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lithe 
makers and the public are now determining 

lithe mixture of energy systems which will supply us 
for the next generation. In the United States and 
Western Europe two major energy systems will utilize 
nuclear and fossil fuels for electric power production. 
Considerable attention has recently been focused on the 
low-probability, high-consequence risks associated with 
radioactivity releases from a potential nuclear reactor 
accident and core meltdown.' Less attention has been 
paid to other potential risks which might arise in a 
worldwide nuclear economy: the risks of diversion of 
nuclear materials, nuclear weapons' proliferation, and 
the risks of sabotage of nuclear facilities. The sabotage 
question should be solvable; at present no workable 
solutions to the proliferation question are apparent. 
Thus, we might ask ourselves whether we would be bet-
ter off without nuclear power. There have been few com-
prehensive analyses of the risks or benefits which might 
result by replacing nuclear power with its alternatiYes, 
but our ability to make comparisons is improving. 

In this article the past record of nuclear power is com-
pared with its present alternatives by asking the ques-
tion: "How many lives have been lost or saved in the 
United States up to the present date by the use of 
nuclear fuels for electricity generation?" By looking at 
the record of the last ten years we can avoid much of the 
uncertainty inherent in projecting our experience into 
the future. This comparison is made by calculating the 
estimated fatalities due to nuclear electric generation 
and by estimating the lives which would have been lost 
as a result of generating the equivalent power by burning 
fossil fuels. These estimates encompass present fuel 
usage from extraction to waste disposal. They are sub-
ject to uncertainty but the fatalities associated with 
electric power production are either a matter of public 
record or may be calculated from clinical and 
epidemiological experience. 

Commercial reactors have been in use in the United 
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States since 1957, but • the amount of electricity 
generated before 1967 by nuclear reactors was small. 
From 1967 to the end of 1974 the amount of central sta-
tion nuclear electricity commercially generated in the 
United States was about 390 X 106  megawatt-hours.' In 
1973, 83 X 106  megawatt-hours of nuclear electricity was 
produced compared to 1,849 X 106  megawatt-hours 
from all sources. For 1974 the total was about 110 X 106  
megawatt-hours, and in 1975 approximately 160 X 106  
megawatt-hours were generated. For calendar year 1976 
we estimate about 200 X 106  megawatt-hours. This 
represents a cumulative total nuclear contribution of 750 
X 106  megawatt-hours. 

We assume that if this nuclear capacity had not been 
available, this electricity would have been generated 
anyway with fossil fuels (hydro power being limited and 
nuclear power representing less than 6 per cent of the in-
stalled electric capacity). These fuels would have been 
burnt as well, or as badly, as the average for fossil 
electric plants in this period, but possibly at higher ther-
mal efficiencies in new base-load plants. We will take 55 
per cent coal, 20 per cent oil, and 25 per cent natural gas 
as the representative fossil fuel mix, although natural gas 
may not have been available in the past three years as a 
replacement fuel for power stations, particularly in the 
Northeast region where in 1972 only 3 per cent of the 
total electricity was produced by burning natural gas. 

In order to estimate health effects we use several 
published surveys. One of us' has expressed health 
hazards in deaths per kilowatt-hour (thermal). More 
detailed studies of health effects data have been com-
piled by the Biomedical and Environmental Assessment 
Group at Brookhaven National Laboratory's, s  and by 
the Council on Environmental Quality.' In these reports 
fatalities are estimated in terms of typical 1,000-
megawatt power plants. To generate 750 X 106  
megawatt-hours would require the equivalent of 114 
1,000-megawatt plants operating at 75 per cent capacity 
factor for one year. 

In Table 1 (page 44) estimates of the deaths resulting 
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TABLE 1 

ESTIMATED U. S. FATALITIES FROM 750 MEGAWATT1 !OURS 
ELECTRIC POWER GENERATION (1967-DECENIBER, 1976)* 

Replacement Fuel Mix 

Total Replacement Total 
Natural Gas Fired Coal Fired Oil Fired Fossil Fuels ,Yuclear Fuels 

Fatalities (1.80 X 10° Mwh) (420 X 10° Mwh) (150 X 106  Mwh) (750 X 10' Nlwh) (750 X 10' .N1wh) 
Extraction 2.5 60-500 2.0 52.-500 11-31 
Transport 1.1 
Processing 0.25 (2) + (620) 23 + (180-2,500) 25 57 
Transport 0.6 62-190 1.1 62-190 
Electrical Generation 

(air pollution) 
(-) 185-6,200 • 23-2,950 210-8,500 11-91 

Waste Disposal (640) (640) 
Total Fatalities 

(reference 4) 
3.5 940-7,500 45-2,250 1,000-10,000 80-189 

Total 
(reference 3) 

11,300 

*Adapted from reference 4a. Fossil fuels — 55 per cent coal, 20 per cent oil, 25 per cent natural gas operating in 114 1,000-megawatt 
plants with 1,000-foot stacks (99 per cent particulate suppression) at 75 per cent capacity factor with 33 per cent thermal efficiency. 
Nuclear fuels — U. S. design light-water reactors operating with 31 per cent thermal efficiency. Parentheses are used to indicate es-
timates with large uncertainty. The fatalities from air pollution arising from coal and oil burning are low by a factor of three primarily 
due to wider sulfate dispersal. (See text.) 

froth this electricity generation are given. These figures 
deserve further discussion. The largest number is due to 
air pollution from fossil fuel burning. For reasons out-
lined here, even these estimates may be too low. The 
calculations made by the authors of references 4, 5, and 
9 are based upon sulfate pollution being the main source 
of the air pollution health hazard. They have assumed 
an approximately linear increase of adverse health ef-
fects with 'increasing sulfate concentration, as suggested 
by a number of studies. For sulfur pollutants, no safe 
threshold from exposure has been substantiated.'-12  The 
linear dose-response relationship seems to be valid for 
both Europe and the eastern United States where 
average sulfur dioxide concentrations are now as high as 
they were when these studies were made and are above 
suggested (but unproven) thresholds. It is also in Europe 
and the eastern United States where the most nuclear 
energy has been used. The lower estimates for air pollu-
tion fatalities assume burning of fuels with low-sulfur 
content (0.2 per cent), although in the past it is probable 
that fuels with higher sulfur content (up to 2.5 per cent ) 
would have been burned in the absence of nuclear 
generation, leading to the upper estimate given. In 1972 
in the Northeast where low-sulfur fuels have been used 
most extensively, the average sulfur content of power sta-
tion coal was 2 per cent, for oil it was 0.6 per cent. 
National figures suggest that 75 per cent of the coal 
purchased for steam-electric plants had a sulfur content 
greater than one per cent." 

There are several reasons why the estimated air pollu-
tion fatalities in Table 1 are probably low. The health 
hazard from air pollution taken from the preliminary es-
timates of reference 4a was only integrated up to 80 
kilometers from the power plant, whereas we know that 
sulfates persist for a long time and distance in the air, ex-
posing a greater number of people. In addition, the pop-
ulation distributions used to estimate these effects were 
compiled for nuclear power plants because cor- 
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responding figures for fossil plants were not available." 
Nuclear plants are remotely sited (an average of 3.8 X 
106  persons within 80 kilometers), while fossil plants are 
typically in urban sites. In the Northeast the population 
within 80 kilometers may exceed 20 X 106  persons for 
some locations. Recent calculations by the Brookhaven 
group have accounted for these effects and suggest a fac-
tor of three increase in the midpoint of the range of the 
estimated air pollution fatalities.15  

Coal mining fatalities are a matter of record. 
Nevertheless, future improvements in underground mine 
safety can largely reduce the dangers of coal production. 
At the fuel processing stage further uncertainties in the 
health estimates arise from the effects of hydrocarbons in 
the air and water, one example being from oil refineries 
which usually have metropolitan sites. The effects of pos-
sible synergisms and of secondary reactive products have 
yet to be determined. At the disposal stage, coal waste 
dumps can also be rendered safer to reduce their future 
risks. 

Fatalities arising from nuclear power also deserve ex-
amination. Nuclear proponents have often stated that no 
radiation injury or death to a member of the public has 
resulted from the operation of a licensed commercial 
nuclear power plant. This is not strictly provable since 
radiation induced cancers are indistinguishable from 
other cancers. Therefore, there is no way to avoid detail-
ing the expected number of such deaths using 
reasonably conservative hypotheses. Moreover, people 
have died from commercial nuclear power operations, if 
not from radiation. For example, workmen have been 
scalded to death after a steam pipe broke, and there have 
been mining casualties. In general, however, in com-
parison to estimates of fossil fuel air pollution deaths, the 
past fatalities due to nuclear power are well under-
stood. 

In summary, largely because of wide dispersal of sul-
fates, the air pollution fatalities for fossil fuels given in 
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Table 1 are an underestimate by about a factor of three. 
Consequently, the additional deaths which would have 
resulted in the United States from replacing nuclear 
power by fossil fuel electricity generation up to 
December, 1976, is in the range of 1,900 to 27,500 
deaths, and a little more than twice this worldwide. The 
low-fatality figure is for exclusive replacement by the 
lowest sulfur fuels and the high figure is for high-sulfur 
fuels. If we assume the epidemiology of air pollution is 
roughly correct, the actual sulfur content of fossil fuels 
burned in existing power plants indicates that the 
number of fatalities is likely to have been in the upper 
half of this range. In 1975 alone, the estimated excess 
deaths would have been between 400 and 6,000. The 
numbers we have quoted are only for mortality and do 
not include morbidity. In reference 10 it is estimated 
that the numbers for air pollution morbidity are five 
times the mortality figures. Certainly our society has an 
interest in reducing these fatalities from electricity 
generation despite the increased electricity costs of doing 
so. Paying to reduce the sulfur content of fossil fuel emis-
sions in order to avoid the undesirable health effects 
would be money well spent. 

Are these numbers a guide to the future? If we are not 
careful they will be. Already East coast cities in the 
United States are reducing their air quality by allowing, 
once again, the burning of fuel of high-sulfur content. In-
dustry is successfully resisting the installation of stack 
gas scrubbers. Power plant siting criteria for fossil fuel 
plants still allow their placement in and near major 
cities. For example, a 500-megawatt oil-fired plant has 
gone into service within the last year on the Mystic river 
in Boston. Our best coal reserves are now in the western 
states, and the longer rail haul (2,000 miles instead of  

300 miles) will cause more grade-crossing accidents. All 
of these will need attention if future risks are to be 
reduced. 

Similar attention can reduce the hazard due to the 
nuclear fuel cycle. For example, many of the extraction 
casualties caused by uranium mining cancers have been 
reduced substantially by providing increased ventilation 
in the mines and by a decision not to hire miners who 
smoke. The increased scrutiny of nuclear reactor risks 
should also help to ensure continued attention to safety 
in the nuclear industry. 

It must be noted that these estimates of past fatalities 
do not include several potential hazards. Future 
catastrophes, whether nuclear reactor meltdowns, gas 
explosions, or large-scale accidents to oil refineries in 
metropolitan sites have not been included, primarily 
because the expected number of fatalities when we mul-
tiply large consequences by very low probabilities is 
small in comparison to the other numbers in Table 1. As 
previously mentioned, possible fatalities resulting from 
theft or diversion of nuclear materials are excluded and 
are certainly deserving of increased attention. 

Finally, it is worth pointing out that using less energy 
and using energy more efficiently can save lives by 
reducing the demand for more power. Energy conserva-
tion will prolong the useful life of our finite energy 
resources: oil, coal, gas, and uranium included. Any 
responsible energy policy must consider energy conser-
vation as well as alternative technologies to increase our 
energy supplies. By now it should be evident that deci-
sions regarding energy systems are not simple. Only by 
examining all the risks and benefits of our options as 
completely as possible can we hope to make the difficult 
choices our energy and health needs require. 
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