
Bokaro is the biggest power station in India. 

Pari of the capital coat of Bokaro Steam Power Station estimated at RS 13.8 crores Law been 

met by a W o r l d Bank loan tumnmting to 18.5 mi l l ion dollars, or Rs 9 crores, 

Bokaro Station w i l l obtain coal f rom a part of Bermo seam, Kargall i colliery, which has been 

leased by D V C . This seam consists of low grade coal for which there is normally no market. Ash 

content is high, varying from 26 to 31 per cent. India's deposits of high grade coal are l imited and 

require to be conserved for iron and steel industry and Bokaro helps ti l ls conservation. 

Bokaro Station is connected to the D V C transmission network covering 375 miles of 132 kv l ine, 

32 milas of 66 kv and 96 miles of 13 kv lines, serving an area of about 25,000 square miles. 

AS a result of a recent load survey of the D V C area total prospective maximum demand on 

D V C system was asseftsed at 282,000 kw, 459.000 kw and 550.000 kw during next l ive, ten and fifteen 

years. 

Bokaro Steam Station order placed on international General Electric Company on February 23, 1949, 

ground broken at site December 29, 1949, Station opened on February 21, 1913. 

BO K A R O , un l ike T i l a i ya , does 
not const i tute a first step in 

the scheme for t am ing the D a m o -
dar r iver. I t does const i tute, how
ever, a milestone in the country 's 
progress. Si tuated on the r iver 
K o n a r just below where i t meets 
the Bokaro r iver , the power sta
t i on has been located close to the 
coal m ine f r o m wh i ch i t gets its 
coal supply. Bokaro is 50 miles 
f r o m Hazar ibag and 233 miles 
f r o m Ca lcu t ta by road. T h e power 
stat ion has been designed for base 
load opera t ion for about 37 weeks 
of the of f -monsoon per iod and as a 
peak load stat ion for the rema in 
i ng 15 weeks in the monsoon. T h e 
later per iod o f h igh load w i l l p ro 
v ide an oppor tun i t y for general 
overhau l and inspection o f mach i 
nery. 

Designed fo r u l t imate capacity of 
200,000 kw , three uni ts of 50,000 
kw each have already been set up , 
of wh i ch the first goes in to opera
t i on today and the other two w i l l 
f o l l ow soon- by June next , accord
ing to present expectations. 

W h y a thermal stat ion should 
conic first in a mul t i -purpose pro
ject wh ich is p r ima r i l y in tended to 
con t ro l and uti l ise water power , 
one may na tu ra l l y ask, though 
af ter the b i t te r experience" of B o m 
bay, even a layman w i l l ha rd l y 
need m u c h persuasion to believe 
tha t a g r i d system depend ing exc lu
sively on ra in - fed rivers or lakes is 
no t the best possible arrangement . 
A d m i t t i n g the necessity for a ther
m a l s tat ion for balanced supply 
a n d d is t r ibu t ion o f e lectr ic i ty 
t h r o u g h d i f fe ren t seasons of the 
year, the 'p r io r i ty tha t Bokaro en joy
ed and the fac t tha t i t happens to 
be comple ted f irst, Still needs to be 

happy . The re is a fo r tunate and very 
favourab le co-re lat ion between the 

peak load demand for electr ic i ty 
in the val ley and the ava i lab i l i t y of 
power f r o m hydro-electr ic instal la
t ions. T h e m i n i n g bel t , a ma jo r 
consumer, has its peak demand in 
monsoon for p u m p i n g out wa te r 
f r o m the mines just when the 
hydro-electr ic stations are in a posi
t ion to give peak p roduc t i on . In 
the f o l l ow ing seasons it is necessary 
to conserve water fo r purposes of 
i r r iga t ion and generat ion of elec
t r ic i ty has necessarily to be stepped 
down and here the the rma l stat ion 
at Bokaro comes so very handy. 

T h e boilers at the power stat ion 
arc designed to use in fe r io r grade 
coal wh ich is obta ined by open cut 
m i n i n g of the Bu rmo seam at K a r -
gal i about 5 miles f r o m the power 
stat ion. T h e col l iery belongs to 
Messrs Bokaro and R a m g a r h L t d 
and was under lease to the G I P 
ra i lway. It has now been sub-leas
ed to D V C for a per iod of 35 years. 
T h e m i n i n g w i l l be mechanised 
and coal t ransported by aer ial rope
way w i t h a capaci ty of 150/200 tons 
per hour . T h e col l iery is also con
nected to Bokaro power stat ion by 
rai l and road, to be ut i l ised in the 
event of a b reakdown of the rope
way. T h e leased area contains, i t 
is est imated, about 17 m i l l i o n tons 
of coal , of w h i c h the fo l l ow ing is 
an analysis: 

Mo is tu re 1.16 per cent 
Vo la t i l e mat ter 20.2b .. M 

Fixed Carbon 53.15 „ „ 
Ash 26.6 
Calor i f ic Va lue 

(dry basis) 11,200 B T U 
Fusion Point of 

Ash 2/282 deg. F 

T h e ent i re power stat ion was 
designed by the I n te rna t i ona l Gene-
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exp la ined, though the result, in 
v iew of the exist ing demand for 
power in the val ley, has been ent i re ly 
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ral Electr ic C o m p a n y w h o also 
suppl ied the m a i n p lan t a n d equip
m e n t wh i l e the designing a n d super
vision of const ruc t ion was done by 
the K u l j i a n Corpo ra t i on o f U S A . 

Coa l is fed f r o m the ropeway 
bunker or r a i l track hoppers 
by means of rec iprocat ing feeders. 
T h e t i l l i n g of the coal i n to buckets 
at the mine and its discharge in to 
the bunkers at the power house is 
done automat ica l ly . A l t e r passing 
over a magnetic pul ley, coal is fed 
i n to a crusher capable of r educ ing 
the r u n of mine coal i n to three-
four ths of an inch. F r o m here i t 
is conveyed either to the bunker on 
the top of the boilers or to a stock
p i le in the coal ya rd , A drag-
scraper piles coal to a height of 
26 ft and also packs it in such a 
manner as to e l iminate spontane
ous combus t ion . T h e yard holds 
stock to last 2½ months. A reverse 
d r a g bucket reclaims the coal f r o m 
the stock pile when necessary. I t 
can be dumped in to rec la im hop
pers and led back in to the con
veyor system, 

STEAM GENERATING UNITS 

T h e plant has been l a i d d o w n 
on the uni t system of each gene
r a t i n g set w i t h t w o boilers a n d each 
boi ler is suppl ied by t w o coal bun 
kers. For the three units a l l the six 
steam generating units are al ike. 
Steam generat ing units are of 
300,000 lbs per hour capacity, p u l 
verized coal f i red, and consist of 
t w o d r u m , bent tube boiler a n d a 
water-cooled furnace manufac tu red 
by the Combus t ion Engineer ing 
Super-heater Inc . , U S A , and sup
plies steam at 895 psig w i t h t o t a l 
tempera ture of 910 F. T h e boilers 
are p rov ided w i t h forced and 
i n d u c e d d ra f t fans and air pre-
heaters. Each steam generator is 
equ ipped w i t h four burners. T w o 
pulverizers are p r o v i d e d per boiler , 
one feeds the t w o lower burners 
and the other feeds the t w o upper 
burners. Each pulver izer is sized 
to c a n y 80 per cent of the f u l l 
l o a d . T h e station has been design
ed for pulverized fuel only , bu t 
heavy du ty lighting-off" equ ipment 
has been supplied to act as p i l o t 
torches in case of coal fa i lure . 

T h e present-day pract ice where 
large steam turbine-generators are 
i nvo lved makes use almost univer
sally of pulver ized f i r i ng for coal 
b u r n i n g in boilers, due p r i m a r i l y to 
the lower i n i t i a l investment per 
k i l o w a t t of p lan t capacity realised 
w i t h large size boilers, for w h i c h 
any other means of f i r ing becomes 
boilers also offer the added advan

tages of generally h igher efficiency; 
d u e t o m o t e complete c o m b u s t i o n 
less ash residue, more r a p i d p ick 
up or d r o p p i n g of load , a n d better 
temperature con t ro l over wide 
load l imi ts . 

T h e selection of steam pressure 
a n d temperature for the boilers and 
turbines, h igher than h a d p rev i -
imprac t i ca l . Pulverized coal fired 

ously been employed in I n d i a , f o l 
lowed the most conservative prac
tice in the U n i t e d States for t u r 
bines of this capacity. 'The advan
tage in using higher pressures and 
temperatures lies in the i m p r o v e d 
s ta t ion efficiency, reduced u n i t cost 
of power generat ion, reduced 
requirements of steam a n d coal , 
and reduced size and we igh t of 
equ ipment generally, a l l o f w h i c h 

AUTOMATIC CONTROL 

I n c o r p o r a t i n g the most m o d e r n 
practice, units are designed to ope
rate n o r m a l l y on automat ic con t ro l 
under constant as we l l as v a r y i n g 
load condit ions. T h e turb ine gov
e rn ing system is actuated hyd rau -
l ica l ly by o i l pressure generated by 
a centr i fugal p u m p on the tu rb ine 
shaft. In general, other mecha
n ica l con t ro l systems are operated 
by compressed air. 

T h e combust ion con t ro l system 
au tomat ica l ly dis t r ibute the effect 
of f luc tua t ing requirements of steam 
by the turb ine-a l te rna tor on the 
t w o boilers equally, controls the 
fuel iced of each boi ler to m a i n 
t a in the desired steam pressure at 
any load, controls the furnace draf t 
m a i n t a i n i n g a negative pressure 
under n o r m a l opera t ing condi t ions , 
controls the forced draft to m a i n 
ta in the fuel-air ra t io , controls the 
pulverizer m i l l temperature so as to 
avoid l i re hazards or inefficient 
g r i n d i n g due to wet coal. 

O t h e r controls p rov ide con t ro l o f 
steam leaving the superheater, feed 
water , water levels in feed water 
heater and hot wells. 

M a i n stat ion controls are cent ra l 
ised and cont ro l boards arc f i t ted 
w i t h i n d i c a t i n g and record ing 
instruments, au tomat ic and m a n u a l 
con t ro l devices, alarms and push
buttons. 

OUTDOOR SWITCHGEAR 

T h e use of forced-oi l , water-
coo l ing for the 65,000 K V A m a i n 
transformers resulted in lower cost, 
size a n d weigh t , a n d made possible 
t ransport over the ra i lway f r o m 
Calcu t t a . The 1 3 8 - K V outdoor 
substation is remotely con t ro l l ed 
f r o m the dup lex swi tchboard . A 
m a i n and transfer bus ar rangement 
is p r o v i d e d . T h e m a i n bus is scc-
t ionalised by disconnecting switches 
so that one section of bus can be 
removed f r o m service for ma in t en 
ance a n d repair . A bus tie breaker 
is also p rov ided so tha t any l ine 

[ breaker may be taken ou t of ser
vice for rout ine maintenance or 
repair . T h e disconnect ing switches 
are m o t o r operated and are in ter
locked w i t h the i r respective breakers 
to ensure p roper opera t ion. 

Al toge ther 11 — 138-K V, 1200 
amp. , 3500 M V A pneumat ica l ly 
operated ou tdoor type o i l c i rcu i t 
breakers have been used. These 
are o f General Elec t r ic Co , o f U S A 
manufac ture as are a l l the t r ans i 
formers, switchgear a n d c o n t r o l 
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equipment both inside and outside 
the power s ta t ion, relays a n d con 
t r o l , power cables, bus a n d g r o u n d 
equipment . I n d o o r switehgears are 
metal-enclosed of most m o d e r n 
design, complete ly factory assem
bled. 

STATION SERVICE ELECTRICALS 

Each generat ing u n i t i s p r o v i d e d 
w i t h a 3150-volt a n d a 400-vol t 
stat ion aux i l i a ry bus. T h e 3150-
v o l t bus derives its power d i rec t ly 
f r o m the generator t h r o u g h the 
5000/6250 K V A , 132000/3150-vol t 
t ransformer. T h e 400-vol t bus in 
t u r n derives its power f r o m the 
3150-vol t bus t h r o u g h the 1250-
K V A , 3150 /400-vo l t t ransformer. 
These t w o u n i t buses serve a l l the 
auxi l iar ies for the i r respective gene
ra tor units . 

I n a d d i t i o n t o the n o r m a l a u x i 
l ia ry supply there is a 5000/6250 
K V A , 138000/3150-vok reserve 
t ransformer w h i c h is connected 
d i rec t ly to a breaker on the. 138-
K V bus. T h i s t ransformer i s con-
ne t t ed to the reserve 3150-volt bus. 
T h i s reserve bus supplies power to 
the stat ion essential auxil iar ies such 
as coal h a n d l i n g , ash hand l i ng , l i re 
pumps , etc. In a d d i t i o n this bus 
provides standby a n d s tar t ing-up 
power . 

A l l the auxi l iar ies o f this s tat ion 
are electr ical . 

STATION PROTECTION 

A separate d i f ferent ia l protect ive 
scheme, is used for the generator, 
m a i n step-up transformers, a n d the 
3150-vol t s tat ion service trans
formers, ensuring h igh speed t r i p 
p i n g a n d selectivity. T h e generator 
is p ro tec ted by h i g h speed p roduc t 
res t ra int d i f ferent ia l relays. T h e 
1 3 8 - K V outdoor substation bus is 
p ro tec ted by h i g h speed d i f fe ren t ia l 
relays w h i c h operate in f r o m t w o 
to three cycles. Each 1 3 8 - K V 
feeder is pro tec ted against phase-
to-phase a n d three-phase faults by 
d i r ec t iona l d i s t a n c e impedance 
relays, a n d against phase- to-ground 
faults by d i r ec t iona l g r o u n d relays. 

T h e con t ro l vol tage for this sta
t i o n is 250 v o l t dc f r o m lead ce l l 
a c i d storage bat tery w i t h m o t o r 
generator sets fo r charg ing , w h i c h 
ba t te ry also supplies power fo r 
emergency l i g h t i n g . 

T h e s ta t ion has been p r o v i d e d 
w i t h c o m m u n i c a t i o n systems i n t w o 
parts, loudspeaker a n d the p l a n t 
telephone. Ca r r i e r C u r r e n t tele
phone system is used for c o m m u -
ca t ion w i t h outside the Bokaro 
Power House. 

(Continued on page a 18) 
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T h e last of the projects in the 
first phase is the barrage across the 
D a m o d a r River w h i c h w i l l receive 
water f rom the four storage dams 
for d i s t r ibu t ion over a m i l l i o n acres 
of i r r igable land . T h e site is locat
ed at D u r g a p u r in B u r d w a n dis
t r ic t . Cons t ruc t ion has begun on 
the i r r iga t ion-nav iga t ion c a n a l 
w h i c h has a bed of 172 ft w i d t h 
in the upper reaches. A b o u t 15 
miles of subsidiary canals w h i c h 
w i l l be connect ing the m a i n canal 
has also been excavated. T h e 
barrage is expected to be com
pleted by June 1955. 

D V C F A N S O U T 
T h i s is on ly a very brief ou t l ine 

of the m a j o r projects that w i l l 
complete the first phase. S imul t a 
neously w i t h the const ruct ional 
w o r k the D V C lias fanned ou t its 
activit ies in different directions the 
foremost of w h i c h are soil conser
va t ion and an intensive survey of 
the minera l resources of the valley 
w h i c h are r i ch and far f r o m being 
ful ly exploi ted. Development of 
agr icul ture and fisheries in the 
valley, t o w n p l ann ing , road b u i l d 
ing a l l these have been taken up . 
In fact, the logic, of development 
is such that the last had na tu ra l ly 
to come first! 

N o w that the foundations have 
been la id , it is not only the remain
i n g dams w h i c h w i l l have to be 
taken up in the second phase—the 
complete project has provis ion for 
8 dams in a l l , of wh ich only 4 come 
in the f irs t—the social and econo
mic aspects of development must 
be given the next p r io r i t y . For, 
the p rob lem of development is not 
p r i m a r i l y one of engineering. T h e 
h u m a n aspect of the p rob lem is 
the p r i m a r y concern. I t i s being 
p in -po in ted by the necessity of 
t o w n p l a n n i n g a n d housing, t o 
accommodate, in the f irs t instance, 
the huge staff, and even more by 
the necessity of m o v i n g whole v i l 
lages f rom the areas tha t have 
been or are going to be sub-merg
ed by the dams. 

I t i s not the p rob lem only of 
m o v i n g people f rom one place to 
another. A village is something 
more t h a n a collection of people 
who consti tute i t . A study of the 
vil lage c o m m u n i t y , of the. social 
organisat ion w h i c h provides a satis
fy ing life to the. people, is jus t as 
necessary for the success of the p r o 
ject as the solut ion of the technical 
problems of construct ion and power 
generation. 

Damodar Valley Power Budget 

TH E to ta l instal led electrical 
generat ing capacity in the 

D a m o d a r Va l l ey area is n o w appro
ximate ly 391,600 kw. , exc lud ing the 
S indr i Ferti l iser Factory w h i c h has 
a plant of 80,000 kw. T h e installa
tions consist of: 

k w 
1. Smal l plants in 12 

towns and villages 24,000 
2. I n d u s t r i a l concerns 269,300 
3. 39 power stations a n d 

3 major licensees 
d i s t r ibu t ing power 
in the coalfields 98,300 

T o t a l 391,600 

T h e aggregate m a x i m u m demand 
on the existing generat ing stations 
is 200,000 kw. But most of these 
sources of supply w i l l be replaced 
by power f r o m the D V C . T h e 
t o w n installations except one are 
inadequate and uneconomical . T h e 
coll iery power stations are l ikely to 
close d o w n gradual ly . Power sta
tions of licensees in the col l iery 
area are inadequate1 for the load 
awa i t i ng to be served-and w o u l d be 
uti l ised to supplement bu lk supplies 
f r o m the D V C . T h e generat ing 
plants of most of the indus t r ia l 
users are incapable of coping w i t h 
the increasing demand for power 
due to expansion of the industries. 
T h e aggregate to ta l instal led capa
ci ty of steam a n d o i l engines used 
for purposes other than generat ion 
of electr ici ty is estimated at 136,000 
I I P . These engines are o l d a n d 
are l ikely to be replaced by electric 
motors when electric, supply be
comes available. 

T h e to ta l prospective m a x i m u m 
demand o n the D V C system h a d 
been assessed by the Cen t ra l T e c h 
n ica l Power Boa rd v e r y conserva
t ively at 282,000 k w , 459,000 kw 
a n d 550,000 kw in the next f ive , 
ten and fifteen years respectively. 
T h e prospective m a x i m u m demand 
that can be catered for in the first 
stage of the D V C is only 198,500 
kw, 281,600 kw and 332,700 kw at 
the. end of five ten and fifteen years 
respectively. 

T h e i n i t i a l power installations 
aggregating to 294,000 kw of instal
led capacity are made up as f o l 
lows: 

k w 
Bokaro t he rma l p l an t 150,000 
Hydro- ins ta l la t ions at 

K o n a r , M a i t h o n 
a n d Panchet H i l l 140,000 

,, T i l a i y a . . 4,000 

Of these the f i rs t a n d the last 
w i l l be fu l ly in commission this 
year. T h e h y d r o installations a t 
M a i t h o n and Panchet H i l l arc 
l ike ly to he ready by 1955-56. T h e 
K o n a r power stat ion w i l l be ready 
in the next year, 1956-57. In an 
estimate of prospective demand for 
power, the fact should no t be lost 
sight of that the D a m o d a r V a l l e y 
is one of the most industr ial ised 
regions in the country , and con
tains 80 per cent of Ind ia ' s coal , 
94 per cent of her i r on ore, 100 per 
cent copper, 70 per cent chromi te , 
70 per cent mica , 100 per cent kya-
ni te , 45 per cent Ch ina clay a n d 
asbestos. 

of the valley, not on ly have new 
town-ships a n d villages to be set 
up , m ine ra l resources a n d industries 
w i l l have to be developed w h i c h 
w i l l utilise the power , w o r k w i l l 
have to be p rov ided fo r people in 

Small industries F o r DVC com-
merc ia l exp lo i t a t ion o f power 
resources m a y no t be a p r o b l e m 
b u t its u t i l i sa t ion for en r ich ing the 
l ife of the people of the valley s t i l l 
remains one. 
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