the NEP, and 11 constituents
in the NWP.

The corrective action for the SWP consists of the MWMF Phytoremediation System. In 2022, the
MWMF Phytoremediation System irrigated and sprayed ~45 ML (~11.9M gal of tritiated water
preventing ~36.8 curies (Ci) of tritium from reaching FMB. In addition, ~8.4 Ci of tritium directly
evaporated from the surface of the collection pond. The current system has proven to be effective
in managing nearly 70% of the water that is discharging from the plume that was originally

impacting FMB, by preventing its discharge into FMB.

The average evapotranspirative efficiency of the irrigation system in 2022 was similar to what it
was in 2021. The average evapotranspirative efficiency of the irrigation system during 2022 was
~86.7 = 1.2% for the original plots, 77.0 &+ 3.4% for the eastern expansion area, and 68.4 = 1.2%
for the western expansion area. The collective annual efficiency was 80.7 + 7.4% for all irrigation

plots. Lower efficiencies for the eastern and western areas are due to lower vegetative densities
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at these plots. SRS expects the efficiencies to increase as the trees grow and mature. The efficiency
varies over the seasons and is least efficient during the winter months when evapotranspiration
rates are low and during high rainfall periods. The full capacity of the new eastern and western
irrigation areas will not be realized until the trees have grown to a mature size. SRS plans to
maintain operation of the irrigation system into the winter months by using the two expansion
areas and two new evaporators (that intake water from the pond) that began operating in 2022.
The overall objective is to maintain the water level as low as practicable in the irrigation pond
throughout the year to maximize the volume of groundwater collected by the pond from the UAZ

and LAZ.

When tritium is evaporated and transpired to the atmosphere by the spray irrigation, it is likely that
chlorinated volatile organic compounds (cVOCs) and 1,4-dioxane are volatilized, photo-oxidized,
or degraded at a very high efficiency. The 1,4-dioxane and other VOCs in the SWP are
commingled with the trititum, and it is likely these constituents were present in the plume as long
as the trittum. Based on attenuation rates for tritium, cVOCs, and 1,4-dioxane at the SWP, the
radioactive decay of trittum to below the GWPS is expected to take longer than the natural
attenuation of 1,4-dioxane and the other cVOCs. Due to the constituents being commingled, SRS
believes that continuing to manage tritium, cVOCs, and 1,4-dioxane with the collection pond and
irrigation system is a reasonable approach with a high probability of success. In 2022, the
phytoremediation project received the Innovative Approach to Sustainability, United States
Department of Energy (USDOE) sustainability award and the phytoremediation team was also
awarded a USDOE Secretary’s Honor Award. These awards were for inventive methods and
technologies that have been permitted at the MWMEF, improve site sustainability, and can be

applied across the USDOE complex.

Source control from the completed installation of a low-permeability cap at the Old Radioactive
Waste Burial Ground is moderating the contamination concentration within the SWP, SEP, NEP,
and NWP. Thus, the long-term corrective action employed for groundwater contamination at the
SWP should be the continued operation of the irrigation system (operating at low pond levels to
maximize efficiency) coupled with infiltration control via the Old Radioactive Waste Burial

Ground cap. Natural attenuation continues to be an effective remedy at the SEP, NEP, NWP.
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1.0 INTRODUCTION

1.1 Purpose and Scope

This Corrective Action Report (CAR) has been prepared to support the regulatory reporting
requirements for the F-Area Hazardous Waste Management Facility (HWMF), the H-Area
HWMF, and the Mixed Waste Management Facility (MWMF) at the Savannah River Site
(SRS). The reporting requirements are defined by the Office of Environmental Quality
Control Bureau of Land and Waste Management Hazardous and Mixed Waste Permit
(SC1 890 008 989), dated February 11, 2014, last modified November 30, 2021, hereafter
referred to as the “Permit” and by Section C of the Underground Injection Control (UIC)
Permit Applications, as well as other information by agreement with the South Carolina
Department of Health and Environmental Control (SCDHEC). In accordance with the
Permit, an annual report will be submitted on or before August 31 of each year and will
document the effectiveness of the Corrective Action Program for the F-Area HWMF, the
H-Area HWMF, and the MWMF for the period of January 1 through December 31 (First,

Second, Third and Fourth Quarters) of the previous year.

1.1.1 F-Area and H-Area HWMFs Regulatory Background

Groundwater at the F-Area and H-Area Seepage Basins is impacted by operations of the
F-Area and H-Area HWMFs. Each area has an extensive monitoring well network that is
sampled for a variety of chemical and radioactive contaminants. Groundwater monitoring
results have indicated the major contaminants are metals, radionuclides, and nitrates at both
areas. In addition, investigations performed at the F-Area HWMF and to a lesser extent
the H-Area HWMF, revealed the presence of acid contamination in the subsurface, which

increases mobility of metals.

The Corrective Action Plan (CAP) applies a phased approach for both the H-Area HWMF
and the F-Area HWMF. Phase 1 was the implementation of a groundwater extraction and

injection system to capture and remediate portions of the tritium plume with the highest




Annual CAR for the F-Area HWMF, the H-Area HWMTF, SRNS-RP-2023-00762

and the MWMF (U) Volume I
Savannah River Site
August 2023 Page 2 of 90

activities. This phase was considered complete in October 2003 upon suspension of pump

and treat operations.

Phase 2 implements several technologies including engineered groundwater barriers, base
injection and silver chloride technology (F Area Only) to reduce the concentration of
contaminants in surface water of Fourmile Branch (FMB) and reduce the discharge of
contaminants from the plumes to surface water at the seeplines along FMB. The remedial
technologies implemented for Phase 2 have proven effective and feasible in working
toward the corrective action goals; however, additional time is needed for these
technologies to work to meet Phase 2b remedial goals at the F- and H-Area seeplines along
FMB. These remedial technologies will continue to be deployed as part of the corrective

actions.

On February 11, 2014, the SCDHEC originally issued the 2014 Resource Conservation
and Recovery Act (RCRA) Permit Renewal for the SRS. The SCDHEC modified the 2014
RCRA Permit Renewal on November 30, 2021, which became effective on December 15,
2021. The modifications to the Permit revised the Groundwater Protection Standard
(GWPS) limits for several constituents, revised the Phase 2 corrective action goals, and
revised the date for achieving the GWPS for iodine-129 in FMB and all Appendix IVB-A
constituents in surface water at the seepline to January 14,2032. In addition, a management

strategy is included for the Phase 2 goals to facilitate future goal revisions as necessary.

The Phase 2 remedial action for the F-Area HWMF and H-Area HWMF consists of
engineered groundwater barriers, base injection, and silver chloride injection (F-Area
HWMF only). These technologies are targeted to address both stream/seepline and
groundwater contamination and replaced the Phase 1 pump-treat-reinjection systems for
both areas. Installation of the engineered barriers at the F-Area HWMF and the H-Area
HWMF was completed September 13, 2004, and December 16, 2004, respectively. An

extension to the F Area barrier system was constructed in 2011.

In 2011, an UIC Permit was approved to deploy a technology for the treatment of
radioactive iodine (e.g., iodine-129) in-situ at the F-Area HWMF. SRS successfully
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injected a suspension containing finely ground silver chloride particles mixed with
domestic water into the subsurface to test the capture potential for radioactive iodine. At
the central gate, half of the permitted and purchased quantity (i.e., approximately [~]
291,500 liters [L] [77,000 gallons [gal]) were injected over two months. After monitoring
the effect of silver chloride on iodine for several years, SRS concluded that silver chloride
1s effective at sequestering iodine-129 in-situ and that additional silver chloride is needed

at the central gate to improve the effectiveness of treating iodine-129.

In 2015, SRS injected the remaining quantity of silver chloride in the central gate to boost
the treatment effectiveness for iodine-129. During June and July 2015, 363.4 L (96 gal) of
silver chloride concentrate (362,642.4 L [95,800 gal] diluted) were injected into the Upper
Aquifer Zone (UAZ) on the eastern half of the central gate using seven temporary injection

points.

Silver chloride technology has been demonstrated effective at managing iodine-129. In
May 2016, SRS submitted Revision 2 to the 2000 RCRA Permit Renewal Application,
Volume IV, that proposed adding silver chloride as a corrective action at the F-Area
HWMEF. SCDHEC approved the Renewal Application and incorporated silver chloride
technology in the August 2017 modification of the RCRA Permit Renewal. Deployments

of silver chloride will be managed under the UIC permit process.

In 2018, SRS performed a third deployment of silver chloride at the F-Area HWMF. This
deployment of silver chloride was again placed at the central gate with the intent to
augment previous silver chloride injections and increase robustness through further
development of a permeable in situ treatment zone of silver chloride reactive particles
along the eastern half of the central gate, where the majority of the iodine-129 flux occurs.
The injections for the third deployment of silver chloride began in September of 2018 and
were completed in May 2019.
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1.1.2 MWMF Regulatory Background

An extensive monitoring well network monitors groundwater quality and remedial
effectiveness associated with the MWMF (which included the Burial Ground Complex).
The MWMF is divided into the following four plume areas: Southwest Plume (SWP),
Northwest Plume (NWP), Northeast Plume (NEP), and Southeast Plume (SEP). A
modification of the 2014 RCRA Permit Renewal was issued by the SCDHEC on
August 17, 2017. With the issue of the modification, natural attenuation remedies were
approved for the NWP, NEP and SEP. All four plume areas are monitored for a

comprehensive GWPS that can be found in the Permit.

The SWP discharges tritium-contaminated groundwater into a small tributary that feeds
FMB. Monitoring results revealed that tritium concentrations from these seeps exceed the

GWPS.

The remedial action for the SWP involves phytoremediation and natural degradation. The
remedial action consists of the following three major components: 1) construction of a
small sheet pile dam across the portion of the seeps with the highest trititum concentration;
2) collection of contaminated groundwater behind the dam in a surface pond; and 3)
pumping of the seep water from the surface pond to an irrigation system that distributes
the water to a mixed pine/hardwood forest and to two engineered pine forests referred to
as the eastern and western expansion areas. All the irrigation areas (~440 hectare {ha} 60
acres [ac]) are located over the plume area and cause direct evaporation of water containing
contaminants (tritium and organic compounds e.g. 1,4-dioxane, TCE), oxidation of
organics, and uptake of water into trees for transpiration to the atmosphere. Dose modeling

indicates atmospheric levels of tritium are well below regulatory standards.

The primary contaminants in the SEP, NWP, and NEP are chlorinated volatile organic
compounds (cVOCs) (e.g., trichloroethylene [TCE]) and tritium. Natural degradation with
source control (capping of the Old Radioactive Waste Burial Ground

[ORWBG]/MWMF/Low Level Radioactive Waste Disposal Facility [LLRWDF])

remedies have been approved for these plumes. The primary attenuation mechanisms for
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the cVOCs are reductive dechlorination beneath the caps and aerobic degradation within

the plume. For tritium, the primary mechanism is radioactive decay.

As required by the permit, every five years SRS evaluates and prepares a report on remedial
technologies available for tritiated groundwater. The 2019 technology review was
provided in Appendix H of the April 2019 CAR and concluded that the current remedial
action for tritium remains appropriate for the MWMF. The next tritium technology review

will be completed in year 2024.

1.1.3 General Separations Area Comprehensive Environmental Response,
Compensation, and Liability Act -Related Activities

The General Separations Area Consolidation Unit (GSACU) combined four waste sites
(H-Area Retention Basin, Warner’s Pond, HP-52 Ponds, and the ORWBG) into one
program. Final remedial actions, which included waste consolidation and capping for the
GSACU, began in December 2003 and are physically complete. The Regulatory approval
of the Record of Decision (ROD), Revision 1 Post-Construction Report (PCR)/Corrective
Measures Implementation Report (CMIR)/Remedial Action Completion Report (RACR)
for the GSACU document was received from the United States Environmental Protection

Agency (USEPA) on May 21, 2008, and from the SCDHEC on May 22, 2008.
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2.0 MONITORING/REPORTING REQUIREMENTS

2.1 F-Area HWMF and H-Area HWMF/Monitoring/Reporting Requirements

The F-Area HWMF groundwater monitoring requirements are described in Module IV,
Section B, of the Permit. The H-Area HWMF groundwater monitoring requirements are
described in Module 1V, Section C, of the Permit. The well networks for the F-Area and
H-Area HWMFs monitor the UAZ and the Lower Aquifer Zone (LAZ) of the Upper Three
Runs Aquifer (UTRA), and the Gordon Aquifer (GA). (Refer to Maps 1A, 1B, and 1C,
Volume II.) The wells that are Purge Water Management System (PWMS) wells are listed
in Appendix A (Table A-2), Volume I.

Groundwater sampling, analysis, and other monitoring requirements are conducted as
required by the Permit. The former F-Area and H-Area Waste Water Treatment Units
(WTUs) were shut down and placed in a dry lay-up configuration during 1Q2005 and
4Q2003 (respectively), and their industrial wastewater permits closed during 4Q2009.

2.2 MWMF Monitoring/Reporting Requirements

The MWMF groundwater monitoring requirements are defined in Module IV, Section D
of'the Permit. The well network for the MWMF monitors the UAZ and LAZ of the UTRA
and the GA beneath the facility in all four plume areas (SWP, SEP, NWP, and NEP). Refer
to Maps 1A, 1B, and 1C, Volume II. Appendix A (Table A-2), Volume I, lists the wells in
the PWMS network.

Groundwater and surface water monitoring is conducted as specified in the Permit. A
modification of the 2014 RCRA Permit Renewal was issued by the SCDHEC on
August 17, 2017. With the issuance of the permit renewal, natural attenuation remedies
were approved for the NWP, NEP and SEP. All four plume areas are monitored with a

comprehensive GWPS that can be found in the Permit.
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Permit Section IVD.B.10.b.xii requires a list of wells and corresponding well construction
details for wells installed since the submittal of the 2000 RCRA Part B Renewal
Application. Appendix A, Volume I, contains a list of all existing, installed, and abandoned

wells.
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3.0 COMPLIANCE MONITORING

3.1 Water Quality and Elevation Data (IVB.B.11.b.i, IVC.B.11.b.i, and
IVD.B.10.b.i)

All water quality (monitoring wells, wetland piezometers, and surface water) and water-
elevation data (water levels) for the F-Area HWMF, the H-Area HWMF (Appendix B,
Tables, Volume I), and the MWMF (Appendix B, Tables and Appendix C, Volume I)
collected during 2022 are presented in accordance with the Permit requirements. The data
tables present the analytical data in a matrix format depicting sampling stations and
analytical constituents by aquifer unit. The data tables include laboratory-qualified data

that are verified.

Field data for the F-Area HWMF, the H-Area HWMF, and the MWMF for 2022 are also
included in the data tables, in accordance with the Permit requirements. The tables include

water elevations as they correspond to a specific sampling event.

3.2 Hydrographs (IVB.B.11.b.ii, IVC.B.11.b.ii, and IVD.B.10.b.ii)

Hydrographs for selected wells for the F-Area HWMF, the H-Area HWMF, and the
MWMF are provided in Appendix D, Volume I, in accordance with the Permit
requirements. The wells were selected to provide a representative evaluation of the
hydrogeology at the waste units. Hydrograph data include water-level specific
measurements and water-level measurements taken during routine sampling from 1995
through 2022. Clustered wells are shown on a single graph. Unique symbols are assigned

for each well cluster, and the aquifer zone for each well is identified in the legend.

3.3 Time Series Plots (IVB.B.11.b.iii, IVC.B.11.b.iii, and IVD.B.10.b.iii)

Appendix E, Volume I, contains time series plots for selected wells for the F-Area HWMF,
the H-Area HWMF, and the MWMF in accordance with the Permit requirements. The
wells selected provide a representative evaluation of the groundwater contamination and
corrective actions at the waste units. The time series plots show permit-required

constituents monitored from 1995 through 2022. Data from clustered wells are shown on
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a single graph, and the GWPS is depicted with a horizontal dashed line for reference.
Unique symbols are assigned for each well in a cluster, and the aquifer zone for each well
is identified in the legend. Scaling is optimized and all graphs are semi-log plots with

concentration on the log scale.

Since it is possible to have negative values for radiological results below the detection
limit, these negative values will not plot on the log scale and the plotted positive values on
either side of the negative value are not connected by a line. This will only be apparent for

plots below the detection limit.

The data used to develop the time series plots was not filtered to graphically present
comparisons among the parent sample, field duplicates, field splits, reruns, and laboratory

duplicates.

3.4 Isoconcentration Maps (IVB.B.11.b.iv, IVC.B.11.b.iv, and IVD.B.10.b.iv)

Isoconcentration plan-view maps for the F-Area HWMF, the H-Area HWMF, and the
MWMF are provided in Volume I1, in accordance with the Permit requirements. Individual
maps depict the contaminant plumes. The concentration contour intervals on each map
include the GWPS for that contaminant and additional contours that adequately represent

the contaminant distribution.

3.5 Potentiometric Maps (IVB.B.11.b.v, IVC.B.11.b.v, and IVD.B.10.b.v)

Potentiometric contours and groundwater flow lines for 3Q2022 are provided on the
isoconcentration maps for the F-Area HWMF, the H-Area HWMF, and the MWMF
(Volume IT). The combined maps show groundwater flow direction for the UAZ and LAZ
of the UTRA and the GA.
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Groundwater velocity calculations provide a basis for estimates of the transport rate for

constituents. Groundwater velocities are calculated using the following equation:

Hydraulic Conductivity (ft/day) Ah(ft)
X

Velocity (ft/day) = AlL(fY)

Porosity (unitless)

The value A# is the difference in head, and A/ is the length of the flow path. Flow path
length is calculated to the nearest 7.62 meters (m [25 feet {ft}]).

During 2022, groundwater velocities are relatively constant in F Area and H Area, down
gradient of the ORWBG (vicinity of the SWP and SEP), and in the north plumes of the
MWMF, as has been reported for many years. The following tables provide the 2022
horizontal flow rate estimates for the hydrostratigraphic units for the F-Area HWMF (Table
1), the
H-Area HWMF (Table 2), and the MWMF (Table 3).

Table 1. Horizontal Groundwater Velocities in the Hydrostratigraphic Units Beneath

the F-Area HWMF
F-Area HWMF UAZ of the UTRA LAZ of the UTRA GA

Kh (ft/day) 91.7 1.5 40

Effective Porosity 0.2 0.2 0.25

dh/dl Varies Varies Varies

Groundwater Velocity (ft/yr) (Third Quarter 2022)
Flow Path F | 1,998 | 24 389

Note: Table depicts approximate values.

Flow was southwest in the UAZ of the UTRA, southwest in the LAZ of the UTRA, and northwest in the GA.

Table 2. Horizontal Groundwater Velocities in the Hydrostratigraphic Units Beneath
the H-Area HWMF
H-Area HWMF UAZ of the UTRA LAZ of the UTRA GA
Kh (ft/day) 37.1 1.5 39
Effective Porosity 0.2 0.2 0.25
dh/dl Varies Varies Varies
Groundwater Velocity (ft/yr) (Third Quarter 2022)
Flow Path H 864 | 38 161
Note: Table depicts approximate values.

Flow was southwest in the UAZ of the UTRA, southwest in the LAZ of the UTRA, and northwest in the GA.
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Table 3. Horizontal Groundwater Velocities in the Hydrostratigraphic Units Beneath
the MWMF
MWMF UAZ of the UTRA LAZ of the UTRA GA
Kh (ft/day) 32 1.5 39
Effective Porosity 0.2 0.2 0.25
dh/dl Varies Varies Varies
Groundwater Velocity (ft/yr) (Third Quarter 2022)
Flow Path SWP 459 23 161
Flow Path SEP 722 24 161
Flow Path NWP * 16 161
Flow Path NEP * 45 161
Note: Table depicts approximate values.

Flow directions in the UAZ and LAZ of the UTRA were to the southwest (SWP), northwest (NWP), northeast (NEP), and southwest

(SEP). Flow direction in the GA was to the northwest.

*Due to the limited extent of the UAZ (i.e., the water table drops into the LAZ), no calculation is made for the UAZ in the NWP
and the NEP areas.

3.6 Isoconcentration Cross Sections (IVB.B.11.b.vi, IVC.B.11.b.vi, and
IVD.B.10.b.vi)

Isoconcentration cross sections for the F-Areca HWMF, the H-Area HWMF, and the
MWMF are presented in Volume II of this report, in accordance with the Permit
requirements. All cross sections selected to represent contamination transport are
essentially parallel to groundwater flow from the waste units. For well clusters in a cross
section, each screen in a cluster is depicted on the cross section and available data for each
screen is posted. The plan-view location of the cross sections is shown on insets on each

cross section map and on the plume maps in Volume II.

3.7 Determination and Extent of Severity of Groundwater Contamination
(IVB.B.11.b.viii, IVC.B.11.b.viii, and IVD.B.10.b.vii)

Monitoring results for groundwater, surface water, and wetlands are included for the
F-Area HWMF, the H-Area HWMF, and the MWMF. The extent and severity of the
groundwater contamination is determined based on the analytical results of the
groundwater sampling performed for that period. The following sections describe the
extent and severity of the groundwater contamination in terms of compliance monitoring

and GWPS exceedances for the F-Area HWMF, the H-Areca HWMF, and the MWMEF.
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3.7.1 Compliance Groundwater Monitoring

3.71.1 F-Area HWMF Compliance Groundwater Monitoring

Compliance monitoring for the F-Area HWMF was performed quarterly during 2022, in
accordance with the Permit requirements. Monitoring results are in Appendix B,

Tables B-1, Volume I.

The scheduled 2022 sampling was completed for all wells in F-Area.

3.7.1.2 H-Area HWMF Compliance Groundwater Monitoring

Compliance monitoring for the H-Area HWMF was performed quarterly during 2022, in
accordance with the Permit requirements. Monitoring results are in Appendix B,

Table B-2, Volume 1.

The scheduled 2022 sampling was completed for all wells in H Area.

3.7.1.3 MWMEF Compliance Groundwater Monitoring

Compliance monitoring was performed for the MWMEF, in accordance with the Permit, and
is discussed by plume areas (SWP, SEP, NEP, and NWP). During 2022, all four plume

areas were monitored.

All four of the plume areas (SWP, NWP, NEP, and SEP) have radiological indicator
parameters (nonvolatile beta, gross alpha, sum of beta, sum of beta dose, or sum of alpha)
that exceed GWPS levels. GWPS exceedances of radiological indicator parameters are
only discussed when the indicator parameter exceeds the GWPS and are not supported by
speciated radiological isotopes. However, due to an analysis phenomenon known as “cross
talk”, radiological indicator analyses such as gross alpha and nonvolatile beta rarely agree
with the sum of the speciated data. Cross talk occurs when part of the alpha emissions is
counted as beta and part of the beta emissions are counted as alpha so that the overall sum

of gross measurements is usually higher than the sum of the speciation. Therefore, gross
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radiological parameter exceedances should not be considered at the same level of

importance as speciated values.

SWP Compliance Monitoring

During 1Q2022 and 3Q2022, the SWP monitoring wells were monitored for compliance
requirements. Analytical results indicate 13 constituents exceeded the GWPS. The results
and the aquifer zones, in which the exceedances occurred, are presented in Appendix B,

Table B-7, Volume 1.

SEP Compliance Monitoring

For the SEP plume, the 1Q2022 and 3Q2022 data were compared to the GWPS.

During 2022, the SEP monitoring wells were monitored for semi-annual compliance
requirements. Analytical results indicate ten constituents exceeded the GWPS. The results
and the aquifer zones in which the exceedances occurred are presented in Appendix B,

Table B-8, Volume I.

NEP Compliance Monitoring

For the NEP plume, the 1Q2022 and 3Q2022 data were compared to the GWPS.

During 2022, the NEP monitoring wells were monitored for semi-annual compliance
requirements. Analytical results indicate ten constituents exceeded the GWPS. The results
and the aquifer zones, in which the exceedances occurred, are presented in Appendix B,

Table B-9, Volume I.
NWP Compliance Monitoring
For the NWP plume, the 1Q2022 and 3Q2022 data were compared to the GWPS.

During 2022, the NWP monitoring wells were monitored for compliance requirements.

Analytical results indicate 11 constituents exceeded the GWPS. The results and the aquifer
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zones, in which the exceedances occurred, are presented in Appendix B,

Table B-10, Volume I.

3.7.2 Wetland Compliance Monitoring

The following subsections discuss Wetland Compliance Monitoring for the F-Area

HWMF, the H-Area HWMF, and the MWMF.

3.7.2.1 F-Area HWMF Wetland Compliance Monitoring

During all four quarters of 2022, groundwater sampling was scheduled for 17 F-Area
HWMF wetland piezometers. Groundwater samples were collected from all 17

piezometers during each quarter.

In accordance with the Permit Application, all 17 wetland groundwater piezometers are
analyzed for the full suite of GWPS constituents during the third quarter of each year.
During the remaining quarters, the stations are analyzed for a reduced suite of GWPS
constituents based on the analytes detected during the full suite sampling event. If a
constituent is not detected above the GWPS during the third quarter sampling event, it is
excluded from further analyses during the remaining quarters. However, gross alpha,
nonvolatile beta, tritium, and nitrate-nitrite, are sampled for during all quarterly events.
The sample results for 2022 are presented in Appendix B, Table B-3, Volume I, and the

locations are shown on Map 1A, Volume II.

In groundwater beneath the wetlands of FMB, antimony, cadmium, cobalt, mercury,
nitrate-nitrite, carbon-14, gross alpha, iodine-129, nonvolatile beta, radium-226,
radium-228, strontium-90, tritium, uranium-233/234, and uranium-238 exceeded the
GWPS. Tritium and iodine-129 were the most widespread constituents at the wetlands,
exceeding the GWPS at all but four locations. The maximum concentration of tritium (696
picocuries per milliliter [pCi/mL]) occurred at FPZ 6A and was less than the result in 2021.
The sample results are presented in Appendix B, Table B-3, Volume I. The locations are

shown on Map 1A, Volume II.
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3.7.2.2 H-Area HWMF Wetland Compliance Monitoring

During all four quarters of 2022, sampling was scheduled for ten H-Area HWMF wetland

groundwater piezometers. All wetland piezometers were sampled during all four quarters.

In accordance with the Permit Application, during the third quarter of each year, all ten
wetland groundwater piezometers are analyzed for the full suite of GWPS constituents.
During the remaining quarters, the stations are analyzed for a reduced suite of GWPS
constituents based on the analytes detected during the full suite sampling event. If a
constituent is not detected above the GWPS during the third quarter sampling event, it is
excluded from further analyses during the remaining quarters. However, gross alpha,
nonvolatile beta, tritium, nitrate-nitrite, and mercury are sampled for during all quarterly
events. The sample results are presented in Appendix B, Table B-4, Volume I, and the

locations are shown on Map 1A, Volume II.

In groundwater beneath the wetlands of FMB, mercury, vanadium, carbon-14, nitrate-
nitrite, iodine-129, nonvolatile beta, and tritium exceeded the GWPS. Tritium was the
most widespread constituent at the wetlands, exceeding at all but one location (HPZ 5B).
The maximum concentration for tritium was 794 pCi/mL at location HPZ 1A and was less
than results measured in 2021. Vanadium exceeded the maximum contaminant level
(MCL) at HPZ 1A and HPZ 5B. These exceedances appear to be an artifact of elevated
turbidity. The sample results are presented in Appendix B, Table B-4. The locations are
shown on Map 1A, Volume II.

3.7.2.3 MWMEF SWP Wetland Compliance Monitoring

During 2022, seven wetland groundwater piezometers were monitored for trititum each
quarter and in 3Q for the full GWPS list (Appendix B, Table B-11, Volume I). Analytical
results indicate trittum (all locations), carbon-14 (one location) and 1,4-dioxane (one
location) exceeded the GWPS. The sample results are presented in Appendix B, Table B-

11, Volume I. The locations are shown on Map 1A, Volume II.
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Tritium is the most prevalent contaminant in groundwater at the SWP wetlands. Tritium
is usually measured at higher concentrations in the deeper piezometers because the deeper
wetland piezometers monitor groundwater just above a clay horizon. This horizon has
lower conductivities, higher effective porosities, and is not easily flushed by groundwater
movement. In addition, the shallower piezometers are screened near the surface and
intersect a highly conductive root zone near the surface, which can transmit rainwater or

overland flow and dilute the concentrations.

3.7.3 Surface Water Compliance Monitoring

The following sections discuss Surface Water Compliance Monitoring for the F-Area

HWMEF, the H-Area HWMF, and the MWMF (SWP and NWP/NEP).

3.7.3.1 F-Area HWMF and H-Area HWMF Surface Water Compliance Monitoring
in FMB

In accordance with the Permit Application, during the third quarter of each year, all
12 FMB surface water stations are analyzed for the full suite of GWPS constituents. During
the remaining quarters, the stations are analyzed for a reduced suite of GWPS constituents
determined based on the analytes detected during the full suite sampling event. If a
constituent is not detected above the GWPS during the third quarter sampling event, it is
excluded from further analyses during the remaining quarters. However, gross alpha,
nonvolatile beta, tritium, nitrate-nitrite, and mercury are sampled for during all quarterly
events. The sample results are presented in Appendix B, Table B-3 and B-4, Volume I,

and the locations are shown on Figure 1.

As part of the tritium flux monitoring, an additional station (FMC 002H) was sampled for
tritium only. The results for this station are also presented in Appendix B, Table B-3 and

B-4, Volume I. The location is shown on Figure 1.
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Figure 1. Surface Water Sampling Locations Along Fourmile Branch

During 2022, iodine-129 (two locations at F Area) and tritium (seven locations at F and H
Areas) exceeded the GWPS in FMB. Trittum was the most prevalent contaminant
exceeding the GWPS at 7 of 13 locations. The maximum concentration of tritium in
Fourmile Branch was 59.3 pCi/mL at FM 2BD (located downgradient from the MWMF
SWP).

3.7.3.2 MWMF Surface Water Compliance Monitoring in FMB and Upper Three
Runs

SWP (FMB Watershed)

During 2022, SRS sampled the ten MWMF SWP surface water locations (Engineered
Ditch [ED], OFED, phytoremediation pond, and FMB) for tritium. Analytical results
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indicate trittum exceeded the GWPS in FMB at every location except for FM-2B and the
background station FM-2. The sample results are presented in Appendix B, Table B-11,

Volume I. The locations are shown on Map 1A, Volume II.

Surface water locations ED-01, OFD-01, and OFD-02 monitor tritium concentrations from
the ED, the OFED below the pond, and the OFED farther downstream of the pond,
respectively. A surface water grab sample from the phytoremediation pond (location
FHP-001) and a grab sample from the irrigation water tank (location FHP-001A) filled
from the pond used to irrigate the phytoremediation plots are representative of the
phytoremediation pond. During normal operation of the phytoremediation system, water
from the entire pond exits at the pump intake as it is withdrawn for irrigation use. Samples
collected at the pump intake represent the average concentration of tritium in the pond.
Surface water in the ED originates from the discharge of F Area process water and storm
water runoff. Surface water in the OFED consists of many braided streams originating
from numerous groundwater seep locations that combine to form a single stream. Location
FM-3A 1is located just below the confluence of the ED and the OFED and is the last
sampling location before entering FMB. FMC-002H, and FM-2B are FMB sampling
locations at the MWMF while FM-2 is a background station on FMB.

Tritium exceeded the GWPS at 8 of 10 monitoring locations during 2022. Overall,
maximum concentrations in 2022 were similar to last year’s results. The maximum
concentration in the pond was 1,240 pCi/mL at location FHP-001. At the ED, the
maximum concentration was 569 pCi/mL while at the OFED tritium was 1,190 pCi/mL
below the pond. Downstream at the confluence of the ED and OFED tritium was
620 pCi/mL in 2022. In FMB, the maximum tritium concentration was 59.3 pCi/mL at
location FM-2BD.

NWP and NEP (Upper Three Runs Watershed)

Stream locations CBS 010, CBS 020, and CBS 030 monitor surface water in Crouch
Branch, a tributary of Upper Three Runs (UTR). This tributary’s headwaters originate in

H Area. Crouch Branch also receives water from groundwater seeps emanating from the
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NEP. Stream location UTR-155 monitors an unnamed tributary to Upper Three Runs

Creek, which receives water from seeps where the NWP is projected to discharge.

Ten MWMF NWP and NEP surface water locations (Crouch Branch and an unnamed
tributary to UTR) are monitored quarterly for tritium. During 2022, tritium exceeded the
GWPS at seven locations: CBS-10, CBS-20, CBS-30, CBS-BF1, UTR-120, UTR-140 and
UTR-BF1. Additional discussion regarding tritium measured at UTR-120 is provided in
Section 5.3.

Tritium was most prevalent at locations CBS-BF1 and UTR-BF1 exceeding the GWPS
during each quarter in 2022. The maximum concentration overall was 118 pCi/mL at CBS-

BF1.

The sample results for 2022 are presented in Appendix B, Table B-12, Volume I. The

locations are shown on Map 1B, Volume II.

3.8 Statistical Evaluation for Changes in Groundwater Elevations and pH for
F-Area HWMF and H-Area HWMF

In accordance with the Permit requirements, the F-Area and the H-Area HWMFs are
required to perform a statistical evaluation of annual groundwater quality and elevation
changes for the point of compliance (POC) wells and selected assessment wells. No

statistical evaluation is required for the MWMEF.

Since the remedial system consists of groundwater barriers and base injection systems, the
statistical evaluation focuses on the impacts of the barriers and base injection on the
groundwater elevations and change in pH. It is important to assess the effects of the
barriers and the base injection on the aquifer to better understand the long-term impacts on
groundwater quality. Base injection (pH adjustment) represents the treatment mechanism
for metals at the F Area barriers and at the wetlands of F and H Areas. Several years after
the installation of the remedial systems during the April 2007 reporting period, a simple
hypothesis test was used to assess the impact of the barriers and base injection system on

the groundwater elevations (F- and H-Areas HWMFs) and changes in pH (F-Area HWMF).
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A detailed description of the test and the trend statistics for all available wells are presented
in Appendix F, Volume I. A review of the previous statistical analysis during this reporting
period indicates that the statistical evaluation continues to be valid and is included in this

report as Section 3.8.1 and 3.8.2.

3.8.1 Groundwater Elevations

The groundwater elevation statistical results for the F-Area HWMF and the H-Area
HWMF are included in Appendix F, Table 1 and Table 2, Volume I, respectively.

Water level changes resulting from barrier installation were statistically evaluated by
analyzing the gradients between wells located across the barriers. Although many wells
exist near the barriers, only a few well pairs contained sufficient data to adequately perform
statistical tests. The majority of the well pairs excluded from the analysis had an

insufficient number of measurements collected before the installation of the barriers.

The water level gradient evaluation for the F-Area HWMF and the H-Area HWMF
indicates that groundwater flow has changed, due to the installation of the barriers. This is
demonstrated by at least four well pairs. At F Area, at least one well pair indicated a
significant change in gradient, due to the installation of the barrier walls. This well pair is
in the area with the greatest groundwater contamination. The remaining three well pairs
are located at the H Area barriers. Due to the configuration of the barriers, located both up
gradient and down gradient of the waste unit, the H Area barriers had an immediate impact

on groundwater flow.

3.8.2 Change in pH

The change in pH statistical results for the F-Area HWMF are included in Appendix F,
Table 3, Volume I.

Significant changes in groundwater pH were statistically evaluated using monitoring wells
and wetland sampling locations within the vicinity of the injection wells. The differences

in pH before and after injection of the base solution are often a function of location of the
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monitoring wells and geochemical buffering of the groundwater plume. The most
appropriate locations for monitoring pH are the wells that are located down gradient in

close proximity of the injection zone.

Five of the wells that were statistically evaluated showed significant indications of change
in the groundwater plume pH, due to base injection. The majority of these wells are in the
eastern portion of the plume. This is also the area of the plume containing the most
significant groundwater contamination. As expected, all the wells located up gradient and
outside of the influence of the base injection, except for one (FSB 118), show no statistical
impact to pH. Well FSB 118 shows a significant change in pH; however, it is located up
gradient a significant distance away from the injection system and thus is not impacted by

the base injection.

The statistical evaluation indicates that pH adjustment was accomplished near the gates,
due to the injection of base into the aquifer. This is supported by monitoring data from the

wells that are located close to the zone of injection.

3.8.3 Changes in Tritium Concentration

The time series plots in Appendix E, Volume I illustrate the trends in tritium concentration
in the groundwater near the barriers, since the termination of pump and treat operations at

the F-Area and H-Area Seepage Basins.

Since installation of the barriers and operation of the base injection system, the tritium
concentration down gradient of the F-Area Seepage Basin barriers and gates has decreased
significantly. The reduction in concentration is attributed to the control of the
contaminated groundwater by the barriers and the release of less contaminated groundwater

through the gates.

The tritium concentrations down gradient of the H-Area Seepage Basin barriers have also
decreased significantly, as shown in the time series graphs. The reduction in concentration

is due to the control of the contaminated groundwater by the barrier.
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In conclusion, sampling and analysis performed during this reporting period has confirmed
that significant reductions in concentration of trittum continue to occur and are consistent
with the planned performance of the barriers and gates. The barriers are reducing
contamination in FMB. Sections 5.1.3.4 and 5.2.2.3 provide more information on tritium

flux to FMB for the F-Area HWMF and the H-Area HWMF, respectively.

3.9 Rainfall (IVB.B.11.b.xi, IVC.B.11.b.xi, and IVD.B.10.b.viii)

Due to the central proximity, the H Area rain gauge station was selected to represent rainfall
patterns within the study area. The monthly, quarterly, and cumulative rainfall data in
inches for the F-Area HWMF, the H-Area HWMF, and the MWMF during 2022 are
presented in Table 4.

Figure 2 presents monthly rainfall totals for January 1 through December 31, 2022.
Rainfall for 2022 was approximately 6 inches less than the long-term annual average
(120 centimeters [cm] 47.23 inches). A pattern of above average rainfall began in 2013
continuing through 2020. Prior to this SRS experienced below average rainfall in most of

the years since 1998.
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Table 4. Rainfall for 2022
Month Rainfall (in)
January 4.22
February 2.02
March 2.8
First Quarter Total 9.04
April 5.48
May 2.22
June 2.57
Second Quarter Total 10.27
Cumulative Total for First Half of 2022 19.31
July 5.68
August 6.7
September 2.47
Third Quarter Total 14.85
October 1.91
November 1.63
December 3.93
Fourth Quarter Total 747
Cumulative Total for Second Half of 2022 22.32
Cumulative Annual Total 41.63
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Figure 2. Rainfall for 2022
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4.0 DETECTION MONITORING

4.1 F-Area HWMF Appendix IX (IVB.B.10.c)Table

SRS performed detection monitoring for the F-Area HWMEF during 3Q2022, in accordance
with the Permit requirements. Twenty percent of the POC wells were sampled for
Appendix IX constituents, carbon-14, and cesium-134. The sample results for the wells

are presented in Appendix B, Table 5, Volume I.

During detection monitoring in 2022, no new constituents were detected at F-Area HWMF

4.2 H-Area HWMF Appendix IX (IVC.B.10.c)

SRS performed detection monitoring for the H-Area HWMF during 3Q2022, in accordance
with the Permit requirements. Twenty percent of the POC wells were sampled for
Appendix IX constituents, carbon-14, and cesium-134. The sample results for the wells

are presented in Appendix B, Table 6, Volume I.

During detection monitoring in 2022, no new constituents were detected at H-Area HWMF

4.3 MWMF Appendix IX and Comprehensive Radiological Monitoring List
(IVD.B.9.d)

SRS performed detection monitoring for the MWMEF during 3Q2022, in accordance with
the Permit requirements. Samples were collected from 20% of the POC wells for Appendix
IX and Comprehensive Radiological Monitoring List (CRML) constituents. The CRML
constituents are specified in the Permit. The sample results are presented in Appendix B,

Tables B-13 through B-16, Volume I.

Detection monitoring for the SWP indicated that two constituents (beta-benzene
hexachloride and naphthalene) not on the current GWPS for the MWMF were detected in
2022. Beta-benzene hexachloride was detected in well BGO 33C (0.037 micrograms per
liter [ug/L]). Beta-benzene hexachloride has not been previously detected at BGO 33C

and is not known to be associated with the waste unit. Naphthalene was detected in wells




Annual CAR for the F-Area HWMF, the H-Area HWMTF, SRNS-RP-2023-00762

and the MWMF (U) Volume I
Savannah River Site
August 2023 Page 28 of 90

BGO 30D and BGO 32D (1.03 ug/L and 1.35 ug/L. Naphthalene has been previously
detected in wells at the MWMEF but is present in insect repellant (samples are collected
during the summer) and is not known to be associated with the waste unit. SRS will

evaluate the presence of these constituents at the wells they were detected by resampling

in 2023.

Detection monitoring for the SEP indicated that four constituents (bis[2-
ethylhexyl)Phthalate, Aroclor 1248, Aroclor 1254, and Aroclor 1260) not on the current
GWPS for the MWMF were detected in 2022. Bis(2-ethylhexyl)Phthalate was detected in
well BGO 35D (1.22 ug/L). Bis(2-ethylhexyl)Phthalate has been detected sporadically at
the MWMEF. Bis(2-ethylhexyl)Phthalate is the most commonly used plasticizing agent for
polyvinylchloride (PVC), the construction material for all of the monitoring well screens
and casings, and PV C is the probable source of these bis(2-ethylhexyl)phthalate detections.
Aroclor 1248, Aroclor 1254, and Aroclor 1260 were detected in well BGO 39A. None of
these Aroclors have been previously detected at well BGO 39A and are not known to be
associated with the waste unit. SRS will evaluate the presence of these constituents at the

wells they were detected by resampling in 2023.

During detection monitoring in 2022, no new constituents were detected in the NWP nor

NEP.

Additionally, detection monitoring detected 2,6-dinitrotoluene at background well HSB
85B. 2,6-dinitrotoluene is not known to be associated with the waste unit and SRS will
evaluate the presence of this constituent by resampling in 2023. SRS will continue to

monitor for Appendix IX constituents at the MWMF in 2023.
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5.0 CORRECTIVE ACTION EFFECTIVENESS MONITORING

5.1 F-Area HWMF Corrective Action Program

The current corrective actions for the F-Area HWMF include an engineered low-
permeability cap over the seepage basins, an engineered groundwater barrier system with
gates, a base injection system as treatment within the gates and in the wetlands of FMB,
and silver chloride amendment for treatment of iodine-129. Further discussion on the

effectiveness of the corrective action is provided in Section 5.1.3.

Installation of the original length of engineered groundwater barriers at F Area was
completed in 2004. A section of barriers ~350.5-m (1,150-ft) long, including an additional
gate, was added in 2011 to extend the barrier system to the east. The barrier system now
consists of three gates: west gate, central gate, and east gate. The groundwater barrier
funnel and gate system were designed to manage trittum and metal releases to FMB and
the seepline. The groundwater barriers have been effective at moderating the flow of

contaminated groundwater and reducing the discharge of contaminants to FMB.

During June 2005, SRS completed construction and commenced operation of the base
injection system within the original two gates (west gate and central gate) at the F-Area
groundwater barrier. In 2008, the base injection system was expanded to treat groundwater
beneath the wetlands located down gradient of the barriers. In 2011, SRS expanded the
base injection system to include the east gate at the extension of the barriers. The base
injection system is designed to mitigate acidic groundwater contamination in situ.

Figure 3 shows the system configuration.
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Figure 3. Base Injection Layout
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Iodine-129 is currently present at levels greater than the GWPS in the groundwater beneath
the wetlands and in surface water within the wetlands and in FMB. In May 2016, SRS
submitted a modification to the 2000 RCRA Permit Renewal Application, Volume 1V,
Revision 2, proposing to add silver chloride technology as part of the corrective action for
iodine-129. The SCDHEC approved the 2000 RCRA Permit Renewal Application and
modified the 2014 RCRA Permit Renewal on August 17, 2017. The permit renewal
became effective on September 2,2017, adding silver chloride technology as the corrective
action for iodine-129. The installed engineered groundwater barriers, base injection
system, and silver chloride technology form the remediation system for the F-Area HWMF.

Section 5.1.3.3 provides additional information on the silver chloride technology.

5.1.1 Injection Well Volumes and Injection Rates (IVB.B.11.b.xii)

In 2022, base injection was performed starting in February and continued into July at the
central gate. Approximately 53,000,000 L (14M gal) of base solution was injected in 2022
at F-Area HWMF. The base injection treatment areas are shown on Figure 3. Table 5
summarizes the volumes injected, average rate of injection, and period of injection, for

2022.

5.1.2 Surface Water Monitoring at the Seeplines

SRS has surface water monitoring stations within the seeplines below the closed F-Area
Seepage Basins. These monitoring stations support corrective action effectiveness
determinations for the Phase 2b corrective action goals of the Permit. SRS installed four
of the monitoring stations in 2010 and incorporated the stations into the quarterly
monitoring program in 2011. In 2015, SRS discussed with the SCDHEC the addition of
two more surface water sample stations within the wetlands (one new location in F Area
and one in H Area). In 2015, SRS submitted a revised permit application that added the

two new surface water stations to the monitoring program.
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Table 5. F-Area Base Injection Flow Rate 2022




Table 5. F-Area Base Injection Flow Rate 2022

SRNS-RP-2023-00762

12-month
January February March April May June July August October November Well Volume|
Treatment Well Tot Tot Avg Tot Tot Avg Tot Tot Avg Tot Tot Avg Tot Tot Avg Tot Tot Avg Tot Tot Avg Tot Tot Avg Tot Tot Avg Tot Tot Avg Tot Tot Avg Tot Tot Avg
Area Number Hours gal gpm Hours gal gpm Hours gal gpm Hours gal gpm Hours gal gpm Hours gal gpm Hours gal gpm Hours gal gpm Hours gal gpm Hours gal gpm Hours gal gpm Hours gal gpm gal
FIB-9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0
FIB-10 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0
FIB-11 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0
FIB-12 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0
o FIB-13 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0
g FIB-14 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0
< FIB-15 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0
o FIB-16 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0
E FIB-17 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0
FIB-18 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0
FIB-19 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0
FIB-20 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0
FIB-21 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0
R FIB-22 0.0 0.0 0.0 672.0 [500,976.0] 12.4 24.0 14,400.0 10.0 432.0 |264600.0 10.2 696.0 [ 532440.0 12.8 648.0  364,500.0 9.4 144.0 | 60,480.0 7.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1,737,396 |
® FIB-23 0.0 0.0 0.0 672.0 |[595,392.0 14.8 24.0 20,160.0 14.0 432.0 |314280.0 12.1 696.0 894360.0 21.4 648.0 584,415.0 15.0 144.0 |104,940.0 121 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 2,513,547
?’ FIB-24 0.0 0.0 0.0 672.0 |569,856.0| 14.1 24.0 20,160.0 14.0 432.0 | 325080.0 12.5 696.0 | 981360.0 235 648.0 698,625.0 18.0 144.0 [125,820.0 146 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 2,720,901
g FIB-25 0.0 0.0 0.0 672.0 [517,104.0 12.8 24.0 20,160.0 14.0 432.0 |336960.0 13.0 696.0 937860.0 22.5 648.0 636,660.0 16.4 144.0 |110,880.0 12.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 2,559,624
s FIB-26 0.0 0.0 0.0 672.0 |555,408.0) 13.8 24.0 20,160.0 14.0 432.0 |339120.0 13.1 696.0 | 939600.0 225 648.0 704,700.0/ 18.1 144.0 [129,600.0 15.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 2,688,588
FIT-14 0.0 0.0 0.0 672.0 [574,896.0 14.3 24.0 20,160.0 14.0 432.0 | 388800.0 15.0 696.0 | 1002240.0 24.0 648.0  726,570.0 18.7 144.0 |127,080.0 14.7 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 2,839,746
° FIB-30 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0
® FIB-31 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0
9 FIB-32 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0
E FIB-33 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0
FIB-34 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0
FSI-1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0
FSI-2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0
FSI-3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0
FSI-4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0
FSI-5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0
FSI-6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0
FSI-7 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0
FSI-8 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0
FSI-9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0
FSI-10 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0
FSI-11 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0
FSI-12 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0
FSI-13 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0
FSI-14 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0
FSI-15 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0
8 FSI-16 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0
H FSI-17 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0
s FSI-18 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0
H FSI-19 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0
FSI-20 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0
FSI-21 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0
FSI-22 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0
FSI-23 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0
FSI-24 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0
FSI-25 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0
FSI-26 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0
FSI-27 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0
FSI-28 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0
FSI-29 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0
FSI-30 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0
FSI-31 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0
FSI-32 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0
FSI-33 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0
FSI-34 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0
Monthly
Volume 0 0 0 4,032 (3,313,632 82 144 115,200 80 2,592 (2,434,673 76 4,176 2,051,523 127 3,888 [2,218,548 96 1,593,108 76 2,254,934 0 0 0 0 0 0 0 0 0 0 13,981,618
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Similar to the monitoring strategy used for surface water in FMB and the wetland
piezometers, the seepline surface water stations are analyzed for the full suite of GWPS
constituents during the third quarter of each year. During the remaining quarters, the
stations are analyzed for a reduced suite of GWPS constituents determined based on the
analytes detected during the full suite sampling event. If a constituent is not detected above
the GWPS during the third quarter sampling event, it is excluded from further analyses
during the remaining quarters. However, gross alpha, nonvolatile beta, trittum, and nitrate-
nitrite are sampled for during all quarterly events. The sample results are presented in

Appendix B, Table B-3, Volume I, and the locations are shown on Map 1A, Volume II.

In 2022, surface water samples were collected during each quarter from all the locations.
At the F Area seepline (Phase 2b corrective action goals), beryllium, cadmium, cobalt,
lead, nitrate-nitrite, vanadium, gross alpha, nonvolatile beta, iodine-129, radium-126,
strontium-90, tritium, uranium-233/234, and uranium-238 exceeded the GWPS in surface
water. Beryllium, cadmium, and lead only exceeded their respective MCLs one time, in
the same sample taken at FAS-96. These exceedances appear to be an artifact of elevated
turbidity. lodine-129 and tritium were the most widespread constituents in surface water
at the wetlands, exceeding the GWPS at all five locations. The maximum concentration of
iodine-129 (208 picocuries per liter [pCi/L]) occurred at FAS-91. The maximum

concentration of tritium (117 pCi/mL) was measured at FAS-92.

5.1.3 Effectiveness of the F-Area HWMF Corrective Action Program
(1VB.B.11.b.xiii)

5.1.3.1 Groundwater Barriers

In 2004, SRS constructed three groundwater barriers at the F-Area HWMF. The barriers
consisted of ~419.4 linear meters (~1,375 linear feet) of low-permeability wall installed
from just below the ground surface to the base of the UAZ. Construction utilized an in-
situ soil mixing technique to blend acid resistant pozzolan cement and attapulgite clay with
native soils. A small percentage of caustic was also added to the cement to facilitate curing.

Upon hardening, the resulting soil/cement mixture formed a low-permeability subsurface
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barrier ~0.85-m (~2.8-ft) thick on average. Configuration of the engineered barriers is

shown in Figure 4.

Figure 4. F-Area HWMF Groundwater Barriers and Potentiometric Surface
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To improve the F-Area HWMF barrier system, in 2011 SRS installed an extension to the
barriers on the east side. The barrier extension is ~350.5-m (~1,150-ft) long and includes
a 61-m (200-ft) wide gate with base injection wells at the gate. The barrier is tied-in to the
eastern most side of the existing barriers and was constructed using the same soil mixing
techniques. Construction occurred in February and March 2011. The general location of
the extension is shown on the plume maps in Volume II and on Figure 4. Figure 4 also

shows the potentiometric surface and flow directions for the UAZ.

The barriers function as a funnel and gate system which increases tritium travel time
allowing for more radioactive decay and decreasing tritium flux to FMB; and restricts the
flow of other constituents to the gates, increasing the effectiveness of in situ treatment.
Base injection, 1odine treatment (silver chloride injection), and tritium flux reduction are

discussed in more detail in Sections 5.1.3.2 through 5.1.3.4.

5.1.3.2 Base Injection

The primary objective of the base injection technology is reducing concentrations of metals
and metallic radionuclides in the groundwater. Previous studies and current monitoring
demonstrate that adjusting the acidic groundwater plume to neutral or background pH
levels results in reduced concentrations of many metals and radionuclides in the

groundwater.

In June 2005, SRS started the base injection system for the F-Area HWMF. Per the
approved UIC permit, a dilute base solution was injected into the UAZ at the two gate areas
located between the groundwater barrier walls (west and central gates). The injected
solution consisted of sodium hydroxide and sodium bicarbonate mixed with domestic
water to a pH of ~10. The base solution provides treatment of the acidic groundwater at
the gates and is an integral component of the groundwater funnel and gate remedial system.

The initial injection was completed in 2005.

Since the initial injection in 2005, injections have been performed almost every year either

to deliver maintenance doses of base solution or to perform technology evaluations. In
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2022, base injection was performed starting in February and continued into July at the
central gate. A summary of base injection campaigns at the F-Area HWMF is provided in

Table 6.

Construction of the barrier extension in 2011 created the east gate injection area. To date
only one injection campaign has been performed in the east gate. From 2012 to 2013,
11,734,780 L (3.1M gal) were injected at the east gate. Since then, SRS has been

monitoring groundwater conditions and additional injections of base have not been

required at the east gate.

Table 6. F-Area HWMF Base Injection Volumes Injected (million gallons)
Year West Gate Central Gate East Gate' Wetlands Totals
2005 7.4 5.1 -- -- 12.5
2006 -- 3.6 -- -- 3.6
2007 5 0.9 -- -- 5.9
2008 -- 3.2 3.8! 4.8 11.8
2009 0.5 0.5 2.6! 13.1 16.7
2010 2.8 1.4 -- 3.1 7.3
2011 -- -- -- 1.1 1.1
2012 -- -- 2.8! 3.2 6.0
2013 1.9 1.4 0.3! -- 3.6
2014 -- 1.8 -- -- 1.8
2015 -- -- -- -- --
2016 11.9 5.1 -- 5.4 224
2017 0 0 0 11.5 11.5
2018 10.1 8.1 -- -- 18.2
2019 -- - -- 2.6 2.6
2020 -- 5.4 -- 12.0 17.4
2021 10.6 6.9 -- -- 17.5
2022 - 14.0 - -
Totals 50.2 57.4 9.5! 56.8 173.9

1. In 2011, the east gate was renamed from injection wells FIB 27-29 to injection wells FIB 30-34.

The effects of injection vary across each of the injection areas, due to the differences in
geochemical conditions and contaminant concentrations within the plumes, groundwater
velocity, and proximity of the monitoring wells to the injection galleries. When base is
injected, the portions of the aquifer impacted by the base can be identified by changes in

indicator parameters, such as tritium, nitrate, chlorides, conductivity, and pH. Monitoring
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one or more of these parameters before and after break-through of the injection front
demonstrates that movement of the injected solution through the aquifer (from point of
injection to the monitoring locations) occurs over a 100—150-day period at the central gate

and a 150-200 day period at the western gate.

The base injection has been effective in neutralizing the acidity of the plume to natural pH
levels (5.5-6). During a typical injection campaign, groundwater pH in the treatment zone
is initially increased to levels approaching the injectate concentration. This serves to alter
not only the groundwater chemistry (immediate effect), but also the surfaces of the aquifer
sediments such that buffering persist after injection is stopped. Monitoring results reveal
that after the initial increase in pH, the groundwater pH remains elevated for some period,
due to buffering by the aquifer. This buffering effect persists for ~12 - 18 months at the
central gate and ~30-plus months at the west gate. Cationic metals and radionuclides are
less mobile at natural pH and once neutral pH levels prevail, there is no need to continue

injections.

Base injection has been effective in the in situ precipitation of cationic radionuclides, most
evident with strontium-90 and uranium-238. In 2004, before the commencement of base
injection, the concentrations of strontium-90 and uranium-238 at well FSB131D directly
below the central gate were 68.4 pCi/L and 192 pCi/L, respectively. In 2022, the maximum
concentration of both constituents has decreased dramatically to 16.8 pCi/L for strontium-
90 and 25.1 pCi/L for uranium-238, demonstrating the effectiveness of the base injection
system. Furthermore, higher concentrations of each constituent are present directly
upgradient of the injection system. Concentrations at well FSB126D were 119 pCi/L and
123 pCi/L for strontium-90 and uranium-238, respectively, indicating that both
radionuclides are precipitating as the plume flows through the base injection area. This
effectis also evident in the plume map for strontium-90 (Map 4A, Volume II) and uranium-
238 (Map 7A, Volume II), where an area of cleaner water exists down gradient of the
injection area. The precipitation of these cationic metals and radionuclides has allowed
concentrations of these constituents in FMB to fall below their respective GWPS, as well

as reducing the concentration of these constituents in the seepline surface water and
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groundwater. The continued use of the system will ensure concentrations remain below
the GWPS in FMB (Phase 2a goal) and continue to reduce the concentrations of cations in

the seepline surface water (Phase 2b goal) and in the groundwater at the F-Area HWMF.

The engineered barriers and base injection continue to reduce concentrations of cations and
metallic radionuclides down gradient of the injection areas and in the seeplines. Although
concentrations of many constituents are now below GWPS limits in surface water at the
seepline, some constituents are still above GWPS limits. To facilitate meeting corrective
action goals, SRS is investigating potential amendments that could be used in the seepline
to immobilize contaminants in situ prior to discharging to surface water. In 2019, SRS
tested ten materials in the laboratory for potential use as amendments in the seepline. The
laboratory studies identified at least three materials that warrant further study. In 2020,
SRS executed additional laboratory testing and developed a field study plan to evaluate
individually the effectiveness of the materials in a system representing the in situ
groundwater conditions along the FMB seepline. In 2021, SRS executed field testing of
four potential amendments: a porous iron composite material, a zero valent iron material,
a granular activated carbon (GAC) material, and a zero valent iron and GAC mixture. Each
of the sorbent materials was tested individually over a two-week period by pumping
groundwater from a piezometer with known contamination through a flow cell filled with
the sorbent material. During the testing of each sorbent material, samples were taken of
the groundwater before flowing through the flow cell containing the sorbent and after
flowing through the sorbent. The canisters containing the sorbent material were also sent
to the lab for analysis. Field tests for two mixtures of the test sorbents were executed early

in 2022.

The field testing utilized groundwater pumped directly from a well with an average iodine-
129 concentration of 32.3 pCi/L. The experiments were designed to simulate the
conditions of a permeable reactive barrier. In the initial field study, the most effective
sorbent was GAC. The GAC achieved an average of 76.2% removal of the 10dine present
in the groundwater and reached a minimum concentration of 0.1 pCi/L after the water

passed through the sorbent material. A commercial sorbent (RED) that contained a mixture
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of GAC and iron-based material removed on average 61.3% of the iodine and reached a
minimum concentration of 9.34 pCi/L. However, for both these sorbents the iodine
concentration in the effluent increased over time during the experiments. Additional
experimentation is needed to determine if the implementation of these sorbents could be
adjusted to increase iodine sorption to achieve and maintain the GWPS of 1 pCi/L. Another
type of sorbent or a combination of more than one sorbent may be necessary to effectively
sorb iodine-129, especially considering the complex speciation chemistry of iodine. SRS
plans to continue studying the GAC and RED materials along with innovative biochar and
organoclay materials. Recent literature suggests new sorbents like biochars, organoclays,
and similar organic based materials show significant promise for attenuating iodine. If the
additional studies identify promising amendments for a treatability study, one would be
proposed at that time. SRS will continue to implement base injection per the approved
CAP while evaluating the potential use of amendments to assist with achieving corrective

action goals at the seeplines of FMB

5.1.3.3 lIodine Treatment

In 2009, a treatment pilot study was initiated to evaluate the removal of iodine-129 by the
injection of silver chloride into the plume. Ultra-fine ground silver chloride particles were
mixed with domestic water to form an aqueous suspension and then injected into the
water table using wells FIB27R, FIB-28R, and FIB29R. Approximately 4,277,515 L
(~1.13M gal) of suspension (45.4 kilograms [kg] 100 pounds [Ib] of silver chloride) were
injected. The pilot test demonstrated that a suspension of silver chloride could successfully
be dispersed in the aquifer and that silver chloride could reduce the concentration of

10dine-129. Levels of iodine-129 were reduced between 55 and 70%.

In 2011, a Temporary Authorization was approved to deploy silver chloride technology at
the central gate as part of the corrective action. During August and September 2011, per
an approved UIC permit, an aqueous suspension of ultra-fine ground silver chloride
particles was injected into the UAZ of the UTRA. Seven temporary injection points,

installed by a cone penetrometer technology (CPT) rig, were used to place the silver
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chloride into the subsurface. Depth discrete placement of the amendment with the CPT rig
was used to achieve better distribution in the subsurface versus the traditional wells used

in the 2009 pilot study. The 2011 injection locations are shown in Figure 5.

The silver chloride concentrate consisted of ground silver chloride particles suspended in
a food grade propylene glycol carrier fluid. This concentrated material was diluted with
domestic water prior to injection into the subsurface. The dilution factor was roughly 460:1
(domestic water to silver chloride concentrate). The resulting concentration of silver

chloride in the diluted solution was ~130 milligrams per liter (mg/L).

The treatment zone (7.6- to 15.2-m [25- to 50-ft] below ground surface [bgs]) was
established from the top of the water table down to the tan clay confining zone. Injection
was performed starting at the bottom of the aquifer and proceeded upward placing a
specific volume of amendment into each zone at 0.76-m (2.5-ft) intervals. The minimum
quantity of diluted solution injected at each of the seven injection locations was 40,882.4
L (10,800 gal). Overall, 291,143.6 L (76,912 gal) were injected across the seven locations.
This equates to ~29 kg (~64 Ib) of metallic silver placed into the subsurface.
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SRS evaluated the effectiveness of the treatment zone at the central gate on iodine-129. A
reduction of 1odine-129 was observed in two of the monitoring wells (FSB130D and
FIT14) closest to the injection zone. The degree of reduction due to the silver chloride
ranged from 50 to 75%. The monitoring data also demonstrated that the silver chloride
particles do not migrate a significant distance away from the treatment zone. Data from
monitoring wells located further from the injection zone were ambiguous due to changing
hydrology (and plume movement) through the central gate resulting from installation of an
extension to the adjacent groundwater barriers a few months before the injection. Due to
shifting groundwater flow, iodine-129 increased at one of the monitoring wells. This
indicated a need for additional treatment of iodine-129 at other areas within the central

gate.

Based on this first deployment of silver chloride at the central gate, SRS concluded that 1)
silver chloride effectively sequesters iodine-129 in situ, 2) the silver chloride particles do
not migrate a significant distance away from the treatment zone, 3) the barrier extension
improved control of the plume (increased water volumes and contaminant mass going
through the central gate), and 4) additional silver chloride is needed at the central gate to

establish a more effective treatment zone for iodine-129.

During the placement of silver chloride in 2011, only half of the permitted and purchased
quantity (i.e., ~291,476.7 L [77,000 gal] diluted with potable water) was injected. In 2015,
SRS injected the remaining quantity of silver chloride in the central gate in order to boost
the treatment effectiveness. During June and July 2015, 364.9 L (96.4 gal) of silver
chloride concentrate were injected into the UAZ on the eastern side of the central gate.
Injection of the material was performed in the same manner as in 2011 using seven
temporary injection points. Including the water used to inject the material, a total of
362,642.4 L (95,800 gal) was injected. The 2015 injection locations are shown on
Figure 5.

Based on the monitoring data collected, a reduction of iodine-129 has been observed in

wells near the injection locations. Specifically, wells FSB 143D, FSB 144D, FSB 145D,
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FIT 14, and FIB 26 measured lower concentrations of iodine-129 following the injection
of silver chloride. The degree of reduction ranged from 25% to 65%. There was no change

in 10dine-129 at the up-gradient well FSB 142D.

Based on the pilot test and the two rounds of injection at the central gate, silver chloride
has been demonstrated effective at sequestering iodine-129 in situ. Variations in the degree
of reduction have been observed during each deployment. Monitoring points closest to the
injection show the greatest reduction in concentration and wells further away show less of
an impact. In 2018, a UIC Permit was approved for the third deployment of silver chloride
at the F-Area HWMF. This deployment of silver chloride was again placed at the central
gate with the intent to augment previous silver chloride injections and increase robustness
through further development of a permeable in situ treatment zone of silver chloride
reactive particles along the eastern half of the central gate, where the majority of the iodine-
129 flux occurs. A total of 15 uniformly spaced direct-push injection points were used to
inject 624.6 L (165 gal) of concentrated silver chloride. The spacing between the injection
points for this injection campaign was based on an expected distribution of silver chloride
particles between 1.2 to 2.4 m (4 to 8 ft) from the injection location. Injections for the third
deployment of silver chloride began in September 2018 and were completed in May 2019.

The injection locations are shown on Figure 5.

In 2019, SRS prepared and executed a strategy to assess the distribution of silver chloride
particles in the subsurface resulting from the 2019 injections. To assess the distribution,
10.2-cm (4-in.) diameter soil cores were collected from the injection zone at four locations
along a transect extending upgradient away from one of the 2019 injection locations (FSC-
24). Cores were collected at distances of 0.46-m (1.5-ft), 1.2-m (4-ft), 2.4-m (8 ft), and
4.6-m (15-ft) stepping away from the location where silver chloride was injected at FSC-
24. Intervals of the core were identified in the field to be sampled and analyzed for silver
in an attempt to assess the distribution of silver chloride in the subsurface after injection.
Results from the sampling showed the majority of the injected silver is located within 0.46
m (1.5 ft) of the injection location and within the top of the injection zone (11- to 1.2-m

[36- to 40-ft]) bgs and the bottom of the injection zone (15.2- to 18.3-m [50- to 60-ft] bgs).
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Very little silver was detected from 12.5- to 16.8-m (41- to 55-ft) bgs. This is likely due
to heterogeneity of the geology in the area. An estimated 54% of the silver injected
remained within 1.2 m (4 ft) of the injection zone, but an estimated 22% of the silver
injected was located between 1.2 and 2.1 m (4 and 7.4 ft) from the injection zone. Silver
was not detected in a significant number of samples from the core located 4.6 m (15 ft)
from the injection location. Results from the study show that the silver chloride is being
distributed between 1 and ~2.4 m (8 ft) from the injection locations which is consistent

with the design spacing of injection locations used in the 2018-2019 campaign.

Iodine-129 remains the only constituent consistently greater than the GWPS (other than
trittum) in FMB (Phase 2b F-Area HWMF Corrective Action Goal). The 2021
modifications to the Permit revised the corrective action goal date to reduce the
concentration of iodine-129 in FMB to levels that are less than the GWPS to
January 14,2032 (note: the Permit includes an agreed-to-understanding with SCDHEC that
SRS may request an extension to this date as part of the permit renewal process, €.g., in the
event SRS needs additional time for its remedial technologies to work to achieve remedial
goals). SRS is implementing silver chloride technology to reduce the concentration of
iodine-129 in groundwater at F-Area HWMF and in FMB and continues to evaluate the

need for additional silver chloride injection(s) in the future.

5.1.3.4 Tritium Flux

Overall, the flux of tritium to FMB from F-Area HWMF has been declining since 2003.
Flux is calculated from the monthly paired trititum concentration and flow measurements
at strategic locations (to isolate sources) within FMB. The monthly fluxes are then
averaged over a 1-year period to account for seasonal variability. The total tritium flux to
FMB from F-Area HWMF for calendar year 2022 was 88 curies per year (Ci/yr), a
reduction of ~87% compared to the baseline flux in 2000 (660 Ci/yr in 2000 versus 88
Ci/yrin 2022). A combination of radioactive decay, reduced flow behind the barriers, and
increased travel times likely led to this decrease in flux. The annual flux from the F-Area

HWMF to FMB since 2003 is tabulated in Table 7.
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Table 7. F-Area HWMF Annual Tritium Flux to FMB

Year Tnt;gl_l/lylr)mux Reduction*
2000 660 NA
2003 352 47%
2004 352 47%
2005 254 61%
2006 177 73%
2007 173 74%
2008 168 74%
2009 115 82%
2010 240 64%
2011 117 82%
2012 141 79%
2013 243 63%
2014 256 61%
2015 195 70%
2016 187 72%
2017 146 78%
2018 133 80%
2019 122 81%
2020 159 76%
2021 106 84%
2022 88 87%

*Percent reduction from baseline established in year 2000.

5.1.4 Status of Technology Demonstration

The Savannah River National Laboratory (SRNL) along with the Pacific Northwest
National Laboratory (PNNL) is performing a technology demonstration for the United
States Department of Energy (USDOE) at the F-Area HWMF beginning in calendar year
2022 with ~5 years of data collection. SRNL and PNNL completed test measurements in
August 2021 to obtain conductivity data of the low-permeability clay layer that serves as a
design input for the deployment of the larger technology demonstration system array. This
technology demonstration will evaluate the application and feasibility of Electrical
Resistivity Tomography (ERT) as a monitoring technology for capped waste units and its
potential application elsewhere within the USDOE complex. The purpose of the study is
to evaluate the application of ERT as a non-intrusive, long-term monitoring technology of

the RCRA cover system performance. ERT is a geophysical measurement tool that can
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image the electrical conductivity distribution of the subsurface. For this application, ERT
will be used to monitor subsurface conductivity to identify areas where soil moisture is
changing beneath the cap’s low-permeability clay layer. The images taken of soil moisture
content over an estimated 5-year study period can be compared and used to diagnose
anomalous conditions such as a breach or failure of the low-permeability layer of the cap
system. Pursuant to discussions with SCDHEC providing insight as to how cap integrity
would be maintained and not compromised during the installation of the ERT system,
SCDHEC (RCRA) acceptance was provided to allow SRS to proceed to implement this
technology at the F-Area HWMF Seepage Basin cap (Basin F-3). Subsequently, the ERT
system was installed in July 2022 and consists of 8 shallow trenches that were created
across the cap to bury the cables containing 128 electrodes into the top 15.2 cm (6 in.) of
soil. The system covers the north end of Basin F-3. The electrodes are installed in the
topsoil layer and do not penetrate the much deeper drainage layer and protective barrier

that begins at 61-cm (24-in.) below the surface.

The collection of ERT measurements began on September 28, 2022. Changes in soil
moisture beneath the clay cap can be investigated by collecting time-lapse measurements
of bulk soil conductivity using the ERT system. An ERT measurement is collected by
inducing current flow between two electrodes and measuring the resulting voltage across
two different electrodes. Many such measurements with different electrode pairs are
collected during an ERT survey to produce a subsurface ERT image. The initial survey
consisted of 9,195 individual measurements, which required approximately 1 hour to
collect. The initial survey on September 28, 2022, is considered the baseline survey. A
comparison of subsequent surveys against the baseline survey can identify changes in soil
bulk electrical conductivity beneath the clay cap. Changes to bulk electrical conductivity
are anticipated to be governed by precipitation-driven changes in moisture content. Thus,

ERT imaging can detect changes in moisture content of soils beneath the clay cap.

Since September 28, 2022, ERT surveys have been scheduled every 6 hours. In early June
2023, the electrical equipment controlling the ERT system failed, and the system went

offline. SRS is currently waiting to receive replacement control equipment from the
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USDOE PNNL. SRS will provide an evaluation of the ERT results in the 2023 CAR after

a years’ worth of data have been acquired.

5.2 H-Area HWMF Corrective Action Program
The current corrective action for the H-Area HWMF includes an engineered low-
permeability cap over the seepage basins, an engineered groundwater barrier system and a

base injection system in the wetlands of FMB.

SRS completed installation of the engineered groundwater barriers at H Area in 2004. The
groundwater barriers are the replacement remedial action for the groundwater pump and
treat system. The engineered barriers were designed to reduce the flow of groundwater
through the residual contamination beneath the waste unit in order to better manage tritium
and metal releases to surface waters. Upon installation of the barriers, the water levels
adjacent to the walls changed as the groundwater flow patterns adjusted. Groundwater
levels on the up-gradient side of the walls increased, levels down gradient of the walls

decreased, and the horizontal gradient beneath the waste unit flattened.

SRS constructed a base injection system at H Area in 2010 to augment the remedial action.
The injection system provides treatment for the acidic plume and metals within the
wetlands prior to groundwater discharging to FMB. Initial operations began in September
2010 and were completed in June of 2013. A second injection campaign began in July

2019 and was completed in May 2020.

In 2011, enhancements to the cover system over the basins were completed. Specifically,
the drainage system, consisting of concrete lined swales, was re-graded and new concrete
installed to facilitate storm water management. In addition, modifications to tie the

drainage layer from the cap to the swales were completed.

5.2.1 Surface Water Monitoring at the Seeplines

SRS has surface water monitoring stations within the seeplines below the closed H-Area

Seepage Basins. These monitoring stations support corrective action effectiveness
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determinations for the Phase 2b corrective action goals of the Permit. SRS installed four
monitoring stations in 2010 and incorporated the stations into the quarterly monitoring
program in 2011. In 2015, SRS discussed with the SCDHEC the addition of two more
surface water sample stations within the wetlands (one new location in F Area and one in
H Area). In 2016, SRS submitted a revised permit application that added the additional

surface water stations to the monitoring program.

Similar to the monitoring strategy used for surface water in FMB and the wetland
piezometers, during the third quarter of each year, the seepline surface water stations are
analyzed for the full suite of GWPS constituents. During the remaining quarters, the
stations are analyzed for a reduced suite of GWPS constituents determined based on the
analytes detected above the GWPS during the full suite sampling event. If a constituent is
not detected during the third quarter sampling event, it is excluded from further analyses
during the remaining quarters. However, gross alpha, nonvolatile beta, trittum, nitrate-
nitrite, and mercury are sampled for during all quarterly events. The sample results are
presented in Appendix B, Table B-4, Volume I, and the locations are shown on Map 1A,
Volume II.

In 2022 at the H Area seepline (Phase 2b corrective action goals), iodine-129, nonvolatile
beta, strontium-90, and tritium exceeded the GWPS in surface water. Iodine-129 was the
most widespread constituent in surface water at the wetlands, exceeding the GWPS at each
of the five locations. The maximum concentration of iodine-129 (13.6 pCi/L) was
measured at location HAS-106. Although detected above the GWPS at the seepline,
iodine-129 is below the GWPS in FMB surface water adjacent to the H-Area HWMF.

5.2.2 Effectiveness of the H-Area HWMF Corrective Action Program (IVC.B.11.b.x)

5.2.2.1 Groundwater Barriers

In 2004, SRS installed two groundwater barriers at the H-Area HWMF. One barrier was
placed up gradient of Basin H-4 and a second barrier was placed down gradient of the

basin. Approximately 963.2 linear meters (~3,160 linear feet) of low-permeability walls
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were installed from just below the ground surface to the base of the UAZ. Construction
utilized an in-situ soil mixing technique to blend pozzolan cement and attapulgite clay with
native soils. A small percentage of caustic was also added to the cement to facilitate curing.
Upon hardening, the resulting soil/cement mixture formed a low-permeability subsurface
barrier ~0.85-m (~2.8-ft) thick on average. Configuration of the engineered barriers is

shown on the plume maps in Volume II and on Figure 6.

Placement of the barriers altered groundwater levels near the walls. After installation of
the barriers, water levels on the up-gradient side increased between 0.9 to 1.8 m (3 to 6 ft).

Down gradient of the barriers water levels declined 0.3 to 0.6 m (1 to 2 ft).

Installation of the barriers has resulted in a flattening of the water table on the up gradient
and down gradient sides. As water backs up behind the barriers, the head level rises,
resulting in a smaller horizontal flow gradient. Due to lower gradients, groundwater travel
times at the seepage basins have increased, resulting in reduced transport of contamination
to surface water and seeplines, and added time for radioactive decay. Figure 6 shows the

potentiometric surface for the UAZ.
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Figure 6. H-Area HWMF Groundwater Barriers and Potentiometric Surface
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5.2.2.2 Base Injection

In 2010, SRS constructed and commenced operations of a base injection system at the
H-Area HWMF. The primary objective of the base injection technology at H Area is to
reduce concentrations of metals and metallic radionuclides in the groundwater beneath the
wetlands of FMB. Previous injections at the F-Area HWMF demonstrated that adjusting
the acidic groundwater plume to neutral or background pH levels results in reduced

concentrations of many metals and metallic radionuclides.

The injected solution consists of sodium hydroxide and sodium bicarbonate mixed with
domestic water to a pH of ~10. The base solution provides treatment of the acidic
groundwater beneath the wetlands and is an integral component of the groundwater barrier

remedial system.

SRS routinely monitors the effects of base injection and evaluates the need for additional
base. The previous injection campaign at H Area began in July 2019 and was completed
in May 2020. At H Area, operation of the base injection system was not required during
2022 (Table 8). Adjustment of pH has been achieved locally at H Area and SRS is
observing the effects of the base injection prior to potentially injecting additional base.

Since 2011, SRS has injected ~227,881,800 L (~60.2M gal) of base solution at H Area.

The engineered barriers and base injection continue to reduce concentrations of cations and
metallic radionuclides down gradient of the injection areas in the seeplines. Although
concentrations of many constituents are now below GWPS limits in surface water at the
seepline, some constituents are still above GWPS limits. To facilitate meeting the
corrective action goals at the F-Area HWMF, SRS is investigating potential mineral
amendments that could be used in the seepline to immobilize contaminants in situ prior to
discharging to surface water. See discussion in Section 5.1.3.2 for information on the
amendment studies. If the studies identify promising amendments for a treatability study,
one would be proposed at that time. SRS will continue to implement base injection per the
approved corrective action plan while evaluating the potential use of amendments to assist

with achieving corrective action goals at the seeplines of FMB.
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Table 8. H-Area Base Injection Flow Rate 2022




Table 8. H-Area Base Injection Flow Rate 2022

SRNS-RP-2023-00762

12-month
Well
January February March April May June July August September October November December Volume
Well Tot Avg Tot Avg Tot Avg Tot Avg Tot Avg Tot Avg Tot Avg Tot Avg Tot Avg Tot Avg Tot Avg Tot Avg

Number gal gpm gal gpm gal gpm gal gpm gal gpm gal gpm gal gpm gal gpm gal gpm gal gpm gal gpm gal gpm gal
HSI-001 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0
HSI-002 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0
HSI-003 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0
HSI-004 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0
HSI-005 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0
HSI-006 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0
HSI-007 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0
HSI-008 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0
HSI-009 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0
HSI-010 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0
HSI-011 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0
HSI-012 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0
HSI-013 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0
HSI-014 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0
HSI-015 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0
HSI-016 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0
HSI-017 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0
HSI-018 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0
HSI-019 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0
HSI-020 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0
HSI-021 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0
HSI-022 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0
HSI-023 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0
HSI-024 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0
HSI-025 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0
HSI-026 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0
HSI-027 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0
HSI-028 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0
HSI-029 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0
HSI-030 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0
Monthly

Volume 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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5.2.2.3 Tritium Flux

Overall, the flux of trittum to FMB from H-Area HWMF has been declining. Flux from
H-Area HWMF to FMB is calculated in the same way as F-Area HWMF, i.e., from the
monthly paired tritium concentration and flow measurements at strategic locations (to
isolate sources) within FMB since 2003. The monthly fluxes are averaged over a year
period to account for seasonal variability. The total tritium flux to FMB from H-Area
HWMF for calendar year 2022 was ~19 Ci/yr, a reduction of ~92% compared to the
baseline flux in 2000 (240 Ci/yr in 2000 versus 19 Ci/yr in 2022). A combination of
radioactive decay, increased travel times, and the presence of the ORWBG cap likely
contributed to this decrease in flux. The annual flux from the H-Area HWMF to FMB
since 2003 is tabulated in Table 9.

Table 9. H-Area HWMF Annual Tritium Flux to FMB

Year Tnt;gl;;lr)lTlux Reduction*
2000 240 NA
2003 221 8%
2004 147 39%
2005 114 52%
2006 116 52%
2007 81 66%
2008 90 62%
2009 67 72%
2010 50 79%
2011 56 77%
2012 44 82%
2013 50 79%
2014 52 78%
2015 54 77%
2016 42 82%
2017 41 83%
2018 39 83%
2019 42 82%
2020 49 80%
2021 34 86%
2022 19 92%

*Percent reduction from baseline established in year 2000.
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5.3 Description of the MWMF Corrective Action Program

In accordance with the agreement with the SCDHEC, each of the four plume areas are

addressed under separate corrective actions.

SWpP

The SWP was the first of the four plume areas addressed for corrective action under the
2000 RCRA Permit Renewal Application. The 2013 RCRA Permit Renewal Application
is the current CAP for the SWP. On or before September 15, 2023, SRS will submit the
2023 RCRA Permit Renewal Application for the MWMEF. The SWP is the area to the
south of the western section of the ORWBG. This plume extends from the ORWBG to
FMB, with the primary contaminants consisting of tritium, TCE, and 1,4-dioxane. These
groundwater contaminants are currently discharging to the surface at a natural seepage area

north of FMB at the OFED.

The SWP Module of the Permit, which included approval of the CAP, was issued on
September 30, 2003, and became effective on October 30, 2003. This has been superseded
by the 2014 Permit Renewal issued by the SCDHEC on February 11, 2014, and last

modified in November 2021. This modification became effective on December 15, 2021.

The SWP CAP is in Phase 1 with the following objectives:

e reduction of tritium flux from the SWP Area to FMB by 70% using phytoremediation

and natural attenuation (radioactive decay)

e reduction of volatile organic compound (cVOC) and 1,4-dioxane concentrations using

phytoremediation and natural attenuation
e natural attenuation for mercury

e minimization of human exposure to constituents of concern in the SWP area using

institutional controls (e.g., restricted access to the general public)

The potential for human exposure to contaminated groundwater and seepline areas in the
SWP is managed to prevent exposure of on-site workers during sampling activities. These

exposures are mitigated through the use of personal protective equipment and routine
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training regarding the handling of contaminated sample media. Unauthorized access to
seepline areas by on-site workers is restricted through the Site Use/Site Clearance Program.
SRS restricts access to the general public and trespassers using security procedures and
equipment, 24-hour surveillance systems, artificial and natural boundaries, control entry

systems, and warning signs in place at the SRS boundary.

In 2004, mercury was detected in one POC well (BGO 33C) with values near the GWPS
(2 ug/L). Consequently, mercury has been added to the GWPS for the SWP and passive
natural attenuation was selected as the remedial component for mercury in the UAZ and

LAZ.

The installation of a low-permeability cap at the ORWBG was completed, in accordance
with the GSACU signed ROD, in 2007. The Revision I PCR/CMIR/RACR was approved
by the USEPA on May 21, 2008, and the SCDHEC on May 22, 2008, respectively. Final
USEPA concurrence was received on June 25, 2008. The low-permeability cap is expected
to provide source control for the SWP mercury plume and other constituents (iodine-129,

technetium-99, 1,4-dioxane), by reducing infiltration and flux to the groundwater.

SRS monitored the BSW, BGO, and SWP wells for mercury, to better determine plume
attenuation. Sample results indicate that mercury is above the GWPS in only two wells in
the proximal and central areas of the plume. However, mercury is not affecting the pond
(< estimated quantitation limit [0.2 ug/L]). All the exceedances occur in the LAZ of the
UTRA. In 2022, the maximum result was 4.5 ug/L at SWP 1C. During a detailed
evaluation of mercury in 2005, there were no exceedances of filtered and unfiltered
mercury in the LAZ or the UAZ of the UTRA at the distal portion of the SWP near FMB,

which indicates significant mercury attenuation (Figure 7).

SRS will continue to monitor the natural attenuation of mercury in the SWP, and the benefit

achieved by installation of a low-permeability cap on the ORWBG.
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Figure 7.

MWMF General Mercury Attenuation Curves (UAZ and LAZ)

SEP

The 2013 RCRA Permit Renewal Application (Revision 2) is the current CAP for the SEP.
On or before September 15, 2023, SRS will submit the 2023 RCRA Permit Renewal
Application for the MWMF. The SEP is the area to the south of the eastern section of the
ORWBG. This plume extends from the ORWBG and comingles with the H-Area HWMF

plume. The primary contaminants include trittum and TCE.

The SEP Module of the Permit is included in the November 30, 2021, modification of the
2014 Permit Renewal, which was issued on February 11, 2014. This modification became

effective on December 15, 2021.
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The SEP CAP is in Phase 1 and includes the following main objectives:

e reduction of ¢cVOC and tritium (radioactive decay) concentrations using natural

attenuation

In order to achieve these objectives, the following actions have been defined in the

Corrective Action Program:
e low permeability cap over the ORWBG (source control)

e passive natural attenuation of cVOCs and tritium in the original SEP area within the
LAZ sourced near monitoring wells BGO-36, BGO-37, and BGO-38

The CAP also includes a contingent correction action (e.g., a reactive zone composed of
edible oil) to be implemented in the LAZ (near the POC) to degrade cVOCs. This will be
implemented if cVOC concentrations reach unacceptable levels in monitoring wells BGO-
35C, BGO-49C, and HIW-5MC. Levels would be unacceptable when cVOC releases have
the potential to impact surface water in FMB (greater than the MCL) or create a large high
concentration plume. SRS will evaluate the need to implement this contingency remedy 1f

concentrations of TCE in wells exceed 1,000 ug/L in the vicinity of the SEP.

The SEP is located immediately up gradient of the H-Area HWMEF. Prior to the H Area
WTU injection operations, the tritium concentrations in the UAZ of the UTRA were
slightly above the GWPS with a maximum concentration of ~43 pCi/mL. Hot spots in the
LAZ of the UTRA were present during 1997 and ranged from 200 pCi/mL to 260,000
pCi/mL (BGO 37C) (Figure 8). Operation of the H Area WTU injection wells between
1997 and 2003 has influenced the tritium concentrations in the SEP, as documented in
previous CARs. Since the 1990s, tritium concentrations have decreased significantly near
the source (ORWBG) in the LAZ ofthe UTRA. However, the concentrations remain above
the GWPS. In 2005, well BGO 37C was ~7,350 pCi/mL. The concentration at this well
continues to be relatively high (4,860 pCi/mL and 4,070 pCi/mL during the first and third
quarter of 2022, respectively) but appears to have stabilized and has followed an overall
decreasing trend since 2013. Tritium in the LAZ at the edge of the ORWBG increased
following construction of the low-permeability cap. The rise in concentration is believed

to be due to the reduction in recharge due to the cap, and in previous years, to the lower-
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than-normal precipitation pattern. Reduced recharge of the LAZ beneath the cap can result
in higher concentrations because there is less dilution. Along with reduced recharge, the
cap is expected to reduce the migration of contamination from the buried waste to the
groundwater. The tritium concentrations in well BGO 37C are beginning to decrease as

shown in the time series plots in Appendix E.
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Figure 8. MWMF Southeast Plume Area (UAZ/LAZ-UTRA) Tritium Concentration
Pre-Injections
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Down gradient from the ORWBG at assessment wells in the LAZ (close to BGO 37C and
the LAZ plume from the H Area WTU injection), trittum concentrations ranged from
750 pCi/mL to 3,660 pCi/mL in 2005. The 2022 results show that concentrations at these
wells have decreased over time. The assessment monitoring well that is further down
gradient of the injection plume (BSE 3C) was low in concentration (~53 pCi/mL) in 2005.
This well continues to be low in concentration (144 pCi/mL) relative to concentrations
closer to the ORWBG, thus demonstrating the slow travel time in the LAZ as determined
in 2005 (Figure 9).

The original CAP was submitted for the tritium in the SEP in Revision 6 of the 2000 Part
B Renewal Application. The CAP assumed that the SEP tritium would be captured by the
H Area WTU extraction well network (hydraulic control). However, the H Area WTU was
placed in dry lay-up during October 2003 and has been replaced by a subsurface barrier
system immediately up gradient and down gradient of Seepage Basin H-4 and extending
down through the UAZ of the UTRA to the Tan Clay Confining Zone. The barriers will
have no effect on the LAZ of the UTRA. However, the engineered barrier will create a
longer flow path allowing more time for tritium decay in the UAZ of the UTRA between
the SEP and FMB. The travel time from the SEP to FMB in the LAZ of the UTRA is
naturally slower than the UAZ, due to the low aquifer hydraulic conductivity. This allows
for considerable decay in the LAZ. Estimates indicate that the travel time in the LAZ of
the UTRA will allow for eight to ten half-lives, thereby reducing a concentration of 7,350
pCi/mL to 20 pCi/mL (Figure 10).

Construction of the low-permeability cap at the ORWBG was completed in accordance
with the GSACU signed ROD. The cap is expected to reduce infiltration and tritium flux
in the SEP. SRS believes that radioactive decay along with the long travel time and the
source control for the ORWBG will be sufficient to manage the tritium releases associated
with the SEP and that natural attenuation with monitoring is an effective remedy. SRS will
continue to monitor tritium in the SEP to verify the benefit achieved by installation of the

H Area groundwater barrier and a low-permeability cap on the ORWBG.
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NEP

The 2013 RCRA Permit Renewal Application (Revision 2) is the current CAP for the NEP.
On or before September 15, 2023, SRS will submit the 2023 RCRA Permit Renewal
Application for the MWMEF. The NEP is the area to the north of the eastern section of the
MWMF and LLRWDF. This plume is sourced mainly from the MWMF/LLRWDF. The
primary contaminants include trittum and TCE. Tritium is emanating from the northeast
corner of the MWMF and is discharging at low concentrations to seeps that feed tributaries
to Upper Three Runs Creek. Tritium is not expected to exceed the GWPS at the sample

stations in Upper Three Runs Creek down-stream of the NEP discharge zone.

The NEP Module of the Permit is included in the November 30, 2021, modification of the
2014 Permit Renewal, which was issued on February 11,2014. This modification became

effective on December 15, 2021.

The NEP CAP is in Phase 1 and includes the following main objectives:

e reduction of cVOC and tritium (radioactive decay) concentrations using natural

attenuation

In order to achieve these objectives, the following actions have been defined in the

Corrective Action Program:

e low permeability caps over the MWMF and LLRWDF (source control)

e passive natural attenuation of cVOCs and tritium (radioactive decay) in the UAZ and
LAZ

e optional subsurface engineered low-permeability barrier to redirect groundwater flow
direction and significantly increase travel time for radioactive decay of tritium; to be
implemented if tritium concentrations reach unacceptable levels in groundwater on the
north and northeast sides of the MWMF and LLRWDF. Levels would be unacceptable
when tritium releases have the potential to impact surface water in Upper Three Runs

Creek (above 20 pCi/mL), or create a large high concentration plume

e institutional controls for seepline areas where low concentration tritiated water is

currently present
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The option to install a subsurface engineered barrier was developed to address the potential
failure of containment measures associated with the Mound burial. This burial from the
DOE Mound Laboratory is estimated to contain a significant amount of the total tritium
inventory buried at the MWMEF/LLRWDF. If a significant amount of tritium were to leach
to groundwater from this source, the likely result would be tritium concentrations several
orders of magnitude higher than currently observed in the plume. At this time, tritium
levels and concentration trends measured in groundwater at the plume definition wells and
in the POC wells at the edge of the MWMF low-permeability cap remain relatively stable
from year to year indicating a significant release of tritium from the Mound burial has not
occurred. Based on monitoring results from the well network, seeplines, and surface water

stations, SRS does not believe implementing the optional barrier is warranted at this time.

The potential for human exposure to contaminated groundwater and seepline areas in the
NEP is managed to prevent exposure of on-site workers during sampling activities. These
exposures are mitigated through the use of personal protective equipment and routine
training regarding the handling of contaminated sample media. Unauthorized access to
seepline areas by on-site workers is restricted through the Site Use/Site Clearance Program.
SRS restricts access to the general public and trespassers using security procedures and
equipment, 24-hour surveillance systems, artificial and natural boundaries, control entry

systems, and warning signs in place at the SRS boundary.

The NEP emanates mainly from the northeast corner of the MWMF. The migration of the

plume is north and northeast toward Crouch Branch and Upper Three Runs Creek.

Characterization data from the mid-1990s identified a relatively extensive trittum plume
and a smaller cVOC plume in the UAZ and LAZ. The extent of the tritium plume is larger
than the cVOC plume due to the greater mobility of tritium in the environment. The UAZ
generally contains higher concentrations than the LAZ. The early characterization data
indicated the highest trittum activity in UAZ well BGO 6 (greater than 5,000 pCi/mL) and
a TCE concentration of over 200 ug/L in the same well. In 2022, the highest concentration

of trittum occurred in BGO 5D (3,260 pCi/mL) and the maximum TCE concentration in
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BGX 2D (37.6 ug/L). Overall, current data are much lower than historic maximum
concentrations demonstrating the plumes are continuing to shrink over time. Current
plume maps for trittum (Maps 6A, 6B and 6C) and TCE (Maps 5A, 5B and 5C) and TCE

are provided in Volume II.

Statistical analysis of the groundwater data (2013 RCRA Permit Renewal Application,
Revision 2) showed that the overall concentration trend for contaminants in the NEP is
decreasing and natural attenuation with monitoring is an effective remedy. The analysis
also showed that within the commingled plume (tritium and cVOC:s), the radioactive decay
of tritium to below the GWPS will take significantly longer than the natural attenuation of
the cVOCs. Groundwater flow in the UAZ and LAZ (15.2 m [50 ft/yr] and 7.6 [25 ft/yr],
respectively) is relatively slow providing significant time for radioactive decay. Water
velocity calculations suggest a travel time of ~60 years (or 4 tritium half-lives) for the
plume to reach Upper Three Runs Creek. The presence of source control, downward
contaminant trend, shrinking plume, and ample time for attenuation of contaminants all
support the continued management of contamination with natural attenuation and

monitoring at the NEP.

Tritium concentrations at surface water location UTR-120 have been measured on a
quarterly frequency since 2002 and have shown to exhibit a high degree of environmental
variation. While the majority of trittum results are below the GWPS, occasionally tritium
exceeds the GWPS during a sampling quarter. The varied nature of these exceedances
prompted SRS to investigate the cause of the variation and evaluate whether UTR-120 is
properly located to monitor surface water quality in UTRs. As part of the investigation,
SRS conducted field visits to UTR-120, UTR-BF1 and UTR-90 in May and August of
2022.

An unnamed tributary to UTRs receives groundwater discharge from the NEP. Sample
station UTR-BF1 is located on this tributary near the groundwater springs. The tributary
flows from UTR-BF1 for ~152.4-m (~500-ft) before flowing out onto the wide and flat
floodplain of UTRs. Before reaching the floodplain, the tributary is contained in a well-
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defined channel. At the floodplain boundary the tributary fans out and flows in more than
one channel across the floodplain toward the UTRs main channel. Due to the extensive
and flat width of the floodplain, it is likely that the tributary channels migrate over time
and overflow their shallow channels during high water flows. On the floodplain, the
tributary branches appear to flow both upstream and downstream of the UTR-120 sample
location. UTR-120 is located ~106.7 m (~350 ft) from the edge of the floodplain (Map 1B,
Volume II).

During both field visits, physical access to UTR-120 was restricted by dense vegetation
and swampy conditions. Personnel were able to walk approximately halfway to the

UTR-120 station before ground conditions became impassible on foot.

Figure 11 shows trittum concentrations over time at stations UTR-BF1, UTR-120 and
UTR-90. At UTR-BF1, tritium levels have been decreasing from a maximum of 243
pCi/mL then leveling off between 30 and 60 pCi/mL from 2013 to present. At UTR-120
most results are very low and below the GWPS with occasional peaks where concentrations
exceed the GWPS. Since late 2014, most of the tritium peaks at UTR-120 are the same
concentration as tritium measured at UTR-BF1. This indicates that UTR-120 is sampling
tributary water from UTR-BF1 and not water from UTRs. Although this condition occurs
sporadically as shown in Figure 11, location UTR-120 does not provide representative

samples of UTRs water quality.

A more appropriate sampling station is located downstream of UTR-120. Tritium levels
are monitored quarterly in UTRs at station UTR-90 located downstream of the NEP
discharge zone. Station UTR-90 is located along the south bank of UTRs at a powerline
easement in an easily accessible area with no flood plain. Due to the nature of this location,
there is no uncertainty as surface water is collected directly from the single channel of
UTRs. A photograph of station UTR-90 is provided in Figure 12. Based on evaluation of
field conditions and analysis of historical data at UTR-120, UTR-BF1 and UTR-90, SRS
recommends that results from location UTR-90 be used to evaluate the surface water

quality in UTRs and future sampling of UTR-120 be discontinued as results are not reliably
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representative of surface water quality in UTRs. In 2022, trittum was low (maximum of
0.435 picocuries/milliliter [pCi/mL]) in samples collected at UTR-90, indicating that
surface water in Upper Three Runs Creek is not being impacted above the GWPS by tritium
from the NEP. In addition, long term data from UTR-90 also indicates that trittum levels
are below the GWPS (Figure 11)

Tritium in Surface Water at UTR-BF1, UTR-120, and UTR-90

——UTR-BF1 —#—UTR-120 ——UTR-090

Figure 11.  Tritium in Surface Water at Sample Locations UTR-BF1 and UTR-120
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Figure 12. Sample Station UTR-90 on Upper Three Runs. Photo Taken 8/2/2022

NWP

The 2013 RCRA Permit Renewal Application (Revision 2) is the current CAP for the
NWP. On or before September 15,2023, SRS will submit the 2023 RCRA Permit Renewal
Application for the MWMEF. The NWP is the area to the north of the western section of
the ORWBG and west of the MWMEF. This plume is sourced mainly from the ORWBG
and extends from the ORWBG a short distance northwest toward Upper Three Runs Creek.

The primary contaminants include tritium and TCE.

The NWP Module of the Permit is included in the November 30, 2021, modification of the
2014 Permit Renewal which was issued on February 11, 2014. This modification became

effective on December 15, 2021.
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The NWP CAP is in Phase 1 and includes the following main objectives:

e reduction of ¢cVOC and tritium (radioactive decay) concentrations using natural

attenuation

In order to achieve these objectives, the following actions have been defined in the

Corrective Action Program:
e low-permeability caps over the MWMF, LLRWDF, and ORWBG (source control)

e passive natural attenuation of cVOCs and tritium (radioactive decay) in the UAZ and
LAZ

The NWP is located very close to the groundwater divide. The migration of contaminants
tends to be downward with little lateral movement in the UAZ; migration in the LAZ is
toward Upper Three Runs Creek to the northwest. Tritium and cVOCs (mostly TCE) are

the prominent groundwater contaminants.

Characterization data from the mid-1990s identified a small tritium and TCE plume in the
UAZ and LAZ. Current data indicate similar plume extent, but with lower overall
concentrations, (i.e., the plumes are not expanding). Tritium activities and TCE
concentrations in the UAZ have tended to decrease over time and since installation of the
ORWBG cap. Tritium and TCE in the LAZ have remained relatively stable, except for at
UAZ well BGO 15D where tritium concentrations were 21,500 pCi/mL in 2014 then
dropped to below 3,000 pCi/mL until rising again to 76,400 pCi/mL in the first quarter of
2022 and decreasing again to 37,100 pCi/mL in the third quarter of 2022. SRS will
continue to monitor trittum at BGO 15D. Current plume maps for tritium and TCE are

provided in Volume II.

Statistical analysis of the groundwater data (2013 RCRA Permit Renewal Application,
Revision 2) showed that the overall concentration trend in the NWP is decreasing and that
natural attenuation with monitoring provides an effective remedy. The analysis also
showed that within the commingled plume (tritium and cVOCs), the radioactive decay of
tritium to below the GWPS will take significantly longer than the natural attenuation of the
cVOCs. Groundwater flow in the UAZ and LAZ (15.2 m/yr and 7.6 m/yr [50 ft/yr and 25
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ft/yr], respectively) is relatively slow providing significant time for radioactive decay.
Water velocity calculations suggest a travel time of ~220 years (or 18 tritium half-lives)
for the plume to reach Upper Three Runs Creek. The presence of source control, the
downward contaminant trend, shrinking plume, and ample time for attenuation of
contaminants all support the continued management of contamination with natural

attenuation and monitoring at the NWP.

5.3.1 MWMF Operational Data

The SWP Phytoremediation System consists of 51 irrigation plots. All 51 plots received
irrigation in 2022. Approximately 45M L (11.9M gal) of tritiated water were irrigated on
the plots and sprayed over the pond between January 1 and December 31, 2022. The
average tritium concentration of the applied water was 1,038 pCi/mL and concentrations
ranged from 543 to 1,310 pCi/mL. Operation of the irrigation system and spray
evaporators prevented ~36.8 Ci of tritium from reaching FMB during 2022. It is estimated
that an additional 8.4 Ci of tritium evaporated from the pond surface due to ~8,132,579 L
(2,148,400 gal) of pond surface water evaporation based on surface area, annual
evaporation rate, and average tritium concentration. Table 10 contains the irrigation rates,
the average monthly trittum concentrations, and the monthly totals of trittum sprayed (in

curies).
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Table 10. Phytoremediation Irrigation Rates and Tritium Concentrations for 2022
T.O .tal Total Tritiated To.tal Tri.ti el EERa R Tri.ti um
Total Tritium (in Curies) Concentrations
.. . . Water Sprayed by .
Month Irrigation (in Curies) E Sprayed by in the
o vaporator
(G)/Month Irrigated to (G)/Month Evaporator/ | Water/Month
Plots/Month Month (pCi/mL)
January 186,952 0.88 0 0.00 1,240
February 577,531 2.56 400 0.00 1,170.00
March 1,034,349 4.40 0 0.00 1,125.00
April 1,004,428 3.78 0 0.00 994.00
May 1,942,331 7.27 3410 0.01 989.33
June 1,366,552 5.36 0 0.00 1,037.00
July 1,454,687 5.11 0 0.00 928.00
August 1,289,304 4.52 0 0.00 927.00
September 1,268,368 5.02 0 0.00 1,046.00
October 1,098,815 3.61 0 0.00 868.33
November 714,105 2.50 0 0.00 926.50
December 24,640 0.11 471,145 2.21 1,210.00
Total 11,962,058 45.12 474955 2.22 1,038.43

Note: Table depicts approximate rates and concentrations.

The application rates of pond water to the plots were in accordance with seasonal irrigation
schedules derived from calculated soil moisture deficits and pan evaporation rates. The
summer schedule (April 15 to October 15) is based on soil moisture deficit. Soil moisture
deficit is the difference between evapotranspiration and net precipitation in terms of rainfall

and irrigation.

5.3.2 Corrective Action Monitoring System

The Corrective Action Monitoring System at the MWMF SWP Phytoremediation System
consists of the monitoring wells specified in the RCRA Permit, pond samples, wetland
samples, and surface water samples in FMB. These components are sampled in accordance
with the schedule provided in the RCRA Permit. Sampling results are evaluated to
determine the effectiveness of the phytoremediation project and reported in the Compliance

Monitoring Section of the Annual (August) CAR each year.

The concentration of tritium in the pond water has been decreasing since the start of
irrigation, due to radioactive decay of the trittum. The highest average tritium

concentration occurred in year 2002 (13,140 pCi/mL). Since the installation of the low-
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permeability cap on the ORWBG in 2007-2008, there has been further reduction in trittum
concentration in the pond that seems to be significantly greater than the previous decay
component. From 2007 to 2010, tritium concentration decreased from 9,258 pCi/mL to
2,666 pCi/mL. Since then, average tritium concentrations have continued to show a
decreasing trend. Concentrations averaged 1,038.43 pCi/mL in 2022, due to capping of
the ORWBG, natural attenuation, and in part to the pattern of above average rainfall since

2013.

5.3.3 Summary of Downtime (IVD.B.10.b.xiii)

Permit Section IVD.B.10.b.xiii requires a summary of any downtime at the SWP
Phytoremediation System that exceeds 72 hours and is caused by mechanical or equipment

failure.

e There were no downtimes that exceeded 72 hours due to mechanical or equipment

failure in 2022.

5.3.4 Modifications to System (IVD.B.10.b.ix)

In accordance with the Permit Section IVD.B.10.b.ix, a summary of the modifications to

the Correction Action System (SWP Phytoremediation System) is required.

In January 2011, SRS expanded the MWMF Phytoremediation System area by ~9.7 ha (24
ac). The additional acreage is located to the east of the original irrigation site over the
plume area. The expansion consisted of 12 plots (plots 31 through 42) and distribution
piping. SRS has also expanded the irrigation area to the west. The western expansion is
~6.1 ha (15 ac) and consists of nine plots (plots 43 through 51) and distribution piping.
The western expansion was completed in 2013 and placed into operation in 2014. The
expansion areas utilize the existing irrigation system equipment, with the addition of a
distribution pump for the western expansion and larger filtration system. These expansions
provide additional acreage needed to maximize the irrigation capacity, especially during

winter operations, and maintain the pond level as low as possible. They also provide
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additional irrigation acreage to accommodate any silviculture treatment that may be needed
in the future. The full potential of the expansion areas will be realized when the trees

become mature in size.

In 2015, SRS completed the replanting of ~10,000 loblolly pine seedlings at the eastern
and western expansions. The replanting was necessary due to the natural mortality of some
original seedlings at the western expansion and the loss of trees at the eastern area due to
the ice storm in 2014. Additional minor replanting was needed in 2016 due to natural tree
mortality. No trees from the irrigation plots have been removed from the remediation site.
Fallen trees and trees or limbs cut during forest maintenance activities remain on unit to

naturally decay.

In 2019, SRS purchased two new evaporators to replace the existing units. SRS installed
the new evaporators (which intake water directly from the pond) in 2021. The new
evaporators will provide increased evaporation efficiency and enhance water management
capabilities, especially during the winter months and during periods of rainy weather when
irrigation capacity is reduced. The new evaporators began operation in December 2022.
In 2020, SRS constructed a new equipment shed/storage/work area at the MWMF
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