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Abstract

The Indian nuclear energy programme is based on the utilization of
indigenous resources for the economic generation of power, developing its
own know-how. In order to gain time, the first nuclear power station at
Tarapur is a turn-key job based on enriched uranium fuel. Taking into
consideration the established resources of uranium and thorium in the
country, a strategy for nuclear power programme has been drawn up. The
first phase is based on natural uranium fuel, the second phase on the re-
cycle of plutonium and conversion of thorium and the third phase is the
breeder system based on utilization of U233 and conversion of thorium.
This programme is specially significant for India in view of its vast
resources of thorium.



After the experience and confidence gained with the manufacture
of metallic uranium fuel for the research reactors and about 40 tonnes of
fuel, for the initial loading of the Rajasthan Reactor, the fuel manufactur-
ing programme within the country has been implemented to meet the
entire initial and reload fuel requirements. The plant capacities are
small compared to similar activities in developed countries. Further, by
planning for an integrated fuel and component manufacturing complex, any
drawback in smaller scale of some of the operations is off-set. At the
Nuclear Fuel Complex, set up on the above principles, production plants
are in operation for the manufacture of reload fuel for the 400 MW Tarapur
Station, natural uranium oxide fuel, various zircaloy components such as
fuel sheaths, pressure tubes, calandria tubes, channels and various other
zircaloy components. Provisions have been made to expand the production
facilities as the demand for reload fuel grows. With the facilities provi-
ded, the production programme can be diversified to take up the product-
ion of fast breeder reactor components of stainless steel and also the
blanket thorium elements. The unitary control of all aspects of the manu-
facture and quality control of different types of fuel, off-sets the dis-
advantage in the lower scale of operation and manufacture of different
types of fuel.

1. It was realised in the early fifties that all sources of energy such
as coal, hydro and nuclear, must be harnessed if a reasonable increase
in the per capita energy consumption is to be achieved. In accordance
with the basic philosophy of self reliance in all areas of technology, a
nuclear power programme was envisaged which encompasses not only
manufacture of uranium fuel and its components but also utilization of
thorium which is abundant, in the country.

2. As early as 1958, on the advice of the Indian Atomic Energy
Commission, the Government decided to set up a nuclear pov/er station
in the western region of the country, remote from the coal fields located
in the eastern region. The nuclear power station at Tarapur, based on
enriched uranium, was set up as a result of this decision. In order to
prove the economic viability and to provide much needed power in the
region in the shortest possible time, the project was implemented on a
turn-key basis. The subsequent reactors were chosen for utilization of
natural uranium. After considering the various systems then available,
PHWR type of reactors were chosen as the most suitable. It was contem-
plated that the plutonium produced in these reactors will be utilised with
depleted uranium and/or thorium in fast breeder reactors that would be
introduced in the second stage of nuclear power programme. This is
expected to pave the way for the third stage of the programme based on
thorium breeders using U233 and conversion of thorium. The details of
the power reactors of the first phase are given in Table 1.



3. Consistent with the goal of self-sufficiency, efforts were initiated
to extract and fabricate the nuclear materials needed for the reactor
programme. A significant step in this direction was the decision to
fabricate the metallic uranium fuel for the CIRUS reactor, a 40 megawatt
thermal research reactor. The fuel consisted of pure uranium metal
about 34. 5 mm in diameter and 3121 mm long, jacketed in a finned alu-
minium can. For this purpose, a plant was established in 1958 to produce
nuclear pure uranium metal ingots by calcio-thermic reduction starting
from di-uranate concentrate of uranium. A fabrication plant incorporat-
ing vacuum melting, hot rolling, centreless bar turning and grinding and
TIG welding of aluminium in the flow-sheet was also set-up in 1959. By
I960, when the CIRUS reactor went critical more than half of the fuel was
locally fabricated.

4. The experience to fabricate the natural uranium metal fuel gave
enough confidence to start activities for fabrication of power reactor fuel.
In the Chemical Engineering, Metallurgy and Atomic Fuels Divisions of
Bhabha Atomic Research Centre, R & D activities were started in early
60's for manufacture of nuclear grade UO2 powder and pellets and hafnium
free zirconium metal and its alloys. By the middle of 60's, the Depart-
ment of Atomic Energy was in a position to decide that half of the fuel to
be used in the initial charge for RAPP-I could be fabricated in India. The
fuel for this reactor consisted of sintered UO2 pellets of high density
enclosed in thin walled zircaloy tubes. The technology and facilities
needed to produce this fuel were entirely different from that of fabricating
metallic uranium fuel, yet by the end of 1971 more than half of the initial
core requirement of the RAPP-I reactor was fabricated at Trombay.
Since the technology of making thin walled zircaloy tubes and other zir-
caloy components were not established by this time, these components had
to be imported initially. *'-. '"}

5. The pilot plant operations and R & D activities have culminated in
setting-up of an integrated Nuclear Fuel Complex at Hyderabad, Andhra
Pradesh. A uranium mine and a mill had been in operation at Jaduguda in
Bihar in late 60's, processing about, 1, 000 tonnes of ore per day by acid
leaching followed by ion exchange and precipitation as magnesium di-
uranate. The Indian Rare Earths Ltd. had been in the meanwhile, engaged
in the separation of ilmenite, monazite, zircon and rare earth compounds
from the beach sands of Kerala and Tamil Nadu. The uranium concen-
trates and the zircon sand produced at the above plants form the starting
materials for the Nuclear Fuel Complex which manufacture fuels for the
power reactors as well as finished zircaloy components such as pressure
tubes, calandria tubes, channels etc. This integrated facility has been
contemplated to ensure (i) better co-ordination between the various opera-
tions (ii) economy due to provision of common service facilities and (iii)
reduced inventory of materials used in the processes.

6. There are six major production units in the complex, viz.



(i) Zirconium Oxide Plant;

(ii) Zirconium Sponge Plant;

(iii) ZircaLoy Fabrication Plant;

(iv) Uranium Oxide Plant;

(v) Enriched Uranium Oxide Plant and

(vi) Fuel Fabrication Plant for natural and enriched uranium.

In addition, there are (i) Quality Control Laboratory which perform both
destructive and non-destructive tests at every stage of manufacture to
ensure that the finished product meets with the specifications;

(ii) Mechanical and Electrical Engineering Services;

(iii) Health Physics and effluent management sections and

(iv) Stores, Purchase and Administrative Unit s.

7. The requirement of fuel and zircaloy components for the first phase
of reac tors is shown in TabLe II. Based on the estimate of initial and r e -
fuelling requirements of fuel and structural components, the initial product-
ion capacity of the Nuclear Fuel Complex has been chosen as 100 tonnes of
PHWR fuel, 24 tonnes of BWR type fuel and 50 tonnes of zircaloy mill
products. To match the above production targets , initially the capacities
of the other plants were fixed as :

a) 125 tonnes of ZrO 2 per annum in Zirconium Oxide Plant;

b) 60 tonnes per annum of virgin zirconium sponge in Zirconium
Sponge Plant;

c) 125 tonnes of natural UO£ in Uranium. Oxide Plant; and

d) 30 tonnes of enriched UO ,̂ in Enriched Uranium Oxide Plant.

8. The Zirconium Oxide Plant processes mineral zircon, a silicate of
zirconium containing 65% ZrO£ to produce hafnium free nuclear grade Z r O , .
The process steps are : (a) fusion with caustic soda (b) dissolution in nitric
acid (c) purification by solvent extraction (d) precipitation by ammonia and
(e) calcination into hafnium free nuclear grade zirconium oxide.

9. The pure zirconium oxide is reduced to the metallic form in the
Zirconium Sponge Plant. The oxide is processed through : (a) chlorination
in the presence of carbon (b) purification to pure zirconium tetrachloride



(с) reduction to metallic sponge by magnesium and (d) separation of
sponge from residual magnesium by vacuum distillation.

10. The Zircaloy Fabrication Plant is a capital intensive plant where
the zirconium sponge along with small additions of tin, iron, chromium
and nickel is compacted into briquettes and formed into electrodes by
electron beam welding which are then melted by consumable vacuum arc
melting technique into zircaloy ingot. The ingot is next extruded in stages
for further fabrication to various shapes and components, namely RAPS/
TAPS fuel tubes, coolant tubes, calandria tubes, rods, sheets, wires,
calandria manifolds etc. by processes of pilgering, rolling, forming,
welding, annealing etc.

11. The crude magnesium di-uranate is processed into nuclear grade
UO2 in the Uranium Oxide Plant through (a) dissolution (b) purification by
solvent extraction (c) precipitation to pure ammonium di-uranate (d) cal-
cination to UO3 and (e) reduction to UÔ j, The designing and building of
this plant drew on the valuable experience gained during the building and
operation of the Uranium Metal Plant at Trombay. All the equipment in-
stalled in this plant were manufactured indigenously. The foreign
exchange content in the capital outlay of this plant is less than 10 per cent;
which has been spent mainly towards import of stainless steel sheets,
pipes and instruments.

12. The Enriched Uranium Oxide Plant is a similar plant but designed
to meet the special requirements of chemical toxicity and criticality
aspects of enriched uranium. Enriched uranium hexafluoride which is
imported is the feed material for this plant which maintains an elaborate
material management system to cater to the safeguard requirement of the
IAEA.

13. The fuel assemblies for TAPS and PHWRs are fabricated in the
Fuel Fabrication Plant. The UO, powder received from Uranium Oxids
Plant or Enriched Uranium Oxide Plant is processed through: (a) Fre-
compaction (b) granulation (c) final compaction (d) sintering and (e) centre-
less grinding of pellets. The acceptable uranium oxide pellets are loaded
into zircaloy fuel tubes. The ends are closed by special welding techniques
and final fuel assemblies are made by using the required mill products and
components. The Fuel Fabrication Plant is also a capital intensive plant.
All equipments are sophisticated and costly and some of them are custom-
built to suit a particular operation. Some of the characteristics of the
equipment are very important as they affect the quality and quantity of the
product. The technological skill involved in the design of tools is an
important input in achieving the products to stringent specifications.

14. The characteristic of uranium oxide powder and the techniques
required to make pellets to specifications are very much inter-dependent.
It can be stated that generally the lower the temperature of sintering,
stricter are the process parameters for making suitable powder, and



greater is the technological skill required to produce the sintered
product. The higher the temperature of sintering, the more relaxed
are the specifications on powder characteristics. It is therefore
necessary to optimise the process conditions both for production of UO£
and for fabrication of pellets thereof. Through experience the fabrication
plant has established suitable conditions to meet the end product require-
ments.

15. Quality control and assurance are of vital importance in any fuel
manufacturing programme. By a series of checks at every manufactur-
Lig step and by assessing quality of every feed material, the manufactur-
ing processes have to be designed such that specifications and quality
requirements are ensured. For this purpose a well equipped Control
Laboratory and inspection group are provided at the Nuclear Fuel Complex
for chemical and spectrographic analysis, metallographic and mechanical
testing, non-destructive tests and radiographic examinations etc. The
quality assurance function is entrusted to a separate specialised group
outside of NFC.

16. The major tasks which had to be performed for the completion of
the project were as under :

(i) Determining the process flow sheet and selection,
design,, fabrication and procurement of process
equipment;

(ii) Preparing lay-out of the plants and facilities;

(iii) Design of civil and structural works, utilities and services;

(iv) Construction of civil and structural works and utilities;

(v) Erection, testing and commissioning of the plants;

(vi) Co-ordination of all the above activities.

17. The most.important aspect of this work has been that there was no
foreign collaboration at any stage in the development of process flow sheets
and in the design and construction of the plants. However, in the erection
and commissioning of a few very specialized items of equipment namely the
extrusion press, the pilger mill and direct reading spectrometer there was
involvement of a few expatriots from warranty considerations. In the
capital cost the foreign exchange component was less than 30%,mainly for
the import of stainless stee!, inconel and certain special equipment.

18. The site preparation commenced in October '68. The construction
of main production buildings was started by mid '69 and the procurement/
fabrication of equipment and machinery were simultaneously taken up.



Construction of the various plant buildings and utilities by Indian
contractors was completed progressively during 1971-72. By the end
1972 all the plants were ready for operation except the enriched ura-
nium processing plants, the decision for setting up of which was taken
later. These were commissioned in 1974.

19. In the design and setting up of this facility,safe and adequate treat-
ment of all wastes have been provided for. A separate Health Physics
Group ensures the safety and protection of employees from the radioactive
and chemical hazards as well as the environmental protection.

20. The capacities of the various plants of NFC have been decided upon
based on the actual and immediately projected needs. This has resulted
in setting up of comparatively smaller units and it was recognized that on
this account there is some penalty to be paid in terms of higher end product
cost. However, it is compensated by the. fact that higher utilization factors
of the various plants are possible. The alternative to this was to build a
much bigger plant to meet the anticipated future demands but which at the
same time would mean a lower capacity factor or under-utilization of the
different units. Since these two alternatives have competing features for
economic production, usually a best possible compromise is adopted.

Considering the above, the fuel fabrication, plant was decided to
have an initial annual capacity of 100 T of contained fuel for PHWR, The
capacity would be doubled by 1978-79 when the fuel for Narora reactor
will be required to be fabricated.

21. With the,, availability of wide Vciriety of engineering facilities and
skills, the facilities at the complex are being geared to take up new
products. Already existing at the complex as a technological spin-off is
the Special Materials Plant designed to produce high purity materials (of
purity greater than 99. 99%) required for electronics industry. Another
important activity of this complex will be to manufacture the thorium oxide
filled blanket elements for the Fast Breeder Test Reactor under с onstruct-
ion at Kalpakkam, Tamil Nadu. Seamless Stainless Steel tubes that will be
used for these elements will also be produced here.

22. The fuel plants set up as an integrated facility at Hyderabad, designed
and built in a time span dictated by the reactor programme have made the
country self-reliant in meeting the fuel and component demands.



TABLE I - INDIAN NUCLEAR POWER PROGRAMME UPTO 1982

Reactor Power Year of Nuclear Major Indian
Station/Reactor Unit Location Type Gross Critica- Designer contribution

MWe lity

TAPS I & И Tarapur, BWR 2 x 2 1 0
Maharashtra

RAPS I & II Kcta PHWR 2 x 220
Rajasthan

MAPS I & II Kalpakkam, PHWR 2 x 235
Tamil Nadu

NAPS I & II Narora, PHWR 2 x 235
U. P.

1969

1972 &
1977

1978 &
1979

1981 &
i9S2

I. G.E.,
USA

AECL,
Canada

DAE,
India

DAE,
India

О & M ~

Construction &
О & M**

Total
Responsibility.

Total
Responsibility.

From 1974 the replacement fuel requirements are being met indigenously from imported enriched
UF6.

For RAPS-I initial loading more than 50% of fuel requirement was met indigenously. Subsequent
replacement requirement for P.APS-I and full fuel requirements for all further PHWR units are
being arranged indigenously.

TABLE II - REQUIREMENT OF FUEL AND ZIRCALOY COMPONENTS FOR THE 1st PHASE OF
REACTORS TO BE MET BY NFC

T A P S R A P P 1 & 2 MAPP 1 & 2 NAPP 1 & 2

Initial Annual re- Initial Annual re- Initial Annual re- Initial Annual re-
core placement core placement core placement core placement

(A) FUEL
(Tonnes of contained UO2) - 21 60* 70 120 70 120 58

(B) ZIRCALOY COMPONENTS
(In Tonnes)

(i) Fuel Tubes

(ii) Calandria Tubes

(iii) Coolant Tubes

(iv) Components

(v) Channels

5 . 8

0.8 1.6

1.2

1.8

10

10

26

3.2

5

1.

-

-

. 8

10

10

26

3. 2

4 . 8

1.5

* 60 tonnes is for RAPP-2 only.

** For RAPP-1, the calandria tubes were imported and for R.APP-2, the zircaloy
sheets were imported from which 5 tonnes of tubes were fabricated.


