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IXTRODCC7!0N. 

Pakistan's gee f!"'a;:>hical fea~ures are charac:e!"'ized by high 
rr.our::aL"'l ranges i-'1 the '.'\"es:er!'l, X0r":h-Easte!"'!1 and Xor:h~!"'=:. Regi·Jr:s 
T~e :-est of the country :.s ~:ai!l w::!l a g!"acua: slope .:r:im .'.'~or:h-:C:as: 
to Sou:h -Wes"t. The cou.-:::·y :.s :ra-.·ersed ~y many r:·.-e!"'s, :l1e most 
impc:-:ant being :!"le Indus. ·.vhich has ::s scurce :.'l the nor:!1ern 
mour::ains. Dur:.ng :.:s .:ic·.~- ·awards :he Sou:h, :!:is ::-i·•er :s ~oi::ed 
by i:.s :ribmaries and :1ow:.....-:.g :!:rough ::::e .;:>~air.s :: :·alls i..mo !!:e sea. 

-~ 1,a.s: :ract of :he plains a:-ea is :.!"'riga:ed ti:· cana~s fed 
fror.: :-i\"e!"'s. T!i.e canals ·Jf::ake from Ba:-rages co.l!s!:-'.lc:ec ac:-oss :::e 
ri·-:ers. Tha canals :ierwo:-k system of Pakista:l is the La:-~es: :...~ ::ie ·...-or~d-

T:ie flew of canals :!.s due :o the slope of land in :he plains f:-'Jm 
);or!h-East '.o :!"le South- \"rest direc:ion. The slope ::.s about or.e foot ;:>e!"' 
mile :ength. 

In Pak:s"tan, ~.r.:.!1i and :VIic!"'o Hydel Power 5ta::.or.s can be ::iu:.:: 
in :he mountainous regi8ns on small ri ·.·ers and streams, anc. :.n :he ;::i la:.r.s 
on the canals. 

2 :'.\ifL';I HYDEL ST .. 4- TIONS IX ~OC:>l'TAIXOCS REGIOXS. 

2. 1 Socio-Economic ~d·:an:ages. 

These regions are spa:-sely populated and rela:i1,·ely unc!e:-de·:eloped. 
:VIost parts cf this region are far from the interconnected Elec:ric::y Grid 
System, an<i it is not economical to electrify them from the Grid due to the 
sparse loads, L11access:.ble terrain and distances i..nvolved. 

To improve the economic conditions of the peep le of these 
mountainous regions electricity is very essential. With electricity small 
ind-:.isi.rie3 can be established and numerous dir-ect and i..ndirect benef::s 
accrue from such undertakL1gs. One of these small i..ndur .. ries is saw-mills. 
Serre of these areas are co1,•ered with 1,•aluable timber fort."itS which can be 
exploited. At present timber logs are tr-ansportP.d to down country d~e :o 
lack of power sawing facilities in the area. 
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The ?':ailaoi:i:y of !JOwer w::i. a:so :ie:::i :J reduce depe::ce::ce 
on imper: of ::Cerosene oil which is beir.g used for lighting, hea::.:-rg 
ar.d cook:ng purposes ar.d is said at ·.·e:-y high ra:es; : lr":her:nore, 
it will sa \"e wood which :.s also being used :or :hEse pt rposes, and 
resul:~"lg in de±"orestat:on of :hese regions; !his :.e:ore~~tation :s 
further causing erosion and also increasing :'loccs and Si.hat:.on ·:>f 
rese"."voirs and canals. 

2. 2 Work done upto ? resent and ;>otem:aL 

The power pote::t::.al of streams :.nd !"i'.-ers in :::e :nounta:::o'..::; 
regions of Pakistan has bee:i appreciated since :.)::g. Wa~er wheels, 
utilizing theenergy of flowi!1g water are used :or g:-i."lc!ing pur?oses. 
:.\Jany such installations are in ope:::-at:on in the r=.o~mainous regions 
particularly in the Xorth Western Fromier Pro\-_"lce, Northern . ..\..reas 
and _..\.zad Kashm:r. 

Investigations have been carried out by several Govern!nenr 
Agencie::3 :o assess :he power potem:.al cf many S!:'la.!.l rivers and 
streams from the point of view of constructio~ of ).Iini and ).!icro 
Hydel Power Sta::ons; many suitable sites have been selected, a::d a :::.4mber 
of power stations have been constructed. 

2. 2. l :\Iini Hydel Stations. 

The first ::3mall Hydel Power Sta.tions to be built in the 
Northern Areas of Pakistan were 5 ?ower Stations in:tiated in the 1960s 
by Pakistan Wat€r and Power Development Ai;thority (WAPDAL Four 
of these were completed ~n 1967 and one :.n 1973. Their details are 
as follows: -

Sr. );o. Xame of 
Power 
Station. 

1 );altar 

2. Bal tit 

3. Gil git 

Chalt 

Location. 

Gdgit-Naltar 
River. 

Hunza-Hassan-
abad River. 

Gilgit-Kargah 
River. 

Gilgit-Chaport 
Xallah (Stream) 

Capac:.::; 
Installed. 

90 kW 

200 kW 

400 kW 

.50 1<\\' 

can be 
i.ncrea.sed 
to 

600 kW 

800 KW 

100 kW 

Nov. 

Dec. 

F~b. 

Se-;::i·. 

r::a : e 
completed 

1967. 

1967. 

1967. 

11:}67 
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5. Skar':!u 
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Ba ai.s-..ar:-Sa:;iura 
Ri ·,cer. -±00 K\Y 

Subsequently a si.x:h P-:·wer Station was completed bv \V_.\PD_-\ :.n 197 5 
at Cl:itral ; It has a i.;ap.a.c:.ty of ..;50 KT·\·. 

During :his per· o·= ::ie Xo!":!'J.er~ .-\rea Pubi.ic T.\'.::>r~s Depa!"':::r.e::: 
now ~ori:her:i . ..\rea Wcr~:s Orga:iizar::.on-)i_-\ l.,··lQ) also ::is~aiied -t :'.r~~i 

Hydel Power Stations at C.:1::.las, .-\scar, Hunza a:id Sh:gar i.n :he 
~or:hern .-lreas. Ea~h cf r":ese Power Stations was oi 12 5 KW capac:.:::. 

Before the const!"~c::on ::>f ::he.3e P::>wer S:auons, elec:r:.ci:y ·.\"::s 
oeing generated <..'C these ?iace.3 by Diesel Gen~ra:or sets, whic:i 
was much mo:::-e expensi,·e. The fuel oil had :o be :ranspor:ed ~\-a:!" 
to these sites. 

In 197 3, a scher:ie was :.nitiated by :he Government of Pakis-can 
to carry out investigations for more t.!1an 100 :VIini Hydel Pow€r Stat:.::>!'.S 
with ca!Jacities from 50 Kw :o 300 Kw :.n :he nor:hern mourr::air.0t-:-s :-e gi.ons 
of Pakistan. The Pak:stan \\-ater and Power De•:elopr:ier.: _..\.,.i-chori-c:1 
(W.-\PDA), was assigned ~o car·ry out the investigations. 

Subsequently in 19';' -t, 100 standard Turbo-Generator se:s, 50 of 50 
KW each and 50 of 100 KW each were purchased by ::i.e Gove!'!1mem of 
Pakistan for installat:on in the mountainous regions of :\or:h \\-es:er:: 
Fron:ier Province, ::\or1:hern .-\reas and . ..\.zad Kashm:.:..·. .-\ separate depar1:men· 
Smail Hydel Stations Project Di.:"ec:orate, at present U.'1der :he :-.r~:i.~s::-y 

of Water and Power, has been incharge of exe-;u-cion of 7.his P:::-oject 
for the construcr.ion of the Power Statior.s where :hese Turbo-Genera.tor 
sets are being '..nstalled. The wo:-k of investigatio11s including site 
selection, des~gn and <!onstruction of the :.VIini Hydel Power Stations is being 
carried out by the ~ational Construc!ion Company ( NCC ) which is a 
construction company in the public sector. 

The basis of selection of the units is that a 50 KW Power Station 
is installed for a population of upto 500 and 100 KW Power Station for 
a population between 500 to 1000. For areas with a popula-cion of rr.ore 
than 1000, if adequate flows are available, i;istallation of more than 
one power station of any combination of 50 and 100 KW sets is considered. 
Salient feature1of this Project d.re g:i. ven below: 
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. .;.lready cor.:ple::ec. 

1) Chinar! ( _.\zad Kasr.rr..ir ) : 2 x 50 KW. 

21 Patt::.ka (Azad Kashmir }: l x 100 KW. 

3) Minapin ( Gilgit ) : 1 x 100 KW. 

-t) Singal ( Gilgi:: ): ~ x 50 KW. 

5) Garam Chashma { C!"litral ): 1 x 100 K\V. 

·ender Cons::-uc::.on ( Comp:e-~:.or. 60 :o 9:ST; 

1) Sfrm:..k' Skardu ): l x 100 KW. 

2) Kachura ( Skardu ): 2 x 100 KW. 

3). Karora ( Swat- ~\VFP ) : 2 x 100 K. .. W. 

~) Tamori ( Swa:-)l'WFP): 2 x 50 KW. 

5) Shishi Gole ( Chitral ):3 x 100 K\V. 

Another Gover:iment Agency: The Kohistan Developmem Board, 

has also completed feasibility studies for utiliza~ion of some of chese 

Tur!Jo-Generator Sets in the Kohistan Area. 

The purcha9e of standard sets has posed the problem of finding 
sites to suit the sets. It would have Leen better if sites were selected 
first and then each set ordered according to tne particular site conditions. 

2. 2. 2 Micro Hydel Power Sta~ions. 

The development of Micro Hydel Power Stations i.e. of a capacity 
of upto 10 KW is being carried out by the Appropriate Technology Developrr.cr:
Organization of the Government of Pakistar! ( ATDO ). The endeavour of 
ATDO is, as far as possible, to utilizP ~.:.ical resources. An outstanding 
feature of the program is the participation of the local community who 
Wldertake the entire civil works: intake system, power channel, forebay, 
penstock and power house building. Oniy guidance and occasional supervisio!'! 
i~ provided by the A.TOO. The turbine-generator plant is supplied by the 

• 
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_.;_ T.DO; :h~ : urbin~ is designed anc fabrica:eti io~a.i.ly a::d the el:=ctr:L 
ge~e.::-a:C>r is, at prese!'lt, purc~ased :r-om ~.!:-.e illarket. :'~e plant is 
installed by ATDO with the ass1star.ce of :he local people. Th~ si:e er 
-he power :iouse is ~electt:d in suc!1 a wa:: tha.t it is not far from 
the -;..":lla ge. 

The distribution system is laid out by :he i.ocal pee;: le on :he 
techn::.cal advice of the _.\ TDO. T!"!e mainter..anct anu ~he manage:::ien: 
of the plant are tak~r. care of~ 1'.Z:e community. Tabie A lists :he ?iants 
already in operatic.:1, wl-..iie some ;iroposc:i sites for ir.stal:!.a:::.on of ::r.ore 
::Vricro Power Stations ar1:- 1.:.sted :.n Table B. 

, .. 
2. 

The main tech..n:~~l featuro:s of :he ?lan: a.::-e summar:zed be~ow: -

Imclce system: _.\ 2' - 3' h.:.gh "'bond"of St'.)r.es. 

Pcwer Channel: Cnlin.!d, natural soil, various sizes and :er.~ .hs. 

3. Forebay: 5' x 5' x -l' ce:rr:.e!'lted tank with :hree openings :=::a~e, 
outlet, over1:cw) having slide-gates. 

-l. Penstock: Usually wooder:, rectangular section. 

5. Po•;rer House: dry rubble-masonary & timber roof, 10' x 10' size. 

6. Turbine: Cross-flow Bank.1. turbine, made from sheet stee:. 

7. Generator: Chinese-made, 1 ph_i 3 ph, 230/-!00 V, 50 c/ s. 

8. Coupling: ::'vlostly V -Pulleys. 

9. Control: :VIanual. 

10. Distr1uution System: Low-voltage, 8'10 SWG ba:-e coppe::- wire, 
wooden poles. 

By utilizing the concepts of appropriatt:? technology, it has been possible to 
build these power houses at an amazingly low cost. With labour free of 
cost and using the locally a•tailable materials, the civil work is almost 
at no cost. The co:;t of the distribution .:..."laterial is shared by the local 
people. It is only the cost of turbine-generator plant which is 
incurred by the Government. This approach has enabled insl'.allation of the 
plants at a cost of about Rs. 2000 per KW. 
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I.ru:umerabie sites a.~e a'lt-ailable in Swat, Dir, Chi::::-al, Hazara, 
Kohistan, );orthern Areas and Azad KasiLrnir whe:-e streams of 5-10 
cusecs of wa:er flow perennially and head of 20'-30' can b'? c:-eated 
easily. Dur:.ng work carried out with :-ural people in a nurr1ber of 
villages, a great sense of achie\-emem has been obser·.-ed among :hem. 
People ha\-e bec'.)me so n:oti·.-ated in :his program :hat they mobilize 
their effor: s quickly and complete t.he job within a couple of weeks. 

Another feature oi this ;>rogra:n :.s the industria~ appEca:1on 
oi :he powe:- plant. _-\~ a co:iple of places cottage ir:dust!":es have bee!l 
establish• Cor--~rr-only, ri-:e-husking, cotton gi!"..r:i...'1.g, saw machine, 
wooden la C-Jur milling a:.d grind:.."lg uni:s a.::-e i...'1.stalled in :he po.,\·er 
house buila::.ng. \Vhen electricity is ~'Jt needed dur:-:g :he day ti!!le, 
:i.:ese !:..~chi::es a:-e r'..lil by the ti.l!"~L'1e, t!'lrough •:a::-:.01.:.s sets oi ;;:>ull.:.es. 
_-\: one i.nstal:at::..on, a small welding ~ransfor:ner has been used; while 
at another s~:e, a:1 elec:ric motor-driven "Nheat :hresher :ias been :.isec 
These addit:.onal activities around !he :\li~ro Hydro-electric plant have 
generated employment for a number of people. 

Table A L.i.st of Installations in ~era:~on 

);o. Site .:v:uage 

l. Lilloni ~o. l 
~ Lilloni ~o. 2 .... 
3. Lilloni :'i o. 3 
-L Gula bad 
5. Banda Chini 
6. Qadar Xagar 
j. Barkana 
8. Bishbar.d 
9. Sultana bad 

10. Bunji 

N. B. At some of these 
houses. 

Discharge, 
Cusecs 

10 
10 
10 
10 
10 

1 
10 

2 
10 
5 

Eeac, ft. 

16 
26 
16 
16 
18 
60 
2-! 
50 
35 
55 

I."lstalleci 
Capacity 

KW 

5 
5 
5 
5 
3. 5 
3 
10 
5 
10 
10 

);"o. ai 
Houses 
Electr:.::.ed 

'i2 
9 

33 .., 
' 17 
4 

50 
20 
65 
20 

sites, work is in progress to electrify additional 



)lo. 

1. ., ... 
3. 
~
;) . 
6. -I• ,. 
0. 

9. 
10. 

Taoie B List of Installations under Progress 

Site/Village 

Jogani 
Xaikot 
Gamser 
Biakand 
Barkalay 
:\Iehreg:ii 
:VIalka 
Ghanorai 
Hareho-I 
Hare ho-II 

Discharge. 
c~secs. 

6 
2 
10 
3 
3 
5 
2 
5 
8 
6 

Head, 
F:. 

6 
35 
20 
-to 
70 
'7 5 
131 
50 
80 
60 

Install£:d 
Capac:.:y 

K\\" 

3 
3 
;) 

3 
;) 

10 
7.5 
'7. 5 , ., -... -.;) 
iO 

Xo. of houses 
propos£:d :o be 

e lec:r:::ed. 

!.O 
15 
50 
..;o 
20 
60 
.50 
50 
120 
56 

3. :VIIXI A~D :\IICRO HYDEL POWER ST_\ TIOX5 ON CA .. '-;ALS. 

As already mentioned in the begi..nn:ng. the canals in Pakis"Lan 
flow due ~o "Lhe s~Jpe of land from ~ or.h-E:ast to :'.:"le South West, -.;:.: ~foot 
pe.:::- milP.. In order to eci..;nomize ~::e sec::.on or" the canals, falls 
are crec:.ted in them along their lengi:h at regui.ar distance intervals; 
these falls. w~.th a head varying between 2 to :o feet (or someti!!les 
upto 50 feet), are proVided with stilling basins to dissipate :he energy 
of water. These falls can be used to gene:-ate elec:ricity. 

The canals flow even in ·:ery remote areas which a.:-e far from :he 
interconnected Power Grid System of Pak:.stan. In most of these areas 
the electric load demand is not so much as to justify the high cost 

of extension of the Grid System to these areas. As such, the solution 
is to install small hydel Power Stations on these canals u ear villages 
so that cheap electricity can be provided •o the villages which would bring 
in several advantages as already mentioned above. 

3. 1 Work done upto present and potential. 

The power ?Otential of the canals has been appreciated since long. 
In 1925, a private individual bu .. lt a Power Station on a canal near 
Renala Khurd, in the ~roVince of Punjab, for use of electricity on his 
big farm. The total capacity of the power station which is in operation 
uptop .. :esent is 1100 KW, made up of 5 units each of 220 KW. The 
Grid Sys•em of Pakistan is no"• also supplying power to the areas 
around this Mini Powt .. Station. 

I 
' 
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The first sur .. -e:- :>n the ?Oten::::.als of power- gene!"a:io:-:. ·~n 

the canal system oi the Pw1jao Province of Pakista..'1, by util:z::ig 
the falls of the canals, was carried out in 1947 by the Punjab Ir:-:.gation 
Department. On the basis oi ::h:s report the following four power 
stations were subsequently constructed: 

i) Rasul H)rdel Power Station: 2 x 11 :\I\\-.. 

ii) ).landipur Hydel Power Station: 3 x 4. 5 :VI\V 

iii) Chichoki Hydel Power Station: 3 x4. 4 :VIW 

i .,.-) Shaciiwal Hydel Power Station: 2 x 6. i 5 :\iW. 

A disadvantage in cana! Hydel Power Sta:ions is :hat e;:e!"y 
year canals are closed for l! months for repai::-s. Alc:;o,dur:.ng 
floods the canals have to be closed, and dt: .·ir.5 periods of short 
supplies there are wide fluctuations both in !he discharge and head. 

A s~udy conducted by WAPDA has indicared that upto 60 ~rw 
can be genera~ed on one of the major canals viz Chashma-Jhelum Link 
Canal a.t the point where it falls into the Jhelur.: river; a head .~ 30 'o 
60 feei: can be made available at this point. This canal inter-links the 
Indus and Jhelum rivers. 

As regards Mini and Micro Hydel Power Stations of smaller 
capacities, a lot of potential exists on the canals and more dei:ailed 
investigations need to be carried out ~o fix the sites, determi.r.e ~he :ypes 
of turbines best suited etc. 

Investigations in this regard need to be carried ou: for two 
methods of generating power viz the utilization oi fa!ls of the canals, 
and the possibility to utilize the energy of water flowing steadily in 
a canal. 

4. PROBLE:MS AND CONSTRAINTS IN DEVELOP!VIE~T OF 
MI::-iI A>."D MICRO HYDRO ELECTRIC POWER STATIO~S. 

Pakistan has adequate trained manpower and a sufficient 
strong technological base to manufacture most equipment locally, and 
carry out the construction of :\iiicro ( 10 KW and below) and :VIini 
( above 10 KW and upto about 10 M\V) Hydel Power Stations thrl'jugh local 
personnel. However, at present except for generators of i..pto 250 K.,.·;A, 

' 
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dis.:ri.bu•ior.. :raI!Sf•Jrmers upt·::l 10, 000 ~~._..\. wi:h pr~::lary •.•ol:age 
t:.pto 33 KV, potemial transfor:ners, currer..t :ransfor:ners, 
gear boxes, draft ~ubes, elast:.c co'..lpl:r..gs, fly-wheels and some 
other :..:ems, all other major i:ems like turbines, gover:iors, 
voltage regtJlators, protection .-e:ays, circ'.!it breakers, instru..-ner..cs 
like :achometers, pressure ga·.lges, ·.-acuum:::e:ers, ~.:oltme'.:ers, 

ammeters etc are imported. However, sheet steel panels are 
manufactured Locally and :he ::::noW1ting of circuit breakers, measure
r:J.ent ar.d ;>rotec-:ive instrurnen:s e!c :.~ caz-ried ou: Locally. 

Due '-O :he fact that a Large arr.oum oi equipr:iem has ::o 
be imported, :he cost of _Vf::.m Power .3tatians :.s q~ite ~igh, and 
thus finances are the main cons:!"aim ~n the de•:elopment of such 
PJwer 5tat:.or.s. 

5. Sl.GGESTED SOLCTIOXS TO TEE PROBI...E:\rs. 

It is suggested that in ac::ii::.0~1 to ex:-=:::-nal f!.nan.:ial help, 
technical help be aiso provided; this :echr:ical heip may be provided 
for mobilizi.."lg the present facilities exis::...r:g :n the cou."'ltry and 
organizing :he .n to produce locally the max:muro poss:ble amount 
of s:andaz-d equipment required for :he construction of );Iini Hydel 
Power Stati0ns. Ii ::::iost of the co!:lpone:its ccu!.d be produced :ocall:: 
at costs lower than those oi·impor-:ed equ:.pme:it, the cost per 
KW of ins-::a::ed capacity of the ?~wer S::a::.ons wo-uld go dow:.i, and 
a gr~ater :n.unber of such Power Sta:ions could be constructed 
within ~:-.e available finances. Furthermore, the increase in local 
fabrication facilities would add to the :ec!'l!lical know-how within 
the country and thus maintenance and repair would bee:ome better 
and cheape:-. 
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