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FUELED POWER PLANTS USING DECISION ANALYSIS 

Tek Hian Lim 

Department of Nuclear Engineering 
and 

Lawrence Berkeley Laboratory 
University of California 

Berkeley, California 94720 

ABSTRACT 

Decision analysis has been applied to compare some mortality 

ris.ks and social benefits re suIting from generating electricity by 

coal-fired and nuclear -fueled power plants. A review of the literature 

indicates that an absolute quantitative comparison in mortality risk 

and social benefit between these two types of power plants is, at the 

present moment, difficult. The main reason for this is that good 

statistical data, especially late mortality effects of either low-level 

. long-term radioactivity or exposure to chemical. pollutants, are not 

available. Some authors try to assess mortality risk associated with 

these hazards either by semianalytical approaches using poor statis

tical data or by poor analytical approaches combined with poor statis

tical data. Unfortunately their approach seems most strongly 

influenced by their individual philosophy and background, which leads 

to disagreement between the results obtained by different author s. 

The purpose of this study is to look at the problem from the 

general publicI s point of view and to make a comparison between the 

consequences of the two means of power generation, using data already 

available. The minimax strategy of expected loss (that is, the most 

pessimistic strategy) will be used. The benefit in quality of life 

from. each consequence is converted into a dollar equivalent, as a 



measure of the integrated values accruing to each individuaL This 

is perhaps the most uncertain aspect of the correlation, because it 

makes an overly simplistic measure of the quality-of-::'ife benefit 

of an'activity or consequence. 

Nevertheless, since the main purpose of this paper to assess 

strategy for comparative decision making, which in this case is 

based on the minimax expected-loss strategy, there will be no 

difference to the decision maker between an absolute and a relative 

comparison. All of the comparative results in this study are all in 

favor the nuclear -fueled power plants. 

ii 
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1. INTRODUCTION 

1. 1. Risk and Benefit Comparison 

The purpose of this work is the quantitative comparison of 

mortality risks and quality of life benefits due to the generation of 

electricity by conventional coal-fired and nuclear-fueled power plants. 

Oil-or-gas fired plants were not considered to simplify the analysis. 

Decision analysis, will be used to assess the relative preference for 

consequences resulting from use of the above mentioned power plants. 

This work is not a study of economic risk or a comparison of 

economic benefits, but is rather a comparison of mortality risk and 

quality of life benefit as a consequence of noneconomically or socially 

available action (and possible "state of nature"), 1,2 although the 

social benefit, as will be mentioned later, will be measured in dollar 

equivalent.
3 

The preferences are consequences of a mathematical 

analysis and the probabilities assigned are taken from data upon 

which most scientists, who have published in the field of risk/ 

benefit analysis, agree. Since most of these risk problems are 

either simple or unique in structure, only simple calculations are 

needed. In this quantitative comparison study, only benefit and 

mortality risks that have comparable values are compared. 

A complete chronological chart of risk from generating elec

tricity will be examined fir st in (Tables ,1 and 2); however in 

order to simplify the analysis, we shall finally examine only the 

more limited comparison charts (Table 3). It is felt that the items 

listed in Tables 1 and 2,which are not carried over to Table 3 are 

much less important than those retained in Table 3. 

In the process of evaluating this comparison study, it is more 

realistic if the risk or benefit factors, that arise from the generation 

of electricity are not divided between those who voluntarily and invol

untarily participate, because our final object is to assess the 

individual mortality risk that exists for every individual. 
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Table 1. Mortality risk from producing electricity from coal-fired 
plants. 

A. 

B. 

Precombustion 

Underground mine accident 
risk 
1. Black lung and other 

respiratory diseases 

2. Underground accidents, 
subsidence, fire 

Strip mines risk 
1. Sulfur acid water pollution 

2. Erosion and uglification 

C. Transportation and storage 
1 • Transportation accidents 

2. Transit pollution 

3. Run-off from coal piles 

Cornbustion 

D. Plant accident 

E. Chemical pollution of the 
atmosphere 

F. Chemical pollution for 
water 

G. 

H. 

Thermal pollution of the 
atmosphere 

Thermal pollution of water 

. ' 



. -

3 

Table 2. Mortality risk from producing electricity from nuclear
fueled power plants. 

Pre -reaction Nuclear Reaction Post-irradiation 

1. 

J. 

K. 

L. 

Mining accidents: M. 
exposure to radon 

Environmental pollu
tion in mine vicinity N. 

Transportation risk O. 

Processing plant 
accident risk P. 

Q. 

Radioactive pollu
tion of the atmo s
phere 

Reactor accident 

Chemical pollu
tion of water 

Thermal pollu
tion of water 

Radioactive polhl-
tion of water 

R. 

s. 

T. 

U. 

Transportation 
accidents of 
irradiated fuel 

Reprocessing 
plant release. 
of radioactive 
effluents 

Reprocessing 
plant accidents 

Permanent 
waste storage 
escape into the 
environment 

Table 3. Modified mortality risk factors comparison table for 
generating electricity. 

Coal-fired 

1. Total mining accident risk 

2. Routine operational release· 
risk of chemical pollutants 

3. Coal transportation accident 
risk 

Nuclear-fueled 

Fuel reprocessing plant accident 
risk, including routine release 

Reactor accident risk 

Irradiated fuel transportation 
risk 



Table 4. Accident death statistics for 1966. a 

Type of ·accident 

Motor vehicle 
Falls 
Fire and explosion 
Drowning 
Firearms 
Poisoning (solids and liquids) 
Machinery 
Poisoning (gase s and vapor s) 
Water transport 
Aircraft 
Inhalation and injestion of food 
Blow from falling or projected object or 

missile 
Mechanical suffocation 
Foreign body entering orifice other than mouth 
Accident in therapeutic medical and surgical 

procedures 
Railway accident (exce pt M. Y. ) 
Electric current 
Excessive heat and insolation 
Hot substance , corrosive liquid, steam 
Excessive cold 
Road transport (except M. V., rail, streetcar) 
Hunger, thirst, exposure 
CataClysm 
Cutting and piercing instruments 
Animals (non-venomous) 
Accidents in non-therapeutic medical and 

surgical procedures 
Vehicles (non-transport) 
Lightning 
Bites and stings - venomous animal and 

instects 
Explosion of pressure vessel 
Lack of care of infants 
High and low air pre s sure 
Streetcar (exce pt M. V. and train collision) 
Radiation 
Late effect of accident (death more than one 

year after accident) 
Other and unspecified 

Total 
deaths 

43041 
20066 

8084 
5687 
2558 
2283 
2070 
l648 
1630· 
1 510 
1464 

1459 
1263 
1 131 

1087 
1027 
1 026 

531 
408 
365 
283 
180 
155 
137 
131 

123 
115 
110 

48 
48 
16 
11 

9 
1 

933 
2559 

TOTAL 113 563 

aT aken fro'm Ref. 3. 

4 

Prob. of death 
per person 
per year 

-4 
2.7 X 10_

4 
1.0XI0_

5 
4.0XI0_

5 
2.8XI0_

5 
1.3X10_

5 
1.1XI0_

5 
1.0XI0_

6 
8.2X10_

6 
8.1X10_

6 
7.5XI0_

6 
7.3 X 10 

-6 
7.3XI0_

6 
6.3XI0_

6 
5.7XI0 

-6 
5.5XI0_

6 
5.1XI0_

6 
5.1XI0_

6 
2.7XI0_

6 
2.0XI0_

6 
1.8 X 10_6 
1.4XI0_

7 
9.0XI0_

7 
7.8XI0_

7 
6.9XI0_ 7 
6.6 X 10 

. -7 
6.2XI0_

7 
5.8XI0_

7 
5.5 X 10 

-7 
2.4X10_ 7 
2.4 X 10 

5.8 X 10-4 

... 
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For our first risk comparison, we will compare total coal mine 

accidents with nuclear fuel processing accidents and reprocessing , 
plant accidents, including those from the routine release of radio

active materials. This is justified, because both risks exist either 

ftom voluntary or involuntary participation of an individual and risk 

of uranium mine accidents factor (I from Table 2) can be neglected 

in the more modernly equipped uranium mines~ 

In the second risk comparison, the risk from routine operational 

release of chemical pollution from coal-fired units will be compared 

with the risk of reactor accident from nuclear -fueled plants. It will 

be assumed in this study as we did in the first study that an individual 

rna y participate on both a voluntary and an involuntary basis. 

1. 2. The Concept of Risk and Benefit 

The concept of individual mortality risk will be introduced in 

this paper by an examination of fatality statistics and the public 

psychological reaction to various risk levels.4 We postulate 

that fatalities are either caused by random (statistical), independent 

(discrete) failure of natural or man-made systems (i. e. true accidents), 

or as a result of continuous exposure to a cumulative hazard (i. e. 

environmental pollution). 

As has been mentioned before, fatalities can be grouped as 

either involving voluntary or involuntary participation by the general 

population. We shall now consider some numerical risk values that 
. 4 

are commonly accepted by the general public. Accidents providing 
-3 

a hazard of the order of 10 mortality per person per year are 

uncommon for the general population. When the risk approaches 

this level immediate action is taken to reduce the hazard. Some 

authors 4, 5 mention that this level of risk is generally unacceptable. 

However, to some people, cigarette smokers, for example, this level 

is acceptable on a voluntary basis. So this upper limit of risk level 
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is in fact acceptable to some. 
-4 

A t an ac cident level of 10 per 

person per year, people will spend money, especially public moneyp 

to control the cause. 

Mortality risk at the level of several times 
-6 

10 and higher 

per person per year is not overlooked by society. Mothers warn 

their .children about most of these hazards (playing with fire, drowning, 

poisons, firearms) and accept a degree of inconvenience p such as 

not traveling by air, to avoid them. Accident risks with a probability 
-7 

of about severaltimes 10 per person per year are not of great 

concern to the average person. In this paper risks lower than lO-7 

per person per year are' considered to be the lowest limit that 

people consider at all. Table 4 lists some death. statistics for 

1966. The acceptance of these risk numbers' by the general public 

involves little emotional reaction in spite of the large number of 

deaths .involved. These data are mainly of interest to statisticians. 

The benefit of quality of life or social benefit from each aCtivity 

can be converted into a dollar equivalent, as a measure of integrated 

value to the individual. This is perhaps the most uncertain aspect 

of correlation, because it reduces the quality-of-life benefit of an 

activity or consequence to a perhaps overly simplistic measure. 
. 6 . 

Cohen et al. have introduced a new concept, the MER, which is 

defined as that amount of benefit required to justify an exposure to 

one rem. Nevertheless, the dollar equivalent quality life benefit 

correlation is useful, and no better measure is available. 

1. 3. Method of Assessing Individual Mortality Risk and Quality of 
Life Benefit 

Before proposing a new risk and new benefit to the general 

population, one must compare the suggested "new" hazard or benefit 

with those already encountered in normal life. In the case of mortality 

risk, this discussion is restricted to death from accidental causes, 

and assumes that one is entitled to a IInatural" or non accidental death. 

Comparison of these new risks is easier if they can be cast in the 
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form of numerical probabilities. For a good assessment of a prob

ability, many samples or experiments are needed, and for a long

tex:m event this method is either inconvenient or insufficient. Another 

method used to assess probabilities of long-term events is to use 

a more mathematical approach to data already available, i.e. the 

extrCl.polation method. In this method, either higher or lower risk, 

probabilities are extrapolated in order to give assessment information 

for events with comparatively lower or higher risk value. 

Both the statistical and the extrapolation methods are either 

insufficient or uncertain, and this specific problem is at the present 

time a center of controversy among some scientists involved with 

long-term low -level radiation-effect studies on human beings. Quality

of-life benefit, as has been mentioned before, will be measured in 

dollar equivalent. One of the most difficult and uncertain problems 

here is how to assess quality-of-life benefit to an individual and yet 

not create too many arguments with other authors. If we look further, 

quality-of-life benefit can be composed of several benefit parameters 

that have different value to different individuals (health, recreation, 

convenience, happiness, or education). So, in order to be more 

specific, only equal benefits will be compared, on a relative basis, 

(e. g. health to health or education to education). 

In the employment-opportunity- benefit comparison we shall use 

those individuals who would be the employee l s immediate survivor s, 

in case he was killed on the job, as those individuals who will make the 

decision between the various opportunities and consequences for his 

employment. The payoff benefit will be the IIStandard of living and 

education benefit, if there is a father in the family. II As a· second 

criterion we shall qmsider the health of the workers themselves as 

the benefit. 

1. 4. Decision Analysis 

From Ref. 5, the essential components in decision-making 

problems can be summarized as follows: 



(a). The available action aI' a
2

, •.• : A problem exists when 

there is a choice of alternative actions (in our case, e. g. a choice 

between coal and nuclear power plants). 

8 

(b). The possible state of nature e
1

, 6
2

, .0 .• The consequences of 

taking one of these actions must depend on the state of nature. Usually 

the difficulty in deciding which action to take is due to the fact that 

it is not known which of the possible states of nature is the true one. 

(c). Consequence of actions measures the cost of taklllg action aI' 

a
2

, ••• respectiyely when the states of nature are 6 l' 6
2

, ••• respec

tively. In our case the consequence are in the form of either the 

mortality risk of quality-of-life benefit. 

(d). Statistical data and/or observations zl' z2' .0. The prob

abilities of these various observations depend upon what the state of 

nature actually is. 

(e). The available strategies SI' S2' ••. This is a formula that 

tells us how.to react to any possible data or information. 

(f). Consequences of strategies: It is in terms of this result that 

we must determine what constitutes a good strategy. In selecting one 

of the available strategies, various criteria have been proposed: 

(il. Admissible strategies. These are those which are not 

dominated by other strategies. 

(ii). Bayes strategies are those which minimize weighted 

averages of the expected losses or risks. 

(iii). Minimax expected loss, Le., minimize the maximum 

average loss. This is clearly a pessimistic approach, 

because the choice is based entirely on consideration of 

the wor st that can happen. 

As has already been explained, not many decisions can be made 

in thi s comparison study, because the nature of the problem does not 

offer many options that can be controlled by the decision maker. In 

some cases payoffs or consequences of an action in response to a 

-. 

, ... ' 
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specific state of nature leads to vastly different conclusions from 

different author s. The data which they must use is often extrapolated, 

for example, in the case of radiation accidents from experiments which 

are done at much higher dose levels under very different circumstances 

with very specialized animals. In addition there are often many 

opportunitie s in the cour se of the calculations to make as sumptions 

which tend to favor a predetermined bias on the part of the author at 

the end of the calculation. In addition the actual mathematical technique 

used to make these calculations is not agreed on and this too allows the 

result to be bent in the direction of a predetermined bias on the part 

of the author. Therefore in order to make these decision-making prob

lems clearer and simpler in structure they can be worked out in terms 

of a decision-flow diagram or decision tree.
2 

In the first stage the anatomy of the qualitative structure of the 

problem will be presented as a chronological arrangement of those 

choices that are controlled by the decision maker and those choices 

that are determined by chance. 

In the second stage, probabilities for a specific state of nature 

under a certain given condition or effect will be assessed by using 

Bayes!. theorem. In cases where the assessing of mortality risk 

seems difficult, only relative comparisons will be analyzed. As an 

individual mortality risk payoff unit, deaths per year per unit 

electric energy will be used, and as the mortality risk payoff unit, 

deaths per person per year per unit electric energy will be used, 

since these units represent the most useful average unit that is 

applicable in this study.· Finally, perference for consequences will 

be assessed in some cases only where the information seems 

satisfactory. 



II. MORTALITX RISK COMPARISON OF COAL-FIRED 
VERSUS NUCLEAR-FUELED POWER PLANTS 

II. 1 Mining and Fuel Reprocessing Plant Accident Risks 

II.I.l Coal Mine Accident Risk 

Coal as the fuel source for power production carries with 

it the potential of mortality both to the general po pulation through 

air pollution and to those who work on its production through 

several diseases and accidents. 

Coal mine operations have also left behind them many 

10 

square mile sof coal mine waste heaps, many of which catch fire 

spontaneously and burn. Some have burned for as long as 30 years, 

polluting the air of nearby towns and countrys ide s. More than 
7 

400 such fires are currently burning. Thousands of miles of 

streams are polluted with acid drainage from mine s. and more 

are being contaminated, because the acid flow may continue for 

years, even after the mine is abandoned. 

From all of these risk factors mentioned above, the major 

contribution to the individual mortality, either from voluntary or 

involuntary participation, is the occupational hazard to coal mine 

workers. 

Reference 7 summarizes the many physical and emotional 

stresses that might be experienced by the coal mine workers in the 

form of a number of diseases or illnesses and accidents, as 

follows. 

Pneumoconiosis or 'Iblack lung" is a res piratory disease from 

which workers might die, because of some concomitant disease or 

complication of disease s such as chronic bronchitis ,cor pulmonale , or 

tuberculosis. Dermatosis is quite common because of the abrasive 

characteristic of coal, and secondary infection is not infrequent 

because of the adverse damp working conditions and the difficulty of 

keeping clean during work. Photosensitization is reported to be 

higher in coal miners, perhaps due to the small amounts of coal tar 

. -
- .. 1 
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present. "Beat hand" and "beat knee ll are due to inflammation of 

the synovial membrane of the joints, which re suIts from the trauma 

of squatting and working in awkward positions. An increased 

incidence of rheumatoid disease may also occur among coal miners, 

possibly due to re peated joint trauma or sensitization by some 

constituent of coal. 

The common cold is prevalent and enhanced by the dampness 

and abrupt changes in temperature on entering and leaving the 

mine. Miners are also known to suffer more ~han most others 

from orthopedic diseases, particularly those of the spine. Stand

ing, working, and walking in stooped positions while performing 

'labor are aggravating factors. Well's disease, a systemic infection 

due to contact with the urine of infected rats which infest some 

mines, may also occur. Allergies have been noted in coal mining 

groups, and before the electric lamp was perfected, nystagmus 

and vertigo were rather common. Except for lumbering, mining 

sti111eads all other occupations in the incidence and severity of 

accidents. There is a continuous danger of fires and explosions 

occurring from methane gas and coal dust. 

Lowered levels of oxygen concentrations which fall below 

those necessary to retain effective mental activity often lead to 

serious accidents. Roof falls and cave -ins are not uncommon. 

Lighting conditions are adverse, and there may be the additional 

stress of heat and humidity. All of these conditions are reflected 

in the total death rate for miners of about 500 deaths/year. This 

means that an individual mortality risk of 2.5 X 10-
6 

deaths/year, 
-8 

or 2. 0 X 10. deaths per year for each 1000 MW from coal-

fired power plants can be assessed. 

II. 1. 2. Nuclear Fuel Reprocessing- Plant Accident Risk 

The consequence s and mortality risk of releasing radioactive 

effluents during normal operation and postulated accidents into the 

environment from a fuel reprocessing plant, as well as internal 

postulated accidents themselves, will be discussed and assessed 



in the following section. 

As has been mentioned before, the mortality risk will be 

assessed for every individual living in the United States, no matter 

what his partic ipation really is. 

II. 1. 2. 1 RoutiIie Release of Radioactive Effluents 

The rate of continuous release of radionuclides to the 

atmosphere from fuel reprocessing plants as a function of capacity 

was estimated in Ref. 8, based on current technology for LWR 

* fuel re processing plants. The corre sponding release rate, in 

curies 'per day, may be obtained as the product of fractional 

release, the fuel processing rate, in metric tons per day; and the 

concentration of the isotopes, in curies per metric ton of fuel. 

In this section the following r adionucl ide s will be considered: 

12 

Noble Gases - A total of approximately 0.001 ft
3

(STP} of the 

mixed noble gases He, Kr, and Xe is generated during each megawatt

day of reactor operation. The radioisotope of significant physio

logical hazard that remains after 150 or more days of post-
85 . 

irradiation decay is Kr. Unvented fuel rod contains 

approximately 0.3 curie of 85Kr or 10000 curies/MTU (Metric 

Tons of Uranium). For a typical 1000 MWe LWR with 

an efficiency of 0.33, this amounts to an activity of 3300 X 0.3 = 

990 curies of 85Kr per day after a decay period of 150 days. Noble 

gases are chemically inert and relatively insoluble in water. Being 

gases, they do not deposit in the environs. There are no demon

strated concentration effects, and therefore the effects from noble 

gase s will generally be direct radiation effects. 

Tritium - Approximately 0.025 curie of 3H is formed for 

each megawatt-day of reactor exposure. For a typical 1000 MWe 

LWR, the accumulated tritium is approximately 3300 X 0.025 = 
82.5 curies/day, after a cooling period of at least 150 days. Once 

* . . LWR fuel irradiated to a burnup of 33,000 MWd/MTU at a specific 

power of 30 MW/MTU, and allowed to decay for 150 days. 

. i 

. ," 
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tritium is. released. into the environment, its properties cause 

it to follow hydrogen throughout the biological chain without 

significant concentration effects. The radiation effects that result 

from tritium come from exposure via direct ingestion of either 

air or water sources. 

Halogens - Of the fission product halogens, only the 

. . 1311 d· 12 91 h' 1 . 11· .. 'f' f 150 lsotopes an are p yslO oglca y- slgnl lcant a ter 
85 3. 

d,ays. of decay. Compared with Kr and H, the effluent of these 
131 129 

isotopes- is very small. The accumulated 1 and 1 for a 

typical 1000 MWe LWR seems to be less than 1 curie /day after a 

150-daycooling period. However, iodine is one of the nuclides 

that exhibit a significant reconcentration mechanism through 

deposition on grass and uptake through the grass -cow-milk path 

into the human diet. 

13 

Radioactive Particulates - Release of radioactive particu

lates,other than halogens, from normal operation of re processing 

plants using deep-bed sand filters historically has not been a 

significant problem. However, in an unscheduled incident beta

gamma emitting particulates and alpha emitting particulates 

potentially can be discharged from.a reprocessing plant. The 

potential effects of these particulates have been evaluated consider

ing ingestion via the food chain, inhalation, and radiation level front 

ground deposition from the beta-gamma particulates, as well as 

inhalation of the alpha particulates. 

Based on the criteria for radiological protection, the limiting 

exposure mode for beta-gamma particulates is the radiation level 

from ground deposition, and for alpha particulates, the concentration 

in air at ground level. For both beta-gamma and alpha particulates, 

the expected release rates are only a small fraction of the calculated 

permissible release rates. 

Based on these criteria and analyses, calculations in Ref. 8 

for the hypothetical Oak Ridge Gaseous Diffusion Plant, using 



ORNL weather conditions and a plant capacity of 6 metr ic tons 

per day, show that an Oak Ridge resident is exposed to an 

average total dose rate of approximately 90 mrem per year 

during normal plant operation. Calculations in Ref. 9 for the 

Midwest Fuel Recovery Plant (Morris, Illinois), assuming 

higher burnup of 44, 000 MWd/MTU for a plant capacity of 300 

metr ic tons per year, indicate that an individual at the site 

boundary will be exposed to a maximum total dose rate of 23 

mrem/year. 

II.!. 2. 2. Accidental Release 

The postulated accidents in nuclear fuel reprocessing plants 

can be classified according to the degree of severity. In the 

General Electric constructed Midwest Fuel Recovery Plant the 

postulated accidents are classified in nine classes as follows. 

Note that item 9 is beyond the "Design Basis Accident, ,,8 the most 

extreme case considered in power .reactor accident analysis. 

1. Leaks ins ide containment. 

2. Leaks outside containment. 

3. Radioactive waste system failure. 

4. Leak into primary system. 

5. Leak into secondary system. 

6. Refueling accident in structure. 

7. Spent fuel outside structure. 

8. Design-basis accidents. 

14 

9. Successive failure of multiple barriers, and simultaneous 

failure of emergency safeguards. 

The first seven types of accidents seem of negligible significance 

as potential sources of radioactivity, and therefore will not be 

described in this section. Type 8 accidents will be described in 

some detail, but the consequences of type 9 accidents will not be 

considered, since analysis for this type of accident is still very 

complex and the accident probability seems to be very low. 

. , 
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The classes of accidents postulated above only include 

radiological releases for a typical re processing plant of present

day design with 300 tons per year capacity. 
. >'~ 

Design-Basis Accidents 

A. Criticality Accident - The most credible. though 

highly improbable. causes for criticality incidents in fuel 

reprocessing plants would be due to gradual over -concentration 

of a solution of fissile material or the transfer of a solution from 

a. vessel of .favorable geometry to one of unsafe geometry. 

The radiological effect in the environment from a criticality 

incident would be the dose to the thyroid from iodine • and whole 

body dose from the passing cloud of short-hal£ ... life radioactive 

noble gases. 

B. Explosion in a High-Activity Waste Concentrator - The 

theoretical possibility of an explosive reaction in the high-activity 

waste concentrator arises from the fact that tributyl phosphate 

forms complex nitrate compounds when heated in the presence of 

metal nitrate salt in strong nitric acid. These complex nitrate 

compounds can then decompose autothermally to elevated tempera

tures in the so -called "red oil explosion. " 

An extensive evaluation of the potential for such a reaction 

showed conclusively that the removal of the tributyl phosphate 

from the concentration proceeded so rapidly that the complex 

nitrate compounds would not be formed. Thus. even if the 

multiple safeguards against a "red oil explosion" were to fail 

there would be no potential for an explosion. 

),'c 

Most of this section is taken from Ref. 11. 
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C. Anion Exchange Resin Reaction - The effect of a rapid 

oxidation reaction in the anion exchange units for plutonium and 

neptunium purification have been analyzed, although such an 

. accident would require both a violation of operating procedures 

16 

and failure of the pressure release systems to relieve the discharge 

of degraded resin at pressures and temperatures below that at 

which the oxiddation has been found to occur. 

To evaluate the effects of such a resin reaction it has been 

assumed, based on similar incidents, that upori rupture of the 

pressure relief system less than 25% of the ion exchange resin 

would be discharged from the unit and that about 50% of the 

amount so expelled from the unit would burn, releasing less than 

0.5% of the contained plutonium to the cell atmos phere. Of the 

plutonium that is airborne, it is assumed that O. 1 % of the material 

would pass through the sand filter and can be discharged from the 

stack. This would result in the release of about 0.003 grams of 

plutonium from the stack. 

D. Solvent Fire - It has been assumed that the High 

Activity Product (HAP) line could leak about 2000 gallons of 

HAP solvent onto the floor . This amount of solvent will contain 
-4 . 

about 1200 grams of plutonium, about 1. 5 X 10 of a day's 

inventory of ruthenium and Zr - Nb, and about 1. 5 X 10 -5 0f a 

day's inventory of all remaining fission products. It is also 

assumed that about one -third of the solvent burns before being 

extinguished. The principal potential environmental effects of 

the solvent fire are the whole body expo~ure, bone dose, and 

long ~term ground de position. Again, there is no significant 

adverse environmental impact of a solvent fire, since the maximum 

total dose is just a very small fraction of that from natural radia-

tion source s. 

". 
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Based on the postulated accident criteria described above and 

not including effects from type 9 accidents, calculations show that for 

a typical reprocessing plant of 300 tons per year capacity, processing 

current-technology LWR fuel elements, a maximum exposure of 0.25 

mrem would occur at the site boundary during the most severe design

basis accident • 

II. L 2.3 Internal Accident 

Internal accidents are accidents that could happen ~nside the 

plant itself. In these accidents only employees will be affected. The 

hazards to employees during internal accidents are from inhalation 

and ingestion of radioactive materials and from external exposure. 

Other accidents that occur in nuclear fuel reproces sing plants are, 

in general, of the same nature as might occUr in any chemical plant. 

, During the past 25 years of radiochemical plant operation, only 

about 11 % 8 
of the injuries resulted from hazards classed as specific 

to nuclear activities. One major accident involving radiochemical 

plant operation occurred
lO 

in which Pu-rich solids were, in violation 

of procedures, washed into 38-inch-diameter vessels containing 

aqueous and organic layers. Acid was used to wash the solid into the 

tank and air spraying caused caustic - stabilized. emulsion to break, 

and Pu extracted into an organic phase. Starting of the stirrer 

changed the geometry of the organic phase, and the Pu (3.17 kg) went 

critical. The whole proces s happened in an unshielded containment. 

A maximum dose of 12000 rem was recorded: there was one fatality. 

If we now assume that there is only one accidental death during 

the more than 25 years of operation, and individual mortality risk 

of 1/25 X 1/ (2 X 10
8

) = 2.0 X 10 -10 per year can be assessed for 

nuclear radio chemical employees in the United States. If we take 

the present-day total electrical installed capacity from nuclear -fueled 

power plants as 4000 MWe, this means that the individual employee 
-10 

mortality risk becomes 0.5 X 10 per year for every 1000-MWe 

power plant. This is an outstandingly low accident risk. 



II.2 Routine Operational and Power Plant Accident Risks 

II. 2. 1 Coal Fired Power Plants: Operational Release of 
Pollutants. 

The electric power industry is the major consumer of coal. 

The total installed electric generating capacity in the United States 
11 

in 1970 was about 300 000 MW of which'" 50 % was from coal-

18 

fired power plants. Since mortality risk from accidents in coal

fired plants is extremely small in comparison with mortality risk 

from coal pollutants, only the latter will be considered in the decision 

analysis. Typically, more than 95% of the gaseous combustion 

products of coal are not presently known, and therefore apparently 
. 12 

are not factors in mortality rIsk. The noxious gases oxide 

of sulphur, oxides of nitrogen, and oxygenated organic components 

such as aldehides, carbon monoxide, hydrocarbons, are 

harmful to humans, plants, animals, and materials. Particulate 

emissions from coal-fired units consist primarily of carbon, silica, 

alumina, and iron oxides in the fly ash. Although all but the smallest 

of the sub-micron particles of fly ash can be removed by precipita

tion equipment before they are discharged into the atmosphere, the 

fly ash problem is still of public health concern, especially with 

increasing medical evidence that air particulate pollution is a contrib

uting factor in the initiation or aggravation of various respiratory 

disease s including lung cancer. 

The available scientific literature shows that studies of the 

quantitative biological risk from chemical pollutants have not been 

conducted very intensively yet. Some authors have made qualitative 
. 13, 14 . 

risk studies of chemical pollutlOn, whlch are not of much 

concern for this study. The only available quantitative risk data 

are from Refs. 1 and 15. Starr 15 made an intensive stud,), based 

on 1963 statistical data for the death rate from lung cancer for non

smokers in rural areas and in cities of over 50 000 population. He 

found that the long .:.term effect of low -level air pollution from £os sil

fuel-fired industrie s in a nation-wide average was about 10 deaths 

• 
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per 100000 of the population per year. This gives an individual 
-4 

mortality risk of 10 death/year from all the fossil fuel burned in 

the United States. In 1963 there was approximately 200 000 MW of 

electrical generating capacity, of which about 100000 MW utilized 

coal;, . this accounted for about 16 % of all the coal used in this 

country. If we further assume that the overall contribution to the 

mortality risk is roughly proportional to the amount of fuel used, 

19 

. -4 7 
an individual mortality risk of O. 16 X lOX 1/100 = 1. 6 X 10 deaths 

per year per 1000 MW unit of coal-fired plants can be assessed. 

n. 2. 2 - Nuclear Power Plant: Reactor Accident Risk 

In nuclear -fueled power plant operation, radioactive exposure 

of the general population from discharge of radioactive effluents 

can be classified into two major groups: 

1. low -level routine exposure to radioactive effluents, and 

2. accidental exposure to radioactive effluents. 

From the first group, the maximum additional radiation dose that 

could be received by any individual member'of the public would be 

less than the natural variation in background radiation. Actual 

operating experience 16 with 11 power reactors indicates doses about 

5 mrem/year, at the site boundary. The average to all persons 

within a 50 -mile radius is 0.01 mrem/ year. A s can be seen these 

numbers are far below the natural background, which is about 100 

mrem/year at sea level. So, in order to avoid very small numbers 

in the calculation, it is assumed that this dose can be neglected. 
I 

Comparisons of this long-range low -level dose risk with the 

accident risk in a coal plant can be justified, since the latter gives 

figures that can be neglected too, compared with routine exposure 

risk from coal pollutants. To simplify the problem we assumed 

that the se two low -level risks can be ignored. 

In the second case, the accidental release of radioactive 

effluents can be expected from reactor accidents. Two major 

types of reactor accidents will be considered in this paper, 1. e. 



los s of coolant and reactivity accidents. 
4 

Otway made some 

estimates of loss of coolant and reactivity accident risks over a 

broad spectrum by using chain criteria or joint probabilities of 

failure of all the safeguard systems .. For a typical 1000 -MWe 
. . 131 

modern pressurized water reactor releasll1.g 4000 Cl of I 

biological equivalent to the atmosphere and using a release model 

as in Ref. 17 in a dense urban poputation of 50 people per acre, 

20 

he assessed an individual mortality risk of less than 10-
7 

per year 

outside the exclusion-radius area of 350 m from the accident. Since 

the purpose of this study does not concern mortality estimation as 

the final object, it seems that there is no reason for not using this 

data. 

II. 3 Transportation Accident Risk 

II. 3. 1 Transportation of Irradiated Fuel 

Transportation of nuclear fuel can be grouped into three major 

types: 

(1). Transportation of fresh fuel from the fuel reprocessing plant 

to the reactor site. 

(2). Transportation of irradiated fuel from the reactor site to the 

reprocessing plant. 

(3). Transportation of fission product waste from the reproces sing 

plant to a permanent storage site. 

The fir st item of transportation is just the reguLar transportation 

once or twice a year, of fresh fuel; this can be compared to conven-
>!' 

tional transportation. The hazard from radiqactivity from fresh 

nuelear fuel in case of any transportation accident is almost negligible. 

The third item of transportation can also be very well controlled 

in our case, by the decision maker; although the hazard is not negligible, 

the radioactivity level is much lower here and the amount of mass or 

* The only mentionable accident is the criticality accident. This 
accident can be controlled almost completely by the decision maker, 
by applying advanced packaging techniques. 

.. i 
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volume can be controlled fully by shipping in small safe packages 

or containers. Since the first and third items have either a very 

21 

low risk probability or can be fully controlled by the decision maker, 

only the second type of transportation will be considere9 in this 

study. Not much data tan be derived from past' nuclear transporta-. 
tion accidents because there has never been a major accident that 

18 
killed, injured, or overexposed anyone. So, since direct prob':' 

ability assessment of mortality risk from nuclear transportation 

accidents is not possible at this moment, we. will follow a two-step 

mortality risk assessment: 

First, the frequency of nuclear transportation accidents will 

be assessed; this is in fact the same as for conventional cargo ship

ment accidents, since the conditions are similar. 

Second, the risk assessment of radioactive contamination and 

exposure can be evaluated by mortality risk analysis of radioactive 

exposure. Two major land transportation methods will be considered 

here, i. e., highway and railroad transportation. Reinking et al. 18 

in their most recent publication made an inten~;ive study of accident 

frequencies for cargo transport~tion. They propose an accident 

probability of 2.5 per million vehicle miles for highway transportation 

and 9.89 per million vehicle miles for railroad transportation. 

For the risk assessment from radioactive exposure we again 

follow Ref. 18 for hypothetical accidents. These are based on the 

most severe accident classes, V and VI from Table 5, and assume 

the use of two hypothetical standard types of casks for highway and 

rail transportation. 

"Gask I II is only transported by rail. 

weighs 60 metric tons when loaded. 

It has a 3 MTU capacity and 

"Gask 211 represents casks only transported by highway transporta-

tion. It has a loaded capacity of about 1 MTU and weighs 35 metric 

tons when loaded. 



Table 5. Classification of transportation accidents involving 
radioactive materials. a 

Label and description 

Clas s I Radiation Release. The vehicle has 
been involved in an accident or package 
damage is suspected. The shipment is 
delayed or stopped. No radioactive material 
is released and there is actually no loss of 
package inte gr ity. 

Class II Radiation Release. The package 
integrity is breached. However, there 
is no release of radioactive materials. 

Class ill Radiation Release. Radioactive 
material is released from the package 
but is confined to the vehicle. 

Class IV Radiation Release. Radioactive 
material is released to the ground or 
trafficway with no runoff or aerial 
dispersal. 

Class V Radiation Release. Radioactive 
material is released, resulting in 
aerial dis per sal. 

Class VI Radiation Release. Radioactive 
material is released and enters a water 
course, either directly or after spilling 
to the ground or trafficway. 

a . 
From Ref. 18. 

Number 
Relative of 

Frequency Incidents 

0.555 89 

O. 137 22 

0.144 23 

O. 137 22 

0.019 3 

0.006 1 
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A power density in the fuel elements of 40 kW (kg U and a fuel burn-up 

of 35000 MWd/MTU has been assumed after a cooling period of 90 

days. Based on this principal as sumption, the expected radioactivity 

released per million vehicle miles is given in Table 6. 

1£ we go one step further and try to compare the accidental risk 

rate (curies/year) of these two kinds of transportation from the point 

of view of decision analysis, the figures in Table 7 can be found by 
'. \ 

again assuming a 1000-MWe LWR plant with an efficiency of 33.3%, 

90% load factor, and an average distance traveled of 1000 miles per 

fuel loading. It can be seen from Table 7 that the annual accident 

risk for rail transportation is "safer" by a factor of 3/2. From the 

point of view of the decision makers who recognize mortality risks 

as payoffs, the traffic density is much more important. Bothcity 

route transportation and "busyhours" transportation can be fully 

controlled by the decision maker; this is not always true during other 

times for highway transportation. 1£ we further assume that during 

* the quiet hours the traffic density is 5 times larger for highwCiY 

transportation than for rail transportation (this is a very conserva

tive assumption), we finally end up with a definite relative preference 

for consequences as in Table 8. 

It seems that for the decision maker traffic density is really 

the controlling factor in transportation problems. 1£ we now are 

able to assess the exposure versus mortality risk probability for 

exposures as mentioned above, we then could easily assess preference 

for consequences of the individual mortality risk for irradiated fuel, 

* By traffic density is meant a density of two members of the general 
public in one car, not directly involved in the physical accident, who 
may suffer from radioactive exposure, because they are in the neigh
borhood of the accident. 



Table 6. Expected accidental radioactive releases per million 
vehicle miles. 

From ItCask lit 

rail 
Radionuclide (curies /l06 miles) 

185 

1.3 

Table. 7. Annual accident risk. 

1000-MWe 
LWR annual 
dis.charge 

(MTU) 

I"iJ 35 

Rail 
ItCask II' 

(curie s /year) 

2 

Table 8. Relative accident risk per year. 

1000-MWe LWR 
annual discharge 

(MTU) 

,.., 35 

Rail 
"Cask 1" 
(per year) 

2 

From "Cask 2" 

hlghwal 
(curies/IO miles) 

88 

0.8 

Highway 
"Cask 2" 

(curies /year) 

3 

Highway 
"Cask 2" 
(per year) 

15 

24 

I 
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transportation. This problem is very sensitive, consequently we 

will be limited in our treatment. 

II. 3.2 Coal Transportation Accident 

Coal transportation to power plants can be grouped into 

several type s ; 

A. Land transportation 

1. railroad transportation 

2. highway transportation 

3. pipeline transportation for slurry coal 

4. belt conveyor for mine-mouth power plants 

5. others 

B. Waterway transportation. 

It is assumed, in this study, that all coal is transported by 

railroad. This assumption is justified because most of the coal 

power plants, especially in the Eastern states, get their coal 

supply by means of railroad transportation. Highway transporta

tion is only complimentary. Also, waterway, pipeline, and mine

mouth power plant transportation will not be included here, since 

this would make the comparison too complex. 

Railroad transportation of coal 

25 

A modern 1000 MWe coal-fired power plant operating at full 

power will burn up to 30000 tons of coal per day. Therefore, main

taining safe rail facilities is a major item, . especially since an 

accident can delay important coal supply transportation. Plants 

that require large amounts of coal, use so -called units or integral 

trains. A unit train consists of car s and motive power which are 

more or; less permanently assigned to a particular movement. 

Usually there are 75 to 120 specially designed 100-ton coal cars 

in each train. The unit train and its cars are assigned exclusively 

to moving coal from the mine to the generating plant and return. 

Since the time factor is very important, provisions for fast unload

ing at the plant are becoming common practice. A conservative 
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assumption has been made for the average distance traveled from 

the mine to the generating plant: a good number is 335 miles. This 

means that for a 1000-MWe coal power plant, a unit train consisting 

of an average 100 cars, each carrying 100 tons of coal, will travel 

about 2 X 335 X 30000/10000 = 2000 miles every day. For one year 

the average distance traveled will be about 365 X 2000 = 730 000 

miles. 

Assuming the same. accident rate for railroad transportation 

of coal as for general cargo transportation, which is 9.89 accidents 

for a million miles for 1969, an accident risk of (730 000/1 000 OOO) 

X 9.89 = 7.2 per year can be assessed. If the· average death rate 

per accident is known, the individual mortality risk can be assessed. 

I 
~ 
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III. QUALITY -OF-LIFE BENEFIT COMPARISON OF COAL-FIRED 
VERSUS NUCLEAR-FUELED POWER PLANTS 

III. 1 Employment Benefit: Coal-Fired Plants 

In this study, the quality-of-life benefit comparisons regarding 

working conditions of coal mine worker sver sus nuclear fuel repro-

cessing plant worker s will be compared. The quality-of-life benefit 

to the members of a family from the presence of a .father in the 

family will be discussed and assessed. The survivors (members 

of the family that suffer in case the head of the family dies) will be 

considered the decision makers. First, the coal mine worker1s 

family benefit will be considered. Assume that the average mine 

worker l s family consists of a wife and 3 children. His total individual 

value is the sum of his integrated income starting at age 20 to his 

death, at average age 70, plus the amount of money his parents (or 

any other per son or institution) spends during the fir st 20 year s. 

The integrated income can be calculated by integrating the area under 

the curve of Fig. L If the average income of a mine worker is 

$10000 per year during his active duty of a period of 30 year sand 

an average of $5000 per year during the next 20 years after he retires 

until he dies, then his total income is: 

30 X $ 10 000 + 20 X $ 5 000 = $400 000 • 

Assuming an average e~penditure of $40 000 was spent during his 

first 20 years of age, then his total individual value becomes: 

$400 000 + $40 000 = $440 000. 

$440 000 is the dollar equivalent value of an average coal mine worker 

at birth. Tabershaw 
7 

estimated an annual death of 500 coal mine 

workers from all causes. 

If we assume that this profession could be assigned to one in 

the United States, in other words, the accidents could happen to any

one regardless of sex and age, the mortality risk is 500/200 000 000 
-6 = 2.5X 10 per person per year. It is further assumed that the 
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average age at the time of accidental death is 45 years. Assuming 

that the .tota1 individual value reduces linearly with age (Fig. 2) it 

is found that a loss of 5/ 14 X $440000 = $157000 will occur from one 

29 

mine worker1s death. So in one year there is an individual value loss 

of 

$2.5 X 10-
6 

X $157000 = $0.40 

per person to the general population. This means that if the coal 

mine workers are moved to other professions with at least 100 times 

less risk; which is in fact the caSe for nuclear-oriented workers, a 

benefit of $0.40 per person per year to every individual will be granted. 

For 30 years working period, the benefit will be 

30 X $0. 40 = $ 12.00. 

The benefit to the children can be estimated by looking at how much 

the children will suffer if there is no father in the family. Suppose 

the head of the family dies at 45 years of age (average). This will 

affect the children in two areas:. 

(1). Reduction in st andard of living-that might lead to shortening 

of life. 

(2). Reduction in total ;,ndividual value, because of reduced 

educational opportunity. 

If we assume a life. shortening of 10 years from the first effect 

and a $150000 reduction in individual value from the second effect, 

and then if the high mortality risk profession of coal mining can be 

avoided, a benefit of 

(1. 5 X 10-
6 

«1/7 X$440 000) + $150000.).)= $0.50 

per year would be rece.ived by persons in the United States starting 

at birth. This gives the amount of benefit of 30 X $0.50 = $15.00 

for a·:30-year period. From the same estimates as before we can 

assess a benefit of $10 to every U. S. mother over the same period 

of time. So, summing up the benefits we get the total value of 



$12.00+ 3X $15.00+ $10.00 = $67.00. 

This assessed value is calculated frozn rough and conservative· 

estiznates. This znethod of calculation has been chosen because the 

entire philosophy of this study is based on how every individual of 

the general public will suffer either frozn voluntary or involuntary 

participation in each activity. 

III. 2 Eznployznent Benefit: Nuclear -Fueled Plants 

Exact figures for the death rate in nuclear fuel reprocessing 
10 

plants are very well known. Not znore than one accidental death 

30 

occurred during the znore than 25 year s of operational history of fuel 

reprocessing plants. If we do not count the late znortality effects 

(and we did not in the case of coal znine worker s) the individual znorta1ity 

risk per year is: 

8 . -10 
1/25X 1 X 1/(2X 10 ) = 2.10 • 

. -4 . 
This is a factor of 0.8 X 10 sznaller than the individual znortality 

risk assessed for coal znine workers. If we assuzne the sazne faznily 

suffering arid other conditions for nuclear fuel reprocessing plant 

workers as for coal znine worker s, but as suzne 25 % znore incozne for 

the average nuclear fuel reprocessing plant worker, then a benefit 

of 0.8X 10-
4 

X1.25X$67.00 = 0.67~ per year per person can be 

assessed. (Supposing that there is another profession available for 

hizn with closer to zero znortality risk.) In this benefit problezn, no 

znatter who the decision znaker is a huznanitarian point of view would 

dictate the most pessiznistic decision: znoving all the coal znine workers 

to other profes sions with smallerznortality risks in order to get the 

(znaxiznuzn) $67.00 benefit to each person in the entire U. S. 

population. 

" . 
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IV. APPLICATION OF DECISION ANALYSIS 

IV.l Preference for Consequences 

An attempt has been made to compare quantitatively some 

risks and benefits associated with generating electricity from coal

fired and nuclear -fueled power plants, using decision analysis. It 

is found that for some risk and benefit comparisons the possible 

conditions are very straightforward; in other words, the action taken 

by the decision maker will not involve uncertain conditions. Fortu-

. nately in this analysis the II state of nature II or conditions are 

reasonably certain. Also, it is found that the available data for 

mortality risk are poor, while the data for benefit are quite good, 

for quantitative comparison. This latter statement makes this 

comparison analysis more like an "artll than a IIscience. II 

Nevertheless, some comparison will be made, using the most 

pessimistic strategy from the point of view of the general public as 

decis.ion maker. In the normal coal plant operation versus reactor 

accident risk comparison,it is found that a mortality risk, based on 

a very conservative assumption, to the general po pulation of the 

31 

-7 
United States of 1. 6 X 10 per person per year per 1000 MW electric 

power can be assessed, while the maximum mortality risk for a 
-7 

reactor accident is 10 per person per year per 1000-MWe unit 

plant. 

In the coal mining versus nuclear fuel reprocessing plant 

accident risk comparison, limited to employees, mortality risks are 
. -8 -10 

2.5 X 10 and 1. 0 X 10 per person per year per 1000 MWe 
; 

respectively. Information is not available regarding mortality risk 

to the public from water and air pollution in the vicinity of coal 

mines. The risk from a long-termlow-level dose rate of 3 mrem 

* per year per 1000 MWe from fuel reprocessing plants is better 

>:C 
Assuming annual consuption of 35 MTU for a 1000-MWe LWR. 



known and is negligible. If, for simplicity, we assume that these 

individual mortality risks are C land N 1 per year per 1000 MWe 

respectively, then the total mortality risk associated with coal mine 

accidents and pollution is (Z.5 X 10-
8 

+ C
l

) per person per year 

per 1000 MWe. For the reprocessing plants, the operational 
. -10 

release and plant accident mortality risk will be (1. 0 X 10 + N 1) 

per person per year per ·1000 MWe. 

In the transportation-accident risk the problem is more 

complicated, since concrete accidental-death data for nuclear fuel 

trans portation do not exist yet. If we again assume mortality risks 

of C z and N
Z 

per person per year per 1000 MWe respectively, for 

coal and irradiated-fuel railroad trans portation, then we can sum up 

all the. mortality risks associated with generating electric power 

as follows: 

Coal-fired power plants mortality risk: 
-7 -8· 

C = 1. 6 X 10 + (Z.5 X 10 + C 1) + C z per person per 

year per 1000 MWe. 

Nuclear -fueled power plants mortality risk: 
-7 . -10 . 

N = 1.0 X10 + (1.0 XIO + N1)+N
Z 

per person per 

year per 1000 MWe. 

Rough conservative estimation gives values of the order of less than 
-9 10 for C z and N

Z
. Since all other terms are at least on the order 

Z 
of 10 smaller than the principal mortality risks, we concluded by 

assuming mortality risks: 

C = 1. 6 X 10'" 
7 

per person per year per 1000 MWe, 

and N = 1. 0 X 10-
7 

per person per year per 1000 MWe. 

A direct comparison of these two numbers is in reality not justified, 

since the risk assessments are·based on different approaches. 

If we assume that the numbers are correct and compare the 

3Z 

two plants acc6rding to the pre sent power plant rules and regulations, 

we can construct one of many flow diagrams, as· in Fig. 3. 

I 
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Fig. 3 

1.6XIO-
7 

This assumes that there are only two kinds of power plants to 

chose~rom, i. e., coal fired or nuclear fueled. An important chance 

factor at the present moment for nuclear plants is the licensing 

factor. Since there is no licensing body for coal-fired plants so far, 

the mortality risk payoff is straightforward and equal to 1. 6 X 10-
7 

during normal plant operation. 

For the nuclear -fueled plants, three important chance paths 

will be analyzed. The chance factor is able to drive the decision 

maker down the following paths (Fig. 3): 

1. D path: license granted with probability 9
1 

and maximum 
-7 

payoff or toll 10 . 

2. E path: license postponed or delayed with probability 9
2 

and payoff or toll. P2' 

3. F path: license not granted with probability 9
3 

and payoff 

or toll P 3' 
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The probabilities 9
1

, 9
2

, 9
3 

will not be assessed here since 

data are still very incomplete, as will be the payoffs or tolls follow

ingpaths E and F. Let's let the decision maker look back to point C; 

this point has a total value of 



and a total probability of 

6 -7 
If this total value is less than the path-B value, i.e., 1. X 10 , 

the pessimistic decision maker will automatically follow path C. 

If for one or another reason, i. e., no license is granted or 

time delay is too long, the path-C value is greater than the path-B 

value, the decision maker will of course follow the B path, since 

the toll or risk is smaller along this path. This means that before 

a decision can be made all the licensing alternative regarding 

nuclear-fueled power plant risk factors have to be examined. From 

the Hartl! of decision analysis this latter statement could mean some 

benefit, if the decision maker looks from the point of view of a more 

optimistic strategy. Our present strategy is based on the minimum 

expected loss. When better data are available, we will analyze 

this problem from the point of view of a more 0 ptimistic strategy. 

The quality of life benefit comparison of coal-mine workers versus 

nuclear fuel reprocessing plant workers compares relative numbers 

of quality of life benefit of the order of 1 for coal miners versus 

10
4 

for nuclear fuel reprocessing plant workers. These numbers 

are taken from analys is based on good statistical data. In this 

comparison, no matter what the strategy is, the decision will be 

in favor of the nuclear fueled power plants by a factor of 10
4 
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