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1. Introduction

The industrial use of nuclear energy raised a new, global problem regarding
environment - the environmental contamination with artificial radionuclides. Radionuclides
emission and migration, their accumulation and behaviour in the different parts of the food
chain, as well as their biological impact are processes of considerable interest.

Nowadays, a subsequent rearrangement of the world fuel-energy balance is taking
place. As apart of it, nuclear energy is assumed as the only alternative of the up to now
power generation, based on fossil-fuels. The development of the society depends on the
energy production means, and obtaining energy on its turn affects the environment and the
population. In this way the problems of energy and ecology are linked together. The main
consideration concerning the development of nuclear power generation is basically related
to the social acceptance of the 'cost-benefit' criterion, which is a basic feature of the social
development level. A basic requirement to the safe operation of a nuclear power
equipment is the possibly most full isolation of the contamination sources and restriction of
artificial radionuclides releases to the environment.

The development and operating of an effective radiation monitoring system, which is
a compulsory condition during the operation of nuclear power facility, provides obtaining
of operational information on the current values, as well as on the trends of the radiological
conditions. This system includes five relative subsystems, which are not clearly
distinguished:

- technological radiation monitoring;
- individual dosimetric control;
- control of the non proliferation of radioactive contamination;
- environmental radiation monitoring;
- radiation control in case of an accident.

Each one of the subsystems covers a specific scope of the radiation monitoring. It
includes different types of measurements, analysis and assessments. Finally it aims at
protection of life and health of the plant personnel and the general population, as well as at
the restriction (within the range of the permissible limits) of the environmental radioactive
contamination.

The purpose of this paper is to present the radiation monitoring system and the
assessment of the impact of NPP 'Kozloduy' to the environment.

II. Environmental surveillance

The main goal of the performed radiation monitoring is to avoid violations of the permitted
dose limits, thus providing health protection of the general population.

1. Legislation, rules and regulations

The Committee of the Use of Atomic Energy for Peaceful Purposes (CUAEPP) is the
main authority responsible of carrying out an unified state policy in the area of the use of
nuclear energy under the Law of the Use of Atomic Energy for Peaceful Purposes [ 1]. It is
written in Chapter 1, Article 3 that 'protection of life and health of the population and of the
environment is of primary importance than the economical and other social demands'. The
Ministry of Health (MH) and Ministry of the Environment (ME), in compliance with the
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same law, are conceded to perform specialised surveillance within the frame of their
responsibilities. Similar texts are available in the Law of Public Health [2] and in the Law of
Environmental Protection [3]. The surveillance activities of CUAEPP, MH and ME are
assigned to their administrative structure as follows: The Inspection for Safe Use of Atomic
Energy (ISUAE), the radiation departments of the Inspection of Hygiene and Epidemiology
(IHE) and the environmental radiation laboratories of the regional inspections for
environmental protection RIEP (application 2). The above control is carried out in
compliance with the Basic Regulations for Radiation Protection (BRRP-92) [4] and the
current rules, directives and instructions published by the responsible authorities
(applications).

For the general population in Republic of Bulgaria (e.g. Category B). the internal or
external exposure level of the effective dose is 1 mSv/a and the organ and system limits
are 10 mSv/a (excluding skin, for which the limit is 50 mSv/a). On the base of the above
dose limits, secondary levels are derived for the annual income and for the permissible
concentrations of definite radionuclides in air, drinking water and foodstuff. These values
do not differ substantially from the ones recommended by ICRP and other international
organisations.

2. Pre-start radiation monitoring

The aim of the pre-start monitoring is to define the actual radiological conditions prior
the plant start and the assessment of the radiation impact of the already existing natural
sources. The collected data are used as a reference to detect any further changes when
the plant is in operation. The pre-start monitoring allows to determine the location of the
control points for measurement and sampling, as well as to optimise the control
programme and the analytical methods to be used during the plant operation. The pre-
start monitoring on NPP ..Kozloduy" had been conducted for the period 1968-1974.
Detailed description of the carried out research work and the obtained results are
presented in [5, 6].

3. Radiation monitoring during normal operation of NPP ,,Kozloduy"

For the purpose of avoiding and assessment of Kozloduy NPP's impact to the
population and environment, the following three areas of control were established around
the plant:

- radiation protected area 3 km from the stack of units I and II;
- radiation controlled area 12 km;
- surveillance area 100 km.
There are 36 control points in the 100 km surveillance area set up around NPP, where

the sampling and the radiation monitoring is c-^rjed out. 33 of these are located within the
12 km radiation controlled area and the root uvee are in the cities of Lorn, Pleven and
Berckovitza respectively. The control points distribution is shown on Figure 1. The control
points are divided in two groups according to their functional purpose:

- Points of type ,,A". The radioactivity of aerosols is controlled for this group of points
(aspiration equipment with a replaceable filter), samples of air sediments, soil and grass
are collected too. The dose rate is also periodically measured at this type of control points
and TLDs are mounted for the annual dose estimation. The number of control points ,,A" is
10.

- Points of type ,,B". Samples of air sediments, soil and grass are taken at this type of
control points. The gamma dose rate is measured periodically and TLDs are mounted.
Besides, TLDs also have been mounted along the fence of NPP, since 1993.

Other types of sampling (water, milk, meat, fish, etc.) are done off-site the above
mentioned control points.

The radiation environmental monitoring programme was written in compliance with
the following principles:
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- measurements and sampling to be carried out predominantly at unfavourable
points: for example the dose rate is measured along the plant fence; samples as aerosols,
soil, grass etc. are taken from regions of the predominant wind direction;

- parallel measurements and sampling to be carried out also in points not affected by
NPP ..Kozloduy": for example, water and bottom sediments from the Danube river are
taken from points upstream and downstream the plant;

- food products taken for analysis ought to be typical for the region of NPP - in our
case these are mostly grain (i.e. wheat, crop, barley and sunflower);

- the controlled radionuclides should be attributed to the plant technology;
- MDA must be low enough, comparable to the global fallout;
The radiation environmental monitoring programme was updated in 1993 and was

co-ordinated with the Ministry of Health (MH), Ministry of Environment (ME) and with
Committee on the Use of Atomic Energy for Peaceful Purposes ( CUAEPP).

The measurement equipment used for radioactivity in environmental samples is
presented in Table 1. Table 2 presents the nominal values of the minimum detectable
activity (MDA).

The radiation monitoring programme as a whole is adequate to the set up tasks and
corresponds to the practice established in other countries. A comparison between NPP's
'Kozloduy' sampling scope and those of some other plants in the United States and
Canada is presented in Table 3. A similar comparison is done concerning MDA for
different types of samples in Table 4.

Together with the monitoring programme conducted by NPP"Kozloduy" a
surveillance is carried out by the authorities, namely MH and ME. For example, sampling
and measurement of water, bottom sediments and milk [8] are carried out monthly by MH
in the regions of Lorn, Harletz and Pleven, as ME monitors the dose rate (34 control points)
in the range of 30 km around NPP, as well as water samples from the Danube up- and
downstream NPP (12 control points) and soil (10 control points).

The effect of NPP 'Kozloduy' on the environment can be estimated on the basis of the
recorded values of radiation monitoring data for 1993(11], compared to the data obtained
for the pre-start period [6]. It is reported in Table 5, where no significant changes could be
observed. The increase in the activity of Cs-137 is obviously due to the Chernobyl
accident from 1986, as its absolute values are of the lowest one, recorded for Bulgarian
soil. The slight increase in the values of Cs-137 in bottom sediments from the Danube is
probably due to the NPP's operation. By absolute value however, this radioactivity is
similar or lower than the one measured in bottom sediments from the rivers Tzibritza and
Iskar [21]. For the above mentioned period a certain decrease of the activity of Sr-90 is
observed. It is due to the low deposition of this radionuclide following the Chernobyl
accident in the north-east of Bulgaria and its evidence results mainly from the global
fallout.

Concerning the normal operation of NPP, the release of artificial radionuclides in
environment by gaseous and liquid effluents is subjected to continuous radiation
monitoring. In respect to this monitoring, secondary level values were derived determining
the limits of the released radioactivity. The permissible average 24h limits for NPP
'Kozloduy" are as follows:

Radioactive noble gases 70 Tbq
Long-lived air-born radionuclides 2 Gbq
1-131 1.4 Gbq
The established concentration limit for liquid radioactive effluents is 11.1 Bq/I.
Table 6 presents the measured values of gaseous and liquid releases for 1993.
The maximum of the monthly average values of the gaseous emissions do not

exceed 1.1% of the established secondary level limits.
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The evaluation of the mean exposure of the population is done by mathematical-
model methods using the actual data on the amount and the composition of the released
aerosols and gases and the specific meteorological parameters. It does not exceed 0.06%
from the background exposure in the radiation controlled area [20].

The recorded levels on the same region resulting from the liquid effluents
radioactivity, are significantly lower than the background ones. This is due to the
exclusively low limit for the specific radioactivity of the effluents, which is close to the one
for drinking water. The mean population exposure in the 30 km area, due to the liquid
effluents is in the range of (2.84E-4 + 4.13xE-4 manSv/a) [13], as the permissible annual
limit of human exposure is 4.6 manSv/a [21]. It is proved by the use of common patterns,
that licensing the annual limits for radioactivity of 0.74 Tbq (excludes tritium) and of 185
Tbq of tritium, released from NPP 'Kozloduy' through liquid effluents, ensures no
violations of the dose limits and is economically reasonable.

4. Radiation monitoring in case of accidents

4.1 Automatic radiation monitoring

The automated system 'Berthold' for continuous radiation monitoring of the
environment operates at 10 control stations. Two of these stations, the basic ones are
located at the site of NPP and the rest eight are in the 1.8 km area. Dose rate and 1-131
ground level concentration are measured at both types of control stations.

The dose rate in each of the stations is measured by two detectors. For the base
stations the measuring ranges are between 0.04 -s- 5000 nSv/h and 1mSv/h -?- 1000 Sv/h
respectively.

The iodine monitors are provided with 3"x3" NalfTI) detectors, as for the base
stations the air flow through the iodine cartridges is 5 m3/h, and for the control stations it is
1 m3/h. Radioiodine accumulation and its spectrometric measurement are carried out
simultaneously. For the base stations cycle continuity is 24 h, and the minimum detectable
activity is 0.9 Bq/m3. For the 10 min cycle of the control stations MDA is 500 Bq/m3.

4.2 Meteorological observations

Nearby control station 4 a meteorological station is built up, according to the
requirements for a third class meteorological station, including actinometric
measurements. The chosen meteorological site is a typical place for the 30 km control
area. The meteorological-station is MC 10 (EKO INSTRUMENTS TRADING CO. - JAPAN)
and the following measurements are carried out:

- wind velocity and direction at 10 m height
- ultraviolet radiation from 0 to 0.14 kW/m2

- global solar radiation 0 to 0.14 kW/m2

- net radiation from 0.2 to 1.2 kW/m2.

Atmospheric stability classification index by Pasquille-Horner scale, on the basis of
instrumentation measurements and the method of Dr Senshu [9] is determined at the
meteorological station. The obtained data are transmitted automatically to the auxiliary
control room of the automated environmental monitoring system and then they are
displayed. The meteorological station provides the input data for the patterned
calculations in the 30 km control area of NPP. The code ARCAP computes the committed
effective dose equivalents for individuals and offers decisions for protective measures on
the basis of the accepted intervention levels.

A second meteorological station was projected in 1994. It will be provided with 52.5
m tower and is designed to carry out measurements of the temperature, wind velocity and
direction gradient.

According to the ,,Convention of Early Notification of Nuclear accidents" the states,
which have signed the convention are obliged to present and release the information for a
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nuclear accident at expected transborder transfer. Meteorological data required in such a
situation are provided by the Research Institute of Meteorology and Hydrology (RIMH)
including:

- wind direction with accuracy of 10°,
- major transfer - direction in degrees,
- wind velocity in m/s,
- observation period,
- mixing layer height in m.

4.3 Mobile laboratory for radiation monitoring

It is designed to perform environmental measurements in the event of an accident at
a nuclear facility. The system is computer controlled for speed and simplicity. It is
ruggedised in order to operate on-board a vehicle for mobile measurements. This is
supplied with automatic self-contained sampling devices for aerosols, iodine and rain
water; a gamma-spectrometer with a Nal (Tl) detector; equipment for continuous and
punctual measurements of the dose rate. The control software provides fast initialisation of
the sampling devices, measurement of the dose rate when the vehicle is moving,
automatic gamma-spectrum analysis, data filing and processing of the dose rate and
gamma spectrobcopy records of the collected samples. Data transfer is performed by
means of a radio-network.

Radiation monitoring availabilities in the country rapidly increased during the last
years. For example, MH has been already supplied with sufficient laboratory and portable
gamma-spectrometry, radiometric and dosimetric devices. It is coming forth the mounting
of 30 'intelligent' detectors in a network, which covers the whole country. They provide
permanent measurement of the ambient gamma dose rate and notification of the central
office in case of exceeding of the set up thresholds. All that, combined with the equipment
of the Universities, other research institutes and Civil Defence, ensures obtaining of the
required information in the event of an accident or emergency.

III. General conclusion

NPP 'Kozloduy' has got the necessary technical equipment, a well-grounded
programme, trained and motivated personnel to conduct an effective environmental
radiation monitoring, which allows detection of any change in the radiological conditions.
Environment in the vicinity of NPP 'Kozloduy" has been subjected to detailed and
systematic studies by departmental services, surveillance institutions and independent
experts. The results of this investigation are reported to the senior authorities and to the
public.

The general conclusion is, that following the 20 year operation of NPP ,,Kozloduy"
there are no statistically significant radiation and radioactivity changes and trends in the
environment.
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Tablet

INSTRUMENTS USED FOR MEASUREMENTS OF RADIOACTIVITY IN ENVIRONMENTAL SAMPLES

Type of measurement

1.Gross alpha/beta activity

2. Liquid scintilation spectrometry

3. Gamma - spectrometry

4. Dose measurements

5. Mobile laboratory

Instruments

Low background multiple detector , sample changer for
low alpha/beta activities "lntertechniqueH("Pegas"):
- four gas flow proportional type counters
• two guard counters
• gas Argon -CH4
• automatic measurement cycles of 50 carriers (up to 200

samples)

Low background beta counting system 'Tesla"
(type N2R-601):
• one gas flow counter
• one guard counter
- gas Argon - Propan/Butan

Spectrometer "LKB" ("Rackbeta-215")

Spectrometer "LKB" ("Rackbeta-12191)

Gamma-spectrometer "Canberra", PCA-AT card

"Accuspec", GeHP- detector, 20% relative efficiency, 1.9

keV resolution on Co-60 1332.5 keV line

Gamma-3pectrometer "Nucleus", PCA-AT card, GeHP -

detector, 20% relative efficiency, 1.9 keV resolution on Co-

60 1332.5 keV line

TLD - LIF ("Alnor")

Conventional survey meters with Nal(TI) scintiliators

"Renault-Trafic" 4x4. gamma-spectrometer PCA-AT card,
detector Nal(TI) 3x3', 5 cm lead shield. Automatic
sampling devices, 1 m3/h, aerosol filter and Iodine
cartridge, rain sampling. Gamma detectors located on
the side of the vehicle (10 nGy/h - 0.5 Gy/h), automatic
data storage. Computer controlled system. Autonomy
power supply.
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Table 2

MINIMUM DETECTABLE ACTIVITY FOR ENVIRONMENTAL SAMPLE ANALYSIS

Type of sample

1. Water fBq/l]

1.1. Drinking water

1.2. Surface water

1.3.Undergrodndwater

1.3. Water From
inspection pits

1.4. Sewage and
drainage water

2. Soil and bottom
sediments [Bq/kgd.w.]

3. Algae
[Bq/kgd.w.]

4. Grass
[Bq/kgd.w.]

5. Food products (Corn)
[Bq/kgd.w.]

6. Aerosols [mBq/m3]

7. Air deposition (wet
and dry) [Bq/m2.day]

8. Milk fBq/l]

9. Meat [Bq/kg]

1O.Fish[Bq/kg]

11.Vegetables [Bq/kg]

Gross beta

0.1

0.03

0.1

-

•

108

18.8

11.9

4.7

0.006

0.007

0.8

1.1

1.9

Tritium

6.9

6.9

6.9

-

6.9

-

-

-

•

-

Strontium - 90

0.001

0.001

-

0.001

0.2

0.3

0.2

0.07

0.005

0.002

0.005

0.02

0.02

-

Caesium -137
(gamma-

spectrometry)

0.006

0.006

0.3

0.3

0.02

0.5

1.2

1.2

1.2

0.005

0.1

0.3

0.4

0.4

1.2

* All MDA values are calculated in accrdance with the methodology developed by L.A. Currie,
Analytical Chemistry 3(40)1968. Factors such as sample size, decay time, chemical yield and
counting efficiency may vary for a given sample. These variations may change the nominal MDA
value for a given sample.
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Table 3.
Organisation of environmental monitoring of some NPPs in USA, Canada and Bulgaria [12]

Object

Gamma radiation

Aerosols

Jodine-131

Tritium

Dry Deposition

Wet Deposition

Surface water

Drinking water

Underground
water

Bottom sediments

Soil

Milk

Fish

Meat

Grass

Number of measurement or sampling points

BNF

1986

35

9

9

-

9

10

3

4

2

5

9

3

4

2

4

BNF

1991

41

10

10

-

10

10

3

4

CVi

5

10

3

6

CVI

4

WBN

1991

43

10

10

•

10

10

2

4

CVi

6

10

4

3

2

4

CANDU

1990

25

11

11

11

-

5
CM

4

2

3

5

4

7

5

5

Kozloduy

1994

46

1 0 + 10(1)

10

-

36

36 ( ? )

8

4

182

5+i2 ( 3 )

36

3

2

2

36

Notes

in air

in air

(1) - The second 10 points are from the MBerthold"- system
(2) - The same points, as for dry deposition
(3) -12 points from the drainage channels

Table 4.
Nominal values of MDA for environmental samples analysis of some NPPs In USA [15-19] and NPP

nKozloduyu

Nuclide

3 H

7 Be

54 Mn

60 Co

90 Sr

1 3 , ,

134 Cs

137 Cs

Water,
Bq/I

USA

9.3

1.7

0.2

0.2

0.05

0.4

0.2

0.3

BG

6.9

2.7

0.3

0.3

0.002

0.3

0.3

0.3

Milk, Bq/I

USA

-

1.7

0.2

0.2

0.07

0.4

0.2

0.3

BG

-

2.7

0.3

0.3

0.01

0.3

0.3

0.3

Aerosols,
mBq/rr»3

USA

-

0.7

0.2

0.2

0.01

0.2

0.2

0.2

BG

-

0.04

0.005

0.005

0.003

0.005

0.005

0.005

Soil,
Bq/kg d.w.

USA

-

3.7

0.4

0.4

11.1

0.7

0.4

0.4

BG

-

3.9

0.4

0.5

0.3

0.5

0.4

0.5

Grass,
Bq/kg d.w.

USA

-

18.5

1.9

2.6

6.6

3.3

2.6

2.2

BG

-

11.4

1.3

1.3

0.2

1.5

1.5

1.4
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Table 5.

Some results of environmental monitoring of NPP ..Kozloduj": preoperational period [6] and 20

years later

Object

Water, Danube
river mBq/l

Bottom
sediments,

Danube river
Bq/kg d.w.

Soil, Bq/kg d.w.

Grass, Bq/kq d.w.

Milk, Bq/I

Meat, Bq/kg

Ceslum-137

1972-1974

4.0 ±1.2

3.6 ±1.4

7.6 ± 0.6

2.1 ±0.1

0.13 ±0.01

0.30 ± 0.03

1993

<5 .0 *
<5 .0 * *

27.0 ±1.2*

26.4 ±1.2**

38.5 ± 22.8

<3.2

<0.3

0.2 ± 0.08

Strontium-90

1972-1974

12.0 ±2.0

2.6 ± 0.6

5.0 ±0.4

4.4 ± 0.3

0.11 ±0.015

0.09 ± 0.01

1993

3.0 ± 0.3 *

4.0 ±0.4**

< 0.7*
0.8 ±0.2**

2.8 ±1.5

1.1 ±0.4

0.02 ± 0.007

0.05 ± 0.03

Gross beta

1972-1974

248 ± 70

889 ± 74

703 ± 30

963 ± 259

44 ± 1.5

67 ± 3.7

1993

220 ± 20 *
200 ± 20 **

758 ± 81 *
500 ± 78 **

716 ± 64

602 ±289

40 ±4

55 ±6

* . Upstream - Downstream

Table 6.

Radioactivity of gaseous and liquid effluents from NPP ..Kozloduy", 1993

Month
1993

January

February

March

April

May

June

July

August

September

October

November

December

Total

Noble gases,
Tbq

21.28

20.23

19.19

15.67

12.30

13.80

18.55

20.50

20.20

18.23

19.25

21.00

220.20

Aerosols
(T1/2/24h),GBq

0.610

0.167

0.163

0.154

0.174

0.153

0.125

0.148

0.138

0.169

0.171

0.128

2.300

lodine-131,
GBq

0.161

0.110

0.148

0.195

0.190

0.135

0.196

0.178

0.070

0.473

0.196

0.223

2.275

Liquid effluents,
GBq

0.139

0.191

0.299

0.272

0.224

0.248

0.213

0.168

0.185

0.149

0.131

0.176

2.395
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