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Abstract

The radioactive contamination of the Techa-Iset rivers downstream from the MAYAK
reservoirs has been determined by measurements of °°Sr, *3”Cs and transuranic elements in
floodplain soils and sorlake sediments. Empirical models for the spatial distribution of the
radioactive contamination in the river system were developed by fitting the data to power and
exponential functions. The radionuclide inventories calculated from the models were compared
with Russian data. The models applied in this study predicted higher inventories than those
obtained from the Russian data in the upper reaches of the Techa; but lower inventories were
predicted for the downstream part of the river. Estimation of the °°Sr inventory is encumbered
with larger uncertainties than those of **’Cs and 23%?4°Pu because the distribution of °°Sr
does not always follow simple models as do **’Cs and Pu. The contamination downstream of
MAYAK of the floodplain and Techa-Iset river system was estimated to be 0.1 PBq °°Sr, 0.3
PBq '*’Cs and 0.8 TBq ***?*°Pu. While essentially all the **’Cs and Pu outside the MAYAK
reservoir are found in the Techa river, the °°Sr contamination extends further downstream.
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1. Introduction

The production of plutonium for Soviet nuclear weapons started in 1948 at the
“MAYAK” Production Association located in the Cheliabinsk Region in the South
Urals near the towns of Kyshtym and Kasli. Medium-level liquid radioactive waste
was discharged into the Techa River at Reservoir R3 (in the period 1949-1956) [ See
Map. (The map is based on satellite photos. It is derived from the ADC WorldMap®
and drawn in Maplnfo.) In the period 1949-1951 the total release amounted to 106
PBq of B-emitters including 12 PBq of °°Sr and 13 PBq of '*’Cs. Between 1951 and
1956 the discharged activity decreased by a factor of 100 (Joint Norwegian—-Russian
Expert Group, NREG, 1997). The discharge of a-emitters is less well known, but it has
been ‘at least 2 TBq. Joint Russian-Norwegian fieldwork in 1994 suggests that the
a-discharges may in fact have been an order of magnitude higher.

In 1951 the discharge of radioactive wastes into the Techa river was practically
eliminated by introducing a cascade of reservoirs and bypass canals. Before this was
accomplished a large part of the floodplain and the bottom of the river were
contaminated. Presently, the Asanov Swamps in the upper reaches of the river are an
area of permanent contamination of the Techa.

In a joint European-Russian co-operation SUCON (South Ural Contamination)
the radioecological impact of the nuclear activities at MAYAK has been studied since
1990 (Aarkrog et al., 1992). The first study of the Techa river in this co-operation was
carried out in the summer of 1990 (Trapeznikov et al., 1993). A number of recent
Russian studies (Kryshev, Romanov, Sazykina, Isaeva & Blaylock, 1998; Chesnokov,
Govorun, Linnik & Shcherbak, 1998; Shcherbak, 1998) have also dealt with the
radioactive contamination of the Techa river. Systematic measurements of the radio-
active contamination of the Techa river since the early 1950s have been reported
(NREG, 1997). These older data do not, however, include information on Pu and
other a-emitters.

The aim of the present study has been to estimate today’s inventories of
208r, 137Cs and 2*%-2*°Py in the flooded areas along the Iset and Techa rivers. It has
furthermore been our intention to study the spatial distribution of the contamination
and thereby to identify the major release years in the sediment columns and to
establish the extension of the MAYAK contamination in the river system.

2. Materials and methods

Two sets of samples, floodplain soil and sorlake' sediments, were collected (in 1996)
by the Institute of Plant and Animal Ecology (IPAE) in Yekaterinburg and analysed
by Risg National Laboratory (RIS@) for °°Sr, 1*7Cs, Pu, Am and excess *'°Pb. Most
of the samples were also analysed by IPAE for **’Cs and a limited number of samples

LA sorlake (also called an oxbow lake) is an annually flooded lake characterized by a low-flow
environment and thus expected to preserve the sediment transported there each year (Panteleyev, 1995).
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were analysed by the Institute of Biology of the Southern Seas (IBSS) in Sevastopol,
Ukraine.

The samples were collected using a 6.77 ¢ cm corer or by a spade (200-600 cm?)
down to a depth of 30-40 cm and divided into 5 cm thick slices. Before analysis, the
samples were dried, homogenized and sieved. **”Cs was determined by Ge-y-spectro-
scopy, °°Sr by the classical fuming nitric acid radiochemical analysis (Harley, 1972).
Plutonium and Am were determined by radiochemical methods using solvent extrac-
tion and ion exchange (Talvitie, 1971; Holm and Persson, 1979) and *!°Pb was
determined directly by y-spectrometry or by radiochemical determination of the
210po daughter (Harley, 1972).

The physical and hydrological characteristics of the Techa and Iset rivers are given
in the report by the Norwegian—-Russian Expert Group (NREG, 1997). The Techa
River valley may be divided into two characteristic parts. The first part, from Dam 11
(see Map) to Muslymovo, about 40 km in length, is a boggy floodplain 200-1000 m
wide. This part is called the Asanov Swamp. The river width is up to 30 m and the
depth is 0.5-2 m. The peat layer is between 0.1 and 3 m and the underlying soils are
mostly clays and loams. The second part of the valley runs from Muslymovo to the
river mouth, about 160 km. This part is less boggy. The floodplain is 200-500 m wide
and is made up of meadow soils. The average river width is 22 m and the mean water
depth during the summer is 0.5-1 m. The Iset river has a bed width of 50-70 m and an
average depth of 1.2 m. The Iset river valley mainly comprises alluvial-meadow soils.

3. Results and discussion
3.1. Inventory calculations

Floodplain soil, sorlake sediments and river sediments (Nadirov Bridge) were all
used together in the calculation of the radionuclide inventories in the river system.
Figs. 1-6 show the °°Sr, 1*"Cs and 23°-24°Py activity distribution of each column
analysed for floodplain soils and sorlake sediments, respectively, and in Figs. 7-9 the
calculated depositions of the three radionuclides in 1 m columns are shown together
with fitted power functions. In our analysis we assumed that all radioactive contami-
nation of °°Sr, 1*’Cs and 23°-4°Pu was present in the upper 100 cm layer of soils and
sediments. The depositions below the sampling depths were calculated from the
distributions in the upper layers, which in most cases showed an exponential decrease
with depth. In a few cases, especially for °°Sr, this decrease was not evident and the
calculation of the ®°Sr inventories in the layers below the sampling depth is in such
cases an estimate in which we assume that the concentration in the deeper layers is the
same as the mean of the measured upper layers. The assumptions on the vertical
distributions of the radionuclides may add an uncertainty by a factor of up to two for
90Sr, but will have no significant impact for '3’Cs and Pu.

As shown in Figs. 7-9 the deposition of the radionuclides decreases according to
a power function (y = e°x?, see Table 1) with distance from MAYAK. In the case of
°9Sr the regression was not significant, so for this radionuclide we have used a
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Fig. 1. Vertical and longitudinal distribution of *°Sr (1996) in sorlake and river sediments from the Techa
and Iset rivers.
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Fig. 2. Vertical and longitudinal distribution of **’Cs (1996) in sorlake and river sediments from the Techa
and Iset rivers.

constant deposition density equal to the geometric mean of kBq *°Srm™?in all 1 m
columns (179 kBqm~?) between Nadirov Bridge and Bolshie Pogrorelki, 49 and
310 km, respectively, from MAYAK. From 310 km and to the outlet of the Ob
( ~ 2800 km from MAYAK) we assumed that the *°Sr deposit decreased according to
the power function shown in Fig. 7 (°°Sr), but this assumption is tentative.

The samples used in our inventory calculations were collected in the rivers and
floodplain within a belt of approximately 50 m; so we have assumed that the samples
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Fig. 3. Vertical and longitudinal distribution of 2324°Pu (1996) in sorlake and river sediments from the
Techa and Iset rivers.
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Fig. 4. Vertical and longitudinal distribution of °°Sr in 1996 in floodplain soils along the Techa and Iset
rivers.

represent the contamination to a distance of 25 m on each side of the middle of the
riverbed. The contamination extends farther than that but decreases with the distance
from the riverbed. The general spatial distribution of radioactive contamination levels
in the floodplain has been assessed from gamma radiation dose rates for the Asanov
Swamps over a distance of 40 km along the Techa river (NREG, 1997)." The
1#7Cs/?%Sr ratio in the floodplain was expressed by the power function:

137Cs/%9Sr = 660.7 R~ 118, (1)
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Fig. 5. Vertical and longitudinal distribution of '*’Cs in 1996 in floodplain soils along the Techa and Iset
rivers.
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Fig. 6. Vertical and longitudinal distribution of ***-**°Pu in 1996 in floodplain soils along the Techa and
Iset rivers.

where R is the distance from the riverbed in meters. From these Russian data we have
calculated the following expressions for the horizontal distribution of °°Sr, '*7Cs
and 239:24°pPy as a function of the distance R from the riverbed:

5 - Be—O.OlZSR
Bq Srm = Aw, (2)
Bq 137CS m—Z = Be—0.0lZSR’ (3)

Bq 239,240Pu m—2 ) Ce—0.0lZSR. (4)
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Fig. 7. Cumulative °°Sr in the 0~100 cm sediment and floodplain layer along the Techa and Iset rivers in
1996.
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Fig. 8. Cumulative **”Cs in the 0-100 cm sediment and floodplain layer along the Techa and Iset rivers in
1996.

It appears from Fig. 11 that 23°24°Pu may be more mobile than '*’Cs; but over the
few hundred meters the floodplain extends from the river bed we find it justified to
assume that the horizontal distribution of Pu follows that of '*’Cs and that the
deposition of 1*”Cs is proportional to the gamma-dose rate, which decreases exponen-
tially with the distance from the river bed with a half-distance of about 55 + 10 m
(calculated from five transects in the floodplain (Fig. 5.7 in NREG, 1997)). From Eqgs.
(2)-(4) it is calculated that in order to obtain the total inventories of
08r, 137Cs and #3°-24°Pu in the floodplain the deposits found in the 50 m belt should
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Fig. 9. Cumulative 23%-2*°Pu in the 0-100 cm sediment and floodplain layer along the Techa and Iset rivers
in 1996.

Table 1
Coefficients ( + 1SD) in the equation: y = e“x”, where y is kBq m ™2 related to the distance x km from the

original discharge point from MAYAK to the Techa river (N: the number of data)

Radionuclide a b N
208y 11.0+ 42 —(1.08 4+ 0.79) 17
370 30+ 39 — (4.9 £0.72) 17

239,240py, 189 + 3.7 — (3.6 £+ 0.70) 14

be multiplied by 32, 3.8 and 3.8, respectively. We have in this calculation assumed that
Eqgs. (2)—(4) are valid for the entire river system (A, B and C vary with the distance from
MAYAK). This assumption may not be correct, but for *’Cs and 2*°**°Pu most of
the activity is deposited in the upper reaches of the river system for which the
equations were calculated, so for these radionuclides it has less important implications
if the assumption is wrong. In the case of °°Sr the error, which is difficult to
quantify, may be greater because ?°Sr has moved further downstream than '*7Cs
and 239’2401)11. -

The reservoirs built in the upper parts of the Techa river extend to Dam 11, situated
31 km from the original release point at MAYAK. From Dam 11 to Nadirov Bridge
we have no samples but Russian data (NREG, 1997) are available from the Asanov
Swamp from a location situated 7 km downstream from Dam 11. The levels of
908y, 137Cs and 239:24%Py at this location (1200, 44 000 and 74 kBq m ~ 2, respectively)
are so close to ours obtained from Nadirov Bridge (920, 43 000 and 137) that, for the
first part of the river (18 km) after the reservoirs, we assume the depositions of the
three radionuclides to be represented by the means of these two sets of observations.






