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Abstract

The spent fuel management programme in India is based on closing the nuclear fuel cycle with reprocessing option.
This will enable the country to enhance energy security through maximizing utilization of available limited uranium
resources while pursuing its Three Stage Nuclear Power Programme. Storage of spent fuel in water pools remains as
prevailing mode in the near term. In view of inventory build up of spent fuel, an Away-From-Reactor (APR) On-Site (OS)
spent fuel storage facility has been made operational at Tarapur. Dry storage casks also have been developed as 'add on'
system for additional storage of spent fuels. The paper describes the status and experience pertaining to spent fuel storage
practices in India.

1. INTRODUCTION

Nuclear technologists continue to ponder over the question 'What to do with the highly active
spent fuel which still possesses an economic value'? In other words it calls for finding ways to close
the nuclear fuel cycle. The long-term strategy for the nuclear power programme depends on the
answer to this question.

A decision on this issue is not only a matter of paramount economic importance but will soon
become an essential prerequisite for the operation of nuclear power plants, given the ever increasing
restrictions imposed by regulatory authorities on environmental concerns and public acceptance.

1.1. Indian scene: Management of spent fuel

Considering the vast resources of thorium in the country and the limited resources of uranium,
deciding the spent fuel management programme in India based on the reprocessing option is
considered a prudent and a responsible choice.

Having chosen the option of reprocessing, development activities related to high level waste
management, fabrication of MOX fuel and fast breeder technologies have gained importance. The
scheme of management of spent fuel (SF) in India is given in Fig. 1.
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FIG. 1. Spent fuel management in India
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2. SPENT FUEL ARISINGS

The reprocessing option adopted for spent fuel management would meet the fuel/fissile material
demand for the country's Three Stage Nuclear Power Programme.

Most of the first generation Indian power reactors are using natural uranium dioxide as fuel. It
is envisaged that the plutonium produced from the first generation reactors will be used, along with
U238 in the form of natural uranium and Th232 in second generation fast breeder reactors. Fast breeder
reactors will produce U233 which in turn will fuel the third generation reactors.

The Indian Nuclear Power Programme began with the commissioning of two BWRs, TAPS 1 &
2 in 1969. These BWRs use low enriched uranium dioxide fuel, however, most of the reactors in our
programme are essentially PHWRs using indigenous source of natural uranium. A number of 235
MW(e) and 500 MW(e) PHWRs are under construction or are being planned for execution to
accomplish the nuclear power target of 3,200 MW(e) by the year 2004.

The commissioning of the 15 MW(e) Fast Breeder Test Reactor (FBTR) at Kalpakkam
heralded the beginning of second stage of the nuclear power programme. Based on the experience
gained with the FBTR, work on the 500 MW(e) Prototype Fast Breeder Reactor (PFBR) has begun.
An Advanced Fuel Fabrication Facility (AFFF) has been built up at Tarapur to take up the MOX fuel
fabrication on industrial scale.

India entered into the third stage of nuclear power programme by building the 30 kW KAMINI
reactor at Kalpakkam using U233 as fuel. The estimated spent fuel arisings are given in Table I.

TABLE I. OPERATING NPP AND ANNUAL SF DISCHARGES

Name of Plant

TAPS 1 & 2

RAPS 1 & 2

MAPS 1 & 2

NAPS 1 & 2

KAPS 1 & 2

Reactor
type

BWR

PHWR

PHWR

PHWR

PHWR

Start of operation

1969

1973, 1981

1983, 1985

1989,1991

1992, 1995

Rated capacity
MW(e)

2x160

100 and 200

2x235

2x235

2x235

Annual SF arisings
tHM/a

21

45

60

60

60

3. SPENT FUEL TRANSPORTATION

Considerable experience has been acquired in spent fuel handling and transport. In India, SF
transportation is carried out in specially fabricated and tested shielded cask by rail and road.

SF from TAPS is transported to the newly AFR-OS SF storage facility by road in SS clad and
lead shielded cask of 70 t. Shipment of PHWR SF from RAPS/MAPS to the reprocessing facility or
AFR is carried out by rail and road, with single shipment consisting of 3 casks each containing 220
spent fuel assemblies. Since the transportation is carried out in the public domain, the statutory
requirements of transport safety, radiological safety, physical protection and nuclear material
safeguards are fulfilled.
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4. FUEL CHARACTERISTICS

CANDU type zirconium alloy-clad natural uranium dioxide fuel assemblies (Table II) are used
to power Indian PHWR type reactors. These have proven well suitable for wet and dry storage with
good mechanical durability. The durability is needed to meet the requirements of on-power reactor
fueling as well as post-reactor handling for storage and transport operations. Fuel bundles are given a
thin graphite layer (CANLUB) on the inside surface of the zircaloy cladding to prevent fuel-clad
interaction. Fuel bundles are easy to handle and can be closely packed in simple storage containers
and will not go critical in either wet or dry storage facilities regardless of the storage density. Zircaloy
clad enriched UO2 fuel is used to power the twin BWRs of TAPS 1 & 2.

TABLE II. BWR AND PHWR FUEL CHARACTERISTICS

FUEL CHARACTERISTICS BWR PHWR

Number of elements per assembly/bundle

Cross section/diameter of fuel assembly/bundle (mm)

Length of fuel assembly/bundle (mm)

Minimum thickness of zircaloy-2 cladding (mm)

Weight of uranium dioxide per assembly/bundle (kg)

Average discharge burn up MW-d/t HM

Weight of zircaloy per assembly/bundle (kg)

Type of fuel

5. SPENT FUEL STORAGE

5.1. At-Reactor (AR) facility

5.1.1. BWR spent fuel assemblies

The twin BWRs at TAPS are in operation since 1969 with an annual SF discharge capacity of
21 t HM/a at present rated capacity. The SF arisings from this station is presently kept under wet
storage. To maintain the pool water chemistry, clarity and to remove the decay heat from SF to
maintain the pool water below 42° C, the pool water is recirculated through cleaning system
comprising filter, ion exchange resin column and heat exchanger. The storage pool at the rector was
initially designed to store 528 spent fuel assemblies (SFAs). Subsequently the capacity was increased
to 1500 SFAs by reracking using high density racks. A separate wet storage facility, Away-From-
Reactor (AFR) and On-site, has been constructed and made operational for storage of additional spent
fuel assemblies from the reactor. During the interim period, when the AFR was under construction,
spent fuel assemblies storage in Dry Casks (DC) was resorted to act as an interim measure.

5.1.2. PHWR spent fuel assemblies

RAPS 1 & 2 were the first two PHWRs to be commissioned in 1973 and 1981 in Rajasthan.
The SFAs generated from these reactors are stored in SS trays in the spent fuel pool at the station.
Pool water cooling and purification system operates continuously to maintain the temperature, water
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chemistry and activity within stipulated levels. The capacity of the fuel pool is adequate for about 10
years full power operation of the two reactor units. The storage capacity of the pool was increased by
30 % of its original capacity by reducing the spacing between each tray and by increasing the stack
height. Concrete casks have been developed for dry storage of spent fuel assemblies with cooling
period of more than 10 years. Presently, part of this fuel is stored in the AFR-OS facility at Tarapur,
transporting in 70 t casks in dry condition.

All the twin PHWRs, at Kalpakkam (MAPS), Narora (NAPS), Kakrapar (KAPS) and Kaiga
(Project) which are either in operation or under advance stage of completion are also provided with
similar arrangement for spent fuel storage.

5.2. At power reactor fuel reprocessing plant (PREFRE)

5.2.1. Facility description

PREFRE plant at Tarapur is meant for reprocessing spent fuel from BWRs and PHWRs (see
Fig. 2). The spent fuel is received in shielded casks on trailer-truck through air-lock room. There is a
spent fuel pool at PREFRE plant for storage of spent fuel assemblies under demineralised water. pH
of 6.8 - 7.2 and conductivity below 0.1 micro S/cm are maintained in the pool. Ion exchange beds are
adequately shielded to reduce radiation level in the operating area. The pool capacity is about 63 t
HM (21 cask loads) of PHWR fuel. Other details of the fuel pool are as follows :

(1) Size
(2) Clear water shielding
(3) Total water volume
(4) Pool water turn over time
(5) Fuel pool lining (Stainless Steel)

: 10 m(L) * 8 m(W) x 7.5 m(D)/6 m (D)
:2.9 m
: 450 m3

:37.5h
: 3.2 mm.

FIG. 2. PREFRE spent fuel storage facility

68



IAEA-SM-352/8

A movable bridge provided with five fixed and one sliding tong spans the top of storage pool.
The tongs are meant for handling the fuel under water. 70 t Electric Overhead Travelling (EOT) crane
is used to handle fuel casks in the area.

In order to sweep off traces of fission gases that may escape from defective spent fuel
assemblies, a concept of surface ventilation system is used by locating supply and exhaust grills just
above the fuel pool surface.

5.2.2. Pool water clean-up improvements

5.2.2.1. Candle type filter

The pool water clean-up system was improved by first replacing the conventional pressure sand
filters with a glass wool cartridge type filters and then finally replacing with candle type screwed
filters enclosed inside SS housing and placed under water. The system is working satisfactorily with
water visibility maintained at very high level (turbidity below 0.2 ppm on silica scale). A high
filtering efficiency of 99 % is obtained.

5.2.2.2. Fuel pool clean-up system

A pool clean-up unit consisting of a suction funnel, submersible pump set and four number of
candle type filters was fabricated and is being used under water for removal of active loose fuel
powder/dust from the pool floor. Remote under water operations have helped reducing background
radiation and man-rem exposure. Cat-ion exchange resin bed was also introduced in pool water clean-
up system. Table III gives experience on polishing fuel pool water.

TABLE III. POOL WATER ACTIVITY AND REGENERANT EFFLUENT DETAILS.

Fuel stored Average pool
Water No. of

activity regenerations
(Bq/ml) per year

Regenerant effluent details
Volume Average (3,y Total activity

activity per year
(MBq/1) (GBq)(m3)

BWR/PHWR

PHWR

PHWRa

37-

16.7-

3.7-

111

27.8

18.5

13-24

3-12

1-3

180-350

50-160

15-45

7.4-

7.4-

7.4-

11.0

14.8

14.8

1,665-

740-

185

3,330

2,220

-555

a cat-ion exchange resin bed introduced

6. AFR-OS SPENT FUEL STORAGE FACILITY

The AFR-OS spent fuel storage facility commissioned at Tarapur for storing the spent fuel
discharged form the BWRs for the entire life period of the station, is a wet storage facility with a
capacity to store 2,000 SFAs with a provision to increase to 3,312 SFAs.

The fuel pool is 9 m (W) x 13 m (L) x 13 m (D). The depth accounts for 4.4 m fuel height, 5 m
for cask height, 2.6 m for shielding and 1 m free board. Radiation shielding around the pool is
provided by 1.5 m thick concrete wall. The pool is 5 m below the ground level and 8 m above ground
and is lined with SS 304 L plate. The concrete structure has been tested for leak tightness. A leak
detection system has been provided. SFAs are transported from TAPS to AFR in shipping/dry storage
casks on trailer-truck. The dry storage cask is designed for 37 SFAs having a minimum burnup of
13,000 MW-d/t HM and a cooling period of minimum 10 years. The entire AFR facility comes under
IAEA safeguards.
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The decay heat of each spent fuel assembly is estimated as 0.1 kW. The fuel pool is provided
with a cooling cum clean-up system to maintain pool water quality, clarity and temperature below
42°C under normal operating conditions.

Further handling of the cask is done by a 80/10 t EOT crane. Then the fuel pool bridge with
hoist of 1 t capacity will handle spent fuel assemblies one at a time for placing them on the storage
rack of 12 x 12 array.

The maximum activity release in the pool with 2,000 SFAs is expected to be 25.9 GBq/d based
on TAPS experience. For maintaining water quality, a water polishing plant of 30 m3/h capacity is
provided. Cartridge filters will remove particulate matter down to 10 urn size. A make up
demineralised water plant of capacity 0.5 m3/h is installed to cater the requirements such as
evaporation loss of water, decontamination etc.

Air flow is maintained over the pool water surface (velocity of 2 m/min) by means of
supply/exhaust ventilation system. This also causes surface evaporation and enhances the cooling
effect. The supply air filter efficiency is 90% down to 10 ^m size. Prefilters having an efficiency of
99% down to 5 urn size and absolute filters having an efficiency of 99.9% down to 0.3 |um are
provided on the exhaust side. Fig. 3 shows the line diagram of the AFR facility.

80.T0N SINGLE
FAILURE PROOF

EOT CRANE

SPENT
FUEL

SHIPP-
ING
CASK

VENTILATION

AIR

SUPPLY
AIR FAN

CASK
WASH
DOWN
AREA

WASTE

FUEL

POOL

EXHAUST AIR
\
HEPA

FILTER

PLATE
HEAT

EXCHANGER

PRIMARY COOLING
WATER PUMP

MAKE-UP
WATER

DM
PLANT

-RAW WATER

CARTRIDGE
FILTERS

WASTE7

POLISHING
PLANT

fl
WASTE7

/HEAT

COOLING
TOWER

SECONDARY COOLING
WATER PUMP

FIG. 3. Line diagram of AFR spent fuel storage facility

7. DRY STORAGE

Two types of dry storage casks (DSC) have been developed for storage as well as transportation
of the spent fuel.

As the DSCs are modular, passive, easily constructible and comparatively of low cost, these
have been adopted as 'add on' system for additional storage to the fuel storage pools. Dry storage of
spent fuel assemblies from BWRs at TAPS was taken up as an interim measure when the available
storage capacity in the AR facility was fully utilised. The DSC (Fig. 4) is designed to store 37 BWR
spent fuel assemblies with a burnup greater than 13,000 MW-d/t HM and a minimum cooling period
of 10 years. Strict administrative control is exercised to ensure the compliance of these parameters.
Square boxes made of 3.25 mm thick SS 304 plates are used to support 37 spent fuel assemblies.
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These plates also act as neutron poison and keep them in subcritical condition. Four such casks are in
use at TAPS without any external cooling. These DSCs also have been used for transportation of the
spent fuel from the reactor pool to AFR pool.

In view of high inventory build up of spent fuel, concrete casks have been developed for PHWR
fuel from RAPS 1 & 2 and can accommodate 220 Nos. of 10 year cooled spent fuel assemblies with a
maximum burnup of 10,000 MWd/t HM. The cask has 750 mm thick reinforced concrete shielding
on all sides and 850 mm at the bottom. The cask is lined with 6 mm thick steel plate both inside and
outside and is designed to withstand mechanical stresses to control cracking of concrete. The total
weight of the cask, when fully loaded with spent fuel assemblies, is 601.
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FIG. 4. Dry Storage Cask for TAPS Spent Fuel

8. CONCLUSION

Experience with wet storage systems in India is quite satisfactory wherein slowly all the
problems like high pool water activity, frequent regenerations, personnel exposure etc. have been
solved. The pool water activity can be maintained below 18.5 Bq/ml.

Storage of spent fuel assemblies in water pools remains as the prevailing mode for the near
term. India has gained ample and successful experience from designing, constructing and operating
various spent fuel storage facilities like AR, AFR and DSCs and transporting the spent fuel as per
procedures laid down by regulatory bodies. With increase in spent fuel arisings due to planned growth
of nuclear power generation, the reprocessing capacity is being increased to meet the future demand
of fuel and to reduce spent fuel storage load. Co-location of adequate capacity reprocessing plants at
reactor sites is planned to minimise the transportation through public domain.
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