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ABSTRACT

Indian Nuclear Power Programme, at the present stage, is based
on natural uranium, fuelled heavy water moderated CANDU type reactors
except for the first nuclear power station consisting of two units of enriched
uranium fuelled, light water moderated, BWR type of reactors. Some of
the salient aspects of radioactive waste management at power reactor sites
in India are discussed. Brief reviews are presented on treatment of
wastes, their disposal and environmental aspects. Indian experience in
power reactor waste management is also summarised identifying some of
the areas needing further work.



1. INTRODUCTION

Indian Nuclear Power Programme, at the present stage, is baaed
on natural uranium fuelled heavy water moderated CANDU type reactors
which have eliminated the need for setting up the capital intensive uranium
enrichment facility. With the exception of the first powar plant, which con-
sists of two units of enriched uranium fuelled light water moderated Boiling
Water Reactors (BWR), all plants are of CANDU type Pressurised Heavy
Water Reactors (PHWR), which appear to have certain merits in the context
of the nuclear strategy being planned for the country.

The Tarapur Atomic Power Station (TAPS) which consists of 2
BWR units, each of 190 MWe, commenced regular operation in October,
1969. The first PHWR is the Rajasthan Atomic Power Station (RAPS) which
consists of two units, each of 220 MWe generating capacity. The first unit
(RAPS-1) started regular operation in December, 1972, whereas the second
unit is in the advanced stage of completion. Both the Madras Atomic Power
Project (MAPP) and the Narora Atomic Power Project (NAPP) each con-
sisting of two FHWRs of 220 MWe are under construction.

This paper discusses some of the salient aspects
waste management at power reactor sites in India.

2. TREATMENT OF RADIOACTIVE WASTES

of radioactive

At those nuclear power plants, where it has been established that
solution to the problem of waste management lies in their concentration and
containment, use of the known chemical engineering processes have been
employed for their treatment. For gaseous wastes, as built-in control
measures have been integrated in the power plant, for their decay or
treatment before release, details of the same are aot included.

2.1. Design Considerations

Waste treatment facilities for nuclear power plants have been
designed fully using the indigenous technology and equipment. Based on
nature and quantity of effluents, the treatment methods have been selected
to ensure that the contaminants are effectively removed such that the
treatedeflluents, after they are released to the environment, do not pose
problems to man and his environment or adversely affect the natural
resources. One of the most important considerations has been to minimise
the generation of effluents to the extent possible and properly segregate the
streams by introducing appropriate control measures right at the source of
generation. Accordingly, it has been ensured that sources like tritium and
detergent bearing streams which pose problems with respect to their treat-
ment in heavy water reactors are collected separately. The*3 liquid effluents
are invariably treated on a batch basis to facilitate repeated treatment,
whenever required. Also, it has been found to be a safe practice to
specify a suitable limit for the maximum radioactivity arising from liquid
effluents in storage depending upon the natom of the effluent, the type of
storage etc. As most of the radioactive contaminants eventually end up in
solid waste concentrates and slurries, it has become an important con-
sideration to minimise the exposure of the operating personnel in handling
these wastes by limiting the radioactivity content in each consignment to be
treated and providing remote handling facilities and shielding. Thus,
reduction of man-rem exposure has been of paramount importance in the
design of waste treatment facilities for the reason that some of the long
term chronic effects of even low levels of radiation on man are not yet



fully understood.

2. 2. Treatment

2. 2 .1 . Liquid Wastes

For the liquid effluents, which are normally in the range of
10~2 u Ci/ml to 10"* u Ci/ml, filtration, chemical treatment using
flocculation techniques and ion-exchange with natural clay minerals have
been commonly used. Also, provision has been made for steam evaporation
of small quantities of liquid effluents of higher levels of activities in case
it it found necessary.

In a tropical country like India, use of open solar1 evaporation
ponds which utilise both direct and indirect solar energy to concentrate
liquid effluents was found to have definite merit in hinterland locations where
it was considered desirable t<j aim at the maximum containment of radio-
active liquid effluents. Data collected at selected sites show that solar
evaporation is well suited for treating large columes of low active effluents
as average annual net evaporation rates obtainable are quite high. Also, it
was found preferable tc keep' the depth of the pond as shallow act possible in
order to obtain maximum exposure to solar radiation and air currents, at
the same time ensuring that the depth is adequate to provide necessary hold
up during maximum rainfall. Use of flat plate and parabolic types of solar
concentrators has been studied for enhancing the evaporation rate in solar
ponds. It was established that flat {late collectore, which are less
expensive, give better performance as evaporation takes place at compara-
tively lower temperature, where these collectors are found to be efficient.
A large solar evaporation facility to handle low active liquid effluents has
been constructed at Rajasthan Atomic Power Station site, which is under-
going commissioning trials. Though somewhat high capital investment had to
be made to ensure leak proof containment, it is expected that the operating
cost of this facility would be considerably low. R&D efforts are under way
with a view to enhance evaporation rates by use of extended surfaces for
evaporation, light absorbing dyes etc.

Table-1 gives details of plant characteristics that affect radioactive
waste generation at Tarapir Atomic Power Station.

The major part of the liquid waste handled at TAPS is resulting
from system leaks, equipment drains, demineraliser beds, regeneration and
blow downs. Radioactivity is mainly due to activated corrosion products and
any fission products escaping from leaky fuel. The performance objective
of the Station Radioactive Waste Management System originally built as a
part of the power station, was to collect, process and dispose of these
wastes in a controlled manner (the discharge limit being fixed at
10*4 u Ci/ml before dilution with condenser cooling water) and without
seriously affecting the station operations.

Fig. 1 gives the Liquid Waste Management System at Tarapur
Atomic Power Station.

The wastes are classified based on their radiochemical analysis
such as high conductivity or low purity floor drain waste (dirty radioactive
waste - DRW), the low conductivity waste (clean radioactive* waste - CRW).
Besides these, chemical waste from demineraliser regeneration also joins
tne DRW stream. The treatment in respect of these stream? is by
recycling CRW after filtration and demineralisation, DRW V" ng discharged
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Ever since the station Btart up, it has b««>n observed that this
quantities of DRW and CRW streams have been much in excess of ttai treat-
ment capacities provided. Also with increased fuel leak«, the activity levels
of the effluents were found to be high. This created primarily a storage
problem with inadequate methods to treat the same. To give an effective
decay and removal of the major contaminants (in order to meet the station
discharge limits), an augmentation facility was Introduced with two surge
storage tanks (900 M3 capacity) in tho flnt phase, with a process line up
consisting of a two stage treatment plant, la the second pbaaa. While the
surge storages serve for decay of the short-lived lsotopes,maialy I131, as
well as meeting the station transients, the treatment line up consists of a
flocculatlon and ion-exchange facility for removal of Cs1 3 7 and Cobalt ,
if present.

The treatment scheme adopted for the wastes in Pressurised
Heavy Water type of reactors are generally the same except for certain
changes Incorporated based on site conditions &nd operational data obtained
from the Liquid Effluent Tiutanss* Plant ixt operation at the Rajasthan Atomic
Power Station.

Table-II £ives detail* of pirns* characteristic• that affect radio-
ve waste generation at «adi of the typical PHWRs.activ

Fig. 2 gi
Atomic Power Stat on.
streams are aa foll

s the LawM Waste Irfanaferneat System at Rajas&han
The treatment surovifed for the -various effluent

ows:

(a) Potea ially activ* wastes: Wastes arising from ahowars, wash
rooms a** cottoa | oods lauadvy are pottatiaUy active a*d he&ce are
normally discharf «jl by minnf with procees cooliag water from the Reactor
ani Service Boildiajg amd th«a with the ntaln coaUag wat«r from the Turbine
Building. ,

(b) Active non-chemical waste«: Wastes arising from decontami-
nation wash and riase water, laboratory wash and rinse water, service
building floor draioe and reactor building sump are mostly active and are
non-chemical in nature. This stream iti received in any on* of the
dispersal tanks via hold-up tanks and dUcharg«d in a controlled manner, *
optimally utilising the cooling water.

(c) Active chemical wastes: Wastes generated from decontamination
solutions and laboratory washings, are chemical in nature. Baaed on activity
level and pH, this stream is mixed with cement and buried underground or
disposed of.

A new Solar Evaporation Facility is being set up at this alt* with
the objective of approaching the concept of 'Zero Release', The facility la
at present undergoing commissioning trials. Most of the time, all th«
liquid waste streams shown in Fig. .2, will be subjected to evaporation in
this facility and the concentrates fixed In cement concrete. Provision for
diversion of the potentially active waste streams into the Ranapratap Sagar
Lake through the process »nd condenser cooling water will be retained from
optimal consideration.

1



2. 2. 2. Solid wastes

For solid wastes and sludges generated in power plants, baling,
retrievable storage in standard containers and insolubilisation using adsor-
bents are the methods commonly employed before transporting the same to
waste storage sites for disposal. Incineration is also proposed to be used,
to a limited extent, for burning low active combustible wastes.

Table-UI provides some details on solid waste management at
two typical power stations.

In the Tarapur Station, the major solid waste a rising a are the
filter sludge from the clean-up circuit and the spent ion-exchange resins
which are collected separately. So far, these wastes have been centrifuged
and insolubilised using a conventional concrete mixer, where the required
drying agent is added, mixed and filled in drums or caskod for direct dis-
posal. As this gave rise to the problem of man-rem exposure, an on-site
permanent storage tank of 225 M^ capacity was subsequently provided for
the spent resin slurry which can be pumped directly. The filter sludge is
fixed and disposed in suitably designed underground engineered containers in
the adjoining waste burial site.

In the Rajasthan Atomic Power Station, a solidification facility has
been provided to insolubiiise Spent resins and slurries using Portland cement.
The above, along with the other solid wastes after treatment are sent to the
solid waste storage area, for disposal.

3. ENVIRONMENTAL ASPECTS

The location of power plants have been selected taking into
account the criteria established for their safe operation including the other
essential requirements.

The Tarapur Atomic Power Station is located in the west coast of
India, on the Arabian Sea, at about 100 Kms to the north of Bombay. In
this Station, warm condenser discharges are.used to dilute and disperse
the radioactive liquid effluents through a discharge canal into the sea. A
dual discharge system is adopted by releasing the effluents through either
of the two canals located on both the sides of the intake canal depending
on the direction of the tide to minimise recycling of the effluents. The
solid wasts storage area is located adjacent to the Power Station where the
solid wastes are stored in carefully engineered ground disposal facilities.

The Rajasthan Atomic Power Station is located on the bank of
Rana Pratap Sagar Lake formed between two dams of River Chambal, in (the
State of Rajaathan. The radioactive liquid effluents are released to the
discharge canal after filtering to remove suspended solids and; - diluting with
process and condenser cooling water of the station. The activity discharged
by heavy water leakage into process water is expected to be very low
because all potential leakage points and offending equipment could be shut off
before any significant activity is released. Ground disposal of liquid wastes,
on the surface or at shallow depth, ia not allowed at this site.

The Madras Atomic Power Plant site is located about 85 Kms
south of Madras on the eaat coast of India. The radioactive effluents,
after treatment, are proposed to be transported through an underground
pipe-line and injected into emergency process sea water "'\e for effecting



dilution before releasing into the sea beyond the wave breaker tone. The
solid waste storage area has been centralised to cater to the requirements
of the power plant and othar nuclear facilities associated with the Fast
Reactor Complex located at the site. Preliminary geohydrological studies
have been carried out and it has been found that ground water movement in
this area is rather slow.

The Narora Atomic Power Station is located at an inland location
in the northern region near the Lower Ganga Canal. Because of the merg-
ing of Ramganga River into Ganges, an additional canal similar to the Lower
Ganga Canal is proposed to be constructed, which will provide favourable
conditions for release of radioactive effluents after their treatment.
Because of the high water potential in the area and seismic considerations,
it appears that the total quantity of radioactive solid wastes stored at this
site will have to be limited.

Systematic pre-operational environmental studies are carried out
at power reactor sites in order to assess the safe capacity of the environ-
ment to receive radioactive discharges. As a general practice, release to
the environment is kept 'as low as practicable" to ensure that the discharge
limits at plant boundaries are not exceeded even under off-standard operat-
ing conditions. Sites in which power plants are in operation, environmental
samples are collected and analysed on a continuous basis. The results
show that the operations carried out at these sites are commensurate with
the stipulated safety requirements.

4. SUMMARY OF EXPERIENCE

At Tarapur Station, based on experience, it was found necessary
to construct 2 hold-up tanks (900 M-* each) to provide sufficient delay time
for the short-lived isotopes for decay before release when surge load of
effluents are generated. Also, the effluent treatment plant has been
augmented by providing chemical treatment and ion- exchange (vermiculite)
system in order to further reduce the radioactivity due to long-lived
isotopes in liquid effluents before discharge.

The liquid effluent management plant at Rajasthan Atomic Power
Station has been found to meet the design requirements. However, in
order to further reduce the radioactive discharges, as described earlier,
solar evaporation ponds have been set up. Whan they become operational,
almost total containment of radioactivity could be expected.

At Madras Atomic Power Station Site, where reactors for both
power generation and research and other plants and laboratories are located,
the concept of providing a centralised waste treatment plant has been
introduced. This arrangement has avoided duplication of facilities in the
individual units and provided design and operational flexibility. By inter-
connecting all the effluent storage tanks available at this site by a suitable
effluent piping network, it has been made possible to maximally utilise the
available storage capacity for effluents, thus avoiding the need for providing
larger hold-up tanks at different locations. As the treatment facility has
been designed with built-in flexibility with respect to the type of effluents to
be handled and their volumes, it would be possible to provide uninterrupted
service to the Power Station both during normal and off-standard operating
conditions.

In* the waste management system being planned for the Narora
Atomic Power Plant, several improvements in the design are being



incorporated baaed on the experience gained at other site*.

5. AREAS NEEDING FURTHER WORK

Aa regulations on radioactive discharges are tending to become
more stringent, it would be desirable to effectively reduce radioactive
releases from nuclear power plants. The generation and release of liquid
effluents could be kept to the minimum by devising improved methods Cor
controlling them at the source and treating them. During the operation of
nuclear power plants, various parts of the mechanism wear out and highly
contaminated structural and other hardware, items have to be dismantled
and replaced. As this will involve man-rem exposure and other problems,
it would be necessary to develop methods to reduce their generation as they
cannot be discharged as scrap even after careful decontamination. Another
area, which i s of particular significance to the developing countries is the
need for standardising the approach for design of certain sub-systems like
storage and transportation facilities for effluents as they often give riBe to
operational and maintenance problems. Radioactive discharges from heavy
water reactors have been found to be high in tritium activity. Though the
levels are below the permissible limits, in order to avoid long term
problems, development effort is required for devising commercially viable
treatment techniques for their removal. As some of the power plants built
in the earlier lap of nuclear power programme may be approaching the end
of their useful life, attention would be required to examine some of the
waste managment problems associated with decommissioning of such plants.

6. CONCLUDING REMARKS

The development of nuclear power programme in India has been
characterised by its overriding concern for health and safety aspects and
protection of the environment. Radioactive effluents generated from the
power plants have been managed successfully. With the available expertise
and technological base, we believe that it i s possible to safely and eco-
nomically manage the radioactive waste products from nuclear power plants.
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TABLE-I

PLANT CHARACTERISTICS THAT AFFECT
RADIOACTIVE WASTE GENERATION AT

TARAFUR ATOMIC POWER STATION

Type of fuel

Cladding material

Coolant

Moderator

Control rod material

Other materials exposed
to primary coolant

Enriched UO2

Zircalloy-2

Light water

Light water

B.C granules

Austenitic Stainless Steel
(Primary System)
Zircalloy-2
(Cladding material)

Coolant purification Ion- Exchange



TABLE-U

PLANT CHARACTERISTICS THAT AFFECT
RADIOACTIVE WASTE GENERATION AT
RAJASTHAN ATOMIC POWER STATION

Type of fuel

Cladding material

Coolant

Moderator

Control rod material

Other materials exposed
to primary coolant

Natural UO2

Zircalloy-2

Heavy water

Heavy water

Cadmium

Auatenitic stainless
steel (Primary system)
Zircalloy-2
(Cladding material)

Coolant purification Ion- Exchange



DESCRIPTION

TABLE-in

SOLID WASTES AT TAPS AND RAPS

TAPS RAPS

Average annual volume

Resins

Sludges,
Filter sludges.
Sands

Other wastes

Treatment

Type of segregation

Compression

Fixation

Approx.10 M

Appro*. 73 M3

Compressible,
Solidifiable etc.

15 Ton hydraulic baler

With "Solcofloc" as
drying agent

6.796 MJ

4.453 MJ

23.325 M

Compressible soft
waste, compressible,
Non-compressible
hard waste, resins,
sludges etc.

15 Ton hydraulic
press

With Portland
cement.
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