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INTRODUCTION

The Savannah River Plant (SRP), built and operated for the
Atomic Energy Commission by E. I. du Pont de Nemours and Company,
occuples an area of 312 square miles along the Savannah River, 22
miles downstream from Augusta, Georgla. Production facilitiles
include a fuel preparation area, four reactors, two fuel separations
areas, and a heavy water production plant. A basic gecal in plant
operatlon is total containment of radicactive waste, Although some
very low level gasecus and liquid wastes are discharged to the
environment 1n controlled releases, dispersal 1s adequate to ensure
environmental concentrations below recommended guides.

The Du Pont Environmental Monltoring Group has maintalned a
continuous monitoring program since 1951 (before plant startup) to
determine the concentrations of radloactive materials 1n a 1200-
square-mile area outside the plant. Included in this area are parts
of Aiken, Barnwell, and Allendale counties in South Carolina, and
Richmond, Burke, and Screven countles in Georgla. This suirveillance
determines the magnitude and origin of any radioactivity sbove
natural levels. Measured concentrations of radionuclides 1n air,
water, and milk are compared with the Maximum Permissible Concentra-
tions (MPC's) given in Chapter 0524 of the AEC Manual.‘!! These
MPC's are based on recommendations of the Internaticnal Commission
on Radiolecgical Protection and of the Federal Radiation Council,

Sensitive instruments, which can detect traces of radiocactive
materials far below concentrations of hazard significance, are used
to determine radiocactivity in the environs. Plant-released radio-
activity and atmospheric fallout are included in the reported
concentrations. Maximum and minimum values given are for individual
samples collected during the report period.

SUMMARY

This report, for the period July 1 through December 31, 1967,
presents the results of the environmental menltoring program for
the atmosphere, vegetation, milk, and water. The gquantity of
radioactive waste released by the Savannah River Plant to its
environs was, for the most part, too small to be distinguished
from natural background radiation or was obscured by fallout
from offsite sources.

{1} pit1e 10, Code of Federal Regulations, Part 20, "Standards
for Protection Against Radlation" contains essentially the
same standards as stated in the AEC Manual.



Beta activity in alr, which showed no relationship with
plant operations, was about one-third of that for the same perilod
of 1966 and was the lowest average ever observed at this site.
Radiocactive materials in fish flesh continued to be far below
levels considered significant from a health standpoint, The
average concentration of radionuclides in river water at Highway
301 did not exceed 0.25% of the Maximum Permissible Concentrations.

ATMOSPHERIC MONITCRING

Concentratlions of radicactive materials in the atmosphere
were measured by biweekly analyses of air filters collected at
five monitoring stations near the plant perimeter and ten statlons
around a clrcle of about 25 mlles radius from the center of the
plant (see Figure 1). Deposition rates of radicactive materials
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at each station were also determined by monthly analyses of
rainwater ion exchange columns (fallout collectors). The monitor-
ing stations are spaced so that a significant release of airborne
actlvity by SRP would be detected regardless of the prevailing
wind, All stations operate continuously. Four additlional air
monitoring stations at Savannah and Macon, Georglia, and at
Columbia and Greenville, South Carclina, are so distant from SRP
that the effect of SRP operations is negligible; they are
reference points for determining background activity levels (see
Figure 2). This system permits comprehensive surveillance of
atmospheric radloactivity and also makes 1t possible to differ-
entiate between fallout and SRP releases.
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FIGURE 2. DISTANT AIR MONITORING STATIONS

The small amount of filterable heta activity released to the
atmosphere, primarily from the fuel separations areas, was cobscured
by fallout, The influence of nuclear tests, which resumed in
September 1961, 1s shown in Figure 3, The low levels of atmospheric
activity are attributed to the moratorium on above-ground nuclear
tests, which began in 1962. The rise in early 1964 was the result
of the anticipated spring increase in the mixing of the strato-
spherlc debris into the troposphere., The average beta concentration
for the last half of 1967 was the lowest ever observed at thls site.



Typlcal concentrations of gamma-emitting radionuclides in air
during the six-month period are shown in the following table. The
data were obtalned with a high-volume air sampler located at an
atmospheric monitoring station at the Alken airport. The major
component, beryllium-7 ("Be), is a naturally cccurring radio-
nuclide formed by interaction of cosmic rays with oxygen and
nitrogen in the upper atmosphere,

RADIONUCLIDES IN AIR

pCi/m®
"Be 0.095
857Zr-85ND . 014
13703 . 002
ledog . 005

Radicactivity in air, determined from filter analyses, is
shown in Table 2 of the Appendix., Concentrations of gamma emitters
in routine samples were too low for relliable measurement. The July-
December 1967 concentrations of filterable beta activity (0.03
pCi/m®) and alpha activity (0.0006 pCi/m®) in air were 0.03 and 0.8%
of the respective MPC's. Tritium oxide concentrations in alr, at
the plant perimeter and at the 25-mile stations, did not exceed 0.1%
of the MPC, 1Iodine-131 concentrations in routine alr samples were
less than 0,02 pCi/m®, the lower detection limit, throughout the
period.

Deposition of fallout during the last half of 1967 totaled
3.0 millicuries per square mlle at plant perimeter locations and
2.5 mCi/mi® at 25-mile-radius locations; comparable values for
the first half of 1967 were 59 and 53 mCi/miZ.



Beta Concentration, pCi/m®
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VEGETATION AND FOOD MONITORING

VEGETATION

Radiocactive contamination of growing plants may result from
sorptlon of radliocactive materials from the scoil or from foliar
deposition.

Bermuda grass wes selected for analysls because of its importance
as a pasture grass for dairy herds and its availability during all
seasons of the year.

Grass samples wWwere collected at seven locations along the plant
perimeter and at nine other locations along a 25-mile-radius route.
(These are not designated on Figure 1.) Samples from each quadrant
of the plant and of the surrounding area were composited for monthly
analysls. Gamma-emitting radionuclides in grass samples (excluding
7Be) were from fallout. Alpha emitters averaged 0.1 pCi/gram at
the plant perimeter and 25-mile-radius locations as compared to
0.2 pCi/g during the first half of 1G667; gamma emitters averaged
4.8 and 5.3 pCi/g, respectively, as compared to 32 and 37 pCi/g
for the first half of 1467. Radioisotcoplc concentrations found
in grass samples are presented in Table 4 of the Appendix. While
the exact nature of the alpha activity decrease is not known, the
change 1s commensurate wilth previously observed changes that
appear to be seasonal.

MILK

Milk was sampled at three dairles within a 25-mile radius of
SRP, as shown in Figure 1., Samples were collected biweekly and
were analyzed for tritium, radiocceslium, and radiolodine.
Strontium-90 determinations were made quarterly. Milk produced in
the area and sold by major distributors was also analyzed for these
radionuclides. Results from analyzing milk for radicactivity during
July-December 1967 are in Table 5 of the Appendix,

Todine-131, strontium-90, and cesium-137 in mllk are attributed
to fallout. Average concentrations of the three radionuclides in
milk were <30 pCi/1 of 137¢s, 12 pCi/l of ®9Sr, and <5 pCi/l of
1317 compared to 30, 20, and <7 pCi/l, respectively, during the
first half of 1967. These values, which are consistent with those
reported by the U, S, Public Health Service for most sectlions of
the United States, represented 0.2, 3.0, and 1.7% of the respective
MPC's for water., Tritium in local milk, when present, is assumed
to be associated with plant operations. The average tritium level
was less than the sensitivity of the analysis, which allows de-
tection of concentrations eguivalent to <0.1% of the MPC for water,
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FOOD

Farm produce, representing four food categories {grain, fruit,
poultry, and leafy vegetables) were collected at fourteen localities
in the six counties surrounding SRP (not shown on maps)} during the
summer and fall of 1967. The 62 samples were analyzed by gamma
spectrometry for *4%cCe, 44ce, 1311, 103Ry, 108Ry, 137(0s, 252r-®Syp,
and S5*Mn. Radiochemical analyses were used for ®°Sr and alpha
emitters (uranium and plutonium), With the exception of grains, all
foods were prepared for analysis in a manner similar to that used to
prepare them for eatlng. Peellngs, seeds, and other nonedible parts
were removed. Wheat, containing the whole grains only, and oats,
contalning both grains and husks, were processed unwashed. Results
are summarized in Table 6 of the Appendix, Concentrations in some
samples were too low for rellable measurement, and only results
above the detection limit of the analyses are lncluded.

SRP contributions to the levels of radiocactivity in foods
were so low in 1967 as to be indistinguishable from fallout.
With the exception of *37Cs and 2°Sr, all radionuclides in food were
near or below levels of detection. The amounts of ®°8r and *37Cs
were slightly lower than during 1966; maximum concentrations were
0.62 pci/g for ®°9sSr in collards and 0.08 pCi/g for 37Cs in grain.
Alpha activity in food was about the same as in the 1966 samples.



ALGAE AND FISH IN SAVANNAH RIVER

Fish, predominantly bream, and indigenous algae, primarily
green (Vaucheria) and blue-green (Phormidium), were collected
weekly upstream from, adjacent to, and downstream from the Savannah
River Plant, Determination of radionuclides 1in algae 1s lmportant
because glgae concentrate certaln radionuclides and also because of
the role of algae in the food chain of aquatilic organisms. Data
from analyses of flsh and algsase samples are in the following table,
Beta concentrations in algae and fish adjacent to and downstreanm
from SRP indicate some minor contributlon by SRP. Although
measurably higher than similar materisl collected at the control
station 3 miles upstream from SEP, the slight increase is of no
biclogical significance.

NONVOLATILE BETA ACTIVITY
IN SAVANNAH RIVER AQUATIC SPECIMENS®

Algae, pCi/g {dry wt} Fish, pCi/g (wet wt)
No. of No. of Bone Flesh
Sampling Polnt Samples Max Min Avg Samples Max Min Avg Max Min Avg

3 miles upstream from
plant (control} B 25 9 17 62 66 3 7 49 1
Along plant boundary 15 450 20 150 h3 7T 11 a2k 25 1 6
10 miles downstream
from plant (at
Highway 301 crossing) 18 71 27 k2 w7 53 5 20 11 1 5

a Sensitivity of analysis variled due tc differing sample size:

In additlon to nonvolatile beta analyses, specific radionuclide
analyses were made on algae and fish collected from the Savannah
River. Radiocesium and radiostrontium were found consistently in
river algae; whereas cerium-141,144, chromium-51, zirconium-95-
niobium-95, manganese-54%, zinc-65, and cobalt-60 were detected less
frequently. Also, radiostrontium (Max: 18 pCi/g, wet welght) was
detected 1in bone tissue of river fish, and radiocesium (Max: 41
pCi/g, wet welght) was detected in the flesh tissue. Radiozinc
and phosphorus-32 were detected less frequently in these tlssues.
The maximum concentrations of 2P detected in bone and flesh
tissues of river fish were 102 and 17 pCi/g, respectively.
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WATER MONITORING

The plantsite 1s drained by flve streams that flow several
miles through the reservation before reaching the river (see
Figure %), 1In January 1965, the Beaufort-Jasper Water Authority
began operation of a new treatment facllity to furnish sanitary
water, partially supplled from the Savannah River, to most of
Beaufort County, South Carclina. Water is supplied through a new
canal from the river at a locatlon about 90 miles below the
Savannah River Plant. The city of Savannah alsoc supplements its
domestic well water supply with river water durlng periods of
peak demand.
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Communities near SRP get domestlc water from deep wells or
surface streams. Public water supplies from 14 surrounding towns
were collected and analyzed in October. There was no evidence
that SRP contributed radiocactivity to drinking water supplles;
concentrations of alpha activity (1.2 pCi/1) and beta activity
(6 pC1/1) were essentially the same as those observed before
plant startup. Data from analyses of all public water samples
are in Table 7 of the Appendix,.

River water, analyzed weekly, was sampled continuously at
four locaticns, as shown in Figure 1. Concentrations of alpha
and nonvolatlle beta emitters in river water for the past year
are summarized in the following table; average concentrations
of speciflc radlonuclides found in river water durlng July-
December 1967 are in Table 8 of the Appendix.

RADIOACTIVITY IN SAVANNAH RIVER WATER
pCLi/1

Alpha Emitters Nonvolatlle Beta Emitters
MPC: 10 MPC: 3000
Sensitivity of Analysis: 0.2 Sensitlvity of Analysils: 4.0
Jul-Dec 1967 Jan-Jun 1967 Jul-Dec 1967 Jan-Jun 1967

Sampling Point Max Min Avg Avg Max Min Avg Avg
3 miles upstream
from plant (control) 0.6 ND ND ND 1%  ND 5 4
Plant Perlmeter 1 0.7 ND ND ND 20 ND
Plant Perimeter 2 0.8 D 0.3 ND 40 ND 13 10
10 miles downstream
from plant {at
Highway 301 crossing) 0.6 ND ND ND 19 ND 11 12

ND Less than sensltivity of analysis.

Tritlum, and trace amounts of ceslum-137, neptunium-239,
iodine-131, chromium-51, strontium-89 and strontium-90, released
mainly from reactor areas, were the radicnuclides of SRP origin
detectable in river water at the downstream location., 2°Sr and
tritium from worldwlde fallout were also detected in river water
upstream from SRP. Average concentrations of all radionuclides
found in river water during July-December 1967, as shown in Table 7
of the Appendix, were only small fractions of the permissible con-
centrations. The tritium concentrations in raw water collected
from the Beaufort-Jasper Water Plant averaged 4000 pCi/1 (0,1% MPC)
during the slx-month report period. The annual radiation exposure
of an 1ndividual in thils populatlion due to the consumptlion of water
contalning the very low concentration of tritium is only 0.4 mrem.
The radiation dose was determined by analysis of urine (99 samples)
collected from RBeaufort residents during 1967.

- 12 -



Tritium, a bete emltter and the most abundant radionuclide
released to the river, 1s produced by neutron irradiation of heavy
water moderator in the reactors. S53Cr, the second most abundant
radionuclide released to the river, is produced by neutron irradi-
ation of stable chromium (a component of the stalnless steel used
4in reactor parts). Tritium and S1Cr are among the least dangerous
of all radionuclides because neilther concentrates 1n body tissues.
The tritium and >Cr concentrations in river water averaged 0.25
and 0,0003% MPC, respectively.

ENVIRONMENTAL GAMMA RADIATION LEVELS

Monthly measurements of environmentel gamma radiation were
made with thermoluminescent dosimeters. The July-December 1967
data in the following table are characteristic of measurements
observed at individual statlons for the past several years.

ENVIRONMENTAL GAMMA RADIATION
milliroentgens per 2% hours

Maximum Minimum Average

Plant Perimeter

Locations
A Q.50 0,18 0.29
B 0.28 0.16 0,22
C 0.1 0.20 0.26
D 0.29 0.15 0.21
E 0.33 0.17 0.24
Average 0.24
25-Mlle-Radius
Locatlions
Aiken Alrport 0.22 0.16 0.20
Aiken State Park 0.23 0.13 0.17
Allendale 0.30 C.19 0.24
Barnwell 0.36 0.16 0.24
Bush Field 0.36 Q.17 0.24
Langley 0.35 0.19 0.25
Sardis 0.33 0.18 0.24
Wayneshoro 0.31 0.17 0.23
Williston 0.27 0.18 0.22
Highway 301 0.35 0.19 0.24
Average 0.23
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APPENDIX

TABLE 1

MAXIMUM PERMISSIBLE CONCENTRATION®

MPC

In Water, 1In Air,

Radionuclide pCi/l .~ pCi/m?

Alpha 10 0.07
Nonvolatile beta 3,000 100
Tritium 3,000,000 200,000
23%Np 100,000 3,000
sly 300 100
140pg 14079 20,000 1,000
137cg 20,000 2,000
té4ce - . 10,000 200
103,108y 10,000 200
85zr-85Np 60, 000 1,000
85zn 100,000 2,000
8%0p : 50, 000 300
8¢gpr : 3,000 300
90gp 400 B o)
Sépn 100,000 1,000
Sigp 2,000,000 ° 80,000

a Incresses 1n magnitude of tabulated MPC's
over those of previcus publications reflect
the latest recommendation of the International
Commission on Radiologlcal Protection,
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TABLE 2

RADIOACTIVITY IN AIR (FILTER ANALYSIS)

pCi/m®
Alpha Emitters Nonvolatile Beta
{multiply by 10°3) Emitters
MEC: TO MPC: 100 Specific
Sensitivity of Analysie:0.3 Sensitivity of Analysis:0,006 Radionuclides in
Max Min Avg Max Min Avg Composite Samples
Plant Perimeter
Sampling Points
A 1.3 0.3 0.7 0.07 0.02 0.03 88,805p <0.005
B 1.2 ND .7 .07 ND .03 1370g < .006
o 2.3 b 1.0 .05 .02 .ok 41,1440 <« 01
D 1.9 ND .9 .10 .02 .04
E 1.5 ND .7 ..06 .02 .03 BSzr-95Nb < .02
Average 0.8 0.03
25-Mile-Radius
Sampling Points
Alken Airport 1.2 0.3 0,8 0.05 0,02 0.03
Alken State Park 1.3 A 7 .05 .02 .03
Allendale 1.4 ND .6 .04 .02 .02 e8,80gp <0.003
Barnwell 1.3 b .6 .07 .02 .03 137¢g < ,005
Bush Field 1.3 .4 .8 .05 .02 .03 1421, l""CE < .01
Langley 1.2 LA T .03 .02 .02
Sardis 1.7 .3 7 .03 .02 .02 #3zr-2%Nb < .02
Waynesboro 1.2 B4 T .06 .02 .03
Williston 1.2 .3 .6 .07 .02 .03
Highway 301 1.5 ND .6 .05 .01 .03
Average 0.7 0.03
Distant
Alr-Monltoring
Sampling Points
RI2DA 89,905  ¢0.001
Columbia, S, C. 2.7 0.3 1.2 0.06 0.02 0,04 1370g < .00k
Greenvllle, 5. C, 1.7 ND 9 .10 .02 .04 14l,1440e ¢ .01
Macon, Ga. 1.5 ND .B .17 .01 .05
Savannah, Ga. 2.2 ND 1.0 .07 .01 ol 83zr-25Nb < .02
Average 1.0 0.0

ND Less than sensgltivity of analysis,.



TABLE 3

TOTAL FALLOUT DEPOSITED

mCi/mi2
Alpha b
a eo 8o 1a7 141,144 88 as 7
Plant Perimeter Emitters Sr Sr Cs ’ Ce Zr-">nNb Be
Sampling Points
A 7.9 0.3 0.6 1.8 ND 0.5 41.8
B 4.8 .5 .6 2.4 KD ND 31.9
] L7 .1 T 1.1 ND .3 28 .4
D 5.2 ND .9 1.5 1.5 .2 36.9
E 6.9 .2 .8 .9 ND 4 23.
Average 5.9 0.2 0.7 1.5 0.3 0.3 31,7
25-Mile-Radius )
Sampling Points
Alken Airport 3.3 ND 0.4 0.7 1.6 0.2 3.0
Aiken State Park 5.0 ND .8 T ND .6 19.7
Allendale .2 .B .3 . .3 ND .3 15.8
Barnwell 1.4 T .3 ND 1.5 ND 5.8
Bush Field 3.8 ND .7 1.8 ND R 23,2
lLangley 6.8 .3 b4 1.3 ND .5 30.4
Sardis 3.6 .3 .5 2.5 ND .9 18.6
Waynesboro 5.0 .2 L4 1.2 ND ND 16.4
Williston 8.0 ND .5 .3 ND ND 20.1
Highway 301 4.8 0.4 5 1.7 1.4 2 20.0
Average 4.6 0.3 0.5 1,0 0.4 0.3 20.4
a Multiply by 10-%2
b A natural radionuclide (see page 6).
ND Less than sensitivity of analysis,
TABLE 4%
RADIOQACTIVITY ON VEGETATION
pCi/g (dry weight)
Alpha
Emitters ISTCS . 141, ldice 103, lOﬂRu TBe 1311 14DBa__14OLa
Max Avg Max Avg Max Avg Max Avg Max Avg Max Avg Max Avg
Plant perimeter
{7 locations) 0.4 0.1 1.2 0.4 ND ND ND ND 4.4 3.5 ND ND ND ND
25-mile radius
(7 locattions) 1.0 0.1 0.8 0.3 ND ND WD ND 5.2 4,1 KD ND ND ND
Sensitivity
of analysis 0.10 0.3 1.0 1.4 3.0 0.2 6.0

ND Less than sensitivity of analysis.
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Local Dairies

Alken
North Augusta
Waynesboro

Major distributors?

Sensiltivity of analysis

ND
a
b

TABLE 5

RADIQACTIVITY IN MILK

pCi/1

Tritium Strontium-90 Iedine-131 Cesium-137
MPC: 3,000,000 MPC: 400 MPC: 300 MPC: 20,000
Max Min Avg Sept Deg¢ Max Min Avg Max Min Avg
5,000 ND ND 13 16 ND ND ND ND ND ND
8,000 ND ND 12 11 ND ND ND ND ND ND
7,000 ND ND 14 8 ND ND ND WD ND ND
6,000 ND ND 9 10 ND ND ND ND ND ND

3000 1.0 5 30

Less than sensitivity of analysis.
Milk produced in local dairles but sold by major distributoers.
No sample.
TABLE 6
RADIQACTIVITY OF 1967 AGRICULTURAL PRODUCTS
Concentrationé pCi/g (wet wt}
No. of ®05r IaT, 31440, F9zr 137C5  Alpha Emitters
Samples Avg Max Avg Max Avg Max Avg Max Avg Max
Collards 14 0.61 1,03 N ©0.18 KD 0.1%4 ND 0.07 0.085 1.029
Plums 14 .02 .04 ND ND ND NDO ND .09 .002 . 004
Oats, rye,
and wheat 14 .18 .35 WD .14 D ND .08 .14 (006 .023
Corn 14 .02 .05 ND ND ND ND .06 .21 .Q02 .006
Chicken 6 .03 .06 ND ND ND ND ND .04 .003 .007
Sensitivity
of analysis 0.02 0.06 0.02 0.02 0.002

ND

Less than sensitivity of analysis.
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TABLE 7

RADIOACTIVITY IN PUBLIC WATER SUPPLIES

pCi/1
Alpha Emitters Nonvolatlile Beta Emitters
MPC: 10 MPC: 3000
Sensitivity of Anmlysis: 0.2 Sensitivity of Anelysis: 4.0
oct oct

Aiken 0.6 WD
Allendale 0.2 7
Augusta 0.3 5
Barnwell 0.5 5
Bath 0.9 ND
Blackville 0.4 5
Clearwater : ND ND
Jackson k.2 10
Langley 1.6 5
New Ellenton 2.3 7
North Augusta 2.2 8
Sardis ND 5
Waynesboro 0.6 7
Williston 2.1 T

Average 1.2 6

ND Less than sensitivity of analysis,
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TABIE 8

AVERAGE CONCENTRATION OF RADIONUCLIDES
IN SAVANNAH RIVER WATER

Concentration, pCi/1

3 Miles Upstream Percent of MPC

Sensitivity of from Plant 10 Miles Downstream at
Redionuclide Analysis {control) from Plant {Hwy 301) _Highway 301
°H 600 800 7,400 0.25
103, 106}, 3.2 ND ND <0.,03
141, le4p, 2.5 ND ND <0.02
134,1370g 0.6 ND 1.6 <0.01
22%Np 2.2 ND 1.7 <0,002
140p,_ 1407, 1.6 ND ND <0.01
9572r-PSNb 0.5 ND ND " «0.001
Sicr 4.3 ND 6.7 0.0003
8%ap 0.3 ND 1.5 0.05
1z1y 0.5 ND 0.7 0.23
80gr 0.01 0.6 1.0 0.25
8%¢Co 1.4 ND ND <0.003
857 1.1 ND ND <0,001
S4Mn 0.4 ND ND <0.0004

ND Less than sensitivity of analysls,
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