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Indian nuclear power programme commenced with the construction of the Tarapur

Atomic Power Station (TAPS-1&2) with 2X160 MWe [present capacity] Boiling Light

Water reactors (BWRs), setup in 1969, on a turn-key basis, by General Electric Company,

USA. These two Units were setup essentially to demonstrate the technical viability of

operating them within the Indian regional electric grid system, which was at that time

relatively small. These Units also helped us to gain valuable experience in operation and

maintenance of nuclear power plants. After more than 25 years of safe and successful

operation, these reactors are still in service, providing much needed electricity to the

Western Grid.

The long-term strategy for development of nuclear power generation in India is based on a

three-stage programme, formulated by Dr. H.J. Bhabha. This strategy takes into account

and is optimally suited for

• achieving self reliance in nuclear technology,

• India's technological infrastructure,

• limited resources of Natural Uranium and abundant availability of Thorium

within the country.

Stage 1 envisages construction of Natural Uranium, Heavy Water moderated, pressurized

Heavy Water cooled reactors (PHWRs). Spent fuel from these reactors is reprocessed to

obtain Plutonium.

Stage 2 envisages construction of Fast Breeder Reactors (FBRs) fuelled by Plutonium

produced in Stage 1. These reactors would also breed U-233 from Thorium. It is also

planned to develop an advanced heavy water thermal reactor (AHWR) as an extension of

Stage 1 PHWR programme. The AHWR, using a Pu-239 enriched Uranium fuel in the

driver (booster) zone and U-233 enriched Thorium fuel in the driven zone, would generate

a large part of its energy output from Thorium through fission of in-insitu bred U-233.
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Stage 3 would comprise power reactors using U-233/Th as fuel.

The first stage of India's nuclear power programme has matured to a great extent. The

installed generating capacity of nuclear power stations in operation is 1940 Mwe,

comprising of 320 MWe from the two BWRs in Tarapur (TAPS-1&2), and the rest from

eight PHWRs [Table 1]. In addition, four PHWRs, each of 220 MWe capacity are under

construction and are likely to become operational by 1998. Detailed designs for Advanced

500 MWe PHWRs, two Units of which are to be built in Tarapur (TAPP-3&4), have

reached significant levels of completion; commencement of construction of these Units has

been delayed due to financial constraints. Likewise, as show in Table 1, four more Units of

220 MWe each and six more Units of 500 MWe each, to be built at Kaiga and Rajasthan

respectively are awaiting approval. Furthermore, eight PHWRs of the 500 MWe design

are under planning stage. Keeping in view India's electricity demand, and various energy

options, construction of two W E R Units of 1000 MWe capacity each is also in the

planning stage. These will be built with Russian assistance.

A beginning has been made for the second stage of our nuclear power programme with the

setting up of a 40 MWth Fast Breeder Test Reactor (FBTR) at Kalpakkam. This is being

followed up with the proposal to set up the first 500 MWe Prototype Fast Breeder

Reactor (PFBR).

Utilization of Thorium is the objective of the third stage; the first mile stones achieved in

this regard are the development of chemical processing of irradiated Thorium to separate

U-233, introduction of Thorium in PHWR for flux flattening, and setting up experimental

critical facilities using U-233.

Nuclear Technology : Salient Issues

As noted earlier, the two BWR Units, TAPS-1&2, operated very successfully. At present,

detailed plans for life extension of these reactors are being worked out. Innovative

schemes are being evolved for the rehabilitation of Rajasthan Unit 1 (RAPS-1). Design

and development of remotely operated tools are under way to rectify Heavy Water leak
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past a gasket in the Calandria Over-pressure Relief Device which is located in an

inaccessible area. Considerable advances have been made in developing in-senice

inspection techniques for PHWRs, particularly for coolant channel inspection of RAPS-

1&2 and MAPS-1&2. RAPS-2 is at present being prepared for en-masse coolant channel

replacement. This opportunity is being utilized for incorporating several design upgrades

to various systems with a view to improve performance. Both the Narora Units (NAPS-

1&2) are back on line after extensive rehabilitation and upgrades carried out subsequent to

the fire incident in NAPS 1 in March 1993. Kakrapar Units 1&2 (KAPS-1&2) are both

connected to the grid and are performing well.

In running and developing our Nuclear Power Programme based on PHWRs, we have had

to inevitably contend with a number of unique problems, some of which were a legacy

inherited with the original design. Based on the extremely valuable experience gained by

us in design, manufacture, construction, operation, maintenance, and safety regulation, we

have been able to continually evolve, improve and refine the PHWR concept, and

incorporate design changes in a progressive manner. All these have been achieved

indigenously inspite of restrictions imposed on us on account of technology regime

control. NAPS was our first opportunity to apply our operating experiences to the design

keeping in view the evolving safety requirements, seismicity, ease of maintenance, in-

service inspection needs, improved constructability, increased availability and

standardization. Subsequent 220 MWe Units namely KAPS-1&2, Kaiga-1&2 and RAPS-

3&4 are all similar to NAPS-1&2, but with certain modifications to reflect advances in

technology and operation feedback from the previous reactors.

Some of these issues are discussed below, bringing out the problems, the challenges

thrown by them and the solutions adopted.

/. End Shield Material

In the original design of the end shield (as adopted in RAPS-1&2 and MAPS-1, the

material of construction was 3 1/2% Nickel Steel. At that time, based on available data, it

was expected that the radiation embrittlement of this material due to the fast neutron

irradiation would result in its nil ductility transition temperature (NDTT) to rise from its

initial value of -lOldeg.C to 32 deg.C at the end of 30 years of reactor operation.
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Subsequently, however, it was found that the NDTT of this material has crossed the

operating temperature within a short period of operation. Thus these reactors are at

present operating with calandria side tube sheet of the end shield in brittle condition. The

suitability of these reactors to continue operation with these conditions of end shield, has

been assessed in detail. It was concluded that the reactors can be operated safely

considering that end shield is a low stress component and catastrophic failure of end shield

during operation is unlikely since the end shield is a perforated structure and growing

cracks will get arrested at the tube sheet holes. Suitable requirements have been

introduced in the technical specifications for these reactors to ensure that during opration,

the end shield temperatures are carefully controlled to reduce thermal stress and thermal

shocks.

From MAPS-2 onwards, the end shield material has been changed to SS-304L which is

immune to radiation embrittlement due to fast neutrons.

2. Earthquake Resistant Design

From NAPS onwards, the requirement to withstand seismic load necessitated certain

design changes. In the earlier design, the main reactor components i.e. calandria and the

two end shields were independently supported by means of support rods. This design was

unsuitable for withstanding seismic conditions because of possibility of relative

displacement during earthquake motion. In the modified design, these components are

combined into a single integral assembly. The design was required to be optimized for

conflicting requirements for earthquake forces and thermal loading.

3. Reactor Shutdown Systems

In the original design adopted in RAPS & MAPS, the reactor shutdown was achieved by

fast dumping of moderator from calandria into the dump tank located underneath. The

elimination of dump tank from NAPS onwards and the new safety requirement for having

two independent fast acting shutdown systems led to the design of i) primary shutdown

system (PSS) consisting of 14 mechanical shutoffrods & ii) Secondary Shutdown System

(SSS) consisting of 12 liquid poison tubes. Because of the limitation in locating large

number of devices in the space available in the calandria of 220 MWe, the reactivity

worths achievable for each of these shutdown systems, though adequate for prompt

shutdown for all postulated situations, requires further augmentation for long-term
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subcriticality to compensate for decay of xenon. For latter purpose, an automatic boron

addition system has been adopted. In the newer reactors, (Kaiga, RAPP-3&4), this boron

addition system has been further modified to be independent of the moderator system

circulation.

The two shutdown systems adopted at NAPS, being the first of their kind, had initial

troubles during the commissioning period. These troubles related to the drive mechanism

of the primary shutdown system, and the solenoid valves in the secondary shutdown

system, and were fully investigated and resolved before regular operation.

In the 500 MWe PHWR, there are two independent and diverse shutdown systems viz.

shutoff rods (vertical) and Liquid Poison Injection System (horizontal). Both the systems

have adequate reactivity depth and rate to shutdown the reactor rapidly and to keep the

reactor in shutdown condition for a prolonged period. The incore assemblies of all the

reactivity devices are designed to be easily replaceable.

4. Coolant Tubes and their Material

In the original design, the coolant tube material was cold worked Zircaloy-2. This material

undergoes degradation due to hydrogen embrittlement, caused by pick up of hydrogen in

reactor environment which precipitates as hydride. The life of the Zircaloy-2 tubes is

severly restricted due to accelerated corrosion of this material after about 10 years of full

power operation which leads to enhanced hydrogn pick up rates. Under these conditions

the leak-before break' criteria may not be met. This calls for en-masse replacement of the

channels at this stage.

From KAPP-2 onwards, the coolant tube material was changed to Zr-2.5% Nb alloy

which has low pick up rates of hydrogen. Manufacturing route for coolant tubes in this

material has been optimised after an indepth evaluation of relevant fabrication dependent

and performance related mechanical and metallurgical parameters and properties. This is a

high strength material and required development of Zero clearance rolled joints' to keep

residual stresses to lower levels and prevent delayed hydride crackings. This material has

been used in all reactors constructed later and will also be used in en-masse channel

replacement of existing units after about 10 years of full power operations.
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Design improvements have also been carried out to prevent harmful contact between

pressure tubes & surrounding calandria tubes as discussed in next section.

An elaborate programme of preservice inspection, periodic inspection, inservice inspection

(discussed later) and post irradiation examination has also been initiated and is now being

implemented to monitor the health of coolant channels.

With above mentioned steps, coolant channels are expected to have a design life of more

than 30 years and no prematuree en-masse replacement is envisaged during their design

life in the case of our future projects.

One of the operational measures adopted with regard to pressure tubes in our PHWRs is

prevention of their pressurization in cold condition. As the hydrides brittleness increases

with decreasing temperature it becomes necessary to prevent application of high stresses

in coolant tubes at lower temperatures. Thus a "hot pressurization1 scheme has been

evolved whereby, during the stage of reactor start-up from cold shutdown, the pressure

and temprature are closely controlled in a systematic way so that higher stresses due to full

primary system pressure are applied only at temperatures close to operating value.

5. Preventing & Detecting Contact between Pressure Tube & Calandria Tube

In PHWRs, the pressure tube (PT) containing fuel & hot pressurized coolant is separated

from the calandria tubes (CT) (operating at ambient temperature), by garter spring (GS)

spacers.

Contact between PT & CT needs to be prevented, as such contact leads to reduction in

the local temperature in the contact region of the PT, making it susceptible to blister

formation due to hydride precipitation and subsequent failure due to cracking. With GS's

in place, as per design, contact between PT & CT is prevented throughout the life of the

coolant channels (i.e. 20 years). However, if the GS's shift significantly from their design

positions, the contact time can get reduced, thereby reducing the life of the coolant

channel.
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In the original design of GS's which is adopted upto KAPS-I, loose fitting GS's are used.

During initial commissioning (hot conditioning) when the channels do not carry the fuel

load, some of these GS's were found to move. Techniques were developed to detect the

location of the GS's as well as to relocate them back to their design positions. This

exercise was carried out for NAPS & KAPP-1 reactors before initial fuel loading. In

subsequent reactors, i.e. KAPS-2 onwards, the design is changed to have tight fitting

garter springs. In KAPS-2, it was found that these GS's did not move during

commissioning.

Recently, based on inspections, it has been discovered that in RAPS/MAPS, the GS's can

shift even during normal operations (perhaps due to vibrations caused during moderator

dumping). This makes it difficult to accurately predict the PT-CT contact time. It is

therefore necessary to have reliable means to identify contacting channels. For this

purpose, two methods have been developed in BARC. The first is a non-intrusive

screening technique, based on vibration measurement. The second method, used for

channels identified as likely contacting ones by the first method, involves physical

inspection through the use of a system developed in BARC called BARCIS. The non-

intrusive vibration technique is under further development. In-service inspection

procedures for coolant channels (discussed below) include monitoring the location of

GS's. Where significant shifting of GS is confirmed after ISI, a tool (INGRESS) has been

developed by BARC to relocate them, and thus extending the safe life of the channel. The

relocation technique is based on flexing of the PT in order to unpinch the GS, and them

moving it by a device using principle of linear induction motor.

6. In-service Inspection of Coolant Channels

The pressure tubes seen in the reactor environment are subject to irradiation enhanced

creep, growth and corrosion leading to deuterium pick up (hydriding) and changes in

mechanical (fracture resistance) properties.

A systematic periodic, in-service inspection (ISI) programme is executed for assessment of

balance life of the pressure tubes. The ISI programme includes:

a) Measurement of dimensional changes of coolant channels i.e. axial elongation, sag
& diameter.

b) Gap between PT/CT.
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c) Eddy current/UT examination.

d) Scrap sampling on ID of tubes for hydrogen determination.

e) Non-intrusive vibration response technique for pre-assessment of contacting

channels.

f) Garter springs positions.

Based on the above data and the data generated by post irradiation examination of the

removed PTs for mechanical & metallurgical properties and theoretical assessment, a

detailed evaluation of the balance life is done.

The conclusions of the findings/observations of above analysis programme for life

extension of PTs are in following steps:-

a. Creep adjustment

b. Garter springs repositioning

c. Quarantining/Removal of contacting channels.

d. Batch replacement of contacting/predicted to be contacting

e. channels before next ISI campaign

7. Calandria Vault Design

In the original design (RAPS & MAPS) the calandria vault atmosphere is air. The vault is

lined with a complex system of thermal shields which are cooled by air and water and the

vault concrete is further cooled by embedded cooling coils. Great simplification in design

has been achieved by incorporating a water filled calandria vault in NAPS and subsequent

reactors. This has eliminated the thermal shield & embedded cooling coils; the production

and routine release of radio active Argon-41 from the vault & thermal shield air has also

been eliminated.

8. Emergency Core Cooling System

The Emergency Core Cooling System (ECCS) required for cooling the core in the

postulated event of a Loss Of Coolant Accident (LOCA) as provided in the original design

of RAPS & MAPS, is based on low pressure injection of water through moderator pumps.

In this design the injection can start when PHT system pressure has fallen to around 5

Kg/cm2 (from the operating pressure of 87 Kg/cm2.
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In line with the current practice of having a high pressure ECCS, in NAPS onwards, an

improved ECCS, using accumulators is incorporated which provides a high-pressure

injection of heavy water at 55 Kg/cm2 system pressure, followed by injection of liaht

water initiated at 32 Kg/cm2 pressure, before low pressure long-term recirculation system

comes into operation. The injection pressures and accumulator inventories are such that

the PHT system continuously keeps receiving cold water till it switches on to the long

term recirculation mode.

The ECCS of RAPS & MAPS is also being strengthened by retrofitting a high pressure

accumulator injection system, in addition to the existing low pressure injection scheme.

9. Steam Generator Design

In RAPP/MAPP, there are eight steam generators each consisting of a number of small

hair-pin type heat exchangers connected to a common steam drum. In NAPP, these are

replaced with four steam generators of mushroom type with integral steam drum. These

steam generators alJow better in-service inspection & maintenance & repair and also use

better corrosion resistant tube material (incoloy 800 instead of monel).

10. Containment System - Elimination of Dousing Feature

The RAPS containment system incorporates a dousing feature consisting of a large tank of

water located in the dome region and a set of valves so arranged that on sensing of a

LOCA or steamline break situation, a curtain of water is established in the path of

escaping steam and thereby achieving pressure suppression in the containment. This

feature has the risk of spurious actuation of dousing; such situation actually occured once

at RAPS. Besides, this being an active system, involves considerable effort by way of

maintenance and surveillance requirement to ensure continued level of required reliability.

This feature of dousing has been replaced by a passive suppression pool system in

subsequent plants starting with MAPS.

The existing dousing system at RAPS has a modulating feature whereby the dousing flow

varies in proportion to the velocity of steam air mixture flowing during the accident.

However, problem with this feature is, once the dousing is initiated, it increases air

velocity in the vicinity which in turn gives signal for increased dousing flow. Thus leading
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to a divergent situation ending with the maximum dousing flow. The system is being now

modified to have a optimized constant dousing flow which would cater for all situation

requiring pressure suppression.

/ / . Fuel Design & Performance

The design of fuel bundle used in Indian PHWRs has undergone several advances over the

years, one of them being introduction of graphite coating on the inner surface of fuel

tubes. With the introduction of this feature, the capability of the fuel to withstand power

ramping has increased significantly. The design improvements together with improvements

in manufacturing quality control as well as operational practices to limit power ramping,

have led to a dramatic improvement in fuel performance. This is demonstrated by current

levels of Iodine in the primary coolant system which is typically in the region of 2-3 micro

curie/It compared with an order of magnitude higher values in earlier years.

12. Closed loop Process Water System

The design of process water system which was once through in Rajasthan Atomic Power

Project, has been changed to closed loop. This change has fecilitated maintenance of

appropriate water chemistry. Tritiated heavy water also will not go to cooling body (lake)

in the event of failure of tubes.

Performance of Nuclear Power Stations in Operation in India

An analysis of the performance of the nuclear power stations in India and measures taken

and also planned, to improve the performance are given below.

Performance Analysis

Units using mid I960 design

TAPS, RAPS and MAPS fall under this category. While most of the components of TAPS

were imported, a sizable percentage of equipment for RAPS and MAPS were

manufactured in India between late sixties and mid seventies. The performance of these

units in the past few years are as follows :
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Unit

TAPS-1

TAPS-2

RAPS-2

MAPS-1

MAPS-2

Construction Period

Start Commercial

1964

1964

Dec'67

Dec'67

May '71

October 1969

October 1969

April 1981

January 1984

March 1986

Capacity

1985-93

66

64

66

49*

47*

factor (%)

1993-94

64

66

63

19**

53**

1994-95

39#

69

70 (upto31.7.94)

66**

65**

# Extension of the refuelling outage for major repairs

* The availability factors of MAPS-1&2 during 1985-93 were 66% and 65%. The
maximum operating power levels of these units are restricted to 175 MWe/unit since
November 1989. MAPS units encountered repeated failures of the turbine blades.

** MAPS-1 was shutdown for a long period during 1993-94 for inspection and
modification of turbine, considered essential based on Narora-1 turbine failure. In-service
inspection of coolant channels and chemical decontamination were also carried out. In
1994-95 MAPS-1 and MAPS-2 achieved availability factors of 89% and 83%,
respectively.

Units built to the designs of late 1970s to mid 1980s

NAPS and KAPS fall under this category. These unit are built to improved safety

standards of fairly current international levels. However, equipment are mostly indigenous.

While some improvements in the quality and reliability of Indian equipment have been

made, the quality of turbine generators deteriorated as compared to MAPS. Also, even

after some amount of derating, the design margins available are not adequate to operate at

the maximum rated power level on a sustained basis. The performance of the power grid

also continues to remain bad for the BHEL made turbines to operate in these grids. The

performance of these units in the last few years are as follows :

Unit

NAPS-1

NAPS-2

KAPS-1

KAPS-2

Commercial

Jan'91

July'92

May'93

Sept. 95

1991-92

26

-

-

-

Capacity

1992-93

54 1

45

-

-

' factor (%)

1993-94
:ire Incident

-do-

36

-

1994-95

10

40

19

-
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Major improvements in design were made at NAPS compared with earlier stations. Narora

is the first design developed indigenously for siting in moderately seismic sites.

Considering the initial stabilisation period, performance in 1992-93 is fair.

KAPS-1 unit achieved a capacity factor of 36% in the first year. This unit commenced

commercial operation in May 1993 at 75% full power level. Authorisation for full power

was accorded in November 1993. The unit took an outage from 6th February 1994 for

inspection and modification of the turbine. KAPS-2 has achieved first criticality in January

8, 1995 and was synchronised to the grid on March 4, 1995. After operating at power

levels of 50%, 75% and 90% as approved by AERB, it has been declared commercial and

has started commercial generation on 1.9.95.

Performance in the years 1993-94 and 1994-95 were largely affected due to Narora fire

incident and consequent inspections of the turbine and modifications in MAPS & KAPS.

The period of operation of NAPS & KAPS is too small to assess their performance.

However, proper technical analysis and measures being taken should assure performance

well above normative levels in future.

Performance Targets

Performance of the operating plants during the year 1995-96, and projections for 1996-97

& 1997-98, are as indicated below :

Unit

TAPS

MAPS

NAPS

KAPS

Overall

Target

Capacity Factors (%)

1995-96(RE)

58

57

63

58

60

Actual

Capacity Factors (%)

during 1995-96

(Upto Sept'95)

77

40

72

61

63

Target

Capacity Factors (%)

1996-97 1997-98

58 63

65 65

63 65
i

1

57 65 j

61 64 j
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Measures taken / being taken to improve performance

a) Strengthening condition monitoring of equipment, outage management, preventive and

predictive maintenance and spare parts planning.

b) Root-cause analysis and corrective action.

c) Inspection and modifications of BHEL supplied turbines to improve the performance.

d) Selection of improved version of turbo-generators for the future power stations,

namely TAPP-3&4 and Kudankulam projects.

e) Efforts being made with CEA and Regional Electricity Boards, on improvement of

performance of the power grid.

f) Strengthening training programme of operating and maintenance personnel,

particularly with use of simulators.

g) Improvement in the organisational structure - Decentralisation of decision making to

enable prompt action at operating stations.

h) Motivation, more authority and simplification of procedures.

i) Improving interaction with AERB.

j) With the above measures being implemented, NPCEL is planning to achieve

progressively capacity factors of 60-65% in older units, 65-70% in NAPS, KAPS,

KAIGA-1&2, RAPP-3&4 and 70% in 500 MWe units after initial stabilisation.

Based on the above analysis, performance of the NPCIL units in the past years can be

considered as fair and with the measures being taken and planned, there is adequate

confidence that all the units should be able to perform above normative level or better in

the coming years.
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INDIA'S NUCLEAR POWER PROGRMME

STAGE -1
10,000 MVe through natural uranium fuelled PHWRs

STAGE - n
Fas breeder reactors with plutonium as fuel and thorium as blanket for breeding
U-233

STAGE - IE
Breeder reactors using U-233 as fuel and thorium as blanket

Short term goal is to complement generation of electricity at locations away from
coal mines

India's long term nuclear energy policy is based on recycling nuclear fuel and
harnessing the available thorium resource

India has sizable thorium reserves (about 360,000 Te)

Energy potential of 3 stage programme is placed more than 3 times the energy
potential of coal reserves
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NUCLEAR POWER P L A N A

* IN OPERATION
• UNDER CONSTRUCTION
A SANCTIONED
* AWAITING SANCTION
* UNDER REFURBISHMENT

NARORA
• 2 x 220 MWe

RAWATBHATA * 1 x 100 MWe
* 1 x 200 MWe

• 2 x 220 MWe

$ 4 x 500 MWeo KAKRAPAR
> 2 x 220 MWe

o TARAPVR
2 160 MWe
2x500MWe

g KAIGA
2 x 220 MWe

4 x 220 MWe
•KALPAKKAM

>2x 170 MWe

KUDANKULAM
• 2 x 1000 MWe
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SUMMARY OF FIRST STAGE INDIAN
NUCLEAR POWER PROGRAMME

DETAILS REACTOR UNITS

OPERATING REACTORS
2BWRs OF 160 MWe EACH, 8 PHWRs
(1x100, 1x200, 2x170, .4X220 MWe)

REACTORS UNDER CONSTRUCTION
(4 PHWRs OF 220 MWe EACH)

REACTORS SANCTIONED & WORK TO
COMMENCE
(2 PHWRs OF 500 MWe EACH)

REACTOR AWITING SANCTION
6 PHWRs, ( 2 x 5 0 0 , 4 x 2 2 0 MWe)

SUB TOTAL

REACTORS IN PLANNING STAGE
8 PHWRs OF 500 MWe EACH, 2 x 1000 VVER

TOTAL

TOTAL CAPACITY (MWe)

1540 *

880

1000

1880

5600

6000

11,600

* REACTOR 1 x 100 AND 1 x 200 ARE UNDER REFURBISHMENT a:skJ-A.DP MMP-4



NUCLEAR POWER CORPORATION OF INDIA LIMITED (NPCIL)
STATUS OF UNITS ON"GRID'AS ON 3 0 / 0 9 / 9 5

REACTOR

CODE

IN—1
IN-2
IN-3

IN-4

IN-5
IN-6

IN-7

IN-8

IN-9

IN-10

NAME

TARAPUR-1
TARAPUR-2
RAJASTHAN-1
RAJASTHAN-2
KALPAKKAM-1

KALPAKKAM-2
NARORA-1
NARORA-2

KAKRAPAR-1
KAKRAPAR-2

TYPE

BWR
BWR
PHWR
PHWR
PHWR
PHWR
PHWR
PHWR
PHWR
PHWR

CAPACITY
MW(e)

NET GROSS

150
150
90
187
155
155
202
202
202
202

160
160
100
200
170
170
220
220
220
220

OPER-
ATOR

NPCIL
NPCIL
NPCIL
NPCIL
NPCIL
NPCIL
NPCIL
NPCIL
NPCIL
NPCIL

NSSS
SUPPL.

GE
GE
AECL
AECL/DAE
DAE
DAE
DAE/NPCIL
DAE/NPCIL
DAE/NPCIL
DAE/NPCIL

CONSTR-
UCTION
START

10CT64
10CT64
1AUG65
1APR68

1JAN71
1OCT72
1DEC76
1N0V77
1DEC84
1APR85

FIRST
CRITIC-
ALITY
1FEB69
28FEB69

11AUG72
80CT80

2JUL83
12AUG85
12MAR89
240CT91
3SEP92
1JAN95

MIL)
CONNEC-
TION
1APR69
5MAY69
30N0V72
1NOV80
23JUL83
20SEP85
29JUL89
5JAN92
24N0V92
1MAR95

COMMER-
CIAL O P -
ERATION

28OCT69
280CT69
16DEC73
1APR81
27JAN84
21MAR86
1JAN91
1JUL92
6MAY93
1SEP95

RA.TASTHAN 1 &2 ARE UNDER REFURBISHMENT



ON

NUCLEAR POWER CORPORATION OF INDIA LIMITED (NPCIL)

STATUS OF UNITS "PLANI4EDMAS ON 30 SEPT.95

CODE

IN-15
IN-16
IN-17
IN-18
IN-19
IN-20
IN-21
IN-22
IN-23
IN-24
1N-25
IN-26

REflCTOR

NRME

KAIGA-3
KAIGA-4
KAIGA-5
KAIGA-6
RAJASTHAN-5
RAJASTHAN-6
RAJASTHAN-7
RAJASTHAN-8
TARAPUR-3
TARAPUR-4
KUDANKULAM-1
KUDANKULAM-2

CODE

PHWR
PHWR
PHWR
PHWR
PHWR
PHWR
PHWR
PHWR
PHWR
PHWR
VVER
VVER

CAPACITY
MW(e)

NET

202
202
202
202
450
450
450
450
450
450
920
920

GROSS

220
220
220
220
500
500
500
500
500
500
1000
1000

OPERATOR

NPCIL
NPCIL
NPCIL
NPCIL
NPCIL
NPCIL
NPCIL
NPCIL
NPCIL
NPCIL
NPCIL
NPCH-

NSSS
SUPPL.

NPCIL
NPCIL
NPCIL
NPCIL
NPCIL
NPCIL
NPCIL
NPCIL
NPCIL
NPCIL
AEE
AEE

o:«kl-3(«hd-V>


