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Abstract

The Indian Atomic Energy Programme aims at harnessing the natural resources in the most optimal manner. To
achieve this end, a three phase Nuclear Power Programme was devised in the early days of establishment of the
Department of Atomic Energy. It envisages the utilisation of the modest uranium reserves and rich thorium deposits in
the country. The limited natural reserves of fuel materials have prompted India to pay increased attention to the back end
of the fuel cycle, which consists of Reprocessing and Waste Management. The spent fuel is valued in India as a source
for fuel and is treated accordingly, to recover the important fissile materials. Thus, the route of reprocessing of spent fuel
in order to recycle uranium and plutonium in future reactors was opted for. Today, India possesses the capability and
facilities, catering to the entire fuel cycle, i.e., starting from the mining of the ore, through fabrication of fuel and its
application in reactors, to reprocessing of the spent fuel and appropriate waste management. With the third Reprocessing
Plant almost ready for commissioning and second and third waste Immobilisation Plants under construction, the Spent Fuel
Management Programme has come of age in India. This paper presents an overview of the status of the spent fuel
management programme and its future perspective.

1. INTRODUCTION

The guiding philosophy of the Indian Nuclear Programme has been "self-reliance and
indigenisation" and it has steered the country towards developing technical capabilities related to all
stages of the nuclear fuel cycle. While deciding a long term strategy for nuclear power production, due
consideration was given to the availability of the nuclear fuel within the country. Based on the limited
reserves of uranium and abundant reserves of thorium, a three phase nuclear power programme was
chalked out. The first phase is based on natural uranium oxide fuelled PHWRs (pressurized heavy water
reactors). Reprocessing of the spent fuel from these reactors will produce plutonium, which will be the
fuel for the fast breeder reactors in the second phase of the programme. These reactors will also use
natural thorium blankets in order to breed U-233 by activation. In the third phase, U-233 based reactors
will be constructed, thus utilising the thorium abundance. As a direct consequence of this strategy, India
had to go in for a closed fuel cycle concept, with reprocessing and recycling as its main strategy for the
back end. Adequate attention is paid to the safe management of nuclear wastes generated in this route.
Industrial scale plants have been established and there is an ongoing effort to upgrade and improve the
technology in all stages of the nuclear fuel cycle by giving utmost importance to Research and
Development activities.

2. OVERVIEW OF THE NUCLEAR POWER PROGRAMME

The Indian nuclear power programme was started with setting up of two BWRs (boiling water
reactors) at the Tarapur Atomic Power Station. These reactors use low enriched uranium (LEU) fuel
and have completed 25 years of successful operation. However, it was decided subsequently not to build
this type of reactor in the country.

2.1 First Phase - PHWRs

The Indian Nuclear Programme in the first phase is based essentially on PHWRs using the
indigenously available natural uranium. In this series, the eighth power reactor, a 220 MWe PHWR,
Unit II at Kakrapar, in Gujarat State, was synchronised to the western grid on March 4, 1995.
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The present total installed nuclear capacity is about 2000 MWe and the cumulative experience
gained is about 120 Reactor Years. The total nuclear electricity generation by all units in India till
December 1994 was 92.2 TWh.

The construction work on the projects Kaiga-1 & 2 (220 MWe PHWRs each) and RAPS-3 & 4
(220 MWe PHWRs each) is continued. Two more 500 MWe reactors, Tarapur-3 & 4 units, are on the
anvil.

2.2. Second Phase

Fast Breeder Test Reactor (FBTR) - The second phase of the nuclear power programme
commenced with one 40 MWth (13.2 MWe) Fast Breeder Test Reactor at Indira Gandhi Centre for
Atomic Research (IGCAR), Kalpakkam. The reactor utilises indigenously developed mixed carbide fuel
and liquid sodium coolant. It achieved criticality in October 1985. Since then, it has been operating at
various power levels up to 10.2 MWth.

Based on the experience gained in the FBTR, setting up of a Prototype Fast Breeder Reactor
(PFBR) of 500 MWe is planned at Kalpakkam. Design analysis and technology development for this
500 MWe PFBR has made sufficient progress with the objectives of reducing the capital cost and
construction time, at the same time increasing the capacity factor. Choice of Mixed Oxide (MOX) fuel
was guided by factors such as extensive experience, excellent performance and availability of proven
reprocessing technology.

2.3. Third Phase

The fast breeder reactors will have natural thorium rods as blanket materials which, on irradiation
with fast neutrons, will produce U-233. Even in Unit-I of Kakrapar Atomic Power Station, thorium
bundles were loaded into the initial core for the production of U-233. The blanket material will be
reprocessed to separate U-233, the fuel for the third phase reactors.

KAMINI - A 30 KWth mini swimming pool type research reactor (KAMINI), having a core of
U-233 is ready for pre-commissioning trials at Kalpakkam. This is a totally indigenous reactor, designed
for neutron radiography applications. With the commissioning of this reactor, India will be entering into
the third phase of the programme.

At present, the main thrust of Indian R&D programme is on the engineering design of 500 MWe
PHWRs and in the area of physics and engineering design of thorium based Advanced Heavy Water
Reactors (AHWRs). In the area of nuclear fuels, India will be operating Light Water Reactors (LWRs)
at Tarapur, using a mixed core of MOX fuel and LEU, instead of full cores of LEU. Manufacture of
MOX fuel and introduction of MOX fuel bundles in the reactor have already been initiated in a phased
manner.

3. SPENT FUEL MANAGEMENT

3.1. Storage

Indian strategy for the Spent Fuel Management is to reprocess all the spent fuel. However, there
is definitely a need for some storage arrangement for spent fuels, till they are reprocessed.

The basic concept adopted is to provide a wet storage capacity of about 10 years for the spent fuel
At Reactor (AR) storage pool itself. Here, the spent fuel is stored in stainless steel trays, maintaining
water temperature, water chemistry and radioactivity within stipulated levels. Similar arrangements are
also made at each of the reprocessing plants for the interim storage of spent fuel received from reactors.
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In the wet storage, the spent fuel is handled under water by pool bridge, remotely operated tongs
etc. The facilities for under water handling include under water lighting, polishing and make up water
systems. The water quality is very important for visibility to carry out under water operations and for
the continued integrity of fuel cladding (especially Aluminium) and other materials in the pool.

Storage Capacity

Irrespective of the storage capacity planned initially, there always arises a need to enhance the
capacity of spent fuel storage system over a period of time. India has successfully tackled this problem,
employing the following three methods:

by employing high density storage racks, with structural materials having neutron absorbers and
also by increasing the stack height;
by adopting to dry storage in lead and reinforced concrete shielded cask as an interim measure;
by constructing Away From Reactor (APR) storage facility.

The spent fuel from the two BWRs at Tarapur, has not been taken up for reprocessing and is
under storage right from the beginning. In view of the spent fuel inventory building up in the AR
storage pools, initially the high density storage racks concept was adopted. Subsequently, additional
storage capacity was generated by utilising four dry storage casks. Presently, an APR storage facility
has been commissioned at Tarapur with a capacity to store 3312 BWR spent fuel assemblies.

In RAPS, storage of spent fuel in reinforced cement concrete casks under dry storage conditions
was also adopted as an interim measure. Indian experience with wet as well as dry storage has been
good with no compromise on health, safety and environmental aspects.

3.2. Spent Fuel Transport

The transport requirement of spent fuel is mainly from the reactor site to reprocessing plant or
to APR site. The mode of transport is by rail and/or road. The transport is carried out in specially
designed and approved shielded casks. The spent fuel from TAPS to APR is transported by road in a
shielded cask of 651 conforming to the AERB and IAEA safety regulations. The spent fuel from RAPS
is transported by rail and road in lead shielded cask meeting all the statutory and safety requirements.

4. REPROCESSING

For the past three decades, India has been using indigenously developed technology for
reprocessing the spent fuel. The first reprocessing plant was constructed at B ARC, Trombay, in 1964,
which caters to the reprocessing requirement of metallic fuel from research reactors. A second plant,
PREFRE, was constructed at Tarapur to reprocess BWR and PHWR fuels. Based on the experience
and confidence gained during the design, construction and operation of these two plants as forerunners,
a third plant has been constructed at Kalpakkam which is undergoing pre-commissioning tests and is
under safety review by Atomic Energy Regulatory Board (AERB). This plant is expected to be
commissioned by early 1996 and is designed to treat zircalloy clad natural UO2 spent fuel from the
Madras Atomic Power Station (MAPS), located nearby. Its important features include redundancy and
flexibility so that it can meet the reprocessing requirements of MAPS for the entire life of the reactor.
The Indian industry has participated adequately in the construction of this plant, by supplying and
installing equipment that satisfy the stringent quality requirements.

4.1. PREFRE III

In view of the projected increase in the spent fuel arisings from the forthcoming large size nuclear
power plants and additional demands of plutonium and mixed oxide (MOX) fuel in future, it has been
decided to construct medium capacity (350 tons of uranium per year) reprocessing plants and co-locate
the same along with the reactors. This will preclude any across-the-country transport requirements of
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the spent fuel. The first 3501 HM/y medium sized plant (PREFRE III) is proposed to be constructed
at Rawatbhata, in the northern region, co-located with RAPS.

4.2. U-233 separation

Technology for the separation of U-233 from irradiated thorium has been developed and
successfully demonstrated. The thorium rods irradiated in CIRUS and DHRUVA reactors at Trombay,
have been reprocessed. The separated U-233 has been put to use as core material in research reactors
like PURNIMA-II and III, at Trombay, and KAMINI, at Kalpakkam. An engineering scale plant for
the processing of thorium rods, undergoing irradiation in reactors, is being constructed at Trombay.

4.3. Fast Reactor Fuel

The major objective of the reprocessing of fast reactor fuel is to separate the plutonium from the
spent fuel for recycling back into the reactors, thus, limiting the out-of-pile fissile inventory. India has
carried out considerable research and development studies in this field. A pilot plant to reprocess the
irradiated fuel of FBTR, is in an advanced stage of construction at IGCAR, Kalpakkam, and is slated
for commissioning in 1996. Another plant to reprocess mixed carbide fuel is under construction at
Kalpakkam. The plant is designed with a view to process FBTR fuel on a regular basis and will also
have the capacity to demonstrate the capability to reprocess the spent fuel from the proposed prototype
fast breeder reactor (500 MWe).

5. RADIOACTIVE WASTE MANAGEMENT

Spent fuel management with reprocessing option cannot be sustained without a strong base of
waste management programme. Indian nuclear programme has a very high priority for the treatment
and disposal of radioactive wastes in order to ensure health and safety of the public and protection of
environment. Besides nuclear reactors, which mostly generate low and intermediate level active wastes
(LLW and ILW), the reprocessing plants become the prominent source of all types of wastes viz. high,
medium and low active wastes (HLW, ILW and LLW) and also alpha active wastes.

The high level radioactive liquid wastes (HLW), generated in reprocessing, are stored for an
interim period of 3-5 years in high integrity, stainless steel tanks, located inside underground RCC
(reinforced cement concrete) vaults. These tanks are equipped with cooling facilities and
instrumentation for monitoring and surveillance.

After the interim storage, the HLW is managed by a three-step strategy involving:

a) immobilization of the waste oxides in stable and inert solid matrices, such as borosilicate glass
b) interim retrievable storage of the solid waste form under cooling, in specially designed facilities,

and
c) deep underground disposal in suitable geological formations.

The first Waste Immobilisation Plant, set up at Tarapur, has provided the necessary design,
construction and operational experience, based on which two more WIPs are under construction - one
at Trombay and another at Kalpakkam. The vitrification units at Tarapur and Trombay are based on
modified Pot Glass process, with induction furnace metallic melter. The WIP at Kalpakkam, however,
will have Joule-heated ceramic melter, which is under a developmental stage. The solidified waste
encased in sealed canisters, is kept for interim storage for about 20-30 years, in Solid Storage
Surveillance Facilities (SSSF), adjacent to WIPs. The SSSF provides natural convection cooling for the
stored waste and is designed such that the waste product is totally isolated from the ground water. Long
term evaluation of vitrified high-level waste form, under geological conditions is being pursued. This
will go a long way in demonstrating a safe containment of waste form in deep geological repositories,
with no impact on environment. For the ultimate disposal repositories, India is investigating the
candidate sites.
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The intermediate level liquid waste (ILW) and other process wastes, e.g., spent resins, sludges
and evaporator concentrates, are fixed in cement or bitumen matrices. The conditioned waste is
stored/disposed, in near-surface disposal facilities like Tile holes and RCC trenches. An alternate
process based on ion-exchange has also been developed, by which bulk of the radioactivity (mostly, Cs-
137) is removed from the ILW enabling the effluent to be disposed of as low level effluent. The low
level active liquid waste (LLW) is treated and/or diluted, before disposal to a large water body.
Alternately, evaporation in solar ponds is also adopted in some of the inland stations. The low active
solid wastes are incinerated or baled, in order to reduce the volume and disposed of in RCC trenches
or Tile holes.

6. FUTURE PERSPECTIVE

India has gained good experience in the fabrication and subsequent reprocessing of oxide fuels.
Besides these, several other fuel compositions such as carbides, nitrides, metal alloys etc., are under
investigation and their reprocessing will be studied in future.

According to current practices, the high-level liquid waste (HLW), generated during the
reprocessing of oxide fuel, is immobilised in a borosilicate glass matrix. This matrix is known to have
reliable integrity for the life time (400-1000 years) of the two prominent fission product isotopes, Cs-
137 and Sr-90. However, doubts are expressed about the stability of glass for time periods required for
the long lived actinides, which have half lives of 104 years or more. It will be desirable to handle the
actinides separately, especially in the light of increased actiniae inventory, encountered in fast breeder
reactors.

Separation of Actinides - The actinides can be separated either from the HLW, generated during
the PUREX process or from the spent fuel directly, by following the TRUEX method of reprocessing.
New range of extradants and exchangers are being synthesised and evaluated for the removal of
actinides, particularly the transuranic (TRUs) elements. One of the most promising extradant, CMPO
(octyl phenyl, N-diisobutyl carbamoyl methyl phosphine oxide) is being studied extensively for
application in TRUEX process.

The separated actinides may be either immobilised in improved matrices such as SYNROC or
transmuted to generate shorter lived or stable isotopes. A great deal of development efforts has already
been devoted to the preparation and characterisation of Synroc. The products have been subjected to
long-term leaching tests, with very encouraging results. However, studies on the transmutation of
actinides and also some very long lived fission products viz., 1-129, Tc-99 etc., have been deferred for
the future.

7. CONCLUSION

India has opted for a closed fuel cycle system, with reprocessing of the spent fuel as the main
process at the back end. It has gained the necessary experience in the fields of both reprocessing of the
spent fuel and safe management of radioactive wastes generated thereof. Irradiated fuel assemblies of
different types and compositions have been reprocessed at experimental and plant levels. Due attention
has been paid to the storage and transportation of spent fuel. The high-level liquid wastes (HLW) have
been successfully immobilised in glass matrices. Waste Immobilisation Plants (WIPs) and facilities for
interim storage of the HLW, before and after vitrification, have been / are being constructed. Candidate
sites for locating the repositories are under investigation. However, the quest for learning goes on, with
an accent on the Research and Development activities and implementation of the chosen processes.
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