DEPARTMZNT OF ATOMIC ENSRGY

ESTABLISHMEINT OF NUCLEAR POYEZR STATTONS UPTC
END OF 1978-79 AND QUTLAY THTRTON,

In the paper "Installation of Nuclear Power Stations during
the Fourth Plan Period" sent to the Planning Commission in June 1964, the
Department of Atomic ®nergy had set forth in detaill their proposals for
the installation of 1.2 Million Xilowatts of nuclear power by the end of
March 1971 made up of as under:-

(&) Proiects snillin~over from
Third Plan Period

(1) Tarapwr { 2 reactors of 190 Mie
sach) Atomic Power Project. 380 Mde

(ii) Rajasthan (1st Unit) Atomic
Power Project. 200 Mde

. (B) Fourth Plan Projects

(iii) Rajasthan (2nd Unit) Atomic

Powar Project. 200 Mde
(iv) Mairas (2 reactors of 200 Mie)
Atomic Powsr Project, 400 Mile
1,180 Mie
2 The work on the Tarapur and Rajasthan Atomic Power Stations

are in full swing while that on the first 200-Mde reactor Unit of the
Madras Atomic Power Station is getting into stride. The Tarapur Station is
scheduled to bz turnsd over for commercial opsration some time in April 1969
anl the sant over powsr - 380 Mde - will be shared equally by the Maharashtra
and Gujarat States. The first 200 Mie unit of the Rgjasthan Atomic Power
Station is scheduled to be commissioned some time during 1970-71 while the
sscond 200 Mie unit is scheduled to delivar power to the State by 1972,

3. At the time of incluling the Yadras Atomic Powsr Project in the
erstwhile Fourth Plan, it was expected that the foreign exchange cost of the
project would be mst by a suiteble project credit from Trance. This ex~
pectation did not, however, materialiss and consequently it was decided o
udertake the construction of this Station in two phases with the objsct of
rzducing the foreign exchange content of their costs and mesting it from the
various Von-Projsct Credits available to Jovernment. Work on the first
unit of the Station, which will be of 200 Mie size, has already commenced
and that unit as scheduled will be commissioned some time in 1972, Thus

by end of 1973, 980 Mde of nuclear power would flow into different regional
grids.

4. An outlay of 8,115.00 crores {approximately) on the above

gzantioned projacts is expected to spill over to the Fourth Plan period
{1969-74),
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S. Jovernment had already approved the sstablishment of a sscond
200 Mde Unit at '{alpa’c‘cam as part of the erstwhile IVth Plan. However,
since installation of large size units will result in lower- Capital
investment per &y, the Deparbtment is examining the feasibiliby of publing
up a large sizs unlt (500-600 Mie) at ’ia.lpa’c’cam. Taking into account the
°st1mated deficits in genarating capacity in the Southern Ragion in 1978-79,
the Vorking %Group on Power of the Planning Commission has recomuended :
installation of 700 Mie of nuclear powsr by the snd of the Vth FPlan period
in addition to the 200 Mde unit, which will be gvailable from ths first unit
of M&PP, This 7C0 Mde mazy comprisz the 500 Mde unit at Kalpakkam and a
200 Mie unit in the Southsrn part of the Southern Region.

5.1 The Sub-Committee of ths fJorking Group is also of the opinion
that subject to datailed studies on the absorption of power at high-load
factor, the new Station in the Southarn part of the Southern Region could
bs upto a 300 Mde unit,

6. NE& STAPIONS TO BT INSIALLED DURING 1969-78 (UPIQ END OF I'HR
VTH PLAN PERIOD)

6,1 Poyer Demand ¥stimates

The Annual Poawer Survey Commibtee on the basis of a detalled
study on the industrial, agricultural and other developments in progress,
has, in thsir latest (Fifth) Annual Report indicated that the gross load
by 1970-71 would be 13,57 million XJ. Projecting this figure on the basis
of the agvérage rabe of 'increase in demand in the past and allowing for the
spurt in demand in the agriculbural sector, the dorking Group on Power of ths
Plamning Commission considers that it would be reasonable to assume a 15%
increase amnually in the powsr dsmand during the Fourth Plan period bevond
1970-71 ani a 12% annugl increase Juring the Vth Plan nsriod {1974-79).
Computing on this basis, the powsr Aemand in 1973-74 is estimated at 20.5
million KW, The Fifth Annual Powsr Swurvey Committee has, howevsr, in their
report, put the sstimated vowsr demand at 19.7 million K. Allowing a 12%
annual inercase during the Fifth Plan period on the figure of 19,7 million
K7, the Jorking Group has put the powsr demand in 1974 at 34.36 wmillion K,

6,2 The tobtal installsd capacity by the end of March 1969, when ths
naw Ffourth Plan is schadulad to comusnce, is put at 15.5 million X4, This
is expected to be augmented bv gbout 7.5 million XJ by the end of 1973-74
from stations currently umder construction, In othar words, the generating
capacity by the end of 1974 is sxpected to increase to 23 million XW. Aboub
2.8 million X4 of powsr is also axpected to spill over beyond 1973-74 into
the Vth Plan frow stations which are currsntly umdar construction and will
be commissiouned dwring thé Fourth Plan period.

6.3 Based on ths load forecasts indicated in the Fifth Ammual Powar
Survey Coummittes's Rmport which has been accepted by tha Jorking Group on
Power, the defidit in genserabing capacilty by 1973-74 is estimated at 4.45
million XI and by 1978-79 at 17.7 million Kd. Ths region-wise brzak-up of
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these figures ars indicated i1 cols.5 and 8 of Amexure II to this notz,
To meet the deficits by 1973-7%1 and in the Vth Plan, the Sub-Committee on
Powsr Planning of the Jorking “rouvp has rocommendad the installation of
2,000 to 2,500 Mde of nuclear powsr - tis balance bsing coverad by thermal
and hyiro schemes - by che enl cf 1¢78-79, The Sub-~Commitiee has also
indicated thab of this 0 Mie is to be installed during the IVth Plan
period ani ths romeining 1500-2000 ide during the Vth Plan peried. The
region-wise break-up of thiss is indicated in Amnexurzs IIT to this note,

6.4 PRIORITIZT FOR VT 3TATIONS

The Sub-Comnitbsz of ths Working Group on Paower has proposad
the following prioritizs for puSling up new Atomic Power Stations during the
IVth and Vth Plan pariods,

Order of Region Capacity Date by which the Remarks
priority CIda) Station is requirsd
to he ready
1 Jestarn 420 1973-74 {One Station -

Possibly expansion
of Tarapur Atomic
Poser Project).

iV

Soubhern 500-600 Barly Vth Plan Madras Atomic Power
Broject {2nd unit)
with highser capacity.

3 Northarn 100-~-£00 Vth Plan Neww Station

1 Southarn 3C0 f Another Station in

the Southsrn part
of the region

5 Western 100--600 n New Station

2.00G=2, 500

6.5 It has alrealy been cstablished that nuclear powsr is alrsady
competitive with powsr preducsd in thermal stations in areas of high-cost
fossil fuels. In recommending the Regions for establishment of nsw atomic
povar stations, the Sub-Committae has %ept this fact in view. In suggesting
the inter-ge priority to bs accordsl to the Stations to be set up during the
IVth and Vth Plan, consileration has been given by the Sub-Committee to the
desirability of mesting the pawer demand of the region by installing additional
units in the powsr stabions already undsr construction e.g. Expansion of the
Tarapur Atomic Powsr Project and installation of a 500 Mde unit at Madras
in place of the sacond 200 Mde unit, as such a cowse would not only result
in lower canital cost bub alse tha speedisr completion of the projects, dus
to utilisation of the existing infra-structure.
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The sites for the establishment of nuclsar powsr stations
have to satisfy a number of technical critsria and their proper selection
is of considerable importance. The Despartment proposes to szt up for each

" Region concsrned a small Group comprising the reprasentatives of all
interests, which could studvy the Region's requiramenis and make re-
commendations regarding the areas considarad suitable for locating atomic
powar stabtions. A Steering Group for the Worthern Region has alrszady
besn sgbablished on this basis and commenced its studies. Similar SGroups
are proposed to bs constituted for other Regions concernsd,

7, IYPE OF STATIONS

7.1 The Indian atomic s=nsrgy power programme envisages that in ths
gubseqnent stage, fast or thermal r=actors using thorium and plutonium will
be adopted as thev would parmit on the one hand harnsssing of our enormous
thorium resources and on ths othar reduction of the cost of nuclear paver.

Howevar, such reactors have necessarilv to bs precedzd by a pro-
gramme of nagtural uranium rzactors in an carlier stage in orier to produce
« the plutonium which will bz raquired to fusl them initially. The most esco-
nomical type of natural uranium fuslled reactor is the one woderated by
heavy water of the CANDU type and it was for this reason that it was decided
to sstablish sugh reactor units at Rajasthan and Madras.

7.2 It is recognised that the capital costs of the CANDU type reactors,
which are being pubt up in Rajasthan and Madras are ab prssent relatively high
though fuslling costs are low on account of good neutron economy, It has bzen

. cstimated that uss of boiling light water as coolant instead of pressurised
hzavy water may lsad to reduction in‘'the capital cost by about 10%. Pre-
liminary designing of a 300 Kfe boiling light waber cooled heavy water
moderabed natural wanium fuelled rcgctor has been taken up on hand., After
ths complation of thz Szcond unit of the Madras Atomic Paower Station, which
will have natural wanium, hegvy wabtsr moderated and heavy watar coolad resgctor,
it is oxpected that subsequsnt stations to the end of the Vth Plan psriod
will have to be based on CANDU type Boiling ILight Wabar design.

7.3 As alr=ady statzd earlier, the sccond stage of the Indian atomic
energy powsr programme will bs bgsced on bresder powsr reactors. Studies
have besn initiated on the Aevelopment of fast r=2actors using plutonium as
fuel and thorium or uranium as fertils materila. For this pwposz, a Tast
Reactor Centre with the following facilities is bsing established nzar
Kalpakkam, the sit2 of Madras itomic Pover Project.

(1) Facilitiezs like Hzat Transfor Iaboratory, Fuel Fabrication
and Reprocessing ILaboratory ste.

(11) A prototype Fast Rzactor with about 10 Mie capacitvy to zive

experiencs to Indian scientists and engineers for dssigning

and constructing Fast Broeder Power Reactors and

(1i1) A Zero Snergy Tast Tacility for stulying the physics design
of largz breaders.

The capital cost on the sstablishnent of the Centra is coxpscted to be of the
order of #,15,00 cror=s, which is includsd in thz Ressarch % Development
programns of the Departmant,
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The programms is expscted toc be complsted in about 7-8 years
from now and it would be possible to embark on the construction of Fast
Breeder Power Reactors towards ths =nd of ths Vth Plan p3riod,

8, SIZE OF STATIONS TO BE BUILT.

i{p“l’l ance in foreign countries has shown that capital and
operating costs will be raduced considerably, if large capacity - S00 to
1000 Mie nuclaar pover stations are built. Subjzct to the capability of
the grids %o accopt largar units, the offorts of the Department will be
directad towards »stablishing reactor units of 500-600 Mie ranges, Regarding
thz turbo-gansrators requir=d for thess larger units, it is understood
that both HEIL and BHEL are examining ths feasibility of manufacturing
largsr wnits with thsir collaborators, as wsll as with othsr Buropean
turbine manufacturers. In case it is not possiblzs to obtain largsr sizc
turbo~gnarator wits in India, we may be obligad to install two smallsr
size turbo units with sach large size reactor units. Further roduction
in cost is possible, if agro-industrial complex is ostablished arowd such
large atowmic powar stations. Thassz complexes will provids the requisite
bass load at minimum tronsmission cost. If such stations ars established
in India, thev would not only providc the necassary impstus for agricultural
and industrial developmant bub also providz cheap power for other uszs as
surplus powsr could bz fad into the grid and sold at chsap rate. The
feasibility of satting up such stations in the country during the naxt ten
viars is under examination,

9, OULLaY DURING IVIH AND VTH PLAN PERIOD,

fecording to the prasnt sstimstoes, the capital cost of nwelsar
povaY sta’clons, if we go in for la:c'r:q size {500 M4 or abovs) rsactor units is
sxpectad o be of the ordar of k.2,300/- per X.4. ab current level of pricas
:illOWan‘ a 10% incraas: for asscalation, it would, nerhaps, be pruds=nt to
assume 3 capital cost of Rs.2,500/- per K4. On this basis, 2>stablishment of
9,500 Me by ths 214 of the Vth Plan ps‘rlod the optimum figure rscommendiad
b\r the Sub-Committes B of the lorkine Group on power planning would involve
an inrestment of Bs.625.00 crorzs. fccording to the prioritiss indicated by
the Sub-Committse, the naw station in the Vastern Region is raquirad to bs
r3ady by 1973-74, tho sacond unit of Madras Abtomic Powsr Project with larger
capacilty by 2arly Vth Plan piwriod and the romaining stations during the Vth
Plan. On the assutption that the construction of =sach of th: station would
take 5 years to completz, the phasing of the investment of §.625.00 croras
would be as umler:-

(i) IVth Plan paricd evs R5.211.25 crorss,
(ii} Vth Plan p’=r10d veo Bs.376,25 B
(1ii) Spill over bevond Vth Plan ceo_ RS T7.50 M
Total: Rs. 625.00 croras

The yoar-wise phasing of the above oublays is indicated in Annexwe IV,
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s alrzadv menbtion2d in para 3 above, an amount of %.115.00
cror3s rapresanting the balgnes of outlay on the Nuclzar Powar Stations
currmtly under construction will spill over to the IVth Plan psriod. Thus
the total outlav on Wuclsar Power Stations during ths IVth Plan pericd,
if the programm. Bor the installabtion of an additional 2500 Mde is
accepbed, will b2 Rs.356,98 crores, or, say k. 360.00 crores.

10, FEREIGN 2{CHMN7TT REQUIRTMINTS

Thz forsign exchange raquirament for import of raw matorials,
componants ste., raquirsd for fabrication of critical parts of the Station
nay be placed at a maximum of 20% of the ovsarall cost i.e. %.,125 crores of
which Rs.20-50 crores would be requirsd during the IVth Plan perioi and the
balance during thz first two y2ars of the Vth Flan period,
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AVIETURE T

DEPLRIMINT OF APOMIC BN RGY

Statemant showing the Outlays r2quirad on Nuzlsar Powsr Stations
during the Fourth Plan prriod (1969-T%).
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Sanctionad Expanditure incurred Estimatad Spillovar
Namz of Projoct Tetimated to end of 1967~68 Expenditure to Plan IV Romarks
Cost during
. 1968-69
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(Figures in s, lakhs)

s
Ia‘ln..lol.;albulcclo»lnrlc"ll-.l‘ult‘-I.‘I:-.ilclelqcllo . o g e,

4 - Sanctionad Projects: .
1. Tarapur Atomic Power Station 8269.00 7822.14 450.00 .o including fusl
9. Rajasthan ftomic Power Station 5250.00 3300.%8 1150.00 799.52 including fuel
(Ist Unit) (199,55)and ox-
cluding Hoavy dater
3, Rajasthan Atomic Powar Station 5816.00 136,76 600,00 5079.2% incluling fusl
(170) and excluling

(1ind Unit)
Hoavy Watoer

4, Madras »@oau.,o Pow sr Projoct 6178.37 133.93 350.00 569L,%1 including fusl and
(I Unit) eceluding Hauvy
¥ bar

11,573.20




ANNEXURE _II

e —

gtatoment showing the estimates of deficit in the in the
nower requirements in various regions during 1973-74 and
197879 . (Figures in MWe)

olula!w!e!olelninleln{-

1973=74 1978=-79
___(ond of IVth Plan Period) (end of Vth Plan period)
Bstimated Hstimated Estimated Deficit HSstimated Estimated
Load installed cffective Load effective Deficit
capacity  capacity capacity
(70% of
L e0LaB) e memememamane mamememaTememamem

1 g T T 4 5 6 7 8

.I.0(3&‘.“‘0‘0'0!0"’@!0*6‘O

- g g g g g™ o™ e ™ a™ o™ o™ T e ™o Mo ™o ol.elolo!alo!oielol.lul.elnlolalolololclel‘.ﬂ

Northern Reglon 4,952 5,754 3,875 1,077 8,815 4,957 3,858
(1,250) ( 4,500)
Westorn Rigion 4,788 5,311 3,691 1,007 8,562 4,906 3,656
(1,350) ( 4,500)
gouthern Region 5,016 6,047 4,333 683 9,105 5,128 3,977
( 900) ( 4,900)
Eastsrn Region 3,746 4,545 3,028 718 6,557 3,738 2,869
( 850) ( 3,600)
North Zastern 184 256 156 28 327 220 107
( 100) ( m&qam
Total 18,686 21,913 15,083 3,603 33,365 18,949 14,417
( 4,450) ( 17,700

ey o e shaw et e b ST S0 S e T GR3 RsTNRT TN anteer T

Wote: Fipgurss in brack.ts gndor col.{5) and (8)
doficit in installed capanity.
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Tontative 1llocation of Sourcss of Power

for micting the deficils in 197374 and 1978-79.
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