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I INTRODUCTION

Energy is one of the most important prerequisites of life. Without
energy our entire civilisation - transportation, industrial manufacturing,
commercial activity and food production - would come to a standstill.
Since prehistoric times, human society has Ъееп consuming a constantly
increasing amcrant of energy. Statistical data on energy consumption of
the world iu recent years (1) show that world consumption has increased
Ъу about 50 per cent in less than 10 years. It has Ъееп estimated that
the per capita use of energy has more or less doubled during the past
30 years, and current trends indicate that consumption will grow at a
faster rate in the future. This increase is a natural result of growing
socio-economic activities and the rising standard of living.

The increasing global demand for energy has, hitherto, been met to
an increasing extent Ъу the use of fossil fuels and hydro-power. Nuclear
energy has Ъееп developed and used commercially since about two decades
to meet a fraction of the electrical energy needs. By 31 December, 1975,
electricity was being supplied from 157 power reactors of capacity
larger than 30 KWe. The total installed generating capacity was 72 GfWe,
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more than three times the figure for 1970 (2). Table 1 gives a summary
of the most recent estimates of possible nuclear generating capacity at
the turn of the century. The estimates demonstrate the wide range of
possibilities, which is wider after 1985» because of possible changes
in rates of growth of economic activity and a variety of other considera-
tions which may affect the rate of commissioning of nuclear power
stations. Using the IAEA estimates, nuclear energy will contribute
about 11-13 per cent of the total electricity generating capacity in the
world in 1985 and about 17-20 per cent in the year 2000.

Table 1 Estimates of Nuclear Generating Capacity
(GWe), for the years 1985 and 2000

1985

2000

OECD

(3)

538- 700

2800-4100

OECD-
MEA/IAEA

(4)

479- 530

2005-2480

ERDA
(5)

390- 488

1695-2250

IAEA
(6)

З50- 400

1500-1800

At local and in some cases regional levels the environmental
aspects of energy production and use have become of permanent importance
and have served as warnings of what could be in store on a wider scale
if serious consideration is not given to the environmental implications
of man's demands for energy. Prom recent examination of the impact of
energy- on the environment, it has become apparent that individual
nations are not isolated in this respect and that the actions of one
country may well result in environmental damage in a neighbouring state.
Against this background, an awakened public awareness of the issues has
demanded that an attempt be made to examine rationally the environmental
aspects of the energy—related society. Although nuclear power stations
do not emit fly-ash or noxious gases into the atmosphere as fossil—fuel
operated plants do, the radioactivity released from the decay products
of nuclear fission has been the main focus of public concern about the
expansion in nuclear power utilization despite the stringent control
measures and precautions taken. There have been many attempts to set up
acceptable levels for radioactivity in the environment or in man and
although the IGHP standards are generally accepted in evaluating
occupational hazards, their extension to large populations and the
environment as a whole has been subjected to extensive criticism.
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II ENVIROIWIEMTAL IMPACTS OF THE UUCLEAR FUEL CYCLE

Today the dominant reactor type uses enriched uranium oxide fuel,
and is moderated, and cooled Ъу water. The water may generate steam
directly in the reactor (BWR) or may transfer its heat to an external
steam generator (PWR)« Besides these light water reactors (LWR), other
types based mostly on the use of graphite or D2O as moderator have been
developed. Experimental or photo-type systems include the plutonium
recycle reactor where plutonium makes up part or all of the fuel and
the Fast Breeder Reactor (e.g. LMFBR) where the fuel is a mixture of
plutonium oxide and natural or depleted uranium oxide. The latter type
of reactors is designed to produce more fissile material, usable as
reactor fuel, than it consumes.

The "nuclear fuel cycle" refers to the entire programme from the
mining and milling of uranium, through the manufacture of fuel elements
for the reactor, transportation and reprocessing of irradiated fuel to
the management of wastes produced in all steps of

 +
.he cycle. The

environmental impacts associated with all these steps are reviewed in
the following.

f-

1
1. Uranium Mining and Milling |

The uranium production in 1975 '
wa
-

s
 about 26,000 tonnes and is

estimated to reach 40,000 tonnes in 1980 (4» 6, 7, 8). darrent
projections show that demand for low cost uranium fuel will surpass
uranium production capacity by 1985. The cumulative urar.ium requirements
are estimated to be about 0.8-1 million tonnes in 1990 and 2-3 million
tonnes by the year 2000 (6, 8). There is at present no consensus of
opinion as to whether lot? cost uranium to this amount actually
physically exists in the uppermost part of the earth's crust from which
it could be economically produced. This calls for accelerated efforts
for the exploration and exploitation of new resources to meet the
projected increasing demands of the nuclear industry. \J (6, 9)

Л/ The situation is similar in the case of other metals used in the
nuclear industry (e.g

o
 zirconium, boron, cadmium, graphite ... etc)

Appropriate management of these resources is needed to satisfy the
increasing needs of the nuclear and other industries.
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Uranium ores are mined by underground, surface or solution mining

depending on the geological setting of the ore. For a 1,000 MWe

nuclear plant (LWR), about 50,000 tonnes of uranium ore (0.2^ U content)

are required. Over the lifetime of a plant, about 30 years, the

figure will be about 1.5 million tonnes. This corresponds to the need

for mining about 1 ,000 acre-feet of uranium ore as compared to about

50,000 acre-feet of coal for a coal-fired plant of the same capacity ( Ю ) .

The environmental impacts associated with uranium mining can be

classified into: impact on land and water (through spoil and waste

water arising from mine drainage and/or from water used in drilling) and

occupational health hazards. Radon produced Ъу the radioactive decay of

radium-226 found in the ores has been considered a major factor in

increasing the number of cancer incidence among uranium miners (11, 12,

13, 14). Exposure is normally controlled by either natural or artificial

ventilation and is kept within the permissible limits of radon

concentration. Control of dust generated in the mining processes is

also necessary to prevent exposure to hazardous levels of silica as well

as radiation.

It should be noted that the environmental impacts and occupational

hazards associated with coal mining (to operate a 1,000 MWe plant), will

be more potential than those associated with uranium mining (to operate

a plant with the same capacity). Accidental mining fatalities per coal

plant exceed those from nuclear plant by a factor of three (15)« The

number of "environmental deaths" among coal miners (from pneumoconiosis)

is much higher than in the case of uranium.

In the milling process, the uranium ore is blended, crushed, and

ground and then subjected to acid or alkaline leaching. The soluble

uranium is recovered by solvent extraction or by precipitation; the

uranium concentrate is calcined and pulverized to give the "yellow cake".

About 70 per cent of the total radioactivity contained in the ore fed to

the mills remains undissolved in the solid mill tailings (16). The

environmental effects of tailings piles include: wind erosion to

unrestricted areas, slides into river of piles located near river banks,

rising water level during flood conditions to the base of the piles

causing leaching of radium from the material and percolation of water

through piles into ground water (17). Studies (18, 19, 20, 21, 22, 17)

have shown that the tailings piles must be stabilized against wind and

water erosion for very long periods (dictated by the radioactive half-

life of 1620 years for radium-226). Because of the radon emanations
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from the radium in the mill tailings, this material should not Ъе used

either in structural materials or in backfill material in connection

with buildings intended for human occupancy, and equally such buildings

should not be constructed in the proximity of mill tailings piles.

2. Fuel Fabrication

The uranium ore concentrates produced at the mills are further

processed, purified and enriched in U-235, before being converted to

uranium dioxide or metal and fabricated into fuel elements. The main

potential hazard in this process arises from the toxicity of hydrogen

fluoride and fluorine used in the production of uranium hexafluoride.

Safe methods of handling these chemicals are, however, well established

in the fluorochemical industry. The uranium hexafluoride produced is

a highly corrosive gas as passed through enrichment plants, but a

solid at room temperature, and can be safely packaged in steel cylinders.

It is at the point of discharge from the conversion operation as

uranium hexafluoride that material in the fuel cycle passes into the

ЖРТ safeguards system set up by the IAEA.. Under these safeguards,

nuclear material in all subsequent operations of the cycle must be

physically accounted for with the greatest precision feasible.

As the level of uranium enrichment increases, so too does the risk

of accidentally bringing together enough Uranium-235 "to set off a chain

reaction. Great care is needed to ensure that such an event never

occurs. The depleted uranium residue from enrichment plants is

normally stockpiled for possible future use as a fertile component of

reactor fuel. This material is mildly radioactive, and gradually

produces the much more hasardcus nuclides radium-226 and radon-222.

Production of these nuclides is, however, very slow and any radiation

hazard from the stockpiles is controlled by limiting access to the area.

The production of uranium dioxide fuel elements is now a well-

established procedure which seems to be free of appreciable hazards.

Manufacture of mixed oxide fuel is, however, much more complicated.

Hazards arise from the toxicity of plutonium and from the fact that

the "critical mass" of plutonium dioxide in which chain fission

reactions can start up is only a few kilograms. However, normal

operational hazards of mixed oxide fuel production are not intractable.
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3. Reactor Operation

During the normal operation of a nuclear reactor, radioactive

fission and activation products are produced. These radioactive

materials are for the most part retained within the fuel elements.

Radionuclides which diffuse into or are formed within the coolant are

removed by the gaseous and liquid waste processing systems. Low-level

releases, which occur during normal operation, are closely regulated

to ensure that authorised release limits are not exceeded.

Radioactive releases from reactors depend on the reactor type and

also on the specific waste processing systems utilized. Radionuclides

released in the airborne effluents consist essentially of: noble gases

(xenon-133 and krypton-85), activation gases (argon-411 carbon-14,

nitrogen-16 and sulphur-35), tritium vapor and gas, halogens and

particulates. Although the dose rates associated with the release? of

carbon-14 are very low; however with its long half-life (5730 years)

it can make a significant contribution to the collective dose (23, 24,

25, 26). Similarly, the increasing release of tritium (mainly as

tritiated water НТО) to the atmosphere calls for detailed studies and

periodic assessment of the environmental impacts of these releases

involving chronic exposures at very low exposure levels (27). Dis-

charges in the liquid effluents include tritium, caesium-137, caesium-134»

| iodine-131, iodine-133, cobalt-58 and cobalt-60 besides a number of

activated corrosion products such as chronium-51 and manganese-54 which
are quite prevalent in liquid effluents from LWR's.

Compared to the risks from emissions produced by fossil-fuel

operated power plants, the risks from discharges from nuclear power

plants during normal operation are negligibly small. However, thermal

pollution is considered to be more pronounced in the case of nuclear

plants than in fossil-fuel plants. The former reject essentially all

their reject heat to the cooling water, while in the latter, about

15 per cent of the heat is rejected up the smoke stack along with

combustion products (28). In other words, a nuclear power plant will

discharge about 50 per cent more .waste heat to the receiving waters than

a fossil-fuel plant producing the same amount of electricity.

Public concern about reactor operation has concentrated on the

possibility of occurrence of an accident leading to the release of a

II considerable amount of radioactivity to the surrounding environment.

I Although various types of accidents are possible during the operation

of a nuclear reactor, many safety devices are incorporated into reactor
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design and operating procedures that will automatically close the reactor

down in case of any serious malfunction. In addition, most power reactors

are placed inside a containment "building, the purpose of which is to

contain essentially all the radioactivity that might Ъе released in the

case of a serious accident. However, the efficiency of these safety

measures (particularly the Emergency Core-Cooling Systems) has met with

some criticism (29, 13, 30, 31).

Several studies have been made to determine the probability of a

major nuclear reactor accident, using information on the failure rate of

the various engineering components of the reactor. The most recent of

these studies (32), generally referred to as the Rasmussen Report,

estimates that a core melting accident in LWR's has a probability of about

1 in 20,000 per reactor-year, and that 99 out of 100 core melting

accidents would cause no early fatalities. About 1 in 170 core melting

accidents are predicted to cause more than 10 early fatalities, and only

one core melting accident out of 500 is predicted to cause more than 100

early fatalities. The arguments over the adequacy of this study are

extensive and complex. Critics questioned the validity of the methods

used, the estimation of the risks of accidents and the factor of human

error (see, e.g., 33, 34, 35)» Other critics concentrated on that no

account was taken in the study of the possibility of natural hazards

(e.g. hurricanes, earthquakes, etc), deliberate sabotage, or of war.

In any case, one cannot say categorically that a catastrophic failure of

a reactor and its containment is impossible.

Accidents in the case of fast breeder reactors may have more serious

consequences than in the case of LWR's. The major concern arises from

the theoretical possibility that an PBR core could form a critical

configuration if it is melted. Other factors suggested as possibly

making them more dangerous are the use of sodium as coolant, the higher

energy density, the greater neutron flux and the higher working

temperature.

In any case, the consequences of a major accident would depend not

only on the amount of radioactivity released to the environment, but upon

many other factors: for example, the average age of the fission products,

the relative quantity of actinide elements present, the kind of release

(e.g. into the atmosphere or to a river), the meteorological conditions

and population density in the area and also on the rapidity with which

remedial measures are taken. Apart from these factors, the facts that so

far there has been no serious reactor accident, and that the estimated

probabilities for such an occurrence are very low, make it rather



difficult to quantify the environmental impact of possible major reactor

accidents.

Complete dismantling of a nuclear power station after its write-off

period (usually fixed at 20-30 years), will Ъе difficult and hazardous,

because of radioactivity induced in the reactor structxire during its

operating life. Bombardment by neutrons of the materials used to build

a reactor produces a range of radioactive nuclides. Some of these emit

highly penetrating gamma radiation, and have half-lives of several years.

However, the experience gained in decommissioning small power reactors

gives some optimism about the possibility of totally disposing of power

reactors. The environmental consequences of this operation are far from

being sufficiently understood.

4. Fuel Reprocessing

The spent fuel elements removed from reactors at refuelling are the

most intensely radioactive material in the fuel cycle. The main hazard

is the enormous amount of gamma radiation emitted by decay of radio-

active fission products. The spent jjlements are removed to deep tanks of

water known as 'cooling ponds
1
, and left there for some time. It is

necessary to store them in the ponds in a way that prevents the

considerable amount of fissile material present - uranium-235
 a
nd

plutonium - from forming a critical configuration. After the short-lived

fission products have decayed to low levels of activity - which takes a

few months - the fuel can be reprocessed.

The number of spent fuel elements in storage is growing rapidly, and

evidently will continue to do so for some time. Cooling ponds are

satisfactory for short-term storage, but clearly they cannot be a

permanent resting place for spent fuel. The ponds require continual

surveillance and, despite the reduction in radioactivity during storage,

the actinides in the spent elements will remain dangerously radioactive

for hundreds of thousands of years. At a fuel reprocessing plant the

spent fuel is chemically dissolved and the residual fuel material

recovered. During this process the major portion of the fission products,

in addition to induced radioactive products present in the fuel cladding,

is converted into solid and liquid waste material. Indeed, up to the

present time fuel reprocessing plants have been the major source of

radioactive environmental contamination from the nuclear industry.

The gaseous fission products contained in the fuel elements, notably

krypton-85, iodine-131 and iodine-129, are released from the fuel pellets
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during reprocessing. Tritium and volatile compounds of carbon-14 are
also released. Much of the radioactive material is removed from the
effluent gases, but krypton-85 (half-life 10.8 years) and tritium
(half-life 12.3 years) are vented into the atmosphere from existing
plants. Most of the output of these two gases will almost certainly
have to be removed from stack emissions if radiation standards are to
be maintained when large-scale oxide-fuel reprocessing begins.

Low level liquid waste, eventually discharged to the environment,
also arises in reprocessing. Generally, most of the small quantity of
tritium is discharged with this waste. Storage or improved methods of
disposal of this waste has to be developed. Reprocessing plants also
produce intermediate and low level solid wastes. Reprocessing the fuel
used in one year by a 1000 B e LWR would produce some 20 to 60 cubic
metres of such wastes. The main component of the intermediate level
solids is fuel cladding material, radioactive to a degree depending on
its composition and irradiation history. It is contaminated with small
amounts of spent fuel. Up to now, most waste of this kind has been buried
on land or placed in canisters and dumped in the ocean. The NEA/OECD is
currently supervising the disposal of 7000 tonnes per year at a depth of
4500 metres in the Atlantic Ocean (36, 37). Other methods of disposal
include deep burial in abandoned mines or in suitable geological
formations (38, 39 )•

The high-activity wastes arising from the reprocessing of spent fuel
are estimated to reach 20,000 cubic metres by 1990 (22). These wastes
contain over 99 per cent of the fission products present in the fuel
together with smaller quantities of actinides. High level wastes are
at present stored mainly in liquid form, and some constituents will
remain dangerously radioactive for several hundreds of thousands of
years. There is at present no generally accepted means by which high
level waste can be permanently isolated from the environment and remain
safe for very long periods. Processes for the conversion of high level
waste to a relatively inert solid are being developed (22). Permanent
disposal of high-level solid wastes in stable geological formations is
regarded as the most likely solution, but has yet to be demonstrated as
feasible. It is not certain that such methods and disposal sites will
entirely prevent radioactive releases following disturbances caused by
natural processes or human activity.

Ocean disposal of high-level radioactive wastes has been extensively
restricted by international and regional conventions which are binding on
many countries with nuclear power industries. Disposal in Antartica is
prohibited by Treaty.
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5. Transport of Radioactive Material

One important aspect of the nuclear industry is the safe transport

of radioactive materials. The facilities involved in the nuclear fuel

cycle are generally spread out in various locations, even within one

country, and radioactive materials in various forms have to Ъе trans-

ported to and from such facilities. The volume of transport of radio'-

active materials has grown with the growth of the nuclear power industry

and the present trend indicates that such transport on both national and

international scale will rise rapidly. Radioactive materials arising in

the nuclear fuel cycle are generally transported by surface either by

truck or rail and sea. Transport by air is commonly used for small

quantities required for medical and research purposes. The estimated

number of shipments in the nuclear fuel cycle in the U.S.A. is given in

Table II (for LWR's, HTGR and LMFBR).

Table II Shipments in the nuclear fuel cycle

projected to the year 2000 (40)

Shipments/Year 1980 1990 2000

Fuel 670 2500 5400

Spent fuel 2000 64ОО 12000

Plutonium 20 143 438

Wastes and fission 630 2450 5500

products

Th& transport of radioactive ore from mine to milil under normal or

accident conditions is unlikely to result in environmental effects of

any consequence. Similarly the transport of the mill product i.e. the

"yellow cake" or the subsequent transport of uranium hexafluoride and

uranium oxide contained in suitable transport containers are not likely

to result in any environmental effects.

The fuel elements are shipped in packages designed to prevent

accidental criticality even under severe accident conditions. The radio-

activity of the new, unirradiated fuel can have essentially no impact on

the environment, and very little on individual transport workers under

normal conditions. Even in an accident the physical properties and the

low specific activity of the fuel would limit radiation effects to very

small levels. Theoretically, accidental criticality may lead to

significant adverse environmental effects. Radiation doses in excess of

500 roentgen equivalents (man) to individuals in the immediate vicinity

might result, and the immediate area would require a thorough and
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perhaps costly decontamination. However, by means of strict controls

including approval Ъу the competent authority of container design and

construction the possibility of reaching criticality during transport is

practically eliminated.

Spent fuel elements are transported in shielded air or water-cooled

casks weighing 20 tons or more. The heavy shielding of the casks must

reduce the radiation from the spent fuel elements inside to'permissible

levels, or else the casks must Ъе sent under special'arrangements. Under

normal transport conditions the radiation doses exposures to transport

workers should Ъе kept within permissible values Ъу the limitation of

the radiation around the containers. If the workers are handling

substantial numbers of shipment it may Ъе necessary to make surveys and

introduce additional control measures such as job rotation. A severe

accident in which the cask walls are ruptured, resulting in a loss of

content might have severe impacts on the public and the environment, hut

the possibility of such rupture is minimized Ъу strict adherence to the

regulatory requirements regarding design, construction testing and

approval of the casks.

Low-level radioactive wastes are packaged in sealed containers such

as 55-ga-Hon. steel drums, and are shipped Ъу common carrier to burial

grounds. Solidified high-level radioactive wastes will Ъе shipped to

retrievable storage sites, such as geological formations, salt mines or

surface storage facilities, in containers resembling the casks utilized

in shipments of spent fuel.

Packaging and transport of radioactive materials are regulated by

international as well as national transport regulations. IAEA has

published regulations for the safe transport of radioactive materials,

and these have been adopted by virtually all international transport

authorities and taken by most Member States as the basis of their own

regulations. Substantial continuing effort is being made by the IAEA to

keep its regulations for the safe transport of radioactive materials

technically up to date and to encourage their adoption and implementation.

6. The Plutonium Issue

Plutonium-239 is the isotope of greatest concern; it is the type

used in atom bombs and constitutes at least 70 per cent of the total

amount of plutonium produced in power reactors. It has a half-life of

24,4CC years. Much evidence points to the relatively great quantities

of plutonium which would be generated and processed in a major world

nuclear power program, particularly if fast breeder reactors are widely
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adopted. At present, about 20 tonnes are produced each year, most of
which remains in unprocessed form in spent fuel rods. By the year 20CC,
the annual production could he several hundred tonnes.

Only about 6 kilograms of plutonium-239 are needed in metal form to
produce a fission explosion, perhaps 9 kilograms as plutonium oxide, and
slightly larger amounts of reactor grade plutonium containing various
plutonium isotopes. The danger exists that if sufficient plutonium'of
reactor grade came together inadvertently, possibly during reprocessing
or fuel fabrication, a chain reaction could occur with consequent
emission of a powerful pulse of lethal radiation and dispersion, possibly
violently, of the plutonium- Strict control measures are routinely
applied and have so far proved effective.

Regarding the toxicity and carcinogenic effects of plutonium, there
has been a number of contradicting views (see, e.g., 41 i 42, 43).
Plutonium is highly toxic, its toxicity is comparable to that of
biological toxins (43). However, the latter are unstable like most
proteins; boiled in solution they loose their activity in a few minutes.
Plutonium, on the other hand, remains a hazard for periods up to some
20 times its half-life, or nearly half a million years. Unlike toxins,
plutonium acts slowly; small carcinogenic doses in the lungs may not
produce cancer for 10, 20 or 40 years. Several authors have, therefore,
called for a revision of the ICRP maximum permissible dose of 40
nanocuriss of plutonium-239»

III NUCLEAR SAFEGUARDS AND ENVIRONMENTAL
PROTECTION

Daring the entire fuel cycle, including transport of nuclear
material, strict vigilance and care must be ensured, both on national and
international levels, so that nuclear material does not fail into
unauthorized hands which may use it for uncontrolled activities leading
to damaging effects either on general population or the environment.
Therefore, an enormous effort is required, both nationally and inter-
nationally, in order to prevent any diversion of nuclear material or
sabotage of nuclear installations.

The establishment and implementa.tion of a physical protection
system is the primary responsibility of a country and is closely connected
to its national system of accounting and safeguards for and control of
nuclear material. This system has to cover the nuclear material in use,
storage and transport throughout the entire fuel cycle both nationally
and internationally. At the international level, IAEA has initiated and
implemented a nuclear safeguards system.
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The system established under the Жоп-Proliferation Treaty (ЖРТ) is

the most widely applied and, in most respects, appears to be the most

effective. However, the main limitations and weaknesses of the present

safeguards arrangements can be summarised as follows: the failure of

many states to become parties, to the NPT; the inability of safeguards to

prevent the transfer of nuclear technology from nuclear power production

to the acquisition of nuclear weapons competence; the fact that many

nuclear facilities are covered by no safeguards; the existence of a

number of loopholes in safeguards agreements regarding their application

to peaceful nuclear explosions, to materials intended fox- non-explosive

military uses, and to the retransfer of materials to a third state; the

absence, in practice, of safeguards for source materials; the practical

problems of maintaining effective checks on nuclear inventories; the

ease with which states can withdraw from the NPT and from most.non-NPT

safeguards agreements; deficiencies in accounting and warning procedures;

and the absence of reliable sanctions to deter diversion of safeguarded

material.

The possibility of diversion of nuclear material through terrorist

acts is not remote as some might believe. There is a very real risk that

the opportunity and the motive for nuclear blackmail will develop with

time. Some common characteristics of terrorist groups suggest that they

might attempt to make and explode atomic bombs or make other terroristic

uses of nuclear materials or facilities. These include lack of concern

for their own safety and for the suffering caused by their attacks.

Since they have no territory of their own, fear of nuclear retaliation

is not an inhibiting factor. Major difficulties could arise in

attempting to determine the reality of a threat by a group to explode an

atomic bomb, to spread radiation from a reactor, or to disperse plutonium.

Either acceding to or refusing the demands of such a group could have very

adverse consequences for society.

Measures designed to prevent theft of nuclear materials and attacks

on nuclear installations have been tightened in recent years. Welcome as

those measures are, the evidence indicates that the risks are presently

real and will tend to increase with the further spread of nuclear

technology.

IV CONCLUSIONS

Table III gives a comparison between the environmental impacts of

a 1000 Ш е coal—fired power plant and three nuclear plants with the same

capacity. The environmental advantages of the reactors are: (1) in the

category of effluents, where the reactors are assigned 1,200 to 1,500 tons

per year as against the million tons of air pollutants coming from coal-
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fired plants; and (2) in land use, where the 300 to 400 acres of space

which is needed for a coa]-fired plant is compared with 70 to 140 acres

for a nuclear plant and the 200 acres per year which must be stripped

for the coal is compared with 13 acres of uranium strip mining for the

LWBR and much less than 1 acre for the LMFBR. The cooling water needs

are about even for the LMFBR and coal plants and 40 to 50 per cent h

for the LWBR. However, the effect of pollutants are not measurable by-

weight or volume. It is the interaction with the things man cares about

that determine the extent of the damage. In the case of radioactive

wastes, the target for damage ^s man and his generations.

Table III Environmental Effects of 1 ,000-mw Generating Plant (44)

Type G o a l - f i r e d

THERMAL
Btu/sec
to be d i s s ipa ted 1

EFFLUENT
Radioact ivi ty
103 curies/yr

Air pollution
(tons/yr)

so2

CO

Particulates

HC

WASTES (iO3ft3/yr)
Radioactive
Ashes

LAND
Acres rained
Plant sites (acres)

.49ХЮ 6 1

45 ,ooo
26,000

750

3,500

2бО

200

200
300-400

LWBR

•93X1O6

2.253

1,500*

900

25

120

9

12
7*

13

1.43ХЮ 6

2

1,200*

700

20

95
7

10
5*

9
7П 1ЛО ..

LMFBR

1.31X10 6

2

-

-

-

-

-

8

0.05

* The emissions charged to the reactors are computed from the

electric energy used in enrichment.



Although some countries have slowed down t h e i r nuclear energy
programmes, the abandonment of nuclear f i s s ion would, however, Ъе neither-
wise nor j u s t i f i e d (45). I t i s important, at t h i s s tage of nuclear power-
development, t h a t increased e f for t s should be devoted t o deta i led i n -
depth studies of the different environmental impacts associated with a l l
s teps of the nuclear fuel cycle, t o develop the adequate measures for
ensuring the p r o t e c t i o n of man and h i s environment.
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