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ABSTRACT

Nuclear power has come to stay, not only as an alternate

energy source Vat a la o as a substitute for fossile fuels, for

its conservation for more important uses. One of the more

important factors that govern the introduction and sustenance of

a nuclear programme is effective management of radioactive

wastes to protect the environment» Experience in India hap

shown that because of special geographical and demographical

conditions prevailing in the region and the current level of

industrial infrastructure in the country, the waste management

concepts to be adopted tend to deviate from the well established

standards and practices adopted in western countries.

The paper presents the R & D and operational experience of

India in the development of a viable technology in the field of

radioactive waste management and examines the scope for

regional cooperation between countries with comparable

conditions with a veiw to minimise the discharge of radioactivity

to the environment.
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1. INTRODUCTION

The energy needs for industrial and economic development of

the world are at present being met mostly by fossil fuels, viz.

coal, oil, natural gas etc. There is a clear indication that the

reserves of these fuels excepting probably coal will be

exhausted in the not too distant future. Moreover, fossil fuelá

are too costly to be burnt merely for the production of energy

because they are the only readily exploitable natural resources -

of innumerable basic chemicals which are essential not only

for the industrial development hut also for the production of

fertilisers. Hence the development of nuclear energy is

essential not only as an alternative energy source but also as a

substitute for fossil fuels for its conservation. Faster the

development of nuclear power, more will be the savings of

fossil fuels for these alternate and more essential needs.

Another important reason for the development of nuclear power

is the fact that out of the many prospective sources of energy
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such as nuclear, solar, fusion, MHD, geothermal etc. only

nuclear energy has so far offered a technological promise ana

established a base for large scale exploitation, Although mag-

nitude of this promise was felt earlier, the realisation of the

long term importance of the role of nuclear energy In fetare

»rgy planning came much later.

As Is well known and appreciated, one «i the most Important

betors that governs the introduction and sustenance of targe

seal» nuclear power is the sale and effective management of

radioactive wastes to protect man and his environment.

The siting of nuclear power plant Is determined by many

considerations such as population density, nearness to largo

bodies of cooling water, climatic conditions, nearnoao to load

centres, availability oi transmission networks, tolattvo

distances from alternate fossil fuel rasourees eta. Bxfiortonee

In India has shown that the waste management eneopfta navo to

be evolved to suit the dlffryent situation« peted by local con-

siderations and constraints,

U If proposed in this papsr to explore the poiflMltty of oHlla.

Ing «ho experience which India hag gained In tho «old of radio-
i

active waste management for power r«actors of other countries
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in the region. As there are many factors which are common

to the countries in the region it is bf merit to consider as to

how best these factors could be utilised to minimise the dis-

charge of radioactivity to the environment,

2, LIMITATIONS OF RELEASE OF RADIOACTIVITY

2, 1 Environmental Considerations

The sanctity and sanity of exploitation of nuclear energy for

power production are being seriously questioned by environ-

mentalists in many countries. Operational abnormalities at a,

few nuclear installations may have contributed to the concern.

There have been instances, though very few, when the rig

stipulations of discharge were violated. More than the freak

and infrequent instances, concern, of late, is more in the

direction of thê  long-term implications of radioactivity that

accumulates in the human environment. The unknowns that

loom large in this respect prompt an increasingly conservative

approach, ' &

Depending on the specific conditions of particular locales, the

maximum permissible discharge values have to be set to suit

that particualr environment. Sometimes, this leads to very

stringent limit being set fór radioactivity release as in the case
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of Rajasthan Atomic Power Station (RAPS). This station is

located near Kota city in Central India on the bank of the

Chambal river dam lake. It is not sufficient in this case to

base the discharge limitB taking into consideration ttie point of

discharge of the effluents, capacity of the lake and the volumes

of cooling water available. There are other factors as well

which could result in likely accumulation of certain specific

radionuclides in the lake. To avóW this possibility, It was

decided that the limit set for release of activity in the effluents

shall not take into consideration the dilution provided by the

cooling water. Recognition of such environmental factors

would lead to the adoption of even stringent methods to conta in

radioactivity.

2.2 Siting Considerations

India being a large country, anumbeir of nuclear power plants

have to be located in many geographically different coastal and

inland locales. Detailed studies have shown that even In

coastal locations with better dilution possibilities In the sea,

radioactivity could accumulate on the »hore line due to various

factors and hence the norms for discharge have to be carefully

assessed.
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Inland location of the plants is governed by:

1) Availability of cooling water; this dictates location of

nuclear plants on the banks of rivers, dams or canals. These

water bodies are also the main sources of dilution for treated

radioactive waste solutions before disposal.

ii) Nearness to load centres; this would dictate the need for

the location at or near large cities or big industrial areas.

iii) Availability of good transmission netwworks designed

to meet the requirements of these load centres.

iv) Availability of a satisfactory transportation system to

receive large components of nuclear plants, i.e. roads, rails

and bridges to provide access to and from these sites.

Location of nuclear power plants on the banks of rivers

imposes serious limitations on the release of radioactivity

because of the following considerations:

i) In an agricultural country like India, river water is a

major source of water to meet the irrigation needs and will be

extensively utilised in the future.

ii) A number of big inland cities are ioacted along the main
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river* whose population ie already burdened due to pollution

from other industries, '-_. '-••- . --• --' -.• -. • ' : i K "I". .'••'•'• -

All these considerations point to the need fop adoption of

philosophies for radioactive waste management which at«

relevant to each situation. • ' • ' : •

2.3 Demographical Considerations '

There are certain Bpeclal demographic conditions to be con-

sidered in developing countries when planning the discharge of

radioactivity from nuclear plants. Utilisation of the produce

from sea, rivers and agricultural operations tends to be more

localised affecting mostly the population living nearby. In the

developed countries this factor may not be significant as there

is well developed transportation system exchanging products of

various regions and thereby providing what can be termed as a

'dilution' effect. Other considerations such a* the need for

larger intakes and utilisation of water In warme« climate« and

the overall average poor health standard« prevailing la the

developing countries pose additional difficulti«sc ;

.2.4, Water Utilization

i •

In the developing countries, a good portion of the 'available

''I '



r
-i-

water resources may be untapped at present. But, future plans

for the management of these resources would incorporate their

full utilization, by, for example, multipurpose power projects

which will mean extensive use of river water for bringing more

and more land under cultivation. This factor needs to be borne

in mind while deciding to locate nuclear power stations on river

banks in the hinterland, from the point of view of release of

radioactivity to the water body as construction of a number of

dams along the downstreams may result in slower movement

and increased build up of radioactivity at such points. This

may result in slower water circulation rates and possible

reconcentraticn effects.

3. 'ZERO' RELEASE (ZR) CONCEPT

Guidelines for release of radioactive effluents into environment

from a nuclear power plant are set such that the human populat-

ion is not exposed to unacceptable radiation risk. In view of the

uncertainties in our knowledge of the dispersion and reconcen-

tration processes, in the environment and the routes through

which radioactivity may enter the human system, it is advisable

that the radioactive releases are reduced to very safe and

lowest possible levels.

L_



The term 'Zero1 release (ZR) in our context implies that no

deliberate discharge of effluents at a concentration level signi-

ficantly above background is made into environment during the

operation of a plant.

The concept merits consideration for the following reasons!

i) Since the long term effects of radioactivity are not clearly

known, it is safer to limit the leakage of the same as much as

possible.

ill) The assurance of near zero leakage shall be advantageous

for siting the nuclear plants near load centres which are also

centres of concentrated populations especially in developing

countries.

Achievement of this concept is feasible if all the radioactivity

in the waste streams could be concentrated by means of suitable

processes, immobilized if required and stored or ultimately

disposed in suitable media and no deliberate dischargo of radio-

activity is made to the environment.

To deal with an emergency/accident situation, where inadvor-

tant release of radioactivity tak« place, sufficient hold up

reserve capacity or interconnected buffer capacity fa individual
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plants may be provided at the installation so that no liquid

waste goes out of the controlled area.

4, PROPOSED TREATMENT SCHEMES

4, I Chemical Treatment

Well known chemical treatment processes consisting of removal

of active, radionuclides from low and intermediate level waste

by precipitation and coagulation generally offer a decontaminat-

ion factor between 10-100* 'a The processes are effective for

many situations but for near total containment of activity, this

falls far short of meeting the goal,

4. 2 Ion Exchange

Ion exchange is utilized for polishing liquid streams from

nuclear power plants. Typical examples are cleaning of rod

storage bay water, removal of fission products from primary

circuit of light water reactors and as a polishing step for

specific isotopes for second stage in chemical treatment for

low level liquid wastes.

The liquid wastes generated during regeneration of the ion.

exchangers need further treatment to permit direct discharge to

the environment. One solution to this is tha one through use of

L ' • • _ J
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ion exchange resins. The process however, has limitations

and cannot be adopted för all the situations/ and involves high

consumption of synthetic ion exchange resins which are costly

in this region. Therefore, Use of suitable naturally occurring

mineral materials is to be considered as substitutes.: The

vermiculités (a micacioua aluminoSilicate mineral) was found

to be a good substitute for synthetic exchangers like Amberlite

There is a good scope for improving the efficiencies of the

natural minerals to obtain higher decontamination facilities.

4,3 Steam Evaporation

For such of those liquid wastes which are compatible for eva-

poration, a good decontamination.factor can be obtained if the

system is designed properly or by two step evaporation with the

possibility of discharge directly to the environment. However,

the cost of steam evaporation both capital and operating is com-

paratively higher. To achieve 'zero1 release it would also be

necessary to have the steam evaporation followed by another

treatment method like ion exchange which again adds to the cost

of treatment.
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4.4 Solar Evaporation

At inland sites, instead of using ion exchangers for treatment

of low level wastes from power reactors, use of solar evapora-

tion is proposed for reasons detailed in Section 2 and 3. The

concentrates resulting after treatment of Intermediate level

wastes, are directly immobilised by fixation in bitumen or

concrete. The low level wastes produced are diverted to the

solar evaporation facility. Similarly if suspect waste is found

to be significantly above background, it is also diverted to

solar evaporation facility. Sludge from the solar evaporation

facility is fixed in asphalt for immobilisation.

4. 5 Treatment of Gaseous Effluents

The gaseous waste consists of particulate matter and fission

gases like Iodine, Krypton and Xenon.

The containment of particulate matter is achieved by filtration

through high efficiency particulate air (HEPA) filters. A well

designed ventilation and filtration system using these filters

offer s total elimination of parířculate activity under normal as

well as possible accidental conditions.

Similarly near total containment of radioiodine is achieved by

L
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using activated charcoal filters from coconut shells.

For the containment of shortlived fission noble gases a delay

system uBing dynamic adsorption process in charcoal columns

has been developed for use in power reactors. The delay

provided is sufficient to reduce radioactivity to safe limit by

decay,

4.6 Treatment of Solid Wastes

Non-combustible solid wastes are compacted to a minimum

volume and stored. Combustible wastes are incinerated and

the ashes are asphalted and stored. The gases from, incinera-

tor are filtered and released to the environment below back-

ground level.

4. 7 Immobilisation of C oneentrates

All treatment processes for waste management give rise to

a stream of concentrates in the form of saturated solutions

sludges, slurries etc. which are relatively more active. These

are suitably converted to solid form by immobilisation of the

radianuclides in them by incorporation in cement or bituminous

matrices aB appropriate to the given stream. The immobilised

concentrates are stored in ordinary or steel lined concrete
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trenches below ground,, Containment of activity in the trenches

is ensured by intense post operational monitoring and

surveillance.

5. SOLAR EVAPORATION

A review of the available processes has shown that solar

evaporation Una y be a more suitable method for treatment of

liquid effluents arising from nuclear power reactors in order

to achieve near total containment of the activity. Advantages

of solar evaporation lies in low energy requirements and low

cost of operation though initial capital costs are high.

Feasibility studies were made in India taking into account

effect of various parameters like evaporation rates, behaviour

of radioisotopes, sludge handling and disposal, health and

safety aspects etc. on solar evaporation. The results were

encouraging.

In this process effluents are led to pans from which evaporation

occurs at rates depending upon meteorological conditions

existing at the site. In due course the liquid in the pans is

saturated and various chemical species start precipitating in

sequences of their solubilities. The precipitated materials from

I
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a sludge, which settles at the bottom of the pan and gets

collected in a large sump provided in-the pan for this purpose«

The sludge is made amenable for pumping and transferred to

sludge storage tanks -where they are permanently sealed by

topping with concrete. Volume of the sludge is about 2% of the

volume of total effluents input, to, the solar evaporation pans.

Allowance is made in the design for taking into consideration

precipitation rates and favourable seasons of the year.

Sufficient hold up capacity is provided in the pans for this

purpose. An alternative is to provide removable rain covers

to prevent rain water from collecting in the pans. Such covers

can be automatic or manually operated. The evaporator pans

are inte rconnected by pipes so that liquid from each evaporator

pan overflows to the next ore when the liquid level is above a

stipulated level.

The pans are to be designed as leak proff structure so that

there is no possibility of leakage of radioactive liquids to the

ground during its life time of about 30 years.

6. COMMON REGIONAL FACTORS

6.1 Nuclear Programmes

By the turn of the century, it is expected that nuclear power
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will play an increasingly important role in providing the energy

requirement« for the developing countries. Fourteen typical

developing countries as surveyed in 1973-74 by IAEA are

expected to have 52, 000-62, 000 MW(e) of nuclear capacity in

operation during the period 1980- W 4 ' 5'. Subsequent surveys

indicate that the total capacity of the nuclear plants which might

be installed in the developing world during the same period

amounts to approximately 160, 000 MW(e). As a typical

example, Iran is planning an expansion of power production

capacity with one of the highest rates in the world. It is

planned to install a nuclear power production capacity of

34, 400 MW(e) by 1992 in spite of having about 11% of the

world's estimated crude oil reserves* \

6. 2 Resources Planning

In the earlier sections the limitations of release of radio-

activity from nuclear power plantB to the environment was

discussed in the context of geographical and other considerat-

ions in India. In view of certain similarities, some of those

limitations are also valid for other countries in the region as

well.

While considering the sitingof inland nuclear power plants,
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serious considerations have to be given to the existing plans

and programmes for full éscploitation of natural and water

resources, e. g. for production of hydroelectric power and

irrigation to maximise land under cultivation. This aspect of

planning is common to all the agricultural countries in the

region. The extent of future utilization of untapped natural

water resources in these countries is illustrated by example

of Iran which has a plan to step up the production of hydro-

electric power from a present capacity of 1600 MW to 15000

MW by"T<j>92 by collecting excess water in Northern Alborz

mountain in Caspian littoral region and distributing to the

Central and Eastern desert regions* ', Therefore, long term

plans for the development of nuclear, power and utilization of

water resources have to be considered in conjunction with each

other.

6.3 Industrial Infrastructure

Study of the process of technology transfer between different

countries indicates that greater the differences between donor

and recipient in respect of industrial infrastructure and develop-

ment and availability of technological and managerial skills,

greater are the problems. In other wortiá, when the level of

i L
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development of the donor and the recipient is different, the

technology that can be transferred more easily and success-

fully is the one at the level of the recipient.

In the case of the transfer of nuclear technology from deve

loped countries to developing countries, one can assume a

division of the various components that make up a nuclear

plant into two major categories.

(a) In the first category, there are those components which

require vofy advanced and sophisticated technical know-how

calling for almost 'turned-key' type of supply and installation

by the donor in the recipient country. A donor may be

available within the region for many of these components.

However, some would need to be imported from outside the

region.

(b) In the second category fall those components and systemB,

for which technical know-how and expertise are definitely

available within the region. Extensive experience and technical

capabilities are also available within the region in design and

fabrication of these components which form a considerable part

of nuclear plants. Utilisation of such expertise would be of

benefit to the new entrants in the nuclear field in this región.
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It is also neceeaäry that nucl»as or any advanced technology

which is being imported has to undergo some minimum modi-

fications to suit the prevailing level of technical capabilities and

skilled manpower for operation and maintenance. This Is

because the capacity to absorb advanced technology is not much

different from the capacity to ci eat a new technology. Thus

technology transfer can be made quicker and more fruitful

when the disseminator and recipient are at the similar level

of industrial infrastructure.

Since the level of technical capabilities prevailing in this region

is not very different from country to country with a few

exceptions in certain specific fields, mutual sharing of their

capabilities is possible. Maňagment of radioactive wastes from

power reactors is one typical system1 which is amenable to

exploitation on regional basis. . .

Regional cooperation in sucha field will not only be beneficial

for better and quicker transfer of. technology to achieve regional

self-sufficiency, but also would pave the way for planning

protection of the environment on a regional basis. As is evident,

national boundaries are no barriers for pollution - radioactive

or otherwise. A regional basis towards attacking the problem
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right in the initial stage of development of nuclear technology

would be of immense value for all the countries In the region.

In fact an example exists in Europe in the form of Nuclear

Energy Agency of OECD which is overseeing the waste manage-

ment practices of the member countries.

7. CONCLUSIONS

Similarity of various conditions in the counttrto- of the region

are discussed in the preceding pages. The need for long

terra planning for protection of the environment from radio-

active releases of nuclear power plants underline the scope

for cooperation on a regional basis on the following aspects:

(i) Establishment of site selection criteria for nuclear

plants from the radioactive waste release point of view. This

would indicate the necessity of a detailed study of the geo-

logical and geohydrological conditions of prospective sites to be

undertaken on a regional basis.

(ii) Considering the long term implications of radioactive

releases to the environment from inland nuclear plants and

their interaction with the water resources development, there

is scope for evolving a general waste management philosophy or
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(lil) Proper methods of preventing the radioactive releases

maybe evolved by considering the conditions and resources In

the region on a long term basis.

(iv) Regional cooperation to carry out research and develop«

ment in the field of radioactive waste management particularly

in the studies of dispersion mechanisms and modes of recon-

centration of radionuclidea and their return pathways to man.
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