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PLANNING FOR ENVIRONMENTAL RESTORATION OF THE
CONTAMINATED BANKS NEAR N P P BOHUNICE

Ondrej Slavflc^ Jozef Moravek1), Milan
1J Nuclear Power Plant Research Institute Trnava,(VtJJE Trnava a.s.), Tmava
2) Institute of Preventive and clinical Medicine (VUPL), Bratislava

Summary

The 18 km long banks of the Bohunice NPP waste water recipient are
contaminated by 137Cs as a result of two accidents on the CO2 cooled NPP-A1 unit in
in 1976 and 1977. Since 1992, all the contaminated waste waters dumping from NPP
Bohunice has been carried out directly to the Vah River through a specially constructed
15 km long pipeline.

Radiological surveys and detailed monitoring of this contaminated site was carried
out in the period of 1991-1994 y-s. Radiological characteristics on the canal and Dudvah
River bank surfaces are given detailly in an earlier paper [1]. In average, 6.3 Bq 137Cs/g of
soil was identified on the 18 km long affected bank surfaces.The 10 typical sections was
identified depending on the characteristic contamination and type of the banks, as it is
marked in Tab.l. In the Vah River banks, where the monitoring was finished lastly, in
1994, the contamination was identified only in a few flood plain sections with overall
length of about lkm, close to the present Dudvah River mouth (Vxi in Tab.l).

Thus, data in Tab.l represent the final extent of contamination in the Bohunice
site. The overall contaminated area in this site with 137Cs activity above 1 Bq/g of soil is
about 67000 m2 and thus, the corresponding volume of top 20 cm thick soil layer is
about 13000 m3.

After finalisation of the monitoring works, in 1994, it was recognized that due to
the very low acceptance limit (1 Bq/g) [2] and the capacity reasons it is practically
impossible to ensure safe disposal of the resulting volume of contaminated soil inside
the Bohunice NPP area, which is the only acceptable place in the site. To be able to
propose an acceptable and rational scope of the contaminated banks restoration a
considerable re-considering of the previously used aproach and planning of these
measures was necessary to carry out.

Environmental restoration belong to a costly intensive remedial measures. Choice
of appropriate techniques, and also, the derivation of proper acceptance limits depend
on approach choosen (recovery or planned activities) and a number of hardly obtainable
data (basic dose limit, parameters of the selected radiation risk scenarios...) that
necessarily should be harmonized and clearly declared beforehand by the competent
authorities.

A clear legislation is absent in this field. It was thus necessary, first of all, to
develop certain principles and rules for evaluation of the necessary extent of remedial
measures, including derivation of contamination acceptance and cleanup limits, and to
achieve their authorization by the hygiene authorities. The principles, as well as the
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evaluation itself were resently elaborated in the VUJE Institute.

Selection of criterial radiation risk scenario, harmonisation of their parameters
and ICRP recommended limitations for recovery on the level of 1 mSv/y of individual
effective dose enabled the authors to develop proper site specific derived acceptance
and cleanup limits. Appropriate bank restoration technologies were proposed [3], as well,
taking into account identified type of 'the. contaminated banks [1,2] and the costs and
benefits achieved. According to comments of the Institute of Preventive and Clininical
Medicine (UPKM Bratislava), the submitted principles and derived criteria [4] were
approved by the State Health Institute in Bratislava in the beginning of 1995y. Goal of
the presentation is to describe the mentioned Principles developed, criteria derived, as
well as the persent stage of planning for the contaminated banks restoration.

Two stay scenarios were selected for the evaluation of actual risk on the banks and
contaminated field, and another two residential scenarios for the evaluation of a
potential risk from the use of contaminated soil supposed to be fully (about 200m3) and
partially (about 50 m3) spread on the site surface around a resident's living house and
in his garden.

The presence and future residual contamination on the banks were considered as
a source under control within the time period of 50 years (NPP vicinity). However, the
"contaminated soil use" type of (residential) scenario can not be considered as
improbable. Typicall parameters [5] for a partial and full residential scenario,
considering no dilution of top soil from the banks, were utilised as potentially the most
critical one for proper acceptance and cleanup limits derivation (see Tab.2). Exceeding
of the limiting dose for these scenario, only justifies implementation of the cost
consuming restoration techniques.

For optimizing less costly remedial measures (warning signs...) an agreed scenario
with a pre-estimated factor for collective dose (milk + E^from banks) 2xlO"7man Sv.y1

/(m2.Bq137Cs.g1) was applied. Limitation of individual effective doses according to a site
specific bank stay scenario was also considered for this purposes with a limiting value of
0.25 mSv/y.

Cost analysis of available remedial techniques were carried out, too. Two
techniques have been selected for the contaminated banks restoration project:

1. removing/disposal of 20 cm soil top layer from steep and unengineered banks, and
2. mechanical dilution/fixation of contamination by clean 15 cm soil cover for the

contaminated flat areas (teraces of the engineered part of Dudvah River banks).

Two-fold reduction of the anticipated potential radiation risk (comparing with the not-
deluted contaminated soil use) were accepted, maximally, for the lastly mentioned
technique, however cost saving is considerable (about 10-time lower the cost comparing
to removing/disposal technique one).

Acording to the dose factors in Tab.2 (50 m3 and 200 m3 of soil use) and Principles
developed, and assuming 25 cm thick and 2.5m wide strip of contaminated top soil layer
on the banks, the basic acceptance limits AL for 137Cs in soil and criterial size of
continuosly contaminated bank areas were derived as:

AI^oo = 6.0 Bq/g and 800 m2 (300 m) or ALso = 8.0 Bq/g and 200 m2 (80 m) for
removing/disposal of the soil on steep unengeneered banks. For clean soil covering
technique, on the Dudvah flat terraces, the resulting limts are, consequently, in an
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interval AL^c = 8 upto 16 Bq/g. For warning sign application on the banks:
4 Bq/g on 2500 m2 of continuosely contaminated area or 1 km of bank. For removing
of the contaminated spots (canal Manivier) with a small area, AL^ = 25 Bq/g (area cca
I m2) was approved according to the proposed exemption levels in [5].

According to the criteria developed, it is necessary to subject to restoration about
II 000 m2 of contaminated area on the Dudvah River banks and 8000 m2on the Manivier
canal banks (Tab.l). On the Dudvah R., most of this area are in the engineered section
DR3 where clean soil cover on 9500 m2of contaminated flat terracas is sufficient to be
applied in accordance with the accepted principles. On the canal banks, only, the spots
of contamination proposed to be removed because off soil disposal capacity saving.

On Dudvah River, due to the strongly non-uniform top soil activity distribution, it
is sufficient to apply the cleanup criterion AL50= 8 Bq/g, only (Tab.l). The proper
residual activities will thus automaticly comply the more severe limit AL^ for some
larger area of the cleaned-up banks. This cleanup criterion seems to be optimal, also,
from the point of wiev of top soil 137Cs activities volume distribution on the
contaminated banks.

Thus, the re-evaluated extent of the banks restoration should include removing and
safe burial of about 1100 m3 of contaminated soil from and covering by clean 15 cm soil
layer on about 10 000 m2 of the banks. Current techniques used for maintenance and
engineering of the water bodies are planned to use at these restoration works.The only
acceptable place for the storage facility with regard to the public opinion expressed by
the mayors of villages is the site of the Bohunice Plant. The contaminated soil have to
be buried in a subsurface isolated disposal facility.
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Tab.l Contaminated areas and 137Cs activity concentrations on the
affected banks near Bohunice NPP

Contam.
section

Kl
K2
K3

Dl
D2
D3
Dpo

DR1
DR2
DR3

VPK1
VK35
VK6

SUM

S,> 1

[m2]

10000
5730
9725

1200
1500

3725
1500

5940
6050

10500

4760
2530
4260

67420

As

[Bq/g]

6.7
16.2

2

1.8
3.5
4.7
2

1.9
3.2
9.6

2.1
2.8
1.8

S,> 8

[m2]

2000
5730

0

0.0
0.0

1400.0
0.0

0.0
0.0

9450.0

10.0
25.0

0

18615.0

As

[Bq/g]

9.5
16.2

0.0
0.0
8.4
0.0

0.0
0.0

10.2

8.7
9.2

0.0

A-resid

[Bq/g]

4.9
3.3
2

1.8
3.5
2.5
2.0

1.9
3.2
0.9

2.1
2.8
1.8

2.

Note

strip, l-1.5m
strip, 0-2.5m
(near village)

(land field)

soil covering

S< min area
S< min area

Note: S,>1,>8 - area with activity cone. >1,>8 Bq/g

Tab.2 Dose factors (DF) related to 1 Bq/g of 137Cs in soil and DILs for
selected criterial scenarios

SCENARIO

STAY ON
BANKS

STAY ON
CONT.FIELD

USE OF SOIL
50 m3

USE OF SOIL
200 m3

To
[y]

0

0

5
0

10
0

geom.f t ^
[h/y]

300x1.4
g=0.54

500
g=0.67

1950
g=0.39

2000
g=0.67

INGESTION
[REL.UNIT]

0.4
milk+meat

1
veg.+potato

1.2
ve+po+mi+me

1.2
ve+po+mi+me

DF
[mSv/y]

0.035

0.078

0.14

0.21

DIL(1,TO)
[Bq/g]

28.6

12.8

8
7.1

6
4.8

Rel. unit of ingestion = 0.04 mSv/y (potato 110 kg + root veg. 55kg + leaves veg. 55kg)
g =*; (used dose rate/Bq.g^O.HS microSv.h'VBq.g"1) (geom. f. against a half-indefinite source)

ve -vegetable, po - potato, mi - milk, me - meat
DIL( 1,TO) = (l/DF).exp(lambda.T0), where To is time from which the scenario likeelyhood is

considered as non-zero


