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Introduction

A distinguishing feature of the Indian nuclear programme
has been its comprehensiveness, covering the entire fuel cycle;
starting from uranium mining and milling, production of uranium,
fuel fabrication, setting up research and nuclear power reactors,
spent fuel reprocessing, recovery of plutonium and recycling and
waste management.

India's nuclear energy programme took off with the
commissioning of the first pool type research reactor "APSARA' in
1956. The first nuclear power station (BWR) consisting of 2 x
210 MWe reactors at Tarapur (TAPS) commenced operation in 1969.
Since then, five more nuclear power reactors (PHWR) each of 235
MWe have become operational and one more similar unit is in the
verge of commissioning. A number of 235 MWe and 500 MWe PHWRs
are under construction or are being planned for execution to
achieve a nuclear power target of 10,000 MWe in the near future.
In order to make optimum utilisation of the country's limited
uranium reserves and also to exploit the vast reserves of
thorium, strategy of Indian nuclear power programme has been
based on three stages, the first stage will have PHWRs using
natural uranium as fuel which will produce plutonium for use
along with thorium in the second stage through Fast Breeder
Reactors (FBRs) and in the third stage U233 obtained from the
second stage reactors would be used along with thorium to sustain
a long term energy source. To meet this objective, the
reprocessing option has been chosen for the spent fuel management
programme in India.

The present status of the various steps of the spent
fuel management programme can be summarised ss follows:

Spent fuel arsings and storage

The twin ractor BWR station at Tarapur is in operation
since 1969 with an annual discharge capability of about 25
tonnes of spent fuel at full power operation. The spent fuel
arisings from this station is kept under storage. The storage
pool at the reactor was initially designed to store 528 spent
fuel assemblies. Subsequently the capacity was increased to 1508
spent fuel assemblies by reracking using high density racks. As
this capacity also has been exhausted a separate wet storage
facility Away From the Reactor (AFR) was constructed which has
become recently operational. During the interim period when the
AFR was under construction, spent fuel storage in dry casks was
resorted to as an interim measure. In the spent fuel pool the
decay heat from the stored spent fuel is continuously removed by
recirculating the pool water through heat exchangers. The water
quality and clarity are maintained by using precoat type filters
with ion exchange resins (Powdex).

The AFR spent fuel storage facility has capacity for
storage of 2000 spent fuel assemblies from TAPS. In this
facility the spent fuel assemblies are stored in 12 x 12 arrays
of high density fuel racks which are designed to maintain fuel in
a geometry to limit K-eff less than 0.9 under conditions of
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optimum water moderation. Transportation of spent fuel from the
reactor pool to the AFR pool is done using lead shielded casks
which were designed for dry storage as well. These dry casks are
designed for storage of spent fuel with a minimum cooling period
of 10 years. The fuel pool cooling system is designed for the
total load of 2000 fuel assemblies with a provision to increase
it to 3312 assemblies.

RAPS 1 & 2 are the first two PHWR reactors to be
constructed at Rajasthan. RAPS-1 was commissioned in 1973. The
spent fuel generated from these reactors are stored in stainless
steeel trays of the spent fuel pool at the station. Pool water
cooling and purification system operates continuously to maintain
temperature, water chemistry and activity within stipulated
levels. The capacity of spent fuel storage pool is adequate for
about 1© years full power operation of the two reactor units. The
transportation of spent fuel from the reactor station to the
reprocessing plant (located at Tarapur) is done by road and rail
in 70 tonne casks in dry condition. The storage capacity of the
pool at the reactor station has been increased by about 3©% of
its original capacity by reducing the spacing between each tray
as also by increasing the stack height. It is also proposed to
adopt dry storage in concrete casks for spent fuel with a cooling
period more than IS years. The proposed concrete cask will have
750 mm reinforced concrete thickness from all sides and 850 mm at
bottom. Cask is lined with 6 mm thick steel plate both inside
and outside and is designed to withstand mechanical stresses.
The total weight of the cask fully loaded with spent fuel will be
60 Te. If necessary, AFR could also be used for storing the RAPS
fuel.

All the twin reactor stations at Kalpakkam (MAPS),
Narora (NAPS) and Kakrapar (KAPS) which are in operation or under
advanced stage of completion are also provided with similar spent
fuel storage capabilities.

Storage at reprocessing plant

Two reprocessing plants are under operation. The
Trombay Plant is essentially for reprocessing spent fuel from
research reactors. The PREFRE Plant at Tarapur is intended for
reprocessing spent fuel from power reactors and has been
reprocessing PHWR spent fuel. The method of storage of spent
fuel at these reprocessing plants is wet storage under
demineralised water. The Trombay plant pool has a storage
capacity to store about 58 tonnes of spent fuel and the
Tarapur plant has a capacity of about 45 tonnes. A minimum
water shielding of 2.5 to 3 metres is provided above the spent
fuel. There is no cooling provision in the reprocessing plant
pools in view of low decay heat in the spent fuel stored due to
sufficient initial cooling already undergone in the reactor
pools . The pool' water temperature is maintained below 42 degree
C and pool water chemistry and clarity is maintained by the pool
water clean up system consisting of cartridge filter, cation
anion and mixed bed ion exchange columns. A pH range of 6.8 - 7.2
and conductivity below 0.1 micro S/cm are maintained in the
pool. Regeneration of the ion exchange columns by nitric acid and
routing the effluents to the waste evaporation system of the
reprocessing plant has reduced the regenerant effluent discharge
considerably.
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The Reprocessing programme

The spent fuel management programme in India is mainly
based on reprocessing option. The recovered plutonium is
envisaged to be recycled in the thermal and fast breeder
reactors. Reprocessing operations started in India in 1964 with
the commissioning of Trombay Plutonium Plant for reprocessing
spent fuel from CIRUS, a research reactor. Being the first
plant, it was intended to demonstrate the indigenous capability
and generate expertise in the field. The plant process cells
were fully decommissioned and reconstructed with the expanded
capacity to enable reprocessing of spent fuel from the Dhruva
research reactor as well.

The first Power Reactor Fuel Reprocessing Plant (PREFRE)
at Tarapur was built essentially to reprocess spent fuel from the
power reactors TAPS 1 & 2 and RAPS 1 & 2. The plant has been
operated under IAEA safeguards with PHWR spent fuel from RAPS.

Another reprocessing plant is under construction at
Kalpakkam. This plant has provisions for making additions to
enable reprocessing Fast Reactor fuels as well.

In view of the progressive increase in the spent fuel
arisings from the planned growth of nuclear power generation in
the country, reprocessing capacity is being enhanced in a phased
manner to keep pace with the plutonium demands as well as to
obviate the need to store large quantities of spent fuel in the
storage pools. Medium size reprocessing plants are planned to be
colocated at reactor sites with considerable spent fuel arisings
so that large scale transportation of spent fuel across the
country is avoided. A conceptual design of such a medium size
reprocessing plant (350 te/yr) has been taken up recently.
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PAKISTAN

I. REACTORS

Pakistan has:

1) One 137MH(e) Nuclear Power Plant in operation at Karachi

since 1971.

2) One 5 MW Swimming Pool Type Research Reactor (PARR-I) at

Pakistan Institute of Nuclear Science & Technology

(PINSTECH) , Islamabad. This Reactor is being upgraded

from 5 MW to 10 MW using LEU (20%) against original

HEU (93%) .
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