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Abstract. Worked out are the health risk indices for NPP personnel that could be used
in normal operation and in case of accident. These indices concern temporary incapacity for
work, invalidity, lethality, cancer, etc. Risk estimation is based on produced energy in NPP or
on the collective dose of personnel exposure. Assessed are the specific risk values for NPP
"Kozloduy", which show that the risk in normal operation is significantly low (of the order of
2.3 -r 7.2 x 10"4 for invalidity, lethality and cancer). Health risk indices can be used when
comparing various alternative energy sources, as well as for determination of the power
strategy of a country.

The concept of "risk" is quantitatively expressed with the probability that a certain
health effect is manifested after an individual has been exposed to a certain "level" of danger.
"Risk" is also the probability of an event occurring, for example disease or death of a certain
individual, in a certain period of time, or at a certain age.

Many studies concerning the risk in the operation of various energy sources, have
been carried out during the recent years [1, 2, 3, 4, 5, 6]. The risk in NPP can be assessed in
two aspects: risk assessment for personnel and for population. The aim of these assessments is
to compare NPP with other energy sources (TPP, WPP and others), as well as to answer the
question: which of the stages of nuclear fuel cycle is the most dangerous one?

Ionizing radiation can cause two types of health effects:
- nonfatal effects - injures or diseases in which there is no direct relationship with the

cause of death.
- fatal effects - injures or diseases which are directly related to the cause of death.

The risk indicators for NPP workers should be organised in 4 groups:
1. Cases of death.
2. Lost calendar days due to temporary incapacity for work.
3. Cases of durable invalidity.
4. Cases of malignant neoplasms.

The methods for risk assessment of NPP personnel in a normal operation can be based
on the indicators and on the means of their assessment as presented in Table 1 [1, 7, 8, 9, 10].
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TABLE 1. Indicators for risk assessment in a normal operation in NPP

1. Indicator of temporary incapacity for work:

number of lost calendar days due to a disease with temporary incapacity for work
produced power (GWt<e)) for the same period

2. Idicator of invalidity:

number of cases with durable invalidity for 1 year
produced power (GWt(e)) for the same period

3. Lethality indicator:

number of death cases of workers for 1 year
produced power (GWt(e)) for the same period

4. Indicator of cancer cases:

a) cancer cases for 1 year
produced power (GWt(e)) for the same period

b) cancer cases for 1 year
received collective exposure dose for the same period

The risk assessment in NPP production accidents is presented in Table 2 [2, 8, 10].

TABLE 2. Risk indicators in NPP production accidents

1. Indicator of "total" lethality

Number of all death cases of NPP workers for 1 year
number of labour (including radiation) accidents for 1 year

2. Indicator of "accident" lethality

Number of death cases in NPP for 1 year
number of produced power (GWt^) for 1 year

3. Indicator of "production" lethality

Number of death cases in labour incidents at NPP for 1 year
number*of labour incidents in NPP for 1 year

This methodology can be used for the health risk assessment of NPP "Kozloduy'
personnel, as well as for comparison with other nuclear power plants.
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Using these methods, we have made an assessment of health risk in NPP both in
normal operation and in production accidents (Tables 3 and 4).

TABLE 3. Assessment of the health risk in NPP "Kozloduy" in normal operation

Indicator

1 .Temporary incapacity for work

(related to produced energy)

2. Invalidity

(related to produced energy)

3. Lethality

(related to produced energy)

4. Cancer

a) related to produced energy

b) related to collective exposure dose

Year

1993

1994

1995

1993

1994

1995

1993

1994

1995

1993

1994

1995

1993

1994

1995

Risk value

2.62

2.27

2.39

0

6.5 xlO"5

0

3.6 x 10"*

3.2 xlO"4

2.3 x 10"4

7.2x10"*
5.2 xlO"4

4.6 xlO"4

0.77

0.54

0.67

TABLE 4. Assessment of the health risk in NPP "Kozloduy" in labour accidents

Indicator

1. "Total" lethality

(related to produced energy)

2. "Accident" lethality

(related to production accidents incidents)

3. "Production" lethality

(related to labour incidents)

Year

1993

1994

1995

1993

1994

1995

1993

1994

1995

Risk value

3.6x10"*

3.2 xlO"4

2.3 x 10"*

0.12

0.11

0.28

0.06

0

0

We have analysed three successive years: 1993, 1994 and 1995. The risk values have
been assessed on the basis of produced energy and collective exposure dose. The lethality
indicator includes all cases of death among workers (death due to all causes - production and
non-production ones).
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In a broader sense, the concept of "risk" is estimated as a possibility that something
unfavourable happens or as a probability that a certain unwanted event happens during a
definite period of time or as a result of a particular situation.

Some authors [11] present certain groups of diseases (infectious, malignant, diseases
of the cardio-vascular, respiratory, digestive systems, etc.) as aggregated health risk indices.
Such approach is, however, closely related to the quality of medical aid, as well as to the
living standard, and the preliminary choice of personnel in the power plant. Thus, there could
be risk assessment results that are not directly connected with the power plant operation.

For estimation of the potential risk for workers could be used the results from
cytogenetic studies as well, with unifying the criteria for quantitative assessment of such
effects.

The creation of a unified approach when determining the health risk in NPP and in
other energy sources, is extremely important for the optimization of the medical radiological
protection, as well as for the developing of a national strategy in the sphere of energy policy.
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