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ABSTRACT

The concentrations of plutonium, americium, sad curium in

a small stream that drains the chemical separations areas on the
avannah River Plant were determined. Typical concen i

ior 238p,, 239,240p,  2*lap, gnd 2o vere 39, 9.5, E‘Sf‘ii‘.i
7.5 fCi/L, respectively. These concentrations are much lower
than the maximum permissible concentrations in water of 30 nCi/L
(.S, Code of Federal Regulations, 10 CFR-20). Less than half of
all transuranic activity was associgted with particles that were
one micron or greater in diameter. The distribution coefficients
for plutonium, smericium, and curium were 2.9 x 10°%, 6.1 x 105,
and 8.3 x 105, respectively. The plutonium distribution coeffi-
cient is similar to that measured in Lake Michigan.
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TRANSURANICS IN A STREAM NEAR A
NUCLEAR FUEL CHEMICAL SEPARATIONS PLANT

INTRODUCTIOR

The Savannah River Plant is the principal plutonium and
tritium production facility for the U.8. DRepartment of Energy. It
began operation in 1953 and now has three heavy-water-moderated
production reactors operating, two plants for the chemical separa-
tion of plutonium from fuel elements, & fuel fabrication facility,
and a heavg water plant. Transuranlcs groduced in the reactors
include 2 239,240p,; 244cp, and

The two chemical separations facilities (Figure 1) have dis-
charged small amounts of radicactivity to Four Mile Creek and to
the atmosphere via stacks.’' These discharges have been monitored
extensively,} and in most cases have been analyzed for specific
isotopes except transuranics. Until 1971, the transuranics
released were estimated by using gross alpha measurements at point
of discharge and the conservative assumption that all alpha activ-
ity was due to 23%,240py, Plutonium has been measured since 1971,
and it was estimated that ~0.3 €i of 239,2%0py pag been dlscharged
to the aquatic enviromnment since plant startup.

The average water flow in Four Mile Creek upstream of any
plant discharge is less than 15 L/sec and is increased by natural
drainage and F- and H-Area effluents to 560 L/sec at Site 4
(Figure 1).? The flow in the creek can vary considersbly (between
200 and 1400 L/sec) at Site 4.

Over the years, the Four Mile Creek floodplain and stream bed
have accumulated redionuclides sorbed to the sediments. Measure-
ments of transuranics in the water at any time would reflect this
inoveatory as well as current discharges and watershed runoff.

The objective of this study was to investigate the behavior
and transport of the transuranics in Four Mile Creek. 1t was
expected that these results should be typical of transuranics
discharged from nuclear installations into the natural freshwater
stream environment of the southeasfern U.5, coastal plain.



e Legend

1 Km ® Sampling Site

FIGURE 1. Location of Sampling Sites in Pour Mile Creek.
' : The aress marked ¥ and H are the chemical
separations areas.



SAMPLIRG AND ARALYSES

Water samples were taken €rom six locations in Four Mile
Creek during January, 1975. Samples were collected each weekday
and composited into a single sample for each site at the end of
the month. Each composite gample contained a total of 19 L of
water. The approximate depth of the creek at the sampling site
was 30 cm, and the samples were taken from the water surface to
minimize incorporation of sediments. The plutonium was removed
from the water by an ion exchange column and analyzed by a
slightly mndmfxed procedure (Butler* and Sanders®), Concentra-
tions of 137Cs were determined by gamma ray spectroscopy without
chemical separationm.

A second set of water samples (50 L) was taken from Site 4
in 1979 for the analysis of plutonium, americium, and curium in
the soluble and particulate phases. The transuranics were con-
centrated by an Mno procedure,6 7 and a slightly modified proce-
dure of Bojanowski® was used for the radiochemical analysis of the
transuranxcs >

Total transuranic concentrations were obtained by analyzing
unfiltered stream water. Particulate fractions were geparated
from bulk water samples by filtering stream water through a cotton
cartridge filter manufactured by the Carborundum Company.* The
filter is rated to remove at least 95% of >Iu particles.

RESULTS AND DISCUSSION

The 23%Pu concentrations in Four Mile Creek decrease with

downstream distance (Figure 2} from 223 fCi/L at Site 1 to
16.8 £Ci/L at Site 6, This suggests that the original burden of

38py present at Site 1 was diluted as the stream volume increased
downstream, Stream flow rates, available during the sampling
period at three of the sampling sites, increased substantially
with downstream distance. The flow rates at sampling: 51t28 1, 2,
and &4 were 212, 348, and 572 L/sec, respectively. The 23%y ip
trangport at Site 2 is actually about 23% greater than is calcu-
lated from the concentration and flow rate data. This indicates
an additional 238py source between Sites 1 and 2, which is prob-
ably drainage from F Area or from the region between F and H
separations areas. Stream bed remobilization of 23%py could also
produce this result,

* Commercial Filter D1v1310n The Carborundum Company, State

Road 32, West Lebanon, IN 46052
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The 238py in transport decreased from Site 2 (58 % 2 pCi/sec)
to Site 4 {39 * 3 pCifsec), which may be due to sedimentation of
plutonium-bearing particulates or stream bed sorption. In gen~
eral, however, it appears that dilution is the major reason for
the decrease in Pu concentration with downstream distance.

The highest concentration of 238py,; was detected at Site 1,
but the highest concentration of 239,240py yag observed at Site 2.
The 23%,2%9py fFlux increased by 860% at Site 2 compared to Site 1.
This suggests that drainage or low—-level discharges from F Area
are a major socurce of 239,240py to the stream, The loss of Pu to
the streambed appears to be much greater for ¢39:24%py than for
238py based on the flux calculations for Sites 2 and 4. The
greater uncertainty of the 239,240py values compared to 238py may
be responsible for much of this apparent difference, so we accept
the 239%py flux calculations as being a2 more accurate indicator of
loss to the streambed (Table 1).

TABLE 1

Plutonium, Cesium, and Gross Alpha Concentrations
in Four Mile Creek

238pu 239,2‘!09“ Cross

Flow, 2383y,  Flux, 239 ,240py,  plux, 137¢cs,  Alpha,

L/sec fCi/L pCi/sec fCi/L pCi/sec pCi/L fCi/L
Site } 512 223t 6 47.3 g2 1.7 33 5 720
Site 2 348 168 * 58.5 42 t 3 14.6 25t 5 1340
Site 3 iB6 t 32t 2
S5ite &4 572 68 £ 4 38.9 9% 2 5.0 17 £ 4 508
Site 5 33 14 = 2
Site 6 17 2 2 gt 2

Researchers’ have shown that a strong correlation often

exists between 137Cs and plutonium in soils and sediments, perhaps
because both elements are tightly sorbed to soil particles. Our
studies determined that a similar correlation exists for plutonium
and cesium in stream water. A correlation coefficient of 0.986

(p = 0.1) exists between these two elements in stream water, which
is similar to the correlation {r = 0.965) found between them in
soils and sediments of midwestern watersheds (Figure 3).? Our

results are based on total water samples which include both soluble

and particulate forms.

-G -
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Most of the 238py was transported downstream during the
sampliing period with some net loss to the straambed. Recently,
Kiserl® noted similar tramsport behavior for stable cesium in Four
Mile Creek. He released 130 g of cesium chloride in the upper
portion of the creek and compared its transport with that of a dye
released at the same location. He found that 88% of the stable
cesium was transported downstream over a distance of 2.5 km. The
cesium peak concentration lagged behind the peak dye concentra-
tion, indicating sorption-desorption behavior of the cesium. Our
results seem to be consistent with Kiser's conclusions, consider-
ing the similarity in the transport behavior of 238py and 1%7cs.

Table 2 shows additional dats obtained in 1979 for trans-
uranic elements in Four Mile Creek. The 23%Puy concentration for
Site 4 is the same as the concentration measured four years
earlier at the same location, but the.?38py concentration is some-
what lower than the earlier data. We have no discharge infor
mation that would explain this difference.

TABLE 2

Plutonium, Americium, and Curium Concentrations
in Four Mile Creek at Site 4

Nuclide in

Total Amount Particulate Percent in

of Muclide, Phase, Particulate
Nuclide 10785 ¢ifL 10735 cijL Phase
238p, 39t 4 9t 0.5 23t 3
239 ,240p, 9,5t 2.0 2.8 £ 0.3 29t 6
241 o 5.0t 1.0 1.9t 0.2 38t 8
+ 0.2 4wt 6

24% 0 7.5% 1.0 3.4

An interesting feature of the more recent data is that more
than half of the transuranic activity was found in the soluble
phase. Other researchers'! have reported similar results, par-
ticularly when the suspended solid load is at low levels., The
results shown in Table 2 were obtained from water samples when
the suspended solids were 1 mg/L. This compares with an annual
mean suspended solid concentration of 15 mg/L at that location,
The flow rate of 220 L/sec was legs than the mean flow rate for
1979 of 570 L/sec. The stream characteristics at the time of
sampling are more typical of the relatively dry conditions of

»
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summer rather than the average annual conditions., Assuming
equilibrium exists between the soluble and particulate phase, it
'is possible to calculate distribution coefficients (Kyq) for the
data in Table 2. The distribution coefficient is defined as the
activity of & given mass of particulate divided by the activity of
an equal mass of the soluble phase, The distribution coefficients
are given in Table 3.

TABLE 3

Distribution Coefficients for Transuranics
in Four Mile Creek

Nuclide K4

41am (6.1 ¥ 1.2) x 10°
244 o (8.3 % 1.1) x 1¢°
238py (2.9 * 0.3) x 10°

239 ,249p, (4.2t 1.3) x 10°

The distribution coefficients for americium and curium are
only slightly different from the plutonium distribution coeffi-
cients, The usual range for plutonzum dlatrzbutzon ceeffxcxents
in natural aqueous enviromments is between 5 x 10* and 3 x 10%
Wahlgren}z proposed that the plutonium concentration of Lake
Michigan water is controlled by an exchange reaction of the sedi-
mentary plutonium with the overlying water following resuspension
of the sediment garticles. His data vield a distribution coeffi-
cient of ~3 X 10 Kethetlngton13and Pillail* also detetmlned
plutonium distribution coefficients, which were 5 x 10" and
9 x 10%, respectively. Alberts!® calculated a quantity similar
to the distribution coefficient for Lake Michigan sediments and
the overlying water; this quantity was called the concentration
ratio. This is mathematically identical to the distribution
coeff1c1ent, but equilibrium between the soluble and partxculate
phases is not assumed. Their concentration ratio was 1.7 x 10°
Considering the variations in experimental methods, the 31m11ar1ty
of these distribution c¢oefficients reported by different authors
is rewmarkable.

The gross alpha concentration is a conservative estimation
for transuranic activity in Four Mile Creek, The gross alpha
coticentrations are at least a factor of two greater than the
total transuranics (Table 1).

! \
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Although transuranic activity from the Savannih River PlJAt
is detectable in Four Mile Creek, it is important to note that the
obgserved levels are many orders of magnitude less than the maximum
permissible concentrationms for these transuranics {30 aCi/L) dis-
charged in liquid efffuent to the public domain.'® The plutonium
concentrations in the Savannah River downstream from Four Mile
Creek are no higher - and in some cases lower — than plutonium
concentrations in rivers where there are no nuclear installationms,

CONCLUSIONS

The results presented here indicate that a simple dilution
model based on water volume is useful in describing the transport
of plutonium in a small stream. However, actual dovnstream con-
centrations may be somewhat lower than that predicted by a dilu-
tion model due to stream bed sorption -and sedimentation. Since
transport mechanisms for plutonium and cesium are similar, cesium
can in some cases be used as a tracer for plutonium. Distribution
coefficients for americium and curium are similar to those of
plutonium in this work, and the plutonium distribution coeffi~
cients are in good agreement with those of previous studies. The
transport of transuranics in the soluble phase is significant in
Four Mile Creek, at least during those times when the water con-
tains relatively small amounts of suspended solids.

- 13 -
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