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THE SAVANNAH RIVER SITE

a nuclear production facility
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1 INDUSTRIAL COMPLEX

#* fuel and target rod
fabrication facility

2 reprocessing facilities

’H plant
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Radiation Dose to
Public and

Environmental Impacts
caused by the SRS

e Radioactive releases
» Thermal discharges

» Metal and organic
pollutants

 Changes in land use




X

Facility Dates of Notes
operation
I[Heavy Water Plant 1952 - 1981 [Heavy water (D 2 O) was concentrated from its natural
0.015% level in river water and used to moderate and cool
e nuclear reactors in a closed-loop system.
Fuel and Target Fabrication 1953 to mid- [Produced reactor fuel and target assemblies.
1980s
Muclear Reactors 1953-1964 |Irradiated the target rods to produce plutonium and
itium. All nuclear reactors have been shut down and are
1) R-Reactor 1954-1988 |being decommissioned.
2) P-Reactor 1955-1985
3) C-Reactor 19541988
4) K-Reactor 1954-1968;
5) L-Reactor and 1985-
88
hemical Separations 1954 to Reactor products were separated chemically in two
Facilities present reprocessing canyons.
1) F area
2) H area
‘Waste Management Areas [1953 to Includes various seepage basins, disposal pits, tanks and
present [burial grounds.
|Rep1;1cement Tritium 1994 to ‘Today there is no tritium production at the SRS. Tritium
Facility present at was produced in the past is recycled, mixed, and
loaded in the RTF.
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Heavy water : primary coolant

and moderator in SRS reactors

Deuterium Facility concentrated ’H
from its natural abundance of 0.015%

in river water

molecule of ordinary water

Tritium (3H) was present in the moderator as a
contaminant and was released to the
environment when moderator leakage occurred

(~ 50,000 TBq / vy)
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SRS made Fuel Rods and Target Rods

The 3-Step Fuel Fabrication Process

Off-gas and
Uranium Recovery waste-water treatment

[

i .
o [@ps —| 4

Incoming UFg Conversion of UFg Powder Processing and Pellets into Fuel Rods Outgoing Fuel
Cylinders into UO; Powder Fellat Manufacturing and Fuel Assamblias Assamblias for
Reactors

Largest releases of U of the SRS came from this facility
(liquid effluents into a creek and into seepage basin)
(peak U release occurred in 1969: 11,500 kg or 0.3 TBq)
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WASTE

STORAGE

(Bebbington, 1990; DOE 1997)
~2x 10 Bg
> 90% have T2 < 50y

Over 150 waste
areas on the SRS

LLW ~ 680,000 m?

Mixed-LLW ~7,300 m?



HLW TANKS

(DOE, 1997)

&asm :ﬁww ,Mm

M 30 double-shelled,

underground (each
~ 4 million L capacity,
150 TBg m3)

Glass vitrification began in 1996
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Seepage Basins on the SRS for storing radioactive waste

source of ground water contamination
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Five nuclear reactors on the SRS (1953-1988)
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The main source of RN releases to surface water from the
reactors was from the 10 million liter disassembly basins

Used to store
spent fuel and
irradiated targets
for 9 months

Purged to site streams up until 1978
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A failed fuel rod accident in R-reactor
in 1957 caused significant releases of
Pu, U and other RNs into Lower Three

Runs Creek and Par Pond
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Reactors released large amounts of 3H (182,000 TBq
from 1959 — 1992) and 41Ar into the atmosphere

Atmos pheric Tritium Releases From the SRS

100,000
80,000 -+ I R eactors T otal
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In the chemical separations facilities fuel and target rods were
dissolved with strong acids and industrial scale radiochemistry
procedures were used to obtain the products of interest

largest source of
airborne 3H
releases on the SRS
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Total Radioactive Releases from the SRS

1.E+06
1.E+05
1.E+04
1.E+03
1.E+02
1.E+01
1.E+00

1.E-01

1.E-02

1.E-03

TBqQ

(RAC, 1999)

Radioactive Releases (1954 -1988)

O Atmosphere

B Streams

O Seepage Basins

H-3

Kr-85
Ar-41

-131
Ru-103,106
Pu-238,239
Cs-137
Ce-141,144
Zr ,Nb-95
U-Nat

Co-60

P-32

Cr-51

Zn-65
Sr-90

Np-239
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The CDC conducted a study of radiation
doses received by the public due to

é releases from the SRS during its first 50-

CENTEISS FOR DISEASE years Of Operation

CONTROL AND PREVENTION

‘ ) RAC was the prime contractor for the
R A c CDC and did a complete source term
evaluation in which all radionuclide

releases were quantified based on
extensive review of historic records

RISK ASSESSMENT
CORPORATION

(RAC, 2001)
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Screening level human dose assessment: What RNs contributed

most to the public’s dose?
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Relative importance of
AQUATIC releases as

potential contributors to
dose received by the
public
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Dose (mSv) to hypothetical, maximally exposed individual
residing next to the SRS from 1954 to 1996

(Carlton, 1998)
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Population dose from SRS operations
(1954 - 1996) for atmospheric and 4.9 person - Sv
aquatic pathways combined

Ir

B % of Total Cose ]

30 -
257

Percent

(Carlton 1998)
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Environmental Impacts from the SRS

Radioactive Releases by Facility

B Fission and activation products O Tritium

Fission products Activation products
Cesium-137 Cobalt-60
Strontium-90 Manganese-54
Ruthenium-106

Cerium-144
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Concentration of 13'Cs in SRS Streams

Cs-137 concentration
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Bq /L

Concentrations of Radionuclides in

Steel Creek Water

1x10’
1x10°
1x10°
1x10%
1x10°
1x10°
1x10" 3
1x10°3
1x10™ 7
1x1077
1x1033
1x10™ 3

1x107°>

7956 7,957 7,959 796‘7 796‘3 796‘5 796‘7 796‘9 7977 7973 7975 7,977 7979 7'96’7 7983 7'96’5

Year
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DOE’s Biota Dose Assessment Method

Derived Biota Concentrations Guides (BCG)
based on conservative input parameters

Contamination at the BCG level results in dose
rates equivalent to the IAEA, ICRP guidelines

Calculations consider internal and external
exposure pathways

)
T Hinton i ER



gggggggggggggggggggggggggggggggggggg

DOE Bioconcentration

Guides
(BCG; Bq /L)
Isotope Aqguatic Riparian
Cs-137 40 2
Co-60 100 200
Sr-90 2000 10

H-3 200,000,000 10,000,000

)
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ICRP (1977, 1991)

NCRP (1991)
IAEA (1976, 1992, 1999)

Suggested DOSE LIMITS for
maximally exposed individual that
are thought to ensure protection of
the population

1 mGy / d: terrestrial animals

10 mGy / d: aquatic animals, terrestrial plants

T. Hinton



Relative to BCC

General Screening Results based on |
Radionuclide Concentrations in Steel Creek
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Distribution Coefficients
(Kd; mL / g)

Isotope Conservative Realistic

Cs-137 500 32,000
Co-60 1,000 30,000
1-131 10 200

Sr-90 30 1,200
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Relative to Site-specific BCG

Site-specific Screening Results Based on |
Radionuclide Concentrations In Steel Creek

1x10*t
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Bq 137Cs / kg

Maximum 13’Cs Concentrations in SRS Deer

8,000
7,000-
6,000-
5,000
4,000-
3,000~
2,000
1,000
-
7966 7'96‘7 7'96‘9 7,9;7 7,973 7,975 7,977 7,97‘9 7'987 7'983 7'986
Year

Maximum concentration would have to be 10x greater to
cause a 1 mGy / d dose rate

(DuPont, 1985)+/&
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Maximum dose rates observed In various
animals, based on measured activity
concentrations
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Summary of Radiological Releases

e Majority of radiological releases were from reactors and entered site streams
e Largest doses were associated with animals entering seepage basins
e Some riparian animals received doses in excess of 1 mGy /d

e No evidence that dose rates were large enough to cause mortality

e Considerable uncertainty about releases of,
and doses from, short-lived isotopes

e Some potential important isotopes were not
in DOE’s data base (P-32, Ru-104 & 106, S-35,
Cs-134)

e Calculations were based largely on annual
release rates that averaged exposures

e Effects of chronic, low level exposures are not well known o
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Upper Three Runs Creek

Swamp
forest

Pine-hardwood
forest

Steel Creek

Thermal
Effects

Upper Three Runs Creek
g -\(Natural)

Beaver Dam Creek
(Thermal)

Four Mile Creek
{Thermal)

Pen Branch
(Thermal)

Steel Creek
{Post-thermal
recovery)

D No effect
-m Slight effect
V//ZA Moderate effect

I (rtense effect
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EFFECTS to STREAM COMMUNITIES

woody plant species diversity of waterfowl

(Shartiz etal. 1972) I (Brisbin et al. 1974)

amphibian fish abundance &  parasite o

abundance & diversity loads Eure & esch

d |Ve rSIty (Gibbons et al. 1980) 1974)
(Parker et al. 1971)1

aguatic insect
species: ¥
natural (54)

post-thermal (45)
thermal (22)

(Howell & Gentry, 1973)
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Environmental effects of operating the Savannah River Site: A nuclear production facility
Prof. Thomas Hinton ({& K% / Colorado State University)
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Environmental effects of operating the Savannah River Site: A nuclear production facility
Prof. Thomas Hinton ({& K% / Colorado State University)
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