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Manr receives radiation doses from a variety of

sources. Background vadiation from tevvestrial
sources, cosmic vays, and the intevnal deposition
of naturally occurving radioactive materials
amounts to about 94 wmrem/yv at sea level and
varies widely with location and elevation. Medical
services ave estimated to contribute an average of
75 myvem/yr curvently. Global fallout from pre-
vious weapons tests contribute about 4 mrem/yv.
For 1970 the average annual dose from the U.S.
nuclear powevr industry was about 0.003 mrem.
Extensive studies have shown that in the year 2000
the average annual dose from nuclear power gen-
evation may be about 0.4 mrem/yr.

For the average U.S. citizen, the largest annual
radiation dose arises from mnaturally occuvring
background. For the year 1970, the radiation dose
from the U.S. nuclear power industry was about
0.003% of that received from unavoidable natural
background radiation. For the year 2000, the
vadiation dose from the U.S. nuclear power in-
dustry is predicted to be about 0.5% of that ve-
ceived from unavoidable mnatural background
radiation.

INTRODUCTION

Man has always lived in a background of natu-
rally occurring radiation. It is only in the last
cenfury that we became aware of its presence and
began to investigate its effect and impact on
human life. Today, man’s exposure to radiation
comes from both natural background radiation and
man-made radioactive materials. Naturally oc-
curring background radiation is composed of two
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components: (a) terrestrial, and (b) extraterres-
trial or cosmic. Man-made radiation originates
from x-ray machines, accelerators, and the fis-
sion processes in nuclear reactors or nuclear
weapon devices.

Man has altered his levels of radiation expo-
sure from both natural and man-made radiation
sources. The isolation and purification of natu-
rally occurring radioactive materials, such as
radium and uranium, have resulted in the oppor-
tunity for beneficial use and impacts and have also
provided a concentrated source of naturally oc-
curring radioactive material that could result in
substantially increased levels of radiation expo-
sure to those using these materials. The
generation of man-made radioactive materials
deliberately for special application of their gener-
ation as by-products of power generation in either
reactors or weapons open similar possibilities.

Today, we are keenly aware of both the benefi-
cial and the harmful impacts of radiation expo-
sure. In fact, it appears clear that more is known
about the potential impacts of unwise or uncon-
trolled use of radiation than about the corres-
ponding impacts of most chemicals or other
agents.

Today, we lock to the beneficial uses of nucle-
ar fission to meet the requirements for clean
sources of power. Such activity gives rise to
numerous questions relating’ to the sources and
impacts of radiation, only a few of which will be
discussed in this paper. We frequently hear the
following typical questions:

1. Will the additional exposure and impact
from the nuclear power industry be ac-
ceptable in terms of environmental impacts?

2. How, or indeed, will man be able and in-
clined to control radiation exposure result-
ing from man-made radionuclides?
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3. Can a judgment be made and generally
accepted as to the lowest practicable level
of radiation exposure for each phase of the
nuclear power industry?

4. How will acceptability and nonacceptability
be judged?

5. Will industrial practice keep radiation expo-
sures ‘‘as low as practicable” for both
occupationally exposed individuals and the
general public?

6. Can accidents that might lead to the release
of large quantities of radionuclides be
avoided?

7. Can weapons-grade fissile materials, par-
ticularly plutonium, be positively conirolled
to prevent the assembly of nuclear weapons
by unauthorized groups?

8. Can any routine emission of plutonium be
adequately controlled?

9, Are the radiation protection standards cur-
rently in use adequate and acceptable?

10, What will be the radiation environmental
impact of nuclear power and its associated
waste management problems?

11. Can the total environmental impact of all
power sources be compared to some com-
mon parameter understandable and mean-
ingful to the scientist and the general public
alike?

In evaluating the impact of the nuclear power
industry, some of the more gignificant questions
are as follows':

1. What additional inventory of radioactive ma-~
terials may given activities generate?

2. What are the greatest concentrations of the
most important radionuclides?

3. How long do such concentrations persist?

4, How large an area is embraced by the
persistently high concentrations?

5. To what extent do organisms and people
come in contact with the most contaminated
zones?

6. What are the resulting annual radiation
doses received by organisms and by man?

7. How long will the contamination remain
after the addition to the area has stopped?

8. How do the radiation doses expected from
the nuclear power industry compare with the
ever present naturally occurring radiation
background and other ‘“‘accepted doses’’?
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In the debate on the overall safety of the nuclear
power industry, these key questions, which are
important in determining actual impact, are rather
commonly ignored.

All of these questions need to be examined,
debated, and answered. Let us look at some of
the data and see what we can surmise about both
the current and the potential environmental im-
pacts of the nuclear industry and its radioactive
waste management programs. Let us look first at
the natural background levels, then the U.S. nu-
clear power industry and the radiation levels that
may arise from it. Finally, let us compare these
impacts and see how the current and projected
radiation doses -arising from the U.S. nuclear
industry compare with other radiation doses rou-
tinely encountered,

While there are some who insist that such
comparisons should be made in terms of “‘health
effects’’ rather than dose units, this presentation
follows the lead of the majority of scientists who
believe that the data to permit calculations of
“health effects’ from the low dose and dose-rate
impacts are inadequate, In any event, it appears
most agree that genetically significant health
effects which may oeccur from practices in the
nuclear power industry (if exposures are kept
below natural background levels) will not differ in
kind or quantity from those .experienced from
natural background radiation.”’ By comparing ra-
diation doses directly, one can estimate relative
impacts between several industrial practices and
also compare such impacts to those arising from
natural background or other sources of radiation.

Interestingly, even those who use the health
effects method of impact assessment recognize
the lack of specific validated data to convert very
low-level radiation doses and dose rates into
meaningful health effects and recommend com-
paring only the relative health effects between
actions or items.” In effect then, comparing
radiation doses waccomplishes the exact same
objective without introducing the generally un-
known health etfects per given dose relationship
factor,

NATURALLY OCCURRING RADIATION
Terrestrial Radiation

Terrestrial radiation gives rise to both ex-
ternal and internal radiation exposure. Terres-
trial radiation is emitted from radionuclides
contained in varying amounts in all soils and
rocks, the atmosphere, the hydrosphere, and from
those radionuclides deposited in man by way of
his food .chains, Terrestrial radiation arises from
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the radioactive nuclides that belong to one of the
radioactive series headed up by **U, *°U, or **Th,
as well as a few nonseries radioactive materials
of which *°K, C, and *Rb are the most impor-
tant. The uranium and thorium series are widely
distributed in the Earth’s crust.

The external radiation dose from these ma-
terials is estimated to average about 44 mrad/yr,
while the average internal dose is estimated to
total about 20 mrad/yr (Ref. 4). The typical con-
tributions to the internal dose are as follows: *°K,
19 mrad/yr; "“C, 0.7 mrad/yr; *Rb, 0.3 mrad/yr;
and **°Po, 0.06 mrad/yr.

Extraterrestrial -Cosmic-Ray Radiation

Extraterrestrial or cosmic-ray bombardment
of the Earth’s upper atmosphere produces human
radiation exposure by direct external exposure
from secondary radiation and through the genera-
tion of radioactive materials which then move
downward from the upper atmosphere into man’s
environment. The cosmic-ray dose at the Earth’s
surface varies with location on the surface, in-
creasing toward the poles and decreasing toward
the equator. The altitude above sea level is one of
the important factors in determining the cosmic-
ray dose.® As the altitude increases, the dose rate
doubles about every 1500 m for the first few
kilometers above the Earth’s surface. At sea
level, the cosmic component of natural background
radiation is about 30 mrad/yr (Ref. 4).

Cosmic-ray bombardment produces many ra-
dionuclides in the upper atmosphere. Some of the
commonly identified cosmic-ray-produced radio-
nuclides are shown in Table I. Tritium (*H) and

TABLE 1
Some Cosmic-Ray-Produced Radionuclides (Ref. 4)
*H *Na 251 *c1
7Be ng SZP 3501
14C 26A1 35S 39Ar
#Na *1si *%8 S'Kr

carbon-14 (“C) are probably the most important
from a radiation-dose point of view. Their annual
production rate and equilibrium inventory and the
resulting whole-body dose rate from exposure to
these radionuclides are given in Table II.

Summary—Naturally Occurring Radiation
The total external dose from naturally occur-
ring radioactive materials is about 74 mrad/yr,

while the total internal dose is about 20 mrad/yr.
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The total dose at sea level from naturally occur-
ring radiation is, on the average, about 94 mrad/
yr. At higher elevations and in areas of high
uranium and thorium content, the naturally occur-
ring radiation levels may be considerably greater.
In the upper Mississippi River basin, naturally
occurring radiation background typically ranges
from 130 to 150 mrad/yr (Ref. 5).

TABLE I
Cosmic-Ray Tritium and Carbon-14 Doses (Ref. 4)
Annual
Product Equilibrium Whole-Body
Rate Inventory Dose Rate
Isotope (MCi) (MCi) (mrad/yr)
Tritium 1.6 28 0.002
Carbon-14 0.3 280 1

MAN-MADE RADIATION
Atmospheric Testing of Nuclear Weapons

Atmospheric testing of nuclear weapons in the
1950’s and early 1960’s led to the release of many
radionuclides into the environment. The long half-
life radionuclides still contribute to man’s
radiation dose. The principal longer lived radio-
nuclides released by the nuclear-weapons testing
program are °H, “C, ®Fe, ®*Kr, *Sr, “*'Cs, and
»9Pu. While there are local variations in the
radiation dose from weapons-testing fallout, the
average for 1970 was about 4 mrad/yr for the
northern hemisphere.?

Nuclear Power Industry

Nuclear Power Waste

Nuclear power is now generating 25 X 10° kW,
or 5.5% of the U.S. electricity. Today, there are
42 nuclear power reactors licensed to operate, 56
under construction, and 101 planned.® The nuclear
power forecast is shown in Table III.

It is not expected that the total number of
fission plants in the United States will exceed
1000. By the end of this century, the breeder
plants will gradually take over a larger share of
the electricity production. Hopefully, at some
time in the next century, these plants will be
replaced by fusion reactors and solar power
stations.®

Radioactive wastes are generated in practically
all phases of the nuclear power cycle and accumu-

NUCLEAR TECHNOLOGY

VOL. 24 DECEMBER 1974



TABLE III
Nuclear Power Forecast (Ref. 7)
U.s. Millions of Number of
Date Electricity (%) Kilowatts Plants
1970 5.5 25 42
1980 21 132 140
1990 44 508 455
2000 60 1200 1000

late as gases, liquids, or solids at widely varying
radiation levels. Currently, high-level wastes
from fuel-reprocessing plants are stored as liq-
uids in underground tanks. Current U.S. Atomic
Energy Commission (USAEC) policy requires
these wastes to be converted to a solid form with-
in five years of generation and shipped to a
Federal repository within ten years of generation.

The inventory of radionuclides in reactors or
stored as waste is, of course, highly dependent on
the reactor types in operation and the schedule
and fraction of the power generated by boiling-
water reactors (BWRs), light-water reactors
(LWRs), and liquid-metal fast breeder reactors
(LMFBRs). The radionuclide inventory (fission
products) contained within the fuel elements is not
considered as a reactor waste per se, but rather
as a fuel-reprocessing-facility waste. However,
each power reactor facility will generate some
waste at the reactor site.

Typically, a 1000-MW(e) BWR will generate
about 3900 ft® of a significant radioactive waste
per year. A similar-sized PWR will produce
about 1000 ft* of packaged waste per year. In
addition, some 30 to 50 drums (55 gal) per year of
dry solid waste of low contamination level will
also be generated. Typically, waste material may
be immobilized in cement or similar materials at
a ratio of about 1.8 ft* of waste per 5.4 ft° of
cement to a 7.2-ft* (55-gal) drum.? A 1000-MW(e)
BWR electric plant will require about 2000 drums/
yr, while a 1000-MW(e) PWR will need about 600
drums/yr to handle reactor site waste.

For fuel-reprocessing facilities, it is expected
that the solidified fission-product waste from the
processed fuel elements will be placed in canis-
ters measuring perhaps 1 ft in diameter by 10 ft
in length. Ten such canisters can contain the
high-level irradiated-reactor-fuel waste from one
year’s operation of a 1000-MW(e) reactor.® For
such a system of waste disposal, the waste-con-
tainer quantities needed are shown in Table IV.

Environmental Programs
We need to remind ourselves from time to
time that the quantities of radioactivity released
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TABLE IV
Reactor- Fuel Waste Containers

Year Waste Canisters

1970 420

1980 1400

1990 4 500

2000 10 000

to the environment cannot be related blindly to
impact or relative degrees of risk. Where radio-
logical risk assessment is the objective, the con-
centration data on individual radionuclides, not the
total inventory, are required. In addition, knowl-
edge on the pathways of the movement of radio-
nuclides to man and the biological and physical
factors to calculate doses to man are required.
Extensive studies have provided substantial infor-
mation in this area.

To evaluate the impact of radionuclides, we
need good environmental surveys to measure the
concentrations of radionuclides in the various
pathways of exposure and good environmental
evaluation programs to calculate the dose impact
of the presence of the radionuclides.’

The basic objectives of environmental survey
and evaluation programs are shown in Table V.

TABLE V

Purposes of Environmental Programs

Provide radiological protection of people

Fulfill regulatory requirements

Audit containment systems and effluent monitoring
Maintain public acceptance

Provide legal protection from liability actions

(3 NV

The primary consideration should be radiological
protection of the public. Secondary reasons are
fulfilling regulatory requirements and auditing
containment systems and effluent monitoring re-
sults. These latter two reasons are, however,
related to the primary objective since the purpose
of regulatory requirements is primarily radiation
protection. Two others often mentioned as sec-
ondary objectives are both related to public rela-
tions: (a) maintaining public acceptance of the
nuclear facility, and (b) gathering data for adjudi-
cation of possible liability claims. In nearly all
instances, an environmental program designed
around the primary objective of radiological pro-
tection will satisfy the other objectives or can be
made to satisfy them with only slight additions and
alterations.
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In the early days of the atomic energy pro-
gram, it was not always possible to relate the
environmental survey data to a parameter that
could be used to express actual population risk.
Early programs consisted of sampling and analyz-
ing environmental media, seeking radioactivity,
and attempting to explain its presence wherever
it was found. Today, it is possible to relate
radioactivity in the environment to radiation dose
to people and thus to evaluate the impact of a
nuclear facility in terms of the radiation dose
received by residents in the vicinity of the plant.

If the objective of the surveillance program is
to ensure that acceptable doses are not exceeded,
measurements need to be made which will allow
tissue doses to be calculated. It follows that the
most profitable measurements will be those which
can be made on the materials that provide a direct
source of exposure, whether air, water, food, or
some other material. In certain cases, however,
measurements on materials, which do not consti-
tute a direct source of exposure to man but which
are good indicators of environmental contamina-
tion, can be used to evaluate the trend of this
contamination.

Development of the surveillance program needs
to start with the facility itself, work through the
environmental and population factors operating
between the points of releases and the points of
public exposure, consider the potential radiation
doses to the public, and then come full circle back
to the facility by relating public exposure to
specific release rates of the various radionuclides
involved.

Table VI illustrates the evaluation of radiation

dose and the related environmental measure-
ments, The first column in the table lists five
principal steps in the process, the second column
gives the factors to be considered in each step,
the third column presents the methods of evalua-
tion, and the last column indicates the standards
against which the results of the evaluation are to
be compared.

Step A requires a thorough knowledge of the
facility and the processes involved. What radio-
nuclides are to be released routinely and in what
guantities? How are they to be released? Are the
methods chosen for effluent monitoring sufficient
to evaluate the potential impact of the routine
releases in the environs? What is the potential
for accidental release of additional radionuclides
or of greater quantities than normal? Will acci-
dental releases be detected accurately and
rapidly enough to permit proper environmental
assessment and control?

Step B involves knowledge of the environment
and the possible interaction of the environment
with the released material. Studies of the meteo-
rology, hydrology, and aquatic and terrestrial
biology of the environs are required to determine
the behavior of the particular chemical and physi-
cal forms of the radionuclides released. The
behavior after release, of course, can be moni-
tored by sampling environmental media such as
air, water, foods, soil, and sediment.

Step C 1is related to determination of the
human factors that influence the impact of the
released material. What are the dietary habits
of the local population? What are the sources of
their food? What recreational habits might affect

TABLE VI
Evaluating Environmental Impacts (Ref. 9)

Step Factors

Evaluation Standards

A. Release
B. Dispersion,
reconcentra-

tion

C. Intake

D. Retention

E. Dose

concentration rate of release

meteorology, biology,

-hydrology, physical and

chemical forms

air, water, food, concentration,
consumption rate

percent uptake, biological
half-life, distribution in body

body dimensions, QF, DF
(rad/p Ci)

measure effluent

measure environmental media—
air, water, foods

diet surveys, studies of the
uses of environs

bioassay, whole-body counting
calculate doses to maximum

individual, population average
adult, child

release guides

fraction of MPCy or MPCa
concentration guides

FRC ranges,
ICRP (uCi/day)

MPBBs

10-CFR-20 AEC manual,
FRC reports,

NCRP handbooks

ICRP handbooks
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their exposure? If data are not readily available
to answer these questions, then special studies
may have to be undertaken to gather them.

The last two steps, steps D and E, normally
involve only paper studies utilizing the data avail-
able from the previous steps. From the parame-
ters defined by the International Commission on
Radiological Protection (ICPR) for the standard
man and the literature data on physiological
parameters of other ages, one can estimate the
long-term accumulation of radionuclides in the
body from the intakes previously derived. Then
the radiation doses can be calculated for compari-
son with the appropriate guides and standards.
Confirmation of retention and accumulation of
radionuclides in the body, when these represent
a significant fraction of the maximum allowable
amounts, can be made through éz vivo or whole-
body counting of appropriate members of the
general public.

Once these doses are estimated, one can pro-
ceed back up the last column of the evaluation
chart, deriving the maximum allowable releases
of the radionuclides and establishing the relation-
ship between actual release and potential doses to
to people. If it turns out that the releases are only
a small fraction of those which would result in
residents receiving the maximum allowable doses,
then environmental monitoring can be limited to a
few simple measurements of indicator materials
to confirm the effluent-monitoring results.

On the other hand, if the releases are such that
the radiation doses received by the public will
significantly approach the limiting values, then a
comprehensive program of sampling and analysis
of air, water, foods, soil, and external dose rates
needs to be instituted. The foregoing review in
terms of radiation dose and the environmental and
human factor influencing the behavior of the
radionuclides should have identified the ‘‘critical”’
nuclides and the ‘‘critical’’ pathways of exposure
that need to be monitored.

After an environmental monitoring program is
established, it should be reviewed periodically to
ensure that it is properly formulated and that it
is still meeting its objectives. Experience may
have reaffirmed relationships between quantities
released and environmental measurements, allow-
ing for a reduction in the scope of the surveil-
lance program, or the nature and quantities of
radionuclides released from the facility may have
changed, requiring a shift in the emphasis of the
environmental program.

Radiation Guides and Standards

The ICRP and the National Council on Radiation
Protection and Measurement (NCRP) have been
NUCLEAR TECHNOLOGY
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active in the development of standards for protec-
tion against ionizing radiation for the past 40
years. The Federal Radiation Council {FRC),
whose functions were transferred to the Environ-
mental Protection Agency (EPA) when it was
established, was involved for over 10 years in
recommending radiation exposure guidance to
Federal agencies. The recommendations of these
groups are used as the basis for the USAEC’s
regulatory and health and safety programs.

Table VII illustrates the current radiation
standards for the general public as spelled out by
the FRC and by the USAEC in Title 10 of the Code
of Federal Regulations Part 20 (10CFR20). Two
sets of limits are quoted, one for controlling the
dose to an individual member of the population and
the other for the average dose to the general
public. The whole-body limit for the general pop-
ulation can be derived from the recommendation
that the dose to the gonads be limited to a total of
5000 mrem up to the mean reproduction age of 30
years.

TABLE VII
Radiation Dose Limits for the Public
Individual Population
Body Organ {mrem/yr) | (mrem/yr)
Whole body 500 170
Thyroid 1500 500
Gastro-intestinal tract 1500 500
Bone 1500 500

The ICRP, in its publication 7, has discussed
environmental monitoring and has defined the
critical population group whose radiation exposure
is to be compared against the recommendations
for the maximum permissible doses for individual
members of the public. Their definition is as
follows:

‘“The critical group should be identified in
such a way that it is representative of the
more highly exposed individuals in the pop-
ulation and is as homogenous as practicable
with respect to radiation dose; that is, with
respect to those factors which affect the
dose in the specific case considered.”’

Guides on design objectives for light-water-
cooled nuclear power reactors have been proposed
by the USAEC (Ref. 10). These guides propose
that radiation and radionuclide emissions from
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light-water-cooled nuclear reactors should be
limited, so that individual members of the public
living at the site boundary will generally receive,
due to the operation of such reactors, less than 5%
of the dose due to natural background radiation
and that the average dose to the public will be less
than 1% of natural background radiation. Further
details are given on release concentrations. The
guidance allows exposures up to 5 mrem/yr from
radionuclides in liquid effluents and up to 10
mrem/yr for noble gases in addition to some con-
centration guidance. A most significant point
frequently overlooked or forgotten is that this
guidance is for design purposes and that it applies
only to light-water-cooled nuclear power reac-

INTERNAL DOSE

RETENTION TIME w AFFECTED
‘ ORGANS
FRACTION TOTAL BODY
ABSORBED BONE
CONCENTRATION G.I. TRACT
AND TYPE OF THYROID
RADIOACTIVITY SUNG
B
AMOUNT
CONSUMED
-
FREQUENCY

OF CONSUMPTION

]

tors. It is indeed unfortunate that it is already
being applied to other sources of radiation expo-
sure by both government agencies and industry.

Pathways of Environmental Exposure (Ref. 11)

The principal pathways by which radioactive
materials released to the environs can reach and
expose people are illustrated in Fig. 1. Included
in this figure are the environmental parameters
(step B) and the human parameters (step C)
mentioned in Table VI.

External dose can be received from exposure
to the cloud of radioactive gases released from a
nuclear facility, from swimming or boating in and

EXTERNAL DOSE

ACTIVITIES

WORK
RECREATION
RESIDENCE
ETC.

Fig. 1.
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on waters contaminated from liquid effluents, and
from contact with the ground or objects contami-
nated via deposition from airborne or waterborne
radionuclides.

Internal dose can result from inhalation of air
or ingestion of water and foods containing the
released radionuclides. The pathways by which
the foods become contaminated from releases to
air and water are also shown. For example,
chickens could ingest radioactive materials with
their drinking water, with insects, or with feed
grown on contaminated ground or irrigated with
contaminated water.

Detailed studies of the behavior of radio-
nuclides in the environmental media are not
always available, but much is known at least in
general terms about the most important radio-
nuclides. Habits of the local population which
might affect their radiation dose vary with each
individual site and should be determined before
the environmental program is designed.

State and Federal agricultural, recreational,
and fish and wildlife agencies can be of assistance
in defining these parameters. Sometimes special
studies of the local population are required,
especially if specific critical pathways are in-
volved. Examples of the latter include the con-
sumption of Laverbread by persons in the vicinity
of the Windscale facility in the United Kingdom
(U.K.) and consumption of oysters in the vicinity
of the Bradwell nuclear power station, U.K.

Radiological Impact

The average annual whole-body radiation dose
from the entire U.S. nuclear power industry in
1970 was 0.003 mrem. The estimated dose for the
year 2000 is 0.4 mrem (Ref. 6), less than one-half
of one percent of the naturally occurring radiation
background.

The year 2000 study® provides a detailed look
at the potential radiological impact from the
nuclear power industry in the year 2000 on the
upper Mississippi and lower Missouri River ba-
sins, an area of about 300 000 square miles. The
study area has a present population of about 29
million and accounts for about 10% of the U.S.
electricity production and consumption. For the
purposes of the study, the aggregate nuclear
generating capacity was taken tobe 356 000 MW(e),
consisting of 46 000 MW(e) of BWRs, 138 000
MW(e) of PWRs, and 172 000 MW(e) of LMFBRs,
plus 10 nuclear-fuel-reprocessing facilities. The
study results showed that, on the average through-
out the region, the potential radiation an average
individual could receive in the year 2000 would be
increased by about 0.2 mrem/yr Lecause of the
nuclear facilities. This is only slightly more than
DECEMBER 1974
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one-tenth of one percent of the 140 mrem/yr dose
received in this area from natural background
radiation. Over such a large area, the spread in
estimated exposure ranges up to 1.2 mrem/yr
(about 1% of natural background radiation) with
only isolated exposures exceeding this value.
Some 99% of the population was estimated to
receive a potential total-body radiation dose of
<0.5 mrem/yr. The pathways of major impor-
tance relating to population exposure were gov-
erned primarily by air transport rather than by
water transport or shipment of foodstuffs. The
study concluded that the potential radiation re-
ceived by the population from the operation of
potential nuclear facilities in the year 2000 would
present no hazard to their health and safety.

Foreseeable waste management problems will
not alter these estimates. While there is still
debate on the exact plan for the long-term storage
of nuclear waste, there is no reason to predict any
unfavorable consequences. There are several
plans that can meet the required isolation of
nuclear waste from man’s environment. The
debate is really one of which plan is best in terms
of flexibility, cost, and public confidence and
acceptability.

CONCLUSIONS

Man receives radiation dose from a variety of
sources. Table VIII summarizes some of the
radiation doses that are currently received by the
average U.S. citizen.

The radiation dose to imembers of the public
from the nuclear power industry is at the bottom
of the list in terms of quantity of dose and, conse-
quently, in terms of impact on man. Nevertheless,
waste management programs throughout the nu-
clear power industry are designed to keep radia-
tion impact on man at the ‘‘as low as practicable”
level regardless of the inconsequential impact.
Man would do well to practice similar policies on
many other environmental impacts from many
other industries.

TABLE VIl
Average Annual Doses
Activity Dose (mrem/yr)

Background—terrestrial 44
Background—cosmic ray 30
Background—internal 20
Medical services 75
Global fallout 4
Occupational exposure 2.6
Nuclear power—1970 0.003
Nuclear power—2000 0.4
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Even in the year 2000 with 1000 nuclear power
plants in operation, the average annual dose to the
general population from this industry is projected
to be less than 0.4% of the unavoidable natural
background radiation levels. In fact, the natural
background radiation level varies by a far larger
percentage as one moves from an area of low
natural-uranium content to an area of high natu-
ral-uranium content, or from an area of low
elevation to one of higher elevation. On the
average, a change in altitude of only a few hundred
feet in elevation gives an increase in cosmic-ray
dose about equal to the total radiation dose pre-
dicted for the average individual from the nuclear
power industry in the year 2000. An individual
who takes just one 2-h trip in a jet aircraft will
receive an extra radiation dose during that 2-h
period that will exceed the annual dose he may
anticipate receiving in the year 2000 with a 1000
nuclear power plants in operation.

It is appropriate to always keep radiation dose
as low as practicable and to avoid any release of
radionuclides that can practicably be avoided—but
let us be realistic in evaluating the impact of the
nuclear industry. The impact is small and grossly
exceeded by a multitude of daily accepted prac-
tices by the population. Undue concern is unreal-
istic. Who among us would even consider deciding
on where to live based on soil uranium content or
the elevation above sea level of one’s home and
work location? Yet these factors usually have
significantly more impact on an individual’s an-
nual radiation dose than that predicted from the
nuclear power industry in the year 2000. All of us
should ask, ‘“Where should we put our time,
effort, and money to improve the quality of man’s
environment?’’ The nuclear power industry is
about at the bottom of the action-required priority
list. Let us make our environmental improvement
efforts count by placing them where they are
needed—where they can make a contribution of
real significance to the quality of life in our
society.
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