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Executive Summary

Executive Summary

A series of documents has been published in which the impact of various radionuclides
released to the environment by Savannah River Site (SRS) operations has been assessed. The
quantity released, the disposition of the radionuclides in the environment, and the dose to off-
site individuals has been presented for carbon, cesium, iodine, plutonium, strontium, techne-
tium, tritium, uranium, and the noble gases. An assessment of the impact of nonradioactive
mercury also has been published.

This document assesses the impact of radioactive activation products released  from SRS facil-
ities since the first reactor became operational late in 1953. The isotopes regzorted here are
Ihosgswhose release resulted in the highest dose to people living near SRS: FP,°ICr, 9o,
and *Zn,

Release pathways, emission control features, and annual releases to the aqueous and atmo-
spheric environments are discussed. No single incident has resulted in a major acute release
of activation products to the environment. The releases were the result of normal operations
of the reactors and separations facilities. Releases declined over the years as better controls
were established and production was reduced.

The overall radiological impact of SRS activation product atmospheric releases Jfrom 1954
through 1994 on the offsite maximally exposed individual can be characterized by atotal dose
of 0.76 mrem. During the same period, such an individual received a total dose of 14,400
mrem from non-SRS sources of ionizing radiation present in the environment. SRS activation
product aqueous releases between 1954 and 1994 resulted in a total dose of 54 mrem to the
offsite maiximally exposed individual.

The impact of SRS activation product releases on offsite populations also has been evaluated.
The total collective dose was estimated as 1254 person-rem distributed among 615,000 indi-
viduals. Using international dose factors, less than one cancer death is predicted from SRS
releases, while almost 100,000 fatal cancers will occur in this population from all other
causes.

Activation products released from SRS present a negligible risk to the offsite population.
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Chapter 1. Introduction

Most of the radioactivity produced by the operation of a nuclear reactor results from the fission pro-
cess, during which the nucleus of a fissionable atom (such as 2°U) splits into two or more nuclei,
which typically are radioactive. The Radionuclide Assessment Program (RAP) has reported on fis-
sion products cesium, strontium, iodine, and technetium. Additional quantities of radioactive mate-
rial are produced by activation-neutron capture by a nonradioactive nucleus. Releases of four
activation products, which result in dose to the offsite p(_;fulation, are discussed in this publication.
In descending order of dose contribution, they are %Zn, 2P, 0Co, and !Cr. Other activation prod-
ucts are discussed in other RAP documentsor contribute an insignificant environmental dose (<1% of
the total activation product dose. This document will discuss the production, release, migration, and
dose to humans for each of these activation products.
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Physical Characteristics

Phosphorus-32 is created by capture of a neutron in a 3!p
nucleus. It decays with a relatively short half-life of 14
days to stable 32§ through the emission of an energetic
beta particle. No gammas are emitted.

Chromium-51 is created by capture of a neutron in a 3°Cr
nucleus, It decays with a half-life of 28 days to stable 5!V

. through the capture of ‘one of its orbital electrons. No par-
ticulate radiation is emitted but a 320 keV gamma is emit-
ted during 9% of the disintegrations.

Cobalt-60 is created by capturing a neutron in a 3%Co
nucleus. It decays with a half-life of 5.3 years to stable
6O through the emission of a low-energy beta particle.
Two energetic gammas are emitted with each disintegra-
tion,

Table 1-1. Physical Characteristics of Acitivation Products (IRCP 1983)

Zinc-65 is created by capture of a neutron in a %Zn
nucleus. It decays with a half-life of 244 days to 6cu
through the capture of one of its orbital electrans. No par-
ticulate radiation is emitted but a 510 keV gamma is emit-
ted during 3.4% of the disintegrations, and a 1.12 MeV
gamma is emitted during 49% of the disintegrations.

The physical characteristics are summarized in Table 1-1.

References

ICRP, 1983, International Commission on Radiological
Protection, Radionuclide Transformations, Oxford: Perga-
mon Press; ICRP Publication 38.

L Method of . Beta Energy Gamma Energy
Radionuclide Production Half-life Decays to (MeV) max MeV)
32p 31P(n,'y) 143d 328 1.7 - N;ne T

Sler S0Cr(n.y) 27.7d sty Electron Capture | 0.32 (9%)

60co HCo(n.y) 527y 60N 0.31 1.17 (100%)
1.33 (100%)

657n 54Zn(n,y) 244 d 650y Electron Capture |  0.51 (3.4%)
1.12 (49%)
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Chapter 2. Origin and Disposition
of Activation Products at SRS

This chapter presents an overview of the origin, uses, and disposition of activation products at SRS
under normal operating conditions. The locations of SRS facilities that had the potential to release
activation products are shown in Figure 2.1. The greatest releases of activation products occurred
during the 1960s and originated primarily in the reactor facilities, which are located near the center
of the 800-square-kilometer site. The history of actual releases from specific SRS facilities is pre-
sented in Chapter 3.

95X05039.fmk 2-1
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Origin of Activation
Products at SRS

Activation products at SRS originated predominantly in
the reactor cores of the five production reactors. Other site
operations and offsite sources contributed slightly to the
inventory of activation products at SRS.

Irradiation in Production Reactors

The role of the production reactors was to produce special
nuclear materials, principally tritium and plutonium, for
national defense purposes. Additional radionuclides such
as 238py, which is a power source for certain deep-space
missions, were produced occasionally for other govem-
ment purposes.

The reactors became operational in 1953-1955, but they
did not operate continuously. The reactors alternated
between periods of production and periods for mainte-
nance or fuel and targets replacement. As of 1995, four
reactors were shut down and one was on standby. The his-
tory of individual reactor operations is discussed in Chap-
ter 3,

When a reactor was operating, neutron-induced fission
reactions occurred in the 235U fuel of the reactor core.
Each neutron-induced fission reaction in the fuel produced
several neutrons, some of which induced additional fission
reactions and maintained a chain reaction. Some of the
remaining neutrons interacted with target materials in the
reactor. One such interaction, neutron capture in a 238y
target, resulted in the production of a special nuclear mate-
rial, 23%py, Other neutron interactions groduced activation
products such as 32p, 31Cr, %Co, and %*Zn. Each of these
will be discussed individually.

Production of Phosphorus-32

During normal reactor operations, small amounts of 32p
were in the moderator; these originated from n,p activation
of sulfur leached from moderator deionizers (Longtin
1966). In the mid 1960s, phosphoric acid, H3PO,4, was
used to clean heat exchangers, and the residual 3!P was
converted to radioactive 3P by neutron absorption (Ash-
ley 1966).

Production of Chromium-51

Chromium-51 activity in the moderator originated from
activation of stable °Cr in stainless steel reactor compo-
nents in the reactor tank. Additional >!Cr was produced
from 3°Cr contained in erosion and corrosion products of
stainless steel used in the reactor cooling system piping
(Longtin 1972). The S1Cr was formed when the erosion
and corrosion products were transported into the reactor
vessel and exposed to neutrons.

Production of Cobalt-60

Cobalt-60 activity in the moderator originated in a manner
similar to 31Cr activity through the activation of 39Co con-
tained in erosion and corrosion products. In addition, °Co
was produced for gamma radiation and heat sources (Beb-
bington 1990).

Production of Zinc-65

Zinc-65 activity in the moderator originated from neutron
activation of stable %Zn that was found as a trace element
in aluminum reactor fuel and target components (Fox
1975).

Other Sources Attributable
to SRS Operations

Small quantities of activation products were produced at
SRS by test reactors and spontaneous fission, and larger
quantities were produced offsite and moved to SRS. The
activity levels from these sources were insignificant when
compared with activity levels in the production reactors.
However, the sources are discussed in the following sub-
sections to provide a complete overview of potential acti-
vation product releases.

SRS Test Reactors

Several small nuclear reactors were in use at two SRS
locations from the 1950s through the 1970s. The Heavy
Water Components Test Reactor (HWCTR), located in B
Area, was used in the early 1960s to test prototype fuels
for a proposed heavy water-moderated power reactor. The
other test reactors, located in M Area, were used from the
mid 1950s to the late 1970s. The Process Development
Pile and the Lattice Test Reactor were used as zero-power
mock-up facilities to test components for the production
reactors. The Subcritical Experimental Pile also was used
to test component designs. The Standard Pile provided
neutrons for experiments such as neutron radiography and
neutron activation,

95X05039.fmk
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Spontaneous Fission

Spontaneous fission is a radioactive decay mode that
occurs in heavy elements such as uranium and produces
neutrons. Spontaneous fission is one of the mechanisms
producing activation products in nature. The occurrence of
spontaneous fission ranges from rare to frequent. Ura-
nium-238 is an example of a radionuclide in which sponta-
neous fission rarely occurs.

Califarninm 282 _nraduradin. QR Qrmantaro harthadrradia

Assessment of Activation Products
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Disposition of Activation
Products at SRS *

The principal means for disposing of activation products
are containment and time, which allows radioactive decay
to occur. Table 1-1 shows the activation products produced
in SRS reactors and their half-lives. Cobalt-60. with a five-

WSRC-TR-95-0422

Global-Fallout Activation Products

Most global fallout occurred because of atmospheric
nuclear weapons tests and the Chernobyl accident. Fallout
was not distriblited uniformly throughout the terrestrial
environment in the vicinity of SRS. Activation product
activity typically was a small fraction of the fission prod-
uct activity.

References

Ashley, C., 1966, Environmental Monitoring at the Savan-
nah River Plant, Annual Report - 1966, DPST-67-302, E.
I. duPont de Nemours & Co., Aiken, SC.

Bebbington, W, P., 1990, History of Du Pont at the Savan-
nah River Plant, E. 1. duPont de Nemours & Co., Aiken,
SC. .

Fox, L. W., 1975, “Memo to J. K. Lower,” SRT-ETS-
960031, E. I. duPont de Nemours & Co., Aiken, SC.

Longtin, F. B., 1966, Moderator Silicate Control of 32p
Release, DPSOX-6546, E. 1. duPont de Nemours & Co.,
Aiken, SC.

Longtin, F. B., 1972, 100-Area Release Guides for % Zr-
Nb and?!Cr, SRT-ETS-960029, E. 1. duPont de Nemours
& Co., Aiken, SC.
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Chapter 3. Releases and Stored Inventories

of Activation Products at SRS

Routine operations at SRS facilities have released activation products to the regional environment
surrounding the Site. The most significant releases occurred during the 1960s when activation
products were released to seepage basins and site streams. The largest releases originated in the
reactor facilities located near the center of the 800-square-kilometer site. The proximity of these
facilities to major streams within the SRS boundary is shown in Figure 3.1, which also shows the
location of other facilities having the potential to release activation products.

This chapter discusses activation products at SRS facilities in terms of possible release pathways,
emission control features, and annual releases to the aqueous and atmospheric environments.
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Reactor Facilities

The five production reactors at SRS were identified by
the letter designations C, K, L, P, and R. The reactors
were designed to irradiate various targets to produce spe-
cial nuclear materials (principally, ritium and pluto-
nium) for national defense purposes.  Specific
radionuclides for other government purposes also were
produced including 238py, a power source for certain
deep-space missions.

Facility Operations

When a nuclear reactor was operating, nuclear fission
reactions occurred in the reactor core. The principal
components of the core were the fuel, targets, control
rods, and moderator. Control rods were neutron-absorb-
ing materials positioned in the core to control the power
level of areactor.

The moderator in SRS reactors was heavy water that was
circulated around the fuel and target elements in the reac-
tor core. The moderator decreased the kinetic energy
(slowed the speed) of neutrons emitted in the fission pro-
cess. Slow neutrons are more likely than fast neutrons to
interact with fuel and target materials.

The moderator also functioned as the primary coolant to
remove heat from fuel and target elements. Heat then
was transferred from the moderator to the secondary
coolant by heat exchangers. The SRS reactors used
either river or pond water as the secondary coolant in the
heat exchangers.

In reactors that used water from the Savannah River as
the secondary coolant, the river water was passed
through the shell side of the heat exchanger and dis-
charged to a site stream that flowed back to the Savannah
River. When the L Reactor was upgraded and restarted
in the 1980s, a cooling lake (L Lake) was constructed to
mitigate the thermal impact on Steel Creek. River water
was pumped through the L Area heat exchangers and dis-
charged into L Lake without recirculation. L Lake over-
flowed into Steel Creek. Reactors that used pond water
as the secondary coolant discharged the water from the
heat exchanger to a canal that flowed to a series of cool-
ing ponds. Cooled pond water was recirculated through
the heat exchanger.

Under normal operating conditions, fuel and target ele-
ments were irradiated for a specified time, removed from

the reactor core, and stored underwater in the VTS
basin of the reactor building. Storage in the VTS
basin for the cooling period allowed short-lived radio-
nuclides to decay to low levels before reprocessing of
the fuel and targets began. After cooling, the ele-
ments were moved to the disassembly basin and pre-
pared for transfer to the chemical separations areas.

Pathways for Release

During normal reactor operations, trace quantities of
corrosion and erosion impurities (see Chapter 2) were
dispersed in the moderator, and activation products
were created by neutron capture. Most of these impu-
rities were removed from the moderator by an on-line
ion exchange purification process.

Once activation products were in the moderator, they
circulated with the moderator and adsorbed onto fuel
and target surfaces. When a leak developed in a heat
exchanger tube, some activation products were
released along with primary coolant into the second-
ary coolant—and subsequently to the environment.
Any activation products released by this pathway
were not quantified; however, the secondary coolant
was monitored for beta-gamma activity. Leakage to
the secondary coolant was a minor pathway compared
to release from the tube storage basins. Low operat-
ing temperatures of the reactors (below the boiling
temperature of heavy water), coupled with high-boil-
ing points for activation product compounds, mini-
mized volatilization of activation products into the
blanket gas so that airborne releases were minimal.

Similar pathways occurred during cooling of irradi-
ated materials in the VTS basin and during subse-
quent handling of those materials in the disassembly
basin. Water also leached adsorbed activation prod-
ucts from the exterior surfaces of fuel and targets.
Once in the basin water, the activation products circu-
lated with the water, became trapped in the deionizer,
and adsorbed onto fuel and target surfaces. Again,
low temperatures and activation product solubility
minimized the airborne release of activation products
from the VTS.

Continuous purges of the VTS basin water were the
primary pathways by which aqueous activation prod-
ucts were released to the environment. The VTS basin
waters initially were purged directly to site streams to
remove the heat generated by the stored irradiated
fuel and targets and to maintain clarity in the storage
basins. After installing basin heat exchangers, deion-
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izers, and filters in the 1960s, the volumet pf purged water
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Figure 3.2. C-Area P-32 Releases to Streams and Basins
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Figure 3.4. C-Area Co-60 Releases to Streams and Basins
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Table 3-1. C-Area Releases
Releases to Streams (Ci) Releases to Basins (CI)

Year P-32 Cr-51 Co-60 Zn-65 p-32 Cr51 Co-60 Zn-65

1954

1955 26X 102

1956 24X 102

1957 44x102

1958 82X 102

1959 92X 1071 29x 1071

1960 17X 100 s2x101 sox 10l 13x 1071

1961 12x 10! 1.1x 109 26X 100 40X 102

1962 53x 10! 1.6x 100 7.6X 100 78X 103

1963 41%x10% 62x 107! 2.5% 100 9.8% 102

1964 60x 107! 20X 102 1.8x107! 1.6X 100 1.sx100  23x101 30x102

1965 1.0x 109 19X 102 72X 101 35x 100 92x100 90x102 40x103

1966 85x 107! 32X 102 42x101 3.8x 100 30x100 3.0x102

1967 42Xx 107! 17X 102 27x10°1 12x100 8.0X 102

1968 34x101 28X 10! 9.6x 107 22Xx 100 20x101  40x103 10x102

1969 22x 101 20x 10! s3x 107! 42x101

1970 36x 107! 77X 100 17X 1071 s1x10! 1.6x100 10x103

1971 sox10l 72X 100 46x100 1.8X 100

1972 70X 102 1.8X 10! 20X 102

1973 16X 102 1.6X 10! 14X 102

1974 40x 1073 49X 10! 1.4x 1071

1975 68X 102 40x103 20% 1073

1976 8.0Xx 103 1.8X 10! 1.0X103

1977 32X 103 43x10! 8.0x104

1978 27X10° 25X102 39x104 47X10°5 19%102

1979 35X105 40x10% 17x101  14x%x10%

1980 36X104 13x100 20Xx104

1981 13x10% 14x103  18x101 21x10¢

1982 30x103 28x10! 60x10°

1983 10xX102 3s5x104 18x104

1984 23X10% 24Xx102 8s5x104

1985 20x10% 15x101 24x104

1986 65X10% 12x10%

1987

1988

1989

1990

1991

1992

1993

1994

Total 44x100 14X 103 12X 10! 28X 101 15X102  30x100  10xX100 44x102
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of Activation Products at SRS WSRC-TR-95-0422

Figure 3.6. K-Area P-32 Releases to Streams and Basins ',5
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Figure 3.7. K-Area Cr-51 Releases to Streams and Basins
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Figure 3.8. K-Area Co-60 Releases to Streams and Basins
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Figure 3.9. K-Area Zn-65 Releases to Streams and Basins
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Chapter 3. Releases and Stored Inventories

*

of Activation Products at SRS WSRC-TR-95-0422
Table 3-2. K-Area Releases
Releases to Streams (Cl) Releases to Basins (Ci)

Year | P32 Cr-51 Co-60 Zn-65 P32 Cr-51 C0-60 Zn-65
1954

1955 22X102

1956 48X 102

1957 13x 1071

1958 62X 102

1959 38x 107! 40X 102

1960 gax10l  27x100 1o0x100 62x103

1961 Lixio! 11x100  23x100 ’

1962 20x100  1.8x10° 40x100

1963 20x102  67x101  48x100

1964 | 65x101  31x102  14x101  22%x100

1965 | 90x100 25%102  78x100 20x10° | 37x100  24x100 22%x10! 24%107
1966 | 64x100 47x100 46x10! | L1x102

1967 | 27x100  37x100  sex10!  18x100 | 9.0x100

1968 | 16x100 37x10!  ssxi10l  77%10! 11X102  37x10!  36x10°
1969 | 30x101  10x10! 3.0X102  67x101  sexi10’]
1970 | 13x 107! 69x100 80x102

1971 12X103  22x103 63x101  30x102 30x102
1972 40X 102 s1x 10!

1973 | 46x102 80X 1073 18x102  41x10!  30x103

1974 .. 22X102  16x10!  10x103

1975 40x 103 gox103 s58x102 10x103

1976 1.0x 103 90x103 3s5x10! 10x10® 20x103
1977 | 50x10% 16x101 1.0X%107! 22X102  14x100  26X10°

1978 85X10% 93x102 12x10%4

1979 | 40x103 s4x101  41x101 13x104  15x10!

1980 15x 103 56x10%  22x10001  17Xx103

1981 67X104 82x102 19x103

1982 34x103  36x1001  66x103 ssx104
1983 43x103  12x102 28Xx103

1984 27X103  21x102  34x10%

1985 11X10%  24X102  10x102

1986 14X102  32x103

1987 10X106  s8x103  12x103

1988 74x107  72x100%  21Xx10%

1989

1990

1991

1992

1993

1994

Toul | 21X100  88X102  17x10!  19x10! | 16X102  42%12  15%X1®  44%100
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Figure 3.10. L-Area P-32 Releases to Streams and Basins.
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Figure 3.11. L-Area Cr-51 Releases to Streams and Basins
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Figure 3.12. L-Area Co-60 Releases to Streams and Basins
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Figure 3.13. L-Area Zn-65 Releases to Streams and Basins
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WSRC-TR-95-0422

Table 3-3. L-Area Releases

Releases to Streams (Ci)

Releases to Basins (Ci)

Year

P32

Cr-51

Co-60

Zn-65

P-32

Cr-51

C0-60

Zn-65

1954
1955
1956
1957
1958
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977
1978
1979
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
Total

8.2x 1071

6.1X 101
1.2x 100
71X10!
34X 101

37X 100

1.9X 100
1.0X 101
1.3x 10!
9.0X 10!
8.1x 101
21X 102
3.0X 102
3.0x 10!
56X 100

74X 102

56X 102
1.0X 101
24%x101
21x101
53x 101
2.6X 100
1.5x 100
1.3Xx 100
27X 101
1.2X 100
20X 100
4.4%x100
45x101
10X 10!

1.1X104
11X 104
19x1073
3.1X104

1.5x 101

1.1x 100
6.0X 100
3.8x 100
94X 101
62X 100
13X 100
19X 100
32x 100
74X 101

25x 10!

80X 106

98X10-6
1.8X 107

3.6 X 10-3

4.6X 10
8.8 X 10!
4.7%x100
25X 100
20X 100
10X 103

23X 102
65X 101

1.8X 104
6.1X103
3.8X103
12X 103

14X 102

53X 1072
42X 102
31X 101
1.6X 100
13X 100
24x 101
12x101
40X 102
49X 102
20X 103
1.0X 10-2
1.0X 10-2

70X 103
21X 104

34X 104
1.8x104

38X 100

1.0X 102
9.0X 102
1.0X 102
1.2x101

23Xx101

3-14
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Figure 3.14. P-Area P-32 Releases to Streams and Basins,
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Figure 3.15. P-Area Cr-51 Releases to Streams and Basins
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Figure 3.16. P-Area Co-60 Releases to Streams and Basins
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Chapter 3. Releases and Stored Inventories

of Activation Products at SRS WSRC-TR-95-0422
Table 3-4. P-Area Releases
Releases to Streams (Ci) Releases to Basins (Ci)

Year P32 Cr-51 Co-60 Zn-65 P32 Cr-31 C0-60 Zn-65

1954

1955 56X102

1956 13x10°!

1957 3.8x10°! 6.4X102

1958 1.8x10°! 20x103

1959 24x107! 1.1x101

1960 42x100  10x100 67x10°! 12x 101

1961 95x10° sg2x100!  27x10° 6.6X 102

1962 67x10!  60x100 6.7x 100 3.0X102

1963 24X102  11x100 9.7X 100 6.0X 102

1964 38x100  36x102  75x100  57%10° 60X102  s8x10l

1965 30x100  13x102  28x100  21x%100 40x103  30x103

1966 18100 13x100  24x10! 1.4X100 20x103  30x103

1967 32x101  63x 100 1.1x 100 50X 103

1968 16x10l  16x10!  16x10!  78X%10! 1.8x100  30x102 18x101

1969 21x10!  38x10!  20x107! 1.0X 100

1970 28x101  83x100

1971 42x101  16x10!  21x102  12X103

1972 23x101  12x100  12x10!

1973 67x102  28x101 20x103

1974 10x102  1ixi10!  10x103

1975 20X103  48%x102 1.0Xx103

1976 90x103 18x101

1977 27x103  70x102 60Xx10°5

1978 . 15Xx102 27X 103 89X 103

1979 15x 103 17x 107!

1980 83X 105 9.4Xx 104 11x 10!

1981 16X 103 84X102  10X106

1982 49x 104 14X 101

1983 12x103 79% 102

1984 13X 104 22x101  65%x10°

1985 49x 104 96X102  36xX10%4

1986 85X 105 96X102  57x10%

1987 12X 10 47X102  49x104

1988 13X105

1989 19x 104

1990

1991

1992

1993

1994

Total 69x100 88x102 12Xx10! 32X 10! 93X 103 29X 100 14x100  18x101
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and seepage basins from P Area are presented in Figures
3.14 through 3.17 and in Table 3-4.

The total measured aqueous releases from P Reactor to
Steel Creek/PAR Pond during the reactor’s operational life-
time were 6.9 X 10° Ci of 3%P, 8.8 x 102 Ci of 3!Cr, 1.2 x
10! Ci of %Co, and 3.2 x 10! Ci of 5°Zn. Cumulative
releases to seepage basins totaled 9.3 x 10 Ci of 32, 2.9
% 10° Ci of 51Cr, 1.4 x 10° Ci 0f $°Co, and 1.8 x 10°! Ci of

. The greatest annual release of 32p 10 Steel Creek/
PAR Pond, 3.0 x 10° Ci, occurred in 1965; of *1Cr, 3.6 x
102 Ci, in 1964; of %Co, 6.0 x 10° Ci, in 1962; and of
6571, 9.7 x 10° Ci, in 1963.

R Reactor

R Reactor was the first operational production reactor at
SRS. It operated from late 1953 until 1964 when it was
shut down. Reactor basin water was discharged into Lower
Three Runs Creek from 1954 to 1958, into PAR Pond from
1958 to 1964, and into a seepage basin system from 1957
to 1964. R Reactor had six seepage basins, designated
904-103G, -104G, -57G, -58G, -59G, and ~60G.

The original seepage basin, 904-103G, was used only
from June to December 1957. Use of this basin was termi-
nated because of surface outcropping and leakage into an
abandoned sewer. The basin was backfilled in 1958.
Basins 904-104G, -57G, -58G, and -59G—in use from
1957 to 1960—were deactivated, backfilled, and covered
with asphalt in 1960. Basin 904-60G—in use from 1958
to 1964—was backfilled in 1977.

Reactor heat exchanger cooling water and miscellaneous
effluents were discharged to Lower Three Runs Creek
from 1954 to 1958. After 1958, these effluents were dis-
charged to PAR Pond, which was constructed by damming
Lower Three Runs Creek. Initially, R Reactor effluents
were discharged directly to PAR Pond. Beginning in 1961,
a canal and pond system that eventually drained into PAR
Pond (Figure 3.1) replaced direct discharges into PAR
Pond. Releases to stream and seepage basins from R Area
are presented in Figures 3.18 through 3.21 and in Table 3-
5.

The total measured aqueous releases from R Reactor to
Lower Three Runs/PAR Pond during the reactor's opera-
tional lifetime were 6.2 x 107! Ci of 32P, 5.5 x 10? Ci of
S1Cr, 1.1 x 10! Ci of ®Co, and 3.8 x 10! Ci of 53Zn.
Cumulative releases to seepage basins totaled 1.0 x 102 Ci
of 32P and 3.2 x 10° Ci of ICr. The greatest annual
release of 32P to Lower Three Runs/PAR Pond, 6.2 x 10!
Ci, occurred in 1964; of 'Cr, 3.4 x 10? Ci, in 1964; of

80Co, 2.4 x 10° Ci, in 1963; and of Zn, 1.6 x 10! Ci, in
1963.

Summary of Reactor Releases

The total measured stream releases of activation products
from reactor areas through 1994 were 3.7 X 10! Ciof32p, 4.5
x 10% Ci of 31Cr, 6.7 x 10! Ci of %Co, and 1.4 x 102 Ci of
65Zn. The total measured basin releases were 1.6 X 102 Ci of
32p, 6.0 x 102 Ci of 31Cr, 8.0 x 10 Ci of %Co, and 5.0 x 10°
Ci of %Zn.

Separations and Liquid Waste
Facilities

Two chemical separations facilities and their associated lig-
uid-waste storage facilities are located near the center of the
Site (Figure 3.1). The two separations areas are identified by
the Ietter designations F and H. In these areas, the products
of interest from reactor irradiation are chemically separated
and purified from waste products.

Facility Operations

Two chemical separations facilities were used to reprocess

irradiated fuel and targets in canyon buildings (221-F and

221-H). Irradiated materials were dissolved and the prod-

ucts of interest chemically separated and purified from waste

fission and activation products. Occasional special cam-

g?igns for the production of radionuclides such as 238py and
2Cf have occurred.

Beginning in late 1954, 23°Pu, Z7Np, and 238U were recov-
ered from irradiated 238U targets in F Area, which used the
Purex chemical extraction grocess. In H Area, %Py and
B8( were recovered from 28U targets by the Purex process
during 1955 to 1959. The H-Area facility then was modified
to recover 235U from irradiated enriched uranium fuel. A
further modification in 1963 allowed the recovery of 237Np
from the fuel; the HM process (H Modified Purex) was used
for chemical extraction of the uranium. Also in H Area, the
Frames process was used occasionally to recover 28py and
Z37Np from special target elements. This process used ion
exchange for separations and purification.

Waste facilities in or adjacent to the separations facilities
were designed for liquid-waste handling. Depending on
activity level, liquid wastes were stored in tanks or sent to
seepage basins or the ETF. In November 1988, the ETF
became operational to treat wastes previously sent to seep-

3-18
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Figure 3.18. R-Area P-32 Releases to Streams
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Figure 3.19. R-Area Cr-51 Releases to Streams and Basins
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Figure 3.20. R-Area Co-60 Releases to Streams and Basins
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Table 3-5. R-Area Releases
Releases to Streams (Ci)

Releases to Basins (CI)

Year

b-32

Cr-51

Co-60

Zn-65

p-32

Cr-51

C0-60

4n-65

1954
1955
1956
1957
1958
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977
1978
1979
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
Total

62X 10-1

62X 10-1

2.8X 100
19X 10!
6.0X 101
34X 102
13X 102

55X 102

6.0X 102
64X102
3.0x 101
85X 101
54X101
57x101
9.7X10°1
19X 100
20X 100
24X 100
85X 101

1.1x10!

1.0X 100
7.0X 100
9.8x 100
1.6X 10!
42X 100

3.8X 10!

1.0X 102

1.0X 102

23x100
84X101
1.8X 102

1.6X103
20X 103

32X 100

0.0Xx 100

0.0X 100

95X05039.fmk
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age basins that were closed in 1988 and have been decom-
missioned.

Pathways for Release

Unlike the reactor facilities, which released activation
products to the environment almost exclusively through
aqueous effluents, the separations facilities have released
activation products through atmospheric and aqueous
effluents. The aqueous releases from separations facilities
were to se%)age basins in H Area, while atmospheric
releases of *'Co have occurred from both canyon building
stacks.

Aqueous releases occurred when residual 31Cr, $Co, and

n were present in high- and low-level aqueous waste
streams. Before these wastes were stored in tanks, an
evaporation process was used to reduce volume. During
evaporation, part of the activation products distilled with
the condensate in the evaporators. This condensate was
sent to the seepage basins through November 1988, then to
the ETE.

The major sources of wastewater previously discharged to
the seepage basins were the overheads from the nitric acid
recovery unit and the process evaporators in F and H areas.
In H Area, water from the Resin Regeneration Facility and
RBOF also was discharged to the seepage basin system. A
flow sheet for liquid waste handling can be found in Jacob-
sen et al. (1973). Because of this reference's date, replace-
ment of the seepage basins with the ETF is not shown.

Emission Control

Administrative and physical controls implemented in reac-
tor areas in the 1960s minimized the possibility that short-
cooled fuel or targets would be sent inadvertently to the
chemical separations areas. Beginning in the early 1970s,
fuel and targets were controlled so their nominal cooling
time was 200 days before reprocessing by the Purex or
HM process.

Canyon building exhaust air passes through sand filters to
remove particulate radioactivity prior to discharge from a
61-meter stack. Air and fumes from process vessels are
exhausted through a variety of scrubbers, filters, or silver
nitrate reactors to remove specific gaseous contaminants
before final filtration and discharge from the stack. The
61-meter stack in each facility provides sufficient loft to
the offgases to ensure that activation products (and other
radionuclides) are dissipated into very low concentrations
over a large area. This minimizes exposure to people in
and around the facility.

For liquid releases, results of radioactivity measurements
determined whether liquids were discharged to the ETF (pre-
viously seepage basins) or to waste tanks.

Release Monitoring

Atmospheric releases of activation products from separa-
tions facilities have been sampled since start up. Reprocess-
ing irradiated material began in F Canyon in November 1954
and in H Canyon in July 1955. The only activation product
identified was %°Co, which was seen only a few times. Other
activation products (and 60Co) would have contributed to the
unidentified beta portion of releases.

Aqueous releases of activation products to seepage basins
have been quantified. Several techniques were used to mon-
itor aqueous releases. Process cooling water in F Area was
monitored in-line for beta-gamma activity. In H Area,
batches of process cooling water were monitored prior to
release. When liquid effluents were released to secpage
basins, they were sampled continuously. Samples were col-
lected weekly and analyzed by gamma spectrometry. Efflu-
ent Treatment Facility (ETF) discharges were sampled
before release to Upper Three Runs Creek (Taylor 1989).

History of Measured Releases

Atmospheric releases of radioactivity, as well as releases to
streams and seepage basins, have been monitored since the
start up of the chemical separations facilities (Cummins et al.
1991). In most years, activation products were not quanti-
fied individually, but their radioactivity was included in uni-
dentified beta-gamma.

F-Area Separations

Aqueous wastes from F Canyon initially were sent to waste
tanks and a seepage basin designated 904—49G, also known
as Old F Area Seepage Basin. The capacity of this basin
proved to be inadequate. It was abandoned in 1955 after
three additional seepage basins were constructed. The new
basins, designated 904-41G, -42G, and -43G, were in use
from 1955 to 1988, when wastewaters were diverted to the
ETF. The latter basins also were known as F Seepage Basins
1,2,and 3.

Additionally, an earthen retention basin (281-3F) was used
from 1955 to 1973 to temporarily contain water potentially
contaminated by process upsets. Use of a lined retention
basin was implemented in 1973.
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Releases to Atmosphere

The only activation product measured in atmospheric
releases from F Area was %Co, which was reported in
four different years. The total release of °Co was 1.9
x10? Ci, with most occurring in 1971. Measured
annual releases are shown in Table 3-6.

Releases to Streams

Cooling water for portions of the F-Area separations
process is pumped from deep wells and discharged to
Fourmile Branch after use. This water has been used
in the “once throngh” or “segregated” cooling-water
systems that control temperatures in the separations
process or waste evaporators, Because of the possi-
bility of cooling-coil leakage, these cooling-water
streams have the potential to contain measurable
amounts of radioactivity. Cooling coils are used in
the head-end dissolvers; hence, a mixture of many fis-
sion and activation products is available as a potential
cooling system contaminant.

To minimize releases of radioactivity into the cooling
system when a leak does occur, positive pressure is
maintained in the cooling coils in all process vessels.
After the water has been used, it is monitored and
released to Fourmile Branch. Should activity levels
in the water preclude the discharge of the water to the
creek, the contaminated water is held in a plastic lined
“diversion” basin and transferred to either the H Area
waste tank farm or the ETF for processing. In the
past, diversion basin water that was too radioactive
for release to the stream was pumped to the seepage
basins. No activation products were identified as con-
stituents of the releases from F Area to stream.

Releases to F-Area Seepage Basins

Cobalt-60 was released to F Area seepage basins in
1969, 1970, and 1971. The total activity was 1.2 x
10! Ci with the largest release, 9.0 x 102 Ci, occur-
ring in 1970, Releases for individual years are listed
in Table 3-§.

H-Area Separations

H Canyon has been operational since July 1955, In
addition to the general chemical separations opera-
tions, H Area also includes the ETF and the RBOF,
with an adjacent regeneration facility for resins from
other areas. Certain offsite noncommercial irradiated
fuels are stored underwater in the RBOF, as are some
SRS fuel elements that have failed. This facility is
equipped to disassemble and cut fuel for inspection.

Aqueous wastes from H Canyon were sent to tanks
and to four seepage basins, designated 904-44G, -
45G, -46G, and -56G. The basins, also known as H
Seepage Basins 1, 2, 3, and 4, were used from 1955 to -
1988, when wastewaters were diverted to the ETF,
Basin 904-46G has been inactive since 1962.

Also, an earthen retention basin, designated 281-3H,
was used from 1955 to 1973 to temporarily contain
water potentially contaminated by process upsets.
Use of a lined retention basin was implemented in
1973,

Releases to Atmosphere

The only activation product measured in atmospheric
releases from H Area was Co, which was reported
in two different years. The total release of %°Co was
6.2 x 10" Ci, with most occurring in 1971. Measured
annual releases are shown in Table 3-6.

Releases to Streams

As in F Area, clean well water is pumped through
pressurized coils in evaporators and process tanks to
control temperatures, then discharged into a process
sewer that empties into Fourmile Branch. Water from
the cooling system is monitored before release to
Fourmile Branch. No release of activation product
activity has been reported.

Releases to H-Area Seepage Basins

The total measured release of 5!Cr to the H seepage
basins was 1.1 x 102 Ci; of ©Co, 5.1 x 10° Ci; and of
65Zn, 2.9 x 10° Ci. Activation product releases
occurred in H Area primarily because of the presence
of the Resin Regeneration Facility, which removed
fission and activation products that had been captured
by jon exchange resins in the reactor disassembly
basins. The release information is presented in Fig-
ures 3.22 through 3.24 and Table 3-7.

The ETF became operational in November 1988 to
receive aqueous wastes previously discharged to the
separations area seepage basins.

Effiuent Treatment Facility

All the low-level liquid wastes formerly discharged to
the F-Area and H-Area seepage basins are processed
in the ETE. Treated aqueous wastes from the ETF are
discharged to Upper Three Runs Creek. No activation
product releases have been reported since the ETF
became operational.
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Table 3-6. Atmospheric Releases of Co-60 Table 3-7. H-Area Releases
Year Area Release to Bastns (Ci)

A F H Year Cr-51 C0-60 7n-65
1954
1955 1954
1956 1955
1957 1956
1958 1957
1959 1958
1960 1959
1961 1960
1962 1961
1963 1962
1964 1963
1965 1964
1966 1965
1967 1966
1968  39X102 1967
1969  1.1X102 1968
1970  28X103 1969 66X 101
1971 26X 10-2 19X 10-? 62X104 1570 32%10°]
o Taxes e
974 39%103 1972 30x100  30X102
1575 11X 103 1973 14X100  40x102
1976 13X 104 1974 77X100  49x101  76X101
1977 38X 104 1975 45x100  41x101  57Xx10°1
1978 38X 104- 1976 60x100 47x101  44Xx101
1979 40X 104 1977 60x100 40x101 53x10°!
1980 62X 10 1978 14xX100 17x101  54X%102
1981 89X 10-5 1979 78x101  10x101  8.0X102
1982 44X 105 1980 11x100  22x101  14x101
1983 17X 104 1981 21x100 16x101 74X102
1984 54% 105 1982 21x100  26x101 91Xx102
1985 1983 11x100 22x101  95x102
1986 70X106  1.0X10° 1984 57x100 27x100  1.0x102
1987 1985 36x100 28x101 30x103
1988 3.0% 106 1986 44x10!  13x10t  52X%102
1989 1987 42X102 13X102 21X102
1990 1988 71X104 59X104 47X103
1991 1989
1992 1990
1993 1991
1994 1992
Total 72X102 19X102 62x104 1993
1994 X
Total 1.1x102  s51x100 29x%x100
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Figure 3.22. H-Area Cr-51 Releases to Basins
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H-Area Zn-65 Releases to Basins
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Waste Tank Farms

High-level, radioactive, liquid-waste storage tanks,
located in F Area and H Area, are known to contain
the longer-lived activation product °Co, and once
contained others. However, because only one reactor
has operated at low power for a short time since 1988,
only %Co remains in significant quantities. Efforts
are under way to quantify the remaining %°Co, but it
is likely that less than one million curies is in the tank
farms.

Summary of Separations and
Liquid-Waste Facilities

Atmospheric releases totaled 1.9 x 102 Ci of %Co,
with most of the activity released in 1971. No activa-
tion products were reported released to streams.
Releases to basins were reported onlg for H Area and
totaled 1.1 x 102 Ci of 5'Cr, 5.1 x 10° Ci of 99Co, and
2.9 % 10° Ci of $zn.

Solid Waste Disposal
Facility

Radioactive solid wastes generated during SRS oper-
ations have been burned in the low-level waste incin-
erators or buried in the SWDF, Because of the nature
of much of the waste, precise analysis of the radioac-
tive inventory of materials committed to the SWDF is
not available. Estimates of the radioactive content of
packaged wastes are made from radiation surveys of
" the packages, and conversion factors are applied
based on known or assumed fission or activation
product content. The data on each package are
recorded at the burial facility, and a computerized
inventory is maintained.. Based on these data, the
estimated decay-corrected %°Co content of the SWDF
was 3.6 x 10° Ci as of December 31, 1987 (Hurrell et
al. 1988). The quantity of other activation products
was 2.9 x10° Ci but no distribution was given.

Savannah River Technology
Center

The Savannah River Technology Center provided
research and development support for the production
facilities of SRS. Laboratory facilities handled radio-
activity that ranged from environmental levels to
highly radioactive materials—the latter manipulated
in shielded cells.

Atmospheric releases of Co were reported from
1968 to 1984. The maximum annual release was 3.9
x 102 Ci in 1968, and the total release was 7.2 x 102
Ci. The releases likely were the result of research on
a thermoelectric generator program that used many
thousands of curies of %Co as the heat source (Anger-
man 1973; Zecha 1987). Releases by year are shown
in Figure 3.25 and Table 3-6.

Liquid radioactive wastes were accumulated in hold-
ing tanks pending shipment to F Area for treatment
and disposition. )

From 1954 to 1982, a seepage basin system was used
for low-activity wastes. The first two seepage basins,
both designated 904-53G, were put in service in
1954. The last two, 904-54G and -55G, were added
in 1958 and 1960, respectively. There is no record of
activation product releases to streams or basins.

Other Facilities

A number of other facilities handled materials con-
taining activation products. These were the test reac-
tors, the Heavy Water Rework Facility, and any
facility handling spontaneously fissioning elements.

No releases of activation products were documented
for any of the test reactors described in Chapter 2.
Had there been releases from these facilities, they
would have been small compared to those from pro-
duction reactors. Operation of these test reactors was
discontinued in the 1970s.

The Heavy Water Rework Facility, located in D Area,
consisted of four distillation towers and associated
equipment to remove ordinary water that accumulated
in the heavy water moderator used in the reactors.
Leaks in the system were vented through a 21-meter
stack. The aqueous waste stream was sent to Beaver
Dam Creek after verification that activity levels did
not exceed specific limits. The predominant radioac-
tivity associated with this facility was tritium.

Potential existed for traces of activation products to
be present in the moderator, as was described in the
section on reactor facilities. A small amount (4.3 x
10 Ci) of 32P was released to streams in 1973. A
slightly larger amount (9.0 x 102 Ci) of 3!Cr was
released in 1967. A total of 1.7 x 10" Ci of 9°Co was
released during the period 1967 to 1973, and the high-
est year was 1967 with 1.1 x 107! Ci released. The
annual releases are shown in Table 3-8.

Central Shops at SRS fabricates and repairs equip-
ment used in the separations and reactor areas of the
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Site. Although equipment is decontaminated before it is
sent to Central Shops, some radioactive material occasion-
ally is present and normally is removed during cleaning
before the equipment is repaired. The contamination is
transferred with other liquid waste streams to a seepage
basin. The yearly releases of %Co to the Central Shops
Seepgge Basin (Ford Basin) are shown in Table 3-8. The
total ®Co release was 6.9 x 10 Ci.

Facilities other than those already described in this chapter
that handled spontaneously fissioning elements were the
reactor material facilities for uranium fuel and target fabri-
cation in M Area, the TNX Semi Works where various pro-
cesses were tested on a pilot scale with uranium, and the
Naval Fuels facility where uranium fuel for the U.S. Navy
was fabricated during the late 1980s. The presence of low
levels of activation products that are attributable to sponta-
neous fission had no impact on the environment and is of
academic interest only.
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Table 3-8. Miscellaneous Releases

Year

1954
1955
1956
1957
1958
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977
1978
1979
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989
19%0
1991
1992
1993
1994
Total

Releases to Streams (Ci)

Releases to Basins (Ci)

D Area
P-32

D Area
Cr-51

D Area
Co-60

F Area Cent Shops
Co-60 Co-60

43x103

43x103

9.0X 102

9.0X 102

11x107!
40X102
10X 102
20x1073
50x103
1.0x103
34Xx103

17x 1071

20X 102
9,0X102
1.0X 102

15X 10%
26X 109
45x 10
1.7x 104
28X 10°

12x101 69X 1074
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Chapter 4. Activation Products Concentration and Transport
Mechanisms

Activation products released to the environment may be transported in the atmosphere, surface
walers, andlor groundwater below SRS. This chapter presents a description of the physical features
and details of transport mechanisms for surface waters and groundwater.
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Atmospheric Transport

There were no recorded atmospheric releases of 32p,

51Cr, and %%Zn,  Atmospheric releases of %Co
occurred from 1968 through 1984 in A Area, in each
of four years in F Area, and in each of two years inH
Area. The largest annual release, 3.9 x 102 Ci,
occurred in A Area in 1968. No other annual release
was even half as large. These releases are too small to
be measurable in the environment and will be
included in the Chapter 5 dose modeling.

Aqueous Transport

Surface Waters on the Savannah
River Site

Activation products transported by SRS surface
waters originated from three sources; fallout, atmo-
spheric releases from SRS operations, and direct
releases to streams. Fallout was deposited on the
Savannah River watershed as a result of atmospheric
testing of nuclear weapons. Fallout radxoaclmty was
deposited uniformly across the Site, except in cases of
rainout, when locally heavy deposits were found
(Marter 1986). The quantity of activation products
was quite small compared with fission products.
Atmospheric activation product releases from SRS
operations have been small in comparison with stream
releases. Direct releases to streams have been
reported in Cummins (1991) and are summarized in
Table 4-1.

Table 4-1. Releases to Streams by Area

Several streams have received cooling water from reac-
tors and process water from separations facilities with
most of the liquid releases occurring in the redctor areas.
Most of the activation products entering the streams was
txansportcd directly to the Savannah River, althongh
some %Co was deposited in stream beds, floodplains,
and ponds (Gladden et al. 1985).

Lower Three Runs Creek

Lower Three Runs Creek has the second largest drainage
area of SRS streams. Both P Reactor and R Reactor have
discharged effluents to the Lower Three Runs system. At
SRS, a large (2600-acre) impoundment, PAR Pond, was
constructed in 1958 to provide recirculating cooling
water through P Reactor and R Reactor. Several smaller
ponds were built between the reactors and PAR Pond to
provide additional cooling for reactor cooling water
before it entered PAR Pond. The average natural flow
rate of Lower Three Runs Creek at the PAR Pond dam is
1 m%/sec. From the PAR Pond dam, the creek flows 38
kilometers to the Savannah River,

Upper Three Runs Creek

Upper Three Runs Creek is the largest on the Site, wuh a
watershed of 540 km?, a natural flow rate of 7 m3/sec,
and a length of 40 km. Effluents are received from M
Area and SRTC, and since 1988, the ETF in H Area has
been releasing treated water.

Steel Creek

Steel Creek is 18 km long and has a watershed of 90
km?. The natural flow rate is 1 m3/sec, but was as high
as 22 m3/sec when both P Reactor and L Reactor dis-
charged cooling water to the creek in the early 1960s. P-
Reactor cooling water was diverted to PAR Pond in
1964, and L Reactor was shut down in 1968, then
restarted in 1985. P- Reactor disassembly basin water
continued to flow to Steel Creck. L Lake was built in
1985 to provide cooling for L- Reactor discharges. Steel
Creek travels about 3 km through a swamp before enter-
ing the Savannah River (Murphy 1991).

Fourmile Branch

Fourmile Branch has a watershed of 57 km?, is approxi-
mately 24 km long, and has a natural flow of 0.14 m?/
sec. It receives effluent from F Area and H Area and
received cooling water from C Reactor until 1985.

Radioactivity (Ci)

Area P32 Cr-51 Co-60 Zn-65
C  44x10Y 14X10° 12x100 28x10!
K 21x10! 8.8X 102 17x100  19x10!
L  37x100 74X 102 15x10!  25x%10!
P 69x100 8.8X 102 12x10!  32x10
R 62x10! 55X 102 11x10!  38x10!
H 11X 102 51x100  29x10°
D 43x103 90X 102 1.7x10°1

Toal 37X 10! 46X 103 72x100  14X%102
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Pen Branch

Pen Branch has a watershed of 55 km?, is approxi-
mately 24 km long, and has a natural flow of 0.2 m%/
sec. Once it reaches the Savannah River Swamp, the
flow path becomes relatively undefined through the
swamp parallel to the Savannah River for about 8 km
before entering Steel Creek. Pen Branch receives
cooling water from K Reactor.

Site Stream Summary

The total historical reléases to streams is 3.7 x 10! Ci
of 3P, 4.6 X 103 Ci of Cr, 7.2 X 10! Ci of 9°Co, and
1.4 X 102 Ci of %Zn. The breakdown of releases by
area is shown in Table 4-1. Analysis of site stream
sediments indicates levels of %Co greater than
upriver samples for Fourmile Branch, Pen Branch,
and Steel Creek. Cobalt-60 activity levels in sediment
samples from Upper Three Runs and Lower Three
Runs were indistingnishable from offsite locations
(Gladden et al. 1985).

Savannah River

The Savannah River forms most of the border
between Georgia and South Carolina and drains
approximately 25,900 km? in eastern Georgia and
western South Carolina. The flow rate averages about
285 m3/sec at Augusta and increases to 340 m?/sec
downriver near Clyo, Georgia. Water from the river is
used at two water treatment plants, Beaufort-Jasper
and Port Wentworth. Sediment samples collected
upriver of SRS and downriver near the U, S. Highway
301 bridge did not have significantly different levels
of %Co (Gladden 1985).

Groundwater Concentra-
tions and Transport

SRS Groundwater System

The Savannah River Site lies on the Atlantic Coastal
Plain, about 32 km southeast of the edge of the Pied-
mont Physiographic Province. The Coastal Plain is
underlain by a seaward-dipping wedge of sediments
that thins to the northwest where it contacts the
exposed crystalline rocks of the Piedmont (Figure
4.1). The sediments of interest in this report are those
of Cretaceous or younger age that contain the aquifers
that supply much of the drinking water for the area

surrounding SRS. These sediments were deposited in
shallow marine to fluvial environments (Gohn 1988)
and consist of interbedded sands and clays with minor
occurrences of calcareous rocks.

The stratigraphic names applied to the various units
have been modified as more detailed information has
become available. Figure 4.2 compares some of the
changes that have occurred in the hydrostratigraphic
nomenclature since the mid 1960s. The current
nomenclature (Aadland et al. 1992) takes into account
the progressive thickening of the aquifers across the
Site and the effectiveness of the confining units that
separate the aquifer units. The recent changes avoid
tying the aguifer nomenclature to the lithostrati-
graphic names and extend existing hydrostratigraphic
nomenclature from surrounding regions into SRS. A
map view, Figure 4.3, shows the approximate limits of
the Coastal Plain aquifer systems across SRS.

At the base of the Coastal Plain sediments is an aqui-
tard, the Appleton Confining System, composed of
residual soils of the basement rocks and dense clays
of the Cape Fear Formation. Overlying this confining
unit are two aquifers in Cretaceous sands, McQueen
Branch and Crouch Branch. Generally, these sands
are considered to be prolific water producers and are
the source for most of the water supply wells on the
Site. They are separated from each other by the rela-
tively less permeable beds that make up the Black
Creek Formation.

The Tertiary aquifers are separated from the underly-
ing Cretaceous aquifer units by confining beds of the
Black Mingo Group, especially the Ellenton Forma-
tion. On the northwestern corner of the Site, the sepa-
ration is not as effective as in the southern portion.

In the southeastern area, the Tertiary section can be
divided into two separate aquifers, the Gordon (for-
merly called the “Congaree Aquifer”) and Upper
Three Runs (frequently referred to as the “Barnwell
Aquifer” or “Watertable Aquifer”). The aquitard or
confining bed that separates these two units is a glauc-
onitic clayey zone of the McBean Formation locally
referred to as the “green clay.” This clay pinches out
and becomes more sandy toward the northwest.

In some areas of the Site, it is necessary to modify the
hydrostratigraphic nomenclature because of local
changes in lithologies and topography. For example,
in some portions of the Site, an aquitard unit referred
to as “tan clay” subdivides the uppermost aquifer into
two separate zones. In the southern portion of the
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in the Coastal Plains Sediments

Site, the “tan clay” unit is thin or sporadic and does
not form a consistent aquitard.

The water table level is controlled primarily by local
topographic features. The surface of the Atlantic
Coastal Plain at the Site is a relatively flat plateau (the
Aiken Plateau) dissected by stream erosion. The inci-
sion of the streams has left relatively isolated, flat-
lying surfaces separated by 27- to 38-m-deep stream
valleys. The depth to the water table below land sur-
face varies from 0 m, when it outcrops in the stream
valleys or wetlands, to 38 m below the remnant pla-
teau areas. The water table depth usually is controlled
by the elevation of the nearest Savannah River tribu-
tary stream. At many localities onsite, the water table
is situated in Tertiary sediments of low water-produc-
ing capabilities, and perched water tables exist spo-
radically across the Site.

The direction of groundwater flow at any locality may
change or even reverse in successively deeper aqui-
fers. The aquifers in the Tertiary sediments receive
local recharge, and flow generally is toward nearby
stream valleys. Typically, flow at the water table is
toward minor tributaries, while deeper Tertiary aqui-
fers flow toward major tributaries of the Savannah
River. The deepest aquifers at SRS, the Dublin-Mid-
ville Aquifer System, receive recharge in the outcrop
areas of the Cretaceous sediments north of the Site.
Groundwater flow beneath the Site in this system is
toward the Savannah River.

2
mArea of Downward
Head Gradient

@123 4 miles

After Bledsoe, 1987
Figure 4.4. Hydraulic Head Differences Across Con-
fining Units Near the Cretaceous/Tertiary Boundary

Over much of the Site, the potentiometric surface, or
hydraulic “head,” of the deeper aquifers in the Creta-
ceous sediments is higher than that of the overlying
Tertiary aquifers (Christensen and Gordon 1983).
This upward gradient, an important characteristic of
many of the waste disposal areas, has provided pro-
tection from downward transport of contaminants to
the deeper aquifers on the Site. Figure 4.4 outlines
the areas where there is an upward hydraulic gradient
across the confining units near the Cretaceous-Ter-

tiary boundary.

Activétion Products
in SRS Groundwater

Elevated concentrations of short-lived radionuclides
cannot be maintained over long migration distances in
groundwater because groundwater moves slowly.
Typical groundwater velocities are on the order of
meters to tens of meters per year. Thus, >2P and °!Cr,
with half-lives of 14 and 28 days, can only travel sev-
eral meters in groundwater before decaying to negli-
gible concentrations. Though 5Zn (half-life of 244
days) can travel farther, there are no consistently ele-
vated concentrations in groundwater sampled by
monitoring wells at SRS. Consistently elevated
groundwater concentrations of the longer lived %Co
(half-life 5.3 years) occur at one location.
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Cobalt-60 Chemistry
in Groundwater

The chemistry of cobalt is similar to that of iron. Like
iron, dissolved cobalt can exist in Co(II) and Co(IIl)
oxidation states. However, Co(IIl) is only dominant
at conditions beyond the oxidation limits of water at
25 °C and 1 atmosphere, and thus in groundwater
Co(II) is the dominant form. Under groundwater con-
ditions typical of SRS, the Co*? form of cobalt is
dominant. Above a pH of 7.5, complexes resulting
from hydrolysis are dominant,

In the acidic conditions that are common in SRS
groundwaters and waste streams, cobalt is relatively
mobile. Solubility controls on the migration of cobalt
in groundwater can be exerted by carbonate and phos-
phate phases; but in SRS groundwater, cobalt concen-
trations generally are below saturation with these
phases. Co-precipitation can exert controls on the
migration of cobalt, if iron or manganese phases are
precipitating within the contaminant plume. Simi-
larly, sorption to aquifer solids can attenuate cobalt
migration. Factors such as pH, mineralogy, and grain
size strongly influence sorption. This is reflected in
the range of K, values (the ratio of the amount of a
constituent sorbed to the solid phase over the concen-
tration in water at equilibrium), 0.2 to 3800 ml/g,
found in a literature survey by Baes et al. (1984).

From 1954 through 1988, seepage basins were used at
SRS to dispose of wastewater containing low concen-
trations of chemicals and radionuclides. The seepage
basins were intended to delay the release of radionu-

clides that could not otherwise be contained and to allow
time for radioactive decay to decrease the activity
(Reichert 1968). Several of these basins wére located
near F Aréa and H Area (see Figure 4.5). Groundwater
sampled by monitoring wells in the vicinity of the H-
Area seepage basins contains consistently elevated con-
centrations of °Co,

The four H-Area seepage basins, covering an area of
42,700 m?, were in use from 1955 to 1988. Liquids dis-
charged to these basins contained low-level radioactivity
from the H-Area separations facility. In addition, the
effluents to these basins contained heavy metals, nitrate
in the form of HNOj3, and NaOH (Killian et al. 1985).
The basins were closed in 1988 and since have been

capped.

The depth of the water table is only about 6 m, and the
basins are located close to the groundwater discharge
zone along Fourmile Branch. Much of the groundwater
flow in this area of the Site appears to occur in narrow,
high-permeability channels in the sediments. While a
small percentage of the seepage basin waters penetrates
into a deeper aquifer, the majority of the waters migrate
to the seepline adjacent to Fourmile Branch.

Groundwater sampled by monitoring wells down gradi-
ent from the H-Area seepage basins contains elevated
%0co activity. The activity in most wells is either below
detection limits or slightly elevated. In five water table
wells, the activity has been consistently above the EPA
drinking water standard (100 pCi/l). However, Figure
4.6 shows that the %°Co activity in these wells has
decreased with time,

Figure 4.5. Location Map of Waste Disposal Sites near F Area and H Area
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Figure 4.6 Time Series Plot Showing 60Co Activities in Groundwater from the Five Wells that have
Exceeded the Drinking Water Standard. The Heavy Solid Line is the Decay Curve of 60Co from the
Maximum Activity of 210 pCi/liter; the Dashed Line is the Drinking Water Standard of 100 pCi/liter.

There is evidence that small amounts of %°Co have
reached the groundwater seepline along Fourmile
Branch. It has been reported that one water sample
from along the seepline near F Area contained ele-
vated %°Co activity (Haslow et al. 1990). The location
was sampled in 1992, 1993, and 1994, and %°Co activ-
ity was below detection limits (Dixon and Rogers
1993). However, annual samples from one location
along the seepline near H Area indicated elevated
%Co activity, which decreased from 64.4 to 52.9 to
10.1 pCi/l from 1992 through 1994,

Summary

Short-lived activation products can travel only short
distances in groundwater because of the slow velocity
of the groundwater. Phosphorus-32 and 3!Cr are not
able to migrate in groundwater from waste sites to
exposure points. Though $5Zn is longer lived, it has
not been detected consistently in SRS groundwater.
Elevated %Co activity does occur in groundwater
sampled by monitoring wells associated with the H-
Area seepage basins and has been detected at low
activity along the Fourmile Branch seepline. The
60Co activity at all of these locations has been
decreasing.
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Chapter 5. Assessment of Dose/Risk from SRS Activation
Product Releases

This chapter describes the health impacts associated with exposure to activation products. The meth-
odology used to produce dose estimates is presented. The results of a dose assessment for activation
product releases from 1954 through 1994 are discussed.
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Relationship of Dose to Risk
and Health Effects

Ionizing Radiation

Ionizing radiation is radiation that has enough energy to
remove electrons from the atoms through which it passes.
The interaction of ionizing radiation with biological sys-
tems can induce a series of chemical reactions that can
- cause permanent changes in the genetic material of cells.
These changes (mutations) may cause abnormal function-
ing within the cell or may lead to cell death,

The nature of radiation-induced cellular changes depends
on the magnitude of the dose and the rate at which it is
received. For the low doses and dose rates encountered in
the environment from SRS releases, the most significant
potential effect is cancer induction.

This is believed to be a stochastic effect (i. ., an increase
in dose increases the probability of the effect, but the
severity of the effect is independent of the dose).

A characteristic of stochastic risks is the absence of a
threshold. In other words, it is conceivable that any dose
of radiation, no matter how small, might give rise to a can-
cer. On the other hand, there is no way to be certain that a
given dose, no matter how large, will cause a cancer in an
individual.

Cancer Risk Estimates

The most comprehensive estimates of cancer induction by
exposure to ionizing radiation come from studies of the
atomic bomb survivors at Hiroshima and Nagasaki. Less
definitive studies include those of medical patients
exposed to therapeutic and diagnostic radiation. Studies
of laboratory animals have increased the understanding of
dose-effect relationships. The International Commission
on Radiological Protection (ICRP) has evaluated all these
studies and concluded that the best estimate of lifetime
risk of fatal cancer for members of the general population
is approximately 500 cases per 1,000,000 person-rem
(ICRP 1991). This is equivalent to one case per 2000 per-
son-rem.

Activation Product Exposure
and Dose to Man

Phosphorus is an essential constituent of the human body,
which contains some 0.8 kg located predominantly in the
skeleton. Most phosphorus compounds are readily
absorbed in the body following ingestion or inhalation.
About 15% of the phosphorus entering the body is rapidly
excreted; 15% is retained in intracellular fluids with a half-
life of 2 days; 40% is retained in soft tissues with a half-
life of 19 days; and 30% is retained in bone indefinitely
(ICRP 1979).

Chromium is found mostly in the skeleton of the human
body. Its absorption from the gastrointestinal tract is vari-
able, depending on the chemical compound, but is taken as
10% for dosimetric purposes. About 30% of the chro-
mium absorbed is excreted, and 5% goes to bone where it
remains with a biological half-life of 1000 days. The
remainder, uniformly distributed throughout the body, is
retained in a two-compartment system with half-lives of 6

.and 80 days.

Cobalt is found in small quantities in the human body,
with the highest concentration in the liver. Depending on
the chemical compound, 5% to 30% of ingested cobalt is
absorbed from the gastrointestinal tract. About 50% of the
absorbed cobalt is excreted, while 5% goes to the liver and
45% goes to all other portions of the body. Cobalt is uni-
formly distributed throughout the body, except for the
liver, which has a four-times-higher concentration (ICRP
1979).

Zinc is readily absorbed from the gastrointestinal tract,
with about 50% entering the body and the rest excreted.
About 20% of the zinc entering the body is transferred to
the skeleton and remains there with a biological half-life
of 400 days. The rest of the zinc is uniformly distributed
throughout the body and remains there with half-lives of
20 and 400 days.

In 1988, DOE issued internal dose conversion factors to
ensure that doses are calculated in a consistent manner at
all DOE facilities (DOE 1988). The factors, based on
ICRP recommendations (ICRP 1979), are used in conjunc-
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tion with the models described later in this chapter to calcu-
late all the doses reported in this document.

Future changes are anticipated in the dose calculation meth-
odology. The ICRP has recently issued age-specific dose
factors for ingestion of some of the more common isotopes
and is developing age-specific dose factors for inhalation of
radioisotopes (ICRP 1989).

Models of Activation Product
Transport and Dose

Except for tritium, most of the radioactive materials
released from SRS have such low concentrations in the off-
site environment that they are not detectable by conven-
tional monitoring techniques. Therefore, radiation doses to
offsite individuals and populations are calculated with
mathematical models. These models use known transport
mechanisms for atmospheric and liquid releases and known
major pathways of exposure to man. Modeled atmospheric
and aqueous dispersion are periodically verified using envi-
ronmental tritium measurements (tritium is released during
normal SRS operations).

The first models used at SRS to calculate offsite doses were
developed by SRTC (Cooper 1975). These models, MREM
(atmospheric releases) and RIVDOSE (liquid releases),
were first used in 1972. In 1982, MREM and RIVDOSE
were replaced with the more technologically advanced
models now in use.

SRS annual offsite doses are currently calculated with the
transport and dose models developed for the commercial
nuclear industry (NRC 1977a; NRC 1977b). The models
are implemented at SRS in the following computer pro-

grams:

Atmospheric Releases

* MAXIGASP calculates maximum and average doses to
offsite individuals

« POPGASP calculates offsite population collective dose

Liquid Releases

» LADTAPII calculates both maximum and average doses
to offsite individuals and collective dose to the offsite
population.

MAXIGASP and POPGASP are SRTC-modified versions
of the Nuclear Regulatory Commission (NRC) programs
X0QDOQ (Sagendorf et al. 1982) and GASPAR (Ecker-
man et al. 1980). The modifications were made to meet the
requirements for input of physical and biological data spe-
cific to SRS. The basic calculations in the XOQDOQ and
GASPAR programs have not been modified. LADTAP II
(Simpson and McGill 1980) is an essentially unaltered ver-
sion of the NRC code of the same name. LADTAP XL, a
spreadsheet version of LADTAP 11, was used for dose mod-
eling for this document.

Modeling Atmospheric Dispersion
of Radioactive Releases

The routine atmospheric transport of radioactive materials
from SRS is evaluated on the basis of meteorological condi-
tions measured continuously at seven onsite towers. The
towers relay wind speed, wind direction, and atmospheric
stability information at 1.5-second intervals to SRTC via
the WIND (Weather INformation and Display) system. A
database of this information containing the 60-min average
values for the period 1987-1991 is accessed by the disper-
sion codes to estimate downwind concentrations of released
radionuclides.

Historically, offsite doses have been calculated using H-
Area meteorology and assuming that releases occurred at
the geographic center of the Site. It has been demonstrated
that using data from one of the other onsite meteorological
towers has little effect on the maximum individual dose and
no effect on the 80-km population dose (Hamby and Parker
1991).

The dispersion of an atmospheric release from SRS is mod-
eled using XOQDOQ, which computes concentrations in
the plume as a function of downwind distance and compass
sector. The plume is depleted because of dry deposition and
radioactive decay. At the user's option, plume concentra-
tions can be reduced by taking into account the effluent's
upward displacement, which results from thermal buoyancy
and/or momentum effects. This option is not used at SRS
(i.e., no credit is taken for plume rise).

The plume concentration information generated by XOQ-
DOQ then is used by the dose modeling program GASPAR
to estimate doses to offsite individuals and populations.
GASPAR estimates doses from a number of pathways,
which are illustrated in a general sense in Figure 5.1.

The doses estimated by GASPAR are reported on a path-
way-specific basis, as follows:

5-4
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« Plume-external dose from radioactive materials sus-
pended in the atmosphere

« Ground-external dose from radioactive materials depos-
ited on the ground

* Inhalation-internal dose from inhalation of radioactive
materials present in the plume

* Vegetation—internal dose from consumption of contami-
nated crops

» Milk-internal dose from milk produced in a contami-
nated area

» Meat-internal dose from consumption of meat produced
ina contaminated area

The codes XOQDOQ (Bauer 1991), GASPAR (Hamby
1992), MAXIGASP and POPGASP (Hamby 1995) have
undergone comprehensive reviews in association with the
WSRC quality assurance requirements for software.

MAXIGASP

The calculations required by XOQDOQ and GASPAR to
estimate maximum and average individual doses are per-
formed at SRS using the computer program MAXIGASP.
MAXIGASP calculates annual average ground-level air
concentrations and 50-year committed doses at a number of
points along the site boundary in each of 16 compass sec-
tors.

The main outputs from the program are the maximum dose
equivalents to an individual along the SRS perimeter. The
maximally exposed individual is assumed to reside continu-
ously at the location of highest exposure and to have living
and eating habits that maximize dose. These assumptions
provide a ceiling on doses from atmospheric releases
because no such individual is believed to exist.

The parameters used to calculate doses with MAXIGASP
are presented in Table 5-1.

POPGASP

The calculations required by XOQDOQ and GASPAR to
estimate population doses from atmospheric releases are
performed at SRS using POPGASP. POPGASP calculates
annual average ground-level air concentrations and annual
doses for each of 160 regions (16 wind direction sectors at
10 distances per sector) within an 80-kilometer radius of the
release location.

In addition to compass sector-specific meteorological infor-
mation, POPGASP uses sector-specific data on population
distribution and composition. Comparable data on milk,
meat, and vegetable production/consumption also are used
in the code. These databases are extensive and are available

for review in the SRS annual environmental reports. With
respect to the human parameters used in POPGASP, the key

values are shown in Table 5-1.

Table 5-1. Site-Specific Parameters for Atmospheric

Releases

Population Group
80-km radius

Exposure Pathway
Inhalation (ms()/yr)
Ingestion
Cow's milk (L/yr)
Meat (kg/yr)
Leafy vegetables (kg/yr)
Fruits, grains, and other
leafy vegetables (kg/yr)
External exposure
Transmission factor for
shielding from buildings

Exposure Pathway
Inhalation (ms)/yr)
Ingestion
Cow's milk (L/yr)
Meat (kg/yr)
Leafy vegetables (kg/yr)
Fruits, grains, and other
vegetables (kg/yr)
External exposure
Transmission factor for
shielding from buildings

555,100
(1980 Census)

Maximum Individual
(MAXIGASP)

8,000

230

81

43

276

0.7

General Population
(POPGASP)

8,000
120
43

21
163

0.5
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Modeling Doses from Liquid
Releases

The consequences of liquid releases from SRS are mod-
eled using LADTAP XL, a spreadsheet version of LAD-
TAP II (Liquid Annual Doses To All Persons). The
potential pathways of exposure from liquid releases to
the environment are shown in Figure 5.2. The pathway-
specific doses calculated by LADTAP are grouped into
the following five categories:

* Potable drinking water-internal dose from consum-
ing drinking water of Savannah River origin

* Sport fish and commercial fish—internal dose from
consuming fish of Savannah River origin

* Salt water invertebrates~internal dose from consum-
ing shellfish from estuaries of the Savannah River

* Recreation-external dose from recreation activities
(boating, swimming, and shoreline) in and along the
Savannah River

* Irrigation-internal dose from foods produced by irri-
gation with Savannah River water. (There are no
known users of the river for this purpose.)

LADTAP XL estimates individual and population doses
at specific downstream locations. The only removal
mechanism included in the transport model as it is used
at"SRS is radioactive decay. No credit is taken for
adsorption on stream sediments.

One major difference between LADTAP II and LAD-
TAP XL is the method of calculating population dose.
LADTAP II uses only a fraction of the dose from fish
caught in the Savannah River. The fraction is the ratio
of the 80-kilometer harvest to the United States harvest.
LADTAP XL assigns the dose from all fish to the popu-
lation dose. LADTAP XL, used for dose calculations in
this document, is conservative and reports the maximum
possible population dose.

One major assumption inherent in the application of
LADTAP XL to SRS releases is that liquid discharges
undergo complete mixing in the Savannah River before
reaching potentially exposed populations. This assump-
tion is supported by repeated measurements indicating
that complete mixing occurs in the river between the
SRS and the Highway 301 sampling station (Arnett et
al. 1994).

LADTAP XL generates maximum individual and popula-
tion doses for all of the exposure pathways identified
above. Though standard input values were provided in
LADTAP II, SRS calculations are performed with site-
specific information. Principal input values used in the
SRS version of LADTAP XL are shown in Table 5-2.
Additional site specific parameters for liquid releases are
shown in Table 5-3.

Table 5-2. Site-Specific Parameters for Liquid Releases

Maximally Exposed

Individual Dose Assessments

(LADTAP XL)

Site Parameters

Savannah River flow rate Measured

(cu ft/sec) average

Transit time from 24

SRS to Savannah River (hr)

Shore-width factor 0.2

Human Parameters— Maximum
Individual

Water consumption 730

L/yr)

Fish consumption 19

(kgfyn)

Shellfish consumption 8

(kg/yr)

Shoreline recreation 23

(hr/yr)

Swimming 89

(hr/yr)

Boating 21

(hr/yr) -
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Radioisotope concentrations in the Savannah River are
diluted by the inflow of streams downriver of SRS. Addi-
tional dilution occurs at the Beaufort-Jasper, South Caro-
lina water treatment plant from the inflow of surface water
and at the Port Wentworth, Georgia water treatment plant
because of the close proximity of Abercom Creek to the
intake, Because tritium is readily measured in the pro-
cessed water of each system, a derived river flow rate that
allows better estimates of radionuclide concentrations at
these treatment plants can be calculated.

Table 5-3. Additional Site-Specific Parameters for Liquid
Releases

Average Individual/Population Dose Assessments
(LADTAP XL)

Site Parameters
Savannah River flow rate Measured
(ft3/sec) average
Transit time from SRS 24
to Savannah River (hr)
Transit time from SRS 72
to water treatment plants (hr)
Retention time in 24
water treatment system (hr)
Shore-width factor 02
River dilution in &stuafy 3
Aquatic food harvest,
edible portions (kg/yr)
Sport fish 35,000
Commercial fish 2,700
Saltwater invertebrates 390,000
Human Parameters Average
Individual
Water consumption 370
Liyr)
Fish consumption 9
(kg/yr)
Shellfish consumption 2
(kg/yr)

Average Individual/Population Dose Assessments
(LADTAP XL)

Usage
(person-hr)

Shoreline recreation 960,000
(hrfyr)
Swimming 160,000
(hrfyr)
Boating 1,100,000
(hr/yr)

Validation of Transport

Models Using Monitoring

Data

Atmospheric Releases

The radionuclide concentrations predicted by XOQDOQ
are compared routinely with measured values of tritium
concentrations in air to evaluate the performance of the
code. (Tritium is the only radionuclide released by SRS
that can be routinely detected offsite with conventional
measuring techniques.) Predicted values tend to exceed
observed values yet not to a degree that would indicate an
excessively conservative approach.

Other comparisons of predicted and measured concentra-
tions have been made (Marter 1984) and have exhibited
similar results. The available data suggest that calculated
concentrations of tritium in air generally are conservative
estimates of actual offsite values.

Liquid Releases

Throughout the period from 1954 through 1994, SRS lig-
uid releases were dominated by tritium. Measured, rather
than estimated, tritium concentrations therefore are used
for the downriver locations that are the most important in
terms of dose calculations:

* just below SRS
« at the Beaufort-Jasper water treatment plant
+ at the Port Wentworth water treatment plant,
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In addition to supplying measured tritium concentrations,
such data also allow calculation of Savannah River dilution
factors for these locations. Having accurate estimates of
river dilution characteristics significantly enhances the abil-
ity to predict downriver concentrations of other radionu-
clides such as activation products.

Impact of SRS Activation
Product Releases
on the Offsite Population

The computer codes MAXIGASP, POPGASP, and LAD-
TAP XL have been used to calculate effective dose equiva-
lents that have been theoretically received by segments of
the offsite population from exposure to activation products
over the course of site operations. The results are shown are
in Table 54 for atmospheric releases and Tables 5-5
through 5-8 for liquid releases. Liquid activation product
release levels have consistently exceeded atmospheric
release levels, Of the four activation product radionuclides
considered in this report, only %°Co has been released to the
atmosphere.

Doses from Atmospheric Releases

As shown in Table 5-4, the largest annual effective dose
equivalent theoretically received by an adult occurred in
1968. The effective dose equivalent from 60Co to the “max-
imum” adult at the site perimeter in 1968 was 0.4 mrem.

“Maximum” individuals are hypothetical persons who live
at the SRS boundary and subsist on diets of locally pro-
duced milk, meat, and vegetables. No such individuals are
known to exist. Nevertheless, if one examines the case of
the maximally exposed adult individual living continuously
at the site perimeter throughout the period from 1954
through 1994, the cumulative effective dose equivalent
from atmospheric releases of ®Co has been estimated at
0.76 mrem (Table 5-4). This value is the upper bounding
case and made a minor contribution to the overall dose
received during that time.

A person living in the Central Savannah River Area (CSRA)
received an effective dose of approximately 11,800 mrem
from exposure to natural sources of radioactivity and an
additional 2,600 mrem from medical practices and various
consumer products during the 40-year period (WSRC
1994). Therefore, the cumulative dose contribution to this

individual from SRS atmospheric 60Co releases is about
0.005% of that received from sources unrelated to SRS.

Because the contribution of SRS %°Co releases to any indi-
vidual's total radiation dose is so small, it is necessary to
pool the radiation exposures from a given population if an
assessment of potential health risks is desired. The popula-
tion dose within an 80-kilometer radius is the figure of
merit frequently used to make such an assessment.

The population doses reported in Table 5-4 are based on
1980 census data (555,100 people within 80 km) and cur-
rent meteorological and dose factor data. If it is assumed
that this population has lived in the SRS vicinity throughout
the period of site operations, the total collective effective
dose received by the population through 1994 would be 1.0
person-rem.

The risks associated with this collective dose are quite
small. The risk estimate using ICRP factors for the number
of excess fatal cancers potentially induced by a collective
dose of 1.0 person-rem is 0.0005. Conversely, in the same
population, at the current fatal cancer frequency of 16%
(EPA 1989b), there will be about 90,000 spontaneous fatal
cancers from all other causes. Therefore, it is impossible to
demonstrate that a relationship exists between any of the
cancer deaths occurring in this population and the releases
of %°%Co to the atmosphere.

Individual Doses from Liquid Releases

Dose equivalents potentially received by downstream con-
sumers of Savannah River water and fish are shown in
Tables 5-5 through 5-8. The release levels reflect contribu-
tions from all known effluents. Dose equivalents have been
calculated for a “maximum® individual living just below
SRS who subsisted on a diet of untreated Savannah River
water and Savannah River fish. Such doses are believed to
represent the bounding case for liquid releases. Drinking
water doses have also been calculated for “maximum” indi-
viduals at both the downstream water treatment plants and
for the populations served by these plants.

Phosphorus-32

The maximum annual dose occurred in 1965. The effective
dose equivalent to the maximally exposed individual for
that year has been estimated as 16 mrem. If the hypotheti-
cal “maximum” exposure conditions are used as the bound-
ing case for the 40-year period of site operations considered
here, the cumulative effective dose to such an individual
would be about 46 mrem. Approximately 99% of this dose
is from eating fish from the Savannah River and the remain-
der is from drinking untreated river water.

5-10
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Table 5-4. Atmospheric Co-60 Releases and Dose

Release Release Maximum Individual Population

A Area F Area & H Area Dose at Boundary Dose
Year Ch (s)] (mrem) (person-rem)
1954
1955
1956
1957
1958
195 ©
1960
1961 °
1962
1963
1964
1965
1966
1967
1968 39X102 41x 10! 47x%x101
1969 1.1X102 12x 101 13x10°1
1970 28X 1073 3.0x102 34X102
1971 26X103 20X 102 . 3.0X102 20x10!
1972 71X 103 9.0X 105 75X 102 87X 102
1973 1.3X10°3 19X 102 22X102
1974 39x103 41x102 47Xx102
1975 11X 1073 12X 102 13X 102
1976 13X 104 14X 103 16X 1073
1977 , 3.8x 1074 40x 103 46x103
1978 3.8X10¢ 40x103 46X 1073
1979 40X 104 42x103 48Xx103
1980 62X104 66X 103 75X 103
1981 89X10°5 9.4X 104 11x103
1982 44X10° 47X10% 53x104
1983 17x104 18X 1073 21x103
1984 54X10°5 57X 104 65x 107
1985
1986 8.0x 106 14X 106 67X 1075
1987
1988 3.0Xx 10 s2x 107 25X 107
1989
1990
1991
1992
1993
1994
Total 72X 102 20X 102 76X 107! 1.0X 10°

95X05039.fmk 5-11
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Table 5-5. Liquid 32P Releases and Dose
BJ W )
Rivee Doived Dedved  po., Max Max Max Pop Pop Pop
Flow Flow Flow 10 Ind Ind Ind Dose Dose Dose
Year Ruc  Rae Streams  Below SRS BI PW B PW 80km
@ @H @) (i (mrem) (mrem) (mrem) (per-rem) (per-rem) (per-rem)
1954 209 23
1955 169 213
1956 179 25
1957 235 297
1958 313 394
1959 276 348
1960 37 468
1961 309 189
1962 300 m
1963 315 397
1964 580 731 31x100 22x10° 70X 104 46x103 s4x100
1965 362 200 as6 14X 10! 16X 10! 28x103 s0x103 63X102 33X102 38 x 10!
1966 316 520 399 1.0x 10! 14X 10! 33x103 43x103 73x102 28%102 33X10!
1967 299 625 m 42x100 59x100 11x103 1.8x 1073 25%102 12X102 1.0x 10!
1968 273 470 343 24%10° 38x10° 87x10% 12x10°3 19X 102 78X103 9.1%x 100
1969 310 624 390 73%x107 1.0x10° 20x 104 31Xx10% 43x103 21x103 24x10°
1970 232 T2 293 77%1071 14x10° 17x10% 44x10% 37x103 29X%103 34%100
1971 303 1245 381 92x10? 13x10° 12x10% 40X10% 27Xx1073 27x103 3.1%x10°
1972 38 75 401 30x 107 a0x10! 65x 105 13%x10% 15%x 102 83X10% 9.6% 1071
1973 409 656 468 13x10? 14x10! 34%x103 48X10% 75%104 31x10% 33x107!
1974 314 640 K TE) 14%x102 19X 102 37x10°% 63X10% 81x10° a1x10% 45%102
1975 436 877 538 20x103 19x103 38x107 62x107 84x10% 41x10% 47x103
1976 394 996 412 17x102 18%X102 29x106 60x10% 63Xx105 40x10% 44%102
1977 330 S62 433 64x%103 83x103 19x10% 25%10% 42x10% 1.6X 105 20Xx 102
1978 298 689 324
1979 315 989 495  40x103 45%103 68x107 14x10% 15x10° 89X 100 11x102
1980 374 363 438
1981 187 331 243
1982 203 555 287
1983 350 361 a7
1984 361 77 487
1985 203 263 254
1986 175 235 213
1987 254 374 1257
1988 152 211 203
1989 26 240 25
1990 336 447 367
1991 328 550 453
1992 331 350 279
1993 419 566 416
1984 347 421 348
TOTAL 36X 10! a6x10! 87x103 14X 102 19x 10! 95x102 11X10%

a Flow rates based on USGS measurements and Hayes, 1991.
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Table 5-6. Liquid 5'Cr Releases and Dose
BJ PW @

River  Derived Derived  Releases Max Max Max Pop Pop Pop Pop

Flow Flow Flow to Ind Ind Ind Dose Dose Dose Dose

Rate  Rate  Rate Sweams  Below SRS BJ PW BJ PW 80km Total
Yer (¥ (@) () (Ci) (urem)  (mrem) (mrem)  (perrem)  (perrem)  (perrem)  (per-rem)
1954 209 263
1955 169 213
1956 179 225
1957 235 297
1958 313 394
1959 276 348
1960 371 468 1axwo!  ssxi04 44Xx10% 10xX103 23x102 24x102
1961 309 389  62x10! 36x103 28x103 11x102 1s5x10!  16x10!
1962 300 377 21X102 13Xx102 1.0X102 38X102 s52X1001  sex10t!
1963 315 397 13X103  72X102 57X 102 22x101 30x100 32x100
1964 580 731 1L1X100  33X102 26X102 10x101  14x100  15x100
1965 362 800 456  78X102  38X102 17X102 30Xx102 66X102 12Xx100 16X%X100 18X%100
1966 316 520 399 63x102  35Xx102 21x102 28x102 82x102 11x100 15x%100 1.6X100
1967 299 625 377 24X102  15X102  69%103 12X102 26X102 44X102 eox10?! 67X10?!
1968 273 470 343 87x10!  57x103  33x103  4s5x103  13x102 17%102 23X100  26X10°
1969 310 624 390 68x10!  39x%103 19%103 31x103 74x103 12%102 16x10?  18Xx10t
1970 232 172 293 16x100  12x103  37x10%  97x10%  14X10° 37%103 s51%X102  S6X102
1971 303 1245 381 74%x100  43x10¢  11x104 34x10¢  40X104 13Xx103 18X102 20X102
1972 318 775 401 14x109  77X105  32Xx10°5 61xX105 12X10% 23x104 32x103  35Xx103
1973 409 656 468 44x101  19X105  12X10°  17X10°  46X105 64X10° 79X104 90X10%
1974 314 640 3713 e0x10!  34x105  17X105  20X105  64%X105 11X104 14X10°  16X103
1975 436 877 538 12x1070  47x106 24x106 38X106 00X106 15X%105 20X104 22Xx104
1976 394 996 472 36X101  16X105  64x106 14x105 25%X10° s2x10° 67x10% 75X 104
1977 330 562 433 66X101  36x105 21x105 27x105 80X105 10Xx104 15%x103 17Xx103
1978 298 680 324 40X102  24X10% 1.0X106 22Xx106 39X106 84X106 99X10° rLix104
1979 375 989 495  54X107  26x105 97X106 19X105 37x105 74%105 11x103 12X103
1980 374 863 488
1981 187 331 243
1982 203 555 287
1983 350 361 417
1984 361 747 487
1985 203 263 254
1986 175 235 213
1987 254 374 357
1988 152 211 203
1989 226 240 245
1990 336 447 367
1991 328 550 453
1992 331 350 279
1993 419 566 416
1994 347 421 348
TOTAL 45x103  22x1001  s51x102  18x10!  20x10l 67x100 92x100 10X1o!

a Flow rates base on USGS measurements and Hayes, 1991,
95X05039.fmk 513
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Table 5-7. Liquid ©°Co Releases and Dose

BJ PW :

River Derived Derived Releases Max Max Max Pop Pop Pop Pop

Flow Flow Flow to Ind Ind Ind Dose Dose Dose Dose

Rate Rate Rate Streams Below SRS BJ PwW BJ PW 80km Total
Yearr (m3fsh  (mdk) (m3f) (ci (mrem) (mrem) (mrem) (per-rem) (per-rem) (per-rem) (per-rem)
1954 209 263 ’ 60X102 61x10% 1.4x 104 10xX103  37X102 38X102
1955 169 213 22x10!  238x103 62X 104 48x103 17%x101  18%x10!
1956 179 225 60X10!  72Xx103 16X 103 12X102  44x101  45x101
1957 235 297 16x100 15x102 33%x103 25%x102  9ax10l  93x10t
1958 313 394 1x100  73x103 16X 103 12x102  asx10l  46x101
1959 276 348 26x100 20x102 45x 103 34X102  12Xx100 13X 100
1960 37t 468 78xX100 45x102 99X 103 75X102  27x100 28x100
1961 309 389 64X100 44x102 9.8% 103 75%102  27x100  28x%100
1962 300 37 13x100  9.0x102 20X 102 15x100 ssx100  s7x100
1963 315 397 s1x100  34x102 76X 1073 58X102 21x100 21x100
1964 580 731 31x100  11x102 25X 103 19x102  70x1001  72X107!
1965 362 800 456 11xio!  e3x102 sox103 14x102  21x100  1r1xi10! 39x10° 42x100
1966 316 520 3% s51x100  34x102 s8x10® 75%x10%  1s5x10l ssx102  21x100 23X100
1967 29 625 377 17x100  12x102  16Xx103 27x103  41x102  20x102  74X%X101  gox10!
1968 273 470 343 18X100  14x102 23x103 32x103 eo0x102 24x102 ssx10!  96X10!
1969 310 624 390 21x101  14x103 20x10% 32x104  s1x103  24x103  88X102  96X102
1970 232 T2 293 17x101  16x103 13x104 3s5x10%  34x103  27x103  96x102  1.0X101
1971 303 1245 381 46xX100  32x102 22x103 7d2x103  s57Xx102  s5x102  20x100 21x100
1972 318 775 401 1.83x10?  12x103 14x104 27x104  36x103  20X103  74X102  80X102
1973 409 656 468 27X102  14x10% 25X10° 35%X10° 64x10% 26X104  87Xx103  96Xx103
1974 314 640 373 1.0x103  68%X100 93x107 16X100 24%X10° 12x10° 41x10¢  a5x10%
1975 43 877 538 90X103 44X105 61X100 10x10° 16X104 76X10° 27x103 29X103
1976 394 996 472 20X103  11X105 12Xx100 25%x106  31X10° 19x%10° 66x1004 71XxX10%
1977 330 562 433 - 10x10!  65X104  n1x104 14x10? 27x103 11x103  40x102  44x102
1978 298 689 324 39X10%  28X106 34x107 72x107 87x100 s4x10%  17x104  18x10%
1979 375 989 495 a1x10l1  23x10%  25%104 49x104  e3x103  38x103  14x101  15X107
1980 374 863 488 1.6X103  90X106 11X100 19%X106 28%X10° 15%X10° s55x104  s9x10¢
1981 187 331 243 24X10%  27x10% 43x107 s9x107  11xX10°  45x100  17x104 18X 10¢
1982 203 555 287 1.1X104  12x106 12x107 23x107 30x106 17x106 71x105 75X10°
1983 350 361 417 19x103  12X105 31x100 27x106 8ox105 21x10°5 71x104  81X10¢
1984 361 747 487 31X10%  18X100 25x107 38Xx107 63x106 29%x106 11x104 12X104
1985 203 263 254
1986 175 235 213
1987 254 374 357
1988 152 211 203
1989 226 240 245
1990 336 447 367
191 328 550 453
1992 331 35 279
1993 419 566 416
194 347 421 348
TOTAL 66x10!  44x101 21Xx10%2 98x102 saxi0t  7sxi10l 27x10! 28X 10!

a Flow rates based on USGS measurements and Hayes, 1991.

5-14

Chapter 5.fmk



Chapter 5. Assessment of Dose/Risk

from SRS Activation Product Releases WSRC-TR-95-0422
Table 5-8. Liquid 5°Zn Releases and Dose
. B~ PW Max )
Tow Fow Fow Mme  Mxo M P R e P g
Rae  Rate  Rate  grone  BelowSRS BJ PW BJ PW 80km Total
Year (m3/s)a (msls) (msls) (Ci) (mrem) (mrem) (mrem) (per-rem) (per-rem) (per-rem) (per-rem)
1954 209 263
1955 169 213
1956 179 225
1957 235 297
1958 313 394
1959 276 348
1960 371 468 43x10° 20x107! 28x103 22X102  29x10!
1961 309 389  21x10!  11x100 17X102 13x101  17x102
1962 300 377  32x10!  1.8x100 26X102 21x10!  27x102
1963 315 397 34X100 1.8x100 27X 102 21x101  27x10?
1964 580 731 20x10! s58x10! 85X 1073 67x102 87x100  87x10!
1965 362 800 456 89x107 42x10! 35%x103 61x103 91Xx102 48X102 63Xxi0!  63X10!
1966 316 520 399 76X10° 41x10! 45%x103 s59x103 12x100  a6x102  61x10!  61X10!
1967 299 625 377 73x10° 41x10? 36%X103 60X103 96x102 47x102  62X10!  62X10!
1968 2713 470 343  45x109 28x10? 30x103 41x103 78X102 32x102  42x10!  42X10!
1969 310 &4 390 15X100 s84x102 76x104 12X103 20x102 o9s5x103 13x10!  13X10!
1970 232 712 293 saxX10! 37x102 21X104 54x104  54X10°  42x103  s56x100 s56Xx10°
1971 308 1245 381 18%10° 98X102 44X10% 14%103 12X102 11x102  15x10! 15X 10!
1972 318 775 401
1973 409 656 468
1974 314 640 373 14X100 76X103 68%x105 12x104 18X103 91x104 11x100 1L1x100
1975 436 8717 538  20x103 78X105 71x107 12X100 19X105 91xX100 12X102 12X102
1976 394 996 472
1977 330  S62 433
1978 298 689 324
1979 375 989 495
1980 374 83 488
1981 187 331 243
1982 208 S55 287
1983 35 361 417
1984 361 747 487
1985 203 263 254
1986 175 235 213
1987 254 374 357
1988 152 211 203
1989 226 240 245
1990 336 447 367
191 328 S50 453
1992 331 350 279
193 419 566 416
1994 347 421 348
TOTAL 14x102 73x10° 16x102 11xi10l  42x10!  83x10!  11x103

a Flow rates based on USGS measurements and Hayes, 1991.

11x103
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Table 5-9. Maximally Exposed Individual Drinking Water Doses at Beaufort-Jasper and Port Wentworth

Beaufort-Jasper Max Ind (mrem) ‘Port Wentworth Max Ind (mrc;n)
Year P37 Cr51 To-60 Z5-65 Toral P32 Tr31 To-60 Z0-65 Total
1954 14X 104 14X 104
1955 62X 104 62X 104
1956 1.6X 1073 16X 103
1957 33x1073 33x103
1958 1.6x 103 1.6X 103
1959 45x% 1073 45X 103
1960 44%10%  99x103 " 280x103 13x102
1961 28%103  98Xx103 160X102 29X102
1962 10X102 20X102 260X102 56X102
1963 57%x102  76%x103 270X102 92X102
1964 70X104  26%x102 26X103 8s50Xx103 3.8X102
1965 28x103 17x102 80x103 35x103 32x102 | s0x103 30x102 14X102 610X103 55Xx102
1966 33x103 21Xx102 s58Xx103 45x103 35xX102 | 43X103 28X102 75X103 590X103 46Xx102
1967 11x103  69%X103 16X103 36xX103 13x102 | 1.8Xx103 12x102 27Xx103 600x103 22Xx102
1968  87x10% 33X103 23x103 30x103 94x103 | 12X103 4s5x10® 32Xx103 410x103 13x102
1969  20x10% 19x103 20x104 76x104 31x10% | sax1004 31x1003  32x10¢ 120x103 so0x103
1970 17x104  37x10%  13x104  21x10%  87x10? | 44x10? 97x104 35%x104 s40x104 23x103
1971 12x104  n1x104  22x103  44x104  29x103 | 40x10?  34x10%  72X103  140xX103  94ax103
1972 65X10° 32x105 14x10% 24X10% | 13X104  61x105 27Xx10% 45X 10
1973 34X105 12x10° 25Xx10° 70x10° | 48%x105 17x105 35Xx10% 99X 105
1974 37x106 17x105 93x107 68x105 89X10° | 63x106 29x105 16Xx100 120X10¢ 15x10%
1975 38xX107 24X106 61x106 71x107 96x100 | 62x107 38x106 10x105 120X106 1.6X105
1976  29X106 64X106 12Xx106 1.0X10°5 | 60X10% 14x105 25X10% 22X 105
1977 19x10% 21%x105 11x10¢ 13x104 | 25x10% 27x10°5 14x10% 17x 104
1978 1.0xX10% 34x107 14X 10 : 22x10%  72x107 29X 106
1979  68x107 97x108 25%x10% 26X10% | 14x10% 19x105 49x10% 51x10
1980 11X 10°6 1.1X 10°6 19X 10 19X 106
1981 43x107 43x 107 s9x 107 59x 107
1982 12x 107 12x 107 23X 107 23x 107
1983 3.1X 106 3.1X 100 27X 106 27X 108
1984 25x107 25x 107 38x 107 38x 107
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
TOTAL 87x103 s51X102 21X102 16X102 97x102 | 14x102 18x1070 98x102 11x10! 39x10!
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Chromium-51

The maximum annual dose occurred in 1963. The effec-
tive dose equivalent to the maximally exposed individual
for that year has been estimated as 0.072 mrem. If the
hypothetical “maximum” exposure conditions are used as
the bounding case for the 40-year period of site operations
considered here, the cumulative effective dose to such an
individual would be about 0.22 mrem. Approximately
84% of this dose is from eating fish from the Savannah
River, and most of the remainder is from drinking
untreated river water.

" Cobalt-60

The maximum annual dose occurred in 1962, The effec-
tive dose equivalent to the maximally exposed individual
for that year has been estimated as 0.09 mrem. If the
hypothetical “maximum” exposure conditions are used as
the bounding case for the 40-year period of site operations
considered here, the cumulative effective dose to such an
individual would be about 0.44 mrem. This dose is aimost
equally due to eating fish from the Savannah River, drink-
ing untreated river water, and being exposed on the shore-
line to energetic gamma rays.

Zinc-65

The maximum =Zhhual dose occurred in 1962 and 1963.
The effective dose equivalent to the maximally exposed
individual for those years has been estimated as 1.8 mrem.
If the hypothetical “maximum” exposure conditions are
used as the bounding case for the 40-year period of site
operations considered here, the cumulative effective dose
to such an individual would be about 7.3 mrem. More
than 99% of this dose is due to eating fish from the Savan-
nah River, and ‘most of the remainder is from drinking
untreated river water.

Sum of All Doses

The maximally exposed indivudual dose from the sum of
the individual radionuclide doses is 54 mrem. Because
this individual's dose from non-SRS sources of radiation
for that same time period would have exceeded 14,000
mrem, it may be concluded that the contribution to down-
stream individual doses by SRS activation product
releases is a tiny fraction of the total dose.

Collective Doses from Liquid Releases

Collective or population doses to residents who drink
Savannah River water, eat fish from the river, and eat salt-
water invertebrates from the Savannah River estuary are
reported in Tables 5-5 through 5-8.

Drinking water doses for users of the Beaufort-Jasper
(50,000 customers) and Port Wentworth, (15,000 effective
consumers) water treatment plants also havé been esti-
mated. Different terminology is used to describe the two
populations to reflect the difference in their compositions
(Hamby 1991). The Beaufort-Jasper plant services resi-
dential areas and therefore provides full-scale domestic
water service. The Port Wentworth facility serves a com-
mercial complex in which contact with treated Savannah
River water is currently limited to industrial workers who
consume tap water.

If the cumulative effective doses received by both water
treatment plant populations are summed, the collective
dose equivalent would be about 3.7 person-rem. Using the
ICRP nominal risk factor, the predicted impact of this col-
lective dose is an estimated 0.002 excess fatal cancers in a
population of 65,000 people—10,400 of whom, at the cur-
rent fatal cancer rate, are projected to succumb to cancer
from all other sources.

The total population dose for liquid releases is the sum of
the dose from the water treatment plant pathway (3.7 per-
son-rem, 65,000 people) plus the dose due to other liquid

_ pathways such as fish (1,250 person-rem, 550,000 people).

The collective dose equivalent is 1254 person-rem distrib-
uted among 615,000 people. The nominal risk factor pre-
dicts 0.6 fatal cancers in a population of 615,000 people—
98,000 of whom will die of cancer from other sources.

Comparisons of Activation
Product Doses Near SRS
with Applicable Regulations

Atmospheric Releases

The highest hypothetical annual effective dose received by
the maximally exposed individual because of atmospheric
releases of ¥Co from SRS was 0.4 mrem in 1968 (Table
5-4). The current DOE and EPA annual limit for dose to
members of the public because of atmospheric releases is
10 mrem (DOE 1990; and EPA 1989a).

Liquid Releases

Activation product doses from drinking water sources are
evaluated based on the DOE and EPA annual drinking
water standard of 4 mrem (DOE 1990; and EPA 1977). As
shown in Table 5-9, at no time during site operations has a
drinking water dose from SRS activation product releases

95X05039.fmk
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to the Savannah River exceeded 0.1 mrem. The maximum
dose was 0.09 mrem for Port Wentworth in 1963. It is
important to note that the dose limits described above are
meant to be applied to all releases of radioactivity not just
activation products. When the calculations are expanded to
include all radionuclide releases, the relationship between
SRS doses and the EPA dose limits described above remains
valid. SRS, based on activation product or total releases,
consistently is a minor contributor to radiation dose in the
SRS environment.

Summary of Dosimetric
Impacts

The overall radiological impact of SRS activation product
releases (1954-1994) on the offsite maximally exposed
individual can be characterized by total doses of 0.76 mrem
(atmospheric) and 54 mrem (liquid). During this same
period, however, such an individual received a dose of
approximately 14,000 mrem from other sources of ionizing
radiation present in the environment.

The impact of SRS activation product releases on offsite
populations also has been evaluated. The total collective
dose from atmospheric activation product releases (1954—
1994) is estimated as 1.0 person-rem, distributed among
555,100 individuals. The total collective dose from liquid
activation product releases for the same period was 1254
person-rem, distributed among the 555,100 individuals
listed above and an additional 65,000 individuals who get
their drinking water from the Savannah River. These col-
lective doses are minor components of the doses received
from other environmental sources.

Activation product releases from SRS have decreased dra-
matically in the last decade of site operations and present a
negligible risk to the offsite environment and the population
it supports.
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Additional Reading

The following documents in the Radiological Assessment
Program series are available to the public from National
Technical Information Service

U.S. Department of Commerce
5285 Port Royal Road
Springfield, VA 22161

Assessment of Radiocarbon
in the Savannah River Site Environment
WSRC-TR-93-215

Cesium in the Savannah River Site Environment
WSRC-RP-92-250

Radioiodine in the
Savannah River Site Environment
WSRC-RP-90-424-2

Assessment of Mercury
in the Savannah River Site Environment
WSRC-TR-94-0218-ET

Assessment of Noble Gases
in the Savannah River Site Environment
WSRC-TR-95-219

Assessment of Plutonium
in the Savannah River Site Environment
WSRC-RP-92-879,Rev 1

Assessment of Strontium
in the Savannah River Site Environment
WSRC-RP-92-984

Assessment of Technetium
in the Savannah River Site Environment
WSRC-TR-93-217

Assessment of Tritium
in the Savannah River Site Environment
WSRC-TR-93-214

Uranium in the Savannah River Site Environment
WSRC-RP-92-315
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