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(Dasimetric Cotrol Board, 

'Pripyat" Research-and-Industri al Association) 

Till the 1986 accident the parameters of radiation state o-f 
the environment in the ChNPP monitoring zone were close to the 
average radioactive contamination levels for the country. The 
exposure rates and contents o-f strDntium-90 and cesium-137 in 
main components of the human habitat, typical for the ChNPP zone 
in the period of 1975-1984, are presented in Table 1. 

The extremely high levels of radioactive contamination, 
produced by the release from the ChNPP at the accident, declined 
as short-lived nuciides decayed. Figures 1 and 2 show results of 
the aerial gamma phctographies of the 5-km zone, made in October 
1986 and September 1987. Over this period the exposure rate 
declined 2- to 10-fold. 

Radiation-hygienic parameters of long-lived radiDnuclides of 
the Chernobyl release, corresponding to national radiation safety 
standards, are presented in Table 2. These data refer to the 
moment of the release. As seen, among long-lived nuciides the 
main contribution to the dose in inhalation should have been 
expected of transuranium nuciides, and in ingestion, of 
strontium-90. 

The activity of americium-241 and its contribution to the 
internal exposure rises with time, but the total effective dose 
from an intake of a nuclide mixture contained in a volume unit of 
water or air does not increase: 

Elapsed time, years 
0 
1 
7 
10 
15 
25 
50 
75 
100 
500 

Inhalation 
1 
0.55 
0.39 
0.40 
0.41 
0.42 
0.42 
0.40 
0.38 
0.23 

Ingestion 
1 
O. 178 
0.089 
0.082 
0.080 
0.062 
0.041 
0.028 
0.021 
0.007 

The radiation situation in the 30-km zone is »t present 
determined by cesium—137, strontium—90, and transuranium 
radionuclides. Such a nuclide mixture is very unfavorable from 
the radiobiological point of view, since all the main pathways of 
dose formation are acting: cesium-137 produces the external 
exposure; strontium-90 and cesium-137, the internal exposure at 
ingestion; and transuranium nuciides, the internal exposure at 
inhalation. This nuclide blend is also difficult for the 
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dDsimetric monitoring, because determining the content o-f 
strontium-90 and transuranium nuclides in environmental objects 
and human body calls -for laborious radiochemi cal analyses. 
Moreover, cesium-137 produces in the human body a field o-f 
scattered gamma radiation, on whose background it is very 
difficult to discern the presence of transuranium nuclides, in 
particular of americium-241. In the event of intake of the 
mixture of the Chernobyl release nuclides into the organism even 
a low background content of cesium—137 in the human body does not 
guarantee the observance of radiation safety standards. 

The radiation monitoring of the environment becomes important 
under such conditions. 

Densities of soil contamination in the 5-km zcne with 
radionuclides Cs-137, Sr—90 and isotopes Pu-239,240 (in 
C i / k m 3 ) , based on results of the soil sampling in 1987, are 
shown in Figs 3-5. 

The contaminated soil is a source of ingress of radionuclides 
into water objects and into the surface layer of atmospheric air. 

Monitoring of Water Objects 

Abundant water resources of the region called the Ukrainian 
Polessye (Woodland) had at one time played an important part in 
selection of the NPP construction site. The density of the 
permanent drainage network at the territory of the 30-km zone is 
of 0.3—0.4 k(n/km=. The annual normal water flow in the river 
Pripyat amounts to about 400 m 3 / s . The area of the cooling 
water pond constructed for the service water supply to the ChNPP 
exceeds 22 km 2. Water objects (water basins, floodplains, 
hydroamel i oration systems) account for 25"/. of the 30-km zone 
area. There are also three underground aquifers here, at depths 
o-f down to 30 m, of 40—80 m, and more than 120 m respectively. 

The Pripyat is the largest tributary of the Dnieper which in 
turn serves as the source of potable water supply to B million 
people. Over 20 thousand tons o-f fish are catched in the Dnieper 
annually; the irrigated land area exceeds 16 thousand square 
kilomaters, about 5 cubic kilometers of water being spent for 
this purpose. 

At present the density of contamination of catchment areas in 
the central part of the 30—km zone amounts to 37—44 MBq/m 3 

(1000-1200 Ci/knv2). 
In soils at all catchments of the 30—km zone at present there 

are 
cesium-137 3.5 e+15 Bq (93,600 Ci > ; 
strontium-90 3.1 e+15 Bq (84,400 Ci> ; 
plutonium-239,240 3.0 e+13 Bq (800 Ci> . 

At flooded areas o-f the Pripyat -flood plain there are 
cesium-137 5.9 e-t-14 Bq (16,000 Ci > ; 
strontium-90 4.8 e+14 Bq (13,000 C i ) ; 
plutonium-239,240 1.1 e+13 Bq (300 Ci) . 
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The Dosimetric Control Board o-f the "Pripyat" RIA condu.. ts 
observations o-f the radioactive contamination o-f surface water in 
22 points located at the Pripyat river, cooling water pond, small 
rivers, lakes and streams in the 30-km zone; underground water is 
monitored in 92 wells. 

52 samples of surface water and 82 samples of underground 
water are taken every month. The content of gamma—radiating 
nuclides and strontium-90 is determined in all samples. 

In interpretation of results of the monitoring it is 
convenient to take as the reference the permissible levels of the 
content of nuclides in potable water, set by the Ministry of 
Public Health: 

Sr-90 3.7 kBq/m3 QOO pCi/1); 
Cs-137 18.5 kBq/m3 (500 pCi/1). 

The management of the "Pripyat" RPA has also set a control 
concentration of strontium-90 in water of the Pripyat and a 
control value of the annual carry—over of strontium-90 with water 
of the Pripyat into the Kiev water storage (Table 3). The control 
value of the annual carry-over has been determined from the 
condition that the average annual concentration of strontium-90 
in the Kiev water storage should not exceed 0.74 kBq/m3 (20pCi/l). 

Average annual concentrations of nuclides in the Pripyat and 
Dnieper are presented in Table 4. The concentration of cesium-137 
shows a stable tendency to decrease, whereas the concentration of 
strontium-90 in the Pripyat over the last 6 years has not 
descreased. The difference is due to physico-chemical properties 
of cesium-137 and strontiuir-90 (solubility, sorption properties) 
and to the hvdrological conditions being formed. 

The coefficient of distribution (Kd) of radionuc.l ides in the 
"ground-water" system has been found in various experiments to be 
as follows (ml/g): 

Cesium-137 Strontium-90 
Sand 180 to 1100 1.6 to 12 
Loamy clay 1100 to 14OO 16.0 to 45 
Sandy loam 1300 to 15OO 22.0 to 38 

The coefficient Kd characterizes sorption properties and to a 
great extent determines the rate of migration of a radionuclide 
and its distribution in the "suspension—water" system. 

Water in water basins and water flows in the central part of 
the 30-km zone is much more contaminated (Table 5). The water 
protection measures, already implemented and prospective, have 
been and are aimed at isolating these objects from the Pripyat 
river. 

Apart from water catchment areas, a source of ingress of 
nuclides into water are also clastic deposits in water basins. 

Amounts of nuclides in clastic deposits in the cooling water 
pond of the ChNPP and Kiev water storage are presented in Table 6. 
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It may happen that, because of i mperfecti on of sampling 
•facilities (gravity samplers are used) ani a sharply nonuniform 
distribution o-f the contamination density, the data on the 
amounts -for the cooling water pond are somewhat underestimated. 

In the period o-f carrying out the research the maximum 
contamination densities -for the clastic deposits were estimated 
at 

for cesium-137 28 MBq/m2; 
for strontium-90 24 MBq/m2. 

Later, in 1991, a sample was taken with a much greater 
content of the nuclides 

cesium-137 2000 MBq/m~; 
strontium-90 154 MBq/m2. 

The rate of leaching of strontium—90 from clastic deposits of 
the cooling water pond is estimated from material and water 
balance equations at 1.3 TBq/year (34 Ci/year). 

The carry-over of cesium-137 and strontium-90 by water of the 
Pripyat into the Kiev water storage in various years is shown in 
Table 7. A greater carry-over of strontium-90 in 1991 was due to 
ice dams and flooding of the dlain in January-February 1991. This 
winter flood resulted in an additional carry-over of about 3.3TBq 
(90 Ci) of strontium-90. 

The last year, 1993, turned out to be the most water—abundant 
aver the whole period after the accident. As a result of copious 
rains (in July, 155-290 mm in various places of catchments), a 
summer flood took place at small rivers in the 30—km zone, whose 
probability is estimated in terms of the flow at less than 10V. 
and in terms of the level at less than 5V.~ Water flows in the 
river Uzh varied in July 1993 as fallows (m3/s): 

beginning of month middle of month end of month 
8.5 14.3 270. 

The water level in the Uzh rose by 3 m; the strontium-90 
concentration increased 

from 0.3-0.6 kBq/m3 ( 8-15 pCi/1) 
to 1.3-2.3 kBq/m3 (36-61 pCi/1). 

A considerable additional amount of strontium-90 got into 
the Pripyat also from the left-bank hydroamelioration system. 
The cocentration of strontium—90 in the water discharged from 
the amelioration system into the Pripyat is of 52-70 kBq/m3 

(1400-1900 pCi/1). For comparison, the cocentration of cesium-137 
in the water is five times as low, although the average density 
of soil contamination by this nuclide is there twice as high. 

Although the carry-over of strantium-90 in 1993 rose signi¬ 
ficantly, but, since this year is classed as water—abundant, 
the control value was not exceeded. 

Much concern in the 30—km zone is aroused by the radiation 
state of underground water at places of the forced temporary 
burial of solid radioactive waste and at the enclosing dam of the 
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coaling water pond. The cocentration o-f strontium-90 is there 
much higher than in the Pripyat (Table 8). 

The water level in the cooling water pond is 6-7 m higher 
than the mean level in the Pripyat, and the water is continuosly 
•filtering through the sand dam at an mean annual rate o-f 
3 m3/s. 

The -filtration and evaporation losses are made up by -feeding 
water at a rate o-f 7 ms/s -from the Pripyat into the pond. 
Be-fore the accident such an arrangement of the coaling water pond 
caused no objections, since a much more clean water, -filtered by 
a 200-meter sand layer, came into the Pripyat instead o-f the 
water taken -from it. 

The time history o-f advancement o-f the contamination -front 
across the dam is shown in the Fig. 6, where the vertical 
cross-sectional view o-f the dam at the north-eastern part D-f the 
cooling water pond is depicted schematically and curves o-f the 
spatial distribution of concentrations of strontium—9O in the 
filtering flow in individual years are presented. 

By now the small sorption capacity of the sand dam has been 
exhausted (the coefficient of distribution, Kd, of strontium-90 
in the sand—water system is here estimated at 1 ml/g), and 
strontium-90 comes unhinderedly from the pond into tha Pripyat. 

The difference in migration proper Lies of cesium-137 and 
strontium-90 has distinctly manifested itself here under natural 
conditions. In the cooling water pon the Sr-90/Cs-137 
concentration ratio is of 0.7-0.9, whereas in the filtration flow 
this ratio at various parts of the dam varies within 40-100. 

The main components of the flow and sources of ingress of 
strontium—90 into the Pripyat in 1993 are estimated as follows 
Cin TBq/year (Ci/year>3: 

Entry to 30-km zone 
Left—bank hydroame— 
lioration system 
Cooling water pond 
Floodplain areas 
Others 

- 5.6 

- i.a 
- 0.7 
- 7.5 
- 0.09 

(152) 

(48.5) 
(19) 
(202) 
(2.5) 

Pripyat river (Chernobyl) - 15.7 (424) 

In the potable water of the public water supply system (the 
water intake is at a depth of 80—120 m) the concentration of 
radionuclides is at the level of the pre-accident background 
values or exceeds them insignificantly. 

The cesium-137 content in the fish from the cooling water 
pond exceeds ten and more times the value of 740 Bq/kg 
(2.0 e-B Ci/kg), allowed by the Ministry o-f Public Health. In the 
fish catched in the Pripyat the content o-f cesium-137 is as a 
rule several times below this permissible limit. 
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Levels o-f radioactivity in the zone 
o-f Chernobyl NPP be-fore the accident 

Tabl.1 

Exposure dose rate 10...15 micro R/h 

: Content of radionuclides 
. —. — 
: Cesium-137 : Strontium-90 

OBJECT 

The Soil, Bq/m2 

The Water, Bq/m3 

The Air, Bq/m3 

The Vegetation 
(dried), Bq/kg 

The Milk, Bq/1 

Cereals, Bq/kg 

Mushroom, Bq/kg 

52. . . ,850 

92 

9.0e-6 

0.9. . 

0.37. 

0 . 

0 . 

.9.0 

1 • • W • / 

13 

,37 

37 

1 . 

1 . 

0 . 

. . .330 

1 3 0 

5e-5 

O • • • si • 

037... 

0.48 

0.09 

2 

0.37 

15-



JAEKI Conf 94 005 

Tibl.2 

Radiation hygienic paraieters of the long-living nuclides 
of the accidental release of Chernobyl NPP 

! Half ! Accidental ! Authorised concentrations 10'Index of the effect I!) 
Radio- ! live, ! release,NCi ', !— 
mid ides ! year ! (R) ! Air, fCi/1 ! Hater, nCi/1 ! Inhala- 1 Inges-

! ! ! I ! tlon ! t:on 

Cs-!37 30,0 1,0 490. 15, 1.0 I.P 

5r-90 29.1 0.22 40. 0,4 2.7 8.3 

Pu-238 87.7 0,0008 0.033 2.5 11.9 0.005 

Pu-239 24045. 0,0007 0.03 2.2 11,4 0.005 

Pu-240 4537. 0.001 0,03 2.2 14.3 0,007 

Pu-241 14,4 0.1* 1.4 l!0. 42,9 0,017 

Ai-241 433. 0.0001 0.1 1.9 0.5 0.0008 

N o t e s : fCi = (l.Oe-15) Ci 

nCi = (1.0e-9) Ci 

Index of the effect was calculated by fomula 

Rj C,3v 

Cj Rl37 

Ij - the value for the place and the tostent of the release. 

Authorised concentration (Cj) Has borrowed froi -Radiation Safety 
Standards RSS-74/87 tnd Principal Sanitary Rules PSR-72/87. KOSCOH. 

Energoatoiizdat, 1988. 140p. (in Russian) 
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Tabl.3 

Reference Levels for River Pripyat. Sr—90 

Parameter 

Concentration 

Removel to 
Kiev reservoir 

pCi/1 
kBq/m3 

Ci/year 
TBq/year 

Low water : 
year : 

30 
1.1 

280 
10.4 

Mean water : 
year : 

30 
1.1 

460 
17.0 

High water 
year 

30 
1.1 

720 
26.6 

Tabl.4 

Concentration of radtonuclides in the river water, 
kBq/m3 

Name : 

the Pripyat 
(Chernobyl) 

the Dnieper 

Year : 

1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 

1986 
1987 
1988 
1989 
1990 

Cesium-137 : 

22 
3.0 
0.9 
0.4 
0.3 
0.4 
0.2 
0.2 

2.0 
2.0 
1.5 
0.4 
0.2 

Strontium-90 

1.9 
2.2 
0.7 
0.8 
1.0 
1.3 
0.6 
0.8 

0.5 
0.5 
0.3 
0.2 
0.2 
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Taol.5 
Dynamics of the average annual concentration 

of radionucl ides in the water o-f the main water 
objects o-f the nearest to the Chernobyl NPP zone, 

kBq/m3 

The object ! 

The cooling-pond o-f 
the Chernobyl NPP 

The Glynytza river 
(near the cooling-
pond) 

The Boluboj Ruchej 
(near the railway 
bridge) 

The pond of the 
Pripyat river 
(near Pripyat town) 

The pond of the 
Pripyat river 
(near the railway 
station Ianov) 

Year 

1987 
1988 
1989 
1990 
1991 
1992 
1993 

1987 
1988 
1989 
1990 
1991 
1992 
1993 

1987 
1988 
1989 
1990 
1991 

1987 
1988 
1989 
1990 
1991 
1992 
1993 

1987 
1988 
1989 
1990 
1991 
1992 
1993 

! Cesium-137 ! 

70 
32 
21 
12 
8.9 
5.2 
6.3 

3.7 
1.5 
0.5 
0.4 
0.-1 
0.3 
0.5 

310 
6.7 
6.3 
15 
4.0 

25 
9.6 
11 
13 
7.0 
11 
10 

20 
7.4 
6.7 
5.2 
4.4 
3.7 
3.6 

(1900) 
(870) 
(570) 
(330) 
(240) 
(140) 
(170) 

( 100) 
(40) 
( 13) 
(10) 
(11) 
(8) 

(13) 

(8400) 
(180) 
(170) 
(410) 
(110) 

(680) 
(260) 
(300) 
(340) 
(190) 
(310) 
(270) 

<530) 
(200) 
(180) 
(140) 
(120) 
(100) 
(97) 

Strontium-90 

7.4 
16 
16 
8.5 
7.0 
4.8 
4.4 

5.2 
5.2 
8. 1 
5.6 
7.a 
3. 1 
7.B 

16 
15 
20 
150 
180 

13 
8.9 
14 

105 
74 
81 
81 

— 

37 
41 
48 
70 
28 
56 

(200) 
(430) 
(420) 
(230) 
(190) 
(130) 
(120) 

(140) 
(140) 
(220) 
(150) 
(210) 
(84) 

(210) 

(430) 
(410) 
(530) 

(4050) 
(4B00) 

(360) 
(240) 
(370) 
(2830) 
(2000) 
(22OO) 
(2200) 

(1000) 
(1100) 
(1300) 
(1900) 
(770) 

(1500) 

pCi 1.0 e - 12 Ci 
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Tabl.6 

Storage o-f radionucl ides in the bottom sediments, TBq (Ci ) 

! Year : Cs-137 : Sr-90 

The Kiev 1986 40 (1100) 

reservoir 1990 96 (2600) 26 ( 700) 

The cooling-pond 1989 170 (4600) 2B ( 770) 
o-f the Chernobyl NPP 1991 167 (4518) 35 ( 956) 

TBq = 1.0 e + 12 Bq 

Tabl.7 

Removel of Cs-137 and Sr—90 to the Kiev reservoir, 
TBq/year 

: the Pripyat : the Dnieper 
Year : 

:Average annual Cs-137 Si—90 : Cs-137 Sr-90 
:rate of water : 
:flow, m3/s : 

1986 302 5B 27 28 10 
1987 246 15.4 B.5 13 7.2 
198B 411 9.8 17 a.7 5.7 
1989 392 5.9 7.8 7.4 3.3 
1990 409 4.6 B.3 5.1 3.3 
1991 442 2.9 14.4 2.0 4.5 
1992 295 2.1 3.2 1.5 0.6 
1993 598 3.9 15.7 

TBq = 1.0 e + 12 Bq 

Tabl.B 
Concentration of Sr—90 in Ground Water, 

kBq/m3 (pCi/1) 

The Place : November 1992 : November 1993 

"Red Forest" 0.7 44 20 150 
(near NPP) (19...1200) (530...4000) 

"Red Forest" 0.19 1.2 0.6...3.3 
(near Ianov) (5...32) (15...88) 

The dam betwee 1.7 14 B.I 18.5 
the cooling-pond (47...3B0) (220...500) 
and Pripyat river 
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50° 

150* 

I6O" 

180* 

Fig.l. The aerial gamma survey of the 5—km zone 
Chernobyl NPP, mR/h. October, 1986. 
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240' 

210* (50* 

J6cf 

Fig.2. The aerial gamma survey o-f the 5—km zone 
Chernobyl NPP, mR/h. September, 1987. 
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310" 

N/ 

290 

320* X\ A ' I ' \ 
\ X • • ^ i i i 

220* 

160' 

130* 

UO* 

Fig.3. The density of soil contamination 

with Cs-137, Ci/km=. 1987. 

-22 



JAERI Conf 94 005 

350' 

•no 

320 

300*. 

290' 

230' 

220 

J200' 

Fig.4. The density of soil contamination 
with Sr-90, Ci/km=. 1987. 
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310 so" 

220' 

2iC 

Fig.5. The density o-f soil contamination 

with Pu-239,240, Ci/km=. 1987. 
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Fig.6. a) The contamination boundary movement 
due to filtrating waters. Si—90, pCi/1. 

b) The cross section of the cooling pond 
da.mb alona the obsrevation hol=>s. 
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ConcIusi on 

The most mobile and radi ation-si gni-f i cant radionuclide in 
water objects of the 30-km zone is at present strontiurn—90. 

In the course of time, americium-241 may aquire importance as 
an indicator of the state o-f localized or scattered radioactive 
wastes. 

Sources o-f the radioactive contamination in the 30-km zone o-f 
the ChNPP are spread over large areas; natural processes o-f 
dissolution and migration result in penetration o-f r adi onucl l des 
into sur-face and underground water. The -feasibility o-f an 
operative control o-f the processes is limited. 

The Pripyat carries over into the Kiev water storage, 
depending on the water abundance in the year, 3 to 16 TBq/year o-f 
strontium-90. This value thousands of times exceeds the 
permissible release to the environment -for a normally operating 
NPP. Under such conditions and with account o-f ehe scale o-f the 
use o-f water -from the Dnieper, the radiation monitoring becomes 
the most importent element of the radiation protection. 

Mean annual concentrations of strontium-90 in the Pripyat do 
not exceed the established permissible and control values. The 
contribution of the cesium-137 and strontium-90, carried out by 
water of the Pripyat, to the population exposure through the 
drinking pathway is within 2'/. of the established annual limit of 
1 mSv. 

Results of the monitoring &re employed for estimation of the 
collective dose and adoption of decisions on countermeasures as 
well as for information of the public. 
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