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PREFA 

This publication contains the papers presented m the 1970—1971 Environmental and 
Ecological Forum series, which was planned to provide an overview of the significant 
environmental, social, and economic aspects of electnc-power generation, more 
specifically, the pros and cons of nuclear power production 

The Forum was organized as a pubhc service to foster community understanding 
of environmental problems that increasingly tax society's capabilities for remedial 
action. It was the purpose of the Forum to present a program in which prominent, 
knowledgeable speakers discussed the various ways m which the increasing develop
ment and use of technology may affect man's well-being. In the hope of building a 
communication bridge between the scientific community and the public, the Forum 
scheduled speakers whose concerns ranged widely across the multidisciplmary areas of 
technology, national pohcies, priorities, and their interrelationships The sponsoring 
organizations believed that all sides of these issues should be presented by 
knowledgeable and articulate spokesmen to as broad an audience as possible m an 
attempt to generate open discussion, increase involvement, and overcome apathy It 
was further believed that a series of this type would assist those attending to develop 
informed, independent judgments on matters which ultimately would have an impact 
on them and their families. 

The editors of this volume saw the Forum as a method of bringing the technical 
and lay communities together in a meaningful dialogue that would provide an 
opportunity for each group to better understand the other Since there was 
disagreement withm the technical community with respect to the best approach to the 
production of power, great pams were taken to schedule speakers who held widely 
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PREFACE 

divergent opinions. A. Burt Kline, Jr., was selected as the Forum coordinator by the 
sponsoring organizations in June 1970 and was authorized by them to plan and 
implement a program that would create an opportunity for open discussion of the 
overriding issues surrounding the "power crisis" and to provide for the broadest 
possible dissemination of the presentations and subsequent discussions. The Environ
mental and Ecological Forum program was developed in response to this charge and, at 
its conclusion, received an award from the Atomic Industrial Forum in October 1971 
as the outstanding program of its type conducted in the year preceding the 
presentation of their award. The award was presented to A.Burt Kline,Jr., 
representing the Environmental and Ecological Forum, at the annual joint meeting of 
the Atomic Industrial Forum and the American Nuclear Society in Miami Beach, 
Florida, and carried the following citation engraved on a bronze plaque: "The Forum 
Award honoring significant contributions to public understanding of atomic energy is 
bestowed upon The Environmental and Ecological Forum for its series of programs 
featuring outstanding experts on nuclear power and the controversy surrounding it. 
The initiative of the Forum led to a comprehensive series of meetings that presented a 
finely balanced view of nuclear power to the interested public in the Washington 
(D.C.)area." 

The original goals of the Environmental and Ecological Forum were to promote 
understanding and to foster cooperation; it was intended to unite rather than to 
divide, and aU decisions were made with these ends in mind. It is the hope of the 
coordinator, the sponsoring organizations, and everyone associated with this under
taking that the Forum was successful in remaining true to these goals and to some 
degree successful in achieving them. 

A. Burt Kline, It.,Forum Coordinator 
Michael S. ItxpW&k, Assistant Forum Coordinator 
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MAN'S CONQUEST OF ENERGY: 
ITS ECOLOGICAL 
AND HUMAN CONSEQUENCES 
M. King Hubbert 

Research Geophysicist, U. S. Geological Survey, Department of the Interior 

Dr. Hubbert received the B.S., M.S., and Ph. D. degrees in geology and 
physics from the University of Chicago. In addition to teaching at 
Columbia University and Stanford University, he has conducted and 
directed research at the Shell Oil Company in Texas and with the U. S. 
Geological Survey. He is a member of the National Academy of 
Sciences and a Fellow of the American Academy of Arts and Sciences 
and has served as Chairman of the Division of Earth Sciences of the 
National Research Council, as a member of the NAS-NRC committee 
advisory to the AEC on land disposal of atomic wastes, and as a 
member of the NAS Committee on Natural Resources advisory to 
President John F. Kennedy and author of its report on energy 
resources. He is the author of The Theory of Groundwater Motion and 
Structural Geology in addition to over 60 articles in scientific journals. 

The topic I will discuss is man's progressive conquest of energy during the last milhon 
years and its consequences to the earth's plant and animal ecology and in particular to 
man himself. However, to appreciate our present situation and our prospects for the 
future, we must take account of the geological span of time in which our species has 
evolved and look at a longer period of human history than that to which we are 
accustomed. 

The time scale of geologic history is shown in Fig. 1. The upper horizontal line is a 
graphical representation of the entire history of the earth. Recent radioactive datings 
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of meteorites are consistent m indicating that the catastrophic astronomical event that 
produced the solar system (including the earth) must have occurred about 4.5 billion 
years ago. On this hnear chart, the total history of the earth is divided into two parts 
that from the earth's origin 4 5 billion years ago to about 570 milhon years ago, the 
Precambrian Era of geological history, and the subsequent 570 million years, 
comprising the Paleozoic, Mesozoic, and Cenozoic Eras 

In the Precambrian Era geological history becomes increasingly less well known the 
farther back we go. In fact, the oldest known terrestrial rock is radioactively dated at 
only about 3.7 billion years. The oldest known fossils of primitive organisms are dated 
at about 3.2 billion years. Thus, although life must have originated earher than this, 
the fossil record is scanty prior to the beginning of the Cambrian Period. However, 
during the Precambrian Era many of the earth's major ores of industrial metals—iron, 
copper, nickel, and the hke—were deposited. Since the beginning of the Paleozoic 
Era, abundant fossils have been preserved m the succeeding sedimentary strata, 
affording us a reasonably continuous record of the evolution of the earth's organisms. 

The second bar of Fig 1 represents an enlargement of the last 570 million years It 
is divided into three successive geologic eras. The Paleozoic Era, extending from the 
beginning of the Cambrian Period to the end of the Permian Period about 225 million 
years ago, the Mesozoic Era from 225 to about 65 million years ago, and finally the 
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Cenozoic Era, extending to the present The final two linear scales represent an 
enlargement of the Cenozoic Era and show the period of the rise of man 

For the corresponding highlights m the evolution of organisms, all of the phyla of 
the animal kingdom except the vertebrates were already in existence by the beginning 
of the Cambrian Period By Devonian time (395—345 million years ago), large fishes 
had appeared Then, by Pennsylvanian time (about 320—280 million years ago), 
amphibians began to appear During Permian time (280—225 million years ago), these 
evolved into fully land dwelling reptiles which, during the Mesozoic Era, the so-called 
Age of Reptiles, proliferated into the huge dinosaurs and associated reptiles Finally, 
during the following 65 million years of the Cenozoic Era, we witness the emergence 
and progressive evolution of the mammals including, during the last 2 million years, 
the human species 

In parallel with the evolution of animals, plants first emerged from an aqueous 
environment and blanketed the land surface m Silurian time (about 440—395 million 
years ago) Then, by Pennsylvanian time (about 320—280 million years ago), formerly 
known as the "Carboniferous," there occurred the dense forests whose plant remains 
produced the world's first widespread deposits of coal, including those of eastern 
North America, Great Britain, Holland, Belgium, and France 

In the last milhon or two years, the human species rose to dominance Since our 
species did not originate suddenly, it cannot be said of any specific time that "man 
began here " However, from the recent excavations by Dr L S B and Mary Leakey m 
the Olduvai Gorge in Tanzania, Africa, it appears that near relatives, if not direct 
ancestors, of the present human species were already walking upright and using 
primitive stone tools as long ago as 1 7 million years Subsequently, there must have 
occurred the succession of unprecedented activities, such as fire budding, domestica 
tion of animals and plants, and the smelting of metals, which led finally to the 
proliferation of activities characterizing the world's present industrialized societies 

It is especially significant that most of this industrial evolution has required only 
the last century of the entire span of geologic history, yet it represents one of the 
major geological events of the earth's history 

TERRESTRIAL ENERGY FLUX 

One of the most general views possible concerning events that occur on the earth is 
based on the recognition that the ensemble of such events—biological as well as 
inorganic—consists in the last analysis of a circulation of the earth's material 
constituents and a degradation of energy From this point of view we may regard the 
earth as being composed of various amounts of the 92 naturally occurring chemical 
elements, which, with the exception ot a tew isotopes with an abundance of but a few 
parts per million, obey the laws of conservation and nontransmutabihty of classical 
chemistry Into and out of the earth's surface environment there occurs a continuous 
flux and degradation of energy Consequently the earth's surface materials undergo 
either continuous or intermittent circulation 
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The nature of this energy flux is shown m Fig. 2 The significant energy influxes 
are from three sources (1) solar radiation amounting to about 178,000 X 10' ^ watts, 
(2) geothermal heat, heat conducted and convected from the earth's interior, 
amounting to about 32 X 10'•^ watts, and (3) tidal energy from the combined 
potential and kmetic energy of the earth—moon—sun system of about 3 X 10' ^ watts. 
Energy input from solar radiation is approximately 5000 times that from the other 
two sources combined. It is by a wide margin the largest source of energy available to 
the earth and also has an expectancy of future continuation for a time comparable to 
that of the past duration of the solar system. 

The energy from each of these sources, after undergoing a sequence of 
degradations, eventually leaves the earth by radiation into outer space. In the case of 
solar energy about 35%, the earth's "albedo," is directly reflected. The remaining 65%, 
after undergoing various degradations, eventually terminates as heat at the lowest local 
surface temperature and is then reradiated into outer space as long-wavelength, 
low-temperature radiation. Of the total influx of solar radiation, about 43% is 
absorbed by the earth's atmosphere and surface materials and converted directly into 
heat. About 22% is expended in the evaporation, circulation, and precipitation of 
water m the hydrologic cycle; a small fraction of 1% is expended in winds, ocean 
currents, and waves of atmospheric and oceanic circulations and interactions. Finally, 
a still smaller fraction, about 40 X 10' ^ watts, is captured by the chlorophyll of plant 
leaves m the process of photosynthesis whereby the inorganic materials, CO^ 
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and H2O, are converted into organic carbohydrates with an accompanying chemical 
storage of energy This becomes the source of the biological energy requirements of 
the entire plant and animal kingdoms 

Photosynthetically stored energy is released by the reverse reaction of oxidation 
whereby 

Oxygen + organic materials ^ H2O + CO2 + heat 

On the average, the rate of decay and oxidation of plant and animal materials is 
approximately equal to the rate of photosynthesis However, during geologic time, at 
least since the Cambrian, a minute fraction of this material was deposited m peat bogs 
or other oxygen deficient environments of incomplete decay EventuaUy this material 
was buried by great thicknesses of sedimentary sands and muds, and through 
subsequent transformation has become the earth's supply of the fossil fuels The 
present accumulation of fuels therefore represents chemical storage of a small part of 
the solar energy incident upon the earth during the last 600 milhon years 

Geothermal energy occurs principally as heat, although a fraction is responsible for 
the mechanical activities of volcanoes and hot springs Tidal energy is responsible for 
the oscillation of seawater, which produces the semidiurnal cycle of the rise and fall of 
the tides and associated tidal currents This energy is then dissipated by friction into 
low temperature heat 

At an early stage our ancestors must have existed in some kind of ecological 
equilibrium with the other members of the plant and animal kingdoms and competed 
with these members for a share of the contemporary solar energy essential for their 
existence At that stage man's sole capacity for energy utilization, in common with the 
other members of the animal kingdom, must have been hmited to the food 
required—then as now probably about an average of 2000 kilocalories or about 100 
watts per capita per day 

Since that early stage the human species has distinguished itself from all other 
members of the animal kingdom in its inventiveness of means for capturing an 
ever larger fraction of the contemporary flux of energy Initially, this inventiveness 
consisted principally in the manipulation of the contemporary ecological system The 
use of tools and weapons, the control of fire, the invention of clothing and housing, 
and eventually the domestication of plants and animals and the employment of beasts 
of burden aU increased the supply of energy available to man and continuously upset 
the ecological equilibrium in favor of an increase m numbers and a geographical spread 
of the human species, with corresponding adjustments of all other plant and animal 
populations 

Eventually the conquest of energy was extended to nonbiological sources when the 
Egyptians used the power of wind to propel saihng ships on the Nile and the Romans 
used water power for grinding grain About 5000 years ago the energy of wood was 
extended to the nonbiological use of smelting metallic ores 

Although the prehistonc details are only dimly known, from the million or so 
years of time involved, the rates at which these successive changes occurred must have 
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been extremely slow. However, since the time sedentary agriculture was introduced, 
estimated to have been 8000 to 10,000 years ago, the pace of successive developments 
has progressively quickened. Even so, the rate of increase of energy utihzation must 
have been so slow that the increase of population was able to keep pace. Hence, the 
rate of energy consumption per capita could not have been more than a few times 
more than the biological requirements for food alone. 

Escape from dependence upon the contemporary flux of energy with its 
approximately fixed energy allotment per capita was not possible until a larger and 
more concentrated source of energy became available. This occurred about nine 
centuries ago when the inhabitants of the northeast coast of England, near 
Newcastle-on-Tyne, discovered that the black rocks along the seashore—hence known 
as "sea coals"—would burn. The mining of coal as a continuous enterprise soon 
spread to aU the coal fields of Great Britain and Western Europe. Next, m 1857 m 
Romania and m 1859 m the United States, the exploitation of the second major 
source of energy from fossil fuels, petroleum, began. 

Since about the year 1700, an associated technology has evolved along with the 
exploitation of energy from the fossil fuels. This included the development ot the 
steam engine and its use for stationary, and, later, mobile mechanical power and the 
use of coal for the smelting of metals, principally iron. With the discovery of 
petroleum came the internal combustion engine foUowed by the motor vehicle and the 
airplane. The development of means for the transmission of electric power, during the 
latter part of the nineteenth century, has made possible individual power units, 
including water-driven generators, of more than 1000 megawatts (Mw) capacity as 
compared with units of only a few hundred kilowatts based on mechanical 
transmission of power. 

The mining of coal as a continuous enterprise began about the twelfth century and 
has steadily increased ever since. Although scattered statistics on production during 
the earlier centuries exist, statistics on the annual production of coal and lignite prior 
to the year 1860 are difficult to assemble. We do know, however, that by 1860 the 
annual production rate had reached 138 x 10* metric tons and by 1965, 2 80 X 10' 
tons (Fig. 3). The rate of production of coal and lignite during the years before 1800 
must have been almost insignificant as compared with that which followed 1800. 
From available data it can be estimated that the average rate of growth in the 
production rate before 1860 must have been about 2% per year. The cumulative 
production during the preceding eight centuries has been estimated to be about 
7 x 10' metric tons. By 1965 this had reached 125 x 10', and by 1970 it was 
approximately 140 x 10' metric tons. Hence, coal production during the 110-year 
period from 1860 to 1970 was about 20 times that of all preceding history. Similarly, 
the amount of coal produced during the 30-year period 1940 to 1970 was equal to 
that of all preceding history. 

The rate of growth of production since 1860 falls into three distinct episodes 
[Fig. 3(a)] (1) a steady exponential growth until about the beginning of World War I, 
(2) a slowdown between World Wars I and II, and (3) a resumption of rapid growth 
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following World War II. This is shown even more clearly in Fig. 3(b), where a 
straight-line segment indicates an exponential growth at a constant rate of increase per 
year or a rate of production that doubles at equal successive intervals of time. Hence, 
Fig. 3(b) shows that during the period 1860 to 1914 annual production increased at a 
steady rate of 4.41% per year with a doubling period of 16.1 years. During the second 
period, 1914 to 1946, the growth rate reduced to only 0.745% per year with a 
doubling period of 93 years. Finally, during the period since 1946, a growth rate of 
3.56% per year with a doubling period of 19.8 years has been achieved. 

The annual production of crude oil (Fig. 4) had reached about 11.2 x 10' barrels 
per year by 1965, and by the end of 1970, about 16.2 x 10'. Cumulative production 
amounted to 233 x lO' barrels. Of this, the 103-year period from 1857 to 1960 was 
required to produce the first half, and the second half required only the 10-year period 
from 1960 to 1970. Figure 4(b) shows that, except for a slight rise during the 1920s 
and a slight downward offset during World War II, the curve follows a straight-line 
exponential growth rate from 1880, corresponding to an annual rate of increase of 
6.94% with a doubling period of 10.0 years. 

Since coal is measured in metric tons and oil in U. S. barrels, the two cannot be 
compared directly. When the thermal energy content of the separate fuels is expressed 
in a common unit of energy, however, they can be compared. In Fig. 5 this has been 
done in terms of the energy content expressed in units of kilowatt-hours of heat. The 
figure shows that the energy from crude oil was barely significant by 1900 but that by 
1965 it was approximately equal to that from coal and lignite. By 1970 crude oil 
accounts for about 57% of the total energy from coal and crude oil combined. When 
we include the additional energy from natural gas and natural-gas liquids, we find that 
by 1970 about two-thirds of the energy from fossil fuels is contributed by petroleum 
fluids, only about one-third by coal. From 1850 to 1907 coal production in the 
United States (Fig. 6) increased exponentially, with a growth rate of 6.58% per year 
and a doubling period of 10.5 years. After 1907 the growth rate broke away sharply 
from its earher trend, and during the last half century production has fluctuated about 
a mean rate of approximately 500 X 10* short tons per year. 

Production of crude oil in the United States (Fig. 7) began in 1859 and from 1874 
to 1929 it increased exponentially with a rate of increase of annual production of 
8.27% and a doubling period of 8.4 years. Since 1929, following a minor setback 
during the depression of the 1930s, the growth rate has progressively diminished, and 
in 1970 it was approximately zero. 

Until after 1940 a great deal of the natural gas produced in the United States in 
association with oil was "flared" by burning at the wellhead because of inadequate 
pipelines and market facihties. Statistics until recently have accordingly been restricted 
only to that fraction of the gas produced that was delivered to the consumer. Since 
World War II, in consequence of the construction of "big-inch" pipehnes for delivery 
of gas to the major residential and industrial centers, such waste of gas has been 
curtailed and marketed statistics reflect approximately the total net production 
(Fig. 8). From about 1903 to 1965 annual production of marketed gas increased 
exponentially, with an annual growth rate of 6.57% and a doubling period of 10.5 
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years. By 1970 the rate of production had reached 22 x 10' ^ cu ft per year (at 60°F 
and a pressure of 14.73 Ib/sq in.). 

The growth m the rate of production of total industrial energy m the United States 
from coal, oil, natural gas, water power, and nuclear power is shown m Fig. 9. Again, 
we note that from 1850 to 1910 the production rate increased at a steady exponential 
rate of 6.91% per year with a doubling period of 10.0 years. At this point the curve 
broke sharply downward It then continued at the greatly reduced average rate of 
1 77% with a doubhng period of 39 years until about 1958. Subsequently it increased 
at a higher rate of 4.6% per year with a doubhng period of 15 years. 

The rate of energy consumption since World War II has been somewhat higher than 
the rate of production because about 1946 the United States became a net importer of 
petroleum. Imports have steadily increased; by 1970 imports amounted to about 
one-thiid of domestic petroleum production or one-fourth of domestic consumption. 
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FUTURE OF PRODUGTIOW OF EiyERGY 
FROM FOSSIL FUELS 

From this brief review of the growth of energy production from fossil fuels, we 
have seen that in each instance production has increased initially at an almost constant 
exponential rate between the limits of about 4 and 8% per year with doubhng periods 
of between about 8 and 16 years Also, in each instance, this steady exponential 
growth has been sustained for the order of a century, then, with the exception of 
world production of crude od, the growth rate has begun to slow down. A question of 
great interest regarding the future of these curves is "How much longer can the growth 
rates that have prevailed during the last century be continued"'" 

An approximate answer to this question can be obtained when we consider the 
nature of the fossil fuels. These fuels are derived from the remains of plants and 
animals which were buned under conditions of incomplete decay over a geologic time 
span of some 600 milhon years. Although burial and preservation are stiU occurring, 
their present rates are so slow that no significant additions to the world's supply of 
fossil fuels are hkely to accrue withm a period of less than a rralhon years. Hence, m 
the exploitation of fossil fuels, it is evident that we are simply depleting a fixed and 
finite initial supply with no replacement withm the time span of the next few 
centuries 

The manner of exploitation of a fossil fuel for its energy content is shown 
diagrammatically in Fig. 10. The fuel is extracted from its underground deposit either 
by mmmg or by drilling. The energy of the fuel is then extracted chemically m the 
form of heat by a combustion reaction of the form 

Fuel -f O2 ^ Hj 0 + CO2 + heat 

Especially in the case of coal, mineral impurities are also present which produce the 
gas SO2 and ash. The material constituents are thus returned to the atmosphere or to 
the earth. The energy content, however, after various transformations, whether 
directly as heat or from thermal to mechanical to electrical energy, eventually is 
reduced to heat at the lowest local temperature and is then radiated into outer space. 
Hence, the material constituents of the fossil fuels remain on the earth but the energy 
content, after being irreversibly degraded, leaves the earth. The fossil fuels, therefore, 
are absolutely exhaustible. 

A guiding pnnciple of fundamental importance in estimating the future course of 
the production rate of any given exhaustible resource is a consequence of a 
geometrical property of the curve of the rate of production when plotted 
arithmetically as a function of time. Consider a vertical column extending from the 
time-axis to the curve of the rate of production. Let the base of this column be a small 
interval of time dt and its height be the production rate 
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Fig. 10 Flow diagram for the production and combustion of fossil fuels. 

where dQ is the quantity of the substance produced during the time interval dt. Then 
the area of this column, which will be the product of its base times its altitude, will be 
the quantity dQ produced during dt, 

dQ 
dt 

X dt = dQ 

The total area under the curve from the beginning up to any given time must represent 
the cumulative production Q up to that time. 

Now consider how the curve of production rate must behave during a complete 
cycle from the beginning of the production of the resource until its exhaustion. The 
rate-of-production curve must begin at zero and then, after a period of steady increase, 
pass one or more maxima and eventually decline to zero as the resource becomes 
exhausted. The total area under this curve then represents the ultimate cumulative 
production Qoo, and the basic equation of the process must be be 

Qoo^Qi 

where Qj is the quantity of the resource initially present. This principle is illustrated in 
Fig. 11, which shows the complete production cycle of an exhaustible resource. If 
now, by geological or other means, we can estimate how much of the given resource 
was originally present, we can then extrapolate the production curve as known up to 
the present into the future, subject to the condition that when it returns to zero the 
area under the curve must not exceed the estimate of the initial quantity. 
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TIME (t) 

Fig. 11 Complete cycle of an exhaustible resource. Area under curve is proportional to cumulative 
production. [From M. King Hubbert, Nuclear Energy and the Fossil Fuels, in Drilling and 
Production Practice (1956), p. 12, American Petroleum Institute, New York.] 

Application to Coal 

Coal, because it occurs in stratified beds or seams which commonly extend over 
wide areas and also frequently crop out on the surface, is a comparatively easy 
resource to estimate. Most of the areas in the world which are underlain by coal beds 
are known. Inventories of world coal resources have been compiled successively since 
1913. The most recent is that for the year 1967 made by Averitt* of the U.S. 
Geological Survey. This compilation comprises an estimate of all the minable coal 
originally present to depths of 4000 ft (1.2 km) and in beds 14 in. (36 cm) or more in 
thickness. In mining, roughly half the coal is left in the ground. Hence "minable coal" 
is taken to be 50% of that estimated to be present. According to Averitt's estimates 
the total original quantity of minable coal in the world amounted to an estimated 
7640 biUion metric tons. Of this, 5000 biUion metric tons was in Asia; 2100 in North 
America; 377 in Europe; and 182, or only 3.2%, divided between the three 
continental areas of Africa, South and Central America, and Oceania (including 
Austraha). By countries, 4310 billion metric tons, or 56% of the world's original coal 
supply, was in the USSR, and 1486, or 19%, in the United States. 

The quantity of coal consumed by 1970 amounted to 140 billion metric tons, or 
to about 2% of the quantity initially present. Using the principle illustrated in Fig. 11 
and combining the curve of coal production with estimates of the world's minable 
coal, we can construct curves of the complete cycle of world coal production. 
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Fig. 12 Complete cycle of world coal production for two values of (L (Ref. 2). 

Figure 12 shows two such curves plotted using two different values for Qoo (the 
estimated ultimate amount of coal to be produced), Averitt's value of 7.6 X lO'^ 
metric tons and a smaller value of 4.3 x 10*^. In view of the depth and thinness of 
some of the seams in the Averitt estimate, the smaller figure may be the more reaUstic 
of the two. 

In Fig. 12 the area scale is shown by the grid square in the upper right-hand corner, 
which has a vertical dimension of lOx 10' metric tons/year and a horizontal 
dimension of 100, or 10^, years. Hence its area represents 

(10 X 10' metric tons/year) x (100 years) = 10' ^ metric tons 

Therefore, for Q<«, = 7.6 x 10'^ metric tons-, the area under the curve during a 
complete cycle of production cannot exceed that of 7.6 grid squares. For the smaller 
value of Q„o, the area cannot exceed that of 4.3 grid squares. 

If we assume a modest future growth in the rate of coal production of not more 
than three more doublings, then we obtain the two curves shown in Fig. 12 for the 
complete cycle of production. If higher peak rates of production should be achieved, 
the two curves would be higher and narrower than those shown, but the respective 
areas would not be changed. Should lower peak rates prevail, the time span of the 
curves would be increased. 

The dashed curve shown extending to the top of Fig. 12 represents what the 
production rate would be if the growth rate of 3.56% per year that has prevailed since 
World War II continues for another 75 years. According to the more probable curve 
shown in Fig. 12, it appears that the peak in world coal production will probably 
occur sometime near the period 2100 to 2150. Then, if we disregard the long periods 
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of time required to produce the first and last 10% of the ultimate cumulative 
production, Q„, it appears that the middle 80% will probably be consumed during the 
three centuries between the years 2000 and 2300. 

The corresponding complete cycles of coal production in the United States are 
shown in Fig. 13. Here also two different values are used for Q„, that of Averitt of 
1486 X lO' metric tons and a smaller value of approximately half this amount. For 
the peak rates assumed, the peak in production should occur about the year 2200, and 
the consumption of the middle 80% should require the three or four centuries 
centered at about the year 2200. 

Petroleum 

Petroleum, consisting principally of crude oil, natural gas, and natural-gas liquids, 
because of its fluid nature differs markedly from coal in its manner of occurrence 
underground. Whereas coal occurs in strata of large areal extent, oil and gas 
accumulations are found in the pore spaces of sedimentary rocks in volumes of 
restricted areal and vertical extent. The pore spaces of sedimentary rocks are normally 
filled with water. In this porous-rock and water environment, oil and gas are driven 
into traps that are usually in domal structural configurations of porous rocks overlain 
by less pervious strata. In size, oil and gas fields range from a few hundred meters to 
more than 100 km in horizontal dimensions, and from a meter or so to hundreds of 
meters vertically. By far the greatest number of such fields are less than a square 
kilometer in area. 
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For these reasons, the estimate of the ultimate amount of oil or gas that a given 
region will produce is much more difficult than corresponding estimates for coal. 
However, as geological and geophysical mapping in a developing region progresses and 
as drilling and production proceed, this cumulative knowledge permits successively 
more accurate estimates of how much oil or gas the region may ultimately produce. 
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CUIVIULATIVE EXPLORATORY FOOTAGE, 10" ft 

Fig. 14 U. S. discoveries of crude oil per foot of exploratory drilling (Alaska excluded), averaged 
for each 10' ft vs. cumulative exploratory drilling. [From M. King Hubbert, Degree of 
Advancement of Petroleum Exploration in the United States,/4mer. /4ss. Petrol. Geol. Bull, 51: 
2223 (1967).] 

In the United States, which is one of the two earliest oil-producing countries of the 
world, the state of development is the most advanced. Therefore, the geological and 
statistical information accumulated within the last 20 years makes possible a number 
of different methods that give reasonably consistent estimates of the ultimate amounts 
of oil and gas that may be produced in the United States. 

One of these methods is shown in Fig. 14. This figure shows the amount of oil 
discovered in the United States for each successive 100 miUion feet of exploratory 
dtiUing and the barrels of oil discovered per foot as a function of cumulative feet of 
--xploratory drilling from 1860 to 1965. By 1965 cumulative exploratory drilling 
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amounted to 1 5 X 10' ft, or to 15 units of 10* ft each. The first of these drilhng 
units required the 60-year period from I860 to 1920, the last half-dozen have averaged 
about 2 years each. The cumulative discoveries during this period amounted to about 
136 X 10' barrels. 

The most significant fact pointed out by this figure is that during the first period 
when od was easy to find the discovenes averaged 194 barrels per foot. During the 
second period, extending from 1920 to 1928, the discovery rate dropped to 167 
barrels per foot, indicating that od was getting more difficult to find Then, during the 
third period extending from 1928 to 1937, the peak rate of 276 barrels per foot was 
achieved. This was due jointly to the accidental discovery of the 6-billion-barrel East 
Texas field and to the development of superior geophysical methods of well logging 
and exploration. From 1937 to 1965 the figure shows a spectacular dechne in 
discovenes per foot to an average rate for the last few intervals of only about 35 
barrels per foot. 

The fact that this decline m the effectiveness of exploratory activities occurred 
during the period of the most intensive research and development of improved 
methods of petroleum exploration and production can hardly have any other 
significance than that the diminishing supply of undiscovered od is becoming 
increasingly difficult and expensive to find. 

About as liberal an extrapolation of this decline curve into the future as can be 
justified by the data gives an estimate of about 165 billion barrels as the ultimate 
amount of od, producible by present technology, that may be expected to be 
discovered m the conterminous 48 states and their adjacent continental shelves If this 
figure IS approximately correct, then the 136 billion barrels discovered up to 1966 
would represent about 82% of that ultimately to be discovered. 

In contrast with this estimate of 165 X 10' barrels based on the data of Fig 14, 
mention should also be made of an estimate of 590 X 10' barrels for the same area 
made m 1961 by the late A. D. Zapp of the U. S Geological Survey.' * Zapp's 
estimate was based on the hypothesis dlustrated graphically in Fig. 15. Zapp stated 
that petroleum exploration in the United States could not be regarded as completed 
untd a density of exploratory wells of about one well to each 2 square mdes had been 
drilled to depths either to the bottom of the sediments or to 20,000 ft in all 
petroleum-bearing areas In 1959 Zapp* estimated that this amount of drilhng for all 
the potential petroleum-bearing basms in the United States exclusive of Alaska would 
amount to 5 X 10' ft, whereas at that time the cumulative exploratory drilling 
amounted to an estimated 0.98 X 10' ft. Zapp further stated that there was no 
evidence that any decline had yet occurred in the oil discoveries per foot, and he 
assumed that this would continue to be true for the future 4 X 10' ft of exploratory 
drilling. He accordingly estimated that by 1959 the United States was less than 20% 
along m its petroleum exploration, yet had already discovered over 100 X 10' barrels 
of od. This imphed that the ultimate figure would be more than 500 X 10' barrels. In 
1961 Zapp gave the definite figure of 590 X 10' barrels. This would require an average 
discovery rate of 118 barrels per foot for the postulated 5 X 10' ft of driUmg, a rate 
equal to the estimated discovenes per foot up to 1961 
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Fig. 16 Comparison of actual U. S. discovery rate shown in Fig. 14 with that predicted by Zapp's 
hypothesis in Fig. 15 (Ref. 2). 

Zapp's hypothesis is especially significant because the estimate for the ultimate 
U S crude-od resources to which it led was about \ \ times the highest previously 
pubhshed estimates and 1)\ times the present figure of 165 X 10' barrels derived from 
the data of over a century of petroleum exploration and production. Also, either m its 
ongmal form or in slight modifications, this hypothesis continues to be the principal 
basis for most of the higher estimates for the ultimate amounts of od and gas to be 
produced. 

Fortunately, the validity of the hypothesis is amenable to testing against 
petroleum-industry data. The od discoveries per foot of exploratory drilling during the 
past century, as shown m Fig. 14, have not been substantially constant, as assumed by 
Zapp, but have declined drastically dunng the last 30 years. Also the data do not 
afford any basis for the further assumption that the oil discoveries per foot m the 
future wdl remain substantially constant and equal to the average value during the 
past. A direct comparison between Zapp's hypothesis, based on an average discovery 
rate of 118 barrels per foot of exploratory dnlhng, and the actual discovery data of 
Fig. 14 IS shown by superposition m Fig. 16. The blank area between the two curves 
represents 425 X 10 ' barrels, which appears to be the approximate magnitude of the 
Zapp overestimate. 
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Fig. 17 Complete cycle of U. S. crude-oil production, exclusive of Alaska.^ 

Using our estimate of 165 X 10' barrels for Q„o for the conterminous United States 
and its adjacent continental shelves, we can construct the approximate curve for the 
complete production cycle of crude od for this area (Fig. 17). This curve indicates that 
the production peak should occur very close to the year 1970. This figure was 
constructed on data extending only through 1965. Subsequently the production curve, 
plotted weekly, has steadily risen to a peak at about November 1970, after which it 
has steaddy declined {f)il and Gas Journal, weekly statistics section). This date may 
prove to be that of the ultimate production peak of crude od for the conterminous 
United States. 

As with coal, the dashed curve in Fig. 17 extending to the top of the chart 
indicates what the production rate would be if it continued at the growth rate of 
5 86% per year which prevailed from about 1933 to 1955 The vertical dashed hues at 
the years 1933 and 1998 represent the approximate dates at which the cumulative 
production reaches 10% and 90%, respectively, of Q^. The period dunng which the 
middle 80% will be consumed will accordingly be that of the 65 years between these 
two dates. In other words, about 80% of the ultimate amount of crude od produced m 
the conterminous United States will probably be consumed withm the average lifetime 
of people born in 1930 

The ultimate quantity, Qo„, for the cumulative production of natural gas m the 
conterminous United States may be estimated in various ways (l)by compihng 
estimates based on the geology and production records of separate gas-producmg areas, 
(2) by an analysis of the discovery and production statistics as a function of time, or 
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Fig. 18 Complete cycle of U.S. natural-gas production (Alaska excluded).̂  

(3) from previous estimates of the ultimate cumulative discovenes of crude oil in 
conjunction with the ratio of gas to od discoveries 

The first of these methods is that used by the Potential Gas Committee, an 
industry committee that compdes biennial estimates based partly on unpubhshed 
industry data Figure 18 shows the complete cycle of natural-gas production m the 
conterminous Unded States and adjacent continental shelves based on an estimate for 
Qoo of 1290 X 10'^ cu ft made by the Potential Gas Committee'' m its 1967 report 
giving data as of Dec 31, 1966 As shown in Fig 18, this value of Q„ implies that the 
rate of production wdl not reach its peak before about 1980 

In Its October 1969 report,* giving estimates as of Dec 31, 1968, this Committee 
increased its estimate for the conterminous United States including the adjacent 
continental shelves and slopes to a depth of 1500 ft to 1427 X 10'^ cu ft It may be 
noted, however, that, of the estimate of 1290 X 10'^ cu ft, 180 X 10'^ was classed as 
"speculative" and, of the 1427 X 10'^ cu ft, about 240 X 10'^ was classed as 
"speculative." 

A direct analysis of natural gas based on its drilhng, discovery, and production 
statistics has not been made, but an approximate estimate can be made from our 
previous value of 165 X 10' barrels as the value of Q„ for crude od and from the 
gas-to-od ratio By Dec 31, 1970, the cumulative proved discoveries of crude od m the 
contermmous United States and adjacent continental shelves amounted to 122 X lO' 

file:///2ooxN
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barrels At the same time, the cumulative discoveries of natural gas amounted to 
648 X 10'^ cu ft Therefore, the ratio of cumulative discoveries of gas to those of od 
amounted to 5320 cu ft per barrel However, it is known that this ratio is increasing 
with time owing largely to the fact that with increasing depth of drilhng the gas-to-od 
ratio increases For the discoveries during the last few years, it averages about 6500 cu 
ft per barrel Therefore, for a rough estimate let us make the liberal assumption that, 
for all future discoveries of od and gas, the gas-to-od ratio will be 7500 cu ft per barrel 

Using the figure of 165 X 10' barrels as the ultimate amount of crude od to be 
discovered and the figure of 122 X 10' barrels as the cumulative proved discovenes, 
we obtain 43 X 10' barrels as the amount of crude od stiU to be added to cumulative 
proved discoveries At 7500 cu ft per barrel, this gives an estimate of 323 X 10' ^ cu ft 
of natural gas still to be discovered Adding this to the 648 X 10'^ cu ft already 
discovered then gives 971 X 10*^ cu ft, or roundly 1000 x 10'^ cu ft, as a rough 
estimate for Q„ for natural gas 

A curve of the complete cycle of natural-gas production based on this lower figure 
would give an earlier date of around 1973 to 1976 for the peak m the rate of 
production The fact that serious gas shortages are already beginning to occur m the 
United States affords some grounds for thinking that the estimates of the Potential 
Gas Committee may be considerably too high and that the smaller figure of around 
1000 tnlhon cubic feet may be a better estimate 

The od and gas potentials of Alaska have not been treated with those of the 
conterminous United States because Alaska is a new territory that has not yet made 
significant contributions However, since 1958 several medium-sized od fields have 
been discovered and have become productive in the Kenai Peninsula and Cook Inlet m 
southwest Alaska. On the Alaska north slope the unproductive Umiat field was 
discovered in 1947 and confirmed by further drilling in 1950 m U S Naval Petroleum 
Reserve No 4 In 1968 the discovery of the large Prudhoe Bay field was announced 
Its presently estimated reserves of 10 X 10' barrels make it the largest od field m the 
United States 

Only crude prehmmary estimates can yet be made as to the ultimate amounts of 
oil and gas that Alaska will produce, but, from present geological and discovery 
information, it appears that these amounts will probably not be less than 30 X 10' 
barrels of crude od, 180 X 10''^ cu ft of natural gas, and 6 x 1 0 ' barrels of natural-gas 
hquids Although the discovery of a 10-bdhon-barrel od field has produced a 
considerable amount of enthusiasm, it should be noted that a field of this size is less 
than a 3-year supply for the U S requirements, and 30 bdhon barrels of od and 180 
tnlhon cubic feet of gas offer less than a 10 year supply 

Estimates of the ultimate amount of crude od to be produced in the entire world 
are made largely by geological comparisons between the better known areas, such as 
the United States, and less developed areas Such estimates range at present from 
about 1350 to 2100 x lO' barrels The higher figure is that given in 1967 by W P 
Ryman of the Standard Od Company of New Jersey at a conference of the National 
Academy of Sciences—National Research Councd Committee on Resources and Man ^ 
The smaller figure represents about the lower limit of present estimates 
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The complete cycle of world crude-od production based on these two figures for 
Q„ is shown in Fig. 19. For the higher figure, the production rate would reach a 
maximum by about the year 2000; for the smaller figure, by about 1990. In both 
curves the middle 80% of Q« would be produced in a time span of between about 58 
and 64 years. 

FOSSIL FUELS li^ HISTORICAL PERSPECTIVE 

Time does not permit us to review in detail all classes of fossd fuels, such as the 
world supply of natural gas, natural-gas liquids, tar sands, and od shales. However, the 
estimated relative magnitudes of the world resources of these different classes of fuels 
are shown in Table 1. Nearly 89% of the energy content of the fossd, fuels is 
represented by coal and hgnite, and close to 5% each by petroleum liquids and natural 
gas, with only about 1.3% accounted for by shale and tar-sand od. Consequently, the 
picture that we have drawn for both the United States and the world wOl not be 
significantly changed by a more detailed account. In any case, it appears Hkely that the 
world wUl consume the bulk of its initial suppHes of petroleum resources within a 
period of less than a century and the bulk of its coal and lignite within three or four 
centuries. 

Lest three or four centuries may appear to be a long time, it may help if we view 
this episode of the fossd fuels in the context of a longer span of human history. This 
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Table 1 

ENERGY CONTENTS OF THE WORLD'S INITIAL 
SUPPLY OF FOSSIL FUELS^ 

Fuel 

Coal and 
hgnite 

Petroleum 
liquids 

Natural gas 

Tar sand oil 

Shale oil 

Quantity 

7 6 X 10'^ metric tons 

2000 X 10 ' barrels 
(272 X 10 ' metric tons) 
10,000 X 1 0 ' ' cuft 
( 2 8 3 x 1 0 ' ^ m=') 
300 X 10 ' barrels 
(41 X 10 ' metric tons) 
190 X 10 ' barrels 
(26 X 10 ' metric tons) 

10' 

Totals 

Energy 

' joules(th) 

201 

11 7 

10.6 

1.8 

1 2 

226 3 

content 

10' = kw-hr(th) 

55.9 

3 25 

2 94 

051 

0 32 

62 9 

Percent 

88 8 

5 2 

4 7 

0 8 

0 5 

100 0 

we may do if we plot the complete cycle of the consumption of the fossil fuels on a 
time base extending from 5000 years in the past to 5000 years in the future. The 
result, as shown m Fig 20, is a curve that rises from near zero to a sharp crest and then 
leturns to near zero m the narrow span of about one-third of a mdlennium On such a 
time scale, it is seen that the entire epoch of the fossil fuels can be only a transitory 
and ephemeral event m human history—an event, nonetheless, which is unique m 
geological history and which has exercised the most drastic influence experienced by 
the human species dunng its entire biological history 

300 

> 200 — 

100 — 

TIME BEFORE AND AFTER PRESENT, 10"̂  years 

Fig. 20 Complete cycle of vt'orld consumption of fossil fuels on a tune scale of 5000 years before 
and after the present. (Modified from Ref. 2.) 
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OTHER SOURCES OF IWOUSTRIAL ENERGY 

Solar Power 

Figure 2 shows that the largest source of energy available to the earth is the solar 
radiation intercepted by the earth. This power amounts to about 178,000 X 10'^ 
watts, or, if we disregard the 35% that is reflected directly into outer space, to about 
116,000 X 10'^ watts absorbed and utihzed m the various terrestnal processes. This 
latter figure amounts to about 20,000 times the present world rate of use of mdustnal 
energy. In addition, solar energy is pollution free and has an expectable time span 
comparable to that of the age of the earth. 
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Fig. 21 U. S. installed and ultimate hydroelectric power capacity.' 

At present the pnncipal function of solar energy is to maintain the earth's 
moderate climate, to impel its material circulations, and by means of photosynthesis 
to provide the biological requirements of energy for the plant and animal kingdoms 
Until now the only channel of this contemporary energy flux, other than 
photosynthesis, which occurs m a concentrated form and is thus suitable for large-scale 
power development is water power from the hydrologic cycle The magnitude of the 
potential water-power capacity of the United States and its degree of development are 
shown m Fig. 21. The estimated ultimate capacity, P„„, is 161 X 10^ megawatts (Mw) 
of which about 50 X 10^ Mw is now developed 

The potential water-power capacity of the major geographical land areas of the 
world and the degree of development of each are shown in Table 2. The total capacity 
IS about 2900 X 10^ Mw, oi just under 3 X lO' ^ watts Of this, only about 8 5% is 
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Table 2 

WORLD POTENTIAL AND DEVELOPED WATER-POWER CAPACITY' 

Region 

North America 
South America 
Western Europe 
Africa 
Middle East 
Southeast Asia 
Far East 
Australia 
USSR, Chma 

and satelhtes 

World 

Potential power,* 
10 ' watts 

313 
577 
158 
780 

21 
455 

42 
45 

466 

2857 

Percent of 
total 

11 
20 

6 
27 

1 
16 

1 
2 

16 

too 

Developed^ 
capacity, 1967, 

10' watts 

76 
10 
90 

5 
1 
6 

20 
5 

30 

243 

Percent 
developed 

23 
1 7 

57 
0 6 
4 8 
1 3 

48 
11 

6 4 

8 5 

*Francis L Adams, U S Federal Power Commission, Statement on water power to 
Committee on Natural Resources, National Academy of Sciences, unpubhshed 1961 

fU S Federal Power Commission, IforfdPowerDaffl 1967 1969 

now developed—pnncipally m the highly industrialized areas of North America, 
Western Europe, and the Far East, especially Japan Among the areas with the largest 
potential water-power capacities are the industrially underdeveloped regions of Africa, 
South America, and Southeast Asia, whose combined capacities represent about 63% 
of the world total 

The logistic growth curve of the world's developed and potential water power is 
shown m Fig 22 If fully developed, the 3 X 10' ^ watts of water power would be of 
approximately the same magnitude as the world's present rate of industrial power use 
It might also appear that this would be an inexhaustible source of power, or at least 
one with a time span comparable to that required to remove mountains by stream 
erosion This may not be true, however Most water-power development involves the 
creation of reservoirs through the damming of streams The time required to fill these 
reservoirs with sediments is only two or three centunes Hence, unless a technical 
solution can be found for this problem, water power may actually be comparatively 
short lived 

The remaining prospect for the large scale industrial use of solar energy is that of 
Its conversion to conventional electric power or for such chemical uses as the 
separation of chemical compounds into their component elements by electrolysis 
Heretofore the pnncipal difficulty in developing large-scale power from solar radiation 
has resulted from the low areal density of solar radiation on the earth's land surfaces 
The most promising areas are those of low rainfall lying within a belt of about ±35 
degrees of latitude The land areas satisfying these conditions are very large They 
comprise a band m the southwestern United States, most of northern Mexico, a large 
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Fig. 22 Potential and developed hydroelectric capacity of the world. 

coastal belt m Peru and Chde, and a band that includes the Sahara Desert and extends 
across northern Afnca, the Red Sea area and the Arabian Peninsula, the Persian Gulf, 
Southern Iran, and West Pakistan. 

For one such area, consider southern Arizona. Here the average solar energy 
incident upon a horizontal surface changes from a winter minimum of 300 to a 
summer maximum of 650, with a yearly average of 500 (calories/cm^)/day. 
Restricting ourselves to the winter minimum, 300 (calories/cm^)/day, when averaged 
over 24 hr, is equivalent to 145 watts per square meter, or to 145 thermal megawatts 
[Mw(th)] per square kdometer. Now suppose that by means of photovoltaic ceUs with 
a 10% efficiency enough solar energy were to be collected for a power plant of 1000 
electrical megawatts [Mw(e)] capacity, what would the collection area have to be'̂  
This would require 10,000 Mw of solar energy, which, at a rate of 145 Mw/km'̂ , 
would require a collection area of about 70 km^, or a square of 8.4 km, or 5 miles, to 
the side. For the same region the area required to produce the 350,000 Mw(e), which 
was approximately the electrical power capacity of the United States in 1970, would 
be about 24,500 km^, or about 9460 square miles, which is less than 10% of the total 
area of Arizona. 

Hence, although solar power is intermittent and of low areal density, its magnitude 
when integrated over comparatively small areas becomes surprisingly large. When it is 
considered that solar power is almost pollution free and is best developed in sparsely 
vegetated and populated regions and when the complexities of a solar-power plant are 
compared with one operated by coal, it may well be that such plants are not as 
technically impractical as they at first appear In any case, it is significant that. 
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principally withm the last few years, a continuously increasing amount of study by 
highly competent scientists, engineers, and research institutions is being devoted to the 
possibdity of developmg solar power on an industrial scale. 

Tidal and Geotherma! Power 

Only bnef attention can be given to the development of power from the tides and 
from geothermally generated steam. Tidal power is similar to water power except that 

Table 3 

TIDAL-POWER SITES AND MAXIMUM POTENTIAL POWER* f ' 

Locahty 
or region 

North America* 
Bay of Fundy (nine sites) 

South America 
Argentina, San Jose 

Europe 
England, Severn 

France 
(nine sites) 

USSRT 

(tour sites) 

Average 
potential power, 

ToUls 

10 ' kw 

29,027 

5,870 

1,680 

11,149 

16,049 

63,775 

Potential annua! 
energy production, 

10'̂  kw-hr 

254,445 

51,455 

14,726 

97,730 

140,682 

559,038 

*N. W Trenholm, Canada's Wasting Asset—Tidal Power, Blec Eng. 
News, 70(2) 52-55 (1961) 

fL. B Bernshtem, Tidal Energy for Electric Power Plants (English 
translation of Russian original), IPST No 1205, Israel Program for 
Scientific Translations, 1965, Table 5 5, p 173 

It must be developed from the alternate filling and emptying of tidal basins, whereas 
water power is derived from the unidirectional flow of streams. Tidal power is only 
practical in coastal configurations where a combination of high tidal amphtudes and 
bays or estuanes amenable to being enclosed by dams exists. 

Table 3 summanzes the world's more favorable tidal-power sites The power 
capacities of individual sites range from 2 to 20,000 Mw each The world total of such 
sites as presently estimated amounts to about 63,000 Mw, which is only about 2% of 
the world's water-power capacity. 

The world's first large-scale tidal-power plant is that on the La Ranee estuary on 
the English Channel coast of France. It began operation m 1966 with an initial power 
of 240 Mw and a planned enlargement to 320 Mw. 
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Up to the present, geothermal power has been derived from natural steam 
generated in volcanic areas where elevated temperatures occur at comparatively 
shallow depths Geothermal power has been produced in the LardereUo region of 
Tuscany in Italy since 1904 and recently m the Monte Amiata region about 70 km to 
the southeast The total capacity of these two areas amounted in 1970 to about 
400 Mw In Wairakei, New Zealand, drilling for geothermal steam was begun about 
1950, and power-plant operation started in 1958 By 1970 the power capacity had 
reached only 160Mw,' which is considerably less than the maximum capacity of 
290 Mw originally estimated for the area In the United States, at The Geysers m 
northern Cahfornia, a 12 5Mw geothermal power plant began operation in 1960 
Subsequently the power capacity in this area has been increased to a planned 192 Mw 
by mid-1971 and 400 Mw by 1973 Small geothermal plants also recently began 
operation in the USSR, Japan, and Mexico 

At present, only an order-of magnitude estimate for the world's potential 
geothermal power can be given From a study of the known areas of volcanic heat 
appropriate for power production and the quantities of stored thermal energy. 
White^" of the U S Geological Survey has estimated that there is enough geothermal 
energy to generate about 3x10* Mw years of electncal energy With a life expectancy 
of 50 years, this would give an average electrical-power capacity for that length of time 
of about 60,000 Mw This is about the same as the capacity of tidal power but only 
about 2% that of potential water power However, since geothermal power production 
IS now only m its initial phase and since the total quantity of thermal energy at 
temperatures above 100°C within depths of 10 km from the surface of the ground is 
much larger than the above figure, it is possible that a larger geothermal power 
capacity may eventually be achieved 

l\luciear Power 

We next direct our attention to the world's newest source of stored energy, the 
atomic nuclei of some of the earth's natural constituents Nuclear energy is obtainable 
by two opposite types of nuclear reactions (1) the fissioning of certain isotopes at the 
heavy end of the scale of atomic masses and (2) the fusing into heavier elements of 
isotopes at the low end of the scale 

Fission The only naturally occurring isotope which is capable of spontaneous 
fission under mdd surface conditions is ^ ^ 'U, which occurs in natural uranium with an 
atomic abundance of 1 atom of ^^'U to 141 atoms of uranium The remaining 140 
atoms are of ^^^U 

When ^^^U is struck by a stray neutron, the neutron may be absorbed and cause 
the 2 3 5y atom to fission, that is to divide into two roughly equal parts comprising 
two complementary atoms somewhere m the midrange of the atomic scale, plus one or 
more additional neutrons The average amount of energy released per fission of ^^^U 
IS about 200 million electron volts (MeV), or 3 20 X 10 ' ' joules 
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-»• U -235-
FISSION 

PRODUCTS 
+ NEUTRONS + HEAT 

Fig. 23 Diagram of fission chain reaction. [From M. King Hubbert, Nuclear Energy and the Fossil 
Fuels, m Drilhng and Production Practice (1956) p. 20, American Petroleum Institute, New 
York.] 
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FISSION 

PRODUCTS 
NEUTRONS' + HEAT 

Fig. 24 Diagram of breeder reaction. [From M. King Hubbert, Nuclear Energy and the Fossil 
Fuels, m Drilling and Production Practice (1956) p. 20, American Petroleum Institute, New 
York.] 

With a suitable arrangement of a ^^^U fuel supply in a reactor a part of the 
neutrons released by fission are captured by other atoms of ^^^U, and a sustained, but 
controllable, chain reaction ensues This is shown diagrammatically in Fig 23 

If ^^^U or ^^^Th (natural thorium) is also placed m the reactor, either of them 
may also capture neutrons and then undergo successive radioactive transformations In 
this manner ^^Sy ^̂  converted into ^^ 'Pu, and ^^^Th into ^^^\] Both ^^^Pu and 
^^^U are fissde Thus, ^^*U and ^^^Th, which are not themselves fissionable under 
ordinary circumstances, can be converted into fissionable materials They are therefore 
called fertile materials The process of converting a fertde isotope into a fissde one is 
known as breeding A schematic diagram of the breeder reaction is given m Fig 24 

The energy released per fission of ^^^U, ^^ 'Pu , or ^^Sy ^̂  ygj.y ^gj^jy ĵ̂ g same, 
namely, 200 MeV, or 3 20 X 10 ' ' joules The number of atoms of ^ ^ ' U per gram is 
2 56 X 10^* , thus the fissioning of 1 g of ^^^U would release 8 2 X 10 '° joules oi 
heat Approximately the same amount of heat is released by the fissioning of 1 g of 
either ^^ 'Pu or ^ a s y jj^j^ ^̂  eqivalent to the heat of combustion of 2 7 metric tons 
of bituminous coal or of 13 4 barrels of crude od 
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In a reactor the heat released by nuclear fission is used to generate steam for a 
conventional steam-electnc power plant. Whether the energy obtainable from the 
nuclear fission reaction wdl be sufficient to take the place of that from the fossd fuels 
as these are depleted depends mainly on two things (1) the existence of sufficient 
quantities of uranium and thonum m an economically extractable form and (2) the 
early development of breeder reactors. With regard to requirements, we should first 
take note of the fact that nearly all the power reactors now in use in the United States, 
as weU as m the rest of the world, depend almost entirely on the rare isotope ^^^U. 

By the end of 1970 the operable nuclear-power capacity in the United States, 
according to the Atomic Energy Commission,'' amounted to 6708 Mw(e), and it is 
predicted to reach 150,000 Mw(e) by 1980. This would correspond to a growth rate of 
31 % per year with a doubling period of only 2.3 years Nuclear-power capacity for the 
rest of the world is estimated to grow dunng this decade at about the same rate. 

The projected U. S. requirements of uranium are estimated to amount to 206,200 
short tons of UjOs from 1971 to 1980 and another 452,100 short tons after 1980.'' 
Against these requirements the ore reserves recoverable at $8 per pound of UaOg 
amounted at the end of 1970 to 243,000 short tons Although new discovenes will 
undoubtedly be added in the future, there is every indication at present that a severe 
shortage of ^^^U will occur before the end of the present century. Hence, unless 
breeder reactors are rapidly developed, the episode of nuclear-fission power may be 
weU past Its chmax within less than a century. With breeder reactors, however, the 
situation can be quite different because nuclear-fission power wdl no longer be 
dependent upon high-grade, low-cost sources of uranium but can be produced with the 
enormously larger quantities of low-giade ores. 

A rough idea of the occurrence and distribution of both high- and low-grade ores 
of uranium and thorium m the United States may be gained by reference to the map 
shown m Fig. 25. The high-grade deposits that are now mined are principally those of 
the Colorado Plateau. For a low-grade deposit, consider the Chattanooga shale. This is 
a black carbonaceous shale of Devonian age which crops out along the western edge of 
the Appalachian Mountains in eastern Tennessee and neighboring states and underhes 
at minable depths most of the areas of Tennessee, Kentucky, Ohio, Indiana, and 
Ilhnois. Its stratigraphic equivalent, the Woodford shale, also occurs in the subsurface 
of the mid-continent states. In the outcrop area of eastern Tennessee, the Chattanooga 
shale contains a stratum about 5 m thick, the Gassaway member,' ^ with a uianium 
content of about 60 g per metric ton. That the uranium-nch character of this shale is 
widespread is evident from the fact that when gamma-ray logs are taken m oil wells 
even as far away as Texas and Oklahoma the instruments are driven off their scales 
when transversmg the Woodford shale. 

Let us consider the energy potentially obtainable from the Chattanooga shale m 
eastern Tennessee by means of the breeder reactor. Bearing in mind that the energy 
leleasable from the fissioning of uranium amounts to the equivalent of that from 2.7 
metric tons of coal or from 13.4 barrels of crude od, the 60 g of uranium per metric 
ton of shale would be approximately equivalent to 160 metric tons of coal or 800 
barrels of crude od. 
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With a shale density of 2.5 metric tons per cubic meter, a vertical column 5 m long 
and 1 m^ in horizontal cross section would contain 750 g of uranium. This would be 
approximately equivalent energetically to 2000 metric tons of coal or to 10,000 
barrels of crude oU per square meter of horizontal area. If we allow a loss of 50% of 
the uranium in mining and extraction, these figures would reduce to 1000 metric tons 
of coal or to 5000 barrels of crude od per square meter, or to 1 bilhon metric tons of 
coal or 5 billion barrels of od per square kdometer. Then, assuming 1500 X 10' metric 

Phosphoria formation 
0.003 to 0.03 % U 
500,000 met. tons U -

f- Uraniferous 
lignite 
15,000 met. tons U 

Colorado Plateau 
0.26 % U 
500,000 met. tons U 

Thorium 
(Conway Granite 

30 X 10^ 
met. tons Th) 

Thorium 
(Monazite Sands 
29,000 met. tons Th) 

Phosphates 
1.5 X 10^ 
met. tons U 

Dev - Miss 
Blackshales 
0.001 to 0.006% U - " Chattanooga Shale 

5 x 1 0 ^ met. tons U 

Fig, 25 Map showing the distribution of high- and low-grade ores of uranium and thorium in the 
United States. [Based on M. King Hubbert, Nuclear Energy and the Fossil Fuels in Drilling and 
Production Practice (1956), p. 23, American Petroleum Institute, New York.] 

tons of coal and 500 X lO' barrels as the oil equivalent of petroleum liquids, natural 
gas, and shale od, an area of only 1600 km^ would be required for the energy 
obtainable from the uranium in the Chattanooga shale in eastern Tennessee to be equal 
to that of the total supply of fossd fuels in the United States. This would be equivalent 
to a square area of 40 km, or 25 miles, to the side, which would represent less than 2% 
of the area of Tennessee. 

When the total areal extent of this uranium-rich shale is considered, it becomes 
evident that with breeder reactors the energy obtainable from the uranium of the 
Chattanooga shale alone is orders of magnitude larger than that of the total initial 
U. S. supply of fossd fuels. An even larger amount of potential nuclear energy is 
involved when other known low-grade sources of uranium and thorium, such as those 
shown on the map in Fig. 25, are also considered. 
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Fusion. It has been known since 1939 that the continuous outpouring of energy 
from the sun and other stars is the result of a fusion reaction whereby the nuclei of 
hydrogen atoms are combined to form those of heavier atoms of helium. In fact 
hehum derives its name from the sun because it was detected spectroscopically in the 
solar atmosphere before it was identified on earth. Uncontrolled fusion has been 
achieved by man and is the basis for the so-called hydrogen, or thermonuclear, bomb. 
Intense research directed toward terrestrial attainment of controlled fusion has been 
under way m the United States, Great Britain, and the USSR for about 20 years, and 
progress is continuously being made, but this goal has not yet been achieved although 
there is hope that it may be within a few more decades. 

A number of different fusion reactions are known. The one that is most favored at 
present involves the fusion of the two heavy isotopes of hydrogen, deuterium and 
tritium, of atomic masses 2 and 3, respectively.' ^ Deuterium occurs in water with an 
atomic abundance of 1 atom of deuterium to 6700 atoms of common hydrogen. 
Tritium occurs naturally only m infinitesimal traces, so it has to be produced by the 
neutron bombardment of hthium. 

Omitting intermediate steps, the deutenum—tritium, or D~T, reaction, beginning 
with deuterium and lithium, reduces to the foUowmg 

2D+''Li + *Li^3'^He + 3T+ 19.9 MeV 

The hmiting factor m this reaction is hthium and especially the isotope *Li, which 
occurs with an atomic abundance of only 7.42% of natural hthium. Lithium is 
obtained on land from a rare type of igneous rock known as a pegmatite and from 
certain sahne deposits. From the known and inferred occurrence of such deposits, it is 
estimated that the world supply of *Li amounts to about 67.5 X 10^^ atoms of this 
isotope. On the other hand, deuterium is obtainable from seawater, and the entire 
deuterium content of the oceans amounts to about 1.35 x 10''^ atoms. 

From the D—T reaction 19.9 MeV or 3.19 X 10'' ^ joules of energy is released per 
atom of *Li consumed. Then, for the total supply of 67 5 X 10^^ atoms of *Li, the 
total amount of energy released by fusion would be 215 X 10^' joules This is 
approximately equal to the energy of the world's supply of fossd fuels. 

Since deutenum is about 10* times more abundant than ''Li, the more difficult 
deuterium—deuterium, or D-D, reaction is potentially capable of releasing a very 
much larger quantity of energy. In this case, three separate reactions give the 
combined result 

5 ^D-» ^He + 3He + H + 2M + 24.8 MeV 

Hence, the energy released per deuterium atom in the D—D fusion reaction is 4.96 
MeV or 7.95 X 10"'^ joules 

To obtain an idea of what this signifies, let us consider the deuterium content and 
hence the potential energy obtainable from 1 hter, or lOOOg, of water. Since water 
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has a molecular mass of 18 g, 1 hter of water comprises 55.56 moles. One mole 
contains 6.022 X 10^^ molecules, and each molecule contains 2 hydrogen atoms 
Therefore 1 hter of water contains 

2 X (6.022 X 1 0 " ) X 55 56 = 6.67 X 1 0 " hydrogen atoms 

Since there is 1 atom of deuterium to 6700 atoms of hydrogen, we find that 1 hter of 
water must contain 1 Ox 10^^ atoms of deuterium, each of which by the D—D fusion 
reaction is capable of releasing 7 95 X 1 0 ' ^ joules of heat The total energy per hter 
would therefore be 

(1 Ox 10^2 D)x (7 95 X 10 '^ joules/D) = 7 95 X 10'joules 

For comparison, the heat of combustion of bituminous coal is about 3.05 X 10' ° 
joules per metric ton, and that of crude od, 6 1 X 10' joules per barrel Therefore, 
the energy of fusion of the deuterium m 1 liter of water would be equivalent to the 
heat of combustion of 0 26 metric tons of coal or to 1.30 barrels of crude od. With 
these figures as a base, the fusion energy from various volumes of seawater and the 
equivalent quantities of coal and od are computed in Table 4. It is interesting that the 
energy of a cubic kdometer of seawater is approximately equivalent to that of the 
world's initial supply of crude od, and the energy from 33 km^ is equivalent to that of 
the world's total initial supply of fossd fuels 

Table 4 

ENERGY OBTAINABLE FROM SEAWATER BY D - D FUSION 

Volume 
of water 

1 liter 
I m ^ 
1 km' 

33km= 

Energy, 
thermal joules 

7.95 x l O ' 
7 95 x l O ' ^ 
7 95 x l O ^ ' 
2 6 2 x l C 

Coal equivalent, 
metric tons 

0 26 
260 

2 6 0 x 1 0 " 

Crude oil 
equivalent. 

barrels 

1.30 
1300 

1 3 0 0 x 1 0 ' 
World's total supply of 

fossd fuels 

Since the area of the ocean is 361 milhon km^ and its average depth 3 8 km, its 
volume must be 1 37 X 10' km^ This is approximately 40 milhon times the volume 
of 33 km^ given m Table 4 as being equivalent m energy content to the fossd fuels If 
we assume the extraction of only 10% of the deuterium from seawater, this stdl 
represents an amount of energy roughly 4 milhon times that of the fossd fuels 



38 M KING HUBBERT 

THE INDUSTRIAL METALS 

Industnal energy cannot be used without machinery, and machinery is composed 
principally of industnal metals, such as iron, aluminum, copper, lead, and zinc We 
need, therefore, to take at least a cursory look at a few of the pnncipal industnal 
metals 

A generalized flow diagram for the production of a metal is shown in Fig 26 Like 
the fossd fuels, metals are obtained from naturally occurnng concentrations of 
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(THE GROUND) 

Fig. 26 Flow diagram for the production and use of an industrial metal. 

minerals compnsing the ores of the vanous metals, many of which were formed by 
geological processes more than a billion years ago Unhke energy, which leaves the 
earth the metals are chemical elements which during their use are circulated but, with 
the trivial exception of spacecraft, do not leave the earth 

The usual cycle for a metal begins with the mining of the metalhc ore The metal is 
then extracted from the ore by some form of smelting, fabncated into a usable form, 
either metalhc or chemical, and made a part of the industnal pool Finally, after 
having served its purpose, a fraction is recycled as scrap, refabncated, and returned to 
the industrial pool Another fraction, however, becomes irretrievably scattered or else 
rendered otherwise irretrievable as in the case of a ship that sinks in deep water For 
iron, the scrap that is recycled is pnncipally obtained from heavy iron and steel 
products, whereas the wastage is pnncipally by oxidation and the scattering of small 
Items ranging from sheet iron cans to automobiles For lead, that which is used m 
metaUic form, such as cable sheathing, and in automobile storage batteries, is retrieved 
and recycled, that which is used as oxides m paints and as tetraethyl lead in gasoline is 
scattered and lost 
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The usual cycle for any given metal begins with a natural concentration of the 
chemical element in some kind of an ore body and eventually ends in a state of 
complete dispersion. The one exception to this sequence occurs when the initial state 
is not one of concentration but is instead a large low-concentration occurrence. A 
prime example is the extraction of magnesium from seawater. Here the metal is taken 
from the ocean, used, scattered, and eventually returned to the ocean. The quantity of 
magnesium contained in ocean water is so large compared with any industrial 
requirements that it is most unlikely that a measurable decrease in the magnesium 
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Fig. 27 Schematic diagram of the minable rock of the earth 
arranged in order of decreasing iron content. [From M. King 
Hubbert, Future Ore Supply and Geophysical Prospecting, Eng. 
Mining}., 135: 19(1934).] 

concentration in seawater will ever occur. In this system, it appears that we deal with a 
truly inexhaustible resource. 

The approximate manner of occurrence of the various levels of concentration of a 
given metal in the minable rocks of the earth is represented diagrammatically in 
Fig. 27, using iron as an example. Chemical analyses of thousands of rock samples 
show that the average iron content of the rocks of the upper few kdometers of the 
earth is about 5.6%. If we were to plot a graph in which the cumulative mass of all the 
rocks to a depth of, say, 10 km was the horizontal axis, and the percent of iron 
content was the vertical axis, then, descending from left to right, the graph would look 
something hke that shown in Fig. 27. At the extreme left, the iron content would 
begin with a peak value of 72% corresponding to an iron ore of pure magnetite 
(Fe3 04). It would then descend very steeply and level off to a broad plateau ranging 
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from an iron content a little above to a httle below the mean value of 5.6%, and 
finally, at the extreme right, descend sharply to near zero. 

The rock represented by the sharp peak at the left, principally that with an iron 
content of about 30% or more, represents the world's iron ores. Through mining, the 
ore represented by this peak is continuously removed, and the iron that it originally 
contained is transferred to the broad plateau of low iron concentration. From this it is 
clear that although a metallic element is not destroyed by use, the high-grade ores of 
such an element are both finite and exhaustible. Hence the metal must be obtained 
from rocks with progressively lower metaUic contents and with corresponding 
increases of both physical and monetary costs for extraction, until eventually further 
mining is discontinued. This is dlustrated in many of the mining districts of the world. 
For example, during the 18th and 19th centuries. Great Britain, utdizing domestic iron 
ores, was the leading iron producer in the world. Also, the ores of tin, copper, lead, 
and zinc in CornwaU had been exploited since Phoenician times. During the last 
half-century, however. Great Britain has become dependent upon imported iron ores, 
and the Cornish ores have now been largely depleted.' '̂  

In the United States, for nearly a century the iron mines of the Lake Superior 
district shipped iron ores with an average iron content of 50%. By about 1950 these 
high-grade ores were largely exhausted, and production is now principally obtained 
from taconite ores with an iron content of but 30%. For copper ores, the average 
copper content of the ores mined in the United States in 1922 was 1.7%, or 34 lb of 
copper per ton of rock. By 1968 this had dechned to 0.6%, or to but 12 lb of copper 
per ton of rock. With lead and zinc, the Galena district of northwestern lUinois and 
southwestern Wisconsin and later the tri-state district of Missouri, Kansas, and 
Oklahoma were the leading producers of the country. By now both these districts 
have been virtually depleted. 

The foregoing principles afford a basis for understanding the evolution of the 
metal-mining industries in any region. If high-grade ores are initially abundant, 
production tends to follow the customary exponential growth curves. As the higher 
grade ores are exhausted and lower grade ores are exploited, the growth rate slows 
down, and eventuaUy the rate of production goes into a long decline. These principles 
are well dlustrated by the production of industrial metals in the United States, of 
which we shall consider only iron, copper, lead, and zinc. 

Fig. 28 is a graph of the U. S. production of pig iron from 1825 to 1958. Since 
iron and coal during most of this period represented the principal components of 
heavy industry, it is not surprising that the curves of pig-iron production and of coal 
production are so similar as to be barely distinguishable from one another. Both 
increased exponentially at annual rates of about 6.5% per year untd about 1910; both 
broke sharply downward from this growth rate subsequently. This is seen even more 
clearly in Fig. 29 in which the pig-iron production is plotted semilogarithmically. It is 
significant that it was about the beginning of the present century that the United 
States became a net importer of both iron ore and pig iron. 

Figure 30 shows the U. S. production of copper from domestic ores during the 
period 1850 to 1958. This also shows an exponential growth rate untd about 1916 
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2025 

Fig. 28 U. S. production of pig uon, 1825-1958. 

when production first reached a peak of 1.0 milhon short tons per year. Subsequently 
the production rate has oscillated rather widely but with a gradual increase to a level 
averaging about 1.7 mdhon tons per year during the five-year period 1964-1968. 
Also, the United States made the transition from a net expoiter to a net importer of 
copper in 1941. 

Figure 31 gives the annual U. S production of lead from 1825 to 1958, and 
Fig. 32 that of zinc from 1880 to 1958 These two metals are closely associated 
geologically, and the ores of both are commonly produced trom the same mines The 
peak rate of production for lead of about 680,000 short tons per year occurred m 
1926. This was followed by a sharp decline which not even the requirements of World 
War II were able to reverse significantly. The decline has continued untd, by the 
five-year penod 1964—1968, the average annual production had descended to 320,000 
tons per year. The transition from a net exporter to a net importer of lead was made 
by the United States in 1940 

The annual production of zmc, as seen m Fig 32, reached two nearly equal peaks 
m 1926 and 1942 of 775,000 and 768,000 short tons per year, respectively Since 
1942 the production rate has dechned to an average of 567,000 tons per year during 
the five-year period of 1964—1968. The transition from a net exporter to a net 
importer of zinc was made by the United States m 1943. 
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Fig. 29 U.S. production of pig iron, semilogarithmic scale. 

Whde these are only individual examples, they serve to dlustrate a basic principle 
namely, that the earth's initial accumulations of high grade ores of industrial metals 
are as exhaustible as the mitial deposits of the fossil fuels, and during comparable 
penods of time In New York, from Feb 27 to Mar 4, 1971, the American Institute 
of Mining, MetaUurgical and Petroleum Engineers held its centennial celebration, 
during which broad-scale reviews were made of various aspects of the minerals 
industries With regard to the ore resources for the mdustnal metals, one of the 
recurrent themes touched upon by various speakers was essentiady the following 

With the exception of the ores of iron and aluminum for which the known 
reserves are probably adequate for a century or more, the known world 
reserves tor most of the other industrial metals are probably sufficient to meet 
all requu:ements until the end of the present century Beyond that, it is 
uncertain what may be done 

A favorite rebuttal to this conclusion is that with enough energy metals may be 
extracted from rocks of lower and lower grade indefinitely Even if this should be 
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Fig. 32 U. S. production of zinc, 1880-1958. 

physically possible, such a procedure is rendered doubtful by ecological constraints 
not usually taken into account. 

PRIIMCfPLESOF ECOLOGY 

One of the consequences of the developments that we have just reviewed is that 
they have been the cause of one of the more severe ecological disturbances of the 
earth's plant and animal populations in geological history. Let us therefore consider 
briefly some of the basic principles of ecology as a means of anticipating the 
constraints that these may impose upon future developments. 

One of the first of these is the growth law of biologic populations. This may be 
stated m two parts. The first part is that the population of any biologic species from 
bacteria to elephants will, if given ample food supply and a favorable environment, 
increase exponentially or geometrically with time. A mathematical expression of this 
type of growth is given by the equation 

P = Po 2*/^ 
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Fig, 33 Growth of world human population since 1000 A.D.' 

Here PQ IS the initial population, P is the population after a period of time t and T is 
the time required for the population to double Hence, t/T represents the number of 
times the population doubles during the period t of exponential growth 

The growth of the world human population since the year 1000 A D , as shown 
graphically in Fig 33, is a qualitative example of this principle The human population 
has increased from roughly 300 milhon at the year 1000 to a present figure of 3600 
million, and it is expected to reach about 7000 million by the year 2000 A D This 
would represent a 23 3 fold increase in 1000 years, or 4 54 doublings dunng that 
period This increase has occurred in response to a better food supply, a better 
environment, and impioved standards of health, made possible by the concurrent 
technological advances and continuously increasing utihzation of energy The growth 
rate during this penod was not uniform but accelerated with a corresponding 
shortening of the doubhng period from close to 1000 years at 1000 A D to a present 
figure of only 37 years 

Although this first pnnciple of exponential growth was originally formulated for 
biologic populations, it is also vahd for the growth of industrial activities We have 
noted already how the production of coal, of oil and gas, and of the industrial metals 
each increased exponentially for a century or more with doubling periods of from 8 to 
16 yeais The growth of world electric power generating capacity, shown in Fig 34, is 
another major example Beginning at near /.em in 1900, world electric power capacity 
had leached 900 X 10^ watts by 1967 and is incieasmg at a late of 8% per year with a 
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doubling period of but 8.7 years. Likewise, the world population of passenger 
automobiles is increasing at a rate of 6.69% per year with a doubling period of 10.4 
years. 

The second part of the law of growth is that the exponential phase can be 
sustained only for a temporary period of time or for at most a few tens of doublings. 
That this must be so can be demonstrated by elementary arithmetic. Consider, for 
example, the checkerboard problem of placing one grain of wheat on the first square, 
two on the second, four on the third, and doubling the number of grains for each 
successive square. The number of times the initial quantity of one grain will have been 
doubled by the time the last or 64th square is reached wOl be 63 times. Therefore the 
number of grains on the last square wall be 2*^. By volume this would amount to 
approximately 1000 times the world's present annual wheat crop. The same principles 
apply also to biological populations and to industrial activities, whether the 
production of mineral raw materials, of automobiles, or of electrical-power capacity. 
The earth itself cannot tolerate growth of such activities from small beginnings for 
more than a few tens of doublings. 

The complete law of growth, including both the initial exponential phase and the 
leveHng-off phase, is illustrated by the logistic growth curve shown in Fig. 35. An 
inverted form of this is represented when a biologic population encounters unfavorable 
conditions and decreases before leveling off to a lower equilibrium number. 

A second ecologic principle is that in an ecological complex of plant and animal 
populations coexisting in any given region, if the population of any single species is 
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Fig. 35 Logistic growth curve showing both the exponential phase 
and the levelmg-off phase of growth. 

disturbed, those of all other species are affected. A simple example of this is the upset 
that sometimes occurs when an exotic species is introduced, as when European rabbits 
were introduced into Australia That this relationship also applies to an industrial 
complex is evident in the effect of the nse of motor vehicles on the populations of 
horses and buggies and of railroad passenger trains. Another type of major disturbance 
IS produced by secular climatic changes, such as from hot to cold or wet to dry. 

Combining these several ecological pnnuples with the known fact from paleontol
ogy that the time span for individual species is commonly measurable in milhons of 
years leads to a very fundamental proposition namely, a rapid rate of population 
change, when averaged over a few years to avoid seasonal variations, is a highly 
abnormal event, the normal state being one m which populations remain nearly 
stationary or else drift slowly with time. This can be shown for any given species by 
noting that the extreme range from the lowest to the highest population cannot 
involve as many as 100 doublings. If the species has existed for a million years and if 
this extreme change from the lowest to the highest occurred during this time, this 
would involve less than 100 doublings in a million years, or an average length of time 
per doubhng of more than 10,000 years. Since populations, when disturbed, change 
wath doubhng times ranging from tens of irunutes for bacteria to tens of years for large 
mammals, it follows that such periods of rapid change can only be of brief duration. 
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HU1V1A1\! AFFAIRS m T H E PERSPECTIVE 

When man's conquest of energy and its associated technological culture is 
considered in conjunction with essential ecological constraints and on a time span of 
human history extending from 10,000 years in the past to 10,000 years in the future, 
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Fig. 36 Growth of human population and eneigy consumption viewed on a time scale from 
10,000 years in the past to 10,000 years in the future.' 

a much clearer picture of the nature of our present situation and problems emerges. 
On such a time scale, as is shown in Fig. 36, most of the major components of our 
present industrial civilization, including the human population, when plotted 
graphically would plot either near or at zero for all past history until the present is 
approached. Then in each instance the curve, after a short, barely perceptible rise. 
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would turn sharply and almost vertically upward to its present magnitude However, 
because of the impossibihty of any one of these curves continuing to increase for more 
than a smaU number of additional doubhngs, each curve, depending on its nature, must 
level off m one of three ways (l)as with water power, it could level off 
asymptotically to a maximum value that might be sustained for a long period of time, 
(2) It might overshoot and have to drop back and stabilize at a lower level more 
compatible with the earth's resources and ecological requirements, or (3) it might, as 
m the case of exhaustible resources or the extinction of a biologic species, dechne to 
zero. 

Because the rise of our technological society up to the present has been based 
principally upon the exploitation and exhaustion of an initial supply of fossil fuels and 
high-grade ores of metals and because the human population is already seriously too 
large, it appears most improbable that the levelmg-off process can be of the type 
asymptotic to a maximum as indicated by I m Fig 36 It is technologically and 
biologically feasible, however, to drop back and stabilize at an intermediate level, as 
indicated by 11, which could be sustained as a near steady state for possibly a 
millennium or longer Finally, there is also the possibihty if not the probability that 
present trends of population growth and resource exhaustion could be continued to a 
catastrophic conclusion followed by a collapse of our technological culture and a 
return to the low-energy level of existence of our ancestors of only a few generations 
ago 

Regardless of which of these courses may actually be followed, it is clear that the 
episode of exponential industrial growth can be only a transitory epoch of about three 
centunes duration m the totality of human history It represents but a brief 
transitional mterval between two very much longer periods, each characterized by 
rates of change so slow as to be regarded essentially as a period of nongrowth 
Although the forthcoming penod poses no insuperable physical or biological 
difficulties, it can hardly fail to force a revision of those aspects of our present 
exponential-growth culture which lead us to contemplate a state of nongrowth as 
being either unthinkable or intolerable 
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THE NUCS; ENERGY VS. 
THE ENVIRONMENT 
Joseph D. Tydings 
Former Senator from Maryland 

Mr. Tydings was elected to the U. S. Senate in November 1964, after 
serving for three years as United States Attorney for the District of 
Maryland under President John F. Kennedy and more than six years in 
the Maryland House of Delegates. He has been a iegisiative leader in the 
field of anti-crime legislation, court reform, conservation and water 
protection, and population policy. Among his awards are the American 
Criminology Society's August Vollmer Award for distinguished contri
butions to criminal justice; the 1969 Sierra Club Conservation Award; 
and the 1970 National Brotherhood Citation from the National 
Conference of Christians and Jews for distinguished contributions to 
improved human relations, justice, and equality. He was the first 
legislator to receive the Vollmer Award, which is usually accorded to 
those in the law enforcement field. 

The recent controversy over the Calvert Cliffs nuclear facility, the future power plant 
on the Bush River in Harford County, and the absolute necessity of protecting the 
Chesapeake Bay make this Forum particularly relevant to Maryland. 

The Forum's purpose, as I understand it, is to foster community understanding of 
environmental problems that, today, increasingly tax our capabilities for remedial 
action. The Forum thus performs a useful public service because there is a real need 
for building bridges between the scientific community and the general public. Only 
with such bridges and only with an atmosphere of trust and understanding between 
the citizen and the scientist, between what C. P. Snow called the two cultures, will we 
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be able to continue enjoying the benefits of scientific discovery and modern 
technology. In this respect, scientists are like elected officials. Both are dependent 
upon public support. Neither can afford to get too far ahead of pubhc understanding. 

The topic of my remarks is "The Nucs: Energy vs. the Environment." The 
title, of course, is a misnomer. The question is not energy versus the environment. 
Rather, the question is whether at this point in time we in this country are wilhng 
to pay the cost and make the effort necessary to fulfill environmental considerations 
in the siting, design, and operation of nuclear power plants. It is not a question of 
energy or the environment, because it is not an either/or situation. Our demands for 
energy and the now obvious need to protect our natural resources are in fact 
compatible. Energy and the environment can coexist. 

What is not clear, however, is whether the implications of this compatibility are 
understood and whether we are ready to act upon them. Are scientists ready to tell us 
what must be done to ensure environmental protection and operating efficiencies from 
atomic power plants? Are the utilities ready to recognize their responsibilities in 
providing both this protection and efficiency in the many atomic power plants they 
are proposing to construct? Are state governments equipped to regulate these nuclear 
power facilities? Have they organized themselves to meet the peculiar demands of 
atomic energy? And, finally, is the consumer ready to pay the extra costs of electric 
power that will result from considering the needs of our environment as we meet the 
phenomenal demands for power in this country? The answers to these questions, as 
suggested by the recent experience at Calvert Chffs, are not reassuring. 

The scientific community has not reached agreement on the standards for 
radioactive discharges from atomic power plants or on the impact, thermal or 
otherwise, of the discharges from these plants on the environment. Some conser
vationists believed the public utility involved at Calvert Cliffs did not adequately 
consider the environmental impact of its proposed plant, and this aroused their ire. 

The State of Maryland did not have adequate authority or sufficient information 
and expertise to monitor the development of an atomic power plant. Only recently has 
Maryland passed a law providing for state review of proposals to locate and operate 
nuclear facilities. (This is, I think, pioneer legislation for the nation.) And the Atomic 
Energy Commission did not, and has not, fully recognized its responsibility in meeting 
the environmental problems of or objections to nuclear power facilities. 

The inevitable result of all this was the confusion and ill wdll that developed at 
Calvert Cliffs. For an example of how not to do things, the Calvert Cliffs nuclear 
power plant provides many valuable lessons. 

Last year I introduced legislation to remedy part of the situation. My bill would 
permit the AEC to consider the environmental impact of power plants when licensing 
commercial nuclear reactors. At present, the AEC can deny an appHcation for a license 
on the basis of national security, public health, or safety. It cannot deny the license if 
the environmental impact of the plant is decidedly negative. The nuclear power facility 
might harm the waters or desecrate a lovely or historically important site. Yet the AEC 
could not consider these factors. It would have to grant the Ucense. 
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The AEC does pass along to the power company involved the recommendations of 
the Department of Interior on the license application, which include environmental 
considerations But these are merely recommendations, without force and often 
without impact For example, the Interior Department report on Calvert Chffs 
concluded that "the lack of specific information" precluded any "definite conclusions 
as to the probable effects of the plant on the Chesapeake Bay " 

When I introduced the bill, I felt the time had come when we had to recognize 
environmental quahty as a public trust equal m importance to our citizens' health and 
safety I felt we had to give the AEC the authority to grant or deny licenses on the 
basis of the environmental impact which the proposed nuclear facility would have 

The bill was consistent with the now-accepted philosophy of bringing environ 
mental considerations into the decision-making processes of government It placed no 
unreasonable administrative burden on the AEC nor did it assign to AEC a new and 
difficult responsibility It merely said that the AEC could deny a license to an 
applicant if, in the AEC's opinion, the proposed facility would violate standards of 
environmental quality that the AEC itself established 

Unfortunately, the AEC opposed the measure This AEC opposition was sufficient 
to kill the measure 

The AEC opposed the bill on two counts, one technical and one substantive The 
bill applied to commercial nuclear licenses, yet no such license can be issued until the 
AEC determines the reactor will be of practical value, a value beyond the purposes of 
research and development I was surprised to learn that no certification of practical 
value has ever been made and that all power plants are operating under research 
hcenses Recently, however, the AEC has advocated abolishing the requirement for a 
certification of practical value, and a bill to do so was reported out of the Joint 
Committee on Atomic Energy just this month [The requirement was abolished by 
Public Law 91-560 (84 Stat 1472) (1970), Sec 5 j 

The AEC opposed the bill on substantive grounds because the Commission felt it 
"discriminated" against nuclear power plants by applying only to atomic generating 
facihties and not to conventionally powered plants This misses the point, which is to 
provide a public agency with the legal authority to take steps withm its area of 
jurisdiction necessary to protect the environment That the bill did not apply to 
conventionally powered facilities is perhaps relevant, certainly instructive, but not 
paramount What counts is protecting the environment while still meeting our power 
requirements My bill allows the AEC to do this 

To be fair I should mention that the AEC did support a bill that would require a 
public utility seeking a hcense from the AEC to first obtain a certificate from the 
appropnate state agency saying that the discharges of the power plant would not 
violate the approved water quality standards This bill is helpful and should do much 
to protect our waters [The Bill passed becoming Public Law 91 224 on April 3, 1970 
Section 21 requires federal agencies m issuing licenses or permits to require certifica 
tion from the appropriate state agency that water quahty standards will not be violated 
by the activity proposed by the applicant for a hcense or permit ] By itself however, I 
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do not feel it is sufficient. It permits the AEC to abdicate its own responsibility for 
protecting the waters to the states. The burden is now on the state agency rather than 
on the AEC. Moreover, the bill just covers certain types of water pollution and ignores 
other areas of environmental concern. 

1 believe we must provide our political and social institutions with the authority 
and flexibility to act. We must give them the means to do the job we require of them. 
That is why I offered this bill on licensing nuclear power plants. 

That is why I have introduced legislation to expand the jurisdiction of federal 
district courts to issue injunctions against those who by physical force or disruptive 
tactics interfere with the First Amendment rights of others. And that is why I support 
efforts to reform the workings of Congress. 

If we want the federal government to protect the environment, we have to make 
sure that our public institutions have the power to act. And we must, of course, 
express disappointment when a federal agency like the AEC says it is satisfied with a 
Umited review procedure in the hands of the states. 

The role of the AEC in achieving the compatibility between environmental quality 
and the demand for electric power is a timely topic of debate and discussion because 
our requirements for power are growing at a phenomenal rate. And our concern for 
the environment is at an all time high. 

The accepted rule of thumb is that the demand for power in the United States is 
now so great that we must double our generating capacity every 10 years. To meet this 
need, we will require many new and much larger power plants. Plans are now afoot to 
build power facilities three times the size of the largest plants constructed in the 
1950s. And 200 of the 492 new power plants needed by 1990 wOl be nuclear fueled. 

These new facilities, whether nuclear or conventionally powered, will have a 
substantial impact on the environment. The production of energy creates waste heat, 
which results in thermal discharges that may damage the ecology of our waters. And in 
just 10 years our demands for power will require one-sixth of the total available 
freshwater runoff in the country for cooling purposes. 

The location of new power plants and the routing of high-voltage transmission 
lines pose additional environmental problems. Finally, nuclear facilities raise problems 
of radiation and the disposal of radioactive waste, which affect human safety and the 
well-being of wildlife and marine organisms. 

The rising public concern over the deterioration of our environment demands that 
we become more sensitive to this impact. Such sensitivity does not mean that we 
either ignore or treat blithely the ever-growing demand in this country for more and 
more electric energy. As a conservationist I recognize the importance of power to our 
growing nation. The continued economic prosperity of this country and the ever-rising 
standard of living which her people enjoy are in part predicated on having an energy 
supply equal to this demand. 

Meeting our energy requirements and at the same time protecting our environment 
wall necessitate: 
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1. Long range planning of utility expansions on a regional basis at least 10 years 
ahead of construction. 

2. Participation in the planning by the environmental protection agencies and 
notice to the public of plant sites at least five years in advance of construction. 

3.Preconstruction review and approval of all new large power facihties by public 
agencies, with emphasis given to regional considerations. 

4. Expanded research aimed at better pollution controls, underground voltage 
lines, and advanced siting approaches to minimize environmental problems inherent in 
existing technology. 

These are the recommendations of a new report entitled "Electric Power and the 
Environment" prepared by the Office of Science and Technology. They have my 
support, and I look forward to their presentation by the President as specific, concrete 
legislative proposals. 

There is one other aspect of the compatibility of energy and the environment that 
I would like to briefly mention. This is the issue of whether the Atomic Energy Act of 
1954, the basic law which established the AEC and set our national policy on atomic 
energy, preempts from the states and leaves to the AEC alone the regulation of 
radioactive discharges from nuclear power facilities. The issue is not an obscure legal 
technicality because two distinguished scientists. Dr. John Gofman and Dr. Arthur 
Tamplin, have publicly stated that the levels of radioactive discharges permitted by the 
AEC are too high. Yet, when the State of Minnesota attempted to limit these 
discharges to about %Q the level allowed by the AEC, a public utility that wants to 
build a nuclear power plant in Minnesota sued the State of Minnesota on the grounds 
that the 1954 Act did indeed preempt the field of atomic energy regulation for the 
federal government. The dispute is now before the United States District Court, 
District of Minnesota, and it is up to the courts to decide what exactly the Atomic 
Energy Act of 1954 says. 

It seems to me that a state has an obligation to protect its citizens against 
environmental degradation and to take the steps it deems necessary to protect the 
health and safety of its citizens. If Minnesota, or Maryland for that matter, wants to 
set the radiation standards it feels are necessary and if these happen to be stricter than 
the standards set by the AEC, the state should be permitted to do so. 

The point is an important one, for Maryland has in fact set standards for the 
average annual concentration of radioactivity in the circulating discharge of water 
from nuclear power plants at 1% of what the AEC permits the current maximum 
concentration to be. Maryland's standards are thus 100 times higher than those of the 
AEC. They are, however, achievable standards, well within the capabilities of 
present-day technology. 

Maryland, incidentally, is going to file a brief in support of the State of Minnesota. 
I expect within a short time to offer an amendment to the Atomic Energy Act 

making it clear that the states may if they so desire set radiation standards above those 
of the AEC. The states and not the federal government must have the authority to set 
such standards because they have the principal responsibility for maintaining the 
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public health and safety of their citizens. The amendment would make certain that 
Maryland and not the AEC decides what is safe for Maryland waters and Maryland 
citizens. 

Let me add that neither my amendment nor the Maryland standards are taken out 
of hysteria over nuclear power—indeed we want to take advantage of atomic energy 
in Maryland—rather the actions are taken out of concern for our natural resources 
and the health of our citizens. 

The whole question of the compatibility of electric power with proper 
consideration of the environment is one that will receive increasing attention in 
Congress and in the executive agencies as we seek to maintain the quality of our 
environment while increasing our capacity to produce energy. It is an issue that will 
determine in part what our standard of living will be in the next few years. It is an 
issue that must be discussed rationally and without ill will. 



NUCLEAR POWER PLANTS: 

PRESENT, PAST, AND FUTURE 
Theos J. Thompson, Commissioner, U. S. Atomic Energy Commission 

Dr Thompson received the A B. and A.M. degrees from the University 
of Nebraska From 1942 to 1946, he served in the U. S Army Chemical 
Warfare Service. From 1950 to 1952, he worked and lectured at the 
University of Cahfornia Radiation Laboratory at Berkeley, where he 
was awarded the Ph.D degree in nuclear physics. From 1952 to 1955 
he was a Staff Assistant at Los Alamos from where he went to the 
Massachusetts Institute of Technology as Associate Professor of Nuclear 
Engineering. He was in charge of dismanthng "Clementine," the world's 
first fast reactor, a pioneering effort which showed that even a highly 
contaminated reactor could be dismantled safely. In 1958 he became 
Professor of Nuclear Engineering and Director of the M.I T Nuclear 
Reactor Facility. He was serving m this capacity when President Nixon 
nommated him as Commissioner of the AEC. Dr. Thompson served as a 
consultant to the nuclear power industry, as a member and Chairman of 
the AEC's Advisory Committee on Reactor Safeguards, and as a 
member of U S. delegations to international conferences. He received 
the AEC's Ernest O Lawrence Memorial Award in 1964 for his 
leadership in developing safer and economical nuclear reactors and for 
his inspired teaching. In March 1970 he received the Distinguished 
Service Award m Engineering at the University of Missouri at RoUa. 
Dr. Thompson died in an airplane accident on Nov 25, 1970. 

1 wdl try to give you some perspective on the environmental impact of nuclear power 
plants To do this I will have to start by discussing the total energy situation m the 
United States and then go on into the specifics on nuclear power plants, covering 
thermal effects and the rationale of radiation standards as they are applied by the 
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AEC Also I hope to be able to show you that we need to develop sources of fuel other 
than fossil fuels if we are to have any chance of preserving our way of life 

We all have to recognize the basic factors involved in man's use of energy and 
man's need for energy I am sure that you all understand that the use of energy m the 
United States, as well as in other heavily industrialized countries, is woven inextricably 
into the basic fabric of our society Without energy, it is likely that many of us here 
would never have been born or survived because, among other things, there would be 
insufficient farm machinery, fertilizers, and means of distribution to provide the food 
necessary to sustain our current level of population The availability of energy has had 
a profound effect on man's recent past It will clearly exert even more of an influence 
on his future 

Figure 1 shows the growth of the world's population from the birth of Christ to 
the present It took 16 centuries for the world's population to double from about 
one-quarter of a billion people to about one-half a bilhon people These people lived m 
a very rudimentary, largely self-sufficient, cottage economy The current doubhng 
time on a world basis is about 35 years, and this accounts for the projection of about 7 
billion people in the world by tlie year 2000 Whether it is the cause or an effect, an 
even sharper rise in energy utilization has accompanied the rise m population The 
U S electrical energy consumption is doubling every 10 years to provide for our 
growing population and to help raise our standard of living 

In Fig 2 this population-growth curve is combined with a fossil-energy-use curve 
by the eminent geologist M King Hubbert One way to explain the interaction is to say 
that, as the energy from fossil fuels became available to man, population began to 
grow because individuals now had the wherewithal to produce more food than they 
could consume Figure 2 also makes clear that there is a hmit to our fossil-fuel 
resources, and it implies a dramatic reduction in our population and m our way of life 
if alternate sources of energy are not found We must all realize that it took nature 
millions of years to make these fuels and that they are irreplaceable in mankind's time 
scale on earth To be more specific, it has been estimated that only 300—400 years of 
coal and 60—70 years of oil are the total resources of fuel available to all of us Clearly 
there will be some major changes m our way of life if our oil resources are depleted 
and if we can no longer use mternal-combustion engines for our automobiles, 
airplanes, trucks, buses, and tractors We will have to make fuel for moving machinery 
and transport vehicles from coal or use electric-powered vehicles We will still need oil 
and grease for lubrication. We must remember, too, that the natural fossil-fuel 
resources provide the feed materials for chemical and plastic industries that are now 
vital to our civilization Our nation must clearly make a greater effort to ensure that 
these precious materials are used as wisely as possible for our future well-being 

A further thought can be derived from an examination of Fig 2 You are all aware 
of the seriousness of the air-poUution problem we are facing because of the 
combustion of fossil fuels The area under the energy-use curve represents the total 
energy available to man from fossil fuels The shaded area under the curve represents 
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that very small percentage of the total which has been used to date If at this level we 
already have serious air-pollution problems, you can get some visual picture of what 
they might be in the future Of course, our government and industry are now planning 
and taking actions to reduce the release of pollutants, but substantial questions remain 
as to whether the situation can be handled adequately, as I will discuss a httle later 

Again looking at a few more specifics. Fig 3 shows how the total energy usage in 
the United States has varied m the past and projects usage to the year 2000 Note 
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that It IS anticipated that coal will continue to increase gradually m total demand as 
the years go by m spite of the advent of nuclear power Oil is probably right now near 
Its peak demand level domestically If nuclear power were not to be developed, there 
would have to be further increases in the use of fossil fuels up to the levels implied in 
Fig 2 Major changes in means of transportation will, of course, have a great effect on 
these predictions For instance, the development of a hght, economic car battery 
would increase greatly the electrical energy used for transport and correspondingly 
might reduce the consumption of oil products for that purpose 

By the year 2000 our current population of 200 million is expected to increase to 
about 300 million It is also expected that about 80% of these additional 100 million 
people will live close to existing centers of population This means that the bulk of the 
pollutants from the combustion of fossil fuels by these additional people will hkely be 
released into areas where pollution levels are already quite high 

Much of the literature currently being published, m my opinion, does not 
sufficiently emphasize the role of carbon dioxide as a pollutant Carbon dioxide acts as 
a blanket to hold m radiation from the sun more efficiently—the green house effect 
Consequently, the higher the percentage of CO2 m the atmosphere, the higher will be 
the temperature of the atmosphere If the amount of CO2 in the earth's atmosphere 
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rises from the current level of about 320 parts per million to about 400 parts per 
milhon by the year 2000 as predicted, the atmospheric temperature could be expected 
to increase about 3°F unless particulate matter suspended in the atmosphere is the 
dominant effect It is extremely difficult to extrapolate this temperature change and 
make any definitive estimates of what the effects of burning all our fossil fuels will be 
We could accelerate the coming of another ice age, or we could melt the polar ice caps 
which would inundate the coastal regions of the world Considerations such as these 
indicate that man, in his use of fossil fuels, is tampering with basic ecological cycles 
whose balance, if changed significantly, can have an environmental impact which is 
potentially more profound than those associated with the more commonly discussed 
air pollutants 

Let us now examine the alternate forms of energy available Tidal energy, 
geothermal energy, and hydroelectric energy all represent feasible ways of generating 
power However, the total amounts of such energy which can be made available will at 
best fill only a small fraction of our needs Solar energy could supply all the energy we 
need However, its power density is extremely low, and it appears that its only feasible 
use m the next several decades will be on a small scale to supplement other sources of 
energy There is presently no practical way to utihze solar energy on a large scale, and 
none appears likely 
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This leaves only two alternatives nuclear power from fission or fusion Nuclear 
power plants based on fission are economically available now Controlled fusion is, 
however, as yet unproven even m the laboratory We have not yet reached the point 
with fusion which we had reached in 1942 with Fermi's fission pile Some in our 
laboratories say we will reach this goal m 10 years or less, others beheve it will not 
happen till the end of the century, still others say never My colleagues and I, however, 
believe that fusion will be successful, but, even after reaching the success of the Fermi 
pile stage, much engineering development will be necessary In spite of fusion's great 
promise, we cannot afford to have our energy needs depend on a source which is 
unproven Fission breeder reactors have been proven to be feasible, and much 
engineering has been accomphshed The next step is a demonstration commercial 
power plant We must get on with the breeder development and demonstration tasks 
Equally, we cannot neglect the research needs of our controlled fusion program 

Present-day reactors—pressurized, boihng-water, and gas-cooled reactors—use the 
uramum-235 (^^^U) isotope as fuel, and this isotope represents less than 1% of the 
naturally occurring uranium We are sure that there is sufficient ^^^y available at 
current market prices to extend to about the year 2000 and to the year 2020 at about 
three times current fuel prices I have already referred to our need to develop breeder 
reactors Such a development will permit us to extend our nuclear-fuel resources The 
breeder reactor holds the key to providing a world rapidly growing m population and 
energy needs with an abundant and economic source of useful energy for perhaps a 
thousand years or more 

What are the characteristics of a breeder-reactor system that will help fulfill the 
promises I have mentioned'' A major one involves the efficient and economic use of 
fuel resources As mentioned, only a fraction of 1% of natural uranium is the 
fissionable isotope ^^^U, the remainder is ^^*U In the hght-water converter-type 
reactors operating today, the uranium fuel used is enriched through the gaseous-
diffusion process to contain about 4% of ^ ^ ^ U As fission of the ^ ^ ^ U occurs, a small 
fraction of the fertile ^ssy ^̂  converted to plutonium 239 (^^'Pu), and part of this 
plutonium IS also consumed by fission Less than 5% of the total weight of fissile and 
fertile material in the core is fissioned before the core is removed from the reactor 

To make efficient use of the great potential energy in all natural nuclear 
resources—the uranium and thorium abundant in nature, we must make use of the 
breeding principle Through this principle, involving the transmutation of fertile 
materials to fissionable materials [^^^U to ^ " P u and thorium-232 (^^^Th) t o " ^ U ] , 
we can make use of essentially all th6 nuclear fuel in nature I should make clear at this 
point that two different breeder systems can be involved m this transmutation process 
The thermal breeder employing slow neutrons works best on the ^^^Th—^^^U cycle 
(called the thorium cycle for short), and the fast breeder—employing more energetic 
neutrons—operates on the ^^*U—^^'Pu cycle (called the uranium cycle) By taking 
full advantage of breeder reactors—by estabhshmg safe and reliable breeder power 
systems—we could extend our use of the uranium and thorium reserves from decades 
to more than a thousand years 



NUCLEAR POWER PLANTS 

Now let us examine the environmental impact of our current generation of 
water-cooled reactors Those of us who have been involved in bringing to fruition this 
new source of power beheve m it and are proud to have played a part in its 
development At the same time we must tell you in all frankness that there are some 
disadvantages along with the advantages Although they completely ehmmate any 
smoke, SO2, or CO2 discharges, these plants do add to already existing problems in 
our environment 

First, these plants are not as thermally efficient as the best of the coal- or oil-fired 
plants Every plant that uses any type of fuel to heat water and make steam and drive 
an electrical turbine does so by generating heat at a high temperature and discharging 
heat at a low temperature The thermal efficiency of a plant is determined by a law of 
physics that cannot be violated, so far as we know This means that any device which 
converts heat to other forms of energy must m some way discharge waste heat to the 
environment About one-third more heat is discharged from a present-day nuclear 
plant to the environment than is discharged from the most efficient coal- or oil-fired 
plants This is one of the reasons why the Atomic Energy Commission is working hard 
to develop new types of reactors which will operate at higher temperatures—at least 
as high as the best of the conventional plants The new gas-cooled reactors, the 
hquid-metal-cooled fast breeder reactors, and the molten-salt reactors all have these 
high-thermal-efficiency characteristics Thus, you can clearly see one of our incentives 
for developing these new types of reactors is to reduce the thermal impact of nuclear 
power on the environment 

You are, I am sure, all aware that all nuclear reactors add small amounts of 
radioactivity to the already existing radioactivity in man's environment You must also 
know, however, that mankind has lived since the beginning of time m a dilute sea of 
radioactivity It has always been so It will always be so One of the most serious 
problems that the AEC faces m its pubhc-information program is to explain 
radioactivity to the average citizen I would like to make another attempt this evening 

Mankind receives radiation from a number of different natural and man-made 
sources Let us take the natural sources first In man's environment there are naturally 
occurring radioactive materials Within the body of man himself potassium-40 C'^K) is 
a natural radioactive isotope, inseparable biologically from the other potassium 
isotopes which are absolutely vital for man's survival The radioactivity man carries 
with him m his body gives the average man hving at sea level about one-fifth of the 
total radiation he receives All materials with which man comes m contact are 
radioactive to some degree The average man receives about one-half of his naturally 
occurring radiation dose from his surroundings These doses vary somewhat For 
instance, a Wall Street banker who works m a granite building receives more radiation 
than a housewife who hves m a suburban wooden house Man is bombarded 
continually by cosmic rays from outer space These cosmic rays cause radiation 
exposures to mantond The atmosphere provides a protective cloak for man Thus, a 
man living at sea level receives less radiation from cosmic rays than does a man living m 
Denver, Colo Almost one-third of the radiation that a man hvmg at sea level receives 
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comes from cosmic rays. If the same man lives in Denver, he may receive three times as 
much radiation from cosmic rays as he would in, say, New York City. In summary, the 
average man at sea level receives one-fifth of his naturally occurring radiation from 
sources in his own body, about one-half from his surroundings, and almost one-third 
from cosmic rays A man living in a normal seacoast environment with no special 
radioactive minerals around might receive about half as much total radiation as a man 
living in Denver If a jet pilot living in New York City were to fly twenty coast-to-coast 
round trips every year, he would receive as much radiation as a nonflyer who lived in 
Denver all year round. A Denver resident who receives a chest X ray receives an 
amount of radiation which may as much as double what he gets fiom natural 
background 

Now let us put the radiation that one might receive from the effluent discharges 
from a nuclear reactor into this picture of naturally occurring radioactivity. Operating 
experience has shown that the radiation one might receive by living in the near vicinity 
of a typical operating plant site for an entire year is equivalent to about what one 
would receive on a single round-trip, coast-to-coast airplane flight, which is about /20 
of the radiation one normally would receive m a year from natural sources at sea level 
or, in the case of Denver residents, perhaps '/40 of what one might receive by living in 
the "mile-high city" for a year Put another way, the extra amount of radiation that 
one might receive from this reactor by standing at the edge of the site would be 
equivalent to the extra amount of radiation that one might receive m the same year by 
living at the top of a 400-ft hill rather than at the valley at its base Obviously, this is a 
very small amount of radiation compared with the levels which mankind has been 
receiving through all of the ages To date, in spite of many careful studies, no one has 
been able to detect any effect from these low levels of radiation, and it is unlikely that 
studies of literally millions of cases would show any such effects In fact, the so-called 
"mega mouse"—one million mice—experiments carried out by Dr. Russell at the 
Oak Ridge National Laboratory are aimed at investigating this low-dose region as 
thoroughly as possible. 

But you say, what then of the statements that have been made by Doctors Gofman 
and Tamphn regarding the possibility of deaths from cancer and leukemia Let me 
address myself to that topic 

It IS my understanding that the medical and statistical experts disagree with 
Dr Gofman m regard to a number of his hypotheses I shall not discuss these 
disagreements this evening since I am not an expert in the medical field I would like 
to point out, however, that the Fedeial Radiation Council (FRC) standards that form 
the basis for the AEC regulations are based on the assumption of no threshold for 
biological effects of ladiation, that is, that radiation effects are proportional to the 
dose received even at very low levels This is the same assumption used by Dr Gofman 

More importantly, I believe that Dr. Gofman has not properly understood, or has 
chosen not to understand, the AEC regulations Under AEC regulations, should it 
appear that the daily intake of radioactive material from air, water, or food by a 
suitable sample of an exposed population group, averaged over a penod not exceeding 
one year, would otherwise exceed 170 mrem/year (milhrem per year), the AEC may 
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Fig. 4 Theoretical reactor site. Shaded area resprsents blue smoke. 

hmit quantities of radioactive materials released into air or water during a specified 
period of time. The intent here is clear. One must select a suitable sample from that 
segment of the population which can be defined as receiving the maximum amount of 
exposure. If, for instance, the radiation were to come from eating water lilies, which 
we will imagine for the moment are, for some strange reason, radioactive, then the 
suitable sample of the population would consist of those who regularly eat water lilies. 
The method then requires that the radiation dose to this water-lily eating segment of 
the population including all other nonnatural sources as well (except medical) be 
conservatively estimated. On the basis of these studies, Umits would be set on the 
amount of radioactivity which might exist in water UUes by suitably restricting 
radioactive effluents in our stream. These water lilies are only imagined to be 
radioactive. I know of no radioactive water lilies. 

Let me now discuss briefly how this principle is applied to reactor effluents. The 
AEC exercises its jurisdiction over reactor licensees by imposing limits on radioactivity 
in effluents which apply at the boundary of the restricted area. Although I will 
consider gaseous effluents in the example I am about to discuss, the same principles 
apply to hquid effluents. 

Let us imagine that we have an irregularly shaped reactor site with a reactor 
located somewhere off center and a definite prevailing wind direction. Such a situation 
is shown in Fig. 4. The effluents from the site, both liquid and gaseous, are monitored 
as they leave the last control point. For instance, it is normal procedure to place in the 
stack of a reactor two monitors (one a backup) which transmit signals directly to 
continuously operating recorders to monitor the radioactivity level of effluent in the 
stack. It is not the concentration of radioactivity at the top of the stack that is 
important under the regulations, but rather the concentration of radioactivity at the 
site boundary. By the time the effluent reaches the site boundary, it is already much 
diluted by turbulent diffusion in the atmosphere. The concentration at the boundary 
is a calculated number that is predicted on the basis of conservative meteorological 



THEOS J. THOMPSON 

conditions including wind direction and weather conditions. The permissible maxi
mum gaseous radioactivity discharge levels are estabhshed by working backwards 
through the conservative meteorological conditions and the permissible radiation levels 
at the site boundary to the equivalent amount of stack effluent passing the monitoring 
point. Measurements carried out at actual reactor sites indicate that the meteorological 
conditions and the calculational methods used are conservative by a factor of 2 or 3 
and thus serve as an additional safety factor 

At the present time safety-analysis reports calculate these effluent discharge rates 
from gaseous effluents on the basis of not exceeding 500 mrem/year to an individual 
located m the most exposed position at the edge of the site 24 hr a day, 365 days a 
year. The FRC guidance covers both a maximum exposure for a single individual and 
also the 170-mrem/year exposure (which is about one-third of the 500-mrem 
exposure) for a suitable sample of the population. The 170-mrem radiation level is 
about what the average citizen of Denver receives annually from natural causes. In this 
way protection is afforded for every individual as well as for the most exposed 
segment of the population. Both methods of looking at the radiation exposure limits 
are used by the AEC, but normally only that dealing with the individual is reported in 
safety-analysis reports. Since Dr. Gofman has talked about the total-population dosage 
rate, I will confine my remarks to exposure levels of 170 mrem/year. 

1 hope that I have made it clear that under AEC regulations no suitable sample 
population in the United States can be exposed to more than 170 mrem/year in the 
limit, and no individual can be exposed to more than 500 mrem/year. 

For a reactor, individual exposure hmits apply to persons assumed to be at the 
reactor boundary or m the most exposed condition It is clear that as the effluent gas 
moves out from the stack it becomes more and more dilute by diffusion m the 
atmosphere If we imagine that the effluent radioactivity might be blue smoke, it fades 
gradually until it becomes completely undetectable and unnoticeable as does smoke 
from any smoke stack 

Dr. Gofman assumes that every person in the United States somehow receives the 
limiting 170 mrem/year. Under the assumptions of Dr. Gofman, the same color of 
smoke which is observed at the edge of the boundary must now, in some miraculous 
way, spread out and cover the entire United States, as is indicated in Fig. 5. Obviously, 
that cannot physically occur. Since we know from physical observation that smoke 
becomes more and more dilute, we can be assured that any radioactivity m the air 
leaving the site will also become more and more dilute as it moves farther and farther 
away from the site. Thus, it is clear that Dr Gofman is wrong, and wrong by a large 
factor. Under his assumption, the entire country would be covered with, if you will, a 
rather dense blue smoke, as shown by the shaded area in Fig. 6. Obviously, this is not 
physically possible. 

It becomes more difficult to make accurate estimates of how far he is wrong If 
one takes the Indian Point site and estimates the total radiation dose that could be 
given to the surrounding population by the Indian Point reactor site, one finds that the 
average dose to the population within 15 miles of the reactor site is about 1% of the 
radiation levels that exist at the site boundary. Thus, even if the radiation level at the 



NUCLEAR POWER PLANTS 

SITE BOUNDARY 

REACTOR ^ | | g : | ^ - \ 

\ , / 

Fig 5 Illustration of the lUogical assumption of undiluted distribu 
tion of blue smoke from reactor boundary 

Indian Point site boundary were 500 mrem/year, the average person living withm 15 
miles of the site would be unlikely to receive more than 5 mrem/year if he stayed out 
of doors fully exposed all year long I hope that helps to put these numbers m 
perspective When one considers the entire country then, the sort of schematic picture 
we actually have is shown in Fig 7 Here each of the reactor sites in the United States 
IS shown surrounded by a 15-mile circle Further studies on 11 different power reactor 
sites show that the resultant average dose rate for the whole population out to a 
50-mile radms is 1 mrem/year—or %QQ of the dose rate assumed to be at the site 
boundary In addition, experience with power reactors has shown that their discharge 
effluents are much lower than the AEC limits It is estimated that the average exposure 
to the total population living withm a radius of 50 miles of the 13 nuclear plants 
operating in 1969 was less than '/loo (0 01) of 1 mrem or less than ' / j , oooof the 170 
mrem/year limit 

On occasion Dr Gofman has said that there might be as many as 32 000 extra 
cases of leukemia and cancer per year if the radioactivity m effluents were allowed to 
reach the maximum permissible levels under AEC regulations I hope that this 
discussion will show clearly that the numbers he uses do not represent the real world 
Instead of having 32 000 cases per year, we probably have statistically less than one 
extra case of cancer or leukemia as a result of the presence of those nuclear reactors 
now in operation, under construction, or definitely planned 
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Fig. 6 Illustration of the illogical assumption of undiluted distribution of blue smoke over the entire United States. 
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One should contrast these small effects with the situation m regard to coal fumes 
and smog to put the situation m balance In London, England, in December 1952, 
4000 people passed away within 10 days because of air contamination caused by a 
combination of coal smoke and bad weather conditions Even though such large 
numbers of people as this are not likely to be directly killed by coal smoke, the 
cancer-causmg effects of coal smoke and organic compounds contained in smog and in 
automobile exhausts may, in a place such as Los Angeles, be similar to those caused by 
smoking cigarettes Clearly, these effects of smog are of major proportions and are not 
even close to being fully understood or investigated 

In fact, the AEC finds itself m the unusual position of being severely criticized 
because it has done a better job than almost anyone else in trying very hard to 
understand and evaluate the risks of radiation Radiation is understood much better 
than almost any other of the possible effects caused by man or his environment The 
presence of radioactive atoms as a contaminant can be detected with a sensitivity 
about one biOion times that with which chemical contaminants can be detected It is 
strange that we who beheve that atomic energy is an improvement m our 
environmental situation find ourselves attacked on the environmental basis, when we 
know full well that when the final choice is made nuclear power must prevail because 
the alternatives to nuclear power will have much worse effects on human health In the 
long run there appears to be no other source of power to support our civihzation 

It IS probably worthwhile to mention an element called tritium Tritium is a heavy 
radioactive isotope of hydrogen produced m small quantities during the operation of 
nuclear reactors and has been cited as a source of public concern by some when 
considering the use of nuclear power It is necessary to put the quantity of tritium that 
could be involved in perspective There is not much of it Let me use an analogy 
Picture the entire United States as a huge forest having one tree on each square foot of 
land, each tree having 10,000 leaves Now, m this forest of a bilhon, bilhon leaves, if 
each leaf were to represent a hydrogen atom, there would also be dispersed throughout 
this forest about 80 tritium leaves due to cosmic rays and past nuclear weapons tests in 
the atmosphere The amount of tritium that would be added to the environment from 
the operation of all the nuclear reactors planned through the year 2000 would be 
equivalent to about one additional tritium leaf The nationwide forest of a billion, 
bilhon leaves would now contain about 81 tritium leaves 

In addition to tritium some radioisotopes with special characteristics are, or may 
be, produced in reactors which should be mentioned The noble gases xenon and 
krypton are normally retained withm the fuel-element cladding during operation 
Since they are gases, they will be extracted from the fuel during reprocessing The 
AEC has developed in its laboratories several methods to collect and retain these gases 
As the reprocessing of fuel becomes more and more important, noble-gas-collection 
methods must be incorporated m the reprocessing Additionally, in reactors where fast 
neutrons bombard nitrogen, extremely small quantities of carbon-14 ('^C) could be 
found Other radioactive isotopes, fission products, or activation products are 
normally retained within the fuel elements or water-purification systems during 
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operation and can be collected and stored safely by methods already developed by the 
AEC 

As responsible citizens we must make balanced decisions m matters as difficult and 
complex as environmental pollution It is not adequate for the critics of nuclear power 
to point only to its weaknesses, nor is it adequate for the proponents of nuclear power 
to point only to the weaknesses of fossil plants We all have to evaluate the benefits 
that power brings to us and then decide what kinds of risks are involved m the various 
methods of power generation m order to make the proper choices We at the AEC have 
been doing this for years in regard to nuclear power and safety of the public, but 
perhaps our view has been, at times, too narrow We have tried very hard for man> 
years and beheve that we have well-developed and conscientiously applied methods of 
risk evaluation But we have not quantified the benefits very well yet, and it is only 
lately that we have begun to examine nuclear power vs other forms of power on a 
risk—benefit basis with anything approaching the same degree of rigor The risks 
involved from the presence of SO2, CO2, oxides of nitrogen, and particulates are not 
at all well understood My own view of this balance is that, although nuclear power is a 
clear front-runner on an environmental-impact basis, we will have to use all the types 
of fuel and energy generation available to us, and we will have to improve the 
environmental impact of each of these to preserve an adequate environment 

On balance, I feel quite certain that nuclear power will stand up well now and m 
the foreseeable future as far as comparative risks to the environment are concerned If 
you think about it just a httle, you will perceive that our civihzation must have 
adequate power, and you will find that most of it goes not for electric toothbrushes 
but for industrial uses Even the gasohne pumps m our filling stations are driven by 
electricity How shall we get this power'' The decision is yours 
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In 1957 I dehvered a paper before a public-relations meeting of industry in San 
Francisco. Every one of the stupid platitudes and erroneous public-health principles of 
atomic energy promoters can be found in that paper. Since that time I have had an 
opportunity to learn a great deal about sound public-health principles in relation to 
technology. I am chilled by my ignorance of 13 years ago. 

The U. S. Atomic Energy Commission and its supporters espouse vigorously today 
(1970) all the stupidities and erroneous public-health principles that were in my 1957 
paper. FeeUng lonely, the AEC is anxious to show that in my prehuman period I said 
the same idiotic things they say now. Therefore, if you want a copy of those 1957 
remarks, you have only to turn your head in the direction of Germantown, Md. 
Immediately 500 or 1000 copies of my 1957 speech will be sent to you by AEC 
headquarters. 
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Approximately one year ago my colleague, Dr Arthur Tamplm, and I indicated 
that the cancer plus leukemia hazard of ionizing radiation was approximately 20 times 
worse than the so-called "standard-setters" had admitted ' This evidence and the 
conclusions have now been confirmed by several leading scientists 

Further, since that time we have estimated the genetic hazards of radiation The 
results of these studies indicate that the large cancer plus leukemia risk is small by 
comparison with the extremely high genetic risk for humans Our estimates of genetic 
hazard are m excellent accord with those published independently by the Nobel 
laureate geneticist Professor Joshua Lederberg and by Professor Lmus Pauling 

It IS these estimates of the cancer, leukemia, and genetic risks that have led to all 
the fury 

Recently there has been flagrant abuse of the mouse genetics studies of the 
Russells in the effort to obscure the extreme hazard of genetic mutations by ionizing 
radiation, primarily by Holifield of the Joint Committee on Atomic Energy (JCAE), 
Bond of the AEC, Taylor of National Council on Radiation Protection and 
Measurements (NCRP), and Tompkins of the Federal Radiation Council (FRC) We 
shall return to this issue in detail later 

Unfortunately the AEC and the JCAE have attempted vigorously to obscure both 
the evidence and the issues So far the only result they have achieved has been to 
discredit atomic energy programs in the scientific community and in the public at 
large 

Society can ill afford the diversion of effort into nonsensical obfuscation of reality 
by the promoters of a technology There is far too much constructive work that must 
be accomphshed Let us state now the real problem, the evidence, and the attempts to 
obscure the evidence by fun and games This can all be divided into three parts 
(1) scientific, including public health aspects, (2) political, and (3) moral 

Unless and until the facets of the overall problem are recognized for what they are, 
the American pubhc will be confused—a confusion that can imperil their hves and 
their future 

THE SCIENTIFIC ANO PUBLIC-HEALTH PROBLEM 

It may surprise you to learn that there is no scientific controversy on these matters 
of cancer and the genetic hazard of lomzmg radiation for man That the precise 
numerical estimate of hazard differs among investigatois is highly secondary The real 
issue IS that the hazard is large, rather than negligible 

On Nov 18, 1969, Chairman Holifield of the superpromotional, nonwatchdog 
JCAE made the following statement to me 

"How can you tell me there will be 32,000 extra cancer plus leukemia deaths 
annually from an average population exposure of 0 17 rads per year'' We've been 
assured the hazard level is 100 times higher ' 
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Charitably, it can be stated Mr Hohfield had been misled There is not a reputable 
scientist inside or outside the AEC who would try to defend Mr Hohfield's statement 

More recently Mr Holifield^ is on record with a more modest, but equally absurd, 
statement I quote him directly, 

"We know the standards are 'abundantly safe' by at least a factor of six " 
Hogwash, Mr Holifield, there is no reputable scientist who will back that 

statement of yours 
From numerous unqualified physicists, engineers, and public-relations types in the 

electric utility industry come similar absurdities, but these we can discount 
immediately by consideration of the source 

Holifield, the AEC, and the nuclear electricity industry are trying to sell the idea 
that 0 17 rads per year is sate No reputable biological scientist will state that We shall 
return later to the next step in AEC absurdities namely, even if 0 17 rads per year 
(the allowable dose) is unsafe, it does not matter because we never plan to dehver that 
much radiation to the pubhc 

All of this represents a planned, purposeful effort to obscuie science by 
irresponsible pohtical statements Let us return to the scientific problem 

The scientific problem is to determine, for pubhc-health purposes, what the 
cancer leukemia, and genetic hazards are per rad of exposure We need these estimates 
irrespective of what the "standards" are or what the current exposure level is A 
rational society plans technology with knowledge of the potential pubhc health 
hazards represented m its technological decision making 

Several important direct statements must be made 
1 No one has ever proved that any amount of radiation, natural, medical, or 

man-made m atomic energy is safe with respect to cancer or leukemia production or 
with respect to genetic injury (I shall return to the flagrant abuse of the Russell mouse 
genetic work in this regard ) 

2 Since there is no proof that any amount of radiation is safe, we must estimate 
the hazard anticipated per unit of radiation 

3 Because direct evidence is not available foi certain total dose levels and dose 
rates, all responsible scientists and study groups have agreed to use certain ground rules 
and assumptions Anyone who pays lip service to these ground rules and then proceeds 
immediately to discard them in practice is culpable of the most serious form of 
pubhc health irresponsibility 

What are these important ground rules'' 

a In the absence of evidence to the contraiy, a linear relationship between dose 
and response will be used to estimate cancer or genetic risk This rule is very 
simple, all it says is that if one unit of radiation produces one unit of disease then 
two units of radiation will produce two units of disease, etc This, incidentally, is 
not the most conservative public-health principle 

b In the absence of evidence to the contrary, all radiation exposure will be 
considered cumulative, irrespective of dose rate Thus only the total dose will be 
considered relevant 
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All of the developing evidence over the past decade confirms the wisdom of, and 
our confidence m, these conservative principles 

Ninety-nine point nine percent of the confusion purposely interjected into this 
problem arises from the gobbledygook of those who pay hp service to sound 
pubhc-health principles and then practice the opposite 

It must be understood by everyone that there may be several ways the Hazard 
estimated by sound public-health principles might be mitigated These possibilities are 
most interesting for laboratory research In the field of public health, translating 
"hopes" into reahties is not only dishonest, it can create pubhc-health disaster For 
protecting the public health, we simply disregard that which is not proved, and we 
estimate hazards and act upon those estimates arrived at by apphcation of the 
conservative pubhc-health principles stated m the foregoing 

THE CANCER-LEUKEMIA RISK 

Last year Dr Tamplm and I showed that a particular amount of ionizing 
radiation will produce about 20 times as many cancers of all types as it does leukemia 
This cancer estimate was far higher than the "experts" had indicated, and this is what 
led to controversy As I shall point out, other responsible scientists are now making 
closely similar estimates And we understand fuOy the basis for the minor differences 
m estimates among the scientists Let us now consider the numbers themselves 

Everyone agrees that, per rad accumulated, there will be 1 to 2 leukemia deaths 
per year per million people exposed This is the central pivot point, and from here we 
can arrive at the total cancer plus leukemia hazard m several ways, all of which provide 
comparable answers If science is used, comparable answers are, of course, anticipated 

Let us anchor our estimate upon a dose of radiation that is a useful 
reference—that which is the allowable average for the U S population, namely 0 17 
rads per year Any other reference value could be used instead This says nothing 
about the dose one would receive sitting on the perimeter fence of a reactor, 10 miles 
away, or 100 miles away Such considerations are irrelevant pohtical considerations 
introduced by Dr Victor Bond and Dr Theos Thompson for the express purpose of 
obscuring the scientific problem of hazard estimation 

The most rigorous approach would be to consider the cancer plus leukemia hazard 
for future years for radiation received in the first year of hfe and similarly to estimate 
the hazard added for each subsequent year of radiation Summation would then 
provide the total hazard We can arrive at a satisfactory approximation by a much 
simplei procedure 

Let us consider a 30-year old man as a representative case (a reasonable 
assumption) At 0 17 rads per year, the accumulated dose equals 30 X 0 17, or about 
5 rads 

Now, since it is agreed that leukemia occurs m 1 to 2 people per milhon per year 
per rad, for 5 rads we will expect 5 x 1 to 5 X 2, or 5 to 10 cases per milhon people 
per year 
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Since we estimate all cancers to be 20 times as prevalent as the leukemias, it 
toUows that 20 X 5 and 20 X 10 represent 100 to 200 cancers per million people per 
year for 5 rads 

For public-health purposes it is essential to know the magnitude of the health 
problem thereby introduced into the population This is readily accomplished by 
multiplying by 200, since the population of the United States is approximately 
200 million Thus 

200 X 100 = 20,000 extra cancer deaths per year 
200 X 200 = 40,000 extra cancer deaths per year 

Our previously published estimate airived at by other approaches is 32,000 pei year, 
which lies in the middle of the 20,000 to 40,000 range Since approximately 300,000 
persons die annually of cancer plus leukemia, the pubhc-health hazard introduced by 
allowable radiation exposure is approximately a 10% increase m cancer plus leukemia 

So long as other scientists had not spoken out, the AEC could pooh-pooh such 
estimates as those of a "tiny minority.' The jig is now up, however Even Dr Bond of 
AEC IS not far from our estimate now. 

Recently Dr R. H. Mole of the United Kingdom Atomic Energy Authority has 
published his estimate. He states that all forms of cancer will be 10 times leukemia, 
rather than our estimate of 20 times leukemia. We have discussed this difference of a 
factor of 2 with Dr. Mole. It arises from his use of a lower correction factor for dose 
difference between organs m the study of 14,000 irradiated British subjects. Dr Mole 
recognizes that he has used a lower correction factor than that used by his British 
colleagues Dr Dolphin and Dr. Eve. We have used the Dolphin—Eve estimate directly, 
for It appears highly reasonable. In any event, the basis foi the difference between 
Dr Mole and us is well understood. The difference itself is highly secondary. 

If we use Dr. Mole's numbers directly and the same radiation exposure (0.17 
rads/year), we aruve at 10,000 to 20,000 extra cancer deaths annually 

Dr Victor Bond recently stated that the cancers will be 5 times the leukemias, and 
he quotes Dr. Aithur Upton to back this estimate. Before pointing out why Dr Bond 
IS too low, I must compliment him on a giant step forward into reality, and I hope his 
AEC colleagues will soon follow him Instead of my stating why Dr Bond's estimate is 
too low, I shall quote from Dr. Mole of Great Britain [R. H. Mole, Radiation Effects in 
Man Views and Prospects, Health Physics, 20: 485-490 (1971)] to explain to 
Dr. Bond 

After some IS years or so, the rate of radiation-mduced cancer was 
considerably greater than the rate of radiation-mduced leukemia had ever been 
and the increased cancer rate was mamtamed for much longer If the yield of 
induced malignant disease is integrated over a 27 year period, it is found that 
cases of cancer are five times more numerous than cases of leukemia The 
result of this integration must be regarded as tentative since only a small 
number ot patients had been followed for as long as 15 years or more. 
Nevertheless, remembering that radiation exposure in the spondylitics was to a 
part of the body only, the provisional conclusion would be that the numbers 
of cancers induced by whole-body irradiation at high dose rate would be an 
order of magnitude greater than the numbers of leukemias 
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An order of magnitude is, of course, a factor of 10 Dr Bond has apparently 
overlooked both the dosage correction for bone marrow vs other sites and the fact, 
brought out by Dr Mole, that some regions in the spondylitic study were not radiated 
at all So, Dr Bond is low but ever getting closer to the world of reality. 

If we use Dr Bond's uncorrected numbers and the same reasoning applied 
previously, we obtain from 5000 to 10,000 extra cancers per year for an average 
exposure to the population of 0 17 rads per year 

This problem of cancer estimation can be approached in d wholly different manner 
with the same general results If one examines all the cancer plus leukemia occurrences 
m Japanese A-bomb survivors, m the British subjects, and m the tuberculous subjects 
irradiated by fluoroscopy, one finds that, for all the major forms of cancer and 
leukemia, 1 rad increases the cancer/leukemia rate by about 2%, on the average, of 
the spontaneous cancer/leukemia rate From a wealth of experimental animal data, 
there is every reason to expect the remaining minor forms of cancer will also be 
radiation induced m humans Inspection of the animal data certainly suggests that a 
2% increase in the spontaneous rate is conservative for the remaining minor forms of 
cancer 

Again, using 5 rads accumulated by 30 years, we simply multiply 5 by 2 and arrive 
at a 10% increase over the spontaneous cancer/leukemia death rate Since the 
spontaneous death rate from cancer plus leukemia is about 300,000/year, it follows 
that 10% of 300,000 is 30,000 extra deaths pei year This is m excellent accord with 
the 20,000 to 40,000 estimated above 

Dr E B Lewis of Cahfornia Institute of Technology is quoted as estimating 
16,000 extra cancer plus leukemia deaths annually for the same radiation dose 

Dr Lmus Pauling of Stanford University has estimated 96,000 extra cancer plus 
leukemia deaths annually for the same radiation dose 

The range 5000 to 96,000 is what the scientific community finds, from the most 
optimistic (Dr Bond) to the most pessimistic (Dr Pauling) 

Only Chairman Holifield, the AEC, and the nuclear electricity mdustiy are sitting 
out m left field cheering that 0 17 rads per year is "safe" or "abundantly safe " Even 
the AEC scientists seem forced to desert the cheerleaders 

THE GENETIC HAZARD 

We stated a year ago that the genetic hazard would be far worse than the 
cancer/leukemia hazard, but we were not prepared then to make estimates We have 
indeed made estimates since then, and they are most discouraging Even more 
discouraging to the AEC is that others are in essential agreement with us, notably 
Dr Lederberg and Dr Pauling 

How large is the genetic hazard'' We can approach this very simply 
1 The UN Scientific Committee on Effects of Atomic Radiation has estimated 

that 10 to 100 rads is expected to double the fiequency ot genetic mutations 
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2 Dr Joshua Lederberg has estimated 50 rads to double the mutation rate, and he 
has stated further there are only minor, if any, quarrels among geneticists about this 
estimate 

Let us preserve the entire UN range of 10 to 100 rads, since there is no need to 
commit ourselves within this uncertainty range 

Now, again taking our average man, reproducing at 30 years of age, the gonadal 
dose will be 5 rads (30 X 0 17) by this age 

If 10 rads doubles the mutation rate, 5 rads means a 50% increase in mutation rate 
If 100 rads doubles the mutation rate, 5 rads means a 5% increase in mutation rate 
So, at 0 17 rads per year, we can expect a 5 to 50% increase m the genetic 

mutation rate (Lederberg estimates a 10% increase m the mutation rate ) 

There is a well known generalization in genetics if we increase the mutation rate 
by a certain percentage per generation, we will, after some numbers of generations 
(can be 1 to 10 or more generations, depending upon specific gene effects), experience 
that same percentage increase m death rate from diseases caused by such genetic 
mutations 

Thus a 5 to 50% increase m mutation rate means, ultimately, a 5 to 50% increase 
in the genetic death rate How many genetic deaths per year would this mean'' Here a 
colossal underestimate of genetic hazards was made by all the "standard-setters " They 
missed essentially all the important genetic diseases, not by any means willfully but 
rather because new knowledge has radically changed the picture 

The focus of genetic interest used to be on so called single gene diseases, such as 
sickle cell anemia, hemophilia, cystic fibrosis, phenylketonuria, galactosemia, and 
similar very rare diseases Added together, all the single gene diseases account for only 
about 1% of the annual spontaneous death rate 

But we now know that most of the major killing diseases are multigene 
diseases—predominant among them is coronary heart disease, which kills two times 
as many people as all forms of cancer together Atherosclerosis, which underhes 
coronary heart disease, is multigene in origin and accounts for serious additional 
vascular disease, such as cerebral vascular disease (and attendant strokes) and renal 
vascular disease At least 50% of all causes of death assuredly have a proven genetic 
component, and most medical authorities think it is highly likely that all diseases have 
a genetic component, with many of them being multigene diseases the genetic 
component operating in conjunction with environmental factors (Maybe accidents 
and suicides should be left out) 

If we apply this knowledge, we must assume a genetic component m almost all, if 
not all, the 2,000,000 spontaneous deaths annually Therefore, a 5 to 50% increase 
m genetic deaths will lead to the following prospects for 200 milhon people (the 
population) 

5% of 2,000,000 = 100,000 extra genetic deaths per year 
50% of 2,000,000 = 1,000,000 extra genetic deaths per year 
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So, our currently allowable radiation dose could lead to between 100,000 and 
1,000,000 extra genetic deaths per year Not tomorrow—but in some number of 
future generations If our population does grow to 300 million, then by the time the 
genetic death increase is felt, there would be 150,000 to 1,500,000 extra genetic 
deaths per year 

Lederberg, using his estimated 10% increase in mutation rate and considering the 
multigene diseases, estimates that currently allowable radiation doses would lead to a 
$10 billion annual increment in the health and medical care burden Because of 
uncertainties he says the true cost could he between $1 bilhon and $100 billion per 
year Lederberg's estimates are m excellent accord with our estimates Dr Bibb of the 
redoubtable AEC does not contest the genetic hazard However, at Charlotte, N C , on 
Nov 15, 1970, he enthusiastically pointed out that maybe research will enable us to 
undo the genetic damage In the typical approach of the tecluiology promoter, 
Dr Bibb is telhng us that, by dmt of dollars and devotion, technology will undo all its 
harm It is barely possible that people might prefer not to be genetically injured at all 

Only Chairman Hohfield says the standards are "abundantly safe" with respect to 
genetic hazard Mr Holifield is remarkable as he faces the prospect of 1,500,000 extra 
genetic deaths per year to be caused by his promotions He is brave with the lives of 
others I am sorry Mr Hohfield is not here with us tonight, but he decided to compete 
by giving a lecture of his own 

THE RUSSELL MOUSE GENETICS STUDIES 

Recently a number of absurd statements have been made in abuse and misuse of 
the Russell mouse studies These studies provide nothing, I repeat nothing, to make us 
feel any easier about the genetic hazard of ionizing radiation The claims are that the 
genetic hazard of radiation is less than previously thought on two grounds (1) Slow 
delivery of radiation (based upon male-mouse studies) reduces the estimated human 
genetic hazard threefold, and (2) the female mouse shows a "threshold dose rate," 
and below this dose rate, genetic damage m the human female can be neglected 

The direct translation to the human is, of course, manifestly ridiculous But the 
claims themselves do not hold up on careful examination Indeed the Russell data 
support practically nothing concerning the potential hazard to humans 

The Male Mouse 

Russell has indeed shown, at very high total doses (>300 rads), that slow delivery 
of radiation produces one-third as many mutations as does rapid dehvery of the 
radiation For the high doses this Russell observation is no doubt correct Tlrerefore, 
consideration of the most optimistic results of Russell is achieved by consideration 
only of the low dose-rate data If such optimistic data are used, the Russell mouse 
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Studies lead to 100 rads as the doubling dose Now, 100 rads is one of the hmits used 
by the UN Committee, and this doubling dose for genetic mutations leads to 100,000 
extra genetic deaths annually for a population of 200 million people This hardly leads 
one to feel that the most optimistic Russell data predict anything hopeful about the 
genetic hazard One can say that before the Russell study the 'standard setters" chose 
an allowable dose that would lead to a massive calamity (300,000 extra genetic deaths 
per year) In view of the Russell studies, the meptness of the "standard setters" leads 
only to a major calamity (100,000 genetic deaths per year) 

But, even though the most optimistic RusseU data suggest a major calamity, there 
are several important reasons why the optimistic Russell studies may be inelevant 
Russell's data show a 30-fold difference m radiation-induced mutations m the seven 
gene loci studied It is entirely possible that the doubling dose for some of the genes 
may be far below 100 rads This, translated to man, could mean the 100,000 extra 
genetic deaths per year could rise manyfold 

Russell has pointed out that the mouse is 15 times as sensitive to ladiation-induced 
mutation as is the fruit fly (Drosophila) Presumably Russell has considered the 
possibility that man may be moie sensitive than mouse If so, how much will the 
doubling dose fall below the optimistic 100 rad value'' And how high will the 
estimated number of genetic deaths go above the 100,000 per year'' 

The Female Mouse 

The claims for the female mouse are twofold (l)The sensitivity to radiation 
mutation is less than for the male, and (2) a ' threshold dose late" exists for mutation 
m the female mouse Neithei claim is even remotely suppoited by anything m all the 
Russell publications up thiough the present (1970)' 

As for the female mouse's being less sensitive than the male mouse, this claim rests 
upon an unjustified selection of data plus improper analysis of data Russell's 6- to 
9-month-old female mice are as sensitive as, or more sensitive than male mice, with 
respect to radiation-induced mutation The 2 to 4-month old female mouse is less 
sensitive than the 6- to 9-month-old female mouse Russell provides no justification for 
selection of the 2- to 4-month old female mouse 

The claim of a "threshold dose rate" is totally unsupportable Russell bases this 
upon almost no data at all Indeed, the female data are totally consistent with a lower 
doubhng dose for radiation-induced mutation than for the male mouse The "threshold 
dose rate" for the female mouse is a mythical speculation, unsupported by the Russell 
data 

One can only shake his head in bewonderment at the misuse of the Russell data in 
the effoit to paint a falsely optimistic picture of the genetic hazard of radiation 

Thus far, our considerations of genetic hazard have addressed only moitality 
Several important socially crippling, but nonlethal, diseases are also multigene m 
oiigin, including diabetes mellitus, rheumatoid arthritis, and schizophrenia Consider
ing the schizophrenia evident m the cunent radiation controversy would you like to 
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contemplate a 5 to 50% increase in the occurrence rate of schizophrenia due to the 
FRC guidehne radiation'' 

So much for the science part of the story 

THE POLITICAL PROBLEM 

We have just discussed the hazard estimates per unit of radiation, per rad, or for 
5 rads m 30 years, which is the currently allowable radiation dosage 

There is one exceedingly simple generalization to be made concerning pollutants 
If you wash to avoid their toxic effects, you had better not have them allowable 

The AEC, after its initial efforts to obscure the scientific issues, began to realize 
the Jig was up with respect to hazard estimates per unit of radiation It would not do 
to be totally at variance with science and public health 

The AEC is a huckstering organization, it sells atomic energy products and 
by-products Success is measured by selling moie Faced with the prospect that the 
hazard recognition throughout the community at large might result in pubhc protest, 
the AEC has launched a campaign of dissimulation The essence of this foolish 
campaign is as follows 

1 "The standards don't mean anything because we'll never give the American 
public that much radiation " 

They better not If the AEC were really sincere in this statement, its actions would 
be totally different 

2 Commissioner Thompson claims that nuclear electricity generation for the 
foreseeable future will not give '730,000 of the 0 17 lads average to the public 
Dr Victor Bond echoes this claim 

Usually tlus lovely claim is accompanied by a total neglect of the real problems in 
nuclear electricity generation and the real problems m other AEC programs For 
nuclear electricity Thompson and Bond focus upon a reactor operating perfectly Of 
course this neglects the really serious parts of the nuclear electricity problem, 
including transport of spent fuel rods, fuel reprocessing, waste disposal, food-chain 
accumulation, accidents, and sabotage 

There is no need to dwell upon the fact that Thompson and Bond provide a trivial 
approach to the serious problems associated with nuclear electricity generation We 
can know immediately from their actions and those of AEC m general that none of 
them believe any of the claims the> are making to soothe the public and to divert 
concern 

1 When pressed. Commissioner Thompson^ suddenly loses all his confidence He 
says he needs the standaids 30,000 times high as a "cushion" against unknown, 
unpredictable reactor failures Dr Thompson, that's no cushion you're asking for, it's 
a Graf Zeppehn 

2 Commissioner Johnson agrees he wants the ' cushion," for he says we simply do 
not know what will happen m the new reactors 
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3 Dr Bond, when asked by Attorney Bloustem at the Vermont Public Service 
Board Hearings why he needs standards 170,000 times higher than he claims nuclear 
electricity generation requires, says, "You want to lower the standards because AEC 
has been so good about keeping radioactive emissions low " Dr Bond seems to regard 
a high allowable dose for the public as a prize to AEC for past good behavior 

4 Dr TeUer testifies to keep the allowable doses high because Plowshare needs 
such allowable doses He says if we expose people to 0 17 rads, we will clean them 
up—if they request it "* 

5 Dr Teller asked me personally to see if I could use my prestige to raise the 
allowable dose threefold—so Plowshare could have a really good program 

6 I lived with the Plowshare program during my six years as an associate director 
of Lawrence Radiation Laboratory When I raised questions about the stimulation of 
natural gas by nuclear explosives and the piping of radioactive gas mto homes 
throughout the United States, I was always told, "we'll keep the exposure below 0 17 
rads " Obviously, now they claim it wiU be a much lower exposure—that is, now that 
public scrutiny is fixed upon the various Plowshare absurdities 

One action, and no other, would lead to some credibility for the AEC—a 
forthright effort by AEC to reduce the allowable dose drastically Until and unless 
AEC stops fighting against lower allowable doses, the public will be insane to believe 
anything other than that ultimately they will receive the full allowable dosage If we 
hsten to Chairman Hohfield, it is quite conceivable the public will get even more 
radiation exposure 

AEC CHARADES 

There are some interesting fundamental "laws" discovered by the AEC They 
deserve our attention now 

Law I (of the AEC) 

"Radiation-induced cancer" or "death" are illegal words The dlegahty stems from 
the fact that these words make people feel uneasy 

Dr Victor Bond taught me this fundamental law at a Bio-Medical Director's 
meeting I had just given a Plowshare Advisory Committee talk wherein I had indicated 
the price m mortahty for certain contemplated Plowshaie projects Dr Bond advised 
me that the AEC hates the word, death "Never use it. Jack," Dr Bond told me 

Therefoie, obeying the fundamental law of AEC wonderland, we should properly 
restate our cancer estimate as follows "At 0 17 rads per year, 32,000 people annually 
will disengage themselves from participation in the physiology of respiration, 
circulation, digestion, and renal function " 
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Law II (of the AEC) 

If the result of a particular experiment would be inconvenient, never do the 
adequate experiment Thus, with the aid of this law, if no data are available, one 
pronounces, "No Effect Observed " The second step is to simply abbreviate 

No effect observed —> No effect 
No effect —> "Abundantly safe" 

Some additional illustrations of AEC Law II follow 
1 Commissioners Thompson and Larson vie with each other for who can most 

frequently say, "No effect has been observed at 0 17 rads per year' This is a simple 
variant of the immortal, "we live m a sea ot radioactivity " 

To quote Mr Lee, a vice president of Duke Power Co (at Charlotte, N C , 
Nov 15, 1970), "Why worry about nuclear power plants'' I emit radiation You emit 
radiation The walls emit radiation It's everywhere " 

2 The flagrant abuse of the wholly inadequate Russell mouse data, which leads to 
the totally unsupportable claim of a "threshold dose rate" for genetic mutation in the 
female mouse 

3 The use of a variety of inconsequential experimental and epidemiologic data to 
support a nonexistent "safe threshold " This variation upon Law II deserves close 
examination "Properly" applied, it guarantees a successful result for AEC purposes 

a Suppose an event like cancer is expected in 1 out of 100 animals 
b You set up the experiment with 10 animals Therefore, 0 1 case is expected 

Since animals do not come packaged as %Q of an animal, you realize that m 9 
experiments out of 10, zero cases will be observed in a series of 10 animals 

c You do only one series of 10 animals You get zero cancers You then 
conclude that no effect is observed at this radiation dose You have just "proved" 
a threshold (a la AEC) 

In a slight variation of this elegant technique, you do a study with an inadequate 
number of animals at low total doses You find no cancers showing up m a short time 
period (where the expectancy is, say, 0 1 or 0 01 case) Then you announce you have 
proved a "practical" threshold, and you claim that the animals will not hve long 
enough to get cancer at this dose The key is to use an inadequate number of aramals 
Just follow Law II of the AEC 

THE AEC CRITICISMS OF OUR HAZARD ESTIMATES 

We have been hoping that some day a substantive criticism of our work might 
emanate from AEC quarters We are anxious for a scientific dialogue All that has 
come forth thus far are absurdities that are self-evident upon examination Dr Victor 
Bond' and Dr Charles Mays* have provided splendid examples of such absurdities 
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The Story of the Cat with Nine Lives 

Recently we analyzed some of Dr Bond's data and showed that 3 to 20 rads will 
produce a 100% increase in the incidence of breast neoplasms at a particular point in 
hfe, say at 6 months Dr Bond has raised a remarkable objection to our analysis 

He says all we have proved is that radiation accelerates cancer Thus what Dr Bond 
indicates is that radiation does not produce extra cancers—they just arise earher in 
life To understand Dr Bond better, let us take a simple example Suppose breast 
cancer were the only cause of death and suppose that unirradiated animals died at an 
average age of three years Now suppose you irradiate a series of animals, and they die, 
all of breast cancer, at an average age of \% years (hfe span cut in half) Dr Bond 
would say, "Look, radiation isn't bad, there hasn't been a single case of cancer, since 
100% 100% equals zero. Therefore, there has been no effect of radiation " 

Apparently Dr Bond has missed the whole name of the game It only requires one 
cancer to die Dr Bond need not bemoan the fact that radiation does not kill people 
twice Most people, but apparently not Dr Bond, think that death at an average age of 
30 years is quite different from death at an average age of 60 years 

"We Don't Look At All of Bond's Data" 

Dr Bond is fond of saying that we derive the 3- to 20-rad doubhng dose from 
some of his data and that his other data would give a very different result 

So we have examined a very recent new summary publication of Shellabarger and 
Bond ^ These new data of Bond and coworkeis agree with our analysis as well as oi 
better than do his old data So do the remaining "older' pubhcations of Bond 

Dr Bond disputes our statement that his data show linearity of breast neoplasm 
response vs radiation dose In his most recent 1969 Athens paper, he not only shows 
beautiful linearity of neoplasm incidence vs dose but he shows it separately for 
adenofibromas and for adenocarcinomas And, best of all, his conclusion claims 
linearity 

Dr Bond states we mixed up his data on benign and malignant breast neoplasms 
We combined those data because they showed no significant differences in dose 
response, and we specifically stated they could also be analyzed separately Dr Bond's 
most recent data' show beautifully that precisely the same linear dose response curves 
hold both for fibroadenomas and for adenocarcinomas Both show doubling doses in 
the neighborhood of 15 rads, and, within experimental error, the doubling dose could 
be as low as 3 rads 

Dr Bond states that the results he obtains may be only true for certain strains of 
rats He suggests that the data of Huggins and Fukunishi^ on Long—Evans rats prove 
those rats to be enormously resistant to radiation We have examined the Huggins data, 
and they prove nothing of the sort The experimental seiies of animals is so small that 
no reliable estimates are possible either for the spontaneous rate of incidence of breast 
neoplasms or for the radiation-induced rate Thus, within these inadequate data, it is 
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entirely possible that the Long—Evans strain of rats can show even a lower doubhng 
dose for breast neoplasm induction than does the Sprague—Dawley rat 

Dr Bond states that a paper by Shellabarger and Schmidt' shows a doubhng dose 
of 1500 to 2400 rads for breast neoplasms m the rat We had previously studied that 
paper and knew that Dr Bond's conclusion was absurd So we reanalyzed that paper 
and found the data show doubling doses m the neighborhood of 10 to 80 rads, and, 
within experimental error, the doubling dose could be 3 rads, as in Bond's papers We 
brought our arithmetic to the Science Writers' Symposium at Raleigh, N C , on 
Nov 16, 1970, and mvited Dr Bond to demonstrate to us and the science writers how 
he could arrive at 1500 to 2400 rads as a doubling dose Dr Bond dechned to present 
his arithmetic The invitation to Dr Bond is still open 

We are finally left with the impression that Dr Bond is unable to present any 
substantive, supportable comments concermng our analysis of the breast neoplasm 
story Surely he can do better than what he presented to the Joint Committee on 
Atomic Energy '" 

THE REMARKABLE DR. CHARLES MAYS 

Dr Charles Mays has also recently criticized our analysis of his studies of bone 
sarcoma induction m the beagle dog by various alpha emitters Dr Mays charges that 
we made some 70* errors m analyzing his work This story is so remarkable that 
everyone must share it 

Following some 20 years of research, Dr Mays and his colleagues presented a 
summary paper of experiences to date m a paper entitled "Radiation Induced Bone 
Cancer m Beagle ' ' Dr Mays and his collaborators present extensive tabular data of all 
sorts concerning the dogs, the dose of radioactive material, and the numbers of bone 
cancers The one item left out of the table is the number of dogs per experiment Now 
It IS customary m biological science, for the last 100 years at least, to present the 
number of animals per experiment as the prime item of data Dr Mays provides 
everything but the number of animals Instead, m his text he states, "Each level for 
each nuclide contains about 12 dogs, except for certain higher levels in which fewer 
animals were needed to establish the extreme toxicity " So, being reasonable humans 
we took Dr Mays at his statement and used 12 as the number of dogs, except as he 
indicated at higher levels where fewer dogs were explicitly used We carried the 
analyses through to show that massive occurrence of bone sarcoma was being observed 
at doses where so-called "safe thresholds" had been claimed by such workers as 
Robley Evans Dr Mays then complained that some of the series had a number of dogs 
slightly different from 12 and therefore we were wrong Dr Mays says we should have 
asked him how many dogs Dr Mays apparently enjoys confusing his readers by 
leaving out crucial items of data 

Since the number of dogs is used for 10 or 20 calculations, it is obvious that if 11 
dogs were used instead of 12, each calculation is off by the factor of 11/12 This is 
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how Dr Mays arrives at our 'enormous" number of eirors I do believe we did have 
one transcription error from his table Dr Mays agrees that none of the conclusions are 
altered m any manner worth speaking about, but he says we are careless Here 
Dr Mays commits a cardinal blunder in data presentation, and then he accuses us for 
being taken m by his absurd data presentation 

It IS clear to us that none of the so-called AEC criticisms of our work are even 
remotely meant to be a serious effort to deal with the serious problem of estimation of 
the somatic and genetic hazards of ionizing radiation for man 

We think the time for fun and games is over, and we are hoping the AEC will begin 
to view the problem seriously before it has lost all opportunity for some credibility 
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Environmental pollution is a matter of extreme moment. Decisions concerning 
pollution should not be made in secret by so-called experts. The burden of proof 
should be shifted from the pubUc and/or the government regulatory agency to the 
polluter. The polluter must be made responsible for convincing the pubhc that he has 
done everything possible to reduce the level of pollution and that the benefits to be 
derived from his activity outweigh the risk of the remaining pollution. 
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POLLUTIOiy AND THE FRAGILE HUMAN ORGANISM 

Man seems to have an unbelievable amount of self-esteem He believes that he can 
take a tremendous amount of adversity and survive, and in this belief he is correct But 
the important fact that he seems to overlook is that he pays for these insults to his 
physiological competence He pays for them m terms of reduced physical fitness and a 
shortened lifespan 

For the wide variety of toxic materials that are introduced into the environment as 
pollutants, there are various standards established that are called permissible levels or 
maximum permissible levels. Generally, these standards represent concentrations 
below, usually considerably below, the level where immediate and obvious symptoms 
ot disease would occur We are therefore lulled into complacency by being led to 
believe that concentrations below this permissible level are harmless This is not 
necessarily true In fact, for most pollutants it is undoubtedly incorrect Although it is 
below Its permissible level, a pollutant is most hkely still causing its adverse effect but 
at a rate that was too small to observe m the small number of short-lived experimental 
animals on which it was tested or in the brief period of time that it was tested m a 
small group of human subjects The human subjects are usually adults, and httle is 
known about the long-term effects on the growing and developing child As a result 
the pollutant may have an effect that was overlooked m the testing procedures or 
could not have been observed m the tests Such would seem to be the case with 
thahdomide, and, as a result, new drugs are now tested for their effect on the developing 
fetus 

Moieover, the effect of two pollutants in combination may be fai worse than the 
sum of the effects of the individual pollutants For example, radiation combined with 
cigarette smoking is ten times worse than radiation alone It appears most likely that 
this synergism among pollutants will prove to be the rule rather than the exception 
We should seriously consider such statements as those of Dr Saffiotti, Associate 
Scientific Director for Carcinogenesis, National Institute of Health "The striking 
potentiation of effects of low levels of a systemic carcinogen in the lung by as simple a 
treatment as the pulmonary penetration of a dust warns against the dismissal of any 
carcinogenic exposure—even at low levels—as being 'safe' " 

It must be lemembered that even a food additive is a potential pollutant and could 
have a small adverse effect on every individual or a serious adverse effect on 1 m 
10,000 individuals Either effect could have been unobserved or unobservable in the 
testing procedures Either elfect could cause a large amount of injury when, aided by 
mass distribution and mass communication advertising, the product is made available 
and attractive to 200 million individuals Secretary Finch's decision on cyclamates was 
a courageous departure from the past and an essential step into the present 

The point I am trying to make here is that the uncertainties connected with the 
effects of radioactive atoms are shared by practically every form of environmental 
poUutant We are most hkely paying a price for each pollutant, and the net effect of all 
of them may be more than we would like to pay 
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WHY DO WE HAVE POLLUTION? 

When we survey the arsenal of scientific and technological knowledge that is 
available to this nation and its industry, it is obvious that the means are available to 
essentially eliminate all forms of environmental pollution There is one exception to 
this, and that is waste heat There are numerous signs today which demonstrate that 
the present levels of pollution are detrimental to man and his environment 

The developing nuclear industry m the country offers a current example of why 
we have such a serious pollution problem At the same time, we can and should learn 
from this industry what is required to improve the quality of the environment and the 
quality of hfe m this country This industry is at the heart of the problem because, in 
addition to being a polluter itself, it wiU generate the power to operate other industrial 
polluters 

As long as there is a legal hmit or no limit to pollution, any nonsensical industry 
can pollute A legal hmit to pollution either imphes that there is a safe level of 
contamination or that the process generating the pollution has a benefit to society that 
outweighs the attendant risk We have no evidence whatsoever to indicate that there is 
a "safe" level for any form of pollution Moreover, when a legal limit is established, 
pollution occurs without any balancing of benefit vs risk 

The AEC suggests that they have done a risk vs -benefit calculation and have found 
that the benefit outweighs the risk But they never present a benefit value, and they 
detest people hke us who dare to present a risk value Consider the statement by 
Dr Werth, Associate Director for Plowshare at Lawrence Radiation Laboratory, 
commenting on a question posed by Senator Gravel "It is difficult to balance a risk of 
radioactivity against a benefit There is a need for natural gas One of the most 
thorough studies is that by the Federal Power Commission entitled 'A Staff Report on 
National Gas Supply and Demand,'* Bureau of Natural Gas Federal Power 
Commission, Washington, D C , September 1969 If more gas were available, it could 
be burned in more cities and significantly reduce the smog and health hazard 
associated with the presence of smog Balancing the health hazard due to smog against 
a possible health hazard due to background levels of radioactivity has not been done to 
my knowledge " Why not do this study before spending millions of dollars on the 
gas-stimulation program' Would such a study show that piping radioactive gas into 
homes is a reasonable solution to the smog problem'? It would seem that even 
Congressman Hohfield doubts the risk vs benefit in this case because he asked why 
50,000 million cubic feet of gas should be shipped to Japan each year if the shortage 
of natural gas was as serious as the AEC said After you listen to their arguments for a 
second time, if you are not too terribly naive, you reahze that all they have done is a 
cost analysis 

It IS precisely this balance between benefit and risk that is the primary ingredient 
in the nuclear-reactor controversy The nuclear technologists blithefuUy state that the 

•Notice how he equates need with demand 



ARTHUR R TAMPLIN 

benefits from nuclear power outweigh the nsks But they only imagine the benefits 
and minimize the risk. 

The risks associated with nucleai power plants are not just the radioactive releases 
during normal day-to-day operations The risk must include the possibility of a major 
and catastrophic accident. We do not know what the chances of such an accident are 
The risk must include the vast amounts of radioactive wastes that are accumulating m 
tanks at fuel reprocessing sites We have not devised a system for managing these 
wastes And finally, the risk must certainly include the leahzation that we have not 
developed an adequate system to prevent the diversion of special nuclear material, 
such as plutomum and enriched uranium, into the illicit manufacture of atomic 
weapons 

And what about the benefits'? Nuclear technologists say that nuclear plants are 
clean compared to coal fired plants and that we need moie electricity to continually 
improve our standard of living All the nuclear critics that I know deplore fossil-fuel 
generating plants as much as, and even more than, nuclear plants No one can deny the 
ill effects of the noxious gases that belch fiom the chimneys of these fossil-fuel plants 
Fossil plants can and should be cleaned up If the present rash proliferation of nuclear 
power plants were meant to stop the dram on the world's fossil-fuel resources, one 
might be more willing to accept some of the risk associated with these plants But the 
driving force behind this piohferation is not to replace but to augment the fossil-fuel 
plants Present piojections indicate a 10-fold increase of electrical power production 
by the year 2000 Only 50% of this is projected to be nuclear That means a fivefold 
increase in fossil-fuel plants 

Consequently, focusing attention on the comparative or absolute risk of the two 
types of generating facihties has obscured the fundamental question associated with 
the electrical power industry The fundamental question is, simply, "Why more 
power*?" A fiat and unqualified statement that " power needs are doubling every 
eight years" is not sufficient To accept this statement without question is to accept 
and endorse the notion that electrical power consumption is a desirable end m itself 
Today, when environmental questions are paiamount, it becomes necessary to 
question the basis for aU intrusions on the environment I do not know that we need 
moie power The population of the United States incieases at about 1% per year It is 
certainly not obvious that a population increase of l%pei yeai demands an increased 
electrical power consumption of about 10% a year It is certainly not obvious that 
power demands are equivalent to power needs How is the power to be used*? 

It is stated that this power is needed to increase our standard ot living. Yet, 
although we are the most industrialized nation in the woild, our infant mortality and 
age-specific death rates are 1 5 those of a number of countries, e g , Sweden, and the 
average life expectancy is 4 years less On closer inspection we find that those m the 
uppei 25% income biacket m this country have death lates and a hfe expectancy 
comparable to Sweden At the same time, these biological data demonstrate that 50% 
of the U S population (those below the median family income) have an infant 
mortality that is more than twice what it should be and have a life expectancy that is 
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reduced by more than 8 years Moreover, 20% of the U S population (those with the 
lowest family incomes) have an infant mortahty that is four times what it should be 
and a hfe expectancy that is reduced by more than 16 years 

Over the last several years, our energy consumption (electrical and otherwise) and 
oui gross national product have increased. Coincident with these trends we have 
observed the strange phenomenon of a continuation of the inflationary spiral while the 
ranks of the unemployed are growing. The gap between the affluent and poor appears 
to be growing. Where is the evidence that increasing our energy consumption will do 
anything but compound the problems of the poor and the environmenf? I think we 
must face the unfortunate fact that power consumption today does not correlate with 
the nebulous "standard-of-hving" Power consumption is correlating with the 
production of garbage and the dechjte m the quahty of the environment 

A RECOMMENDATION FOR POLLUTION CONTROL 

This then bnngs us to the means of controlling pollution. The reason we have 
pollution IS that it is permitted either by law or by the absence of law. As I stated 
earlier, if there is a legal limit or no limit to pollution, any nonsensical industry can 
pollute. A legal limit to pollution either imphes that there is a safe level of 
contamination or that the process generating pollution has a benefit to society that 
outweighs the attendant risk We have no evidence whatsoever to indicate that there is 
a "safe" level for any form of pollution. Moreover, when a legal limit is established, 
pollution occurs without any balancing of benefit vs risk 

To properly protect the pubhc health and safety, the laws should read that the 
acceptable limit of pollution is zero and that the privilege of releasing a pollutant to 
the environment must be negotiated The prospective polluter should be required to 
demonstrate m a meaningful manner that his activity will produce benefits to those 
affected that outweigh the nsk 

This weighing of benefit vs necessary risk should occur m pubhc hearings before 
pollution-control boards. It is important to emphasize the word necessary— the 
benefits must be weighed against the necessary risks The right to overrule a decision 
of the control boards should be reserved for the pubhc through the courts or by 
referendum. 

Envuonmental pollution is a matter of extreme moment Decisions concerning 
pollution should not be made m secret by so-called experts The burden of proof 
should be shifted from the pubhc and/or the government regulatory agency to the 
poUutei. The polluter must be made responsible for convincing the public that he has 
done everything possible to reduce the level of pollution and that the benefits to be 
derived fiom his activity outweigh the risk of the remaining pollution 
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Because the overall question of radiation protection guides and hazards to the pubhc 
from exposure to radiations is badly in need of perspective, I will deal first with the 
radiation guides or "standards " and then with the radiation exposure of the public 
from nuclear power plants I shall conclude by responding to some of the assertions 
made by Dr Gofman m his paper given earher m the Forum 

Concerning radiation standards or, more accurately radiation protection guides 
you have by now heard many times of 0 17 rem per year (170 millirem per year), the 
average dose that applies to the general public What is the origin of this number and 
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how was it derived'' It is common practice with toxic substances to estabhsh limits for 
exposure of the pubhc which represent small fractions of those established for 
occupational workers A radiation dose of 0 5 rem per year (one tenth of that which 
apphes to radiation workers) was adopted for individuals, one-third of this value 
apphes to small groups The 0 17 rem per year for the general public is approximately 
one-thirtieth of that set for occupational radiation exposure Actually however, the 
0 17 rem per year has yet another important basis, which was put forth m the 
recommendations of a committee of the National Academy of Sciences 

In the nnd fifties the National Academy of Sciences estabhshed a series of 
committees, the Biological Effects of Atomic Radiation (BEAR) committees, to 
investigate the biological effects of atomic radiations, and in 1956 the committee on 
genetic effects issued its report ' This committee recommended that, on the basis of 
potential genetic effects, the total population should receive no more than 10 rem over 
a 30 year period, which was taken as the mean reproductive age of the human being 
The 10 rem was intended to apply to exposure from all man made sources, including 
radiations used m medicine Half of this value, or 5 rem over 30 years, was later 
allocated to all sources other than medical This leads to 5 rem m 30 years or 
0 17 rem (average dose) per year 

The guideline of 0 17 rem obviously represented a value judgment However this 
value is equal approximately to the amount of natural background ladiation that 
human beings receive, a fact which played a significant role in the derivation of this 
figure Background radiation is discussed m the BEAR committee reports and m 
essentially all basic documents deahng with radiation protection 

Why does background radiation figure heavily in this judgmenf The reason is that 
background radiation represents an exposure of human beings which has been 
experienced over eons Living things evolved from the most primitive stages while 
being exposed continuously to background radiation levels that were probably higher 
than what we experience at the present time We have evolved from Neanderthal man 
in the presence of this radiation and in the process have developed serious 
overpopulation problems Further, the amount of background radiation varies 
considerably over the face of the earth In large areas of France, the background 
radiation averages approximately twice what it is here in the United States In some 
parts of India, very large populations of human beings have existed from the earliest 
known times in the presence of background radiation 10, 20, or more times that which 
IS experienced in the United States with no noticeable detrimental effects Thus, 
standards setting groups feel confident about radiation protection guide numbers that 
are of the order of background radiation, and they feel less secure as exposure exceeds 
these levels 

The committee therefore set the number of 0 17 rem per year as essentially a 
bench mark, or an upper limit of exposure of the general population In doing so, the 
committee made it clear that they were not necessarily saying that there would be no 
harm to the population at those dose levels or that such dose levels are "safe " They 
did say, however, that they felt confident that at levels near background exposure, the 
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effect on the population, if any, would be quite small and that certainly the human 
species would not go "down hill" or disintegrate Thus, it is quite clear that the 
0 17 rem-pei year average dose to the total population does not represent a threat to 
the continued existence and propagation of human populations 

Although the BEAR committee provided a basis for 0 17iem per year as an 
uppei limit bench mark, this was not their most important recommendation Their 
most important recommendations for radiation protection guides and the reasons foi 
It are as follows Although they recognized that there may well be no harmful effects 
at low doses they accepted the thesis that any amount of radiation exposure may 
carry some probability of harm to the population no mattei how small that 
probability may be Thus, the recommendation they would have liked to make is zero 
exposuie However, they realized that zeio exposure is not only impossible but also 
impractical Fxposure fiom natural sources is inevitable, and some additional exposure 
is unavoidable if man is to realize the enormous benefits derived from uses of 
radiations and radioactive materials They theiefore made it quite clear that the 
population guides were provided with the idea of "stay just as fai under that figure as 
you can " This idea is stated m many ways and frequently, not only by the BEAR 
committee but by standards setting groups as well The real recommendation is "keep 
It as low as practicable," and "it should most emphatically not be assumed that any 
exposure less than this figure (0 17 rem per year) is, so to speak, all right " 

Hence, it simply is incorrect for anyone to say that the BEAR committee or any 
standards setting gioup has stated that 0 17 rem pei year is "allowed" o' that it is 
considered "safe " The words "allowed" and "safe" simply do not appear in the 
lexicon of radiation protection guides 

Wliy IS the real radiation protection guide "low as practicable" and not the upper 
limit bench mark of 0 17 rem per year'' It is lealized that when one must assume some 
degiee of effect in a large population even at low doses when one cannot say with 
certainty that theie will be zero effect in the population —then any number othei 
than zero equates to some piesumed degree of injury m man To avoid this trap of 
saying, albeit indirectly, that some degree of injury to human beings is acceptable, the 
standards setting groups introduced the "lowest practicable" appioach as the real 
protection guide, and the numerical figure of 0 17 rem per year was introduced as an 
upper limit guide 

Who were these people who established 0 1 7 rem per year and the guide of "as low 
as piacticable''" The names are readily available in the widely publicized 1956 report 
of the BEAR committee,' and they are as follows Wairen Weaver H Bentley Glass 
Geoige W Beadle, James F Crow, M Demerec, G FaiUa, Alexander Hollaender 
Beiwind P Kaufmann, C C Little, H J Muller, James V Neel, W L Russell, T M 
Sonneborn, A H Sturtevant Shields Warren, and Sewall Wright These men are among 
the most respected and responsible men m Ameiican science A British gioup 
composed of equally eminent individuals issued similar lecommendations at approxi 
mately the same time 

Now let us examine what the standards setting groups did with the recommenda 
tions of both the BEAR committee and the Biitish study The standards setting groups 
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are the International Commission on Radiological Protection (ICRP), the National 
Council of Radiation Protection and Measurements (NCRP), and the Federal 
Radiation Council (FRC) * The recommendations of all these groups are essentially 
identical Let us deal with the recommendations of the FRC,^ since this group has a 
more official status m the United States than do the others 

Fig. 1 Pattern of emisston from a reactor stack. 

The FRC, m its first report,^ said, in essence, that the 0 17 rem per year 
recommended by the BEAR committee repiesents an acceptable bench mark, 
understood to be a barrier that is not to be approached or exceeded However, it 
erected a much more restrictive limit or barrier m the form of a dose limit for the 
individual, i e , 0 5 rem per year to the individual (still "not allowed" and "low as 
practicable" applies) 

Why IS the 0 5 rem to the individual more restrictive than the 0 17 average dose to 
the population'' We can see this most easily by considering radiations fiom power 
reactors 

A principal ALC guide for radiation exposure from power reactors is identical to 
that of the FRC, or 0 5 rem per year to the individual at the site boundary It is not 
the 0 17-iem-per-year average dose That the 0 5 rem is much more restrictive than the 
0 17 average can be seen from Fig 1 Because of the rapid dispersion of material 

*Sintt this prtscntdtion was delivtrtd tlit I RC has been intorporaltd into the Lnvironintntal 
Protection Agency (I PA) 

REACTOR 
LOCATION 
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coming from the reactor stack and because of the rapid decay of radioactive elements, 
the dose falls off very rapidly with distance from the reactor site. Thus, even if the 
dose at the site boundary were 0.5 rem per year, the dose to most individuals and the 
average dose would be very much below this value. This falloff of dose rate can also be 
seen m Fig. 2 in which the dose rate from a reactor is plotted as a function of distance. 

DISTANCE, miles 

Fig. 2 Dose rate as a function of distance for a boiling-water 
reactor and a pressurized-water reactor normalized to give 500 
mrem per year at 0.31 miles. 

In this figure it is assumed that the individual at the boundary receives 0.5 rem per 
year. Note that the individual 50 miles from the plant would then receive one 
one-thousandth of this amount, or 0.0005 rem per year. The average dose to the entire 
U. S. population is far, far below this figure. 

Thus one could easily see that, if the 0.5-iem-per-year guide for the individual is 
not approached or exceeded, the average dose to the population will remain far below 
0.17 rem per year. This principle holds not only for reactor radiation but for most 
other sources as well. For exposure from color TV, jet travel, luminous watch dials, 
etc., the 0.5 rem per year is an enormously more restrictive standard than is the 
average dose of 0.17 rem per year. 
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Thus, when anyone refers only to the 0 17 rem-per year average, he misleads by 
giving only a part of the radiation protection guides Fading to explain the more 
restrictive 0 5-rem per year guide for the individual as well as the most important "low 
as practicable" clause and inferring that reactors can deliver an average dose of 0 17 
rem per year to the entire U S population is tantamount to taking statements 
completely out of context 

We have stated that the effective standard is "low as practicable" and that the 
assigned numbers of 0 5 rem to the individual and 0 17 rem average to the population 

Table 1 

U S POPULATION EXPOSURE 
FOR THE YEAR 1970 

Av dose, 
Source miUirem/year 

Natural background 100 150 
Diagnostic X ray 50 150 
The standards 170 
Weapons testine 3 
Jet travel watches color TV etc 1 
Nuclear power plants <0 001 

Radiation risk x av dose x 200 milhon people -+ less 
than 1 death per year 

are upper level bench marks How well have we done in holding exposure of the 
population below these bench marks'' The answer can be seen in Table 1, m which 
estimated average exposure figures for the U S population m 1970 are given Note as 
did the BEAR committee, that the principal exposure of the population comes from 
diagnostic medical X rays and that the next most important source is fallout radiation 
from nuclear weapons testing Note that exposure from all other sources is very low 
indeed, well below 1% of the 0 17 average dose Then note the average exposure from 
the 15 operating nuclear power reactors m the United States The exposure here is of 
the order of 0 001 miUirem (0 000001 rem) per year 

It should be pointed out that this low average exposure from power reactors has in 
no way been the result of the present controversy over radiation standards and nuclear 
power plants The present plants were designed and many were in operation long 
before the current controversy began This is an excellent example of the "low as 
practicable" clause m operation 

Why is exposure of the general population from aU sources that come under the 
standards so low and so far below the 0 17 rem bench mark'' This is not by accident 
In the first place the "radiation industry" is one of the very few that began assessing 
since Its earliest beginnings what effect it might have on people and on the 
environment An enormous amount of research has been done on the effects of 
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radiation, most of it financed by the Atomic Energy Commission Scientists have been 
asked continuously to evaluate the results of research and to assess the possible effects 
of low-level radiation exposure on man And the recommendation of the scientists, to 
keep exposure "as low as practicable," has been taken seriously and has been adhered 
to 

Also, a number of "watchdogs" were set up to ensure that excessive exposure is 
avoided Who are these watchdogs'' First, the AEC itself Despite the unkind words 
that have been said about the AEC, some of which I am sure are deserved, the AEC is a 
hard taskmaster Licensing procedures of the AEC are indeed difficult Power 
companies have come to appreciate how strict indeed are the AEC regulations From 
my personal experience at the Brookhaven National Laboratory, supported by the 
AEC, I know that all regulations having to do with the potential exposure of human 
beings are strictly enforced If an AEC installation does not conform, the AEC can and 
will shut down that installation 

A second set of watchdogs are the national, state, and local public health 
departments These groups observe very carefully potential sources of exposure of a 
population Witness the fairly recent furor over color TV and possible "overexposure" 
of the public The standards for X-ray emissions from TV sets are extremely 
restrictive, and the dose to the public from this source is very small indeed However, 
the companies making TV sets were required to adhere rigorously to the standards 

A third watchdog is the scientific community itself, however, I shall return to this 
in a minute 

Radiation protection guides have been likened to a speed limit m that there is no 
absolute basis for setting a numerical value for a speed limit or a radiation protection 
guide, and judgment is required The analogy is true to a degree, however, a real 
difference between the two situations exists With a speed limit one experiences no 
difficulty with the police until he exceeds the speed hmit With radiation, however, the 
exact reverse is true Figuratively, the minute one gets into his car and before he can 
even drive off, he has not one but a whole squad of policemen on his tail to see that he 
does not even move unless there is good reason, or, if he does move, that he does not 
drive any faster than is absolutely necessary 

Now, to return to the scientific community as a watchdog for radiation exposure 
of the public, as was stated scientists provided the 0 17-rem-average per-year guide as 
an upper limit bench mark as well as the "low as practicable" clause The FRC 
introduced the 0 5-rem-per-year guide for individual exposure which virtually ensures 
that the 0 17-rem-per year average could not be approached or exceeded There are 
two situations m which the average of 0 17 rem per year potentially could be 
exceeded One involves the use of diagnostic X rays, the other is weapons testing above 
ground 

Exposure from medical diagnostic X rays is not included m the radiation 
protection guides Further, a most striking conclusion of the BEAR committee was 
that this IS by far the largest man-made source of exposure of the population This fact 
was pointed out to the medical profession, and a great deal of pressure has been 
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brought to bear to reduce the amount of exposure incurred in diagnostic procedures 
More along this line can be and is being done 

A large amount of testing of weapons above ground was done up to the middle 
fifties Scientists saw that exposure of the public from this source was increasing and 
that It could easily reach 0 17 rem per year if such testing continued As a result, a 
petition was circulated, and 2000 scientists signed it There were two interesting 
side-lights to this petition The first is that several individuals who were on the original 
BEAR committee and who had set the number of 0 17 rem per year also signed the 
petition What they were saying, m effect, is "we gave you a bench mark number and 
we said don't approach it We meant what we said " 

The other interesting aspect is that the petition was signed m May 1957 In June 
1957 Dr Gofman delivered his speech^ on fallout radiation to the press—the same 
speech that he referred to in his Forum paper The speech was clearly on the side of 
fallout being nothing to worry about He was at that time carrying the banner on the 
opposite side from the overwhelming majority of the scientific community Today his 
banner reads that the public should be greatly concerned about radiation levels far, far 
below those he said were of no consequence in 1957 The scientific community, 
however, has not changed its position at all since 1957 Scientists have always realized 
that radiation, as any potentially dangerous agent, can be injurious and that it must be 
strictly controlled With common sense, however, one can reap enormous benefits 
from the use with only mimscule risk 

Hence, one can see that, when there is a real probability that exposure of the 
population may become excessive, the scientific community has arisen and will arise 
again if necessary to correct the situation However, the scientific community is 
unwilling to call "wolf or to defend unreal or hypothetical threats or straw men such 
as those now being set up by the opponents of nuclear power 

Now let us deal with a potential number of cancer cases per year It has been 
stated repeatedly that there might be some 32,000 additional cancer cases per year if 
everyone in the United States were exposed to 0 17 rem per year (Note that this 
means 0 17 rem per year for many, many years ) To obtain this number, one must use 
an equation similar to the one shown at the bottom of Table 1, i e , risk times dose 
times 200 million people equals cases per year 

I believe the number 32,000 to be far too high because both the risk estimate and 
the dose used to obtain the number are greatly excessive The risk estimates per rad of 
radiation are much too high, even as upper limit estimates, for the following reasons 
they assume that all types of cancers will result from a given radiation exposure, this 
simply does not square with observations to date They assume the same "doubling 
dose" for all cancers, there is no evidence to support this contention It is stated that 
the estimates are based on "hard incontrovertible facts " There is a total absence of 
positive findings in man or animals at doses and dose rates compatible with the guides, 
and one is dealing entirely with interpolation or extrapolation based on hypotheses 
that very likely are not true All estimates of numbers of excess cases per year should 
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be expressed as "zero to some upper limit" to indicate that the effect may well be zero 
at these low doses and dose rates 

Further, with respect to upper-limit estimates of risk, the standards-setting groups, 
such as the ICRP, FRC, and NCRP, state that hnear extrapolation from data at high 
doses and dose rates yields an upper limit of risk and that "it is unlikely that the risk 
per unit dose at very low doses will be any greater than at high doses and is likely to be 
much less " The risk at low doses may well be zero The upper-limit figures were never 
intended as firm incidence figures The ICRP tried to guard against misuse of 
upper-limit figures by giving only "order of risk" estimates In other words, the ICRP 
gave risk, even as upper limits to only factors of 10 "Best estimates" were never 
calculated because the likehhood of their misuse is even greater than that of 
upper-hmit estimates It is generally agreed, however, that the actual risk is very likely 
well below the upper-limit numbers 

Concerning the dose received by the general pubhc, the 0 5-rem-per-year dose to 
the individual ensures that the 0 17-rem-per-year average dose frequently used in such 
calculations cannot be approached, as I have indicated The doses actually received by 
the population at present are only a small fraction of 0 17 rem per year Thus, because 
the risk per rad estimates are too high and because the dose value is also quite high, the 
estimate of 32,000 additional cancer cases per year has essentially no relationship to 
reality now or m the foreseeable future For radioactive emissions from power plants, 
the dose now and m the foreseeable future (Table 1) is only an extremely small 
fraction of the 0 17 rem per year Thus, the number of excess cancer cases per year 
from power reactors is not the 32,000 per year figure that has been widely publicized 
m the context of nuclear reactors The true figure is much less than one extra cancer 
case per year from power reactors, now and m the future 

Now let us deal with the risk of radiation exposure relative to that from other 
agents that we encounter in everyday life Relative risks from different agents are 
shown m Table 2 The chances per year of an individual encountering serious injury or 
death from the various agents listed are given Living next door to a power reactor is 
seen to be by far one of the smallest risks that we encounter in hfe 

It IS most misleading to single out radiation or any one hazard and not put it into 
perspective by comparing it with other hazards Also, it is not sound public-health 
practice to point out only the risks from an agent such as radiation without discussing 
the benefits to be derived as well Also, it is not sound public-health practice to avoid 
discussion of the risks from alternative approaches to the same problem With respect 
to the generation of electric power, the only practical approaches now available are 
fossil-fuel power and nuclear power We have the best toxicity data on radiation but 
only minimal data on the effects of effluents from fossil-fuel plants And remember 
Dr Gofman himself has estimated that some 200,000 people per year die in the 
United States from exposure to the airborne products of fossil-fuel combustion 

Now, I must reply to some of the specific allegations made by Dr Gofman m his 
paper presented to this Forum 

He has often asserted that no level of radiation has evei been proved to be "safe " 
As a scientist he knows that this statement makes no sense scientifically His statement 
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Table 2 

CHANCE OF SERIOUS INJURY OR 
DEATH PER YEAR 

Cause 

Auto accident (disability) 
Cancer, all types and causes 
Auto death 
I ire death 
The "piU," death 
Drowning 
Electrocution 
Reactor emanations, site 

boundary (5 to 10 millirem/year) 
Average for population withm 

50 miles ot reactor 

Chance 

1 in 
1 in 
1 m 
1 in 
1 m 
1 in 
1 in 

<1 in 

<1 in 

too 
700 

4,000 
25,000 
25,000 
30,000 

200,000 

1,000,000 

10,000,000 

applies to all substances—drugs, food additives, and even youi coffee, mustard, or 
catsup. It is never possible to prove that any substance is "safe" in the sense that it 
might not be possible to demonstrate some subtle damage if an extremely large 
exposed population could be studied adequately. 

The recommendation that any potential polluter or industry should be required to 
prove that things are "safe" makes equally httle sense. Industry must be bound by 
rules or guides promulgated by some appropriate independent group of experts. What 
IS asked is an impossible demand in the sense of the word "safe " 

Dr. Gofman stated that I am getting close to his estimates of numbers of cases of 
cancer per year. Actually, he generously made a calculation that I did not make and 
said that we "agree" withm a factor of 4 or 5. Let us examine this statement further 
and see who has changed his numbers. My numbeis are derived from ICRP estimates of 
nsk"* and indicate, foi 0 17 rem per year each year, 3400 cases pei year as an upper 
hmit, with the true value between zero and this figure and the most probable value far 
below this figure My figures have not changed. His, however, have changed 
continuously, even though the basic data available have not changed. His initial figuie 
was 16,000 extra cases per year This later became 32,000, then 80,000, and in his 
recent book,^ on p 19, it has become 128,000. In this same book (p. 98), he agrees 
with Dr. Pauhng's estimates of 0 to 32,000. So Dr. Gofman has the entire range 
bracketed, from 0 to 128,000 extra cases per year. He can thus easily prove that he 
agrees wath anybody and everybody. 

Dr Gofman referred to the work of Dr Mays and to our data on breast tumors m 
rats, and we have pubhshed our comments on his misuse ot our data* as has 
Dr Mays '' Dr Gofman likes to deal with numerical values foi "doubling doses " We 
agree with the ICRP "^ "use of the concept of doubling dose for somatic (i e , cancer) 
hazards is a specific misuse of the ratio of cancer lates." To show how silly the 
numbers can get, some 60% of our lats normally (no iiradiation) develop tumors of 
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the breast How is one going to provide a radiation dose that will give a 120% 
incidence, or more rats with tumors than we have rats'' 

However, the doubling dose was not the main point with respect to his misuse of 
our data on rats to support his presumed doubling dose for breast cancer m women 
Actually, most of the tumors that we observed m rats are not cancer at all More than 
half of the tumors we observed are nonmahgnant, i e , if a human being had that type 
of tumor It would be diagnosed as benign We feel that it is a specific misuse of data 
to employ our results on noncancerous tumors in rats to bolster apparent results m the 
human being that have to do with as serious a disease as cancer 

In summary, my appraisal of the overall "radiation controversy" is as follows 
Information on possible late effects of radiation exposure has been analyzed and 

evaluated continuously for many years Because of the well known difficulties 
involved, extremely conservative approaches and rules for radiaiion exposure of the 
pubhc have been promulgated and used Exposure has been carefully controlled so 
that the dose received by the public is an extremely small fraction of the upper limit 
radiation protection guides 

Dr Gofman has presented no data of his own, no new data from the literature, and 
no- new arguments that change this situation What is new is that he chooses to 
misrepresent the radiation protection guides by dwelling only on one part of 
them—the 0 17 rem per year average dose He fails to explain, for instance, the far 
more restrictive guide for the individual and the "lowest practicable" clause which 
ensures that exposure of the public will be low indeed Nothing is said about how 
extremely effective the guides have been m keeping exposure of the public low 

Also new is his misrepresentation as "hard incontrovertible fact" that which is 
widely known to be hypothesis with respect to the risk of cancer per rad of radiation 
exposure at low doses and dose rates The risk may well be zero His estimates of 
hazard are highly excessive even for high doses and dose rates 

Because the radiation doses and the risk per rad of exposuie used by Dr Gofman 
do not conform to fact, his estimates of potential effect on the population of the 
United States (some 32,000 excess cancer cases per year) bear essentially no relation 
to reality, now or in the foreseeable future His estimates of risk from power reactors 
to the U S population bear no relation to reality It follows that his representing the 
presumed hazard to the U S population as an urgent problem in need of immediate 
action has no justification 

Thus, Dr Gofman has presented a series of straw men to the American pubhc and 
then proceeded to knock them down Certainly no human activity is without fault and 
without need of or room for improvement However, Dr Gofman's attacks with 
respect to exposure of the public and its control simply are not warranted 

Perhaps most serious is Dr Gofman's use of public gatherings concerned with the 
production of electricity by nuclear eneigy as a foium for promoting his views The 
piiblic goes away with the strongly instilled fear that a nuclear reactor will result in a 
large increase m leukerrka and cancel in the community Dr Gofman indicated in his 
presentation here that routine releases represent no problem in this respect Yet he 
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continues to present his dire predictions m the context of nuclear reactors and makes 
no effort to indicate that his estimates of hazard simply do not apply to nuclear power 
plants As to the "real" problems that he briefly mentioned (fuel reprocessing 
transportation and storage of radioactive materials, etc ), all we have is his bald 
statement that they are "real " Actually, these problems have received and are 
receiving an enormous amount of attention, as a result the hazard to the public is even 
smaller than the mimscule hazard from routine releases 

The overall effect of Dr Gofman's campaign is unfortunate It contributes greatly 
to denying a worid that is m fact seriously polluted not only the cleanest by far of the 
avadable sources of power but also the additional power that may well be required to 
clean up and control further pollution It is ultimately the people who must decide if 
they want additional power and what kind of power no individual, company, or 
agency can force such changes on a nonreceptive public The public is taking this 
responsibility more seriously, and it has the right to all the relevant facts and 
considerations before such important decisions are made It is a public disservice for 
anyone to engender an atmosphere of unbased fear in order to help force a one sided 
decision that could lead to unreasonable and unfortunate consequences 
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Ionizing radiation of course is not something new, man has been subjected to 
exposures from this type of energy since the beginning of time, and life on this earth 
has managed to survive, if not because of, certainly m spite of, it In causing perhaps a 
4 to 10% increase m the natural incidence of mutations, this exposure is in a sense 
beneficial over a long period of time It is beneficial, however, only in the same sense 
that tigers were beneficial to those that might otherwise have been our forebears in 
the past because the tigers eliminated those that were not able to run so fast or were 
not quite as skilled m outguessing the tigers In the cruel sense we could say that 
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radiation is good for you because it provides a good chance of eliminating some of 
those that are less fit in society 

Table 1 indicates that even as early as the year 1500 it was observed m Saxony and 
Bohemia' that something m certain cobalt and pitchblende mines caused the miners to 
die of a so-called "miner's disease " High concentrations of uranium and radon were 

Table 1 

RECOGNITION OF HARMFUL EFFECTS OF IONIZING RADIATION 

Date Event 

1500 In Saxony and Bohemia man first observed deaths from ionizing radiation 
exposure of certain miners 

1911 These miners shown to have died of lung carcinoma 
1930 1945 These carcinomas were shown to have been caused by daughter products of radon 
1952 NCRP set MPC* for radon at 10 " MCi/cm=' (~0 1 workmg level) 
1959 ICRP set MPC for radon at 3 x 10 ' MCi/cm' (~0 3 working level) 
1959 Survey mdicated 82% of U S mines operating at >1 working level and 

29% >10 working levels 
1970 Reported that over 150 deaths among the uranium miners from lung 

carcinoma were thought to have been caused by radon exposure 

*MPC, maximum permissible concentration 

not appreciated then as a causative factor, and it was not until 1911 that it was shown 
that these men were dying of lung carcinoma In the years from about 1930 to 1945, 
it was shown rather convmcmgly that the cause of death among these miners was very 
probably exposure to the daughter products of radon In 1952 the National Council 
on Radiation Protection (NCRP) chose the level of 10* microcuries per cubic 
centimeter (10 * jUCi/cm )̂ or about %o working level as a reasonable and acceptable 
level for exposure A few years later the International Commission on Radiological 
Protection (ICRP) selected the value of 3 X 10 ** jUCi/cm^ or %Q working level, and 
this value has continued to the present time I personally feel that it is a rather sad 
commentary on our civilization today that m 1959 surveys indicated that 82% of the 
uranium miners operating in the Colorado Plateau were exposed at greater than 1 
working level and 29% at greater than 10 working levels It has been rumored, I do not 
know how accurate the estimates are, that as many as 150 persons may already have 
died as a consequence of these lung carcinomas It is rather pathetic, I think, that we 
have to admit that ahhough this risk was recognized in the year 1500, we have not had 
time enough or the inchnation to recognize this risk in the Colorado Plateau and do 
somethmg about it until very recently 

Figure 1 IS given to orientate our thinking a bit and to emphasize, first of all, that, 
as far as the effects of radiation on man are concerned, anything we say is paitly a 
guess This figure indicates that we have chronic forms of damage, which seem to vary 
more or less linearly with the dose, and types of damage that seem to have a threshold 
below which you do not observe any effects It is supposed that the numbers of 
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1 2 5 10 20 50 100 200 500 1000 
TOTAL BODY EXPOSURE TO X- OR GAMMA RADIATION, rem 

Fig. 1 Effects of radiation on man. 

mutations increase more or less with the accumulated dose You can see that 4 to 10% 
of the natural mutations might be caused by spontaneous exposure from natural 
sources. You can observe that the life-shortening curve has a value at very low dose 
rates of about 10"'* hfe spans per rem or 2̂ /2 days per rem. For single doses less than 
about 20 rem, you would not expect any radiation sickness though there is a wide 
range m variability m this regard among individuals. As shown by the fatality curve, 
you would expect no lethal effects from single doses less than about 200 rem, and 
you would expect the mid-lethal dose at about 400 rem from a single exposure We 
might have added also the malignancy curve from ICRP data.^ It is thought that the 
number of malignancies produced m man increases likewise, more or less linearly with 
the accumulated dose. In the simple mathematical terms of the ICRP,^ ^ you would 
expect to have about 2 X 10"'* deaths per rem at a low exposure rate due to 
malignancies, mutations resulting m first-generation deaths, and hfe-shortemng. If you 
include the total mutations integrated out to infinity, this number becomes much 
larger, about 9 x lO''*, and this again is for low dose rates. For high dose rates, 
including only the first-generation deaths from mutations, malignancies, and hfe-
shortemng, the slope of the curve would be about 4 X lO"'* deaths per rem, and, for 
the total number of genetic deaths introduced into the population plus malignancies 
and hfe-shortemng, the slope is about 4 X 10"̂  deaths per rem. 

In regard to the mutation risk, the fine work of Rusself at Oak Ridge some years 
ago indicated that there is a rate effect for radiation exposure to mice When the 
mutation frequency is plotted as a function of the dose rate, as I have done with 
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10° 10" 10' 
EXPOSURE RATE, mR/hr 

Fig. 2 Rate dependence of point mutations in mice. (Data from Russel.") 

Russell's data m Fig. 2, mutation frequency at very high dose rates similar to those 
used by Muller with drosophila seems to be independent of rate, that is, the number of 
point mutations depends primarily on the accumulated dose. However, when you get 
down to dose rates of about 5000 R/hr, there is a rather precipitous drop off both in 
the oocyte curve and the spermatogonia curve. Oddly enough, for the female the curve 
seems to drop right on down into background. On the other hand, the spermatogonia 
curve levels off on another plateau after dropping down by a factor of 3 or 4. If for 
the male you get a drop off by a factor of 3 and you get a drop down to 0 for the 
female, you have an overall reduction factor of 6. Thus, you might want to reduce 
your estimate of risk from genetic mutations m man by a factor of 6 at very low dose 
rates. There is no evidence of further reduction or deviation from linearity of the 
genetic risk at lower dose rates. 

Of course, when we talk about chronic radiation damage increasing with 
accumulated dose, we must keep m mmd also that we have threshold effects at very 
large single exposures Although we would expect a certain number of radiation-
induced leukerraas to result from 400 rem received by a large population over a 
hfetime, it would be quite different if this dose were received m a matter of a few 
days, i.e., 400 rem m a single exposure, as mdicated in Fig. 1, is probably the 
mid-lethal dose for man. 

Table 2 summarizes some of the consequences of natural background radiation 
based on the hnear hypothesis. For natural background then you may expect that it 

• 
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Table 2 

DEATHS PER YEAR IN THE UNITED STATES CAUSED BY 
NATURAL BACKGROUND RADIATION* 

Genetic deaths 
Total maUgnancies 
Life shortening 

Fotal 

17,000 
2,400 
1,200 

-20,000 

*Assuming the average dose is approximately 120 millirem 
per year (mrem/year), assuming a hnear relation between dose 
and effect, and taking account of the modifying factor of 
6 (described m the text) for point mutations in mice and 
applying it to man 

reduces the average life span about 10 days (35 X 272 X 0.12= 10); that is, on the 
average you might live one or two weeks longer if it were not for natural background 
radiation. It causes over 2000 cancer deaths per year and 20,000 deaths per year from 
total mutations, cancers, and life-shortening. Very often you hear a person suggest, 
"Why not use natural background radiation as the starting point in setting permissible 
exposure levels?" You can do this if you like, but I think it would be a rather poor 
procedure because you do not know the effects of natural background radiation 
except by extrapolation from other data. In fact, it would be very difficult to find out 
the effects of natural background radiation from direct evidence or to set up an 
appropriate epidemiological study to get such information. As indicated in Table 2,1 
have assumed a linear relationship between dose and effect as have the national and 
international bodies that set these radiation protection standards. They state that in 
the light of present knowledge this seems to be the only prudent assumption. Looking 
ahead into the long-range future, we cannot think of any practical experiments which 
could be set up to show that you do or do not have a linear relationship between dose 
and effects at the very low dose rates we are talking about. I personally feel that the 
only way, the only real hope we have of answering this question is through basic 
research and by trying to develop a coherent theory of the effects of radiation on 
matter and on living organisms. Once we have this information, then we can talk with 
more confidence. 

The work of Alice Stewart' has been very impressive to some of us in cautioning 
that radiation at very, very low doses might cause serious damage to man, especially to 
the younger members of the population. Figure 3 is a graph of some of her data 
showing the ciude excess cancer risk increasing with the number of diagnostic X rays. 
The data seem to fit rather well on my straight hue, which strongly suggests a linear 
relationship between dose and effect. Here we aie plotting the malignancies (primarily 
leukemias) observed in children whose mothers received one, two, three, and up to five 
pelvimetries during pregnancy. In this case I would emphasize the average dose to the 
fetus per X-ray film was less than 2 rem (for comparison a person exposed at the 
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Fig. 3 Crude excess cancer risk from diagnostic X rays during pregnancy. (Data from Stewart and 
Kneale.') 

recommended population dose limit of 170 mrem/year would receive 2 rem m 
12 years). 

There is a rather large mass of data, such as that referred to in Table 3, that 
suggests we are warranted m using this hnear hypothesis and perhaps no other 
hypothesis at the present time. I have been impressed by the very fine work of Louis 
Hempelmann,*' whom most of us here know quite well. In several of his publications, 
he has indicated his data on Marshallese children exposed to weapons fallout and on 
children in his Ann Arbor and Rochester study groups seem to fit the linear 
relationship beginning with 1200 rem right on down to at least as low as 20 lem 

Brian MacMahon' some years back examined the published data on the 
relationship between obstetric X rays and childhood malignancies He was studying 

Table 3 

DATA SUPPORTING THE LINEAR HYPOTHESIS* 

Thyroid 
cancer 

Leukemia 

Bone tumors 

Hempclmann found a hnear relation between thyroid dose and cancer incidence 
from exposures ot over 1000 rem down at least to 20 rem 

Stewart, MacMahon, and the Harvard studies (involving 450,000 children) 
indicated a 30 to 5 0 ^ increase m leukemia (and brain tumors) among children 
receiving in utero diagnostic exposure of less than 2 rem 

Studies at the Massachusetts Institute of Technology and the University of 
Chicago of persons with a body burden of ^^""Ra indicate a tumor incidence 
consistent with the linear hypothesis 

*lhe dose hmit for individuals m a population is 0 5 x 70 
little or no safety factor m present MPL levels 

35 rcm/70 years, so there may be 
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primarily the incidence of leukemia among children who had received exposure m 
utero He took data from the various publications and weighed them according to the 
number of cases involved He found that there seems to be about a 40% increase m the 
incidence of leukemia among the children who receive diagnostic X-ray exposure 
(<2 rem per exposure) in utero There are many other studies we could point to that 
lead to the same conclusion, for example, in the Harvard study* roughly half a milhon 

Table 4 

LONG-TERM EFFECTS OF RADIUM IN MAN* 

Ra body 
burden, /LICI 

Average 
bone dose, 
rem/year 

Biological changes, % 

None Minimal Mild Moderate Advanced Malignantt 

0 001-0 03 
0 03-0-0 1 

0 1-0 3 
0 3-10 
1 0-3 2 
3 2-5 5 

0 3-9 
9-30 

30-90 
90-300 

*From A J Fmkel C E Miller, and R J Hasterhk, Long Term Effects of Radium Deposition 
in Man, USAEC Report ANL-6839, pp 7-11, Argonne National Laboratory, International 
Commission on Radiological Protection, Pubhcation 11, A Review of the Radiosensitivity of the 
Tissues in Bone Pergamon Press, Inc , New York, 1968 

fThose with mahgnancies were listed also under previous columns 

children were involved, and a 10 to 30% increase in cancer (primarily leukemia and 
CNS tumois) was found m children who had received m utero diagnostic exposure 
When we talk about effects on man of doses m the range of 1 to 20 rem, you might at 
the same time ask this question, "What about the population dose of 0.5 rem, which is 
the limiting annual dose allowed to individuals m the population''" Since the average 
life-span is 70 years, this is 35 rems which is allowed to individuals. What about this 
limiting population dose, is it safe'' Is it too low or too high'' I think the present levels 
are satisfactory, but I do not agree vi/ith the statements some persons have made that 
they have budt into them a very generous safety factor 

There might be some argument about the linearity of bone tumors with dose 
Certainly Robley Evans does not agree that these data support the hnear hypothesis 
But I think he is rather unique in his interpretation of this data Others' ' ** that have 
looked at his data have pointed out that it fits just as well the hnear hypothesis and is 
very consistent with this hypothesis 

In Table 4 I have listed data from Finkel, Miller, and Hasterhk on the body burden 
of radium m the groups "no effects," "minimal," "mild," "moderate," "advanced," 
and "malignancies " Of course, those with malignancies are included also m the 
column of advanced cases Having listed their data, I shaded a diagonal section across 
the table, you will notice that this diagonal aiea includes most of the numbers m the 
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table, indicating that we seem to have a gradual progression beginning with no 
symptoms at very low doses and going right up through the permissible occupational 
body burden of 0.1 IJLCI of ^^''Ra to a high malignancy rate at 1- to 3-;iCi body 
burden. So again I do not feel we have any good evidence that there is an overgenerous 
safety factor m the maximum permissible body burden of 0.1 juCi of ^^''Ra, which 
corresponds to an average dose rate of 30 rem/year to the skeleton of the standard 
man (an average adult radiation worker m the United States) 

The basic assumptions of the NCRP, ICRP, and Federal Radiation Council (FRC) 
can be summarized as follows Ionizing radiation can be both useful and harmful. (It is 
not fair just to look at one side of the equation.) The purpose of health physics or 
radiation protection is to maximize the ratio of the benefits of ionizing radiation to 
the risks. The maximum permissible dose levels are chosen so that there is a very low 
probability of severe injury. We do not say that they are chosen so that there is no 
chance of serious injury; we merely say that some of us feel that the probability of 
severe radiation damage is still finite even at the permissible exposure levels. We say 
even from exposure to cosmic radiation, on the hnear hypothesis, you add to the risk 
of shortening your life span, of dying of bone cancer, etc. But we believe the risk is 
exceedmgly low and should be acceptable at the permissible levels provided the 
benefits exceed the risks. We beheve also that the frequently occurring effects, such as 
hfe-shortemng, are minor and should be acceptable by the exposed individual and by 
competent medical authorities. We believe that at the present time and perhaps at no 
time m the future can it be said that there is a threshold dose so low that the 
probability of serious risk is zero. 

I have summarized m Table 5 some of the present exposures to the population in 
the United States Let us look first at the genetically significant dose (GSD). 
The average in the United States from natural background radiation is about 50 
mrem/year. Medical diagnosis as indicated by the survey of the Public Health 
Service''"'^ m 1964 contributed 55 mrem/year, but, at the mid-year symposium of 
the Health Physics Society, John Villforth'^ predicted that possibly the 1970 survey 
would mdicate this figure had about doubled. I have heard no official report; so I give 
you this figure of 100 mrem/year with some uncertainty.* This has been very 
distressing to me and I think to a number of health physicists. Some of us have been 
testifying in Congress and elsewhere that it would be very easy to reduce this 
diagnostic exposure to 10% of its present value while the trend, instead of dropping 
down to 5 to 10 mrem/year, has been to go the other way, perhaps up to 100 
mrem/year. Medical diagnostic exposure is not included in the population dose limit of 
170 mrem/year. I think it should be. In most countries of the world, it would make no 

*The estimate of GSD in the United States m 1970 was finally reported in 1972 to be 36 
mrem/year. The total number of X-ray diagnoses had increased as predicted, but, fortunately, the 
GSD did not mcrease proportionately because most of the increased exposure was to older 
members of the population who are beyond the childbearing age and perhaps greater care was 
exercised in reducing unnecessary exposure. 
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Table 5 

PRESENT AVERAGE ANNUAL EXPOSURE (MILLIREM PER YEAR) 
OF THE U. S. POPULATION 

Natural background 
Medical diagnosis 
Medical therapy 
Weapons fallout 
Occupational 
Nuclear energy (nonoec 
Other nonoccupational 

upational) 

GSD(D)* 

50(126) 
55 (83) 

7(10) 
0.3 (0.8) 
<1(2) 

<0.2 (<0.5) 
-0 .1 (~0.2) 

Bone marrow 

122 
63 

15-20 
2 

<1 
<0 2 
~0.2 

Total body 

125 
100 

15-20 
1 

<2 
<0.2 
- 0 2 

*GSD, genetically significant dose. D, average gonad dose. The GSD is given by the 
equation GSD = 2|DjN|P,/i;,NjPj m which D^ is the average gonad dose to population 
age and sex group Nj and P̂  is the expected number of children of group N^. The GSD is 
less than the commonly quoted average gonad dose D because in some cases D^ differs 
for the various N^ groups, and Pj becomes zero when a person passes the childbearing 
age. The ratio of GSD/D is about 6.4 for natural background radiation and was estimated 
in the 1964 U. S. Public Health Service survey to be 55/83 or 0.66 for medical diagnosis. 

difference if medical diagnostic exposure were included as part of the 170 mrem/year 
because it is such a small exposure, e.g., 12 mrem/year in New Zealand, 14 mrem/year 
in the United Kingdom, and 22 mrem/year m Denmark. We do not have any good 
estimates of the therapeutic contribution to the GSD, but it probably is greater than 7 
mrem/year. Weapons fallout GSD has continued to drop, and I estimate both it and 
occupational exposure (including occupational exposure in the nuclear energy 
industry) are less than 1 mrem/year. The nuclear energy industry nonoccupational 
component of population dose I estimate to be less than 0.2 mrem/year and other 
nonoccupational exposure about 0 1 mrem/year The values of bone marrow and 
total-body dose are rather uncertain estimates from published data. However, all the 
data in Table 5 focus attention not on the nuclear energy industry but on natural 
background and medical diagnostic exposure, which I hope we will be successful in 
reducing as soon as possible. I think it is rather evident we should turn our attention 
toward the principal sources of population exposure if we are sincere m our desire to 
reduce the haimful effects of radiation to the population. 

In Table 6 I have listed a few of the common diagnostic exposures so you can see 
the ranges At the Oak Ridge National Laboratory, we give chest X rays to oui 
employees, and the average skm dose ranges between 10 and 20 mrem The Pubhc 
Health survey'' '* ^ m 1964 obtained an average of 504 mrem per photofluorographic 
chest exposure and 45 mrem per radiographic X ray. For a dental series we really do 
not know what the skm dose is, but I believe it is somewhere in the indicated range. 
There have been a few pubhcations that have suggested this average dose might be as 
high as 20,000 mrem foi the complete series. I might refer again to the very useful 
survey of the Bureau of Radiological Health, U S. Public Health Service,''"' ^ earned 
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out in 1964, which reported that more than half of the diagnostic equipment in this 
country was owned and operated by nonradiologists, many of whom had essentially 
no training m the use of this equipment It is extremely fortunate the work load on 
these machines is relatively low It was pointed out m this survey that on the average 
the skin dose for an abdominal X ray if given by radiologists is less than half of that if 
given by a nonradiologist, say a practitioner It is well known that today only the 
states of New York, New Jersey, and California hmit the operation of medical X ray 
equipment to certified X-ray technologists In other states a high school chap with 

Table 6 

COMMON DIAGNOSTIC X-RAY EXPOSURES 
(MILLIREM TO SKIN) IN THE UNITED STATES 

Range Average 

Chest X ray at ORNL 10-20 15 
Chest X ray (photofluorographic) 200-2000 504 
Chest X ray (radiographic) 10-300 45 
Dental X ray series 1000-100,000 20,000 

essentially no training other than to press the red button can operate this equipment, 
yet, if someone drives a school bus, he is required to know which is the brake pedal 
and to have a driver's license Only m the state of Cahforma is it required that courses 
in radiation protection and X ray be given in the medical schools and that there be 
questions on the state board examinations on these subjects It appears that we are 
going all out to subject our population to unnecessary diagnostic exposure I have 
appealed to the medical and dental professions for over 20 years now to do something 
within their own house to correct this deplorable situation They have been very slow, 
however, in getting this matter corrected and, m fact, have moved in the opposite 
direction, as we have mdicated So now some of the states are beginning to take action 
themselves to pass laws for the control of diagnostic X rays, and the Bureau of 
Radiological Health of the U S Public Health Service has begun to do something 
about the problem also during the past few years 

Typical measures to reduce unnecessary medical diagnostic exposure are 
1 Limit medical use of X ray equipment to doctors (practitioners, radiologists, 

dentists, etc) and X-ray technicians who have specialized traimng m radiation 
protection and X-ray and who have passed a state-approved certification examination 

2 Use "fast film" Pass state laws requiring such use except in very exceptional 
cases 

3 Pass state laws requiring all boundaries of the X ray field to show on the edges 
of the film Require the use of rectangular colhmation in dentistry 

4 Include medical diagnostic exposure as part of the present MPE limit of 170 
mrem/year for the population 
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These are just a few examples from my hst of about 100 which I have presented 
elsewhere ' '* ' ^ j ^gjjgve very strongly that one should limit the use of this equipment 
to medical men who have had some academic training and acquired some apphed 
knowledge of radiation protection and the effects of radiation on man A very simple 
measure to be taken would be to require the use of "fast film" m dentistry with the 
exception of a few special cases (<1%) where the dentist might need the slow film I 
would urge the passage of state laws requiring that the boundaries of the X ray field 
show on the edges of the tdm I know of at least one state—our own state of 
Tennessee—that has a bill awaiting action that would require this The step that really 
would require immediate action would be to include medical diagnostic exposure as 
part of this 170 mrem/year average population dose limit This really would knock for 
a loop those medical organizations that sit by complacently, and it would encourage 
those in the congress or m government agencies to take brave but urgently needed 
steps independently of the American Medical Association (AMA), the American 
College of Radiology (ACR), and the American Dental Association (ADA) It would 
be difficult to do this now unless somebody with the insight, courage, and leadership 
of the late Senator Bartlett of Alaska does something about reducing unnecessary 
diagnostic exposure in spite of "help' from AMA, ACR, ADA, etc Medicare and 
Medicaid have become important sources of revenue for certain medical groups and 
institutions, and perhaps we wdl see a further increase in the population medical dose 
in the years ahead unless all of us do something about it 

Table 7 indicates the recommended maximum permissible dose (MPD) rates ' * ' "̂  
I would like to point out that for the occupational worker the MPD quoted most often 
IS the 5 rem/year to gonads, total body, and active (red) bone marrow, however, for 
most organs of the body, the dose limit has been 15 rem/year, and for skm, thyroid, 
and bones it has been 30 rem/year for many years For the population at large, the 
limit of principal concern is the 0 5 rem/year to individual nonradiation workers 
Under certain conditions the AEC has limited the average dose to a local population or 
to those living m the neighborhood of power reactor facilities to 170 mrem/year (0 17 
rem/year) 

A question that is often asked of health physicists is ' What are the cornerstones 
and hallmarks on which the primary radiation protection standards are based which 
made them worthy of acceptance even at a very early period''" I believe Laurie Taylor 
IS here in the audience, and this question really should be asked of him I am sur£ he 
has asked this question of others who helped with the setting of early radiation 
protection standards I too have discussed this question with Sievert Fadla, Gray, 
Bmks, Mayneord, Stone, Rock Carling, Newell, and many of the other early members 
of ICRP and NCRP, and they always mentioned (although they showed various 
degrees of belief m) the following two points 

1 Aveiage exposure that had been received for decades by radiologists It was 
thought by some members of ICRP that this corresponded to approximately 15 
rem/year This is presently the MPD limit for most organs of the body This value was 
chosen by NCRP m 1949 and by ICRP in 1950 
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Table 7 

MAXIMUM PERMISSIBLE EXPOSURE TO IONIZING RADIATION: 
ANNUAL DOSE EQUIVALENT TO BODY ORGANS*t t 

Maximum permissible occupational Dose limit to individuals not 
Body organ dose equivalent, § rem/year occupationally exposed, rem/year 

Whole body 
Gonads 
Lenses of eyes 
Red bone marrow 
Fetus 
Skm 
Bone 
Thyroid 
Hands 
Forearm 
Hands, feet, forearms, 

and ankles 
All other body organs 

5^ 
511 

15 
511 

30 
30 
30 
75 
75 

75 
15 

( 5 ) " 
(5)* ' 
( 5 ) " 
( 5 ) " 

(15) 
(15) 
(15) 
(75) 
(30) 

(15) 

0.5 (0.5) 
0.5 (0.5) 
1.5 (0.5) 
0.5 (0.5) 

(0 5) 
3 
3 
3 
7.5 
7.5 

7 5 
1 5 

* Values are the recommended permissible doses of ionizing radiation to the various organs of 
the body and are in addition to doses from medical and background exposure. The values apply to 
both external and internal exposure. 

I The values given in this table (except those m parentheses) are recommendations of the 
International Commission on Radiological Protection (ICRP). The values m parentheses are 
recommendations of the National Council on Radiation Protection and Measurements (NCRP). 

f lhe following references have detailed information regarding such questions as exposure 
simultaneously to several organs, planned special exposures, dose commitment, emergency 
exposures, and exposures to pregnant women International Commission on Radiological 
Protection, Pubhcation 9, Recommendations of the International Commission on Radiological 
Protection, Pergamon Press, inc , New York, 1965, National Council on Radiation Protection and 
Measurements, Basic Radiation Protection Criteria, NCRP Report 39, 1971, K Z Morgan and 
J E lurnux, Principles of Radiation Protection, John Wiley & Sons, Inc , New York, 1967 

isThe ICRP specifies that m exceptional eases one-half of these values (all values not in 
parentheses) are to be permitted m any 13-week period provided the hmits of the equation 
5(N - 18), m which N equals age greater than 18, are not exceeded. Also on very rare occasions 
ICRP permits twice these kmits in a 13-week period provided 5(N - 18) is not exceeded, the 
NCRP permits m exceptional cases \ of these values to be received m 13 weeks, provided hmits of 
the equation 5(N - 18) are not exceeded. 

HI he ICRP hmits the integrated dose to these organs by the equation 5(N - 18). 
**The NCRP limits the integrated dose to these organs by the equation 5(N - 18). In 

exceptional eases, well distributed m time, the NCRP permits these dose hmits to be increased to 
15 mrem/year. 
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2. Average dose to skeleton from 0.1 jUg of ^^''Ra in the body. This corresponds to 
an average skeletal dose of 30 rem/year to the typical adult radiation worker. The 
0.1-iUg ^^*Ra level was chosen by a committee of NCRP in 1941 and has been the 
maximum permissible body burden of ^ ^ * Ra for the past 30 years. 

It was the opinion of some that the figure of 15 rem/year as the occupational MPD 
to most organs of the body was chosen because it was thought to relate in some 
manner to the average exposure received by radiologists during the early period. I 
think people in the United Kingdom were more inclined to use this argument or 
explanation than we are in this country. I consider the 30 rem/year average dose to 
bone of the occupational worker essentially the same number as the 15 rem/year 
(factors of 2 are not significant). The 30 rem/year corresponds to the average skeletal 
dose delivered by 0.1 ;Ug (or /jCi) of ^^''Ra. This 0.1 /jg was selected as the maximum 
permissible body burden of ^^*Ra for the occupational worker by a committee that 
was either a part of or related to the NCRP back as early as 1941. So there appear to 
have been two early reference points used in setting the standards of 15 to 30 
rem/year: (1) exposure of early radiologists and (2) the maximum permissible body 
burden of ^ ^ * Ra estabhshed 30 years ago. 

There are many who would argue that this early occupational dose of radiologists 
was much larger than of the order of 15 rem/year, and they might well be right. Just 
for the fun of it, some time ago I looked at the matter this way; suppose we take the 
slope of the life-shortening curve for man as 10"'* life-spans per rem as it is for many 
species of animals and relate this to the reported'^''^'^° life-shortening of 2 to 5 
years among the early radiologists. Then we have the following: 

„ ^ , , ,.^ , . , 1 / r e m \ l / l . s . \ 1 / 1 \ 
R = 2 to 5 (years life-shortening) X 7—::j ! -;— ITTTI I X —I jrz 7- I 

•̂̂  ^̂  10 \ l.s. / 35 Vyear/ 45\years as a radiologist/ 
= 12 to 32 rem/year 

Surprisingly, when I looked at the leukemic incidence among early radiol
ogists'^'^'•^"' and related it to the ICRP figure of 1.8 X 10'̂  leukemias per person 
per rem and the expected leukemia mortality rates adjusted for the age of these 
radiologists, again I got between 15 and 30 rem/year as follows: 

8.4 X 10"̂  (leuk./year/person expected) X 5(factor of leukemia increase) 
1.8 X 10"̂  (leuk./rem/person) 

= 23 rem/year 

I would say it is probably fortuitous we arrived so close to this same number by 
these two estimates. However, one reason why such a low estimate of dose received by 
early radiologists might be right is that during the early period the X-ray macliine 
voltages were very low, and it could well be that the average or the effective 
red-marrow dose received by these radiologists was as low as 15 to 30 rem/year. 
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Sometimes it is easier m retrospect to justify and explain reasons and decisions 
regarding choices of radiation protection standards that were made 30 or 40 years ago 
than It IS for current decisions At least it is interesting in retrospect that we can come 
up with essentially this same number (15 to 30 rem/year) from two independent 
approaches 

Table 8 

COMPARISON OF CONSEQUENCES OF X-RAY DIAGNOSTIC EXPOSURE PRESENTLY 
RECEIVED BY THE U. S. POPULATION WITH THE CONSEQUENCES OF A CONTINUOUS 

EXPOSURE FROM ALL NUCLEAR INDUSTRIES OF 0.5% OF THE ALLOWED 
170 MREM/YEAR (0.85 MREM/YEAR) 

Types of radiation damage 

Genetic 
Leukemia 
Thyroid cancer 

I rom dental X rays 
I rom thorax X rays 

Other cancer 
Life shortening 

Total deaths 

Consequences of medical X-ray 
diagnostic exposiue presently 
received by U. S. population, 

deaths/year 

1100* to 44,000+ 
500 

16t to (160) 
IX to (20) 
500 (2000) § 
1200 

-3300 to 46,000 
-(5000 to 50 000) § 

Consequences of hypothetical 
exposure of 0.85 mrem/year to 
U. S. population from nuclear 

industries, deaths/year 

3* to 120+ 
3 
0 2+ to (2) 

3(13)§ 
8 5 

- 1 8 to 140 
- ( 2 8 to 150) § 

*This includes only first generation genetic deaths and assumes that the factor of '/̂  does not 
apply to the high dose rates ordinarily used m medical X ray diagnosis but does apply at the very 
low dose rate of 0 85 mrem that would be dehvered during the year 

XThis includes genetic deaths m 40 subsequent generations and assumes that the genetic 
recovery factor of '/̂  does not apply in the case of man for medical diagnostic exposure but does 
apply at the very low dose rate of 0 85 mrem/year 

JThis is assuming 90% ot thyroid cancers are cured by medical treatment and so are not 
included m this number The numbers in parentheses include all thyroid cancers 

§These are estimates based on ICRP Pubhcation 14 (Ref 3) All other estimates are made 
using data from earlier ICRP Pubhcation 8 (Ref 2) All estimates of deaths from medical 
diagnostic exposure are based on the medical doses reported by the U S Pubhc Health 
Service" '^ m 1964 

Some people do not like to put numbers m print as I have done in Table 8 because 
they are so easily extracted and used without the necessary qualifications However, m 
the long run I believe we are better off if we face these numbers and look at the linear 
hypothesis in terms of the number of deaths we would expect as a consequence of 
medical diagnostic exposure (90% of which is unnecessary and wasted) and m terms of 
deaths we might expect with the present nuclear power industry I have not invented 
these numbers, I simply have multiplied the ICRP^ ^ risk probabilities by the average 
dose and by the exposed population to obtain them First, for genetic mutations from 
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medical diagnoses you will note I have a very wide spread, the lower figure includes 
just the first-generation deaths The higher figure integrates the genetic deaths out to 
infinity (essentially over 40 generations) In the lower figures I have assumed that 90% 
of the thyroid cancers are treatable The total number of deaths from genetic 
mutations, malignancies, and life shortening would be somewhere between 3000 and 
50,000 per year from medical diagnoses Unfortunately, in these estimates I was using 
the earlier figure' ' ' ^ of about 55 mrem/year for the genetically significant dose, so 
these numbers would go up rather sharply if John Villforth's' ^ prediction turns out to 
be correct that there may be observed a large increase m the GSD from medical 
diagnoses when analysis of the 1970 U S Public Health Service—Bureau of Radiologi
cal Health survey data is complete * I was not using, in this case, the factor of % m the 
genetic death estimates because this medical exposure is at a high dose rate Then, 
looking at the nuclear power industry and applying the same linear hypothesis, try as I 
could, I was not able to get an integrated dose larger than about %% of the 170 
mrem/year when I averaged over the 2 x 1 0 * people in the United States In this I 
seem to agree with many of the spokesmen for the AEC, but I am not speaking for 
anyone tonight except for Karl Morgan Many that liave talked on this subject speak 
only of the dose from nuclear power operations and think only m terms of the risk 
from this nuclear power plant on the river To me, this is ridiculous, you cannot have 
these power plants in isolation You have to consider the total dose not just that to the 
occupational workers in these plants and to those living m the neighborhood of them 
You must add to it the dose associated with the operation of national laboratories 
where the research is done, the dose from processing fuel, from fabricating fuel 
elements, from the uranium mining industry, etc Adding all this together— 
occupational and nonoccupational, this would be the estimated upper limit of the 
radiation induced deaths as indicated in Table 8 The numbers as I see it are not 
frightening This is a very small risk to the population—something like 20 to 30 
deaths per year, or we are introducing at most into the population per year about 150 
deaths When I say introducing into the population per year, this will be the numbei of 
deaths expected under a stable condition if you had equilibrium and routine 
operations of the nuclear energy industry 

The following are what I believe to be the principal reasons why the estimates of 
risk from nuclear power operations obtained by Gofman and Tamplm are higher than 
mine 

1 They assume the AEC intends or would be willing for the entire U S 
population to receive 170 mrem/year solely from the nuclear energy industry 

2 They assume a 2% increase in the natural incidence of all malignancies per rem 
of exposure ICRP assumes 10 "* malignancies per rem per person 

*1 ortunately this estimate of deaths from medical diagnosis goes down when one uses the data 
from the U S Pubhc Health Service 1970 survey In 1972 the U S Public Health Service 
announced this dose from the 1970 survey is estimated to be 36 mrem/year in comparison with the 
1964 value of 55 mrem/year 
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In some instances, I believe they have left the impression that allowed the public 
to conclude the AEC does now or might permit in the future the entire population of 
the United States to receive 170 mrem/year from nuclear power operations This, I 
think, IS contrary to fact I do not beheve it was ever intended, and I do not believe we 
anticipate for many many decades to come that the nuclear industry will use up very 
much of this 170 mrem/year I would be willing to guess that by the close of the 
century the nuclear energy industry stdl will be using considerably less than 10% of 
this 170 mrem/year Then Gofman and Tamplm have assumed that we had best 
represent the radiation insult per rem as a per cent increase of the natural incidence of 
malignancy The ICRP and other groups have looked into this method of calculation 
and have discarded it because they feel it would be more m keeping with present 
experimental evidence to assume you get a certain number of malignancies per rem per 
person rather than, say, a 2% increase in the natural incidence per rem The method we 
use does not depend on the natural incidence If, for example, Japan had normally 
twice as many stomach cancers as the United States had, then, for a given dose of 
radiation to the Japanese population, there should be twice as many stomach cancers 
This may or may not be true, but I do not think the data we have really warrants this 
assumption at the present It will be most valuable m this connection to continue for 
many years observations of the Japanese survivors from the nuclear explosions m 
Hiroshima and Nagasaki 

We as health physicists must look at the possibility of accidents with these nuclear 
power plants In Table 9 Struxness and I have assumed the same hnear relationship 
between dose and effect as used above We have considered only the chronic effects of 
such an accident and have not considered the few persons working in this plant at the 
time of the accident that might receive a lethal exposure We are talking about a design 
accident By design accident I mean what the nuclear engineers build into this plant, 
what It will be expected to do under certain conditions, and the consequent doses you 
would allow or expect to the neighboring population Assuming that a million people 
get 10% of the design exposures, we would end up with an accident that would cause 
only 300 to something over 2000 ultimate deaths The seriousness of such a predicted 
accident, of course, depends upon the probability of this accident's occurring Some of 
my estimates and others of those at ORNL^^ are certainly higher than predictions 
made in many places, but I have not been able to find any justification of a number 
much smaller than 10 '', that is, the probability of a given reactor having an accident 
per year is 10'' On this basis, if we assume, for convenience, that we will have an 
average of 333 nuclear power reactors operating over the next 30 years, we might 
anticipate one accident among these 333 reactors over a period of 30 years This is 
nothing at all compared to other risks, such as from automobiles This is like having 
one 01 two serious airplane accidents every 30 years I believe it an acceptable risk if 
we continue to maintain our present isolation of these plants This is why I feel it is 
very important that the AEC come out with a statement making it clear that it intends 
to continue its present policy of isolation and not move m the direction that Roddis^' 
imphed in his New York speech last summer, that it might be safe to put present 
reactois m oui big uties I do not agree, not at the present time 
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Table 9 

CONSEQUENCES OF AN EXTREMELY RARE HYPOTHETICAL 
POWER-REACTOR DESIGN ACCIDENT'' 

Ty pe of 
radiation damage 

Genetit 
[ atdl neoplasms 

Leukemia 
Other cancers 

Thyroid carcinoma 
Life shortening 

Total 

Consequences of 
persons 

exposure of 10'̂  
to 10% AEC design exposures,* 

deaths/accident 

40t 

40 
40 
40 § 

12011 

300 to 

(1700)1: 

(200) 
(400) 

2500 

*This assumes ID' persons are exposed to an average of 10% 
of the AI C design exposures (i e , lO/o of 25 rem to total body 
and lO/o of 300 rem to thyroid) This assumes the hnear 
hypothesis given m ICRP Pubhcation 8 (Ret 2) apphes m all cases 
except for category Other cancers where the value ot 200 (m 
parenthesis) was obtained by assuming the hnear hypothesis of 
ICRP Pubhcation 14 (Ret 3) 

i This includes only the first generation genetic deaths and 
assumes that the factor of \ apphes 

:j:This includes genetic deaths in 40 subsequent generations 
and assumes that the tactor of \ applies 

§This includes only lO/c of the thyroid carcinomas on the 
assumption that 9 0 / respond successfully to medical treatment 

UThis assumes 70 years of hfe shortening corresponds to one 
death 

Those of us who discuss the adequacy of present radiation standards should ask 
(and answer) several pertinent questions and indicate action that should be taken Is 
the population receiving damage from exposure to ionizing radiation'' My answer to 
this question is yes, a resounding yes What are the principal sources of this exposure'' 
Natural background, which accounts for about 44% of the GSD, and medical diagnosis, 
which accounts for about 48% How much of this population exposure is contubuted 
by the entire nuclear energy industry'' A maximum of between 0 1 to 1% Well then, is 
this a problem'' What is the answer'' What do you suggest as the solution'' What action'' 
What IS the priority of the action'' Well, I would say that it is urgent that measures be 
taken to reduce unnecessary medical diagnostic exposure Do something about the 
3000 to 50,000 deaths per yeai which, on the linear hypothesis, medical exposures 
(reported'' ' ^ in 1964) are causing Another possibility of reducing unnecessary 
population exposure begins with a serious look into the structural materials used in 
building our homes About 20 years ago Davis and Gabrysh^"* ^^ m the Health Physics 
Division at ORNL did some work on what the exposures might be to persons living m 
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Tennessee who build their homes out of cement block constructed of some of the 
local shale, which is one of the important construction materials in our part of the 
country They estimated that the level of air contamination m such homes could be as 
high as 1 5 X 10'' juCi/cm'' of ^^^Rn (or >70,000 mrem/year) to portions of the 
lungs of persons living in homes where radiant heating and recirculating air are used 
such that equilibrium could be reached with the daughter products of this radon This 
would be five times higher than is allowed m the uranium mines at the present time 
Why are we So slow in doing something about this'' I do not know the answer, I guess 
some of us are asking, Whose problem is i f Who is supposed to do something about it ' 
Is It a pubhc health problem'' We had to wait from the year 1500 when human damage 
was first recognized in mines containing uranium until the congressional hearings in 
1967 before we got some public information on the uranium mines problem in the 
Colorado Plateau area of the United States and corrective action was begun I think we 
should be giving some thought of whether we will use cement block made from 
Tennessee Conasauga shale or phosphate rock in Florida or maybe spend 2 cents more 
per block and choose safer material I would be quick to say I believe it is important 
that we keep at least the present types of nuclear power reactors isolated from densely 
populated areas and maintain exposure levels to the neighboring populations as low as 
practicable and never more than a small fraction of 170 mrem/year 

In Table 10 I have indicated for comparison the radiation risks of a modem 
fossil-fuel plant with those for pressurized-water reactor (PWR) and boiling water 
reactor (BWR) nuclear power plants The primary data are taken from a publication of 
Martin, Harward, and Oakley,^ ^ and to this 1 have added a few numbers The 
fossil fuel plant does not stack up too well in comparison with the PWR, and, in this 
case, the PWR appears to have a strong lead over the BWR m terms of population 
exposure from routine operations Comparisons of this type are most interesting, but 
what we really would like to know is how would these three power plants compare in 
terms of population dose over a 20- to 30-year period of operation It is difficult to 
make any very meaningful estimates because data on environmental weathering and 
critical pathways of these radioelements m the environment are lacking However, if 
weathering of ^ ^ *" Ra were rather small and if operations were to remain unchanged at 
the three plants for 20 years, we would expect the activity of ^^^Ra from the 
fossJ-fuel plant to budd up in the environment by a factor of 20, but we would expect 
little or no increase m activity around nuclear plants (barring accidents) because of the 
mobility of the principal radionuclides concerned, i e , ^H in the case of the PWR and 
*'Kr in the case of the BWR Thus, the radiation risk of the fossil-fuel plant (corrected 
for a 300-ft stack) might go up to over 8000 compared to 1 for the PWR In addition, 
we have the serious risks from oxides of sulphur, oxides of nitrogen, hydrocarbons, 
etc , from the fossil-fuel plant, which are implicated as causing chronic bronchitis and 
emphysema 

To get some feel for the doses that might be received m the neighborhood of 
nuclear power plants, we might glance at Table 11 More recent and wider selections of 
data from surveys of other nuclear power plants suggest the offsite annual dose at the 
typical nuclear power plant is probably less than 5 mrem 
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Table 10 

COMPARISON OF MODERN NUCLEAR PLANTS WITH 
MODERN COAL-FIRED POWER PLANT* 

Stack discharges.t Ci/year/VlW(e) 
2 2 6 -2 2 8 p , ^ 2 2 8 . 2 3 0 ' 2 3 2 ^ ] ^ 

Noble gases 
Liquid discharges, Ci/ycar/MW(e) 

I ission products 
' H 

CnUcal organ 
Limiting dose rate, mrem/year 

Dose rate, mrem/year 
1 raction ICRP MPI /MW(e)1| 

Relative risk 

Coal plant 

4 8 x 10 = 

4 8 x 10 = T 

Bone 
3000 
0 3(24)§ 
11 X 1 0 ' 
( 8 6 x l 0 ^ ) § 
5(410) § 

PWR 

8 x 1 0 ' 

8.2 x 10 = 
3 8 
Total body 
500 
0 005 
2 1 X 1 0 ' 

1 

BWR 

1200 

3 x l O ' 
1 5 X 1 0 ' 
Total body 
500 
150 
1 5 X 1 0 ' 

73,000 

*1 stimates by K Z Morgan using data of J L Martin, E D Harward, and D T 
Oakley ' <> 

1 Coal plants are assumed to be similar to Willow Creek and are operating at about 1000 
M\V(e) with efficient air cleaning (97 5'/c efficiency) and tall stacks (800 ft) The PWR is the 
Connecticut Yankee plant operating at 462 MW(e), and the BWR is the Dresden-1 plant 
operating at 200 MW(e) Ground-level release is assumed foi the nuclear plants 
Measurements were those at 1 1 to 1 7 miles downwind from the plants 

J Values for ' ' " ' ' ' R n are not available so K Z Morgan has made the conservative 
estimate that the radon activity equals that of radium and thorium. 

Il lhe I C R P " ' ' maximum-permissible exposure values are based on bone tor radium 
from the coal plants, on total body tor noble gases from the BWR, and total body for ' H 
from the PWR 

SjThe high coal fired stacks (800 ft) simply disperse the exposure to more people Thus 
a better comparison may be this figure m parenthesis which assumes the coal fired stacks are 
only 300 ft high 

For a number of years, I have felt that our government ought to give more suppoit 
to research of the thermal breeder reactor m addition to its support for the fast 
breedei reactor. The molten-salt thermal bieeder reactor would, of course, operate on 
^^^Th with ^^^U fissile mateiial rather than ^^'Pu, i e., with the fast breeder the 
primary fissile material is ^^'Pu, whereas m this case it is ^^^U. In this big complex, 
the breedei nuclear power plant, a large accumulation of ^^^U rathei than an equal 
amount of ^ ''^Pu gives a tremendous gam in terms of reducing the radiation risk You 
no longei have such a large inventory of ^^®Pu waiting for a design accident to 
happen. The primary fuel now is the ^'•'U. What is the relative risk m the two 
systems'' I think you really should look at the risk on a giam basis, because if a gasket 
IS leaking, it is not how many curies know how to get out through the crack, it is how 
many grams know how to get out. So, on a gram basis as indicated in Table 12, the 
^^'Pu of the fast breeder would be eight times worse as far as the body burden is 
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Table 11 

SOME OFFSITE DOSE ESTIMATES FROM 
NUCLEAR POWER REACTORS 

Reactor site 

Humboldt Bay 
(BWR) 

Dresden 
(BWR) 

Nuclear power 
reactors in 
general 

Reference 
organ 

Whole body 

Whole body 

Whole bod\ 

Estimated 
radiation 

dose* 

35 mrem 
50 mrem 
5 to 15 mrem/year 

<5 mrem/year 

Period 
of 

time 

1966 
1965 

•̂W H Oates Nuclear Power Reactors and Population, Bureau ot 
Radiological Health Office of Criteria and Standards Publication 70 1 
January 1970 

concerned For water contamination it would be five times worse As far as air 
contamination is concerned (the principal environmental risk), on a curie basis the 
^^'Pu IS 300 times worse than ^^^U, and on a gram basis it is 2000 times worse m 
terms of risk of bone tumors Now this is not the whole story at all Of course, a 
molten-salt reactor would have many, many other radionuchdes besides ^^^JJ— 
including the isotopes of plutomum However, the fuel would be circulating and 
continuously removing a considerable fraction of the unwanted and more dangerous 
radionuclides In theory at least you could be converting the separated fission products 
and certain of the unwanted transuranium radioelements on a frequent schedule to 
some solid form so that you could ship them out daily and get rid of them Thus, you 
would not have as large an inventory of dangerous radionuclides waiting for something 
to happen 

Table 12 

TEN PERCENT OF ICRP OCCUPATIONAL EXPOSURE MPC 
VALUES FOR CONTINUOUS EXPOSURE'' "» 

Organ 

Bone 
Lung 

Bone 
Lung 

Body burden 

MCI Mg 

0 004 0 064 

0 005 0 5 

MPC m water 

MCI Mg 

Plutonium 239 

5 x 1 0 ' 8 x 1 0 = 

Uranium 233 

4 X 1 0 ' 4 x 10" 

MPC 

MCI 

6 x 10 ' " 
l O ' ^ 

2 x 10 " 
4 x 10 " 

in atr 

Mg 

1 0 ' ' 
1 6 X 10 " 

2 x 1 0 ' 
4 X 10 ' " 
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Table 13 

ESTIMATES OF RADIATION DEATHS FROM THE ENTIRE 
NUCLEAR ENERGY INDUSTRY FROM ROUTINE OPERATION 

(ASSUMING LINEAR HYPOTHESIS)* 

% of Deaths 
Year 170 mrem/year Deaths/yearf committed/year :j: 

1970 

2000 

0.5 
100§ 
5 

100§ 

18(28) 
3600(5600) 
360 (560) 
7200(11,000) 

140(150) 
28,000 (30,000) 
2800(3000) 

56,000 (60,000) 

*Values m parentheses were obtained using latest data m ICRP 14 (Ref. 3), 
the other values were obtained using data m ICRP 8 (Ref. 2). The assumed U. S. 
population IS 2 X 10" m 1970 and 4 x 10" m year 2000 

1 Deaths per year from first-generation effects, malignancies, and hfe 
shortening. 

:l.Deaths per year in first generation, malignancies, life shortening, and genetic 
deaths committed through 40 generations 

Sjlt should be emphasized that the average dose to the U. S. population is 
conservatively estimated to be less than O.S'/c of the population annual dose hmit 
of 1 70 mrem at the present time and is not expected to reach, much less exceed, 
5% by the year 2000. The values for 100% of 170 mrem/year are given only for 
comparison with pubhshed estimates of Gofman and Tamplm m which they 
estimate a total risk of greater than lO' deaths per year from exposure of the 
U S. population to 170 mrem/year 

Table 13 summarizes estimates of radiation deaths from routine operations of the 
entire nuclear energy industry based on the linear hypothesis. If you take our 
conservative^' estimate for the yeai 1970 of a population exposure from routine 
operation of the nuclear energy industry of less than %% of 170 mrem/year, the risk 
still is quite small. The risk committed to the population is small even to the year 
2000, assuming a doubling in the population and assuming that you are now up to 5% 
of the population dose limit (a rise much greater than expected). The figuies are not 
frightening for the year 2000; in fact, they do not frighten you at all if you are not 
gravely concerned now about medical diagnostic exposure, where the present risk is 
200 to 600 times greater. Do not forget either that medical diagnostic exposure could 
be reduced easily to 10% of its present value wliile at the same time providing far more 
medical diagnostic information to the doctor. 

I thought It might be interesting also to average the nuclear energy industry risk on 
the ICRP linear hypothesis over this 30-year period to the end of the century. If you 
were to do this as I have done in Table 14 for routine operations, you would obtain an 
average of about 200 to 300 deaths per year, and you would be committing per year 
somewhere around 1600 deaths (mostly genetic). This may be a gross exaggeration of 
the risk since I do not beheve the population dose from routine operations of nuclear 
power plants will be using 5% of the 1 70 mrem/year population dose by the year 2000. 
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Table 14 

CONSEQUENCES OF NUCLEAR ENERGY INDUSTRY 
(ASSUMING LINEAR HYPOTHESIS) 

Average deaths pet year 
during next 30 years 

Deaths 
Deaths per year committed per year 

Routine operations 200 to 300 1600 
Accidents* 15 120 

*This IS based on the arbitrary assumption of an accident 
potential of 10 •* an average of 330 nuclear power plants a 
doubling of the exposed population by the year 2000 an 
increase m the present dose rate by an order ot magnitude by 
the year 2000 and linearity in dose-effect relationships 
Average accident deaths might increase by an order of 
magnitude if nuclear power plants are built in densely 
populated areas 

From accidents, assuming a 10 •* accident potential, I would estimate an average 
over the 30 year period of only 15 deaths per year and 120 deaths committed per 
year I believe this would be nothing to worry about at all m comparison with other 
common risks and m consideration of the great benefits But I repeat this still is 
assuming the AEC maintains its present and past pohcy of isolating these plants from 
densely populated areas However, even if you were to allow the plants to be built in 
big cities, you are not going to get any very large numbers of deaths on the average 
from accidents For example, if nuclear power reactors located in big cities resulted m 
10 times the figures for accidents in Table 14, this would correspond perhaps to 
nothing more than one serious airplane accident per year or a death potential about 
1% of that expected from automobiles However, even though when averaging over a 
30-year period and building nucleai power plants m big cities you do not end up with 
a very large number of deaths per year on the linear hypothesis, I am strongly adverse 
to killing thousands of people m a single accident every 30 years and thus would 
oppose any attempts to place the present nuclear power plants in big cities I do not 
thmk this IS the sort of thing you want We do not want to move in that direction We 
must (at least in the immediate future) isolate nuclear power plants and not yield to 
the pressure of the power comparaes to move the power plants to the center of large 
populations 

As one interested m providing our country a safe, clean, and relatively unlimited 
source of energy m the futuie, I ask the question "How can the AEC improve its 
position and how can it respond more favorably m this public relations problem''' It 
seems to me that the AEC might improve its position first of all by stating very clearly 
that It has never intended to use up the entire 170 mrem/year in the nuclear energy 
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industry If it were to use up this 170 mrem/year, it would not leave any permissible 
exposure for anything else The AEC should state that maintaining 10% of the ICRP 
occupational MPC values is not a necessary and sufficient condition for safe nuclear 
plant operation Actually the AEC does state this, but you have to be a lawyer to read 
through the Code of Federal Regulations, Title 10, Part 20, and find out the different 
parts that tell you this I think these present regulations are written in such a way that 
they mvite misunderstanding Let us urge the AEC then to rewrite them so that you 
and I can understand them and do not have to read through the whole set of regula 
tions to find out what they are talking about I think the AEC should state that it does 
not and never has assumed a threshold hypothesis At first, when Gofman and Tamplm 
raised this question, some spokesmen for the AEC actually gave us the impression that 
the AEC did assume the threshold hypothesis, but more recently the AEC has made it 
clear I think, that it does not I thmk the AEC should state that there are some 
important questions that remain to be answered Let us not, for goodness sake, leave 
the impression that we have all the answers, we do not There are many important 
questions to which we would like to have the answers We need to continue lesearch 
piograms to try and get some of these answers As I have mentioned repeatedly, I 
thmk the AEC should state that the present brand of reactors—the water boilers and 
the pressurized-watei reactors—have not been developed to the state where we should 
move them into the centers of dense population I feel that there should be some 
mechanism to ensure that they remain isolated, this is the more difficult problem 

Some of the other conditions or requirements you can find in the Code of Federal 
Regulations, Title 10, Parts 20 and 100, if you look hard enough for them are 

1 Licensee shall "minimize the ladioactivity discharged in effluents to unrestricted 
aieas " 

2 Licensee shall make "such surveys as may be necessary for him to comply with 
the regulations " 

3 "Reactors will reflect through their design, construction, and operation an 
extremely low probability of accidents that could result in release of significant 
quantities of ladioactive fission products " 

So it is necessary and it is requued that other standards be maintained in addition to 
limiting the concentration of effluents at the boundary of a nuclear energy plant to 
10% of the ICRP MPC for radiation workers, and AEC does requiie surveys to protect 
the neighboring population from overexposure due to possible environmental 
reconcentration factors, etc 

Table 15 summarizes some of the data I have talked about and makes some 
comparisons I believe these numbers are a little more accurate than many I have seen 
published 

For comparison I indicate in Table 16 the deaths in the United States from all 
causes The table begins with heart disease, and, as we come on down the list, we find 
that maybe we are causing 18 to 150 deaths per year at present from the nuclear 
energy industry My response is let us make our record even better and reduce our 
exposure m this industry Let us cut down the dose even more than we have in the 
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Table 15 

SOME DOSE COMPARISONS 

Dose rate, mrem/year 

Average medical diagnostic dose m U S 
Gonads (GSD) 
Red bone marrow 

Average chest X ray skin dose 
(phototluorographic) m U S 

Average medical diagnostic dose m U K 
Gonads (GSD) 
Red bone marrow 

Average from weapons fallout m U S 
Gonads (GSD) 
Red bone marrow 

Increase m gonad dose in Denver over Chicago 
Cosmic ray increase 
Other background increase 

Living one to two miles from a nuclear power plant 
Nuclear energy industry average GSD 
Average from color 1V 
1 ly from New York to San I rancisco 

At 25,000 ft 
At 30,000 ft 

55 
63 

504 

14 
-32 

03 
2 

201 
50J 
0 005 to 150 
0 1 to 0 8 
0 002 

0 5 " 
0 8'' 

•70 

~ These values are average millirem per flight 

Table 16 

DEATHS IN U. S. POPULATION IN 1967 

Heart disease 
C anccr 
Stroke 
Accidents (all) 

Motor vehicle 
Falls 
1 irc and burns 
Drowning 
Other 

Pneumonia 
General arteriosclerosis 
Diabetes melhtus 
Deaths from medical diagnosis 
Deaths from nuclear industry 

at 0 5% ot 170 mrem/year 
Other 

Total 

52,900 
20,100 
7,400 
5,700 

26,900 

721,000 
311,000 
202,000 
113,000 

57 600 
37,600 
35,000 

3,000(50 000) 

18(140) 
370,000 

1,850,000 
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past However, if you really are worried about the problem, let us shoot at the heart of 
the radiation problem and at other causes of death (e g , medical diagnostic exposure) 
where we will get 100-fold more return for our efforts I do not beheve some people 
who are worried about the risks from nuclear power reactors are really worried about 
the total radiation problem 

The following are some suggested actions that could be taken, actions that I hope 
would cause us to move in the direction of greater nuclear power safety For example, 
I hope the AEC will assure continued isolation of leactors Some ways of doing this 
would be to use underground construction oi caissons under water and estabhsh 
remotely located nuclear power complexes This would, of course, require the 
development of high-voltage a-c and d-c transmission to cut down on power losses and 
then perhaps the development of cryogenic transmission The hardest step of all, 
perhaps, would be to place the land m the neighborhood of power reactors on a 
hmited-use basis Otherwise, you will just repeat the problem you have around some of 
your airpoits You isolate them today, 10 years from now they are m a big city 

Certainly efforts must be continued and I would say accelerated to reduce the risk 
from a nuclear-power-plant accident Let us put forth an effort to keep the risk of the 
accident down around 10 ' or less I have already said I think it may be as high as 
10 ^ I believe secondary shutdown systems should be required of all the reactors I am 
not sure all of us are satisfied that we have this on all the reactors Certainly we must 
avoid the possibility of autocatalytic reactions Some peisons shy away from the 
suggestion of planning a disaster control program As long as the probability of major 
accidents is not zero, I beheve it is reasonable to have some program If you are wise, 
you do not wait until you have a fire to have your first fire drill even though the 
probabihty of a fire is very low 

As I have indicated already, let us consider seriously the safety advantages of the 
molten-salt breeder, that is, the thermal breeder as compared with the fast breeder I 
believe that, if nuclear power plants are to move eventually into densely populated 
areas, the inventory of the more dangerous radionuclides in the reactor should be kept 
at the lowest possible level consistent with all other safety features of the reactor The 
MSBR looks attractive to me because of the possibility of continuous removal of the 
fission products and the trade-off of some of the ^ ^ ' Pu for ^ ^ ^ U 

In summary, with the linear hypothesis, population exposure to ionizing radiation 
in the United States and the consequent risks of radiation damage from the nucleai 
energy industry at present and to the end of the century are negligible in compauson 
with the exposure and subsequent risks from the careless and indifferent overexposure 
of the population by the medical profession in its use of diagnostic X rays I would 
like to say that I believe the present levels of maximum permissible exposure are safe 
at the present time and they are acceptable as long as we do not use up much of this 
population dose limit of 170 mrem/year I personally beheve that this 170 mrem/year 
should include diagnostic exposure, which it does not at present If it did, we would 
already be using up all the 170 mrem/year I think that this is the real 
radiation exposure problem I believe quite a bit of action is under way to correct this 
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problem, but progress in reducing unnecessary diagnostic exposure is discouragingly 
slow I would like to make it very clear that I am not advocating that anybody avoid a 
needed diagnostic X ray Certainly, if you need an X ray, you must have it What I am 
saymg is, let us apply some of the well-known principles of education, training, 
requirements for the use of good equipment, and proper techniques and reduce 
diagnostic exposure down to such a low level that it too is essentially negligible, I 
think this IS the way we are beginning to move—but at too slow a pace to satisfy 
some of us 
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To each of us the world is not necessarily as it is. Rather it is the way it appears to us 
as a result of our background, including our education and experience, and how our 
intellect reacts to the information we hear, read, and see. We are all quite aware of 
how relatively minor things can color our attitudes. For example, whether or not we 
have had a good night's sleep or a good breakfast can determine whether we have a 
cheerful or a gloomy outlook on life and the world around us on a particular day. 
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Of the various ways of sensing what is going on in the world, all of us have to 
depend m large measure upon the media to furnish us with information The 
information is communicated to us generally m printed form m newspapers and 
magazines, in audio form on radio, and m audio—visual form on television Today, 
those of us who have been in the atomic energy field for a long time do not recognize 
some of the information about atomic energy that is presented m the media To us it is 
distorted The individual facts generally seem true enough, but often other equally 
significant facts that would cast the particular subject in a different light are not 
mentioned In the last several years, there have been any number of one-sided, 
unfavorable newspaper and magazine articles, books, and television programs about 
atomic energy The same information that seems distorted to us in the atomic energy 
field keeps reappearing Is the problem with us in atomic energy'' Have we been wrong 
about atomic energy all this time'' Is it the media'' What is the nature of the problem'' 

My presentation here sets forth my current opinions based on my experience, on 
discussions with many different people, on research into such areas as public relations 
and education, and my reading My view of the world around us may well be different 
from yours because it is highly unlikely that my total experience and yours are the 
same 

In examining biased information, we obviously should look at communications 
first Communication, of course, involves two parties, those conducting atomic energy 
programs who in our democracy must try to keep the public informed m order to 
continue to receive public support and the members of the public who are concerned 
or interested enough to become involved m some way This public also includes the 
press Presumably, the success of communication depends on whether the ability and 
degree of effort of the transmitting party is sufficient to match the ability to 
understand or, if you will, the education and desire to learn of the recipient member 
of the public 

What has the Atomic Energy Commission done in carrying out its responsibdities, 
including communications, to the public'' In putting the atom to work, the AEC, as 
one of its first steps, intensified the effort to learn more about atomic energy and its 
effects on man and the environment The effort begun by the Manhattan District was 
expanded and intensified by estabhshmg such national laboratories as Oak Ridge, 
Argonne, Berkeley, and Brookhaven and by promoting peaceful-uses research at the 
weapons laboratory at Los Alamos In addition, the AEC supported and sponsored a 
multitude of nuclear research projects at virtually any interested college or university 
m the country 

As a matter of policy, the AEC used, in addition to the experts m its own staff and 
m its laboratories experts outside the AEC to assist it m developing pohcy and 
conducting its programs For example, insofar as health and safety matters with regard 
to radiation are concerned, the AEC looked to the International Commission on 
Radiation Protection (ICRP) and the National Committee on Radiation Protection and 
Measurements (NCRP) These two bodies, an international one and an American one, 
have been involved since their establishment in the late 1920s with recommending 
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Standards for the protection of the public and of workers m the field of ionizing 
radiation 

As nuclear power plants became practical, detailed regulations were developed to 
ensure that, in the design of the plants features would be included which would 
minimize the release of radioactivity to the environment and prevent any release of 
such radioactivity from exposing the public to radiation m excess of the limits 
recommended by the ICRP and the NCRP 

The design of each plant is carefully reviewed by the staff of the Director of 
Regulation of the AEC to ensure that it meets their very conservative design criteria, 
and It IS independently reviewed by the Advisory Committee on Reactor Safeguards 
Each of these bodies during the process of review frequently does require changes to 
be made to improve the safety of the plant Before the AEC will grant a utihty 
company a construction permit to build a plant, these two bodies must indicate m 
WTiting to the five man Commission that they are satisfied with the design In addition, 
a safety review panel consisting of three people who together are skilled in law and the 
technical aspects of atomic energy holds a hearing m which members of the public can 
sit in on the proceedings and raise questions This safety review panel also must 
indicate its approval to the Commission before a license is granted 

With regard to communicating with the public, under the forceful guidance of the 
Joint Committee on Atomic Energy, all information that was not strictly classified for 
national security reasons was made available to the public The research the AEC 
supported generated volumes of information on atomic energy which has appeared and 
been widely disseminated m the techmcal literature The AEC also provided the 
information in less techmcal format in pamphlets, in books, m movies, speeches, and 
lectures for the general public There have, of course, been instances where the AEC, 
in hindsight, might have done a better job of communicating with the public 
Considering the state of the art, the funding limitations, and other restrictions placed 
on the pubhc-mformation activities of government organizations, however, I have so 
far been unable to find some specific fundamental fault with the manner m which the 
AEC has been carrying out its responsibilities in providing information for the public 
over the years 

The United States has one of the best educated publics m the world But, insofar 
as preparing the public to cope with questions about not only nuclear power but other 
questions of the day, formal education, as we have known it, has failed to develop as 
rapidly as has technology In technical areas the universities have been and continue to 
be in the forefront of technological development But, with all our scientific 
know how, we still know very little about how a person learns, and we have done little 
to increase the efficiency of learning, despite the doubling of information every 
lOyeais There is a small but concerted effort to apply technology to the learning 
process There are teaching machines and there is computer-based education, but, by 
and large, teaching has not changed since the days of the one-room schoolhouse and, 
m fact from the days of early Hebrew, Chinese, and Greek teachers 

An associated aspect is the fragmenting of education Our school curricula are so 
cut up that we often see no interrelationship among the various subjects This seems to 
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carry over into everyday life Our news media present predigested bits and pieces of 
information which in themselves are attention getting and seem to make sense but 
which, when looked at together and in context, oftentimes do not make sense 

To a large extent we are being 'educated" by the media Educators estimate that 
by the time a child goes to kindergarten he has watched over 4000 hr of commercial 
television By the time a child graduates from high school, he has watched 15,000 
more hours of commercial television than he has spent in school ' And after high 
school the proportion of media "education" to other more formal education increases 
even more rapidly 

This combination of mass-media communications and an educated public, together 
with the complexities of living m our highly specialized society, has led to the 
evolution of a sociopsychological phenomenon that has been labeled propaganda, or, 
more properly, "modern propaganda " It is different from the technique that has been 
called since ancient times 'propaganda " By modern propaganda one does not mean 
lies or "tall stories Modern propaganda is based on facts It operates with many kinds 
of truth, with half truth, limited truth, or truth out of context ^ One way to 
characterize propaganda is to take the example of this talk I am giving If the talk 
causes you to take action of some kind, it qualifies as propaganda One of the major 
aims of modern propaganda is to provoke action ̂  

Theie is no universally accepted definition of propaganda A widely used 
definition is "Propaganda is the expression of opinions or actions carried out 
deliberately by individuals or groups with a view to influencing the opinions or actions 
of other individuals or groups for predetermined ends and through psychological 
manipulations' ^ 

If we accept the idea that there is such a phenomenon as modern propaganda a 
natural question is "What are the motives'" What the original source of a particular 
hne of propaganda is or what the driving motives are of one who promotes a particular 
line IS a subject I have not investigated, and I do not believe it is necessary in this 
discussion What we must be concerned and careful about are the answers to these 
questions Is the action that is urged desirable or undesirable'' Is the full story in the 
propaganda message'' And most important can we tell'' 

Jacques Ellul, a professor of the history of law and of social history at the 
University of Bordeaux who wrote what is considered by many to be one of the better 
works on the subject,^ says that modern propaganda cannot work without the modern 
mass media Further, it cannot work without education What is most disconcerting is 
that he designates intellectuals as virtually the most vulnerable of all to modern 
propaganda for three reasons (1) they absorb the largest amount of secondhand, 
unverifiable information, (2) they feel a compelling need to have an opinion on every 
important question of our time and, thus, easily succumb to opinions offered to them 
by propaganda on all such indigestible pieces of information, and (3) they consider 
themselves capable of "judging for themselves ^ In describing the effect of 
propaganda, he says, "Under the influence of propaganda certain latent drives that are 
vague, unclear and often without any particular objective suddenly become powerful, 
direct, and precise Propaganda furnishes objectives, organizes the traits of an 
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individual's personality into a system and freezes them into a mold For example, 
prejudices that exist about any event become greatly reinforced and hardened by 
propaganda the individual is told he is right in harboring them, he discovers reasons 
and justifications for a prejudice when it is clearly shared by many and proclaimed 
openly Moreover, the stronger the conflicts in a society, the stronger the prejudices, 
and propaganda that intensifies conflicts simultaneously intensifies prejudices in this 
very fashion "^ 

If these ideas about propaganda are true or reasonably so, then this can provide an 
insight into some aspects of what is happening in the nuclear power field 

Atomic energy is a mammoth subject It is virtually impossible to tell about any 
one aspect of atomic energy m a brief way and tell the full story Therefore, in a sense 
It IS extremely difficult to impart the "whole truth How can one really educate the 
average member of the public, or even highly educated persons, who have not 
specialized in the field on all the intricacies of atomic energy'' Atomic energy lends 
itself readily to partial truth propaganda The existing adverse information, which is 
widespread, is composed of largely out of-context facts 

Although my subject is the predicament m the communication of mfoimation on 
nuclear power, we should recognize that it is part of a larger problem Some of the 
irrationalities that we are seeing today could be the result of this same propaganda 
phenomenon For example, there is what I call the "doomsday irrationality" which 
goes something like this "The world is m a terrible shape, we are all dying of 
pollution, and the worst part of it is the population is growing like mad ' Another is 
what I call the "love—hate syndrome" common among some of the youth of today 
Love, love, love everybody—but hate the "pigs," hate the authorities, hate the 
"establishment," hate the "military—mdustual complex " 

In opening this talk I intimated that it is quite unlikely that we are seeing the 
world as it really is According to Ellul another aspect of propaganda is that it creates 
myths In my experience the "establishment" is such a myth The image of a 
monolithic, impenetrable inhuman tlnng that controls our lives and is incapable of 
change except by revolution is widespread The "military—industrial complex" and the 
"corporate state' are similar or associated myths Another myth appears to be that 
there is such a thing as absolute safety Another myth is that we are rapidly running 
out of energy resources 

How do some of these propaganda phenomena affect the communication 
problem'' Ellul says, " propaganda cannot easily create a political or economic 
problem out of nothing There must be some reason m reality The problem need not 
actually exist, but there must be a reason why it might exist "^ 

From this point of view nuclear power has two unique basic vulnerabilities One 
has to do with the association of atomic energy with destiuction, war, and mass 
annihilation This association is one that the uninitiated might also relate to nuclear 
power reactors It was the nuclear weapon that dramatically intioduced the general 
pubhc to atomic energy Hiroshima and Nagasaki, the two cities that were attacked 
with nuclear weapons m World War 11, evoke images of mass horroi and destruction 
because the news about them was so sensational at the time and World War II ended so 



136 F. COSTAGLIOLA 

quickly after the attacks. The results were well documented in photographs and 
reports. Reactors are different. They are designed and engineered to release the energy 
slowly in order to do useful work, such as generating electrical power. But the 
destructive image of the atom has never been completely divorced from the reactor. It 
has always lurked in the background. 

Another characteristic of atomic energy that is a potential source of public 
concern in the nuclear power program is radiation. Over the years we have become 
aware that persons subjected to large doses of radiation appear to have a higher 
probability of developing cancer than those who have not been so subjected. Since 
radiation was first discovered just before the turn of the century, there has been an 
aura of mystery and fear associated with it. Although we have learned a great deal 
about it, the aura remains. 

Much of the adverse material about nuclear power derives from these two 
characteristics of atomic energy. The so-called "thermal pollution" is another such 
vulnerability, but it is not unique to nuclear power. 

I have talked to many electric-utility people about the problem of communicating 
information on nuclear power. Some of the utility management people stressed that 
one problem was finding answers to specific allegations directed at their nuclear power 
plants. They pointed out that their technical staff was spending an inordinate amount 
of time finding the answers. In addition to the basic problem of getting prompt 
answers to allegations, there is the additional problem of making the source of these 
answers credible to the public. I discussed the opposition to nuclear power plants with 
a man who has been in public relations for many years but who had never been 
involved in nuclear matters. He pointed out that in today's anti-establishment 
atmosphere utilities are generally considered to be big business and anything they say 
is looked on with distrust. He stressed that this lack of trust in big business and 
government lies at the root of many of today's problems and probably is at the root of 
the nuclear controversy. Some utility people that I have talked to agree that as big 
business they do have a problem in their relationship with the pubhc. Not only do 
they have a problem in presenting information to the public, but, if they use 
consultants, including university faculty, the consultants automatically become 
suspect by association. And reactor manufacturers as big business have the same 
problem as the utilities. This, in my view, is a strong indication that the 
"establishment" myth has its impact on the communications problems of the utiUties. 

The AEC has been and is the authority on atomic-energy matters. But, as the late 
Commissioner Thompson indicated in this forum, the AEC has lost credibility in the 
eyes of many. One cause of the loss of credibility has been the attack on what I 
consider to be a basic reason for the success of the AEC program. The attack is on the 
"dual" role of the five Commissioners of the AEC. Under the Atomic Energy Act they 
are not only charged with developing and utilizing atomic energy for improving the 
pubhc welfare but are also charged with the responsibility for assuring the health and 
safety of the public. In other words, they must balance the risks against the benefits to 
the public before embarking on any particular nuclear enterprise. This has been labeled 
as an incompatible role, one of both "promotion and regulation." 
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Another contributing cause for the loss of credibility of the AEC is a series of 
events that began about 1968 The first three events were what I call the "university 
opposition " First, organized opposition developed to the Monticello nuclear power 
plant's being built by the Northern States Power Company on the Mississippi River 
above Mmneapohs At one stage the opposition was reported to be 23 University of 
Minnesota faculty members At Cornell University opposition developed to the 
proposed Bell station on Lake Cayuga In 1969 still another group, who were reported 
by the news media as scientists from Johns Hopkins University, opposed the Calvert 
Cliffs nuclear power plant Each of these universities had participated in the 
atomic-energy program by conducting research under AEC contract Some of their 
faculty, although not those opposing nuclear power plants, were consultants to the 
AEC In effect, these universities were partners in the effort to apply the energy of the 
atom to useful work and presumably would be happy to see some fruition of that 
effort m a practical nuclear power plant Instead, the press reports conveyed the image 
that these universities were opposing nuclear power I think it is generally accepted 
that in the minds of the public, universities are objective and authoritative In our 
society as a whole, the universities seem to have the eminence that the church held m 
the past Hence, the fact that "university scientists" or "umversity faculty" are raising 
questions about various aspects of a nuclear power plant inclines the average person to 
the same view and tends to raise questions as to the credibility and the integrity of the 
AEC as well as the utility concerned Whether or not the propaganda phenomenon was 
in some way involved m initiating the opposition, I shall not conjecture other than to 
recall EUuFs suggestion that intellectuals are among the most vulnerable to 
propaganda 

In late 1969 Gofman and Tamplm of Lawrence Radiation Laboratory at 
Livermore, an AEC laboratory, began their crusade Drs John W Gofman and 
Arthur R Tamplm have been advocating that the permissible hmits of radiation 
allowed the general population from the peaceful applications of atomic energy should 
be lowered from the present 170 miUirads per year to one-tenth that value, or 17 
milhrads per year As those of you who were here Nov 18, 1970, know, they claim 
that, if everyone in the United States were to receive the present permissible level of 
radiation, there could be 20,000 to 40,000 additional cancer deaths per year 

In my view, the performance by Drs Gofman and Tamplm m this auditorium fits 
the definition of propaganda In his opening remarks Dr Gofman dismissed forthwith 
the sea of radiation we hve in He then carried the audience along with a seemingly 
logical smooth flow of statistics and data and a liberal sprinkling of assumptions to 
support his views about standards, cancer, and nuclear power He was followed by 
Dr Tamphn, who discussed "pollution " Before the evening was over, what appeared 
to begin as a rational argument for a strict health-physics approach to establishing 
radiation standards had become a stirring appeal to the emotions against the AEC, the 
"nameless, faceless" ICRP and NCRP, and the electric utilities who are building 
nuclear power plants It had the effect of arousing one to oppose nuclear power and, if 
not stop the building of nuclear plants, at the very least cause the declaration of a 
moratorium on the further building of nuclear power plants Whether this is good or 
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bad, you shall have to judge for yourself But the effect on the credibility of the AEC 
is bad 

Before we get into a discussion of approaches to extricating the nuclear 
community from its predicament, there is another aspect of propaganda we should 
touch on Is propaganda really something to be concerned about'' The following ideas 
that Ellul sets forth are m my view worth pondering ^ 

Once propaganda begms to utihze and direct an individual s hatreds, he no 
longer has any chance to retreat, to reduce his animosities, or to seek 
reconciliation with his opponents Moreover, he now has a supply of 
ready-made judgments where he had only some vague notions before the 
propaganda set in, and those judgments permit him to face any situation He 
will never again have reason to change judgments that he will thereafter con
sider the one and only truth 

To the extent that man needs justifications, propaganda provides them But 
whereas his ordinary justifications are fragile and may always be open to 
doubts, those furnished by propaganda are irrefutable and sohd The 
mdividual beheves them and considers them to be eternal truths He can throw 
off all sense of guilt, he loses all feeling for the harm he might do, all sense of 
responsibility other than the responsibility propaganda instills in him Thus he 
becomes perfectly adapted to objective situations and nothing can create a 
spht withm him 

Through such a process of intense rationalization, propaganda builds mono-
hthic individuals It ehrmnates inner conflicts, tensions, self-criticism self 
doubt And m this fashion it also builds a one dimensional being without 
depth or range of possibilities Such an individual wiU have rationalizations not 
only for past actions but for the future as well He marches forward with full 
assurance of his righteousness He is formidable m his equilibrium all the more 
so because it is very difficult to break his harness of justification 

To get back to the credibility predicament, some of the utility people I talked with 
suggested that there might be a way to alleviate part of the credibility predicament In 
their view, it would be helpful if nuclear utilities had access to an independent source 
of information which could provide a rapid response to questions of a technical nature 
concerning their nuclear power plants If this source of information was sufficiently 
conversant with their particular problems, the utility could remove a large part of the 
current burden on their technical staff It was suggested that the credibility of this 
source of information would be enhanced m the eyes of the public if it served other 
interests, not just utilities For example, it might seive state governments and perhaps 
even conservatiomst groups 

I talked with an official of a conservationist group I asked his opinion on the 
desirabihty of having an independent organization which would provide information 
on controversial matters concerning nuclear power plants His initial reaction was that 
it would be an excellent idea In his view, however, people quickly went to one side of 
the fence or the other, and, as a result, it would be virtually impossible for such an 
organization to stay strictly neutral Nonetheless, he felt that there were many 
techmcal questions that required answers which such a quasi-public institution could 
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work on In a later discussion, m talking about how an independent information 
source might be financed, he stated that his organization was not m a financial 
position to assist in the support of such an independent information source nor did he 
beheve other conservationist groups to be financially capable Basically, he did not feel 
that conservatiomst groups should have to support such an independent group He felt 
that, as a member of the concerned public, he had certain fears and unanswered 
questions about nuclear power plants which he voiced to the responsible authorities It 
was up to those who promote nuclear power plants to present the information that 
would reassure him and the others concerned Therefore, there was no real need for his 
organization to support an independent information source 

I next contacted responsible state officials They also thought that having an 
independent organization which would provide information on controversial matters 
involving nuclear power plants was an excellent idea But, in general, state 
governments have very limited resources insofar as developing their own information is 
concerned Because of their limited manpower and funds, they have difficulty m 
obtaining or developing pertinent factual information and presenting a balanced state 
position They have to weigh the information provided to them by utilities against that 
provided by conservationist groups and do the best they can Discussions with state 
officials indicated that, although the states could use an independent source of 
information, their hmited budgets preclude providing any substantial financial support 
to establishing or operating such a source 

Thus, 1 found agreement that an independent source of information which would 
be accepted by the public is desirable but that it is highly unlikely that such a group 
could be financed in such a way as to provide the broad base desired for more 
credibility Nonetheless, a separate central but not necessarily independent source of 
information would serve two needed functions First, it could be set up to provide 
rapid response to individual allegations and thereby remove a large part of the current 
burden on the techmcal staffs of nuclear utilities In so doing, a large amount of 
duplication of effort could be eliminated since many of the allegations concerning 
nuclear power plants involve the same basic technical issues Today, each nuclear-
utility technical staff must review these issues in depth to respond to allegations 
Second, a central source of information could also do a great deal to organize the 
technical specialists on nuclear power plants, particularly those specialists m the wide 
range of area^ associated with environmental effects Currently, it is quite difficult for 
utilities to find the right specialist to handle the particular problem at hand In this 
regard, the umversity faculty can be an excellent source of technical support Today, 
theie are university faculties that are strong proponents of nuclear power, there are 
others who are strong opponents However, I believe that most faculties directly 
involved in nuclear technology see nuclear power plants as the most promising 
alternative to meet the rapidly expanding need for electric power Some faculties m 
the life sciences and humanities have taken a negative attitude on nuclear power plants 
even though they do not have expertise m this area Some of these are quoted by the 
critics of nuclear power plants, and their statements have been used to frighten more 
than to inform the public However, when these faculties raise questions that should 
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be answered, it would be best if other faculties, not the AEC or the utilities, gave the 
answers I see the separate central source of information which 1 have suggested 
performing a valuable service m this area 

In looking at other possible approaches to resolving the communications 
predicament, one should recogmze a characteristic of the myth Once a myth or a 
prejudice has taken hold in the mind of a person, it is extremely difficult to dispel it 
Hence, it is most desirable to attack and dispel myths before they gain a foothold The 
opposition to nuclear power is at present a regional phenomenon, but it is spreading It 
is, in my view, extremely important to actively combat the spread m each region that 
has been relatively untouched as soon as organized opposition becomes apparent 

In my experience the public m general does not pay attention to matters hke 
nuclear-power opposition unless it becomes a local issue As soon as it does become a 
local issue, it is important then to come in with the facts, the data, and convincing 
expertise and to confront the opposition before the partial truths become gospel, 
because it is then that there is a sizeable interested, and largely unpolarized audience 

I am now convinced that with proper preparation confrontation can be effective 
The efforts of Dr Bond, Dr Whipple, and others are leading the way in this approach 

As I mentioned earlier, promptness is equally as important as accuracy in 
responding to specific allegations concerning particular nuclear power plants The 
allegations create interest If the answers are not given promptly, the pubhc eithei 
accepts the allegations as true or assumes that there is some truth in them otherwise 
the answer would have been given promptly 

In seeking an approach to rolling back the negative attitude toward nuclear power 
that has already developed, we should take cognizance of another characteristic of our 
modern society That is, people tend to read publications that reflect their opinions 
For example, m the nuclear community there are a number of publications that most 
everybody reads, and they reflect the opinion of the nuclear community As opinion is 
shaded by new information, the readers' opinions generally shade with them I am sure 
the same is true of the health physics community, and so on On the other side of the 
com, if a person reads an editorial in a publication to which he subscribes that does 
not agree with his convictions, he may drop the subscription, or he may voice his 
objections to the editor Thus, there is a feedback system that tends to keep the 
publication and those who read it together The same principle applies to newspapers, 
to magazines, and to radio and television programs Those publications (or radio or 
television networks) that have become or have tended to become anti-nuclear are not 
going to be brought around to being neutral or pro-nuclear without good reason They 
are not going to publish pro-nuclear articles or present pro nuclear programs just 
because we submit them letters to the editor pointing out inaccuracies in articles 
would be a start, however 

But, again m my view, the main effort has to be an attack on the myths Let us 
take the myth that there is no background radiation If one were to tell a newspaper or 
magazine editor that radiation is nothing new to mankind, that man has always lived m 
a radiation environment, and that the radiation the general population receives now 
and will receive for many years to come from the nuclear power industry represents 
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but a very small fraction of the total radiation he is receiving from natural background 
radiation and from medical diagnostic procedures, as Dr Morgan told us here several 
weeks ago, it is not very likely the editor will believe it If he wanted to believe it, 
where would he go to verify it ' It is m obscure reports somewhere in the Department 
of Health, Education, and Welfare or the AEC or m an article in a medical journal or in 
a scientific book But it is not where an editor or his staff can readily find it 
Information on the background radiation levels in our cities, in my view, should be in 
every standard fact book beginning with the Department of Commerce Statistical 
Abstract of the United States People would be able to see for themselves there is no 
obvious correlation between cancer mortality and radiation levels by looking at and 
comparing background radiation level with the cancer mortality statistics of various 
localities Other myths have to be destroyed by pointing out the irrationalities m terms 
of everyday experience that people can understand 

An approach m tackling the establishment myth is to point out that organizations 
such as those that are concerned with promoting and regulating the atomic energy 
programs are not monolithic, nameless, faceless things They are composed of people 
who are as much concerned about the environment, the safety of their families, their 
children, and their grandchildren as we are They hve in the same environment we do 
Our democratic society does have organization, but it is not a rigid monohthic 
organization The organization or organizations of which it is composed are 
assemblages of people like you and me People make the policies Even in the mihtary 
It is people that deteimine the character of the organization, it is not the organization 
that determines the character of the people in it Our government is still a government 
of the people, by the people, and for the people The problems that we have today are 
not problems created by the nameless, faceless "establishment" or the nameless, 
faceless "corporate state " They are problems created by people The problems are 
there because you and I exist and because you and I want to do more than exist We 
want to hve To live rather than to exist requires organization, division of labor, 
cooperation, and it requires energy 

Then there is the myth that technology causes more deaths Technology does not 
"cause" more deaths We are not immortal, and each person that is born dies only 
once Technology may shift the statistics so that a different percentage die of a 
particular cause For example, the automobile, since its introduction at the turn of the 
century, has been the cause of earlier life termination for an increasing number of 
people Yet, the overall average hfe-span of the population has increased from about 
47 years to about 70 years in that same period owing largely, if not entirely, to 
technology 

An associated myth is that no one should have the right to determine the risks vs 
the benefits for anyone else You should be the only one to determine the risks vs the 
benefits to yourself But is this practical'' First of all, there is virtually nothing we do 
that does not involve a risk of death. Most of the time that risk is extremely small, but 
it IS finite We risk our hves taking a bath, we risk our lives walking up and down stairs 
Even lying m bed involves risks These are very small risks that involve only ourselves 
But we also risk the lives of others If we contract to build a house, included is the cost 

• 
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of insurance to cover the possibility that someone wOl die or be injured during 
construction. Most of us carry hazard insurance against such possibilities as a passerby 
falling and injuring himself on our sidewalk or an invited or uninvited guest drowning 
in our swimming pool. In coming to this forum tonight, those of us who drove, as I 
did, risked not only each of our lives and those of our passengers but also those of 
pedestrians and of people in other automobiles. It is because of these risks that we 
carry bodily-injury liability insurance. Are we going to stop driving our cars because in 
so doing we are risking the lives of others? Are we going to stop building new homes or 
new office buildings because people might die in the process? Are we going to deprive 
ourselves of the benefits of nuclear power because of similar small but finite risks? 

There is no practical way in our organized society for a person to determine in any 
precise way the risks vs. benefits to himself alone. The idea that having a single body 
promote and regulate an industry is "incompatible'" is an associated myth. If a 
separate body were to be established with no responsibility but to assure absolute 
safety of the nuclear program, the nuclear program would stop dead because there is 
no such thing as absolute safety. Anything less than absolute safety will require 
balancing of risks vs. benefits. A fact that should be continually pressed is the 
remarkable safety record of the nuclear power program and the fact that the nuclear 
power reactors we are building today are not and cannot be made into or act like 
nuclear bombs. 

The most serious reactor accident we have had occurred in 1961. There was a 
reactor excursion in an experimental military reactor, the SL-1, at the National 
Reactor Testing Station in Idaho. It was not a nuclear explosion. It is impossible for a 
power reactor designed for the generation of electricity like the ones we have and are 
building today to explode Uke a nuclear bomb. The SL-1 reactor accident was caused 
by a rapid rise in reactivity with its corresponding rapid rise in temperature which 
quickly generated a large volume of steam that burst some of the reactor components 
apart and created missiles. Damage was confined to the building. Three men who were 
in the reactor compartment at the time were killed. These, incidentally, are the only 
deaths that have resulted from the malfunction of a reactor in the United States in the 
more than quarter of a century of the program.^ The fact that there has been but one 
fatal reactor accident in such a large program in that period of time is remarkable, and 
I believe the record is powerful evidence that the health and safety not only of the 
public at large but of its own people has been a primary concern of the AEC since it 
was founded. 

Another fact that should be stressed is the record of the naval nuclear propulsion 
program. The record of the more than 100 nuclear power plants designed, built, and 
operated under Admiral Rickover's direction is powerful evidence that safe and 
rehable nuclear plants can be built. The tens of thousands of officers and men who 
have lived on U. S. Navy nuclear-powered submarines and surface ships are probably 
the best testimony that can be offered to convince the public that living near a nuclear 
power plant does not have to be dangerous. 

My final point has to do with all energy, not just atomic energy. Energy is the key 
to improving the welfare of man and to improving his environment. It is the key to 
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solving the problems of waste and pollution and to providing the means for more 
people to live better on this planet It is the key to living rather than merely existing 
There is a myth that we are rapidly running out of energy resources Dr Hubbert 
pointed out m his talks that with present technology we have several hundred years of 
energy resources left on this planet Dr Thompson in his talk said that the breeder 
reactor when developed will provide us with energy for a thousand years or more, and 
successful development of the controlled thermonuclear reaction should provide us 
with energy for many thousands of years These are the resources on this planet In 
1969, m my view, one of the most significant events in the history of this planet 
occurred The astronauts brought back rocks from the moon In so doing they 
initiated the bringing of resources from outside this planet, from the vast universe 
around us to our earth Our energy resources are as mfirate as the universe itself 

Our future as a people is as bright as we wish to see it It is as bright as we the 
people working together m harmony wish to make it 
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At the outset, I want to estabUsh the outer limits of my competence and to disclaim 
the expertise which the sponsors of this program have attributed to me. The Forum 
has credited me with having "acquired a broad familiarity with the biological effects of 
radiation, which enables him to evaluate the risk—benefit balance as applied to 
radiation exposure." This simply is not true. Moreover, attributing such competence to 
me is somewhat compromising, since some of the members of the nuclear 
estabUshment—of which I have been critical in the past—have, in turn, criticized me 
for what they regard as my having expressed judgments as to elements of radiation risk 
with respect to which I have no competence. 
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Let me, therefore, state with complete candor that I am only a lawyer and law 
teacher I have never studied, except superficially as part of my high school and 
general liberal arts college education, any physics, chemistry, engineering, or biology I 
have, however, had considerable experience as a lawyer and law teacher in dealing with 
legal aspects of nuclear safety I have also read widely m the relevant scientific and 
quasi-scientific literature, and, although I am not able to understand or assess all of it, 
I have no doubt as to my ability to comprehend accurately that information which I 
need to know to do "my thing " 

There is a pernicious myth abroad in our society today that only technically 
educated and experienced experts are capable of forming vahd judgments regarding the 
scientific and engmeeimg components of public-policy issues I do not for one 
moment downgrade the role of scientists and engineers, we could not possibly make 
sound pubhc-pohcy judgments on science and technology without their inputs On the 
other hand, their professional jargon obscures rather than enlightens pubhc discussion, 
and the system of peer review tends to stifle meaningful pubhc debate It is vitally 
important that means be found to compel the experts to translate their public pohcy 
inputs into the language of ordinary pohtical discourse, and, until this is done, it is 
vitally necessary that laymen make the effort to penetrate the technical obfuscation 
and to discuss the underlying moral, social, and political issues as effectively as they 
can 

During the past 15 years or so, it has been our national policy that nuclear powei 
shall be rapidly developed and introduced m order to meet this nation's expanding 
energy needs m the decades ahead To this end, the Atomic Energy Commission and 
the Joint Committee on Atomic Energy have zealously (and jealously) promoted, 
encouraged, protected, and subsidized nuclear power At the same time, the AEC has 
adopted and implemented a strmgent program ot hcensmg and regulation to safeguard 
the health and safety of the pubhc against the obvious and conceded risks involved m 
the operation of nuclear power plants Let me make it cleai that I believe the AEC 
regulatory staff is a well run organization with outstandingly competent and dedicated 
personnel who are smgle-mmdedly concerned with protecting the health and safety of 
the public Also, I want to make it clear that I do not regard the dual, perhaps 
conflicting, promotional and regulatory responsibilities of the AEC as necessarily evil 
While separating these functions might well improve the situation which I shaU shortly 
describe, I beheve that the basic difficulties are more deep-seated and would probably 
persist even if the licensing and regulatory functions were moved into a separate 
agency 

I turn now to the benefits and risks of nuclear power No one can seriously 
question the pioposition that nuclear power involves, at least potentially, immense 
benefits for our society It is an obvious means for meeting our growing energy needs 
for the decades ahead m the face of dwindling supplies of fossil fuel In addition, it 
provides a means for obtaining needed energy without our suffering the environmental 
pollution attributable to the use of fossil fuel for this purpose 

Looking at the risks, nuclear power plants involve their own unique form of 
environmental pollution in the form of thermal and radioactive discharges fiom the 
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plant I mention thermal pollution only in passing With respect to radiation pollution, 
I am not saying that radiation discharges in the normal operation of a nuclear powei 
plant in fact pollute the environment or are harmful I do not know, and no one 
knows with ceitainty, whether or not such radiation discharges are harmful What I am 
saying is that, as long as radiation protection is based on the twin premises that there is 
no threshold of radiation exposure below which no injury occurs and that any 
exposure to man made radiation may be haimful we must assume that there is a 
significant iisk 

This conclusion is in no sense based on any peisonal technical competence other 
than my ability to read the English language In an article in the Washington Sunday 
Star^ criticizing the Gofman Tamplin position, AEC Commissioner Dr Theos J 
Thompson and Dr William R Bibb began by saying "All radiation is potentially 
dangerous and radiation exposure should always be kept as low as piacticable " 
Our piesent radiation protection standards are based on the findings of the Federal 
Radiation Council (FRC) that "There are insufficient data to provide a firm basis for 
evaluating radiation effects for all types and levels of radiation There is particular 
uncertainty with respect to the biological effects at very low doses and low dose rates 
It IS not piudent therefore to assume that there is a level of radiation exposure below 
which there is absolute certainty that no effect may occur " And the basic principle 
underlying these standaids is the statement by the FRC that "There should not be 
any man made radiation exposure without the expectation of benefit resulting from 
such exposuie " 

Accordingly, it should be clear that the risk involved m radiation discharges from 
nucleai power plants lies not m knowledge that there may be haimful ettects but 
lather in uncertainty as to whether or not there will be harmful effects This 
unceitamty exists primaiily because the envuonment and the population have been 
subject to significant low level man made radiation discharges for only about 25 years 
In considering the lelevance of this we should note that a much longer peiiod of time 
elapsed before we became aware of the adverse effects of sulfur dioxide fiom the 
burning of fossil fuels and automobile exhaust fumes And DDT was widely used 
foi about 25 years befoie there was general recognition ot its adverse environmental 
effects We must assume 1 believe, that theie is at least some possibility that some day 
in the future, after we have become irrevocably committed to nuclear power, we wdl 
learn that the low levels of radiation discharged into the environment are harmful If 
this happens it will be just as difficult for us to rid ourselves of radiation pollution as 
it has been to eliminate DDT, auto exhaust fumes and sulfur dioxide fiom oui 
environment 

There is another and moie important iisk of nuclear power —the possibility of a 
catastrophic accident Fifteen years ago the AEC commissioned Brookhaven National 
Laboiatory to conduct a study of the Theoretical Possibilities and Consequences of 
Major Accidents m Large Nuclear Power Plants This study concluded, under quite 
pessimistic assumptions that a single majoi accident might result m as many as 3400 
deaths and 43,000 injuries, property damage of as much as $7 billion, and land 
contamination of vast areas More recently, AEC Chairman Seaborg stated that 
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potential damages might be even greater today because of the larger nuclear plants 
now being constructed 

On the other hand, everyone will agree that, because of the care exercised by 
industry, the stringency of AEC regulation, and the careful multiple safety leviews, the 
possibility of such an accident is extremely remote But, however mfinitesimally low 
the probability of such an occurrence may be, the risk of such an accident is 
sufficiently real that industry itself is not today willing to assume it Industry, along 
with John Q Public, knows Murphy's law— that what can go wrong wiU go 
wrong --and has not been willing to bear the financial risks of public liability ensuing 
upon a catastrophic accident Accordingly, to eliminate this roadblock to nuclear 
power. Congress in 1957 enacted the Price—Anderson Act As recently as 1965 the 
Joint Committee on Atomic Energy stated as a justification for extension of the 
Price—Anderson Act that the possibility of astronomic liability arising out of a 
catastrophic accident stiU remained a deterrent to industrial participation in atomic 
energy The act is quite complicated, but m essence, as it stands today a utility 
operating a nuclear power plant is required to carry $82 million of private insurance 
the maximum available from the insurance industry Over and above this, the AEC will 
indemnify any person who may be hable to members of the public on account of a 
majoi accident to the extent of $478 million if aggregate liability exceeds this $560 
miUion total all liability in excess of this amount is arbitranl> cut off Thus theie is 
no possibility that any utility or equipment manufactuier will incur one penny's worth 
of liability, on account of a catastiophic accident, out of its own pocket 

The continuing existence of the Price Anderson Act the insistence by industry 
that Its continuation is necessary, and the tender loving care bestowed upon it by the 
AEC and the Joint Committee, as evidenced by a continuing effort to refine and 
improve it by amendment, clearly demonstrate that the AEC and the Joint Committee 
believe there is a credible risk of such a catastrophic accident In effect, the public 
living m the shadow of a nuclear power plant is required to assume the veiy same 
degree of risk that industry will not assume without the protective umbrella of 
Price—Anderson But there is no protective umbrella for the public All the public has 
IS the assurance that if total liability claims are not m excess of $560 million, ine 
public wiU receive monetary compensation for damages it sustains in event of an 
accident The public is fully entitled to give the risk of an astronomically catatrophic 
accident the same credibihty and weight as industry, the AEC, and the Joint 
Committee gave it 

The fact that nuclear power involves significant risks does not mean that nuclear 
power plants should not be built and operated Assumption of risk is an inevitable 
corollary of growth, progress, and change The critical question that must be answered 
IS how determinations as to benefits and risks are made m the AEC nuclear 
power hcensing process 

The Atomic Eneigy Act of 1954 and subsequent amendments to this Act as well 
as annual authorizations and appropriations to the AEC, clearly reflect a national 
pohcy that nuclear power should be developed, introduced, and used The Atomic 
Eneigy Act although it contains more than 20 explicit commands to the AEC to 
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ensure protection of the health and safety of the public, does not provide any formula 
or standard for balancing benefits against risks. There are only the elhptical 
pronouncements that no license may be issued if m the opinion of AEC it would be 
"inimical to the health and safety of the public" and that applicants must provide 
information sufficient to enable AEC to find that there will be "adequate protection" 
of the public health and safety. The AEC's rules and regulations do, however, provide 
a standard for issuance of construction permits and operating licenses, a license or 
permit may be issued if there is "reasonable assurance . of no undue risk to the 
health and safety of the public." It is assumed that operation of the nuclear power 
plant will involve some degree of risk, and it is only a determination that there will be 
undue risk which will bar licensing of the plant. The concept of "undue risk" has not 
been defined m AEC regulations or decisions, although the U. S Court of Appeals for 
the District of Columbia in the PRDC (Fermi) case stated that the phrase "without 
undue risk" is substantially equivalent to the phrase "adequate protection of the 
health and safety of the public " But "adequate protection" is every bit as ambiguous 
as "without undue risk." 

I would suggest that what is or is not undue risk can be determined only by 
reference to anticipated benefits. This point is cogently made m the recent report of 
the National Council on Radiation Protection and Measurements,^ which teUs us that 
conceptually, at least, determination of what risks are "acceptable" involves a 
balancing of benefit against costs or losses. An activity is without undue risk only if 
assumption of the risk is acceptable m terms of the concomitant benefits which are 
expected to result In most instances that are analyzed in benefit—risk terms, risk is 
assumed voluntarily by an individual because he expects to leceive direct personal 
benefits In the case of nuclear-power-plant risks, however, the iisk falls upon the 
general public involuntauly. The question of undue risk must, therefore, necessarily 
focus upon whether the public wants the benefits of nuclear power sufficiently to lead 
It to accept the risks And, of course, the problem is complicated because the risks 
may fall largely on those who neither want nor receive any benefits. 

With these considerations m mind, I turn to a discussion of the manner in which 
benefit—risk factors are weighed m the licensing of nuclear power plants 

The first step m the licensing process is to determine whether an AEC permit 
should be issued for the construction of the plant. The determination of whether or 
not construction and operation of the plant involves undue risk is made m the first 
instance by two sepaiate bodies, the AEC legulatory staff and the AEC Advisory 
Committee on Reactoi Safeguards (ACRS) These groups consider the technical 
aspects of the proposed plant m meticulous detail and with meticulous care The 
process of review involves continuing reciprocal feedback between these groups and 
the apphcant and the equipment suppliers, and numeious design changes, all intended 
to enhance the safety of the plant, result from this process When both the ACRS and 
the regulatory staff are satisfied that there will be no undue risk, the hcensing process 
moves to the next stage Conversely, it is likely that the applicant will withdraw its 
application if either of these groups cannot be satisfied 
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When the regulatory staff and the ACRS have both signed off m written reports 
indicating their separate views that the proposed plant can be constructed without 
undue risk, the case is set for a mandatory pubhc hearing before a three-man Atomic 
Safety and Licensing Board consisting of one lawyer and two technically trained 
members Unless some third party intervenes and becomes a party to the hearing, the 
only parties are the AEC regulatory staff and the applicant In either event, the role of 
the AEC regulatory staff in this heaimg is largely one of advocating and defending its 
conclusions that there is no undue risk and that the construction permit should be 
speedily issued If there has been an intervention, the AEC legulatory staff vigorously 
supports the applicant's position and opposes the intervenor's contentions The 
ultimate decision on the factual issue of undue risk is made by the Atomic Safety and 
Licensing Board 

After the plant is constructed, the applicant applies for an operating license Again 
the apphcation is reviewed by the regulatory staff and the ACRS, and the regulatory 
staff, if It is satisfied, publishes a notice that it proposes to issue the operating license 
Theie is no mandatory hearing at this point The license will be issued at this point 
unless some third party intervenes and is granted a hearing befoie an Atomic Safety 
and Licensing Board If such a hearing takes place, the resources of the regulatory staff 
aie again fully deployed against the intervenor and in favor of issuance of the hcense 
In the event such a heaimg is held, the ultimate licensing decision is again made by the 
Atomic Safety and Licensing Board 

It IS apparent that these procedures provide for multiple levels of safety review by 
independent groups the equipment supplier, the applicant, the ACRS, the AEC 
regulatory staff the Atomic Safety and Licensing Board, and, in some cases, even by 
the Atomic Safety and Licensing Appeal Board and the Commission itself I assume, 
indeed I beheve, that at each of these levels there is a meticulous and conscientious 
effort made to ensure that the plant will operate m a manner consistent with what 
these groups sincerely believe to be adequate protection of the public health and 
safety More specifically, there is no question whatsoever m my mind that the 
government participants in this process are dedicated public servants motivated solely 
by considerations of the public mteiest Nevertheless, from the standpoint of the 
public interest there aie serious deficiencies 

1 At no stage m the licensing process is any consideiation given to the question of 
whether the benefits of the plant outweigh the risks The entire process is based on the 
premise that Congress has determined that nuclear power involves substantial benefits 
and that nuclear power plants should be constructed and operated Thus ever> 
proposed plant is regarded as beneficial per se, and the sole issue becomes whether 
adequate health and safety safeguaids are incorporated Since it is always possible to 
make any nuclear power plant safer by imposing greater costs on the applicant, the 
end result of the process is a determination of what degree of risk the public should be 
compelled to assume m older to have the presumed benefits of nuclear power 

2 At every stage of the process, decisions are made by gioups consisting virtually 
exclusively of experts in the technology Their immersion m the areas of technical 
expertise tends, at least, to narrow then focus and to preclude a broad view 
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particularly with respect to human values and the realities of pubhc policy In short, 
although they aie expected to make decisions m the pubhc interest, there is little 
reason to beheve that they have or can have any real conception of what the public 
interest is 

3 The entiie licensing process is built on the concept of public participation—oi 
at least the opportunity for public participation —in the process This is more facade 
than reality The key element from the standpoint of protection of the public interest 
IS the AEC regulatory staff Since theie is no mechanism for public participation until 
the regulatory staff has made its decision that there is no undue risk and that the plant 
should be constructed or operated, the position of the regulatory staff is frozen before 
the public has had an opportunity to participate Therefore, the regulatory staff 
always finds itself aligned against the intervenors who purport to represent the public 
interest It seems to me that there is something fundamentally wrong with a system 
whose workings inevitably portray a competent and dedicated legulatory staff as an 
enemy of the public interest Moreover, although the AEC's procedures are written so 
as to encourage public participation, in fact the AEC participants act m a manner that 
has the effect of discouraging such participation In effect, public participation has 
become a device for soliciting the pubhc's ratification of the decisions made by the 
experts behind closed doors rather than a meaningful opportunity tor the public to 
participate m the process of balancing benefits against risks 

This last point warrants some explanation Under the AEC's proceduies the hcense 
application, amendments thereto, and all pertinent correspondence are con 
tempoianeously available for public examination This is a tremendous mass of highly 
technical mateiial which can be digested and comprehended only by a team of experts 
and certainly not by the general public Meaningful pubhc comprehension cannot be 
expected until the ACRS and the regulatoiy staff lelease then written reports But the 
ACRS repoit is usually terse, technical, and cryptic, and the public cannot learn too 
much from it about the basic issues The regulatory staff's report reflects an effort to 
summarize and tie together all lelevant facts m a manner that will be somewhat 
comprehensible to the public This report is written, however, m a manner calculated 
more to justify the staff's conclusions that there is no undue risk than to apprise the 
pubhc of what risks were involved m the plant, what has been done to minimize these 
risks, and what risks remain It is calculated more specifically to allay public 
concern—to persuade the public to trust the experts The report invites the pubhc to 
assume that there are no risks When an intervention nevertheless occurs, and 
mtervenois seek with their typically limited resources, to develop a public record that 
portrays the risks, they are met with the stubborn and unyielding resistance of not 
only the applicant but also the AEC regulatory staff Indeed, it is a tragic fact that 
mteivenors and the public geneially regard the AEC itself and not the unfortunate 
utility caught in the middle, as "Public Enemy No 1 " The almost inevitable 
consequences are that the intervenor's contentions get into the record in highly 
exaggeiated form and are easily snowed under by the applicant's and AEC's mote 
accurate testimony The interested public is then forced to accept eithei the 
mtervenor's exaggerated version of the risks oi the opposite position that the risks are 
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virtually zeio, with no opportunity to understand the actual risks m perspective 
Another consequence is that intervenors, frustrated by what they consider to be AEC's 
mtiansigence, have resorted to what some industry spokesmen have caUed "guerilla 
warfare," especially at the operating-license stage when the economic consequences of 
delay are severe 

Public participation m the AEC licensing process has generally been regarded as 
essential and desirable, without any real consideration of what is gained by it On the 
other hand, the public does not participate m risk—benefit decisions made m other 
areas, such as food and drug, budding elevators, and commercial aircraft safety For 
example, the Jan 4, 1971, Washington Post cairied a story about failuie and fire 
problems with the Boeing 747 engines According to the Post, the Federal Aviation 
Administration (FAA) prodded the Boeing Company, Pratt & Whitney, and the 
airlines to undertake corrective modifications but decided not to giound the 747's 
while these modifications were under way The Washington Post story tells us 

At no time during this decision making process was the public brought mto 
the picture Regardless of an individual's expertise, unless he worked for an 
airline, or a manufacturer, or the FAA, it was not for him to decide whether 
to ride—or not ride—747's That decision was made for him by the parties 
most interested, by those with fortunes or reputations at stake, by what might 
be called the civil aviation establishment 

Why should not nuclear power licensing determinations be made similarly 
without public paiticipation—by the atomic energy estabhshment'' 

There are, I beheve, a number of good reasons First, there is a long history of lack 
of public confidence in the AEC coupled with what many influential observers believe 
to be a massive credibdity gap Whether this is justified or not, the present requirement 
for a mandatory pubhc hearing at the construction permit stage is a direct outgrowth 
of the lack of confidence m the AEC arising out of its issuance of a construction 
permit for the Fermi reactor in 1956 Second, the risks of nuclear power are many 
orders of magnitude greater than any other activity m our society, and they are borne 
by the public generally and not by individuals, who, as a matter of volition, eat certain 
foods, take certain drugs, enter elevators, or fly m commercial aircraft Third, nuclear 
power technology, because of its govemmentally sponsored antecedents and strong 
government support, has come into being and is being developed and introduced at an 
exceptionaUy rapid rate as compared with normal commercial technologies, despite its 
risks, particularly the risk of a catastrophic accident The normal processes through 
which the economic marketplace assesses and prices risk have been largely preempted 
out of the picture by federal subsidies and the Price—Anderson Act Some form of 
public participation is probably necessary to replace the market system as a cautionary 
cuib on overly rapid expansion of the technology In particular, if we recognize that 
the push for nuclear power comes as much, and perhaps more, from government than 
from industry, public paiticipation in the licensing process is a means foi perfecting 
and implementing the democratic process It is perhaps the most effective means for 
citizens to tell the governmental atomic-energy establishment what is 'bugging" them 
about nuclear powei 
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Still, I have real doubt as to whether public participation in the licensing process is 
really worth the expense, effort, and delay Certainly the present public participation 
in the form of largely ineffective intervention by citizen groups is not particularly 
productive in contributing to an appropriate determination of risk-benefit considera 
tions On the contrary, the facade or illusion of public participation gives false 
legitimacy to the decisions made behind closed doors by experts Moreover, it is 
difficult to believe that pubhc participation can contribute anything useful with 
respect to the technical details of the facihty —the design the adequacy of the 
equipment, and the gadgetry The concern of the public is not with what happens 
inside the plant but only with what comes out of the plant mto the environment under 
normal operating conditions and under potential accident conditions I think it can 
fairly be assumed that the plant is designed, constructed, gadgeted, and operated to 
meet the AEC's standards with respect to discharges into the environment The basic 
concern of the public is with the adequacy of these AEC standards, and the AEC has 
steadfastly insisted that the Atomic Safety and Licensing Boards are constrained to 
make their decisions within the scope of these standards It is, therefore, an exercise in 
futihty for pubhc intervenors to attempt to attack these standards in a hcensing 
proceeding by arguing that operation within the standards creates undue risk Looking 
at the question of public intervention objectively, therefore, one must conclude that 
the principal purpose served is one of harassment, i e , using the leverage of delay and 
expense to induce the applicant and the AEC to incorporate additional health and 
safety safeguards Although even this could be regarded as justifying pubhc 
participation m the licensing process, I have serious doubt that the advantages 
outweigh the delays, expense, and consequent deterrent to introduction of nuclear 
power In saying this, let mie emphasize that I am not saying that the nation m fact 
needs more electrical power capacity or that, if it does, nuclear power is needed My 
point IS simply that the public policy decisions with respect to these questions should 
not be made and shaped in the forums in which AEC licensing decisions are made 

There is, however, a compelling need for ensuring that the AEC and the Joint 
Committee on Atomic Energy are truly accountable to the public for their nuclear 
power policies and responsive to the public will with respect to the costs, risks, and 
benefits of nuclear power Professor Joseph L Sax of the University of Michigan Law 
School began the foreword of his recently published book. Defending the Environ 
ment ^ by saying 

We art a peculiar people Though committed to the idea of democracy as 
private citizens we have withdrawn from the governmental process and sent in 
our place a surrogate to implement the public interest The substitute—the 
administrative agency—stmds between the people and those whose daily 
business is the devouring of the natural environment for private gam 

Sax lucidly points out that the procedures of administrative agencies typically 
discourage or effectively prohibit public participation in agency decisions affecting the 
environment Consequently, although these agencies are invariably charged with 
lesponsibdity to protect and advance the pubhc interest, they do not know what the 
pubhc's interest is and base their decisions on responses to narrow bureaucratic 
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pressures What Sax says, I beheve, is at least as, and quite likely more, applicable to 
the AEC than to any other administrative agency 

In Its famous Scenic Hudson case decision in 1965, the United States Court of 
Appeals for the Second Circuit, addressing itself to the Federal Power Commission's 
contention that it was the representative of the public interest, said 

This role does not permit it to act as an umpire blandly calling balls and strikes 
for adversaries appearing before it the right of the public must receive active 
and affirmative protection at the hands of the Commission 

These considerations point in the direction of fixing agency accountabihty in terms of 
judicial review of agency action Two months ago the United States Court of Appeals 
for the District of Columbia decided a pair of cases involving agency decisions with 
respect to the insecticide DDT and the herbicide 2,4,5 T Speaking for the court. 
Judge Bazelon stressed that a statutory procedure for public participation in 
administrative decision making "may not be lightly side stepped by administrators " 
Such decisions, he said, must take place "in the full light of a pubhc hearing and 
not behind the closed doors of the Secretary" (of Agriculture) Moreover, 
particularly where the agency action "touches on fundamental personal interests in 
life, health, and hberty," it is necessary, m order to assure appropriate judicial review, 
that the agencies "articulate the standards and principles that govern their discre 
tionary decisions m as much detail as possible " 

These considerations appear to be even more cogent m the area of exceedingly 
complex technologies like nuclear power than they are in the cases of mere siting of 
power plants, the use of insecticides and herbicides, and the authorization of 
highways, dams, and landfills They point, moreover, to a rational format for the role 
of the pubhc m nuclear power licensing 

In my view, the interests of the pubhc would be adequately served if the nuclear 
power licensing process involved a full and candid articulation, in a public forum, of 
the benefits and risks of the particular facility, coupled with what Judge Bazelon terms 
a "principled decision" which fairly, candidly, and in detail sets forth the AEC's 
assessment of the benefits and the risks and the considerations underlying its decision 
to license the plant This decision should be written in the spirit of full disclosure and 
in a manner calculated to perrrat the ordinary educated man to understand the facts 
and the issues This should include a dehneation of what the risks are, what the 
applicant has done to minimize the risks, and what risks remain There should be, 
among other things, a candid statement of what is not known about the long term 
effects of continuing discharge of low levels of radiation and a frank discussion of the 
risks and potential consequences of a major accident m the event the engineered 
safeguards do not work as advertised The applicant's dependence on the Price-
Anderson Act umbrella should be disclosed Simdarly, the benefits of the plant should 
be fully discussed m the light of alternative sources of power as well as in the light of a 
decision not to install additional capacity 

Presentation of evidence with respect to these matters in the first instance might 
well be made the responsibility of the applicant Alternatively, or to supplement the 
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applicant's presentation, the AEC regulatory staff itself might be required to make this 
record If this were done, I am confident that citizens' groups would have little 
incentive to intervene in the hcensing proceedings before the AEC The hcensing 
hearings could then proceed expeditiously and without the delays and costs which 
now characterize them 

The evidentiary record, as well as an AEC decision that would fully and candidly 
evaluate the benefits and risks and the bases for the decision, would serve a salutary 
purpose It would, first of all, provide a firm basis for judicial review at the instance of 
citizens who are not pleased with the result More importantly, it would serve to 
educate the public and provide a firm basis for pohtical action which citizens might 
wish to initiate to persuade Congress to change the ground rules for nuclear power 
hcensing 

There are, I believe, other steps which might be taken, without prejudice to the 
public interest, to streamline the licensing process I see little point m the present 
two-step licensing process, especially since at both stages the focus is on the technical 
aspects of the plant It would be preferable to have a single hearing that would concern 
only the suitability of the site based on clearly articulated specifications as to what the 
maximum discharges to the environment will be m normal operation and m the event 
of an accident The focus would be on what comes out of the facility and not on the 
equipment and gadgets incorporated within the facihty At this hearing, the kind of 
record I discussed above would be made, and in its decision the AEC would fully and 
candidly discuss and evaluate benefits and risks If the proposed plant is approved, a 
construction permit would be issued subject to the stated specifications, and the 
public would rely on the AEC's experts to ensure that these specifications are met As 
IS presently the case, the AEC's order authorizing issuance of the construction permit 
would be subject to judicial review. When construction of the plant is completed, the 
AEC regulatory staff would prepare a description of the plant, the manner in which 
the previously prescribed environmental specifications have been met, and a detailed 
and candid discussion of the benefits and the remaining risks The construction permit 
would thereafter automatically ripen into an operating license unless an intervention 
petition IS filed Intervention would be permitted solely on the issue of whether there 
IS undue risk that the environmental specifications are not or may not be met In the 
event of a hearing at this stage, both the hearing and the AEC's decision would again 
reflect the principle of full disclosure If the operating hcense is issued, there would 
again be opportunity for judicial review—the same opportunity as now exists 

These suggested improvements in the AEC licensing process would, I am confident, 
discourage interventions and, where interventions do occur, would make them much 
less disruptive of expeditious, efficient, and economical hcensing At the same time, 
they would contribute to the public interest by focusing attention on those matters 
which are of paramount public concern and by giving the public better and more 
useful data on which to base legal or pohtical action Although I have no doubt that 
these suggestions would, in fact, eliminate many of the present anomalies and 
torturous difficulties in the present licensing system, I must say m all honesty that I do 
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not know whether they would serve to encourage or to retard the growth of nuclear 
power. 

Some will say that a candid articulation of the risks of nuclear power would tend 
to alarm the pubhc unduly and to foster an irrational opposition to nuclear power. But 
impUcit m this objection is the notion that Big Brother knows best what is in the best 
interests of the public—Big Brother in this case being the AEC, the Joint Committee 
on Atomic Energy, and their massive array of experts. Such a position reflects a lack 
of faith in our democratic processes. It is my firm belief that in our democratic society 
the public itself should have the maximum opportunity to decide for itself what 
benefits it wants and what price it is prepared to pay for these benefits. It is more 
important that government be responsive to what the public wants, rationally or 
irrationally, than it is that the correct decision be made. Our democratic system is 
bottomed on the premise that a democratic society will make mistakes but that in the 
long run truth and right wiU prevail. The public is entitled to know the facts, even 
though some members of the pubhc may use the facts irrationally or irresponsibly. 
After all, we permit the American public, through its elected representatives, to make 
erroneous or even irrational decisions as to who should sit on the Supreme Court; as to 
tax, fiscal, and economic policy; and as to war and peace. Why not permit the same 
latitude with respect to the far less important issue of nuclear power? 
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My position here is much like that of a fellow who went swimming in the Baltic Sea on 
a summer day a number of years ago. He was sighted by a fisherman, who mistook him 
for a seal. In those days there was open season on seals, and so the fisherman got his 
gun, laid it across a rock, took aim at the swimmer, and fired. Fortunately for my 
purposes the shot missed. While the fisherman was reloading, a neighbor came over to 
see what the racket was all about. As the fisherman was taking aim for the second 
shot, the swimmer raised himself up out of the water and shouted, "Don't shoot, I'm 
not a seal." The neighbor peered out to sea for a moment and then said, "Shoot. I 
think he lies." 
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Most of the speeches you hear m Washington are written by ghosts. This means 
that on many occasions both the audience and the speaker are hearing the speech for 
the first time, and this tends to make things exciting for everyone. Sad to say, I cannot 
offer you this form of excitement. My ghost discovered recently that he could make 
more on welfare than I am paying him, and so I had to write this myself. 

You must wonder, as I have wondered, whether there is anything to be said for or 
against nuclear power that has not already been said hundreds of times in dozens of 
different ways. The reflexes have aU been weh conditioned. Pavlov rings the bell and 
the dog's saliva flows; nuclear power is mentioned and fists clench, breathing deepens, 
and adrenaline flows. When there is no time to think, the properly conditioned reflex 
can be a powerfully protective mechanism, but it is a poor substitute for rational 
thought. If I am able to trick just a few of you mto rational thought on the subject of 
nuclear power, this evening will be successful beyond my wildest expectations. 

My plan of trickery is simple: first, to tell you why nuclear power is the luckiest 
thing that has happened to us in quite a while, and, second, to consider the 
alternatives. The pea will be in full view all the time the walnut shells are being 
shuffled about. There wiU be no mirrors, no cards up the sleeve, no paid henchmen in 
the audience, and no cry of "hey. Rube" when the tent faUs in. 

Why IS nuclear power the best thing that has happened to us since prohibition was 
repealed? There are three reasons; you know them all, but let us list them once again. 

1. The fissioning of uranium offers a large, new source of energy that has become 
practical at a time when traditional sources of energy are beginning to become scarce, 
difficult to obtain, and expensive. 

2. The safety standards under which nuclear power has developed are the best ever 
seen by any industry, even in its worst nightmares. The nuclear safety standards 
incorporate more scientific knowledge and more cautious judgment than do any other 
standards we have. 

3. Nuclear power plants are intrinsically clean and safe. Were this not so, no sane 
engineer would consider building and operating one under the limitations imposed by 
the Atomic Energy Commission. 

These things are true. Why, then, the uproar? Why the loud cries to piohibit 
nuclear power? I do not understand the reasons for the protests, but, as the protesters 
skip from one reason to another, I have come to beheve that the reasons may have 
come after the conclusions, lather than before. 

One seeks an analogy that may suggest a way out of the impasse in which we find 
ourselves. Analogies can be treacherous, and I have promised to be simple and honest. 
The analogy I find most helpful in the present situation is simple and, in fact, 
childlike. Further, it is a circumstance famihar to most of you m spite of television. 
Walt Disney, and the Reader's Digest. 1 refer to that afternoon when Alice climbed up 
on the mantelpiece and found she could get through the looking glass into the garden 
on the other side. There she met the Red Queen, and there she struggled with a 
bewddermg system of logic where one had to run to stay in one place, to walk away 
from a distant point m order to reach it, and where the White Knight turned his lunch 
box upside down to keep the lain out of it. Alice found nonsense on the other side of 
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the looking glass, but she coped and finally made it to queenhood Let us take what 
solace we can from that most perceptive of ecologists, Lewis Carroll 

With your sense of humor girded up, let us consider the alternatives to nuclear 
power So as not to appear even more frivolous than I am, I shall not speak of Reddy 
Kilowatt in Wonderland but instead shall ask you to put yourself in the position of a 
confused, unimaginative person whose children do not understand him, whose wife 
understands him all too well, and who has an incipient ulcer In other words, I ask you 
to put yourself m the place of the average electric utihty executive 

In the position you have now assumed, you find that the demand for electric 
energy in the community you serve is increasing steadily and that this demand will 
shortly exceed your ability to produce it, even if all your customers give up their 
electric toothbrushes In this situation, you have only three choices (1) to install a 
coal fired generating plant, (2) to install a nuclear plant, or (3) not to provide your 
customers with any additional energy I shall devote my remarks to the first and 
second choices 

In making the choice between a coal-tired plant and a plant fueled with uranium, 
you will consider four factors cost, health, ecology, and esthetics Under the heading 
of cost, you will consider such things as the costs of design, construction, and start-up 
and also such long-term costs as fuel, maintenance, opeiation, and final decommis 
sionmg of the plant You will give thought to the possible harmful effects that each 
type of plant may have on the health of your customers and of your employees, you 
will think about what the construction and operation of the plant will do to that 
lovely stretch of the rivei where it is to stand, whether the fish and the wood ducks 
will continue to live there Finally, in a moment of starry eyed idealism, you may even 
give some attention to how the plant will look, and sound, and smell 

With a certain amount of diligence you could, m principle at least, assemble a 
balance sheet with the four entries cost, health, ecology, and esthetics under two 
columns, one foi coal and the other for uranium If it should happen that one type of 
plant IS superior to the other in all four categories, then the choice is an easy one 
However, if this is not the case, you will be faced with such questions as how much 
more you (or rather your customers) are willing to pay for more safety, more ecology, 
or a more tasteful plant Such questions are difficult to answer, particularly because 
we have had so little practice in trying to answer them 

Actually, a balance sheet of this kind has probably never been prepared It may 
not even be possible today to prepaie a complete one, but let us see how far we can 
get 

For the nuclear plant the pimcipal effluent from the standpoint of pubhc health is 
tritium, and lor the coal plant the principal effluent is sulfur dioxide A nuclear plant 
that generates 1000 electuc megawatts [Mw(e)] for one year will produce about 
10,000 curies (Ci) of tritium, the corresponding coal plant, burning coal with 3% 
sulfur, wdl discharge 150,000 tons of sulfur dioxide Thus, one necessary step m 
deciding which plant is preferable for human health is to determine which has the 
lesser effect on health 10,000 Ci of tritium or 150,000 tons of sulfur dioxide Let us 
suppose you start the exercise with tritium 



NUCLEAR POWER. YOU NEVER HAD IT SO GOOD 159 

The 10,000 CI of tritium, once released into the environment, will wander about 
quite freely m the company of its cousins, the two stable isotopes of hydrogen, for 
tritium IS the radioactive isotope of hydrogen. There is a great deal of hydrogen in the 
environment; most of it is tied up with oxygen in the water molecule, and the 
hydrogen atom is kept quite busy. Since tritium is radioactive, it decays and gradually 
disappears with a half-hfe of 12 years, which is to say that, if the 10,000 Ci were 
released thia year, there would be 5000 Ci remaining in the year 1983, 2500 Ci in 
1995, 1250 CI in the year 2007, and so forth. During these decades the tritium atoms 
wdl be passed about m the environment among some 3 billion people, from hand to 
mouth, you might say delicately. Up until that far future moment when the last of 
these tritium atoms has finally decayed, the entire radiation exposure of the world's 
population produced by the 10,000 Ci will be 1.3 man-rem spread over the whole 
teeming mass of humanity. 

What, you ask yourself, are the consequences of subjecting the world population 
to 1.3 man-rem spread over many decades? Please understand that this dose of 1.3 rem 
is divided fairly evenly among the population, so that on the average each individual 
gets only one three-bilhonth of this dose. In order to estimate the consequences of this 
dose, you must, perforce, indulge in the fashionable numbers game. In fact, failure to 
play the numbers game is now a federal offense, punishable by disbelieving stares from 
the Environmental Protection Agency. 

Anyone who is anybody can play the numbers game with one hand tied behind his 
back. The only way to tell whether the player is an expert is to see whether the fingers 
of this hand are crossed. So you play the numbers game with the 1.3 man-iem to the 
world's population; you consider the years of life expectancy lost from premature 
aging, from leukemia and other mahgnant diseases, and in ah future generations from 
mutations. You add up aU the years of hfe lost because of the tritium produced by the 
nuclear plant in one year, and you arrive at the figure of '/j o of a man-year. In other 
words, the production of 1000 Mw(e) for one year with a nuclear plant will, according 
to your estimate, have the ultimate overall effect of shortening one life by about one 
month. 

In case you are surprised by this number, let me say again that there has been no 
trickery. The estimate has been obtained in the same way and using the same 
proportionalities that are now m general use. The only way this estimate differs from 
others you have heard is that it uses the entire world population instead of taking the 
provincial approach of using just the population of the United States. In so doing, one 
could be said to have out-Gofmanned Tamphn. 

Very well, you have an estimate for the pubhc-health entry under nuclear power in 
your balance sheet. Now let us see what can be done for the coal-power entry. You 
find that the half-life of sulfur dioxide m the atmosphere is about 40 days, which is to 
say that it wdl disappear from the atmosphere about 100 times faster than tritium. 
This bodes weU for coal power. You also find that not a great deal is known about 
doses and dose—effect relations for sulfur dioxide. It seems that untd recently no one 
has been very interested m the pubhc health or toxicological aspects of this gas. But 
you take what data you can find, and, being scrupulously honest, you treat them in 
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exactly the same way you treated the data for tritium Surely, if the numbers game is 
good enough for radiation and tritium, it should be good enough for sulfur dioxide 
The result of applying the linear no threshold extrapolation to the available data on 
sulfur dioxide is the estimate that producing 1000 Mw(e) for one year with 3% sulfur 
coal will have the ultimate overall effect of reducing hfe expectancy in the world 
population by about 10,000 man years 

You enter this in your balance sheet and reflect for a moment The figures you 
have before you mean that, if these two types of plants are to be comparable with 
regard to public health, some way must be found to leduce the discharge of sulfur 
dioxide from the coal plant by a factor of 100,000 You telephone your chemical 
engineer to ask him how much it will cost to install a sulfur dioxide removal system 
with an efficiency of 99 999% At this point we leave you, after all there are ladies 
present 

There is not time to walk through the exercise for ecology and esthetics, but, if 
you do and if, in so doing, you treat both plants by the same rules, I beheve you wdl 
find, as we did for public health that it will cost a great deal more to provide 
electricity with a coal plant that is as kind to the birds and bees and to the five senses 
than to produce the same amount of electiicity with a nuclear plant This is why I 
have chosen the title Nuclear Power You Never Had It So Good 

But, having made this point, I must make another, which in its way is just as 
important My second point is this you do not even need it so good 

The reasons why people object to nuclear plants are difficult to understand, 
perhaps they just do not know any better But it is even harder to understand why 
federal and state agencies, which should know better, are in such full and frightened 
retreat from nuclear power Take the AEC as an example It is said that the AEC has 
been placed in an impossible position, having, as it does, the responsibility for both 
promoting and regulating nuclear power Howsoever this may be, as the electric utility 
sees It, the AEC is the foremost opponent of nuclear power Apparently the AEC has 
never believed its own safety standards, certainly it has never licensed a plant to 
operate anywhere near the hmits set by these standaids Now, in further retreat from 
the best energy source we have ever had, comes "as low as practicable " In other 
words, let us reduce nothing by a factor of 10 or 100 and become even holier than the 
hohest opponent of nuclear power 

This flight from common sense, lead by a frightened AEC and largely unopposed 
by timid, short sighted electric utilities, will lead inevitably to increased costs of 
electricity The high costs of budding and opeiatmg safer than safe nuclear plants, or 
comparable coal plants, will be passed on to the customers in their light bills And 
then, after a few years, when these customers rise and ask why their bdls are so high, 
the answer wdl have to be this was the price of peace, fimidity and fear in the early 
1970s 

Now It IS time to say "Shoot, 1 think he lies " 
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Before 1 say anything about nuclear power plants, 1 want to talk for a moment about 
why they are being built. This is ground that has already been covered, but I think the 
landscape appears very different to me and to some of the other participants in this 
symposium. 

Why are nuclear electric power plants being built? The reasons usually given are in 
the general categones of conserving resources like coal and oil, preventing air pollution 
from conventional plants, and providing substantially cheaper electricity. 

To take the last one first, we do not need to spend much time on economic 
discussion as long as we consider only the near future. Coal and uranium are generally 
conceded to be competitive fuels—that is, electricity costs about the same whichever 
fuel is used. In 10 or 15 years, when the competition may be among advanced types of 
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both coal and nuclear plants as well as, perhaps, geothermal, solar, and other power 
sources, the picture may change I doubt that anyone is really in a position to say Too 
much depends on what environmental restraints are imposed and on how much money 
is spent on what sort of research and development 

The conservation of resources and the prevention of pollution are more immediate 
and more obvious benefits, and they are real enough Although we are not facing any 
immediate shortages of conventional fuels, their conservation is certainly something to 
be desired as a matter of principle And, of course, there is no disputing that nuclear 
power plants, whatever else one may say about them, are entirely free of sulfur 
dioxide, nitrogen oxides, fly ash, mercury, radium, and probably a long list of still 
uncatalogued pollutants from coal burning power plants 

Even more important, perhaps, nuclear plants produce no carbon dioxide, and the 
accumulation of this gas in the atmosphere from the burning of coal and oil is 
certainly one of the most serious long-range environmental hazards we face 

One could add other factors Uranium mining may or may not be less destructive 
of the environment and of the lives of miners than the digging of coal I have not seen 
any good comparisons 

In short, there are some definite advantages to nuclear power, to be laid against its 
drawbacks But, before I go on to talk about the debit side of the nuclear ledger, 1 
want to look at these benefits from a different point of view 

Electric-power production is incieasmg very rapidly, as you all know Over most of 
its history, the electric power industry has doubled its capacity roughly every 10 years, 
on the average This rate of increase is expected to continue for some time All the 
projections I have seen carry it to at least the end of this century—another 30 years 
Dunng this time, of course, total electric power production will continue to exceed 
even a rapidly expanding nuclear power industry If nuclear power fulfills the more 
optimistic predictions, it will account for about half of all generating capacity by the 
end of the century But the other half, presumably most of it from coal burning 
plants, will Itself be four times the size of the whole present industry Despite the most 
rapid practical expansion of nuclear power, the burning of coal, with all its substantial 
drawbacks, wiU quadruple in the next 30 years 

What wdl we have accomphshed^ The burning of coal wiU not be diminished, it 
will be vastly increased Strip mining, air pollution, and all the other ills that coal is 
heir to will still present an enormous problem 

In short, the benefits of nuclear power do not solve the environmental problem If 
present trends continue, nuclear power wdl only forestall an even worse disaster than 
we would otherwise experience By enormous expenditures of money and talent, we 
will have managed only to slow somewhat the increase in the rate at which people are 
being killed by air pollution and the environment is being rendered unfit for comfort 
or health This sounds a httle less than glorious and gives me the feeling that perhaps 
we are looking at the problem the wrong way around 

The assumption m all of this is that electric power consumption will m fact 
continue to grow at its present rate It is this rapid giowth that makes the rapid 
introduction of nuclear power plants seem to some to be desirable and even necessary 
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Let's look at this a httle more closely. Who uses all this electric power'' 
Nationwide, after deducting for various kinds of losses, roughly one-quarter of all 
electric power is used in the home (residential consumers), about the same in various 
business offices and stores (commercial consumers), and the remainder, about 50%, is 
used by industry. Three-quarters of all electricity, therefore, is used by commerce and 
industry, and about one-quarter goes to residential consumers. 

The biggest consumers of electric power are the chemical and metal industries. 
They take the biggest bite out of the consumption accounted for by industry. 
Aluminum manufacturing takes a lot of electric power, for instance. It alone accounts 
for one-tenth of all industrial power use. Steel takes a lot of electric power; it also 
consumes great quantities of coal and so produces many of the same pollutants 
produced in coal-burnmg power plants. Plastics use a good deal of electricity in their 
production. Electricity and mercury are also used to make chlorine and soda ash, basic 
materials for the chemical industry and the worst source of mercury poUution of the 
environment. The heating and cooling of interiors—homes, offices, factories—also 
uses a large amount of electricity. Electrically powered air conditioners are one of the 
greatest boons to mankind, and I would be the last to say anything against them—but 
electric heating is something else again. Heating is done far more efficiently and 
cleanly, and m most areas more cheaply, by natural gas or oil. 

These are some of the supposedly inexorable demands for electric power. Why are 
they growing so rapidly? We are using more aluminum, more plastic, and more cement 
and are heating more space electrically—these are the biggest sources of increased 
demand. Your electric toothbrushes are hardly a drop m the bucket. 

There is a pattern here, and it is a pattern of waste. Look at aluminum, for 
instance. It is a rare product that is made of aluminum which could not be made of 
something else. The biggest markets for aluminum are m packaging and transportation. 
This means alummum beer cans and aluminum auto radiators and engine blocks, which 
could easily be made of steel. (Aluminum for aircraft is an exception.) Now these 
things have always been built of steel and seemed perfectly satisfactory. Aluminum, 
however, because of preferential electric power rates, can be made cheaply enough to 
compete with steel. The difference m cost is paid m environmental pollution. It takes 
2700 kdowatt-hours (kw-hr) of electricity to make a ton of steel, but it takes 17,000 
kw-hr of electricity to make a ton of aluminum. If the differences in density are taken 
mto account, aluminum is two or three times as costly, in energy, as steel. 

But there is an even more basic point here. We throw away most of the steel and 
aluminum we make and therefore have to mine more, with resulting damage to the 
environment. If we reused the metal, recycled it, the costs to the environment would 
be very much less. A ton of steel made from scrap in a modern electric furnace 
consumes ordy 700 kw-hr of electricity. This is three times cheaper, m terms of 
energy, than steel made from ore. 

In other words, what we should be doing is reusing, and reusing again, the steel we 
have already made; this would mean a reduction m energy demand to one-third of 
what we now spend on this metal. Instead of reducing energy consumption by 
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one-third, without any loss of the consumer products we have come to expect, we are 
increasing energy needs threefold by employing aluminum in place of steel 

Similar things could be said about electric-power consumption for plastics, which 
replace recyclable materials hke paper and cotton, electric-power consumption for 
cement to budd useless and destructive highways, and power wasted on advertising 
lighting and space heating where other fuels would be preferable Space heating with 
electricity, only half as efficient as the direct use of fossil fuels, is a particularly glaring 
example of waste without any appreciable counterbalancing benefit, yet this is by far 
the largest component in projected increases of residential demand 

The rapid increase m demand for electricity, in other words, is m large part a 
reflection of the wastefulness of our society This wastefulness is a central fact of our 
economy and can be seen operating in every environmental problem but in none so 
clearly as in electric power production Which is not to say that all uses of electricity 
are unnecessary. I have an air conditioner and wouldn't be without it, and I keep a 
light burning m my hall all night 

The point I want to make is that the genuinely valuable and irreplaceable benefits 
of electric power are being swamped by useless and unnecessary consumption for 
heating and for the production of such excrescences as the aluminum beer can This is 
part of a general pattern in our society We are rich enough to throw away 1 milhon 
automobdes each year, but we do not have the money for decent housing and decent 
schools We can afford plastic packaging but not adequate hospitals Present increases 
m power consumption are not in the interest of a generally better life foi all—they 
just spell more waste 

All this may seem a little tar afield from the topic today, but I am going to work 
my way back around to nuclear power plants now 

The point I am trying to make is that nuclear power is intimately a part of the 
electric-power industry as a whole Nuclear power plants, most simply considered, are 
just another means of boiling water as Senator Gravel has remarked The benefits, as 
well as the hazards of nuclear power, are dictated by the way in which electric power 
IS consumed and the rate at which it grows 

This IS a less dramatic view than we are used to taking of nuclear energy From the 
tragic and spectacular first nuclear explosions, all the apphcations of nuclear energy 
have been expected to transform our lives for better or for worse These expectations 
were written mto the laws governing the use of nuclear energy The 1946 Atomic 
Energy Act contained the following passage 

The effect ot the use of atomic energy for civilian purposes upon the social 
economic and pohtical structures of today cannot now be determined It 
IS reasonable to anticipate however that tapping this new source of energy 
will cause profound changes in our present way of life 

That was 25 years ago More recently. Congress in 1954 desciibed the purposes of 
the new Atomic Energy Act, which is still the law of the land 

It IS declared to bt the policy ot the United States that the development, 
use and control of atomic energy shall be directed so as to promote world 
peace, improve the general welfare, increase the standard of hvmg, and 
strengthen free competition m private enterprise 
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These are very large demands to make of atomic energy After almost 30 years of 
intensive development, I think it is time to recognize that the peaceful uses of the 
atom have not transformed our lives m any important way and are not likely to do so 
The principal civilian application of nuclear energy is m meeting the goal of expanding 
electric-power production This is the real benefit we are being asked to accept in 
exchange for the hazards of nuclear power production It is a very dubious benefit 
indeed There are very few risks I would take to assure myself of the continued use of 
aluminum beer cans and TV dinner trays But this is the reahty of the peaceful atom 
that has so long been obscured by the sensational beginnings of nuclear energy 

In this context, it seems to me that very little risk at all should be sufficient to rule 
out new electric power plants we should not be budding m the first place 

What, then, are the risks of nuclear power'' A good deal of attention has been paid 
to the problems of thermal poUution These problems, of course, are not restricted to 
nuclear power plants, and I wdl not go into them here Suffice it to say that nuclear 
power plants discharge more waste heat per unit of electricity than coal burning plants 
and that all the problems of disposing of this waste heat are greater in nuclear than in 
conventional plants More attention should be given to the special hazards of nuclear 
power, I e , those which concern the release of radioactive materials to the general 
environment 

One of the difficulties one immediately meets in talking about these problems is the 
lack of experience with operating nuclear power plants We have something like one 
hundred reactor-vears of experience with civihan power plants If this were enough 
experience to give us an estimate of their safety, they would be very unsafe indeed If 
the chance of a major accident were greater than one in a hundred per year, we would 
be having annual disasters in the nuclear industry weU before the 1980s Unfortu
nately, the hundred and more plants that are already firmly committed or are in 
operation wdl reveal their secrets slowly, and we can only make estimates of what 
their safety record wiU be This makes for some heated disputes If nuclear power 
plants only release the amounts of radiation projected by their manufacturers, John 
Gofman and Arthur Tamphn assure us they will have no objection 

The question is one of how much radioactivity will be released in practice when 
there are a great many reactors and fuel processing plants and other ancillary facihties 
Will the optimistic projections be realized'' One may be permitted to doubt A good 
deal depends on the controls that are exerted over a rapidly growing industry Right 
now, the Atomic Energy Commission is a fairly large regulatory body compared with 
the number of power plants it must oversee Each plant receives a good deal of 
attention not only from the AEC but from the plant's neighbors and critics Whether 
or not this careful attention can be maintained for long is a reasonable question Wdl 
the manufacture of fuel and the maintenance of safeguards be of such high quality as 
to fulfiU present projections'' One would hke to have a httle more than the 
manufacturers' promises of good intentions, and, of course, this is the reason for the 
present debate over radiation standards 

Other speakers in this series have addressed themselves to the hazards of radiation 
m the environment, and I wdl not try to develop the subject further Let us just agree 

m 
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that the hazards are not trivial It is a matter of great importance that radiation levels 
be kept as low as the supporters of nuclear energy say they wdl be kept. The AEC has 
tightened its standards, but the real questions he m the realm of enforcement 
Constant pubhc scrutiny and criticism wdl be needed if regulations are to be translated 
into practice 

The gratifying thing is that nuclear plants can, in fact, be constructed to meet 
extremely stringent radiation standards With a modest additional expenditure, they 
can be budt to retain almost all wastes for deep burial The industry is to be 
congratulated that steps are being taken to reduce plant emissions, and I certainly 
hope the trend wdl continue 

Another problem, which has always seemed to me to be more difficult to 
surmount than the problem of routine emissions, is the problem of serious accident 
One ot the worst features of the present hasty growth of electric-power production is 
the very large size of new power plants being built. There has been a good deal of 
trouble with the conventional portions of the veiy large nuclear plants and with the 
larger coal- and oil-burmng plants. Aside from operating difficulties, however, the great 
size of nuclear plants is disturbing because of the way in which it creates whole new 
accident problems. 

In my book The Careless Atom I quoted the foUowing passage, which I will repeat 
here, from Chfford K Beck 

Let me just mention one technical fact to point up the significance of the 
changes that are occurring There is a very large difference m the imphcations 
of a major meltdown in a [1,000,000 kilowatt reactor—the size which was 
then being planned] as contrasted to that m a [100,000 kilowatt reactor— 
roughly the size which was typical at the time of Wash-7401 for the small 
reactor, it may make good sense to surround it with a leak-proof, concrete 
"thermos bottle" containment, and, in the case of accident, just walk away 
and let everything insidt settle down and cool off lo r the [1,000,000-
kilowatt] reactor if you walk away from that "thermos-bottle," its 
temperature curve, after perhaps a momentary decline, will rise continuously 
and will simply heat up until it bursts, so a reliable cooling system must be 
added. 

This IS such a good explanation of the new hazards of large plants that I wdl not 
try to enlarge on it. We have all been sufficiently frightened by the significance of a 
reactor containment "bursting," and there is no need to repeat the statistics given in 
USAEC Report WASH-740 We aie all agreed that this would be an unacceptable 
accident and, apart from its enormous destiuctiveness, would probably mean the end 
of civihan nuclear power. 

The important point to remember is that such accidents are only really difficult 
problems with very large plants. This, of course, is because of the problem of 
after-heat. The nuclear fission going on in present-day reactors is probably not a 
hazard, because just about anything that happens to the plant wdl shut it down. This is 
m large part due, of course, to the fact that the nuclear chain reaction m present 
reactors depends on the presence of a moderator, if the moderator is physically 
displaced, boiled away, or what have you, the fission chain reaction ceases 

# 
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Unfortunately, the heat created by the decay of radioactive wastes wathin the 
reactor fuel cannot be turned off m any way, and it is this residual heat that requires 
what Mr Beck calls "reliable" cooling Now, some might feel that reliable is too mild a 
word in this context since, once the reactor is operating, under no circumstances 
whatsoever may there be an interruption of coohng for more than a few seconds If 
coohng IS interrupted for as much as a minute, the physical distortion of the fuel as a 
result of overheating and the chemical reactions that wdl occur may make further 
coohng impossible, and the irreversible process of fuel meltdown will occur Once 
again, I think there is no disagreement that, once the fuel of a 1000 megawatt reactor 
melts down, there can be no assurance that radiation will be contained This, of 
course, is the reason for the present scrutiny of emergency coohng systems 

Despite the inherent nuclear safeguards of aU present hght-water reactors, 
therefore, there is an inherent difficulty m laige plants, such as those being budt now 
The question is really one of whether coohng can be maintained under all possible 
circumstances Whatever the intentions of the designers and the efforts made to 
accomphsh this end, I do not think it is possible to make a system that cannot fail, and 
I think it is misleading to describe reactors as safe In fact, they are a gamble Partly 
because we cannot know m advance how the industry wdl really function and how the 
plants wdl perform over their hfetimes and partly because we cannot predict every 
occurrence in advance, there simply can be no certainty, with large reactois, that there 
wdl not be a catastrophic accident 

Now I am aware that great efforts are being made to reduce the risk of losing this 
gamble, and I am the first to agree that the chances of a serious reactor accident are 
smaU None of us know how small it is, however One thinks of a game of Russian 
roulette—the chances of winning are large, but the consequences of losing are fairly 
drastic 

Do we want to take such a gamble"' The answer depends a good deal on what the 
rewards of winning are But we have alieady seen that, as it is presently being 
conducted, the benefits of the nuclear power program consist largely m more waste, an 
even greater expansion of the senseless peU mell growth of the electric power industry 

Should we take such a gamble for such rewards'' To me the answer is obviously 
"No," and that means we should stop budding nuclear power plants until this nation 
has a rational energy pohcy and is able to make some use of the undoubted benefits of 
nuclear power m small, entirely clean plants 
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I shall endeavor to explain in general terms what we do and do not know about 
radiation effects, especially those produced by exposures at low doses and low dose 
rates. During the last couple of years, we have witnessed some fantastic declamations 
on the subject of radiation hazards. Some have been based on speculation and 
misinformation, some have been well intended but uninformed, and some have been 
reasoned and well informed. A small fraction of them have been downright and 
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possibly deliberately misleading even though the authois may have felt they were quite 
sincere in their end objectives—which I suspect are no different from ours Those end 
objectives are to provide a balanced and reasonable protection of individuals and the 
public at large from possible harmful effects from ionizing radiation 

But before going ahead I think it is important to spend a few moments to make 
clear my own position and that of the National Council on Radiation Protection and 
Measurements (NCRP) insofar as I know it I say "insofar as I know it" quite 
purposely because I want to emphasize that, although I happen to be the president at 
the present time, the decisions, positions, and policies of the council are made only by 
collective actions of the members and the board of directors On either of these I have 
only one vote On the problems centering around the development of nuclear power, I 
should state emphatically that the NCRP has no fixed position whatever Our 
delibeiations and our reports have not dealt specifically with the generation of nuclear 
power, the siting of reactor installations, the problems of nuclear power wastes, or 
effluents from nuclear power installations 

On the other hand, the council has, during its 41 years of operations, dealt broadly 
with all sources of lonizmg radiation, the interaction of radiation with man and 
biological material, and the piactical means of minimizing man's exposure to radiation 
It has also dealt with a few specific problem areas as, for example, the medical 
apphcations of radiation The council studied this area primarily because, at the time 
that It was first established, medical radiology was the major problem area (It still is ) 
As far as the biological cell is concerned, if it absorbs some energy from ionizing 
radiation, it does not know whether the radiation originated from space, from an 
X ray machine, from a high energy accelerator, or from a reactor As far as electrical 
power is concerned, the NCRP does not care whether it is generated by nuclear or 
some other means, but, if it is generated by nuclear means, we are concerned that, as 
far as radiation is involved, power generation be cairied out wisely and as safely as 
feasible 

Because of our basic dedication to the safe and proper use of radiation m any 
form, It is important to develop a better understanding about the effects of very small 
doses and low dose rates of radiation than seems to be geneially available to the public 
today Our knowledge of the subject has been brought to bear on the development of 
the standards of protection which the council has provided for over four decades 1 
especially want to identify what we do and do not know about radiation effects and 
the manner and extent to which we have to mject both scientific and social elements 
into the development of protection standards 

What I say today will be a presentation of my own views and not necessarily those 
of the NCRP I take the time to explain this situation as a means of establishing a 
credibility level, for as I have pointed out repeatedly, the establishment of radiation 
protection standards is not a scientific problem alone, it is, collectively, also a matter 
of philosophy, of politics, of morality, and of simple wisdom ' These factors must be 
formulated by a consensus of informed persons with a broad spectrum of expertise 

# 
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THE PROBLEM OF SETTSi\lG 
PROTECTION STANDARDS 

In trying to arrive at "safe" or acceptable levels of radiation exposure, whether for 
occupationally exposed individuals or nonoccupationally exposed population groups, 
one should lecogmze from the outset that there is no such thing as absolute safety 
where radiation is concerned—or, for that matter, any other environmental pollutant 
Safety is relative, and its quantitation can only be considered within the framework of 
all the risks that man is faced with A high level of safety m one area may be 
completely negated by some seemingly unrelated low level of safety from some other 
cause For example, when we use the term "safe " as we are certain to do m some 
discussions, the difference between relative safety and absolute safety must be clearly 
understood ^ It is often better to use the word "acceptable " 

During the past two years or so, the basis for establishing radiation protection 
standards has been needlessly confused and misrepresented through the failuie of a 
few persons to use properly the models designed to assist m estimating effects at low 
doses and low dose rates The difficulties center about the matter of thresholds, 
recovery, and the shape of the dose^effect curves These will be refened to repeatedly 
in the discussions to follow 

Concerning radiation protection, the point is frequently brought up that higher 
degrees of protection are technically feasible under certain circumstances, therefore 
why are they not used"' I might add that precisely the same argument may be, and is, 
applied to almost every agent that may be regarded as possibly detrimental to health 
Stopping at any point in a protective procedure is a matter of cost, judgment, and 
experience and may quite reasonably be set at different points depending upon what 
the circumstances and the needs may be 

In the setting of any kind of safety standards, it is important to have some 
understanding of the range of technical uncertainty and of judgmental involvement 
and uncertainty If these uncertainties for radiation are better and more clearly 
presented to the public, as well as to the scientist, it will permit a much more 
reasonable basis for open discussion and broad understanding of the problem I recall, 
as an example, the furor that was raised by some of the press m 1959, when the 
NCRP, as a lesult of some new postulates and calculations based on more up to date 
knowledge, changed the permissible body buiden for '°Sr from ! to 2 microcuries 
(juCi) without changing the calculated risk The NCRP was attacked, scientists were 
attacked, we were all accused of having calloused disiegard for the health ol the 
nation As a matter of fact, there were elements of the biomedical information which 
were fed into the calculations that were certainly not known withm a factor of 10 and 
possibly larger On the other hand, the fundamental process of radiation effects was 
well enough understood so that numbers could be assigned to the particular conditions 
with the reasonable certainty that if they were m error, the error would at least lead to 
less risk rather than more risk to the individual 

It IS therefore important to have an understanding of the mechanisms of radiation 
injury and a broad understanding of the tiends of effects under specified conditions 
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To the extent that we have these understandings and continue to develop them as we 
have in the past, we can set the numerical standards for radiation exposure with 
reasonable confidence As more data become available —even if decades from 
now —they wdl probably bring about only minor corrections m any currently known 
effects relationships, and we can be confident that we will not have seriously 
endangered the public through the use of current practices However unlikely the 
possibility that some serious new threat may be discovered, it is not ruled out 

For the purposes of this discussion, I intend to use ball park numbers and 
illustrative diagrams for two reasons The first reason is to avoid the minutia which at 
this point tends to confuse the argument and add httle to the overall understanding 
The second reason is that I want to make it abundantly clear that I am talking about 
principles and not arguing about detail 

The effect of radiation on man could be one of the limiting factors m the 
development of nuclear power On the other hand, of the several limiting factors 
radiation is probably the one about which we know the most, the one which is best 
understood, and the one for which the most positive and active control steps have 
already been taken 

At the same time there are regions of radiation exposure about which we have only 
limited positive knowledge These regions are doses of 1 or 2, or even a few rads 
delivered all at once and not repeated frequently, larger doses, say up to 10 or 20 rads 
received essentially all at once but rarely, if ever, repeated, and finally, exposures at 
very low levels and at low dose rates, at miUirads or less per day, but persisting over 
long periods and totaling only some 5 or 10 rads distributed over a lifetime 

It IS particularly this latter condition of chronic low dose exposure which is of con 
cern m connection with the use of nuclear reactors It is also for this kind and level of 
exposure that we have only hmited direct knowledge But it is in this same range of 
exposure that a tremendous effort has been made to discover significant deleterious 
effects, with all results so far being convincingly negative This inability to find effects 
IS, itself, extremely important, but it must be recognized that the test samples may not 
have been large enough 

In spite of the lack of observable adverse effect m tins extremely low dose and low 
dose rate range, the protection bodies, such as the NCRP and the International 
Commission on Radiological Protection (ICRP) have maintained their basic 
philosophy—and conservative postulation that there could be effects in the low 
dose range proportional to those observed at vastly higher doses It is because of the 
use of this policy of conservatism, essential for discussion and reasoning purposes, that 
scientific arguments about certain dose—effect relationships have confused the public 
It must be added that this confusion is not hmited to the public sector, it seems to 
carry over to a few individuals skilled m other sciences, who either fail to grasp or do 
not want to grasp the significance of these basic assumptions and the judgmental 
factors involved m developing our radiation standards 

It IS no wonder therefore that legislators who are trying hard and sincerely to 
control properly the uses of radiation and are faced with the presentation of adverse 
testimony in such glowing detail are frequently confused by the prohfic use of 
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numbers All too frequently some of the elaborate numerical or mathematical 
presentations are misunderstood 

EFFECTS FROIVl HIGH LEVELS 
OF RADIATION EXPOSURE 

I have already stated that there is a very extensive body of knowledge about the 
effects of ionizing radiation on man An important part of this comes from the studies 
on the survivors of Hiroshima and Nagasaki At the same time, and especially over the 
period of the last three decades, there has been a tremendous amount of experimental 
work with animals ranging from fruit flies to pigs 

The term "high level of exposure" is itself relative In medical practice therapeutic 
exposures to limited portions of the body may be of the oider of several tens of rads 
for a single clinical treatment and may total into the hundreds or even thousands of 
rads for a series of treatments extended over varying periods of time up to a few 
weeks 

Exposures of animals to total doses of some tens of rads are, by comparison, low 
level They are indeed the lowest level of exposuie which can be used experimentally 
and still produce a statistically significant result when applied to some tens of 
thousands of animals 

Again, by comparison and excluding major accidents, the levels of dose about 
which we are currently concerned m the nuclear power industry are at the most a few 
thousandths of a rad per year and more likely substantially less than a thousandth 
Starting at this end of the scale, animal doses—or people doses—of 10 or a few tens 
of lads loom very large indeed, and yet, even at these dose levels we do not have 
complete knowledge about their potential adverse effects, if any, on biological 
systems 

For example, the upper dose hmit of 170 millirems (mrem) per year (average) now 
recommended for the population for all man-made radiation is some hundreds of times 
lower than the lowest dose of gamma rays that has been shown to cause a statistically 
significant increase in the normal incidence of leukemia At the same time, the 
population dose limit is at least some hundred times higher than the average dose to 
the population fiom all the reactois expected to be installed between now and the 
year 2000, assuming no improvement in our protection technology ^ " ' (The total 
factor could be as laige as 100,000 ) I hasten to point out that, when 1 make 
comparisons like this, they must be regarded as illustrative One cannot so glibly 
compare radiation effects on animals, under highly bred and controlled conditions, 
with radration effects on the human population with an entirely different kind of 
control and absolutely no control over other health factors 

Dose—effect relationships in the range of 100 rems upwards can be regarded as 
well established, both clinically and expeumentally, under wide conditions of 
exposure but only at high dose rates It is the process of making do with our existing 
high-level dose—effect information at high dose rates that is not easily explained 
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The problem is further complicated by the fact that especially m the animal 
experimentation the most commonly used end point is death When this occurs, it is 
clear and unarguable, but of course it is also clear that there are many qualitative 
stages between no effect at all and death But these intermediate stages are difficult or 
impossible to define adequately for quantitative purposes For example, a particular 
effect of some kind of radiation exposure might be only a slight change m 
pigmentation of the skin, a little change perhaps would not be objectionable Perhaps a 
httle more would not be objectionable, but at some point, if the change were 
extensive, it could become objectional On the other hand, when deahng with death, 
there is no such thing as a little death unless one counts hfe-shortenmg as a sum of all 
little effects 

The relationship between radiation exposure and leukemia is of special interest 
because it has been possible to establish some reasonably acceptable quantitatrve 
relationships between dose and effect from the exposed populations m Japan'̂  and 
from the spinal arthiitis cases treated by X rays m England ^ In both cases the doses 
were given essentially m single short exposures at high dose rates (for spondyhtics, the 
total dose was fractionated over a few weeks) For these conditions there is a 
proportionality between dose and effect, and though the data are somewhat scattered, 
a straight-lme extension to low doses could be made to pass through zero The 
dose—effect relationship is roughly the same for the excess of leukemia above normal 
incidence for the X or gamma rays either from the arthiitic cases or the Japanese cases 
Comparisons like this are difficult because the survivors had whole body exposure as 
compared with partial body exposure of the spondylitics, they are usually based on 
the relative fractions of bone marrow exposed 

Foi the Japanese the Atomic Bomb Casualty Commission (ABCC) has analyzed 
some 82,000 cases of individuals directly exposed to radiation from the weapon 
bursts * ' The exposure of the Nagasaki population was mainly to gamma rays rathei 
than neutrons, and the data show no statistically significant changes from the norma! 
incidence of leukemia for doses greater than about 100 to 125 rads Reevaluation of 
the dosimetry m 1965 has led to more prominence for the neutron component at 
Hiroshima It is now found that there are indeed identifiable effects for doses that fall 
reasonably withm a downward extension of the dose—effect relationship for combined 
gamma-ray and neutron doses below 125 rads with a lower limit of 20 to 50 rads This 
was not found in the Nagasaki data The neutron dose—effect relationship seems to 
call for a relative biological effectiveness of 5 for neutions to provide the consistent 
linear extrapolation noted above (However, it should be noted that neution exposure 
IS not a problem as far as the general public is concerned with the normal use of 
nuclear power reactors ) 

The 1965 dosimetry foi the Hiroshima and Nagasaki survivois included those with 
exposures of from 0 to 9 rads, but, withm this low dose range, the number of deaths 
was at the same incidence as for the unexposed population Thus far no increase m 
leukemia has been demonstrated even for neutron exposures at dose equivalents of less 
than about 100 rem (^20 rads of neutrons) 
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In other studies there is circumstantial evidence that the fetus is especially sensitive 
to radiation as far as the induction of leukemia is concerned Studies by McMahon'" 
and others m this country and by Stewart and Kneale,'' Court Brown and DoU,'^ 
and others in England have shown increases in the incidence of leukemia among 
children who were irradiated in the fetal stage (especially during the first trimester) foi 
diagnostic purposes, as compared with children not irradiated m utero Doses that 
might be responsible for these abnormalities were of the order of 2 to 3 rads delivered 
in a traction of a second Jablon and Kato,' ^ have applied Stewart's and Kneale's 
postulates to the Japanese children irradiated m utero and have found that 10 to 28 
cases of leukemia would have been expected Actually only 1 case was found, so the 
conclusions of Stewart and Kneale are open to question 

There has not been any demonstration of specific effects due to other diagnostic 
procedures in this dose range on living persons 

Radiation exposure in large amounts is known to produce cataracts—it is believed 
to be a threshold phenomenon Reliable measurements have been made on the 
incidence of lens opacification as a function of minimum dose to produce detectable 
change 

Still another area of extensive experience is that of radium dial painters and the 
patients who three or four decades ago received treatment by means of radium mgesta 
A large number of these cases have been studied by Evans and others '"̂  ' ^ Victims 
have been examined postmortem or in life for any possible effects, and excellent 
case history records are available 

Some thirty years ago, the NCRP recommended a permissible body burden for 
radium deposited in the body This was established on the basis of the information 
that existed in the 1930s, and it still remains valid In any case, it was believed then 
that a total amount of radium deposited in the bone not exceeding 0 1 iiCi of 
ladioactivity would be acceptable in that it would not produce any clinical symptoms 
Since radium localizes in the bone, the most common clinical finding has been bone 
cancer (osteosarcoma) There has also been some recent evidence for malignancy in the 
mastoid and paranasal sinuses Now it should be pointed out that a body burden of 
0 1 ;uCi distributed in the bone of the body delivers an average dose to the bone of the 
order of 25 rads/year, and of course this continues year after year Clinically, no 
evidence has been found for any radiation related injury to people having terminal 
body burdens of less than about 0 2 /uCi of radium Actually most of these people had 
had eailier burdens many times greater than 0 2 iiCi —possibly up to a millicurie 
Thus, 0 1 juCi might be called a "practical threshold " again within available statistics 

There are serious problems in evaluating the exposure of uranium miners because 
of the uncertainty of the modes of energy deposition from the radioactive gas and 
particles in the lung and associated organs Practical difficulties have necessitated the 
introduction of the concept of "working level months" (WLM) which can only be tied 
loosely to dose equivalents expressed in rems Doses associated with 1 working level 
(WL) are somewhat uncertain depending on the models or assumptions used One 
model used by the Federal Radiation Council (FRC) would lead to a dose of some 35 
rads for miners exposed for 12 months to 1 WL ' "̂  
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Statistically significant injury to miners has not been demonstrated for exposures 
over several years m mines in which the average concentration of radon daughters has 
been less than about 1 WL The dose would be on the order of 3 rads/month The FRC 
has recommended mine control such that no individual would receive more than 
6 WLM in any consecutive 3-month period or 12 WLM a year The Department of 
Labor has stipulated % WL per month 

Radiation in sufficient amounts will cause an erythema, or a reddening of the skin 
In fact, until about the mid 1920s, radiation exposure was measured in terms of 
fractions of the amount necessary to produce a barely detectable reddening of the 
skin This was called a threshold erythema, and indeed an erythema is strictly a 
threshold phenomenon 

There are other bench marks for radiation effects For example, thyroid cancer 
resulting from childhood exposure of the thymus, and incidentally of the thyroid, to 
large doses of X rays has been demonstrated Support for thrs is also shown m the 
cases of the Japanese atomic bomb exposures A relationship between dose and 
incidence of thyroid cancer—usually not fatal—may be demonstrated for hrgh doses 
Srmilarly there is now some limited evidence of the same nature for lung cancer and 
breast cancer The doses involved m all these individuals range from a few tens of rads 
up to several hundreds, but there are no demonstrable effects in the low range Each 
effect, even if the dose—effect relationship is linear over the range of observation, is at 
a different effect rate In other words, there will be a series of linear dose—effect 
relationships depending not only on the effect under study but on the rate of delivery 
of the dose and undoubtedly on many other factors 

One of the seemingly best established dose—effect relationships of a decade ago 
was that for genetic mutations This was based primarily on the early experiments of 
Muller However, within the last decade, the Russells' "̂  at Oak Ridge and others have 
carried out elaborate and sophisticated genetics experiments with hundreds of 
thousands of mice, and they find that not only is there no single linear dose—effect 
relationship but there are different linear relationships depending on the level of dose 
and the rate at which it is delivered They have also clearly established for one effect 
that there is a threshold dose rate in the female, whereas in the male there is no similar 
ev'dence of threshold m the same dose-rate range The Russell studies appear to 
demonstrate, at least m females, that there is recovery m genetic material exposed at 
low dose and low dose rates 

And so It goes There is evidence for linear dose—effect relationships of various 
slopes depending on the specific effects, there is also evidence for at least practical 
thresholds of effects, but generally speaking there has been no statistically significant 
information obtained on dose—effect relationships for doses of less than a few rads, or 
tens of rads, delivered more or less all at once 

Before I leave this part of the discussion I want to point out that whde speaking 
about some of the preceding effects I have referred to the possibility of threshold of 
effect on biological systems I wish to emphasize that whether there is or is not a 
threshold has never played any part, as such, in the setting of radiation protection 
standards It is simply a part of the description of the effect —possibly a cut off limit 
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for the effect expected As a matter of fact, if we were to establish radiation 
protection standards on the basis of practical thresholds, they would probably be set 
in many instances at dose levels substantially higher than they are at the present time, 
use of the linear hypothesis, without threshold, leads to the most conservative 
practices 

From the preceding discussions it should be clear, without going into further 
detail, that a given biomedical result is dependent on the rate at which the dose is 
delivered, the intervals between doses when they are given m fractions, and the total 
dose administered For example, a person receiving a whole-body dose of 50 or 
100 rads distributed more or less uniformly over a year's time would almost certainly 
show no obvious and possibly no detectable effects at the end of that time However, 
to receive the same dose m the matter of a few minutes would almost certainly be 
detectable without difficulty and might even be sufficient to cause almost immediate 
vomiting in a few sensitive individuals In cancer therapy it is customary to deliver 
extremely large doses to substantial fractions of a patient's body in a series of doses of 
several hundred rads given three to six days a week for several weeks Doses on the 
order of several thousand rads per treatment series are fairly standard, whereas the 
same amount of radiation given to the trunk m one treatment could be lethal 

Fractionated treatment of this type, accompanied by moderate intervals between 
treatments, have permitted total doses to be given to cancer patients amounting to as 
much as 20,000 rads over a period of several years This obviously means that there is 
substantial recovery from radiation injury to organ systems, and hence there cannot be 
a simple additivity of protracted or fractionated doses m predicting a given effect 

These facts are all clearly established in the high dose range, and it may be inferred 
that similar repair mechanisms are effective m the very low dose range—say below 
1 rad But even such exposures as these are high, compared with exposures likely to be 
encounteied m the normal operations of, say, nucleai power reactors or most other 
activities involving radiation 

LOW-LEVEL RADIATION EFFECTS 

Having stepped rather spottily through some of the high-level radiation effects on 
which we do have substantial knowledge, we must of course turn to the possibility of 
low-level dose effects m humans, such as might be encountered m diagnostic radiology 
or the environs of a nuclear power reactor Our knowledge of dose effects in the region 
below 1 rad or 1 rem can be summed up very easily Despite many millions of dollars 
worth of experimental studies carried out the world over and despite many attempts at 
the chnical level, no one has yet been able to establish a dose—effect relationship in 
this range On the contrary, there is a tremendous amount of mfoimation m the form 
of negative results based on doses to radiation workers and a few others at levels up to 
1 or 2 rads/year Farther up, at 5, 10, or even 15 rads/year, effects aie observed 
infrequently The amount of such experience with large numbers of people is 



WHAT WE DO KNOW ABOUT LOW LEVEL RADIATION 177 

enormous, and it must be given substantial weight even though the results are negative 
But, at the same time, we must be prepared to answer the argument that the reason 
why we cannot measure the indirect effects is because they are too small or occur too 
infrequently This may well be the case, but of course it is also part of the answer If 
the indirect effects cannot be measured by any of the fairly sophisticated methods 
that we have available today, it automatically means that the potential hazard—if any 
exists at all—is sufficiently small so that there is a great deal of time during which to 
further study and analyze the question without at the same time putting a large 
number of people at serious risk 

It IS, however, this very fact of being unable to detect any deleterious effect in 
humans accompanied by an unwillingness to say that there is no effect at all, that has 
led the protection scientists into the dilemma that is now faced How can one ever 
prove the negative case empirically'̂  It is this question which is poorly understood by 
the general pubhc and many others who may be charged with the responsibility of 
controlling our health and safety 

It is the dilemma that has led several of our responsible protection bodies to 
postulate—for purposes of discussion and to provide a sense of proportion—the most 
conservative positions 

1 There is a linear dose—effect relationship for all radiation effects from high dose 
levels m the ranges of several hundreds of rads down to zero dose 

2 There is no threshold of radiation dose above which an effect would occur and 
below whrch it would not 

3 All low doses delivered to an organ are completely additive no matter at what 
rate they are delivered or what intervals there may be in the delivery 

4 There is no biological recovery of radiation effect from low doses 

It IS known that none of these assumptions is strictly correct The amount of 
deviation from them under some circumstances is known for limited situations One of 
the most important areas of research ahead of us is to attempt some kind of evaluation 
of the nature and the extent of the deviations from these assumptions The question 
IS—not whether there are deviations—but how large are the deviations'' Safe—how 
safe'? 

Having arrived at this position with regard to our knowledge and the assumptions 
we make for radiation protection purposes, we then face squarely into the basic 
philosophical question of how standards are set for conditions for which there are no 
observable or no statistically discernable effects 

THE PHILOSOPHY OF THE LINEAR 
AND NO-THRESHOLD CONCEPT 

Up to this point the discussion has dealt schematically with the low level effects of 
gamma and beta radiations Neutrons may present a special and possibly more serious 
problem, but it is one of primary concern only to certain radiation workers and to the 
effects from nuclear weapons 
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Enough IS known about the effect? of high doses of gamma or beta rays—doses 
greater than a few tens of rads —to people to enable us to deal reasonably, effectively, 
and conservatively with the associated risks and development of radiation protection 
standards The problem with low doses —less than, say, 1 rad, or even as much as 
10 rads is by no means so cleai-cut //—and I underscore the if—if effects at low 
doses were strictly proportional to those at high doses, one could estimate the 
maximum low-dose effect that might occur There is a considerable body of evidence 
to indicate that the low-dose effects would not be more than proportional to the 
observed high-dose effects, and there is even more evidence that low-dose effects in 
most instances would be considerably less than directly proportional It is not certain 
whether this generalization would apply to all direct effects, but the probability seems 
to be fairly good especially for systems effects It is about the question of the linearity 
of the relationship between dose and effect for all doses that much issue has been 
drawn, especially over the last two or three years 

This IS not a new problem Over 10 years ago it was recognized by the NCRP in 
relation to the exposure of population groups to doses of a fraction of a rad a year 
over a period of possibly several years ' ^ In recognizing the total lack of knowledge of 
dose—effect relations in this dose region, the council agreed that, for purposes of 
technical discussion and orientation, certain assumptions would be made These 
assumptions were made with the maximum credible conservatism so that any 
calculations using them would result in grossly overestimating or maximizing any 
possible effects At the same time it was recognized that for doses of less than 1 rad 
spread over a year's time the effects, if any at all, would probably be substantially less 
than in proportion to high doses in the range of tens or hundreds of rads 

The problem is whether there is or is not a single linear dose—effect relationship 
for all effects and all doses from zero up to several hundred rads regardless of when or 
how dehvered I have already outlined the reasons to doubt the existence of such a 
simple relationship 

But It IS precisely as though such a relationship were an estabhshed fact that a few 
people have been unduly alarming the public and especially our legislators during the 
past two or three years To better understand the problems on a quantitative basis, we 
may schematically examine one or two cases 

Figure 1(a) shows for gamma rays the number of deaths from leukemia among the 
survivors of Hiroshima and Nagasaki This is plotted schematically and gives the 
number of leukemic deaths per million persons exposed to doses of gamma radiation 
in the range from roughly 100 or 125 rads to as much as 300 rads Below 100 rads 
there is no statistically significant difference in the leukemia incidence between the 
exposed and unexposed individuals m the population 

It might be noted that the normal mortality of leukemia m the Japanese 
population IS approximately 40 deaths per million of population at all ages per year If 
the same relationship were applied to the U S population, the numbers would be 
added to a normal incidence (1956) of approximately 68 deaths per million of 
population per year 
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Figure 1(b) is a 10-fold enlargement of the circled portion of the abscissa m 
Fig 1 (a) There are no cases to plot for this range 

Figure 1(c) is a further 10 fold enlargement of the abscissa of Fig 1(a) Again 
there are no cases, but, if the plot indeed represents the facts, it shows that, of a 
million people exposed to 1 rad, there could be an annual increase of two and one-half 
cases of leukemia If the entire population of the United States were exposed to 1 rad 
(1000 mrad), there might be a maximum of 500 additional deaths yearly from 
leukemia per year at risk (This is an incredible condition ) The deaths would be added 
to the 13,600 normal annual leukemic deaths m this country (These figures are 
slightly greater than estimated by MacMahon, but the discrepancy is not important for 
this argument) 

Estimates have been made for the exposure of population groups that might result 
from the use of all the power reactors now m being and those proposed by the year 
2000 Under these circumstances the average estimated annual dose would not be 
greater than 0 001 rad (or 1 mrad) 1 do not defend this particular number—others 
have ranged from 10 times smaller to 10 times larger By simple extrapolation, the 
maximum number of added deaths per year of risk m the total population would be 
0 5 per year, again, of course, added to the 13,600 normal deaths These annual 
increments would be added to those carried over from previous exposures dependent 
upon the period of latency 

The current average dose limit for population groups from all sources of radiation 
other than background or medical applications has been set at 170 mrem/year Even if 
this average level were to be attained—an almost incredibly unlikely situation—the 
maximum conceivable number of leukemia deaths m the entire population would 
amount to about 85 per year at risk 

There is some evidence from the Japanese and British data that some othei 
malignancies including cancer of the breast, lung, and thyroid may be five times more 
frequent than leukemia ' ^ But again the only demonstrated cases are for high 
doses—several hundred times greatei than the current population dose limit 

The numbers that 1 have been discussing represent the effects per year at risk, and 
herein lies the big problem and the opportunities for distortion A single exposure may 
put a person at risk for some 15 years foi leukemia and much longer for cancers—of 
course, assuming no repair or recovery Continuous exposures may result in much 
more comphcated patterns of dose—effect cumulation It is the massaging and 
manipulation of the numbers behind these patterns that has lead to mischief because it 
IS only the year at risk number that derives dnectly from the data 

Now It must be boine in mind that the numbers, such as those 1 have been citmg, 
are maximums for the conditions described As I have emphasized repeatedly, there is 
substantial evidence that in actual fact the values would be less than proportional to 
the effects at high doses, and hence the annual death rates are almost certainly much 
less than the ones I have cited 

It should be easy, from a description such as outlined, to see why there are deep 
philosophical difficulties in setting any specific dose limit for the population or 
permissible dose for radiation workers in the very low dose region One could argue 
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that an average population dose of 1 rad (1000 mrad) (a totally unrealistic situation) 
causing 500 deaths per year from leukemia would be statistically unimportant But, if 
real, it would be important even though it is statistically undetectable and is most 
certainly lost in the random and multitudinous causes of death If the likelihood of 
such a number of deaths was very great, it would most certainly be argued that the 
average population dose limit should be lowered substantially—but lowered to what' 

If the dose hmit of 170 mrad weie reduced by a factor of 10, the maximum 
number of deaths would be reduced from 85 to 8 5 Or, if it were leduced by a factor 
of 100, the number of deaths would be 0 85 These are statistically much less 
important, but, to the individual families involved, the problem is 100% real 

As a consequence of this type of judgment, which must enter into the setting of 
dose limits, some kind of comparison should be made with other causes of death One 
should also consider what possible benefits could accrue to the population as a whole 
or to a large segment of the population, or even to the single individual during his 
hfetime There is, of course, no way of accomplishing this m any real sense The NCRP 
has been studying this pioblem foi over a decade and so also has the ICRP ^° Various 
devices have been tried to establish some kind of quantitative basis for decision making 
for dose limits in this very low dose region ^' Thus fai the decisions have resulted 
from the collective judgment of these and other bodies involving several hundred ex 
penenced scientists who have set the levels and the conditions where they are today 

In the meantime, f would emphasize again that, if m the future —probably not less 
than a few decades from now—it were found that the dose limits have been set 
needlessly high, the proportion of the population exposed to them would still be so 
small that even statistically the number of deaths, if any, would be undetectable 1 
have to say, with some caution, that even though mmiscule, unless the "deaths" can 
be avoided by reasonable means without offsetting benefits m other directions they 
should probably be considered as acceptable when compared to the effects of all other 
environmental agents This is a question of extreme delicacy, but it is the root of the 
whole problem of setting radiation protection standards 

Another point of confusion that has been intioduced lecently centers about 
whether or not there may be thresholds below which adverse effects from radiation 
exposure will not occui and above which they will occur It has already been pointed 
out that this has never been a concept used m setting dose limits by the NCRP or any 
other formally constituted protection body that we know of And yet the issue is 
repeatedly raised apparently for no leason other than to confuse or mislead legislators 
or hearing examiners 

As already noted there may be thresholds or near thresholds or practical 
thresholds for certain radiation effects But it is worth lepeatmg that whether theie 
are or are not, their existence or absence plays no specific role in setting protection 
standards 

A good example occurs m the case of the production of cataracts by exposure to 
X, beta, or gamma radiation Figuie 2 is a graph taken from a lecent report by the 
ICRP,^" it shows dramatically that at the very least there is a shaiply sigmoid 
relationship between dose and effect in cataiact foimation In fact the dose effect 
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relationship is so pronounced that it could almost be called a threshold It occurs m 
the region of 200 lads for a single exposure or as much as 600 or 800 rads for 
exposures distributed over a period of several months If this "threshold" were used 
for setting the gamma-ray dose limits for the eyes of radiation workers, the "maximum 
permissible dose" should logically be 25 to 50 times higher than its present value 

Whether a dose-effect relationship shows a threshold or not has no necessary 
bearing on whether the relationship may be linear over some dose range On the other 
hand, if the dose-effect relationship is linear over a considerable range in the 
high dose region and then enters into some type of sigmoid relationship m the 
low dose region, the sigmoid is always curved m the downward direction so that the 
observed effects would be less than calculated by linear extrapolation (see Fig 3 
curves A and B) 

I am afraid that I have to say that the claim by a few persons that the NCRP, the 
ICRP, and the FRC have used the threshold concept as a base for setting permissible 
dose standards has been set up as a straw man so it could be readily knocked down 
That it can be indeed because it has never been employed in this way But, 
unfortunately, the contrary imphcations to the lay public have served only to create 
the impression that the national and international protection bodies have either been 
in error or at least careless m their consideration of the biomedical factors involved 
Because such unsupported claims and arguments appear to persist m spite of numerous 
authoritative statements to the contrary, one is led to believe that the claim is not just 
carelessness on the part of the individual authors It is extremely important for our law 

# 
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Fig 3 Possible radiation dose—effect relationships Curve A, threshold effects, e g , cataracts 
Curve B, sigmoid relationship without threshold Curves C, two linear dose-effect relationships 
Curves D, two relationships for certain genetic effects dependent on dose and dose rates 

makers, our protectionists, and the public to understand this fallacy and to adjust their 
considerations of radiation protection problems accordingly 

In closing, I would like to repeat ionizing radiation, including its effects on man 
and the environment whether regarded as a biological insult to the individual or as a 
general environmental pollutant, is probably the most studied, best understood, most 
wisely used agent found essential to our health and well being Its improper use— or 
any use —may also carry some element of risk to man 

There is the cliche that the insidious part of radiation is the fact that you cannot 
feel It see it, or taste it But radiation can be detected and measured easily and 
instantly and at levels well below those occurring in the natural environment This 
cannot be said for any of the other environmental pollutants of common concern 

NATIONAL COUNCIL ON RADIATION 
PROTECTION AND IVIEASUREMENTS 

Since most of ladiation protection standards and philosophy used in this country 
have come directly or indiiectly, from the NCRP it was suggested that I take a few 
moments to tell you about the organization 



184 LAURISTON S TAYLOR 

In 1929, because there were several informal society committees dealing with 
radiation protection matters, it was decided to combine these efforts into a single 
committee, then known as the Advisory Committee on X-Ray and Radium Protection 
The National Bui eau of Standards was willing to provide a home for the Committee 
and print its reports but from the outset made it very clear that there was no official 
relationship of any kind between the committee and the government During the 
1930s the committee developed the level of tolerance dose allowed for radiation 
workers, which was a slight abridgment of an inteinational value In 1940 it 
established foi the first time a permissible body burden for ladium for radiation 
workers Immediately after World War 11, the committee was reorganized and enlarged 
and since that time has provided much of the basic philosophy and actual numerical 
standards used not only in this country but throughout the world 

The standaids developed by the FRC aie essentially those of the NCRP, which 
have been accepted after extensive reexamination and reevaluation 

In 1964 the NCRP was given a federal charter by an act of Congress This was done 
on the behest of Representative Holifield, and one of his strong arguments was the 
necessity of having a strictly nongovernmental organization involved m the develop
ment of radiation standards The charter clearly recognized the council's capability m 
the field and helps to set it clearly apart from government It is, m fact, something that 
the council is extremely proud of even though it does not vest it with any official 
position, special privilege, or any special authority Neither does it make the woik of 
the oigamzation m any way subject to government control 

At the present time the NCRP is made up of 65 elected members, of which 11 are 
fuither elected to act as a board of directors In addition, some 150 to 200 individuals 
paiticipate in the work of its 36 scientific committees, covering just about every aspect 
of radiation protection and measurement The organization now has its own secretariat 
and offices and is funded from a variety of sources including some government 
contracts, foundation support, and annual contributions from some 21 scientific 
organizations in this country 

The question of funding is one of our most sensitive spots It is essential that the 
oigamzation not only remain in a nonprofit status but that it must also avoid having 
too much of Its funding coming fiom any one source, which might dominate its 
activities Our objective is to have less than 50% of our funding m the foim of 
contiacts from government agencies Actually at the present time it is considerably 
greater than this although we aie at some pains to ensure that the sources are 
diversified between different federal agencies 

Most of the noncontract funding comes from professional societies in small 
amounts Very little comes from industry or industry-oriented gioups, and none comes 
from labor It is oui feeling that both industry and labor should support the effort, but 
both must participate and neither must be allowed to dominate 

Studies by the NCRP are usually aimed toward a published report and are 
generated mainly by recommendations from the members, they, in turn, try to be 
lesponsive to current needs In a few instances a specific study has been undertaken 
because of an outside request We hav̂ e more studies planned than we can cany out 
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A report prepared by standing or ad hoc committees is examined first by "critical 
reviewers", these would be the members of the NCRP most knowledgeable m the area 
concerned It is then submitted to the entire elected council for review and 
approval—or rejection This is sometimes a slow and laborious procedure, but it does 
give a very high degree of assurance that not only is the finished report objective but it 
IS also technically sound It is because of such reviewers, coming from all areas of 
science and technology, that the reports and the recommendations of the NCRP have 
not only stood up well with time but, also have been widely adopted by other 
oiganizations 
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