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A PLAN FOR SELF SUFFICIENCY IN POWER FOR PAKISTAN

Engr. Mohiuddin Khan

ABSTRACT

The main source for ¢heap power for ?akistan is hydroelectric. Pakistan has
about 8000 MW of this potential, the upper Indus contributing a major share, Skyok dam.
Skardu dam have the best storage potential and the reach of Tndus from Skardu to Bunji
has the best hydel pontential. Skardu dam has a stroge of 20KM? against KM™ for Bhashe
for the same dam height of 200 matres. Even Skyok dam yeilds 9 KM® same as Bhashu
with only 165 metres. The life of Skardu is 5 times the life of Bhasha. The Indus gorge

from Bunji to Thakot in which reach Bhasha, Dasu Patan etc. are located are risky
because of the high scismiec activity in this reach, besides the storage have limited capacity
and other disadvantages. Bhasha dam does not help in firming up the hydel stations in the
most attractive reach of Indus Skardu to Bunji nor can it control Indus as carryover
storage. For the long term, Skardu dam and the reach of Skardu to Bumji could be
developed. For the short term there is no way except to go in for Kalabagh dam both for
water and power immediately/ Schemes such as Bunji, Thakot, Kohala, Ghazi Ghariala,
greater Thal storage hydel, Canal and barrage hydels are desirable schemes in the short
term period up to AD 2000,

The present method of power generation based on imported oil is expensive. All
cheaper available sources should be tried. Apart from Nuclear power, power from inferior
coal with the latest ultra carbo fluid-54 technology should be studied to replace Lhe
present method. Power from even rice husk could add over 1000 MW as a cheap source.
This could be developed at the rice mills and would help rural electrification. From rice
husk ash cheap cement can be made. Power by wind turbines has great application in the
coastal and hilly areas. Power {rom blue green algae for coastal area is another source,
This algae is the fastest growing algae in he world. To over come the shortage of funds for

power generation, joint ventures with China for hydel stations in the upper Indus such az
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Skardu and Bunji should be taken up in exchange for supply of some power supply to
China for the Sinkiang region where 200 million people are to be settled. China could
supply the équipment and help in construction of these projects. They could cooperate
with us in other fields such as tourism and mineral development. The power from Bunji
which could be taken up immediately would not only supply power to China but also
nothern areas, Azad Kashmir and Chitral. Cheap power in these areas would help the
economic lot of these backward areas and also control the environmental degradation by
stoppage of cutting trees for fuel.

Though shortage of funds has been the main beli.eneck for implimentation of
power projects the failure in preparing a large number of projects out of which we can pick
and choose has been another reason for lapse in power wing of WAPDA. A research and
development section for new sources of power and master planning and guiding the

consultants in prepating projects is necessary.

Pakistan has been facing heavy load shedding in recent years as the present
installed capacity of about 6000 MW cannot meet our demand. The resultant loss of
industrial production has been estimated to be as much as U.S.$ 2.5 billion in recent years
the load shedding of last year has reduced the GDP by 2 percent. A more desastrous
consequence of the power shortage is the suppression of potential new investment in
industry and agriculture leading to declining overall investment and GNP growth,
Demand for power is growing at the rate of over 10 percent. WAPDA needs to add at least
1000 MW a year to its system. According to one estimate this will require Rs.28.28 biilion
for 1989-90 and Government is offering Rs.15.84 billion. This amount is not enough to
carry out even ongoing projects. In 1988-89 WAPDA demanded Rs.33 billion and had been
allowed Rs.13 billion. Financing of power projects is a serious problem. According to Dr.
Akmal Hussain an eminent economist, both courage and economic diplomacy is required
in persuading the LM.F. to exclude the expenditure of WAPDA from the Government
budget ceiling. At the moment WAPDA's investment even where it is justified by high
rates of return is constrained by the I.M.F. stipulation which in effect requires new
investment to be financed by an increase in taxation of power tariffs. Exclusion of WAPDA
from the Government budget ceiling would enable it to finance ambitious investment
schemes through commercial borrowing on grounds of economic viability of the projects
concerned. We have plans to make Pakistani exports competitive. This can be achieved by
building a heavy industrial base with projects in steel, engineering Nuclear energy plants,
fibre optics, advanced electronics etc. The heavy industries in most cases would be joint
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projects where foreign and domestic enterprise can come together. Even for power
projects joint ventures are possible, This is the main prerequisite for our economic
independence. The strength of India lies in its heavy industrial base, foundation of which
was lzid scon after independence, whereas Pakistan had to be satisfied with light indus-
tries in its early years. As hydroelectric power is the cheapest source of power and
Pakistan has over 18,000MW of hydro electric potential we whall first discuss hydro

electric power.
1. Water and power potential of upper Indus

The upper Indus fed by glacial tributaries like shyok, shigar, Astor, Hunza and
Gilgit is located in Baltistan and Gilgit areas known as northern areas of Pakistan. This iz
an important geostrategic area between China, India and the Soviet Russia. Some of the
highest mountains and largest glaciers are localed in this zone, out of the world’s 50 high
mountzin peaks about 35, the famous K2 are situated in this area. The world’s largest

glacial range outside the polar region 1L.e. Siachin is located here which is 46 miles in
length.

The Karakorum highway (KI{H) connecting China and Pakistan was completed
in 1978, It was opened to traffic in 1979. The road connecting Kashgar and Islamabad has
an easy gradient of maximum 8% only which can carry heavy equipment and tanks. the
road from Karakorum to Khapiu via Skardu is a 40 class road. Skardu is 150 k.m. from the
main Karakorum highway. The first 50 km of road from Karakorum highway to Skardu,
no doubt, passes through difficult terrain as it follows the loop of Indus. During discus-
sions with the Fronitier works Organization a tunnel to cut short this road was suggested
but at that time the importance of the road did not justify this. A tunnel of 4.5 miles
would get rid of this 36 miles of difficult road. In fact Montreal Engineering co who have
studied power generation from this loop of the river upstream of Bunji had suggested 3
tunneis of l4meters diametre. A tunnel for the road is fully justified when upper indus
dams and hydro electric projects are undertaken. The general misunderstanding that the

northern areas are not accessable is no longer true.

The great potential for water and power in the upper indus was known for a long
time. the irrigation map of west Pakistan of 1960 indicates the Skardu dam site and the
Bunj hydro electric site where a tunnel of 4,5 miles could give a drop of 800 ft on Indus.
the first reconnaissance report on the upper Indus storages Skardu and Khapalu sites was

prepared by Harza in July 1962. The sites were visited by Engineers of WAPDA and Harza
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who were preparing a master plan for water and power resources for Pakistan. Harza
report of July 1962 states that:-

"The Skardu area from.a physical stand point, is by far the largest open basin on
the Indus sbove Tarbela dam site, with a capacity to store any quantity of water upto
probably 40 million acre feet. the catchment areas is 44,000 square miles and the annual
run off is estimated roughly at 45 million acre feet. the Skardu site possesses an important
advantage over upstream alternative in that it would control all these major branches of
Indus, the Shigar, the Shyok and the Indus itself. The Khaplu reservoirsite appears to
have very favourable physical characteristices for development of a large scale storage.
The only limiation appears to be the run off volumes of the Shyok river which is roughly
estimated at 15,000,000 acre feet annually. Storage equal to the annual run off would
equire a dam of about 600 ft height which appears physically practicable. Such a reservoir
would intercept much less silt than would a similar reservoir at Skardu since the inflow is
only one third as gross and would accordingly have a much longer life. Development and

population in the Khaplu Valley is considerably less than in the Skardu Shigar Valleys"

The above report is based on first visit without any surveys and without any
information but Harza have done a great service in bringing out the potential of these
sites particularly the Khaplu or yugo site which was first identified by them. Montreal
Engineering Company (MECO) prepared hydro electric inventory and ranking report in
1985. In addition to the two storages of Khaplu or yugo and Skardu they identified a new
site at Bhasha in the Indus gorge just downstream of the border of Gilgit Agency. The
Indus gorge downstream of Skardu was always considered as neither safe nor economical
for high dams in the past.

Description Unit Yugo Dam Skardu Dam Basha Dam
1. Height of Dam M 165 230 200
2. Width of Dam M 770 1050 950
3. Storage EM®
Dead 21 60 20
4. Reservoir Area KM? 155 300 112
5. Full Supply M 2590 2316 1160
6. Normal tail water level M 2440 2134 975
7. Life of reservoir Years 300 400 80
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It would be seen from the ahove 3tatement that Skardu dam has almost thrice
the live storage capacity of Bhasha and even yugo dam has almost the same live storage as
Bhasha with even a lesser height of dam. Skardu dam even with 200 M height, (same as
Bhasha) vields a total storage of 20 KM? against 9 KM® for Bhasha. One of the greatest
advantages of Skardu dam is that it is the only dam on Indus which can control the Indus
flows to a considerable extent. This has excellent flood control henefits as Summer flows
in Indus could be effectively controlled by Skardu dam and the water that is now causing
severe damage shall be stored to meet the shortages in the critical months. The last line
in the table indicates the life of the reservoir. It would be seen that Bhasha has a fraction
of the life of Skardu and yogu dams. The life of even 80 years is liberal for this highly
seismie reach of Indus gorge as the large land slides could considerably reduce the life of
the dam. An important point about Indus storages is that these have to replace the
supplies of the eastern rivers given away to India permanently and as no storage is perma-
nent, the longer the life the better for us. Thereservoir level of Skardu of 2316 M is above
the Airport level of 2225 M. The Airport iz 14 km downstream of Skardu town and 1s
gituated close to the river bank. In any case the airport has to be shifted to a site upstream
say near the confluence of Indus and Shyok where hard levelground is available. Besides
thig would have the further advantage of being neéﬁrer to the line of control with India and
also nearer to Siachin glacier. Submergence of areas in the Indus and Shigar due to
Skardu reservoir need to be studied and the dam height adjusted to avoid flooding of any
large cultivated and developed areas as far as possible. In any dam project submergence of
areas is inescapable and has to be tolerated. In the case of Bhasha 100KM of Karakurm
highway would be submerged and the fertile vallies on either side of the river upto 100

EM. In the case of Mangla dam Murpur town had to be shifted.

MECO have overlooked some important factors in development of the hydro

electric potential of the upper Indus, which are discussed below:-

1. River development for storage should normally start from the upstream as
storage water would be available for all hydro electric sites downstream. Storage

on the downstream cannot help the hydro electric sites upstream like storage at

Skardu can make available.

2. The Indus is steeper in the upper reaches particularly downstream of Skardu.
The enclosed long section Appendix-A shows that the river hag the steepest

slope from Skardu to a point downstream of Bunji Le. between km 2250 to km
2350 from the river mouth.
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3.

One of the most attractive site for hydro electric power development on Indus is
on the loop upstream of Bunji where a tunnel of only 4.5 miles develops a drop of
800 ft. This coupled with the increased releases from the Skarddu reservoir
would make available one of the best hydro electric sites in Asia. MECD have
recognised the great value of this site it and have ranked this as No.2 in their
ranking study as can be seen from Appendix-II, but because their Bhasha storage
is on the downstream this site looses its power potential to a considerable extent.

Another advantage of the upstream sites on the indus is that the guantity of
sediment would be much less and the life much longer.

An important feature of the dam sites in the upper reaches is that they require
smaller size of diversion tunnels and smaller capacity of spiliways.

II. Comments on Hydro electric ranking of Indus Projects by MECO.

Appendix-II indicates the ranking of various sites by MECO and Appendix-IIT

Table 2-1 gives details of the first ranked site as Bhasha dam. As discussed in the previous
sections Bhasha dam is very inferior to the other two sites viz. Skardu and vogu. as a

storage Bhasha suffers from some other serious disadvantages the following are some:-

(1)

2

4

There is no rock up to 55 meters in the foundation.

The dam is located in the seismic zone. According to the "Atlas on seismicity and
volcanism” (Swiss Reinsurance Co 1978) which classifies areas of the world into
four seismic zones. The 1840-41 land slide dam at site A (Bhasha) are located in
the second most severe zone, rated as having "ﬁeavy exposure to earth quakes”
please see Appendix-IV. During the period 1927-1983 there were 146 recorded
events of Richter Magnitude 4.0 or greater within 200 km of Bhasha Dam

The floods caused by bursting of a dam similar to the land slide dam of 1840-41
have been examined by MECO but they state that the dam would be overtopped
by such floods only when it silts up after the first fifty vears. They seem to
depend on the rare frequency of the occurance. An important point to be kept in
mind is that a dam of 200 meters with considerable see page through the fault

zones could itself create movements in the dangerous Naga parbat slopes which

were responsible for the disastrous land slide dam of 1840-41. This created a dam

of 200 meters in the river Le. of the same size as Bhasha. The dam then burst

due to a flood wave from another land slide near Bunji upstream. This is why the
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Indus gerge was avoided for dams in the past. There seems to be no justification
whatsoever for taking risks for such a dam when we have better dams upstream
and would further improve the excellent hydroelectric potential upstream of this
dam. The first ranked site after Bhasha as per the consultants is Dasu dam
which is located downstream of Bhasha. This dam is proposed to be 235 meters
high and is 35 meters higher than even Bhasha. MECO seems to assume dams of
200 meters and above as normal in the Indus gorge. They do not seem to realise
the severe problems of foundations on Indus, for much lesser height of dam like
Tarbela we had encﬁuntered serious foundation problems. Unlike rivers in
Europe and North America we have poor foundation under most of our dams,
good foundation is an exception rather than a rule. This dam suffers from all the
defects of Bhasha and some more as it is nearer to the seismic zones of Jaglot

sycline and patan mantle thrust zone(please see Appenxix-IV).

The second ranked site Bunji of index capacity of 1290 MW has already been
discussed and should be in fact the first even before Bhasha or any other dam. It has great
potential even as a run of the river site. In fact it was recommended in the preliminary
hydro electric and water plan. prepared by WAPDA under the revised action programme
for irrigated agriculture in 1977-78. MECO have suggested a dam of 270 meters at Bunji
site with no live storage as in the case of Dasu which is not at all justified. All that is
required i»to have a low dam and a tunnel to connect the neck of the Indus loop which
can generate about 800 MW. This could be firmed up when storages such as Skardu
upstream are completed. One objectioon raised against Bunji Hydel is that it is too far
from the main grid An important point to be noted about this is that the distance from
Bunji to the national grid via kunhar valley is the same as the distance from the proposed
Bhasha to Tarbela dam along the Indus. Another vital point about Bunji is that it is
centrally located in the Balistan and Gilgit agency and can supply much needed power to
this area and Azad Kashmir aloong the Astor Valley and Neelum Valley to MuzafTarabad.
We can even supply power to China via Khunjrab pass and Chitral via the shandur pass.
All these three areas are within 250 KM distance from Bunji. The power lines radiating
from Bunji in these directions could energise the areas on the way which are the most
backward in Pakistan. The cutting of trees, even valuable fruit trees in severe winter
would stop with availability of cheep hydroelectric power and thus the environmental
protection would be ensured. This will have profound effect on the welfare of the hiil
people. the large majority of these people now suffer from shortages of food and of fuel for
cooking and warmth, They are often victims of tuberculosis anemias and other deseases of
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poverty. An excerpt from the report by a panel of international experts which included
Dr.Roger Revelle, President Kennedy's Science Advisor and others in 1978 known as
Indus Basin Research Assessment Group is enclosed as Appendix-V.

The next ranked site Tha kot also suffers from the same defects as Dasu as it has
a dam of 205 meters. In the low Thakot a dam is of 60 meters makes available a net head
of 114 meters due to the cutting of the loop in the river. Same arguments as for Dasu
apply to patan one great advantage of Thakot site is that it is close to Tarbela but without
a storage upstream they may not be economically justified particularly if high dams are to
be constructed at these sites. The next site on Indus is Rakhiot which is located in the
Indus Gorge close to the land slide of 1840-41, From the considerations of Index cost also
with 0.097 $ per KWH which is high it is not a desirable project particularly as a dam of
140 meters is proposed with nc storage. The last ranked site on Indus by MECO is yulbo
which is about 89 KM upstream of Bunji, It is strange that Skardu dam has been ignored
in the ranking though yublo which is 61 KM downstream of Skardu dam has been
included. Even at this site a dam of 140 meters is proposed with a index cost of 0.135 3 per
KWII and a index capacity of 710 MMW. As Bhasha is downstream of the site this sitc has
no benefit of releases from storage. In conclusion it may be stated that none of the sites
identified by MECO except Bunji are economically feasible and Bunji was already indenti-
fied by us. How come that an experienced and renowned firm like MECO has given no
priority to the excellent storages of yugo and Skardu and the large hydro electric potential
of the reach from Skardu to Bunji and selected a risky and uneconomical site like Bhasha
and preferred the inferior hydroelectricsites mostly downstream of Bhasha. This shall be
discussed in the next para as author of this paper had discussions in 1982 with MECO
during formulation of studies as General Manager, planning Water WAPDA.

In the very first presentation made by MECO about the potential sites on Indus
they had overlooked Shyck dam identified by Harza in 1962. The aauthor of this paper
objected to this. On 24.10.1982 a meeting was held in the room of Member power, CIDA
and MECO representatives discussed the status of the so called ‘Disputed’ area of
Baltistan Gilgit agencies as India may object to the construction of works in this area as it
is "disputed”. The provisions of the Indus Basin Treaty were explained to them and it was
made clear that India had no right to object to our construction of works on Western
rivers, Indus, Jhelum and Chenab as these rivers’ water were entirely allocated to
Pzkistan and it is India that has to take our permission for any work on these rivers in
areas under their occupation. A copy of the Indus Basin Treaty was given to them and in
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one of the meetings the Pakistan Commissioner for Indus Waters was also present. It was
made quite clear to them that Pakistan had sacrificed the three eastern rivers of Ravi,
Bias and Sutlej for exclusive rights on the Western rivers. No country in the world had
permanently surrendered the water rights as Pakistan did and this is why a clause exists
in the treaty that Indus basin treaty should not be quoted as a precedent for any future,
International water Treaty. After the meetings a Note was put to Member(power) by the
author of this paper that thé Consultants should not have any reservation about the
disputed areas and should consider all sites on the Indus, Member (power) noted on the
file 'T do not know why they undertook rankng study in the first instance. Any way [ agree
that we must select the actual first ranked site and must ask MECO to make sure of it". A
letter was issued by the author of this paper accordingly. Another serious lapse committed
by the consultants was to suggest that Bhasha dam should be constructed instead of
Kalabagh dam to ensure better power potential. WAPDA took strong exception to this as
Kalabagh dam was in the final stages of investigation by International comsultants whose
investigations were being financed by UNDP and supervised by IBRD. A letter was izsucd
to MECO not to open the issue of kalabagh dam at this stage and concentrate on their own
ranking studies. Inspite of this the consultants in their final report 1985 gave alternatives
with kalabagh dam and without the Kalabagh dam for the ranking study. It is strange that
MECOQ had such dislike for Kalabagh dam whereas renowned dam consultants Chas T.
Main for IBRD lieftink report of 1967 felt that Kalabagh dam is one of the best dams and
is preferableeto Tarbela dam as Kalabagh is one of the few dams in the world where
sluicing of sediments is possible. Tarbela dam had to be built because the investigations at
that site were more advanced and due to the limited time available for the completion of
Indus basin works. Kalabagh dam could not be taken up. Another attractive feature in the
case of Tarbela dam was supposed to be the off channel storages from it which had not
later proved feasible. We gll know the problems faced af Tarbela and the heavy cost we
had to pay for it. Due to the diversion of the three eastern riverrs to India, the need to
augument supplies early was great before a major high dam on the Indus, the author of
this paper suggested a low dam storage for about 3 MAF at Chashma in 1962 and the
proposal for this was presented in a paper for the Engineering Congress. This dam alzo
was not approved by the Federal Government as the Chashma Jhelum link had to be
expedited. As this was an excellent site for a storage, the size of the project by providing
the storage of 0.8 MAF in the Chashma barrage itself was approved with great difficuliy as
the IBRD saw the advantages of this project, but the West Pakistan Government had to

pay for the extra cost of raised barrage. This storage served a very useful purpose before
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the completion of Tarbela dam. Though the barrage was not operated as suggested in the
paper it has served a useful purpose and has not silted up in one year as predicted by some
of our engineers. It still has about half million acre feet storage.

IIIl. Comments on the ranking schemes in Jhelum, Kabut, Swat and Chitral

-

basin.

Appendix-II, gives the ranking and Appendix-III Tabel 2-2 and 2-3 gives details of
the schemes. As per Appendix II Kalangai is ranked as the eighth scheme. This dam on
Swat river is 145 meters high with a storage of 1436 KM?3. The index cost is $ 0.143 per
KWH index capacity 256 MW. An important point about this dam is that it submerges a
large part of the intensively cultivated Swat Valley and the people will never allow this
dam to be constructed, in fact the irrigation department initiated this dam in the fiflees
and had to give it up. Another hydrological aspect of this dam is that it does not create
new water by storing large surplus flood water as all the flood water is used up in down-
stream canals.

The ninth ranking scheme is Kohala which is located on Jhelum river. This
project has a net head of 134 meters and is one of the best projects. The cost iz § 0.144
KWH and index capacity of 85 MW which is quite reasonable. It may be stated that this
scheme was considered as far back as sixtees hy WAPDA, a paper was presented on this in
the hydroelectric seminar of March 1975 by the author of this paper. The Minister of
water and power chaired this seminar but unfortunately though all realised the great
value of this scheme, things did not move as it involved construction of a tunnel of 6 mles
long. If constructed in time it could have met the sereous shortage of power to the extent
of 600 MW in the most critical period of April, May and June when both Tarbela and
Mangla are at the lowest. MECO have given a low priority to this as they seem Lo be
a-gainst run of the river projects though run of the river projects which supply power in
the critical months should be given high priority and WAPDA is now doing it. Power at
this site could be further increased by diversioon of supplies from Neelum which scheme
also is being seriously pursud by WAPDA.

The tenth ranking scheme of MECO in Munda dam on Swat river which has a
height of 205 meters and a storage of 1468 KM?, the index cost is $ 0.161 per KW and
the index capacity 1s 492 MW which is not so economial. This dam site is downstream of
Kalangai and the two are mutually exclusive, all the arguments against Kalangai apply to
this also. If Kalangai is built first as the eighth ranking scheme and Munda built later it

492



Mohiuddin _ Paper No. 537

would submerge the pewer house and make it non functional. None of these schemes

could come as high priority.

The eleventh ranked scheme in Karot on Jhelum river, This provides for a dam
of 70 meters with no storage and a net head of only 51 meters, The index cost is 5 0.173
per KWH and index capacity 93 MW. There is nothing about this scheme which is worth
consideration as the index cost is high. The comsultants have not examined the Ghazi
(Chariala Scheme from Indus. This is one of the high priority hydel schemes to generate
1000 MW which is being investigated by WAPDA. The greater Thal storage and hydro
electric scheme has not been recommended by MECO. as they felt there would not e
enough water for this small storage of 1.6 MAF after Bhasha and/or Kalabagh. The point
missed by MECO is that this storage is to act as an after regulation for fluctuations of
Tarbela dam which would thus improve Tarbela dam operation. This project is supposed to
be completed before any otgher dam on Indus and as such there is no problem. It is
strange that a such an experienced firm has produced such a poor study. Canada has
played a major role in the development of power projects in Pakistan and we were always
satisfied with their consultants. In this connection we cannot absolve the Pakistani
counter parts in WAPDA whb hve failed to check the major deviatins in the approach to
the ranking study against clear directive of Member (Power) in 1982, If checked in time
we could have got a not only a better plan but saved the time and money wasted on

Bhasha and other unfeasible schemes.
IV. Revised Proposals for the Development of Indus Water & Power Potential.

The 1967 IBRD Master Plan of Water and Powder identified certain projects on
the Indus, the Revised Action Programme for irrigated agriculture prepared by WAPDA in
1979 reviewed the original plan of 1967 due to the changed conditions and identified
Kalabagh dam as the next project on Indus. This was approved by the IBRD and UNDP In
thizs Plan Kalabagh dam had been acheduled to begin in 1887 with probable completion by
1994. This was about five year deferral from the WAPDA Power Wing schedule of gener-
ation. The gap was expected to be filled up by other hfdel and thermal projects mainly by
Nuclear power projects which did not materalise thus creating serious shortages of power.
The Kalabagh dam prnj ect was deferred in the revised Action Plan because of the heavy
investment that was required which would affect other investments though the water
from Kalabagh dam was required as soon as possible as a number of projects were pending
for want of water from Kalabagh dam. The Kalabagh dam was fully justified purely from

the water requirement point of view. It would be seen from this that Kalabagh dam has
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already been badly delayed. Any new dam on the Indus would take 10 to 15 years so there
is no alternative but to go in for Kalabagh dam immediately.

An important study carried out in the Revised Action Programme was the
shotage of water in the existing canal system which was affecting the yield of crops.
Appendix-VI brings out that there is shortage of water in almost all months, the worst
being in the months of May to July and in Rabi from December to March. The period May
to July is most critical for both Tarbela and Mangla for power generation as by that time
the reservoirs are at the lowest level. With Kalabagh the position may improve to some
extent for Tarbela but the real solution to this can be met by a large carry over storge
upstream upstream of Tarbela dam, such as Skardu the details of this dam have been
discussed in the section of water and power potential of the upper Indus. Releases from
the Skardu dam would meet irrigation shortages and help firm up the power generation of
Tarbela, future Kalabagh and the hydel stations from Skardu downstream right upto the
sea including barrge hydel schemes. There is another misconception about dams like
Bhasha that it would help a great deal in increasing the life of Tarbela dam. The dead
storage of Bhasha is only 2 KM? (1.8 MAF) which would silt up fast due to land slides apart
from sediment brought by Indus water. In the original higher dam concept MECO had

" kept a dead storage of more than double this. An important point to be noted about dams

like Tarela is that even if the dam silts, as long as the intake capacity is not affected it can
generate the required power if enough supplies from an upstream carry over dam like
Skardu are available which role cannot to be played by Bhasha which itself would use up
its limited live storage of 7 KM? against Skardu’s 19 KM? faster.

As discussed under the Para on ‘comments on hydro electric ranking of Indus
Projects by MECO’ the Bunji hydel project should be taken up immeditely not only for
Gilgit, Baltistan, Azad Kashmir and Chitral but also for China. As our hands shall be full
when Kalabagh, Kohala Ghazi Ghariaia, Greater Thal hydel are started and there would
be shortage of funds also, it may worth while involving China in a joint venture for this.

~ They can supply equipment and help us in construction in exchange for supply of some

part of the power to China. China is short of power and would welcome this joint venture
as China is our ideal friend. After the completion of Bunji hydro electric project China
could help us in construction of Skardu dam. As already discussed completion of this dam
would open up possibilities of large number of projects in the indus reach from Skardu to
Bunji as this is the best reach of Indus for power generation. Besides it.wéuld firm up the
run of the river Bunji hydel station. Another important point about Skardu hydel is that it

404



Mohiuddin ' Paper No. 537

can supply power to the south eastern part of Sinkiang via the Shigar river. Ashkole o
Muztagh east pass. This is the route to the foot of K2 mountain and is used by the expedi-
tions. Please see Appendix-VIL. Another power line from Skardu to Khaplu upto Siachen
Glacier conld help our forward position for defence. There is no better means of transport
in these hilly glaciated regions than overhead cable electric trolly line as ground
movernent in this area is very difficult and slow. In fact this power line could be completed
after Bunji hydel

V. Requirements of power for China particularly for
the western region and joint ventures with Pakistan.

China has plans to settle 200 millin people in the Xinjiang Uighur (Sinking)
region. At present it has a population of 14million mostly Muslim. For Indusiry and
agriculture, power is a basic need if such embitious programme is to be carried out. Mr.
Wang Qinghua gives the following details <bout power development in China on the
occasion of fortieth anniversary of the founding of the Peoples of Republic of China.
Although China began to build power industry as early s 1882, the country more than half
a century later, still had only several medium sized and small power plants worth a
combined generating capacity of 1.85 m_i‘.llinﬁ K.W. The country’s power industrty began
developing rapidly after new China was founded in 1949. Today China is the fourth largest
power producer in the World, after United States, the Soviet Union and Japan. In 1988
the country had an aggregate generating capacity of 115 million KW and generated 543
billion KWH of electricity. According to Chinese Ministry of Energy Industry Cliaina's
generating capacity and power production increased at an annual rate of 11.1 percent and
13:2 percent respectively in the past 40 years. The past in particular has seen a rapid
growth of the power industry. Annual addition of power generting capacity reached 3.2
million KW in the early eightees and exceeded 10 million KW in 1987 and 1988. Another
12 million KW is expected to be added this year.

While thermal power plants suply most of the country’s power needs 70,000
small hydropower stations provide electricity to 600 million rural residents. In many
remote pastoral areas, mountain villages and islands, local people use electricity {or grain
and fodder processing and cooking, as well as lighting.

China has abundant coal and hydropower resources. Coal deposits reach an
estimated 880 billion tons and hydropower resources if tapped have a generating capacity
of 680 million KW currently thermal power plants provide 70 percent of the country's
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total power supply. Since the early seventies many power plants have been constructed in
coal producing areas notably Shanxi and Hobei Provinces and inner Margolia in Notth
China. As power needs shoot up in coastal areas following the implementatin of the open
policy, big thermal power plants are being built in coastal port cities such as Dalian, Tianji
Shanghai and Fuzhon.

Currently 119 large and medium thermal power plants are being constructed
across the country. They have an aggregate generating capacity of 32 million KW.

In the meantime construction of hydroelectric stations has been speeded up.
Along the yargtze river China’s longest, are already a dozen large stations. After 14 years
of continuous construction, the gezhouba hydropower station straddling the mainstream
of yangtze was completed in 1988. The station hs 21 generators with a combined capacity
of 2.7 million KW, the largest power facility in China. Many more are being constructed
along the yangtze. Feasibility studies of the super large three gorge stations were
completed in 1988, and its construction is expected to begin at the turn of the century,
hydropower development also concentrates along the yellow river, the second longest in
China and the Hongshui river in southern China. In the former, seven large stations have
been built and another one is under construction on the latter are also built four big

stations.

Compared with super abundance of hydropower resources, however such
development is still too slow. Only eight percent of the country’s total hydropowr
resources has been utilized according to the energy industry ministry but the construction
hs been accelerated. The ministry says hydropower stations will have a total generating
capacity of 80 million KW at present. Stations now being built have an aggregate gener-
ating capacity of 24 million KW.

China is also going nuclear in power generation. Currently under construction
are two Nuclear power projects the 300,000 KW Qinshan plant in the coastal province of
Zhejiang and the 1.8 million KW Daya Bay plant in south China's Guandang province.
they are scheduled for operation in 1990 and 1992 respectively.

‘China’s power industry, after 40 yers of development has grown into a vibrant
sector of the national economy from an extremely weak basis’ said Huang Yideng Minister
of Energy Ministry. Huangs stated that the country’s industry has entered a new stage
which is characterised by the adoption of large capacity generators. The construction of
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large and super large stations and the erection of ultra high tension lines and extensive

power grida.

Despite the fast developmnt of power industry in the past four decades, China is
still suffering from serious power shortages. Many factories cannot operate at full capacity.
The country needs an additional 80 billion KWH of electricity a year according to an
estimate. An overheated economy and waste are two culprits of the shortages. The central
government is now reducing capital construction and speeding up the construction of
power projects to remedy the situation. Experts believe that this will take a long lime to

accomplish."

The China daily recently quoted Yue Lugur of the ministry of energy resources.
as saying each year Chhina was short of 30 million tonnes of coal, five million ton of oil
and 50 million kilowatts of electricity. To alleviate the shortage China will spend 20
million Yuan (5.4 $ billion) starting this year 27 power projects including oil fields, coal

mines and coal and hydropower stations.

The cost of elecricity from new plants wil be more than 0.2 yuan (0.05 cents) per
KWI, more than doule the current level. An unpublished policy documents approved by
plenary session of the communist party this month said prices of oil and coal would be
gradually raised to help the energy sector Yue said one quarter of the 20 billion would
come from abroad, but ga.ve no details. Most foreign firms are not interested in energy
im_'estment because of long pay back period and the convertibility of Chinese currency
which they would save if the power was sold domestically under the circumstances. China
should be happy if it can get cheap power from Pakistan joint ventures for the Sinkiang

region,
VI. Cooperation with China in other fields

The Northern areas have attracted considerable foreign tourists since the
opening of Karakurm Highway. Two studies r;:arried out in 1979 and 1981 indicatd an
annual increase of 41 percent on this highway. Due to lack of facilities the tourists have
not increased as expected. The main requirement which can help develop this area is
electricity which can be made available from the projects already discussed. This area 18
ideal for adventure tourism as it has 35 out of world’s 50 mountain peaks including the
access to the second highest peak in the world-K-2. Recently studies have shown that
trends in tourism are changing from four 'S’ viz sun, sand, sea and sex to adventure

because of pollution on beaches, change in tastes and fashions, strong ripple and substitu-
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tion affects. In recent years adventure tourism has grown at an annual rate of about 40
percent throughout the world. The backward areas of both China and Pakistan would
benefit from this increase. Though foreigners have great fascination for this ares it 1s 2
pity that Pakistanis do not fully appreciate what a great country we live in. One reason for
this 1s the lack of information, though it is ten years since Karakurm Highway was opened
some people still feel it is a dangerous road. What is surprising is that some engineers feel
that the road is subject to land slides etc. They fail to understand that maintenance has to
be a regular feature of hilly roads. There is also a misunderstanding that the road cannot
take heavy construction equipment. It is designed for 70 ton tanks and it can take all type
of equipment. As our future for water and power lies in the northern areas we have to
motivate the new generation of Pakistan to go and work there. The spirit is net lacking in
our young men who have offered themselves for Jehad in Afghanistan and would also help
with reconstruction of that war ravaged country. All that is required is the motivation for
this economic Jehad for the development of Pakistan. It is well known that Harace Greely
raised the slogan ‘go west young man and grow with the country’. This slogan developed
the western United States. Could we find a charismatic leader in Pakistan who can say, go
north young man and grow with the country. The mineral wealth of this vast arca has
remained unexploited due to lack of communications and power now is the time for going
in for this. When mineral tycoons look at these majestic mountain areas they exclaim
‘what have you got inside perhaps those items you are looking for’, There are many things
to investigate. Another of nature’s marvel is the Deosai plain located at 14,000 {t. abuove
sea level, 2500 sq. mile in area, one of the world’s largest plain at this high attitude.
Pakistan's highest lake, Sheosar is also located in this plain. The Deosai is locatd only 15
miles from Skardu. It has the finest pastures in summer and a veritable paradise for high
attitude flowers. If scientifically managed this plain could be used for growing some of the
finest flowers in summer. it may be stated here that during the formulation of sixth five
year plain, export of flowers was considered an important source of foreign exchange for
Pakistan. Doesai could supply large quantities of flowers with little effort as they grow
naturally in this area. Another adventage of this vase plain is cattle breeding particularly
yak and dzo (dzo is a cross between a yak and a cow and is used for ploughhing. China has
offered to transfer its technology to Pakistan in this field and other fields. Deosai is
subject to high winds in summer and this could be used for wind power untill we got
hydroelectric power from Bunji bydel, There is a jeep road connecting Skardu to Deosai at
present. With the availability of power from wind the main problems for agricultural and
animsl husbandry operations would be taken care of including tourism.
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Vil. Short term plﬁn for energy generalion

In preceeding section long term projects for the next 10-15years and beyond
were discussed, in this section it is proposed to discuss the short term projects for the next
5-10 years. WAPDA is already implementing some of them and has plans to take up some
more in the immediate future, these are mostly oil and gas fired thermal stations which
are expensive. In the Revised Action programme prepared by the planning Division Water
of WAPDA in 1979, considering costs of alternative energy uses, load growth rates,
alternative use of natural gas, high import price of oil pricing effects and financing oppor-
tunities, it was concluded that Nuclear power would be the most suitable for filling the
gap in the generation schedule caused by deferral of Kalabagh dam. Unfortunately we
have not been luckly to get a Nuclear plant in the last decade, now that China has taken
the initiative it is hoped they will start moving. This does not mean that kalabagh should
be delayed any more. It is urgently required not only for power but for water for our old
and new canals. Already our agricultural growth has been considerably affected by post-
poning this project apart from serious shortage of power. It iz good that we have started
using coal for power generation from Lakhra but iA this connection some new develop-
ments in use of coal for power generation need to be considered as the methods now
followed are costly, Large scale use of oil for power generation should be avoided as it
increases the cost o generation bevond the capacity of the common man. It certainly does
no credit that a new oil terminal at Karachi port for an annual import of a million tonnes
of il is being constructed.

(1) New Liquid coal formulation

A new liquid coal formulation hopes to compete in cost with fuel oil and natural
gas, The product, calied ultracarbo fluid 54 consists of 54 percent of coal 30 percent water
16 percent fuel oil. It is made in two steps in an ash removal step, coal is ground to & to 10
micrometer particles in water, oil is injected into the mixture to act as an aglomerant and
the mixture is agitated. This causes hydro carbon particels in the coal to combine with
fuel oil, Ash particles remain in suspension. Ash and water are separated from the cual;'z?il
agglomerates by a vibrating seive, the coal/oil mixture is then partially dehydrated by
centrifuge. Galy pyritic sulphur is removed from the coal the ash content after treatment
s (L7-0.8 percent. In the second slurry formation step 0.5 percent weight of proprietary
additives (mostly nonionic polyethoxylates) are mixed with water and added to the coal oil
raixture. This quantity of additives is relatively low (about 50kg additive per metric ton of

slurry) compared with other slurry processes. Technology transfer company cadet inter-
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national (Lille) is now assembling patents on the work done by researcheers of the
universite technologique be compared (UT.c campeiegne {rance) This process couid be

studied for future cosl fired stations ir Pakisian,
{2) Energy from rice husk

As we are 1n a very difficult position due to shortage of power, all possibie
resources of power have to be tapped until we complete major projects. One such source
which has not been exploited in Pakistan is power from rice husk. Indonesia and Malaysia
have used this source extensively. Every year approximately 80 million tonnes of rice husk
are produced in the world. In Pakistan the volume available in guantities of 0.7 ta 1.7
million tons per year and as it is not properly utilized it is causing serious enviromental
problems such as water and air pollution. The use of rice husk for power generation has
never been seriously considered though we are passing through the most severe power
shortage, Although various analysis show that rice husk has a low calorific value (as
comparted to fossil fuels) and rather high ash and silica contents,. nevertheless it is an
important alternative source of energy, The energy value of rice husk (3000-36000 K conl
per kg) is almost 40 percent of the value of the bitminous coal as per the statment of
Engineer Mohammad Arif. The potential thermal energy per year that can be harvesied
from it comes out to 500 to 1200 MW which is not low considering our present shortase.

Possible means of conversion of rice husk energy are:
(a}) Extraction of electrical en.ergy by steam turbine.
(b) Pyrolytic cracking rice husk.
(¢} Rice husk gasifier system.

The extraction of electrical energy by steam turbine seems more feasible and as
such it is being used in other countries of south east Asia. A continuous flow of rice husk
1z delivered to the furnace of a specially designed boiler where husk ignites and burns
without fuel after initial heating by oil burner. The hot combustion gasses pass from the
furnace through the heat recovery boiler and produce high pressure steam which drives
electricity generating turbines. Excess steam is used through heat exchanger for drying
wet paddy. This allows the rice mills to do away with the present heating system using
light fuel oil which will result in substantial saving in operation cost. As an initial attemnpt
small plants with capacity to generate 350 -500 KW with husk consumption of 1 to 1.5 tons

could be developed in Pakistan. These plants may be attached with the existing rice Mills
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complexes to operate the machinery. In this connection it is also of interest to know that
an sdvanced country like USA is using pea nut shells which had become an environmental
hazerd in the southern sta_tes of Georgia (the state of former president Carter). They uscd
the simple technique of mixing the pea nut shells with coal in coal fired stations and thus
got rid of the problem of disposing off the vast quantities of this material. It is a pity that
we have not done research in use of local materials and biomass for power generation, The
excess electricity from the rice mills may be supplied to the nearby villages through the
national grid. This would be the cheapest and quickest way to electrify the villages. The
transmission losses in the grid would also be reduced as power would be available close to
the villages. The major rice growing areas are located in north eastern Punjab, Sind right
bank of Indus and Kotri barrage areas. Most of these areas are comparatively backward
and this proposal would help Liem in improving their economic standards. Some incen-
tives could be given to the rice mills to undertake these generators in the first instance. In
due course when they see the advantages they would go in for it in a big way.

Another possible area of cost recovery will be utilization of rice husk ash
remaved from the boiler for making cement. The cement may not be first class but is good
enough for construction. With the high cost of cement ad shortages this cement shall help
the rural area where very large structures are not required. The cost would be within the
capacity of the rural population. An article by Ray Smith of the United Kingdom’s Build-
ing Research Establishment (BRE) is enclosed as an Appendix-VIIL

It would be seen from the above that the use of rice husk would help in the
village electrification and making available cheap cement by getting rid of the large
mountains of rice husk which are polluting the environment through this method.

An ingenous method is followed by Greece for power generation in its coastal
areas. This consists of growing green blue algae in the sea coast of greece in specially
created compartments. Green blue algae. is the fastest growing algae in the world and can
produce enough biomass for gas generation and through it power generation. Why cannot
we {ry this in the ccastal areas of Sind and Baluchistan which are most backward? We
have left the coastal people only with fishing which also is becoming difficult duc to
poaching by [oreign vessels on our terrtonal waters which use modern methods and thus
leave the poor local fishermen with nothing. A scheme for gas and power generation by

Blue green Algae and finding imployment for the local coastal people could be examined.

501



Mohiuddin Paper No. 537
(3) Power Generation from small Hydels

Power Generation from canal falls was started soon after independence due Lo
the serious shortage of power, a number of power stations were constructed. But when
power from Warsak, Mangla and Tarbela was available ad also from the very large gus and
oil fired thermal stations these small hydel stations lost their importance particularly as
the cost of civil works had gone up considerably. However in the early eightees the Plan-
ning Division Water initiated some proposal for power generation at barrages in addition
to canals. The idea was to use the large perennial supplies atl barrages for power gener-
ation. These stations could be larger than canal fall stations as they invelve river flows but
would also have greater generation capacity alsc. In the preliminary proposal the following

capacities at abrrages were suggested:-

Poteniial (KW)

1. Kalabagh (Jinnah) Barrage 40,000
2. Chashma barrage 70,006
3. Taunsa barrage 55,000
4. Gu{idu barrage 30,000
Total: 195,000 Say 200 MW

These capacities were considerably enlarged later by GTZ consultants who were
afgvising WAPDA. They raised the capacity of Chashma project from 70 MW to 270
without considering the serious affects on the operation of Chashma barrage. Though
some model studies were carried out these were not enough to ensure the safe operation
of the barrage. Mr.Nisar Ahmad former General Manager WAPDA advised WAPDA that
Chashma barrage would be seriously affected by the prroposals of GTZ, The irrigation and
power department also took serious cbjection to diversion of practically the whole
discharge in most of the months leaving the barrage high and dry resulting in silting of
the pond creating serious problems in operation and safety of the barrage. The problem
was studied in some depth with fresh hydraulic model studies. The author of this paper
was also one of Consultants to the irrigation and power department. The studies really
proved the diversion of such large discharge of (106000 cusecs) definitely caused silting of
the pond area. It was then decided by WAPDA that the plant capacity should be reduced
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to half, Proposal can be examined to have the power house in the middle of the Barrage

downstream,

The Chashma hydel economics is very poor even for a full capacity of 270 MW,
the reduction to half the size caannot be economically jostified. The original project of 270
MW with 12 units cost $ 309.2 million with £1.43 percent foreign exchange. The cost per
unit works to Rs.1.13 for a return of 15.5 perceni. The financial return drops to 10.6
percent with the sale price of Rs. 0.7 per unit. The cost per KW is Rs.27,387 (one of the
highest cost per KW) which the consultants state is high because of the high cost of civil
works. The thermal generation alternative worked out based on steam plant using furnace
oil gives a cost of power per unit of Rs.0.992 other thermal equivalents have not been
worked out. A very important factor not considered by the consultants is the standard of
economic analysis followed by WAPDA for its power projects. WAPDA recons project
henefits to the extent of 40 percent only, consultants have assumed 100 percent benelits.
Inspite of this the economic financial feasibility is poor. With the reduction to half its
capacity and applying WAPDA rules on benefits the project becomes completely
unfeasible economically. there seems to be little justification for this project particularly
a5 even with half the capacity it could interfere with the operation of the barrage some
what. The economics of the other barrages like Kalabagh, Taunsa and Guddu would be
worse as the head availablle at these barrages is much less, When the planning division
WAPDA originally conceived power generation at the barrages it was never imagined that
the projects would be distorted to this extent and none in WAPDA seem to have pointed
aut this vast variation. In any case these projects are not worth taking up. It is high time
WAPDA examines the economies of all these projects. It is certainly not worth taking the
risk with the barrages which command millions of acres of land just for the sake of
generation at the most 200 to 300 MW. There are better hydro electric projects elsewhere

with no such risks.
(4} Energy from wind Turbines

The coastal areas of Sind and Baluchistan have enough velocities of wind which
could be used for generation of power. Even an advanced country like USA is using wind
for power generation as this is economical. In places with average wind speeds of 12 miles
per hour or greater wind machines will soon compete with conventional sources of
electritity and may eventually meet 20 to 30 percent of power needs. Commercial wind
power development began in California in 1981 relying mostly on medium sized wind

turbines with an average capacity of 30 to 100 KW. California’s wind farm developers
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installed 1100 wind machines at 20 separate wind farms in 1982. Plans for a huge 126 MW
wind farm using 300 foot high wind machine built by aerospace companies are on the
anvil. Poineering wind farms have recently been started in Hawai, New England and the
rocky mountains. A half dozen additional states are poised to follow. Europe where wind
mills helped power in the early industrial revolution also have ambitious plans. The
Netherlands is currently building a wind farm close behind are Denmark and West
Germany. The above information is based on an article of 1983. The position must have
changeﬂ much more, it is time Pakistan seriously examines this source for the remote
coastal and the hilly areas. The present method of running long transmission lines should
give way to mini grids powered by different sources of energy available locally.

VIII. Conclusion

Though shortage of funds is one of the factors for our slow progess in completion
of power generation this is not the only factor. In 1975 David Hopper, Vice President of
IBERD had toldd the then Chairman WAPDA that Pakistan is going to face a seripus power
crisis in the comming years as they have no projects for power generation. He told the
Chairman that a small poor country like Bangla Desh had put up a port-folio of 30 power
projects to the IBRD. He stated that funds shallnot be a constraint if proper projects are
put up. No wonder Bangla Desh has very little load shedding whereas in Pakistan it is
shattering our econmy. So we have failed in project preparation. To help Pakistan the
IBRD had suggested that we should undertake a revision of the master plan for power as
the one prepared in 1967 by the IBRD known as Leiftink plan had undergone major
changes. They made the same proposal to the Water wing which is a smaller wing of
WAPDA who immediately created a master planning division and completed the Revised
Action Programme in 1979 under the supervision of IBRD. In fact some preliminary ideas
on power planning were also studied by them but as power wing showed no interest, the
idea of a master plan was given up. The only attempt made by the power wing on master
planning was the MECO study for hydel ranking study which has been already discussed.
Even this study was completed in 1985. No attempt was made to study other sources of
power as it was assumed that natural gas and expensive imported oil would meet all out
requirements in the absence of Nuclear power. Too much dependence was placéd on
i{aiahagh dam and none of the other hydel stations suggested could be taken up. WAPDA
alone may not be responsible for this as sanctions have to come from the Federal Govern-
ment which delays them.

A valuable lesson that we can learn from past experience is that WAPDA should
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strengthen its in house planning Organization to act as a think tank for projects and to
initiate new ideas. Complete dependence on consultants would not serve the purpose as
we have to have a strong Organization which can guide and control them. Besides we have
o create a Research and development wing to study new technologies on power gener-
ation It is only recently that power wing has upgraded the post of Chief Engineer planning
to general Manager, whereas water wing created this post in 1975 and it has a large multi
disciplinary organization which can tackle any situation. It is true that in the power .ving
Engincers are not willing to work in the planning division but incentives could be created
for them.

IX. Summary and Recommendations

(1) The economy is suffering a heavy loss due to load shedding, WAPDA needs to
add at least 1000 MW per year to the system. Financing would be diffic.1t by foreign loans
under IMF stipulations which require investment to be financed by an increase in
taxation. Exclusion of WAPDA from the Gﬂvern;nent Budget ceiling would enable it to
finance large new projects through commercial borrowing on grounds of economic viability

of the projects concerned.

(2) The best way to meet power shortage is through hydroelectric power generation.
The upper Indus has the best water and power potential in Pakistan. Skardu dam and the
reach of the river Indus from Skardu to Bunji offer the best sites for water and power
projects. Skardu dam has about thrice the capacity of Bhasha dﬁm {suggested by MECO)
with a life five times that of Bhasha, Even yugo dam on Shyok river has as much capacity
as Bhasha with a life of about four times that of Bhasha.

(3) Bhasha is located in the most dangerous Indus gorge subject to seismic action
and heavy .mountain slides. There is no rock in the foundation upto 5. meters. It
susbmerges 100 KM of the karakurm Hoghway and settled valleys on either side of Lhe
river upto LOOKM. It cannot firm up the excellent h‘yd.melectric sites in the reach Skardu
to Bunji. As conside  able work has been done at Bhasha site it may however be kept in the

list of schemes for rankiv  for the present Lo study if we can make use of the information
for a modified smaller scheme. '

(4) The Bunji site develops a drop of 800 ft by havin; a tunnel of 4-1/2 miles only.
Ihis is the most economical site on the Indus for immediate power generation. The
distance from Bunji to the nationa! grid via Kunhar is the same as the distance of Bhasha

Lo grid via Indus. The site is located in the centre of gilgit and Baltistan agency and its
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distance from Muzaffarabad, the khunjrab pass and sandhur pass of chitral is about 250
KM. It could thus supply power to China, Azad Kashmir and Chitral at very economic cost,

(5) The other dam sites recommended by MECO downstream of Bhasha such as
Dasu and high Thakot are all in 200 meters range and some even higher than Bhasha with
no useful storage and suffer from the same defects and are even nearer to the zones of
seismic activity, low Thakot is the best as it is nearest to Tarbela and away from the zones
of destructive seismic activity. This scheme could be considered even in the short term
plan emmediately along with Bunji.

(6) The sits upstream of Bhasha identified by MECO are also un-economical without
an upstream storage.
M Preference of Bhasha over excellent carryover storage like Skardu seems to be a

deliberate attempt to have a dam outside Gilgit and Baltistan under the misunderstanding
that this is ‘disputed’ area between India and Pakistan. MECO have been unfair to Skardu
by not even considering power generation at the site which shows their lack of interest in
this excellent site. Skardu is only 150 KM upstream Bunji by road and for power lines it
could be considerably reduced. Though Bunji is recommended as No.2 priority scheme
there is little sense in ignoring Skardu with such a great potential.

(8) - Appraisal of projects by MECO on Jhelum, Swat, Kabul ana Chitral is sketchy:.
The only new site proposed by them on Jhelum at karote is not atiractive either. They
have not commented on Ghazi Ghariala which is a good project nor they have recom-
mended greater Thal storage hydel project.

(9) The (RAP) Revised Action Programme for irrigated agriculture prepared by
WAPDA in 1979 worked out the shortage of water supplies to the existing canals, it
suggested that there is shortage of supplies for the optimum yeilds in all the months but
severe shortages exist from May to July and in Rabi from December to March. May to July
is the time of critical power shortage also as both Tarbela and Mangla are at their lowest
level thus also restricting tubewell pumping. The RAP recommended immediate
implementation of Kalabagh dam to meet these shortages by 1994 at the latest.

(10) As a long term project Skardu could be taken up with Bunji to precede Skardu.
These two projects could be under taken as a joint venture with China as we can supply
some of the power to Sinkiang. This would reduce our share of the costs and would be
within our means by avoiding western country loans and the IMF conditionalities. This
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shall help develop gilgit Baltistan, Azad Kashmir and Chitral. China is short of power and
should be happy to have a joint venture with Pakistan. There could be cooperation with
China in other fields like tourism and mineral development also.

(11) For the short term plan apart from oil and gas fired thermal stations coal fired
stations based on new liquid coal formulation known as ultracarbo fluid -54 may be
examined for the future coal stations.

(12) As we have large quantities of rice husk polluting the country side power gener-
ation from rice husk at the rice husking mills could be taken up. The ash from this could
be used for making cement. Possibilities of growing blue green algae in the coastal regions
of Sind and Baluchistan for gas and power generation could be examined. This is the
simplest way of rural electrification and save us the transmission losses.

(13 Power generation from wind turbines is ideal for coastal and hilly areas as this is
the cheapest. Even advanced countries like USA Europe are using this now.

(14) The low head hydroelectric projects at barrages need to be reviewed as they
seriously affect the operation of the barrages unless the capacity is cut down to very
uneconmical size. Other hydel stations such as Kohala, Ghazi Gharialia, greater thal
should be expedited instead.
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Appendix -V
EXCERPT FROM INDUS BASIN RESERCH

ADVISORY GROUP REPORT

Figure 7 sels out the problem for the upland areas in an aggregate causal
sequence. Some alternatives for intervening in this process of empoverishment and
degradation are also listed, many of which are presently being tried on a limited scale.
Although this process has been observed for decades in Pakistan, very little effective
interventioon has taken place and that which has been attempted has not had sufficient
financial and institutional support for the results to be anything but discouraging.

In Pakistan as a whole, where overall rapid population growth has necessitated
that short term growth-generating investments be given the highest priority, the lion’s
share of public resources has been directed to the Indus Plain, where there continues to
be the greatest potential for the rapid development of agriculture and raw materials and
hence the highest rates of return. If it could be shown, however, that the environmental
degradation occuring in the hill areas incurs measurable and significant costs in the Plair.
through increased flooding and reduced surface storage, the investments in upland
development of public resources generated on the plain would be justified by even the
most stringent rate of return criteria. Though progress in quantifying these effects has
been spotty to date,! it is already apparent that the component due to human artivities is
not yet large in relation to the effect of silt loads from natural erosion. More evidence
must be gathered and more study conducted to evaluate the rate of soil loss from upland
arcas and its relatiuﬁship to defoliation and livestock movements. The relationship of
natural over seasonal storage in the upland regions to soil loss should then be examined so
that the likely impact of continued and am&lernted upland erosion on the distribution of
downstream river flows throughout the year can be estimated.

Whether or not this research turns up significant upstream-downstream inter-
actions, the welfare of an important twenty percent of Pakistan's population is at stake if
upland environmental degradation is pe.:rnﬁtted to continue. In addition, valuable soils,
suitable for slope forestation and cultivation, are being lost and are recoverable only

Good work has been done estimating scdiment yields from dilTerent parts of the catchments on the Indus and the
Jhelum upstream of the Tarbela and Mangla Dams. See: "Watershed Management Suinmary,” WAPDA Master
Planning und Review Division and works from the Mangla Watershed Manugement Project of WAPDA,
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through thousands of years of further natural weathering. In a time when the costs of
energy and raw materials are high, the forests and other vegetation supported on these
soil and threatened by continued population growth, represent valuable energy and
material resources. The value of these resources can be measured either in terms of direct
energy and raw material content or in terms of the costs of mesting the basic needs of
upland dwellers in their ahsence. Considering all thése factors, steps must be taken to
slow the degradation process and to provide opportunities to upland dwellers to increase
their standard of living.

A difficulty in formulating strategies to deal with upland degradation iz the
diversity of types and causes. This requires that a different mix of remedial actions should
be carried out in different regions. Climate and forest types vary from sub-alpine. with
forests of pine and fir trees, through temperate dry and moist climates with mixtures of
cedars. pines, junipers, firs and oaks, to subtropical moist climates with pine trees and
subtropical dry climates with scrub vegetation. At higher altitudes and moister climates,
accelerated erosion is occurring through indiscriminate logging of steep slopes. Elsewhere
erosion is being accelerated by over-grazing of fragile soil, At lower altitudes there is rapid
erosion of sloping agricultural terraces cutting into the hillsides, with sheet erosion and
gullying of range lands. There are differences in human population densities, in propor-
tions of cultivated land and in stream volume and rainfall in different upstream regions,
Winter temperatures vary widely and consequently the need of fuel for space heating also
varies, The potential cost-effectiveness of measures to control erosion and deterioration of

forests and pastures is probably widely variable in different regions.

Among the actions that might help to maintain the environment and to improve
the living conditions of the peoople are : forest plantations of fast-growing trees for fuel,
timber and livestock forage; development of more efficient ways to use energy for cooking,
heating, and hay-drying; increasing food supplies and diversifying diets by encoouraging
farmers to grow potatoes and vegetbles; raising farm incomes hy establishing orchards of
fruit and nut trees and by introducing amall-volume, high-value agricultural products such
as honey bees, silk culture, medicinal plants, spices and fragrances; improving livestock
productivity by controlled breeding and by maintain livestock in confinement rather than
under free-grazing conditions; construction of roads or other means of transportation such
as ropeways; encouragernent of tourism; village electrification from central power stations;
development of villages and small town industries, for example, dairying and production of

cheese and butter; public health and nutrition sevices that will lower infant and child

511



Mohiuddin Paper No. 537

mortality and reduce adult sickness; provision of domestic water supplies and of water for
irrigation; education and training to provide the people with economically usable skills;
encouragement of ﬂut-migz_*atinn, both to the towns of the Indus Plains and to the Middle
Eastern countries where skilled laboor is in short supply; and lowering of population

pressure by reducing human fertility.

Many of these actions are interdependent or complementary in the sense that
they will reinforce each other. Education and training are essential if out-migrants from
the hills are to be able to compete successfully for employment with present inhabitants
of the plains and if migrants to the Middle Eastern countries are to find satisfactory jobs.
Development of local industries will require skilled, disciplined workers, as well as electri-
fication from cental power stations of village and town hydroelectric plants, and improed
means of transportation of raw materials and finished products. Expansion of tourism will
be facilitated by better transportation, increased skills and development of local arts and
crafts. Maintaining livestock in confinement will require availabilil';y of hay, crop residues,
or forage from fast-growing trees; This change in the mode of livestock management could
triple the quantity of fertilizer nitrogen from animal sources, because it would conserve
the nitrogen excreted in the urine. At the same time it would eliminate the erosion
resulting from animal trails criss-crossing the steep hillsides. Public health and nutrition
services which will lower infant and child mortality, together with provision of primary
education and employment outside the home for women, may be the most important
means of reducing human fertility, Forest plantations of fast-growing trees should
ultimately lower the cost of fuel. The price of fire-wood is now sixteen mpées per maund,
which means that rural families who must purchase fuel spend about as much for fuel as
for food. It is no wonder that the present forests are being depleted by cutting slow-
growing tees for fuel, as well as by clearing to expand the areas of cultivated land.
Although way to lower fuel costs could include the development of inexpensive, efficient
stoves for cooking and heating or use of electric hot-plates for cooking. In existing cooking

stoves, probably more than ninety percent of the heat energy is wasted.

Electrification either from centra.'E power plants or local hydroplants could
provide power for pumping domestic water supplies to hill villages and for pumping
irrigation water from numerous perennial streams to the less erodible lower terraces
which have been cultivated for many years. If double cropping could be carried out on
these lower terraces, the pressure to expand agricultural lands further up hill slopes to

meet the needs of growing local population should be diminished.
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from these suggested remedial activities can be formulated strategies for slowing
environmental degradation and improving the standard of living of upland dwellers. Some
of the activities are already under way or in the planning stages. Balanced strategies must
be formulated for each localities and as much support as possible should be provided to

subsequent monitoring, researach and development activities.

& & & @
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Figure 7. The Problem of the Uplands
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“M’ indicales that the paper was awarded the Congress Medal
“KM” indicates that the paper was awarded the Kennedy Medal
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Lister.
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