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Purpose

PURPOSE OF THIS REPORT

WHAT: Sout h Carolinadéds Department of Heal
monitorstheDe par t me nt SalannamRiverGiye §SRS) for potential
contaminants and produces a report of all its annual findings.

WHY: Due to nuclear material testing and lack of environmental regulations during
the Cold War era, radioactive and non-radioactive constituents are present on SRS
property. SRS personnel have been sampling multiple media for many years.
However, to verify the data being collected on and around SRS, DHEC conducts
independent monitoring associated with the site to provide a second set of results for
comparison.

HOW: I n order to have a verification sys
of Energy-Savannah River (DOE-SR) partnered with DHEC as part of a 1995
Agreement in Principle (AIP) to create the Environmental Surveillance and Oversight
Program (ESOP). ESOP is a division of DHEC specific to the Midlands Aiken
Environmental Affairs Office. There are 10 team members with varying expertise
working in ESOP that collect and analyze samples of air, water, soil, sediment,
vegetation, milk, fish, and game for radiological and non-radiological constituents.

WHERE: Samples are collected on site property, around its perimeter, and in
background locations. Depending upon the media, some DHEC sample locations
coincide with those of DOE-SR. These locations are compared in our report.

WHEN: Samples are collected weekly, quarterly, biannually, and annually and are
dependent upon the type of media and can be affected by availability of the resource,
accessibility, and weather.




Quick Science Lesson

ALPHA RADIATION:

RADIATION i Occurs when an unstable atom tries
to become stable by releasing some of its energy in
the form of an alpha or beta particle or gamma wave.

TYPES OF RADIATION

ALPHA i1 results when the nucleus of an atom
releases two protons and two neutrons. Due to this
particle being heavier in mass, it can be stopped by

the air, skin, or paper. External exposure is not B
dangerous, but if swallowed, breathed in, or enters a €
person through a cut, it can harm the human body. ’m\
BETA i occurs when an atom releases an electron e A

(negative charge). Since it is lighter in mass and (’f}‘&

faster moving, it can travel greater distances and can o.

be stopped by a layer of wood or metal but can
penetrate the outer layer of skin. It can cause skin GAMMA RADIATION:
burns.

N\
GAMMA i is the release of pure energy that is fast \\:\
moving and able to travel longer distances until it hits - -:‘:b BN

either concrete or lead. It will pass through the human 4" =X A L
body resulting in internal and external bodily damage. "‘%‘\-Ar‘
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Introduction

In 1950, the U.S. Atomic Energy Commission established the SavannatSRe/é8RS) (1954

1992) with the mission of producing nuclear materials, primarily tritium and plutonium. SRS is a
Department of Energy (DOE) facility located approximately 20 miles from Aiken, South
Carolina. SRS boundaries lie within Aiken, Allendale, 8adnwell counties and span
approximately 310 square miles. During legacy operations, radionuclides were released into the
surface water, groundwater, soils, and atmosphere. Although the reactors are no longer
operating, work continues at SRS with the @niynfocus being on cleaning up legacy wastes and
remediating areas associated with former operations.

Due to the large number of
contaminants that could potentially be
released from SRS, the Centers for
Disease Control and Prevention (CDC
performed a site assessment to
determine the potential health effects g :
any discharged radionuclides to the- of sl = =i -
site public. Most of the radiological g
releases originated from processe
associated with the reactor areas (R, K.
P, L, and C) and the separations a(&a
and H, but there are other areas of
releases as a result of the varied P Reactor at SRS No longer in operation
processes at SRS Photo by DOESR. CC BY 2.0

Tritium was one of the principle nuclear materials produced at SRS to muleplyepower of
plutonium in nuclear weapons (Till et,@001).Tritium releases originated from processes
associated with the reactors, separations aredseB, and tritium facilities. The two main types

of tritium releases came from direct site fdgilieleases and migration from seepage basins in

the separations areas, the burial ground, and tAecld containment basin. In the early

operational years, nearly 100 percent of the discharges to streams were related to direct releases.
Tri ti at abiity twredctechmemisally like nonradioactive water in living cells lends itself

to be more hazardous biologically than tritium gas (CDC SRSH&EY).

Alpha-emitting and bet&mitting radionuclides were also released to liquid effluent. Alpha
emitting radionuclide releases from-Mrea primarily affected Tims Branch, which ultimately
flows into Upper Three Runs Creek. Fourmile Branch is the stream most affected byaatbha
betaemitting releases coming from the separations areas, and releases freattteareas
affected all streams except for Upper Three Runs Creek (Till, 208l1). Steel Creek, Pen
Branch, and Lower Three Runs Creek were mainly affected byebatdng releases from the
reactors. Strontiur0 (Srk90) is a main contributor of ketctivity and came primarily from the
reactors (Till et a).2001).

Plutonium was manufactured at SRS wAkea from fuel rods and in-Brea from targets (Till et
al., 2001). Releases at SRS occurred primarily through the discharge ofiligsiiel into seams
lodine-129 (F129) is a fission product of reactor fuel that has a very longlif@alMost

occurred during fuel processing (Till et,&001). Technetiur®9 (Tc99) was produced in SRS
production reactors as a fission-pgoduct of uranium and plonium. This radionuclide was
released to the environment from the separations areas ventilation systems, the aqueous
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environment from liquid waste in waste tanks, and the Solid Waste Disposal Facility
(Westinghouse Savannah River CompamsR(, 1993).

Strontium was a fission product in SRS reactors, subsequently releaseddremndnd Farea
(WSRC 1998). SRS operations have also released strontium into the environment through
normal site operations and equipment fasure

Routine operations at SRS have
released cesiuh37 (Cs137) to the
regional environment surrounding
SRS. The most significant releases
occurred during the early years of site
operation when G$37 was released to
seepage basins and site streams. The
SRS facilities that have documented
Cs137 releases are the production
reactors, separations areas, liquid
waste facilities, the solid waste
disposal facility, central shops, heavy
water rework facility, Saltstone

P SRS Still foret the sit Facility, and the Savannah River
anyon a 1l N operatiom e site .
YO aosh oy National Laboratory (SRNL).

Historically, the Department of
EnergySavannah RivgiDOE-SR) has beenself-regulatingregardng environmental monitoring
Until 1995, the public had to rely by on DOESRto ensure their health and the environment
was protectedDOE-SRformed an Agreement iRrinciple(AIP) with the South Carolina
Department of Health and Environmental Cont&CDHEC) to perform independent
environmental monitoring and oversight of SRS. This partnership provides an extra source of
information to the public regarding the effectivenekthe DOESR monitoring activities. From
this agreement, the Environmental Surveillance and Oversight Program (ESOP) of DHEC was
initiated to supplement and compliment monitoring functions of this unique facility. DHEC
monitoring provides an added proieatdue to the potential for environmental releases that pose
a threat to the state.

Program development at SRS is stable and evolves based on changing missitorenidst

focus is on legacy waste and materials that are stored or have been dispossitecdrd pose a
currentrisk of release to the environmeome of DOESR6 s pri mary acti vities
with identifying concentrations and migration of radionuclides in the aquatic environment,

detecting and verifying accidental releases, chaiattg concentration trends, and determgn
associatedmpacts on human health and the environmghnis report provides results of samples
collected by DHEC related to SRS, trending data to document how contaminants are changing,

and information on howhese changes may impact the surrounding commurnitesiata

reported by DHEC is based on detectionsoddHEC6s ESOP wi Il |l continue
moni toring and over si ght -gaimg@aaivtids céhfhGe tabesalens ur e
for the pulic and the environment
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Chapter 1 Radiological Atmospheric Monitoring on and Adjacent to SRS
1.1.0 PROJECT SUMMARY

Atmospheric transport has the potential to impact the citizens of South Carolina from releases
associated with activities at SRS. The Atmospheienitoring Projectconducts routine,

guantitative monitoring of atmospheric radionuclide releases associated with SRS, which it uses to
identify concentration trends that could require furiheestigation. Air monitoring capabilitiga

2021 included 13osimeter monitoring locations asdvenair monitoring stations that collected
samples using glass fiber filters, rain collection pans, and silica gel columns. Glass fiber filters are
used to collect total suspended particulates (TSP) initheaaticulates are screened weekly for

gross alphaand betaemitting activity. Precipitation, when preseand silica gel distillates of
atmospheric moisture asampled and analyzed monthly for tritiuDosimetes are collected and
analyzed every qutar for ambient beta/gamma levels. Radiological atmospheric monitoring sites
were established to provide spatial coverage of the project area (Sectionslapiahd 1.5.0,

Table 1) One air monitoring station is located at the center of thetkiegare atthe SRS

perimeter, and three are
found outside of the site
boundary within public
areasThirteen of the
dosimetes are on or near the
site perimeter, one is in the
center of the site, and five arg
within 25miles of the site in
surrounding populatio
centers. DHEC emphasizes Example of arAir Monitoring Station with

monitoring SRS perimeter Rain Collection Pan and Glass Fiber Filtef
locations for radionuclides in|  (on top) and Silica Gel Column (inside)

atmospheric media for
potential public exposure.

1.2.0 RESULTS AND DISCUSSION

Air Monitoring Summary Statistics can be found in Section 1.6.0 and all Air Monitoring Data can
be foundin the2021 DHEC Data File.

1.2.1 Total Suspended Particulates

DHEC and the Department of Ener§avannah River (DOEBSR) had both gross alpha and gross

beta detectionm 2021 Small seasonal variations at each monitoring location have been consistent
with historically reported DHEC valuéBHEC, 2021). Sectionl.5.0 illustrates trends for the last

five years for average gross alpha activity (Figure 1) and average grasstmaty (Figure 2) at

SRS perimeter locations.

1.2.2 Ambient Beta/Gamma

DHEC conducts ambient beta/gamma monitoring through the deployménsiofetes around the
perimeter of SRSn 2021, ambient beta/gamma average quarterly totals rainget20.75 (TLD-

4



Chapter 1 Radiological Atmospheric Monitoring on and Adjacent to SRS

Glass fiber filter being collected for total suspended particulates: Used filter (left) vs. unused filter (righ

04 and TLDO7)to 31.75(TLD-02) mrem. Section 1.5.0, Figure 3 shows data trends at the SRS
perimeter for average ambient beta/gamma valudssimetergor DHEC and DOESR.

1.2.3  Tritium

Tritium continues to be the predominant radionuclide detected in the perimeter samples. NMost of t
tritium detected in DHEC perimeter samples may be attributed to the release of tritium from tritium
facilities, separatiomareas, and frorwide-spreadandfleetingsources $RNS 2022.

Tritium in Air

Tritium in air values reported by DHEC d&tes result of using the historical method of calculating

an air concentration of tritium based on the upper limit value of absolute humidity (11.5 grams of
atmospheric moisture per cubic meter) in the geographic reljioRIIP, 1984. This number is a

dose equivalent concentration that would yield approximately 10 mrem to a member of the public at
the siteboundary(EPA, 1989)

The perimeter averader DHEC tritium in air activity(3.69 pCi/m?) waslower than the DOESR
perimeter average activitg2.70 pCi/m?°). These variations could be caused by different sampling
locations, number of locations, samfiiequency and method of calculating air concentration.

Averagetritium in air activity at the SRS perimeter reported b
DHEC for 2021 was lower than reported in 2020, whereas 1» i :
DOE-SRactivity was higher in 2021. Thesvelshave IIIMIII i
fluctuated over the ladive years. Section 1.5.0, Figure 4 ENVIRONMENTAL 1 =
illustrates data trends of atmospheric tritium activity for DHE Weat fom 0110121 0 033111 .

and DOESR as measured and calculated at the SRS perimef

Tritium in Precipitation

In 2021, DHEC and DOESRaverages for tritium activity in Example of dosimeters present a
precipitation were well below thenkironmental Protection 19 locations
Agencystandard of 20,000 pCi/L for drinking water (EPA,

2020. Section 1.5.0, Figure 5 shows average tritium in precipitation activity for SRS perimeter
locations and illustrates trending tritium in precipitation values for DHEC and-BRErom the

last five years.
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Collecting atmospheric moisture from silica gel through distillation Silica Gel Column

During the2021sampling period, tritiundetectedn precipitation ranged frord132 pCi/L (Dark
Horse(DKH)) to 9702.0pCi/L (found onsite at Burial Ground North (BGNyithin Novembey.

The maximum reported value for DHEC perimeter locations was collected B Khair station

with 723.8pCi/L within October The DHEC average measured activity for perimeter locations
above the lower limit of detection for tritium in precipitation V@28 (+ 158.7 pCi/L. The DOE

SR average measured value for tritium activity in precipitation at the SRS perimeter locations was
580(x 310.9 pCi/L (SRNS,2022).

1.3.0 CONCLUSIONS AND RECOMMENDATIONS

All DHEC datacollected in2021confirmed reported DOISR values for gross alpha/beta, ambient
beta/gamma, anitium in the environment at the SRS boundary with no anomalous data noted for
any monitored parameters

Due to continuegbotentialreleases from site facilities (tritium facilities, separations areas, etc.),
DHEC will continue to collect weekly TSP fgross alpha/beta, monthly atmospheric and
precipitation tritium samples, and quarterly ambient beta/gamma samples.
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1.4.0 MAP

Radiological Atmospheric Monitoring Sample Locations
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1.5.0 TABLES AND FIGURES

Table 1. Radiological Atmospheric Monitoring Locations

Dosimeter Sample Locations

Sample ID Location Proximity to SRS
TLD-01 Collocated with AIK Air Station Within 25 miles of SRS
TLD-02 Collocated with BGN Air Station Center of SRS
TLD-03 Savannah River Research Park SRS Perimeter
TLD-04 Collocated with JAK Air Station SRS Perimeter
TLD-05 Crackerneck Gate SRS Perimeter
TLD-06 Ellenton Memorialat Hwy 125 SRS Perimeter
TLD-07 Collocated with ABR Air Station SRS Perimeter
TLD-08 Junction of Millet Road anBound Tree Road SRS Perimeter
TLD-09 Patterson Mill Road at Lower Three Runs Cree SRS Perimeter
TLD-10 Allendale Health Department Within 25 miles of SRS
TLD-11 BarnwellHealth Department Within 25 miles of SRS
TLD-12 Collocated withBWL Air Station SRS Perimeter
TLD-13 Collocated with DKH Air Station SRS Perimeter
TLD-14 Seven Pines Road Collocated with SRS Air Stat SRS Perimeter
TLD-15 Williston Police Department Within 25 miles of SRS
TLD-16 Junction 0fUS-278 and S€781 SRS Perimeter
TLD-17 US-278 SREL Conference Center and Hwy 125 SRS Perimeter
TLD-18 Collocated with NEL Air Station SRS Perimeter
TLD-19 Windsor Post Office Within 25 miles of SRS

Air Monitoring Stations

Sample ID Location Proximity to SRS
BGN Burial Grounds North, SRS Center of SRS
BWL Barnwell Barricade SRS Perimeter
ABR Allendale Barricade SRS Perimeter
DKH Darkhorse SRS Perimeter
NEL New Ellenton, S.C. SRS PerimetefPopulation Area
JAK Jackson, S.C. SRS PerimetefPopulation Area
AIK Aiken Elementary Water Tower Within 25 miles of SRS/ Populatickrea
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TABLES AND FIGURES

Figure 1. DOE-SR and DHEC Comparison of Average Gross Alpha for Total Suspended
Particulates at the SRS Perimeter (SRNS, 2018-2022; DHEC, 2019-2021)
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Figure 2. DOE-SR and DHEC Comparison of Average Gross Beta for Total Suspended Particulates at
the SRS Perimeter (SRNS, 2018-2022; DHEC, 2019-2021)
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TABLES AND FIGURES

Figure 3. DOE-SR and DHEC Comparison of Yearly Average Ambient Beta/Gamma in Dosimeters at
the SRS Perimeter (SRNS, 2018-2022; DHEC, 2019-2021)
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Figure 4. DOE-SR and DHEC Comparison of Average Tritium in Air at the SRS Perimeter
(SRNS, 2018-2022; DHEC, 2019-2021)
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Chapter 1 Radiological Atmospheric Monitoring on and Adjacent to SRS

TABLES AND FIGURES

Figure 5. DOE-SR and DHEC Comparison of Average Tritium in Precipitation at the SRS Perimeter
(SRNS, 2018-2022; DHEC, 2019-2021)
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Neither DHEC nor DOE-SR had detections above the LLD for tritium in 2020.
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Chapter 1

1.6.0 SUMMARY STATISTICS

Radiological Atmospheric Monitoring on and Adjacent to SRS

2021 DHEC Quarterly Averages of Ambient Dosimeter Beta/Gamma Data

Sample ID Average gg?gt?;g Median Minimum Maximum
(mrem) (mrem) (mrem) (mrem) (mrem)

TLD-01 22.50 1.29 22.50 21.00 24.00

TLD-02 31.75 3.40 31.00 29.00 36.00

TLD-03* 25.75 3.50 24.00 24.00 31.00
TLD-04* 20.75 1.71 20.50 19.00 23.00
TLD-05* 27.50 2.38 26.50 26.00 31.00
TLD-06* 22.50 2.65 22.00 20.00 26.00
TLD-07* 20.75 1.26 21.00 19.00 22.00
TLD-08* 24.75 1.50 25.00 23.00 26.00
TLD-09* 27.75 0.96 27.50 27.00 29.00
TLD-10 23.25 3.30 23.50 19.00 27.00

TLD-11 27.00 1.83 27.00 25.00 29.00

TLD-12* 23.50 1.00 23.00 23.00 25.00
TLD-13* 23.00 0.82 23.00 22.00 24.00
TLD-14* 28.75 1.26 29.00 27.00 30.00
TLD-15 26.00 0.82 26.00 25.00 27.00

TLD-16* 22.50 1.29 22.50 21.00 24.00
TLD-17* 25.00 1.83 25.00 23.00 27.00
TLD-18* 25.33 1.53 25.00 24.00 27.00
TLD-19 24.25 1.89 23.50 23.00 27.00

* DENOTES A PERIMETER LOCATION
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Chapter 1

SUMMARY STATISTICS

2021 DHEC Air Station Gross Alpha Data in pCi/m?

Radiological Atmospheric Monitoring on and Adjacent to SRS

Location Average gg:gﬁ‘éﬂ Median Minimum Maximum Ngg‘tt;i:sc’f NSU;?TE);regf
Allendale Barricade (ABR) 0.0027 0.0015 0.0025 0.0007 0.0092 48 49
Darkhorse (DKH) 0.0028 0.0022 0.0022 0.0008 0.0135 47 50
Aiken Elementary Water Tower (AIK) 0.0026 0.0014 0.0024 0.0007 0.0088 49 52
New Ellenton, S.C. (NEL) 0.0030 0.0017 0.0028 0.0009 0.0100 52 52
Jackson, S.C. (JAK) 0.0026 0.0022 0.0023 0.0002 0.0145 51 52
Burial Ground North (BGN) 0.0023 0.0018 0.0020 0.0006 0.0102 51 52
Barnwell Barricade (BWL) 0.0023 0.0014 0.0019 0.0006 0.0084 49 52
2021 DHEC Air Station Gross Beta Data in pCi/m?
Location Average [S)g;gﬁ cr)cr: Median Minimum Maximum N[l;g]tgi,::f Nsu?n?;regf
Allendale Barricade (ABR) 0.0244 0.0079 0.0245 0.0114 0.0547 49 49
Darkhorse (DKH) 0.0229 0.0186 0.0197 0.0087 0.1410 50 50
Aiken Elementary Water TowgAIK) 0.0205 0.0069 0.0198 0.0088 0.0422 52 52
New Ellenton, S.C. (NEL) 0.0257 0.0087 0.0256 0.0127 0.0489 52 52
Jackson, S.C. (JAK) 0.0231 0.0236 0.0192 0.0093 0.1830 52 52
Burial Ground North (BGN) 0.0201 0.0073 0.0192 0.0081 0.0474 52 52
Barnwell Barricade (BWL) 0.0191 0.0068 0.0176 0.0101 0.0471 52 52

NA is Not Applicable
ND is Not Detected




Chapter 1

SUMMARY STATISTICS

2021 DHEC Air Station Tritium Data in pCi/m?3

Radiological Atmospheric Monitoring on and Adjacent to SRS

Location Average gg;g;‘éi Median Minimum Maximum Ngrgttéﬁ:s(’f N;;?;’;Lgf
Allendale Barricade (ABR) 2.58* NA NA 2.58 2.58 1 12
Darkhorse (DKH) 4.49 1.38 441 2.68 6.42 7 12
Aiken Elementary Water Tower (AIK) 3.40 1.09 3.38 2.42 4.43 4 12
New Ellenton, S.C. (NEL) 3.35 0.56 3.63 2.49 3.93 7 12
Jackson, S.C. (JAK) 3.76 0.77 3.92 2.72 4.74 7 12
Burial GroundNorth (BGN) 268.96 150.19 222.55 133.90 535.05 12 12
Barnwell Barricade (BWL) 3.34 1.09 2.87 2.43 5.57 7 12
2021 DHEC Tritium in Precipitation Data in pCi/L
Location Average Sg?gﬁéﬁ Median Minimum Maximum Ngg]ttégsof N;g’;;gf
Allendale Barricade (ABR) 271.00* NA NA 271.0G¢ 271.0G¢ 1 12
Darkhorse (DKH) 264.74 46.64 277.00 213.19 304.03 3 12
Aiken Elementary Water Tower (AIK) 405.37 82.52 405.37 347.02 463.72 2 12
New Ellenton, S.C. (NEL) 250.55* NA NA 250.55 250.55 1 12
Jackson, S.C. (JAK) 397.29 228.67 320.29 224.77 723.80 4 12
Burial Ground North (BGN) 3462.91 3072.22 2179.25 962.39 9702.00 12 12
Barnwell Barricade (BWL) ND NA NA ND ND 0 12

NA is Not Applicable
ND is Not Detected
* Indicates a single detection
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Chapter 2 Ambient Groundwater Monitoring Adjacent to SRS

2.1.0 PROJECT SUMMARY

DHEC currently utilizes a regional groundwater An AQUIFER s soil and/or rock
monitoring wellnetworkconsisting of cluster wells (C | containing water below the ground
wells) and network wells (private wells and public waf surface.

systems). This groumehter well network consists of CLUSTER WELLS vs. NETWORK
approximately@8 wells that are cyclically sampled WELLS

every five years by DHEC. The-®ells are owned and
maintained by the South Carolina Department of Nat
Resources (DNR). These cluster wells are screened
shallow surficial aquifers to deeper aquifers up to def
exceeding 1,400 feet below ground surface. Tivee@
clusters are situated around the perimeter of SRS.

CLUSTER WELLS are multiple wells
that are at the same location but are drill
to varying depths to screen different
aquifers.

Groundwater samples are collected from wells within
20-mile site boundary. £0-mile sampfing perimeter
was selected based on regional well availability and
comparative review of known or suspected sources g |
groundwater contamination and local groundwater flo
patterns. The project map in Section 2.4.0 depicts thq ==
network groundwater well l@ations, the extent of the Screened

Interval

study area, and the weampled ir2021 DHEC (typ)

evaluatesour aquiferzones (Upper Three Runs,

Gordon, Crouch BranclandMcQueen Branch). NETWORK WELLS are single wells at
a specific location screened in a specific

2.2.0 RESULTS AND DISCUSSION aquifer.

Groundwater Monitorindgpatacan be found in Section
2.6.0 and inthe2021DHEC Data File.

DHEC collected groundwater froBwells. Based on a
review of the tritium, grosapha, nonvolatile beta, and
gammaemitting radioisotope analytical data provided
by the DHECAnNalytical andRadiological
Environmental Services Division (ARESD) laboratorie
theonly gammaemitting radioisotope detected was
Lead214 Pb214). Pb214 isanaturally occurring
radioactiveor NORM contaminanandwasdetected in
oneout of the8 groundwatemells sampled. Segection
2.5.0, Table 1 for a list of the network of sampling wells
with their assigned aquifer

Groundwater investigations performed by state and federal agencies such as DHEC, DNR, and
the United States Geological Survey (USGS) hawrdioned the presence of naturally occurring
radionuclides in groundwater across South Caro1e50R, 2007. If known contaminants are
found in wells located within the DHEC sampling network, the agfitetells would be

investigated further to help determine the source.
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Chapter 2 Ambient Groundwater Monitoring Adjacent to SRS

The United States Environmental Protection Agency (EPA)
has a drinking water Maximum Contaminant Level (MCL) of
20,000 pCi/L for tritium, 15 pCi/L for gross alpha, and 50
pCi/L minusnatural potassiurd0 (K-40) for nonvolatile
beta(EPA, 2020. In 2021, DHEC did notdetecttritium in

any wells Five wells inthreedifferent aquifers Gordon
Crouch BranchandUpper Three Runshad gross alpha
detects below the EPA MCIOnewell in the Crouch Branch
aquiferhada nonvolatile betadeted well below the EPA
MCL.

With groundwater locationsavinga five-year collection
cycle, the wells sampled in 2021 were last studied in 2016.
Wells that were samplad both 2016 and 2024erefound to
have comparable datehich can be found in the tables in
Section 2.6.0.Fournew wells were added to the groundwater sampling network in 208b, so
data from 2016vereavailable for comparison

Residential Well

2.3.0 CONCLUSIONS AND
RECOMMENDATIONS

DOE-SR collects groundwater samples from
separate ogite monitoring well network
therefore, direct DHEC offite groundwater f
comparisons could not meade. However, the
2021SRS report identifiegarious
contaminants such aslatile organic
compounds\Y{OCs), tritium, andgross
alpha/bed radionuclidesn numerous areas of Collecting well water for analysis
groundwater throughout the SRS property
(SRNS,2022.
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MAP
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Chapter 2 Ambient Groundwater Monitoring Adjacent to SRS

2.5.0 TABLES AND FIGURES

Table 1. DHEC Groundwater Monitoring Wells

Sample Top of _Casing Total _
Well No. Well Name Elevation (ft Depth (ft | Aquifer
VD amsl) bgs)
G06109 Barnwell, Hwy. 3 2021 230 146 UTR
G06111 Barnwell, Rose St. 2021 220 166 UTR
G06107 Barnwell Shop Well 2021 224 314 GOR
D03011 Healing Springs 2021 240 * CB
D03012 Cedar Creek Spring 2021 271 * CB
G06128 Edisto Station 2021 322 360 GOR
G06202 Williston, Schuler St. 2021 352 220 GOR
D06002 Moore Well 2021 240 * UTR
D03010 Martin Post Office 2022 108 105 UTR
G03102 Allendale, Water St. 2022 201 343 UTR
G03103 Allendale, Googe St. 2022 180 347 UTR
G06151 Chappels Labor Camp 2022 250 260 UTR
G03121 Clariant 2022 180 812 CB
102002 Greene Irrigation 1 2023 381 278 SP
102003 Greene Irrigation 2 2023 381 280 SP
102004 Greene lIrrigation 3 2023 373 276 SP
102005 Greene Irrigation 4 2023 373 236 SP
G03115 Martin District Fire Department 2022 95 * *
M02101 SCDNR Cluster €01, AIK-2378 2023 220.3 185 CB
M02102 SCDNR Cluster €1, AIK-2379 2023 224.2 266 CB
M02103 SCDNR Cluster €1, AIK-2380 2023 228.9 385 MB
M02104 SCDNR Cluster €01, AIK-902 2023 231.9 511 MB
M02202 SCDNR Cluster €2, AIK-825 2023 418.8 231 CB
M02203 SCDNR Cluster €2, AIK-824 2023 418.6 365 CB
M02204 SCDNR Cluster €02, AIK-818 2023 418.3 425 MB
M02205 SCDNRCluster G02, AIK-817 2023 418.9 535 MB
M02301 SCDNR Cluster €3, AIK-849 2023 301.6 97 SP
M02302 SCDNR Cluster €03, AIK-848 2023 299.7 131 CB
M02303 SCDNR Cluster €3, AIK-847 2023 299 193 CB
M02304 SCDNR Cluster €3, AIK-846 2023 297.8 255 CB
M02305 SCDNR Cluster €03, AlK-845 2023 296.9 356 MB
M02306 SCDNR Cluster €3, AIK-826 2023 294.9 500 MB
M06501 SCDNR Cluster €05, BRN-360 2023 264.3 140 UTR
M06502 SCDNRCluster G05, BRN-359 2023 265.5 214 GOR
M06503 SCDNR Cluster €5, BRN-367 2023 263.8 285 GOR
M06504** SCDNR Cluster €05, BRN-368 2024 265.1 443 CB
MO06505** SCDNR Cluster €05, BRN-365 2024 263.5 539 CB
M06506 SCDNR Cluster €05, BRN-366 2024 266.7 715 MB
M06507 SCDNR Cluster €05, BRN-358 2024 265.6 847 MB
M03706 SCDNR Cluster €07, ALL-368 2024 246.6 691 CB
M03707 SCDNR Cluster €7, ALL-369 2024 242.1 800 CB
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Chapter 2 Ambient Groundwater Monitoring Adjacent to SRS

MO03708 SCDNR Cluster €07,ALL-370 2024 245.1 975 MB
MO03709 SCDNR Cluster €7, ALL-358 2024 243.1 1123 MB
M03701** SCDNR Cluster @7, ALL-363 2024 246.1 105 UTR
MO03702 SCDNR Cluster €07, ALL-364 2024 245.2 225 UTR
MO03703** SCDNR Cluster @7, ALL-365 2024 244.3 333 GOR
M03704 SCDNR Cluster €7, ALL-366 2024 243.5 400 GOR
MO03705 SCDNR Cluster €07, ALL-367 2024 245.7 566 CB
M06601 SCDNR Cluster @6, BRN-351 2024 207.3 95 UTR
M06602 SCDNR Cluster @6, BRN-350 2024 207.4 170 UTR
M06603 SCDNR Cluster €06, BRN-352 2024 207.1 293 GOR
M06604 ** SCDNR Cluster €6, BRN-354 2024 207.6 411 GOR
M06605** SCDNR Cluster €6, BRN-353 2024 207.7 588 CB
M06608 SCDNR Cluster €06, BRN-349 2024 208.6 1045 MB
M03101 SCDNR Cluster €10,ALL -347 2024 281.6 1423 MB
M03102** SCDNR Cluster €10 ALL-372 2024 282 155 UTR
M03103** SCDNR Cluster €0 ALL-371 2024 282.2 217 UTR
M03113 SCDNR Cluster €13 (Artesian) 2024 73 * GOR
M03132** SCDNR Cluster €13 ALL-378 2024 90 1060 MB
M03131** SCDNRCluster G13, Artesian 2024 80 * GOR
M03104 SCDNR Cluster €10, ALL-374 2024 280.9 580 GOR
G02292** Hunter 6s Gl 2025 unknown 210 SP
G02206 Oak Hill Subdivision 2025 445 240 SP
G06124 Elko 2025 351 353 UTR
G06116 Blackville Lartique St. 2025 295 380 UTR
G06118 Blackville Greene Well 2025 292 620 GOR
G06203 Blackville Industrial Park 2025 273 425 UTR
G06199 Hilda 2025 271 345 UTR
G02309 Aiken Shiloh Springs 2025 362 50 SP
G02101 Aiken Pine Log Road 2025 483 407 MB
G02126 Aiken Town Creek 2025 508 400 MB
G02427 Aiken Silver Bluff 2025 467 - MB
G02121 Valley PSA Gloverville 2025 413 242 CB
G02286 Valley PSA Walker 2025 471 400 MB
G02122 Valley PSA Howlandville 2025 483 323 CB
G02123 Valley PSA Johnstown 2025 259 150 CB
G02259** Aiken State Park 2025 262 * SP
G02153 Talathawell #1 2025 420 280 SP
G02154 Talatha Well #2 2025 250 185 CB
G02155 Talatha Well #3 2025 343 240 SP
G02399 Jackson Well #3° 2025 405 450 CB
G02415 Jackson Well #4 2025 339 400 CB
G02110 Beech Island Well #2 2025 417 468 CB
G02111 Beech Island Well #3 2025 369 460 MB
G02112 Beech Island Well #4 2025 380 600 MB
G02113 Beech Island Well #5 2025 508 438 CB
G02308 Beech Island Well #6 2025 448 400 CB
G02430 Beech Island Well PineMeights 2025 453 490 CB
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Chapter 2 Ambient Groundwater Monitoring Adjacent to SRS

G02326 Boyd Pond (Former ORA) 2025 300 397 MB
D02013 Cowden Plantation, Well 2 2025 124 * SP
102001 Cowden Plantation, Well 1 2025 132 * CB
D02011 Mettlen Well 2025 400 180 SP
G02108 New Elenton Well #1 2025 422 427 CB
G02107 New Elenton Well #2 2025 422 425 CB
G02417 New Ellenton Well #4 2025 488 565 MB
G02277 Montmorenci WD Office Well 2025 504 363 CB
G02159 Montmorenci Well 1 2025 504 330 CB
G06110 Barnwell #10 Shuron 2025 190 276 UTR
Notes:

ft amsl is feet above mean sea level

ft bgs is feet below ground surface

CB is Crouch Branch

MB is McQueen Branch

SP is Steeds Pond

UTR is Upper Three Runs

GOR is Gordon

** Well was unable to be sampled during the sampling cycle; however, it will remain in the network
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Chapter 2 Ambient Groundwater Monitoring Adjacent to SRS

2.6.0 SUMMARY STATISTICS

2021 DHEC Alpha Detects in Groundwater Data in pCi/L

Dlézz?itrl)?ign 2021Result Aquifer 2016 Result
D03012 3.83 CB NS - newlocationin 2021
D06002 1.05 UTR NS
D03011 <LLD CB NS’ newlocationin 2021
G06128 0.976 GOR <LLD
G06202 6.16 GOR NS - newlocationin 2021
G06111 0.976 UTR <LLD
G06109 <LLD UTR <LLD
G06107 <LLD GOR NS - newlocationin 2021

2021 DHEC Beta Detects in Groundwater Data in pCi/L

Dt‘;‘éﬁg‘t’ign 2021Result Aquifer 2016Result
D03012 4.47 CB NST newlocationin 2021
D06002 <LLD UTR NS
D03011 <LLD CB NS - newlocationin 2021
G06128 <LLD GOR <LLD
G06202 <LLD GOR NS - newlocationin 2021
G06111 <LLD UTR <LLD
G06109 <LLD UTR <LLD
G06107 <LLD GOR NST newlocationin 2021

NS means Not Sampled
<LLD means Less than the Lower Limit of Detection
2016 results are found in the 2016 ESOP Data Report (DHEC, 2018)
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Chapter 3 Radiological Monitoring of Drinking Water Adjacent to SRS
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Section 2 2021 Water Monitoring

3.1.0 PROJECT SUMMARY

DHEC evaluates drinking water quality to provide | syrRrEACE WATER i water that collects
information on the radiological impact of SRS to on the surface of the ground in the form of
community drinking water systems adjacent to and| streams, ponds, lakes, rivers, or the ocean
downstream of the site. DHEC samplie® drinking
water systems. Monthly composite samples are tak ey L
from _threeSavannah Rivefed systemsone upstream| . rock It may eventually be used by plant
location (North Augusta) artvo downstream of SRS taken up through wells by humans, or
(Purrysburg Beaufort/Jasper (B&HdChelsea B/J). discharge into another body of water.
Additionally, two public drinking water systems that
are not primarily served by the Savannah Riugr
draw from surface water sourcesre sampled each
month(Aiken Public Shaw Creek Water Works
Treatment Plant and Breezy Hill Water Treatine
Plant) These systems are located outside of the SRS

perimeter and are up to 30 miles from the center of the site (Map, Section 3.4.0).

GROUNDWATERT water stored

DRINKING WATER i surface water or
groundwater that has been treated through
cleaning process to be available for health
consumption by humans.

In 2021, DOE-SR collected drinking water frotwo surface watefed systems (North Augusta

and Purrysburg B/Ihat are collocated with the DHEC Savannah RfedrsystemsCurrently,
DOE-SR does not conduct drinking water sampling from other public systems off SRS property.
DHEC and DOESR analyzeind compare all samples for gross alpha;vaatile beta, gamma
emitting radionuclides, and tritium.

3.2.0 RESULTS AND DISCUSSION

In 2021, DHECand DOESRdetected tritium
above thdower limit of detection (LLD) in
the Savannah Rivefed systemslownstream
%8 of SRS DOESRalso had one detectiaf

= tritium in November in the Savannah River
m fed system upstream of SREhese activities
=5 B are well below the EPA established 20,000
" LCilL drinkingwater limit (EPA 2020).

==

Gammaemitting radionuclides theList of

{ Analytes Table 1, page ixyere not detected
abovethe MDA for the drinking water
samples collected by DHEC or in DE&ER 6 s
collocated sampkein 2021

Three |l ocationsdé sampl

Gross alpha, tritium and nerolatile beta
sample results are presented inftiilowing tablesin Section 3.0 and can be found ithe 2021
DHEC Data File All results are below their respective EPA MCLs
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Section 2 2021 Water Monitoring

3.3.0 CONCLUSIONS AND RECOMMENDATIONS

Tritium continues to be the most abundant radionuclide detected in public drinking water
supples potentiallyaffectedby SRS. Observed tritium activities were low when compared to
the EPA MCL for tritium indrinking water, which is 20,000 pCi/Detections of gross alpha
and nonvolatile beta were all below their respective MCLs. DOR does not sample systems
not served by the Savannah River; therefore, DHEC will continue to monitor theste gftiblic
water systems in the event these wellsadiectedby contaminatedgroundwater from SRS.

The DHEC Drinking Water Monitoring Project continues to be an important source of essential
data for assessing human health exposure pathways. DHEC will continue to monitor surface
water quality die to the extent of the surface watentamination on SR&nd its potential to
migrate, angotentiallyaffect drinking water systems downstream from SRS. Continued
sampling will also provide the public with an independent source of radiological data for
drinking water systems wiin the SRS study area.

DHEC continues to reevaluate the drinking water systems monitored by the drinking water

project. Primary and background drinking water systems will be added and removed from the list
of sampled drinking water systems as deemed necessary to maintain imgibverage.
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Section 2 2021 Water Monitoring

3.4.0 MAP
Drinking Water Sampling Locations
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Section 2 2021 Water Monitoring

3.5.0 TABLES AND FIGURES

Table 1. Drinking Water Systems Sampled by DHEC

System Number System Name Number of Taps Population
0210001 Aiken 20,292 45,090
0220006 BreezyHill Water District 7,709 17,522
0210003F North Augusta 13,366 30,110
0720003F Chelsea B/J 57,198 190,782
0720004F Purrysburg B/J 96 280

Total
Savannah Rivefed systems
downstream from SRS 57,294 191,062
Systems not fed from the Savanna
River downstream of SRS 41,367 92,722

Data was obtained from DHEC®6 &nvironmental Facility Information System database

Note for Table 2-6: Summary statistics are not shown for locations whose analytes had either no
detections or only one detection. If alocation did have multiple detections for a specific analyte,
the summary statistics are written as a note below its table.

Table 2: 2021 DHEC and DOE-SR DW Data for North Augusta (DW0210003F) in pCi/L (SRNS, 2022)

Month DHEC Nol?\l\j(igtile Din S DIOI=-SlR nggvlf)-lige DIOJEAEIR
Total Alpha Beta Tritium Total Alpha Beta Tritium
JAN ND ND ND ND 1.47 ND
FEB ND ND ND ND 1.68 ND
MAR ND ND ND ND 1.53 ND
APR ND ND ND ND 1.48 ND
MAY ND ND ND ND 1.88 ND
JUN ND ND ND ND 1.34 ND
JUL ND ND ND ND 1.45 ND
AUG ND ND ND ND 2.16 ND
SEP ND ND ND ND 1.56 ND
OCT ND ND ND ND 21 ND
NOV ND ND ND ND 1.8 141
DEC AE AE ND ND 2.07 ND

Note: DOE-SR Nonvolatile Beta summary statistics: Average = 1.71, Standard Deviation = 0.28, Median = 1.62,
Minimum = 1.34, Maximum = 2.16, Number of Detections = 12.
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Section 2 2021 Water Monitoring

TABLES AND FIGURES CONT.

Table 3: 2021 DHEC and DOE-SR DW Data for Purrysburg B/J Water Treatment Plant
(DWO0720004F) in pCi/L (SRNS, 2022)

Month DHEC Noal\-};gtile DH =S iBIE-S Ngnov%]itFiTe DO.I.E'SR
Total Alpha Beta Tritium Total Alpha Beta Tritium
JAN ND ND ND ND 1.42 172
FEB ND ND 252 ND 1.81 130
MAR ND ND 244 ND 1.45 137
APR ND ND ND ND 1.25 138
MAY ND ND ND ND 2.17 173
JUN ND ND 329 ND 1.86 251
JUL ND 3.59 283 ND 2.06 169
AUG 1.37 ND 448 ND 1.29 226
SEP ND ND 702 ND 2.02 662
OCT ND ND 428 ND 1.85 305
NOV ND ND 247 ND 1.66 284
DEC AE AE 242 ND 2.09 175

Note: 1). In pCi/L, DHEC Tritium summary statistics: Average = 352.87, Standard Deviation = 153.15, Median =
283.01, Minimum = 242.00, Maximum = 702.28, Number of Detections = 9.

2). In pCi/L, DOE-SR Nonvolatile Beta summary statistics: Average = 1.74, Standard Deviation = 0.32, Median =
1.83, Minimum = 1.25, Maximum = 2.17, Number of Detections = 12.

3). In pCi/L, DOE-SR Tritum summary statistics: Average = 235.17, Standard Deviation = 146.40, Median = 174.00,
Minimum = 130.00, Maximum = 662.00, Number of Detections = 12.
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TABLES AND FIGURES CONT.

Table 4;: 2021 DHEC DW Data for Chelsea B/J Water Treatment Plant (DW0720003F) in pCi/L

Month Total Alpha Nonvolatile Beta Tritium
JAN ND ND ND
FEB 1.57 ND ND
MAR ND ND ND
APR ND ND ND
MAY ND ND ND
JUN ND ND 349
JUL ND ND ND
AUG ND ND 312
SEP ND ND 510
OCT ND ND 423
NOV ND ND ND
DEC AE AE 242

Note: Tritium summary statistics in pCi/L were calculated as: Average = 367.06, Standard Deviation = 103.14,
Median = 349.00, Minimum = 242.00, Maximum = 510.00, Number of Detections = 5.

Table 5: 2021 DHEC DW Data for Aiken Public Shaw Creek Water Works Treatment Plant
(DW0210001) in pCi/L

Month Total Alpha Nonvolatile Beta Tritium
JAN 1.64 ND ND
FEB 1.37 ND ND
MAR ND ND ND
APR ND ND ND
MAY ND ND ND
JUN ND ND ND
JUL 2.07 ND ND
AUG 2.46 3.62 ND
SEP 5.79 ND ND
OCT 5.26 ND ND
NOV 3.98 ND ND
DEC AE AE ND

Note: Alpha summary statistics in pCi/L were calculated as: Average = 3.22, Standard Deviation = 1.79, Median =
2.46, Minimum = 1.37, Maximum = 5.79, Number of Detections = 7.
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2021 Water Monitoring

Table 6: 2021 DHEC DW Data for Breezy Hill Water Treatment Plant (DW0220006) in pCi/L

Month Total Alpha Nonvolatile Beta Tritium
JAN ND ND ND
FEB ND ND ND
MAR ND ND ND
APR ND ND ND
MAY ND ND ND
JUN ND ND ND
JUL ND ND ND
AUG ND ND ND
SEP 1.66 ND ND
OCT ND ND ND
NOV ND ND ND
DEC AE AE ND
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Chapter 4 Radiological Monitoring of Surface Water on and Adjacent to SRS

4.1.0 PROJECT SUMMARY

The focus of the Radiological Monitoring of Surface Water
(RSW) project is to test and survey the streams and creeks o
SRS as well as the Savannah River. Since the Savannah R
the primary drinking water source for some downstream :
communities, it is important to monitor radionuclide

concentrations in thever. Surface water samples are collecteq
and analyzed for radionuclides, and the results are comparedgas
DOE-SR data. DHEC supports D&ER6s obj ect i
thatthe primary goal of drinking water safety is established arf®
met.

DHEC collects surface water sampfesm 12 specific locations
within and outside of the SRS boundary as part of an ambien
sampling network (Section 4.4.0, Magection 4.5.0, Table 1,
identifies sample ID, location, rationale, and frequency. Somg
locations were chosen because they are considered public ag
locations. All but one of the public access locations are

downstream of SRS, which provide a potential means for :
exposure to radnuclides. Jackson Boat Landing (2010) is | Cellecting samples to be teste

L . . . for tritium usingthe early
upstream from SRS activities and is a public access location, detectionsystemat S\:118

Quarterly samples are collected for tritium analysis fronfdahe

creek mouths that flow from SRS directly into the Savannah River (Uppee Runs Creek,
Fourmile Branch, Steel CreggndLower Three Runs Creek). Pen Branch is not sampled
because the Savannah River Swanprrupts the flow of this creek and there is no creek mouth
accessLittle Hell BoatLanding was removed as an ambient sampling location in 20d.8
incorporatedn thequarterly boat run for creek mouth samplifi@pis was done due to the lack of
true river flow at the boat landingn 2021, Little Hell Boat Landing was removed from the
sampling locationglue to itnot being a true creek mouth samgplewever this locationmay be
considered again for future sampling purposes

H An enhanced surface water monitoring program was
N implemented to provide downstream drinking water
systemawith advance notice of the potential for
increased tritium levels in the Savannah River. This
early detection facet is possible because of the
continuous monitoring of the five SRS streams that
flow to the Savannah River. Samples for tritium
analysis areallectedfrom six locations with automatic
water samplers. Additionally, a grab sample is
coll ected from Joh-B080anéds Boat
U.S. Highway 301 at the Savannah River {EAB).

In 2019, theSupplenental Sirface Water Monitoring
Example of &GrabSample Programwas modified fromserving asan early
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Chapter 4 Radiological Monitoring of Surface Water on and Adjacent to SRS

detectionsystemfor unplanned releases from SRS source ternis
areado being collected monthlySamples from Upper Three
Runs, Fourmile Branch, McQueen Branch, and Steel Greek |
analyzed for gammamitting radionuclidesThe McQueen

Branchlocationservego monitor the Saltstone Iodevel waste
operationsaandis a monthly composite tha collected by DOE
SRand split with DHEC.In 2019,Steel Creek (8-2052)began §
beingsampled on a weekly basis aamthlyzed for tritium. E

Quarterly sampling for-1.29 and Te99 is conducted at the

supplemerdl location on Fourmile Brandit Road QSV-2044)
due to concerns that these are possible constituents related t#
effluent from the burial grounds, which could enter the surfacig
water

4.2.0 RESULTS AND DISCUSSION

Collectinga compositesample

Radiological Monitoring of Surface Water Summary Statistics
can be found in Section 4.6.0 and all Radiological Monitoring of Surface Water Ddia can
found in the2021DHEC Data FileThe data presented in tlsctionconcernghe DHEC
ambientsanpling network includinghe Savannah Rivesind onsite streamsThe enhanced
sampledataare not displayed in the annual report and data file due to their sole purpose of
serving as an earljetection system for downstream drinking water users.

DHEC data fron2021was compared to DOER reported resul{&ection 4.5.0, Tables 2, 3,

ard 4). The DHEC and DOER collocated sampling sites were Tims Branch at Road C, Upper
Three Runs Creek at Road Rgurmile Branch at Roa#l-12.2, Pen Branch at Road18.2,

Steel Creek at Road A, the Savannah River at U.S. Highway 301 Bridge, and Lower Three Runs
Creek at Road B. DOBR sampled at several other locations

along these streams. However, the data comparisons are only for
the collacated sample sites.

.| Tritium

| In2021, DHEC and DOESR had detections for tritium ali

“ collocated sample locatioigSection 4.5.0, Table 2DHEC

average tritium activitieat Jackson Boat Landing (S2010)

| and Upper Three Runs Creek at United St&mrestry Service

| (USFS) Road A (SV-2027) were not directlgffectedby SRS

operationsThese locations are upstrefmom SRSimpactsand

| are considered background locatiopslEC and DOESR

-| samples indicate th&ourmile Branc{SV-2039)and Pen

Branch(SV-2047)have the highest average tritium activafy

| all SRS stream3 he2021DHEC and DOESR tritium results

I appear to be consistent whistorically reported data values

Pouringasample to be tested fo| (Section 4.5.0, Figures2). Section 4.5.0, Figure 1 shows
tritium trending data for DHEC tritiuraveragegor the past five years.
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Tritium activity in the Savannahi¥er at the creek mouths
of the four SRS streams are typically monitored on a
quarterly basisSamples collected at the creek mouth of
Steel CreeSV-2017) had thehighest average tritium
activity of 2,594pCi/L of all creek mouth locations

Gamma

As part of a gamma spectroscopy analysis, samples were
analyzed monthly for gammemittingradionuclides (List

of Analytes Table 1, pagéx). DHEC hadthree detects of
Cs137 at SV2044 with an average of 3.95 pCi/L and one
detect at SV324 forPb-214 which is considered NORM
For DOESR,there wereno detects for G837 butthree

. . locations had detects 8im-241 (average of 0.01 pCi/L)
Pouring off a composite sample to bl - p 238, (4234, U235, and U238 were detected in DOE

used for monthly alpha, beta, and| - gp samples but are considered NORM.
gamma analysis

lodine-129 and Technetium-99

Threequarterly 1129 samples had a detection abthee MDA with an averagef 0.86pCi/L.
Threequarterly samples had F9 deteabnswith an average df.99pCi/L. DHEC and DOE
SR donot havecollocatedsampling sites for-129 and Te99.

[-129andTc-99 areincluded under the EPA established MCL of 4 millirem per year. The
average concentration bfLl29 which is assumed to yield 4 millirem per year, is 1 pCi/L. If
other radionuclides emitting beta particles and photon radioactivity are present in addiion t
129and Te99, the sum of the annual dose from all the radionuclides shall neeéx
millirem/year (EPA2020.

Alpha
DHECH and DOES R &Jpper Three Runs Creek at SC ,‘
125samples exhibited the highest alpha activity the I

collocated locations with an average3a83pCi/L
(DHEC) and5.45pCi/L (DOE-SR) (Section 4.5.0, Table
3,SRNS,2022. Historically, Upper Three Runs Creek a
SC 125 (SV325) yieldsdetections for alpha activity
(DHEC, 2018-2021). Isotopic analysis performed by DOE
SRrevealed the source to be natural uranium (SRNS,
2013. This may contribute to the common occurrence o
alpha detections at this location. T2@21average alpha
activity was below the EPA MCL for drinking water of 1§
pCi/L (EPA,2020. Beginning in 2009, samples collectec
at this location exhibitd particles of sediment and detritu
This increase in turbidity seems to be related to storm
events. Samples with high turbidity can have potential

Pipetting samples in preparation for
tritium analysis
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interferences during alpha/beta analy8ipha particles, and to a lesser extent, beta particles, are
reducedby salts and solids dried ontsamplingplanchet Floeckhey 2000). Pump tubing is
evaluated during each sample collectioalBlocations to ensure no blockage of sediment has
occurrel.

Beta

The sample exhibiting the highesterage gross beta
activity for both DHEC and DOESRwere fromFourmile
Branchat Rd.A-12.2(SV-2039)with an average d6.57
pCi/L (DHEC) and7.10pCi/L (DOE-SR)(SRNS,2022).
DOE-SRalsoreportedhree locations (Highwa$01
Bridge (S\+118), Steel Creek River Mouth (S2017),and
(SV-2039) with detects 065r-89/90 (average of 1.07
pCi/L) (SRNS,2022. EPA hasestablished a Maximum
Contaminant Level (MCL) of 4 millirem per yefr beta
particle and photon radioactivity from mamade
— radionuclides in drinking water. The EPA screening MCL
for gross betamitting particles for drinking water systems
Preparing for tritium analysis i is 50 pCi/L minus natural potassiud0 (K-40) (EPA,

Liquid Scintillation Counter 2020. All averages were below this limit.

Pl

4.3.0 CONCLUSIONS AND RECOMMENDATIONS

Differences in average values between DHEC and 38Eould be attributed, in part, to the
natureof the medium and the specific point and time of when the sample was col2cteq.

will continue independent collection and analgdisurface water on aratljacent to SRS. This
monitoring effort will provide an improved understanding of radionuclide levels in SRS surface
waters DHEC will periodically evaluate modifying the monitoring activities to better
accomplishthegr oj ect 6 s g o al serrafinainend df theeRSW projectsmay résultr t h
in additional sampling locations being incorporated into the ambient or enhanced monitoring
regimes. Monitoring will continuéor as long as there are activities at SRS that create the

potential for contaminatioto enter the environment, as well as past radioactive contamination

that still exists due to unexpired hdifes.
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Radiological Monitoring of Surface Water on and Adjacent to SRS

4.5.0 TABLES AND FIGURES

Table 1. 2021 Surface Water Sampling Locations and Frequency

Ambient Monitoring Locations

ID

Location

Rationale

Frequency

SV-2010

Savannah River at RM 170.5
(Jackson Boat Landing)

Accessible to public; upstream al
SRS operations; Near Jackson
population center; Upiver control;
River monitoring

Weekly tritium; Monthly
Alpha, Beta, and Gamm¢
composite

SV-324*

Tims Branch at SRS Road C

Within SRS perimeter; Downstrea
of SRS operations areas; Tributa
monitoring

Weekly tritium; Monthly
Alpha, Beta, and Gammg
composite

SV-325*

Upper Three Runs Creek at S.
125 (SRS Road A)

Within SRS perimeter; Downstrea
of SRS operations areas; Tributal
monitoring

Weekly tritium; Monthly
Alpha, Beta, and Gammz
composite

SV-2039*

Fourmile Branch at Roadl-
12.2

Within SRS perimeter; Downstrea
of SRS operations areas; Tributa
monitoring

Weekly tritium; Monthly
Alpha, Beta, and Gammg
composite

SV-2047*

Pen Branch at Road-A3.2

Within SRS perimeter; Downstrea
of SRSoperations areas; Tributary
monitoring

Weekly tritium; Monthly
Alpha, Beta, and Gammz
composite

SV-327*

Steel Creek at S.C. 125 (SRS
Road A)

Within SRS perimeter; Downstrea
of SRS operations areas; Tributal
monitoring

Weekly tritium; Monthly
Alpha, Betaand Gamma|
composite

SV-2018

Savannah River at RM 141
(Steel Creek Boat Landing)

Accessible to the public; Adjacen
to SRS perimeteDownstream of
SRS operations; River monitoring

Weekly tritium; Monthly
Alpha, Beta, and Gammg
composite

SV-2080

Savannah River at RM 125
(Johnsondés Bq

Accessible to the public;
Downstream of SRS operations a
tributaries; River monitoring

Tri-weekly tritium grab

SVv-118*

Savannah River at RM 118.8
(Hwy 301 Bridge)

Accessible to the public;
Downstream oSRS operations an
tributaries; River monitoring

Weekly tritium; Monthly
Alpha, Beta, and Gammg
composite

SV-328

Lower Three Runs Creek at
Patterson Mill Road

Within SRS perimeter; Downstrea
of SRS operations and Par Pond
Tributary monitoring

Weekly tritium grab

SV-2053*

Lower Three Runs Creek at
Road B

Within SRS perimeter; Downstreal
of SRS operations and Par Pond
Tributary monitoring

Weekly tritium; Monthly
Alpha, Beta, and Gammg
composite

SV-2027

Upper Three Runs Creek at SH
Road 21

Within SRS perimeter; Upstream
from SRS operations; Upstream
control; Tributary monitoring

Weekly tritium grab
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TABLES AND FIGURES
Table 1. (Cont.)

Creek Mouth Locations

ID Location Rationale Frequency

Accessible to public; Adjacent to SRS
Downstream of SRS operation areas]  Quarterly tritium
Tributary monitoring

Upper Three Runs Creek

Sv-2011 Mouth at RM157.4

Accessible to public; Adjacent to SRS
SV-2015 | Fourmile Branch at RM 150.6  Downstream of SRS operation areas]  Quarterly tritium
Tributary monitoring

Accessible to public; Adjacent to SRS
SV-2017 Steel CreleMsouth atRM Downstream of SRS operation areas]  Quarterly tritium
' Tributary monitoring

Lower Three Runs Creek at Accessible to public; Adjacetd SRS;

SV-2020 Downstream of SRS operation areas]  Quarterly tritium
RM 129.1 : o

Tributary monitoring

Supplemental Locations

ID Location Rationale Frequency
SV-2070 McQueen Branch Downstream from Saltstone LLW Monthly gamma
SV-207% Operations composite

Upper Three Runs Creek ¢ Downstream from fand HAreas HLW Monthly gamma

SV-2075 )

Road C Tanks composite

SV-2044 Fourmile Branch at Road (¢ Downstream from fand HAreas HLWI Monthly gamma
Tanks composite

Weeklytritium,

SV-2052 Steel CreeLkaitethe top of L Downstream fran P- and L- Areas Monthly gamma

composite
Notes:

1). ID is Sampling Location Identification Code Number

2). RM is River Mile

3). HLW is High-Level Waste

4). LLW is Low-Level Waste

5). Tri-Weekly Enhanced sample data is used for detection purposes only

6). * Indicates a location that is collocated with DOE sampling

7). McQueen Branch had its location ID change from SV-2070 to SV-2079 beginning in January 2021
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Table 2. 2021 Tritium Data Comparison for DHEC and DOE-SR Collocated Sampling Locations

Radiological Monitoring of Surface Water on and Adjacent to SRS

Average

Standard

Minimum

Maximum

Sample Location Sample ID Concentration Devigtion I(\g%?/'f? Det'ect Det'ect N%rgt% ecrtsof Ng;:gslregf
(pCilL) (pCilL) (pCilL) (pCilL)

Tims Branch at Road | SV-324 326 62 320 227 448 33 52
C TB-5 407 48 407 373 2 12 12
Upper Three Runs | SV-325 825 460 652 297 1,998 50 52
Creek at Road A U3R-4 909 507 711 576 2,160 9 12
Fourmile Branch at | SV-2039 20,179 2,466 20,484 12,201 24,900 52 52
RoadA-12.2 FM-6 17,130 2,584 17,400 9,860 20,100 12 12
ben Branch at Road | SV-2047 9,526 2,508 9,569 2,374 13,548 51 52
A-13.2 PB-3 8,025 2,221 9,355 4,680 10,400 12 12
Steel Creek at Road | SV-327 1,555 201 1,577 1,014 1,856 52 52
A SG4 1,346 227 1,310 978 1,780 12 12
Highway 301 Bridge | SV-118 419 295 308 202 1,580 29 52
atRM 118.8 RM 118 282 186 208 129 949 44 54
Lower Three Runs | SV-2053 253 35 250 206 322 9 52
Creek at Road B L3R-1A 411* NA NA 411 417 1 12

Shaded areas represent DHEC data and unshaded areas represent DOE-SR data
DOE-SR data is from the SRS Environmental Data Report for 2021 (SRNS, 2022)

ND is Not Detected
NA is Not Applicable

* Indicates a single detection
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TABLES AND FIGURES

Table 3. 2021 Alpha Data Comparison for DHEC and DOE-SR Collocated Sampling Locations

Radiological Monitoring of Surface Water on and Adjacent to SRS

Average Standard Median Minimum Maximum Number of Number of
SampleLocation Sample ID | Concentration | Deviation (pCilL) Detect Detect Detects Samoles
(pCilL) (pCilL) P (pCilL) (pCilL) P
SV-324 2.15 0.51 2.14 1.22 2.93 11 12
Tims Branch at Road C
TB-5 2.23 0.91 1.96 1.31 4.27 12 11
Upper Three Runs SV-325 3.83 193 3.30 1.92 7.29 10 12
Creek at Road A U3R-4 5.45 3.70 4.43 1.57 1440 12 12
Fourmile Branch at SV-2039 1.27 0.27 1.19 1.04 1.57 3 12
RoadA-12.2 FM-6 2.26 1.67 1.92 0.40 4.76 12 12
Pen Branch at Road A | SV-2047 1.46 0.52 1.46 1.09 1.82 2 12
13.2 PB-3 0.79 0.28 0.67 0.51 1.40 12 12
SV-327 1.11 0.08 1.11 1.05 1.17 2 12
Steel Creek at Road A
SC4 2.07 2.95 0.89 0.45 10.30 11 12
Highway 301 Bridge at | SV-118 1.22 0.03 1.22 1.20 1.24 2 12
RM 118.8 RM 118 0.39 0.11 0.35 0.24 0.66 33 54
Lower Three RUNS SV-2053 0.90* NA NA 0.90¢ 0.90¢ 1 1%
Creek at Road B L3R-1A 0.72 0.53 0.39 0.32 1.42 5 12

Shaded areas represent DHEC data and unshaded areas represent DOE-SR data
DOE-SR data is from the SRS Environmental Data Report for 2021 (SRNS, 2022)

ND is Not Detected
NA is Not Applicable

* Indicates a single detection
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TABLES AND FIGURES

Table 4. 2021 Beta Data Comparison for DHEC and DOE-SR Collocated Sampling Locations

Average Standard Median Minimum Maximum Number of Number of
Sample Location Sample ID | Concentration | Deviation (pCill) Detect Detect Detects Samoles
(pCilL) (pCilL) P (pCilL) (pCilL) P
SV-324 4.16* NA NA 4.16" 4.16° 1 12
Tims Branch at Road C
TB-5 1.63 0.75 1.37 0.89 3.03 12 12
Upper Three Runs SV-325 ND NA NA ND ND 0 12
Creek at Road A U3R-4 3.44 1.61 2.96 1.51 6.11 12 12
Fourmile Branch at SV-2039 5.57 1.06 5.21 4.28 7.49 9 12
RoadA-12.2 FM-6 7.10 2.40 6.71 4.46 11.50 12 12
Pen Branch at Roada. | SV-2047 5.00* NA NA 5.00¢ 5.00¢ 1 12
13.2 PB-3 1.29 0.35 1.32 0.74 1.77 12 12
SV-327 3.91* NA NA 3.97 3.97 1 12
Steel Creek at Road A
SG4 2.50 1.98 1.86 1.05 7.95 12 12
Highway 301 Bridge at SV-118 421 0.37 4.21 3.94 4.47 2 12
RM118.8 RM 118 2.02 0.27 2.05 1.42 2.76 54 54
Lower Three RUNS SV-2053 ND NA NA ND ND 0 1%
Creek at Road B L3R-1A 1.38 0.36 1.27 1.02 2.10 12 12

Shaded areas represent DHEC data and unshaded areas represent DOE-SR data
DOE-SR data is from the SRS Environmental Data Report for 2021 (SRNS, 2022)
ND is Not Detected

NA is Not Applicable

* Indicates a single detection
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TABLES AND FIGURES

Figure 1. DHEC Average Tritium Data Trends for 2017-2021 (DHEC, 2019-2021)
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Radiological Monitoring of Surface Water on and Adjacent to SRS

Figure 2. 2017-2021 Average Tritium Data Trends for DHEC and DOE-SR for Upper Three Runs

Creek at S.C. Highway 125 (SRNS, 2018-2022; DHEC, 2019-2021)
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TABLES AND FIGURES

Figure 3. 2017-2021 Average Tritium Data Trends for DHEC and DOE-SR for Fourmile Branch at
Road A-12.2 (SRNS, 2018-2022; DHEC, 2019-2021)
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Figure 4. 2017-2021 Average Tritium Data Trends for DHEC and DOE-SR for Pen Branch at Road
A-13.2 (SRNS, 2018-2022; DHEC, 2019-2021)
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Figure 5. 2017-2021 Average Tritium Data Trends for DHEC and DOE-SR for Steel Creek at S.C.
Highway 125 (SRNS, 2018-2022; DHEC, 2019-2021)
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Figure 6. 2017-2021 Average Tritium Data Trends for DHEC and DOE-SR for Lower Three Runs
Creek at SRS Road B (SRNS, 2018-2022; DHEC, 2019-2021)
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TABLES AND FIGURES

Figure 7. 2017-2021 Average Tritium Data Trends for DHEC and DOE-SR for the Savannah River at
US Highway 301 Bridge (SRNS, 2018-2022; DHEC, 2019-2021)
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4.6.0 SUMMARY STATISTICS

2021 DHEC Ambient Monitoring Data-Tritium in pCi/L

Radiological Monitoring of Surface Water on and Adjacent to SRS

Sample Location Concentration | Deviaton | Meden | “Detect | Mbeteet | Detections | Samples
Jackson Boat Landing (S\2010) 221 13 218 210 240 4 52
Tims Branch (SV-324)* 326 62 320 227 448 33 52
Upper Three Runs Creek at SC 125 (S\B25)* 825 460 652 297 1,998 50 52
Fourmile Branch (SV-2039)* 20,179 2,466 20,484 12,201 24,900 52 52
PenBranch (SV-2047)* 9,526 2,508 9,569 2,374 13,548 51 52
Steel Creek (SV327)* 1,555 201 1,577 1,014 1,856 52 52
Steel Creek Boat Landing (SV2018) 560 584 356 222 2,636 25 52
Highway 301 Bridge (S\V118)* 419 295 308 202 1,580 29 52
Lower Three Runs(csisa_gl;g)t Patterson Mill Rd. 1,073 397 1,058 230 2072 52 52
L-Lake Spill Way (SV-2052)* 415 435 273 227 2,163 20 52
Lower Three Runs Creek at Road B (S¥2053)* 253 35 250 206 322 9 52
Upper Three Runs Creek at SRS Road-2 (SV-2027) 249 28 238 213 295 13 52
Creek Mouths Averagg Star_ldgrd Median Minimum | Maximum | Number of | Number of
Concentration | Deviation Detect Detect Detects Samples
Upper Three Runs Mouth @ RM 157.4 (SV2011) 623 171 612 458 799 3 4
Four Mile Creek @ RM 150.6 (S\V2015) 724 630 724 279 1,169 2 4
SteelCreek Mouth @ RM 141.5 (S\V2017) 2,594 2,394 1,429 1,005 5,347 3 4
Lower Three Runs Mouth @ RM 129.1 (SVv2020) 448 41 434 415 494 3 4

Notes for the above tables and ones on the next page:

* Indicates locations that are collocated with DOE-SR sampling sites.

NA means Not Applicable
ND means Non-Detect
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Chapter 4

4.6.0 SUMMARY STATISTICS continued

2021 DHEC Ambient Monitoring Data-Alpha

Radiological Monitoring of Surface Water on and Adjacent to SRS

' Averagg Standard | Median Minimum Maximum Number Number
Sample Location Concer)tratlon Deviation | (pCilL) Det.ect Det'ect of' of
(pCilL) (pCilL) (pCilL) Detections| Samples
Jackson Boat Landing (S\V2010) 1.02* NA NA 1.0 1.02 1 12
Tims Branch (SV-324) 2.15 0.51 2.14 1.22 2.93 11 12
Upper Three Runs Creek at S.C. 125 (S\325) 3.83 1.93 3.30 1.92 7.29 10 12
Fourmile Branch (SV-2039) 1.27 0.27 1.19 1.04 1.57 3 12
Pen Branch (S\t2047) 1.46 0.52 1.46 1.09 1.82 2 12
Steel Creek (SV327) 1.11 0.08 1.11 1.05 1.17 2 12
Steel Creek Boat Landing (S¥2018) 1.02* NA NA 1.02 1.02 1 12
Highway 301 Bridge (S\/118) 1.22 0.03 1.22 1.20 1.24 2 12
Lower Three Runs Creek at Road B (S¥2053) 0.90* NA NA 0.90¢ 0.90 1 12
2021 DHEC Ambient Monitoring Data-Beta
Sample Location Coﬁg;;ztir%fion Sg?gséﬂ '(V‘l)%dl;i;] MgleTeucT MaD)gggtm g:?;?:(tai(r)r?; Nur:fber
(pCi/L) (pCi/L) (pCi/L) Samples
Jackson Boat Landing (S\V2010) 3.33* NA NA 3.33 3.3 1 12
Tims Branch (SV-324) 4.16* NA NA 4.16 4.16 1 12
Upper Three Runs Creek at S.C. 125 (S\325) ND NA NA ND ND 0 12
Fourmile Branch (SV-2039) 5.57 1.06 5.21 4.28 7.49 9 12
Pen Branch (S\t2047) 5.00* NA NA 5.00¢ 5.00¢ 1 12
Steel Creek (SV327) 3.91* NA NA 3.9 3.91* 1 12
Steel Creek Boat Landing (S¥2018) 3.80 0.30 3.80 3.59 4.01 2 12
Highway 301 Bridge (S\/118) 4.21 0.37 4.21 3.94 4.47 2 12
Lower Three Runs Creek at Road B (S¥2053) ND NA NA ND ND 0 12

For both charts above: * Indicates a single detection
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Chapter 5 Non-radiological Monitoring of Surface Water on SRS

5.1.0 PROJECT SUMMARY

The streams located on SRS receive a wide variety off POINT SOURCE
permitted point source discharges and-pomt source POLLUTION: @aPol | uti o
run-off from onsite facilties and operations. These comes from a specific, identifiable
discharges specifically include, but are not limitedto, | source, such as a
industrial storm water, utility water, treated industrial &

: ’ : . : NONPOINT SOURCE
sanitary wastewater, and roiff from landdisturbin

y 9 | POLLUTION: fisources |

activities. _ : _ S
diffuse, without esingle identifiable

. point of origin, including runoff from
DHEC assessed the surface water qualityhtor agriculture, forestry, and construction

radiologicalparameters 2021at SRS by samplingthe | ¢ t e s
onsite streams for inorganic and orgaocanstituentsAs
an indication of possible water quality issues, DHEC d
is compared to the freshwater standard guidelines in
DHECO6 s Wa tications &t Standard$, RegulationGBL(DHEC,20209. These

guidelines give numeric criteria for specific parameters and narrative criteria that indicate
conditions of biological integrity and water quality for aquatic life and human haléhfact

that a stream does noteet the specified numeric standards for a particular parameter does not
mean the stream is polluted or of poor quality. Natural conditions can cause streams to exceed
the standards.

Source: EPA

TenDHEC sample locations were strategically chosen to monitor ambient surface water
conditions and detect the noadiological impact from DOER operations. A map of DHEC
sample locations can be found in Section 5.4.008tke DHEC sampleokations are collocated
with DOE-SR sample locations to provide data comparisons (Section 5.5.0, Table 1). The stream
sample locations were selected based on accessdnitityheir proximity upstream and
downstream of DOESR operations before flowing into the publicly accessible Savannah River.
Beginning in 2021to expand upon the projetipwer Three

Runs Creek at Road BY/-2053 was added to the monthly
sampling cycle Three background locations efite (RS03689,
RS-17361, and R&1038)werealsoaddedwith the intent of

being sampled quarterly; however, they were only able to be
collected one time Marchduring 2021.A list of water quality
parameteanalyses and sample frequency carfolo@d in

Section 5.5.0, Table 2.

5.2.0 RESULTS AND DISCUSSION

Non-radiological Monitoring of Surface Water Summary
Statistics can be found in Section 5.6.0 and all-Kfiological
Monitoring of Surface Water Data cae found inthe2021
DHEC Data File.

Many chemical and biological processes in surface waters can be

Collecting St:efim water for | affected by pH, a measurement that indicates the alkalinity or
analyss
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Chapter 5 Non-radiological Monitoring of Surface Water on SRS

acidity of a substance (EPA, 199The streams
encountered at SRS are typical of southeastern streams
characterized aslackwater A blackwater stream is one
that has a deep, slemoving channel that flows through &8
forested swamps and wetlands. Decaying vegetation in §&
water results in theaching of tannins from the vegetatiorg
which results in transparent, acidic water that is darkly
stained, resembling tea or coffé®w pH is typical for
blackwater streams such as those sampled at S&R§hés
et al, 2000.

The pH standard for aBouth Carolina freshwater streamgi#8
is between 6.0 and 8.5 standard units (RRHEC, 20200). §
All DHEC locations had yearly averages within the ,
standard except fadpper Three Runs at Road A (NWSV
325) with a pHaverage 06.92, Upper Three Runs at Roag
2-1 (NWSV-2027)with anaverage ptbf 5.54 andTinker
Creek at Rad 2-1 (NWSV-2061)with an average pH of
5.96. These streamare blackwater streams, which could
contribute to them having a pH lower than 6. See Section 5.5.0, Figure 1 for a comparison of
DHEC and DOESR data for collocated samples (SRISG22.

Using a Horiba WateQuality Meter
to determine field parameters

Oxygen is cycled through the environment and is both produced and consumed in streams. The

amount of oxygen in its dissolved form in water is the Dissolved Oxygen (DO). The Biochemical

Oxygen DemandBOD) is the amount of oxygen consumed by microorganisms in stream water.
. = =i Water quality is diminished when the BOD is high,

N s which depletes the oxygen in the water. Low DO means
less oxygen to support higher forms of aquatic life (EPA,
1997. The South Carata freshwater standard for DO is
a daily average of no less than 5.0 milligrams per liter
(mg/L) with no individual sample to be below 4.0 mg/L
(DHEC, 202@). All individual samples and yearly
averages met the DS&andard ir2021 A DO
| comparison of DHEC and DOG&Rdata for collocated
| samples can be found 8ection 5.5.0, Figure (SRNS,

2022. There are no numeric criteria in the South
Carolina freshwater standards for a maximum BOD
| level; howeverjn 202Q DHEC samples had no
|| dekctionsabove the LLD of 2.0 mg/except forSV-324
JIl which had one sample at 3.10 mg8V-328which had
¢ one sample &.40mg/L, andSV-2061with one sample
| at3.10mg/L. DOE-SR did not collect BOD samples in
2021, therefore, no comparison can be made for BOD.

Recording field parameterO, pH,
temperature, conductivity, and total
dissolved solids
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Chapter 5 Non-radiological Monitoring of Surface Water on SRS

| Temperature can affect biological and chemicatpsses in

a streamAll aquatic organisms can be negativaffectedby

| temperatures that vary from the naturally occurring range

| (EPA, 1997%. The South Carolina freshwater standards state
that the temperature of frél®wing freshwater and shall not
exceed a maximum of 32.2°C (DHEZ209. DHEC data

| showed that the stream temperatures during each sampling
event were comparable to each othet did not exceed the
maximum 0f32.2°C

The South Carolina freshwatér coli standard is a daily
maximum of 349 Most Probable Number per 100mL

' (MPN/100mL). Eightstreams sampled had individual

| samples that exceed8d9 MPN/100mLexcept for SV327
and SV2053 and all location$iad yearly averagdselowthe
standard exce@V-2027(DHEC, 20209. DOE-SR didnot
collect samples foE. coliin 2021, therefore, no comparison
can be made.

Water samples to be analyzed by
the I ab in DHEC

Phosphorous and nitrogen are essential nutrients for the plants and animals that make up the
aguatic food web. However, in excess they can cause significant water quality problems.
Phosphorous and nitrogen cycle through the environment in a variety &f dmarcan indirectly
impact DO and other water quality indicators (EPA, 19872021, DHEC sampled for total
phosphorous and various forms of nitrogen, including nitrate/nitrite, total Kjeldatden

(TKN), and ammonia. There are no numeric cidtén the South Carolina freshwater standard

for total phosphorus, TKNor ammonia.

DHEC uses the most conservative of the federally
established drinking water standardsrigrate/nitrite
levels to indicate ambient water quality in freshwater
streams for nutrients. The EPA drinking water standa
for nitrate/nitrite levels are 10 mg/L and 1 mg/L,
respedwely, and are designed to protect the public fro
consumption of higtevels ofthese nutrients (DHEC,
2020c). As a conservative measure, DHEC uses a
maximum of 1 mg/L as an indication of possible water
guality issues.

Overall the nutrient levels on SRS artemparableto the
levels found throughout the Savannah River Basin. DQ
SR didnotsample for TKN omammonia irR021%;
therefore, no comparison can be made. A comparison
DHEC and DOESR data from collocated samples for
total phosphorous and nitrate/nitrite, respectivedyn be
found in Section 5.5.0, Figur&and4.

Water sample to be analyzed by the I
in DHECb6s Aike
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Chapter 5 Non-radiological Monitoring of Surface Water on SRS

Most metals are considered pollutamsluding some that are toxic or known carcinogens. In

2021, DHEC personnel collected samples for the following meglsninum,beryllium,

cadmium calcium,chramium, copper, iron, leadnagnesiummanganese, mercury, nickel,

thallium, and zinc. Due to the potential health effects of some metals, a yearly average, even if
based on a single detection that exceeds the freshwater standards, may indicate a water quality
issue. These metalwjth the exception odluminum, calciumiron, magresium, andnanganese,

have numeric criteria for the protection of human health and aquatic life in the South Carolina
freshwater quality standards.

The freshwater quality standard for cadmium in South Carolina streams is not to exce28 0.000
mg/L (DHEC,20209. DHEChadno levels above the standard of cadmium, but E&HEhad
one detecof 0.00045 mg/L at TS ( D H E €G243(SRBIS,2022.

The freshwater quality standards for chromium, copper, and nickel in South Carolina streams are
not to exceed 0.011 mg/L, 0.0029 mg/L and 0.016 mg/L, respectively (DHER0¢g. DHEC

detected nickehbove the standard a single
sample at 8-324(0.028 mg/L) butdid not
detect chromium or nickéh any other sample
in 2021. Due to copper 6s
mg/ L being | ower tha
limit of detection of <0.010 mg/L, all sampleg
were found to be <0.010 mgénd were
considered nowletectsDOE-SR detected
chromium, copper, angickel below the
standardn their collocated sample locations
with the exceptiomf SV-327 withcopper
(single detect of 0.0056 mg/PRNS,2022).

The freshwater quality standard for lead in
South Carolina streams is not to exceed
0.00054 mg/L (DHEC2020¢). Due to
laboratory limitations, DHEC haslower limit
of detection (LLD)higher than the standard.
Therefore, any detection of lead would be over the stanD&HEC detected lead in one sample
from SV-324(0.0032mg/L) andin two samples from S\2053 (averagef 0.0048 mg/L)
Beginning in August 2018, DOER changed their laboratory analysis for lead to achieve a
lower detection limit. DOE-SR hadnholocations with averageéd detectionabove the standard
in 2021in the collocated samplesowever, individual samples fdims BranchLower Three
Runs,FourmileBranch and Pen Branchad deteébnsabove the standa{$RNS,2022.

Samples are individually bottled atrdnsported on
ice

The freshwater quality standard for mercury in South Carolina streams isexaetd 0005
mg/L (DHEC,20209. Mercury was not detected in any of the DH&nples but wadetected
below the standard iIDOEES R6 s i ndi v i dimsaBranch StemlfCteeksLovwet Three
Runs, Fourmile Brancland Pen Branc{SRNS,2022.
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The freshwater quality standard for zinc in South Carolina streams is not to exceed 0.037 mg/L
(DHEC, 20209. DHEC hadtwo sample over the standard at S324 (averagé 0.045mg/L),

one sample &V-325 (0.072 mg/l, one sample at S827 (0.130 mg/L)two samples at SV

328 (averagé 0.083 mg/L), one sample at 2027 (0.28 mg/L), one sample at 2039 (0.065

mg/L), one sample at S2047 (0.040 mg/L), one sample at-2053 (0.190 mg/L), twsamples

at S\L2055 (aerage’ 0.091 mg/L), and two samples at 2061 (average0.059 mg/L)while

all other samples were beldhe standardDOE-SR hada | | | ocati coowthézinaver age
standardexcept for individual samples at Fourmile Brai8RNS,2022. A zinc comparison of

DHEC and DOESR yearly averages for collocated samples can be found in Section 5.5.0,

Figureb5.

Samples were also analyzed for berylliand thallium whose freshwater quality standards are
<0.004 mg/L and <0.00024 mg/tespectivelyDHEC and DOESRhadno detedbns of
thallium and nae of the sampldsad beryllium detects above the stand&&NS,2022.

Small discrepancies in data between DS and DHEC may be attributed to differences in
sample collection date anidhe, sample preservatipand lab analysis. Variances in statistical
calculations, such as the yearly averages, may also attribute to dissimilarities. All data less than
the LLD were left out of DHEC summary statistics due to lack of numeric information.

5.3.0 CONCLUSIONS AND RECOMMENDATIONS

The current parameters will continue to be monitored to
establish trends that may warrant further investigation
based on EPA or DHEC standards or recommended le
Overall, the nosradiological water quality SRS in2021
compared favorably with the South Carolina Freshwate®
Standard or other recommendations for the parameters
monitored locationsThe 2021 DHEC results for most
parameters wereomparéleto theD H E CRurseau of
Water data for the Savannah River watershed (DHEC,
2022. DHEC will continue to evaluate water quality basq
on the independent, neadiological testing and ‘1
surveillance of SRS surface water. Monitoring is require
dueto continued land disturbance from clagmactivities, |
new facility construction, logging, and new missions. Thig
locations, number and frequencies of samples, and
monitoring parameters are reviewed annually and modi
as needed to maximize availablea@xes and address
SRS mission changes. Duplicate sample being detted
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54.0 MAP

Non-radiological Surface Water Sampling Locations
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Non-radiological Monitoring of Surface Water on SRS

5.5.0 TABLES AND FIGURES

Table 1. 2021 DHEC Surface Water Sample Locations

Sample Location Location Description Location Rationale
NWSV-2027 Upper Three Runs at Roaell2 Upstream of most SRS Operations
NWSV-2061 Tinker Creek at Road-2 Downstream of ATTA
NWSV-324* Tims Branch at Road C Downstream from M& A -Areas
NWSV-325* Upper Three Runs at Road A Downstream from FArea
NWSV-2055 Meyers Branch at Road 9 Downstream from fArea
NWSV-2053 Lower Three Runs Creek at Road B Downstream of SRS operations an

Par Pond
NWSV-2039* Fourmile Branch at Road?l2 Downstream from Fand HAreas
NWSV-2047* Pen Branch at RoaAl-13.2 Downstream from KArea
NWSV-327* Steel Creek at Road A Downstream from tLake
NWSV-328* Lower Three Runs at Patterson Mill Road Downstream from Par Pond

*Collocated with DOESR sample locations.

Table 2. 2021 DHEC Water Quality Parameter Analyses

Laboratory Frequency Parameter
. Temperature, pH, Specific Conductivity, Dissolved
Field Monthly Oxygen, and Total Dissolved Soli(lEDS)
DHEC Lab Aiken, S.C. Monthly Turbidity, BOD, E. Coli, and TSS
DHEC LabColumbia, S.C. Monthly Alkalinity, Ammonia, Nutrlent_s, Mercury, and Metals
and Total Organic Carbon
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TABLES AND FIGURES

Figure 1. pH 2021 Yearly Average DHEC and DOE-SR Comparison (SRNS, 2022)
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Figure 2. DO 2021 Yearly Average DHEC and DOE-SR Comparison (SRNS, 2022)
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TABLES AND FIGURES
Figure 3. Total Phosphorous 2021 Yearly Average DHEC and DOE-SR Comparison (SRNS, 2022)
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Figure 4. Nitrate/Nitrite 2021 Yearly Average DHEC and DOE-SR Comparison (SRNS, 2022)
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DOE-SR collects nitrate and nitrite as separate parameters. In this graph, DOE-S R én#rate and nitrite were added together and
then an average of the sum was taken to produce one number representing both nitrate and nitrite at each location in order to have
comparable data to DHEC.

60



Chapter 5 Non-radiological Monitoring of Surface Water on SRS

TABLES AND FIGURES

Figure 5. Zinc 2021 Yearly Average DHEC and DOE-SR Comparison (SRNS, 2022)
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D H E CRWESV-325, NWSV-327, and NWSV-2047 only had one sample with a detection, so the number included in the graph is
based on a single detect and is not an average.
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5.6.0 2021 SUMMARY STATISTICS

Notes for the 5.6.0 Summary Statistic Tables on pages 62-72:

NA is Not Applicable.

Beryllium, Cadmium, Copper, Mercury, and Thallium were not included in the charts as all locations had
averages that were non-detects.

NWSVi 324 Tims Branch at Road C

Parameters Average Star_]de_ird Median Minimum Maximum Number of
Deviation Detect Detect Detects
pH (SU) 6.18 0.20 6.19 5.92 6.66 12
DO (mg/L) 9.39 1.06 9.23 7.14 10.97 12
Field Water Temp (°C) 16.71 6.02 16.41 6.80 24.56 12
Conductivity (mS/cm) 0.02 0.01 0.02 0.02 0.03 10
TDS (mg/L) 0.02 001 0.02 0.01 0.04 11
Alkalinity (mg/L) 4.53 149 4.70 1.50 7.80 12
Turbidity (NTU) 1129 2287 4.30 2.20 80.0 11
BOD (mg/L) 3.10 NA NA 3.10 3.10 1
TSS (mg/L) 21.02 52.79 4.90 2.80 180.00 11
E. Coli (MPN/100mL) 204.58 320.70 84.80 63.10 1203.30 12
TKN (mg/L) 0.38 0.19 0.33 0.15 0.79 12
Ammonia (mg/L) 0.10 NA NA 0.10 0.10 1
Nitrate/Nitrite (mg/L) 0.07 0.05 0.05 0.02 0.18 11
Total Phosphorus (mg/L) 0.06 0.03 004 0.02 0.13 9
Laboratory Calcium (mg/L) 0.4 0.41 0.83 0.%4 1.8 12
Iron (mg/L) 288 3.8 1.55 1.10 12.00 12
Lead (mg/L) 0.003 NA NA 0.003 0.003 1
Magnesium (mg/L) 0.43 0.10 0.40 0.33 0.68 12
Manganese (mg/L) 0.12 0.19 0.06 0.04 0.73 12
Nickel (mg/L) 003 NA NA 0.03 0.03 1
Zinc (mg/L) 0.05 0.004 0.04 0.04 0.05
Hardness (mg/L) 409 143 365 2.70 7.00 12
Aluminum (mg/L) 0.38 0.80 0.14 0.06 2.80 11
TOC (mg/L) 4.25 2.31 3.40 2.00 7.80 12

Chromium is not included in the graph due to NWSV-324 having no detections in 2021.
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NWSV-325 Upper Three Runs at Road A

pH (SU) 5.92 0.38 5.95 4.9 6.36 12
DO (mgl/L) 8.70 0.87 8.61 7.16 10.27 12
Field Water Temp (°C) 17.80 5.64 18.14 8.71 24.95 12
Conductivity (mS/cm) 0.023 0.002 0.023 0.019 0.026 10
TDS (mg/L) 0.014 0.001 0.015 0.012 0.017 11
Alkalinity (mg/L) 3.76 0.67 3.90 2.50 4.60 12
Turbidity (NTU) 3.78 1.95 3.15 2.10 9.00 12
TSS (mg/L) 5.66 3.86 4.10 2.40 16.00 12
E. Coli (MPN/100mL) 247.98 250.40 151.40 71.70 980.40 12
TKN (mg/L) 0.33 0.13 0.29 0.10 0.57 10
Ammonia (mg/L) 0.10 NA NA 0.10 0.10 1
Nitrate/Nitrite (mg/L) 0.16 0.04 0.16 0.08 0.23 11
Total Phosphorus (mg/L) 0.045 0.038 0.032 0.021 0.150 10
Laboratory -
Calcium (mg/L) 1.91 0.19 1.90 1.60 2.30 12
Iron (mg/L) 0.63 0.22 0.60 0.36 1.10 12
Magnesium (mg/L) 0.44 0.06 0.43 0.37 0.57 12
Manganese (mg/L) 0.02 0.01 0.02 0.01 0.05 12
Zinc (mg/L) 0.072 NA NA 0.07 0.072 1
Hardness (mg/L) 6.58 0.69 6.50 5.60 8.00 12
Aluminum (mg/L) 0.19 0.09 0.18 0.08 0.42 12
TOC (mg/L) 3.96 1.20 3.85 2.10 5.70 12

BOD, Chromium, Lead, and Nickel are not included in the graph due to NWSV-325 having no detections in 2021.
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NWSV-327 Steel Creek at Road A

Non-radiological Monitoring of Surface Water on SRS

pH (SU) 6.81 0.22 6.87 6.22 7.03 11

DO (mg/L) 8.58 121 8.52 6.72 10.77 11

Field Water Temp (°C) 19.30 6.35 21.20 9.69 27.02 11
Conductivity (mS/cm) 0.053 0.003 0.053 0.047 0.057 9
TDS (mg/L) 0.037 0.008 0.035 0.030 0.059 10
Alkalinity (mg/L) 20.33 2.81 21.50 16.00 23.00 12
Turbidity (NTU) 3.73 2.65 3.15 1.40 11.00 12
TSS (mg/L) 6.11 8.45 3.05 1.10 32.00 12

E. Coli (MPN/100mL) 97.73 71.47 73.35 36.80 261.30 12
TKN (mg/L) 0.41 0.16 0.34 0.29 0.70 9
Ammonia (mg/L) 0.10 NA NA 0.10 0.10 1
Nitrate/Nitrite (mg/L) 0.08 0.07 0.05 0.02 0.20 9
Total Phosphorus (mg/L) 0.032 0.006 0.032 0.026 0.037 3
Laboratory Calcium(mg/L) 6.29 0.81 6.50 4.80 7.20 12
Chromium (mg/L) 0.01 NA NA 0.01 0.01 1
Iron (mg/L) 0.33 0.10 0.32 0.18 0.50 12
Magnesium (mg/L) 0.78 0.11 0.74 0.64 0.97 12
Manganese (mg/L) 0.03 0.01 0.03 0.02 0.04 12
Zinc (mg/L) 0.13 NA NA 0.13 0.130 1
Hardness (mg/L) 19.00 2.04 19.00 16.00 22.00 12
Aluminum (mg/L) 0.12 0.07 0.10 0.05 0.25 10
TOC (mg/L) 3.39 0.55 3.45 2.80 4.80 12

BOD, Lead, and Nickel are not included in the graph due to NWSV-327 having no detections in 2021.
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NWSV-328 Lower Three Runs at Patterson Mill Road

Non-radiological Monitoring of Surface Water on SRS

pH (SU) 6.89 0.24 6.93 6.42 7.24 12

DO (mgl/L) 9.07 1.15 9.38 7.31 10.57 11
Field Water Temp (°C) 17.57 5.70 18.78 9.02 25.44 12
Conductivity (mS/cm) 0.067 0.015 0.066 0.040 0.090 10
TDS (mg/L) 0.044 0.009 0.044 0.026 0.059 12
Alkalinity (mg/L) 31.78 11.30 33.50 9.40 46.00 12
Turbidity (NTU) 3.30 1.33 2.80 1.40 5.80 11
BOD (mg/L) 5.40 NA NA 5.40 5.40 1
TSS (mg/L) 6.25 3.01 5.80 1.90 12.00 11

E. Coli (MPN/100mL) 338.07 691.31 137.40 60.20 2419.60 11
TKN (mg/L) 0.39 0.13 0.37 0.24 0.61 11
Ammonia (mg/L) 0.09 NA NA 0.09 0.09 1
Nitrate/Nitrite (mg/L) 0.05 0.02 0.05 0.02 0.09 9
Laboratory Total Phosphorus (mg/L) 0.040 0.018 0.034 0.025 0.063 6
Calcium (mg/L) 12.70 3.27 12.50 8.20 18.00 12
Iron (mg/L) 0.48 0.14 0.47 0.28 0.79 12
Magnesium (mg/L) 0.58 0.14 0.52 0.41 0.95 12
Manganese (mg/L) 0.05 0.03 0.04 0.03 0.14 12
Zinc (mgl/L) 0.083 0.05 0.08 0.05 0.120 2
Hardness (mg/L) 34.17 8.60 33.50 22.00 48.00 12
Aluminum (mg/L) 0.13 0.07 0.10 0.07 0.29 11
TOC (mg/L) 4.56 2.14 3.95 2.60 9.20 12

Chromium, Lead, and Nickel are not included in the table due to NWSV-328 having no detections in 2021.
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NWSV-2027 Upper Three Runs at Road 2-1

Non-radiological Monitoring of Surface Water on SRS

pH (SU) 5.54 0.29 5.46 5.08 6.2 12
DO (mgl/L) 9.29 0.70 9.31 8.32 10.22 11
Field Water Temp (°C) 16.84 4.05 17.40 10.75 22.39 12
Conductivity (mS/cm) 0.02 0.001 0.02 0.01 0.02 10
TDS (mg/L) 0.01 0.001 0.01 0.01 0.01 12
Alkalinity (mg/L) 1.43 036 1.50 1.00 1.80 10
Turbidity (NTU) 2.8 0.99 3.20 1.20 4.50 11
TSS (mg/L) 4.57 2.01 5.20 1.30 7.20 12
E. Coli (MPN/100mL) 420.07 541.17 151.50 85.50 1732.90 12
TKN (mg/L) 0.42 0.20 0.40 0.16 0.78 12
Ammonia (mg/L) 0.09 NA NA 0.09 0.09 1
Nitrate/Nitrite (mg/L) 0.32 0.09 0.31 0.24 0.55 11
Total Phosphorus (mg/L) 0.09 0.13 0.03 0.02 0.29 4
Laboratory -
Calcium (mg/L) 0.70 0.25 0.62 0.53 1.40 12
Iron (mg/L) 044 0.11 045 0.28 0.58 12
Magnesium (mg/L) 0.44 0.09 0.42 0.40 0.71 12
Manganese (mg/L) 0.01 0.0@ 0.01 0.01 0.02 8
Zinc (mg/L) 0.28 NA NA 0.28 0.28 1
Hardness (mg/L) 3.6 0.9 3.3 3.0 6.4 12
Aluminum (mg/L) 0.15 0.06 0.14 0.06 0.26 12
TOC (mg/L) 244 0.98 2.00 1.40 4.80 12

BOD, Chromium, Lead, and Nickel are not included in the table due to NWSV-2027 having no detections in 2021.
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NWSV-2039 Fourmile Branch at Road 12.2

pH (SU) 6.31 0.30 6.37 5.85 6.71 11
DO (mg/L) 9.85 1.13 10.21 8.31 11.21 11
Field Water Temp (°C) 17.38 6.39 18.88 6.81 24.76 11
Conductivity (mS/cm) 0.04 0.003 0.04 0.04 0.05 8
TDS (mg/L) 0.03 0.002 0.03 0.03 0.03 9
Alkalinity (mg/L) 11.84 2.36 12.00 8.60 15.00 12
Turbidity (NTU) 4.41 3.18 3.65 1.70 14.00 12
TSS (mg/L) 6.90 10.46 3.15 1.10 36.00 12
E. Coli (MPN/100mL) 177.06 161.93 88.20 43.50 517.20 12
TKN (mg/L) 0.34 0.14 0.38 0.13 0.59 12
Ammonia (mg/L) 0.10 NA NA 0.10 0.10 1
Nitrate/Nitrite (mg/L) 0.49 0.17 0.49 0.24 0.75 11
Total Phosphorus (mg/L) 0.07 0.03 0.06 0.02 0.13 12
Laboratory -
Calcium (mg/L) 3.43 0.51 3.50 2.70 4.30 12
Iron (mg/L) 1.07 0.62 0.94 0.42 2.80 12
Magnesium (mg/L) 0.55 0.08 0.53 0.46 0.73 12
Manganese (mg/L) 0.08 0.11 0.04 0.02 0.42 12
Zinc (mgl/L) 0.04 0.03 0.04 0.02 0.07 2
Hardness (mg/L) 10.80 1.57 11.00 8.70 14.00 12
Aluminum (mg/L) 0.19 0.18 0.13 0.08 0.65 10
TOC (mg/L) 3.74 0.98 3.45 2.20 5.10 12

BOD, Chromium, Lead, and Nickel are not included in the table due to NWSV-2039 having no detections in 2021.
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NWSV-2047 Pen Branch at Road A-13.2

Non-radiological Monitoring of Surface Water on SRS

pH (SU) 6.81 0.18 6.84 6.5 7.13 11
DO (mg/L) 9.51 1.10 9.47 7.99 11.13 11
Field Water Temp (°C) 17.58 6.13 18.94 7.70 24.67 11
Conductivity (mS/cm) 0.05 0.01 0.05 0.05 0.06 9
TDS (mg/L) 0.03 0.003 0.03 0.03 0.4 10
Alkalinity (mg/L) 18.75 4.09 20.50 12.00 24.00 12
Turbidity (NTU) 5.02 2.57 4.45 1.80 12.00 12
TSS (mg/L) 5.38 5.31 3.40 1.00 17.00 12
E. Coli (MPN/100mL) 297.83 290.03 208.80 53.70 1119.90 12
TKN (mg/L) 0.40 0.17 0.36 0.19 0.77 11
Ammonia (mg/L) 0.09 NA NA 0.09 0.09 1
Nitrate/Nitrite (mg/L) 0.13 0.06 0.13 0.04 0.27 11
Total Phosphorus (mg/L) 004 0.02 0.03 0.02 0.07 9
Laboratory -
Calcium (mg/L) 7.22 0.83 7.45 5.80 8.60 12
Iron (mg/L) 0.73 0.20 0.75 0.36 1.10 12
Magnesium (mg/L) 0.59 0.13 0.54 0.48 0.88 12
Manganese (mg/L) 0.04 0.02 0.04 0.02 0.08 12
Zinc (mg/L) 0.04 NA NA 0.04 0.04 1
Hardness (mg/L) 20.50 2.58 21.00 16.00 25.00 12
Aluminum (mg/L) 0.19 0.09 0.17 0.09 0.38 11
TOC (mg/L) 4.18 131 3.85 2.70 7.60 12

BOD, Chromium, Lead, and Nickel are not included in the graph due to NWSV-2047 having no detections in 2021.
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NWSV-2053 Lower Three Runs Creek at Road B

Non-radiological Monitoring of Surface Water on SRS

pH (SU) 6.72 0.26 6.73 6.23 7.09 12

DO (mgl/L) 9.07 1.64 9.60 7.04 11.39 11

Field Water Temp (°C) 20.46 6.94 20.94 10.39 29.71 12
Conductivity (mS/cm) 0.04 0.01 0.03 0.03 0.04 10
TDS (mg/L) 0.02 0.003 0.02 0.02 0.03 12
Alkalinity (mg/L) 12.21 1.97 11.50 9.50 16.00 12
Turbidity (NTU) 2.29 1.26 2.10 1.10 5.30 11
TSS (mg/L) 2.84 1.88 2.35 1.00 6.80 10

E. Coli (MPN/100mL) 26.41 40.28 3.60 1.00 101.70 10
TKN (mg/L) 0.37 0.13 0.38 0.18 0.65 12
Ammonia (mg/L) 0.08 0.04 0.06 0.05 0.12 3
Nitrate/Nitrite (mg/L) 0.13 0.12 0.13 0.04 0.21 2
Total Phosphorus (mg/L) 0.03 0.01 0.03 0.02 0.04 4
Laboratory Calcium (mg/L) 4.56 0.79 4.20 3.70 6.00 12
Iron (mg/L) 0.65 0.41 0.52 0.26 1.40 12

Lead (mg/L) 0.005 0.002 0.005 0.003 0.006 2
Magnesium (mg/L) 0.46 0.09 0.45 0.40 0.71 12
Manganese (mg/L) 0.07 0.04 0.05 0.02 0.14 12
Zinc (mgl/L) 0.10 0.13 0.10 0.01 0.190 2
Hardness (mg/L) 13.17 2.25 12.00 11.00 17.00 12
Aluminum (mg/L) 0.08 0.00 0.08 0.08 0.08 2
TOC (mg/L) 3.03 0.23 3.05 2.60 3.30 12

BOD, Chromium, and Nickel are not included in the table due to NWSV-2053 having no detections in 2021.
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NWSV-2055 Meyers Branch at Road 9

Parameters Average Star_]de_ird Median Minimum Maximum Number of
Deviation Detect Detect Detects
pH (SV) 6.43 0.41 6.36 5.82 7.16 12
DO (mg/L) 10.07 0.98 10.50 7.93 11.22 11
Field Water Temp (°C) 15.96 5.04 16.61 8.17 22.93 12
Conductivity (mS/cm) 0.04 0.01 0.04 0.02 0.05 10
TDS (mg/L) 0.03 0.004 0.03 0.02 0.03 12
Alkalinity (mg/L) 14.12 4.38 15.50 4.40 20.00 12
Turbidity (NTU) 5.61 4.72 3.80 2.20 15.00 11
TSS (mg/L) 10.11 9.37 5.65 3.10 33.00 12
E. Coli (MPN/100mL) 324.42 322.23 239.55 78.90 >2419.6 12
TKN (mg/L) 0.38 0.20 0.35 0.14 0.78 11
Ammonia (mg/L) 0.11 NA NA 0.11 0.11 1
Nitrate/Nitrite (mg/L) 0.11 0.05 0.10 0.04 0.18 11
Total Phosphorus (mg/L) 0.04 0.01 0.04 0.03 0.06 4
Laboratory -
Calcium (mg/L) 6.22 1.29 6.50 3.00 7.70 12
Iron (mg/L) 0.60 0.31 0.50 0.30 1.40 12
Magnesium (mg/L) 0.51 0.15 0.43 0.40 0.78 12
Manganese (mg/L) 0.05 0.04 0.03 0.02 0.18 12
Zinc (mg/L) 0.09 0.09 0.08 0.01 0.18 3
Hardness (mg/L) 17.68 3.50 18.00 9.10 21.00 12
Aluminum (mg/L) 0.31 0.28 0.17 0.10 0.92 12
TOC (mg/L) 5.21 3.94 4.20 2.40 16.00 12

BOD, Chromium, and Lead are not included in the table due to NWSV-2055 having no detections in 2021.
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NWSV-2061 Upper Three Runs at Road 2-1

Non-radiological Monitoring of Surface Water on SRS

pH (SU) 5.96 0.37 5.91 5.44 6.81 12

DO (mgl/L) 9.41 0.86 9.36 8.26 10.77 11
Field Water Temp (°C) 16.65 5.81 17.57 8.02 24.52 12
Conductivity (mS/cm) 0.02 0.003 0.03 0.02 0.03 10
TDS (mg/L) 0.02 0.002 0.02 0.01 0.02 12
Alkalinity (mg/L) 521 2.42 6.00 0.00 9.50 12
Turbidity (NTU) 4.09 2.06 4.10 1.60 8.30 11
BOD (mg/L) 3.10 NA NA 3.10 3.10 1
TSS (mg/L) 9.38 6.47 8.25 1.70 23.00 12

E. Coli (MPN/100mL) 244.79 344.99 101.40 36.40 >2,419.6 12
TKN (mg/L) 0.42 0.10 0.43 0.24 0.62 11
Ammonia (mg/L) 0.09 NA NA 0.09 0.09 1
Nitrate/Nitrite (mg/L) 0.05 0.02 0.05 0.02 0.07 8
Laboratory Total Phosphorus (mg/L) 0.06 0.03 0.05 0.03 0.12 11
Calcium (mg/L) 2.96 0.41 3.05 2.20 3.60 12
Iron (mg/L) 0.60 0.21 0.58 0.25 1.00 12
Magnesium (mg/L) 0.41 0.06 0.39 0.34 0.51 12
Manganese (mg/L) 0.03 0.01 0.02 0.01 0.06 12
Zinc (mgl/L) 0.06 0.02 0.06 0.04 0.08 2
Hardness (mg/L) 9.03 121 9.30 6.90 11.00 12
Aluminum (mg/L) 0.25 0.12 0.23 0.09 0.57 12
TOC (mg/L) 5.15 1.50 4.75 2.80 7.80 12

Chromium, Lead, and Nickel are not included in the table due to NWSV-2061 having no detections in 2021.
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Quarterly Locations

Parameters RS-03689 RS-17361 RS-21038 Average
pH (S.U) 7.30 7.19 7.10 7.20
DO (mg/L) 14.41 11.75 11.52 12.56
Field Water Temp (°C) 10.28 9.75 9.65 9.89
Conductivity (mS/cm) 0.12 0.12 0.20 0.15
Total Dissolved Solidémg/L) 0.08 0.08 0.13 0.10
Total Alkalinity (mg/L) 51.00 54.00 52.00 52.33
Turbidity (NTU) 15.00 14.00 16.00 15.00
BOD (mg/L) ND ND 2.40 2.40
TSS (mg/L) 7.00 4.60 6.10 5.90
E. Coli (MPN/100mL) 115.30 129.60 96.00 113.63
TKN (mg/L) 0.15 0.12 0.25 0.17
Nitrate/Nitrite (mg/L) 0.49 0.23 3.40 1.37
Total Phosphorous (mg/L) 0.04 0.12 0.23 0.13
Laboratory -
Calcium (mg/L) 11.00 11.00 15.00 12.33
Iron (mg/L) 1.70 1.50 1.90 1.70
Magnesium (mg/L) 4.90 5.00 6.20 5.37
Manganesémg/L) 0.24 0.19 0.12 0.18
Zinc (mg/L) <0.010 <0.010 002 0.02
Hardness (mg/L) 48.00 48.00 63.00 53.00
Alumnium (mg/L) 0.31 0.22 0.58 0.37
Total Organic Carbon (mg/L) 3.70 4.00 6.50 4.73

Ammonia, Chromium, Lead, Nickel, and Zinc are not included in table due to quarterly locations having no detections in 2021.
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Chapter 6 Monitoring of Sediments on and Adjacent to SRS

6.1.0 PROJECT SUMMARY

The accumulation of radiological and nradiological
contaminants in sediment can directly affect aquatic
organisms which can lead to human exposure. Impacts to
water bodies come through direct discharge, atmospheric
fallout, andrunoff. These accumulatedntaminants may re
suspend in streams and rivers or disperse downstream,
potentially affecting drinking water supplies and fish
consumed by the public. The transportation of sediments i
dynamic process. Stream flow changes can redistribute
contaminarg or bury them as part of the natural
sedimentation procesBatterns of sediment contamination
are strongly affected by hydrologic factors and the physics
and chemical characterization of the sediment (EPA, )198

SRS streams receive surface water rianfl water from
permitted discharges (DOE, 1995RS is within the
Savannah River watersheath five major streams feeding
into the Savannah River. Dispersal of any contaminants fr
these streams has the potential to impact the Savannah R

Collecting sediment sample from
the Savannah River

DHEC personnel evaluate sediment samples for radionuclide an@ddionuclide contaminant
concentrations in SRS streams, SRS stemater basins, creek mouths along therutauny of

SRS, the Savannah River, and publicly accessible boat landings in the SRS vicinity.
Radionuclide detections in sediment are typically the result of accumulation over many years and
do not represent yearly depositions. Sediment samples on SRitamely split with DOESR

to compare results.

A complete list of all radiological and ne@adiological analytes can be found in Listfofalytes
Table 1 and Table 2 on page DHEC sediment samptig locations are illustrated in Section
6.4.0, MapDHEC and DOESR 9lit samples were collected fropevenstream locations on
SRS, three SRS stormater basinsfive SRS creek mouthandone public boat landingA
complete list of sample locations is listed in Section 6.5.0, Table 1.

6.2.0 RESULTS AND DISCUSSION

DHEC sediment monitoring summary statistics can be found in Section 6.6.0 and sediment
monitoring data can be foundtine2021DHEC Data File.

6.2.1 Radiological Results

Cesium137 releases from-Area have the potential to contaminate tributaries of McQueen
Branch, which flows into Upper Three Runs. The impact for possible contamination warrants
long-term monitoring g DHEC along SRS streams and the publicly accessible Savannah River.

74



Chapter 6 Monitoring of Sediments on and Adjacent to SRS

The creek mouths of SRS are a
potentialconduit for the dispersal of
radionuclides into publicly accessible (&%
water. Cesiunl37 activity was found V a».
by DHEC in the sediment within - ‘
several creek mouths at the Savannahg
River. Actinium-228,beryllium-7,
potassiuri0, lead212, lead214,
radium226, and thoriur234are ;
NORM decay products that account fo[™
the remaining gamma detections. All
other gammaemitting radionuclides
had no detections above their respecti Sediment i<ollected and the_dried before radiological
MDA in 2021 analysis

DHEC hadgross alpha and grosemvolatile beta activity detections 2021. The summary
statistics can be found in Section 6.6.0.

Cesium137 is the most abundant anthropogenic radionuclide found in the sediment samples.
Cesium137 leveldn 2021data from samples collected outside SRS boundaries are all within the
expected range and consistent with previous DHEC backgroundCdtd7 in sedimentnay be
attributed, in part, to fallout from past nuclear events in the 1950s and 1960s. The highest level
of Cs137 from all2021DHEC and DOESR collocated sediment samples occurre8tael

Creek Mouth(2.02pCi/g for DHEC andL.59pCi/g for DOESR) and Four Mile Creekl(4

pCi/g for DHEC andL.41pCi/g for DOESR) (SRNS 2022. Cesium137 contamination isteel
CreekMouthis well documented and not unexpect&li sample results were well below the
Preliminary Remediation Goal (PR®j 27.9pCi/g for Cs137 (Section 6.5.0, Table 2) (EPA,

2022.

Figure 1 in Section 6.5.0 illustrates the
average C4.37 activity insediment
samples from all the DHEC locatians
DHEC Cs137 data from the SRS creek
mouths were trendddr 20172021
(Section 6.5.0, Figure 2nd were
compared to DOER datgSection
6.5.0, Figure 3).

6.2.2 Non-radiological Results

Metals in sediment can be naturally

occurring or a result of mamade

Prepped samples being sémthe labfor radionuclide proces_ses Such as those used in SRS
analysis operations, which have released elevated

amounts into streams on SRS-Re

distribution of sediment from flooding can carry contaminants to downst@zatidns.
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Geological factors in the Savannah River basin contribute to the levels of metals through erosion
and sedimentatiosll 2021DHEC and DOESR samples had averages below the Ecological
Screening Values (ESVs) foeryllium (for which DOESR does not test3opperjead nickel,

and zinc (EPA, 200)8DHEC had nahemica$ with detecton concentrationabove the ESV for

the background location 2021except forbariumand cadmium

Comparisons were made to the ESVs for sedinvamith do not represent remediation goals or
cleanup levels budreused to identify constituents of potential cond&RA, 2018.

Barium was detected above the ESV of 20 mg/kg by DHEAI treek mouthgn two storm
water basingSME-004 and SNE-005), in five on-site streara (SMSV-2027, SMSV-2071,
SMSV-2073 SMSV-2048,andSMSV-2049, in five of theboat landinggSMSVC21,
SMJBL21, SMBFL21, SMRVP21 andSMSC2), and in thébackground locatianDOE-SR
detecte barium above the ESV in all creek mouths and steater basingn six on-site
streamsFMC @ Rd A Meyers Branch, PB @ Rd,AJ3R @ USFS Rd 2., U3R off Rd 4,and
U3R-3), and at alownstream boat landing (RM 118.7).

Beryllium does not have an established ESV for sediment,
so in lieu of a sediment value ESV for soil was used.

{ DHEC hadno detectsabove the ESV of 2.5 mg/kPOE-

SR did notanalyzefor beryllium in2021

Cadmium was detected above the E8\I mg/kgby
DHEC infour of the creek mouth€SMSV-2011, SMSV
2015, SMSW2017, and SMSWV2020), all of the storm
water basingthreeof the onsite streamg§SMSV-2048,
SMSV-2073, and SMS\2027) andfour of the public boat
landings(SMBFL21, SMSC21SMJBL21,andSMSVC21),
and in the backgroun@®OE-SRdid notdetect cadmium
above the ESV iany locationn 2021

Preparing sample faron
radionucliddab analysis

Chromium was detecteabove the ESV of 43.4 mg/kg in
noneof DHECS6 and inone of DOES R 6 s -wateobasins (SIVHD04).

DHEC and DOESRdid not detect coppabove the ESV of 31.6 mg/kg any samples.

Leadwas detected above the ESV of 3t§/kgat ore DHEC boat landing (SMSVC21) while
DOE had ndocations with exceedances

DHEC detected manganese above the ESA66ing/kg inall creek mouthand atfour boat
landings(SMBFL21, SMSC21, SMJBL2BndSMRVP2]). DOE-SR hadall creek mouthsone
onsite stream (PB @ Rd Aandat one downstream boat landing (RM 118vith results above
the ESV.

Mercury wasnot detectechbove the ESWf 0.18 mg/kgoy DHEC while DOE-SRhadone on
site stream (PB @ Rd Axceedinghe ESV.
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DHEC nonradiological sediment data can be founth@2021DHEC Data File andhon
radiological summary statistics can be found in Section 6.6.0.

6.3.0 CONCLUSIONS AND RECOMMENDATIONS

SRS sediments should continue to be monitored due to current releases of contaminants and the
potential for future discharges from SRS operations, legacy wastes, andglaetivities. Year

to-year data comparisons are difficult to interpret due to éih@re of sediment accumulation.
Differences among samples may be due to the fraction of clays that most effectively retain
radionuclides. There is also difficulty in replicating the exact sampling point due to erosion and
sedimentation. Monitoring of esite sediments is of great importance since -taved

precipitation and streams transport contaminated sediment with radionuclides outside the SRS
boundary.

DHEC will continue independent
monitoing of sediment on SRS and in the
Savannah River to improve our
understanding of the presence of
radionuclide and nenadionuclide
concentrationsDHEC will also
periodically evaluate and modify the
sampling methodology to better
accomplish project goals and objectives.

Trending of data over multiple years
demonstrates whether radionuclide
concentrations in the SRS area are
declining through radiactive decay or
Pieces of rockier sediment aieved beforsamples are | POSSibly increasing due to disturbances on

sent to the Columbia lab for radionuldi analysis SRS. By comparing data throughout the
years, DOESR can evaluate its results as
well as show the differences between its datarasdlts from samples collectétrough
monitoring by DHEC. Coopetian between DOESR and DHEC provides credibility and
confidence in the information being provided to the public.
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6.4.0 MAP
SRS Sediment Sampling Locations
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6.5.0 TABLES AND FIGURES

Table 1. 2021 DHEC Sediment Sample Locations

Monitoring of Sediments on and Adjacent to SRS

LlRI=S : Lo= : Location Description
Sample Location ID Sample Location ID
Storm-water Basins
SME-004 E-004 E-004E Area Stormwater Basin
SME-005 E-005 E-O05E Area Stormwater Basin
SME-006 E-006 E-O06E Area Stormwater Basin
Creek Mouths
SMSV-2011 RM 157.2 Upper Three Runs Mouth @ RM 157.4
SMSV-2013 BDCRM Beaver Dam Creeklouth @ RM 152.3
SMSV-2015 RM 150.2 Fourmile Branch Creek Mouth @RM 150.6
SMSV-2017 SCRM Steel Creek Mouth @ RM 141.5
SMSV-2020 RM 129 Lower Three Runs Mouth @RM 129.1
On-site Streams
SMSV-2073 U3R-3 Upper Three Runs @ Rd C
SMSV-2069 McQB at MO McQueen Branch @ Monroe Owens Rd
SMSV- 2055 Meyers Branch Meyers Branch at Road 9
SMSV-2027 U3R @USFS Rd 21 U3R @ USFS Rd4
SMSV-2048 PB @ RdA Pen Branch @ Rd 125
SMSV-2049 FMC @ Rd A Four Mile Creek @ Rd 125
SMSV-2071 U3R off Rd 4 SMSV-2071U3R off Rd. 4
Upstream of SRS
SMRVP2L NA North AugusteRiverview Park Boat Landing
SMSvVC2 NA Stevends Creek Boa
SMJBL2L RM 170.5(NS in 2021) Jackson Boat Landing
Downstream of SRS
SMSC2a NA Steel CreelBoatLanding
SMLHL21 NA Little Hell BoatLanding
SMBFL21 RM 118.7 Burton's FerrnBoatLanding
DHEC : Lo= : Location Description
Sample Location ID Sample Location ID
SMPKY21 NA Pinckney Island National Wildlife Refuge

79



Chapter 6 Monitoring of Sediments on and Adjacent to SRS

Table 2. Soil Ingestion Preliminary Remediation Goals (PRGs) of Select Anthropogenic
Radionuclides (EPA, 2022)

Peak PRG for Exposure
Radionuclide through Ingestion
(pCilg)
Americium241 4.95
Cesiuml137 27.9
Cobalti 60 82.8
lodine-131 5980
Plutonium238 4.40
Plutonium239/240 3.92

Note: Due to the 2021 data being published in 2022, the PRGs being used are based on 2022 standards. The PRG
standards are producedt hr ough t#RE&sfECPrA6Radi onucl i des Calcul ator o which ar
target risk, and media type and are calculated in real time and are not from an established table.

Figure 1. 2021 Comparisons of Cs-137 Average Activity Among Sample Location Type

pCi/g
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No bar denotes no detection.
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Figure 2. 2017-2021 Trending Data for Cs-137 in SRS Creek Mouth Samples (DHEC, 2019-2021)

pCilg 2017
25 m 2018
m 2019
2 2020
m 2021
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1
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No bar denotes no detection for that year.

Figure 3. 2021 Cesium-137 in Savannah River Creek Mouthsi DHEC Comparison to DOE-SR Data
(SRNS, 2022)
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Beaver Dam Creek is a man-made stream that was used for past operations at D-Area
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6.6.0 SUMMARY STATISTICS
2021 DHEC Radiological Data

On-Site Streams

Average . Minimum | Maximum Number
: Standard | Median Number of
Analyte Concentration - - Detect Detect - of
(PCilg) Deviation | (pCi/g) (pCilg) (pCilg) Detections Samples
Gross Alpha 15.39 9.74 13.75 4.48 26.90 6 7
Gross Beta 15.35 8.38 15.90 5.91 26.10 5 7
Cs137 0.31 0.54 0.09 0.07 1.40 6 7
Creek Mouths
Average . Minimum | Maximum Number
Analyte Concentration Sg?g;gi 'z/lecdi'/a;] Detect Detect NDlé;g?:E:)r?; of
(pCilg) P91 (pCilg) (pCilg) Samples
Gross Alpha 49.55 55.65 49.55 10.20 8890 2 5
Gross Beta 25.32 16.56 2050 14.30 5430 5 5
Cs137 0.83 0.88 0.61 0.08 2.02 4 5
Storm-water Basins
Average . Minimum | Maximum Number
. Standard | Median Number of
Analyte Concentration S . Detect Detect : of
(PCilg) Deviation | (pCi/g) (pCilg) (pCilg) Detections Samples
Gross Alpha 12.48 3.39 13.70 8.65 15.10 3 3
Gross Beta 12.97 4.56 11.80 9.11 18.00 3 3
Cs137 ND NA NA ND ND 0 3
Boat Landings
Average . Minimum | Maximum Number
Analyte Concentration gg?gﬁgﬂ 'z/lecdi'/a;] Detect Detect ';2222322; of
(pCilg) PM9) | (pcilg) | (pCilg) Samples
Gross Alpha 10.76 2.03 11.10 8.59 12.60 3 6
Gross Beta 12.68 4.54 11.40 8.59 20.10 5 6
Cs137 0.13 0.15 0.06 0.03 0.40 5 6
Background Samples
Average . Minimum | Maximum Number
Analyte Concentration Sg?:?éﬂ IE/IeCdilla;\ Detect Detect ';Zrtgtc)(;;g; of
(pCilg) PEVE) 1 (pcilg) (pCilg) Samples
Gross Alpha ND NA NA ND ND 0 1
Gross Beta ND NA NA ND ND 0 1
Cs137 ND NA NA ND ND 0 1

ND is Not Detected, NA is Not Applicable
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2021 DHEC Non-radiological (Metals) Data

On-Site Streams

Average_ Standard Median Minimum | Maximum Number Number
Analyte Concentration Deviation (ma/kg) Detect Detect of _ of ESV

(mg/kg) (mg/kg) (mg/kg) | Detections | Samples
Barium 48.14 33.82 47.00 1400 11000 7 7 20
Beryllium 0.92 0.37 0.87 0.55 1.40 4 7 2.5%
Cadmium 1.20 0.00 1.20 1.20 1.20 3 7 1
Chromium 7.20 3.99 4.60 340 13.00 7 7 43.4
Copper 3.11 1.80 2.40 1.10 5.60 7 7 31.6
Lead 9.03 1.67 10.00 7.10 10.00 3 7 35.8
Manganese 147.71 145.63 82.00 3400 43000 7 7 460
Mercury ND NA NA ND ND 0 7 0.18
Nickel 4.38 2.92 3.30 2.10 9.30 5 7 22.7
Zinc 19.34 12.81 17.00 7.80 4000 7 7 121

Creek Mouth Locations

nate | Concentaton | Seandard | wedian | Mgt | MGG | UGS S ey

(mg/kg) (mg/kg) (mg/kg) Detections | Samples
Barium 119.00 51.30 8900 7900 20000 5 5 20
Beryllium 0.90 0.74 0.55 0.44 2.20 5 5 2.5%
Cadmium 1.78 0.72 1.40 1.00 2.60 5 5 1
Chromium 17.60 5.94 1600 1000 25.00 5 5 43.4
Copper 7.68 3.69 6.60 3.40 12.00 5 5 31.6
Lead 11.00 4.87 8.90 6.30 18.00 5 5 35.8
Manganese 1,016.00 177.00 99000 81000 1,300.00 5 5 460
Mercury 0.10%* NA NA 0.10%* 0.10%* 1 5 0.18
Nickel 8.60 4.47 6.50 4.70 16.00 5 5 22.7
Zinc 43.60 24.34 3200 2300 8400 5 5 121
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Storm-water Basins

Monitoring of Sediments on and Adjacent to SRS

Average_ Standard Median Minimum Maximum Number of Number
Analyte Concentration Deviation (mg/kg) Detect Detect Detections of ESV
(mg/kg) (mg/kg) (mg/kg) Samples
Barium 27.00 13.45 2300 16.00 4200 3 3 20
Beryllium 0.58 0.26 0.60 0.32 0.83 3 3 2.5
Cadmium 3.23 0.81 3.60 2.30 3.80 3 3 1
Chromium 2733 8.39 2300 2200 3700 3 3 43.4
Copper 8.27 3.23 6.40 6.40 1200 3 3 31.6
Lead 14.97 5.25 1800 8.90 1800 3 3 35.8
Manganese 74.33 37.74 9200 31.00 10000 3 3 460
Mercury ND NA NA ND ND 0 3 0.18
Nickel 5.83 2.97 7.50 2.40 7.60 3 3 22.7
Zinc 27.33 22.37 1700 1200 5300 3 3 121
Boat Landings
Average Standard Median Minimum | Maximum Number Number
Analyte Concentration Deviation (mg/kg) Detect Detect of . of ESV
(mg/kg) (mg/kg) (mg/kg) Detections | Samples
Barium 88.97 53.32 87.00 5.80 15000 6 6 20
Beryllium 0.80 0.42 0.69 0.41 1.40 4 6 2.5%
Cadmium 2.28 0.43 2.15 1.90 2.90 4 6 1
Chromium 14.17 11.22 1400 1.20 3200 6 6 43.4
Copper 10.54 4.02 11.00 4.70 16.00 5 6 31.6
Lead 30.53 28.83 2050 9.10 7200 4 6 35.8
Manganese 904.67 662.37 85000 1800 1,800.00 6 6 460
Mercury ND NA NA ND ND 0 6 0.18
Nickel 7.62 4.21 7.40 2.50 1400 5 6 22.7
Zinc 41.18 20.22 46.50 4.10 6300 6 6 121

84




Chapter 6 Monitoring of Sediments on and Adjacent to SRS

Background Sample

oo | Cotceman | humberof | Maberof | sy
Barium 25.00 1 1 20
Beryllium ND 0 1 2.5*%

Cadmium 1.30 1 1 1
Chromium 17.00 1 1 43.4
Copper ND 0 1 31.6
Lead 9.30 1 1 35.8
Manganese 16.00 1 1 460
Mercury ND 0 1 0.18
Nickel 2.20 1 1 22.7
Zinc 7.90 1 1 121

Notes:

ND is Not Detected

NA is Not Applicable

ESVs come from EPA, 2018

There is not an ESV established for beryllium in sediment, so the ESV for beryllium in soil is used in lieu
of the sediment value. This is denoted by an *.

** Indicates a single detection
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7.1.0 PROJECT SUMMARY

DHEC independently evaluates surface soil adjacent to SRS from ground surfaceincla 12
depth for gross alpha, gross reolatile beta, and select gamwamitting radionuclides, as well

as specific metals of concern. Soil samples alleated to determine if SRS activities have had
an impact on areas outside the site boundary. Radionuclide detections in soil are the result of
accumulation over many years.

A 50-mile area from theenter ofSRS was chosen for the comparison of DHEEA DOESR
SRS perimeter radiological data averages. EBPEIoes notollectmetals for surfaceoil;
therefoe, no direct data comparisons can be made.

DHEC collected samplesom 16 SRS perimeter locations 2021 (Section 7.5.0, Table 1). SRS
perimeter sampling locatiorsse depicted on the Map in Section 7.4.0.

7.2.0 RESULTS AND DISCUSSION

Sal Monitoring Summary Statistics for radionuclides and metals can be found in Sectign 7.6.0
and all SoilMonitoring Data can be found the2021DHEC Data File.

7.2.1 Radiological Parameter Results

Most samples had detectable amounts 61 &5

an anthropogenic radionuclide that may be
present due to a legacy of releases by SRS and
atmospheric fallout from past nucteseapons
testing(SRNS,2022. Cs137 activity in2021is
comparable to levels detected by DHEC in the
past. Theravere nosurface soil samples collected
in 2021that were above the EPA Preliminary
Remediation Goals (PRGs), which can be found
in Section 7.5.0, Table 2 (EP2022.

Cesium137 was the only gamremitting
radionuclide that DHEC and DG&R shared in
analytical resultsBoth DHEC and DOESR
resuled in similar findings. DHEC had a
perimeteraverage G437 concentratioof 0.12
pCi/g, which was slightijowerthan DOES R 6 s
findingsof 0.19 pCi/g. The PRG for €137 is 28
pCi/g and all sample resulgerewell below that
level. Trending data for G437 in SRS perimeter samples is in Section 7FHdyres 1 and.2

Collecting soil samples which will benalyz2d
for radiological material and metals

The results found by both DHEC and D@R are influenced by the number of samples used to
determine the average and by collecting samples from different locaflosaverage level of
Cs 137 in surface soil can vary due to the highly variable naturelef Radiocesium
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bioavailabilityin soil is influenced by soil properties such as clay content, pH, organic matter,
and soil microflora (Absalom et al., 2001).

The only other gammamitting radionuclides detected in DHEC surface soil sampées
potassum-40, lead212,lead214, radium226, actinium228, and thalliur234. These are
NORM decay product202l DHEC Data File).

7.2.2 Non-radiological Parameter Results

DOE-SR did not analyze for metals; therefore, no comparis (Gt
could be made. DHEC saw exceedances of the EPA '
Regional Screening Levels (RSLs) in any of the surface soig
samplesn 2021 (EPA, 2021). A complete list of all DHEC ;
nonradiological analytes and RSLs can be foun8etion
7.5.0, Table 3.

Barium has been a constituent of thé\k¢a Hazardous Waste
Management Facility (WSRC, 1998arium was detecteid
12 SRS perimetesamples.

Beryllium is a strong, lightweight metal used in nuclear
weapons work as a shield for radiation and as a neutron sg
(Till et al., 2001). Beryllium was not detected in the SRS
perimetersamples ir2021

Cadmium enters the atmosphéereotgh fuel and coal Clearing away debris to expose)
combustion (Till et al. 2001Noneof the perimetesurface soil
soil samples yielded detections.

Chromium solutions were used at SRS as corrosive inhibitors. Chromium was a part of
wastewater solutions resulting frafissolving stainless steel. It was also used in cleaning
solutions in the separations areas (Till et al., 2001). The legal disposal of fly ash on land as a
result of burning coal is eontributor of both chromium and nickel to sofhromium was
detectedn all 16 of the SRS perimeter samples

D-Area and the other coal combustion powerhouses emitted copper and other heavy metals (Till
et al., 2001). These mechanisms are possible sources of elevated copper levfalsarssils.
Copper was detected 18 of the SRS perimeter samples

Atmospheric emissions of lead from SRS occurred through coal and fuel combustion (Till et al.,
2001). Lead can deposit in soil and due taninobility can have a long residence time when
compared to other pollutants. Lead can accumulate in soils where its bioavailability can persist
long-term (Alloway, 1995). Lead was detectedonr of the SR$erimeter samples
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Manganese has been released in the
separations are@processes and
discharged to liquid waste tanks (Till
et al., 2001)lt is also a byproduct of
coal burning Manganese was detected
in all 16 of the SRS perimeter
samples

The largest anthropogenic source of
nickel globally is the burning of fuels
and coal combustion (Alloway, 1995).
At SRS, nickel was directly released
through MArea effluent from the

plating rinse tanks and through site use
of diesel generators (Till et.aR001). Nickel was detectedtimo SRS perimeter samde

Samples being preped for lab analysis

Zinc was released in relatively small amounts
the M-Area seepage basin (Till et al., 2001). Zinc was detectalti 16 of the SRS perimeter
samples

SRS facilities, such as Bnd H Area, tritium facilities, waste tanks, and the efisdd power

plants have emitted mercury to the atmosphere (Till et al., 2001). Atmospheric fallout contributes
to mercury findings in surface soil. There were no merdetgctions in surface soil samples
collected in2021

7.3.0 CONCLUSIONS AND RECOMMENDATIONS

Soil samples from DHEC and DG&R programs varied by location and in number. When
interpreting data, it should be taken into consideration that samplescoliected from a variety
of soil types and locations.

DHEC will continue to monitomdependentlyhe SRS perimeter surface soil and will
periodically evaluate modification of the monitoring activities to better accomplish project goals
and objectivesMonitoring will continue as long as there are activities at SRS that create the
potential for contamination to enter the environment. Continued monitoring will provide an
improved understanding of radionuclide and-nadionuclide activity in SRS perimetsurface
soils and the surrounding areas. Additional monitoring will impart valuable information to
human health exposure pathways. Trending of data over multiple years will give a more
definitive answer as to whether radionuclide concentrations in tBea are declining due to
radioactive decay or possibly increasing due to flooding, soil disturhamskprescribed burns
on SRS. The comparison of data allows for independent data verification eBBRO&ONItoring
activities. Cooperation between DEHR and DHEC provides credibility and confidence in the
information being provided to the public.
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7.4.0
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7.5.0 TABLES AND FIGURES

Table 1. Soil Sample Locations for in 2021

Surface Soil Monitoring Adjacent to SRS

Perimeter Soil Samples
Sample ID Location County
SS AIK 21 Aiken Elementary Aiken
SS AIK02 21 Boggy Gut Rd Aiken
SS AIK03 21 Dunlap Circle, acrosdwy 278 from Jaywood Rd Aiken
SSALG 21 Cemeteryat Steel Creek Barnwell
SS ALN 02 21 Martin FD Martin
SSBWL 21 Patterson Mill Barnwell
SS BWL02 21 Seven Pines Rd Allendale
SS BWLO03 21 Hwy 278 and Grandy's Mill Rd Allendale
SS BWL 04 21 Moore Rd Snelling
SSBWL 0521 LakeEdgar Brown Barnwell
SS DKH 21 Dark Horse Barnwell
SSGP 21 Greenpond Aiken
SS JAK 21 Crackerneck Gate Aiken
SS JAKO2 21 Air Station behind school Jackson
SS NEL 21 New Elenton Fire Department Barnwell
SS SNL 21 Technology Rd in Snelling Barnwell

Table 2. Soil Ingestion Preliminary
Remediation Goals of Select Anthropogenic
Radionuclides (EPA, 2022)

Peak PRG for
Radionuclide Exposure through
Ingestion (pCi/g)

Americium-241 4.95
Cesium137 27.9
Cobalti 60 82.8
lodine-131 5980
Plutonium238 4.40
Plutonium239/240 3.92

See note for Table 2 in Section 6.5.0

Table 3. Regional Screening Levels of
Metals (EPA, 2021)

RSL
Analyte (mg/ka)
Barium 15,000
Beryllium 160
Cadmium 71
Total Chromium 23**
Copper 3,100
Lead 400
Manganese 1,800
Mercury 11
Nickel 1,500
Zinc 23,000

**The DHEC lab analyzes soil samples for total chromium; however, a RSL is not established for total
chromium. The value provided in the table above is the ecological screening value for total chromium in

soil.
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Figure 1. 2017-2021 DHEC and DOE-SR Trending Averages for Cesium-137 (SRNS, 2018-2022;
DHEC, 2019-2021)

pCi/g
0.25 m SCDHEC
0.2 = DOE-SR
0.15
0.1
0.05
0 ____ N ____ N LB L__ _____ N

2017 2018 2019 2020 2021

Figure 2. 2017-2021 Perimeter and Background Trending Averages for Cesium-137 (DHEC 2019 i
2021)
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Background samples were not collected in 2017 and 2021.
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7.6.0

SUMMARY STATISTICS

2021 Terrestrial Monitoring

2021 DHEC Radiological Statistics -- SRS Perimeter Samples

Averagg Standard | Median Minimum | Maximum | Number Number
Analyte Concentratlon Deviation | (pCilg) Det_ect Det_ect of _ of
(pCilg) (pCilg) (pCilg) Detections| Samples
Gross Alpha 6.85 1.73 7.45 4.90 8.19 3 16
Gross Beta 17.00* NA NA 17.00* 17.00* 1 16
Cs137 0.12 0.08 0.09 0.06 0.27 11 16
2021 DHEC Non-radiological (Metals) Statistics -- SRS Perimeter Samples
Average : Minimum | Maximum Number
Analyte Concentrgtion gg?ggg?] ?r/lne;/fgr; Detect Detect gggzﬁgg; of
(mg/kg) (mg/kg) (mg/kg) Samples
Barium 14.5 4.4 14.0 9.1 22.0 12 16
Chromium 4.1 2.4 3.4 1.2 11.0 16 16
Copper 1.6 0.7 1.4 11 3.6 13 16
Lead 5.7 0.7 5.5 5.0 6.6 4 16
Manganese 48.8 46.9 36.0 8.9 170.0 16 16
Nickel 2.3 0.1 2.3 2.2 2.3 2 16
Zinc 7.2 4.1 5.9 2.1 17.0 16 16

NA is Not Applicable and ND is Not Detected

No background samples were collected by DHEC in 2021.
All samples were analyzed for Beryllium, Cadmium, and Mercury; however, there were no detects for the
perimeter locations, so these chemicals were not included in the charts.
* Indicates a single detection
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Chapter 8 Radiological Monitoring of Terrestrial Vegetation Adjacent to SRS

8.1.0 PROJECT SUMMARY

DOE-SRcollects and analzesterrestrial vegetation,
primarily Bermuda grass, to determine concentrations o
radionuclides (SRN&02). In 2019, DHEChegan
samplingBermuda grasgynodon dactylonto alignwith
DOEOG6s met. i grabois umayailable, DHEC and
DOE will revertto collecting leavefrom broadleafed
evergreen trees and shrub$1EC and DOESRlocations
are collocated with samples beiolgtained froml1
locations at the SRS perimetardone onsite location at
the burial grounddn 2021,DHEC added a new perimete
location at Barricade 8 to align withe DOE-SR0 s
sampling locatiorand begaioining DOE-SR personel in
the field tocollect and split grass sampld3HEC also has [&
a background location at Pinckney Island National
Wildlife Refuge.DHEC and DOESR perimeter stations
sampled irk021are shown in Section 8.4.0, Map.

8.2.0 RESULTS AND DISCUSSION

Preparing grass samplies lab
analysis

Terrestrial Vegetation Data

Terrestrial Vegetation Monitoring Data can be founthe2021DHEC Data File.

In 2021, DHEC detected tritiunatits center location (Burial Ground Nért 2.99pCi/g) and
two perimeter locations (Talatha G&t@.32pCi/g and East Talatha0.63pCi/g) (Section
8.5.0). DOE-SR had tritium detects iimur perimeter locatios(Talatha Gaté 0.06pCi/g,
Green Pond Rd. 0.06pCi/g, East Talatha 0.19pCi/g, and DAreai 0.07pCi/g), andat the
center location (Burial Ground North B03pCi/g) (SRNS,2022).

Tritium analysis results from DHEC and DEER
sampling are presented in Section 8.5.0, Table 1.
Differences between the two programsalysis methods
should be considered during comparisém2019, the
ARESD lab began providinDHEC data in pCi/g instead

data isoutput as pCi/g, a conversion factor to pGglno
longer required as DHEC now reces\data in pCi/g
which allows for a more direct comparison.

Gamma

Collection bags for Bermuda grass | 1N 2021 DHEC detected actiniuf28, beryllium7, and
potassiurrd0. These isotopes aMORM,; thereforethe
results will not be discussddrther butare presented in ti221DHEC Data File.A list of
radionuclides in the gamma spectroscopy analysis are in LAgtalytes Table 1, pagex.
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Gamma analysis results for-@87 from DHEC and DOESR sampling irR021are presented in
Section 8.5.0, Table ZThe manmade isotopes C60 and Am241 were not detected in the
DHEC 2021samples

8.3.0 CONCLUSIONS AND RECOMMENDATIONS

In 2020, DHEC discontinued sampling at the thre
25-mile radius locationgHwy 301 Welcome
Center, Augusta Loc and Dam, ahe Aiken
Airport). Two of these locations are in found in
Georga, whereaD HECO6 s backlgis o
collected fromPinckney IslandNational Wildlife
Refugein Beaufort County, SC.

DHECOGs revision of beg Ber mud
grass on an annual basis in 2019 allows for a mgq
direct comparison with the data collected by DO
SR. By having parallesampling techigues with

DOE-SR, DHECwill potentially observdess differences in theath

Packed grass samples readydoalysis
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8.4.0

MAP
Terrestrial Vegetation Sampling Locations
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8.5.0 TABLES AND FIGURES

Table 1. 2021 Tritium Data Comparison for DHEC and DOE-SR Sampling Locations (SRNS, 2022)

Stations DHEC Result (pCifg) DOE-SR Result (pCi/g)
Burial Ground North 2.99 1.03
Sample Perimeter Locations

Talatha Gate 0.32 0.06

Green PondRd ND 0.06
Jackson ND ND
EastTalatha 0.63 0.19
Darkhorse ND ND
Barricade 8 ND ND
Barnwell Gate ND ND
Hwy 21/167 ND ND
Patterson Mill Rd ND ND
Allendale Gate ND ND
D-Area ND 0.07

Peri met er Sunumarg Statisticss Taitium

Average 0.48 0.09
Standard Deviation 0.22 0.06
Median 0.48 0.07

NS is No Sample
ND is Not Detected

D H E Cliaskground location at Pinckney did not detect tritium in 2021. No background sample was
collected at Pinckney for DOE-SR.

No summary statistics for each location were shown due to only one sample being taken per location.
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Table 2. 2021 Cesium-137 Data Comparison for DHEC and DOE-SR Sampling Locations (SRNS,
2022)

Stations DHEC Result (pCi/g) DOE-SR Result (pCi/g)

Burial Ground North ND ND

Sample Perimeter Locations

Talatha Gate ND ND
Green Pond Rd ND 0.103
Jackson ND 0.141
East Talatha ND ND
Darkhorse ND ND
Barricade 8 ND ND
Barnwell Gate 0.031 0.346
Hwy 21/167 0.080 ND
Patterson Mill Rd 0.146 0.223
Allendale Gate 0.113 0.616
D-Area 0.0 0.108
Peri met er Sunmmarg Statistics’s @s-137
Average 0.082 0.256
Standard Deviation 0.048 0.199
Median 0.080 0.182

NS is No Sample

ND is Not Detected

D H E Cliaskground location at Pinckney had a Cs-137 detection of 0.030 pCi/g. No background sample
was collected at Pinckney for DOE-SR.

No summary statistics for each location were shown due to only one sample being taken per location.

99



Section 3 2021 Terrestrial Monitoring

Chapter 9 Radiological Monitoring of Edible Vegetation Adjacent to SRS

100



Chapter 9 Radiological Monitoring of Edible Vegetation Adjacent to SRS

9.1.0 PROJECT SUMMARY

The Radiological Monitoring of Edible Vegetation Project aponent of the BECO6 ESOP
that monitors edible vegetatidrom SRS perimeter and background locations.

DHEC defined a studyrea
comprised of grids radiating ou
to 25 miles from the SRS cente
point, 25 miles to 50 miles, and
background locations greater
than 50 miles from the SRS
center poin{Map in Section
9.4.0). DOESR, as compared t
DHEC, has five defined
guadrants where samples are
collected annually: four
guadrants are within 10 miles 0
SRS in each direction (NE, NWE
SE, SW), along with one Foraging for wild plums
guadrant located within 25
miles SE. Direct coparisons between DOER and DHEC could not be made due to variation
in sampling and analysis methodologies.

Edible vegetation is collected based solely on availability and is directly dependent upon the
growing season. Certain farmers, gardeners, abd&nesses surrounding the perimeter of SRS
contribute domestically grown crops. Wild, edible vegetation, such as muscadines and plums, are
also collectedReferences to vegetation in this section pertain to the edible parts of plants.

DHEC background sampling helps to separate atomic test fallout contamination levels and other
sources€.g.,ongoing permitted releases at other nuclear facilities) from SRS source potential
contamination. However, fallout dispersion patterns and concensaire weather related and

not uniform, and no assignment of a specific source can be made.

9.2.0 RESULTS AND DISCUSSION

Edible Vegetation Monitorin@ata can be found ithe 2021DHEC Data File.

The U.S. Food and Drug
Administration (FDA) haguidance
levels for specific radionuclides
called Derived Intervention Levels
(DILs). The FDA adopted DILs to
help determine whether domestic
food in interstate commerce or food
offered for import into the United
States presents a safety concern
(FDA, 2020).

Blended samples to be sent to the Columbiaflabanalysis
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https://commons.wikimedia.org/w/index.php?title=User:HydrogeologyEng&action=edit&redlink=1
https://commons.wikimedia.org/wiki/File:Nested_well_and_well_cluster.jpg
https://commons.wikimedia.org/wiki/File:Alpha_Decay.svg
https://commons.wikimedia.org/wiki/File:Beta-minus_Decay.svg
https://commons.wikimedia.org/wiki/File:Gamma_Decay.svg
https://commons.wikimedia.org/wiki/File:RadiationPenetration2-pn.png






https://www.flickr.com/photos/51009184@N06/4730394515/in/album-%0972157631519286786/
https://www.flickr.com/photos/51009184@N06/4730394515/in/album-%0972157631519286786/
https://www.flickr.com/photos/51009184@N06/6195847930/in/album-%0972157631519508547/
https://www.flickr.com/photos/51009184@N06/6195847930/in/album-%0972157631519508547/



http://hps.org/publicinformation/ate/q9778.html

