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ABSTRACT

To ensure that public health and the environment are adequately protected, it is Cemavoda NPP'policy
to design and to operate nuclear electric generating facilities so that the public radiation dose limits are not
exceeded. The environmental monitoring program for Cernavoda NPP was established based on the canadian
experience and the romanian and international standards. About 2000 samples were analysed from March 1996
to December 1998 in order to monitor environmental radiation around the Cernavoda NPP and across the region
in general (about 30 km around Cernavoda). The sample types were: air (particulate, iodine, water vapours),
soil, wet deposition, food (fish, pork, beef, poultry, vegetables and fruits). No gamma emitting radionuclides
other than those occurring in nature (K-40 and Be-7) were detected in all these samples. Tritium was detected in
air samples, collected at locations near the plant. All the results demonstrate that the operation of Cernavoda
NPP during first three years did not affect the natural radioactivity of the surrounding environment.

1. ENVIRONMENTAL MONITORING PROGRAM AT CERNAVODA NUCLEAR
POWER PLANT

The operational system for environmental protection at Cernavoda NPP refers to the main
factors that ensure the public health and environmental preservation. These factors are:

* source control
* effluent control
* effluent monitoring
* environmental monitoring

The following principles for design and operation have been applied and are in force now for
the environmental radiation safety system:

* Multiple barriers are provided to prevent the movement of radioactive materials from

their sources;

* Radioactive emissions to the environment have to meet targets - values well below the
authorised limits;

* Reliable and performant monitoring systems are in place and provide quantitative
measurements at the release points;

* The radioactivity levels are measured to assess the NPP's impact on the public health
and environment
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Radiological Protection and Environmental Issues

The licence to operate the first reactor of the plant issued by the national Committee
for Nuclear Activity requires that Cemavoda NPP maintain an Environmental Monitoring
Program during normal operations. This program operates in conjunction with Liquid and
Gaseous Effluent Monitoring Program which monitors and controls effluents at their source.
Monitoring of the Cernavoda site began in 1984 with the Pre-operational Program.
In 1995 was approved the Environmental Monitoring Program that became operational in
April 1996 when the reactor became critical.

The Environmental Radiation Monitoring Program for Cernavoda NPP was
established based on the canadian experience, the romanian and international standards and
Derived Emission Limits. This program fiufils several objectives:

* Provides an early indication of the appearance or accumulation of any radioactive
material in the environment caused by the operation of the station.

* Verifies the adequacy and proper functioning of station effluent controls and monitoring
systems

* Provides an estimate of actual radiation exposure to the surrounding population

* Provides assurance to regulatory agencies and the public that the station's environmental
impact is known and within operational targets.

* Provides standby monitoring capability for rapid assessment of risk to the general public
in the event of unanticipated or accidental releases of radioactive material.

* Allows an assessment of the Derived Emission Limits (DEL) calculations based upon
empirical rather than theoretical data.

The program is based on the analysis of important pathways to the human being, for
the type and quantity of radionuclides anticipated to be released from the station into the
surrounding environment. Based on past experience at CANDU heavy water reactors and on
an analysis of the Cemavoda ecosystem, the most significant pathways of the population
exposure are the following:

* Whole-body exposure from radioactivity in gaseous releases.
* Internal exposure from the inhalation of air containing radioactivity from gaseous

releases.
* Internal exposure from the consumption of water, milk, vegetables, fruits, meat and fish

containing radioactivity from gaseous and liquid releases.
* Whole-body exposure from radioactivity in soil.

Sampling Media, Locations and Frequency

Sampling Media

Experience at various nuclear facilities has demonstrated that specific radionuclides
generally behave in predictable ways under given environmental conditions. Therefore,
analyses of "indicator media" can be used to assess radionuclide levels in the environment.
The indicator media concept involves the sampling of organisms and media that provide
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sensitive and reliable measure of the quantities of individual radionuclides cycling through
pathways.

In the Environmental radiation Monitoring Program for Cernavoda NPP, the following
media are selected to be sampled and analysed: air, milk, water, fish, vegetables, fruits, meat
and soil.

Sampling Locations

Sampling locations are classified as indicator locations or reference locations.
Indicator locations are those locations which are within the possible influence of plant
emissions. Reference locations are considered outside the influence of station operations.
Monitoring of reference and indicator locations allows comparison of activity in different
sample media, minimising interpretation problems associated with changes not related to
station operation (e.g. fallout). Localisation of monitoring and sampling locations for
Cernavoda surrounding area are presented in Figure 1.

Sampling and Analytical Frequency

The frequency of monitoring or sampling is related to the mean lifetime of the nuclide
in a pathway. The frequency of analysis is determined by the following elements:

a) the minimum required detectable specific activity;

b) the analytical sensitivity of the method.

The futility of collecting large amounts of data which are essentially under the minimum
required detectable activity level in nature is generally recognised; therefore in the new
revision of Environmental Radiation Monitoring Program, approved in April 1999, the
sampling program will be controlled by plant emission values. If the emissions as measured at
the discharge point remain bellow the action level (5% from Derived Emission Limit)
environmental samples will be collected with a routine frequency. If the emission values
increase above the action level, the sampling and analytical frequencies increase for the
affected environmental pathway.
The main environmental media, types of analysis, monitoring - sampling frequency and
analysis frequency are presented in Table 1.

Cernavoda NPP Emission Data

Cernavoda NPP gaseous emissions are continuously monitored at their source by the Gaseous
Effluent Monitor. The filters are changed and analysed daily.
Radioactivity in liquid effluent is measured by analysis of Liquid Effluent Monitor samples.
Emissions from Cernavoda NPP from April 1996 to December 1998 are presented in Table 2
and Table 3
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Figure I Localisation of Mlonitoring and Sampling Locations for Cernavoda Area
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Environmental Type of Monitoring Analysis

Media Analysis Frequency Frequency

Particulate in air (filters) Gamma spectrometry continuous monthly

Gross 13

Iodine in air (filters) Gam..Ma spectrometry continuous monthly

Tritium in air (molecular Liquid scintillation counting continuous monthly
sieve) (LSC)

Noble gases TLD continuous quarterly

Milk Tiritium (LSC) weekly weekly

Carbon-1 4(LSC) monthly

Gamma spectrometry weekly

Gross B monthly

Water Tritium (LSC) daily weekly

Gross 13 weekly

Gamma spectrometry weekly

Fish Gamrna spectrometry twice a year twice a year

Gross 13

Tritium (LSC)

Carbon-1 4(LSC)

Vegetables-Fruits Gamrnma spectrometry annual annual

Gross 13

Carbon- 1 4(LSC))

Tritium (LSC)

Soil Gamma spectrometry twice a year twice a year

Gross B

Deposition Gamma spectrometry continuous monthly
Gross 13

Meat Gamma spectrometry annual annual

Gross 3

Trintium (LSC)

Carbon- 1 4(LSC)) .

Table I Environmental Media, Type of Analysis, Monitoring-Sampling Frequency, Analysis
Frequency
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Isotope Annual DEL Total % DEL I

(kBq) 1996 1997 | 1998

C- 14 (gaseous 1.1 E 1 3.21 E.-02 1.631E-01 2.64E-01

H-3(oxide) 5.3 E+ 13 2.61IE-03 4.881E-02 9.67E-02

Noble Gases 2.2E+13 2.79E-01 2.86E-0] 8.12E-02

Total Releases 3.14E-01 5.OOE-01 4.42E-01

Table 2 Gaseous lEffluent Emissions

Isotope Annual DEL Total % DEL
(kBq) 1996 1997 { 1998

11-3 7.3E+13 1.62E-02 1.6E-02 I.IE-01
Cr-51 2.7E+13 3.OE-08 2.6E-07 4.2E-09

Mn-54 1.2E+11 _ 5.OE-07

Fe-59 2.3E+I1 1.5E-06
Co-60 6.9E+09 1.3E-04

Zn-65 6.9E+10 1.4AE-05 5.9E-06
Zr-95+ 1.8E+11 - 2.4E-04 1.7E-04
Nb-95 ] .5E+11 4.9E-04 5.2E-04

Ru- 103 1.I1E+11 2.1 E-0)7 3.4E-07 1.2E-07
Sb-124 2.3E+11 7.5E-07 3.3E-04 1.9E-04
Sb-125 7.3E+10 1.8E-05

1-131 3.5E+10 1.l1E-)3 4.3E-02 1.8E-03
Cs-134 1.8E+ 10_ 2.6E-05 3.7E-06

Cs-l 37 5.6E+09 6.6E-04 3. 1 E-04
Ce-141 2.5E+12 6.1E-08 4.2E-08
Ce-144 2.8E+11 6.2E-06 6.OE-06

Total releases .7E-()2 6.113-02 1.16E-01

Table 3 Liquid Effluent Emissions

2. ENVIRONMENTAL RADIATION MONITORING DATA FOR CERNAVODA NPP
FROM MARCH 1996 TO DECEMBER 1998

The following is a summary and discussion of the data on environmental samples
collected for the period March 1996 - December 1998. The most samples contained detectable
level of naturally occurring (i.e. K-40) or cosmogenic (i.e. Be-7) radionuclides. Some
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contained Cs-137 (soil) from the atmospheric bomb tests of past years and the Chernobyl
accident. The tritium (in air) is the only radionuclide originating from Cemavoda NPP that is
detected consistently.

Airborne Particulates, Radioiodine and Tritium

Air is continuously monitored from ten locations. Nine monitoring sites are located
within the projected influences of station operation. The reference station is located at 25 km
from the plant in the least prevalent down-wind direction. Once a month, the filters are
changed and analysed. 326 airborne particulate filters, 300 radioiodine filters and 288
airborne tritium samples were analysed from March 1996 to December 1998. Most of those
samples contained detectable levels of naturally occurring (i.e. K-40) or cosmogenic (i.e. Be-
7). 1 -131 was consistently below the Critical Level (5.7 E-03 Bq m3 ) in the all samples
analysed.
Trium was detected in 70 samples from 288 analysed. ( 3 samples in 1996, 28 samples in
1997, and 393 samples in 1998). The maximum concentration of tritium in air was 2.4 E+01
Bq/m3 value detected in 1997 in a sample collected near the plant (0.2 kmn). The rest of
detected vahles lie in between 4.3E-02 and 3.3E+00 Bq/m3 . Outside the 1 km boundary the
tritium activity in air, comes from the natural tritium content in air. The natural content of
tritium in air, specific for the Cernavoda area, was measured with the Pre-Operational
program during the period from 1984 to 1996 and was between 4.1E-02 Bq/m3 and L.OE-01
Bq/m 3.

Gamma Radiation Monitoring

A network of 50 TLD (Thermo Luminescent Dosimeters) has been established around
the plant beyond the exclusion zone. 36 locations are dedicated to emergency purposes.
During the normal operation, reading of these TLD's are part of the Routine Monitoring
Program. 10 locations have been placed in the same place with air monitoring stations and 4
in big localities in the vicinity of Cernavoda. These environmental dosimeters are exchanged
for readout every quarter. The quarterly integrated gamma dose measurements showed that
the gamma background did not increase in Cernavoda and the surrounding region.

Water

The water samples have been collected from three locations. Two of these locations
are placed at the discharge point of condenser cooling water into Danube and Danube Black
Sea Channel. A reference location has been established for Danube water upstream from
Cernavoda.
325 water samples have been collected and analysed from March 1996 till December 1998.
There were no detected radionuclides in water attributed to Cernavoda NPP operation.

Milk

A cow milk sample from a herd located about 10 km from Cemnavoda is collected and
analysed weekly. Naturally occurring radionuclides (i.e. K-40 at about 4.8E+01 Bq/1 ) was
detected, but neither tritium nor gamma emitting radionuclides attributable to the operation of
Cernavoda NPP were detected.
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Vegetables, Fruits, Meat

Samples of representative terrestrial biota were taken from the vicinity of the
Cernavoda NPP. No radionuclides attributable to Cernavoda NPP emissions were detected in
thesc samples

3. CONCLUSIONS

The results of the first three years of operation proved that Cernavoda NPP is safe and
environmental friendly. The results of these first years of life demonstrate a safe operation of
Cernavoda NPP. The annual releases of radioactive materials are already able to be compared
with other CANDU plants in operation. The content of selected radionuclides in liquid and
gaseous effluents is well below admissible limits set by the national authorities. The
negligible impact of Cernavoda NPP operation could now really contribute to public
confidence. In the area of the nuclear power plant the impact is evaluated at a value of dose
equivalent of 0.05 mSv per year that is less than 3% of the natural background radiation. This
target which is 20 times smaller than authorised limit for public dose has started to be proved
now. The results of the Environmental Radiation Monitoring Program confirm the fact that
the previsions for the plant environment impact are realistic
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