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Abstract

An overview of the management of radioactive wastes with par-
ticular reference to the Indian Nuclear Programme is presented. The
initial design philosophy of the radwaste management system is dis-
cussed in relation to accepting a calculated, minimum discharge of
radioactivity to the environment.

A brief report of the operational experience with the low and
intermediate level radwaste systems is given. Factors that influence
the review of the present philosophy for future adoption are presented.
Some methods being developed for decreasing release of the radio-
activity to the environment are discussed. Among techniques consi-
dered are solar evaporation, delay and decay of fission rare gases
from power reactors and concentration and storage of Kr-85 from fuel
reprocessing plants.

Problems in the management of high level and alpha-bearing
wastes are discussed with particular reference to the nature of the
waste generated and the policy under implementation for their manage-
ment. The matrices, solidification processes, modes of interim
storage and criteria for selection of site for ultimate dispensation of
the solidified high level wastes in geological formations are described.
An approach towards the solution of the problem of management of
alpha-bearing waste is also presented.



Radioactive waste management is perhaps one of the most talked
about subjects in any discussion on nuclear power generation. The li-
mitation on the available conventional energy resources has made the
inevitability of nuclear power growth in future, an accepted fact. It
therefore becomes essential that successful management of radioactive
wastes be technically and economically feasible. The well-documented
hazardous effects of radiation justify to a certain extent the concern
about radioactive wastes. But, it is reasonable to say, that such a
concern should also take into account the awareness shown by the nu-
clear industry of their responsibility to man and his environment,
their past performance in fulfilling this responsibility and their techno-
logical capability to face the problems of future.

The importance of radioactive waste management to the growth
of nuclear power production was recognized very early in India. Work
on development of suitable treatment methods and safe disposable prac-
tices were initiated, much ahead of the power programme, at the
Trombay Research Centre. This lead-factor in time and technological
preparedness, have resulted in effective management schemes for
radioactive wastes from the operations of the subsequent nuclear power
reactors and fuel reprocessing facilities. Based largely on indigene-
ous materials and capabilities, the waste management programme in
India is well established and meets with stringent stipulations on dis-
charge of radioactivity to the environment.

The magnitude of waste management programme in India as of
now and on a projection to the end of this century is illustrated in
Table I. More than 4 billion curies of activity is estimated to be in
storage by that time.

It is well known that there are only two options available for
the dispensation of radioactive wastes; either they are to be contained
under control or they are to be dispersed into the environment. Such
a seemingly simple situation does, in fact, call for very far-reaching
decisions from the nuclear industry, decisions that have to weigh the
possible hazards that mankind may have to face at any future date
from environmental contamination and decisions to accept an economic
penalty for containment of radioactivity. While the strain on the
economics of nuclear power, due to radioactive waste management, is
not too clear regarding capacity of the environment to accept radio-
activity without any deleterious effect to man during the projected
time periods that are to be reckoned with. No doubt, several work-
ers have attempted to plan and organise radioactive waste manage-
ment on the basis of cost/risk analysis; though quite scientific in
approach, this may be somewhat too radical at the present time, par-
ticularly in view of long term possibilities of escape and reconcen-
tration of radioactivity in the bio-sphere. The hazard potentials of
even the relatively long lived fission products such as strontium^O



and cesium^? would reduce by a million times or more in a period
of about 900 years. But the hazard posed by the transuranics would
remain more or less constant over this period and extend to periods
of the order of 100, 000 years or more and hence the intense discu-
ssions about the ultimate dispensation of high level wastes contamina-
ted with transuranics.

In the Indian Nuclear Programme, the basic philosophy for
management of radioactive wastes has been to concentrate and contain
as much radioactivity as possible and discharge to the environment
oi'.y effluents at "as low a concentration level as practicable". Backed
up by the development efforts towards treatment and disposal of radio-
active wastes at the Bhabha Atomic Research Centre, Trombay, where
facilities have been in operation for about 15 years, U» 2, 3) jt has been
possible for the Indian Nuclear Programme to continuously ensure that
stipulations laid down for discharge of radioactivity have been strictly
complied with.

Due to the large size of the country and the different locales at
which nuclear installations are built and are being planned, it was
considered necessary to evaluate the immediate environment of indivi-
dual site and adopt norms for containment of radioactivity that -were
considered essential for each situation. With increasing need for
nuclear power, the philosophy of radwaste has progressively evolved
with continuing reviews. The philosophy of waste management in India
takes into account two different types of locations, namely coastal
sites and those which are inland. Significant dilution possibilities in
the Sea could well be one of the factors in deciding on waste manage-
ment scheme for coastal sites like the Tarapur Atomic Power Station
and the Madras Atomic Power Station. Even here, studies have shown
that discharge of radioactivity, though below permissible concentra-
tions, should preferably be away from the shore to preclude return
and accumulation of radioactivity to the shore line due to tidal fluctua-
tion. At inland sites, like the Rajasthan and Narora Atomic Power
Stations, norms for discharge of radioactivity are far more restric-
tive. Efforts are under way to reduce to the minimum possible extent,
if not totally prevent, any discharge of radioactivity to the environ-
ment at inland sites. One of the methods adopted is concentration of
all low level radioactive effluents by solar evaporation.

As for management of low level radioactive waste concentrates
and solid wastes, currently no direct disposal into the ground is
practised. Storage sites are selected on the basis of extensive geo-
logical and geohydrological evaluations and different types of engineer-
ed containments are used depending on the characteristics of each
site. Despite the confidence in the high integrity of these contain-
ments, a rigorous monitoring of the ground water and soil samples
at the storage sites is being carried out. In addition to the continu-
ous monitoring at the waste storage site, more elaborate programme



of post operational environmental surveillance by the health and safety
authorities in the areas of interest around the nuclear installations
serves as a back up protection.

Discharge of radioactivity in off-gases from operating nuclear
facilities has not warranted serious concern so far. However, attem-
pts to quantify the magnitude of radioactivity from gaseous wastes at a
future date are well justified, particularly for the three important
radionuclides namely tritium, iodines and krypton*^. it is estimated
on a global level that in the year 2000, on the basis of projected nu-
clear power generation, accumulated activities in the range of 10**
curies, 10^ curies and 10^ curies for iodine^", tritium and krypton*"

spectively, would prevail in the biosphereW. Considering the mag-r e
nitude of the projected Indian nuclear programme and also the plant
unit capacities envisaged for fuel reprocessing, environmental effects
of the above radionuclides will not be of much significance. But in
keeping with the policy to plan on a long term basis, efforts are al-
ready under way to develop suitable schemes for their containment.
Adsorptive decay of short-lived noble gas fission products and cryoge-
nic distillation for removal of krypton*" from fuel repoecessing plants
are some of the processes that are receiving attention at present.

The highest level of radioactivity concentration is present in
the wastes produced at the first cycle extraction stage of the fuel
reprocessing facility. More than 99. 99 per cent of the total radioacti-
vity in the entire nuclear fuel cycle is present in this particular waste
stream. Traditionally, these wastes have been stored in specially
engineered underground tanks in all the countries. Any solution for
disposal of these wastes has to ensure that the hazardous nuclides do
not escape into the environment in the foreseable future. Possibility
of tank failure and the relatively short life of even a high integrity
tank, which would necessitate the transfer of this highly active liquid
wastes from one tank to another several times, would make storage of
the wastes in liquid form in tanks, at best, only an interim approach.

A schematic for management of higher active wastes arising
from fuel reprocessing in India is presented in Fig. l(5).

The solid cladding material generated from the reprocessing
plants, in addition to having fission product activity may also be con-
taminated with transuranics. At present, no further conditioning of
these wastes is considered. The chopped pieces of the cladding mate-
rial is contained in acid-resistant-lined steel barrels and stored in a
retrievable form in steel lined concrete tile-holes located underground
near the site of generation(6). When zircaloy is used as cladding
material, the pyrophoric nature of the zircaloy fines, which can possi-
bly lead to a hazardous situation, is taken into consideration in the
design and operation of the storage facility. The waste containers can
later be transported, if required after further treatment, for geological
disposal.
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The intermediate level liquid wastes are neutralized and are
incorporated in bituminous matrices. The specific activity of the
waste to be incorporated in bitumen is limited to about 1 ci/1 so as
to limit the cumulative radiation dose in the product during storage
to 10^ Rads. Extensive product evaluation studies have confirmed
that at this level, the radiolytic effects on bitumen are well under con-
trol and the product safety and integrity are assured even under possi-
ble impact and exposure to ignition conditions. The solidified waste
products are stored in suitably designed underground concrete trenches
near the site of generation.

A number of processes have been developed for immobilisation
of the high level wastes in different countries including India. The
processes developed in India ^' are calcination based on 'atomisation
suspension technique1 and 'pot solidification'. Considering the chemical
complexity of the types of wastes to be processed, control required
over a wide range of operating parameters and different criteria set
for the final products, no single process is expected to be optimal for
all applications. However, the 'pot solidification' process is probably
technologically the simplest and would offer ease of remote operation
and maintenance. In the process, the liquid waste is concentrated in
an evaporator and is fed with additives into a zone heated fixation pot
in which the waste is denitrated and reduced to a molten vitreous mass.
This is drained into another pot used for storage. The filled pot is
cooled and sealed by remote welding before being transported to sto-
rage vaults. Design for such a facility, to immobilise the highly aci-
dic and high active liquid wastes, has been completed in India and at
present construction of this plant is under progress at Tarapur.

Several alternative designs have been considered for interim
storage of the solidified wastes. One is to use natural convective air
cooling and the other water cooling. Because of the hydrological con-
ditions and other site conditions relevant to the Tarapur location,
natural convective air cooling will be used in the interim solid stora-
ge facility. The canisters from the solidification plant will be en-
closed in a secondary storage container and these are stored in
underground concrete vaults. The stored waste would be continuous-
ly cooled and monitored. A schematic of air cooled storage is
presented in Fig. 2. The first such facility at Tarapur is likely to
be constructed and commissioned by 1979-80. When the heat load
in the storage unit is reduced to predetermined levels it will be
transported to the geological disposal site.

While immobilisation of high level wastes and the interim
storage of the solidified product are more or less accepted univer-
sally as the best approach towards a solution of the problem on the



basis of current technology, the step of ultimate disposal of solidified
product is still a matter of discussion at the highest scientific levels
all over the world. While some prefer the idea of storing the pro-
ducts on a very long term basis with possibilities of retrieving them
at later stage, certain others choose ultimate disposal of the waste
products into adequately investigated geological formations.

The basic requirement of a geological formation to be suitable
for location of a permanent repository for radioactive wastes is that
there should be reasonable assurance about its ability to contain safely
the waste radionuclides indefinitely. The formation should be stable
for geological periods of time, and there should be complete absence
of circulating ground water within the formation. In India, because of
the lack of suitable evaporites deposits, the choice is restricted to
igneous rock formations, and selected sedimentary deposits. This will
present difficult problems of mining in the hard rock formations with
the consequent effect on the economics of waste disposal. Evaluations
are under way for assessment of various geological formations in
selected non-seismic zones of the country. Data on geological and
hydro-geological characteristics of the above formations, the physical
and chemical properties of the rocks and climatological and seismic
data are being collected, in coordination with various field agencies.
Compilation, correlation and analysis of the data to screen and identify
possible areas of location of repository sites are underway prior to
taking up of detailed site investigations.

The philosophy of radioactive waste management in India does
not stop at ensuring releases to environment below the presently stipu-
lated values. All efforts are directed towards achieving the maximum
possible retention under control, of the radioactivity.
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TABLE - I

PROJECTED WASTE ARISINGS IN INDIA

1976 2000

CO

INSTALLED CAPACITY, NUCLEAR

FUEL REPROCESSED

INTERMEDIATE LEVEL WASTES

HIGH LEVEL WASTES

NET STORAGE AREA FOR SOLIDIFIED WASTES

LOW LEVEL WASTES

INTERMEDIATE LEVEL WASTES

* AREAS INDICATED ARE FOR ACTUAL WASTE EMPLACEMENT

MWe

Te/Yi

' M 3

)O3Ci

f M3

[ IO6Ci

STES*

M2 '

M2

600

120

150

58

100

40

> 2,100

20,000

1,500

22,000

2,375

14,625

4,125

1,15,000

7,750
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