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ABSTRACT: The environmental impacts due to radioactive releases in normal opera-
tion and accidents are primarily assessed for each s i te as also the dis tr ic t
heat transmission costs . Secordarily the r isk components are converted to a
compatible form, expressed in monetary un i t s , and compared directly to d is t r ic t
heat transmission costs . Annual savings from the shortening of the dis t r ic t
heat transmission l ine are clearly larger than the monetary value given to the
expectation of the increased risk.

INTRODUCTION

A nuclear power plant producing both electricity and distr ict

heat is being planned for the energy procurement of the Helsinki

Metropolitan area. The plant site selection includes the evalua-

tion of the environmental impacts and risks brought about by the

power plant and the estimation of the plant costs where the

differences between the site alternatives mainly arise from the

dis t r ic t heat transmission« The f i r s t task of the work is to

compare the environmental effects due to normal operation and

accidents of the plant in the cases of different sit ing alternati-

ves and also the heat transmission costs» In the second stage the

risk components ere converted to a compatible form, sxpr^ssad in

ronstary units and compared directly to the distr ict heat trans-

costs. In this paper we concentrate on the problems



involved in the risk - benefit and cost - benefit considerations and

in the assessment of environmental consequences for this purpose.

Introductory results are obtained from a preliminary study /1/.

and the final analysis, which is under way, will contain several

extensions and evaluation model improvements, which are discussed

in the last Section.

RISK ASSESSMENT AND HEAT TRANSMISSION COSTS

The types of environmental impacts due to the radioactive

releases are divided into two groups, of which one includes the

health related effects, and the other effects of direct economic

nature. The health related effects consist of mortality, morbidi-

ty, and hereditary changes due to radiation. The most important

of these in LWR accidents" are early death, cancers in different

organs, and radiation injury due to respiratory impairment and

maybe also the hereditary effects /2,3/. The dependence of the

early death and radiation injury on the dose has a threshold below

which the effect is very unlikely compared to the case when doses

are over the threshold /2,4/.

On the contrary, the dose dependence of cancers and hereditary

changes is generally asssumed to be linear or near-linear /4,5/,

and an estimate of the number of these effects in the population

can be evaluated on the base of the collective dose. When several

alternative power plant sites are considered these effects can be

compared directly by comparing the collective doses in different

organs for the various site alternatives. The impact due to the

normal operation can also be included in the expectation value of

the collective dose. If the collective doses of the different

organs are weighted with the pertinent risk (frequency of induction

of cancer or hereditary change] the linear type health effects can



be combined into a single term in the risk assessment fo*- each

site.

The group of the effects of economic nature consists of losses

of investments due to ground contamination (housing, manufacturing,

service, agriculture and forestry), losses of agricultural produc-

tion (milk, corn), and relocation costs (losses of income, moving

costs) /2/. Preliminary investigations show that these types of

effects ars not very sensitive to siting, if the sites lie relati-

vely near to each other (e.g. in the southern cast of Finland),

because the effects accumulate from vast areas which anyway can

include the same economically important districts. The economic

damages due to accidents are not included to the calculation in the

preliminary stage.

The environmental risk assessment has been carried out with a

reference accident /1/ which has an assumed probability of 10"6/y.

The release quantities are 100% of the noble gas and 30% of the

iodine inventory of a 1000 MW(e) LWR reactor. Only one release

category was considered sufficient to give an estimation of the

consequences and risk in the environment in the preliminary study.

In the comprehensive analysis under way naturally the whole

probability spectrum of the radioactive releases from the normal

operation to most severe accidents is being considered.

The accident consequences are calculated with the computer

code ARANO /B/ (Assessment of Risks of Accidents and Normal Opera-

tion). The code employs a Gaussian plume model for the atmospheric

dispersion and the weather discretization includes 12 directions,

6 stability categories, 4 wind speed classes-, and rain and no rain.

The weather statistics has been measured in the Helsinki region.

The dose components taken into account are inhalation dose, exter-

nal g a Tima dose from the contaminated ground and external cloud

5. yna doss where the finite dimensions of the plurne ars iisken into



a. count. The dose .onversion factors are based on the reference

/3/ for the inhalation- dose and ground gamma dose, whereas for the

external direct garnms dose from the plume they hav/e been calculated

with the method presented in ref. /&/. Population distributions

for the sits alternatives are forecasts for the year 1990 and they

are compiled from the original data which are presented with a grid

of 5G0 m x 500 m squares by Statistical Centre of Finland.

The complementary cumulative probability distributions of the

number of people exceeding the whole body dose of 300 rem are

presented in Fig. 1 in the case of the different siting alterna-

tives. The reference site is located 41 km from the centre of

Helsinki, and the alternatives I, II and III, 33, 24, and 10 km,

resp. The curves for the number of people exceeding 100 rem are

in Fig. 2. The cumulative probability distributions of the whole

body dose for the site alternatives are shown in Fig. 3.

Ths immediate environment of s u e I has smaller population

than the reference site, which also has an influence on the sequence

of the curves in Figs 1 and 2, but the collective dose accumulates

from considerably larger areas causing that the curves in Fig. 3

are in the same sequence as the distances from the city. The

expectation values of the probability distributions of Figs. 1, 2

and 3 are shown in Table I.

The annual collective whole, body doses brought about by the

radioactive releases due to normal operation are also given in

Table I for the site alternatives. The releases of the normal

operation are based on the measured data from PWR's /2/.

The heat transmission capacity is projected to be B00 MW and

the transmission distances are about 45, 35, 29 and 18 km for the

reference site and the three alternatives, respectively. The

savings of the investment and operation costs of the alternative

sitos compared tc the reference site sre summarized in the Table II.



COMPARISON OF THE SITE ALTERNATIVES

For the risk - benefit comparison the results from the previous

Section are employed. The number of early deaths is estimated on

the basis of persons exceeding the whole body dose of 30D rem, and '

the radiation illness on the basis of 100 rem. Because the annual

benefit is compared feo accident risks which have low probabilities

the expectation values of the cumulative probability distributions

are employed. The expectation of health effects considered are

evaluated by utilizing the values in Table I, where also the annual

benefits of the site alternatives compared to the reference site

are shown. The number of deaths from cancer is assessed on the

basis of the collective dose. The hereditary effects are not taken

into account; they would have a certain influence on the average

risk, and consequently the contribution of the linear type effects

would increase. Because of the uncertainty in the risk coeffi-

cients both in cancer and especially in hereditary changes, the

value of 200 deaths/106 manrem is here assumed to describe the

whole linear type risk /4,5/. If this value is applied to cancers

only, it would cause some over-estimation /4,5/.

A common risk indicator, the "expectation of equivalent early

death" is calculated into Table I by employing for the radiation

illness the weight of 6/220 which is based on the estimated costs

due to these health effects /2/. The weight of the death from

cancer is assumed to be same as that for the early death.

The collective dose has the greatest contribution to the risk

indicator (expressed as R in Table I). The differences of risk

(úR in Table I) between the reference site and the alternative sites

are of order 10"1* deaths per year. There can be compared to the

annual benefit A3 of the pertinent site alternative.

The risk indicator can also be compared to the corresponding



risk fram the conventional power productif ,. According to Ref. /2/

a cool-fired power pla-nt located at the reference site would cause

2 fatalities annually due to lung diseases.

General attitudes concerning accident consequences may weight

serious accidents associated with low probabilities relatively more

than less serious accidents with higher probabilities./?/. This

point of view can be taken into account if instead of the ordinary

expectation a weighted expectation is utilized in the assessment

of average risk. The weighted form of the risk can be e.g. /8/:

where R is the risk, i refers to an incident including the release

and dispersion conditions, P. is the probability of incident i,

C. is the total consequences of incident i, C- is a reference

consequence, and n is a weighting exponent. Also the normal opera-

tion can bs included into the total risk as an "incident" with

probability one.

The second task of the comparison is the cost -benefit analysis

of the power plant siting. The average risk, which has been

expressed in "expectation of equivalent early deaths" are then

converted to monetary units with two approaches describing the

different points of view. In the first one we assume the conversion

factor which is equal to the estimated value of the work lost

(during 30 years) due to the early death,, in Finnish conditions on

an average 2.2'105 $/death. In the second one we utilize the USNRC

/9/ guideline 1000 $/rcanrem divided by the whole body irradiation

risk criterion 2-10"1* deaths/manrem and we obtain the factor 5«10e

$/death, which can be considered as the amount of money paid to

prevent an extra death in the environment due to the nuclear fuel-

led power production. With these two approaches we try to cevnr



the uncertainty of the subjective selection of the conversion fac-

tors.

The differences of risk between the reference site and the

alternative sites, expressed in monetary units, vary from $ 4 to

$ 2000 per year (Table I). On the contrary, the differences of the

heat transmission costs are between 1.3 to 3.5 million dollars per

year depending on the site.

DISCUSSION AND CONCLUSION

With this preliminary study the order of magnitude of the

environmental risk has been assessed, and the problems involved in

the risk - benefit and cost -benefit analyses have been surveyed.

In a comprehensive final work the complete accident release spectrum

will be considered and also hereditery effects and economic damages

will be accounted. The costs of the economic damages .would appar-

ently be of the same order of magnitude as the costs due to health

effects, if the higher conversion factor of $ 5-106 per death from

previous Section is employed. Also the risk of the serious heredi-

tary diseases in all generations due to radiation is smaller than

the cancer risk /'4/.

The atmospheric dispersion will be described by the employment
Si

of the K -theory for the vertical mixing in the air, which gives a

physically realistic depletion of the lowest part of the release

plume. Concentrations and radiation doses near the release source

will be lower than in the standard Gaussian model utilized in this

work, and thé' fraction of material depositing is also smaller, which

causes higher concentrations and doses farther from the source. As

an example of the anticipated differences, the cumulative probabili-

ty distributions of the number of people exceeding 300 rem due to a

EV,;R2 release /3/ at the référence site are shown in Fig. 4. The



difference between the standard Gaussian modal and the K -model is

quite large, because t'he dose limit is only exceeded near the source

where the deviation in the doses is great.

Instead of the ordinary expectation value,a weighted expectation

can be utilized (Section 3). For example, by the employment of

formula (1] the expectation values of the number of people exceed-

ing 300 rem in a BWR2 release are assessed for the reference site

using the values of 1 and 1.5 for the weighting exponent n (n = 1

corresponds to the ordinary unweighted expectation value). The

reference consequence CQ is assumed to be one case. The expectation

values corresponding to n = 1 and n = 1.5 are 5.2»10~6 and 4.5-10"5

cases per reactor year, respectively, having a. difference about-

one order of magnitude.

The consequences of reactor accidents are quite sensitive to

siting in the case of high-threshold health effects like early death.

In the case of directly proportional or nearly directly propor-

tional effects like cancer or hereditary changes the dependence of

the siting is not so important because the consequence accumulates

from a large area which anyway can include the population centre

for which the plant is producing district heat and electricity.

Annual savings from the shortening of the district heat trans-

mission line from •Çhe power plant to the consumption centre are.

clearly larger than the monetary value given to the expectation of

the increased risk. Only very high relative weighting of the most

serious consequences, in the calculation of the expectation of the

total risk, could change this conclusion.
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